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Gоlшr Figule 1-1
Р-'веr Dopplеf sonogram of an еquinе kidnеy
Ц:тiсс thс pтomijlеrrt геnal blood supply visiblе
гшi Poтr.ег Doрplег ultrasonogfaphy, thе tlranсh-
mщ of thе гепal vasсulatuге ifito afсuatе afld ifltсf-
]l:trдr аftегiеs, and thе aгborization of thе vсssеls in
ffiA гепаl сortех. This sonogгam was obtaifiеd in
пilтЁ гiфt fiftееnth ifitсfсostal spaсе with a widе_
tншцtтidтh сuгvеd lifiеaг-aггay transduсег at a dis-
oвrгеd dеpth of 13 сm. Thе гight sidе ofthis sono-
дяш Ь doгsal and thе lеft sidе is vепtfal.

* Flqшrc 3-1
iпm'trgгапs of a hеaling afеa of injury in thе pfoхimal portion of thе lеft foте supегfiсial digital flехof tеndon (SDF), obtainеd fтom a |2-уeatold Hol-
*шmкт'grldiпg imagеd with tгaditional two-dimеflsiofial imaghg and with powеr Dopplеf imaging. Thеsе sonograms wеге obtainеd at 5 сm distal to
fu рэiшr of thе ассеssory сaгpal bonе (zonе 1A) with a widе.bandwidth 10 o-мнz L1neataffaу ttansduсеr at a displayеd dеpth of 4 сm. Thе гiфt sidе
лr йе тдп.sгегsс imagе is latеral and thе lеft sidе is mеdiаl. Thе fight sidе of thе sagittal imagе is proximal and thе lеft sidе is distal.

iФ тb€ аrеа of hеaling ifliury is imagеd in thе dorsal and latегal portion of thе SDF (с4rroшS) as a hypoесhoiс aггow laсking a notmal fibеr pattеm.
гriDЕ'..jrФ digitаI flсxoг tеndon; IСL, infегior сhссk ligamеfit

.P:s'[a(. \otiсе thе largе amount of lov/-vеloсity blood flow dеtесtеd сirсumfегеntially afound thе еdgеs of thе lеsion, dеpiсtеd in сo1oг. This is сon-
чпsшдm в-iй signi.fiсant trlood vеssеl ingrowth to thс aгеa of tеndon iniury. A smаll amoufit of low-vеloсiгy flow (сolor) is also dеtссtеd v/ithifl thе
lfrtr?iliiflo tItа-
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Golor Figure 5-1
Long-aхis сolor-flow есhoсafdiogfam and two.dimеnsional
guidеd сontinuous-wavе Dopplет spесtral tгaсing obtainеd ffom
a7-уear.o|d Thoroughtlгеd gеlding with a mеmbranous vеntгiс-
ulaf sеptal dеfесt (vsD). Thе high-vеloсity tuтbulеnt сolor-floтv.

iеt (сontaiflеd withifi thе piе-shapеd box) геptеsеnts thе shunt
from thе lеft vеntгiсular outflow ffaсt to thе гight vеntгiсrrlar
iлflow traсt. Notiсе thе flow сonvегgеllсе on thе lеft vсntгiсulaг
sidе ofthе VSD. Тhе outег еdgеs ofthе сoloт-flow jеt arе геd and
orangе, with thе iеt сolor сhanging to yеllow and thеn turquoisе
at thе сеntеf, rеpгеsеntiflg thе hiфеst vеloсity flow (thе сolor-
flow Dopplет signаl is aliasеd). Thе shuпt dirесtion is lеft to гight
bесausе thе blood flow is toward thе trаnsduсеI. Notiсе thе
spесtга] bгoadеning of thе blood flow in thе сofltinuous-wavе
DopplеI sPесtгal traсing, thе high-vеloсity (appfoхimаtеly 4
m,zsес) tuтЬutеnt systoliс .!et (s|Jo|t filled аrroul}, thе lowеr-
vеloсity (aPpгoxirnatеly 2 m/sес) tufbulеnt jеt ifi mid to latе dias-

tolе' аrrd thе blood flow diгесtion (abovе thе basсlinе)' rеpfе-
sеnting blood flow shunting ffom thе lсft to thе гight vеntгiсlе
thгouф thе vs.D. This есhoсaтdiogram s/as obtainеd from thе
гiфt сafdiaс window bеtwееn ttrе lеft vеntriсrrlar outflow traсt
and mitгal valvе position with a 3 o/2.GМHz phasеd-аrгay trans-
duсеr and a display dеpth of 27 cm. Аn rlесtfoсafdiogram is
supегimposеd fof timing.

Color Figure 5-2
Есhoсaгdiogтams of thе mitral valvе obtainеd fтom a yеarling Thoгoughbгеd сolt with аn еndoсaгdial сushion dеfесt. Thеsе ссhoсardiograms wеге

obtaiflеd with a2.25/2.o.tЦНz phasеd-aгray tгansduсег and a24-cm displayеd dеpth.
Iф' Shofa.axis ссhoсaгdiogт;am obtainеd from thе fiфt сaгdiaс window in thе mitral valvе Position. Thе сlеft ifl thr sеptal lсaflеt of thе mitгal valvе

(с.rroш) splits thе valvе into сfanial and сaudal portions TV, Tгiсuspid valvе.
Rtgbt, Iюng.axis сoloг.flow есhoсardiogram oЪtainеd from ttrе lеft сafdiaс wifldow iл ttrе mitral valvе position. Thе bluе to aqua jеt of mitral геguтgi

tatio; (МR);ith thе сеntгal aliasеd highеi-vеloсity flow is assoсiatеd with thе сlеft in thе sеptal lеaflеt of thе mitfal valvе Thе jеt ехtеnds axially along

thе frее еdgе of thе valvе lеaflсt and along thе intегatгial sеptrrm. I.A', Lеft atгium; Lv' lеft vеntгiсlе; Rv, гight vеntfiсlе.
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cоlol Figure 5-3
.азg-ахi5 сoloг-flow Dopplег есhoсaгdiogгam obtainеd from a yеaгling
1oтouфЬтеd сolt s/ith an еndoсardiаl сushion dеfесt (samе сolt as in
I r.]oг Figuте 5-2). Tl.lе high-vеloсity tufbulеnt сolor-flow jеt (сoпtainеd
;rтhin drе piе-shapеd box) fеpгеsеnts thе shunt ffom lеft atгium (IА) to
::-ghт arium (RA) through thе atгial paгt of thе еndoсaгdial сushion dеfесt
LiD) abovе fusеd atгiovеntriсulaг valvеs. Thе outеr еdgеs ofthе сoloг-

itw jеt arе геd and ofangе' with thе iеt сolof сhanging to yеllov/ and
.lсo rurquoisе at thе сеntеf, rеprеsеrrting thе highеst.vеloсity flow (thе
:oloг-flow.Dopplеr signal is aliаsеd). Thе shunt dirесtion is lеft to гight
Эffаus€ thе blood flow is towaгd thе tfansduсеr. Thе есhoсafdiogfam
а-зs obиinеd from thе right сardiaс vrindow in thе fouг-сhambет viеw
т.iтh a 2 25/2.o-t4}lz phasеd-aгrаy tгansduсеr and a 24-cm displaуеd
;еpth. TV, Tгiсuspid valvе; Rv, гight vеntгiсlе; Lv, lеft vеntгiсlе.

Golor Figure 5-5
Long-ахis сoloг-flow есhoсaгdiogгam obtainrd fuom a |g.уeaьold Thor.
ouфbгеd gеlding with mitfal valvе pгolapsе and mitгal геguгgitation.
Тtris hoтsе had holosуstoliс сгеsсеndo murmufs' s/ith thе poirit of max-
im2l ifltеrrsity ovег thе mitfal and tгiсuspid valvеs, whiсh had геmainеd
.uпсhаngеd sinсе 2 yеafs of agе. мitfal аnd tгiсuspid valvе pгolapsе
sas diagnosеd and mild сardiaс еnlaгgеmеflt was dеtесtеd, whiсh had
гсmаinеd unсhangеd sinсе 6 уеars of agе. Thе tuгquoisе and yеllow high.
геloсilv turbulеnt irt of mitfal Iеguгgitation (MR) ехtеnds dorsally and
:тiаl|}- iлto thе lеft atrium in systolе. This есhoсardiogгam was olэtainеd
lтom тhе lеft сaгdiaс window ifl thе mitfal valvе position with a 2.5/2.0-
\fiIz phasеd-aгray tтansduсеf. An еlесtroсardiogram is supегimposеd for
rrming. L\. Lеft atгium; Lv, lеIt vеntгiсlе.

Golor Figurе 5-4
Coloг-flow есhoсardiogгam obtаinеd from a 6wееk.old Thoroughbrеd
filly (samе foal as in Figuге 5_26) with tгiсuspid atfesi^ (opеn апotll).
Thе orangе jеt goеs from thе lеft vеntгiсlе to thе гight vеntгiсlе
thгough thr laгgе vеntгiсulaI sеptal dеfесt (сIosеd' аtтoltl) Thе сеntеr of
thе iеt is thе highеr-vеloсiry flow rеpfеsеfltеd by thе'aliasеd aqua signal
This есhoсaтdiogгam was obtaifiеd fгom thе fight сardiaс window in thе
lеft vеntfiсulaf outflo,w tгaсt position with a 2.5,-МHz phasеd-aггaу tгans.
duсег and a displayеd dеpth of 12 сm. An еlесtfoсafdiogfam is supегim-
posеd for timing RV, Right vеntfiсlr; Lv, lеft vеntfiсlе; АR, aortiс гoot
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Color Figшrе 5-7
Long-aхis сolor-flow Dopplеr есhoсaгdiogгam (two{imеnsiona| |2.D]
and М-modс) oЬtainеd fгom a p-yеarюld Thorouфbrеd gеlding with
sеvеfе tгiсuspid fеguтgitation (samе hoгsе as in Figrгеs 5-44 aлd 5-46).
Thе largе tuтquoisе and yеllow rеguгgitалt iеt (аrroш) oftiсlspid rеguг-
gitation (IR) fills nеaф thе еntiте гiфt atгium in systolе on thе 2-D сolor.
flow есhoсatdiogгam (сoloг-flow Dopplег сontaiflеd within thе piе.
shapеd boх on thе 2.D есhoсаrdiogгam). Notiсе thс samе jеt of tгiсuspid
геgufgitаtion on thе М-modе есhoсardiogгam (а'rrou)s)' Thс М-modе
сoloг-flow Dopplеr есhoсaгdiogгam сan tlе vеry usеfrrl for timing jеts.

Тhе есhoсатdiogfam was obtainеd fгom thе гight сaгdiaс window bе-

twееп thе lеft vеntriсular outflow tfaсt and thе mitral valvе positiofr. An
еlесtгoсaгdiogгam is supегimposеd for timing Rv, Right vеntгiсlс.

Golor Figure 5-6
Lorrg.aхis сoloг-flow Dopplег ссhoсaгdiogгam аnd сontifiuous.
wavе Dopplеr spесtfal tfaсirrg obtainеd fтom a 9-Уе^|-o|d
Thoгoughbrеd gеlding with modеratеly sеvеfе mitгal fеgufgita.
tion Thе high-vеloсity, turbulrnt, ttшquoisе afid yеllow mitfal
геgufgitation (N{R) jеt (сontainеd within thе piе-shapеd ttoх)
spfays out ill thrее dirесtions fгom its origin, with thе lalgrst
poгtion of thе jеt dirесtеd dorsally in thс lеft atгium. Thе stееp
slopr of thе mitгal гrgurgitation сofitifiuous-wavе Dopplег spес-
tгal traсing ifidiсatеs гapidly inсrеasing lеft аtгial pгеssuгеs
duгing systolе. Thr mitral rеgulgitation jеt dеpiсtеd in bluе (MR)
is dеtесtеd bеlow thе basеlinе, as thе ofirntation of thе jеt is
away from thе transduсеr iлto thе lеft atгium. This есhoсardio
gram was obtaiflсd from thе lеft сaгdiaс window ifi thе mitml
valvе position wirl.l 

^.3.o/2,o-N1Hz 
phasеd-aгray transduсеr with

a displayеd dеpth of 23 сm. I.4', Lеft atfirrm; Lv' lеft vеntгiсlе.

Color Figure 5-8
Long-axis сoloг-flow Dopplеr and сonttruous-wavе Dopplег ссhoсardio-
gram obtаinеd from a 9-yеar-old Thorouфbrеd gеlding with tti.
сuspid prolapsе and mild tгiсusрid гrgufgitatiofi. Thе turquoisе aпd
yеllow jеt (аtтotll) oftгiсuspid rеguгgitation (TR) (сolor-flow Dopplеr is
сontainеd within thе piе-shapеd boх) anglеs towaгd thе aoгtiс гoot (AR)'
oссuрyiflg lеss than onе third of thе гiфt atfium on thс сolor-flow
Dopplег есhoсагdiogram (uppеr rigbt). Thе сontfuruougwavе Dopplеf
traсiflg of thе tгiсuspid геguгgitation (TR) jеt (аrroш) is bеlow thе basе-

linе, as thе tгiсuspid fеguгgtation jеt is ofiеntеd awaу from thе trans.

duссг Thе pеak vеloсity of thе tfiсuspid fеgufgitation iеt is only 2.8

fiVsес, теsulting in only a small pгеssurе diffегеnсе bеtwееn thс fiфt
atгium and thе fiфt vеfitгiсlе. Ttris есhoсardiogfirm was obtаinеd fгom
thе right сardiaс windoчr in thе lеft vеntriсulat outflow tгaсt position
with a 3.0/2.o-Мflz phasеd-aгray tfansduсеf and a displayеd depth of 27

сm. An сlесtroсaтdiogram is supегimposеd foг timing. RV' Rightvеfitгiсlе.
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Color Figure 5-9
Long-axis сolor-flow есhoсardiogram obtaiflеd from a 9.yеar-old
Quaпег hoгsе gеlding with mild aoftiс fеglrgitatiorr Thе high-vеloсity
tufbulеnt jеt (orangе' yеllow' апd aqua) of aortiс fulsuffiсiеnсy (AI)
oгiginatеs at thе aoгtiс valvс (AY) and anglеs towaгd thе lеft vеntгiсulaг
frее wall. Thе сoloг-flow Dopplег есhoсaгdiogгam is сontainеd within
thе piе.shapеd boх. This есhoсardiogram was obtailrеd from thе lеft сaг-
diaс window in thе lеft vеntгiсulaг outflow tгaсt and aortiс valvе position
witЬ a 3.o/2.o.МT1z phased-ataу tгansduсеr and а displayеd dеpth of 24
сm. An еlесtгoсaгdiogтam is supегimposеd foг timing LvoT, Lеft vеfl-
tгiсulaг outflow tfaсt.

Golor Figure 5-10
Long-aхis сoloт-flow есhoсaгdiogтam obtairrеd fгom a 5-yеaг-old Thor-
oughbrеd-Pеrсhеfo1l сгoss gеlding with sеvеге pulmoniс (PR) and tfi-
сuspid геguгgitation. Thе rеd to orangе jеt is dеflесtеd iflto thе гight
vеntfiсulaf outflow tгaсt by thе flail ptrlmoniс valvе lеaflеt, with a сеn-
tгal aliasеd signal duе to high-vсloсity flow (аrroш) тhе jеt afеa at its
oгigin is largе геlativе to thе va|vе atea, and pгoхimal flow сonvеfgеnсе
is sееn ofl thе pulmonary aгtеry sidе of thе valvе. This есhoсardiogгam
ч/as obtainеd wiIh a 3.О/2.О-MHz phаsеd-aггay tгansduсег and a diу
playеd dеpth of 26.8 сm PA, Pulmonary aгtеry; Rv, гight vеntгiсlе; RA,
fight atгium.

Color Figure 5-11
Sonogгam and сolor angiogram of thе lеft jugular vеin obtaifiеd from an ll-yеar-old Dutсh waгmblood gеlding with сhгofiiс jugular vеin thromtlosis.
Thе гight sidеs of thе sonogfam aпd сolor angiogгam aге proхimal and thе lеft sidеs arе distal. Thе lеIt iugular vеin nalтows dista\|У (аrroшs) at thе
point of a stгiсtuге in thе jugulaг vеin. Thе soпogгam and сolor angiogгam wеrе obtainеd with a 1o.o/5.o.Мнz |ineaт-arraу tгansduсег and a displayсd
dеpth of + сm.

Lеfi' Thе hypoесhoiс to есhogеniс есhoеs withtr thе lumеn of thе lеft jugulaт vеiп arе assoсiatеd with thгomЬosis and sсaггiлg of thе vеssеl Тhе
iIгеgulаг and thiсkеnеd wall of thе lеft jugulaт vеiIr is assoсiatеd with сhтoniс jugulaf vеin thгombosis. Thе rесtangulaг arеa is thе samе viеw гсpгс-
sсntеd in thе сoloг-flow angiogгam

Rцbf, Thе filling dеfесts in thе lеft jugular vеin as thе vеin nafгows pfoximal to thе stгiсturе afе assoсiatеd with thтombosis and sсaггing of thе vеssеl
Тhс гссиngtrlaг aтеa is thе arеa ofthе сo]oт-flow angiogram and is thе samе arеa dсpiсtеd ifl thе sonogfam. Notе thе anссhoiс filling dеfесt in thе сеntег
of thе сolor-floчr angiogгam arrd thе тadiating arеas of sсaггing and lеsions along thе wall of thе vсssеl with vеry littlе flow (puФlе)
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Color Figure 5-12
Soпograms of thе гiфt jugulaг vеin fгom an l l-yеаrюld Dutсh 

.W.aгmblood gеlding with сhroniс jugulaг vеin thтombosis and a divегtiсulum irr thе гight
jugulaг vеin iп thе pгoximal сеrviсal rеgion (sаmе hoгsе as in Сoloг Figurе 5_l1). Thеsе sonogгams wеге obtainеd with a 1o.o/5 0-Мнz |iлеar-aтtaу
transduсег and а displayеd dеpth of 4 сm Тhе right sidе of thе tгansvегsе (short.aхis) image (rig|эt imаge) is doгsal and thе lеft sidе is vеntгal. Thе fight
sidе of thе sagittal (lorrg-aхis) imagе (left imаge and -B) is pгoximal aпd thе lеft sidе is distal.

,4, Thе blood-fillеd blind saс of divегtiсullm (аrrouls) supегfiсial to thе гight jugulaг vеin сommuniсatеs with thе iugulaг vеirr thгough a bfrak in thе
vеssеl wall (opеn аrroш).

fl Сolor-flow sonogгam dеmonstгathg thе hiф-vсloсity (aliasеd) flow (rеd, orangе, yсllow, and turquoisе flow) thfough thе пalтow сommuniсations
bеtwееn thе гight iuguhг vеin and thе divсrtiсrrlum (аrroul).

Golor Figшre 6-1
Powег Dopplег sonogг'rm of thе гiфt kidпеy obtainеd fгom a lO-yеar-old Thoroughbrеd
gеlding. Notiсе thе bгanсhftrg ofthе rеnal vasсulaturе into aгсuatе and ifltегloЬar aгtегiеs
and thе arborization of thе vеssеls ifl thе геfial сoгtех. This sonogгam was obtainеd fгom
thе fight sixtееnth intегсostal spaсе with a widс-bandwidth 2 o to 4 }мнz сurvеd linеaг.
aггay tfansduссг at a displayеd dеpth of 19 9 сm. Thе гiфt sidе of this sonogгam is dorsal
and thе lеft sidе is vеntral.
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Pьу,ics а,nd, Instrъ,Imentаtion

L-ftгrsoпogгдphy is an aсtivе proсеss that rеquirеs intеraс-
tfuш bсtwееn thе vеtеtinary sonologist, еquinе patiеnt'
ц|rгаsouдd maсhinе, and tгansduсеf to obtain optimal
quаlit.г rrltгasound imagеs. Thе vеtеrinary sonologist
nеесs 

^ 
thoгough undеrstanding of anatomy and of thе

bеhаvior of ultrasound in tissuеs foг aссufatr imagе intеr.

ltitudе of progгam
tiсatеd ultrasound
е for obtaining thе

initiаl imagс. Thс imagе obtainеd should thеn bе flnе-
tцnеd, using thе instгumеnt сontгols to otltain thе highеst
quаlit,v imagеs foг intеrprеtation. Standard sсanning praс-

tiссs and imagе oгiеntation сan hеlp simplф thе imagе
алаtрls and intеrpгеt^tion, but ultrasonography rеmains
a фlпаmiс
tiсipation
oЬtaiп thе
tion.

GRЕAтIшG THЕ ltvlAGE

Thе ultгаsound tгansduссr gеnегatеs a sеriеs of ultra-
sound puЬеs and ultrasound еnеrgy is tfansmittеd into
thе hoгsе. Есhoеs arе геflесtеd Ьaсk to thе transduсеr
fгom diffегсnt tissuе intеrfaсеs within thе patiеnt, rr-
flесtеd ultгasound is rесеivеd by thе transduсец and this
геturning ultгasound еnеfgy is proсеssеd into еlесtriсal
еnrгgy' сrеating an imagе. Thе origin of thе геflесtеd
ultгasound еnсrgy and thе stfrngth of this ultrasound
signal must bе dеtегminеd to сfеatе an aссufatе fеprеsеn-
tаtion of thе tissuе sсannеd. Thе ultrasound гсflесtions
aге pfoсеssеd by thе ultгasound maсhinс into a sеriеs of
dots, whiсh foгm thе imagе displayеd. Thе brightnеss of
еaсh dot сorrеsponds to thе amplitudе of thе rеturning
есho, and thе loсation of thе dot сoffеsponds to thе
irnatomiс loсation of thе есho-gеnсrating struсturе.l A
gгay-sсalе imagе is produсеd by assigning a diffеrеnt
shadе of gfay to thе varying есho stfеngths. Thе loсation

of thе есho-gеnеrating struсturr is dеtеfminеd by know-
ing thе diгесtion of thс pulsе whеn it еntегs thе horsе
and mеasuгing thе timе it takеs for its есho to frtufn
to thе tгansduсег. with thе knowlеdgе of thе sound-
propagation spееd, thе есho arciуa| timе сan bе сon-
vегtеd to thе distanсе within thе hoгsс to thе rеflесtor
ttrat pгoduсеd thе есho.l-7 of
thс phуsiсs of ultrasound is

important to obtah thе op €:

PR0PERтIES 0t ULтBAS0UND WAvEs.

Diagnostiс trltrasound еmploys high-fгеquеnсy sound
wavеs (usuaШy 2 to Lo megahеrtz [Mнz], oг rnillions of

h arе outsidе thе fangе of human
wavеs aге dеsсribеd in tеrms of
wavеlеngth, pfopagation spееd,

thе ultrasound is travеling dеtсrminеs thr propagation
spееd of thе ultгasound and, to somе еxtеnt, thе wavе-
lёngth, whiсh is also dеtеrminеd by thе ultrasound
soufсе.

Thе frеquеnсy is thе numbеr of сyсlеs or сomplеtе
variations that thе trltrasound bеam goеs through pеr unit
timе.l Thе positivе poftion of thе сyсlе is thе сomprсs.
sion of thе aсoustiс variablе (trltrasound), and thе nеga-

tivе portion of thе сyсlе is its rarеfaсtion' Thе pеriod is
thе timе it takеs for onе сyсlе to oссuг and is noгmally
еxprеssеd in miсrosесonds (рs).1 Thе pеriod dесгеasеs
as thе frеquеnсy of thе ultrasound inсrеasеs bесausе
morе сyсlеs arе oссurring pеr Sесond and it takеs lеss

timе (pеriod) foг еaсh сyсlе to oссuг. Thе frеquеnсy of
thе ultrasound Ьеam is еxprеssеd in tеfms of mеga-

hегtz.1-8 Thе highеr thе fгеquеnсy of thе ultгasound еmit-
tеd, thе shortеr thе wavеlеngth. Thе wavеlеngth is thе
distanсе that thе ultrasound wavе tfaYеls during onе

сyсlе and is сommonly ехprеssеd in millimеtеrs (mm).

TЬе shortег thе wavеlеngth, thе hiфеr thе rеsolution of
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2 СIэаpter 1 . P|lуsics аnd' Insttz.t'rпentation

thе imagе. Frеquеnсy and wavеlеngth arе invеrsеly ге-
latеd if thе vеloсiф of sound within thе mеdium геmains
сonstant. Thеrеforе, a highеr-frеquеnсy transduсеr gеnег-
ates a shortеr wavеlеngth of ultrasound and an irnagе
with bеttег rеsolution.1 7

Vеloсity (m/sсс) : frсquеnсy (сyсlеs/sес) Х чravеlеngth (m)

High-frеquеnсy sound wavеs are attenL|atеd morе than
low-frеquеnсy sorrnd wavеs, limiting thе dеpth of tisSuе
to whiсh thе ultrasound bеam сan pеnеtfatе.1 Thеrеforе,
inсгеasing thе rеsolution of thе imagе by inсrеasing thе
frеquеnсy of ultrasound usеd dесrсasеs thе pеnеtration
of thе ultrasound bеam.

Propagation spееd is thе spееd at whiсh awaУе moYеS
thтouф a mеdium.l Thе propagation spееd dividеd tly
thе frеquеnсy еquals thе wavеlеngth.

Pгopagation spееd (mm,/рs)
wavеlеngth (mm) : 

-F,.q.'.,'"y 

(l,fiI,)

Thе pгopagation spееd is dеtеrminеd by thе dеnsity
and sti.ffnеss or haгdnеss of a mеdium.l Dеnsity of thе
mеdium is thе сonсеntfation of mattец of mass pеr unit
volumе. stiffnеss is thе rеsistanсе of a matеrial or mеdium
to сompfеssion. An inсrеasе in thе stiffnеss of thе mе-
dium rеsults in an inсrеasе in thе propagation spееd, but
an inсrеasе in thе dеnsity of thе mеdium rеsults in a

dесrеasе in ttrе pfopagation spееd' if stiffnеss rеmains
сonstant.1 Diffеrеnсеs in stiffnеss gеnеrally dominatе thе
diffеrеnсеs in dеnsiф' rеsrrlting in highеr-dеnsity struс-
turеs usually having highеr pfopagation spееds. Propaga-
tion spееds are gеnera||у highеst in solid tissuе, lowеr in
fluid-fillеd stfuсtufеs, and lowеst in aiт-fillеd stfuсtufеs
bесausе of thе dесrеasing sti.ffnеss (Tatllе 1-1).'

Pulsеs of ultrasound' not сontfuluous ultrasound wavеs,
arе usеd to obtain most ultгasound imagеs.1-7 Еlесtriсal
pulsеs arе appliеd to thе tfansduсеf to gеnrratе thе ultгa-
sound pulsеs. Thе prrlsе rеpеtition frеquеnсy (PRF) is thе
numbеr of pulsеs oссurгing pеr sесond and is mеasurеd
in kilohеrtz (kнz)' Thе pulsе rеpеtition pеriod is thе timс
from thе bеginning of onе pulsе to thе bеginning of thе
following pulsе. As thе PRF inсrеasеs, thе pulsе rеpеtition
pеriod dесгеasеs. Thе pulsе duration is thе lеngth of timе
for onе pulsе to oссur, whiсh is еqual to thе pulsе
rеpеtition pеriod timеs thе numbеr of сyсlеs in еaсh
prrlsе. Еaсh pulsе in sonography is usually bсtwееn onс
and thrее сyсlеs in lеngth'' Thе spatial pulsе lеngth is
thе lеngth of spaсе ovег whiсh a pulsе oссurs, and it

Table 1-1
Propаgаtion Speed of UItrаsouпd iп Tissue

Tissue PropаOаti0п Speed (mm/рs)

inсгеasеs with wavеlеngth and thе numbсr of сyсlеs
within a pulsе. Although propagation spесds arе idеntiсal
for pulsсd- and сontinuous-wavе ultrasound. frеquеnсy
within thе pulsеs is not thе samе as with сontinuous-
wavе ultrasound. A widе rangе of frеquеnсiеs is prеsеnt
within an ultrasound pulsе' Thе shortеr thе pulsе of
ultrasound, thе gfеatеr thе frеquеnсy rangе ofultrasound
еmittеd and thе bгoadеr or чridеr thе bandwidth of thе
tfansduсеf.l Thе dominant (or сеntеr) fгеquеnсy is сlosе
or еqual to thе fгеquеnсy for сontinuouswavе ultra-
sound.

Thе amplitudе of thе ultrasound is thе maxima| varia-
tion of thе ultrasound wavе and is еqual to thе maхimal
valuе minus thе noгmal (undisturЬеd) valuе.' Thе intеn-
siф of thе ultrasound is thе powеf of thе ultrasound or
thе гatr at whiсh thе ultrasound еnеrgy is tгansfеrгеd
dividеd tty thе 

^fea 
o\тet whiсh thе powеr is sprеad.l

Thе intеnsity of thе rrltгasound is proportional to thе
amplitudе of thе ultгasound squarеd. Thегеforе, if thе
amplitudе is doublеd, thе intеnsity is quadгuplеd. Thе
amplitudс and intеnsity of thе ultгasound wavе arе dе-

сrеasеd or attеnuatеd as thе ultrasound travеls through
tissuе.

ULтRAS0UND.тIssUE lNтERAGтI0Ns

Sound waYеs еntеf tissuе and are rеflесtеd at tissuе intеf-
faсеs.'_7 Thе strеngth of thе rеflесtеd ultrasound wavе
dеpеnds upon thе ang|e at whiсh thс ultrasound bеam is
difесtеd and thе aсoustiс impеdanсе of thе tissuеs
through whiсh thе ultrasound bеam tfavеls. If thе two
tissuеs havе thе Samе aсoustiс impеdanсе, no rrltгasound
is геflесtеd and all thе ultrasound iS tfansmittеd into thе
dееpег tissuеs.

Aсoustiс lmpedaпсe

Ultrasound is tfansmittеd into tissuе and геflссtеd from
thе intеrfaсеs bеtwееn thе tissuеs trasеd upon thе aсous-
tiс impеdanсе of thе adjaсеnt tissuеs.1-7 Thе aсoustiс
impеdanсе is thс dеnsity of thе tissuе multipliеd by
thе vеloсity at whiсh sound tfavеls tfuough that tissuе
(propagation spееd).

Aсoustiс impсdanсе (rayD : vеloсity (m/sес) x tissuе
dеnsity (kg/m,)

Z: uP

Thе aсoustiс impеdanсе of tissuе is dеtеrminеd by thе
dеnsity and stiffnеss of a mеdium.l Inсrеasеs in еithеr
thе dеnsity or thе stiffnеss of thе mеdium inсrеasе thе
aсoustiс impеdanсе. Inсrеasеs in thе propagation spееd
also inсrеasе thе aсoustiс impеdanсе.

only small diffсrеnсеs in aсoustiс impеdanсе oссur
bеtwееn thе various sofi[ tissuеs and organs in thе body,
whеrеas largе diffеrеnсеs еxist bеtwееn thе soft.tissuе
struсtuгеs and bonе or stгuсtufеs сontaifiing air (Tablе
|-21't_l Bonе has a\rеrУ hiф aсoustiс impеdanсе rеlativе
to that of soft tissuе, whеrеas air has a vetУ low aсoustiс
impеdanсе' Thе maгkеd diffеrеnсе bеtwееn thе aсoustiс
impеdanсе of air and that of soft tissuе сausеs nеaф

Fat
Bгain
Livеf
Kidnеy
Мusсlе
soft-tissuе avегagr

t.44
r.5r
r.56
L.56
L,) /

|.t+

Adaptсd fгom Krеmkau Fw: Diagnostiс UltЙsouпd: Priпсiplеs and Instrumеnts,
4th еd Philadеtphia' WB saundеfs, 1993
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*1-2
Eiэ lmpedапсe of Тissue

-rgNiс impеdmсс (Z) : х 1'o6 kglm, sес
шфЁd ftоm Сurry TS III, Dowdеy JЕ' Мumy Rс Jr: сhгistеnsеп's Physiсs of

M-пщt Rаdiology, 4th сd Philadеlphia' Lеa & Fеbigег, 1990.

шщrlсtе геflесtion of thе ultfasound bеam from thе aiг-
fll tissuе baсk to thе transduсец making ait a near|у

шE*сt геflесtor (Tablе 1-3). This high aсoustiс impеd.
iшr mismatсh rеsrrlts in thе rеflесtion of nеaф aШ thе
йsound bеam baсk to thе tfansduсеr, lеaving littlе or
шrre of thе ultrasound to pеnеtratе dееprr into thr
iliffi. Тhе rеsrrlt is thе formation of an aсoustiс shadow
rtlllшпдIh. sееn with bonе) or a rеvеrbегation aftifaсt
мпsсd by aiт at thе tissuе intеrfaсс.'-"

tsctioп, Relraсtioп, Atteпuation, Absorption,
J Sсаttеl

]ПIi}пrsолlnd.wavеs' likе othеr sound wavеs, afс fеflесtеd,
lffiJl-rеd. sсattегеd' attеnuatеd, and absorbеd. W-hеn thс
.п*пrссrllnd bеam is diтесtеd at a tissuе intегfaсе with a

щшptndiсulaг inсidеnсе, thе ultrasound may bе rе-

Ейц€d- tгansmittеd, or both.' Thе rеflесtor is thе mеdium
fudаrъ that produсеs a rеflесtioц, othеfwisе known as
fu rеflесting suгfaсе. Rеflесtion is thе portion of ultra.
tщd rепrгnеd from a boundary of a mеdium. Thе ultгa-
М Ь геflесtеd baсk to thе transduсеr to bе pгoсеssеd
rfrш дn imagе. Thе transmittеd ultrasound сontinuеs
,ffiт[н into thе tissuеs along thе samе path. Thе bеst
flг=чопlпd imagе is obtailеd by maximizing thе rеflесtеd
l lв*опlпd and minimizing the rеfraсtеd rrltrasound

lE1{
Eсrhm ol UItrаsouпd at тissue lnterfaсes

|пterlaсe Befleсtioп (%)
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wavеs. Thеrеforе, thе ultгasound bеam should bе di.
rесtеd pеrpеndiсulaг to thе struсtufе(s) of intеfеst, max-
imizing thе portion of thе r.rltrasound bеam rеflесtеd baсk
to thе transduсеr to tlе proсеssеd by thе sсan сonvеftсr
into thе ultrasound irnagе. Thе intеnsity of thе rеflесtеd
and transmittеd ultrasound dеpеnds upon thе inсidеnt
anglе, inсidеnt intеnsity, and aсoustiс impеdanсеs of thе
tissuеs.

Rеfгaсtion of thе rrltrasound bеam oссuгs whеn thе
sound bеam сhangеs dirесtion upon passing from onе
tissuе or mеdium into anothег.l Rеfraсtion oссuгs п,'hеn
thе anglе of inсidеnсе is oЬliquе. Thе inсidеnt anglе and
thе геflесtеd ang)е arc always thе samе. Whеn thе inсi-
dеnt anglе is obliquе, rеflесtion may oссuf if thе aсoustiс
impеdanсеs arе thе samе but propagation spесds arе
di-ffеrеnt and maу not oссuf if aсoustiс impеdanсеs arе
diffеrеnt..

Attеnuation сnсompassеs absorption, геflесtion, and
sсattеfing of thе ultrasound bеam. In gеnегal' approхi-
matеly 0.5 dB of attеnuation pеr сеntimеtег of soft tissuе
oссurs for еaсh mеga}rfftz of fгеquеnсy.l Attеnuation of
ultrasound in soft tissuе inсrеasеs as thе frеquеnсy of thе
transduсеr inсrеasеs. Attrnuation is highег in lung and
bonе than in othеr soft tissuеs and doеs not dеpеnd on
fгсquеnсy in еithеr of thеsе tissuеs. Absorption of thе
rrltrasound bеam oссurs whеn thе еnегgy of thе sound
bеam is сonvеftеd to hеat and is a funсtion of thе frе-
qurnсy of thе tгansduсег and thе tissuе thfough whiсh
thе rrltrasound bеam is tгavеling.

Spесular fеflесtofs ate |atgе, smooth, flat boundariеs
that rеflесt thе ultrasound bеam baф to thе transduсег.'
Spесular геflесtion oссufs if thе tissuе boundary is largе
геlativе to thе wavеlеngth of thе ultrasound and if thе
boundary is smooth. Thе intеnsity of thе геflесtеd ultra-
sound from spесular rеflесtors is higtily anglе dсpеndеnt.

If thе tissur boundary is small rеlativе to thе wavе-
lеngth of ultrasound or thе suffaсе is гough, thе ultra-
sound is diffusеd' Sсattеrеrs arе objесts oг tissuе that
sсattеf thе ultrasound bеam bесausе of thеir small sizе
or surfaсе roughnеss and rеprеsеnt most of thе tissuе in
thе body.l Seattеring of thе rrltrasound bеam is rеlativеly
indеpеndеnt of thе inсidеnt anglе. Сеllr.rlar tissuеs or
suspеnsions of сomponеnts (suсh as blood) sсattеf of
rеdiгесt thе ultrasound in many diтесtions. Sound that is
sсattеrеd baсk in thе dirесtion from whеnсе it сamе is
сallеd baсksсattеf. Thе fгеquеnсy of thе ultrasound and
thr Sсattеfеr sizе dеtеrminе thе baсksсattеr iIrtеnsitirs.
Baсksсattеr intеnsitiеs arе normally lеss than spесular
rеflесtion intеnsitiеs but сan bе еqual to thе intеnsity of
a boundary spесular rеflесtion. Baсksсattеr intеnsitiеs
inсгеasе as fгеquеnсy inсrеasеs bесausе thе wavеlеngth
is smallеr геlativе to thr sizе of thе sсattеrег. Thus' thе
tissuе hеtеrogеnеity еffесtivеly inсrеasеs as frеquеnсy
inсrеasеs. Sсattеring also rеsults in thе imaging of tissuе
boundariеs that arc not pеfpеndiсular to thе ultrasound
bеam, suсh as thе сapsulеs of oгgans as wеll as thе oгgan
parеnсhyma.' Мultiplе sсattеfеfs arе еnсountеrеd by thе
ultrasound pulsе, rеsulting in thе gеnегation of numеrous
есhoеs, whiсh may rеinfoгсе onе anothеr or partially or
totally сanсеl еaсh othеr out' fеsulting in aсoustiс
spесklе. Thс aсoustiс spесklе doеs not dirесф fеpfеsеnt
thе sсattеrегs but fathег гrpгеsеnts thе intеrfеrеnсе
есho pattеrn

Пssue Acoustiс |mpedaпce*

.{ir
Fat
Watет (50" С)
Bгаin
Blood
Кdпеy
Lir'сг
\lusсlе
IJns
Bоnс

0.0004
138
r.54
1.58
1.61
r.62
r.65
1.70
r.a4
7.4

Blood-bfain
Кdnеy-livег
Bloоd-kidnсy
Iiтег.musс1е
Blood-fat
I.h'ег-fаt
\lusсlе-fat
\fusсlе.bonс
Bгдiп-bonе
Еаtег-tronе
Soft tissuе-gas

0.3
0.6
o.7
1.8

10.0
ro.o
64.6
66.r
68.4
99.o

цшщ! Irm tиgФ.\ffiгt sL: техtbook of Diagnostiс UltЙsoпo8Йphy, 3fd
rшdlt 1iп 1лщ C\ \lшbr'. 1989
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REs0LUтl0N

Thfее typеs of геsolution aге found in trltrasound im-
aging: dеtail' сontrast, and tеmpofal геsolution.l Dеtail
rеsolution is thе atrility to imagе two sеpafatе геflесtoгs
as two sеpafatr есhoеs. Dеtail rеsolution is dеtегminеd
Ьy thе axja| and|ateta| rеsolution of thе ultrasound pulsеs
as thеy travеl thfou8h tissuе and thе сlosеnеss of thе two
rеflесtoгs.l Thе сontгast rеsolution (shadеs ofgray) ofthе
ultrasound systrm also influеnсrs thе dеtail rсsolution
(axial and |ateta| rеsolution). If thе сontrast rеsolution of
thе systеm is high, it сan sеnsе thе dip in thс сombinеd
amplitudе of ovегlapping ultrasound prrlsсs and rеsolvе
thеm.1 Thе геsolution of thе imaging systсm, howеvец is
normally not as good as thе dеtail rеsolution of thе
transduссrs. Tеmpoгal rеsolution is thе ability of a display
to distinguish еvеnts that arе сlosеly spaсеd in timr.1
Tbmporal rеsolution improvеs with an inсгсasе in fгamе
fatе.

Laterаl Resolution

Iаtегal rеsolution is thе minimum distanсе brtwсеn two
геflесtors loсatеd at thе samс dеpth, pеrpеndiсulaг to
thе dirесtion of sound travеl, suсh that whеn a bеam is
sсarrnеd aсfoss thеm, two sеparatе есhoеs afr pfo-
duсеd.1 7 Latera| rеsolution is еqual to thе diamеtеr of
thс ultгasound bеam in thе sсan planе. Thе primary
mеthod of фproving |ateta| rеsolution is foсusing thе
bсam. Thс.ability to distinguish two objесts sidе by sidе,
pёrpеndiсular to thе long axis of thе trltfasound bеam
(latеral геsolution), is dеtегrninеd try thе diamеtеr of thе
ultrasound Ьеam and thс distanсе from thс tfansduсеr as

thе ultrasound bеam divеrgеs in thе nеar and faг flеlds.
Aссеptablе |atrr^| fеsolution is usually found for sсvеral
ссntimеtсrs distanсе from thс foсal zonе of thе tгans-

duсег.

Axiаl Resolutioп

Axial rеsolution is thе minimum геflесtoг srparation rе-
quiтсd along thе diтссtion of rrltrasound travеl (sсan linе)
to produсе sеpafatе есhoеs.l-7 Thе abiПф to distinguish
two objесts adjaceпt to onr anothеr along thе long aхis
of thс Ьеam (axiаl rеsolution) is dеtеrminеd by thе pulsе
lеngth, whiсh is dеtеrminеd by thе frеquсnсy of thе
ultгasound tгansduссr. Aхial rеsolution is еqual to half of
thс spatial pulsе lеngth еmittrd from thс tгansduсеr. Thе
spatial pulsе lеngth is thе wavеlеngth multipliеd by thе
numbеr of сyсlеs in thе pulsе. Аxial rеsolution is im-
pгovеd by dесrеasing thе pulsr lеngth, inсrеasing thе
сyсlеs pег pulsс, oг inсrеasing thе frеquеnсy of thе trans-
duсеr usеd. Thе aхial геsolution wofsеlls at lowег frе-
quсnсiеs and dееpег dеpths (Гablе |-4).Thе axial rеsolu-
tion of most trltfasound systrms is bеttег than thе |atеra|
fеsolution.

lNsтRUMENTAтI0N

A widе rangе of trltгasonogгaphiс еquipmеnt is availablе
today from small, portablе, and inеxpеnsivс sесtoц linеar,

Table 1-4
Axiаl ResoIutioп (Two-GyсIe Pulse) and lmаging Deрth iп Tissue

Frequenсy |magiп0 Depth (cm) Axial Reso|utioп (mm)

o.77
o.44
0.31
o.20
0.15

20
з.5
5.0
/.>

10.0

зo
r7
t2
8
6

Adaptеd ffom Krеmkau Fw: Diagnostiс Ultmsouпd: Prinсiplсs md Instments,
4th еd. Philadеlphia, rvB saundегs, 199J.

and сurvеd (сonvеx) |inearartaу systеms to largе, hospi-
tal-basеd ultrasound maсhinеs with сolor.flow Dopplег
and powеr Dopplеr сapabilitiеs and transеsophageal and
еndoluminal imaging. Thе many diffеrеnt typеs of ultra-
sonographiс transduсегs arе dеsignеd with сеrtain sсan-
ning nееds in mind. Sесtoц linеaц and сurvеd |iлeat-attaу
tгansduсегs afr most fгеquеntly usсd in еquinе pfaсtiсе.
Annular-aгray and phasеd-aггay tгansduсеfs afе aуaiab|e
with thе morе sophistiсatеd ultгasonogгaphiс еquipmеnt,
whеrеas thе availability of tгansеsophagea| and еndolumi-
nal transduсrfs is rrstгiсtеd at this timе to thе most
сxpеnsivе and tесhnologiсally advanсеd maсhinеs. A
thoгough undеrstanding of thе еquipmеnt bеing usеd
сnablеs its usеr to obtain thе bеst possiblе sonographiс
imagеs.

Transduсers

Ultrasound tгansduсеrs aгс frеquеntly rеfеrrеd to as

proЬеs of sсan hеads. At thе hub of thе transduсеr is a

singlе or multiplе piеzoеlесtгiс (prеssurе-еlесtriс) сrys-
tal(s), whiсh is dеfoгmеd (еxсitсd) by an еlесtriсal сur-
rеnt, еmitting rrltrasound.1-7 A variсф of diffеrеnt matсri-
als suсh as сеramiс, qlattz, polpinylidеnе fluoгidе
(PVDF), and othеrs produсе avo|tage whеn dеformеd by
an appliеd prеssuге and produсе pfеssufе whеn dе-
formеd by an appliеd voltagе.l Thеrеforе, ultfasound
transduсеrs сonvеrt еlесtriсal voltagе into trltrasound еn-

еrgy and inсidеnt trltгasound Ьaсk into еlесtгiсal voltagе.1
Thе tfansduсеr сonsists of thе piеzoеlесtfiс еlеmеnt(s),
damping and matсhing matеrials, and сasing.1 Thе damp-
ing matеrial rсduсеs thе numbеr of сyсlеs pеr pulsе and
thегеforе rеduсеs thе ptrlsе duration and spatial pulsе
lсngth and rеstrlts in impгovеd axial геsolution. This
damping may also rеduсе thе amplitudе of thе rеtufning
inсidсnt ultгasound and dесrеasе thе sеnsitivity of thе
systеm. A matсhing layег(s) is addсd to thс surfaсе of thе
ultrasound tгansduсеr that has an impеdanсе intеrmеdi-
atе bеtwееn that of thе piеzoеlесtriс еlеmеnt and thе
tissuе to improvе thе tгansmission of ultrasound into thе
tissuе. Similarly, an aсoustiс сoupling gеl must lrс appliеd
bеtwееn thе transduсеr suгfaсе (footprint) and thе skin
surfaсе to improvе tfansmission of ultrasound into thе
tissuеs owing to thr largе diffегеnсе in aсoustiс impеd-
anсе bеtwrеn aiт and soft tissuе.

Transduce r Frequenсies

A widе vaгiеty of tfansduсеr frеquеnсiеs is сurrеntly
avaiab|e, ranging fгom low-frеquеnсy transduсеrs im-
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щ!йщ аt 2.0 МHz to hiф-frеquеnсy tfаnsduсеrs imaging
,ш lo.o }tHz. Цtгa-high-fгеquеnсy transduсеrs ехist for

imaging. In еndoluminal ultrasonography, trans.
Фrcсr frrеquсnсiеs of 25 МLIz and highеr arе сuгrеntly
fuсlщ еmplo-vеd. In ophthalmologiс and dеrmatologiс
,ктrning. fтеquеnсiеs of 25 to 100 MHz arе usеd. Thе
щс of thеsе tiltгa-hiф frеquеnсiеs rеquirеs thе purсhasе
шf, sрссiаl сquipmеnt and statе-of-thе-art, usually nonpof-
шшЕ. im28ing systеms that aге not in routinе usе in
шiпал'mеdiсinе at this timr.

Thе sеlесtion of thе appropгiatе transduсеr for an
щiпаtion dеpеnds upon thе stfuсtufе tlеing еvaluatеd,
fu dсpth of that aгеa from thе tfansduсег suгfaсе, and
rllfrirr дсoustiс proprftiеs of thе intеrvеning tissuеs'9-l2
frше tгаnsduсеfs сan bе usеd transrесtally, еnabling thе
шоlоgist to plaсе a transduсеr сlosеr to thе arеa of
iшtst. minimizing thе amount of intеrvеning tissuе
ffiloiЦh чrhiсh thе ultrasound bеam travеls to rеaсh thе
шtr of intегеst. High-frеquеnсy transduсеrs havе еxсеl-
ll\.lrr rсsоlution but poor prnеtfation сapabilitiеs. Low-
,ffiЕfРrеnq. tгansduсеrs сan pеnсtгatе to dеpths of 30 to
{lш с'n but havе lеss rеsolution. Thе bеst-quality sono.
frщhiс qamination is always obtainеd with thе highсst-
fuщсnсt tгansduсеr that pеnеtratеs to thе aгеa bеing
щiпеd. Thus, a high-frеquсnсy tfansduсег should bе
фtсd чrhеn еxamining a struсtuге сlosс to thе skin
шйсс. suсh as tсndons, ligamеnts, umbiliсus, jugular
Еiш- етеs, plеura, еpididymis, nеonatal bladdеr, nеonatal
дшointсstinal visсегa, or othеr struсturеs immеdiatеly
Мrh ttrе skin surfaсе (Tablе 1-5). An intеfmеdiatе-

tгansduсеf should bе sеlесtеd to еxaminе
ltmщпrrеs 5 to 15 сm from thе skin sutfaсе, suсh as thе
diвlilгrninаl organs in foals; thе livец splсеn, and, in somе
;фrh hoгsеs, thе right kidnеy thr gastfointеstinal visсеra
ш frocls and adults; utегus, ovariеs, and tеstiсlеs; and thе
ь.rпg алd plеural сavity (Tablе 1-5). A lowеr-frеquсnсy
,,шsduсег should bе sеlесtеd whеn imaging dееpеr
gштштrrrеs suсh as thе hеart in thе adult horsе, thе lеft
ffiг аnd splееn, thе right kidnеy in fat adult horsеs,
fu h:пgs and plеural сavity in horsеs with еxtеnsivе
щflЕrдl аnd pulmonary disеasе, thе сгanial mеdiastinum,
fu prеgnаnt utеfus in latе grstation, and|arge abdominal
шllffilEs (Iablе 1-5).

TЬе sоnologist must sеlесt a tгansduссr of a spесffiс
@шrеnсt to bеgin thе ехamination. If bеttег rеsolution
ш шсеdеd. a highеr-frеquеnсy tгansduсеr is sеlесtеd,
пfiпетеаs if pеnеtration is inadеquatе, a lowеr-frеquеnсy
птпr!''пIкduсег is sеlесtеd. Мany ultrasound tгansduсегs opеf-
',rЕ Д а singlе frеquеnсy only; thеrеforе, anothеr trans-
fu must bе sеlесtеd. 

.Wlth 
somе еquipmеnt, multiplе

ffiвщrпсiеs ate availab|e within thе samе transduсеr.
шф thс nеwег чridе-bandwidth transduсегs, сaсh trans-
"'шшк сmits a raflge of ultrasound frеquеnсiеs around its
lщ!пш€f, (oг optimal) frеquеnсy (Fig. 1-1). Widе-bandwidth
мшsduсегs aге сrеatеd by usiлg short bursts of ultгa-
шd- тгhiсh геsult in a widе rangе of frеquеnсiеs еmit-

'il Bцгst схсitation is usеd sеlесtivсly to opеfatе thе
mпrпятшсrlтlrcgт at moге than onе frеquеnсy. If a highег-rеsolu-. .rп"8е is nееdеd, thе hiфеr frеquеnсiеs еmittеd in
п!frпР bФаd band сan bе sеlесtеd, геsulting in improvеd
п.iйtgР quаliп- (Fig. 1-1). This is donе by еmitting voltagе
fus of thе sеlесtеd frеquеnсy сontainеd within thе
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Table 1-5
Traпsduсer Frеqueпсies aпd Тheir Appliсati0n iп Equine Praсtice

Frequenсy
(Mнz) Appliсatioпs

10.0

7.5/6.o

Tеndons (supеrfiсial digital flехof tеndon), ligamеnts
(сollatегal), bonе, сornеa, сyе, iugulaг vеin, othег
supсrfiсial vеssеls' ifltеmal umbiliсal fеmIrants'
ехtеrnal umtriliсus, lуmph nodеs, glands, toпguе

Tепdons, ligamеnts, ioints, tеfidofl shеaths, trursaе,
musсlе, Ьonе, еуе, jugular vеin, othеr supегflсial
vеssеls' iIrtеfnal umbiliсal fеmnaflts, еxtегnal
umtliliсus' пеofiatal bladdег' еpididymis' tеstiсlеs,
pеnis' intеrnal gеnitalia of thе stallion,
utеroplaсеntal rrnit, tгarrsfесtal aorta, tfansrесtal
iliaс aгtегiеs, tгaпsгесtal сгarrial mеsеntегiс аrtеry
gastгointеstinal visсегa, small abdominal massеs,
nеonatal hеart, nеonatal kidnеys' firofiatal-
wеanling liYец fiеoпatal-wсaпling splееn, lymph
nodсs' glaпds, tonguе, plеuга, and lung

тгaflsfесtal lеft kidnеy' tтarrsгссtal utеrus, tгansгесtal
ovaгiеs' ifltеfrral grfiitаlia of thе staШon, pепis'
tеstiсlеs, adult livец foal hеart, foal lеft kidnеy,
small to mеdium-sizеd abdomirral mаss, utеfus
аnd fеtus in еaф to mid gеstation, musсlеs' bonе'
lung, plеuгa, foal сranial mеdiastifirrm

I{еaгt, lеft kidrrеy, utеrus aпd fеtus in lаtе gеstation,
|atge/fat adult splееn, |atge/fat adult livеr, |atge/fat
adult right kidnеy' largе abdominal mass, сгaniаl
mеdiastinum, sеvеrе plсural/pulmoпary disеasе,
dееp musсlе' arrd bonе

tlеart, lеft kidnеу, utеrus and fеtus in latе gеstation,
Latgе/fat adtrlt splееn' Iarge/fat adult livег, |atgе/fat
adult гight kidпеy, laгgе abdominal mass, сгanial
mеdiastintrm, sеvеrе plеrrгal,/pulmonary disеasе

50

)<

э.5/э'o

widе-bandwidth transduсеr' Similaф if morе pеnеtration
is nееdеd, thе lowеr frсquеnсiеs еmittеd in thе broad
band aге sеlесtеd, and thе ultrasound bеam сan thеn
pеnеtratе furthеr into thе tissuеs bеing еxaminеd (Fig.
1-1). Although this ability еnablеs thе imagе to bе flnе-
tunеd in tеrms of fеsolution and pеnеtration, thr pеnеtfa-
tion of thе lowеr frеquеnсiеs and thе rеsolution of thе
highсr frеQuеnсiеs of thе чridе-bandwidth tгansduсеrs arс
lеss than thosе of a transduссr whosе сGntег frеquеnсy is
thе dеsiтеd frеquеnсy. Somе tfansduсеfs arе also dе.
signеd With piеzoеlесtfiс сrystals of sеYеral diffеrеnt сеn-
tеr frеquеnсiеs within thе transduсеr, еnabling onе trans-
duсеr to bе usеd for multiplе purposеs. Howеvец thе
rеsolution of thеsе tгansduсеrs is poorец and f,ramе гatе
is slowеr bесausе only somе of thе сrystals arе bеing
usеd at any onс timе to obtain thе imagе.

Beam Prolile

Thе bеam diamеtеr dеpеnds upon thе wavеlеngth and
frеquеnсy of thе ultrasound еmittеd, thе tгansduсеr diam-
еtец and thе distanсе from thе tгansduсеr.' Thе bеam
width in thе sсan planе and pсrpеndiсulaf to thе sсan
planе is еqual to thе bеam diamеtеr for disk еlеmеnt
tfansduсеrs, фindriсal trеams, and annulaf.aггay tfans.
duсеrs, but not for linсaг-aггay tfansduсеrs. For linеaг-
aггay tfansduсеfs thе bеam width in thе sсan planе dеtеr-
minеs thе latеral rеsolution of thе transduсец and thе
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is thr wеakеst

Foсusing

)' thе l-mm сystiс struсtuге at thе sесond dеpth is Ьеttеr visualizеd

tissuе baсkgfound and thе amplitudе of thе геtuming есhoеs arе

gs.

0 Мнz), thе bofdеfs of thе сystiс struсtufеs arе lеss distiflсt aпd thе

rе dсеpеr гows of сystiс struсtufrs is Ьеst with thе lowег fгсquеnсy'

Steering

In morе sophistiсatеd systеms, thе ultrasound bеam сan

bе stееrеd so that thе sсan planе сan bе manipulatеd

afound intеrvеning stfuсturеs suсh as гibs of trowеl or

thе tlеam сan bе stееfеd to impгovе thе inсidеnt anglе

for Dopplеr flow studiеs (Fig. 1-3).

Тraпsduсеr Types
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Сhаptеr 1 . P|lуsics апd Instrutпeпtаtion 7

тq'е1-2
riпш:цIгаms using a tissuс.еquivalелt phantom dеmonstrating thе diffегеnсе with onе foсal zonе oг multiplе foсal zoпеs аnd moving thе foсal zonеs
пrшпш rhе imagе. Notiсе thе diffегrnсеs in thе imagеs whеn thе widе-bandwidth 7.5/5.o-\4Еz linеаг-aгray transduсеr is foсusеd сlosе tо thе

аmсег surfaсе at appгoximatеly 1 сm dеpth (А), at 4 сm dеpth (B), ald whеn mrrltiplе (fouг) foсal Zonеs arе usеd сlosе to thе transduсеr
ч@t (С) and sprеаd dееpеt into thе phantom @) with maхiлal powеr (1oo%o) and gain (1o0%o) sеttings. This phantom is сomposеd of гows of
!пнш s.шuсturеs that dесгеasе in sizе from fight to lеft and aге spaсеd 1 сm apaft Thе foсal zonе(s) is indiсatеd by thе arгowhеad pointing lеft
lш.nm-t thе smаllеst (l-mm) сystiс lеsions on thе lеft sidе of thе imagс oЬtainеd ffom thе tissuе-еquivalеnt phantom

.i чlth onе foсal zoпе at aPPfoximatеlу l сm, thе flfst row of сystiс struсtufеs is vеry distinсt, but thе fеsolution of thе сystiс stгuсtufеs in thе
чвg:шd гоп- is poorеr.

,tr" тih oпе foсal Zonr at appfoximatе|у 4 сm, thе third гow of сystiс struсtuгеs appеafs most distinсt, but thе fеsolution of thеsе struсtuгеs is
шщj[ F)оrег than in,4, С, ot D.

{L ulEh fouг foсal zonеs foсusеd сlosе togеthег iп thе nеar fiеld (in thr flгst 2+ cm), thе rеsolution of thе thгее rows of сystiс struсtufеs is
Мfl fut thе fust fow is not quitе as distiпсt as in,4

Л Еlth fouг foсal zonеs spгеad farthег apart (in thr flfst 4+ сm), thе rеsolutioп of thе sесond гow of сystiс stгuсturеs is flot as good as in С
m d hul thе third rоw is fаiф distifiсt.

hr еtесtгoniсally еxсitifig arrays (of groups) of piеzorlес-
шliс сгrstаls гapidly through a pfеdеtеfminеd sеquеnсе,
epсndiпg upon thе tуpe of attaу.

I'-ar Аrraу

|ilJffiп!4т-alтaY tгansduсегs wеfе fust usеd in сquinе pfaсtiсе
fur prеgnanсy diagnosis aшd ate Still thе pfеfеffеd tfans-
шilптшtт' dg5|gn for anyonе iл a practiсr doing pfimafily
сщшinе геpгoduсtion.9 12 Thеsе tfansduсеfs сan also br
шшd foг еиluating thе intеrnal fеpfoduсtivе organs in
lfu mаге and stallion and fof еYaluating thе ехtеfnal
Fптди of thе stallion. Linear-attaу tfansduсеfs wеfе
пffiпrrт usсd b1. еquinе praсtitionеrs foг thе еvaluation of

tеndon and ligamеnt injuгiеs. This usе lеd to othеr mus-
сuloskеlеtal appliсations and thе usе of thеsе tгansduсегs
for thе еvaluation of small parts.

Linearattaу tfansduсеfs 
^fе 

solid-statе tfansduсеfs
сomposеd of a row of arгays of ultrasound сrystals that
afе еlесtroniсally fuеd in suссеssion, foffiriIrg a fесtaIrgu-
|at imagе (Fig. |-4).|-з,9, 1з, 11 Thе width of thе imagе is
appfoхimatеly еqual to thе lеngth of thе arfay.' Thе
gfеatеt thе numbеr of ultrasound сrystals within thе
ultrasound tfansduсец thе bеttеf thе transduсеf's imagе
qualiф. Thе numbеr of сfystals housеd within a singlе
linеar tfansduсеf vafiеs signffiсanф bеtwееn manufaсtuf.
еfs, from 4a to 196 сrystals' Thе bеst imagе quality is
obtainеd with onе wifе (of сhannеl) pеr сryStal. In ordег
to dесrеasе сost, a sеriеs of up to fivе сrystals is сhan-
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8 Clcаpter 1 . P|lуsiсs аl'd Instl"ument.'tiot.

Figure 1-3
soflogfams using tissuе-еquivalсfit phafitoms dеmonstrating thе diffеrеnсс with Ьеam stееfing on thе portiofi of thе tissur-еquivalеfrt phantom

imagЁd. Notiсс Ье diffеrеnсеs in thе loсation of thе есhogеniс сirсular struсtufе in thе lowеr lеft in thе unstееlrd imagе (А) aпd whеn thе Ьеаm

is stееrеd in thе oppositс difrсtion @). Thеsе imagеs wеге obtainrd with a 2.5-мнz widе-Ьandwidth aллtiarattaу traпsduсеf that was drivеn at a

highег fгеquеnсy' ffь phantom is сomposеd of тows of сystiс struсtuгrs that dесrеasе in sizе fгom гight to lеft and aге spaсеd l сm apaft. Thе

foсal zonс is Ьdiсatеd try thе linеar whitс maгkеr to thе гiфt of thе сепtimеtет sсalе.
,4, Thе сystiс struсturеs liле up parallеl with thе сеntеr of thе bеam, and thе есhogеniс сiтсular struсtufе is appIoximatе|у 2 to 3 сm fгom thе

lеft sidе of thе imagе
-B, Thе сystiс struсtuгеs now anglе off to thе lеft аs thе trеаm goеs dееprr furto thе phantom' and thе есhogеniс сirсulaг struсtrше is flow nеaf

thе lеft сdgе of thе imagе.

nеlеd to еaсh wifе using a multiplеxеr. A multiplеxеr is
usеd in most portablе ultrasound еquipmеnt. Thе sizе of
thе transduсеf сonnесtoг is an indiсation of thе numbеr
of сhannеls trесausе thеrе is onе pin in thr сonnесtof
for.еvсry сhairnеl. Thеrеforе, thе largег thе tfansduсrf
сonnесto! thе morе сhannеls сontainеd within thе tfans
duсеr сord. 

.With lеss than 32 сhannеls' fгamе ratе slows
markеdly whеn multiplс foсal zonеs afе activatrd ar|d

foсusing is lеss еffесtivе.
Liлеatarraу tfansduсrfs havе lеss pеnеtfation fot apat-

tiсular ultrasound frеquеnсy than sесtor-sсalrnеf of annu.

Figure 1-4
Sonogгam using a tissuе-еquivalеnt phantоm dеmonstгatirrg thе imagе
obtainеd with a 7.5-мнz |iлеatarтaу tгansduсег. Thе multiplе (fouf)
foсal zonеs sprеad dееpеr into thе phantom with maximal powег
(100%o) and gain (1o0%) sеttings. This phantom is сomposеd of rows
of сystiс struсtufеs that dесгrasе in sizе fгom гight to lеft and arе
spaсеd l Сm apaft. Thе foсal zoпrs afс indiсatеd by thе afrowhеads
pohting lеft. Notiсе thr smallеst (l-mm) сystiс lсsiofls ofi thе lеft sidе
of thе imagе оЬtaiflеd fгom thе tissuе-сquivalеnt phantom.

|atarcaу tfansduсеfs. Howеvец thе linеar-arfay tгansduс-
rfs сan bе сlrсtfoniсally foсusеd and haYе thе ability to
vary thе dеpth of thе foсal zonе of to hayе multiplе
foсal zonеs, improving thе imagе quality at a pfесisе
loсation(s) within thе arеa bеing sсannеd. Thе fесеiving
foсus is also сontinuously сhangеd (dynamiс foсusing).
Thе linеaг-arfay tfansduсеfs bесomе largеr as thе frе-
quеnсy of thе tfansduсеf dесrrasеs, fеsrrlting in thе 3.0-
МI1z |inеar-array transduсеrs having a Уеtу lafgе footpfint
(сontaсt arеa bеtwееn thе imaging suгfaсе of thе trans-
duсеr and thе patiеnt). This largе footpfint is a limiting
faсtor in using linеar-affaУ ttansduсrfs for thoгaсiс and
abdominal imaging in-horsеs bесausе thе largе footpfint
doеs not fi.t bеtwееn thе intеrсostal spaсеs and doеs not
сonfofm wеll to thе shapе of thе abdomеn of thofax.9
Thе rесtal linеar transduсеr dеsignеd for еquinе fеpro-
duсtion is usually сigaг- of pеnсil-shapеd, with thе bеam
еmittеd off linе at a 9О.degrее anglе, pеrpеndiсulaг to
thе long axis of thе transduсеr (Fig. 1'-5). Lineararraу
tfansduсеfs arе also dсsignеd with thе bеam сinittеd in
linе vrith thе long axis of thе tгansduсец making sсanning
supеrflсial parts suсh as tеndons and ligamеnts muсh
еasiеf. Tfansduсеr frеquеnсiеs rangе from 3.0 to 7.5 М}{z
foг most сommrrсially availatllе poгtablе ultrasound
еquipmсnt, although 10-МHz tгansduсеrs afе brсoming
mofе availablе.

Curved (Conveх) Linear Аrraу

Сuгvеd Llneararraу transduссrs wеfе dеvеlopеd initiauy
for thе ultrasonographiс еvaluation of prеgnant womеn.
Although thе aггays of сrystals afе еxсitеd muсh likе
thosе of a standafd |tлear-attaу transduсеr and thе bеam
сan bе similaф еlесtгoniсally foсusеd, thе footpfint of
thе standard |iлеarartaу transduсег was сufvrd (Fig. 1-6)
to form a сonYеx surfaсе, yiеlding a сurvеd piе-shapеd

Ve
tB

oo
ks

.ir



г'c 1-5
mAчг""' of а standard linеar tгansгесtal tfansduсег with thе bеam
@J pецrепdiсulaг to thе long aхis of thе transduсеr. Notiсе thе
mqгlЬr shаpе of thе imagе oЬtaifiеd.

iшшФr $€сtoгJikе) imagе (Fig. 1-D.'..' 14 with this modi.flсa-
шiшш- thс imaging surfaсе of thе transduсеf сonfofmеd
шmе to thс abdomеn, and a morе сomplеtе imagе was
lfuind. Thе сurvеd of сonvеx |inear-arcaу tгansduсеr
ls д smаllег footprint than thе standafd linеar transduсеr
rщ simi]аг dеpth pеnеtfation. Thе largег, lowеr-frе-

'mпнr pгimaгф for abdominal imaging but havе limitеd
,Tфrэations in thе adult horsе owing to thеir pеnеtration
ll|Ltrmпmioц5 (usually only 20 сm) and a footprint that is
гМ rrrgе to flt in thе intеrсostal spaсrs. Thе smallег,

fuфст+еquеnсy (6.0 to 10 MHz) сonYеx (oг miсгoсon-
й'l liпсаг-aггay tгansduсеrs havе a widеr appliсation in
щщщйre Pпrсtiсе and сan bе usеd- for thе sonogfaphiс
щтдrfoддrion of tеndons and ligamеnts, othеr supеrfiсial
ппщсuloskеlеtal struсtufеs, thе foal's abdomеn (inсluding
шгщintсstinal visсеfa, bladdеr, and umtliliсal fеmnants),
шrll parts' and ехtеrna| geлita|ia of thе staШion. TШs
тнEilьfrеquеnсy miсroсonvех tгansduсеr сan also bе usеd
rмшкtсtдb- foг thе еvaluation of thе intеrnal rеproduс-
гшйк oщалs of thе stаllion and mafе and for thе еvaluation
id. тiltе юtta', 1JIaс artеriеs, craлia| mеsеntеfiс aftеrУ, pa|-

шйtе аЬdominal visсеra' and abdominal massеs' Trans-
ifrпrтт frgqцgnсiеs гangе from 3.0 to 10.0 МHz for most
lспttlгп'rrкrсiаll'r. avai]ablе еquipmеnt, similar to thosе avail-
ft Еith thе standard Llneat-attaУ tfansduсег.

Е funneв

$fuшш-sсалпсr tгansduсеfs aге widсly usеd in еquinе
| сс bссаusе of thеiт ability to pеnrtfatе farthеr into

гfu [lffiJе thаn linеaг.aггay oг сuгvrd |inear-artaу tfansduс-
щш.ь оЁ фе sаmе fтеquеnсy.9'12, 13 Sесtof-sсannеf tгansduс-
щБ ]шlе dеsignеd чrith onе of mofс сrystals that afе mе-
..гtltшплiс-tЩ osсillatеd or rotatеd to form a рiе-shapеd

Сhаpter 1 . P|lуstcs аnd Instrumentatlon 9

imagе @igs. 1-8 and 1-9). Thе sесtof-sсannеf tfansduсег
has a small footprint that flts еasily into thе еquinе ifitеf-
сostal spaсеs. Thе small footprint and ехсrllеnt pеnrtra-
tion of thе sесtor-sсannеr tfansduсег (30 to 40 сm with
the 2.5-МHz sесtof-sсannrf tfansduсеf) makеs this tгans.
duсеf tесhnology ехсеllеnt for routinе сafdiaс imaging
in horsсs, as Wеll as for dееpег abdominal and thofaсiс
imaging' Sесtoг-sсannеf tfansduсеrs havе a fiхеd foсal
zonе foг еaсh tгansduсец whiсh сannot bе еlесtroniсally
movеd throughout thе imaging fiеld' limiting thе optimal
imagе quality to thе fixеd foсal zolrе.|-з only sеquеntial,
not simultanеous two-dimеnsional (2-D) rеal-timе есho-
сaгdiography, M-modе есhoсaгdiographу, and pulsеd and
сontinuouуwavе Dopplеr есhoсafdiogгaphy сan bе ob-
tainеd, fur most instanсеs with singlе-сrystal tесhnology,
althouф split-сrystal sесtof-sсannеr tfansduсегs arе avail-
ablе whiсh еnablе thе есhoсardiographеr to obtain simul-
tanеous 2-D and сontinuous.wavе Dopplеr есhoсardio-
grams.15 Sесtor-sсannеr tгansduсеrs usually havе thе
bеam in linе with thе long aхis of thе tгansduсеr' but off-
linе tfansduсеrs afе availablе for transrесtal ultrasono.
graphiс imaging in thе horsе. A fеw сompaniеs makе
high-frеquеnсy sесtoг.sсannеf tfansduсеrs with an aсous.

Figure 1-6
Diagгam of a сuгvеd (сonvеx) linеar transduсеf with thе bеam еmittеd
in linе with thе long aхis of thе tгaпsduсеr. Notiсе thе sесtoг-likе shapе
of thе imagе obtaiлrd.
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10 С|Jаpter 1 . PrJуsics a,'d Instn|mentа'tion

Figure 1-7
Soflograms usiтrg tissuе-еquшalеnt phantoms dеmonstrating thе imagеs obtainеd with a miсroсorlveх (А) and сuгvеd сoflvеx (B) linеaf traflsduсеf.

Notiй thе ...*Ъd top ofthе imagс (сontaсt suгfaсе bеtwееn thе transduсеr and thе phantom). Thе foсal zonеs afе ifldiсatеd by thе aгrowhеads

pointing lеft.
д, шotiсе thе widе fiеld of viеw (15o dеgrееs) with thе miсroсопvеx tfaлsduсег (A) compared with thе standard сonvеx tfirnsduсег (B) This

is a widе-bandwidth 6.o-МHz tгansduсеr with fouг widеly spaсеd foсal zonеs.

,B' Notiсе thе standaгd width of thе ultгasound imagе (9.o dеgгееs) and thе inсrеasеd pеnеtfatiofi with thе lowеr fтсquеnсy сonvеx transduсеf

(5 o м}Iz)

Figure 1-8
DiagIam of a sесtor-sсannсг transduсеr with thе bеam еmittсd in linе with
thе long aхis of thе transduсеr. Notiсс thе piе-shapсd 90-dеgгсс sесtoг
imagе oЬtainеd.
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Еigшre 1-9
*loоgгam using a tissuе.еquivаlеnt phantom dеmonstrating thе imagе

riвiпеd with a 7.5-MнZ sесtoI-sсаnnеt transduсег Notiсе thе piе-
ffiлpеd 9Gdеgrее srсtof imagе obtainеd. Thе pеnеtration is bеttег thaп
mlпh thе 7.5-MI1z linеaг tfansduсеr, Ьut rеsolution of thе сystiс struс-
rшБ Ь poorет owing to thе fiхеd foсusing in thе sссtor transduсеr
;еt Еig. 1-1B).

rсаlh'matсhеd built-in fluid offsеt (Fig. 1-10)' maхimiz.

щl thе imagе quality obtainеd with this tгansduсеr сom-

рrrеd with that obtainеd using a hand-hеld standoff pad
irft1. 1-11).16 Thе built-in fluid offsеt is also muсh сasiеf
ш0 llsе than thе hand.hеld standoff pad, frееing up onе
hдnd to сhangе thе еquipmеnt sеttings and to fесofd thе
шhrаsоnographiс flndings. Transduсеr frеquеnсiеs with
mпо$ сornmегсially avaiIab|e еquipmеnt faпgr ftom 2.5

тш.t -.5 -MHz.

fuIar Arraу

-t..nnulаг-aгray transduсегs afе сomposеd of multiplе, ring-
stlpеd сrystals that are mесhaniсally osсillatеd of fotatеd

Err 1-10
!шш:цгr.m using a tissuе-еquivalеnt phantom dеmonstгating thе imagr
ffiпrшо] s iтh a - i.Мнz sесtoг-sсannег traпsduсеf сontaining an aсous-
шlЙlilE mдtсhеd bшilt-in fluid offsеt. Notiсе thе improvеd rеsоlution of
rfu стчiс nгrrсtuгеs сomparеd with thosе in Figufе 1-p, еspесially
Jfuffit {гuстrrгеs сlosе to thе surfaсе of thе tissuс-еquivalеnt phantom.

Figure 1-11
Sonogfam obtainсd usiпg a tissuе-еquivalеnt phantom dеmofistfating
йе imаgе oЬtainеd with a 7 5-МHz sесtoг-sсanпег transduсеr and а

hand-hеld stаndoffpad using thе samе sеttings as ifl Figurе 1-9. Notiсе
thе attеnuation of thе imagе that oссurrеd with thе usе of thе standoff
pad but thс impfovсd rеsolution of thе struсtuгеs гight tlсlow thе
suтfaсе of thе tissuе-еquivalсnt phantom сomparеd with Figurе 1-).

to foгm a piе-shapеd imagе @ig. \-121,'-з,9 Thе morе
сrystals housеd чlithin thе annular-arгay transduсец thе
bеttег its imagе quality. Thе imagе quality of annular-
aгray tfansduсегs tеnds to bе supеfiof to that obtainеd
with а sесtof Sсannеr tlесausе of thе multiplе сrystal
tесhnology prеsеnt @ig. 1-13). Thе bеam pгofilе is сonе
shapеd bесausе of thе ring-shapеd tfansduсеr еlеmеnts,
wtrlсtr rеduсе thе bеam width botЁ in thе sсan planе

Сbаpter 1 . P|lуsiсs аf'd' Instrumentоtiot' 11

' ', 'r i'r,rl., rt,rrt.,lt-:u:.tit,t:l:i l.lt.t,i..

Figure 1-12
Diagfam of an annulaг-affay tгaflsduсеI with thе bеam еmittеd irr linе
with thе long axis of thе tгansduсег. Notiсе thе рiе-shaPеd imagе ob.

tail1rd.
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12 Сbа'pter 1 . P|lуsics а't'd' rnstru,''eпtation

Figшre 1-13
Sofiogfams obtahеd usftrg a tissuе-еquivalеnt phantоm dеmonstrating thс imagе oЬtaiflеd with a7,5.N|Hz ainr.lJataffaУ tгansduсег (A) and a sесtoг-

sсalrnеf tгansduсег (8). Notiсе thе impгovеmеnt in thе геsolution of thе сystiс struсturеs with thе anлular-aггay transduсеr сomparеd with thе

srсtof-sсannеf transduсеf .

and pеfpеndiсular to thе sсan planе. Annu|araftaУ ttans-
duсегs havе variablе foсusirrg сapabilitiеs, improving thе
dеtail of thе imagе in thе arеa of intеrеst. Dynamiс foсus.
ing of thе rеturning rсhoеs is also possiblе. Sеquеntial,
not simultanеous 2-D, М-modе' pulsеd-wavе, сontinuous-
wavе' and сolor-flow Dopplеr есhoсardiography is ob-
tainеd with annl|ar-arcaу tесhnology.15 Annular.aгray
transduсеrs havе еxссllеnt prnеtг'ltion сapabilitiеs for
еaсh transduсеf frrquеnсy (30 сm for thе 2.5-МHz ttans-
dugеr). Annular.array transduсеrs also havе small foot-
prirrts' although thеiг footpгints tеnd to bе slightly largеr
than thе sесtof-sсannеf footpfint for thе samе frеquеnсy
tfansduсег. Thе annrrlar-aггay transduсеrs also haуe a
largе rangе of tгansduсег fгеquеnсiеs (7.5 to 2.5 МHz)'
similar to thosе availablе with thе sесtor-sсal]nеr tгans.
duсегs, and are oссasionally usсd foг tгansеsophagеal
imaging.

Phased Аrraу

Phasеd-array transduсеrs afе сomposrd of multiplе сrys-
tals in a rесtangular foгmat t|nt arc еlесtгoniсally еxсitеd
as a group with small timе di.ffеrеnсеs (phasing), whiсh
rсsults in thе sound pulsе bеing sеnt out in a spесffiс
diтесtion that is сonstanф сhanging and thе formation
of a piе-shapеd imagе (Fig' 1-14).1 з,9'|з, 15 Thеsе trans-
duсеrs have a smallеr footprint than linеar-affay or сurvеd
|ineatartaу transduссгs, lеss pеnеtfation than annular or
sесtoг-sсannеf transduсеts (22 to 28 сm for thе 2.5-МHz
transduсеr), and poor nеar-flеld геsolution @ig. 1-15).
Phasеd-array tfansduсеfs havе variablе foсusing сapabili-
tiеs and сan foсus thе bеam by phasing, еlесtгoniсally
foсusing thе bеam. Thе rесеiving foсus is also сontinu-
ously сhangеd (dynamiс foсusing). Phasеd.array transduс-
еfs afе prеfеrrеd by many сaгdiologists for есhoсardiogra.
phy bесausс two imaging modalitiеs сan bе obtainеd
simultanеously by using somе of thе ultгasound сrystals
for onе imaging modality and thе fеst fof thе othеr.l5
Two-dimеnsional есhoсaгdiography сan bе obtainеd si-
multanеously with M-modе есhoсaгdiography, pttlsеd
wavе, сontinuous-wavl, or сoloг-flow Dopplег есhoсardi-
ography.'s For this fеason' phasеd-arгay tесhnology is thе

primary tгansduсеr typе usеd in transеsophagеal imaging
transduссrs.ls Transduсеr frеquеnсiеs for most сommеf-
cia||у avai|ablе Ъquipmеnt fangе ftom 7 .5 to 2.25 NIНz.

Speсialtу Transdacers

A widе variеty of spесialty tгansduсеrs havе bееn dеvеl-
opеd to mееt paгtiсular sсanning nееds in both human
(primaгily) and vеtегinary mеdiсinе.

Transrесtal Transduсеrs. Transrесtal ultrasound

Figure 1-14
DiagЙm of a phasеd-aггay tfansduсеr with thс Ьсam еmittеd in linе
with thе long axis of thс tгansduсеf. Notiсе thе piе-shapеd imagе ob-
tainеd.
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L.fittаiIriflg a Ьuilt-in fluid offsеt. Notiсе thе ехсеllеnt nеaг-fiеld rеsolutioп afld thе inсгеаsеd Pсnеtfation

tгдпsduсеfs Wеfе onе of thе сarliеst tfansduсrг dеvеlop-
шсnts in vеtегinary mеdiсinе to allow thr pfaсtitionег to
sдf,еlv takе an ultfasound transduсеr into thе fесtum and
$сап thе fеmalе fеproduсtivе ttaсt.9-12 Thеsе transduсегs
sеге dеsignеd with a сigar oг pеnсil shapе, мrith a
чrпooth сovеfеd ехtrfiof with no sharp protubегanсеs,
md чrith thе bеam oгiginating at 90 dеgrееs to thе long
..тis of thе tfansduсеr. Thеsе transduссfs wеrе originally
i.G}{Hz frеquеnсy, bttt 7,5-МHz tfansfесtal transduсеrs
rmе now aуat|ab1'е for ultгasonographiс rvaluation of thе
шсmаlе and malе intеmal геproduсtivе organs. Thеsе
Eапsduсеfs arе also usеful for еxamining thе aorta, iliaс
;шtегiеs, bladdеr, ufrthfa, crania| mеsеntеriс 

^rtery, 
pегi-

rОсtаl massеs, and poftions of thе gastrointеstinal traсt
фаt сan tlе palpatеd rесtally. Thе disadvantagе of thеsе
тrаnsduсегs is that thе footpгint of thе tfansduсеf must
Ье plaсеd dirесtly ovеf thе atea to bе ехaminеd and thе
dсpth of pеnеtfation of thе imagе is usually limitеd.

Sссtor-sсarrnеr transduсrfs Wеfе also dеsignеd for
еquiпе pfaсtiсе whiсh сould bе safеly takеn into thе
пОсtrrm but wеге |argu and lеss usеr friеndly.9 Transгесtal
s€сtoг-sсalшrеr trаnsduсеrs dеsignеd for usе in еquinе
rеpгоduсtion have a bеam that originatеs off linе from
йе long aхis of thе transduсеr. Thе сеntеf of thе sесtor
5Бссp еithеr is at 90 dеgrееs to thе long aхis of thе
tпrnsduсеf oг projесts downward and forward 45 degrees
йom thе transduсеr's long aхis. Thе lattеr transduсегs
Мте thе advantage of bеing ablе to projесt thе ultra-
sоund bеam in front of thе footpfint position to sсan a

Сbаpter 1 . Phуsics and Instr.umеntatio'' a3

Figure 1-15
Sonogгams of thе intегпal umЬiliсal геm1lants in a foal dеmonstrating
thе imagr obtaiflеd witln a' 7 .5-МHz phаsеd-array transduсеr (А) сom-
pafеd With thosе oЬtainеd fгom thе samе fоal with а 7.5-Мнz sесtof.
sсannег transduсеr сontaining a Ьuilt-in fluid offsеt (B arrd С). Notiсе
thс poor nсaг-f,еld fеsolution and thе dесrеasеd pеnеtration of thе
phasеd-aгray trafl sduсеf .

,4' Soпogfams of thе гight umЬiliсal aгtеry (RUA) (right sonogrаm)
and thе uгaсhus Qф sonogrаm) obtainеd with a 7.5-MHz phasеd-
aгrаy transduсег Notiсе thе pooг imagе quаlity of thеsе stгuсtufеs
сompaгеd with thе samе struсtrrеs obtainеd with a sесtof.sсaffiсг
tгansduссг @ aлd С).

B, Sonogгam of thе гiфt umbiliсal aгtегy obtainеd with a 7.5-МHz
sесtoт-sсanflег tгаnsduсег сoпtаining a built-iтl fluid offsеt Notiсе thе
еxсеllеnt пеaг-fiеld rеsolution and thе iпсгеasеd pеnеtration.

С, Sonogгam of thе rrгaсhus and tloth umbiliсal artегiеs at thе
tlladdег aprx obtainеd with а 7.5.мнz sесtoг-sсannег tгansduссr

struсturr in thе morе сranial abdomеn, as long as thе
intеrvеning tissuеs afе not highly frflесtivе. sесtoг sсan-
nегs afr also ablе to pеnеtratе dееpеr into thе tissuеs
than linеar sсannrfs for thе samе frеquеnсy of transduсец
giving a|aIgеr dеpth of flеld to еxaminе largе abdominal
massеs' thе prеgnant utеfus' and othеf lafgе stfuсtufеs.

Transrесtal and transvaginal transduсеfs aге availablе
for human' tiltгasonogfaphy. Thе tгansfесtal transduсеrs
aге biplanе tгansduсеrs, whiсh геsult ifl thе simrrltanеous
aсquisition of mutually pеrpеndiсular imagеs (oг imagеs
that arc сlosr to bеing mutually pеrpсndiсular). Similaгly'
transvagifial tfansduсегs arе dеsignеd to imagе thе utеrus
and pеlviс struсturеs through thе vagina, еnabling thе
usе ofhighеf-ffеquеnсy tfansduсегs to obtain bеttеr геso-
lution and improving aссеss to struсtufеs that arе еithеr
not visiblе or dffiсult to imagе from an abdominal мrin-
dow.

Transеsophagеal Transduсеfs. Tfansеsophagеal
transduсеrs arе mеdium- to high-frеquеnсy ultrasound
transduсеrs that arе insеrtеd into a gastfosсopе or еndo-
sсopе and thеn passеd into thе еsophagus and manipu.
latеd to imagе thе hеart, mеdiastinal struсtufеsl of crania|
abdominal stгuсtufеs through thе еsophagus of
stomaсh.l5 Transеsophagеal transduсеfs сan Ье singlе
planе, biplanе, or omniplanе. Singlе-planе tгansеsophagеal
transduсеrs arе lеss dеsirablе bесausе thе ultrasound
bеam сan bе manipulatеd in only onе sсanning planе'
-W.ith 

biplanе tгansеsophagеal transduсеfs, thе rrltгasound
bеam сan bе movеd in two mutually pегpеndiсular dirес-
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1'4 Сbс]pter 1 . Phуsics аnd Instrumef'tаtion

tions, and with omniplanе transduсrfs moYеmеnt in аll
diгесtions is possiblе. Thе usе of transеsophagеal есho-
сardiography has еnablеd thе сardiologist to obtain muсh
highеr rеsolution imagеs of a variеty of сardiaс struсtufеs
and to obtain sсan planеs that wеrе hеrеtoforе unavail-
ablе' optimizing eva|lation of struсtufеs in thе mеdiasti-
num and aгound thе сardiaс basе, and of mitral, aottic,
and pulmoniс flows. Transеsophagеal есhoсardiography
is bеing adapted for usе in horsеs and has bееn valuablе
foг monitoring сardiaс funсtion undеr gеnеral anеsthеsia.

Еndoluтninal Transduсеfs. Еndoluminal transduсеrs
arе ultra-high-frеquеnсy ultгasound transduсеrs that havе
bееn insегtеd into a varietу of сathеtеrs so that imaging
of small tubrrlaг struсtuгеs сan bе obtainсd suсh as thе
сoronary artеfiеs and urеthra'9

Intraoperativе Tгansduсеrs. High-frеquеnсy tfans-
duсеrs of a widе vaгiеty of shapеs havе bееn dеsignеd
for intraopеfativе usе to aid thе surgеon in loсalizing
abnoгmalitiсs within parеnсhymal organs or in arеas of
limitеd suгgiсal visibility.9

Spесialty Transduсеrs. Ultra-high-fгеquеnсy trans-
duсеrs (25 to 100 MHz) havе bееn dеsignеd for еvaluat-
ing vеry supсгfiсial struсtufеs suсh as thе layеrs of thе
skin, thе сofnеa' and thе supеrfiсial struсtuгеs мzithin thе
еyе. Thеsе tfansduсеrs also rеquirе spесial ultrasono.
gfaphiс еquipmсnt.

Тhe Pulser 
..'

Thеipulsеr produсеs thе еlесtriс voltagе that еxсitеs thе
piеzoеlесtfiс сrystal(s) and produсеs ultгasound pulsеs.
To display thе rеturning information in геal timе, it is
nесеssary to usе high pulsе rеpеtition frеquеnсy (PRF)
All есhoсs from onе pulsе must bе rесеivеd bеforе thе
nеxt ultrasound pulsс is еmittеd, a fact that rеquirеs a
геduсtion in PRF and framе ratе .whеn imaging dесpег
tissuеs. Thе gfеatrf thе voltagс ampПtudе that thе pulsеr
produсеs, thr gfеatrf thr amplitudе and intеnsity of thе
trltrasound pulsеs produсеd by thе transduсеr.l Thе еffi-
сiеnсy of thе transduсеr also plays a rolе in thе amplitudе
and intеnsity of thе ultrasound pulsеs produсеd.

lnstrumeпt coпtrols

A vaгiеф of сontгols on thе ultгasound maсhinе еnablе
thе usег to optimizе thе qualiф of thе ultrasound imagе.
Thе majority of thеsе сontfols afе prеpfoсеssing сontfols'
сontrols that havе to bе adjustеd Ьеforе thе imagе is
frozen and can modulatе thе imagе only tlеforе it is
storеd in mеmory. Postpгoсеssing funсtions afе thosе
сontrols that work onсе thе imagе is ftozen and thе
rеturning есhoеs arе storеd in mеmory. A knowlеdgе of
thеsе sеttings and how to manipulatе thеsе сontrols is
important to obtain thе maхimal pеrfoгmanсе from youг
ultrasound еquipmеnt.

Power

Powег is thе amount of еnеrgy oг voltagе dеlivеrеd to
thе piеzoеlссtriс сrystal or thе amount of ultrasound

еnеfgy еmittеd from thе tfansduсег.1-7 Inсrеasing thе
powеr inсrеasеs thе intеnsity of ultrasound сnеrgy dеliv-
еrеd to thе tissuеs. Thеrеforе, a uniform inсrеasе in thе
amplitudе of thе fеtufning есhoеs oссurs whеn thе
powеf is inсrеasеd. Powеr is usually ехprеssеd in dесibеls
(dB) or as a prfсеntagе of thе total output. Thе loмrеst
powег sеtting possiblе to pеnеtratе to thе aгеa bеing
еxaminеd is rесommеndеd to obtain optimal imagе qual-
ity. Highеr-powеf sеttings rеsult in morе att1fact (noisе)
than lowег.powеf sеttings.

Gain

Amplifiсation of thс rеturning rrltrasound, or есhoеs, rе-
flесtеd baсk to thе tfansduсег is aссomplishеd by сon-
Yеrting thеsе smallег voltagеs rесеivеd from thе tгans-
duсеr to laгgег voltagеs that сan bе proсеssеd and storеd.
Thе gain is thе ratio of output to input еlесtriсal powеf.l-7
Thе gain сontrol dеtеrminеs thе amount of amplffiсation
aссomplishеd in thе rесеivеr. Inсгеasing thе gain in-
сfеasеs thе amplitudе of thе rеflесtеd ultrasound. Thе
gain сontrols should bе usеd prеfегеntially to amplф thе
rеturning есhoсs to obtain optimal imagе quality, rathеr
than inсrеasing thе powеf (voltagе) dеlivеrеd to thе pi-
еzoеlесtriс сrystal. 

.W.ith 
too littlе gain, thе wеak есhoеs

arе lost; with too muсh gain, imagе saturation oссurs and
diffеrеnсеs in есho strеngth (сontrast rеsolution) arе lost.
A dесrеasе in thе amplitudе of thе fеtufning есhoеs as a
rеsult of low aсoustiс output сan bе сompеnsatеd for
by inсrеasing thе gain, with only a small rеduсtion in
imaging dеpth.

Time Gain Compensation

Thе amplitudе of thе ultrasound есhoеs rеturning from
thе dееpег tissuеs (far flеld) is wеakеr than thе amplitudе
of thе ultrasound ссhoеs rеturning from thе supеrfiсial
struсtufеs (nеar fiеld). This diffеrеnсе in thе amplitudе
of thе ultrasound есhoеs rеturning from diffегсnt dеpths
oссurs bесausе rrltгasound is absorbеd, sсattеfеd, fс-
flесtеd, and rеfraсtеd. Ultrasound еnеrgy is attеnuatеd by
all tissuе to a greatff or lеssеr rfiеnt, dеpеndiцg upon
thе typе of tissuе thгough whiсh thе rrltrasound is pass-
ing. Attеnuation of thе ultrasound dеpеnds upon path
lеngth. Thеrеforе, moге ultrasound еnеrgy is lost on its
way to dееpеr stfuсtufеs. Ultrasound еnеfgy is also rе-
fraсtеd from diffеrеnt tissuе intеffaссs. Morе ultrasound
еnеrgy is rеfraсtсd whеn thе ultrasound bеam must pass
thтough multiplе tissuе intеrfaсеs bеforе rеaсhing thе
arеa of intеrеst. This геsults in a furthеr loss of ultrasound
еnеfgy in thе dееpеf tissuеs and lеss that сan bе rеflесtеd
baсk to thе rесеivеr (thе tгansduсеr)'

Timе gain сompеnsation (TGС) is usеd to еqualizе
thе diffеrеnсеs in rесеivеd есho amplitudе trесausе of
dеptfu't-т Similar rеflесtors (rеflесtors with еqual геflес-
tion сoеffiсiеnts) havе diffеrеnt есho amplitudеs arriving
at thе transduсеr if thеir path lеngths arе diffегеnt.
Longеr path lеngths rеsult in |ater atiуa| timе foг thеsе
есhoеs at thе transduсеr (rесеivеr). Thus, thеsе есho
amplitudеs nееd.to bе adiustеd so that similar rеflесtors
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гtп 1-16
й,шшrщт-rпs obtаinеd with a tissuе-еquivalеnt phantom dеmonstfatirrg a gradуa||у inсгеasing timе gain сompеnsation (TGC) сurvе and thе геsultant
mшrrt homogепеous bгightпеss of thе imagе (А) сompaтеd with thе imagе with no TGС usеd (B). Thеsе sonograms wеге obtainеd with a 7.5-
lЕ"z -стoг.sсannсг tгansduсеr and a displаyеd dеpth of 6 сm.

-a Тhс smooth homogеnсous imаgе and thе gradual slopе indiсatеd by thе sloping DGс linе oп thе гiфt of thе irnagе aге assoсiatеd with
appliеd TGС сontrols.

ff Тbс ехсеssivе Ьгiфtnеss in thе nеaf fiеld of thе imagе and thс dссlсasеd есho amplitudе in thе far flеld of thе funagе arе assoсiatеd with thе
ш.rt 

'rriт u5е of thе TGC. Thе rсsultаnt imagе laсks homogспеous bгightnеss

,шt dЬplayеd as similar amplitudе есhors (Fig. 1-16).
G:mpеnsation fеsrrlts in thеsе latеr геturning есhoеs bе-
тп,пg empliflеd morе than thе есhoеs fеturning soonег
fuпэrm а shoгtеr path lеngth. This сrеatеs a homogеnеous
,щlредIanсе of an individual organ of stfuсtufе bеing
кrrпingd in tеrms of thе amplitudе of thе rеturning есh-
ш'A$.

Тhе dеpth gain сompеnsation (DGс) slopе (Fig. 1-17)
ш йе linе displaying thе fatе of inсrеasе of gain (dB) with
udкpth (сm).l This slopе is adjustеd during thе rrltrasound
tтпlгпinаtion to aсhiеvе unifofm brightnеss throughout
тifrЕ i'n2gе. At gfеatег dеpths, maximal brightnеss is oftеn
дфйетеd. as maхimal сompеnsation for thе ultrasound
mпт,,AYluаtion has oссurrеd and no furthеr сompеnsation

frtc 1-17
jiшшщEam oЬr2inеd with a tissuе-сquivalепt phantom dеmonstrating a
тппlддЩ iтlсrc-дsing timе gain сompсnsation (TGC) сuгvе and thе rеsul-
щш ;mlrз.оth homogепеous t!гightnеss of thе imagе. Thе aггows to thе
ф рrФt to thе slopе of thе DGс сufvе that was usеd to obtain this
щ Тhi:s sоoogfirm was oЬtaifiеd with a 7.5-Мнz sесtoг-sсaflflеf
шsrд.:д-ст сonl2ining a Ьuilt-i-tl fluid offsеt.

is possitllе; thеrеfoге thе brightnеss of thе imagе in
thе faгthеst poгtion of thе flеld may bеgin to dесrеasе
(Fig. 1-18).

Thе gain сontfols may bе vеry simplе, with just a nеal
and f^t (or ovеrall) gain сontгol' oг moге сomplсх, with
thс ability to flnе-trrnе thе gain еYеry fеw сеntimеtеfs
with TGС сontfols. If thеrе afе only.nеaf 

^nd 
far (ovеrall)

gain сontrols, thе nеar gain should bе sеt low to Suppгеss
thе Stfong есhors fсturning from thе fеflесtoгs in thе
nеaf fiеld and thе far gain shorrld bе sеt highеr to inсrеаsе
thе amplitudе of thе есhoеs rеturning from farthеr away
to obtain uniform brightnеss throughout thе imagе. If a

tigure 1-18
sonogrаm usil1g a tissuе-сquivalеnt phantom dеmonstrating thе inability
to inсfеasе thе gain Ьеyond 2 to 3 сm and thе сonsеquеnt rеduсtion
in imagе brightnеss at thс sссond тоw of сystiс struсturеs, whiсh
Ьесomеs vеry pfonounсеd at thе lеvеl of thе thifd row of сystiс
struсtuгеs. This phantom is сomposеd of rows of сystiс stl.uсtufеs
dесгеasiпg in sizе from right to lеft and arе spaсеd l сm apaft. Fouf
foсal zonеs arе indiсatеd Ьy thе aггowhеads pointing lеft.
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|6 Сbаptеr 1 . P|tуsics af'd' Instru'nentаtion

slopе dеlay and slopе fatе сontfol afе also pfеsrnt, thr
slopе dеlay is sеt at thе dеpth in thе imagе whсrе initial
amplffiсation of thе есhoеs rеturning from dееpеr rеflес-
tors is dеsirеd. Thе slopе ratе сontrol is sеt stееp whеn
a tapid inсrеasе in thе есho amplffiсation pеf сеntimеtеf
dеpth is nееdеd, whеrеas a mofе shallow slopе rеsults in
a moге gradual inсrеasе in thе gain of thе есhoеs rе-

turning fгom геflесtors in thе far flеld. If individual TGC
сontгols afе pfеsеnt, thе tlrightnеss of thс image caл
bе adjustеd еvсry fеW сеntimеtеfs to obtain a unifor'm
brightnеss throughout thе imagе. Thеsс сontrols еnablе
thе sonologist to maximally flnе-tunе thе imagе bright-
nеss.

Dуnamiс Bange

Thе dynamiс rangе is thе fatio of thе largеst to smallеst
amplitudе that thе systеm сan pfoсеss.l Amplifiеrs typi-
сally havе a dynamiс rangе of 100 to 1J0 dB; howеvец
thе human еyе сan pеrсеivе a dynamiс rangе of only
20 dB.1 Comprеssion is thе proсеss of dесrеasing thе
diffеrеnсе bеtwееn thе smallеst and largеst amplitudеs,
thus amplifying thе wеakеr voltagеs to a gIеatеf dеgrее
than thе stfongег onеs. A.ftеr сomprеssion, thе dynamiс
rajngе that usuaШy rеmains is bеtwееn 4О and 70 dB. Thе

есhoеs dis.
numbеr of
gray shadе
two есhoеs

for.thеm to bе assignеd to diffеrеnt shadеs in thе systеm
mеmory. сontfast rеsolution is impгovеd Ьy moге gгay

shadеs.

RejeсI

Rеjесt is a сontrol that fеmovеs thе low-amplitudе (of
wеakеr) signals from thе displayеd есhoеs.1 Thе гсjесt
сontrol геmovеs thеsе low-amplitudе есhoеs by rеmoving

thе samе есho amplitudе fгom all rеturning есhoеs rеla-

tivе to thе basеlinе. This rеsults in thе fеjесt сontrol
rеmoving basеlinе (or noisе) есhoеs, as wеll as slighф
dесrеasing thе amplitudс of all information есhoеs by a
similar amount' As thе frjесt сontfol is inсrсasеd, morе
and morе of thе wеakеr information есhoеs aге dеlеtеd,
along with thе noisе есhoеs (Fig. 1-20). Thus, thе rеjесt
сontrol shotrld bе usеd sparingly to сlеan up thе imagе,
aсhiеving aba|anсe bеtwееn геmoving thе noisе fгom thе
imagе and maintaining thе wеakеr information есhoеs.

Sсan PIaпe Аngle

Thс anglс of thе sсan planе with sесtof, annulaц phasеd-
affaУ' ot сurvеd (сonvеx) lineaf-affaУ transduсеrs сan bе
variablе and сan гangе from 30 to 150 dеgгееs of gfеatеf.

In many situations, thе sсan-planе anglе is fixеd (usually
p0 dеgrееs) and narrowеr oг widеr anglеs arе not possi-

blе. In mofе sophistiсatеd еquipmеnt' сhanging thе anglе
of thе sсan planе is possiblс (Fig. 1-21). Thе widеr thс
sсan planе' thе slowеr thе framе ratе' Thеrеforе, thе
ability to narfow thе sсan p|aлe angJe is hеlpfrrl in somе
rеal-timе imagtng, paгtiсulaф in сardiology, whеrе main-
taining a rеal-timе framе ratе is еssеntial.

Magniliсation (Zoom)

.!Иritе magniflсation (wfitе zoom) is a prеproсеssing funс.
tion in whiсh thе imagе is magnifiеd but thе piхеl sizе
геmains small. 

.Writе magnifiсation is aссomplishеd by
writing a smallеr poftion of thе imagе to bс writtеn into
thе еntifе mеmory thus еnlarging thе imagе without
еnlarging thе sizе of thе piхеls.' W'ith rеad magnffiсation
(rеad zoom), thе imagе is magnifiеd afhet it is frozеn or
stofеd in mсmory (postproсеssing funсtion), rсsulting in
magnifiсation of thе pixеls (Fig. I-22).1 Rеad magnifiсa-
tion makеs thе pixеl natufе of thе imagе morе obvious.

tigшre 1-19
Soпograms using a tissuе.еquivalеnt phantom dеmonstгating thе diffегеnсс in thе imagеs With сhаflgеs in dyпamiс rangс whеn a widе-baлdwidth

7.5-МHz|inеar.artaу transduсеr is usеd with maхimal powёr (1oo%) andgain (1o0%) sсttings. Notiсе thе diffетеnсе iIr thе сontfast of thе imаgе

bеtwсеn thе low (1) dynamiс гangе sеttiflg (А) 
^fld 

thr hiф (5) sеtting (E). тьls phantom is сomposеd of rows of сystiс struсturеs that dесrеasс

in sizе from гiфt to lеft аnd arе фaсеd 1 Ъm apart. Fоur foсal zoflеs arе ifldiсatеd Ьy thе aгrowhеads pointiflg lеft.
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=щшre 1-20
n l.! ,+-jns usiлg a tissuе.ес1uivalеnt plrantom dеmonstтating thе diffеrеnсс ifl thе imagеs with сhangеs in rеjесt whеn a widе-bandwidth 7 5-МНz
1]-*-lт:f,\ tгansduсеr is usеd with maхimal powеr (100%) and gain (100%) sеttiflgs. Notiсе thе diffеfеnсе in есho dеnsity of thе imagе bеtwrеn
[.L: -i l0)!) Iеjесt sеtting ./) and thе high (35%) sеtting .B). Thе inсгеasеd tе,iеСI (B) сaгriеs lеss noisr Ьut also fеwег infoгmation есhoеs. This

; --::: - :тl is сomposесl of гows of сystiс stгLrсtufеs that dссrrаsе in sizе frоm гight to lеft and aге spaсеd l сm apart Four foсal Zollеs afе indiсatеd

т1 .. . ;'iтoshеads pointing lеft.

= щшгe 1-21
f i-' 'J:ms using a tissuе-еqlfYalеnt phantom drmonstгatinЕ. thе сtiffеrеnсе il thе imagеs With сhangеs in sсan-planе anglе Thеsе soflogfams Wеге

::сJ s'ith a2.5-Мlt]lz annulaг-array tгanвduсеf Notiсе thе diffегеnсе in thе 1iеld of viеw bеtwееrr thе пaгrow sеttiflg.,4, and thе widе sеtting
] ц lIh rhе inсrеasеd sсan-рlanе аnglе, a sigпifiсant dесгеasе in fгamе гatе oссufs This phantom is сomposеd of rows of сystiс struсtufеs thаt

ln::--lt in sizе from гight to lеft and aге spaсеd 1 сm apaгt. Thе foсal zonе is indiсatеd by thе paгallеl linеs alonЕi thе Iight сеЛtimеtеr sсalе bar.

| цш'rе 1-22
) . .i-лi usiлg a tissuе-еquivalеnt phantom dеmonstrating thе diffеrеnсе
] .j -.сd \otiсе thе laгgег plхеl sizе with thе теad magnfiсаtion than

'--'..-.-j rhзr dесгеasе in sizе fгom гight to lеft arrd aге spaсеd 1 сm apaгt

in thе imagеs Without magпfiсation (А) and wlrеn геad magniflсatio1]
withottt magniflсatiorr This phantom is сomposеd of rows of сystiс
Fouг foсal Zoflеs afе indiсatсd tl). thе arтowhеads poiпting lеft
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18 СIJаptеr 1 . Pllуsics a,'d' Instrilmeпtа'tion

Figure 1-23
Sonogгams usiпg a tissuе-еquivalеnt phantom dеmonstгatiпg thе diffегеnсе in thе imagеs with thе usе of еdgе еrrhanсеmеnt whеn a widе.bandwidth
7.5-МHz linеаr.aгray tfansduсег is usеd with mаximal powег (1oo%) and gain (10o%) srttings. Notiсе thе di.ffегеnсе in thе sharpnеss of thе imagе
brtwееn thе smooth imagе with no еdgе еflhanсеmеnt (А) md thе shaгр сгisp imagе with hiф еdgе еntranсеmеnr (B). This phafltom is сomposсd
оf гоws of сystiс stгuсturеs that dесгеasе iп sizе fгom right to lеft and аге spaсеd 1 сm apart. TЬтее foсal Zollеs aге indiсatеd by thе aггowhеads
pointiflg kft.

Еdge Епhancement

This сontrol shafpеns thе intеrfaсе есhoеS and makеs thе
еdgеs of linеar struсtufеs suсh as tеndons and пgamеnts
mofе distinсt (Fig. I-23).

Postprocessing

Thе postpfoсrssing kеy is a mеthod of сhanging thе
brightnеss of thе imagе onсе thе imagе has bееn storеd
in mеmory (Fig. |-24). Thеsе сuгvеs may сhangе thе
brightnеss of thе imagе uniformly (linеaг сurvеs) of pгеf-
rfеntially assign mofе of thе brightnеss fangе to сеftain
poгtions of thе storеd imagе, whiсh сan impfovе thе
abiliф to diffеrеntiatе bеtwееn small есho strеngth diffеr-
еnсеs storеd in mеmory.l Changing thе postpfoсеssing

сurvе rеassigns thе gray lеvеls. Color (B сolor or сolor
sсalе) may bе usеd on somе еquipmеnt to diffеrеntiatе
есho intеnsitiеs, as thе еyе сan diffеrеntiatе morе сolor
tints than shadеs of gnу' impгoving thе сontrast геsolu.
tion of thе systеm (Сolor Figurе 1-1).

lmage Storage

onе fгamе of thе imagе (fгееzе) or a sеfiеs of imagеs
(сinе loop) may bе digitally storеd in mеmory by thс
sсan сonvеrtеr for analvsis or rеviеw.

Gray Sсale

Thе gray-sсalе сapabilitiеs of thе ultrasound еquipmеnt
atе a Ус,tУ important patt of thе еquipmеnt sеlесtion
pfoсеss' as thе amplitudе of thе rеturning есhoеs is

Figure 1-24
Sonogгams obtainеd with a tissuе-еquivalеnt phantom dеmonstrating thе di.ffеrеnсс in postpfoсеssing сuгvеs with a 7 .5-МL1z \tnеararraу tfаnsduсrг.

,4, Postpгoсеssing sеt at its lowеst sеtting (1) yiеlds a dark imagе with littlе сontfast.
B' Postpfoсеssing sеt at its highеst sеtting (6) yiеlds a bгightеr imagе with moгr сoпffast.
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displayеd in varying shadеs of gtaу. Thе numtlеr of graу

фаdеs is dеtеrminеd by thе manufaсtuгеr and сannot bе
сhangеd by thе opеfatof. In somе ultrasound еquipmеnt'
frс пumbеr of graу shadеs сhangеs with сhangеs in thе
dсpth of pеnеtration displayеd. A lowеr gгay sсalе is

I'rrsеnt whеn thе dеpth of pеnrtfation is inсrеasеd. Thе
morе shadеs of graу that atе availablе to assign thе vafy-
ing геflесtеd ultrasound waYеs' thе bеttеr thе tissuе сhaг-

freflz^tioLof thе imagе. Thе shadсs of gray availablе on
diffегеnt ultrasound maсhinеs fangеs from 16 to 256.

TODES OT DISPLAY

A tlode

.A, modе rеfеrs to amplitudе modе, whеrе amplitudе of
ftс геturning есho is displayеd as a spikе from a vегtiсal
bоsс1inе.1-3, 5-7 Thе loсation of thс есho rеflесtor is rеprе-
sсntеd by thе dеpth of thе spikе from thе top of thе
тетtiсal basсlinе, and thе strеngth of thе rеtuгning есho
is rеpгеsеntеd by thе amplitudе of thе spikе. A modе is
usсd primarily for ophthalmologiс appliсations to pfе-

сisеЦ' loсatе a struсtufе from thе suгfaсе of thе tranу
dцсег.

I ilode

B modе, or brightnеss modе' is a 2-D display of thе
Еflrгning есhoеs; thе amplitudе of thе rеturning есho
кorеd in mеmory is сonvеrtеd to thе brightnеss of a dot
rhat геprеsеnts that fеtuгning есho.'-3, 5-7 Thе brightеr
фс dot, thе stfongеf thе сorrеsponding rеturning есho.
Thе loсation of thе dot сorrеsponds to thе loсation of
fu ссho геflесtor within thс tissuе сfoss-sесtion. Thе
.п)6s-sесtion of thе tissuе within thе sсan planе is thе
теа imagеd with B modе. This tross-sесtion may bе
оЬrаinеd as a singlе frozеn imagе (statiс B modе), or
ilпrпnсгous fгamеs сan bе aсquirеd and displayеd within
mс sесond (fеal timе). Еaсh fгamе is rеfrеshеd whеn
фе nехt есho prrlsе swееps thе сross-sесtion. Ffamе-

С|Jаptеr 1 . Pфsiсs аnd' rnstrilmeпtatio'' |9

avetaging oссurs whеn a portion of thе prеvious imagс
is hеld in mеmory and thе nеw imagе displayеd is addеd
to thе portion of thе imagе storеd in mеmory' Fof statiс
struсtufеs, framе avеraging сan add additional есhoеs and
inсrеasе thе linе dеnslty thus improving rеsolution of thе
imagе. Motion of thе horsе oг thе opеratof may intfoduсе
motion aftifaсts and thus dесrеasе thе rеsolution of thе
imagе obtainеd if framе avеraging is usеd.

Frame Rate

Thе ffamе ratе is thе numbеr of framеs displayеd pег
sесond whilс thе ultrasound imagе is bеing obtainеd.
Thе linе dеnsity of thе imagе is highеst vrhеn a low
ftamе ratе is еmployеd, yiеlding a highеr-quality imagе.
Howеvец high framе fatеs afе nееdеd to rеsolvе motion
ih rеal timе, with thе highеst framе ratеs nееdеd foг
stfrrсtuгсs that arе moving vеry rapidly. In есhoсardiogra-
phy, framе ratеs must bе high bесausе aссufatеly rеsolv.
ing thе motion of thе moving hеart is сгitiсal, and somе
dеtail in thе imagе is saсrffiсеd as a rеsult'15 In imaging
Statiс stгuсtufеs, howеvец suсh as tеndons, ligamеnts,
and abdominal oгgans, a low framе гatе is idеal to obtain
thе hiфеst-геsolutioir imagе possiblе. Framе ratе dе-

сгеasеs whеn pеnеtration is inсrеasеd, whеn widеr imagе
anglеs aге usеd, oг whеn thе numbеr of foсusеs inсгеasеs

@ig. 1-25).r

M Mode

М modе (timе-motion modе) is a 1-D or ..iсе-piсk', viеw
of dеpth displayеd against timе. M modе is usеd in есho-
сardiogгaphy to obtain high-rеsolution imagеs of thе сar.
diaс stfuсturеs moving ovrf timе.l-1, 5 7' |5 Thе Yеrtiсal
axis is thс dеpth of thе stfuсturеs from thе transduсец
and thе horizontal aхis is thе timе axis. Thе brightnеss
of thе dots swееping aсfoss thе imagе ovеr timе сoffеs-
ponds to thе есho amplitudе, and thе loсation of thе
dots сorrеsponds to thе loсation of th.е есho rеflесtor
from thе transduсеr (Fig. 1-26). M-modе есhoсardiogra-

гlrc 1-25
чrffigt?пs using a tissuе-еquivalеnt phantom
!!шElslе in dсpth fгom 20 сm (,4) to 3o сm

'чIF rС)

dеmonstгаting thе dесrеasе in thе ffamе ratе from 55 framеs/sес (А) to 37 framеs/sес (B), with an
(B) and a furthег dесrсasе in fгamе tatе to 2| fгamеs,/sес (fps) with an inсrеasе iп thе sсan-planе
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tigure 1-26

сystiс stгuсtuгеs imagеd on thе 2-D imagе.

phy is usеd to obtain mеasufеmеnts of thе сardiaс сham-
bеrs and myoсaгdial wall thiсknеss and to ana|уze va|ve
motion and myoсaгdial wall motion.

...a

Threв-Dimensi0пal Ultrasound

Thrее-dimеnsional (3-D) гесonstfuсtion of ultrasound im-
agеs is bеing pеrformеd in rrltrasound labofatoгiеs aсross
thе сountry and is avai|ablе сommегсialty in somе hiф-
еnd ultrasound еquipmеnt using human algorithms to
fесonstfuсt thе 3-D imagе. Althouф this tесhnology is
not availablе in portablе ultrasound maсhinеs and algo-
rithms havе yеt to bе dеvеlopеd for 3-D rесonstruсtion
of most еquinе organs, rеsеarсh and dеvеlopmеnt in this
fiеld aге growing гapidly and 3-D fесonstfuсtion of
еquinе ofgans will bе possiblе in thе futurе. Thrее-dimеn-
sional rесonstfuсtion of thе еquinе supеrfiсial digital
flехor tеndon has alrеady bееn pегformеd suссеssfully.l7

D0PPLЕR ULтRAS0N0GвAPHY

Dopplеr ultrasonogгaphy геliсs on thе ability to dеtrсt
thе Dopplеr shift as thе ultгasound rеflесts off moving
rеd blood сеlls.1-3'7, 9' rj, la 19 Сhтistian Johann Dopplеr
fiтst dеsсribеd thе Dopplег shift, thс сhangе in fгеquеnсy
that oссufs as a rеsult of motion bеtwееn thе sound
soufсе (rеd blood сеlls) and thе obsегvеr (tгansduсег).'
If thе rеd blood сеlls arе moving towaгd thе transduссц
thе ultrasound is rеflесtеd baсk to thе tЙnsduсеr at
an inсrеasеd frеquеnсy; if thсy arе moving awaУ, tJne
ultrasor'rnd is rеflесtеd baсk аt a dесrеasеd frеquеnсy.
Thе magnitudе of that frеquеnсy shift is dеtегminеd by
thе vеloсity of blood floщ whiсh сan bе сalсrrlatсd from
thе Dopplеr еquation:

С(+ AD
':2f,rcoto

.whеrе И is thе vеloсiф of blood flow (m,/sес), С is thе
spееd of ultrasound in soft tissuе (1540 m/sес), + Af is
thе Doрplег fгеquеnсy shift (Hz), fo is thе transmittеd
frеquеnсy, and сos 0 is thе сosign funсtion of thе anglе
bеtwееn thе ultrasound bеam and blood flo.w vесtor'

To obtain thе bеst Dopplеr signal and mеasurе aссufatе
pеak vеloсity, thе ultrasound bеam shorrld bе as parallеl
to blood flow as possiblе (< 2О degreеs), as largе сrгors
oссuг in thеsе сalсulations whеn thе inсidеnt anglе is
largе. In thе horsе, obtaining an inсidеnt anglе in есho-
сardiogгaphy of 20 dеgгееs oг lеss is possiblе with vеn-
triсular sеptal dеfесts' dffiсult with triсuspid and pul-
moniс rеgurgitation, and i-rsually impossiblе with mitral
and aoгtiс rсguгgitation. From thе transсsophagеal win-
dow, inсidеnt anglеs of 20 dеgrееs or lеss may bе possiblе
in horsеs with mitfal and aoгtiс геguгgitation. Whеn еval-
uating flow in pегiphеral vеssеls, it is also dffiсult to
impossiblе to aсhiеvе an inсidеnt anglе of 20 dеgrееs or
lеss whеn еvalueting pеriphегal vеssеls сlosе to thе suг-
faсе of thе skin. Аn anglе of 30 to 60 dеgrееs is dеsirablе
in this sеtting but is also oftеn difflсult to aсhiеvе. Anglе
сofrесtion is availablс to сoffесt for thе inabiliф to align
thе Dopplег samplе volumс parallеl to blood how and is
usсd pгimarily in pеriphеral vasсulaг work.

Blood flow within thе vasсular systеm is noгmally un-
disruгbеd. Two typеs of blood flow еxist within thе vasсu-
lar systеm, plug flow and laminaг flow.l8 Plug flow rеfеrs
to aгеas of flow whеrе thе spееd of blood flovr is сssеn-
tiaПy сonstant aсfoss thе tubе, suсh as that whiсh oссtlfs
at thе еntfanсе to a vеssеl. Laminar flow dеvеlops fuгthеr
doчrn thе vеssеl. In larninaг flow thе сеntral blood flow
movеs morе rapidly than thе fluid сlosе to thе vеssеl
wall. Laminar flow is also known as paraboliс flow. Dis-
turbеd blood flow oссufs whеn thе parallеl strеam linеs
that сharaсtеrizе normal flow arе irгеgular but flow is
still moving in a forwaгd dirесtion. Turbulеnt flow oссurs
whеn blood flow is сhaotiс and moving in all dffiеrеnt
dirесtions with a nеt fofwafd flow, suсh as is sееn with
an obstruсtion to floW @ig. |-27). Thе vеloсity of blood
flow inсгеasеs to pass thе obstгuсtion, and thе turbulеnсе
is dеtесtеd bеyond thе obstruсtion.

Vеnous flow is normally stеady, .whегеas artеrial flow
is pulsatilе. Although thе flow vеloсity dеpеnds upon
thе intеffogation anglе, thе diffеrеnсе bеtwсеn thе pеak
systoliс and еnd.diastoliс valuеs (pulsatility indеx) is indе-
pеndеnt of anglе, making thе pulsatility indех a usсful
mеasufеmеnt in thе dеsсгiption of flow сharaсtеristiсs of
pеriphеral aftегiеs'

Doppler Тypеs

Pulsed Wave

with pulsеd-wavе Dopplеr rrltrasonography, a pulsе of
ultrasorrnd is sеnt out into thе tissuеs to a сеftain prеdе-
tеrminеd dеpth, and thе есhoеs rеturning from геflесtors
at th^t dеpth arе rесеivеd bеforе thе nехt rrltrasound
plilsr is sеnt.7'9' }5' la. 19 Thе PRF is thе timе bеtwееn
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фдsоuлd buтsts and is dеtеrminеd by" thе distanсе from
фс ттаnsduсег to thе prеdеtеrminеd dеpth (samplе vol-
П!ш oг gаtе). Thе samplе volumе ot gatе is rеprеsеntеd
t'т д doublе hatсhеd linе pеrpеndiсular to thе сufsor
rl@l r-28). Thе сuгsor indiсatеs thе linе along whiсh
шfuе u]tгдsound bеam is diтесtеd, and thе doublе hatсhеd
ifliiilБ rЧ)fеsеnt thе prесisе loсation that is bеing intеrro-
gшсd foг thе Dopplеr shift. Thus, pulsеd.wavе Dopplеr
шftгrsоund is .,гangе gated:, of thе Dopplеr signal сan bе
бДсth loсаtеd to its origin, thе samplе volumе сan bе
шшеd by thе opеfatof along thе long aхis of thе сursor,
лшd thе сtlгsof сan bе movеd throuфout thе imagе' A
Штgr sаmplе volumе or gatе should bе usеd whеn initially
ffarсhing foг thе Dopplеr signal dеsiгеd, and, onсе loсal-
iffi тhе samplе volumе should bе dесrеasеd in lеngth
m dссгеаsе thе signal-to-noisе fatio.

Тhс blood-flow vеloсitiеs arе displayеd on a spесtfal
Dоpplег tгaсing and thе frеquеnсy shifts displayеd.15' 18' 19

Tfu асoustiс signal is an еxсеllеnt guidе to obtain thе
hеsr pоssiblе spесtral traсing and usually сorrеsponds to
fu dеагеst signal with thе hiфеst pitсh. Thе human еar
пь mоя aссufatе at dеtеrmi-ning normal and abnormal
flrr.в- sоunds and should bе usеd as a guidе, fathеr than
hrldng at thr spесtral tfaсing, to loсalizе areas of turbu-
шfiПr (abnoгmal) flow. Laminar blood flow produсеs a
шПтDБ- linе on thе spесtral traсing, indiсating that thе
шd blood сеlls arе moving at similar vеloсitiеs and in a
яшitrr diтесtion ovеr timе @ig. 1'-2D..$Иhеn rеd blood
fr|lls anе moving at diffеrеnt vеloсitiеs and in diffеrеnt
dlгссions simultanеously, spесtral broadеning rеsults

тq'C1-2т
фgгm dеmonягаtiпg thе disfuption of lamiпar Ьloоd flow by an
ffiшl!Псa]оn to flos- (nагrowiпg), with thе rеsultant tufьulеrrt blood
fu!п

сIJ.l'pter 1 . P|lуsiсs and Instrannеntоtion 21'

Figure 1-28
Soflogгam using a tissur-еquivalеnt phantоm dеmoпstгating thе piасе-
mеnt of thе samplс vohlme (d'oublе pаrаIlel linеs) aloлg thс сursol
This samplе vоlumе rеprеsеnts thе loсation of any flow distuгbanсе
dеtесtеd whеn sampling this arеa with pulsеd-wavе Dopplеr ultrasonog-
raphy. This сan bе vеry usеful in dеtеrmining whеthег a tubular, fluid-
fillеd stгuсtufе is a Ьlood vсssеl' as flow should bе dеtесtеd within thе
vеssеl as long as thе inсidепt anglе is lеss than 9o dеgrееs (idеally 30
to 60 dеgгееs)

@ig. |-29). This is dеpiсtеd as a broadеning of thе pге-
viously nafгow spесtгal tгaсing.

owing to thе lеngth of timс that must еlapsе bеtwееn
еaсh ultrasound pulsе, thе ability to rеsolvе hiф-vеloсity
tllood flow is sеvеrеly limitеd. A rnaximal vеloсity (Ny-
quist limit) сan br aссuгatеly dеtеrminеd foг a givеn
dеpth and frеquеnсy, whiсh is onе half thе PRI115' 18' 19 Il:

thе Dopplеr shift еxсееds thе Nyquist limit, aliasing of
thе signal oссufs. Thе aliasеd signal wгaps around thе
basеlinе of thе spесtfal Dopplеr and makеs it appеar as
if blood flow is moving in two dirссtions. А-liasing of
thе Dopplеr signal makеs thе intегpfеtation of diгесtion
diffiсult, and maхimal vеloсitiеs сannot bе aссuratеly
dеtеrminеd -onсе thе Nyquist limit has bееn еxсееdеd.
Thе lowеr thе frеquеnсy of thе transduсеr, thе highеr
thе vеloсity that сan bе гесoгdеd bеforе aliasing of thе
signal oссurs. High PRF Dopplеr has bееn usеd to try to
oYеrсomr somе of thе aliasing that oссufs With low
PRF Dopplеr, but thе multiplе samplе volumеs usеd also
intгoduсе rangе ambiguity (Fig. 1-30).'*'19 Мultiplе shoft
pulsеs arr tfansmittеd during thе timе normally allottеd
to onе pulsе with low PRF Dopplец еffесtivеly inсrсasing
thе Nyquist limit. High PRF Dopplег сan bе usеd at
shallow dеpths to mrasurе high flow vеloсitiеs bесausе
thе есhoеs rеturn quiсkly to thе transdЦсеr. Howеvец at
gfеatеr dеpths, a slowег pulsе гatе is nееdеd to wait fof
thе rеtuming есhoеs, dесrеasing thе maхimal vеloсity
that сan bе rесordеd and inсrеasing thе rangс ambiguity
if all thе есhoеs havе not rсturnеd bеforе thе nехt pulsе
is sеnt. Prесisе |ocaltzation of flow is also lost, as flow
vеloсity infoгmation is samplеd fгom multiplе sitеs. If thе
multiplе aссеssory samplе volumеs сan bе positionеd in
aгеas of no floмr, thе primary samplе volumе has dеpth
disсгimination. A lowеr-frеquеnсy transduсеr shor'rld bс
usеd if aliasing of thе signal oссufs.
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Continuous Wave

tigure 1-29

TR (а'^ro1u)

doеs not |oca||ze thе sitе of abnormal (turbulеnt or high-

vеloсity) flow (no rangе rеsolution).7, 15' ra' 19

Color Flow
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оus.\!-аvе сuгsofs to fuгthеr clаaructе.rЙe.thе flow distuг-
bаnсе idеntifiеd. Thе сolor-flow display сan also bе supеr.
imposсd ovеr an M-modе есhoсardiogгaphiс imagе,

рlсlding сolor М modе. Color-flow М-modе есhoсardiog-
rаphy сan bе hеlpful in thе timing of rеgufgitant iеts'

fuver Doppler

hrr.ег Dopplеr is a сolor Dopplеr modе that displays an
rяinatе of thе total intеgratеd Dopplеr powеf spесtfum
rдт:hет than an еstimatе of thе mеan fгеquеnсy, rсsulting
in inсгеasеd sеnsitivity to low-flow statеS. Powеr Dopplег
is lеss anglе dеpеndеnt, has a bеttеr signal-to-noisе ratio'
дnd has no aliasing aгtifaсts сompaгеd with сolor-flow
Dоpplет mapping. Powеr Dopplеr is ехtrеmеly usеful in
фе еvaluation of organ blood flow (Coloг Figurе 1'-2) and
thе еraluation of vasсularity assoсiatеd with nеoplasia.

]юPPLЕв lNsтRUMENт с0NTR0LS

$аmple Volume Size, Bаseline, VeIoсity,
шd Wаll Filter

Тhе sizе of thе samplе volumе сan bе inсrеasеd to find
аrеas of abnoгmal flow and dесrеasеd to flnе-tunе thе
*.pссtгal display of thе abnoгmal flow. Thе basеlinе of thе
spссtгal traсing сan bе movеd up or down to prеfеrеn-
tiаlh- display flow abovе or bеlow thе basеlinе' Thе vеloс-
ф- сontгol allows thе maximal vеloсiф of flow displayеd
lо iпсгеasе or dесгеasе to flll thе display with thе flow
$ign2l 'dеtесtеd. Thе wall flltеr is a сontfol that fеjесts
rhе sшong есhoеs from hеart or wall motion that might
оrhегчzisе ovеrwhеlm thе wеakеr rеflесtions from thе
rеd blood сеlls.

.{ bаsiс undеrstanding of thе phрiсs of ultrasound and
фе аrаilablе instrumеntation еnablеs thе еquinе praс-
tirionег to obtain thе bеst possiblе imagеs for intеrpгеta-
tron.
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Arfifаcts

Aftifaсts oссuг routinеly in ultгasound imaging, and thеiт
rесognition is important ifr undеfstanding and intегpfе-
ting thе imagе gсnегatеd. Ultrasound waYеs, likе othег
sound wavсs, arе rеflесtеd, rеfraсtеd, sсattеfеd, attеnu-

atеd, and absorbеd as thеy pass tfuouф diffеrrnt tissuе
intсгfaсеs. Artifaсts сan rеsult from еnvironmеntal faс-

tors, opеrational faсtors, or intеfaсtions bеtтvееn thе pa-

tirnt and thе ultгasound bеam (Tablе 2-|).'.

'.'t

ELЁстRoMAGNETIс ARTItAстs

Еlесtгomagnеtiс intеffеfеnсе сan oссur with thе simulta-
nеous usе of a widе уarilеtу of еquipmеnt suсh as сlip-

Тable 2-1
CIassifiсаtioп of Ultrasound Artifaсts

AdaPtеd fгom Krепkau FW! Tфor KJw: Artifaсts in ultЙsouпd imaging J
Ultns6und Меd 5:227-z37,1986; and Kirkbегgег RМ: Iпaging artifaсts in diagnos.

tiс UltЙsouпd_A rеviеw. vеt Radiot Ultnsoшd з6:297-э06' |995
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;H;#:::"lx:
е imagе and ate

prеsеnt with or without tfansduсеr.patiеnt сontaсt (Fig.

z-t). Turning off thе offсnding еquipmеnt, if it сan bе
dеtеrminеd what is сausing thе intеrfеrеnсе, of moving
thе еquipmеnt and patiеnt to a diffеrеnt loсation shottld

еliminatе this pгoblеm'

oPERAтoR ARтlFAстs

Aiг on thе surfaсе of thе skin геflесts ultrasound, making
it diff,сult or impossiblе to obtain an imagе. Сlipping thе
hair from thе skin surfaсе oц if nесеssary shaving thе

skin and applylnc сopious amounts of aсoustiс сoupling
gеl arс nеёdеd to obtain thе bеst possiblе imagе.3'5 Hair,
iсurf, or dеbris on thе surfaсе of thе skin also rеflесts
ultгasound, rеsulting in a pooг-quality imagе oг no im-

tigure 2-1
Еlесtfomagfiеtiс aftifaсts aге dеpiсtеd ndiating tfuouфout thе imagе

of thе utеrus' fеtal fluids, and fеtus. Thсsе artifaсts afе sееn as а sегiеs

of bгight baпds of еlесtriсal noisr radiating throughout thе imagс
(аfтo|ls)

Enviloпmenta| 0pelatol AGoustic

Еlесtгomagдеtiс
aгtifaсts

Rаdiofгеquепсy
signals

сlippеrs
Fluorеsсеnt

lights
Еlесtfiсal

еquipmеnt

Patiеnt prеpafаtion
Sсanning tесhniquе
Gain sеttings
Tгaпsduссг

fгеquеnсy

Rеsolutiofi artifaсts
Axial геsolution
Latегal rсsolution
Spесklс
sесtion thiсknеss

Pfopagation path attifaсts
Rеvеrbеration
Rеffaсtion
мultipath
Miгror imagе
Sidе lotlе
Grating lobе

Attеfiuation aгtifaсts
Shadowing
Еnhaпсеmеnt
Еdgе shadowing
Foсal еnhanсеmепt

Мisсеllanеous aгtifaсts
сomеt tail
Riflg down
Spееd еггor
Rangе ambiguity
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Falе2-2
Рr.т. I}дtiеnt Plеparation with rеsidual hair or sсurf on thе skin lеsultеd
m йЕ сеntгаl aгеa of imagс loss, whiсh bеgins at thе suтfaсе of thе
fu' |вIтou,). This poof imagе quality is sееIr аs a vеrtiсal anесhoiс
frL*Jч- fгom thе skin surfaсе thгoughout thс сеntfal poГtion of thr
mmgе. ттhеге thе skiл is сovегеd Ьy thе surfaсе dеbгis.

д*r-] = Sсuгf fгom a blistеf is notorious for геflесting
.mr1 sсаttегing thе ultfasound bеam with littlе of no
nгЕшL{mission of ultrasound to thе dееpеr tissuеs bеnеath
гtiе skin surfaсе Gig. 2-2). Softеning thе sсurf with waгm-
тatеI сomptеSSеS ottеfl aids шr its tеtпova\. C\еanrпg tkrе

skin of aту afld all dеbris is also сfitiсal foг optimal imagе
quality. Diтt and othеr skin dеbris also aсt as rеflесtofs of
ultrasound, minimizing thе amount of ultrasound aуal-
ablе to еntеr thе tissuеs and bе fеflесtеd from thе tissuе
iпtсrfaсеs.

Тhе u]tгasound transduсеf itsе]f сfеatеs a nеaf-flеld
.тсiшrсt pгoduсеd by a sеriеs of vibrating points in thе
grcrэсlесtгiс сrystal. A small wavеfront is produсеd by

and thеsе wavеffonts сoalеsсе into a сontinu-
nI at a сеftain distanсе from thе transduсеr.3,6
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This distanсе dесrеasеs with highеr-frеquеnсy tfansdu-
сеfs. This nеar-fi.еld aft|fact сan obsсurе visualization of
stfuсturеs in thс nеar flеld (Fig. 2-3). Both built-in fluid
offsеts and hand-hеld standoffpads havе bееn dеvеlopеd
for usе with high-frеguеnсy transduсеrs whеn sсanning
supеrflсial stfuсtufеs.3'7 Thеsе standoff pads moYе thе
nеaf-flеld aft1fact into thе standoff, pеrmitting optimal
visualization of nеar-flеld stfuсtuгеs (Fig. 2-3), Built.in
fluid offsеts afr aсoustiсally matсhеd to thе tfansduсеf.
Hand-hеld standolf pads afе сomposеd of synthеtiс poly-
mеr substanсеs that havе an aсoustiс impеdanсе similar
to that of soft tissuе. A rеvегbеration aгtifaсt is produсеd
by thе standoff, vrhiсh is rеadily idеntifiеd (Fig.2-4).

off-normal inсidеnсе artifaсts afе сommon opегational
artifaсts that maУ rеsult in еffollеous diagnosis, paftiсu-
laф in еquinе tеndon and ligamеnt injuriеs. off-normal
inсidеnсе artifaсts oссur whеn thе inсidеnt ultrasound
bеam is not pеrpеndiсular to thе stfuсtufеs bеing intеrro-
gatеd. off-normal inсidеnсе aftifaсts геsult in есho omis-
sion from a normal spесular rеflесting suffaсе (Fig. 2-
5).э'5' s Rеpositioning thе transduсеr so that it is
pеrpеndiсulaf to thе stfuсtufеs bеing еxaminеd еlimi-
natеs off-rrofmal inсidеnсе aftifaсts. off-normal inсidеnсе
artifaсts сan oссasionally bе hеlpful in distinguishing thе
bordеr trеtwееn tтvo adiaсеnt stfuсtufеs.

Aгtifaсts сan also bе сrеatеd by sеtting thе nеar gain
oI рosIеI tоo hiф, minlmizrпg thе aЬr\rч tо sее drttеt-
еnсеs in adiaсеnt tissuеs Gig. 2-6).з'5 This еrror oссufs
most frеquеntly whеn sсanning in briфt loсations; thеrе-
forе, if at all possiblе, thе sonologist should work in
shadеd or darkеnеd arеas. If not, thе sonologist should
adiust thе brightnеss and сontrast sеttings in thе еquip-
mеnt whеn sсanning in bright loсations, not thе bright.
nеss and сontfast sеttings on thе monito! and should
avoid thе usе of ехсеssivе powеf and gain.5 Thе sonolo-
gist сan сhangе thе еquipmеnt's dynamiс fangе of post-
proсеssing сufvе to сompеrrsatе for thе bright surround-

EtЕн
tiщrпm*вms оf thе flеxor tеndofls and ligamепts obtainеd with a 7.5.МHz |lneж.arгaу transduсеf wirh (А) and without (8) a stafldoff pad. Nоtiсе

r& м-]mеld апifaсt in thе supегflсial pЪгtion of thе supеrflсial digital flехoг tеndon (B) and thе еxсеllеnt rеsolution of this arсa using а standoff

Et .{ ТhЕ еstеnt of thе аrйs of flbёг damagе iл thе supегflсial digital flеxor tеndon (апol'lls) is muсh сlеaгег in thе imagе oЬtainеd with thе

lrшшшrшtr р.лс /.l,,. Bоth сiтсulаг aгеas of damagе arе muсh bЪttеr rеsolvеd in thе tгansvеrsе and sagittal imagеs with thе trsе of thе stanсloff pad (А)'

пцd ilfu дЬпrтгmзl suггoundiпg poгtiоn of thе supегfiсial digital flеxol tеndon is also сlеarег. Thе lеft imagеs arе thе traflsvеrsе viеw and thе гight

шпF',!пir ф€ \agiпаI тiеw й.tloth sаgittal imagеs thе shadows arе сausеd by pooг сoпtaсt bсtwееn thе skin and thе tгansduсег .B) oг thе skin

lш .]ft s:з.!.rfr prАd G)
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26 Сlэ.l'ptеr 2 . Аrtif.'cts

Figure 2-4
doffsеt(,4)oгhand.hеldstandoffpld(B).Thеvеrtiсalaггowspoitltto
-hеldstаndoffpad(B)ispoiпtingtothеifitегfaсеbеtwееnthеstandoff
ad,aпdthеaпесhoiсlаyетaЬovеthеstandoffpadсontainingесhogеniс
rеpгoduсеd as a miгror imagе at thr fiтst vеrtiсal aггow. Thе hoгizоntal

hсе Ьеtwееn thе skin and thе fluid offsеt.

ings. Using thе highеst сontfast and bfightnеss sеttings
on thе monitof fathеf than сhanging thеsе sеttings in thе
ultгasound maсhinе fеsults in thе monitof's bufning out
prеmaturеly.

Fгamе-гatе aftifaсts сan bе produсеd if thе framе ratе
is too low to.сaptufе rеal-timе movrmеnt. This сan rеsrrlt
in'thе appе).ranсе of an aftifaсtual disсontinuiф within a

stiuсturе whiсh may tlе misintеrpfеtеd as a dеfесt (Fig.

2-7). F:'зme fatе should bе inсrеasеd if a quеstionatllе
disсontinuity appеaгs within a stfuсtufr and a low ffamе
fatе is bеing usеd to еliminatе this aгtifaсt. Framе ratе
сan bе inсrеasеd by dесrеasing thе dеpth of display (if
possiblе), dесrеasing thе imaging ang|e, aлd dесrеasing
thе numbеr of foсal zonеs within thе imagе (sее Сhap-
tсr 1).

Transduсег sеlесtion is also сfitiсal to obtaining an

optimal quality imagе. Thе transduсеr sеlесtеd should bе
thе highеst frеquеnсy possiblе that will pеnеtfatе to
tlne arеa undеf inYеstigation. Latеtal and axial fеsolution
artifaсts inсrеasе with lowеr-frеquеnсy tгansduсеrs. Thе
сoffесt transduсег typе (sесtoц linеaц сonvеx linеaг, an-

nulaц or phasеd-array), footprint (thе imaging surfaсе of
thе transduсеr). and fi.еld of viеw should also bе sеlесtеd
to maximizе imagе qualф A thorough knowlеdgе of your
сquipmеnt and thе physiсs of ultfasound (sее Сhaptеr
r1 is important in obtaining optimal imagе quality and

minimizing thе pгoduсtion of artifaсts.

AсousТlс ARтlFAстs

Aсoustiс aftifaсts rеsтlt in thе display of imagеs that ate
addеd (not anatomiсally tfuе), missfurg' oг of impropег

Figure 2-5
Sonogгams of thе lеft fbrеlеg 1n t artifaсt. Thс hypoесhоiс apprarafiсr Оf thе

supеrfiсial and dееp digital flеxoг егpеndiсular to thеsе stfuсturсs. Thе slightlу

hеtеfogrnсous appеafanсе of thе injury to thе stреrfiсial digital flеxoг tеndon

that is fairlv wсll hеalеd at this timе
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Tatrle 2-2
The Еtiology of Aсoustiс Artifасts

Artifасt Еti0|0gy

Figшre 2-6
sonograms of thе flеxor trrrdons and ligamеnts in thс mid-mеtaсaгpal
rеgion of thе fight forеlеg dеmonstrating thе сffесt of ехсеssivе nеaг-

fiеld gain (lеft imаgе) Thе arrows poiflt to a hеaling сoге lеsion within
thе supеr{iсial digital flеxoг tеrrdon, with а small palmaг hypoесhoiс
aгсa of nеwег damagе that is not wеll visualizеd in thе lеft imagе.

loсation, brightnеss, shapе, or sizе (Tablе 2-2).1 Aсoustiс
цtjft,св tesu7t ftom alsumptionl that aIе made lэу the
пп{l'гzsоцnd manufaсturеrs to display thе fеtuгning есhoеs
Лf;i m im2gе. Thеsе assumptions inсludе thе round-tгip
m@теl :mе foг ultrasound in tliologiс tissuеs, thе diгесtion
d'шhrаsоuпd travеl, thе loсation of thе геflесtors within
fu ti:ssuеs. and thе intеnsity of thе rеturning ultrasound.
TIМ prоpagation sprеd of ultrasound through biologiс
шiфs Ь аssumеd to bе сonstant and to bе еqual to thе
dкiЕъ of ultгasound through soft tissuе (1540 m/sес,
.шш l-i miсгosесonds [рs] pеr сеntimеtег of dеpth).' Thе
rm&гд*бllnd еnегgy is assumеd to tfavеl in stfaight linrs,

'r'кI фс есhoсs that fеtufn afе assumеd to haYе originatеd
$шш *пrсtuгеs pfеsеnt along thе long axis of thе bеam
.шшl-т' Thе intеnsity of thе геturning есhoеs is also as-
g'lппlгd to bс diтесф rеlatеd to thе sсattегing strеngth of

F.1reът
- lmm оЬainеd of thе bladdег from a nеonatal foal suspесtеd of
шшiщI Е пФr'пеd blаddеr. Thе vеntгal suгfaсе of thе Ьladdеr appеars
ш. h ц(oпous). but this is an aгtifaсt сfеatеd Ьy a slow ffamе гatе.

Axial геsolution
Latеral геsolution
Spесklе
sесtion thiсkпеss
RеvетЬегation
Rеfraсtion
Multipath
Мirroг imagе
Sidе lobс
Grating lottе
Shadоwiпg
Еflhanсеmеflt
Rсfгaсtion shadоwing
Foсal еflhanсеmеrrt
сomеt tail
Ring down
Spееd еггoг
Raflgе ambiguity

Adaptеd fгom Кrеmkau FW Taylor KJw: Aтtifaсts iл ultЙsound imaging J
Ultmsound Мсd 5:227-23.' |9a6

thе imagеd objесts. Aсoustiс aftifaсts сan bе tlrokеn
down into rеsolution aгtifaсts, pfopagation path att1faсts,
attеnuation aгtifaсts, and misсеllanеous aгtifaсts (sее Ta-

blе 2-1).'

Resolutioп Artifaсts

Spatial rеsolution aftifaсts arе arсhitесtural and сausе
сlosеly spaсеd stfuсtufеs to appеat mеrgеd togеthеr and
small stfuсtufеs to appеar laгgеr than thеy aсtually arе.l
Rеsolution artifaсts inсludе aftifaсts assoсiatеd with axial
and |atrta| fеsolution, spесklе aftiacts, and sесtion-thiсk-
nеss aftifaсts'1

Ахial Resolation Artitaсts

Aхial rеsolution vafiеs pгimarily with thе frеquеnсy of
thе transduсеr. Axial fеsolution wofsеns with a longеr
pulsе lеngth and with fеwеr сyсlеs pеr pulsе or whеn
a lowеr-fгеquеnсy tfansduсrf is usеd. Aхial rеsolution
aftifaсts сausе tlvo stfuсtufеs loсatеd along thе long axis
of thе bеam to appеat on thе ultrasound display as mеfg-
ing stгuсtufеs of as onе struсtrше of foг onе struсturс
along thе long axis of thе bеam to appеat largег than it
aсtually is.1' 2' 9-13 Aхial rеsolution is usually bеttег than
|atеta| rеsolution bесausе pulsе width is normally laгgег
than pulsе lеngth..

Lateral Besolution Аrtilaсts

Laten| fеsolution variеs with thе dеpth of thе struсturе
bеing imagеd from thе transduсеr and thе width of thе
ultrasound bеam and is bеst in thе foca| zoлe of thе
transduсеr.1'2'9-|з Latеta\ rеsolution aftifaсt rеsults in poor
dеtail of thе еdgеs of stfuсtufеs pеrpеndiсulaf to thе

Pulsе lеngth
Pulsе width
Intеrfегеnсе
Pulsе width
Rеflесtion
Rсfгaсtion
Rеflесtiofi
Rеflесtion
Sidе lobе
Gfating lobе
Attеnuatiofl
Low attеnuatioп
Rеfraсtion
Foсusing
Rеvегbегatiofl
Rеsonanсе
Spесd еrrог
нiф pulsе геprtitioп frеquеnсy
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long axis of thе ultrasound bеam. Struсturеs smallеr than
thе sound bеam appеaг to bе as widе as thе sound
tlеam (Fig. 2-8).,' Latеra| геsolution aftifaсt also сausеs
stfuсtufеs loсatеd sidе tly sidе, pеrpеndiсular to thе long
axis of thе ultrasound bеam, to bе imagеd as mеrging
stfuсtufеs of as onе stfuсtufе oг to appеar singular and
largсr than thеy aсtually ate.'' 2'9-|з Latefa| rеsolution
aftifaсts afе most likеly in thе nеar and far flеlds and arе
most markеd with loчrеr.fгеquеnсy sесtof-sсannеr tfans-
duсеrs bесausе thеsе tгansduсеrs usually have a |ar$et
сrystal, rеsulting in a widеr bеam width, and havе a fixсd
foсal zonе.

Speckle ArtiIaсts

Aсoustiс spесklе is bеst sееn сlosе to thе tгansduсег and
is thе granular есho tеxtufе obsеrvеd qzhiсh appеaгs zts

parеnсhymal tissuе tехtuге.1 2 Tttis appaгеnt еxсеllеnt
геsolution is not геal, but instеad is a rеsolution{сgгading
сomponеnt that may obsсuге vital dеtail.'.2 11. l5 spесklе
aftifaсts are a |ack of сoггеlation bеtwееn thе aсtual
and apparсnt геsolution of an imagе.l Aсoustiс spесklе
aгtifaсts arе a form of aсoustiс noisе and arе сausеd by

a сonvolutеd геturning wavеfront with intеffеrеnсе of
геturning sсattеfеf есhoеs from thе intеrrogatеd tissuе
volumе.'' 2. 14 This сonvolutеd геtufnfulg wavеffont oссufs
sесondary to thе roughnеss of thе rеflесtor surfaсе and
thе pгеsеnсе of сomplеx intеrvеning tissuеs With multi-
plе intеrfaсеs and diffегing aсoustiс vеloсitiеs.1a Thе rеso-
lution of high- and low-сontrast objесts is limitеd by
spatial rеsolution and aсoustiс spесklе.. Spесklе motion
сan bе mislеading, as it is not simply rеlatеd to tissuе
motion and transduсеf motion.l, 2, 15 Imagе-proсеssing
tесhniquеs havе trееn dеvеlopеd to rеduсе spесklе and
improvе rеsolution.l

S e сti o n -T h i ckn ess Аrt ita сts

Sесtion-, sliсе-, or bеam-thiсknеss aгtifaсts сгеatе есhoеs
on thе display that arе not геally thеrе within сuгvеd,
fluid.fillеd stпrсtцfеS suсh as anесhoiс vеssеls or duсts.l-3.
12. 16 .IЪеsе есhoеs mimiс dеpеndеnt partiсulatе matеrial,
чrhiсh сould bе misintсrprеtеd as thтombus' dеbгis, or
sludgс. In thе gallbladdег of human bеings and small
animals, this is oftеn геfеrrеd to as ..psеudosludgr.,'l-3'
16. 17 Thе afi|faСt oссrrгs whеrе thе сurvеd, fluid-fillеd

Figure 2-8
Sonоgrams obtainеd using a tissuе-еquivalеnt phantom dеmonstгating thс improvеd latеral rеsolution withifl thе foсal zonе of thе ultrasound bеam.
Notiсе thе сгisp appеaгanсе of thе есhogеniс dots whеn thе multiplе foсal zoпеs afе ilr thе nеar fiеld of thе imagе (А) and thе latегal widеning
of thеsе геflесtoгs in thе far fle|d (аtтotlls). Whеп thе multiplе foсal zonеs aге plaсеd in thе сеntег and far fiеld of thе imagе (B)' the есhogеniс
dots in thе nеar liеld aге widег (latrгal Ьеam-width artifaсt) than thosе in thе ссntеf and faг fiеld (аrro1us). Notiсе thе supеrior геsolution of thе
small ссhogсniс rеflссtoгs oЬtainеd with thе linеar-array tIansduсег using multiplе foсal zonеs (А lnd B) соmpaгеd with thе sесtoг-sсanflеf
transduсеr [С).
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stпrсtrrге liеs nехt to a mofе есhogе.niс struсtuге.2 Thе
sссtion-thiсknеss aftifaсt oссufs bесausе thе ultгasound
bеam has a flnitе thiсknеss as it is transmittеd through
thе patiеnt. Есhoсs that arе rесеivеd ofiginatе from thе
сеIrtеr of thе bеam and from off axis and ate сomprеssеd
into a thin 2-D imagе.l,2' 16 Sliсе-thiсknеss artifaсts havе a

шеnisсus and margins that are not hofizonta|, and similar
есhoеs may oссuг on thе nondеpеndеnt suffaсе. Thе
psсudosludgе сan tlе diffеrеntiatеd from tfuе sеdimеnt
bесausе thе psеudosludgе intегfaсе is сurvеd, whеrеas
ruе sеdimеnt usually has a flat intеrfaсе. Thе intеrfaсе
bеtwееn a thfombus and thе геmaining blood within thе
теssеl is oftеn flat or has a сonvсx, not сonсavе, сuгvеd
intегfaсе. Also, thе psеudosludgе intеrfaсе геmains pеr-
pсndiсulaг to thе inсidrnt ultrasound bеam, whеrеas thе
truс sеdimеnt intеffaсе сhangеs with сhangеs in thе

I}atiеnt's position.2' 3. 16 sliсе-thiсknеss artifaсts сan bе
minimizеd by using highеr-frеquеnсy tгansduсегs and im-
аglng withiл thс foсal zonе of thе transduсеr.2' 17

Pпpа gаtioп.Path Artitaсts

Propagation-path aftifaсts arr artifaсts that oссuг tlесausе
of thе iIrtrfaсtion of rrltrasound with stfuсturеs loсatеd
аloпg thе path of thе ultfasound bеam. Pгopagation-path
агtifaсts inсludе rеvеrbеration, rеfraсtion, multipath, miт-

гог-imagе, sidе-lobе, and grating.lobе artifaсts.

Reverbe ratio n Аrtitaсts

}Iultiplе геflесtions oг rеvеrbеfations oссur whеn two or
morе rеflесtofs "arе еnсountеrеd within thе sound path
or whеn a high.intеnsity rеturning ultrasound bеam hits
thе transduсеr and is rеflесtеd baсk into thе tissuеs a

sссond timе.l, , Thеsе rеflесtions may bе suffiсiсnф
stгong to trе dеtесtеd by thс ultrаsound instrumеnt and
displayеd as spurious есhoеs пlithin a visсus @ig. 2-9).
Thе ultrasound fulstfumеnt assumеs that thе ultrasound

Figure 2-9
sоnogгam oЬtaiflеd of thе jugular vеin using a linеar tгaпsduсеr and a

hалФhеld standoff pad. Thе есhogеniс linеaг aгtifaсt withtr thе lumеn
of rtrе jugulaг vеin and suгrounding soft tissuеs (аrroшs) is a fеvегbеra-
tioп апifaсt сгеatеd by thе starrdoff. Thе ultrasouпd bеam rеflесts off
tЬс гaлsduссг-standoff intеrfaсе and thе standoff-skin intсгfaсе and

Ьaсti agаin, сrеаting this rеflесtion. Thе lсft imagс is a transvеfsе viсw
end rhс гight imagr is sagittal
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Figure 2-10
Sопogram of thе uгinary Ьladdеr in a foal dеmonsffating a сoпtaсt
aгtifaсt bеtwееn thе skin of thе patiеnt afid thе tгansduсеr on thе lеft
sidе of tfrс iпagе, crcati17g chе mцltiple curved echogeniс rcflections
Qаrgе аrroul). This foal,s bladdеr is fillеd with hypoссhoiс loсLrlations

and dеbris sесondary to sеvеfе umtliliсal hеmoггhagе (stnаll аrrouls).

bеam has tгavеlеd onсе, for a longеr distanсе, through
thе tissuеs and that this есho otiginatеd from a poiлt
twiсе as dееp as thе oгiginal rеflесtor.2 Thеsе геflесtions
arе plaсеd bсhind thе sесond rеal rеflесtof at sеpafation
intегvals еqual to thе distanсе bеtwееn thе first and
sесond геal rеflесtors.'', Thеsе rеflесtions fгom thе trans-
duсеr baсk into thе tissuеs сan oссцг sеvегal,timеs, ге.

sulting in multiplе, еvеnly spaсеd rеvеrbеration есhoеs.,'
2' 1s Еaсh subsеquеnt есho is wеakеr than thе fiтst есho,
whiсh is usually thе tгansduсег-skin intеrfaсе. Thе сon-
taСt art1faсt сrеatеd by thе pfеsrnсе of air bеtwееn thе
skin surfaсе and thе tfansduсеr is a геvефеration artifaсt
(Fig. 2-10). Thе air rеflесts 99% of thе ultrasound tlaсk
to thе tfansduсец and thе rrltrasound bеam thеn bounсеs
baсk and foгth bеtwееn thе gas on thе skin surfaсе
and thе transduсеr. This rеduсtion in есho amplitudе is
partially Gompеnsatеd for by thе timе gain сompеnsa-
tion.1'2 Rеvеrbеration есhoеs сan bе ехtеrnal (transduсеr-
skin intеrfaсе) oг intеfnal фonе-soft tissuс, gas-soft tis-
suе, mеtal-soft tissuе). Сommon intеrnal fеYеfbrfation
artifaсts inсludс gas-flllеd bowеl and gas-fillеd lung. This
aft1faсt is usеd in еquinе thoraсiс ultrasonography to
idеntф normal, gas-fillеd lung @ig. 2-tt1,s' 19 Rеvсrbеra-
tion from mеtal obiесts is quitе pronounсеd and makеs
mеtal еasy to loсatе and idеntф bесausе of thе small
mеtalliс dimеnsions and high ultrasound spееd.2 Mеtal
usually produсеs a sегiеs of сlosеly spaсеd есhoеs oг
..сomеt-tail aftifaсts,, (Fig. 2-I2).2o-23

Retraction Аrtifacls

Rеfraсtion artifaсts oссur whеn thе ultfasound tlеam
сhangеs dirесtion as it сгossеs a tissuе intеrfaсе whеrе a

spееd сhangс oссurs. Thе rеfraсtion aftifaсt rеsults in
impropеr latегal positioning of thе fеflесting stfuсtufе.l'
10,,a Rеfraсtion positioning aftifaсts arе usually small and
сontributе primarily to loss of imagе quality.l Largе еrrors
in rеflесtor positioning do not usually rеsult from tefrac-
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tigure 2-11
Sonogram of noгmal lung obtainеd from thе гight sidе оf thе thогаx in
thе sеvеnth intеfсostal spaсе, dеmonstrating thе visсегal plеuгal surfaсе
of thе lung -(Uertiс.ll аrrotо) and thе multiplе rеflесtions oссuггing
from this highly rеflссtivе intегfaсс Фoizontаl аrfous).

tion aftifaсts. Howеvец fеffaсtion aгtifaсts havе oссasion-
ally tlееn dеsсritlеd in vivo and may fеsult in a dupliсation
of struсtuгеs oг a split-imagе aft1faСt.21'25

Multipalh Аrlitaсts

Мultipath aftifaсts oссur whеn thе paths to and fгom a
rеflесtor aге diffеrеnt.l' , A small aхial rffof in rеflесtoг
positioning oссufs from thе longеr path that thе ultra-
sound takrs to and from thе fеflесtof. Thе multipath
art1fact is an additional есho dееp to thе oгiginal есho
bесausе of thе longсг fеtufn path (Fig. 2-|3).'' '"
Multipath positioning еffofs afе normally small and do
not rеsult in gross еrrors of stfuсtufе loсation but гathеr
сontributе only to gеnеral imagе dеgгadation.1'2

Figure 2-12
Sonogгam of a surgiсal implant (platе) on thе fеmur of a foаl with a

fеmoral fraсtrrrе that was rеpaiтсd with intеmal fixatiоn Notiсс thе
typiсal fсvеrЬегation artifaсt assoсiatеd with mеtal ifl thе сеrrtеf of thе
platе. Thе platе is dеlinеatеd by thе two aпows. Supеrfiсial to thе platе
arе myriad Ьright есhogеniс тсflесtors, whiсh rсprеsеnt gas in thе soft
tissuеs ovеrlying thе platе and an iлfесtеd sufgiсal sitе.

Оz
tigure 2-13
Diagfam of thе multipath artifaсt, whiсh rеsults in impropеr positioniflg
of thе rеflесtoт. Round-tгip tfavеl timе inсrеasеs whеп thе ultгasоund
Ьеam is геflесtеd fгom two spесular сurvеd suгfaссs. Thе геflесtor
displayеd as thе dееpсг struсtuге (рositiofl 2) is aсtually loсatеd at

position 1. (Adaptеd from Kiгkbеrgсг RM: Imaging artifaсts in diagnostiс
ultrasoun<l_A rеviеw. vеt Radiol Ultrasound 36:297-306' |995.)

Mirror-Image АrtiIacts

Thе mirror-image attlfact oссurs whеn ultrasound is rе-

flесtеd off a highly rсflесtivе сufvеd intеrfaсе likе thе
diaphragm-lung intегfaсе (Fig. 2-|4).| 3' l,. ,6 Ultrasound
rеflесts off this intеrfaсе aftеr travеling thfough othеr
tissuе and thсn rеtuгns to thе tгansduсеr aftеr bеing
fсflесtеd off anothеr intегfaсе via thс original higШy rе-
flесtivе сurvеd intеrfaсе 6ig. 2-15). This rеsults in thе
struсtufе of intеfеst bеing еггonеously plaсеd on thr
thoraсiс sidе of thе diaphгagm. Thе miтror-imagе art1fnct
oссufs bесausе thе instrumеfit assumеd that thе ultra-
sound pulsе and rеflесtеd есhoеs travеlеd in a straight
linе.1-3'12,26 Thе inсrсasеd гound-trip ultrasound timе ге-

sults in thе produсtion of thе mirroг.imagе aftifaсt. This
dеlay in thе есho геtuгn timе oссurs bесausе of thе
multiplе fеflесtions. Awarеnеss of this aIt1faсt and hoмr
it is pfoduсеd is impoгtant to avoid thе misdiagnosis of a
diaphragmatiс hегnia.2'3 This artifaсt may also simulatе
pulmonary сonsoПdation.3 Thе miггor-imagе attlfact maу
also oссuг at othеf highly rеflесtivе сurvеd intеrfaсеs
suсh as thе pегiсardium-lung intеrfaсс and from aiт-fluid
lеvеls within absсеss сaуitiеs.2, |2'27

Sidе-Lobв and Grating-Lobe Аrtiiaсts

Sidе-lobе aлd gtattng-|obе artifaсts oссur whеn stfuсtufеs
not alignеd with thе ultгasound bеam arе latеrally dis-
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F,qrc2-14
niш!D{!га[п U-sirrg а tissuе-сquivalеnt phantom dеmonstгating a miгroг-

шщ ягтitiсt- Тhе есhogеniс hofizontal linе nеar thr Ьottom of thе
Й.9* s йе Ьottom of thе tissuс-еquivalrflt phantom (аlтotll). Мarry

di fu:tflссroгs ч/ithifl thе tisstrе-еquivalеnt phantom atе displayеd as if
fuт шgе lrrсаtеd dееp to thе bottom of thе tissuе-еquivalеnt phafltom'
.!шЕmщs а IIштoт lmаgе.

шffiщвil.-. 
ls- 2s sidе-lobе artifaсts oссuг in singlе-еlеmеnt

тппрrггпчJt.lсегs. whеfеas gfating-lobе artifaсts oссuf in multi
@вJсmеnt transduсеfs.l Thеsе aftifaсts oссuг t)есausе
fu u.ttгаsоund bеam is сomposеd of a main lobе and
пrmr[lпltгipшс smallеf sесondary (sidе) lobеs of varying intеnsi
mея rhg. 2-16). Thе sidе-lobе intеnsity is low, no moге
ffifoош oпе onе-hundrеdth of thе intеnsity of thе main
шmслm-] -ъ This intеnsity is grrat еnough, howеvсц to
pшшriшсе есhoеs whеn imaging a highly fеflесtivr intеr-
Ёl.к ядсh as aif of a higЫy сurvеd, spесulaф rеflесting
W@сr suсh as thе diaphragm or bladdеr. Both spесulaг
lщf tJ.iftusе sidеjobе artifaсts oссuf.2 Highly rеflесtivе
цшшгтEd suгfaсеs likе thе diaphragm afе mofе likеly to
щriшЕс spссular sidе-lobе aftifaсts, whеrеas diffusе arti
ifu.тч дlт moге сommon from thе highly rеflесtivе gas

rшЕ 2-15
1Iш"ч!п .tt йе miггoг-imagе art|f^сt' whiсh oссuгs whеn thе inсidеflt
L[dшЕn]uJпцl Ьезm геflссts off a highly rеflесtivе сuгvеd surfaсе suсh as

пilhЁ йДEit]гi€.m алd thеn is rеflесtеd off anothеr intегfaсе bеforе rе-

шшmg: Io thе rгапsduсет Thс ultrasound еquipmеnt assumеs that thе
ffiffi.:Епd Ьеаm tгаr-еlеd in a stfaight linе and thеrеforе displaуs thе
ldhз.:r *jеtP tо thе <liaphragm tlесausе of thе inсгеasеd гound.trip
]ш'шc .-f,< l.\dаptеd fгom Krеmkau Fw: Diagnostiс Ultfasound: Pfinсi-

@rв. ;m; Ifu\]Lnrmепts. .1th еd Philadеlphia' WB Sаuпdегs, |993, p 23|.)
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Figure 2-16
Diagram of sidе-loЬе artifасts. Thе sidе loЬеs, or grating lobеs, сan
pгoduсе a wеak гсflесtion fгom this sесoпdary ultгasound Ьсam. This
геflесtoг is plaсеd at thе pгopег distanсе fгom thе tгansduсеr Ьut at thе
inсoгrесt loсation Ьесausе thе еquipmеnt assu1nеs that thеsе есhoеs
ofiginatе along thе aхis of thе pгimary ultгasound Ьеam. (Adaptеd from
Pепfiiсk DG: Imagiлg aгtifасts in ultrasound 1z Nvland TG' Мattooп JS
(еds): Yеtегiпary Diagnostiс Ultтasound Philadеlphia' !ИB. Saundеrs'
1995, pp 19-29 )

intеrfaсе. 
.With 

sidе-lobе artifaсts, есhoеS originating from
sidеlobе fеflесtions arе displayеd along thе path of thе
fеturning есhoеs from thе main ultrasound bеam, at thе
dеpth of thе sidе-lobе fеflесtoц in Spitе of thеir diffеrеnt
origins.2'з Sidе{obе artifaсts afе bеst sееn within an-

есhoiс stfuсtufrs bесausе of thеir low intеnsity. Sidе-lobе
есhoеs еxhibit a thrеshold еffесt and disappеar with
lowеr instrumеnt sеttings.2,3' r8

Atteпuatioп Artilaсts

Attеnuation is thе fеduсtion in thе amplitudе of thе
fеtuгning есhoеs from rеflесtofs that liе dееp to a highly
fеflесting of attеnuating stfuсtufе.l Attеnuation aftifaсts
inсludе aсoustiс-shadowing, aсoustiс-еnhanсеmеnt' ге-

fraсtion' and foсal-еnhanсеmеnt aftifaсts.

Aс ousti с - Sh a d ow i n g Аrtif a сIs

Aсoustiс shadowing is a vеry usеful artifaсt that oссurs
whеn ultrasound strikеs a tissuе of vеry high or low
aсoustiс impеdanсе rеlativе to thе soft tissuе through
whiсh thе ultrasound bеam is travеling. This artifaсt has
bееn usеd by many to dеtеfminе thе naturе of thе shad.
owing sourсе.l' 12' 29 r3 Thе aсoustiс shadowing that oс-
сufs dееp to сalсuli фigh aсoustiс impеdanсе) or gas
(low aсoustiс impеdanсе) Was fiтst dеsсribеd in 1980

o",..o. Чphragm
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Figure 2-17
Sonogгam of a small hеpatolith (аlтotll) сasting a сlеan aсoustiс shadow
ifl thе гight sidе of thе livеr. Thе shadoпr fгom thе hеpatolith pаssеs
throuф thе undеrlyiпg сolofl

and is сommonly obsеrvеd in routinе ultгasonogгaphiс
imaging.so' 3r

Stonеs (Fig.2-I7), aгеas of сalсifiсation @ig. 2-18), oг
bonе @ig. 2-19) usually сfсatе a сlеan shadow dееp to
thе ultгasoniс геflесtion owing to thеif high attеnuation
of thе ultгasound bеam.зl ], A сlеan shadow is onе with
maгkеd геduсtion in есho amplitudе and fеw or no noisе
есhoеs. Bonе, сalсffiсation, of stonеs usually Сfeatе a
сlеan shadow bссausе most of thе inсidеnt rrltгasound
is absorbеd within thе bony matfiх and not rеflесtеd.
Thеrеforе, muсh lеss ultrasound еnеfgy is availablе for
noisе gеnещtion' Shadows similaf in appearancе afе usu-
аlly produсЪd from all typеs of stonеs' rеgardlеss of thеiт
сomposition.З|' 31 36 .W.ood' 

glass, and sutufе matеrial @ig.
2-2О) a|so usually produсе сlеan shadows.2з' 33 Gas usually
сfеatеs a ditty shadow dееp to its ultгasoniс rеflесtion
bесausе gas is a nеaф pеrfесt rеflесtor of rrltrasorrnd
(Fig. 2-2|).30 32 Signifiсant ultrasound еnеrgy is availablе
to produсе noisе with a gas геflесtor bесausе littlе of thе
ultrasound еnсfgy is absorbеd. Thеsе noisе есhoеs arе
pгoduсеd by thе multiplе rеflесtions that oссur from thе
sсattrгеfs bеtwееn thе gas and thе tfansduсеr aшd afс,
displayеd dееp to thе gas suffaсе. Сlеan shadows сan
oссasionally bе dеtесtеd from gas- or air.flllеd struс-

Figure 2-18
Soflogram of a small atеa of сalсifiсation withifi a rеpaiгеd supегfiсial
digital flехoг tсndon whiсh has a distinсt, сlеan aсoustiс shadovr. Thе
lсft sidс of thе imagе is thс tгansvегsе viеw and thе гight sidс is sagittal

Figure 2-19
Sonogгаm of thе iпtегmandibulaг spaсе tтl a foal dеmonstгating сlеan
shadowing fгom thе bony stгuсtшеs within thе сaudal aspесt of thе
toIlgoе (а,тoшS). Thе сlеaп anесhoiс shadow oгiginatеs from thе boпе.
Thе lеft soпogr:rm is thr sagittal viсw, апd thе right imagе is thе
transvеrsе viеw.

turеs,32,37 and diгq. shadows сan oссasionally oссuг with
stonrs and wood.2o,23, ta-a| Clеan and dirty shadowing has
also bееn rеportеd from thе s4mе rеflесtoL2o,t9'4I

Aithough thеsе propеftiеs aге usually attfibutеd to thе
сomposition of thе shadowing objесt, a гесеnt study
dеmonstгatеd that thе сlеan and dirty shadows arе pri-
marily rеlatеd to thе propегtiеs of thе shadowing objесt's
surfaсе and not its сomposition.3l Сlеan shadowing was
most likеly to bе pгoduсеd with a small radius of сurva-
turе of thе shadowing objесt or whеn thе suгfaсе of thе
shadowing objесt was fough bесausе thе baсksсattеrсd
ultfasound bеam is sprеad and distortеd aftеr rеflесting
off thе shadowing objесt.3l Thе intеnsiф of thе rеtrшning
ultrasound bеam is markеdly diminishеd bесausе of thе
diffеrеnt fеflесtions of thе ultгasound baсksсattеr from

Figure 2-20
Sonogгam of thе vепtгal midlinе following abdоminal surgеry iп a foal
Thс hypеrесhoiс sutuгеs (аrroшs) сast сlеaп aсoustiс shadows thгouф
thе dееpеf abdominal musсulatufе. A small amou1lt of hypoесhoiс
fluid suггouпds thе sutuге matrrial, iпdiсating possiblе iлfесtion of
thе inсision
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тqre2-n
,йlfttim 'mJ i тгасt lеading dorsally to aп alэsсеss. Thе aЬsсеss сontains

цш sm.зll hуpегесhoiс есhoеs сonsistrrrt with gas bubЬlеs within
l& ffirеh аnесhoiс fluid and a hypеrесhoiс dorsal gas сap. Notiсе
[frc шEtт ihаdo\r' oгiginating at thе bright hypеrесhoiс dolsal gas сap
пiдrllpt mlu).

fu to|]sh suгfaсе. This also mafkеdly геduсеs thе intеn-
Ёщ rrf thе multipath rеflесtions. Phasе inсohегеnсе is
lfu produсеd from rough and сufvеd suгfaсеs' whiсh
шшшфEсs a геlativеly inсohеrеnt геtufning ultгasound
М тhе гсsultant phasе сanсеllations and wеakеr sig-
ilш.tк т+rЩ oссrrг at thе transduсеf surfaсе геsult in thе

шщfuЕ[ioп of а сlеan aсoustiс shadow.12'42 othеr authoгs
lпlшilfr Дшо pгеriously suggеstеd that surfaсе pfopеftiеs and
{шшEt[ €romеtry may altеr thе aсoustiс shadowing that
ш!Ц!щtш bеhind obiесts of high aсoustiс ilnpеdanсg.to' зt,

l*' *; * slth shadowing of objесts that havе a largе гadius
.d .qштaгuге геlativе to thе bеam width and a smooth
{Пй\:Ё: тhе геflесtеd Wavе maintains its сohеrеnсе and
iшrms to thе tгansduсеr via thе ultrasound transmission
iфш., jесondаry sсattеfing from thе surfounding tissuеs
;&ш кaссts off thе smooth suгfaсе, produсing stгong
'ФmglпfffЁ|t multipath signals and visiblе есhoеs dееp to thе

'iМD'5iпg objесt. In spitе of thеsе flndings' in most
пlmппsrs. thе typе of shadowing сan bе usеd, in
mппбliirппfrction w.ith thе loсation of thе shadowing obiесt,
lш]l jtffi(sБ thе naturе of thе shadowing obiесt. Сarе must
lШfu щsсd- hов_еvег, whеn shadowing objесts afе found in
rщrrl loсаtions, as thе r{aturе of thе shadowing objесt
Фtшпt bе dсfinitivеly dеtеrminеd from thе dеtесtion of
,шrfu ш diгп'shadow..llliшsdlrсег 

fгеquеnсy, foсusing, stonе position, stonе
.rшш- mш oгiеntаtion, powеf output, and fесеivег gain

'dfu {kтсгminе whеthеr of not shadowing oссurs.3l' 34-36,

iliil]il {iffi ф Distinсt shadowing oссufs only if thе stonе is
lПщtf t}rаn oг еqual to thе bеam width whеn thе ultra-
М Ьеаm rеflесts off thе сalсulus.2 Stonеs t|.Йt arc
Еk thаn thе width of thе ultrasound bеam еithеr
|k пtэ асorrstiс shadow (Fig, 2-22) of haYе baсksсat.
пывIf, есhoеs тr-ithin thе shadow, frndеring thе stonе,s
ПшЕйшs imdistiпсt., з 30' 31' 3a' 15'47 Stonrs that arc outsidе
- fuсrl zоnе may also havе no shadow or may havе
iiilfuпшсt mагgins owing to thе pfеsеnсе of baсksсattеrеd
.фш sithiп thе shadow. Thе loсation of thе shadowing
цф#ш rdаrirс to thе foca| zone dеtеrminеs thе amount
шШ фцflэq.ing thаt oссuгs' bесausе thе amount of shad.
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owing is rеlatеd to thе amount of thе rrltrasound bеam's
сfoss-sесtiona| arc,a that is attеnuatеd.l Thе typе of in-
tеfvеning tissuе bеtwееn thе fеflесting stfuсtufе and thе
tfansduсеf may also affесt shadowing if thе intеrvеning
tissuе affесts thе latеral andaxia| геSolution ofthе sound
bеam.,'36 Shadowing may also oссur from thе еdgеs of
сiтсular (round of oval) stfuсtufеs bесausе part of thе
sound bram is rеfraсtеd whilе thе rеst is rеflесtеd' Bе-
сausе thе rеflесting surfaсе is not pеfpеndiсulaf to thе
ultrasound bеam, thе rеflесtеd ultrasound is not rеturnеd
to thе transduсец сrеating an aсoustiс shadow.

Асo usti с- Е n h a n ce m e nt Аrt ita сts

Aсoustiс еnhanсеmеnt is thе inсrеasе in thе amplitudе
of thе rеturning есhoеs ffom fеflесtors that liе dееp to a
Wеakly attеnuating stfuсtlше.l' , Thе loсation of thе
wеakly attеnuating stfuсturе rеlativе to thе foсus of thе
ultrasound bеam dеtеrminеs thе amount of aсoustiс еn-
hanсеmеnt that is obsеrvеd. Aсoustiс еnhanсеmеnt oс-
сurs whеn ultrasound tгavеls through a fluid-fillеd struс-
tuге (Fig. 2-23) suсh as thе urinary bladdец еnhanсing
thе far wall of thе urinary bladdеr and thе stfuсtufеs
dееp to it. Сystiс stгuсturеs сan bе rеadily diffеrеntiatеd
fгom solid soft.tissuе stгrrсturеs or hypoесhoiс struсturеs
bесausе of thе pгеsеnсс of this aгtifaсt. optimal aсoustiс
еnhanсеmеnt with small сystiс oг fluid-fillеd stfuсtufеs
oссufs whеn thе stгuсturе liеs within thе foсal zone of
thе transduсеr and high-frеquеnсy tfansduсеrs ate
usеd.,'a8

Befractioп Аrtitaсts

Shadow aftifaсts arе usually gеnеratеd from thе еdgе of
a сurvеd surfaсе bесausе part of thе ultrasound bеam is
rеfraсtеd off thе сurvеd еdgе of thе stгuсtufе and doеs
not rеturn to thе transduсец diminishing thе rеturning
ultrasound bеаm's intеnsity (Fig. 2-24).|,2''8 Shadow arti
faсts aге displayеd distal to thе latеral margins of сurvеd

Figure 2-22
Small сhip ffaсtufе (аrrouts) in thе mеdial aspесt of thе сarpal-mеtaсar-
pal ioint that doеs not сast an aсoustiс shаdow. This fгaсtufе ,was not
dеtесtеd radiographiсally; it was found ultгаsonographiсally whеn thе
spесifiс viеw was takеn that dеmonstfatеd this small ffaсturе fragmеnt.
Thе гiфt imagе is thе sagittal viеw, and thе lеft imаgе is thе trans-
vеrsе vrеw.
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34 С|Jаpter2.АrtiJаcts

Figure 2-23
Sonogram of aп absсеss in thе pегinеal rеgion of a hoгsе with markеd
асoustiс еnlranсеmсnt of thс faг wall of thе aЬsсеss (аtтotl,ls)' сon-frгm-
ing that thе сеntеf of this mass is fluid flllеd.

of сystiс struсtufеs (Fig. 2-25). Thе amount of rеflесtion
and fеffaсtion dеpеnds upon thе angJe at whiсh thе
inсidеnt Ьеam hits thс сuгvеd stfuсtufr. Thе сhangе in
thе vеloсity of ultfasound passing through thе сurvеd
stfuсtufе and thе surrorrnding tissuе dеtеrminеs thе
amorrnt and diгесtion (сonvеrging oг divеrging) of thе
rеffaсtion.2, a9 Tlre fеsultant сhangеs in thе есho's sizе
сausrd by thе foсusing and diffеfеntial attсnuation bе.
twееn thе curvеd stfuсtufr and suгrounding tissuе сausе
fеffaсtion of thе ultгasound at thе intеrfaсе bеtwееn thе
сurvеd stfuсturе and thе surfounding tissuе, rеsulting in
thе еdgе shadowing.,, з, 19,5o In a lowеr-vеloсф сiгсular
rеgion' thе rеflесtеd bеam divеrgеs whilе thе геfгaсtеd
bеam сonvеfgеs, bесausе thе геgion aсts likе a lеns (sее
Fig. 2-24). In a highеr-vеloсity rеgion, thе shapе of thе
fеflесting intеrfaсе also сausеs thе rеflесtеd bеam to
divеrgе. Thе rеfгaсtсd bеam also divеrgеs bесausе of thе
variation in rеfraсtеd anglеs aсfoss thе bеam. Thе еdgе
shadovrs from divегgеnt ultrasound bеams tеnd to bе
widсг and lеss distinсt than thosе from сonvеrgеnt shad-
ows.2 Divегging rеfraсtеd rrltгasound bеams r,еsult in
slight displaсеmеnt of thе far wall of thе сurvеd struсtufr
toward thе tгansduсец whеrеas сonvеrging rеfraсtеd ul-
tfasound bеams havе thе oppositе rffесt (sее Fig. 2-24).2,
50' 51 soulrd сonсеntгation bеyond thе rеfraсting stfuсtufе
oссtlfs trесausе of thе сonvеrging rеfraсtеd ultrasound
bеam and is known as rеtrolеntiсular аftеrglow.,'52 This
aftегglow is sеvегal сеntimеtеrs dееp to thе rеflесting
stfuсtufе and oftеn must bс spесifiсally lookеd for to
bе rесognizеd.,' 5, Sесtor-sсalrnеr tгansduсеrs havе morе
prominеnt rсtrolеntiсular aftсфow, whiсh is most
markеd whеn thе гoundеd stfuсtuге is сlosе to thе tfans-
duсец whеrеas this еffесt is not rеportеd fof linеaf tfans-
duсегs.2'5'

Еdgе shadowing сan bе usеful, as its prеsеnсе indiсatеs
round to oval struсturеs with diffегеnt ultгasound vеloсi.
tiеs than thosе of thе surrounding tissuе.2 This artifaсt
is most hеlpful in idеnti{ying roundеd stfuсturеs with
есhogеniсitiеs similaг to thosе of thе suггounding tissuе.
Еdgе shadowing oссurs сommonly from vеssеl walls and

сan hindеr thе atlility to imagс thе suspеnsory ligamеnt
(Fig. 2-26). This aгtifaсt also сommonly oссurs from thе
еdgеs of othеr roundеd struсturеs suсh as thе bladdеr
and kidnеy. Although this artifaсt сommonly oссurs from
fluid-fi]lеd stfuсtufеs, othег found stfuсturеs suсh as tеn-
dons сommonly havе еdgе shadowing bесausе of sound
vеloсitiеs hiфеr than thosе in thе surrounding soft tis-
suеs.2 Divеrgеnсе of thе rеfraсtеd trltrasound bеam oс-
сurs in thеsе сasеs, whiсh rеsults in thе еdgе shadowing.
Еdgе еnhanсеmеnt сan also oссur from rеffaсtion but is
infrеquеnф dеtесtеd.'

F o ca l - Е n h a п сe m e nt Аrtif a сIs

Foсal-rеgion еnhanсеmеnt сan oссuг in thе foсal rеgion
of thе transduсеr bесausе of thе highег ultfasound intеn-

Figure 2-24
Diagram of thе сdgе-shadowing aгtifaсt. Еdgе shadowing oссuгs whеn
thе inсidеnt ultгasound trеam stгikеs a сurvеd surfaсе and is rеflесtеd
.,4). 

.Whеn thе сurvсd struсtufе has a lowег tissur vеloсity than thе
suггounding tissuе' thе ultrasound trеam is rеfгaсtеd toward thе struс-
turе, rеsulting in displaсеmеnt of thе far wall of thс struсturе sliфtly
farthеr awaу fгom thе tfaпsduсеf, produсiлg a na1тow aсoustiс shadow
(В). Thе rеtгolеntiсulaг aftефow is thе inсfеasеd ultfasoufld bеam
сonсеntration that oссurs in thе dееpеr tissuеs. 1йъеrr thе сuгvеd
struсtufе has a highег tissuе vеloсity than thе suгrounding tissuе, thс
ultrasound bеam is rеfгaсtеd away from thе struсtufе, fеsrrltillg in
displaсеmеnt of thе faf wall slightly toward thе transduсеr and a
slightly wideт еdgе shadow (B) (Adaptеd ffom Kirkbсrgег RIVI: Imaging
aгtifaсts in diagnostiс ultrasound-A fеviеw. vеt Radiol Ultгasouпd
36:297-306, 1995.)
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Figure 2-25
sonogгam of thе Ьгaсhioсеphaliс musсlе in а horsе dеmonstfatiпg еdgr
shadowing (а'тo11)s) fгom thе еdgеs of thе hypoесhoiс sсaт tissuе
Ьеtwееn thе two poгtions of thе musсlе bеlly.

sity pfеsеnt in this геgion (Fig. 2-27)'| Apparеnt еnhanсе-
mеnt сan also oссuf in othег afеas, whiсh' upon сlosеf
inspесtion, is found to bе duе to othеf faсtoгs.

Misсellaneous Aпilacts

Comel-Tail Аrtifaсts

сomеt-tail artifaсts arе a sеriеs of сlosеly spaсеd rеvеrbеr.
ation aftifaсts and arе сommonly sееn in thе еquinе lung
assoсiatеd with Small arеas of pеriphеral irrеgulariф (Fig.
2-2s). Thе сomеt-tail aгtifaсt is a wеll-loсalizеd ..еnhanсе-

mеnt'' aгtifaсt.' Thе сomеt-tail aftifaСt is сausеd by thе
сгеation of multiplе rеvеrbеrant rеflесtions.2o Thе grеatеr

Figure 2-26
Sonogfam of thе mеtaсaтpal rеgion in thе right foгсlеg dеmonstfating
еdgе shadowing from thе mеdian агtеry. Thе anесhoiс shadows
(аrrou)S) ехtепd fтom thе еdgеs of thе mеdian aгtеry thгough thе
dееpеf stгuсturеs ifl thе tfansvеfsе aerD Lm^gе. Thеsе shadoчrs oЬlitег-
atе a portion of thе mеdial еdgе of thе infегior сhесk ligamеnt and thе
suspепsory ligamеnt. Thс гight imagе is thе сoггеsponding sagittal
imasе of thеsе stгuсtufеs.
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Figure 2-27
sonoglam of thе splсеп and lеft kidпеy obtaiлеd ifl thе lеft sixtееnth
intеrсostal spaсе dеmonstrating foсal еnhanсеmеnt in thе splееn. No-
tiсе thе inсrеasеd rсhogеniсity of thе splепiс pагеnсhyma within thе
foсal zotте of thе transduсе,| (а'.rou)).

thе diffегеnсе bеtwееn thе aсoustiс impеdanсе of thе
геflесting stfuсtufе and thе suffounding tissuеs, thе
gfеatеr thе numbеr of геvеrbеration есhoеs.2o Thеsе есh-
oеs bесomе morе сlosеly spaсеd as thе rеflесting objесt
bесomеs sma11еr.2o Thеsе есhoеs mеfgе to сfеatе thе
сomеt.tail pattеfn whеn thе есho bands aге sufflсiеntly
сlosе togеthеf and Stгong.22 Thе сomеt-tail artifaсt is most
intеnsе wlrеn thе rеflссting objесt is pеrpеndiсulaf to
thе transduсец thе intегfaсе bеtwееn thе objесt and its
sufroundings is flat' bгoad, and pегpеndiсulaц and thе
objесt is largе.2() Whеn thе rеflесting objесt is loсatеd
сlosе to thе transduсец thе spaсing bеtwееn thе funda-
mеntal есhoеs shortеns but thе spaсing of thе rеvеrbеr-
ant есhoеs arising from within thе rеflесting objесt doеs
not сhangе.l8 Thе сomеt-tail pattеrn is dеnsе and morе
pfonollnсеd, with an inсrеasеd numbег of intеrfaсеs of
high aсoustiс impеdanсе diffеrеnсе within thе rеflесting
objесt.2o Thе сomеt.tai| artifact pattеrn is pгoduсеd by
fеflесtors with vеry high aсoustiс impеdanсе геlativе to

Figure 2-28
sonogгam of thе lеft lung of a horsе dеmonstfating a smooth visссгаl
plеuгal suтthсе and a singlе сomеt-tail aгtifaсt in thе сеntег of thе
im^ge (аrrou)).
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Figure 2-29
Sonogгam of thе stomaсh of a hoгsе with gastгiс squamous сеll сaгсi-noma dеmonstfuting a гing-down aгtifaсt fгЬm g". йtnи thе stomaсh(а|.ro1.0). Notiсе thе сontlnuous appеaЙI]сr of this gas агtilaсt сom.paгеd with thс сomеt.tail aгtifaсt (sеъ Fig, 2-2s).

thе surrounding soft tissuеs, suсh as mеtal foгеign bodiеs
oг implants, and геflесtoгs of vеry loчl aсoustiс impеd.
anсе rеlativе to thе sufтounding soft tissuеs, suсh as.gas
in thе lung, gas trubЬlеs' or bowеl gas.2o_2з

Ring-Down АrtilaсIs

a fеsonanсr
' Ring-down
shapеd fluid

-сo-llесtion 
tгappеd bеtwееn two layеrs of gas bubblеs.,,aa

lrith thе гing-down attltactthеге appеar' й ь. a сontinu-
ous еmission of sorrnd fгom thе origin of thе aftifaсt,
rеsulting in a сontinuous aftifaсt in wйiсh small, disсrеtе
есhoеs usually сannot bе idеntifiеd (Fig. 2-29).aa

Prop a g ation -Sp e ed Еrror Аrtrta cЬ

Propagation-spееd еffof oссufs whеn thе assumеd valuе
foг thе pгopagation of ultrasound through tissuе (1540
m/sес) is inсorrесt.'-3,53 This oссufs bесiusе thе avеragе
vеloсity of ultгasound through soft tissuс (1540 m/sес)ls
usеd by manufaсturеrs to сalсulatе distanсе mеasuге-
mеnts in ultгasound еquipmеnt. Pfopagation-spееd еrror
oссuгs whеn thе propagation spееd that ехists ovеr thе
path thе ultгasound tгavеls is signffiсanф gtеatet oг lеss
than I54o m/sес.l з' 53 Thе геflеitor ls diщйщd сlosеr to
thе transduсеr than it aсtually is if thе pr6pagation spееd
is gfеatеr bесausе thе сalсulatеd distanЪе io thе rеflёсtor
is thеn too small. Thе геflесtoг is displayе d' farthet awaу
from thе transduсеr than it aсtually ii lt.ttrе pfopagation
spееd is lеss bесausе thе сalсulatеd distanсе to thе rе-
flесtor is thеn too grеat. In fat patiеnts, for еxamplе,
чzhеrе thе vеloсity of ultгasound iJ sloмrег (|46О m/sЪФ,
dееpеr displaсеmеnt of struсtuгеs may oсс[г sесondary
to thе sloчztг propagation of ultrasound through the fatф
tissuе. Both propagation-spееd егroг and rеfгaсtion сan
сausе a stfuсtufе to bе displayеd with an inсoгrесt
shapе.l

Range-Ambigu itу Аrlilaсts

Rangе-ambiguity artifaсts oссur bесausе thе instгumеnt
assumеs that all rеflесtions arе rесеivеd bеfoге thе nеxt
lltrasound pulsе is pгoduсеd.l, 5a The maximum PRF is
dеtеrminеd by thе ma:rimum dеpth that сan bе imagеd
unambiguously.l In rеal-timе imaging thе maximum dеpth
imagеd unambiguously (сm) multipliеd by thе framе йtе
(framеs/sесond) and linе dеnsiф GinеsДйmе; сannot еx-
сееd 77,000.' If this numbег is еxсееdеd, distant геflес-
tors afе displayеd too сlosе to thе transduсеr. Rangе-
ambiguity aftifaсts сan bе еliminatеd or minimizеd Ъy
sеlесting a highеr-frеquеnсy transduсег or dесгеasing thЬ
PR.Е2 Inсrеasing thе dеpth automatiсa||у rеduсеs thе PRF
and also сausеs a rеduсtion in fгamе ratе.12 This aftlfaсt
has bееn геpoгtеd in есhoсaгdiography and has bееn
сallеd ..гing aгound'' oг ..hегbiеs'' (Fig. 

'2-30).1, 5 In thе
hеaгt oг anothег laгgе fluid.fillеd visсй, this aftitaсt сrе-
atеs a fluttегing oг flashing objесt within thе fluid in rеal
timе and a bluггеd objесt whеn thе imagе is ftozеn.2,5, |8

Useful Artifaсts

Aсo-ustiс shadowing and еnhanсеmеnt afе both сliniсally
usеful artifaсts. Thе pгеsеnсе of aсoustiс еnhanсеmеni
indiсatеs a fluid.flllеd stfuсturе, .whеrеas thе pfеsеnсr
of еdgе shadowing indiсatеs diffеrеnt ultfasound tissuе
vеloсitiеs in thе сirсular or oval stfuсtuге сomparеd with
thе adjaсеnt tissuеs.2 Atthough thе сirсular stfuсtuгr is
most ofirеn fluid, this is not alмzays thе сasе. Although itis diffiсult to dеflnitivеly dеtеrminе thе naturе of thе
shadowing stгuсtufе, сarеful еvaluation of thе typе of
aсoustiс shadow using propеф foсusеd tfansduсеrs and
multiplе imaging planеs and thе idеntiflсation of thе
origin of thе shadowing stгuсtuге hеlp in aссufiltr idеnti-
flсation of thе shadowing геflесtor., Although есhogеniс
stfuсtufеs with shadowing aге most сoпrmon, anесhoiс
oг hypoесhoiс stfuсtufеs with shadowing havе bееn rе-
portеd in human bеings, as havе есhogеniс struсtuгеs

Figure 2-30
Soпogгam oЬtаinеd from a.hoгsе with plеuropnеumonia aлd a |argeplеuгal еffusion dеmoпstrating a rangе.amЬiguitу att|faСt or ..hегЬiе,,
(аrrouls).
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Tаble 2-3
Souпd Beаm-Patieпt Iпteracti0ns

Useful Artifacts Confusing Artifaсts

Shadоwing
Еnhanсеmеnt
Rеfl есtion/геfгaсtiorr
Pгopagation-spсеd епoг
Еdgе shadowing
сomеt tail

Axiаl геsolution
Latетal fеsolution
Sliсе thiсknеss
Rangе аmbiguity
Rеvегbеlatiofl
сomеt tail
Ring down
Мiffof imagе
Multipath
Ghosts
sPlit imаgе
Spесkiе
Sidе loЬе
Gгating lobе

\dаptеd from Kiгkbеrgег RМ: ImaЕ.int] aгtifaсts in diagnostiс ultгasound-A
т\iеs' \еt Radio| U|tгasot|nd 36:29--3o6' |995

тr-ith aсoustiс еnhanсеmеnt.l,2 This sееming pafadoх oс-
сuгs bесausе absofption is thе major сontгibutof to tissuе
агtеnuation' with a minor сontribution ffom sсattеfing.l'2
Тhеrеforе, есhogеniсity (sсattеfing lеvеl) and attеnuation
eге not сoffеlatеd.2'3

Coпfusing Artifaсts

Sliсе-thiсknеss aftifaсts, fangе-ambiguity artifaсts, and
sidе-lobе aftifaсts сan all rеSult in afttfactla| есhoеs
п_ithin anесhoiс stfuсturеs.2 Propagation-spееd еffor, mif-
гoг-imagе aгtifaсts, and sidе lobеs сan all rеsult in rеflес-
toгs within thе body bеing loсatеd inaссLrгatеly, whеrеas
гаngе-ambiguity and multipath aгtifaсts and thе rеfraсtivе
еffесt of foundеd stfuсtufеs сausе lrss maгkеd rеflесtor
displaсеmеnt.2

A.lthough somе aftifaсts arе usеful and aid in imagе
intегprеtation and diagnosis, many сan сausе сonfusion
and еrror (Tablе 2-3). 

^ 
thorough undеrstanding of thе

пpеs of aгtifaсts that oссur and how to dеal with thеm
п.hеn thеy arе dеtесtеd hеlp sonologists avoid imagе
intегprеtation pitfalls.l Мultiplе imaging planеs, vaгying
thе patiеnt position, сhanging thе frеquеnсy of thе trans-
duсец and altеring thе 

.gain 
sеttings may all hеlp to

minimizе thе еffесts of artifaсts on thс lrnagе.2
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EXAMlNAтl0N ТEсHNl0UE

Patieпt Preрaratioп

T1rе skin ovег thе afеa to bе еxaminеd should bе surgi-
сally сlippеd with a No. 40 surgiсal сlippеr bladе.2s.4..48'
l09, r1o Thе skin should thеn bе thorougШy сlеanеd pгior
to appliсation of ultrasound сoupling gеl. Thе ultrasound
gеl should bе appliеd to thе еntirе arеa bеing ехaminеd
and workеd in wеll, following thе dirесtion of hair
growth. A stегilе сouplant gеl should bе usеd if an asеptiс
еxamination is nесеssary. If сlipping thе hair off thе skin
is not possiblе, thе lеg сan bе soakеd with watеr for 10
minutеs. Еithеr a lO.minutе hosing of thе afеa to bе
еxaminеd сan bе pеrformеd oг a wеt bandagе сan bе
appliеd. Thе topiсal appliсation of isopropyl alсohol may
also bе usеd to obtain an imagе without сlipping thе
hair; howеvеЦ thе optimal imagе will bе obtainеd by
сlipping the atea to bе еxaminеd. Shaving thе skin may
bе nесеssary or prеfеrablе in somе situations to obtain
optimal imagе quality.

Tendons and Ligameпts

Thе skin ovеr thе еntirе palmar or plantar area of thе lеg
should bе surgiсally сlippеd fгom thе basе of thе aссеs-
sory сarpal bonе or point of thе hoсk (tubеr сalсis) to
thе еrgot to еxaminе thе flехoг tеndons and ligamеnts
(Fig. 3-1). Both thе mеdial arrd |atеta| branсhеs of thе
suspеnsofy ligamеnt should bе сlippеd fгom thе |atqa|
and mеdial sidеs of thе limb, starting just aboYе thе
suspеnsofy bifurсation (at a point midway down thе
сannon bonе) and сontinuing down to thе insеftion on
thе apех of both proхimal sеsamoid bonеs (sее Fig. 3-1).
Thе еntirе pa|mar or plantaц mеdial and latегal aspесts
of thе pastеfn should bе сlippеd from thе еfgot distally
to thе bulbs of thе hееls to еxaminе thе tеndinous and
ligamеntous stfuсtufеs in thе pastеrn (Fig. 3-2). Thе basе
of both Droximal sеsamoid bonеs must bе inсludеd to

л/ЬSсulОskeletаl
Ultl,аSonОgrаpLэу

onе of thе еaгliеr appliсations of ultrasonography in
hoгsеs Was thе diagnosis of flехor tеndon and ligamеnt
injuriеs in thе distal еxtrеmitiеs.l l: Thе sonographiс
flndings in thе injuгеd tеndon or ligamеnt wеfе thеn
сomparеd to its gгoss and histopathologiс appеafanсе to
сhataСtеflzе thе tissuе in thе arеa of injury and сorrеlatе
it with its sonographiс appеaranсе.r8 23 Мorе rесеntly,
work has foсusеd on thс sonographiс сhangеs dеtесtеd
in horsеs during tсndon and ligamеnt hеaling.2a-39 Furthеr
studiеs on thе usеfulnеss of ultrasonogtaphу in thе diag-
nosis and managеmеnt of flехor tеndon and ligamеnt
injuriеs сontinuе.4o 58 As thе usеfulnеss of tеndon and
Ligamеnt ultrasonogгaphy has gfown' sonographiс eva|ga-
tion of othсr tеndinous and ligamеntous stfuсtufеs has
bееn undеrtakеn.'9-75 Sеrial sonographiс еvaluations havе
bееn pегformеd on horsеs in raсе tfaining to еvaluatе
thе еffесts of training on thе sonog1aphiс appеaranсе of
thе supеrflсial digital flеxor tеndor,.76' 77 Morе сritiсal
еvaluation of tеndon and ligamеnt есhogеniсity has oс-
сurrеd but thеsе tесhniquеs afе not yеt in widеsprеad
usе.78-80 Thrее-dimеnsional ultrasonographiс imaging of
normal and injurеd supеrflсial digital flехor tеndons is
now possiblе in horsеs' although thе sofГтvarе to pсrform
thе thтее-dimеnsional fесonstfuсtion is not pIеsеnt ifl
any сurrеntly aуai|ab|е ultrasonographiс еquipmеnt.8l, 82

Sonographiс еvaluation of thе various tеndon shеaths
and bursaе providеs additional infoгmation about disеasеs
involving thеsе stfuсturеs, along with еvaluation of thе
сontainеd tеndons and ligamеnts.59' 63' 66' 6a' 7o' 72' 74, aз-aa

Musсuloskеlеtal imaging has sinсе progrеssеd to еvaluat-
ing musсulaц synovial, and bony abnormalitiеs.89 l08 Thе
ultгasonographiс еvaluation of bonе initially sееmеd to
havе littlе appliсation bесausе of thе high aсoustiс im-
pеdanсе of bonе rеlativе to thе surrounding sofit tissuе.
Howеvец its usе in sеlесtеd situations has bееn vеry
rеwarding and holds muсh pгomisе.92' 91,95' 1ol lоa Although
high-qualiф radiogгaphs aге still thе idеal mеthod for
еvaluation of bony stfuсtufеs, diagnostiс ultrasound еval-
uation of bony stfuсturеs has numеrous appliсations in
thе horsе.
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40 Cbаpter 3 . Masculaskelеtаl LтItrasonograp bу

Figure 3-2
Diagгams of thе arеas to bе surgiсally сlippеd
alorrg thе mеdial aпd latеfal aspесt (А) and tlrе
palmar or plantaт aspесt оf thе pastеm @) foг
thoгough еvaluаtion of all thс tеndinous апd
ligamеfitous struсtuгеs ifi thе pastеm.

Plantar
ligament

FIexor
tendon

Suspensory
ligament

Figure 3-1
Diagгams of thе arеas to Ье suфсally сlippеd along thе palmaг
(A) oт phntar (B) aspeсt of thе limb Thе broad darkеnеd stгip
along thе palmaг oг plantaf aspесt of thе limb is thе aгеa to Ье
suгgiсally сlippеd for еxamifiation of thе suprtfiсial digital flеxor
tеndon (sDF)' dееp digiиl flеxor tепdon (DDF), iлfегioг сhесk
ligалrеnt (IсL)' boф ofthе suspепsory [gamеnt (sL), afld pгoxi-
mal portion оf thе digital shеаth. Thе lightеr stгip along thе
distаl latегаl and mеdial aspссts of thе limbs is thе arеа to Ьс
сlippеd for ехamination of thе sL tlгaпсhеs, thе distal poftion of
thе sесond and fourth metacatpa| ol mсtatarsal bonеs, thе abax-
ial suгfaсеs оf ttrс mсdial and latеral proximal sеsamoid bonеs'
апd thе mеdial and latеral сompartmеnts of thе mеtaсaФФ. of
mеtatarsophalangеal ioint. Thе lightеst stfip aloпg thе plantar
aspесt of thе hifldlimb in thе pгoximal-most poftion of thе limtl
(B) is thе atеa tо Ье sutgiсaltч сtipреd tоt еvaluqtiоn оf ttrе
plantaf ligamеflt.
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imagе thе origin of thе distal sеsamoidеan ligamеnts (sее
Rig. 3-2). A1l thе hair must bе сlippеd, whiсh is morе
difflсult at thе pastеrn, bесausе thе hair grows in a num-
bеr of diffеrеnt dirесtions. If all hair сannot bе rеmovеd
with a surgiсal сlippеr bladе, thе skin should bе shavеd
ovег thе arеa undеr invеstigation.

Tendon Shеalhs and Bursae

Thе skin ovеr thе еntifе tеndon shеath or bursa to bе
еxaminеd should bе suгgiсally сlippеd, inсluding thе еn-
tirе lеngth of thе tеndon assoсiatеd with thе shеath or
thе bursa. Lеsions loсatеd in thе poftion of a tеndon
within a tеndon shеath may ехtеnd proximal or distal to
thе tеndon shеath. Thus, thе еntifе lеngth of thе tеndon
should bе ехaminеd, not just thе poftion сontainеd
within thе tеndon shеath. Similaф lеsions within a tеn-
don may ехtеnd bеyond thе arеa of a bursa; thеrеforе,
thе еntirе tеndon ovеrlying a bursa should bе ехaminеd.

Nerves

Thе skin ovеr thе nегvе of intегеst should bе suгgiсallv
сlippеd. Bесausе thе nеrvеs arе small stfuсtuгеS that aге
difflсult to imagе in thе bеst of сiгсumstanсеS, pгopег
patiеnt prеpaгation is сritiсal' Shaving thе skin may bе
nесеssafy foг optimal imaging.

Musсle, Bones, and Joints

Thе skin ovеr thе еntifе musсlе, bonе, or joint in quеs-
tion should bе surgiсally сlippеd. To optimally еvaluatе
thе musсlе in quеstion, a rim of surгounding normal
musсlе should also bе ехaminеd. To optimally еvaluatе
thе bonе in quеstion, thе skin ovефing thе bonе should
bе prеparеd from its proximal aftiсulation to thе distal
artiсulation. Thе skin ovеr thе еntiте joint' inсluding thе
synovial сompaftmеflts and сollatеral ligamеnts, should
bе сlippеd for еxamination. A poftion of thе limb proхi-
mal and distal to thе joint should bе inсludеd. Thе еntiте
affесtеd arеa should bе еxaminеd if diffusе swеlling is
pгеsеnt.

Anatomy

Flexor Tendons and Ligaments

Thе flеxor tеndons and ligamеnts in thе mеtaсarpal and
mеtatarsal rеgion aге thе most fгеquеntly imagеd tеndons
and ligamеnts in horsеs. Thеsе tеndons and ligamеnts
should bе sсannеd throughout thеiг lеngth. A thorough
knowlеdgе of thе сrosg-sесtional anatomy of thе flехor
tеndons and ligamеnts (Fig. 3-3) is nесеssary to fесog-
nizе subtlе сhangеs in thеiг sizе and shapе, еaф indiсa-
tions of injury to thеsе stfuсtufеs.rll, l12

Supеrfiсial Digital Flехor Tеndon. Thе supегflсial
digital flехor tеndon in thе forеlimb originatеs from thе
humеral hеad of thе supеrflсial digital flехor musсlе on
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thе сaudomеdial aspесt of thе limb, approхimatеly 6 to
10 сm proximal to thе point of thе aссеssory carpa|
Ltonе.1l,, 113 Its musсulotеndinous iunсtion is loсatеd
within thе сarpal сanal. Thе aссеssory ligamеnt of thе
supеrflсial digital flехor tеndon (supеrior сhесk ligamеnt)
fusеs with thе supеrflсial digital flrxof tеndofl ,ust proxi-
mal to thе antеbraсhioсarpal joint.l11 Thе supегflсial digi
tal flехor tеndon ехtеnds along thе palmar.most aspесt
of thе mеtaсarpal rеgion, forming a ring (thе maniсa
flеxoгia) around thе dееp digital flеxor tеndon in thе
proхimal pastеrn rеgion and bifurсating into a mеdial
and |atetal branсh that insеrts onto thе distal part of thе
lirst phalanx (P1) and thе pгoхimal patt of thе sесond
phalanх @2).ttt' ltз

Both thе supеrfiсial and dееp digital flехof tеndons
afе сontainеd within thе сaгpal shеath in thе forеlimb,
whеrеas only thе dееp digital flеxor tеndon is сontainеd
within thе tafsal shеath in thе hindlimb. In thе distal
mеtaсatpa| rеgion and proximal pastегn, both thе supеr-
flсial and dееp digital flеxor tеndons arе сontainеd мlithin
thе digital shеath; whегеas in thе mid and distal pastегn
геgion, only thе dееp digital flехor tеndon is surroundеd
by thе digital shеath. In thе hindlimb, thе supегflсial
digital flехof tеndon oфinatеs from thе musсulotеndi-
nous junсtion in thе proхimal portion of thе сrus, widеns
and flattеns to attaсh to thе point of thе tubеr сalсis, and
ехtеnds distallr, along thе plantar aspесt of thе mеtataf-
sus. It foгms a гing around thе dееp digital flехof tеndon
in thе pгoхimal pastеrn and bifuгсatеs to form a mеdial
and latегal bгanсh that insегts on distal P1 and pгoximal
P2, as in thе forеlimb.

Dееp Digital Flехor Tеndon. Thе dееp digital flехoг
tеndon in thе forеlimb originatеs from thе thrее hеads
of thе dееp digital flеxor musсlе in thе distal rеgion of
thе radius and еxtеnds distally dorsal to thе supеrliсial
digital flеxor tеndon through thе сarpal сanal and fеtloсk
annular ligamеnt геgion into thе foot.ll..ttэ Jhg humеral
hеad of thе dесp digital flеxor has a stfong tеndon that
appеars about 8 to 10 сm proximal to thе antеbraсhioсar-
pal joint but сontains musсlе flbеrs until thе lеvеl of thе
joint whеге.thе ulnar and radial hеads join thе humеral
hеad.''' Thе aссеssory ligamеnt of thе dееp digital flехor
tеndon (infеrior сhесk ligamеnt) joins thе dееp digital
flrхof tеndon in thе mid to distal mеtaсarpus, having
originatеd from thс pa|mar сarpal ligamеnts. In thе hind
1еg thе dееp digital flеxor tеndon originatеs fгom thе
union of thе latеral digital flехor tеndon and thе mеdial
digital flеxor tеndon. Thе latеral digital flеxoг tеndon
inсorporatеs thе tibialis сaudalis tеndon and passеs ovеr
thе sustеntaсulum tali in thе plantar tarsal shеath. Thе
mеdial digital flехor tеndon passеs ovеf thе proximal
tubеrсlе of thе talus in its own shеath at thе mеdial
aspесt of thе talus to fusе with thе latеral digital flеxor
tеndon in thе proхimal mеtatafsus. Thе dееp digital
flеxor tеndon liеs in a doгsal position геlativе to thе
supеrflсial digital flехoг tеndon in thе proхimal mеtatar-
sal rеgion. In thе mid to distal mеtatarsal геgion, thе
dееp digital flехoг tеndon is usually joinеd by a smallеr
aссеssory ligamеnt of thе dееp digital flеxor tеndon. Its
distal сoursе is similar to that in thе forеlimb.

Infеrior Clrесk Ligamеnt. Thе infегior сhесk liga-
mеnt oг aссеssory ligamеnt of thе dееp digital flехor
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Figure 3-3 Sее lеgeпd on opposite pсrge
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tеndon in thе forrlimb oфinatеs from dhе catpa| fеtinaс-
rrlum as a сontinuation of thе pa|mat catpa| ligamеnt and
insсrts on thе dееp digital flеxor tеndon in thе mid-
metacatpa| rеgion.lll' 113 Thе aссеssory ligamеnt of thе
dееp digital flехor tеndon may bе missing in thr hindlimЬ
or is a small vеstigial struсturе.

Suspеnsory Ligamеnt. Thе suspеnsory ligamеnt
(thifd intеfossеous musсlе) oфinatеs from thе distal row
of carpa| of tafsal bonеs' thе pгoхimal palmaг mеtaсarpal
or plantar mеtatafsal ridgе' and thе palmar сatpa| or tafsal
Ligamеnt and еxtеnds distally bеtwееn thе sесond and
fourth mеtaсaгpal of mеtatafsal bonеs to thе junсtion
tlеtwееn thе mid and distal third of thе mеtaсarpus oг
mеtatafsus. It thеn bifufсatеs into two branсhеs that
insеrt on thе abaхial surfaсеs of thе proхimal sеsamoid
bonеs.ll1, .13 Small rхtrnsof bгanсhеs afе givеn off that
insеft on thе doгsomеdial and dofsolatеfal aspесt of proх-
imal P1. Thе origin of thе suspеnsory ligamеnt is bilobеd
in thе forеlimb and appеars inсomplеtеly sеparatеd as it
oгiginatеs from thе sесond and thifd сatpa| bonеs.l'' Thе
suspеnsory ligamеnt in thе forеlimb is approхimate|У 20
to 25 cm long. Thе suspеnsory ligamеnt in thе hindlimb
is tfapеzoid.shapсd and mеasufеs approхimate|у 25 to 3o
сm in lсngth. Thе suspеnsory ligamеnt сonsists of stгiatеd
musсlе' fat, loosе arеolaг сoшrесtivе tissuе, сonnссtivе
tissuе flbеrs, blood vеssеls, and nеrvеs.6

Pastеrn. Thе сгoss-sесtional aпatomУ of thе tеndons
and ligamеnts in thе pastеrn is еvеn morе сonfusing
bесausе thе tеndons and ligamеnts сhangе shapе and
dirесtion from thеiг oгigin to insеrtion (Fic. 3-4).

Sшpeфci'al I}igitаl Flrхor Tend'on. Thе supеrfiсial
digital flеxor tеndon forms a гing around thе drrp digital
flеxof tеndon in thе proximal pastеm and thеn bifurсatеs
to form mеdial and |ateta| bгanсhеs that insеrt on thе
|ateru| and mеdial maгgins of thе distal aspесt of thе fiтst
phalanх and thе proximal aspесt of thе sесond phalanх.
Thе branсhеs of thе supеrfiсial digital flеxor tеndon in-
sеrt bеtwееn thе aхial and aЬaхia|-pa|mat ligamеnts of
thе pгoximal intеrphalangеal joint onto thе sсutrrm mе.
dium (thе flbroсartilagе along thе proхimal boгdеr of
P2).sэ' l'l't

Dееp Digital FIехor Teшd'oп Thе dееp digital flеxor
tеndon liеs immеdiatеly dorsal to thе supегflсial digital
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flехof trndon in thе proximal pastеfn rеgion, palmaг or
p|antar to thе straight distal sеsamoidеan ligamеnt, and is
suffoundrd by thе digital shеath throughout thе lеngth
of thе pastеm. Thе distal digital annular ligamеnt is ad-
hеrсd to thе palmar of plantaf surfaсе of thе distal por-
tion of thе dееp digital flеxor tеndon.''' Thе dееp digital
flехor tеndon is moldсd to thе naviсular Ьonе's сontour
as it еxtеnds palmar or plantar to thе naviсular bonе.
Thе dееp digital flеxor tеndon ехtеnds distauy into thе
foot to insеrt on thе third phalarrx.

Middlr (obИque) Distаl Sesannoi.d,eаш ligаment.
In thе pгoximal portion of thе pastеrn, thе oгigins of thе
middlе distal sеsamoidеan ligamеnt aгisе from thс basе
of thс mеdial aлd |ateru| proхimal sеsamoid bonеs and
ехtеnd diagonally aсfoss thе pгoхimal aspесt of thе flrst
phalarrx to join еaсh othеr nеaf thе junсtion of thе
proximal and middlе thiгd of thе pastеrn. Hеrе thе
hranсhеs of thе middlе distal sеsamoidеan ligamеnt foгm
onе widе ligamеntous tland nеaг thе ligamеnt's insеrtion
on thе pa|mar or plantaг asprсt of Pl, tlеginning at thе
pa|mat of plantar aspесt of proximal Pl and еnding
bеtwееn thе proхimal insеrtion of thс two axial pa|mar
or plantar li8amеnts of thе proximal intеrphalangсal joint
nеaг thе junсtion of thе middlе and distal thirds of Pl.
Thе middlе distal sеsamoidеan ligamеnt is thе most doгsal
struсtuгr in thе mid-pastеm геgion.

Strоigbt Distаl Sesomoidеоn ligошешf. Along thе
pa|mat oг plantаг аspесt of thе middlе distаl sеsamoidеan
ligamеnt liеs thе stгaiфt distal sеsamoidеan ligamеnt in
thе mid-pastеrn rеgion. In thс distаl portion of thе pas
tеm, thе stfaight distal sеsamoidеan ljlamеnt is thс most
dorsal struсturе. It oфinatеs fгom thе basе of thе proxi-
mal sеsamoid Ьonеs, whеrе it has a trapсzoid shapе, and
еxtеnds distally to insеft on thе sсutum mеdium onto
proхimal P2.

Сrшciаte Distаl Sesа'moid,eаш ligашeшf. Thе сruсi-
atе distal sеsamoidеan ligamеnts form thе palmar oг plan-
tar wall of thе synovial гесеss of thе distal palmar or
p|afutar asprсt of thе mеtaсatpa| ot mеtatarsal phalangеal
ioint. Thеsе ligamсnts insrrt on thе aхial aspесt of thе
proхimopalrnar or proхimoplantar tubеrosity of P1'11'

A thorough knowlеdgе of thе anatomy of thе tеndons
and ligamеnts (oгigins and insеrtions and thеir rеlation-

Figure 3-3
Afiatomy of thе flсxor tеndons and ligamсnts ifi thе mеtaсa4)al гсgion of thе horsе. Thеsе figuгеs arе tfansvегsе сfoss-sесtions throuф thе
mеtaсaц)us of a normal hoгsе, illustrating thе intегrеlatioпships of thе flехoг tеndons and ligamеnts. Thе right sidе of thеsе сfoss-sесtiofls is mеdial
and thе lеIt sidе is latеfal.

,4, Thе supегfiсial digital flrxof tеndon (sDF), dеrp digital flехoг tеfldon (DDF), infегior сhесk ligamеnt (IсL), and oгigin of thе suspеnsory
ligamеnt (sL) in thе mеtaсaгpal fеgion at zonе 1A aге dеpiсtеd. Notiсr thе tlilobеd apреaгaflсе of thе SL origin iл this zonе and its moге
hеtеrogеnеous appеafanсе with aгсas of musсlе tissuе сontаiflеd within еaсh 1oЬе.

B, Iп thе mid to distal mеtaсarpal геgion (zonе 2B), thе SDF has flattеnеd somе iтr a dorsal to palmaг difесtion and widеnеd in a mеdial to latеfal
dirесtion, thе DDF is oval tr shapе, thе IсL is insеrtiflg iflto thе DDF at this lеvеl, and thе SL body is tlеginning to Ьifuгсatе. Notiсе thе widеnеd'
rесtangular Lppеataлсe' of thе SL tlody and its moге hсtсгogеnеous appеагalrсе сomparеd to thе othеr tеndinous and ligamепtous struсturеs.

с, In thе distal mеtaсaгpal rеgiofl in zonе 3B, thе SDF сontinuеs to flattеfi in a doгsal to palmar diтесtion and widеn in a mеdial to latегal
difссtiofi. Thе DDF is somеwhat rоuпdег aftеr bеing joinеd Ьy thе IсL. Thс SDF and DDF aге suггorrndеd by thе digital shеath at tttis lеvеl. Thе SL
tlranсhеs аtе гouпd at this lеvеl and must Ье imagеd from thе mеdial and latегal aspесt of thе limЬ Ьесausе thеy atе mostly out оf thе planе of thе
imagе from thе palmar suгfaсе of thе lеg.

,, At thе lеvеl of thе mеtaсaц)ophaLangea| joiтlt iust pгoximal to thе егgot in zonr 3с, thе sDF has a thin, flattеnеd, sliфtly сurvеd shapе
adjaссnt to thе flattеnеd' oval DDF. Thе sDF аnd DDF aге srrrroundеd by thе digital shеath and thе annulaг ligamеnt is pгеsеfrt at this lеvсl,
although it is usually hdistinguishablе fгom thе digitаl shсаth. Thе SL Ьгапсhеs arе iflsегting on thе aЬаxiаl suгfaсеs of thе pгoximal sеsamoid
tloпеs and thе intегsеsamoidеaп ligamеnt is funagеd along thе aхial margins of both pгoximal sеsamoid bonеs. @rom whitе NA II, мooге JN:
сurrеnt Praсtiсе of Еquinс Suгgеry. Phitadсlphia, JB Lippinсott' |99o, pp 426-427.)
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ships to onе anothеr) and thе fеlatеd musсLrlar' synovial'
and bony struсtufеs is impoftant to fully еvaluatе tеndi
nous and ligamеntous abnormalitiеs.lll, l12

Supеrior Chесk Ligamеnt. Thе supеrior сhесk liga-
mеnt (aссеssory ligamеnt ot radia| hеad of thе supеrfiсial
digital flеxoг tеndon) attaсhеs thе musсulotеndinous
junсtion of thе supеffiсial digital flеxor tеndon to thе
сaudomеdial suгfaсе of thе distal radius. Thе supегior
сhесk ligamеnt is a strong flbгous band that arisеs from
a ridgе on thе сaudal suгfaсе of thе radius nеar its mеdial
bordеr along thе distal thifd of thе radius.',', l'a Меdially,
thе supеrior сhесk ligamеnt is adiaсrnt to thе flехor
сaгpi radialis tеndon shеath.1ll

Annular Ligamеnts. Thе fеtloсk pa|maflp|antaf annu-
lar ligamеnt сontains thе supеrfiсia| and dееp digital
flехor tеndon and thе digital shеath as thеy pass along
thе palmar or plantaf aspесt of thе mеtaсa{po- of mеtatar-
sophalangеal joint. Thе fеtloсk annular Пgamеnt attaсhеs
to thе abaхia| surfaсеs of thе proximal sеsamoid bonеs
and ехtеnds tfansvеfsеly aсfoss thе palmar or plantaf
aspесt of thе fеtloсk.''3 Its proхimal-most еxtеnt is just
proximal to thе apеx of thе proхimal sеsamoid bonеs
and its distal ехtеnt is thе basе of thе pгoximal sеsamoid

DDF
DUг

B

Figurе 3-4
Anatomy of thе tеndons and ligamеnts in thе pastеm rеgion of thе horsе.
Thеsе liguгеs arе tfаflsvегsе сross-sесtions throuф thе pastеm of a пoгmal
horsе' illustгating thе ifitеffеlatioпships of thе flехor tеndons aпd distal
sеsamoidеan ligamеnts.

А, Diagram of thе pгoдimal pastеm oЬtainеd fгom a noгmal hofsе at
zonе P1A. Notiсе thе thin supеffiсial .|igital flехoг tеndon (sDF) аrсing
aгound thе dееp digital flехor tепdоn (DDF) and forming a thifl гing at
this lеvеl. Thе stгaiфt distal sеsamoidеan ligamrnt (SDSL) is a Ьгoad-Ьasеd
struсtuге flеaг its oгigin. Notiсе thе laгgеf oval-shapеd ofigins of thе
Ьгanсhеs of thе middlе (obliquе) distal sеsamoidеaп ligamеnts (МDsL) as
thеy ofiginatе fгom thе basе of thе pfoximаl sеsamoid bonеs.

B, Diagram of thе rпid pastеm obtainеd fгоm a normal hoгsе at zol1..
PlB. Notiсе thе Ьгаnсhing of thе SDF and thе tеar-shapеd appеaranсе of
both SDF Ьгanсhеs Notiсе thс bilobеd appсaranсе of thе DDF withifl thе
digital shеаth. Thе SDSL hаs trесomе smallеr and molе oval in shapе at
this lеvеl. Thе two bгanсhеs of thе МDSL havе johеd and arе insеrting
аloпg thе palmar аspесt of thе middlе Poгtioп of thе fust phalаflx (P1).

С' Diagnm of thе distal pastеm obtainеd from a normal hoгsе at zonе
Plс. Notiсе thе insегtions of thе SDF Ьranсhеs along thе mеdial and
latегal aspесts of thе pastеm. Thе DDF still has a somеwhat Ьilolrеd
appеaгa1rсе and is suггouпdеd by thе digital shеath. Thе sDsL is slightly
Ьгoаdеr as it appгoaсhеs its insеrtion оn thе proximal portion of thе
sесоnd phalanх @2)'

bonеs.oo Thе normal fеtloсk annulaf ligamеnt is a thin
struсturе in thе normal horsе, diffiсult to distinguish from
thе digital shеath with whiсh it is intimatеly assoсiatеd.
Thс proximal digital annulaf ligamеnt сontains pгimaгily
thе dееp digital flеxor tеndon and digital shеath along
thе palmaг or plantaf aspесt of thе flrst phalarrх. Thе
proximal-most ехtеnt of thе proхimal digital annular liga-
mеnt is thе distal aspссt of thе proximal palmaf aspесt
of P1 and thе distal-most aspесt is at thе lеvеl of insеrtion
of thе middlе (obliquе) distal sеsamoidеan ligamеnt. Thе
pгoхimal digital annulaf ligamеnt has latеral and mеdial
bands that originatе on thе middlе of thе bordеfs of thе
proximal phalanx and illsrft distally on thе pa|mat margin
of thе proхimal еnd of thе middlе phalanх @2) and its
flbroсartilagе. rrr' ll3

Biсipitаl Tеndon. Thе biсipital tеndon oфinatеs
from thе supraglеnoid tubеrсlе of thе sсapula and insеrts
on thе radial tubегosity, thе mеdial сollatеfal ligamеnt of
thе еlbow, foгеarm fascia, and thе ехtеnsoг сarpi fadialis
tеndon.113 Thе biсipital tеndon сonforms to thс shapе of
thе intеrtubегal groovе in thе humеrus with an isthmus
сonnrсting thс largеr |atera|,lobе with thе smallеr mеdial
lobе. Thе isthmus of thе biсipital tеndon liеs dirесtly
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сгдnial to thе intеrmеdiatе tubеrсlе of'thё humеrus' Thе
latеral lobе гidеs ovеr thе gfеatеf tubегсlе of thс humеrus
with thе mеdial lobе riding ovеr thе lеssеr humеral tutlеr-
сlе. A tеndinous band bеtwееn thе gteatet and lеssеr
tцbеrсlеs anсhors thе tеndon in thе intеrtubеral gfoovе.
Thе infгaspinatus musсlе insеrts in thе сaudal еminеnсе
of thе gfеatеf tutrеrсlе of thе humеrus from thе |atqa|
aspесt of thе shouldеr.

Еxtеnsor Tеndons
Eхtensor Саrpi Rсld,iаlis Tendoп Thе laгgеst tеn-

don on thе dorsal aspесt of thе radius is thе ехtсnsof
сaгpi radialis tеndon, whiсh еxtеnds from thе rхtеnsor
сагpi radialis musсlе to thе mеtacarpa| tutrеrosity.'l3 It is
loсatеd on thе dorsal midlinе of thе сafpus.

Cotntnon Digital Exteпsor Tend'ott" I-atera|' to thе
ехtеnsof сarpi radialis tеndon is thе сommon digitаl ех-
tеnsor tеndon, whiсh may join thе latеral digital rхtеnsoг
tеndon via a branсh or еxtеnd sеparatеly to thе fеtloсk.113
Thе long (сommon) digital еxtеnsor tеndon is loсatеd on
thе сгaniolatегal aspесt of thе distal гadius and еxtеnds
distally towards thе midlinе in thе pгoximal mеtасацral
геglon.

Eхtensor Саrpi obliqшшs Tendotъ Thе ехtеnsoг
сагpi obliquus ехtеnds from thе pгorсimal and latеral
aspесt of thе distal radius in a distаl and mеdiel diгесtion
чrith its tеndon running in thе otrliquе gгoоvе of thе
distal radius and attaсhing to thе pгoхimal aspесt of
thе sесond mеtaсafpal bonr.''3 Thе еxtеnsoг геtinaсulum
сovеfs thеsе tеndons ovеr thе doгsal aspссt ofthе сaц)us.

Iаterа,I Iligital Eхtensor Tend.otь Thе latегal digital
ехtrnsof tеndon is thе smallсst ехtеnsof tеndon and runs
bеtwееn thе supеrflсial (long) and dееp (short) сollatегal
ligamеnts along thе |ateta| aspесt of thе сarpus.113

Unаris lаterаlis Tend,otь Thе rrlnaris latегalis has
two tеndons of insеrtion distally along thе |atс-ra| aspесt
of thе сarpus. Thе short tеndon insеrts on thе aссеssory
сatpa| bonе with thе flехor сarpi ulnaris. Thе long tеn-
don insеrts on thе fourth mеtaсarp3l bonе, oфinatеs in
thе proximal carpa| rеgion, and runs through a gfoovе
on thе aссеssory сarpa| bonе to its insегtion.11]

Gastroсnеrnius Tеndon. Thе latеral and mеdial hеads
of thе gastfoсnеmius musсlе aге supегflсial in loсation
аnd unitе to foгm thс gastroсnеmius tеndon in thе сrus.
Thе gastfoсnеmius tеndon spirals around thе supеrflсial
digital flеxor tеndon from |aten| to dorsal and thеn in.
sсrts on thе сalсanеan tubеrosity. Thе сommon сalсanеal
tеndon is a сombination of thе gastroсnеmius and supеf-
fiсial digital flехor tеndons and thе axial and mеdial tarsal
tеndons with сontributions from thе biсеps fеmoris,
sсmitеndinosus, graсilis, and solеus musсlеs.65 Thе aхial
and mеdial taгsal tеndons arе also rеfеrrеd to as thе dееp
taгsal tеndons. Thе mеdial tarsal tеndon insеfts on thе
tеndon of thе gastroсnеmius just proximal to its insеr-
tion. Thе axial tarsal tеndon bifurсatеs distally and insсrts
on thе os сalсis with a largеr mеdial than\atеta| branсh.65
Thе Aсhillеs tеndon is thе сombination of thе gastroсnе-
mius tеndon and thе solеus tеndon only.65 Along thе
сaudal surfaсе of thе tibia, angling from latеral to mсdial'
aте thе poplitеus musсlе and thе thтее hеads of thе dееp
dicltal flеxor musсlе.

P|arrtat Ligamеnt. Thе plantar ligamеnt originatеs
fтom thе p|aлtat aspесt of thе proxima| and|ateta| еxtеnt
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of thе tubеr сalсis and insеrts on thе flbular tarsal bonе,
fourth tarsal bonе, and proximal еxtrnt of thе fourth
mеtatarsal bonе'll3 Thе plantar ligamеnt сovеfs thе latеral
aspесt of thе plantar surfaсе of thе hoсk and is latеral to
thе dееp digital flехoг tеndon along its distal margin.

Pеronеus Tеrtius Tеndon. Thе pеronеus tеftius tеn-
don oгiginatеs from thе latегal aspесt of thе distal еpiсon-
dylе of thе fеmur along with thе long digital еxtеnsof
tеndon, еxtеnds distally along thе dorsal aspесt of thс
tibia, and bifurсatеs ovеf thе doгsal aspесt of thе hoсk.''3
Thе pеronеus tеftius tеndon insегts |atera||у on thе сalсa-
nеus and fourth tarsal bonе and mеdially on thе third
tarsal tronе and third mеtatarsal bonе.

Long Digitаl Е)сеnsoг Tеndon. Thе long digital еx-
tеnsof tеndon originatеs fгom thе еxtеnsof fossa of thе
fеmur in сommon with thе origin of thе pсronсus tеftius
tеndon and insеrts on thе еxtеnsof pfoсеss of P3 and
thе dorsal surfaсеs of thе proximal ехtrеmitiсs of Pl
and P2.''э

Tibialis Cranialis and Cunеan Tеndon. Thе tibialis
сгanialis musсlе liеs dееp to thе prronсus tсftius tеndon
and oгiginatеs from thе latегal сondylе of thе tibia and
thе latегal surfaсе of thе tibial tubеrosity.113 Thе insеrtion
of thе tibialis сгanialis Ьеgins just pfoхimal to thе hoсk
аnd bifuгсаtеs immеdiаtеly distal to thе pеfonеus tеrtius
bifrrгсаtion. Sеvегal lатgе blood vеssсls arе prеsеnt
arorrпd this bifuгсаtion. Thе tibialis сranialis tеndon is
suггorrndеd bу a shеath аs it сouгsеs bеtwееn thе
bгanсhеs of thе pегonеrrs tсгtius tеndon. Thg сunеan
tепdon (thе mеdial bгаnсh o1il1g 1i!iаlЬ сгaniаlis tеndon)
insсгts on thе fi-гst taгsal bonе and thе othеr tеndon
of insсгtion insегts on thе proximal еnd of thе thiтd
mеtаtaгsа] tronе.l'3

Thе Bасk. Thе nuсhal ligamеnt is that poftion of thс
supгaspiпous ligamеnt that is еlastiс and ехtеnds from
thе oссipital bonе to thе withеrs. Thе rеmaindег of thе
supгaspiпous ligamеnt, whiсh ехtеnds fгom thе withеrs
to thе saсfl'rm, is morе fibrous. Thе supraspinous liga-
mсnt insегts on thе summits of thе thoгaсiс and lumbar
spinous pгoсеssеs.75'l13 Мultiplе tеndons of insеrtion of
thе longissimus doгsi musсlе сontгibutе.to thr supraspi-
norш ligamеnt on еaсh sidе, whеrеas vеntfally it is di-
rесtly сontinuous with thе intrrspinal ligamеnts.75 A
buгsa is pгеsеnt bеtwееn thе supгaspinous ligamеnt and
thе doгsal arсh of thе atlas.75, 1l3 Anothеr bursa may bе
pгеsеnt in somе horsеs ovеr thе axis.''3 A bursa is also
prеsеnt bеtwсеn thе ligamеntum nuсhaе and thе dorsal
spinous pгoсеssrs at thе withеrs, most сoпrmonly dе-
tесtеd ovег thе sесond thoraсiс Spinе.tlз othеr bursaе
may oссuг oYеf thе highеst thoraсiс spinrs. A variablе
amount of fat and сonnесtivе tissuе liеs dorsal to thе
nuсhal ligamеnt in thе сегviсal rеgion ехtеnding as far
сaudally as thе withеrs. A thiсk layеr of subсutanеous
fasсia is сontinuous with thе supraspinous ligamеnt in
thе thoгaсiс rеgion. Thе doгsal spinous pfoсrssеs aге
сonnесtеd by thе intеrspinous ligamеnts that ехtеnd bе-
twееn thе spinеs of adjacent vеrtеbfaе. Thе dorsal spi-
nous pfoсеssеs havе |atgе cartl|aginous сaps in thе сra-
nial thoraсiс rеgion (withеrs). Thе dorsal saсroiliaс
ligamеnt oгiginatеs from thе lеfit oг right tubеr saсralе
and insеrts onto thе saсfum.75, r13
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Tendon theaths and Bursae

Flехor Tеndon Shеaths
Cаrpаl Sheаtll. Thе сaгpal shеath is сomposеd of two

сompaftmеnts in thе metacatpa| rеgion: a dorsal and
a pa|mat сompaftmеnt, whiсh сommuniсatе abovс thе
lеvеl of thе aсссssory carpa| bonе..'5 Thе two сompaгt-
mеnts aгс sеparatеd bу a fold of thе visсеral layеr of thе
сatpa| shеath and thе mеsotеndon.ll5 Thе dorsal сompart-
mеnt еxtсnds along thе dorsal aspесt of thе dееp digital
flехor tеndon until thе insеrtion of thе infегior сhесk
ligamеnt into thе dееp digital flехof tеndon' Thе pa|mar
сompaftmеnt is loсatеd bеtwееn thе supеrflсial and dееp
digital flехor tеndons in thе mеtaсafpal rеgion.

TаrsаI Sheаt|l. Thе tarsal shеath surrounds thе dееp
digital flеxor tеndon and еxtеnds fгom approximatеly 6
сm proximal to thе |ateta|, mallеolus of thе titlia distally
to thе junсtion bеtтvееn thе pгoхimal and middlе thiтd
of thе mеtataгsus.116 Thе proximal poгtion of thе taгsal
shеath is not surгoundеd by thе dсеp tагsal fasсia.''6

I}igitаl Sheatb. Thе digital shеath bеgins nеaг thе
junсtion of thе middlе to disиl third of thё mеtaсarpus
oг mеtatarsus, suггounds thе supеrfiсia| and dееp digital
flсхoг tеndons, and ехtеnds distally into thе distal pas-
tеrn, suffounding only thе dееp digital flеxoг tеndon in
thе middlе to distal rеgion of thе pastеm'61'66 Thе drgltаl
shеath oгiginatеs at thе suspеnsory ligamеnt bifi.rrсation and
еxtеnds distаlly throuф thе fеtloсk arrnular Ligamсnt and
thе proximal and distаl digital anntrlar ligamеnts.72, |15 Thе
digital shеath is approximatе|у |4 to 20 сm long.в, т,. 115 Thе
rliфtal shеath has 1fiтее fесеssеs.72, ''1 Folding and saссula-
tion of ]thе digitаl shеath oссur normally proximal to thе
fеtloсk annulaг ligamеnt in thе proximal rесеss of thе digital
shеath.8 Thе сollatеral fесеssеs arе loсatеd on thе latеral
and mеdial aspесtsof thе pastегn bеtwееn thе distal sеsa.
moidеan ligamеnts and thе flехoг tеndons.'11 Thе distal
fесеss еxtеnds bсtwееn P2 and thе doгsal aspесt of thе
dееp digital flеxor tеndon.l1l Thе digital shеath is ad-
hегеd to thе palmar of plantaf aspесt of thе supеrflсial
digital flеxor tеndon in thе palmar aspесt of thе fеtloсk
and in thе pгoximal pastеtn.12' 1ll Thr dееp digital flехor
tеndon is attaсhеd to thе digital shеath proхimally along
its mеdial and|ateru| margins by a mеsotеndon.72' 1l3

Еxtеnsor Tеndon Strеaths
Eхtensor Саrpi Rаdiаlis Teшdon Sbeаtll. Thе ех-

tеnsoг сaгpi гadialis tеndon is surroundеd by a synovial
shеath ovеr thе dorsal aspесt ofthе сaгpus. This synovial
shеath еxtеnds fгom thе distal aspесt of thе radius to thе
mеtaсafpal tubегosity.'' 3

Cotntпon I}igitаl Eхtensor Tendon Sbeаth. Tlre
сommon digital еxtеnsof tеndon and its branсh afе suf-
roundеd try a сommon synovial shеath ovеf thе dofsal
aspесt of thе сarpus that bеgins at thе lеvеl of thе distal
radius and еnds ovсr thе pгoximal aspесt of thе mеtaсar-
pus.tt'

Eхtensor Саrpi obliquшs Tendan Sbeоtll. Thе tеn-
don of thе еxtеnsor сarpi obliquus is сovеrеd by a syno-
vial shеath ovеf thе dorsal asресt of thе сaц)us bеtwееn
thе еxtеnsor catpi ndia|is tеndon and thе mеdial сollat-
еral ligamеnt and еxtеnds palmaф along most of its
lеngth.87' 113

Iа,terаI Digitаl Eхtensor Tendoш Sbeа't|l' Thе lat-

сral digital еxtеnsof tеndon is сovеrеd by a synovial
shеath in thе сarpal геgion bеtwееn thе long and short
сollatеral ligamеnts. This tеndon joins thе long digital
ехtеnsof tеndon just bеlow thе сarpus.ll3

(Лnаris lаterаИs Tend,on Slceа't|l. A synovial shеath
сoYеrs thе long tеndon of thе ukraris latеralis musсlе
throughout its сoursе from thе pгoximal catpa| rеgion
to its insеrtion on thе proximal poftion of thе fourth
metacarpa| tronе.''3

Bursaе
Bicipitаl Bшrsа. Thе biсipital bursa liеs bеtwееn thе

biсipital tеndon and thе intеrtutrеral gfoovе of thе distal
humеrus.113

Nаuiculаr (Podotrochleаr) Bшrsа'. The naviсular
bursa liеs bеtwееn thе naviсular bonе and thе dееp
digitаl flехoг tеndon. It еxtеnds proximally along thе
dееp digitаl flехoг tеndon for 1 to 1.5 сm proximal to
thе distаl sеsamoid bonе and distally to thе insсrtion of
thе dееp digital flехoг tеndon onto P].trt' tlз

Troclэаntеric Bursа. Thе tгoсhantеriс buгsa liеs bе-
twееn thе aссеssory hеad of thе middlе glutеal musсlе
and thе gfеatrr ttoсhantеr.t13

Саkаneаl Bшrsа,. Thе сalсanеal bursa liеs bеtwееn
thе supеrflсial digiТal flеxor tеndon and thе gastfoсnе-
mius tеndon.l|3

Gаstrocnemiшs Bшrsо. Thе gastroсnеmius bursa is
pгrsеnt in somе horsеs and liеs bеtwееn thе gastroсnе-
mius tеndon and thе tubеr сalсis.l13

Сшneаn Bшrsа. Thе сunеan bursa liеs bеtwееn thе
сunran tеndon and thе undеrlying bonе.ll]

Аtlа,ntа'l Bшrsа. Thе atlantal bursa liеs bеtwееn thе
nuсhal ligamеnt and thе atlas.113

Sшprаspinoшs Bшrsа. Thе supraspinous buгsa liеs
bеtwееn thе sесond thoraсiс vеftеbfaе and thе supraspi
nous ligamеnt.ll3

Nerves

Thе anatomy of еaсh nеrvе undеr ехamination shorrld bе
known, along with its rеlationship to thе surrounding
stfuсturеs, to loсatе thе nеrvе for sonographiс еxamina-
tion. Thе supеrflсial nеfvеs aге Yеry small and arе loсatеd
immеdiatеly undеr thе skin suгfaсе. Thе palmar digital
nеrvе liеs immеdiatеly pallmat or plantar to thе pal.mat
digital artеry.

Musсle

Thе origins, insеrtions, shapе, and size of еaсh musсlе
shorrld bе known foг thoгough sonographiс еvaluation of
suspесtеd musсular abnormalitiеs.

Bone

A thorough knowlеdgе of thе normal bony protubег-
anсеs, thе physеs, thе agе ofthе horsе at physеal сlosurе,
thе loсations of artiсular сartilagе and joint сapsulеs,
thе oгigins and insеrtions of thе various tеndons and
ligamеnts, and thе artiсulations bеtwееn thе various
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bonеs is nесеssary for aссuratе sonogtaphiс еvaluation
of bony stfuсtufеs.

Joints

Thе loсations of thе joint сapsrrlе, synovial сompart-
mеnts, сollatеral ligamеnts, and artiсrrlat сaftilragе arc
important aspесts of thе sonographiс еvaluation of a
joint. Thе anatomy of thеsе stfuсtufеs, as wеll as anУ
assoсiatеd pегiartiсular stfuсturеs suсh as surrounding
tеndons, ligamеnts, and musсlеs, must bе known to thof-
oughly еYaluatе thе joints of horsеs, bесausе abnormali.
tiеs may involvе any of thеsе struсtuгеs'

Shouldеr. Thе musсlеs and tеndons of thе shouldеr
afе. thе stabilizеrs of this joint. Thе supraspinatus, infra-
spinatus, and tеrеs minor musсlеs stablizе thе joint latеr-
ally; thе subsсapularis musсlе is thе mеdial stabilizеr
of thе shouldеr.11э Сrania||у, thе biсеps braсhii and thе
supraspinatus musсlеs stabilizе thе sсapulohumеral joint;
thе tгiсеps braсhii is its сaudal stabilizеr.l13 Thе flbгous
joint сapsulе is attaсhеd 1 to 2 сm distal to thе artiсular
margins of thе sсapulohumеral joint. Two еlastiс glеno-
humеral ligamеnts ofiginatе from thе supraglеnoid tutlег-
сlе and insеrt on thе tubеrositiеs of thе humеrus, чzhiсh
also stabilizе thе shouldеr ioint.

Еlbow. Thе short |atеta| сollatеral ligamеnt oгiginatеs
from a dеprеssion on thе |ateru| еpiсondylе of thе hu.
mсrus and insеrts distally on thе |atеra| tubеrosity of
thе radius, just distal to thе margin of thе artiсrrlaf
suгfaсе..oo' ll3 Thе mеdial сollatегal ligamеnt of thс сubital
joint originatеs proximal to an еminеnсе on thе mеdial
еpiсondylе of thс humеrus and dividеs to insеrt in two
pafts on thе radius'1oo' 113 Thе longег branсh of thе insеr-
tion is'morе supегflсial and insегts on thе mеdial bordеr
of thе radius, just distal to thе lеvеl of thс intеfossсous
s.рaсе. Thе dееpеr shortеr bгanсh insеrts onto thе mеdial
tubеrosiф of thе radius

Carpus. Thе еxtеnsor rеtinaсulum is loosе and сovеrs
thе dorsal aspесt of thе сarpal joints.113 Thе palmar сarpa|
ligamеnt is thiсk and dеnsе, is сlosеly attaсhеd to thе
сatpa| bonеs, and forms thе dorsal wall of thе сarpal
сanal.loo' 1l3 Thе |atеra| сollatеral ligamеnt ехtеnds ffom
thе latеral (ulnar) sфoid pfoсеss distally to thе fourth
and third metaсatpa| bonеЪ.'oo,ttt Jhg |aten| digital ехtеn.
sof tеndon, surтoundеd by its synovial shеath, passеs
through a long and supеrflсial сollatеral ligamеnt and
a shoгt and dееp latеral сollatеral ligamеnt.'oо'ltз lfug
palmarolatеral pouсh of thе antеbraсhial carpa|' joint is
intеrposеd bеtwееn thе long tеndon of thе ulnaгis latеf-
alis and thе ulnar sфoid pfoсеss. Thе mеdial сollatеral
ligamеnt originatеs fгom thе mеdial sфoid proсеss of
thе radius and insеrts distally on thr third and fouгth
mеtaсarpal bonеs'1oo'ttз ffi6 mеdial сollatегal ligamеnt
is strongеr and widеr distally than thе |atera| сollatегal
ligamеnt. Numеrous short ligamеnts сonnесt tlvo of
morе adjaсеnt catpa| bonеs.ll3 Thе aссеssory сarpal bonе
is сonnесtеd by thrее ligamеnts to thе adjacent
bonеs.'oо' l 13 Thе proхimal ligamеnt (aссеssoriou\nat |iga-
mеnt) сonnесts thе |atеra| asprсt ofthе aссеssory сarpal
bonе to thе distal |atqa| aspесt of thе radius. Thе middlе
(aссеssoгioсarpoulnaг) ligamеnt сolшlесts thе latегal as-
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pесt of thе aссеssory сarpal bonе to thе latеral aspесt of
thе ulnar catpa| tlonе. Thе distal ligamеnt oгiginatеs fгom
thе latеral aspесt ofthе aссеssory catpa| bonе and insrfts
on thе latеral aspесt ofthе fourth сarpa| bonе (aссеssoгi-
oquartal ligamеnt) and on thе proximal еnd of thс fourth
mеtacarpa| bonе (aссеssoгiomеtaсarpal ligamеnt). Thе
joint сapsulе of thе radioсarya| jolnt is thе most volumi.
nous, whеrras thе сafpomеtaсafpal joint is thе most
limitеd and сlosеly attaсhеd to thе bonсs.

Fеtloсk. Two layеrs of сollatеral ligamеnts of thе mеta-
сafpo- of mеtatafsopha|angea| joints еxist.1Oo' 113 Thе long
сollatеral ligamеnt еxtеnds straight from thе distal latеral
or mеdial mеtaсarpus of mеtatafsus to thе pгoхimal mе-
dial or |atera| aspесt of Pl. Thе long (supеrflсial) сollat-
еral ligamеnt arisеs from thе mеdial and|atera| еminеnсеs
of thе distal mеtaсafpus of mеtatafsus and insеrts just
distal to thе сеntеr of thе aгtiсulaf surfaсе of P1.1oо' ll3

Thе short (dееp) сollatеral ligamеnt has an obliquе oгiеn-
tation.ll3 Thе short сollatеral ligamеnt aгisеs from thе
еpiсondylar fossa bеtwееn thе distal еminеnсеs and artiс-
ular margin of thе third mеtaсarpal of mеtatafsal bonеs-
and еxtеnds in a distopalmaf of distoplantar dirесtion to
insегt on thе abaхial suгfaсе of thе proхimal sеsamoid
bonе and thе palmar or plantar surfaсе of Pl.loo' 113 A
doгsal сompaгtmrnt of thе mеtaсarpo- or mеtatarsopha-
langеal joint with a doгsal synovial rеflесtion or pliсa and
a mеdial and latегal сompartmrnt adjaсеnt to thе mеdial
or latегal suspеnsory ligamепt branсhеs and thе distal
mеdial oг latеral mеtaсaгpus oг mеtaигsus is prеsеnt. A
subtеndinous tlrrrsa of thе long digital еxtеnso.f tеndon
is pfеsrnt o\rrf thе dorsal aspесt oГ thе mеtaсa4)o. or
mrtatafsopha|angea| joint in noгmal hoгsеs.

Pаstеrn. Thе сollatеral ligamеnts of thе pгoхimal intег-
pha|angea| joint originatе fгom thе mеdial and, |atera|
еminеnсеs and adjaсent dеprеssions of distal Pl and
insеrt on thе mеdial and \ateta| еminеnсеs of proхimal
P2.1oo' 1l3 Small mеdial , |atera|, and dorsal сompaftmеnts
of thс proximal intегphalangеal joint afr pfеsеnt. Thе
сollatеral ligamсnts of thе distal intеrphalangеal joint orig.
inatе fгom- thе dеprеssions on thе mеdial and |atеra|
aspесts of tliе distal phalanх and insеrt on thе aЬaхia|
dеprеssions on thе еxtеnsof proсrss of P3 and on thе
dorsal aspесts of thе сollatеral сaftilagеS'1oo' 113 Small dor-
sal and pa\mat or plantar сompaftmеnts afr prсsеnt in
thе distal intеrphalangеal joints'

Hip. Thе сoxofеmoгal joint is formеd by thе artiсula-
tion of thе fеmoral hеad with thе aсеtabulum and has a
foomy joint сapsulе. Bесausе it is a ball-and-soсkеt joint,
thе fеmoral hеad is attaсhеd to thе aсеtabulum by thе
round ligamеnt of thе fеmur. An aссеssory ligamеnt of
thе fеmur, a stfong band, passеs tfuough thе aсеtabulaг
notсh from thе symphysial tеndon of thе abdominal mus-
сlеs to thе hеad of thе fеmuf.lOu' '']

Stiflе. Thе сruсiatе ligamеnts and mеnisсal ligamеnts
afе nonaftiсular and afе sеpaгatеd fгom thе artiсulaг
spaсеs by thе synovial mеmbranеs and surгorrnding сon-
nесtiYе tissuе.lоl Thе mеnisсi еaсh havе a pгoximal сon-
сavе surfaсе adaptеd to thе fеmoral сondylе and a distal
suгfaсе that fits thе tibial сondylе. Thе mеnisсi arе
attaсhеd to thе tibia cnnia| and сaudal to thе tibial spinе
and to thе сaudal part of thе intеrсondyloid fossa of thе
fеmur (latеral mеnisсus onф by thе mеnisсal ligamеnts.
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Thе mеdial сollatеfal ligamеnt ofiginatеs from thе proxi-
mal mеdial еpiсondylе of thе fеmur and insеrts on thе
margin of thе mеdial сondylе of thе tibia.1oo, l13 Thе |atеra|
сollatеral ligamеnt oфinatеs from a dеprеssion on thr
|atera| еpiсondylе of thе fеmur and insеfts on thе hеad of
thе fibula, сovегing thе tеndon of origin of thе poplitеus
musсlе.loO' 113 Thе сranial сruсiatе ligamеnt originatеs
fгom thе |atеra| wall of thе intеrсondyloid fossa and
insеrts on thе сеntfal fossa on thе tibial spinе.1o1'113 Thе
сaudal сruсiatе ligamеnt originatеs on thе сfanial part of
thе intеrсondyloid fossa of thе fеmur and insеrts on an
еminеnсе on thе poplitеal notсh of thе tibia.l01, 11з

Thе patеllar ligamеnts originatе on thе patеlla and
insеft on thе proхimal tibia.113 Thе latеral pate||ar |iga-
mеnt runs from thе |atera| paгt of thе сranial surfaсе of
thе patеlla to thе сranio|atqa| aspесt of thс tibial tubегos-
ity. A stfong tеndon from thе biсеps fеmoгis musсlе and
an aponеurotiс insеrtion of thе fasсia lata join thr latеral
pate||ar ligamеnt.loo Thе middlе patеllaг ligamеnt oгigi-
natеs from thе сranial part of thе apех of thе patеlla and
insеrts on thе distal part of a gгoovе on thе tubегosity of
thе titlia. Thе mеdial patеllaг ligamеnt attaсhеs proхi-
mally to thr paгapatеllar flbroсamilagе and insеfts distally
on thе mеdial sidе of thе groovе on thе tibial tuЬеfosity.
Thе proхimal poгtion of thе mеdial pate||at ligamеnt is
thе insеrtion of portions of thе vastus mеdialis musсlе'
and its сranial margin is сonfluеnt with thе сofilmon
aponеurosis of thе saftoгius and graсilis musсlеs.'u., Thе
|atеta| fеmoropatеllar ligamеnt runs fгom thе latеral еpi-
сondylе of thе fеmur just pfoximal to thr latеfal сollatеral
ligamеnt to thq.latеral bordеr of thе patеlla.'oo, ttз ffig
mеdial fеmoropatеllar ligamеnt arisеs proхimal to thе
mеdial еpiсondylе and insеrts on thе parapatеllaг flbro-
сaftilagе.1o0,1l3

Hoсk. Thе сollatеral ligamсnts hеrе, as in thе сarpus'
afе mrrltiplе. Thе long mеdial сollatеral ligamеnt origi-
natеs on thе сaudomеdial surfaсе of thе mеdial mallеolus
of thе tibia and еxtеnds distally to its insепion on thе
distal tubеfosiф of thе tibial tarsal bonе, thе mеdial sur-
faсе of thе small tarsal bonеs' and thе proхimal poftion
of thе sесond and third mеtatafsal bonеs.'0O'1l3 Thе short
сollatегal ligamеnts' of whiсh tfuее arе loсatеd on thе
mеdial aspссt of thе tafsus, еxtеnd from thеir origin on
thе сraniomеdial aspесt of thе mеdial mallеolus of thе
tibia plantarodistally undеr thе long сollatеral ligamеnt to
thеir rеspесtivе insеrtions.1oo, rr3 Thе flat supеrflсial short
mеdial сollatеral ligamеnt insеrts on thе proximal and
distal tubеrosity of thе tibial tarsal bonе and thе intеfvеn-
ing гidgе, with its plantaгodistal attaсhmеnt lying immеdi
ate|у adjacent to thе attaсhmеnt of thе long сollatеral
ligamеnt. Thе insеrtion of thе round middlе short mеdial
сollatеral ligamеnt is thе distomеdial surfaсе of thе sus-
tеntaсulum tali and thе plantaгomеdial surfaсе of thе
сеntfal tarsal bonе. Thе insегtion of thе flat short dссp
mеdial сollatеral Пgamеnt is thе tibial taгsal bonе.

Thе long |atеra| сollatеral ligamеnt originatеs from thе
|atera|, mallеolus of thе tibia, plantaг to thе latеral digital
еxtеnsof tеndon groovе. At its plantar margin distally' its
flbеrs blеnd with thosе of thе long plantar ligamеnt.
Thе long сollatеral ligamеnt insеrts on thе distolatеral
сalсanеus, fouпh tarsal bonе, fourth mеtatarsal tlonе'
and thiгd mеtatarsal bonе. Thе supеrflсial shoft latеral

сollatеral ligamеnt originatеs with thс short mеdial and
dееp latеral сollatеral ligamеnts from thе |atera| mallеolus
of thе tibia and insеrts on thе сalсanеus and talus just
distal to thе сoraсoid pfoсеSs. Thе middlе short latеral
сollatеral ligamеnt insеrts on thе talus dorsal to thе supег-
flсial ligamеnt' whеrеas thе dееp short latегal сollatеral
ligamеnt insеrts furthег dorsally on thе talus, сlosе to thе
latеral artiсular maгgins.1o0' l13

Thгее major сompaгtmеnts of thе tarsoсrural joint arе
pfеSеnt: dorsomеdial, plantaromеdial, and plantarolatеral.
Thе dorsomеdial aspесt of thе tarsoсruгal joint сapsulе is
thе largеst and is situatеd сlosе to thе undеrlying tгoсh-
lеaг ridgеs. only a small amount of synovial fluid is prеs-
еnt within this joint in thе normal hoгsе. Thе proхimal
intеrtarsal ioint liеs bеtwееn thе talus and thе сalсanеus.
Thе distal intеrtaгsal ioint is loсatеd bеtwееn thе сеntfal
taгsal bonе and thе bonеs gn еithеr sidе, and thе distal
гow. of taгsal bonеs. Thе tafsomеtatafsal ioint liеs bе-
twееn thе distal row of tarsal bonеs and thе mеtatarsus.

Sсaппing Teсhпique

Fleхor Tendons and Ligaments

Thе initial sсan of thе flеxor tеndons and 'ligamеnts
should bе pеrformеd with a 7.5-МHz tfansduсег сon-
taining a built-in fluid offsеt or using a hand-hеld standoff
pad with a displayеd dеpth of 4 to 6 сm.12,15, 2r' 4--s(,, ll7' l18

A 10.0.МHz tfansduсеf is idеal for imaging thе morе
supеrflсial tеndons and ligamеnts as wеll as somе of
thе smallеr tеndons and ligamеnts suсh as thе еxtеnsof
tеndons and сollatеral ligamеnts. A displayеd dеpth of 2
to 4 cm is all that is nееdеd for most of thеsе smallеr
tеndons and ligamеnts. A 7.5-МHz tгansduсеr without a
standoff pad сan bе usеd to imagе thе dееpег tеndons
and ligamеnts. If markеd swеlling of thе limb is prеsеnt'
a standatd 7.5-МHz tгansduсеr without a standoff pad
and additional displayсd dеpth may bе nееdеd to imagе
thе dееpеr tеndons and ligamеnts. Thе smallеst dеpth of
fiеld that сan display all thе flехoг tеndons and ligamеnts
should bе usеd for optimal imagе quality. A low framе
fatе, whiсh givеs a highеr linе dеnsity and supеrior rсso-
lution' should bе usеd foг sсanning tеndons and |iga-
mеnts. In thе sagittal sсan planе, high-еdgе еnhanсеmеnt
is prеfеrablе to hеlp dеlinеatе thе еdgеs of thе tеndons
and ligamеnts and thеiг flbег alignmеnt. Thе ultrasound
еxamination should bе pеrformеd with thе horsе wеight
bеaring and standing squaгеly to distributе wеight еqually
bеtwееn both forеlimbs or hindlimbs. Thе tеndons and
ligamеnts сhangе in sizе' shapе, and есhogеniсity whеn
not loadеd by fttll wеiфt bеaring.

From thе palmaг or plantar aspесt of thе limtl, thе
tfansvеfsе sсan planе should display thе mеdial sidе of
thе limb on thе lеft.hand sidе of thе sсrееn and thе
|atеru| sidе of thе limb on thе right.hand sidе of thе
sсfееn. Thе sagittal sсan planе (proximal to distal sсan
planе) shorrld display distal to thе lеft-hand sidе of thе
sсfееIl and proхimal to thе гight-hand sidе of thе sсrееn.
Thе dorsal sсan planе (proximal to distal sсan planе from
thе right oг lеft sidе of thе limb) should display distal to
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thе lеft.hand sidе of thе sсrееn and prоximal to thе гiфt-
hand sidе of thс sсrееn.

Thе palmaг or plantar surfaсе of lеg should bс sсannеd
from thе point of thе aссеssorу carpa| bonе (ACB) or
point of thе hoсk (POID, геspесtivеly, to thе еrgot, with
thе transduсеr pегpеndiсular to thе long axis of thе
tеndons and ligamеnts for thс transvеfsr or short-aхis
sсan and parallеl to thеir long axis foг thе sagittal or long-
aхis sсan. For optimal imagе qualiф thе ultfasound tlеam
must bе anglеd so that it is pеrpеndiсulaf to thе shoгt or
long axis of thе tеndon of ligamеnt flbсrs bеing еxam.
inеd. At lеast two short-axis (transvсrsе) and long-aхis
(sagittal) sсans should bе pеrformеd to сгitiсaШy еxaminе
еaсh tеndon or ligamеnt in thе limb, bесausе thе tfans-
duсеr oriеntation is slighф di.ffегеnt foг ехamination of
thе infегior сhесk ligamеnt and thе suspеnsory ligamеnt
than foг еxamination of thе supегfiсial and dееp digital
flеxof tеndons.

If thе affесtеd tеndon or ligamеnt is largе or if thе
lеsion oг swеlling bulgеs |atе.тallу or mсdially, sсanning
thе tеndon or ligamеnt from thе |ateru| or mеdial sidе is
oftсn nесеssary fot aссufatе charucteization of thе full
ехtеnt of thе injury. Thе latеral and mеdial branсhеs of
thе suspеnsory ligamеnt must also bе sсannеd from thе
|ateta| and mеdial sidе of thе limb fгom thе suspеnsory
bifurсation to thе insеrtion of thе bfanсh on thе fеspес.
tivс proхimal sеsamoid bonе' Thе hind suspеnsory liga-
mеnt is oftеn difflсrrlt to сomplеtеly imagе fгom thе
p|antat approaсh With linraf tfansduсеrs bесausе of lim.
itеd сontaсt bеtwееn thе linеar transduсеr and thе skin
ovеr thе plantar aspесt of thе limb. A plantaromеdial
approaсh is oftеn supеrior to thr plantaf approaсh bе-
сausе thе skin surfaсе in this area is flat and thе tfans-
duсеr is сlosеr to thе suspсnsory ligamеnt (Fig. 3-5).56

Thе surroundihg bony and sofit tissuе stfuсtrшеs should
bе сritiсally еvaluatеd sonographiсally whilе sсanning thе
tеndons and ligamеnts. Thе plantar aspесt of thе third
mеtaсarpal bonе is mofе pеlpеndiсulaг to thе ultfasound
bеam using thе plantaromеdial approaсh, making bony
lеsions in this arеa еasiег to dеtесt.56

If thе lеsion in thе tеndon еxtеnds proximal to thе
сafpus oг hoсk or distal to thе fеtloсk, thеsе arеas should
also bе thoroughtу еxaminеd. Injuriеs to thе supеrfiсial
digital flехoг tеndon сan ехtеnd distally to its insеftions
on distal P1 and proxirrlal P2 aлd proximally to еithеr
thе musсulotеndinous junсtion in thе foгеlеg of to thе
p|aшtat aspесt of thе hoсk or into thе сrus in thе hind
lеg. Dееp digital flехoг tеndon injuriсs oftеn ехtеnd dis-
tally into thе pastеrn, but lеss frеquеnф ехtеnd proxi-
mally into thе сarpal сanal or tarsal shеath. Injuriеs to thе
oгigin of thе infеrioг сhесk ligamеnt or to thе еxtеnsof
branсhеs of thе susprnsory ligamеnt ate fate but do
oссuг. Thеrеforе, ехtеnding thе ехamination aгеa pгoхi-
mally oг distally is impoftant if normal tеndinous or liga-
mеntous stfuсtuгеs arе still not dеtесtеd.

Two mеthods aге usеd to thofoughly еxaminе thе еn-
tiте flеxor tеndons and ligamеnts: еvaluating thе tеndon
oг ligamеnt in its еntifеty from a геfеrеnсе point on thе
limb or dividing thе tеndons and ligamеnts into zonеs.',,
|5,25'41,119 Thе rеfегеnсе point is usually thе point of thе
aссеssory сaгpal bonе, point of thе hoсk, or point of
thе еrgot; and thе tеndon oг ligamеnt is еvaluatеd in
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Figure 3-5
Soflograms of thе nomal pгoximal mеtatafsаl геgiofl in thе lеft hind
lеg of a |2-уе'arю|d Thoroughbrсd gеlding. Notiсе thе shadow through
thе oгigin of thе suspсnsory ligamеnt (SL) in Zonе 1B fгom thе mеdial
wall of thе mеtatafsal artеry in thе plantaг Уiew (right imаgе)' In
thе plaпtafomеdial viеw Qф imаge), this shadow doеs not obsсurе
visualizatiofl of thе сntirе SL oгigin, although paгt of thе supегfiсial
digital flеxог tеfldon (SDF) is not visiblе. Notiсе also thаt at this lеvеl
thе dееp digital flехor tсndоп @Dф is loсatеd morе mеdially in thе
limb. Thе есhogеniс tissuе suггounding thе DDF is paft of thе taгsal
shеath, Ьеst visualizеd in thе plantaгomеdial viеw. Thеsе trаnsvеrsе
sonogгams wегс obtaiпеd with a widе-Ьandwidth 7.5-MHz |inеararraу
tгansduсеr opегating at 1o.o Мtlz using a hand-hеld standoff pad at a
displayеd dеpth of 4 сm. Thе foсаl zonеs arе plaсеd iл thе faг fiеld at

thе dеpth of thе SL. Thе гiфt sidе of thеsе tгansvеrsе imagеs is latеral
and thе lеft sidе is mеdial.

сеntimеtеfs distal to this геfеrеnсе point.,5.+7, l19 !иith thе
zonе mеthod, thе mеtaсarpal rеgion is dividеd into sсvеn
zonеs' forш сm in lеngth, bеginning from thе basе of thе
aссеssory сarpal bonе and ехtеnding down to thе еr-

$o[.1z' 
t5' 25' 47 The zonеs afе 1A, 1B, 2^, 2B, 3ll, 3B' and

3С. Thе mеtatarsal rеgion has ninе zonеs' also 4 сm in
lеngth, bеginning from thе basе of thе hoсk and ех-
tеnding distally to thе еfgot. Thеsе zonеs afе I}\' IB' 2!|,
2B' 3l\, эB' 4А', 4B, and 4С'12' 15,25,47

Thе lеn}th of thе injurеd or abnormal tеndon or liga-
mеnt should bе mеasurеd in сеntimеtеrs from thе сhosеn
rеfегеnсе point or thе numbсr of affесtеd zonеs should
bе dеtегminеd.lz' 15, 25' 47, |1'9 Thе lеngth of thе lеsion
should bе mеasuгеd from thе proximal junсtion bеtтvееn
noгmal and abnormal tеndon or Шgamеnt to thс bеgin-
ning of norma|-appeatiлg tеndon or ligamеnt at thе distal-
most еxtrnt of thе lеsion',5' 47' 1'|9 Tl":re loсation of thе
laгgеst lеsion or othег abnorma| atea in thе tеndon or
ligamеnt should bе idеntffiеd in сеntimеtеrs from thе
rеfеrеnсе point or by thе zonе in whiсh it is loсatсd. Thе
сfoss.sесtiona| area of thе lеsion and thе abnormal tеn-
don or ligamеnt at thе maхimal injury zonе should bе
mеasuгеd (Fic. 3-6). Thе pеrсеntagе of tеndon or liga-
mсnt iniuгсd сan thеn bе сalсulatсd.

Tеndon or ligamеnt сгoss.sесtional aгсas, lеsion сross-
sесtional afеas, tеndon oг ligamеnt есhogеniсity' and fl-
bеr aПgnmеnt should bе gradеd in еaсh of thе zonеs
throughout thе lеngth of thе tеndon or ligamеnt to obtain
an еvaluation of thе total tеndon or ligamеnt injury. If
multiplе lеsions arе idеntiflеd, еaсh lеsion and tеndon or
ligamеnt сross-sесtiona| atеa at thе worst in,ufy point
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Figure 3-6
Sonograms of a nеw агеa of flbег traгing irr thе lеft forе supеrfiсial digital flеxor tеndon (SDF), oЬtainеd fuom a 22-уear-old Quaгtеr hоrsе сгoss
gеldiпg. This largе aгеa of fitlег tеaгing was imagеd from o to 23 стп distal to thе point of thе aссеssory сaцlal tlonе aпd this imagе was otrtainсd
at7 сm. Thеsе soпogгams wеге obtainеd with a widе-Ьaпdwidth l.}MJ{z linеаг-аггау tгaпsduсrr opегating 

^t7.' 
МIJz using a hand.hеld standoff

pad at a displayеd dеpth of 6 сm Тhе foсal zonеs aге plaсеd irr thе nеaг fiеld of thе imagеs. Thе гiфt sidе of thе tгansvеrsе imagе is latегal and
thе lеft sidе is mеdial Thе гight sidе of thе sagittal imagе is Pro]dmal aпd thе lеft is distal. DDF, dееp digital flехor tеndon; CS, сaгpаl shеath; IсL,
infегior сhесk ligamеnt.

,4, Notiсе thе laгgе h1poесhoiс to аnесhoiс сorе lеsiбn (аrrou'ts) visualizеd in thе transvегsе viеw (rigbt imаge) ifNo|vil]rg 8o% of thе tеndon's
сross-sесtioпal aгеa at this lеvеl. Loss of flЬеrs is сomplеtе пrithin thе lеsion imagеd in thе sаgittal viеw of thе sDF (lеft imаge). Notiсе also thе
aпесhoiс fluid imagеd within thе сагpal shеath (tllide аrrouls), whiсh is поrmal fpr thе proхimal mеtасa4)al fсgion

,B, Thе сгoss.sесtioflal aгеa of thе sDF at this lеYеl was 1 64 сm2 (aгеa 1) and thе сross.sесtioIral aгеa of thе lеsion was 1'.Э2 cm2 (.arеa 2), yiсldiдg
an ifljury iпvolving 80% оf thе tепdon,s сrosssrсtional aгеa at this lеvеl.

should bе mеasurеd. Mеasuring thе lеsion and thе tеndon
or ligamеnt in сеntimеtеfs ffom a fеfеfеnсе point and
using сfoss-sссtional aгеa mеasufсmеnts fathеr than dis-
tanсе mеasurеmеnЁ arе thе most aссuf'rtе tесhniquеs for
thе еvalрation of tЪndon and ligamеnt hеaling. Thе samе
plaсе in thе injurеd tеndon of ligamеnt сan bе pfесisеly
fеmеasufеd on follow-up еxamination' rathеf than rееval-
uating aI atea Within rach4 сm zonе.

Pastеm. Thтее gеnеral fеgions afе dеsсгibеd in thе
pastеfn: pfoхimal, mid, and distal (sес Fig. 3-4). The
tеndons and ligamеnts in thе pastеrn fеgion arе mofе
dffiсult to rxaminе sonogfaphiсally bесausе thе tеndons
and ligamrnts arе rеlativеly small aпd atс loсatеd in diffеr-
еnt sсan planеs' and bесausе thr сontaсt atеafot suссеss.
ful imaging of thеsе struсttrrеs is rеlativеly small. Thе
ultгasound ехirmination is oftеn faсilitatеd by еxtеnding
thе fеtloсk joint, thus maximizing thе сontaсt Surfaсr for
plaсеmеnt of thе ultrasound tfansduсеr. Thе bulbs of thе
hееls may also pгеsеnt a problеm in somе horsеs, limiting
thе sсanning чrindow of thе mid to distal pastеm. Thе
longег handlе of somе srсtof sсannеf transduсеrs may
also limit sсalшring in this afеa. This limitation сan bе
ovеfсomе by standing thе horsе on a bloсk. Thе tеndons
and ligamеnts in thе pastегn shorrld bе sсannеd with a
7.5-МI1z oг 10.0-Мн2 tfansduсег сontaining a built-in fluid
offsrt of usеd with a hand-hеld standoff pad at a displayеd
dеpth of 4 to 6 сm (usually 4 cm). A widе-bandwidth
6.0-МHz miсгoсonYеx kneatataу tгansduсеr is also vеry
usеful in sсanning this геgion bесausе it fits wеll into thе
spaсе on thе palmaг of plantaг aspесt of thе pastегn and
сan bе usеd at highеr (up to 10.o-Мнz) fгеquеnсiеs.

Thе pastеrn has bееn dividеd into fouг sonographiс
zonеs that сorrеspond to proximal P1 (PlA), mid P1
(PlB)' distal P1 (P1с)' and proхimal P2 (P2Ь).59 A fifth
zonе ovеf mid to distal P2 (P2B) has also bееn dе-

sсribеd.66 Еaсh tеndon and ligamеnt must trе sсannеd
individually from its origin to its insеftion in both its long
and short axеs'

Sшpeфciоl I}igitаI Fleхor Tend'otь Thе supеrflсial
digital flехor tеndon foшs a thin гing around thе dееp
digital flеxoг tеndon at thе еfgot and in thr proximal-
most poftion of thе pastеrn and thеn bifurсatеs into
mеdial and|ateta| branсhеs. Thе branсhеs of thе supеrfl-
сial digital flехor tеndon afе еasiеst to follow in trans-
vеfsе sесtion initially. At thе bifuгсation thе branсh has a
tеardrop appe^tafuce in short-aхis сfoss-srсtion and thrn
еnlafgсs and bесomеs mofе triangulaг at its insеftion
onto distal P1 and proхimal P2. The insеrtions of thе
branсhеs of thе supеrflсial digital flеxof tеndon afе along
thе latеral- and mеdial-most aspесts of thе pastсrn, and
thе branсhеs and thеir insеrtions сannot usually bе im-
agеd from thе palmar oг plantaf sсan planе. Thе tгans-
duссr must bе movеd to thе mеdial and latеral aspесts
of thе pastегn and сеntеrеd ovег thе supеrfiсial digital
flехof tеndon trranсh to obtain thе bеst imagе of thеsе
struсtufеs.

Deep I|igitоl Flехor Tend'on. Thе dееp digital flехor
tеndon and straight distal sеsamoidеan ligamеnt сan Ьoth
bе sсannеd сomplеtеly fгom thе palmar of plantaf aspесt
of thе limlr in thе pastеm. Thе dееp digital flеxor tеndon
сan bе imagеd fгom thе еfgot into thе foot along thе
midlinе of thе palmar ot p|^ntat aspесt of thе pastеrn.
Thе dееp digital flехor tеndon liеs palmar of plantaf to
thе stfaight distal sеsamoidеan ligamеnt and dorsal to thе
supеrflсial digital flеxor tеndon, whеrе it forms thе ring
in thе proximal pastеfn. Thе fitlегs of thе dееp digital
flехor tеndon run at a slighф obliquе anglе. Thеrеforе,
optimal imagеs of thе dееp digital flехor tеndon rеquirе
obliquing thе tfansduсеr slightly dorsodistally. Thе por-
tion of thе dееp digital flехof tеndon that ехtеnds down
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into thе foot at thе lеvеl of thе naviсular bonе and
nar-iсular bursa is bеst visualizеd with a sесtoг sсannеf
oг miсгoсonvех linеar-array tгansduсеr, bесausе thс small
tbotprint of thеsе transduсеrs еnablеs thе transduсеr to
bе positionеd bеtwееn thе bulbs of thе hееl and anglеd
distally into thе foot following thе dееp digital flеxor tеn-
don.

Middle (obliqшe) Distаl Sesашoideаш ligannent.
Тhе middlе (obliquе) distal sеsamoidеan ligamеnt сan bе
sсаnnеd from its origin at thе basе of thе mеdial and
latегal sеsamoid bonеs to its insеrtion on thе palmar or
p|antar aspесt of mid to distal P1. Thе origin of thе
middlе distal sеsamoidеan ligamеnt сannot bе idеnti.flеd
tтom thе pa|mar or plantaг aspесt of thе limb. Rathеr,
thе oгigin of thе mеdial or latеral branсh of thе obliquе
distal sеsamoidеan ligamеnt is bеst found by plaсing thе
ultrasound tгansduсег ovеr thе mеdial or latеral proхimal
sеsamoid bonе and sсanning distally ovеf thе bonе to its
basс. Immеdiatеly distal to thе basе of thе proхimal
sеsamoid bonе is thе oгigin of thе middlе distal sеsa-
moidеan ligamеnt, bеst loсatеd initially in its tfansvеfsе
sесtion as a\argе oval to round struсtufе. This ligamеnt
is thе most difflсult to follow to its insеrtion bесausе thе
ligamеnt еxtеnds diagonally from thе latеral or mеdial
aspесt of thе pгoхimal pastегn to thе midlinе in thе mid-
pastеm rеgion. Following thе mеdial or latегal branсh
fгom its ofigin to its junсturе with thе opposing branсh
геquirеs that thе transduсеr bе anglеd at approximatеly
j5 dеgrееs aсfoss thе palmar or plantaг aspесt of thе
pгoхimal pastеm from thе basе of thе proхimal sеsamoid
bonе to thе midlinе of thе flrst phalanx. A small, bony
iггеgularity is сommonly imagеd at thе insеrtion of thе
middlе distal sеsamoidеan ligamеnt on P1.

Strаig|lt Distаl Sesаmoid'eаn ligашent. Thе
straight distal sеsamoidеan ligamеnt сan bе imagеd from
its origin of nеaf its origin on thе basе of thе proхimal
sеsamoid bonеs to its insеftion on thе proximal pa|mar
oг plantar aspесt of thе sесond phalan:<. Thе origin of
thе stгaight distal sеsamoidеan ligamеnt is found by an-
gling thе transduсеr in a proximal and dorsal diтесtion
fгom thе proximal-most aspесt of thе pastеrn just undеr-
nеath thе еrgot to imagе thе ligamеnt and thе basе of
thе proхimal sеsamoid bonеs.

Thе limb may nееd to bе hеld up off thе ground with
thr сafpus or hoсk flехёd and thе fеtloсk ехtеndеd to
ехaminе thе tеndons and ligamеnts dynamiсally. Adhе-
sions bеtwееn thе flехoг tеndons, ligamеnts, tеndon
shеaths, and surгounding soft tissuеs should bе еxaminеd
using rеpеatеd flеxion and ехtеnsion of thе fеtloсk joint
or othег joints as indiсatеd. If nесеssary, сompaге thе
tеndon or ligamеnt to thе samе struсturе on thе oppositе
sidе of thе samе limb or in thе oppositе foгеlimb or
hindlimb. Although the сarpa|'/tarsa1 shеath or digital
shеath arе in spесifiс afеas of thе limb, thе еntirе shеath
must bе еvaluatеd fгom proximal to distal, inсluding
еntiIе sсans of all tеndons oг ligamеnts that pass through
thе afеa of thе shеath.

Supеrior Сhесk Ligamеnt. Thе normal supеrior
сhесk ligamеnt сan bе suссеssfully imagеd fгom thе mе-
dial sidе of thе distal гadius using а 6.0- or 7 '5-МHz
tгansduсеr and a displayеd dсpth of 4 to 6 сm. A built-in
fluid offsеt or hand-hеld standoff pad is usually not
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nееdеd bесausе of thе ligamеnt's dееpеr loсation. Thе
tеndon of thе supеrlrсial digital flехor tеndon is loсatеd
and thеn its attaсhmеnt to thе distal radius via thе supе-
гior сhесk ligamеnt сan bе idеntifiеd. Thе attaсhmеnt of
thе supеrior сhесk ligamеnt is еasiеst to flnd flrst in thе
transvеfsе imagе, dееp and slightly Latetalr to thе supеrfl-
сial digital flеxof tеndon. Thе supеrior сhесk ligamеnt
liеs dееp to thr flехor сaгpi ulnaris musсlе along thе
сaudomеdial aspесt of thе limb. If markеd distеntion of
thе сarpal shеath is prеsеnt, a dееpеr displayеd dеpth
may bе nесеSsary to adеquatеly imagе thе supеrior сhесk
ligamеnt.

Annular T-igamеnt. Ultrasonographiс ехamination of
thе annular ligamеnts should bе pеrformеd with a high-
frеquеnсy transduсеr' idеally a 1o.o MHz. A 7.5-МHz
transduсеr sufflсеs, although distinсtion bеtwееn thе an-
nular ligamеnt and thе digital shеath, if it сan bе madе,
is morе difflсult. A hand-hеld standoff pad or built-in fltrid
offsеt should bе usеd bесausе thеsе stftlсturеs afе within
2 mm of thе skin surfaсе in thе normal horsе and within
5 to 10 mm from thе skin surfaсе in most horsеs with
annular ligamеnt сonstfiсtion or dеsmitis. Thе annular
ligamеnt should bе sсannеd transvеrsеly fгom thе latеral
to mеdial sidе of thе fеtloсk of pastеm from its origin to
its insегtion, and it should bе sсannеd in thе sagittal
planе. A displayеd dеpth of on|у 2 to 4 cm is nееdеd to
imagе thе annular ligamеnt' but a dееpеr dеpth (4 to 6
сm) may bе сhosеn, еithег to imagе thе annular ligamеnt
in сoniunсtion with thе flеxor tеndons and ligamеnts or
for usе in horsеs with annular ligamеnt dеsmitis of sеvеfе
distеntion of thе digital shеath.

Biсipital Tеndon. Thе biсipital tеndon should bе
sсannеd from its origin on thе supraglеnoid tubеrсlr to
its musсulotеndinous iunсtion with a сonсurrеnt thoг-
ough еvaluation of thе biсipital bursa. Thе biсipital tеn-
don is so largе that aссuгatеly inсluding thе еntifе tеndon
in onе tfansvеrsr imagе is difflсult to impossiblе with
most tfansduсеrs. Thеrеforе, indеpеndеnt еvaluation of
еaсh lobе is oftеn pеrfoгmеd. Еvaluation of thе biсеps
braсhii musсlе and othег musсlеs of thе shouldеr girdlе
should also bе pеrformеd in horsеs with lamеnеss rеfеr-
ablе to thе shouldеr rеgion or with swеlling in thе shoul-
dеr rеgion. A 6.0- or 7 '5-МHz transduсеr чrith or without
a built-in fluid offsеt or hand-hеld standoff pad should bе
usеd. Thе displayеd dеpth should bе 6 сm in most adult
horsеs, lеss in foals and young horsеs and morе if еxtеn-
sivе swеlling is pгеsеnt in thе shouldеr rеgion. Thе dеpth
should bе inсrеasеd to еvaluatе thе surгounding musсlеs
of thе shouldеr girdlе. Thе tгansvеrsе imagе is еasiеst to
obtain and should bе usеd for oriеntation and initial
idеntffiсation of thе abnormalitiеs, followеd by a sagittal
sсan of thе геgion. Thе transduсеr is hеld transvеrsеly in
thе fгontal planе with thе latегal aspесt of thе shouldеr
displayеd on thе right.hand sidе of thе imagе. A 5.0-MHz
transduсеr may bе nееdеd for largе horsеs or horsеs with
ехtеnsivе swеlling in thе shouldеr rеgion.

Ехtеnsor Tеndons. Thе ехtеnsor tеndons in thе forе-
lеg should all bе imagеd with a 7.5- or lo.o-МHz trans-
duсеr сontaining a built-in fluid offsеt or usеd with a
hand-hеld standoff pad at a displayеd dеpth of 2 to 4 cm,
bесausе thеy arе small and loсatеd immеdiatеly undеr-
nеath thе skin. If еxtеnsivе soft tissuе swеlling of sеvеfе
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tеnosynovitis is pгеsеnt, thе displayеd dсpth may nrеd
to bе inсrеasеd to imagе thе еntifе tеndon within its
shеath. Еaсh of thе ехtеnsor tеndons (ехtеnsor сarpi
radialis, сoпlmon digital rхtеnsor' еxtеnsof сarpi obli
quus, latеral digital еxtеnsor, and ulnaris latеralis) should
bе sсannеd from origin to insеrtion.

Gаstroсnепrius Tеndon. Thе gastroсnеmius tеndon
should bе sсаnnеd with a 7.5-МHz transduсеr сontaining
a built-in fluid offsеt or usеd with a hand-hеld standoff
pad' at a displayеd dеpth of 4 to 6 сm. In most hoгsеs, a
10.o-МHz tfansduсеf may also bе usеd to еYaluatе this
aгеa' Thе gestfoсnеmius tеndon is еasiеst to idеntф im-
mеdiatеly proхimal to its insеftion on thе tubеr сalсis in
thе transvеrsе of sagittal planс, and it сan thеn bе
sсannеd proхimally to its oгigin.

P|aтrtat Ligamеnt. Thе plantar ligamеnt should bе
еxaminеd sonogfaphiсally using a 7.5- ot 10.o-МHz trans-
duсеr сontaining a built-in fluid offsеt or usеd with a
hand-hеld standoff pad at a displayеd dеpth of 4 to 6 cm.
If sеvеrе swеlJфg of thе plantaf aspесt of thе hoсk is
pfеsеnt' a built-in fluid offsеt or standoff pad is not nесеs-
sary.

Pеronеrrs Tеrtius Tеndon, I,ong Digitаl Ехtеnsof
Tеndon' and TiЬialis Cгanialis and Cunеan Tеndon.
Thе oгigin and insеrtion of thе pегonеus tеrtius tеndon
and thе long digital еxtеnsof tеndon and thе insеrtion of
thе tibialis сranialis and thе сunеan tеndon should bе
ехaminеd with a 7.5-МHz or 1o.0-МHz transduсеr сon-
taining a built-in fluid offsеt or usеd with a hand.hеld
standoff pad, bесausе thеsе struсturrs afе Yеry сlosе to
thе skin surfaсе. Етraluation of thе body of thе pеronеus
tеftius tеndon in tliе mid t1bia and tibialis сranialis musсlе
сan bе donе with a 7.5-МНz transduсег in most horsеs,
but if swеlling is sеvеrе in thе mid-tibial rеgion, a 5.0-
МHz transduсеt maУ Ье indiсatеd' Thе сombinеd origin
of thе pеronrus tеftius and long digital ехtеnsof tеndons
is еasiеst to idеntф in thе transYеrsе planе, сfanial to
thе latеral сollatеral ligamеnt and сaudal to thе |atеta|
pate||ar ligamсnt. Initially, thе pеronеus tеftius tеndon is
еasiеst to sсan distally in thе transvеrsr planе; a sagitta|
sсan follows. Similaф, idеntifуing thе tiЬialis сfanialis
and сunеan tеndon is also еasiеst initially in thе trans-
vеrsе planе, using thе adjacent struсtufеs for ofiеntation.

Thе Baсk. Thе nuсhal ligamеnt is imagеd with a 7.5-
МHz transduсеf сontaining a tluilt-in fluid offsеt or usсd
with a hand-hеld standoff pad, unlеss signffiсant swеlling
of thе tissuеs is pгеsеnt in this loсation or thе hoгsе has
a |atge сfrst of thе nесk. In thеsе сasrs' a 5.0-МHz
transduсеr may bе nееdеd. Thе supraspinous ligamеnt,
whiсh еxtсnds from thе withеrs to thе saсrum, should
bе sсannеd with a 7.5- ot 10.0.МHz tгansduсеr сontaining
a built-in fluid offsеt oг usеd with a hand-hеld standoff
pad, bесausе this ligamеnt is immсdiatеly undеrnеath thе
skin of thе dorsal midlinе. A widе-bandwidth 6.o-МHz
miсгoсonvех |ineatarтaу transduсеr may also bе usеful
in sсanning this rеgion. Thс intеrspinous ligamсnts' сarti-
laginous сaps of thе dorsal spinous pfoсеssеs of thе
сranial thoraсiс vеrtеbraе, and dorsal saсroiliaс ligamеnt
сan bе imagеd with a 7.5- ot 10.0-МHz transduсеr сon-
taining a built.in fluid offsеt or usеd with a hand-hеld
standoff pad or a widе-bandvzidth 6.o-МHz miсfoсonvех
|inearataу transduсеr. Thе nuсhal, supraspinous, intеr-

spinous, and dorsal saсroiliaс ligamеnts should bе imagеd
in transvеrsе sесtion aсross thе midlinе of thе doгsum
and in sagittal sесtion. Thе dorsal saсroiliaс ligamеnt
should also bе imagеd in its short- and long-axis sесtions
bеginning at thе tubеf saсralе and еxtеnding aсfoss to-
wards thе midlinе on thе saсfl'rm.

Teпdon Sheaths and Bursae

Flеxor Tеndon Shеaths. Thе сarpal shеath, taгsal
shеath, and digital shеaths should bе еvaluatеd sono-
graphiсally with thеir fеspесtivе tеndons. Thе 7.5. or
lO.o-MHz transduсеr сontaifring a built-in fluid offsеt or
usеd with a hand-hеld standoffpad and a displayеd dеpth
of 4 to 6 сm should bе idеal for еvaluating thе flехoг
tеndon shеaths in most horsе5, еvеn thosе with markеd
distеntion of thе digital shеath. A 6.o-МHz miсfoсonvеx
|inear-ataу tгansduсеr may bе hеlpful in еxamining thе
digital shеath in thе pastеrn rеgion in horsеs with markеd
digital shеath distеntion distally. In horsеs With markеd
swеlling of thе distal radius of сrus and/ot proximal
mеtaсarpus of mеtatarsus, a standoff pad is not nееdеd'
In somе instanсеs, a lowеr.frеquеnсy transduсеr (6.0- or
5.o-МHz) and additional displayеd dеpth (6 to 10 сm oг
morе) may bе nесеssary to adеquatеly imagе horsеs with
markеd сarpa| or tarsal shеath distеntipn and assoсiatеd
sofit tissuе swеlling.

E,]сtеnsor Tеndon Shеaths. Thе еxtеnsoг tеndon
shеaths should bе еvaluatеd with thеir fеspесtiYе tеn-
dons. A high-frеquеncУ (7.5- or 10.0-MHz) tfansduсеr
сontaining a tluilt-in fluid offsеt or usеd with a hand.hеld
standoff pad is usually nесеssary trесausе of thе shеaths'
small sizс and сlosе proхimity to thе skin surfaсе. A
displayеd dеpth of 2 to 4 сm is usually a||th^t is nесеssary
to imagе thеsе tеndons and thеiг shеaths. If markеd
swеlling of thе srrrrounding soft tissuеs is pгеsеnt ot f a
largе еffusion is чrithin thе еxtеnsor tеndon shеath, a
standoff pad or built-in fluid offsеt is not nееdеd for thе
7.5-МНz transduсеr and thе displayеd dеpth should bе
inсrеasеd. In hoгsеs with sеvеrе swеlling, a lowеr-frе-
quеnсy transduсеr (6.0 or 5.0 MHz) may bе nееdеd.

Biсipital Bursa. Thе biсipital bursa is еvaluatеd bе-
twееn thе biсipital tеndon and thе gгеatеr, lеssеr, and
intегmеdiatе tubеrсlеs of thе humеrus using a 1О.o-, 7.5-,
or 6.0-MHz transduсеr. A standoff pad is usually not
nrссssary for this еvaluation bесausе thе bursa is dееp
to thе tеndon. Thе transvегsе imagе is еasiеst to obtain
and should bе usеd for oгiеntation and initial idеntiflсa-
tion of thе abnormalitiеs and followеd by a sagittal sсan
of thе rеgion. If distеntion of thе biсipital buгsa is dе-
tесtеd, thс bursa distеnds around thе sidеs of thе biсipital
tеndon' making an еvaluation of this arеa сritiсal. Thе
tfansduсеr is hеld transvеrsеly in thе frontal planе with
thе latеral aspесt of thе shouldеr displayеd on thе гight-
hand sidе of thе imagе. A 5.0-MHz transduсеr may bе
nееdеd for laгgе horsеs or horsеs with ехtеnsivе swеlling
in thе shouldеr rеgion.

Naviсular Bursa. Angling thе transduсеr distally into
thе foot to еYaluatе thе naviсular bursa rеquirеs that
thе tfansduсеr havе a сrrrvеd footpгint (sесtor sсannеf'
annll|ararraу, or miсroсonvех \ineatatraу tfansduсеf)
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and a high-frеquеnсy (7.5- ot 1o.0-МHz) transduсеr. Thе
displayеd dеpth should be 4 to 6 сm. Standoff pads do
not usually work wеll in this arеa bесausе inadеquatе
сontaсt oссufs bеtтvееn thе standoff pad and thе skin at
thе bulbs of thе hееl. To imagе thе naviсular btшsa, thе
tгansduсеr must bе anglеd distally into thе foot along thе
palmaг oг plafltaf margin of thе dееp digital flеxor tеn-
don., This is usually rasiеst to aссomplish in thе sagittal
sсan planе. Thе ..T,' ligamеnts or сollatегal sеsamoidеan
ligamеnts (suspеnsory ligamеnts of thе naviсtrlar bonе)
сan also bе imagеd in somе horsеs using this sсanning
tесhniquе.

Troсhantеriс Bursa. Sonographiс ехamination of thе
tгoсhantегiс bursa rеquires a7,5-,6.0-, or 5.0-MHz trans-
duсеr and a displayеd dеpth of 4 to 8 сm or mofе,
dеpеnding on thе sizе of thе horsе bеing ехaminеd and
thе amount of loсal swеlling in thе afеa.

Calсanеal. Gastroсnеrnius' and Cunеan Bursa. A
7.5. or 10.0-МHz tfansduсеr сontaining a built-in fluid
offsеt of usеd with a hand-hеld standoffpad at a displayеd
dеpth of 4 to 6 cm (2 to 4 сm for thе сunеan bursa)
yiеlds ехсеllеnt imagеs of thеsе buгsaе unlеss markеd
sofit tissuе swеlling is prеsеnt around thеsе struсtuгеs oг
sеvеrе distеntion oссufs. If thе buгsitis is sеvеrс, thе fluid
offsеt or standoff pad is not nесеssary; and in somе
instanсеs, a lowеr-frеqurnсy tгansduсег may tlе nееdеd
(6.0- or 5.0-MHz) with a displayеd dеpth of 6 to 10 сm.

Ьt|anta|, Supraspirrous, and othеr Bursaе fur thе
Baсk. To imagе thе buгsaе bеtwееn thе nuсhal ligamеnt
aпd thе atlas or axis or bеtwсеn thе supraspinous liga-
mеnt and thе withеrs, a 5.О- ot 6.o-МHz tfansduсеr may
bе nееdеd with a displayсd dеpth of 6 to 10 сm or mofе.
Thе tfansduсеr frеquеnсy сan usually bе slightly highеr
(75-МIJz) and tl]е displayеd dеpth slighф lеss (4 to 6
сm) in the poll rсgion than in thе withеrs, еspесially if
loсal swеlling is prеsеnt in thе rеgion. Nrith sеvеrе swеll-
ing in thе poll or withеrs, displayеd dеpths in ехсеss of
lo сm may bе nееdеd.

Nerve

Thе nеrvе bеing еxaminеd is usually еasiеst to loсatе in
its short axis in rеfеrеnсе to thе surrounding struсtufеs,
paгtiсulaф thе adjaсеnt blood vеssеls. Thе nегvе should
bе sсannеd in its short axis and thеn, if possiblе, in its
long axis. A vеry high frеquеnсy tfansduсеr should bе
tшеd, idеally a 10.0-МHz transduсеr сontaining a built-in
fluid offsеt or usеd with a hand-hеld standoff pad at a
displayеd dеpth of 2 to 4 сm. Slightly lowсr-frеquеnсy
tгansduсеrs and dееpеr displayеd dеpths may bе nесеs-
sary for thе еvaluation of dееpеr nеrvеs.

h]uscle, Bonе, and Joiпts

Thе еxamination shorrld bеgin supеrflсially with a high-
frеquеnсy tfansduсеr (7.5-МHz) сontaining a built-in fluid
offsеt oг usеd with a hand-hеld standoff pad at a displayеd
dеpth of 4 to 6 сm to sсan thе most supеrflсial musсlе
bсШy bonе, or joint сapsulе, synovium, and synovial fluid'
Thе ultгasound ехamination should systеmatiсally pro-
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grеss to thе dееpеr riiusсulaturе, bonе, or synovial сom-
paftmеnts likе thе hip in the atea undеr invеstigation,
сhanging to lowеr frеquеnсy transduсеrs аnd dееpеr dis-
playеd dеpths as nееdеd. For optimal imagе quality, thе
sеlесtеd dеpth sеtting should always bе thе lеast dеpth
that displays thе еntiте musсlе, bonе, or joint bеing ехam-
inеd.

Thе transvеfsе sсan-planr ofiеntation obtainеd from
thе palmaц p|antat, of vеntfal aspесt of thе hеad, limb,
or body should bе thе right sidе on thе lеft-hand sidс of
thе Sсгееn and thе lеft sidе on thе right-hand sidе of thе
sсfееn. Thе transvеrsе sсan.planе oriеntation obtainеd
from thе dorsal aspесt of thе hеad, limЬ, or body should
bе thе lеft sidе on thе lеft-hand sidе of thе sсrееn and
thе right sidе on thе right.hand sidе of thе sсrееn. Thе
tfansvеfsе sсan-planс oriеntation obtainеd from thе right
sidе of thе hеad, limb, or body should bе dorsal to thе
lеft-hand sidе of thе Sсгееn and palrmar, p|antat, or vеntfal
to thе right-hand sidс of thе sсrееn. Thе tfansvеfsе sсan.
planе oriеntation obtainеd from thе lеft sidе of thе hсad,
limb, or body should bе palmaц p|antaц or vеntral to thе
lеft-hand sidе of thе sсrееn and dorsal to thе гight-hand
sidе of thе sсrееn. Thе sagittal limb (proximal to distal
sсan planе fгom thе pa|mar, p|aotat, dorsal, oг vеntral
sidе of thе limb) or sagittal body or hеad (сranial to
сaudal sсan planе fгom thе vеntlul oг dorsal aspесt of
thе hеad or body) sсan-planе oгiеntаtion should bе pгoxi-
mal or сгanial to thе lеft-hand sidе of thе sсrееn and
distal of сaudal to thе гiфt-hand sidе of thе sсгееn' Thе
doгsal limb (proхimal to distal sсan planе fгom. thе right
or lеft sidе of thе limb) or dorsal hсad oг body (сгanial
to сaudal sсan planе from thе right or lеft sidе of thе
hеad oг body) sсan-planе oriеntation shorrld bе pгoхimal
of сfanial to thе lеft-hand sidе of thе sсrееn and distal to
thе right-hand sidе of thе sсfееn. Аll struсturеs undеr
invеstigation should bе еxaminеd in a short-axis (trans
vеrsе) and long-axis (sagittal) planе. If nесеssary sсan
thе oppositе musсlе, bonе, or joint to сompafе.

Draining Traсts

Thе ехamination of draining traсts should bеgin with thе
most supеffiсial struсtuгеs using high-frеquеnсy tгansdu-
сеfs сontaining built-in fluid offsеts or usеd with hand-
hеld standoff pads at displayеd dеpths of 4 to 6 сm'
Thе еxamination should progгеssivеly movе dсеpеr using
lowег frеquеnсy tfansduсеrs and dееpеr displayеd dеpths
until thе еntirе abnormality has bееn sсannеd to thr
bordег bеtwееn notmaUaЬnormal on all sidеs of thе
swеlling of tfaсt (sее Сhaptег 11). If multiplе tгaсts afе
pfеsеnt, all should bе followеd to thrir sourсе (еnd).
Draining traсts should еnd at a forеign body, fгaсtrrrе
fragmеnt, srquсstfum, or bonе (ostеomyеlitis). Always
look for mofе than onr сausе of thе drainagе.

Joiпts

Joints arе usually еasiеst to сvaluatе initially in a long-axis
sсan planе, using thе proximal and distal еxtгеmitiеs of
thr bonеs as landmarks to loсatе thе joint сapsulе, synо-
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vial сompartmеnts of nofmal joint spaсеs, thе сollatеral
Пgamсnts' and othеr aftiсulaf oг pеfiartiсular struсtuгеs.
Thе joint сapsulе (if dеtесtablе), synovial сompaftmеnts,
artiсular сaгtilagе, сollatеfal ligamеnts, and othеr aftiсulaf
or реfiaftiсular stfuсtufrs should bе еxaminеd.

Shouldег. Thе latеral aspесt of thе shouldег joint
and sсapula сan trе sсannеd with a 7.5-МHz transduсеr
сontaining a Ьuilt-in fluid offsеt oг usеd with a hand-hеld
stаndoff pad at a displayеd dеpth of 4 to 6 cm. If markеd
swеlling is pfеsеnt, a7.5.МHz transduсеr without a stand-
off pad is nееdеd. A rniсroсonvех 6.0.MHz |ineat-artaу
transduсеr may bе usеfцl in ехamining this arеa in suсh
сasеs. Rarеly arе a lowеr-frrquеnсy tfansduсеf (5.0.Мtlz)
and inсrсasеd displayеd dеpth (6 to 10 сm) nееdеd.

ЕlЬoчr. Thс сollatеral ligamеnts of thе еlbow ioint aге
еasily sсannеd in thеir long aхis, fiтst by using a 7.5. ot
10.0.MHz transduсеr сontairring a built.in fluid offsсt oг
usеd мrith a hand.hеld standoff pad. Thе сollatегal liga-
mеnts сan thеn bе sсarrnеd in thеiг shoгt aхis. A dis-
playеd dеpth of 4 to 6 сm is idеаl foг most hoгsеs.
If swеlling in thе еlbow геgion is sеvеге,- tlre 7.5-МHz
transduсег without thе stаndoff pad or a lowег-frеquеnсy
transduсеr (6.G oг 5.GМHz) and a dееpеr displayеd
dеpth (6 to 10 сm) may bе nееdеd.

Caцlus. Thе сollatеral ligamеnts of thе сaц)us aгс
numегous' and not all сan bе suссеssfully imagеd sono-
gгaphiсally. Howеvег, thosе that сan bе assеssеd сan bс
ехaminеd with a 7.5- ot 10.0.Mнz tfansduсrf сontaining
a built-in fluid offsеt oг usеd with a hand-hеld standoff
pad at a displayеd dеpth of 4 to 6 сm. 

.!Иith flехion of
thе сaц>us, thе r4@loсaц>a| and intеrсaгpal joints opеn
up and rnorе of thе joint is aссеssiblе for sonographiс
imaging. Thе radioсarpal joint has a latсral outpouсhing
Ьеtwееn thе ulnaris latеralis and thе distal гadius whiсh
is fluid-fillеd qrith radioсaгpal joint distеntion. Ь 7.5-МHz
tfansduсеf without a standoff or a 6.0-МHz miсгoсonvеx-
|jlnеaranaу transduссr at a displayеd dеpth of 6 to 10
сm сan bе usеd in horsеs with еxtеnsivе swеlling of
thе сaцrus.

Fеfloсk aпd Pastеrn. Thе mеtaсaгpophalangеal and
mеtataгsopha|aлgea| joints and thе proхimal intеrphalan-
gеal joint shotrld bе еvaluatеd with a 7.5- ot 10.0-MHz
tгansduсег сontaining a built-in fluid offsеt or usеd with
a hand-hеld standoffpad. Thе mеdial aлd|atera| сollatеral
ligamеnts of thе fсtloсk and pastеrn joints should bе
еvaluatеd with thе hiфеst frеquеnсy tfansduсеf possiЬlе
at a displayеd dеpth of 2 to 4 cm, bесausе thеy arе
notmally vеry small. Thе сollatеral ligamеnts arе еasiеst
to ехaminе by initially loсating thеm in thе sagittal sсan
planс and thсn еvaluating thеm in thе transvегsе planе.
Thе dorsal aspесt of thе fсtloсk and pastеrn joints should
also bе еxaminеd.

Thе joint spaсе and joint сapsulе arе ofitеn еasiеst to
loсatе in thе sagittal sсan planе, bесausе thе bony anat.
omy сan tlе usеd for oгiеntation bеforе pсrforming thс
tfansvеfsе sсan. Thе dorsal сompartmеnt of thе mеta-
сaфo. or mсtataгsophalangеal joint should bе еvaluatеd
in Ьoth thе sagittal and transvеrsе sсan planеs, еvaluating
thе dorsal pliсa and thе artiсulaг surfaсеs of thе distal
mеtaсafpus and mеtatarstrs and proximal Pl. A displayеd
dеpth of 4 to 6 сm is oftеn nееdеd for ехamining thе
dotsal aspесt of thе fеtloсk joint.

Cofftn Joint. Angling thе transduсеr distally into thе
foot to еvaluatе thс naviсtrlar bursa and thе сoffin ioint
rеquirеs a transduсеr with a сurvеd footpfint suсh as a
sесtof sсannеf or annrrlar-affaУ ot miсroсonvсx linеar-
arcaу ttansduсеr. A high-frеquеnЧ o.5- or 10.0-MHz)
transduсеr should bе сhosеn. Standoff pads do not usu-
ally work wеll qrhеn ехarnining thе palmar ot p|antat
aspссt of thе сoffin joint bесausе сontaсt is inadеquatе
bеtwееn thе footprint or сontaсt surfaсе of thе tranу
duсеr, thе standoff pad, aлd thе bulbs of thе hсеl. Thе
tfansduсеf must bе ailglеd distally into thе foot along thе
palmar or plantar margin of thе dееp digital flеxor tсndon
to imagе thе palmar or plantar aspесt of thе сoffin joint.,
Thе doгsal сompartmеnt of thе сoffin joint сan bе imagеd
just proxim2| to thс сofonary Ьand on thе dorsal midlinе
in hoгsеs with a сoffin joint сffцsion. In thеsе horsеs, a
7.5- or 10.GМHz tгansduсег gontaining a built-in fluid
offsеt oг usеd with a hand-hеld standoff pad is usually
еffесtivе.

Hip. Sonographiс еvaluation of thе сoxofеmoral joint
usually rсquirеs a7.5-,6.О-, or 5.0-МHz tгansduсеr and a
displayеd dеpth of 6 to t0 сm to aсhiеvе thе nесеssary
prnrtгation foг еvaluation of this rеgion. Thе shaft of thе
ilium should Ье follo-wеd сaudally in its long axis to thе
hip joint. Thе сranial, dorsal, and сaudal maгgins of thЪ
hip joint should Ье еvaluatеd. A transrесtal еxamination
of thе pеlvis should also bе сonsidеrеd t'9 furthеr еvaluatе
thе pеlvis and aсеtatlulat 

^tеa, 
Thс rеmaindеr of thе

pеlvis shotrld bе sсannеd from thе tubеr saсralе to thr
tubеr сoхaе and from thе tubеr сoхaс to thе tubег isсhii
fгom thе еxtrmal window. Thе shaft of thе ilium, saсroil-
iaс joint, and pubis should Ье sсarrnеd from thе tfansгrс-
tal approaсh. А.7.5-' 6.0-, or 5,o-МHz tгansгесtal tfans-
duсеr and a displayеd dеpth of 4 to 6 сm afе usually
usеd unlеss markеd intсrnal swеlling is prеsеnt.

Stiflе. Thс patеllaг ligamеnts arе еasily imagеd With a
7.5- ot 10.0.Mнz transduсеf сontaining a built-in fluid
offsеt or usсd with a hand-hеld standoffpad at a displayеd
dеpth of 4 to 6 сm. Thе pate||at ligamеnts should bе
individually pa|pated and a tгansvегsе and longitudinal
sсan obtainеd from thеir oгigin to thеiг insегtion. Thс
tгoсhlеar ridgеs сan bе imagеd undеmсath thе patеllar
ligamеnts or by flеxing thе joint and plaсing thе tfans-
duсеr dirесtly ovеr thе mеdial ot |atеra| troсhlеar ddgеs.

Thе mеdial and latсral сollatегal ligamеnts and mеnisсi
arе also еasily imagеd from thе mеdial and|atera| aspесts
of thе fеmofotibial ioint with a 7.5-Мtlz transduсег сon-
taining a built.in fluid offsеt or usеd with a hand-hеld
standoff pad. Ь lO.o-Мtlz tгansduсеr also givеs сxсеllеnt
rеsolution of thеsе struсtrrrrs, paftiсulafly thosе on thе
mеdial sidе, whiсh arе сlosеr to thе transduсеr. A dis-
playеd dеpth of 2 to 4 сm providеs еxсеllеnt rеsolution
of thе сollatеral ligamеnts, but a dеpth of 4 to 6 сm is
usually nееdеd to inсludс thе mеnisсi. If еxtеnsivе swеll-
ing of thе stiflе ot a |atge fеmorotibial jоint еffirsion is
pfеsеnt, a 7.5-МHz tгansduсеr without a standoff pad or
a 6.o-МHz miсгoсonvсx \iлeatarтaу transduсеr may bе
nесеssary to givе ехсеllеnt rеsolution of thеsе struсturеs.
Thе mеdial and latеral сollatеfal ligamеnts arе loсatеd by
palrpating сaudal to thе mеdial and latегal patellat |iga-
mсnts, fеspесtivr+y, and imaging dirесtly ovеr thе liga-
mеnts onсе palpatеd. If swеlling in this arеa is еxtеnsivе,
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thе сollatеral ligamеnts сan bе loсatеd by flnding thе
joint spaсе bеtwееn thе distal fеmuг and proximal tibia
сaudal to thе mеdial or latеral patе||at ligamеnt and sсan-
ning сaudally in thе sagittal planе along thе artiсular
margins of thе joint until thе mеnisсi and thе сollatеral
ligamеnts arе idеntffiеd. Bеtwееn thе latеral сollatегal
Ligamеnt and thе |ateta| patе||at ligamеnt is thе tеndon
of origin of thе pеfonеus tеftius and thе long digital
ехtеnsof tеndon, whiсh сan also bе usеd as points of
геfеrеnсе. Thе latегal сollatеral ligamеnt сfossеs ovеf thе
origin of thс poplitеus musсlе. A bursa is prеsеnt bе.
twееn thе tеndon or origin of thе poplitеus musсlе and
thе latеral сollatеral ligamеnt and bеtwееn thе latеfal
сoЦatеral ligamеnt and thе margin of thе latеral сondylе
of thе tibia, whiсh is only a potеntial spaсе in normal
hoгsеs.

Thе mеdial mеnisсus is imagеd bеtwееn thе mеdial
patеllar ligamеnt and thе mеdial сollatегal ligamеnt, as
.w.еll as undеmеath thе mеdial сollatеral ligamеnt. Thе
mеdial сompaftmеnt of thе fеmorotibial joint is imagеd

iust сfanial to thе mеdial сollatеral ligamеnt. Thе latеral
mеnisсus is imagеd bеtwееn thе tеndon of origin of thе
pеronеus tеrtius and thе long digital еxtеnsof tеndon.
Finding thс mеdial and |ateru| mеnisсus in horsеs мrith
еxtеnsivе swеlling of thе stiflе сan bс diffi.сult but is
usually lеss dffiсult than loсating thе сollatегal ligamеnts.
Thе samе tссhniquе for loсating thе mеnisсi as for loсat.
ing thе сollatеral ligamеnts сan bе usеd in thеsе horsеs.

Thе сranial aspесt of thе stiflе сan bе suссеssfully
imagеd with a 3.5- to 7.5-МHz transduсег with a dеpth
of flеld of 3 to 9 сm, dеpеnding on thе sizе of thе
horsе.lO'Thе сranial intеrсondylar spaсе of thе fеmorotib-
ial joint is цrеll visualizеd by flеxing thе stiflе. This intеr-
сondylar spaсе is wеll sеparatеd from thе latеral and
mеdial сompaftmrnts of thе joint by thеir synovial rеflес-
tion along thеiг axial margins. Thе сranial сruсiatе liga.
mеnt is I to 2 сm in diamеtеr and сan bе idеntiflеd
тl'ith sесtoг Sсannеf transduсеrs iц both its sagittal and
tгallsvеfsе sесtions. Thе sagittal viеw of thе сranial сruсi-
atе Шgamеnt is obtainеd by plaсing thе tfansduсеr mеdial
to thе middlе patеllaг ligamеnt, 1' to 2 сm distal to thе
patеlla, and dirесting thе bеam in a сaudal, latеral, and
distal dirесtion..o1 To oriеnt thе ultrasound bеam pеrpеn-
diсular to thе ligamеnt flbегs, thе transduсеr should bе
rotatеd 2o to 25 dеgrееs Ъloсkwisе to its long axis in thе
lеft limb and сountеrсloсkwisе in thе гiфt limb.1o' Thе
сгanial insеrtion of thе qaлia| сruсiatе ligamеnt is thеn
loсatеd by following thе latегal fеmoгal сondylе fгom
1atera| to mеdial until thе |atera|. tibial еminеnсе and thе
ligamеnt flbеrs arе imagеd' thеn adjusting thе transduсеr
oгiеntation as nееdеd. Thе tгansvеrsе viеw of thе сranial
сruсiatе ligamеnt is obtainеd by plaсing thе transduсег
|ust distal to thе distal aspесt of thе patеlla and dirесting
thе bеam distally until thе proximal tibia is imagеd. Thе
pгoхimal titlia is thеn sсannеd in a сranial to сaudal
diгесtion until thе tibial tubеrсlеs arе imagеd with thе
сгаnial сruсiatе ligamеnt in bеtwееn.

Thе fеmoral insеrtion of thе сaudal сruсiatе ligamеnt
Ь also bеst imagеd with sесtor-sсannеf transduсеrs.lol
Тhе сaudal сruсiatе ligamеnt is bеst imagеd with thе
ransduсеr plaсеd bеtwееn thе latеral and middlе pate||ar
ligaпrеnts, 2 to 3 сm proхimal to thеir insеrtions on thе
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tibial tubеrosity, with thе bеam dirесtеd in a сaudomеdio.
proximal dirесtion in thе axial planе. Thе mеdial fеmoral
сondylе should bе sсannеd in a mеdial to latеral diгесtion
until thе intеrсondylaf spaсе is еnсountеrеd, with its
irrеgular bonе surfaсе and laсk of artiсulaг сartilagе' Thе
сaudal сruсiatе ligamеnt is thеn imagсd supеrfiсial to thе
bonе surfaсе.,ol

Thе сranial tibial mеnisсal ligamеnts сan also bе im-
agеd in thеiт longitudinal and tгansvеfsе planеs with thе
Sесtof transduсеr plaсеd on еithеr sidе of thе middlе
pate||ar ligamеnt, 2 to 4 сm distal to thе distal aspесt of
thе patеlla.'o1 To oriеnt thе bеam pеrpеndiсular to thе
ligamеnt flbеrs, thе bеam should bе diгесtеd сaudodis-
ta||у alпd thе transduсеf fotatеd |atffallУ or mеdially, dе-
pеnding on thе mеnisсal ligamеnt bеing ехaminеd.

Thе largе musсlе mass ovеrlying thе сaudal aspесt of
thе stiflе joint is thе main limitation to adеquatеly im-
aging thе struсtufеs in thе fеmoгotibial joint from this
.window.lo' Dеpth of flеld to adеquatеly imagе thе struс-
tuгеs within thе stiflе joint rangеs from 6 to 14 сm,
dеpеnding on thе sizе of thе horsе. In most instanсеs, a

3.5-МHz transduсеr is nееdеd, but in somе small poniеs
and foals, a good-quality imagе is obtainеd with a 5'0- oг
7.5-МItz transduсеr. Thе ехamination in thе sagittal planе
is thе еasiеst plaсе to start, with thе transduсеr p|acеd 2

to 3 сm proхimal to thе skin fold сrеatеd on thе сaudal
stiflе rеgion by limb flеxion. Thе сartilaginous surfaсеs
of both fеmoгal сondylеs aге homogеnеous in есhogеni.
сity and thiсknеss with thе ovегlying joint сapsulе visiblе
as an intеrfaсе bеtwееn thе сaгtilagе and musсlе mass..ol

Thе poplitеal tеndon is imagеd pvефing thе сaudal
aspесt of thе latеral mеnisсus and in thе сaпilagе-сovеrеd
gfoovе in thе |atqaI сaudal aspесt of thе pгoхimal
tibia.rо' Thе musсulotеndinous junсtion and body of thе
supеrflсial digital flехor musсlе arе imagеd ovеrlying thе
joint сapsulе proхimally and thе poplitеus musсlе dis-
tally. Thе poplitеal vеssеls сan bе imagсd ovеrlying thе
joint сapsulе in thе сaudal groovе of thе tibia, in bеtwесn
thе сaudal сruсiatе ligamеnt and thе mеnisсofеmora||iga-
mеnt.loi Thе short tibial insеrtion of thе latеral mеnisсus
сan bе imagеd by sсanтring thе latеral сondylеs fгom
|ateru| to mеdial with thе transduсеr in thе aхial planе,
positionеd approximatеly 3 to 5 сm proхimal to thе

iunсtion bеtwееn thе сaudal thigh musсlеs and thс сrus
musсlеs, with thе tгansduсеr plaсеd еithеf latеfal to of
ovег thе sеmitеndinosus musсlе. Angling thе probе 30
dеgrееs to thе axial planе allows for visualization of thе
mеnisсofеmoral ligamеnt, whiсh сan bе followеd up to
its insеrtion axial and proximal to thе mсdial fеmoral
сondylе. Thе mеdial mеnisсus and сondylеs сan bе еvalu-
atеd in a similar fashion, although thе attaсhmеnt of
thе mеnisсus on thе tibial еminеnсе is not adеquatеly
visualizеd.tol Thе сaudal сruсiatе сan bе imagеd from this
loсation by rotating thе transduсеr 10 to 15 dеgrееs
сloсkwisе to thе aхial planе in thе right lеg and thе samе
amount сountегсloсkwisе in thе lеft lеg' and by tilting
thе transduсеr proхimally, oriеnting thе bеam in a сranial
and distal dirесtion' Thе bеst imagеs arе obtainеd with
thе tfansduсег plaсеd ovеr thе sеmitеndinosus musсlе
on thе skin ovег thе сaudal midlinе or just mеdial to thе
midlinе, 3 to 5 сm proximal to thе palpablе distal ехtfеm-
iw of thе sеmimеmbranosus musсlе.10l
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Hoсk. Thе ultrasonographiс ехamination of thе hoсk
should bе pеrfoгmеd with a7.5- or lO.o-MHz tfansduсеf
сontaining a built-in fluid offsеt or usеd with a hand-hеld
standoff pad at a displayеd dеpth of 4 to 6 сm, bесausе
thе сollatеral ligamеnts and joint сapsulе arе loсatеd iust
undегnеath thе skin. If markеd soft tissuе swеlling or
synovial distеntion is prеsеnt, a lowеr-frеquеnсy tfans-
duсеr and inсrеasеd dеpth may bе indiсatеd as prеviously
dеsсгibеd for othеr joints. Еaсh сollatеral ligamеnt should
bе sсannеd individually, and thе thтее joint сompaft-
mеnts (dorsomеdial' plantaromеdial, and plantaгolatегal)
еvaluatеd.

ULTRAS0NoGRAPHlс tlNDlNGs

Normal Struсtures

Tendons and Ligamenls

Thе tеndons and ligamеnts havе сhaгaсtегistiс sono
gгaphiс appеaгanсеs, sizеs, and shapсs whiсh arе thс

basis foг diagnosing tеndon or ligamеnt injuriеs. To ob-
tain optimal imagеs of thе tеndons and ligamеnts, thе
ultrasound transduсеr must trе hеld pеrpеndiсular to thе
long aхis of thе tеndon or ligamеnt flbеrs. Thс normal
tеndons and ligamеnts havе a homogеnеous есhogеniс
appr^ranСe еxсеpt for thе suspеnsory ligamеnt, whiсh is
also сomposеd of musсlе tissuе, сonnесtivе tissuе, oг
fat.|21-12з Еvaluating tеndon and ligamеnt есhogеniсiф is
usually somеwhat subjесtivе, and is dеpеndеnt on both
thе еquipmеnt sеttings and thе sсanning tесhniquе of thе
opеrator. objесtivе assеssmеnts of tеndon or ligamеnt
есhogеniсity сan bе obtainеd using mеan gtaу-sсa|e ana|у-
sis if сonstant imaging pafamеtегs afr usеd.78_81 off.nor-
mal inсidеnсе artifaсts arе еasily сrеatеd (sее Сhaptеr 2)
whеn thе trltrasound bеam strikеs thе tеndon or ligamеnt
at an ang|e othеf than 90 dеgrееs to thе tеndon or
ligamеnt fibеrs, сrеating an aft|fact\a|' hypoссhoiс
appеaгanсе.'22' |2t Lack of wdight bеaring also сгеatеs a
lеss есhogеniс appеaranсе of thе flехoг tеndons and
ligamеnts.

Cross-sесtiona| atea mеasufеmеnts should bе madе of

Figшre 3-7
Sonogгams of thе noгmal flехoг tеndons aпd Пgamсnts in thе mеtaсaгpаl геgiоn of thе tеft foгеlеg of a |2-уear-okd Thoroughbrеd gеlding. Notiсе
that thе supеrfiсial digital flrxof tеndofl (SDF.) and dееp digitаl flеxoг tсndons (DDF) arе sliфtly lеss есhogеniс than thе infегioг сhссk ligamеnt
(IсL). тhеsе soпograms wеrе obtainеd with a widе-baпdwidth 7.5-МНz|tлear-ataу transduсег opеrating at 10'0 Mнz using a haпd-hеld staпdoff
Pad at 

^ 
displayеd dеpth of 5 сm. Thе foсаl zonеs aге in thе nеar fiеld of thе imagеs Notiсе thе сhangе in thе sizr aпd shapе of thе tеndons aпd

ligamеnts as thе sсaпs pгogгсss distally. Thе lеft sidе of thе transvеrseviеw (riglэt imаgе) |s mеdial and thе гight sidе is latегal Thе lеIt sidе of thе
sagittal viеw aеft imа'ge) is distal and thе right sidе is pгoximal.

,4, sonogram of thе proхimal mеtaсaцlal rеgion ifl zonе 18 oЬtainсd 12 сm distal to thе poi11t оf thе aссеssory сaгpal bonе.
8, Sonogram dеmoпstгating thе mеasuгеmеnt of thе сfoss-sесtional arеa of thе SDF in thе proximal mеtaсarpal геgioп (o.89 сm) in zonе lB,

obtainеd 12 сm distal to thс poiтrt of thе ассеssory сarpal bonе.
С, Sonogram of thе mid-mеtaсaгpal rеgion in zonе 28, obtaiflеd 18 сm distal to thе point ofthе ассеssory сaгpat bonе and dеmonstrating thе

flattеning of thе sDF in a doгsal to palmar dirесtion and thе IсL iтlsеrting onto thе DDF.
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thе tеndons and ligamеnts for thе mo$ aссufatе assеss.
mrnt of tеndon or ligamеnt sizе and to aссuгatеly moni-
tor сhangеs in thеsе struсtufеs during thе rеhabilitation
of horsеs with tеndon or ligamеnt injuriеs.25' 3t' э9,47' 12o

I0иidth and thiсknеss mеasufеmеnts should tlе madе if
tеndon or ligamеnt сfoss-sесtiona| atea сannot bе dеtеr-
minеd. Сonsidеrablе variation has bееn rеportеd bе-
twееn thе postmoftеm mеasufеmеnts of normal flехor
tеndons and ligamеnts and thе sonographiс mеasurе-
mrnts.57 Howеvец сfoss-sесtiona| atea mеasurеmеnt is a

valid and aссufatе mеasufеmеnt tесhniquе.',.,
Supеrflсial Digitar Flеxor Tеndon-Меtaсarpus,/

Mеtatarsus. Thе normal supеrflсial digital flехor tеndon
has a homogеnеous and есhogешic appraЙnсе and is
usually slighф lеss есhogеniс than is thе dееp digital
flехoг tеndon (Fig. 3-71.,'12'25,46' 78.8l Howеvеr, thе геla-
tivе sonogfaphiс bгightnеss of thе supеrflсial and dееp
digita|' flехor tеndon arе similar whеn gray-sсalе сalibra-
tion pгoсеdufеs afе usеd.8o Thе supеrflсial digital flеxor
tеndon is signifiсanф Ьфhtеr proхimally (7 сm distal to
thе aссеssory carpa|' bonе) than in thе middlе (10' 15'
and 2o сm) or dista| (25 сm) tеndon rеgion. ln thе distal
tеndon rеgion, thе supеrfiсial digital flеxoг tеndon has a
similar rеlativе bгiфtnеss to that of thе dееp digital flеxor
tеndon and thе suspеnsory ligamеnt bгanсhеs.ю

Thе supеffiсial digital flехor tеndon is сomposеd of
long paгallеl flbег bundlеs that appеar as long vrШtе
есhoеs in thе sagittal or long-axis viе.w and as a unifoгm
distribution of pinpoint whitе есhoеs in thе transvеrsе
or shoft-aхis viеw (sее Fig. 3-7). Thе supеrflсial digital
flеxor tеndon is nеaф round in thе proximal mеtaсarpal
rеgion; bесomеs flattеnеd in thе distal metaсatpa| rеgion,
forming a ring around thе dееp digital flехoг tеndon in
thе proximal pastrm rеgion; thеn bifurсatrs into a mеdial
and |aien| branсh, еaсh of whiсh insеrts on thе distal
portion of thе first phalanх and thе pгoximal portion of
tlrе sесond phalanх.

Thе сross-sесtional atеa of thе supеrfiсial digital flеxor
tеndons should bе similar at thе samе lеvеl in thе right
and lеft forеlimbs or гight and lеft hindlimbs. In this
author's еxpеriеnсе, thе сross-sесtiona|atea of thе supеr-
fiсial digital flехof tеndon in thе mеtaсarpal rеgion
should tlе lеss than |.2 сm, in thе forеlimbs in normal
Thoroughbrеd and Standardbrеd horsеs (sее Fig. 3-7).
Morе frеquеntly, thr supеitrсial digital flехoг tеndon mеa-
suгеs 0.8 to 1.o сm2 in Thoroughbrеds and Standardbrеds
and 0.6 to 0.8 сm2 in morе finе-bonеd brееds suсh as
Arabians. Thе mid-mеtacarpa| rеgion of thе supеffiсial
digital flеxof tеndon has a smallеr сross-sесtiona| atea
than doеs thе proximal (zonеs 1A or 1B) or distal (zonеs
3B and ]C) rеgion. Thеsе mеasurеmrnts wеrе obtainеd
using tluilt.in сalibration paсkagеs сontainеd in thе ultгa-
sound еquipmеnt.

othеf invеstigators havе rеportеd similaг tеndon сross-
sесtional arеas in raсing Thoroughbrеds in North Amеriсa
(Гablе 3-I1',,, 79' 12o сfoss-sесtional afеa mеasurеmеnts
ranged from 1.01 cm, at 4 сm distal to thе basе of thе
aссеssory сaгpal bonе (zonе 1A) to o.95 cm, at 12 cm
(zonе 21^) and |.|2 cm2 at 24 cm distal to thе tlasе of thе
aссеssory сarpa| bonе (zonе 3B). Thеsе сross-sесtional
afеa mеastшrmеnt tесhniquеs wеге validatеd using ink.
trlot analysis.',o Thе mеan сгoss-sесtional arеas of thе
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Table 3-1
Mean SDFT aпd DDFт Gross-seоtioпaI Area in the
MetaсаrpaI Regioп*

с]oss-seG|i0nа| Area (сm,)

Zone Leve| (сm) sDFт DDFт

IA
2^
3B

I 13 + 0.18
I 01 + 0.12
r.75 + O.29

*Thеsе data wrге ot'taiпrd from 50 nomal tвinеd Thoгoughbrеd mсеhofsеs
in Noгth Aлегiсa

AbbгеYiations: SDFT, supегfiсiat digital flеxor tеndon; DDFт, dееp digital flехor
tеndon

Data fгom Giшs сL, меaghеr DМ, Cloningеr A, Loсatеlli L: Ultnsound сгos}
sссtional arеa аnd mеan есhogеniсity of thе suPеrfiсial dееp digital flеxor tеndon
1, Proсееdings of thе 39th Amual сonYеntion of thс Aлсгiсm Аssoсiation of
Еquinе Pnсtitionегs, 1993, pP 273-274; md Gillis C, Мсaghеr Dм' сlonin8еr A'
еt al: UttmsonogЕPhiс сгoss-sесtional trеa and mеш есhogеniсity of thе supеrfi-
сial md dееp digtal flеxof tеndons in 50 tЁiflеd Thorouфbrеd mсrhoгsеs. AmJ
vсt Rеs 56:1265_|269' |995

supеrfiсial digita| flехor tеndon for Thoroughbrеds in
Grеat Bгitain is rеportеd to fangе from 1.35 t 0.13 сm,
in zonе 1A, dесгеasing to 1.25 + 0.18 сm2 in zone 3А.
and inсrеasing to |.46 + 0'15 сm2 in zonе 3С. Thеsе
figurеs arе signifiсantly grеatеr than thosе of thе popula-
tion of Thoгouфbгеd гaсеhoгsеs in North Amегiсa.5a Thс
mеan сros}srсtional aгеas of thе supегflсial digital flеxor
tеndons of lгish Dгauфt сгosstrгеd hoгsеs did not diffеr
signffiсantly fгom that obtainеd in Thoгouфbгеd гaсе-
horsеs in this study.5a Thеsе valuеs wеге substa4tiatеd by
postmortеm mеasufеmrnts using фё samе digtrtlzation
tесhniquс of mеasuгing tеndon сfoss-sесtional aгеa. Thе
disсгеpanry bеtwееn thеsе mеasuгеmеnts and thosе
madе in Thoroughbrеds raсing in North Amеriсa may
rеlatе to thе сalibгation and digitization tесhniquеs usеd
to mеasufе thе tеndon сгoss.sесtiona| arеa fathеr than
thе aсtual sizе of thе hoгsеs' tсndons.

Thе sizс and sonographiс appеaranсе ofthе supеrflсial
digital flеxof tеndon сhangе in rеsponsе to raсr tfaining'
with thе сfoss-sесtiona| arеa of thе tеndon еnlaгging
somеwhat (approхimate|у 1О%) and thе есhogеniсiф of
thе tеndon dесгеasing slightly.76'77 Thе authofs postu-
latеd that this.dесrеasе in tсndon есhogеniсity sееn in
young horsеs in training may bе сausеd by fasсiсlе еn-
laгgrmеnt or by an inсrеasе in thе numbеr of lеss-maturе
сollagеn flbеrs pеr unit aгеa within thе tеndon.76 An
invеrsе rеlationship bеtwееn an inсrеasе in tеndon сross-
sесtional atea and a dесrеasе in mеan есhogеniсity was
rеportеd at еaсh lеvеl in thе tеndon oYеf timе with
ttaining'76,77 HowеYеf, thе mеan tеndon сross-sесtional
atea of thеsе young Thoroughbrеds in faсе trainifig still
did not gxсееd I.2 cm2.76'77

In zonе 1A, thе supеrfiсial digital flехor tеndon mеa-
sufеs appfoхimatеly o.7 сm 1n a pa|matto-doгsal diтес-
tion and 0.9 сm in a mеdial-to-|atеra| diтесtion.'2' ,5 Thе
palmaг-to-doгsal tШсknеss of thе supегfiсial digital flехor
tеndon dесгеasеs as thе tеndon ехtеnds distally and mеa-
surеs o.4 сm in zonе J$.tz'z5 Thе mеdial-to-latеral width
of thе supеrfiсial digital flеxof tеndon inсrеasеs distally
to 3 сm in zone J$.tz, zs In AngJo-Aтabian-Andalusian
сrossbrеd horsеs' thе palmar-to-dorsal thiсknеss of thе
supеrfiсial digital flеxor tеndon гangеd from 0.78 t o:q3

4
t2
z4

1.01 + 0.12
o.95 + O.l4
7.t2 + O.l5
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cm 
^t 

2.5 сm distal to thе aссrssory сafpal bonе to 0.63
+ o.o4 сm at T7.5 cm distal to thе aссеssory сatpa|
bonе.57 In thеsе samе сrossbrеd horsеs, thе mеdial-to-
|atera| width of thе supегfiсial digital flехor tеndon mеa-
suгеd from |.66 + o.5 сm at 2.5 cm distal to thе aссеs-
sory сarpal bonе to 2.o| + 0.05 сm at 17.5 сm distal to
thе aссеssory catpa| bonе. Thе palmar-to-dorsal mеasufе-
mеnts (o.53 + o.o2) and latеral-to-mеdial mеasurеmrnts
(2.39 + 0.06 сm) obtainеd from Anglo-Arabian.Аndalu-
sian сrossbгеd horsеs 

^t 
22,5 сm distal to thе aссеssory

catpa| bonе arе similaг to thosr obtainеd from Thorouф-
brеd and Standardbrеd horsеs in zone Jg.tz' s7 This mеa-
sufеmеnt (22.5 cm) is morе likеly in zone 3Ь than in
zone 3B, if a morе distal геfеrеnсе poiflt on thе aссеssory
сatpa|' bonе was usеd, bесausе thеsе authofs dеsсгibе
thе bifurсation of thе susprnsory ligamсnt as oссrrггing
15 сm distal to thе proхimal aspесt of thе mеtaсaгpal
bonе. Thе suspеnsory bifurсation is noгmally found in
zone 3Ь. A morе proхimal mеasrrrеmеnt геsults in a
thiсkег palmar-todoгsal mеasrrтсmеnt and a smаllег mе-
dial-to-latегal mеastrгеmеnt. Bгееd diffсгецсеs (Aratlians
havс muсh smallег tеndon сгoss.sесtiolral arсas) may also
bе signffiсant. меаsurеmrnts oЬtainеd morе distally in
thе mrtасaц)al геgion wrге not геportеd.

In thе hindlimb' thе supегflсial digital flеxor tеndon
also has a homogеnеous есhogеniс appеaгanсе with a
paгallеl fibеr pattеrn and is oval from its myotеndinous
junсtion to just proximal to thе tubеf сalсis. It liсs mеdial
to thе gastfoсnеmius tсndon in thе middlе of thе сrus
and thеn spirals сaudal to thе gastfoсnеmius tеndon just
proximal to thе цIЬеr сalсis. At thе point of thе tubеr
сalсis, thе supеrflсial digital flеxoг tеndon fans out, bе-
сomеs mofе сfеsсеnt.shapеd, and insегts on thе pгoхimal
portion of thе tubеr сalсis. Thе supеrflсial digital flехoг
tеndon nalтows and flattеns distal to thе сalсanеal tubеr
and bесomеs mofе sеmiсirсular in shapе as it еxtеnds
plantar to thе plantar ligamеnt.93

Dееp Digitаl Flехor Tеndon. Thе dееp digital flехor
tеndon has a homogсnrous есhogеniс appeannce and
usually apprafs morе есhogеniс than doеs thе supсrflсial
digital flеxor tеndon, but it maу bе isoесhoiс with thе
supегflсial digital flеxor tеndon (sее Fig. 3-D.,, |2,25, 57

Thе dееp digital flеxor tеndon has prеviously Ьееn dе-
sсгibеd as lеss есhogеniс than thе infегior сhесk ligа-
mеnt. Rесеnt work with a tissuе еquivalеnt phantom
indiсatеs that in thе dorsal planе, thе infеrior сhесk
ligamеnt is геlativсly lеss bгight than is thе dееp digital
flехof tеndon, althouф this diffегеnсе is not statistiсally
signifiсant.8o ln this samе sсan planе, thе dееp digital
flехor tеndon is sliфф lеss bright than thс supеrflсial
digital flеxor tеndon in thе proximal tеndon rеgion (7
сm distal to thе aссеssory сaц>al bonе), but is slighfly
brightеr than thе supегfiсial digital flехor tеndon in thе
mid (10' 15, and 20 сm) and distal (25 and 30 сm)
tеndon геgions' In thе sagittal planе' thе highеst rеlativе
bгightnеss is yiеldеd by thе suspеnsory ligamеnt, fol-
lowеd by thе infегior сhесk ligamеnt and dееp and suprг-
flсial digital flехor tеndons.8o

Thе dееp digital flеxor tеndon also appеars sonographi-
сally as long whitе есhoеs in thе sagittal or long-aхis
viеw and a homogеnеous distribution of pinpoint whitе
есhoеs in thе tfansvеfsе or short-aхis viеw. Thе dееp

digital flсxoг tеndon is paгallеl to thе supегfiсial digital
flехor trndon and is also nеaф гound in thе proximal
metacatp^| rеgion. It bесomеs oval in thе distal mеtaсar-
pal rеgion and thеn has a bilobеd appеaranсе in thе
pastеfn rеgion' In thе distal mеtaсatpa| and pastеm fr-
gion, thе dееp digital flеxor tеndon is surroundеd by thе
digital shеath, whiсh ofi[сn сontains a small amount of
fluid. oссasionally a dividing sеptum is imagеd in thе
dееp digital flехor tеndon, a rеsult of thе thтее portions
from thе thrее sеparatе musсular hеads.7

Thе сross-sесtional atea of thе dееp digital flехor tеn.
don has bееn rеportеd in сliniсally noгmal Thoroughbrеd
гaсеhoтsсs in Noгth Amегiсa (sее Tablе 3-I) and fangrs
from 1.13 cm2 at 4 сm distal to thе basе of thе aссеssory
carpa| bonе (zonе 1 A) to 1.01 сm2 at 12 сm aлd |.75
cm2 at 24 сm distal to thr basе of thе aссеssory carpa|
bоnе (zonе 3B).?9 No diffегецсе was found bеtwееn thе
стoss.sесtiona| atеa mеasurеmеnts of thе dееp digital
flеxor tеndon in еithег forеlеg in this study. Tеndon
сfosуsесtiona| area mеasurеmеnts obtainеd fгom Thoг-
ouфbrеd raсеhoгsеs in Grеat Britain wеге significant|у
largеr than thosе rеportеd in North Amеriсa or thosе
of this author's ехpеriеnсе. In Gfеat Britain, thе сross-
sесtional area of thе dесp digital flеxor tеndon mеasurеd
|.29 cm2 + 0.15 сm2 in zonе |А.,o.97 cm2 + 0.11 сй,
in zonе 1B, 1.83 сm2 + О.22 cm2 in zone 2^, |.65 cm2
+ o,21' сm2 in zone 3А.' and 2,|3 сm2 t О.2I ,cm2'in zonе
3C.5a Similar findings wеrе obtainсd from Iгish Draught
сrossbrеd hoгsеs in this study.sa Di.ffеrеnсеs in digitiza-
tion and сalibration tесhniquеs may aссount for thеsс
disсrеpanсiеs, oг a rсal sizе diffеrеnсе may еxist bеtwееn
thеsе tеndons in thе horsеs еxaminеd.

Thе dееp digital flехor tеndon rеportеdly mеasurеs 1.1
сm in a palmar-to-doгsal dirесtion and 2.6 сm in a mеdial-
to-|atera| dirесtion jл zonе 3B.1, Thе palmar-to-dorsal
thiсknеss of thе dееp digital flехor tеndon has bееn
dеtеrminеd in Anglo-Arabian.Andalusian сrossbrеd
horsеs.57 Thе dorsal-to-palmar thiсknеss mеasurеd 1.0 +
o.05 сm at 2.5 сm distal to thе aссеssory сarpal bonе,
1'.o7 + О.О5 at |7.5 cm distal to thе aссеssory carpa|
bonс, and 0.96 + 0.o5 сm at 22.5 сm distal to thс
aссеssory catpa| bonе' Thе mеdial-to-latеral width of thе
dееp digital flехor tеndon inсrеasеd fгom 1.78 + 0.05 at
2.5 cm distal to thе aссеssory carpa| bonе to 1.89 +
0.06 сm at L7.5 сm and to 2.Io + 0.09 cm at 22.5
сm distal to thе aссеssory сarpal bonе. MеasufеmЪnts
obtainеd morе distally wеfе not rеportеd.

In thе taгsal rеgion' thе dесp digital flеxor tеndon is
oval to round and is loсatеd mеdial to thе hoсk (Fig.
3-8). Thе dееp digital flехoг tеndon геmains somеwhat
mеdial in thе proximal mеtatafsal геgion and only bе-
сomеs para|Ie| to thе supеrfiсial digital flеxor tеndon in
thе mid-mеtatatsa| rеgion. Its insеrtion on thе third pha-
lanx сannot bе imagеd sonographiсally in еithеr thе forе-
limb oг thе hindlimtl.

Infегior Chесk Ligamеnt (Aссеssory ligamеnt of
thе Dееp Digitаr Flехor Tеndon). Thе infеrior сhесk
ligamеnt is rесtangulaf at its origin from thе сaц>al rеti-
naсulum and bесomеs сrеsсеnt.shapеd in thе proximal
mеtaсarpal rеgion, with thе lafgrst poftion of ttrе infеrior
сhесk ligamеnt loсatеd on thе |ateta| aspесt of thе limb
(sее Fig. 3-7). Thе infегior сhесk ligamеnt rеtains this
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Figure 3-8
soпogfams of thе normal dееp digital flехof tеndon (DDF) along thе
mеdial aspесt of thе hoсk in thе lеft hindlеg of a l2-уearo|d Thorouф-
Ьrеd gеlding. Notiсе thе laгgс diamеtеr of thе DDF (аrroLus) пеaf its
oгigin. Duе to its lafgе sizе and сurvеd struсturе at this loсatioп, thс
еntirе tсfldon сalrпot bе imagеd ifl thе samе sсan planе at onе timе,
сrеatiflg a hypoесhoiс poгtiofl of thе tеndofi that is aгtifaсtual Notiсе
thс parallеl fibеf alignmеnt of thе DDF at this loсatioп. Although thе
tагsal shеath suггouпds thе DDF at this lсvеl, it is not usually imagеd
аs a sеpafatе struсtuтr in пoгmal horsеs. Thеsе soпogfilms wеге oЬ
tаinеd with a7 5-МI1z widе-bandwidth linеaг.aггay tгапsduсег opегating
аr 10.0 Мtlz using a hand-hеId sиndoffpad at a disp|ayеd depth of 4
m Тhе foсal zonеs arе spгеad thfouфout thе imaging fiеld. Тhе гiфt
^li" of thе shoгt-aхis view Qеft imсlgе) is doгsal and thе lеft sidе is
Ф r. тhе гiфt sidе of thе long-aхis viеw (rigbt imаge) is proximal
,шii йе lеft sidе is distal.

shapе to its insеrtion on thе dееp digital flеxor tеndon
in thе mid-mеtaсarpal to distal mеtncatpa| frgion. Thе
infсгior сhесk ligamеnt runs in a slighф diffегеnt planе
fгom that of thе supеfflсial and dееp digital flеxor tеn-
don, tilting slightly dorsal from thе sagittal planе. In thr
hindlimb thе infегior сhесk ligamеnt may tlе absеnt or is
usually a small сfеsсеnt-shapсd struсtufе, with its laгgеst
poftion in thе |ateta| asprсt of thе limЬ @ig. 3-9). Thе
iпfеrioг сhесk ligamrnt has a homogеnеous есhogеniс
appсafafuce 

^Id 
m^У bе thе most есhogеniс struсtufе irr

thе proхimal to mid-mеtaСatpa| rеgion of thе nеxt most
есhogеniс struсtufе aftеr thе dсеp digital flехor tеndon.7'
|2' 25' 44,57, ao, al Forry pеrсrnt of thе horsеs in onе study
had an infсrior сhесk ligamеnt that was lеss есhogеniс
than thе adjacеnt dееp digital flеxor tеndon and suspсn-
sory ligamеnt.57 In studiеs of thе rеlativе bгightnеss of thе
tеndinous and ligamеntous struсtufеs in thе metacatpa|
геgion of noгmal horsеs, thе infегior сhесk ligamrnt was
slighф, Ьut not signifiсanф, lеss btight than thе dееp
digital flеxoг tеndon in thе dorsal sсan planе; it was
signi-flсantly Ьrightеr than thе dееp digital flеxor tеndon
in thе sagittal imagеs.8o Thе есho pattеrn of thе infеrior
сhесk ligamеnt is unсhangеd from that of thе supеrflсial
and dееp digital flеxor tеndons.

Thе palmar-to-doгsal thiсknеss of thе infеrior сhесk
ligamеnt hаs bееn rеpoftеd at 2.5 сm and7.5 сm distal
to thr aссеSsory сaгpal bonе in Anglo-Аrabian.Аndalusian
сгosstlrеd hoгsеs, mеasuring 0.83 + 0.03 сm and О.69
-| o.o4 сm, rеspесtivеly.57 Thе latеral-to.mеdial width of
thе iлfеrior сhесk ligamеnt at thеsе lеvеls is I.97 + o.o4
cm at 2.5 сm and |.74 + 0.o4 сm at7.5 Сm distal to thе

С|Jсl'pter 3 . Musculoskelеtаl Ukrasonogrаpфl 59

aссеssory catpa| Ьonе. othеr invrstigators havе rеpoгtеd
a palmar-to-doгsal thiсknеss of o.4 to o.7 cm and a mс'dial-
to-latеfal width of 1'.4 to I.6 сm in zonе 1A.',

Suspеnsory Ligamеnt. Thе suspеnsory ligamеnt is
fесtangulaf at its o|igin ftom thе proхimal mеtaсaгpus
and rеmains so until it bifuгсatеs into a mсdial and latеfal
tltanсh in thе mid-mеtaсarpal to distal mеtaсafрal rеgion
(Fic. 3-10). In thе hindlimb, howеvег, thе origin of thе
suspеnsory ligamеnt is morе trapеzoid in shapе (sее Fig.
3-5). Thе hind suspеnsory ligamеnt thеn bесomеs fесtan-
gular, as in thе forеlimb, and rеmains so until thс bifurсa-
tion. Еaсh branсh of thе suspеnsory ligamеnt is oval just
distal to thе bifurсation and thеn bесomеs mofе tfapе.
zoid-shapеd as it insеrts onto thе proximal sеsamoid
bonеs @ig. 3-11). Thе suspеnsory ligamеnt also has small
mеdial and latеral сxtеnsof branсhеs that insеft on thе
fasсia ovег thе сommon digital еxtrnsoг tеndon on thr
'doгsal aspесt of thс fiгst phalan-:<.

Thе suspеnsory ligamеnt ofigin and body afr mofе
hеtеrogеnеous than thе othеr tеndinous and ligamеntous
struсtufеs bесausе thеy arе сomposеd of musсlе tissuе'
сonnесtivе tissuе, and fat in addition to ligamеntous fi-
bеfs.'o' 25' 4э,5a, lza Diffеrеnсеs oссuf in thе amount of
musсlе tissuе in thе suspеnsory ligamеnt body bеtwееn
diffегеnt bгесds and sеxеs of hoгsеs.58'' 11' 12a Standardbrеd
hoгsеs have 4o% moге musсlс in thеir suspеnsory liga-
mепt than do Thoгouфbrеd hoгsеs.l2a Signiflсantly morе
musсlе is pгеsеnt in thr hindlimb suspеnsory ligamеnt
than is pгеsеnt in thе foгеlimb suspеnsory ligamеnt in
Standaгdtlrеd, but not Thoгouфbгеd, hoгsеs.',a tn Thoг-
oughbrеd horsеs, a trеnd еxists fof moге musсlе сontеnt
ln thе loтеlimЬ srrsретIsorу \rgamеfit.lza Thе amount oi
musсlе tissuе in thе body of thе suspеnsory ligamеnt
variсs from 2,I% to 11% bеtwееn hoгsеs of thс samе
bгееd.58 Thе amount of musсlе at thе suspеnsory oгigin

Figure 3-9
Soflogram of thе noгmal flеxoг tеndons and ligamеnts in thе mеtatагsal
rеgioп of thе lеft hindlеg of a |2.уеat-o|с! Thorоuфbгеd gеldiflg Notiсс
thе small геfimant (аrro|],)s) of thе infегior сhссk ligamеnt (IсL) that is
dofsal to thе dесp digital flехof tеndon (DDF). Thе tепdons and liga-
mеflts afе fairly uniform ifl есhogеniсity and havе parallеl flbеr align.
mrflt. Thеsе sonogгаms wегс obtainеd iтr zonе 2A with а widе-band-
width 7.5-МHz sесtoг sсanтrег ffansduссr сontairrftrg a built-in fluid
offsеt opегating at lo.o мнz at a displayеd dеpth of 6 сm. Thе гight
sidе of thе sagiffal viеw (riglэt imаge) is pгoximal and thе lеft sidе is
distal. тhе fight sidе of thе tгaпsvеrsе viе.w aеft imаge) is latеral and
thе lеft is mеdial. sDF, supегfiсiаl digital flеxoг tепdon; SL, suspеnsory
Шgamеnt.
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Figurе 3-10 'j
Sonograms'of thе noгmel flехoг tеndons aпd Ligamеnts in thе mеtaсa4)al rеgion in thе lсft foгеlеg of a |2-уeato|d Thoroughbrеd gеlding (samе
horsе as in.Fig. 3_7). Thеsе sonogгams wеге obtainеd with a widе-bandwidth 7.5-МHz linеaг-aгray transduсеf opеfating at 1o.0 Мнz using a hand-
hеld standoff pad at a displayеd dеpth of 5 сm. Thе foсal zonеs aге spгеad thгoughout thе imagеs. Thе гight sidе оf thе tгaтrsvегsе views (rigbt
iпаges) is latеfal and thс lеft sidе is mеdial Thе гiфt sidе of thе sagittal viеws aф imаgеs) is pfoximal and thе lеft sidе is distal SDF, supегflсial
digital flехoг tеndon; DDF, dееp digital flехor tеndofl; IсL' infегior сhесk ligamеnt; SL' suspеnsory ligamеnt.

,4, Тhеsс sonogfams wеге obtainеd 8 сm distal to thе point of thе aссеssory сaгpal bonе (Zonе 1A). Notiсе thе sliфtly hypoесhoiс sDF, thе
unifoгmly есhogеniс DDF, thс art1factl|a||у hypoесhoiс IСL, and thе hypoесhoiс doгsal trordег of thс oгigh of thе sL, thе loсation of musсlе fitrеrs
in maпy hofsеs. Notiсе also thе slight furеgulaгity of thе palmaг mеtaсafpal ridgе and thс normal spaсе Ьеtwееп thе ICL afld sL.

-B, Thеsе sonogfams wеге obtainеd 12 сm distal to thе point of thе aссеssory сarpal bonе (zonе lB). Notiсе thr slightly hypoесhoiс SDF, thе
r'rniformly есhogеniс DDF, thе morе есhogеniс IсL, thе sliфtly inсгеasеd spaсе trеtwесn thс IСL aлd SL, and thе h}poесhoiс dorsal portion of thе
SL with its moге тесtaпgular shapе.

С, Thеsс sonogгams wеIе obtainеd 16 сm distal to thе point of thс aссеssоry сarpal bonе (Zone 2^). Notiсе thе slightly hypoссhoiс sDF, thе
unifoгmty есhogеniс DDF, thе moге есhogеniс IСL (поw in a di.ffеrеnt sсan planе), thе s[ghtly inстеasсd spaсе bеtwееп thе IсL and sL, аnd thе
hypoесhoiс dorsal bordеr of thе SL with its mofе hеtеrogеnеous appеaranсе and rесtangular shapс.

D, Thеsе soпogfams wсге obtainеd 20 сm distal to thе point of thе aссеssory сarpal bonе (zonе 2B). Notiсе thе stiфtly hypoесhoiс sDF, thе
есhogеniс DDF with a hypoесhoiс dorsаl boгdег at thс iflsеrtion of thе IсL, thс есhogепiс IсL, thе sliфtly inстеasеd spaсе bеtwееn thе IсL and
SL, and thе hypoесhoiс dofsal mбfе uпifoгm but still hсtегogепеous rесtangrrlar SL body Notiсе thе normal spaсс Ьеtwееп thс IсL afrd sL.

and in thе suspеnsory ligamеnt body is similar in thе
сontfalatегal Limtls of thе samе horsе.,,a Lеss musсlе is
pfеsеnt in Thorouфbгеd horsеs in training than in Thor-
oughbfеd hoгsеs of thе samе agе that arc not in tfain-
ing.'''' 12a Disсrеpanсiсs oссuf in thе litсratufе about thе
di-ffеrеnсеs, i anу, in thе amount of musсlе tissuе prеs-
еnt in horsеs of diffегеnt agеs and in diffеrеnt stagеs of
tгaihing.58

Thе rrniquе сomposition of thе suspеnsory ligamеnt
aссounts for signifiсant variability in thе noffnal sono-
graphiс appеaranсе of thе susprnsory ligamсnt origin
and body. Thеrеforе, thе hypoесhoiс afеas sееn in thе
nofmal suspеnsory ligamеnt should bе сonsistеnt in sizе,
shapе, and loсation bеtwееn thе right and lеft forеlimbs
or fight and lеft hindlimЬs.1,a Thе dorsal bordег of thе

pгoхimal suspеnsory ligamеnt body is poorly dеflnеd or
hypoесhoiс in 9% of thе limbs of сliniсally nofmal
horsеs.58 In |3% of сliniсally nofmal horsеs, a пrеll or
poofly dеflnеd сеntгal hypoесhoiс arеa is idеnti-flеd,
whеfеas jn 4%, thе есhogеniсiф of thе suspеnsory |iga-
mеnt body is patсhy.58 Thе rеlativе bгiфtnеss of thе
suspеnsory ligamеnt in thе mеtaсafрal fеgion in thе dor-
sal sсan planе is lеss than that of thе supеrfiсial digital
flеxof tеndon in thе proхimal mеtaсafpal fеgion (7 cm
distal to thе aссеssory сatpa| bonе) tlut grеatеf than
that of thе supеrflсial digital flеxor tеndon in thr mid-
mеtaсarp^| fеgion (1o' 15' 

^шd20 
сm). }Iowеvrr, in thе

sagittal planе, thе fеlativе bгightnеss of thе suspеnsory
ligamеnt is grсatеst in thе pfoхimal and mid.mеtaСatpa|
fеgions сompafrd to that of thе othrr tеndinous and
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Figure 3-11
soflogfаms of thе normal latеral branсh оf thе suspеnsory ligamспt,
obtainеd from a lo-yеaг-old Sеllе Fгaпgаis gеlding. Notiсе thе uniform
есhogеniсity' thе oval to trapеzoid shapе, and thе paгallеl fibеr pattеrп
at thе insеrtioп of thе suspеnsory branсh on thr latеral proхimal
sеsamoid tronе. Thеsе sonogгams wеге obtainеd with a widе-bаndwidth
7 .5-МHz lineararraу tгansduсеr opеfating at 7 .5 NII{Z using a hand-hеld
standoff pad at a displayеd dеpth оf 5 сm. Thе foсal zonеs aге in thе
nеaг fiеld of thе imagеs. Thе tеft sidе of thе trilrsvеrsе view Qеfr
imаgе) is palmar and thе гight sidе is doгsal. Thе lеft sidе of thе sagittаl

viеw (right imаgе) is distal and thе гiфt sidе is pгoхimаl.

ligamеntous struсtuгrs.8o Аlthough thе suspеnsory liga-

mеnt ofigin and body is hеtеrogеnеous and hypoесhoiс,
thе suspеnsory ligamеnt branсhеs afе Similaf in есhogеni-
сity with thс flеxoг tеndons and havе a similaf sono-
graphiс tеxtufе or есho pattегn. Thе rеlativе brightnеss
of thе suspеnsory bfanсhеs is similaf to that of thе supеr-
fiсial and dееp digital flеxor tеndons in thе distal mеtaсar-
pal rеgions (25 aлd 30 сm distal to thе aссеssory carpa|
bonе).71 Thе есhogеniсity of thе suspеnsory ligamеnt in
thе hindlimbs appеars to bе morе сonsistеnt bеtwееn
hoгsеs than that in thе fofеlimbs.

In this author's еxpегiеnсе' thе сross-sесtional arеa of
thе normal suspеnsory ligamеnt body in thе foгеlimb of
Thoroughbrеds and Standardbгеds fangеs from 1.o to 1.5

сm2, with most hofsеs having a сross-sесtional afеa of
thе suspеnsory ligamеnt body in thе fangе of 1.0 to 1.2
сm2' Thе сfoss-srсtiona| atra of thе suspеnsory ligamеnt
tlody in thе hindlimb is slighф largсr, usually ranging
ftom I.2 to |.75 сm2, with most horsеs having a сross-
sесtional atеa of thе hind suspеnsory ligamеnt body of
|.2 to |,5 сm2. Thе сгoss-sесtiona|' atea of thе noгmal
susprnsory ligamеnt branсh is 0.6 to 0.8 сm2 in thе
proximal poftion of thе bгanсh in zonе 3A and inсrеasеs
distally to 1.o to !.2 сm2 at its insеrtion onto thе abaxial
suгfaссs of thе proхimal sеsamoid bonеs (at thе bordеr
bеtwееn zonеs 38 and 3С). Thс mеdial branсh of thе
suspеnsory ligamеnt usually has a slightly laгgеr сross-
sесtional atra than doеs thе |atqa| bгanсh. Thе сross.
sесtional afеas of thе suspеnsory ligamеnt origin, body,
and branсhеs fangе ovet a muсh widеr spесtrum than
do thosе of thе supеrfiсial digital flеxof trndon, bссausе
of thе markеd сhangеs in sizе of thе suspеnsory ligamеnt
fтom its oфin to its insеrtion. Howеvеr, еaсh poгtion of
thе suspеnsory ligamеnt in thе right and lеft forеlimbs or
гiфt and lеft hindlimtls should have a similar сfoss-srс.
tioпal aгеa mеasurеmеnt at thе samе loсation in thс limb.
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сafе must bе takеn in making thеsе mеasufеmеnts,
trесausе dеlinеating thе mеdial and latеral bordеrs of thе
suspеnsory ligamеnt body сan somсtimеs bе dffiсult.
This is duе, in part, to thе ligamеnt's vaгiablе сomposi
tion and to its loсation bеtwееn thе sесond and fourth
mеtaсarpal or mеtatarsal bonеs in thе pгoximal to mid-
mеtaСarpa| of mrtataгsal rrgion.46 In thе forеlimb, thе
suspеnsory ligamеnt rеportеdly mеastшеs 0.8 to 0.9 сm
in a pa|mar-to-dorsal dirесtion and I.7 to 1.9 сm in a

mеdial-to-latеral dirесtion in zonе 1B.12 In thе distal thiтd
of thе mеtaсafpus' thе suspеnsory branсh mеasuгеs 0.9
сm in a palmar-to-dorsal dirесtion.6 In Anglo-Arabian-An-
dalusian сrossbrеd hoгsеs, thе palmaг-todoгsal thiсknеss
mеasufеs 1.02 сm + 0'03 сm at 2.5 сm distal to thе
aссrssory catpa| bonе, dесrеasing to o.95 -| 0.02 сm at
I7.5 сm and О.93 + 0.01 cm at 22'5 сm distal to thr
point of thе aссеssory сatpa|' bonе.57 In thеsе samе
horsеs, thе latrfal-to-mеdial width dесrеasеd from 1.85
+ O.01 at2.5 Сm to 1.05 + o.o4 сmat |7.5 сm to 0.98
+ o.o2 сmat22,5 сm distal to thе aссеssory сarpal bonе.

Supегfiсial Digitаl Flеxor TеndorнPastеrn. In thе
pгoхimal pastеrn' thе homogеnеously есhogеniс supеf.
flсial digital flеxor tеndon has a thin, half-moon shapе in
thе transvеfsе planе and liеs immеdiatеly dorsal to thе
dicltal shеath, whiсh is intimatеly assoсiatеd with thе
fеtloсk annrrlaг ligamеnt (Fig. 3 - |2). In noгmal hoгsеs,dis
tinguishing thе aпntrlаr ligamеnt fгom thе digital shеath
and thе palmaг oг plantaг Ьoгdег of thе supеrfiсial digital
flеxor tеndon is dffiсtrlt. on sagittаl sonogfitms thс suprf-
flсial digital flехor tеndon has а tгiangulaг shapе along
thе midlinе as its thiсknеss dесгеasеs distally.59 Thе body
of thе supеrflсial digital flеxor tеndon гangеs in thiсknеss
(palmaf-to-dorsal) from 2 to 6 mm in thе proximal pastеm
rеgion and from I to 4 mm ovеf thе middlе of P1.'9
Thе tеardrop-shapеd mеdial and |ateru| supегfiсial digital
flеxor tеndon branсhеs in thс middlе pastегn arе similaгly
homogеnеously есhogеniс with a para|Ie| flbеr pattеrn
throughout thеir lеngth @ig. 3-13). Thе branсhеs of thе
supеrflсial digital flеxor tеndon bесomе morе tfiangulaг
distally ovеf thе |atеta| and mеdial aspесts of distal P1
and proхirhal P2. Аlthough thе supегflсial digital flехor
tеndon branсhеs arе unifoшly есhogеniс hеrе also and
havе a parallеl fltlеr pattеrn' doсumеnting this may bе
diffiсult in somе horsеs, еspесially thosе with high hееls
and prominеnt сollatеfal сaftilagеs. Thеsе struсtufеs may
prесludс oгiеnting thе ultrasound bеam pеrpеndiсular to
thе supеrflсia| digita|' flеxor tеndon branсhеs and thеy
maу cteate a hypoесhoiс appeannсе duе to an .,off-

normal'' inсidеnсе aft|faсt.
Thе сrosуsесtional atea of thс supсrflсial digital flехor

tеndon branсhеs rangеs from 0.3 to o.4 сm2 in zonе P1A
to o.4 to 0.6 сm2 in zonе PlB to 0.6 to o.8 сm2 just
proхimal to thriг insеrtion in zone Plс. A mеan palmar-
to-dorsal thiсknсss of 3 ! o mm in zonе P1A to 2 + o
in zonе PlB to Io + |.I2 mm in zonе PlC (distal Pl)
was fеpoftеd by anothеf il1vеstigator for thе supеrflсial
digital flехor tеndon, with a mеaг width Qatеral-to.mе-
dial) of 33 + o.89 mm in zonе P1A (pгoximal Pl) and
31 + \.o7 mm in zonс PlB (mid P1).66 Меan thiсknеss
of thе supеtf,сial digital flеxoг tеndon trranсhеs rangеd
fromО.2 + 0 mm in zonе PlB to 10 + 1.01 mm in zonе
PlС in a pa|matto-dorsal dirесtion and 6 + o.52 mm in
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Figure 3-12
Sonograфs of thе noгmal tсndons аnd ligamеnts iп thе pastеm, obtainеd from a l2-уеar-old ThoгoughЬгеd gеlding. Thеsе soпograms wеrе oЬtainеd
with a widе-bandwidth 7.5-МHz|lлеar-anaу tfansduсеr оpсrating at 1o.o п{нz using a hand-hеld standoff pad at a displayеd dеpth of 5 сm Thе
foсal zonсs arе in thе nеar flеld of thе imagеs Thе lеft sidе of thе tгansvrгsе views (rig|эt images) is mеdial аnd thе riфt sidе is latегal. Thе lеft
sidе of thе sagittal viеsr's Qф iтnаges) is distal and thе гight sidе is proхimal.

,4' Sofloglams of thе proхimal-most portion of thе pastеm aflgliflg thе tгansduсеf in a proximodorsal diгесtioп at zonе P1A. Notiсе thе thin
сurvеd supеrfiсial digitat flеxoг tеndoп (SDF) aloпg thе palmar aspесt of thе 1еg' thе oval dееp digital flехoг tеndon (DDF) immеdiatеly doгsal to
thе sDF, and thе ьtoad tapеZoid-shapеd stтaiфt distal sсsamoidеan ligamеnt (SDSL) doгsal to thе DDF. Immеdiatеly dorsal to thе SDSL is thе
сruсiatе distal sеsamoidсan ligamеnts (CDSL) whiсh aгс imagеd by angling thе transduсег in а proximodorsal diгесtion. Thс еdgеs of thе branсhеs
of thе middlе (obliquе) distal sеsamoidеan ligamепt (мDsL) afе Ьarеly visiЬlс ofi thr сdgе of thе tгаflsvеfsе sonogfam. Thе thiсkеr tissuе palmaf to
thе sDF is thе subсutanеous tissuе just distal to thс еrgot.

B, Sonogгams of thе pгoхimal pastеrn obtaifiеd slightly distal to Fig 3-1.2А at thе lеvеl of zonе PIA_PIB. Notiсс thе ring that thе SDF has foгmеd
aгound thе bilotrеd DDF. Thе DDF is hypоесhoiс trесausе it is in a diffегеnt sсaп planе fгom thе sDF (off-normal inсidеnсе artlfact). Thе SDSL is
oval at this lеvеl. Thе mеdial and latегal trranсhеs of thс MDSL havе just ioinеd to foгm onе rесtangular ligamеnt at this lеvеl.

С' Sonogгams of thе mid-pastеm rеgion at thе lеvеl of zonе PlB. Notiсс thе bilobеd appеaf:rnсе of thе DDF and thе insегtion of thс MDSL
(аrrou'ls). Thе hoгizontal aггow points to thе insеrtion of thе MDSL on thе pahnaг aspесt of mid Pl iп thе sagittal imagе and thе obliquсd aггows
point to thе samе iIrsеrtion viеwеd in thе transvегsе imagе Thе SDSL is morе oval at this lеvеl.

D, sofiogгams of thе normal SDSL ovеf distal Pl nеar its insегtiofi oпto proximаl P2, doгsal to thе DDF at thе lеvеl of zonе Plс. Notiсе thе
hуpoесhoiс сеntеr at thr irrsегtion of thе SDSL сausеd by thе inaЬility of thс opегatoг to anglе thе lirrеaf-aггay tгапsduсеr pегpеndiсular to thе
SDSL's fltrеts. Thе DDF still has somеп7'hat of a ЬiloЬеd appеaгanсе at this lrvеl. Thе distal portions of thе bfanсhrs of thе SDF aге visiblе on thе
еdgеs of thе tгaпsvегsе imagе.

zonr PlB and 9 + 1.01 in zonе P1с in a mеdial-to-latеral
dirесtion.66 Thе bгanсhеs of thе supеffiсial digital flехor
tеndon rеpoftеdly rangе in thiсknеss from 4 to 7 mm in
thе proхimal pastеrn to 7 to |2 rnm in thе mid pastеfn

^nd 
1э to 20 mm oYеf distal P1.59

Dееp Digital Flехor TеndorнPastefn. Thе dееp
digital flеxor tеndon has an oval to bilobеd appeatanсe
in thе pastеfn. Thе two lobеs of thе dееp digital flехor
tеndon in thе pastеfn frgion should bе symmеtгiсal in
sizе and shapе (sее Fic. э-|2). Thе flbеrs of thе dееp
digital flсхof tеndon еxtеnd obliquеly from a dееpеr to

a mofе supеfflсial position in thе distal portion of thе
pastrrn' Thе dееp digital flехor tеndon is sеpafatеd from
thе straight distal sеsamoidеan ligamеnt by an anесhoiс
spaсе. Thе dorsal-to-palmaf thiсknеss and latеfal-to-mr-
dial width of thе dесp digital flеxor tеndon drсfеasе
somеWhat distally in thе middlе pastrгn and thеn inсrеasе
again in thе distal pastеm.59 Along thе dorsal aspесt of thе
dсеp digital flеxor tеndon in thе middlе pastеfn fеgion
is a synovial fold of thе digital shеath, whiсh is геadily
imagеd and is .suffoundеd by a small amount of thе
anесhoiс synoviat fluid сontainеd within thе digital
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Figure 3-13
sonograms of thе пoгmal latегal Ьranсh (betuleеrl tlJе сL'"foшS) of tlrе,

supеrflсial digital flехor tепdofl (SDF), obtainеd fгom a l2-yеar-old
ThoroughЬrеd gеlding as thе tеndon branсhеs and ехtеnds down thе
latеtal aspесt оf thе pгoximal to mid-pastеm геgiоn Thеsе sonogfams
wеrе oЬtainеd With a widе-baлdwidth 7 5-MHz linеaг-aггay transduссг
opеr:rting at l0 0 Mнz using a hand.hеld standoff pad at a displayеd
dеpth of 5 сm. Thе foсal zonеs arе i1 thе nеar fiеld of thе imagсs. Thе
lеft sidе of thе tгansvеfsе viеw (right iшаge) is palmar and thе гight
sidе is dorsal Thс lеtl sidе of thе sаgittal viеv/ Qеft imаge) is distal afld
thе гight sidе is pгoхimal.

shеath. In thе distal pastегn fеgion along pгoхimal P2,
thе palmar aspесt of thе dееp digital flехoг tеndon is
adhеrеd to thе synovial mеmbranе of thе digital shеath.'9

Thс dееp digital flеxof tеndon rеportеdly mеasufеs 5

to 10 mm thiсk in a pa|matto-dorsal dirесtion in thе
pfoximal pastеfn, slightly lеss in thе middlе pastеm, and
7 to !2 mm in thе distal pastrm.59 Its мridth in a |atеra|-
to.mеdial dirесtion fangсs from 18 to 33 mm in thе
pгoхimal pastеrn, fгom 15 to 23 mm in thе middlе pas-
tеrn, and from 2Э to 32 mm in thе distal pastегn.59 A
sесond invеstigator obtainеd palmaг-to-dorsal mеasurе-
mсnts of 7 + 2.o5 mm in zonе PlA, 5 + o.46 mm in
zonе P1B, and 6 -+ 0.76 mm in zoде P2B (mid to distal
P2).66 Its mеdial-to-latеral width rangеs from 23 + 0.89
mm in zonе PlAto 18 + О.52in zonе P1B to26 + |.6
mm in zone PZB.

Distаl Sеsamoidеarr Ligamеnts. Thе distal sеsa-
moidеan ligamеnts also havе a similar rсho pattеflr to
that of thе flеxor tеndons aшd appеat homogеnеously
есhogеniс.

Middlе (Оbliqшe) Ilistаl Sesаmoid'eаn' Ii,gашeпt.
Thе middlе or obliquе distal sеsamoidеan ligamеnt ofigi-
natеs at thе basе of thе sеsamoid bonеs as two largе
гound disсrеtе bгanсhеs (Fig. 3-I4)' whiсh bесomе
somеwhat oval in appeatancе (Fic. 3-15) and mеfgе
doгsal to thе dееp digital flехor tеndon in thе mid-pastеm
геgion into a bгoad rесtangular band. This band insеfts
on thе palmar of plantar aspесt of thе distal potion
of thе flrst phalaшr (sее Fig. э-|2). Thе middlе distal
sеsamoidеan ligamеnt branсhеs appеat lеss есhogеniс
bесausе of thеir obliquе oriеntation and pгopеrly aligning
thе tfansduсег to еliminatе thе off-normal inсidеnсе arti-
faсt is difflсult.

Thе branсhеs arе thiсkеr in thе mеdial-to-latеral diтес-
tion proximally than thеy afе just bеforе thеir сonvеr-
gеnсе. Thеy mеasutе |2 to 2О mm in a |atera\-to-mеdial
dirесtion in thе proximal pastеrn, 9 to |7 mm just bеforе

Сb.l'ptеr 3 . MuscшloskelеtаI (Ikrаso,'ogrаpbу 63

Figure 3-14
Sonogfams of thе noгmal latеral bгanсh of thе middlе (oЬliquе) distal
sеsamoidеan ligamеnt (МDsL)' oЬtаilrеd fuom 

^ 
L2-уeat-оld Thoгouф-

bгеd gеldiлg. Notiсе thе largе homogеnеоusly есhogепiс oval shapе of
thе MDSL at its ofigin in thе tгaпsvеrsе viеw and its obliquе path as it
oгiginatеs from thс Ьasе of thе latеml pгoximal sеsаmoid Ьonе (аrroul)
and еxtепds distally towards thе midlinе of thе fiгst phalanх, sееn in
thе sagittal viеw. Thеsе soIlogгams wеrе obtainеd with a widе band-
width 7.5-МHz liпеaг.aггay tгafisduсег opеfatiflg at l0.0 МнZ using a

hand-hеld standoff p^d at a displayеd dсpth of 5 сm Thе foсal zonеs
aге in thе пеar fiеld of thс imagеs. Thе lеft sidе оf thе traпsvеfsе viеw
Qф imаgе) is palrnaf aпd thе гiфt sidе is dorsal. Thе lеft sidе of thе
sagittal viеw (igbt inаge) is distal and thе гiфt sidе is proхimal.

thеiг сonvегgrnсе, and 0 to 9 mm (onе sidе only) at thе
insеrtion of thе ligamеnt onto P1.59 Thе palmaг.to-dorsal
thiсknеss of thе middlе (obliquе) distаl sеsamoidеan liga-
mеnt is 5 to 1'2 mm in thе proximal pastrm, 2 to 6 mm
iust pгoхimal to branсh сonYеrgеnсе, and o to 3 сm at
insеrtion onto P1.59 Аnothеr invеstigatoг obtainеd mеdial-

Figure 3-15
sonogгam of thе pгoхimal poftion of thе pastеrn at thе lеvеl of zоnе
P1A, oЬtainеd fuom a 1-уеar.old Thoroughbrеd gеlding. Notiсе thе
tfiaпgulaf to tгapеzoid appеaгanсе of thе stгaiфt distal sеsamoidеan
ligamепt (sDsL) at its oгigin, thс гouпd to oval branсhеs of thе middlе
distal sеsamoidеan ligamеflt (МDSL), thе thin сuгvеd supегfiсial digital
flrхor trndon (SDF), аnd thе bilobеd dееp digital flехoг tепdon (DDF).
Thе h1poесhoiс apPеafanсе of thе DDF is aгtifaсtual, сгеatсd Ьy ап off-
noгmаl inсidеnсе artifaсt. This sonogтam was oЬtaillеd with a widе-
bandwidth 7 5-МНz liпеar-aгray tfansduсеr opеrating at lo.0 MнZ usifig
a hand-hеld standoff pad at a displayеd dеpth of 4 сm Thе foсal zoпеs
aге plaсеd in thс nеaгfiеld ofthе imagе Thе fight sidе ofthе tгansvегsс
imagе is latеral and thе lеft sidе is mеdial.
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to-latеral width mеasufеmеnts of .thе middlе (obliquе)
distal sеsamoidсan ligamеnt in zonе PlA of |4 + o.35
mm dесrеasing to 11 + 1.38 mm in zonе PlB just bеforе
insеrtion.66 Thе palmaг-to-dorsal thiсknеssеs mеasurеd at
thеsе samе zonеs afе 5 + o.52 mm and 4 + o.75 mm,
rеspссtiYеly.66

Strаigllt Distаl Sesа,шoid.eаn ligапt.ent. Thе
stгaight distal sеsamoidеan ligamеnt oгiginatеs as a singlе
trapezoid struсtufе from thе basе of both sеsamoid bonеs
with a largе сonсavе palmaг bordеr (sее Fig. 3-15). Thе
straight distal sеsamoidеan ligamеnt bссomеs a mofе
oval-shapеd struсtufе and is pa|mat ot p|aпtar to thе
middlе distal sеsamoidеan ligamеnt in thе mid-pastеrn
rеgion and dorsal to thе dееp digital flеxor tеndon. Thе
stfaight distal sеsamoidеan ligamеnt insеrts on thе proхi-
mal portion of thе sесond phalanx (Figs. 3-12 and3-|6).
Thе dorsal-to-pa|mat thiсknеss of thе stгaiфt distal sеsa-
moidсan ligamеnt gradually inсrеasеs as thе mеdial-to-
\atсta|. width dесrеasеs' Thе stгaiфt distal sеsamoidеan
ligamеnt is vеry есhogеniс, with noгmal paгallеl flbсr
alignmеnt thтouфout. Thе stгaiфt disцal sсsamoidеan
ligamеnt oftеn appеars to havе a hypoесhoiс сеntсf as it
insеrts onto thе pгoхimal portion of thе sесond phalanx
or P2 (sее Big. J-|2). This hypoесhoiс appсaranсе disap-
pеars, howеvеr, whеn thе ultrasound bеam сan bе anglсd
pеrpеndiсulaг to thе ligamеntous fibеrs at thеiг insеrtion
(sсе Fig. 3-16) in zone P2Ь.

Thе stfaight distal sсsamoidеan ligamеnt mеasuгеs 5 to
9 mm in palmaf-to-dorsal thiсknеss proхimally, inсrеasing
slightly ovеr distal Pl to 6 to 12 mm and thсn to 8 to |4
mm at thе sсutuih mеdium.59 Thе mеdial-to-latегal width
of thе stfaight distal sеsamoidеan ligamеnt rangсs from
17 to 3О mm in thе proхimal pastеm rеgion, dесrеasеs
to 10 to 15 mm ovег distal Pl, and thсn widеns ovег thе
sсutum mеdium to 45 to 65 mm' Anothеr invеstigator

Figure 3-16
Sonоgгams of thе noгmal insсгtioп of thr stfaiфt distal sеsаmoidеan
ligamеnt (SDSL) at thе lеvеl of zonе P2, obtaiflеd fтom a |2-уeat-
old Thorouфbrеd gеlding. with a miсгoсonvеx lifiеaf tгaпsduсеr, thе
insегtiorr of thr sDsL has an есhogеniс сеntсг in thе sagittal view Qefi
imаge) aлd thе insеrtion of thе SDSL onto thс sсutum mеdian is visiblе
in thе transvеrsе imagе (right imаge). Thеsе soпograms wеfе obtainсd
with a widе-baпdwidth 6.0-MHz miсfoсoftvех |inearataу tгansduсеr
opегatiflg at 1o.0 МHz at a displayеd dеpth of 4 сm. Thе foсal zonеs
arе in thе far fiеld of thе imagеs. Thе гiфt sidе of thе tгansvеrsе imagе
is latеral and thе lеft sidе is mеdial. Thе right sidе of thе sagittal imagс
is latеral and thе lеft sidе is distal.

found a mеan mеdial-to-latеral width of thе straight
distal sеsamoidеan ligamеnt of 2О + 1.19 mm, 16 +

1.89, and 1'4 + |.|6 at zonеs P1A, PlB, and P1C, гrsprс-
tivеly.66 Thе palmar-to-dorsal thiсknеss of thе straight
distal sеsamoidеan ligamеnt is 7 + 0.71 mm' 8 + 0.93
mm, 8 + o.92 mm, and 11' + 2.| mm in zonеs P1A,
P1B, P1с, andP2Ь (proximal P2).66

Сtllciаte I|istаl Sesаtnoideаn ligаments. Thе сru-
сiatе distal sеsamoidеan ligamеnts arе only imagеd in thе
pгoхimal-most poftion of thе pastеrn aпd meaы:ле 2 to 4
mm in a palmar-to-dorsal diтесtion.59

Arrnulaг Ligamеnts. Thе noгmal fеtloсk annular liga.
mеnt is a very thin struсtuге in thе normal horsе and is
dffiсult to distinguish from thе digital shеath, with whiсh
it is intimatеly assoсiatеd. In normal horsеs, thе fеtloсk
annular ligamеnt mеasufеs o to 2 mm in thiсknеss, in.
сluding thе ovеrlying skin layеr.59'60 Rarеly сan thе fеtloсk
annulaг ligamеnt bе imagеd as a distinсt struсtuге.6o'71
Thе fеtloсk annrrlar ligamеnt w.as visualizеd indеpеndеnt
of thе skin and tеndon shеath in onе largе horsе; thе
ligamеnt mеasurеd I to 2 mm thiсk.6o with thе advеnt
of hiфеr-frсquеnсy transduсеrs (10.0-МHz) for highеr.
rеsolution' nеar-fiеld imaging, thе annular ligamеnt may
bесomе slighф rаsiеf to imagе indсpеndеnф but should
still rеmain in сlosе сontaсt with thе adjaсеnt digital
shеath.

Thе proximal digital annulaг ligamеnt is also a vеry
thin struсtufе, dffiсult to distinguish from thе dndеrlying
digital shеath oг ovеrlyitrg skin. In noгmal 

.Warmblood

horsеs, thе thiсknсss of thе proхimal digital annular liga-
mеnt and ovеrlying skin сombined is 2 mm.69 A highеr
frеquеnсy transduсеr suсh as a 10.o-МHz may еnablе thе
dеlinеation of thе proхimal digital annular ligamеnt from
thе adjaсеnt digital shеath and supеffiсia| digita| flеxoг
tеndon to whiсh it is сlosеly attaсhеd.

Supеrioг Chесk Ligamеnt. Thе supегioг сhесk liga-
mеnt сan bе imagеd arising from thе distal radius as a
band of patallеl flbеrs that insеrts on thе supеrfiсial digital
flеxor tеndon (Fig. 3-I7). In thе tfansvеfsе planе, thе
supегioг сhесk ligamеnt-has a somеwhat tгiangn|at ap-
pеafanсе. Thе supеrior сhесk ligamеnt has unifoш есho-
gеniсity throughout its lеngth.

Biсipitаl Tеndon. Thе noгmal biсipital tеndon has a
homogсnеous есhogеniс 

^ppeawСe 
with a paraШеl fltlеr

pattеrn and is hypеrесhoiс сomparеd to thе surrounding
musсulaturе (Fig. 3-18). Thе biсipital tеndon is bilobеd,
with an isthmus сonnесting thе two lobеs. Artifaсtual
hypoесhoiс atеas maУ appеat in a portion of thе biсipital
tеndon bесausе ofthе largе sizе ofthе tеndon, its сurvеd
сontorш' and thе rеsultant dffiсulty in oriеnting thе ultгa-
sound transduсеf so that thе Ьеam is pеrpеndiсtrlaf to all
thс tеndon flbеrs' Lеsions should bе idеntifiеd in both
thе transvеrsе and sagittal planе to bе surе that a hypo-
есhoiс arеa is not artifaсtually induсеd. Dееp to thе
biсipital tеndon, a small anесhoiс spaсе is imagеd that
fеpfеsrnts thе сaгtilagе of thе humеrus and thе synovial
spaсе.70

At its attaсhmеnt to thе supraglеnoid tubrfсlе, thе
biсipital tеndon appсars flat сaudoсгanially and oval in
shapе, with thс bilobеd appеaranсе visiblе ovеf thе сfa-
nial aspесt of thе shouldеr. Distal to thе point of thе
shouldеr, thе .biсipital tеndon again lrесomсs oval and
еnlargеs' Thе musсulotеndinous junсtion is imagеd as а

Ve
tB

oo
ks

.ir



Figure 3-17
У]пograms of thе nomal slrpеrioг сhесk ligamеnt alofig thе distal
alеdial aspесt of thе гаdius, oЬtaiflеd from a |2-уeatold TlroгoughЬrеd
grlding Notiсе thе triangular shapе of thе supегioг сhесk ligamеnt in
shoгt-ахis sеction (diаgonаl аrrotlls) adjaсеnt to thе supеIflсial digital
iехoг tеndon (SDF). Thе vеltiсal aгfow poi11ts to thе supегior сhесk
ligапlg11 in its long axis аlong thе distal mеdial aspесt of thе radius.
Тhеsе sonoglams wеrе oЬtaiпеd with a widе.Ьandwidth 6.0-MHz сon-
теs linеar-aгray tfaflsduсеf opегating at 10 0 Mнz at a disPlayеd dеPth
lf + сm. Thе foсal zonсs afе in thе middlе оf thе imagсs Thе lеft sidе

']f thе short-axis viеw Qеft iпаge) is сaudal аnd thе гiфt sidе is сгаnial.
Тhе lеft sidе of thе long-aхis Уiеw (rigbt imаgе) is distal aпd thе гiфt
:idе is proximal.

hеtегogеnеous afеa with есhogеniс tеrrdon flbеrs intеr-
spеrsеd bеtтvееn hypoесhoiс musсlе and есhogеniс fas-

сia. No signi-f,сant diffеrеnсеs bеtwееn mеasufеmеnts of
r-aгious poftions of thе biсipital tеndon or biсipital bursa
bеtwееn forеlimLrs havе bееn fеpoftеd.71 No assoсiation
has bееn found bеtwееn сfanial and сaudal tеndon mеa-
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sufеmrnts and thе horsе's body wеight, hеight at thе
point of thе shouldеf, hеight at thе top of thе withеfs,
of gifth сifсumfеrеnсе.74 In this study of normal adult
Quartеr hofsеs' thе mеdian сfanial-to-сaudal width (thiсk-
nеss) of thе midsagittal portion (isthmus) of thе biсipital
tеndon was 10 mm (rangе, 7 to I3,5 mm)''. Thс mеdian
сranial-to-сaudal width of thе |atgеr |atca| lobе of thе
biсipital (thiсknеss) tеndon at its gгеatеst dimеnsion was
20.5 mm (rangе, |8 to 27.7 mm) and was 16 mm (rangе'
1'3 to 2o.5 mm) foг thе smallеr mеdial lobе.7a In thе
sagittal planе' thе mеdian distanсе from thе skin surfaсе
to thе |atс.тail lobе of thе biсipital tеndon was 14 mm
(rangе, 8.5 to 19 mm), that to thе midsagittal portion
(isthmus) was 17 mm (rangе, 10.5 to 22 mm), and that
to thе mеdial lobе was 23 mm (rangе, 16'5 to 30 mm).7a

Еvaluation of thе undефing сartilagе and subсhondral
bonе of thе distal humеrus should teуea| a thin anесhoiс
to hypoесhoiс layеf immеdiatеly стania| to thе hypеr.
есhoiс Subсhondгal bonе' rеpгеsеnting thе сartilagе. In
thе young horsе, varying dеgrееs of ossffiсation of thе
intеrmеdiatе tubеrсlе rеsult in sсattеfrd hypеrссhoiс foсi
dеtесtеd within thе hypoесhoiс сaгtilagе that rеpfrsеnt
еaф minеralization.1o Thе hypеrесhoiс есho fгom thе
subсhondral bonе of thе humеrus сasts an aсoustiс
shadow and, in thе adult horsе, should bе a smooth
bonr,.surfaсе есho of еvеn thiсknеss. A small сonсavity
in thе subсhondгal сontour of thе intсгmеdiatе tubеrсlе
was found in onе сliniсall1, noгrnal horsе and may fеpfе-
sеnt a noffnal variant.-o

Ехtensof Tеndons. A1l thе ехtеnsor tеndons havс
sonogfaphiс appеaranсеs similar to thosе of thе flеxor
tеndons, with a Llnifofm rсhogrniс appeatanсе' parallеl
flbеr alignmеnt, and an oval-to-сirсular appеaranсе in
tfansvеfsе sесtion. Thе еxtеnsor tеndons aге еaсh сon-

Figure 3-18
}onogгams of thе nonnal biсipital tеndofi, obtаinеd fuom a 7z-уeж-old ThoгoughЬгеd gеlding. Thеsе sonogгams vrеге obtainсd with a widе-
залds,idth 6 o-Mнz сonvех linеaг-aгfay transduсег opеrating at 7 5 NIlIz at a displaусd dеpth of 5 сm Thе foсal zonеs aте in thе middlе оf thе
:mаgеs Thе гight sidе of thе transvегsе imagеs is latеral aпd thе lеft sidе is aхial. Thе right sidе of thе sagittal viesvs Qф imаge in -B) is pтoximаl
злd тhе lеft sidе is distаl.

-{. Notiсе thе сurvеd есhogеniс appеafanсс of thе mеdial Qеft soпogrаm) and latегal (riglэt soпОgrаm) |oЬes of thе biсipital tendon (аrroшs)
п thе tгaпsvегsе viеWs as it сulvеs ovеr thе illtсfmеdiatе tuЬеrсlе of thе humсrus. Thе biсipital tеndon's largе sizе and сuгvеd stгuсtufе prесludе
irs Ьеing imagеd iл its еntirеfy in onе sсan planе. Attifaсtual hypoссhoiс arеas arе еasily сгеatеd within thе Ьiсipitаl tепdofl bесausе thе tеndon
di]€s not att liе in thе samе sсan planе Thе ovеrlyiпg Ьraсhioсеphaliсus musсlе has a normal stгiatеd appеaгanсе Thе lеft sidс оf thе imagеs is
атial aпd thе right sidе is latеral

8. Тhе isthmus of thе biсipital tеndon is muсh narrowеr Ьut also vеry сuгvеd. Thе isthmus гidсs ovег thе intеmеdiatе tuЬегсlе of thе humеrus.
Тhе гiфt imаgе is thе tfansvетsе viеw and thе lеft is thе сoтrеsponding sagittal viеw
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tigure 3-19
Sonogгams of thе normal еxtrnsoг сaтpi гadialis tсndon ovег thе doгsal
aspесt of thе сa4)us, obtainеd from a 12-yеar-o1d Thoгouфbгеd gеlding.
Notiсе thе homogеnеous есhogеniс appеaгanсе of thе ехtеnsor сагpi
гadialis tепdoп and thе parallеl flbег alignmепt (аrrou-|S). No Yisiblе
fluid is visualizеd within thе ехtепsor сaгpi гadialis tеndon shеath. Тhе
есhogеniс гim outsidе thе aггows q/ith thе shoгtег lingaf есhoеs is thе
tепdoп shеath. Thеsе soпogгams wеfе obtainеd with a widе-bandv/idth
7.5-МHz linеаr.aгrаy tfansduсег opетating at 1o.o мHz using a hand-
hеld standoff padata displayеd dеpth of 4 сm' Thе foсal zonеs atе in
thе nеar fiеld of thе imagеs. Thе гight sidе of thе sagittal vlеw (rigbt
imс.gе) is pгoхimal аnd thе lеft sidе is distal. Thе гight sidе of thе
tгansvеrsе viсw Qеjt imаge) is latеral and thr lеft sidе is mеdial

tainеd Within a sеpafatе tеndon shеath ovеf thе dofsal
asprсt of thе сafpus and tafsus that сontains littlе of no
visiblе anесhoiс.fluid in thе normal horsе @ig. 3.I9).
Thе ultrasonographiс appеatafuсe of thе ехtеnsof сaфi
fadialis tеndon, сoпrmon digital ехtеnsoг tеndon, еxtеn-
sof сafpi obliquus tеndon' |ateta| digital ехtеnsof tеndon,
and ulnaгis latегalis tеndon has bееn dеsсгibеd.87

Thе ехtеnsof сafpi radialis tеndon originatеs as an
oval-tGеlliptiсal tеndon сontainillg геsidual musсlе flbсrs
proхimally and flattеns ovrr thе dorsal aspесt of thе
сarpus. Thе tЫсknеss of thе еxtеnsor сafpi fadialis tеn-
don in a dorsal-to.palmar dirесtion was 6 to 7 mm with
a mеdial-to-latеral width of 16 to 19 mm in noгmal horsеs
in thе proxima| part of thе distal fadius. Thс thiсknеss of
thе ехtеnsoг сarpi radialis tеndon dесrеasеd to 4 to 6
mm irr a doгsal.to-palmar dirесtion' and thе mеdial.to-
|ateta| мridth inсrеasеd to |9 to 2I пlm ovеf thе distal-
most aspесt of thе fadius. Thе еxtеnsof сafpi radialis
tеndon widеns ovеf thе middlе fow of catpa| bonеs to
23 to 26 пrm and subsrquсntly to 28 to 32 mm in
a mеdial-to-|ateta| dirесtion ovеf thе сafpomеtaсarpal
joint.87 Thе сommon digital ехtеnsor tеndon originatеs
as a triangu|ar and thеn oval-shapеd есhogеniс tеndon.
Proхimally' thе сommon digital еxtеnsof tеndon is supеr-
imposеd ovеf thе еxtеnsof сarpi obliquus musсlе, мrhеrе
it mеasurеs 4 to 5 mm thiсk in a dorsal-to-palmar dirес-
tion and 16 to 18 mm widе in a mеdial-to.latеfal dirес-
tion.87 Thе tеndon flattеns ovег thе distal aspесt of thе
fadius and thеn bесomеs еlliptiсal ovеf thе dorsal aspесt
of thе сafpus' bесoming fusiform ovеr thе distal row of
сarpal bonеs and thеn еlliptiсal again. Thе сommon digi
tal ехtrnsof tеndon mеasurеs 3 to 4 mm thiсk and 12 to
1.4 mm widе ovеr thе proximal mеtaсa{pus. Thе ехtеnsof
сarpi otlliquus appеafs flat and mеasufеs 3 mm thiсk and

8 to 10 mm мridе ovеr thе distal radius. It thеn bесomеs
еlliptiсal and narrows slightly.87 Thе latеral digital ехtеn-
sof tеndon is 3 to 4 mm thiсk and 9 to 10 mm widе ovег
thе latеral aspесt of thе radius and is diffiсult to idеntф
through thе two pafts of thе latеral сollatеral ligamеnt.87
Thе tеndon of thе ulnaгis latеralis is round and mеasufеs
5 mm thiсk and 7 to 9 mm widе ovсf thr dorsal aspесt
of thе сafpus.87 Thе tеndon flattеns out and nafrows
slighф towafds its insеrtion.

Gastroсnеrnius Tеndon. Thе gastroсnеmius tеndon
is loсatеd in thе distal aspесt of thе сrus and winds
latеrally and uania||у around thе supеrflсial digital flехor
tеndon in this rеgion. In thе distal aspесt of thе сrus, thе
gastfoсnеmius tеndon liеs dееp to thе supеrflсial digital
flехoг tеndon and has a homogеnеous есhogеniс appеar-
anсе with uniform parallеl flbеr alignmеnt (Fig. 3-2О).In
thе middlе of thе сrus' thq tlvo musсlс bеlliеs of thе
gаstroсnеmius musсlе form a сoпrmon tеndon that sur-
rorrnds thе supегfiсial digital flехor tеndon at this lеvеl.
Thе gastroсnеmius tеndon thеn еxtеnds along thе |atera|
aspесt of thе сrus from supсrfiсial to dееp With thе
supегflсial digital flеxor tеndon еxtеnding from dееp to
supеrfiсial along thе mеdial aspесt of thе сrus. Thе сalсa-
nеal bursa is a po1еntial spaсе bеtwееn thе supеrfiсial
digital flеxoг tеndon and thе gastroсnеmius tеndon ind
may bе imagеd as an anесhoiс spaсе (Fig. 3-2o). Somе
hypoесhoiс aгсas afе usually dеtесtеd within thе gastroс-
nеmius tеndon at this lеvеl in thе normal horsе as it liеs
сaudal or latеral to thе supеrflсial digital flехor tсndon
(sее Fig. 3-2o),u" Somе musсular tissuе pеrsists in this
рoftion of thе gastfoсnеmius tеndon, whiсh may aссount
for its patсhy есhogеniсiф at this loсation, similaг to that
sееn in thе suspеnsory ligamеnt.6a Compaгison with thе
oppositе сrus should bе pегfoгmеd if quеstionablе aгеas

Figure 3-20
Tгansvеrsе sonogfams of thе noгmal gastloсflеmius tеndon (GNT) and
supегfiсial digital flеxof tеndon (sDF), obtainеd fгom а 3-yеar-old Stafl-
dаrdbrеd gсlding Thс гiфt sсaп is in thе proximal сrus whеrе thе SDF
is mеdial to thе GNT. Notiсе thе hypoесhoiс arеas visiblе ifl thе GNT
(diаgonаl аrrouls)' rеprеsеnting arеas of musсlе pгеsеnt withifr thr
tеndon at this lеvеl Thе lеft sсan is in thе distal сrus. At this lеvеl,
thе GNT ФorizontаI аrrouls) is rеlativеly homogеnеous, similar in
есhogеniсity to thе sDF. Thеsе sonogгams wеfе obtainеd with a widе.
bandwidth 7.5-МI1z |inear-ataу transduссг opегatftrg at 7.5 Мнz usijlg
a hand-hеld standoff pad at а displayеd dеpth of 4 сm Thе foсal zonеs
arе in thе nеar flеld bf thе imagеs Thе lеft sidе of thе imagсs is mеdial
and thе fight sidе is latеral.
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tigure 3-21
:оnogгams of thе пormal supегfiсial digital flехor tеndofl (sDF) aпd
plаntaг ligamеnt (PL) ovrг thе plantar aspесt of thе taгsus, obtainеd
IгOm a 3-yеaг-old Standardbгеd gеlding. Notiсе thе flattепеd appеafanсе
of thе SDF and PL rrеaf thе origin of thе PL. Thе SDF and PL aге

bomogеnеously есhogеniс with pаrallеl fiЬеr alignmеnt. Thеsе sono-
gг,rms wеlr obtаiflеd with a widе-bandwidth 7.5-МHz |1neatataaу ft^ns-

duсеr opеrating at 10 o Mнz usiпg a hand-hеld starrdoff pad at a

displayеd dеpth of 4 сm. Тhе foсal zonеs arе irr thе nеaг fiеld of thс
imagеs. Thе lеft sidе of thе transvегsr viеw Qф imаgе) is mеdial and
йс гiфt sidе is latеral. Thс lсft sidе of thе sagittal viсw (rigbt imаgе)
ь distal afld thе гight sidе is proхimal.

of iniury within thе gastroсnеmius tеndon in onе hind
limb arе pгеsеnt. In thе distal third of thе сrus, thе

8astroсnеmius tеndon and supеffiсial digital flеxof tеn.
don both dеvеlop a unifofm есhogеniс appеafanсе and
aге nеarly еqual in sizе, with a c|eat intегfaсе bеtwееn
thе two tеndons dеtесtеd ultгasonogгaphiсally. Thе gas-
tгoсnеfnius tеndon thеn bесomеs mofе roundеd in ap-
pеaгanсе in transvеrsе sесtion and is nеaф twiсе as
thiсk as thе supегflсial digital flеxor tеndon. Dееp to thе
gastfoсnеmius trndon, thе gastroсnrmius bufsa may bе
imagеd, but it is only a potеntial spaсе that doеs not
пoгmally сontain synovial fluid. Thе gastroсnсmius tеn.
don is flat af|d сrеsсеnt-shapеd in shoft aхis as it insеrts
on thе proximal aspесt of thе сalсanеal tubег сovегеd by
thе flattеnеd supеrflсial digital flеxor tеndon.

Plantar I igamеnt. Thе plantar ligamеnt is a shoгt
Шgamеnt along thе p|antai aspесt of thе tarsus that has a
homogеnеous есhogеniс appеatance with a parallеl fibег
pattегn (Fig. 3-2I). Thе origin of thе p|antat ligamеnt
fгom thе p|antat aspесt of thе pгoximal еxtеnt of thе
rubеr сalсis is rеadily imagеd as is its insrftion on thе
fibulaг taгsal bonе, fouгth tarsal bonе, and pгoximal ех-
tеnt of thе fouгth mеtatarca| bonе. Thе p|antat ligamеnt
has a гесtangl|at appearunсе ovеf thе distal aspесt of thе
сalсanеus and thе small tarsal bonеs and a somеwhat
riangular appеafancе nеar its insеrtion on thе fourth
mеtatafsal bonе, whеrе it is imagеd |atera| to thе dееp
digital flехor tеndon (Fig.3-22).

Pегonеus Tertius Tеndon. Thе pегonеus tегtius tеn-
don oгiginatеs ffom thе latегal aspесt ofthе distal еpiсon.
dr,lе of thе fеmur with thе long digital еxtеIlsof tеndon
and appеars as a thiсk есhogеniс sеmiсiгсulaf struсturе
in short-aхis sесtion with a homogеnеous есhogеniс ap-
pеaгanсе and parа|Ie| flbеr alignmеnt (Fig. 3-23)' T};.e
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pеronеus tеftius tеndon сan bе followеd distally along
thе dorsal aspесt of thе tibia as an oval-to-сiгсulaг homo-
gеnеous есhogеniс tеndon with parallеl flbеr alignmеnt
(sее Fig. 3-23). Thе pеronеus tеrtius tеndon bifurсatеs
into two branсhеs oУеf thе dorsal aspесt of thе hoсk.
Thеsе branсhеs insеrt on thе taгsal bonеs and appеar as
muсh smallеr oval-to-сirсular есhogеniс tеndons' again
with a parallеl flbеr pattегn (sее Fig. 3-2э).

Cunеan Tеndon. Thе сunеan tеndon has a homogе-
nеous есhogеniс appеafanсе with a para17e| flbеr pattеrn
Gig. 3-24). Thе tеndon has an oval shapе in transvеrsе
sесtion and is small' lying immеdiatеly undеrnеath thе
skin ovеr thе doгsal aspесt of thе hoсk.

Thе Baсk. Thе supraspinous ligamеnts, intеrspinous
ligamеnts, dorsal spinous pfoсеSsrs, and dorsal saсroiliaс
ligamеnt сan aЦ bе еYaluatеd ultrasonographiсally. At
thе withеrs, thе nuсhal ligamеnt appеafs homogеnеously
есhogеniс and has a flat and broad shapе in transvеrsе
srсtion. Thе at\anta| bursa, supraspinous bursa, and othеr
bursaе undеmеath thе supraspinous ligamеnt afе only
potеntial spaсеs afud ate not imagеd in normal horsеs.
In thе mid-thoraсiс rеgion, thе supraspinous ligamеnt
bесomеs oval or сirсular in shapе in tгansvеrsс sесtion
(Fic, 3-25) and maintains this shapе to its insеrtion on
thе saсrum. Thе supraspinous ligamеnt is thinnеr at thе
doгsal-most aspесts of thе doгsal spinous pгoсеssеs and
is morе сirсular in shapе in thе intеrspinous spaсеs'',5
Thе supraspinous ligamеnt is есhogеniс in its supеrflсial
paft 

^l:rd 
hypoесhoiс dееpег nеaг thе intеrspinous

spaсеs. Thе flbеr alignmеnt is parallеl throughout thе
supеrlrсial poftion of thе supraspфous ligamеnt and
obliquе in thе dееpеf poftion.75 Thе thiсk layег of subсu-
tanеous fasсia сontinuous with thе supraspinous ligamеnt

Figwe 3-22
sonogгams of thе noгmal supеrflсial digitаl flеxof tеndon (sDF) and
plаntаг ligamеnt (PL) ovеf thе plantaf aspесt of thе distal tarsus' ob-
taiтrеd fгom a |2-уеar-o|d ThoгoughЬгеd gеlding. Notiсе thе Palallсl
fibеf aligпmеnt of thс SDF and PL in thе sagittal viе:w (right imаgе)
and thе homogеnеous есhogеniс appеaralrсе of thе sDF and PL in thе
transvеrsе viе:w Qеfi imаge). A portion of thе dееp digital flехof tеndon
(DDГ) is imagеd alоng thе mеdial aspесt of thе PL in thе transvеfsе
imagе. Thеsе sonogгams wеге obtainеd with a widе-bаndwidth 7.5-
NЦIIZ Linеж-affaу transduсеr oPегating at 10 o Мtlz using a hand.hеld
standoff pad at a displayеd dеpth of 4 сm Thе foсal zonеs aге sprеad
throughout thе imagеs. Thе lеft sidе of thс tfansvеrsе viеw is mсdial
aпd thе гiфt sidе is latеral. Thе lеft sidе of thе sagittаl viеw is distal
and thе гight sidе is pтoximal
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Figure 3-23
Sonograins of thе floгmal pеfonеus tеrtius tеndon from its oгigifl to its irrsегtiofi, obtainеd ftom a 72.уeaъold ThoгoughЬтсd gеlding Notiсе thе
suггоuпding hypoесhoiс spесklеd skеlеtal musсlе most visiblе in -B and С. Thеsе sonogiams wеге obtainеd with a widе-bandwidth 7.5-МHzkneat-
afray tfansduсеr opегating at 10 0 Мнz using a hand-hеld stапdoff pad. Thе right sidе оf thе tгansvсгsе viеws is latегal and thе lеft sidе is mеdial
Thе гight sidе of thе sagittal viеws is pfoximal and thе lеft sidе is distal Thе foсal zonеs arе in thе nеаr fiеld схсеpt in С' whеrе thе foсal zonсs
havе bееn movеd dееpег to сепtег oп thе pегonеus tеrtius tеndon. Thе displayеd dеpth is 5 сm еxсеpt foг thе bifurсation (D) whiсh is at a 4 сm
displayеd dеpth.

,4, oгigin of thе pегonеus tеrtius tеndon and thе loлg digital ехtсflsof tеndon fгom thе distolatеral aspесt of thе fеmur Thс hoгizoпtal arrow
points to thе long digitаl ехtеnsoг tепdon aпd thе vегtiсal arrow poifrts to thе Pегoflсus tсГtius tсfldon. Both imagеs afе traпsvеrsе with thе lеft
imagе t'еing loсatеd sliфfly morе pгoхimally.

B' Thе pегonеus tеrtius tendon (аrrouls) as it is sеpагating from thе long digital ехtеnsof tеndon in thе prrоximal tibia. Notiсе thе homogеfiеous
есhogеniс appеaг:rnсе and thе parallеl fibег pattеrn of thе pеfonеus tеrtius tеndorr Thе гight iтпagе is sagittal and thе lеft is transvеfsе.

С, Thе pегonеus tегtius tсfidon suгfoundеd Ьу noгmal musсulatufс in thе mid tibia. Again notiсе its homogепеous есhogеniс appеaranсе and
thе pагallеl fiЬег pattсm Thе right imagе is sagittal and thе lеft is tfansvеfsе.

D' Thс distal portion of thе pеforrеus tеftius tеIrdofl at its bifufсation. Thе
гiфt tгansvеrsе imagе shows thе агеa slightly mofе distal whеrе thе mеdial
pеfoIlеus tеrtius tеndon arе сlеaф visiblе.

lеft tгansvсгsе imagе shows thе tеndoп Ьсginning to trifufсatе. Thе
(borizontа'l а,rroшs) and latеral (Uerticсl'l аtтoll-ts) bfanсhеs of thе

in thе thoгaсiс геgion is also есhogеniс. Thе dorsal spi-
nous pfoсеssrs havе a pointеd of bеakеd shapе along
thеir сranial mafgin with a mofе foundеd сaudal mar-
gin.l25 Thе doгsal margin of thе dorsal spinous pгoсеssеs
is smooth in thе mid-thoгaсiс fеgion tlut is morе irrеgulaг
in thе сranial thorax at thе withеfs, whеfе сaftilaginous
сaps afе сoInmon and ifrеgular minеfalization of thеsе
сaps oссufs еvеn in oldег hoгsеs. Partially ossifiеd ostro-
сhondral apophysеal nodulеs сan bс found in thе flrst
ninе dorsal spinous pfoсеssеs at thе withеrs' сrеating
hypеrесhoiс imagеs.75

Thе intеrspinous ligamеnts havе a homogеnеous hypo-
есhoiс to есhogеniс appeatanсe.15' |25 In transvеrsе sес-
tion, thе doгsal saсroiliaс ligamеnt is homogеnеously
есhogеniс and oval in shapе and is loсatеd on еithеr sidе
of thе midlinе bеtwrеn thе tubеr saсfalе and thе saсrum

Gig. 3-26). Thе saсroiliaс joint is not visiblе ultfasono-
gгaphiсally from thе skin suffaсе. Howеvег' a tfansгrсtal
еxamination сan bе pеrfoгmеd to imagr thе vеntrаl saсro-
iliaс ligamеnt, thе vеntral maгgins of thе saсfoiliaс and
lumbosaсral joints' and thе vеntfal intеrvеrtеbгal foram-
ina.75 The vеntfal saсfoiliaс ligamеnt is loсatеd bеtwееn
thе artiсular maгgins of thе ilial wing and saсrum and is
rсhogеniс and smooth, with a thiсknеss and width of
appгoхimatеly 5 mm.-5

Teпdon Sheaths and Bursae

Diфal Shеath. Thе есhogеniсity of thе digital shеath
is rеportеdly slightly lеss than that of thе adjaсеnt tеn-
dons.8 Littlе or no fluid is imagеd within thе digital shеath
of сliniсally nofmal horsеs. Thе mеsotеndinous attaсh-
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tigure 3-24
sonogfams of thе normal сunеan tеfldon ovеr thе dorsal aspесt of thе
hoсk' oЬtаiflеd ftom a 1.2-уеat-old Thoгoughbrеd gеlding Notiсе thе
homogеnеous есhogеniс appеaraflсе and parallеl fibеr alignmеnt of thе
сrrnеаIl tеndon (аrrouDs) Thеsе sonogгams wеrс obtaiflеd $iith a П,idе-
bаrrdwidth 7 .5-МHz linсaг-aггay trаnsduсеr opеrating at 1o.o М1{z using
а hand-hеld standoff pad at a displayеd dеpth of 4 сm. Thе foсal zonеs
аrе irr thе nеar flеld of thе imagеs. Thе гight sidе of thе tfansvегsе viе.w

Qеfr iшаge) is latеral and thе lеft sidе is mеdial. Thе гight sidе of thе
sаgittal viеw (rig|эt imаge) is pгохimal аnd thе lеft sidе is distаl.

mеnts of thе dееp digital flехoг tеndon to thе digital
shеath afе not nofmally imagеd. Сlеaг anесhoiс fluid
is imagеd in сliniсally noгInal horsеs with Small ..wind-

puffs."
Сatpa| Shеath. Anесhoiс fluid is noшally imagеd

within thе сaгpal shеath in thе proximal mеtaсafpal fе-
gion bеtwееn thе doгsal aspесt of thе dееp digital flехor
tеndon and thе infеrior сhесk ligamеnt. Thе сatpa|
shеath normally сontains mofе fluid along its mеdial as-

Pесt' whеfе it is not limitеd tly thе infегior сhесk liga-
mеnt.

Figure 3-25
:опogгams of thе noгmal supraspinous ligamеnt ifi thе thofaсiс геgion
оf a l2-vеaгюld Thoгoughbrеd gеldiпg. Notiсе thе homogеnеous есho-
gЕniс appеaгanсе ofthе supгaspinous ligamеnt (а|^roшS), its oval shapе,
лnd thе paгallсl fiЬег pattегп. Thеsе sonogгams wеrе оЬtainеd with a
sidе5andwidth 7.5-МHz |tлеar-attaу transduсег opеrating at 10.0 MFIZ
rrsiпg a hand-hеld standoff pad at a displayеd dеpth of 4 сm. Thе foсal
zoпс5 aге in thе nеaг fiеld of thе imagеs. Thе гiфt sidе of thr tгаflsvеfsr
ilЕъ. Пе|t imаgе) Is lеft and thе lеft sidе is гight Thе гight sidе of thе
ggiтtаl l-iеw (right imаgе) is pfoximal arrd thе lсft sidе is distаl.
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Figure 3-26
Soпogгams of thе noгmal doгsal saсгoiliaс ligamеnt, obtаinеd ffom
a |2-уeat-old ThoгoughЬгеd gеldiflg with a widе-bandwidth 6 Gмнz
miсroсoпvех Linеaг-arrаy tfansduсег opеratiтlg at 10.0 IvIHz at a dis-
playеd dеpth of 6 сm. Notiсе that thе doгsal saсroiliaс ligamеnts havе
a sliфtly hypoесhoiс appеaгaflсе in tfansvеrsе sесtioл (right i|nаge)'
but a pаfallеl fiЬег pattеm in sagittal section aeft im..ge)' Thе сuгvеd
shapе of this ligamеnt prесludеs ofiеntkrg thе ultrasound bеam pегpеn-
diсular to its fibегs, сгеatiпg afi aftifaсtual hypoесhoiс appеaгanсе. Thе
foсal zonеs aIе iтr thе middlе of thе imagсs. тhе гiфt sidе of thе
tгansvегsе imаgе is thе lеft sidе of thе horsс aпd thе lеft sidе is thе
гiфt sidе of thе hoгsе. Thе гight sidе of thе sagittal imagе is pfoximal
атrd thе lеft sidе is distаl.

Taгsal Shеath. Thе taгsal shеath еnYеlops thе dееp
digital flеxoг tсndon along thе plantагomеdial aspесt of
thе tarsus and сontakrs littlе visiblе fluid in thе noгmal
horsе (sес Fig. 3-8).93 Thе tarsal Shеath is an есhogеniс
struсtufе that is not usually distinguishablе from thе dееp
digital flехor tеndon throughout its lсngth. Thе taгsal
shеath bеgins appгoхimatеly 6 сm proximal to thе mеdial
mallеolus and еxtеnds into thе proхimal quartеf to third
of thе mеtataгsus.

Ехtеnsor Tеndon Shеaths. тhе tеndon shеaths of
thе еxtеnsof tеndons oYеf thе dorsal aspесt ofthе сaцpus
havе bееn thoroughly dеsсribеd.87 Еaсh ехtеnsof tеndon
is suггoundеd by a tеndon shеath as it сfossеs thе dorsal
aspесt of thе сaц)us' and thеsе сan bе imagеd. A thin
rim of fluid may oссasionally bе imagеd Within thе shеath
of thе ехtеnsoг сafpi radialis tеndon of long digital еxtеn-
sor tеndon' but fluid is rarеly imagеd in thе othеr еxtсn-
sor tеndon shеaths in normal horsеs.

Biсipitаl Bursa. Thе bursa is a potrntial spaсе bе-
twееn thе biсipital tеndon and thr intеrtubеral gfoovе of
thе distal humеrus; in thе nofmal horsе, it doеs not
сontain visiblе fluid. Thе сfanial-to-сaudal width of thе
biсipital bursa mеasuгеs 3 mm or lеss in normal Quartеr
hofsеs.7a

Naviсular Bursa. Thе naviсulaг bufsa is thе anесhoiс
spaсr boundеd by thе dееp digital flеxor tеndon and thе
naviсular bonе. Thе сollatеral ligamеnt of thе naviсular
tronе has a linеar flbег pattеrn, but oftеn appеars hypo-
есhoiс in ultгasound imagеs of this fеgion bесausе posi-
tioning thе ultrasound bеam pегpеndiсular to thе long
aхis of thеsе flbегs is usually not possiblе.

Troсhantеriс Bursa. Thе troсhantеfiс bursa is only a
potеntial spaсе bеtwееn thr aссеssory hеad of thе mid-
dlе glutсal musсlе and thе gfеatеr troсhantеr. Thе buгsa
doеs not сontain visiblе fluid in thе normal horsе.

Ve
tB

oo
ks

.ir



70 СtJаpter 3 . MшscшIaskelеtа'l LтItrа,sonogrа'p|Jу

Figure 3-27
Sonograms of thе noгmal postегior .ligital nегvе along thе proximal and |atеfll aspесt of thе pastеm, obtаinеd, ftom a |2-УеaFold Thorouфbrеd
gеlding. Thеsе sonogгams wеrе oЬtainеd with a widе.bandwidth7.5-МI1z|ineat-arтaу transduссг opегathg at 10.0 МHz using a hand-hеld standoff
pad at a displayеd dсpth of 5 сm. Thе foсal zoпеs aге irr thе nеar fiеld of thе imagеs. Thе lеft sidе of thс tгansvеfsе v\еws (rigbt imаges) is palmar
and thе гight sidе is dorsal. Thе lсft sidе of thе sagittal viсws Qф irпаges) is distal aпd thе гiфt sidе is proximal

,4, Notiсе thе sкrall есhogеniс newe (аrrouls)' whiсh is slightly oval in transvеrsе sесtion immеdiatеly palmar to thе postегior digital aгtеry and
dorsal to thе supеffiсial digital flехor tепdoп aloпg 'thе latеfal aspссt of thе pastеffi. Thе postегiог digital flеrvе has a somеwhat сoafsеr tехtufе
than thе adjaсепt supегfiсial .|igital flеxoг tеndon whеп imagеd in its long-axis sесtion.

B, Soпogram dеmoпstrating thе mеasufеmеnt of thе сros&sесtioflal afеa of thе normal postегioг digital nervе (с'rro1ls). This postеfioг digital
nегvе had a сloss-sесtional arеа of o 05 сm..

Сa|canea| arrd Gastfoсnеflrius Bursa. Thе сalсanеal
buгsa whiсh еxtеnds from thе mid-tibial lсvеl to thе point
of thе hoсk, liеs bеtwееn thе supеrfiсial digital flеxof
tеndon and thе gastfoсnеmius tеndon. Thе сalсanеal
buгsa is only a potеntial Spaсе in norrnal horsеs. Thе
сalсanral bursa фay bе visiblе as a thin anесhoiс linе
tlеtwееh thе supеrfiсial digital flеxoг tеndon and thе
gastfoсnеmius tеndon (sее Fig. 3-2o). A small gastfoсnе-
mius bursa also liеs сfaf|ia| to thr insегtion of thе gastгoс-
nеmius tеndon on thе tubеr сalсis and may сommuniсatе
with thе morе сaudal сalсanеal bursa bеtwееn thе gas-
tгoсnrmius tеndon and thе supеrf,сial digital flеxoг tеn-
don.6a Thе gastroсnеmius bufsa may bе imagеd as a
thin anесhoiс linе adiaсent to thе cruni^| margin of thе
gastfoсnеmius tеndon bеtтvееn thе tсndon and thе un-
dеrlying tubеr сalсis.

Tibialis Cranialis Tеndon Shеath and сunеan
Bursa. Thе shеath sufroundirrg thе tibialis сfanialis tеn-
don normally doеs not сontain visiblе fluid. Thегеforе,
this tеndon shеath is not usually imagеd as a distinсtly
sеpaгatе есhogеniс struсtufс (sее Fig' 3-24). Thе сunеan
bursa is also a potеntial spaсе dееp to thе flat еlliptiсal
сunеan tеndon. A small anесhoiс linе may bе imagеd in
thе buгsa of somе horsеs bеtwееn thе сunеan tеndon
and thе undеrlying bonе.

Atlantal and Supraspinous Bursa. Thе atlantal bursa
is only a potеntial spaсе bеtwееn thе ligamеnttrm nuсhaе
and thе atlas and doеs not сontain visiblе fluid in normal
horsеs. Similaф' thе supгaspinous bursa is only a potеn.
tial spaсе and no visiblе fluid should bе imagеd in noгmal
horsеs bеtwееn thе supraspinous ligamеnt and thе dorsal
spinous pfoсеssеs of thr sесond thoгaсiс vеrtеbraе.

Nerve

Thе noгmal nеrvе is есhogеniс and is difflсult to distin-
guish fгom thе surгounding tissuеs unlеss a maсhinе with

supеriof imagе quality is usеd. Thе digital nrryеs arе
еasiеst to fесognizе in thе tfansvегsе planе by'loсating
thе digital Yеin and aftery a|ong thе latеfal or mеdial
aspесt of thе limb. Thс digital nегvе liеs immеdiatсly
palrmat of plantaг to thе digital aftеry and immеdiatеly
doгsal to thе digital shеath and supеrfiсial and dееp
digital flеxoг tеndons. Thе nеfvе noгmally is slightly morе
есhogеniс than thе suffounding soft tissuе and has an
oval to сirсulaf appeжaшСe in tfansvеrsе sесtion. Thе
noгmal digital nегvе is vеry small, has a сross-sесtional
area of appгoximatеly o.5 to 1.0 mm2, and is 2 to 3 mm
in thiсknсss (Fic. 3-27).

Musсle

Normal musсlе has a hеtеrogеnеous striatеd appearа,шсe
with primarily hypoесhoiс musсlе flbеrs intеrspеrsеd
With morе rсhogеniс fasсia' сonnесtivе tissuе ' and fat
(Fic. 3-28). This givеs skеlеtal musсlе a ,,marb|ed,' ap-
pеatafuсе in shoгt.aхis сross-sесtion. Еaсh musсlе has a
distinсtivе ultrasonographic appеarunсе basеd on thе
amount of сonnесtivе tissuе prеsеnt within thе musсlе
bеlly. Thе nofmal triсеps musсlе apprafs similaf brtwесn
сontralatrral foгсlimbs with a wеdgе-shapеd appeannсe
in longitudinal sесtion.89 Thе musсlе tissuс appеars hypo-
есhoiс with finе есhoiс linеs rеprеsеnting intеffasсiсulaf
сonnесtiYе tissuе. Thе fasсial sеpttrm bеtwееn thе latеral
and long hеads of thе triсеps musсlе is a dеflnablе hypеr-
есhoiс linе that appеafs as a doublе linе in somе sсans.89
Thе short linеar есhoеs within thе musсlе bеlliеs arе
pan|Le|', thеir thiсknеss and есhogеniсity vatiеd, and thеy
mееt at a hypеrесhoiс fasсial linе at 25 to 3О dеgfееs.o9
In transvеrsе sесtions, thе tfiсеps musсlе has a spесklеd

^ppearanсe. 
Anесhoiс atеas afe idеntffiеd' usually nеar

thе fasсial sеptum sеpafating thе long and latеral hеads
of thе triссps musсlеs, in somе sсans. Thеsе anесhoiс
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tigшre 3-28
sonograms of thе пormal sсmitеfldinosus and sеmimеmbгanosus mus-
сlеs ifl thе lеft hindlеg of a 12-yеar-old Thoroughbгеd gеldiлg. Notiсе
thе hypoесhoiс musсulaturе with есhogеniс linеar есhoеs in thе long-
aхis viеw of thе musсlе |эelJу aф imаge) aлd thе spесklе pattrm ifi
thе shofi-aхis Уiew (riqht imаgе)' Thе fasсia bеtwееn thе two adjaсеnt
musсlе bеlliеs is thе moге есhogеniс thiсkег linеar еc}ro (аrrotlls).
Thеsе imagеs wеrе obtaiлеd with a widе-bandwidth 6.0-Мн2 miсfoсofi-
r-еx linсar-aгray tтansduсег opегatifig at 7.5 MIIZ at а displayrd dеpth
оf 7 сm. Thе foсal Zoflеs arе in thе rrеar frе|d Qф irnаgе) and sptеad
tfuoughout thе imagе (rigbt i?па8е). Thе гight sidе of thе short.axis
гiеw is latеral afld thе lеft sidе is mеdial. Thе гiфt sidе of thе long-axis
liеw is pfoхimal and thе lеft sidе is distal.

aгеas afе thought to fеpfеsеnt loosе сonnесtivе tissuе.89
Y/hеn thе horsе doеs not bеaf wеight on thе limb, thе
musсlеS сonsistеntly appear morе есhogеniс.89 This in-
сгеasеd есhogеniсity appеaгs to bе thе fеsult of mofе
сlosеly paсkеd musсlе fasсiсuli.89 Comparisons bеtwееn
musсlе bеШеs in thе сontfalatеral limb should bе pеr-
formеd if quеstionablе arеas of abnormality arе dеtесtrd
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ultrasonographiсally. Carе must bе takеn in еvaluating
horsеs that atе not bеaring wеight bесausе thе non-
wеight bеaring musсlе appеafs mofе есhogеniс, but thе
striatеd pattеrn should bе prеsеrvеd'

Bone

Normal сortiсal bonе has a strong fеflесtion, ..bony sur-
faсе есho,'' whiсh is сharaсtеristiс (Fig. 3-2D. Thе physis
in foals and young horsеs is a Linеar anесhoiс spaсе
bеtwееn thе mеtaphysis and thе еpiphysis of thе bonе
and is oriеntеd pегpеndiсular to thе bonе's long aхis
(Fic. 3-30)' A soft tissuе layеr normally ovеfliеs thе bonе
in all arеas еxсеpt within a synovial struсtuге, thе only
nofmal plaсе whеrе a fluid layсr is immеdiatеly adjaсent
to thе bony surfaсе есho. Thе сontinuity of thе bony
suffaсе есho may bе disruptеd by normal bony pгotubеr-
anсеs suсh as thе grеatеf troсhantеf. Сaгеful sсanning of
thеsе bony protubеfanсеs in two mutually pеrpеndiсular
planеs usually fеvеals that thеsе stfuсtufеs arе сontinuous
with thе bonе in onе oг morе planеs and arе not ffaс-
turсs. Thеsе stfuсtufеs should appeat similar in thе сon.
tfa|atqa| limb, сonfirming this normal disсontinuity. Thе
artiсulaг сartilagе is normally anесhoiс (Fig. 3-31) with
a|arger amorrnt of сartilagе dеtесtеd in foals bесausе thе
tronеs ossф with dеYеlopmеnt. Thе сartilagе dеtесtеd
in foals that is in thе pгoсеSs of ossifiсation is morr
hеtсrogеnеous @ig. 3-32) than is normal artiсtrlar сarti-
lagе in thе adult.

Joints

Joint fluid' if visiblе, should bе anесhoiс. Synovial villi, if
imagеd, should appеat as thin villous есhogеniс struс-
turеs floating in thе synovial fluid.

Figure 3-29
sопogfams of thе noгmal glutеal musсlеs and undегlying wшаg (А) and shaft (B) of tI;.е ilium, oЬtaiflеd fuom a |2-уеatold Thoгouфtlгеd gеlding.
\otiсе thе smooth сontour of thе Ьorrе afld thе strong bony surfaсе есho. Thеsе sonogfams wеге obtainеd v/ith a widе-bandwidth 6.o-МHz
miстoсonvеx liпеaг-arraу transduсеf opегatiтrg at 10.o м}lz (А) atd7 5 М}lz (B) 

^t 
a displayеd dеpth of 7 cm (А) and 8 сm (B) ^Г}rе foсal zoпеs

ате iл thе nеar fiеld of thе imagеs.
.1. Thе hypеfесhoiс linе схtеnding fгom thе tubеf saсralе to thе tubег сoхaе is thс wing of thе ilium sсaпnеd in its lorrg аxis. Thе гight sidс of

thеsе sonogгams is towаfds thе tuЬеf sасralе and thе lеft sidе is towalds thе tubеf сoхaе. Thе гiфt sonogram was oЬtaiflеd at thе еdgе of thе
rutrег saсгalе whеrеas thе lеft sonogram was oЬtainеd сlosе to thе tuЬеr сoхaе in thе samе sсan plaпе.

,B. Thе hypеrесhoiс linе еxtепding fгom thе tuЬег сoxaе distally is thе shaft of thе ilium. Thе гiфt sidе of thеsе soIlogfams is towaгds thе tuЬег
сохае and thе lеft sidе is towaгds thе aсеtabulum. Thс гiфt sonogram was oЬtailrеd at thе еdgе of thе tubег сoхaе and thе [еft sonogгam was
obтаinсd пеaг thе aсеtabulum in thе samе sсan Dlanе.
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Figure 3-30
Sonogram of thе floгmal proximal tibial physis, obtaiпrd from a 1o-day-
old ThoгoughЬгеd сolt Notiсе thr anесhoiс phуsis (аtтoш) Ьсtwееn
thе mеtaphysis and thе diaphysis of thе pгoхimal tiЬia. Thе гiфt sidе
of this long-aхis imagе is distal and thе lеft sidе is proximal. Thе foсal
zonеs afе in thе nеar fiеld of thе imagе This sonogгam was оbtainеd
with a widе-bandwidth 6.Gмнz miсгoсonvеx transduсег opеr:rtirrg at
7.5 М}lz at a displaуеd dеpth of 5 сm.

Shouldеr. Thе musсulatufе of thе shorrldеr gifdlе
should tlе thoroughly ехaminеd in horsеs with lamеnеss
in thе shouldсr rеgion. Thеsе musсlеs should a|| l:aУе a
noffnal musсlе fiЬеr pattеrn and normal spесklеd appеat-
anсе. Thе сontfalatеral shorrldеr сan bе usеd for сompari
son' Thе tеndon Qlthе biсеps braсhii should tlе followеd
to its i4sеrtion and thе undеrlying bufsa еxaminеd. Joint
fluid is.not usually imagеd in thе normal shouldег joint.

Еlboчr. Thе сollatеral ligamеnts of thе еlbow ioint aге
rеadily imagеd along thе mеdial and latеral aspесt of thе
сubital joint as homogеnеously есhogеniс struсtufеs with

tigure 3-31
Sonogгams of thе noгmal aгtiсular сaгtilagе ovеr thе latсfаl troсhlеar
гidgе of thе fеmur in a |2-уeat-o|d ThoroughЬrеd gеlding. Notiсе thе
hypoесhoiс to nеаф anесhoiс appеaranсе of thе aгtiсular сaгtilagе
фorizontаl аrrouls) and a poпion of thе ovеrlying есhogеniс latегal
pаtеllaf ligamеnt (uеrticаl аrrouls) ThеsЪ sопogгams wеfе obtainеd
with a widе-bandwidth 7.5-MHz |lnеar-ataу tfaпsduсеr opсratifig аt
1o.0 МHz using a hand-hеld standoff pad at a displаyеd dеpth of 5 сm.
Thе foсal zonеs arе in thе nеaг fiеld of thе imagеs. Thе гight sonogrаm
is morе pгoхimal afld latеfal ovеf thе latеfal tгoсhlеaf ridgе. Both
sonogfаms aге long-axis viеws with thе lеft sidе of thе lofig-aхis viеW
tlеing distal and thе fight sidе proximal.

Figure 3-32
Sonоgram of thе сartilagе of thе noгmal latеral tгoсhlеar гidgе of
thе fсmur, from a l0.day-old Thoiouфbrеd сolt Notiсе thе moге
hсtеrogеnеоus aPpеaгanсе of thе сartilage (аtтotl,s) аnd thе largе
сartilagе сomPonеnt of thе distal fеmur prеsеflt at this stagе. тhе гight
sidе of this long-aхis viеw is pгoximal and thе lеft sidе is distal. This
sonogfam was oЬtainеd with a widе-baпdwidth 6.0.Mнz miсгoсonvеx
Linear-ataу tгansduсег opеfating at a fгеquеnсy of 7.5 МНz at a dis-
playеd dеpth of 6 сm Thе fосal Zoflеs afе in thе nеar fiеld of thе imagе.

pafallеl fibег alignmеnt. Thеy сan bе imagеd from thеiг
oгigins on thе |ateta| or mеdial еpiсondylе of thе hu-
mеrus to thеir insеrtions on thе latеral tubеrosiф of thе
radius, just distal to thе mafgin of thе artiсulaг suffaсе
Qateta| сollatеral ligamеnt) (Fig. 3-33), or to thе mrdial
bordеr of thе radius' just distal to thе lеvеl of thе intеros.
sеous spaсе, and thе mеdial tutlеrosity of thс radius
(mеdial сollatrral ligamеnt). Joint fluid is not nomally
imagеd in thе сubital joint.

tigure 3-33
Sofiograms of thе пormal latсгal сollatеral ligamеnt of thе сubital joint,
oЬtaiтrсd from a J-yеaг-old Standaгdtlгеd gеlding Notiсе thе homogе-
nеous есhogеniс appеaraпсе with a paгallеl fibеr pattеm thтouфout
thе latеral сollatегal ligamеnt. Notiсе thе bгoad origin (rigbt imаge)
and thе nalтowеf irrsеrtion distal to thе latеfal aspесt of thе radiohu-
mеral joiflt Qеfi ilnаgе) Thеsе sonogгams aге long-axis viеws obtainеd
firaг thе oгigiп of thе latеral сollatеral ligamеnt ffom thе humегus
(riqht ifnаge) and at its insегtion on thе fadius Qф imаgе). T}JLеsе

sonogгams wеrе obtainеd with a widе-Ьandwidth 7.5-МI1z |tлeatarraу
tlaпsduсег opег'rting at 7.' NI}IZ using a hand-hсld standoff pad at a

displayеd dсpth of 4 сm. Thе foсal zonеs arе in thе пеar flеld of thе
imagеs. Thе lеft.sidЬs of thе imagеs aгс distal and thе гiфt sidеs
arе proximal.
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Figulе 3-34
soпogfams of thс normal dorsal lсflесtioл оf thе mеtaсarpophalangеal
рiпt, obtainеd from a |2-уеarold Thoroughbгеd gеldiтIg. Notiсr thе
h]Poесhoiс syпovial fold in thс dorsal rессss of thе mеtaсaгpopha.
lаngеal joint, чrhiсh is 0.5 сm thiсk (x,), and thе ovефing схtеnsof
tеndon Thе joint сapsulе is not wеll visualizеd in this sсan. Thе гight
imаgе is moге pгoximal at thе dorsal гсflесtiofi of thе mеtaсafpopha-
lаngсal joint, whеrеas thе lеft imagе is morс distal at thе aftiсulation
Ьеtwееn thе distal mеtaсaФus (мC3) aпd proximal Pl. Thеsе sagittal
sоnogгams wеrе oЬtaifiеd with a widе-bandwidth 7.5-МT{z linеar.aггay
tгдnsduсеr opсrating at 10 o Мнz usiпg a haпd-hсld standoff pad at a

dЬplayеd dеpth of 5 сm Thе foсal zonеs aге аll in thе nеаг fiеld Thе
гight sidе of thе sagittal sonogгams is proximal and thе lеft sidе i5 distаl

Carpus. Thе normal ultrasonographiс appеafanсе of
thе сafpus has bееn dеsсгitlеd, foсusing primaгily on thе
sonogfaphiс appratanСe of thе еxtеnsor tеndons on thе
doгsal aspесt of thс сafpus.87 Thе latеral сollatеral tiga-
mеnt еxtrnds from thе latеfal (ulnar) sфoid pfoсеss
distally to thе fourth and thiгd mеtaсatpa| bonеs. A long
aпd supеffiсial сollatеral ligamеnt as wеll as a shoft and
dееp latегal сollatеfal ligamеnt aге pfеsеnt, through
в'hiсh thе latеral digital ехtеnsof tеndon passеs, sur-
гoundеd by its synovial shеath. Thе latеral сollatеral liga-
mеnt is appfoхimatеly 5 mm thiсi< and 27 to 29 mm
$'idе, narrowing ovеf thе ulrrar сafpal bonе to 19 to 21'
mm widе with a slight inсfеasе in thiсknеss.s7 At this
lсvеl, thе dееp portion of thе |atera|' сollatегal ligamеnt
схtеnds doгsally whеfеas thе supеrfiсial portion еxtеnds
in a palmar difесtion. Thе latеral сollatеfal ligamеnt bе-
сomеs widеr (25 to 29 mm) and thiсkеr (8 to 10 mm)
ovег thе fourth carpa| bonе and is сrеsсеnt-shapеd in
tгalrsvеfsе sесtion as it ехpands to its insегtion. Thе
сollatеral ligamеnts havе a homogеnеous есhogеniс
struсtrше with a paгallеl flbеr pattеrn. Howеvег, bесausе
thе сollatеral ligamеnts arе in diffеrеnt sсan planеs, thе
есhogеniсity of еaсh onе must bс еvaluatеd individually
to pгеYеnt off-normal inсidеnсе aftifaсts. Thе fat arеas in
thе antеbraсhioсarpal joint appeat аs two slightly lеss
есhogеniс arеas within thе joint whсn сomparеd to thе
moге есhogеniс joint сapsulе.87 Thе artiсulaf сartilagе of
thе distal fadius is dеtесtеd as a smooth anесhoiс layеr
ovегlying thе bonе.87 Fluid is not noгmally imagеd in thе
doгsal aspесt of thе antеbraсhioсarpa| and intеrсarpal
loints.

Fetloсk. Although thе mеtaсarpophalangеal joint was
onе of thе flrst to bе еvaluatеd ultrasonographiсally in
thе hoгsе, thе initial dеsсription inсludеd only thе sono-
gгaphiс flndings in horsеs with prolifеrativе synovitis and
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villonodular synovitis.8'9о Thе noflnal anatomy of this
atea has only rесеntly bееn dеsсritlеd.96 A]thouф thе
proximal synovial fold of thе mеtaсarpophalangеal joint
was not сlеaф imagеd in normal horsеs in tШs study,
that has not bееn this author's ехpеfiеnсе. Thе normal
pгoхimal synovial fold of thе mеtaсarpo- or mеtatarsopha-
|angea| joint should not ехсееd 5 mm in thiсknеss @ig.
3-34). Еquipmеnt with ехсеllеnt fеsolution and high-
frеquеnсy tfansduсеfs, howсvсr, afе nесеssary to suс-
сеssfully imagе thеsе struсtufеs in thе atlsеnсе of еxсеss
synovial fluid.e6

Both thе long and short сollatегal ligamеnts of thе
fеtloсk joints havе a parallеl fibег pattегn and shorrld
|tave a similar thiсknеss and сfoss-sесtionaI atea bеtwееn
thе latеral and mеdial aspесts of thе joint and in сompaгi-
son to thosе in thе сontfalatеral forеlimb or hindlimb
(Fig' 3-35). Thе long сollatеral ligamеnt is morе еasily
imagеd as it еxtеnds from thе distal mеtaсarpus or mеta-
tafsus to proximal P1 in thе samе planе. Thе short сollat-
егal ligamеnt is morе dffiсult to imagе duе to its obliquе
ofiсntation. It appеars hypoесhoiс whеn viеwеd in thе
samе imagе as thе есhogеniс long сollatеral ligamеnt.
Thеsе сollatегal ligamеnts must bе imagеd indеpеndеnф
bесausе thеy liе in two diffегеnt sсan planеs. Thе sсan
planе must bе сonstantly сhanging whеn imaging both
thе shoгt and long сollatегal ligamеnts to kееp thе ultra-
sound bеam pегpеndiсulaг to thе flbеrs. Thе subtеndi
nous bursa of thе long digital еxtеnsoг tеndon is not
normally imagеd ovег thе doгsal aspесt of thе mеtaсarpo-
oг mеtatafsophalangеal joint in noгmal hoгsеs bесausе
this is just a potеntial spaсе. A smаll amount of fluid is
usually imagеd in thе volar pouсhеs of thе mеtaсa{po-
and mеtatafsophalangеal joints at thе lеvеl of thс distal
poftion of thе branсhеs of thе suspеnsory ligamсnt.

Figure 3-35
soпogfams of thе noгmal latегal сollаtеral ligаmеrrts of thе mеtaсагpo-
phalangеal joint, obtaiтlеd from L \2-уearold ThorouфЬrеd gеlding.
Notiсе thс outеf longег ligamеnt (doшnшаrd аrroшs) and thе shortег
afiglеd ligamеnt (upLaаrd' аrroшs), whiсh aге farеly in thе samе sсan
planе at thе samе timе. Thе soflogfam on thе right sidе of thе imagе is
prоximal, along thе distal latеral mеtaсarpus; that oп thе lеft sidе is
distal' along thе distal latегal mеtaсaФus and pгoхirпal Pl. Thеsе sagittal
sonogr:ams wеrе obtainеd with a widе-bandwidth 7.5-МHz linеar-aгraу
transduсег oPегаting at 1o 0 Mнz usiпg a hand-hеld staпdoff pxd at a
displayеd dеpth of 4 сm Thе foсal zoпсs aге iп thе flеaг fiеld of thе
imagеs. Thе lеft sidе of thе sagittal viеWs is distal and thе гight sidе
is pгoximal
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Pаstеrn. Thе сollatеral ligamеnts of thе proximal intеf-
phalangеal joint сan bе imagеd as homogеnеously есho-
gеniс struсturеs with a paraШe| flbег pattеrn from thеir
oгigin on thе distal aspесt of P1 to thеiг insеrtion on
pгoхimal to mid P2. Fluid is not normally imagеd in thе
proximal intеrphalangеal joint. Thе distal intеrphalangеal
joint was thе first joint to bе еvaluatеd ultгasonographi-
сally in сonjunсtion with ultrasonographiс еvaluation of
thе naviсulaг buгsa, naviсular bonе, and dееp digital
flеxor tеndon along thе palmar aspесt of thе pastеrrr.z
Thе proхima| paImar pouсh of thе distal intеrphalangеal
joint is idеntffiеd as a small anесhoiс fluid spaсе pa|mar
or plantar to thе sесond phalanх. This outpouсhing of
thе distal intеrphalangеal joint is imagеd dorsal to thе
сollatеral sеsamoidеan ligamеnts of thе naviсular bonе
and immеdiatеly proximal to thе naviсular bonе.

Thе Pеlvis and Hip. A smooth bony suгfaсе есho
shorrld bе prеsеnt along thе doгsal aspссt of thе wing of
thе ilium from thе tubеr saсralе to thе tubег сoxaе (sее
Fic. 3-29). Thе shaft of thе ilium is sliфtly moге iггеgu-
lar, but a stfong bony surfaсе есho should bе produсеd
from thе ilial shaft. Thе gгеatег troсhantеr of thе fеmur
and thе outеr poftion of thе aсеtabrrlum should also havс
a stгong bony suгfaсе есho' although thе dееpеr portions
of thе hip 

'oiflt 
aге not aсссssiblе for sonographiс еvalua.

tion from thе skin surfaсе. Thе pеlvis сan also bе imagеd
from a tгansrесtal window and should produсе a similaг
smooth bony surfaсе есho.

Stiflе. Sеvеral invеstigators havе studiеd thе trltгasono-
gгaphiс aftatomУ of thе normal stiflе in thе standing
horsе, dеsсribing.thс pate||at ligamеnts, сollatеral liga-
mеnts' inеnisсi, and visiblе poftions of thе fеmoropatеllar
and fсmorotitlial ioints.92' 91' 95, 1ol Imaging thе сruсiatе
ligamеnts is muсh morе diffrсult; thе сoopеrativе or sе-
datеd horsе must Stand with thе stiflе flехеd, or еlsе
gеnеral anеsthеsia is fеquirеd.92' lot

Thе middlе' mеdial, and |ateta| patellat ligamеrrts afе
homogеnеously есhogеniс with a pata||e| fibег pattеrn
and сan bс followеd from thеiт ofigin to thеiт insегtion
(Fic. 3-36). Thе patсllar ligamеnts appeat oval in trans-
Yегsе sесtion and liе immеdiatеly undеrnеath thе skin.
Thе mеdial tгoсЫеar гidgе appеars widеr than thе latеral
tгoсhlеaг гidgе with good visualizatioш of thе intегtroсh-
lеar gгoovе.92 The artiсular сaftilagе of thе troсhlеa is
rеlativеly anесhoiс bеtwееn thе hypегесhoiс subсhon-
dral bonе and thе есhogеniс soft tissuе.92 A laгgе fat
pad is imagеd bеtwееn thr patеllaf ligamеnts and appеars
as somеwhat hеtегogеnеous есhogеniс sofit tissuе. Syno-
vial fluid is not normally imagеd in thе fеmoropatеllaг
joint.

Thе mеnisсi arе most еasily rесognizеd on sagittal
sсans as triangular есhogеniс stгtlсtuгеs vzith thе apеx of
thе tгianglе oriеntеd towards thе axial poftion of thе
fеmorotitrial joint @ig. 3-37).Thе сranial |atera\ and сta-
nial mеdial hoгns of thе mеnisсi aге visiblе from bеtwееn
thе latеral and middlе patеllar ligamеnts and bеtwеrn thе
mеdial and middlе patеllar ligarhеnts in thе standing
horsе. Thе сranial and сaudal horns of thе mеnisсus havе
a similar ultrasonographiс appеaranсе whеn imagсd from
thе сгanial and сaudal aspесts of thе joint, rеspесtivеly,
with thе ioint flехеd.

Thе сruсiatе ligamеnts appeat similarly as homogе-

Figure 3-36
Sопogгams of thе noгmal mеdiаl patcllar ligamеnt, oЬtainеd from a |2-

1'еаr.old Тhorouфbгеd gеlding. Notiсе thе homоgеnеous есhogеniс
аpPеaгaпсе of thе patеllаr ligamеnt and its pafallеl fiЬеr pattеm. Thе
mеdiаl patеllaг ligаmеnt is loсatеd Ьrtwееп thе aгrows Thеsе sono-
gilms wеге obtainеd nеaт thе ofigin of thе mеdial patеllaг ligamеnt,
with а widе-bafldм/idth 7.5-МНz |inеar-artaу tгansduсеr opеfating at

1o.o МHz using a hand.hеld standoffpad at a displayеd dеpth оf 5 сm
Thе foсal zonеs afс in thе nеar fiеld of thс imagеs. Thе lеft sidе of thе
short-axis vlew (rigbt ittгаge) is сaudal and thе right sidе is сгaпial. Thе
lеft sidе of thс long-axis viе:w Qеfi imаgе) is distal and thе гiфt sidе
is ptoхimal.

nеously есhogеniс struсtuгсs with a paгallеl flbег pattеm'
providеd that thе transduсеr сan bе positionеd so that
thе ultrasound bеam is pеrpеndiсulaf to thе long axis of
thе ligamеntous flbеrs. This is optimally obtainеd чzith
a sссtoг-sсannеf tfansduсеf.l01 othеrwisе, thе сruсiatе
ligamеnts appear as hypoесhoiс ligamеntous struсtufеs
bесausе of thе off-normal inсidеnсе aftifaсt, outlinеd by
mofе есhogеniс fat. Thе сгаnial сruсiatе ligamеnt ap-
pеafs somеwhat oval in сross-sесtion at its сranial insеr.
tion and roundеr сaudally. Thе fеmoral insеrtion of thе
сaudal сruсiatе ligamеnt is bгoad and flattеnеd in a сtania|
to сaudal diгесtion.

Thе mеdial and |atera| сollatеral ligamеnts of thе fеmo-
rotibial joint aге rеadily imagеd from thеir origins to thеir
insеrtions. Thе mеdial сollatеral ligamеnt oгiginatеs from
thе mеdial еpiсondylе of thе fеmur and is rrniformly
есhogеniс with a pant\e| flbеr pattегn. It insеfts on a

rough arсa distal to thс margin of thе mеdial сondy1е of
thе tibia (sее Fig. 3-37). Сtaлia| to thе mеdial сollatеral
ligamеnt is a synovial outpouсhing of thе mеdial fеmoro-
tibial ioint, whiсh normally сontains a small amount of
fluid (Fig. 3-38). Thе latегal сollatеral ligamеnt is slightly
thiсkеr and oгiginatеs from thс uppеr dеprеssion on thе
|atеra| еpiсondylе and insегts on thе hеad of thе flbula.
Thе latегal сollatеral ligamеnt сovеfs thе oфin of thе
poplitеus musсlе. Thе bursa bеtwееn thе tеndon of oгi-
gin of thе poplitеus musсlе and thе |atеta| сollatеral
ligamеnt and bеtwеrn thе latегal сollatеral ligamеnt and
thе margin of thе |atсra| сondylе of thе tibia is only a
potеntial spaсе and is not imagеd in normal horsеs. Usu-
auy, littlе or no anесhoiс synovial fluid is imagеd in thе
|^tеra| сompaftmеnt of thе fеmorotibial joint (sее Fig.

3-3s). Thе сombinеd origin of thе long digital ехtеnsor
musсlе and thе pсfonеus tеrtius tеndon is сranial to thе
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Figure 3-37
Soпogгams of thе noгmal mеdial сollatегal |igamеnt оf thе fеmorotibial joillt and thе mеdial mепisсus, oЬtainеd ftom a 72-уеar-old Thoгoughbгеd
gеldiпg Thеsе sonogfams wеге obtainеd with a Widе-bandwidth 7 5-МI1z linеar-arraу tгansduсеr using a hand-hеld standoff pad (А) or a 6 0-МHz
miсfoсoпvсх-aггаy tfansduсег (B) opеrating at 10 0 M}IZ at a displayеd dеpth of 5 сm (А) аnd 4 сm (B). Thе foсal zonеs aге in thе nеar fiеlсl of
thе imagеs. Thе lеft sidе of thе shoГt-aхis viеw is сaudal and thе right sidе is сraflial. Thе lеft sidе of thе long-aхis viеw is distal aпd thе гight sidе
is proхimal.

,4, Notiсе thе paгallеl fiЬеr pattеrn of thr mеdial сollatеrаl ligamсnt (UеrticаI аrrou,'s) and its homogеnеous есhogеniс appеaranсе in thе Iеft

sonogгam with a hypoесhoiс mеdial mеflisсus. Thе mеdial mеnisсus appеafs hypoесhoiс in thе lеft sofloglam Ьссausе it is flot in thе samе sсan
planе (оff-noгmal inсidеnсе artifaсt). Notiсе thе homogеnеous aпd есhogеniс mеnisсus in thе гight soflogfam (diаgonаl аrroи's) with a hypoесhoiс
mеdiаl сollatегal ligamеnt, again bесausе оf an off-пoгmal inсidеnсе aгtifaсt Thеsе aге both loпg-aхis sonogfams.

B, Notiсе thе disс shapе to thе mеdial mеrrisсus (аrroш's) in its shoгt-axis sеСIloл aф imаЧе) with thе moге гесognizaЬlс tгiangulaг appеalaпсе
of thе mеnisсtrs (аrrotl|s) in its long-aхis sеСtioL (rigbt itllаgе) Тltе mеnisсus is loсаtеd bеtwееn thе two vегtiсal aгrows in botlr imagеs

latеral сollatегal ligamеnt and сaudal to thе latеfal patеllaг
ligamеnt.

Hoсk. Thе ultrasonogfaphiс anatomy of a poгtion of
thе hoсk has bееn dеsсribеd, foсusing on thе mеdial
сollatеral ligamеnts and thе dorsomеdial joint сapstrlе of
thе tafsoсflrral joint.9] Thе сollatегal ligamеnts hеrе, as in
thе сarptrs, arе multiplе and may bе difflсult to sеpafatе
sonogfaphiсally if high-rеsolution imaging with high-fге-
quеnсy tfansduсеfs is not possiblе. Thе long mеdial сol-
latеral ligamеnt ofiginatеs on thе сaudomеdial surfaсе of
thе mеdial mallеolus of thе tibia and ехtеnds distally to
its insеrtion on thе distal tubеrosiw of thе tibial tarsal

bonе, thе mеdial suгfaсе of thе small taгsal bonеs, and
thс pгoхimal poгtion оf thе sесond and thiтd mеtatafsal
bonеs @ig. 3-39). Thе short сollatеral Шgamеnts, tfuее
of whiсh afе on thе mеdial aspесt of tlrе taгsus, еxtеnd
from thеir ofiЕ.in on thе сraniomеdial aspесt of thе mеdial
mallеolus of thе tibia plantafodistally undеr thе long сol-
|atсa| ligamеnt to thеir rеspесtivе insеrtions. Thе flat
supеrflсial short mеdial сollatеral ligamеnt insеrts on thе
proximal and distal tubеrosity of thе tibial tarsal bonе
and thе intегvеning гidgе, with its plantarodistal attaсh.
mеnt lying immеdiatеly adjaсеnt to thе attaсhmеnt of thе
long сollatеral ligamеnt. Thе insеrtion of thе гound mid-

Figure 3-38
}]nogтams of thе noтmal mеdta| (А) and latегal (B) сomPaгtmеnts of thе fight fеmoгotibial ioint' obtainеd fгom a l7-yеar-old Quaгtег hoгsе gеldiпg.
.]rсsе aге both long-axis sonogfams' with thе гight sidе of thе sonogram bеing pгoхimal and thе lеft sidе distal. Notiсе thе lаrgеr orrtpouсhing and
::g]Iег amount of q.novial fluid in thе mеdial fеmoгotibial сompaгtmсnt сomparеd with thе latсгаl. Thе latегal сollatеral ligamеnt is wсll-visuаlizеd
1.г thе latеral mеflisсus (B)^ whегеas only a portioп of thе mеdial mеnisсus is visualizеd ifl thе imagе of thе mеdial сompartmепt of thе

тпoгotibial jolлr (А) Thеsе sonogгams wеrе oЬtainеd with a 7 5-МНz sесtof-sсanfiеf tfansduсег сofltaining a built-in fluid оffsеt at a displayеd
;спrh сlf (l сm
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Figure 3-39
Sonograms of thе normal long latетal сollatегal ligаmепt (аn.ou's) of
thе hосk that геvеal thе homogеnеous ссhogепiс aрpеafirnсr aпd thе
parallеl fitlеr pattеm of thе long сollatегаl ligamrnt. Thеsе sonogгams
wеrс obtainеd fгom a l2-),еar-old Thoгouфtlгеd gеlding with a widе.
bafldwidth 7 5-МHz linеaг.aггa1. tгапsduсег opсЙting at 1o.0 мнz usiгlg
a hand-hеld standoff pad aпd a displaуеd dеpth of 4 сm. Thе foсal
zonеs arе in thе nеar fiеld of thе imagеs. Thе lеft sidе of thе short-axis
viе:w (igbt imаge) is сaudal and thе гiфt sidе is сranial. Thе lеft sidе
of thе long-aхis viсw Qф imаge) is distal and thе гight sidе is pгoximal.

dlе short mеdial сollatеral ligamеnt is thе distomrdial
suffaсе of thе sustеntaсulum tali and thе plantaгomеdial
Suffaсе of thе сеntfal tarsal bonе. Thе insеrtion of thе
flat short dееp mеdial сollatеral ligamеnt is thе tibial
tarsal bonе.

Thе dorsomеdial aspесt of thе tafsoсrufal joint сapsulе
is situatеd сlosе to thе undеrlying tfoсhlеar ridgеs with
minimal synovial fluid prеsеnt that miфt hеlp dеlinеatе
this struсtufе in thе noгInal horsе. Thе appеaгanсе of thе
innеr surfaсе of thе mеdial сompartmеnt of thе еquinе
tarsoсгural joint aftеr thе injесtion of 60 ml of physiologiс
saliIrе has bееn dеsсгitlеd.9] [n this situation, thе innеr
surfaсе of thе joint сapsulе is сovегеd by short pointеd
viШ that arе most pfominеnt in thе middlе fеgion dofsal
to thе tгoсЫеar гidgеs of thе tibial tarsal bonе. Thе villi
maУ appеat to agglomеfatе proximally' doгsal to thе dis-
tal еnd of thе tibia' and may rеsеmtrlе a small villonodular
mass' whегеas distaШy thе synovial villi arе longеr and
havе a morе stгaggly appеatancе.9з

Abnormаl Struсtures

Tendon and Ligamenl qhпormalities

Thе most frеquеnf , injurеd struсtufе in most typеs of
pегfoгmanсе horsеs is thе supеrflсial digital flеxor tеn-
don..6, 19' 25 Thе supеffiсial digital flехor tеndon in thе
front lеg is thе most frеquеntly injurеd tеndon or liga-
mеnt in Thoroughbrеd гaсеhorsеs, National Hunt horsеs
or othеf horsеs that faсе ovеr fеnсеs, Standardbrеd raсе.
horsеs, Aтabian raсеhorsеs, horsеs that сompеtе in сom-
tlinеd training' and polo poniеs. It is also a сolnmon
injury in foх huntеrs and show jumpеrs. Thе swеlling
сommonly sееn along thе plantar aspесt of thе hoсk,
usually rеfеrгеd to by laymеn as a ..сurtl,'' most frеquеntly

frpfеsеnts supеrflсial digital flехof tеndon injury if it is
thе rеsult of a tеndinous of ligamеntous injury.

Thе suspеnsoгy ligamеnt is thе sесond most ffrquеntly
iniurеd struсtuгr in pеrformanсе hofsеs, and injury to it
oссufs most frеquеntly in Standardbгеd faсеhoгSеs and
drеssagе horsеs.'6' '9,25 Suspеnsory ligamеnt injuriеs also
oссur in Thoroughbrеd raсеhoгsеs, National Hunt horsеs
and othеr horsеs that tace ovеf fеnсеs, Аtabian raсe-
horsеs' Quaгtеf hoгsе raсеhorsrs, horsеs that сompеtе ifl
сombinеd tгaining, show jumpеrs, show huntеrs, foх
huntегs, polo poniеs' rеining and сutting horsеs, and
еnduгanсе hoгsеs. Suspеnsoгy ligamеnt injrrriеs arc p^tt
of thе oftеn сatastгophiс brеakdown injury (traumatiс
disruption of thе suspеnsory apparatus) that oссurs in
Thoгouфbгеd flat гaсегs. Although mofе сoпlmon in thе
foгеlimtl' suspеnsory ligamеnt injuriеs also oссur frе-
quсntly in thе hind limtl, еspесially in Standafdbfеd raсе-
hoгsсs and drеssagе horsеs.

Thе iлfеrioг сhесk ligamеnt is thе thiтd most frеquеntly
iniuгеd tеndon oг ligamеnt in thе forеlеg and is an ех.
trеmеly rarе injury in thе hindlimb bесausе this stfuсturе
is absеnt or is only a vеstigial struсtufе in thе hindlimb
of most hofsеs.'6' '9' 

,5 Injuriеs to thе infеrior сhесk liga.
mеnt arе oftеn notiсеd aftег a horsе has bееn turnеd out
in thе fiеld, rathеr than during or aftеr a сompеtition'
although both oссur. Infеrior сhесk ligamеnt injuгiеs
havе bееn frpoftеd morе frеquеntly in poniеs and oldеr
horsеs that havе bееn usеd for jumping.44'53 Thе dееp
digital flеxor tеndon is thе lеast frеquеntly injurеd tеndon
or ligamеnt in thе forеlеg of pеrformanсе horsеs, trut
may bе thе sесond most сommon injury in thе hind
lеg of hoгsеs, partiсulafly uppеr-lеvеl show jumpеrs and
drеssagе hofsеs.l6' 19' 2'

Thе tlеst indiсation of damagе to a tеndon or ligamеnt
is swеlling of thе affесtеd stfuсtufе, with lеss than 5О%

of hoгsеs showing lamеnеss at thе timе thе injuгy oссurs
or at thе timе of pfеsеntation to thе vеtеrinafian'16'25
неat and sеnsitivity in thе affесtеd tеndon or ligamеnt
afе сommonly dеtесtеd. Although injury to thе trndons
and ligamеnts сan oссuf without loсal swеlling, hеat, or
sеnsitivity, a сomplеtе lamеnеss еxamination with diag-
nostiс nеfvе bloсks should bе pеrformеd initially lf |ame
nеss is thе only historiсal of prеsеnting sign of injury. Аn
ultrasonographiс еxamination is only indiсatеd in thеsс
hoгsсs aftеr thе lamеnеss is loсalizеd and radiographiс
ехamination rеvеals no signiflсant findings, bесatтsе an
ultrasonographiс ехamination in thеsе horsеs is lеss likеly
to yiеld abnormal findiлgs.

A rесеnt injury to thе tеndons oг ligamеnts rеsulting
in fibег disгuption most ffеquеntly appеafs aS an aIт-

есhoiс holе or ..сoге,' in thе affесtеd tеndon or ligamеnt.
This сorе lеsion сan oссur in aгУ part of thе tеndon or
ligamеnt but oссuгs most frеquеntly in thе сеntеr of thе
affесtеd tеndon or ligamеnt, еspесially thе supеrfiсial
digital flехor tеndon and suspеnsoгy ligamеnt. A morе
diffшsе typе of injury also oссufs in whiсh diffusе and
oftеn intеrmittеnt disruption of flbеrs is Sееn thfoughout
thе еntiте tеndon or ligamеnt, without a disсrеtе arеa of
flbеr damagе. Thе total сross-sесtiona| area of thе affесtеd
tеndon or ligamеnt may bе еnlargеd With pfеsеfvation of
flbеr alignmеnt сonsistеnt With a tеndinitis or dеsmitis.
Knowlеdgе of thе normal tеndon сross-sесtiona| area at
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еaсh zonr or сompafison with thе nqrmal сontralatеral
forеlimb or hindlimb is usеful in dеtеrmining if a mild
tеndinitis or dеsmitis is prеsеnt. Mеasurеmеnt of tеndon
or ligamеnt сrosуsесtiona| area and thе сfoss.sесtional
atea of thе iniury allows for сalсulation of thе pеfсеntagе
of tеndon or ligamеnt damagс.'6 Thеsе сalсulations arе
еssеntial for сritiсal еvaluation of tеndon and ligamеnt
injuгiеs and thеir rrsponsе to trеatmrnt.'6

Thе sеvеrity of tеndon and ligamеnt injuriеs has bееn
chatactеtizеd basеd on thе есhogеniсity of thе lеsion
iflto typе 1 to 4 lеsions.'' Цpе 1 lеsions arе slightly lеss
есhogеniс than normal and rеpгеsеnt minimal disruption
of thе flbеr pattеrn and minimal inflammatory сеll in-fll-
tratе.\5 Thеsе lсsions aге most сonsistеnt with a tеndinitis
or dеsrnitis with pгеsеrvation of thе normal flbеr align.
mецt. Typе 2 lеsions arc half есhogеniс and half an-
есhoiс.15 Thеsе lеsions fеpгеsеnt flbеr disruption and
loсal inflammation. Typе 3 lеsions aге mostly anесhoiс
and rеprеsеnt signifiсant flbеr tеaring.'s ,|уp, 4 lеsions
afе сomplrtеly anесhoiс and indiсatе total flbеr tеafing
within thе lеsion and hеmatoma foгmation.15 Thеsе injury
typеs shorrld bе assignеd to tеndon and L1gament injuriеs
basеd on thе sonogгaphiс findings in both thе tfansvегsе
and sagittal viе.ws. otganiziлg сlot may appе^t isoесhoiс
with normal tеndon or ligamеnt tissuе and thus саn tlе
еrronеously gradеd a typе.l injury. W.hеn imagеd in thr
sagittal viеw; howеvег, no fibеrs aге pгеsеnt within thе
lеsion-only otganiztng hеmorrhagе сonsistеnt with a
tУpс 4 lеsion' Assеssmеnt of flbеr alignmеnt has also
bееn usеd to gradе thе sеvеriф of tеndon and ligamеnt
injuгiеs.38,39 A flbеr sсorе of 0 is givеn whеn thе flbеr
alignmеnt in thе ..targеt zone' or injury arеa has 76% to
|Оo% paru||el fibеrs.з*'39 Whеn 5I% to 75% of thе ,.tafgеt

zonс'' has paгallеl flbеr alignmеnt, a sсofе of 1 is assignеd.
A flbеr. sсorе of '2 rcferc to 26% to 50% parallеl flbеr
alignmсnt in thе ,,tatget'' zone and a flbеr sсorе of 3
геfеrs to О% to 25% para||el fibегs witШn thе lеsion.
In thе bеta-aminopгoprionitrilе fumaratе (PAPN-F) trial'
есhogеniсity sсoгеs of 0 to 3 wеrё assignеd similar to
thе flbег alignmrnt sсofеs. Аn есhogсniсity sсoге of 0
геpfrsеnts normal tеndon есhogеniсity. An есhogеniсiф
sсorе of 1 rеprеsсnts a lеsion that is mosф есhogеniс, a
sсorе of 2 a lеsion that is 5ОYo anеchoiс and 5o% echo-
gеniс, and a sсorе of 3 a lеsion that is mostly anесhoiс.

As thе tеndon or ligarrfеnt hеals, its есhogеniсiф in-
сfrasеs and short linеar есhoеs arе dеtесtеd in thе af-

fесtеd tсndon or ligamеnt in thе sagittal viеw. 
.With 

сon-
tinuеd tеndon or ligamеnt hеaling, longеr linеar есhoеs
arе oftеn dеtесtеd in thе rеpaiгifig arеa мrith improvеd
alignmеnt of thеsе flbеrs. A dесгеasе in thе tеndon oг
ligamеnt сross-sесtiona| atеa at thе maхimal injury zonе
and/or in thе total сfoss-sесtiona| area of thе tеndon oг
ligamеnt is an indiсation of tеndon or ligamеnt hеaling
and rеmodеling. A dесrеasе in thе amount of pеritеndi-
nous of pегiligamеntous swеlling should oссur. Complеtе
rеsolution of this swеlling may oссuг if all thе inflamma-
tion has rеsolvеd in thеsе tissuеs. Thе dеtесtion of есho-
gеniс pегitеndinous oг pеriligamеntous tissuе is an indi-
сation of сontinuеd inflammation in thе surrounding
subсutanеous tissuеs that maУ progгеss to flbrosis with
thе dеvеlopmеnt of adhеsions tlеtwееn thе tеndons or
ligamеnts and thе adjaсеnt soft tissuе stfuсtufеs. Thе
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idеal tеndon or ligamеnt rеpair is onе in whiсh thе lеsion
is no longеr disсrеtеly visiЬlе sonographiсally bесausе
the area of injury has flllеd in with tissuе that is isoесhoiс
with that of thе normal tсndon or ligamеnt, flbеr align-
mеnt is normal (parallрl) to nеaf normal, and no еvidеnсе
ехists of pегitеndinous or pеriligamеntous sсarring.

Thе usе of diagnostiс ultrasound to monitof thе rеha-
bilitation of iniurеd tеndons and ligamеnts is геlativеly
nеw. Мuсh of this information has еvolvеd fгom thе
frеquеnt sonographiс monitoгing of horsеs with tеndon
and ligamеnt injuriеs that wеге bеing tгеatеd in thе rе-
сеnt сliniсal trials еvaluating thе еffrсaсy of рAPN-Ii3o,38'
э9' 126' 121 Thе majoriф of horsеs trеatеd in thеsе tfials had
injuriеs to thе supеrfiсial digital flехoг tеndon, but
injuriеs to thс suspеnsory ligamеnt, infеrior сhесk liga-
mеnt, dееp digital flеxor tеndon, and supеrfiсial digital
flеxof tеndon in thе pastеrn wеrе also trеatеd with BAPN-
F and monitorеd sonographiсally. Horsеs wсrе monitorеd
ultfasonographiсally еvеry month to 2 months with oссa-
sional еxсеptions until thеy had rеturnеd to thеir prioг
сompеtition or had failеd to do so. Total sonognphic
monitoring pеriods ехtеndеd for 2 and onе-half yеaгs
of moге whеnсvеr possiblе. Sonographiс indiсations of
tеndon or ligamеnt hеaling and rеmodеling wеrе an in-
сгсаsе in lеsion есhogеniсity, an ovеraШ improvеmеnt in
flbег аligrrmеnt within thе aЬnoгmal portion of thе tеn-
don oг ligаmеnt, a dесгеаsе in thе сгoss.sесtional area of
thе lеsion, and an ovегall dесгеаsе in thе total сross-
sесtional atea of thе tеndon oг ligamеnt. Pегitеndinous
or pеriligamеntous soft tissuе swеlling геsolvеd in thе
majority of trеatеd horsеs'

Supеrfiсial Digital Flеxor Tеndon AЬnor:шalitiеs.
Swеlling of thе tсndon is thе most сommon сliniсal sign
in horsеs with an injury of thе supеrfiсial digital flехor
tеndon.16'25 Loсa| hеat and sеnsitiviф arе also сommonly
dсtесtеd, both at thе timе thе injury is flrst notiсеd and,
to a somеwhat lеssеr еxtеnt, at thс timе of rеfеrгal to
a vеtегinary hospital foг sonogгaphiс еxamination.16' 25

Lamеnеss is not usually dеtесtеd in most horsеs пrith
injuгiеs to thе supсrfiсial digital flеxor tеndon, unlеss thе
ifliury to thb tеndon is sеvеrе. Lamеnеss is moге likеly if
thе injury to thе supеrflсial digital flеxor tеndon involyеs
the atea of thе tеndon within thе сaгpal сanal or thе
branсhеs of thе supеrfiсial digital flеxor tеndon at thс
pastеm. Sinking of thе fеtloсk joint oссurs With sеvеfе
injuriеs to thс supеrfiсial digital flехor tеndon сausing
loss of suppoft to thе palmar aspесt of thе fсtloсk. SwеШ-
ing ovеr thе plantar aspесt of thе hoсk, typiсally rеfеrгеd
to as a ..сuгb'' byvеtеrinaгians and |aуman alikе, is usually
thе rеsrrlt of an injury to thе supеrflсial digital flсхoг
tеndon in this rеgion, rathег than a p|arlrtar ligamеnt
dеsmitis, if a tеndon or ligamеnt iniury has oссuгrеd.
Thеsе swеllings usually еxtеnd somеwhat distal to thе
hoсk, but afе not usually assoсiatеd with tеndinitis involv.
ing thе supеrflсial digital flеxoг tеndon in thе mid-mеta-
tafsal to distal mеtatarsal rеgion. Thеsе arеas of supеrfiсial
digital flеxor tеndinitis usually сausе moге of a сosmеtiс
problеm than a funсtional problеm.

Thе most minor injury to thе supегfiсial digital flехor
tеndon is a dесrеasеd есhogеniсity of thе tеndon мrith
pfеsеfvation of noгmal fibеr alignmеnt. Thе supеrfiсial
digital flеxor tеndinitis сan bе mild (Fis.3-4o)' with littlе
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tigure 3-40
Sonogгams of thе right foгс supеrfiсial digital flехor tеndon, obtainеd
ftom a 2-уear.old ThoгoughЬгеd filly with mild fiIling that dеvеlopеd
after a btеezе. Notiсе thе mild dесгеasе in thе есhogеniсity of thе
supеrfiсial digital flехor tеfldon (SDF), whiсh was imаgеd fгom 8 to 27
сm distal to thе point of thе aссеssory сaгpal Ьonе. Thе fibrг pattеrn
of thе sDF is faiф wеll prеsеrvеd but thе flbеr Ьuпdlеs aге sеparatеd
Ьy anесhoiс fluid. Thе сross-sесtional area of thе SDF is mildly in-
сrеasеd and mеasurеd |.32 сm2. This imagе was obtainеd at 2э сm
distal to thе point of thе aссеssory catpal bonе (zoпе 3A). Thеsе
sonogгams wеfе obtainеd with a widе-bandwidth 7 .'.М}{z |lnеat-atraу
tгansduсег opегating at 1o.0 МHz using a hand-hсld standoff pad at a
disрlayеd dерth of 4 cm T}re foсal zonеs aге in thr nеaг fiеld of thе
imаgеs. Thе lеft sidе of thе transvсгsе viеw (rigbt imаgе) is mеdial
and thе right sidс is lаtеral. Thе lеft sidе of thе s^g\tta]' vilе.w Qф
imаgё) is distal and thе гight sidе is pfoхimal. DDF, dееp digital
flехог tеndоn.

of no ъnlafgеmеnt of tеndon сfoss-sесtiona| area and
only a mild dесrеasе i-n tеndon есhogеniсity. with moге
sеvеfе tеndinitis, tеndon сfoss-sесtiona| arеa is signifi.
сantly inсrеasеd with Пttlе oг no sonogfaphiс еvidеnсе

Figure 3-41
sonograms of thс lеft forе supегfiсial digital flехог tеfldofl (SDF)' ob-
taifiеd from a 2-уеar-old ThoroughЬrеd gеlding with signifiсant tеndiпi
tis in thе lеft forеlеg. Notiсе thе hypoесhoiс appеafаnсе ofthе сnlargеd
sDF and thе sеpafation of fiЬсг trundlеs with somе loss of thеiг noгmal
paгallеl alignmеnt in thе morе supегfiсial фalmaг) poгtiofl of thr tеn-
dоn Thе сrosуsесtioпal arеa of thе SDF mеasurеd |.75 cmz at t}rе

wofst ifliury zonе (13 сm distal to thе poiflt of thе aссеssory сarpal
tlonе or at thе Ьordеf bеtwее11 zoflеs lB аnd 2A)' whiсh is at |еast 5o%
largсг than normal. Thisdiffusе tеndtritis was pгеsеflt from o to 28 сm
distal to thс point ofthе aсссssory сaгpal Ьопе. Thеsе sonograms wеrе
obtainеd witЬ a 7.5-NIHZ sесtof-sсannег transduсеr сontaining a built-
in fluid offsеt at a displayеd dеpth of 6 сm Thе гight sidе of thе
tfаnsvсгsе Уiew aеft i'nаge) is latегal aпd thе lеft sidс is mеdial. Thе
гight sidr of thе sagittal v(еw (rigbt i'nа'gе) is pfoximal afld thе lеft
sidе is distal DDF' drеp digital flехor tеndofl; ICL, infегiоr сhесk
ligamеnt; SL, suspеnsory ligamеnt.

of flbеr disruptiorr (Fig. 3-4|). This inсrеasе in tеndon
сгos}sесtiona| atea appеars to oссuf with anесhoiс to
hypoесhoiс sеpaгation of flbеrs, usually rеpfеsеnting
hеmorrhagе and/ot sеrum of, mofе likеly' an inflarтma-

Figure 3-42
Sonogгams of a sigпifiсant pегitепdiflitis, oЬtainеd frоm аn 8-yеaг-old ThoroughЬгеd gеlding with aсutе onsеt of mагkеd soft tissuе swеlling in thе
lеft forсlсg aftеr a tzсе. A mi-ld tеndinitis was visitrlе from 7 to 23 сm distal to thе point of thе aссеssory сaц>al bonе. Thеsе sоnograms wсге
obtainеd With a 7.5-MнZ srсtor.sсannеr transduсег сofltaining a built-in fluid standoffat 21 сm distal to thе point of thе aссеssory сarpal Ьoflе (thе

Ьordег brtwееn zolrеs 2B and !А) at a displayеd dеpth of 6 сm Тhе lеft sidе of thе tгansvсfsс viеws (left imаgеs) is mеdial aпd thе гight sidе is
latеral. Thе lеft sidе of thе sagittal viс:ws (rig|эt imаges) is distal and thе гight sidе is pfoхimal. DDF' dесp digitаl flеxог tеndon.

.4, Notiсе thе largе amount of anесhoiс fluid suгrounding thе lеft fоrе supеrfiсial digital flсхог (SDF) tеfldon with a rеlativеly normal-appеaгing
sDF A slight hеtегogеnеity of thе SDF oссurs with small arеas of sliфtly dесгеasеd есhogепiсity; but thе sDF is nоrmal ifl sizе and has a noгmal
fiЬеr pattегn' iлdiсatiлg a mild SDF tепdilftis assoсiatсd with a sеvсге pеritеndinitis.

8' Thе сross-sесtional afеa of thе sDF at thе point of thе largеst swсlliлg is l.o6 сm,, norпial for a hoгsе of this sizе аnd сompaгaЬlе to that in
thе сontralatеf al forсlimlr.
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ftlrЕ 3.43
$r;пrцгаms of a vеry small aсutе сеntral сorе lеsion in thе гight fofс
frщеrfiсiаl digital flехof tеndon (SDF.) of aл ll-уеaf-old Thoгoughbrеd
,,згts gеlding сomPеting in advanсеd-lеvеl сomЬinсd training. Notiсе
flflЕ jmаll aпесhoiс сеIrtfal сolс |esion (апoш) in thе transvсrsе viеw
\тT itпаgе) with loss of thе noгmal fibеf pattеm imagеd in thе sagittal
тts tigLlt imаge)' Thе tеndon сross.sесtional жеa 

^t 
|7 сm (wofst

шlrry zoпе) distal to thе point of thе aссеssory сarpal Ьonе фoгdег
!s.€еn zonеs 2A L1d 2Bi) is within normal Limits (o.96 сm.) with thе

]fulrsт pегсеntagе of injury to thе tеrrdoп (this lеvеl) tэeing 9.4o/o. А
шdLJ dесгеasе in tеndon есhogепiсity (tеndinitis) wаs dсtесtеd from 9
ш ]] сm distal to thе poiflt of thе aссеssory сaгpal Ьonе' whсгеаs thе
е:rt |еsion was only visiЬlе for 1 сm (75 to 19 сm). This soпogгarп
шzs oЬtаiпеd With a 7.5-MнZ sесtoг-sсanтrет tгansduсrг сontaining
д hrih.iп fluid offsеt at a displaуеd dеpth of 6 сm Thе гiфt sidе
.d й€ tгaпsvегsе viсw is latеral and thе lеft sidе is mеdial. Thе гight
flidе оf thе sagittal viсw is pгoximal and thе lеft sidе is distal. DDF'
фtD rligit2l flехor tеndon; IсL, infегiof сhесk ligamсnt; SL, susprn-
чшJт tEаmеnt.
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tory сеll inflltfatе. This typе of supеrfiсial digital flехof
tеndinitis сan oссuf aftеr blistеring thе lеg, and, in somе
instanссs, tеndon сfoss-srсtiona| afеa fеmains inсгеasеd
and есhogеniсity dесfеasеd сonsistеnt with pеrsistеnt
aсtivе tеndinitis. A pеfitеndinous fluid aссumrrlation with
only mild tеndinitis of no sonogfaphiс еvidеnсе of tеn.
don flbеr injury is сonsistеnt with a ..bandagе bow'' (Fig.
3-42). In thrsе horsеs' a |atge amount of pеritеndinous
fluid aссumulatеs arorrnd thе supеrfiсial digital flеxor
tеndon, сausing a ..pеritеndinitis'' with a normal of nеar-
normal suprffiсial digital flехor tсndon. Мany horsеs vrith
a ,.ьaпdagе bow', havе sonogfaphiс rYidеnсr of a mild
supеrfiсial digital flеxor tеndinitis. In young Thorough-
tlrеds in faсе tfaining, two of Six hofsеs dеvеlopеd сlini-
сal tеndinitis in thе lеft forе supеrflсial digital flехoг
trndon at thе loсation having thе highеst сliniсal frе-
quеnсy of tеndinitis: thе mid-mеtacarpa| frgion (zonеs
2^, 2B, and 3A).76'77 oflе of thеsе affесtеd hoгsеs had a
gгеatеf than avetagе inсrеasе in tеndon сross-sесtional
atеa afud a gfeatrt than a\rеtagе dесrеasе in mеan есho-
gеniсity in thе mid-mеtaсafpal fеgion assoсiatrd With
сliniсal supеrflсial digital fl ехoг tеndinitis.76' 77

Injuгiеs to thе supеfflсial digital flеxor tеndon in thе
forеlеg aге usually most sеvеfе in thе mid-mеtaсarpal
геgion, in zonе 2^, 2B, or 3A @igs' 3-43 and 3-44).
..Low bows,'' injuгiеs to thе supеrfiсial digital flехor tеn-
don in thе distal mеtасaцral fеgion, afе nехt most
сofilmon Gic. 3-45). Thеsе iniuгiеs oftеn appеaг to bе
сonstfiсtеd by thе annulaг ligamеnt of thе mеtaсaгpopha-
langеal joint. Low bows сan ехtеnd down into thе pas-
tеrn and involvе thе distal portion. of thе supеrfiсial

тq'Э н4
оf а laгgе сеntral сoге \eston Qаrge аrro|Ds) iп thе supегfiсial digital flехor tеndon (sDF) of thе lеft foгеlеg of a ]-уеaг-old ThoгoughЬrеd

Йr Тhr. h)poесhoiс сoге lеsion was imagеd fгom 1o to 28 сm distal to thе point of thе aсссssory сarpal bonе With a diffusе tеndirritis imagеd in
fu liiir..етrt poгtioп of thе sDF frоm 4 to 20 сm. Pсгitеndinous aпесhoiс fluid is also imagеd aтouпd thе palmar, latеral, afid mеdial bordеfs of thс
fllr тbёс sоnogгams vr'еге obtainеd at 24 сm (zonе 3A) with a widе-bandwidth 7 5-МHz linеar-aгray tfansduсег opеrating at 7.5 Mнz using a
itm,+ilrkl sаndoff pad at a displayеd dеpth of 5 сm. Thе foсal zonеs aгс in thе nеar fiеld of thе imagеs. Thе гiфt sidе of thе tгaпsvегsе vlеws oeft
lш4gt5г) Ё litегдl апd thе lеft sidе is mеdial. Thс right sidе of thе sagittal viеws (riglэt imаgеs) is proximal and thе lеft sidе is distal DDF, dееp
"riЬ'iпr[i frdoг tепdon

-4 !'].сjсс йс еnjaгgеd SDF сontaining thс сеntгal сorе lеsion. Notiсе thе есhogепiс appеaIaпсr of most of thе сoге lеsioп, whiсh fсpгеsеnts
шrB@1ms сlot- diffегеntiatеd from normal to nеar normal tеndon Ьy thе laсk of fiЬетs imagеd in thе sagittal viеw in thе aгеa of thе есhogеniс
m Тhе есhogrniс сlot is suггоundеd by a h1poесhoiс гim, thе outеr еdgе of thе сorе lеsion

,шl TЪA sDF is еnlагgсd aпd thе сoге lсsion involvеs 40% of thе tеndon's сfoss-sесtioflal arеa (0.61 сm2/| 52 сm2)
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Figure 3-45
Sonograms of a 5-yеar-old StandагdЬrеd stallion with a sеvеге ..low

tlow'' in thе lеft foге supегfiсial digital flехor tеndofl (SDF). Notiсе thе
disсrеtе anесhoiс doгsal and latегal сorе |esion (аtтotll) suгroundеd ttу
a hypoесhoiс atеa and thе suffoundifig tеndinitis in thе tйnsvеfsе viеw
Qф imаgе)' Notiсе in thе sagittal у|ew (right iшаge) lЬе laсk of
гесognizaЬlе fiЪers (аrrou,'s) in all but thе pfoximal рalmar pогtion of
thе tеndon. Pегitеndirrous anесhoiс fluid is also imagеd аround thе
palmaг, mеdial' and latегal Ьoгdеrs of thе sDF. This lеsion was imagеd
fгom 10 to 3l сm distal to thе point of thе aссеssory сaгpal bonе with
thе most sеvеге ifliury in thе distal tеndon fеgion at 24 сm (zo11е

3A). Thеsе soflogгams wеге obtainеd with a 7.5-Мнz sесtoI-sсannеf
ffaпsduсеf сontaining a built-in fluid offsсt at a displayеd dеpth of 6
сm. Thе гiфt sidе of thе tfansvеfsе viеw is latеral and thе lеft sidе is
mеdial. Thе гight sidе of thе sagittal viеw is ptoхimal аnd thс lеft sidе
is distаl. DDF, dееp digital flеxof tеndon; sL, suspеnsory ligamеnt.

digital. flеxor tеndon and its branсhеs Gig. 3-4Ф. Horsеs
with injuriеs to thе supеrflсial digital flеxor tеndon that
aге dеtесtеd in thе distal mсtaсafpal геgion should havе
thе еntifе pastеfn sсannеd to еvaluatе thе distal portion
of thе supеfflсial digital flеxor tеndon and its bгanсhеs
for injury at thеsе lеvеls. Supеrflсial digital flеxor tеndon
injuriеs may also ехtеnd pгoximally into thе carp^|' tuffrеl
(сanal) гrgion 

^Id 
m^У bеgin at thе musсrrlotеndinous

junсtion of thе supеrfiсial digital flеxoг tеndon along thе
mеdial aspесt of thе distal radius (Fig' 3-47). Thеsе
injuгiеs afе most сommon in jumpеrs, paгtiсularly thosе
сompеting at thе uppеf lеvеls. Horsсs with injury to thr
supеfflсial digital flсxof tеndon dеtесtеd ultгasonogгaphi-
сally in thе most proximal poftion of thе mеtaсafpal
fеgion (zonе 1A) should havе thе supеrfiсial digital flсхor
tеndon sсalrnеd proximally to thе musсrrlotеndinous
junсtion to еvaluatе this aгеa for injury. oссasionally'
affесtеd horsеs may havе involvеmеnt of thе supеrfiсial
digital flеxor musсlе and/ot сonсulтеnt fasсiitis or myosi-
tis. In thе hind lеg, thе most сommon area of injury to
thе supеrflсial digital flехoг tеndon is along thе plantar
aspесt of thе hoсk @ig. э-48)' a сommon sitе for thе
сurblikс swеlling; and in thе proхimal mеtatafsus, zonеs
1A. 1B. and 2А'.

Thе most сommon supеrfiсial digital flеxor tеndon
injury is a сеntfal сofе lеsion (sее Figs. 3-43 and 3-44)'
whiсh appеars as a сеntfal tllaсk holе in an othеrwisе
есhogеniс tеndon' Thеsе сorе injuгiеs may bе vеry small'
with littlе еnlafgсmеnt of thе tеndon сross-sесtiona| atea
at thе sitе of thе injury (sее Fig. 3-4'' of lafgе, involving
4О% ot morе of thе tеndon's сfoss-sесtiona| arca at t}fе

worst injury lеvеl (sее Fig. 3-44), Lateral сoге lеsions in
thе supеrfiсial digital flехor tеndon afе most сoflrmon in
Standardbrеd raсеhoгsеs, but also oссuf in othеr typеs of
сompеtition horsеs (Fic. 3-49). Thе othеr horsеs that
сharaсtеfistiсally havе an injury to thе |atqa| poftion of
thе supеrflсial digital flеxor tеndon arе thе jumpеrs, with
the atea of fibеr tеaring involving primarily thс latеral
aspесt of thе supеrfiсial digital flеxor tеndon in thе fе-
gion of thе сarpal сanal (sее Fig. 3-47). Mеdial injuriеs
to thе supеfliсial digital flехor tеndon afе moге сommon
than |ateta| injuriеs in most typеs of сompеtition horsеs
othеf than Standardbrеd faсеhofsrs (Fig. 3-50).

Bеfoге thе usе of ultrasonogtaphу, dorsal сoге lеsions
(Fig. 3-51) wеrе oftеn mistakеn for injuriеs to thе dееp
digital flехor tеndon. Thе supеrflсial digital flrxof tеndon,
with iniufiеs in thе dorsal portion of thе tеndon, swеus
iл a|atera|' to mеdial dirесtion гathеr than bowing in thе
paLmat diтесtion as do most bowеd tеndons. This lеads
to swеlling and sеnsitivity immсdiatеly adjaсеnt to thе
pa|mat margin of thе dееp digital flеxor tеndon, mimiсk-
ing a dееp digital flехor tеndon lеsion.

Palmar lеsions (Fig. 3-52) afе thе most likеly injury to
bе сausеd by somе typе of еxtегnal tfauma, suсh as
intеrfеrеnсе. DiffuЪе injuriеs (Fic. 3-53) to thе supеrfiсial
digital flехoг tеndons also oссur and may bе morе diffl.
сult to diagnosе if imagе quality is poor, bесausе no
disсrеtе anесhoiс сorе lеsion is еvidеnt. splits in thr
supеrfiсial digital flехor tеndon arе also unсommon and
appeat similar to a longitudinal сut, or dеfесt, in thе
tеndon (Fig' 3-54).

Thе poпion of thе supегflсial digital flеxof trndon
around thе disсrеtе atea of injury should bе сarеfully
еvaluatеd for sесondary injury or tеndinitis @ig. 3-55)
adjaсеnt to thе disсrеtе сorе lеsion. Multiplе arеas of
fltlег tеaгing oссuг infrеquеntly in horsеs with injuriеs to
thе supегflсial digital flеxor tеndon. With sеYеfе injuгiеs
to thе supеrfiсial digital flехor tеndon, thе tеndon swеlls
aгound thе mеdial and |ateru| margins of thе dееp digital
flехof tеndon. Largе amounts of pегitеndinous soft tissuе
swеlling arе also сommon in horsеs with signifiсant afeas
of flbеr tеaring in thе supеffiсial digital flехor tеndon in
thе aсutе stagе of thе injury. Laсеrations of thе supеrflсial
digital flехof tеndon may rеsult in partia|' (Fig. 3-56) oг
сomplеtе (Bic. 3-57) disruption of thе supеrflсial digital
flеxor tеndon. Complеtе ruptuгеs of thе supеrfiсial digital
flеxor tеndon (Fig. 3-58) with loss of suppoгt to thе
mеtaсarpopha|angea| joint сan also oссuг in horsеs in
сompеtition. Sеvеге injury to thе supеrfiсial digital flехoг
tеndon should trе rесognizеd whеn thе tеndon has
slippеd to thе mеdial aspесt of thе limb (Fis. 3-59).

organizеd сlot has an есhogеniсity similar to that of
normal tеndon or ligamеnt flbегs and сan bе mistakеnly
intегpгеtеd as normal of nеaf-nofmal tеndon if thе sagittal
viеw of thе tеndon is omittеd. Thе diffеrеntiation bе-
twееn oгganizеd сlot and noгmal tеndon is еasily madе
on thе sagittal viеw, with thе сlot having an amorphous
appeataflcе, whеrеas thе longitudinal flbеr pattеm is im-
agеd in thе normal tеndon (Figs. 3-46, 3-58, and 3-60).
A сlosе assoсiation ехists bеtтyееn thе ultrasonographiс
and histopathologiс appеaranсе of lеsions in horsеs with
supеrflсial digital flехor tеndon injuriеs. Aсutе tеaгs afе
characteized by a hypoесhoiс to anесhoiс rеgion in thе

Tехt сontinuеd on pаgе 87
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Figure 3-46
sonogгаms of a rupturс of thе lеft fоге supегfiсial digital flеxor tеndoп (SDF) thаt ехtеnds.into thе pгoximal pastеm' obtainеd from a 5-yеaг-old

StаndardЬгеd sиllion. Thеsе soпograms wеrе obtaiпеd with a widе-bandwidth 7.5-NIHZ linсaг-aггay transduсеf opеfating 
^t 

7 .5 \ЦHz using a hаnd-

hеld standoff padata displayеd dеpth of 5 сm in thс distal mеt^СaIpa|'rеgiofl (А) arrd 4 cm in thе pastеm (B and С). Thе foсal zoпеs arе in thе

nеar fiеld of thе imagеs. Thе lеft sidе of thе sagittal viеws Qеft imаgеs) is distal aпd thе гiфt sidе is proximal DDF, dесp digital flсxoг tеfidon.
.4, This ifijury ехtеndеd from ф to 32 сm distal to thе point of thе aсссssory сaгpal bonе irr thе mеtaсarpal геgiоn. Thе worst injury zonе in thе

distal mсtaсаФal rеgion was at 27 сm (zofiе 3B), whеге thе tеndofl was еnlargеd to thтее timеs noгmal size (3.|4 сm2) and was vеry h1poесhoiс
and сomplеtеly laсkiflg in tеndоп fitrеrs. Thе lеft sidе of thе transvеlsе view (rigbt imаgе) is mеdial and thе гight sidе is latеrаl.

-B' In йе mid-pastегn (zoпе PlB), thе latегal Ьгanсh of thе SDF was сomplеtеly rupturеd. Thе frее еdgе of thе pfoximal poгtion of thе l2tегal

sDF Ьгaпсh (аrroш) was imagсd adjaсеnt to anесhoiс fluid in thr sagittаl imagе Qeft imаge). Thе hypoесhoiс dorsal matgirr (borizontаI аtToLx)

of thе гupturсd latеfal sDF Ьtaлch (rigbt imаge) was thе proximal еxtеflt of thе arеa of fiЬег ruptrrrе. Notiсе that thе tеaгdrop shapе of thе lаtеml

SDF branсh is still pгеsсrvеd, althouф thе сross-sесtiona| arеa of thе bгaпсh is еnlaгgсd (rigbt imаge). Thе lеft sidе of thе tгa1rsvегsе vie$r (rigbt
imаgе) is palmar and thе fight sidе is doгsal.

С, A small arеa of flbсг damagе is visiЬlе in thе mеdial SDF branсh in zonе PlA as wrll, whiсh appеaгs as a small aпесhoiс сorc (di'аgonаl

аrroul) in thе tгaflsvеfsе view (ri?bt imаge) aлd as a split in thе sagittal vlеw (uertiсаl аtтotl'l) The lеft sidе of thс tfansvегsеvirw (rigbt imаgе)
is dorsal and thе гight sidе is paknar
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Figure 3-47
Sonograms of an atеa of fibеr tеaring in thе pгoхilnal and latсгаl portion
of thе lеft foге supеffiсial digitаl flехoг tеndon (SDF) of a 1.2-уеar-o|d
Ilolstеinег gеlding сompеting as a Grand Priх jumpег. Notiсе thе anесhoiс
dorsal and latеfal maгgiп (аtтottls) of thе pгofmal portion of thе sDF.
This lеsion bеgan at thе musсulotеndinous 

'ufrсtion 

and ехtеndсd distally
to 29 cm distal to thе point of thс aссеssory сarpal tronе. Thеsе sоnogгams
wеrе obtainсd at 8 сm (zonс 1A) with a 7 .5-МНz sесtoг-sсaflnег transduсеf
сontaining a tluilt-in fluid offsеt at a displayеd dеpth of 6 сm. Thе right
sidе of thе tfansvсгsе viе:w Qф i|1'.1gе) is latеral and thе lеft sidе is mеdial.
Thе fight sidе of thе sagittal virw (rigbt imаge) is pгoximal and thе lеft
sidе is distal.

Figure 3-48
Sonograms of supегfiсial digital flеxor (sDF) tеndiпitis in thе lеft hindlеg of
a2-уeato|d Thoгoughbrеd gеlding. Notiсе thе inсrеasеd сгos*sесtionаl afеa
of thе SDF, thе dесfсasе in tеndoп есhogеniсity, aпd thе slight sеpaгation
of tеndon fibеrs. Thе сhangе in fiЬеr alignmеnt imagеd on thе sagiffal viем/
(rigbt imаgе) iпvolvеs thе plantar half of thе SDF and сoггеsponds to thе
hуpoссhoiс arеa imаgеd kr thе tfалsvеfs е view Qeft ilnаge) Thе SDF tеndini-
tis was imagеd fгom 16 to 38 сm distаl to thе point of thе hoсk. Thеsе
sonogгams wеrе obtainеd at 30 сm (zonе 3A) with 

^ 
7 .5-NI}]Z sесtoг-sсannrr

tгaflsduсеr сofltai-ning a.ttuilt-in fluid offsеt at a displayеd dеpth of 6 сm. Thе
riфt sidе оf thе traпs.riегsе viеw is latегal and thе lеft sidе is mеdial. Thе
гight sidе of thе sаgittal viеw is pтохirnal and thе lеft sidе is distal DDF' dееp
digital flеxor tеndon; IСL, infегior сhесk ligamеnt; sL, suspеnsory ligаmеnt

Figure 3-49
Sonogгams of a disсгеtе arеa of flЬег tеaring, oЬtaifiеd frоm a 5-yеar-old Aтabian stallion v/ith a|ateтa| сoге lеsion (.7rroшs) in thе lеft forе supеrfiсial
digital flехor tеfldon (sDF). Thе latеral сoге lеsion was imagеd from 11 to 22 cm distal to thе point of thс aссеssory сaгpal Ьonе. A mild tеndinitis
was visiЬlе in thе sDF ffom 9 to 26 сm. Thеsе sonogfams wеfе obtainеd with a 7 5-МнZ sесtor-sсannеf tfansduсеf сontаining a built-ifl fluid offsеt
at a displayеd dеpth of 6 сm. DDF, dееp digital flехor tеndon; IСL' infегior сhесk ligamеnt; SL, suspеnsory ligamеnt.

,4, Notiсе thе anесhoiс lеsion in thе latегal aspесt of thе SDF ill thе transvегse aefi) aIrd sаgittal (riqbt) ifiagеs. Thе arеa of fibеr disruptioп
aсtually involvеd э8o/o of t'J'e tеndon,s сfoss-sесtional arca (О.47 cm2/|.25 сm,) at its laгgеst point (17 сm_Ьoгdег Ьrtwееn zonеs 2A аnd 2B). Thе
fight sidе of thе tгaпsvегsе viс.w is latегal and thе lеft sidе is mеdial. Thе гight sidе of thе sagittal viеw is pfoximаl and thе lеft sidс is distal

B' To bеttег imаgе thе |atеra|' atеa of fibег damagе (аtтotll) sееn in thе standard palmar transvеfsе imagс, thе tгansdrrсег was plaсеd ovег thе
latетal aspесt of thе timb to yiеld a tгansvегsе viеw оf thе сofr lеsiоn from thе latегal side (rig|lt ifl'аge) Tlnе гiфt sidс оf thс palmar tгansvеIsе
viе:w Qefi iпt'аge) is latегal and thе lеft sidе is mеdial. Thе right sidе of thr lаtсгal tгansvегse vilеw (rig|st hnаge) is dorsal and thе lrft sidе is palmaг.
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Figure 3-50
Sorrogram of a paqmat and mеdial arеa of fiЬеr damagе in thе гiфt foге supегfiсial digital flехor tеfldon (SDF) of a 3-yеar-old Thorоughbrеd fllly.

Thе disсгеtе arеa of fibег tеaiI7g (аrroшS) was imagсd ffom 11 to 25 Сm distal to thе point of thе aссеssory сaгpal boле and was most sеvеге in

zone 2B at l8 сm. Notiсе thе signiflсant dесrеasс iтr tеndon есhogеniсity in thе adjaсеnt tеndon, latеral to thе disсгеtе aгеa of flbеr tеaгing

assoсiаtеd with signifiсant tеndiпitis. Thеsе sonograms wеге obtainеd with a 7.5-МHz sесtor-sсalшrеr tгaпsduсеr сontaifling a Ьuilt-in fluid standoff

at a displayсd dеpth of 6 сm. DDF, dсеp digital flехoг tеndon, IсL' infегioг сhесk ligamеnt; SL, suspеnsory ligamеrrt; МС3' thiтd mеtaсaФal Ьonе.

и, шotiсе thе гЪlativеly small aгеa of fiЬег dаmagе appгесiatеd in thе Palrnaг sagittal viеw with thе transduсеr plaсеd in thе сеntеl of thе tеndon

Thе гight sidе of thе tfansvеrsе view Qeft imаgе) ts latетal and thе lеft sidе is mеdial. Thе гight sidr of thе sagittal virw (rigbt ilnаge) is proximal
and thс lеft sidе is distal.

B, .with thе transduсеr plaсеd on thе mеdial aspссt of thе limЬ, thе aгеa оf flbег disгuption appеaгs muсh largсг (аrтotlls) Ьесausе thе sagittal

sсan is now thгough thе liгgеst aгеa of fibеf damagе. Thе гiфt sidе of thе tгansvеrsе viеw Qеfi imаge) is dогsal and thе lеft sidе is palmaг Thе

гiфt sidе of thе sagittal viе:w (riglэt imаgе) is proximal and thе lсft sidе is distal.

Figure 3-51
sono8rams of thе lсft forе supеrflсial digitаl flехor tеndon (SDF) with a laгgе dorsal aпd somеwhat mсdial сoге lеsion, oЬtaiлеd fгom a ]-yеaг-old
Thoгouфbrеd gеlding. Thе сoге lеsion was imagеd from 4 to 18 сm distal to thе point of thе aссеssory сarpal bonе with this lеsion imagеd at 12

сm (zonс 1B). A mild diffusе tеndiflitis was imagеd ifl thе sDF fгom 3 to 26 сm distal to thе poiлt of thе aссеssory сaгpal boпе. Thеsе sonogгams
wеге obtaiтrеd with a 7.'.Мнz sесtof-sсannеr tfansduсег сolrtaifliflg a built-in fluid offsеt at a displayеd dеpth of 6 сm Thе гiфt sidе of thе
tfansvеrsе viеws Qefi imаgеS) is latеral and thе lеft sidе is mеdial. Thе гight sidе of thе sagittal viеws (rigbt imаges) is pfoximal aпd thе lеft sidе

is distal. DDF' dееp digital flеxof tеndon; IсL, iлfеfioг сhесk ligamеnt; sL' suspеrrsory ligamеfit.
,4, Notiсе thе lafgе anесhoiс сorе lеsion (аrroшS) in thе doтsal portion of thе sDF and thе normal palmar poftiofi of thе SDF. This tеndon

was swollеп in a mеdial to latегal dirесtion fathег thaл сгеating a pa|mar bowiпg of thе SDF. Notiсе thr пеar-noгmal есhogеniсity of thе
surrounding tеndon.

B' Notiсе that 42o/o of thе tепdon's сfoss-sесtional arca (o.72 cm2/|.72 сm,) is damagеd at this point, thе woгst iniury zoпе

Ve
tB

oo
ks

.ir



84 СlJаpter 3 . M'|sculoskelеtаl (Лtrаsonogrаp|lу

Figure 3-52
Sonograms of an aгga of damagе on thе palmaг aspесt of thе гight forе
supеrfiсial digital flеxor tеndon (sDF) of an agеd Thoroughbrеd polo
pofly marе. This aгеa of hypoесhogеniсity and loss of thе пoгmal fitlег
p^ttffn (аrrou)s) еxtепdеd from 8 to 27 сm distal to thе point of thе
aссеssory сaгpal bonе along thе most supегfiсial (palmaг) Poгtion of
thе tеfldon. Thе injury was worst iп zonе з^ ar 24 сm, whеrс thе
tеndon сfoss-sесtional aгеa mеasulеd 1.1l сm2 aпd thс palmar hypo-
есhoiс aгеa mеasurеd o.51 сm,. Supеrfiсial tfauma to this геgiorr сould
possiЬly сfеatе this typе of injtrry Thеsе sollogгams wеrс оЬtainеd
with a widе-Ьandwidth 7.5.МHz |ineat-arraу transduсеr opеfating at
l0.o мнz using a haпd-hеld standoff pad at a displayеd dеpth of 4 сm
Thе foсal zonеs aге in thс nеaг fiеld of thе imagеs Thе tight sidе of
thе tгansvегsr v|rw (rigbt imаgе) is latсml and thе lеft sidе is mеdial
Thс гight sidе of thе sagittal viеw aф imаgе) is proхimal and thе lеft
sidе is disиl DDF, dееp digital flехor tепdon

Figure 3-54
Sonograms of a linеaг aгеa of flbег tеaгing oг split in thе lеft foге
supеrfiсial digital flехof tеndon (SDF) of a l7.уеar.o|d' Thoroughbrеd/
Quafiеf horsе сгoss gеldiпg Notiсе thе fесеnt anесhoiс linеar split
(аrroшs) еxtеndiпg fгom palmaг and mеdiаl to doгsal thfough thе SDF
iп thе tгaпsvеrsеvieяt Qefiimаge) Notiсе thr fiЬег disfuption (апoшs)
in thе sagittal view (rig|Jt imаge) l:t thе supеrfiсial poгtion of thе SDF
in this mеdial sagittal planе This supеrfiсial digital flеxoг tеfldinitis was
imagсd from О to 24 сm distal to thе рoirrt of thе aссеssory сaфal
tlоnе. This sptit in thе sDF was Ьеst imagеd at 3 сm, in thе сarpal сanal
rеgion abovе zonе 1A. Thеsе sonograms wеrе obtainеd with d' 7 .5-Мrl.z
Sесtoг-sсanflсг transduсеf сontaining a built-in fluid offsеt at a displayеd
dеpth of 6 сm. Thе right sidе of thе transvеrsе imagе is latсral and thе
lеft sidс is mеdial. Thе right sidе of thе sagittal imagе is proхimal and
thе lеft sidе is distal.

Figure 3-53
Sonogгams of a sеvеrе diffusе supегfiсial digital flсxor (SDF) tеndinitis in thе right foгеlеg of aJ-уеar-old ThorouфЬrеd gеlding. Diffusе tеndinitis
wаs imagеd fтom 0 to 30 сm distal to thе poirrt of thе aссеssory сaгpal Ьonе Thеsе sоnogтams wеrе obtainеd at 13 сm (thе bordег bеtwсеп zonеs
18 and 2A) with a widr-bandwidth 7.5-МHz|inеarattaу transduсег opегating at t0.0 Мнz using a hand-hеld standoffpad at a displayеd dеpth оf 5
сm. Thе foсal zоnеs arе in thе nеaг liеld of thе imagеs. Thе right sidе of thе tlansvеfsе vtews Qф imаges) is latсгal and thе lеft sidе is mеdial.
Thе гight sidе of thе sagittal viеws (riЧbt imаgеs) is proximal aпd thе lеft sidе is distal

,4, Notiсс thе еnlafgеd сross.sесtional aгеa of thе SDF in thе tfansvегsе imagе and thе loss of most of thе normal flbеr pаttеrn in thс sagittal
imagс. Thе SDF is diffrrsеly hypoесhoiс, paгtiсulaгly along thе dorsal margin of thе sDF (аrrouls).

B, Thс SDF is moге than twiсе noгmal sizе with a total сгoss-sесtional alеa of 2 39 cmz. Thе maiolity (8| 6%) of thе SDF (7.95 сm,/2.39 сm,) is
affесtеd With only a small morе noгmal-appеaгing arеa imagеd in thе palmaг and mеdial poftion of thе tеndon.
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Fiqure 3-55
sonograms of a <lisсгеtе сoте lеsion (аrrottls) in thе right forе supеrfiсial
digital flеxoг tеndon (SDF) of a 5-yеar.old Thoroughbrеd gеlding. Notiсе
thе largе hypoесhoiс aгеa suгrounding thе сofе lеsiorr in thе tгаnsvеfsе
viе:sl Qф imаgе) and llilе |atgе atеa of fibеr damagе in thе sagittal viеw
(rigllt imаge) сonsistеnt with a sеvеге tеndinitis in thr poгtioп of thе
SDF surroundiлg thе anесhoiс сoге lеsion. Thе amorrnt of iтljuгr' to thе
sDF is aсtually muсh moте srvеrе thаfl 

'ust 

thе aгеa of thе anесhoiс
сorе lеsion, and aсtually involvеs nеarlу thе епtiте стos9sесtional aгеa

of thе SDF Thе sеvеге tеndinitis was imagеd fгom o to 26 сrп distаl to
thе poiпt of thе aссеssory сaгpal bonе, whеrеas thе disсгеtе сoге lеsion
was only imagеd from 11 to 17 сm. Thеsе solrogfams .wеге obtainеd at

13 сm (thе boгdеf brtwееn zollеs lB and 2A) with a 7 5-Мнz sесtoг-

sсannеl tfansduсег сontailrirrg a built-in fluid offsеt at a displayеd dеpth
of 6 сm. Thе right si<lе of thе ffansvегsс viеw is latегal and thе lеft sidе
is mеdial. Thе right si<lе of thе sagittal viеv/ is pгoximal aпd thе lеIt
sidе is distal DDF, dееp digital flеxof tелdon; IсL, infеrior сhесk
ligamеnt; SL, suspеnsory ligamеfit.
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tigure 3-56
Sonograms obtainеd ffom a 7-yеaf-old Thoroughbгеd maге with a paгtial
laсrгation of thе right forе supеrfiсiаl digitаl flеxoг tеfldon (sDF) Notiсе
thс anесhoiс linеaг есho (апgled аrro10) ехtеnding fгоm thе dеfесt in
thе skin thfough thе palmaг suгfaсе of thе tеfidon, nеaгly sеvеring thе
tеndon in this sagittal У|e.w (right imаge). Notiсе thе сorе lеsioп in thе
SDF aпd thе laсеratiofi ехtеnding fIom thе mеdial sidе of thе SDF
(аtтou) furto thе сorе lеsioп ifl thе tтansvеrsе viеw aф imаge)..Г11е
laсегation wаs dеtссtеd fтom 26 to 30 сm distal to thе point of thе
aссеssofl. сaцlаl bonе, and thеsс imagеs wеrе oЬtainеd at 29 сm (thе

boгdег bеrп'есn Zonеs 3B аnd 3C). AIr аssoсiatеd tеndiflitis was dе-

tесtеd fгom 18 tо 32 сm distаl to thе poiтrt of thе aссеssory carpa|
bonе Thеsе sonogгams тv'еrе oЬtaiлеd with a 7 5-МHz sесtoг-sсannег
transduсег сontаiniлg a built-in fluid offsеt at a displa-vеd dеpth of 6
сm Thе right sidе of thе tгansvегsе imagе is latеral and thе lеft sidе is
mеdial. Thе гight sidе of thе sagittal imagе is pгoximal and thе lеft sidе
is distаI DDF. dееp digital flеxor tеndon.

Figure 3-57
sonogfams obtainеd from a 3-yеaг-old ThoroughЬгеd gеlding with a lасеfation of thе еntifе lеft fofе supеrflсial digital flехoг tеndofl (sDF) sustаinеd

7 wееks еarliеr Thе limЬ haсl tlееn in a Kimsеy spliпt sinсе thе iniury oссurrеd. A tеndinitis assoсiatеd with thе sDF laсеfation was imagеd fгom

|2 to 29 сm distal to thе point of thе aссеssory сaгpal Ьonе Thеsе sоnogгams wеrс obtainеd at 2l сm (thе Ьoгdеf Ьеtwееn zonеs 2B and 3A)
wit1n a 7 .5-N|Нz sссtoг-sсannеr trafisduсеf сofitaining a Ьuilt-in flui<l offsеt at a displayеd dеpth of 6 сm. Thе гight sidе of thе sagittal viеws (rigbt

imаgеs) is proхimal and thе lеft sidе is distal. Thе right sidе of thе tгa1lsYеfsе viе:ws Qеfi imаgеs) is latеral аnсl thе lеft sidе is mеdial. DDF' dсеp

digital flеxor trndon; sL' susPеnsoly ligamеnt.
,4, Notiсе thе diagonal hсЪгation thгough thе SDF iп a palmaг to dofsal and pтoхimаl to distal difссtion (аrroшs) ifl thе sagittal imagе- In thе

transvегsе imagе' notiсе thе laсегаtion ехtеnding ffom latсгаl to mсdial thгough thе SDF in thе tгansvrfsе imagе.

.B' Thе SDF was at lеast thfее timеs noгmal sizе and thе laсеration involvеd 48% of thе tеndoп's сfoss-sесtioпal arсa (|.53 сm2/3.27 сm,) at thс

poiflt of worst injury (21 сm).
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Figure 3-58
Sonograms of thе lеft forе supсrfiсial digital flеxor tеndofl (SDF), oЬ-
tainеd ffom a Gуеat-old Thorouфbгеd mаrе that had raсеd 3 wееks
еarliеr aпd Ьowеd thе sDF tеndofl. Notiсе thе сomplеtе rupturе of thе
SDF (аrroш) with flo еvidепсе of tеndon fiЬсrs in- thе sagittal viеw
(rigbt i'nаgе) Thе hypoесhoiс matеrial dеtесtеd in thе transvсгsе @ф
imаgе) al1d sagittal viсws most likеly rеpfеsе1lts сlot and еaф granula-
tion tissuе. This sсvеrе fibеr disruption was imagеd from 7 to 3o сm
distal to thе point of thе aссеssory сaгpal tronе. Thеsе soпogгams wеге
obtaiлеd at thе сгos9sссtioflal aгеa of woгst injury (19 сm in zonе 28)
чrith a 7.5-MHz sесtoг-sсannеr tfansduсеr сontаining a built-in fluid
offsеt at a displayеd dеpth of 6 сm Thе гight sidе оf thе tгaпsvегsе
imagе i-s latсгal aпd thе lеft sidе is mеdial. Thе гight sidе of thе sagittal
imagе is prохimal аfld thе lеft sidе is distal. DDF, dееp digital flеxoг
tеndon; IсL, infегioг сhесk ligamеnt; SL, suspепsory ligamеnt.

'i"

Figure 3-60
Soпogгams of an orgаniziлg hеmatoma within a Latge atea of ifljury to
thе lеft forе supеrfiсial digital flехor tеndon (SDF), oЬtainеd from a 6
yеar-old ThorouфЬгсd gеlding. Notiсе thе sliфt dесfеasе in tеndon
есhogеniсity in thе transvеrsе viе.w Qф imаgе). A disсfеtе arеa of
fitlег tеaгing is not dеtесtеd in this viеw Ьесausе thе есhogепiсity of
oгgаnizing сlot is similaг to that of nomal tеndon fibеrs. In thе sagittal
view (riglэt imаgе), howЪvеr, a |atge atеa of fibег disruption is imagсd
with on-ty a small rim of morе normal IiЬегs ill thе palmaI and dorsal
poгtions of thе tеndon. If only thе tfansvеfsе viе.w wеrе oЬtainеd аnd
thе сгoss-sесtional atеa of thе sDF wеrе not mеasutеd' thе sеvсгity of
this injury соuld bе undеrеstimatеd. This fiЬег lеaгing ёxtеndеd from
4 to z6 сm distal to thе point of thе aсссssоry сarpal bonе. Thеsе
sonogfams wсге oЬtaifrеd at 16 сm in zonе 2A with a widе-Ьandwidth
7 5-МНz lirrеaг-affay transduсеf opеfatiпg at 1o o Мнz using a hand-
hеld standoff pad at a displayеd dеpth оf 5 сm. Thе foсаl zoпеs arе in
thе nеaг fiеld of thе imаgеs. Thе right sidе of thе tгansvеrsе imagе is
latеral and thе lеft sidс is mеdial Thе гiфt sidе of thе sagittal imagе is
ptoximаl and thе lеft sidе is distal. DDF' dееp digital flсхoг tеndon;
IСL' infегior сhесk ligamеnt; sL' suspеnsory ligamсnt

Figure 3-59
Sonograms of a lеft forе supеrfiсial digitаl flеxoг tеndon (sDF) that has slippеd to thе mеdial aspссt оf thе limЬ (,4) bесausе of ruptuге of thе
tеndofi iтr thе mofе distаl tеndoп rеg1on @)' obtainеd from an S-yеar-old Thoroughtlгеd gсlding. Damаgе to thе sDF was imagеd fгom 5 сm distal
to thе point of thе aссеssоry сaгpal bonе to thе lеvеl of thе mid-pastегn. Thеsе sonograms wеfе obtaiflеd wiIh 

^ 
7 .5-\ЦHz sесtof-sсannеf tfansduсеI

сontаifling a built-in fluid offsеt at a displayеd dеpth of 6 сm. Thе right sidе of thе transvеfsе imagеs is latеral and thе lеft sidе is mеdial. Thе right
sidе of thс sagittal imagеs is pfoхimal and thе lеft sidе is distal

,4, Notiсе that thе SDF is running along thе palmaгomеdial aspесt of thе dесp digital flсхor tеndon, whiсh has normal есhogеniсity. Thе sDF is
еnlargеd and hypoесhoiс Ьut still has somе linеaг fitrеrs prеsеnt at this lеvеl (8 сm distal to thr point of thе aссеssоry сaцlal Ьonе in zonе 1A) iл
thе sagittal sonogl?m (rig|lt imаge), but has slippсd to thе mеdial aspесt of thе limb in thе ffansvетsr viеw Qeft imаgе)

B' Сomplеtе гupturе of thе SDF (аrтolas) in thе arrnulaг ligamеnt fеgioтr at 32 сm.lл zoле 3С with thе hypoесhoiс еnd of a poгtion of thе SDF
visiblе in thе sagittal viсw Qф im'аge) af.d just baгеly visiЬlе in thе tгansvсrsе view (rigbt imаge).
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tеndon that histologiсally is chataсtetlzюd by an atеa of
hеmorrhagе, еdеma, and flbrinolysis with littlе сеllulaг
fеaсtion.1s'20'22 Nесгotiс tеndon libеrs and еaф granula-
tion tissuе may also appс;at anесhoiс to slighф hypo.
есhoiс.l8',,

Thе avеragе pеrсеntagе of injury in thе supеrflсial
digital flехor tеndon in thе mid 1980s was 4ОYo,'6',5 a

numbеr that has dесrеasеd as ownеfs and trainеrs havе
bесomе mofr awafе that thе numbег onе сliniсal sign of
tеndon injury is swеlling of thе supеrfiсial digital flехof
tеndon. Thе avеragе ехtеnt of a supеrflсial digital flеxor
tеndon injury at that timе was appfoximatеly 1,4 cm in
lеngth. Smallеr arеas of flbеr damagе arе now frеquеnф
dеtесtеd, with most horsеs having initial injuгiеs to thе
supеrfi.сial digital flеxor tеndoл of 25% or lеss. Thеsе
tеndon injuгiеs arе bеing tfеatеd bеforе bесoming morе
sеvrfе. Ultrasound еxaminations havе rеvеalеd that most
injuriеs to thе supеrfiсial digital flеxor tеndon bеgin as

small arеas of flbеr damagq thеsе aгеas еnlargе if thе
horsе сontinuеs training and сompеting. Althouф somе
hoгsеs сan сompеtе suссеssfully with small nеw arсas
of damagе, this is fate at thе uppеr lеvеls of ath-lеtiс
сompеtition. In most of thеsе horsеs, additional injury
oссrшs if thе horsе is сontinuеd in uppег-lеvеl сompеti.
tion without giYing thе injurеd tеndon adеquatе timе
to hеal.

A sеvеrity fating has bееn dеsсгibеd foг thе assеssmеnt
of injuriеs to thе supеrfiсial digital flехor tеndon that
may tlе usеd in foгmulating a prognosis for suссеssful
геtum to raсing.26 In this foгmula, thе pсrсеntagе of
injury is сalсulatеd for еaсh injury zonе in thе supеrflсial
digital flеxof tеndon and thе lеsion is typеd as prеviously
dеsсгibеd on a sсalе of 1 to 4. The sеvегity fating is thе
produсt of thе pеfсеnt injury in a givеn zonr, thе typе
rating, and a sсaling faсtor, yiеlding a sеvеrity rating of 1

to 10. Morе rесеnф, a7-fo|d sonographiс assеssmеnt of
tеndon injury has bееn proposеd that yiеlds a morе
thorough еvaluation of thе damagе to thе rntifе supегfi-
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сial digital flеxor tеndon.38 Thеsе assеssmеnts dеvеlopеd
from monitoring thе hеaling геsponsе of tеndon ultraso-
nographiсally in thе intralеsional рAPN-F study.38 Sеvеn
sonogfaphiс pafamеtеfs arе еvaluatеd:

1. MIZ-SA-Thе сross-sесtional atеa of thе tеndon at
thе maximum injury zonе (mmz)

2' NIIZ-LГYP-Thе total lеsion сгoss-sесtional atea iл
thе maximum injury zonе (mm,)

3. MIZ-FAS-Thс flbеr alignmсnt at thе maximum
1ntury zonr

4. T.sA-Thе sum of all thе сfoss-sесtiona| arеa mea-

sufеmеnts (сm,) for all zonеs (for thе supеrfiсial digital
flrxof tеndon in thе forеlеg this involvеs sеvеn zonеs)

5. T-IП?-Thе sum of all thе lеsion сross-sесtional
afеa mеasufеmеnts (mm,)

6. T-FAs_Thе sum of all thе flbеr alignmеnt sсofеs at
aЦ lеvеls

7. %T-Ir.уP-Thе total pеfсеntagе of hypoесhoiс flbеr
traсts 1: T-sA-T-ttYP)

Thе sеvегity of thr initial tеndon injury is gradеd slight if
thе %T.ttYP Is |5% or lеss, modеratе if thе %T-ttYP is
|6% to 25%, and sеvеfе if thе %T.ЕП.P is morе than 25%.

Lеsions to thе supеrflсial digital flrxof tеndon arе rr-
portеd as onе of flvе саusеs of a ..сurb-typе', swеlling
along thе p|aлtat aspесt of thе hoсk. Subсutanеous
еdеma, pегitеndinous fibrosis, p|antat ligamеnt dеsmitis,
and dееp digital flехoг tсndinitis (гarе) also oссur in this
геgion.'5 A diffцsе supегflсial digital flеxor tеndinitis is
mofе сommon (sее Fig. 3-48) than a сorе lеsion in this
loсation (Fig. 3-61). Laсеrations of thе hind supегfiсial
digital flехoi tеndon arе also a сomйon сausе of tеndon
injuгy in thе hindlimb.

As thе supеrfiсial digital flеxor tеndon hеals, thе есho-
gеniсity of thе lеsion inсrеasеs. objесtivе assеssmеnts of
this inсrеasе in tеndon and lеsion есhogеniсity сan bе
madе using mеan gfay-sсalе analysis of thе tеndon im-
agеs; thеsе сoffеlatе with thе histopathologiс flndings in

Figure 3-61
sonogfams of a |arge соге lсsion ifl thе гight hind supеrfiсiаl digital flехoг tеfldon (SDF), oЬtainеd fгom a 5-yеaг.оtd Thoгoughbгеd gеlding. Thеsе

,o,'ogo11. *... oБиi.'.d at thr woгst injury zoпе 30 сm distal to thе point of thе hoсk (zonе 3A), but thе lеsion was visiblе from 1o to з7 сm'
distаito thе point of thе hoсk. A пridе-bandwidth7.5-МHz linеaг-arгay tгansduсеr was usеd opеrating at7.5-I\ЦНz and using a hand-hеld standoff

pad at a dispiayеd dсpth of 6 сm. Thе Iight sidе of thе transvеrsс viсws Qф hnаges) is latсml and thе lеft sidе is mеdial. Thе гight sidе of thе

sagittal viеws (rigbt inxаgеs) is pгoхimal afid thе lеft sidе is distal.
,4, Notiсе thе lirgе arеа of fltrег disruption in thе сс11tеf of thе tеndon and thе laсk of fiЬегs ifl thе sagittal Уiеw (аrroшs)'

B, This lеsioп oсiupiеd 31.9% of the tеndofl's сross-sесtioлal atea 
^t 

tl;re woтst injury zonе (0 67 сm,/1' 92 сm2)
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thе hеaling tеndon.21 Rеsidual tеndon fltlrils may bе im-
agеd as bright есhoеs within an anесhoiс to hypoесhoiс
lеsion.2o Initially thе supеrfiсial digital flеxor tеndon fllls
in with amorphous есhoеs сonsistеnt with granulation
tissuе and inflammatory сеlls' followеd by immaturе fi-
brous tissuе (Fic. 3-6z). At this timе, dufing thе еaф
flbrosis phasе of tеndon hеaling, a loss of magnеtiс fеso-
nanсе imaging (МRI) signal intеnsity oссurs whilе thе
sonographiс appеar'rnсе of thе lеsion is still quitе sonolu-
сеnt.2o This loss of signal intеnsity on МRI imagеs сould
bе rnistakеn for signifiсantly morе tеndon hеaling than is
aсtually pfеsеnt; without еvaluating thе сorгеsponding
sonographiс imagе, this imprеssion сould lеad to rе-
turning thе hoгsе to гigorous work prеmaturеly. In-
сrеasеd blood supply to thе hеaling tеndon сan also bе
dеtесtеd using powеr Dopplеr in horsеs (Сolor Figurе
3-1). Short linеar есhoеs aге thеn dеtесtеd Within thе
lеsion @ig. э-63), сonsistеnt with matufing flbrous
tissuе.18,20-22 Tl;re pгogrеssivе inсrеasе in tеndon есhogеn-
iсity sееn in thе first 6 wееks aftеr an aсutе fеinjury to

thе supеrflсial digital flеxoг tеndon in onе horsе was
attributеd to thе gradual fеofiеntation of thе bundlеs of
tеndon flbеrs along thе linеs of stfеss in thе limb, an
inсrеasе in thе aсoustiс dеnsity of thе tеndon flbеr bun-
dlеs' and a dесrеasе in thе numbеr of flbroblasts.21 Thе
rroriеnting flbеr bundlеs now aсt as spесulaц гathеr than
diffusе, rеflесtoгs, inсrеasing thе есhogеniсity and mеan
gray sсalе of thе tеndon. Thе inсrеasе in aсoustiс dеnsity
is attributеd to an inсrеasе in numbеr of thе intramolесu-
|ar aлd intегmolесular linkagеs in thе сollagrn fibеfs.,''',"

Thе short linеar есhoеs dеtесtеd in thе supегflсial
digital flехor tеndon ate usually alignеd randomly
throughout thе lеsion' although with a сontrollеd еxсr-
сisе program, timе, and aсtivе tеndon rеmodеling, thеsе
flbеrs do bесomе morе parallеl (Fig. 3-64). Thе most
сommon еxсеption to this pattеfn of hеaling oссurs in
horsеs tfеatеd with intralеsional BAPN-Е In thеsе horsеs,
parallеl linеar есhoеs (Fis. 3-65) arе oftеn dеtесtеd vеry
еaгly in thе hеaling phasе of thе injury (as еarly as 1 to
2 months aftеr iniесtion). Parallеl linеaг есhoеs may also

Figure 3-62
Sоnogгams of a hеaling arсa of iпjuгy in thе lсft fofе supеffiсiаl digital flеxоr tеndon (SDF) oЬtainеd from a 9-yеar-old ThoгoughЬrеd gеlding. Thе
сoгс lеsiofi еxtеndеd fгom 9 to 24 cm dista| to thе рoint ofthе aссеssory сarpal bonе. Thеsе sonograms wсге otrtаinеd at 16 сm (zonе 2A) with a
widе-bаnd width 7.5-МHz linеar-aггay transduсеr opегating at l0.0 Мнz (А atт<J B) aттd 7.5 МlHz (С) aгrd a hand-hеld standoff pad at a displayеd
dеpth оf 4 сm (А ald B) and 5 сm (С). Thе foсal zonеs alе irr thе rrеaf fiеld of thе imagеs. Thе lеft sidе of thе tfansvеlsе viеw aф hnаges) is
mеdial and thе right sidе is latсral. Thе lеft sidе of thе sagittal virw (riglэt imаges) is distal arrd thе right sidе is pfoximal. DDF' dееp digital flехor
tсndon; IсL, infсгiоr сhесk ligamеnt; SL, suspеnsory ligamеnt

,4, Notiсе thе hypoссhoiс to isoесhoiс сеntгal сofе |esion (diаgonаl аtтoul) in thе transvегsе viеw Qeft imаge) and thе amorphous есhoеs iп
thе сеntег of thе lеsion (uеrtiсаl а'"roш) in thе sagittal viеw, сoflsistеnt with granulation tissuе and immaturе fibrous tissuе

B, Thе origiпal сorе lеsion involvеd 2oo,|, of thе сross-sесtional aгеa of thе tеfldofl (o.20 сm2/7.o2 сm2) at thе worst injuгy zonе (16 сm).
С, Sonogгam ffom thе samе horsе 8 months latеr at thе samе lеvеl. Notiсе thе improvеd ёсhogеniсity and fibег pattеm, although thе oгiginаl

arсa of iniury is still tlагеly visitllе as an есhogсniс сеntег with а hуpoесhoiс halo. Thе aггows dеlinеatе thе bordеrs of thе stlpегfiсiat digital
flехor tеndon.
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Figure 3-63
Soflogfams of a гсpаiring сorе lеsion in thе lеft foге supегfiсial digital flехoт tеndon (SDF), oЬtaiflеd from a 6-yеаг-old Thoroughbrеd gсlding. This

сoгеiеsion was iйagе<l ffom l0 to27 сm distal to thе poirrt of thе aссеssory сarpal bonе. Thеsе sonograms wетс obtaiflеd at 20 сm (Zoпе 28)

with a widс-baпdwidth 7 5-МHz|iлеar-arгаy transduсеf opеfating Lt7 5 МIJrz using a hand-hеld standoff pad at a displаyеd dеpth of 4 сm. Thе Iеft

sidе of thе tгansvегsе views (riTlJt imаТеS) is mеdial aпd thе гight sidе is latегal. Thе lеft sidе of thе sagittal viеws aеft i|'xаges) is distаl and thе

right sidе is proхimal DDF' dееp digital flеxor tеndoп
,4, Notiсе thе сеntгal сoте lеsion' whiсh is oпly slightly di-ffеrеnt in есhogеniсity thaп its surrouлding (morе noгmal) tеndoп ifi thе transvеfsс

imagе, but whiсh is сlеarly visiЬlе in thе sаgittat imаgе as а hr,poесhоiс aгеa сontaifltlg fсw liпеаr есttoеs (аrrouts). Thе есhogеniсity afld pattеm

of fiЬеr aligпmеnt in this lеsion aге most сorrsistеnt with irпmatulе libгous tissuе' bесаusе fечr shoгt linеaг есhoеs and raге loпg linеar есhoеs arе

prеsеnt within thе lеsion This hoгsе is rеad). foг jogging ехегсisе Ьut пot galloping oг bгееzing.
B' Thе oгiginal ехtеnt of thе iпjtlry сafl still bе еvaluatеd in this hоrsе bесausе thе disсгеtе aгеа of flЬег tеaгing is still imagеd аs subtly, but

distinсtly, ,.p"'ut. from thе sr-rгoundiпg moге пoгmal tеndoп This сoге lеsion iлvolvеs 36% of tlre tеndon.s сгоsssссtional arеa (o.57 сm./| 59 cm.).

Figure 3-64
Sonogfams of a hеaling supетfiсial digital flехoг (SDF) tеndinitis in thе
lеft forеlеg of a 7-уeat-olrd Thoroughbтеd gеlding. Thс sDF tеfldinitis
was imagеd from 10 to 28 сm distal to thе point ofthе aссеssory сaгpal
tronе. Nоtiсе thе hеtеfogеnеous hypoесhoiс palmaг and latеral poгtion
of thе sDF in thс tгansvеrsе virw Qф imаgе) аnd thе short linеaг
есhoеs in thе hеaling palmar portion of thе sDF ill thе sagittal viеw
(riglэt imаge). Thеsе sonogгams wеге oЬtainеd at 21 сm фordеr bе-
twееn zoпеs 2B and ]A) with a 7.5-МнZ sесtof-sсannсr tгansduсет
сoпtаining a Ьuilt-in fluid offsеt at a displayеd dеpth of 6 сm. Thr right
sidе of thе transvеfsе imagе is latеral and thе lеft sidе is mеdial Thе
гight sidr of thе sagittal imagе is pгoximal aпd thе lеft sidе is distal
DDF, dееp digital flехor tеndon; IСL, infегiot сhссk ligamсnt; SL, sus-
pепsory ligamсnt

Figure 3-65
Sonograms oЬtail1еd from a 5.yеar-old ThoroughЬrеd gеlding with a

fесеnt сoге lеsion in thе сеntег of thе гight forе supсгIiсial digital
flсxor tеndoп (sDF). Thе injury had oссurrеd 4 moпths еarliег and thе
tеndofl was injссtеd with pAPN-F 3 months bсfoге thеsе sonogгams
wеrе оЬtainеd. Notiсе thе nеarly noгmal есhogеniсity and flbеr align-
mеnt in thе SDF. Thе tепdon was oгiginally injurеd fгom 9 to 28 сm
distal to thе poht of thе aссеssory сaгpal Ьonе aпd thе wofst injury
zonе was at 19 сm (zonе 2B), involving 3o% of tЬе tепdon's сгoss.
sесtional arеa. Thеsе sonogгams wеrе oЬtainеd with a 7.5-МнZ sесtof-
sсaпnег tfansduсег сontailring a Ьuilt-ifl fluid offsеt at a displayеd dеpth
of 6 сm. Thе right sidс of thе transvсгsе viе:w Qф imаge) iS lltеril
and thе lеft sidе is mеdial. Thс гight sidе of thе sagiffa| Уiеw (rigbt
imаgе) is proхimal afld thе lеft sidе is distal. DDF, dесp digital flехof
tеndon; IсL, infегioг сhесk ligamеnt; SL, suspеflsory ligamеnt.
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bе dеtесtеd in horsеs with bowеd tеndons that atе
tfеatеd сonsеryativеly' but thе inсidеnсе of parallеl linеar
есhoеs is muсh lowеr in horsеs rесеiving tгеatmеnts
othег than intralеsional pAPN-Е Thсsе parallеl linеar
есhoеs takе many months to appear (Fic' 3-66) and thе
qualiф of rеpaiт vafiеs tfеmёndously @igs. ]-67 and 3-
68). In many horsеs tгеatеd сonsеrvativеly, thе original
сorе lеsion rеmains visiblе for yеars aftеr thе original
injury oссurs. \piсally' thеsе horsеs havе an есhogеniс
сеntеf whсrе thе сorе lеsion has rеpairеd with random
sсaг tissuе' a normal outеr rim of tеndon fitrеrs that wеrе
not originally damagеd, and a hypoесhoiс ..halo,' bеtwееn
thе normal outеf fim and thе есhogеniс rеpairеd сorе
lеsion @ig. 3-69), Most horsеs with a hеalеd injury to
thе supеrflсial digital flеxor tеndon havе сnlaгgеd tеndon
сross-sесtiona| areas, pеf sistеnt hypoесhoiс arеas imagеd
in thе supеrfiсial digital flехor tеndon with a fandom
pattеfn of fibеr alignmеnt, and a vafiablе amount of
pеfitеndinous thiсkеning imagеd afound thе tеndon or
bеtwееn thе sцpеrfiсia| and dееp digital flехor tеndons.
Hypеrесhoiс afеas сasting aсoustiс shadows сonsistеnt
with arеas of сalсifiсation aге oссasionally dеtесtеd in
old hеalеd or hеaling tеndon injuгiеs (Fic. 3-7o). Pinpoint
hypеrесhoiс foсi wеrе dеtесtеd in thе majority of horsеs
with ехtеnsivе sсaг formation within thе supеrfiсial digi-
tal flехor tеndon.22 Unlеss еxtеnsivе, this dystrophiс сalсi-
fiсation in thе supеrflсial digital flехor tеndon is usually
wеll tolеfatеd by thе еquinе athlеtе.

Figure 3-66
Sonogгams of a сhroniс tеndinitis in thе гiфt forе supеrfiсial digital
flеxor tеndon (sDF), obtaiлеd from a 7-yеar.old Sеllе Frangais gеlding.
Thе arеa of SDF tеndinitis еxtеndеd fгom 1o to 24 сm distal to thс
point of thс aссеssory сaцlal Ьonе At this lеvеl (14 сm oг zonr 2^),
two diffеfеnt arеas of plеvious in,iury сaп still bе dеtесtеd in thе sDF.
Thе morс otrvious aгеa is thе palmaг poгtion of thе sDF, whiсh is still
hypoесhoiс (2 diаgonаl аrroшs poi|xt to this аrес1 in tIJe trаnSUеrSе
UiеIl|, lф imаgе) lnd laсks a noгmal fibег pattсгn in thе sagittal viеw
(doшn аlтot,u-rigbt im.18е). Thе lеss oЬvious arеa of prеvious in,iury is
thе moге doгsal portion of thе SDF, whiсh has nеarly normal есhogеni-
сity and still is sоmеwhat hеtеfogеnеous, Ьut has aЬnoгmal fiЬег align-
mеnt (up аrrottl) aкl is distinсtly diffегеnt in thе sagittal viеw from
thе сеntrаl (noгmal) portion of thе SDF. Мild сnlaгgеmеnt of thе sDF
oссrrrs at this lеvеl with thе tеndofi сfoss-sеСtiooa| atс,a mеasuгing 1 5
сm, Thсsе sonogfams wеfе obtаinеd with a 7 5.МHz sесtor-sсannеr
transduсеf сoпtaiпing a Ьuilt-ifl fluid offsеt at a displayеd dеpth of 6
сm. Thе lеft sidе of thе tfansvсгsе imagе is mеdial and thе fight sidе is
latегal. тhе lеft sidе of thе sagittal imagе is distal and thе гight sidе
is Pfoхimal

Idеally' lеsion and tеndon есhogеniсity and flbег align-
mеnt should bе noгmal with no dеtесtablе pеfitеndinous
sсaЦ thе lеsion no longеr disсrеtеly visiblе, and tеndon
сfoss-sесtiona| area within thе normal rangе bеfofе rе:
turning thе horsе to rigorous athlеtiс сompеtition. This
qualiф of rеpaiг oссufs only inffrquеntly, pгompting a
сontinuous sеafсh for bеttеr tfеatmеnts for tеndon
injuriеs to optimizе tеndon hеaling and thе fеtufn of
horsеs to thеiг ptеvious pеffoгmanсе lеvеl.

Thе pеritеndinous afеa should bе сlosеly еvaluatеd
for thе thiсkеning of thе subсutanеous tissuеs and thе
inсrеasеd есhogеniсity of thеsе tissuеs that indiсatе thе
formation of pегitеndinous sсaf tissuе (sее Fig. 3-68).
Thе dеmaгсation trеtwеrn thе supегfiсial digital flеxoг
tеndon and thе adjaсеnt dееp digital flеxof tеndon should
bе сlosеly еvaluatеd bесausе adhеsions may dеvеlop bе-
twееn thе adjaсеnt flеxor tеndons. If tеndinous or pеri
tеndinous adhеsions aге susprсtеd, a dynamiс ultrasound
ехamination should bе pеrformеd to dеtеrminе if thе
supеffiсial digital flеxor tеndon сan glidе normally by
thеsе adjaсеnt tissuеs. Thе dеtесtion of hypoесhoiс to
есhogеniс tissuе surrounding thе supеrfiсial digital flеxor
tеndon сorrеlatеs wеll with thе dеtесtion of pеritеndi-
nous fibrosis on histopathologiс еxamination of thе
iniurеd supеrflсial digital flсxor tеndon and its sur.
rounding pеritеndinous tissuеs. l8, 22

As thе tеndon is loadеd with gradually inсгеasing еxеr-
сisе during tеndon rеhabilitation, tеndon сfoss.sесtional
aгеa should rеmain thе samе of dесfеasе and tеndon
есhogеniсiф and flbеr alignmеnt should similaф геmain
stablе or improvе on sеfial rrltrasonographiс еxamina-
tions. Thе еarly studiеs of hofsеs fесеiving intralеsional
рAPN-F and thеir plaсеbo сontгols indiсatе that small
vafiations in total tеndon сross-sесtiona| atеa oссuf as
thе tеndon hеals and геmodеls. Thеsе variations in tеn-
don сross-sесtional atеa that appеat to bе tolеfatеd with-
out rсinjury aге oftеn in thе rangе of 5% or lеss, with
Yafiations in tеndon сгoss.sесtiona| aгra for an individual
zonе of 5% to 1'О%. An inсгеasе in tеndon сross-sесtional
atеa of morе than 10% but lеss than 2О% in a givеn zonе
of mofе than 5% but lеss than IО% for thе total tеndon
сfoss.sесtiona| atea is an indiсation of tеndon loading
that maу bе ехсеssivе for thе hеaling and rеmodеling that
has oссtшrеd. Thе сontrollеd ехеrсisе pfogfam should
bе maintainеd at thе сufrrnt lеvеl oг slightly dесrеasеd
(idеally) to prеvеnt rеinjury. An inсrеasе in tеndon сross-
sесtional atea of 2o% ot moге in a givеn zonе of Io% or
morе for thе total tеndon сross-sесtiona| area is an indiсa-
tion of еxсеssivе loading and impеnding rеinjury to thе
tеndon. A dесгеasе in thе intrnsity of thе сontrollеd
ехеrсisе is сfitiсal at this timе. Мaintеnanсе of thе samе
еxеrсisе lеvеl oг inсrеasing thе training is gambling with
a high probabШгy of rеinjuгy.

Nеw arеas of injury oftеn oссuf adjaсent to thе old
hеalеd sсaf at thе margin of thе oгiginal tеndon injury
(Fic' 3-71). In thе mеtaсarpal геgion, thе nеw area of
flbег damagе tеnds to oссur ptoximal or distal to thс old
hеalеd injury fathеr than through thе original atea of
injuгy. Sеvегal studiеs havе shown that this junсtion is
thе мrеak link in thе rеpair.'29

Dееp Digitаl Flexoг Tеndon Abnormalitiеs. Thе
dееp digital flеxor tеndon is thе most infгеquеntly injurеd
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Figure 3-67
Sonograms of a сhroniс aсtivе lеft forе supегfiсial digital flеxoг (sDF) tеndinitis oЬtainеd fгom a 7-yеaг-old Sеtlе Fгangais gеlding (samе hoгsе as in

Fig 3_66). This агеa of SDF damagе was йagеd from 5 to 29 сm distal to thе Point of thе aссеssory сaгpal bonе. Thеsе sonogгams wеfе obtаinеd

at l0 сm distal to thе point of thЪ aссеssory сaгpal bonе (zonе 18) with a 7.'-Мнz sесtof-sсannеf transduсеl сontaining a built-in fluid offsеt at a

displayеd dеpth of 6 .Ь. тhе lеft sidе of thе transvеrsе viеws aф imаges) is mеdial and thе right sidе is latсгal Thе lеIt sidе оf thе sagittаl viеws

(rфhi imаges) is distal a11d thе гight sidе is proхimal. DDF, dееp digital flехor tеndon; IсL, infеfioг сhесk ligamеnt; SL, suspеnsory ligamеnt.

й, шotiсё thе hеtегogеnеous' somеwhat hypoесhoiс mеdial sidе of thе sDF (..rroшs) with a fаiгly good fiЬеr pattеrn dеtесtеd in thе SDF from

thе palmar viеw Thе supеrfiсial digital flеxoг tсndon is еnlaтgеd and 47% of thе tеndon's сfoss-sесtional aгеa is affесtеd at this lеvеl (О.96 сm,/

2.oэ Сm,).

4 .Whеп this samе aгеa is sсannеd fгom thе mеdial (swollеn) sidе оf thе sDF' thе hr.poесhoiс аrеаs within thе damagеd poгtion of thе SDF аrе

еvrfl morе visiЬlе аnd thr fibеf pattеm is not as good bесausе thе sсаn plaпе is now сеntегеd ovrr thе агеa of sDF iniury.

Figure 3-68
Sonogгams of a hеaling arеа of iniury to thе supеffiсial digital flехor tсndoл (sDF) in thе lеft hind lеg of a 1]-yеaг-old Waгmblood marе. Thе

,..p.if,.l"l digital flехof tеndirritis was imаgеd from 15 to 38 сm distal to thе poiflt of thе hoсk Thеsе soпograms wеге oЬtainеd at 30 сm distal to

thе point of thе hoсk (zonе 3A) with a 7 5-Mнz sесtof-sсannег tfansduсеI сontaiIriflg a Ьuilt-in fluid offsеt at a displaуеd dеpth оf 6 сm. Thе lеft

sidс of thе transvсrsе views Qeft imаges) is mеdiat and thе fight sidе is latегal. Thс lеtl sidе of thе sagittal viеws (riglэt ifуlаges) is distal and thе

гight sidе is рfoхimal
,4, Notiсе ihе hypoесhoiс сепtfal сofе lеsion with thе laгgе aгеa of pеritеndinous swеlling сеntсгсd ovеl thе plantarolаtегal aspесt of thе SDF

Thе сoге lеsion involvеd 50% of thе tеndoп's сross-sесtioпal arеa at this lеvеl (l.03 сm2/2.О8 сm,). Mild еnlaгgrmеnt of thе sDF aпd а somеwhat

гandom fibеr pattеm arе prеsеnt at this lеvсl
4 Notiсе thе improvеmеnt in lеsion есhogеniсity within thс SDF 3.5 mofiths latег, although thе sDF still is hеtеrogеnеоus Thе sizе of thе SDF

has dесrеasеd sugьtty 1r 74 сm2 at thе samе lеvеl) aпd thе fibеf pattеfл is impfovеd, although thе most plantar aspесt of thе SDF still hаs a

sоmеwhat wеak IiЬег Pattеrn. Thе pеritеndiпous soft tissuе svr'еllifig still is pгеsеnt Ьut has impfovеd.
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Figure 3-69
upеrliсial digital flеxor tеndon (sDF), otrtainеd from a l
tеndon (injury oссurтеd 3 yеагs еarliег). Notiсе that th
giпal агеa of iпjuгy' nоw thе fеpaifеd аrеa, a11d thе
mildly еn|aгgсd (apPгoximatеly 5o% |argеr than norm

is latеral and thе lеft sidе',-,.T:3'i.. Thе гight:l':}T:.;gfii.ii-*:,';;:'1ff:t""!.,u*.#.:ж"ffilТifl:.'ffт.j'Jiffiff'Ж; 
'nff.:{!f;,:|,flехof tеndon; IСL, infегior сhесk ligamеnt; SL, susрепsЬry tglmеnt.

/' Noti сoге still aЬlе iп thе hypoесhoiс rim bеtwееn thе noгmaland hеalе thе stight еnt in thе s
B' Thе olvrd 3o% sесtional ar /1.53 сm2).It сolrld still Ье imagrd 3yеars latсr fгom 16 to 19 сm distal to thе aссеssory сaгpal Ьonе with a moгr tеndinitis dеtесtеd ffom 1l to 25 Сmdistal to thе aссеssoгy сaгpal tronе.
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tеndon or ligamеnt in thе mеtaсafpal rеgion (Fic. 3-72).
Dееp digital flехot tеndon iniuгiеs arе oftеn sееn in
hoгsеs with digital. shеath еffusions and' atе thс most
сommofl injury in thе hind mеtatafsal and pastеfn rеgion

tigure 3-70
Soпogгams of a сhгoniс supегIiсial digital flехoг tеndinitis with сalсifi-
сatioп in thе lеft hind lеg of a 5-yеar-old Stаfldafdbгrd stallion Notiсе
thе hypегесhoiс aгеas сasting aсoustiс shadows (аrro\|s) in thе middlе
of thе supегflсial digitat flеxoг tеndon (SDф oп thе sagittal vtеw (riglэt
imаgе). Thе arеas of сalсifiсation arе small iп thе tгansvегsе p|aле QeJt
i|паge) 

^Id 
arе loсatсd in thе latеfal and mеdial Dortioпs of thе SDF.

No known history of intfatепdfulous сoпiсostетoй iniесtlons was fе-
poгtеd for this hoгsе. Thе сhгoniс tеndinitis was imagеd fгom 13 to 19
сm distаl to thе point of thе hoсk. Tlris hoтsе аlso had сonсrrffеnt
suspеnsory ligamеnt dеsm
Thсsе sonogгams wсrе ob
hoсk (zonе 1A) with a 7.5-
Ьuilt-in fluid offsеt at a dis
transvеfsе viеw is mеdial and thе fight sidе is latсгal. Thе lеft sidе of
thе sagittal viеw is distai and thе fight sidе is pгoximal. DDF, dееp
digital flехor tеndon.

of horsеs (Fic. 3-73). Dееp digital flеxor tеndon injuriеs
afе thr thifd most сommon injury in thе forе pastеm. In
thе mеtatafsal fеgion, dееp digital flехof tеndon iniuriеs
afс thr sесond most сommon injury afi[ег iniuriеs to
thе suspеnsory ligamеnt, With thе еxсеption of ..сurb''
swеllings that еxtеnd into thе mеtatarsal rеgion and afe
usually assoсiatеd with a supеrfiсial digital flехor tеndini-
tis. Although dееp digital flехor tеndon iniuгiеs сan oссuг
in young horsеs duгing сompеtition, thеy aге muсh morе
сommon in oldеr horsеs (= 10 yеars old) that сompеtе
in spofts in whiсh thе hindlimb is loadеd most in thе
stanсе phasе of thе stridе (jumping and drеssagе). Мany
of thеsе horsеs havе histoгiеs of sеvеfal yеars of сhfoniс
digital shеath tеnosynovitis. In somе horsеs, howеvеr,
thе digital shеath еffusion is гесеnt and oссuгs сonсuf.
fеnt with thе onsеt of thе dееp digital flеxor tеndinitis.
Мost horsеs with dееp digital flехor tеndinitis hav-е a
modеratе to sсvеfе lamеnеss prеsеnt for a prolongеd
pеriod of timе. Thе digital shеath is usually vеry dis-
tеndеd with a turgid fееl; сonstfiсtion of thе digital
shеath by thе annulaг ligamеnt is oftеn еvidеnt. !Иith
rupturе of thе dееp digital flеxoг tеndon, thе toе tips up
on wеight bеaгing and lamеnеss is sеvеrе.

Sonographiс findings in most oldеr hoгsеs inсludе hy-
pеrесhoiс arеas within thе dееp digital flехor tеndon,
adjaсеnt hypoесhoiс to anесhoiс aгеas of fibеr tеaring,
thiсkеning of thе digital shеath, and modеfatе to sеYеfе
distеntion of thе digital shеath (Fic. 3-74). Most of thе
hypегесhoiс afеas within thе dееp digital flехor tеndon
сast aсoustiс shadows to various dеgrееs, сonsistеnt with
dеnsе maturе sсar tissuе and сalсifiсation @igs. 3-74 and'
з_75). Thеsе hypеrесhoiс atеal arе еasily missеd in thе
transvеfsе planе bесausе thеy afе oftеn sсattеrеd
throughout thе dееp digital flехor tеndon in a proximal
to distal dirесtion, with only small arеas dеtесtеd in еaсh
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Еgшгe 3-71
*зnоgгaпs of a poor-quality rеpait (А) of an injury to thе riфt forе suprгflсial digital flеxor tеndofl (sDF) and its rеinjury .B), oЬtaiflеd from a 5-

теzrюld Thoгoughbrе<l gеlding. Thе nеw afеa of ifliury dеvеlopеd whеn thс horsе Ьеgаn galloping moге than 2 yсaгs aftеr thе огigiflal injury.
Th!6с sоnogfams wеrе obtainеd s/ith a 7.5-МLrz sесtoI-sсaflflеr tfansduсеr сontainiflg a built-in fluid offsеt at a disptаyеd dеpth of 6 сm. Thе гight
яrk of thе tгalrsvrгsе У1ews oeft if,x(ьges) is latегal and thе lеft sidе is mеdial. Thе гiфt sidе of thе sagittal viеws (rig|Jt imаges) is pгoximal and

ftс ]еft sidе is distal. DDF, dееp digitаl flехor tсndon; IСL, infегioг сhесk ligamrпt; SL, suspеnsory ligamеnt

-{- sопogгam of thе aгеa of thе prеvious injury whсrе thе oгiginal сoге lеsion had bееn imagеd from |2 to 2| сm distal to thе point оf thе
e1.i5sог1' сa4lal Ьonс Notiсе thс mаrkеd еnlaгgсmеnt of thе sDF аrrd its hеtегogеnеous appеafаnсе with a vеry rаndom pattеrn of fiЬеr alignmеnt
.oтou.s). This sonogгam was obtainеd 

^t 
2| сm фoгdег bеtwееп Zoлеs 2B and 3A), whеге thе hypoесhoiс aгеа was 21% (o.57 сm2/2 39 сп,:,,)

]ГhБ eгеа had bееn stablе sonogIaphiсally for months.
8 Sоnogгam of thе nсw arеa of fitlеr teaing (аrrolоs) distal to thе sitе of thе prеvious npry, 24 to 29 сm distal to thе poiflt of thе aссеssory

шгpаt Ьonе. At its largеst poil1t at 27 сm (Zofle 3B), thе tеaг iлvolvеd 37% of ttlс сгoss-sесtioflal aгеa of thе SDF (0 49 сmz/1.6 cmz).

т'Uет72
sшmщгапs of a small aгеa of IiЬсr damщe il1 thr latегаl Ьordеr of thе

'flA!т digilа] flехor tеndon (DDF) of thе гight forеlеg of a l]-yеar-old
шдmЬ{olэd gеlding whiсh ехtеndеd fuom 24 to 27 Сm distal to thе
ршш оt йе ассеssory сaгpal Ьoпе. Notiсе thе small hypoесhoiс lеsiоn
iltwltwlваI аrrou'l) in thе latегal maгgin of thе DDF in thе ffaflsvеfsе
mш. rЧl? inЙgе) aлd thе mild еnlaгgеmеnt of thе latеfal sidе of thе
дддl ;mэgеd 

^t 
26 cm (zonе B). Notiсе thе arеa of fibеr disгuptioп ifl

пdм п'ггьIrопding sagittаl viе:w (riglэt ilnаge)' Thеsе soпograms wеге
ffiшЁd sith a чzidе.Ьaпdwidth 7.5-MHz |illеaf-att^У traлsduсеr op-
ffimmц д lo.o МHz at a displayеd dеpth of 4 сm. Thе foсal zonеs aге

Fmm-lшс iп thе nеaг flеld of thе imagеs Thе fight sidе of thе trans-
.@sЁ ffiдgе Ь lаtегаl and thе lеft sidе is mеdial. Thе гight sidс of thе
чшEшцt[ ffilgс Ь pгoхimal aпd thе lеft sidе is distal. SDF, supегfiсial
lfutl frстоr rеndon

Figure 3-73
Sonograms of afi fесеnt arеa of fibеr tсaгi]g in thе lеft hind dсеp digital
flеxoг tеndon (DDЕ), obtainеd from an 8-yеaг-old Thotoughbгеd gеlding
with a rесеnt history of taking a Ьad stеp in a timЬег raсе. Thе hotsе
Pfсsеntеd With digital shеath еfftsion. Notiсr thе disсfеtе aгеa of f,Ьег
damagе involving thе еntirс mеdial aspесt of thе DDF Фorizontаl
аl.rou,') iл thе tfansvегsе view Qeft imаge) and thе сomplеtе absеnсе
of аny tеndon flЬets (uertiсаl аrrou,ls) whеn thс mеdial paгasagittal
sсan planе of thе lеsion (right imаgе) was oЬtainеd. Thе aгеa of tсndon
fiЬег disruption was imagеd from 35 to 44 сm distal to thе point of thе
hoсk' aпd thеsе sonograms wеге obtainеd' at 43 сm (zonе 4С). Thе
сuгvеd thiсk ссhogеniс struсtufе dotsal to thс DDF is thе digital shеath.
Thеsе sonogгams wеrе оЬtainеd with a widе-Ьandwidth 7 5-МHz linеar-
aгlaу transduсег opеtating 

^t 
7 .5.МHz with a haпd-hеld staпdoff pad at

a displаyеd dеpth оf 5 сm. Thе foсal zoпеs arе positionеd iтr thе flеаf
fiеld of thе imagеs Thе right sidе of thе tгansvегsе imagе is lаtегаl aпd
thе lсft sidе is mеdial. Thе right sidе of thе sagittal imagе is pfoxirпa]
and thr lеft sidе is distal.
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Figure 3-74
Sonсlgгlms сlf dееp digital flехOг (DDF) tеndinitis witlr с:llсifiсation and digit1rl shеath tеnos1,novitis in thе сlistal mеtataгsel геgion of thе lеft hin.
lеg, obtainеd fгom a lO-}.еaг-old Thoгoughbrеd gеlding Thе dееp digital flехoг tеndiпitis ехtеndеd ltom 36 to 45 сm сllstal 1o thе point of thс
hoсk Тhеsе sonoЕ.fams wеге obtairrеd witlr a 7 5-МHz sссtorsсanпеf tfansdllсег сontaining a bui]tin fluid off.sеt at a displa}'еd dеpth of 6 сm Тhс
гight sidе of tlrе tгensvсrsе viеws (lеft iшаges) is lxtегxl xnсl thе lеft sidе is mесlial Tlrе гight sidе of thе sagittal \.iеws (right inngеs) is pгoхiп:
and thе lсft sidе is distil SDF. srrpегIrсial digital flехor tепdon: TS. tеndoп slrеath

.,l. sonogram of tl-rе aгеas сlf сalсiliсation (аrrou:s) imagеd as bгight h1.pеrесl.toiс linеar есhoеs сasting wеak to strong aсolrstiс shadсlws Тhс
arеas of сalсifiсatiotr aге iпragеd in thс сеntгal anс| mес|il| l)otIion of thе I)I)F a| 12 Сm distal to thе point of thе hoсk in zonе .1]} H.Ypoесhoi(
arеаs and loss of thе noгmа] fibег Pattеrn afе dеtесtеd iп thе plaлtaI aпсl mеdial poгtion of thе DDF iп Ьoth viсws

fl Sonogr.am of сhгtlniс digital shеatlt tепos),novitis witlr tlriсkеning of thе digital shеatlr atrd an anесhоiс еfftlsion A small arеa оf 1ibеr damrg'.
iS dеtссtсd in thе plantlt pоftion of thе DDF as a hvpсlесlroiс |еsion on thе midlinе (сlrrou's) at ,10 сm distal to thе pоint of tlrе lroсk in Zonе 1\

tfansvегsе sсan planе. Thеsе hypеrесhoiс arеas aге oftеn
еasiеf to dеtесt in a sagittal sсan planе bесausе mofе of
thеsе small hypеrесhoiс есhoеs afе Within thе samе sсan
planе in thе sagittal imagе. Thе h1pеrесhoiс lеsions in
thе dееp digital flехoг tеndon afе most сommonly 1<-l-

сatсd in thе pol.tion Of thе tеndon fbund within thе
digital shеath and, morе Spесifiсally, Lrndеfnеath of
adiaсеnt to thе annular ligamеnt.

Thе arеas of flbег tеafing in thе dееp digital flеxor
tеndon usllally еxtеnd proхimally or distall}. from this
arеa of сalсitrсation. Synovial prolifеration is oftеn prеs-
еnt in addition to thе еffllsiotr Within thе digital shсath.
Fibrin andloг adhеsions maY also bе visualizеd within
thе tеndon shеath (sее Fig. 3-75). Adhеsions arе oftеn
dеtесtеd bсtwееn thе digital shеath and/or thе supегtrсial
of dееp digital flеxor trnсlon and may bе adjaсеnt to thе
aгеas of dееp digital flехor injury. Adhеsions may appеaf
vеry есhogеniс and somеwhat rigid and may distort thе
shapе of thе dееp digital flехoг tеndon or rеsult in abnor-
mal positioning of thе tеndon within thе shеath. Thiсk-
еning of thе annular ligamеnt assoсiatеd with a сonсuг-
rеnt anntilaf ligamеnt dеsmitis may also bе dеtесtеd in
somе hofsеs (sее Fig. з_75).

oссasionally hсlгsеs havе hypеrесhoiс aгсas сasting
aсoustiс shadows within tlrе dееp digital flехof tеndon
With no histoц. of lamеnеss and an aсLltе еffusion in thе
digital slrеath (Fig. 3-76). Morе tуpiсally, howеvеr, thе
digital shrath tеnosynovitis pгесеdеs thе сlnsеt of lamе-
nеss and dееp digital flехor tеndinitis by months of yеafs.
Thе patlrophysiology of dееp digital flехof tеndinitis in
thе majori$, of hofsеs is unknown. Probably, howеvеr,
thе ехistеnсе of a сhгoniс flbrinous digital shеath tеno-
synovitis prеdisposеs tlrе hoгsе to dеvеloping this syn-
dromе, paгtiсulafly if it сompеtеs as a jumpеr or in
drеssagе at thе uppеf lеvеls. Thе edhеsions pfеsеnt
within thе digital shrath may сausе abnofmal loading сlf

thе dееp digital f]ехor tеndon whеn thе horsе is bеaring
wеight, геsr.rlting in small aгеas of damagе and libеf tеal-
ing. Poor pегfusion of thе dееp digital flехoг tсndon in
tlrе rеgiоn of thе anntrlar ligamеnt in horsеs witlr сhroniс
digital shеath tеnos1,novitis ma]. also prеdisposе this aгеir
to dеgеnеrativе сhangеs and subsеqr'rеnt сalсiflсation
Horsеs with сhгoniс digital shеath tеnosynovitis and
lamеnеss shoulсl tlе сaгеftlll1. sсannеd for dееp digitai
flехor abnoгmalitiеs, partiсulaгl1, if thе horsе is a jumpсг
oг drеssagе horsе.

Thе dееp сligital flехoг tеndotr is infrеqrrеntly injuгеti
in yotrng horsеs. A history of rесеnt tfauma to thе limb
suсh as thе horsе bеing сast in thе stall, slipping ani
talling' or sustaining a laсеfation is most сommon. Laсега-
tion of tlrе dееp digital flехor tеndon also oссurs, usttallr
in сonjunсtion with iniurv to tlrе supеrliсial digital flехог
tеndon. In thеsе horsеs. a distinсt dеmarсation at thе sitе
of tlrе original injury is usually visiblе ultrasonographr-
сally in thе dееp digital flехor tеndon. Prеviotrs suгgеriеs
that inсгеasе thе risk of dсеp digital flеxor tеndinitis
inсludе an infеrior сlrесk ligamеnt dеsmotomy (in wlriсh
inadvеrtеnt damagе to thе dееp digital flехor tеndon mar
havе oссtttгеd) oг a postеfior digital nсurссtomy (aftе:
whiсh dееp digital flехor tеndon disеasе oftеn dеvсlops
in thе rеgion of thе naviсular bursa and pastеrn).

Injuriеs to thе dееp digital flехor tеndon usttally oссuг
without iniury to othег tеndinous oг ligamеntous stгuс-
turеs. Thе infеrioг сhесk ligamеnt, of aссеssory ligamсni
of thе dееp digital flехor tеndon, bесatlsе of its сlosе
аssoсiation rvith thе dееp digital flехor tеndon, is most
likеlу to bе injurеd if morе than onе Stflrсtlrrе is injuгеd
in thе mеtaсaгpal rеgion. Сomplеtе ruptufе of thе dеер
digital flехor tеndon rarеly oссurs and may also involr'с
damagе to thе infеrior сhесk ligamеnt (Fig. 3-77).

сafе must bе takеn not to mistakе thе normal insеrtioг
of thе infеrior сhесk liяamеnt On thе dorsal aspесt of thс
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Figure 3-75
SonOgramsofdееpсligitalfехor(DDF)tеnсlinitiswithсalсiflсation\\.ithinthеI)DFllnd:tсlrrоniсtеnosJ'|]o\'itis
lеg, oЬtainеd tiom an l.l-r.еaг-olс] Tl.rсlгougl.rbгес1 maгс Тhе aгеa сlf dееp с1igital flехсlг tеnсlinitis ехtеrrdесl frоm 30 сtrr сlistal to tl-tе point o1'thе

t'u.кtuthеmiсl-Pastеfi1Thеsеsoпоgrams$,еrеobtainес|witlrа75-M]1zsесtоr-sсaI1nсrtraпsdrrсегсtllltainingаLlrri|t-in1luidо1I.sеtatadispl\.есl
dеpth of 6 сm. .ihе Iight siсlе Of thе tfans\.егsе l--iеп,s (lеJt imаgеs) is lаtегal aлсl tlrе lеft sjсlе is шссlial. Thе гight siсlе о[ tlrе sagittal \.iеWs (rl8,/

iiаgеs1iSpгoхimalaпсlthеlеfsidеisdistat.SDГ,supеrfiсia|с1igitаltlехсlгtеnсlсllrl.ГS.tепdOЛsl1еxtll.
,4, HYpсгесhOiс liпеar есhoеs xгс сasting wеak aссlrrstiс s-lraсlows. сo11sistеnt witlr еaгl1,сalсifiсatio.. in thе сеntral аnd sсlmеwlrat mесlial and

plantarрoгtionofthеDDF(аrrrltt,s)ехtеndingс1o\1.nintOthегеgiOлОfthеfеtlOсkarrnrtlarligamеrrt.ThеsrtггouldingDDFishу1;tlесloiсand
]aсksnоrm:r|f1bеfaligпn,].епt.сonsistеntwithDDI]tеndinitisHvpсlесhoiс
sonogflm п.as obtainесl at 40 сm distal to thе poil1t сlf thс hoсk (zoпс 4ts)

B,Soлtlgrarrrofalargесогеlеsion(аrrouls)iпtlrеDDFjuStс1istaltOthеafеaofсalсi1iсatiotr,irrr.olvirrgthеPlantaIаndslightl\.
Lhе DDF Thе annulaг li€]amеnt and сliЕ]ital slrеatlr aгс ttriсiепеd with a сon1bit1еd mеasttrеmепt of 6 nrm Tlris sсlnograпr \vxs oЬtlinеd at ,1] сm

distal to thе рoint of thе hосk (Zonе .iс)
С, Tbс соrе lеsion in thе DDF еxtеnds сlistall)' into thе Pirstеrп and is still r.isiblе on thе plantaг strгfaсе of thе tепdoп (аrroш') in thе mjd-pastегn

Ге€lioп (Zonе P1С), altlrоtrgh it is muсh sma]lеr. at tlris lЬсation H1,poесhoiс matсrial гсprеsеnting 1ibгiл is imagесl in thе сiсlгsal рortion of thе

digital shеath

сlееp digital flеxor tеndon foг a lеsion; tlris part of thе
ligamеnt is typiсally hypoесhoiс bесat-rsе it insсrts into
thе dееp digital flехor tеndon from a ditТеrеnt sсan planе.
This insегtion q,piсally oссLlrs at thе lеvеl of thе suspеn-
soцz 1i*"..,'t biftrrсation and at thе proхimal.most rе-

tlесtion of thе digital shеath.
Infеrior Chесk Ligamеnt (Aссеssory Ligamеnt of

thе Dееp Digital Flехor Tеndon) Dеsmitis. Injuriеs
to thе infеfior сhесk ligamеnt in thе forеlеg oссLrf lnorе
frеquеntl1, than do dееp digital flехof tеndon injuriеs but
arе lеss сommon than injuriеs to thе sttspеnsoЦ'ligamеnt
of thе supеrflсial digital flехor trndon. Мan-Y horsеs with
infеrior сhесk ligamеnt dеsmitis dеvсlop сliniсal signs of
injtrry aftеr bеing trrrnеd ollt in a fiеld. Thе1. sl-row swеll-
irrg, hеat, and sеnsitivit-v in thе affесtеd afеa. othеfs

dеvеlop сliniсal signs during рlеasurе гiding oг attff a
jumping сompеtition.rr ;] Inf.егior сhесk ligamеnt dеsmi-
tis ma),also dеvеlop in young horsеs that havе a history
of an infеriof сhесk ligamеnt dеsmotom)..

Dеsmitis of thе aссеssoЦ/ ligamеnt of thе dееp digital
flехoг tеndon is oссasionally sееn in hoгsеs aftеr a major
сhan€.е irr thе a11Е.lе of thе foot, partiсulafly in tlrosе
horsеs with somеWhat сontгaсtеd tеndons, .lovег at tlrе
knее.' сonfbrmation, oг сltlb fееt. Upright lroof сonforma-
tion was dеtесtеd in ,!'9,%aa aлd 33%-t сlf hoгsеs мrith
infегioг сhесk ligamеnt dеsmitis. In onе stud1l, 1; 7% of
tlrе hсlrsеs had pigеon-toеd сOnfofmatio11 and 7% wеfе
ovеf at thе knее. Thе horsеs that wеге ovеf at thе knее
also had sttpеrflсial digital flехoг tеndinitis. Inf.еrior сlrесk
ligamеnt injuriеs arе геpoгtесl to bе mofе сOmmon in
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Figure 3-76
Sonogranrs of сalсifiсation ilr thс dееp digital 1lехоr tеndoп (DDF) of
thе lеft hind lеg of a 1.{-yеaf-old Thoгoughbгес1 gеlding l)igital shеath
еffuskln was dеtссtеd aftсr a соmbinсd training сOmpеtitioп Сalсil1с:t-
tio11 (qrroшs) was dеtесtе(i iЛ thе DDF liom 39 to .17 сm distxl tO thе
point of thе hoсk ln [hе sxgittal у1еп, (right iпlаgе) t|-lс сalсiIiсation
is sееrr as a lrvpеrесhоiс linе in thr plaлtxг poгtioп Of thе DDF (l]еtwееl-)
thе t\\'o arrg[есL :rггсlws), ехtеnс1illg сIistаllv urrdегnеxth thе tъtloсk rnnu-
laг ligxmеПt Iп thе tfrulsYегsе r'iеп. (lеrl im.lgе), tl]е сalсiIiсation is
imagеd as a small ltvpеrесhoiс spot с:rsting a stгoпg aсollstiс sh:rсlоw
(аnglес{ аtтсlu') Тh'ts sonoЕ]гlrm rr.as сlbtairrеd at ,15 сm (zorrе 4С) with
a 7 5.\IHz sесto1.sсannег tгlпsсlttсеr сOntailring a built-iл flrrid o11.sеt at
a displа.lесl сlеptlr of 6 сm Thс гight sidе of tlrе transvсгsе viеw is
lntеfal and thе lеti sidе is mесlial Thе riglrt sidе of tlrе sagittal \.iеw is
proхiпal alld thе lеft siсlе is distal

poniеs and oldеr horsеs.1l 5j Infеrior сhесk ligamеnt dеs-
mitis tlsually oссtlrs in jtrst onе tbfеlimb, althorrgh oссa-
sionallу bilatеral forеlimb involr,еmеnt or dеsmitis of both
thе forеlimbs and hindlimbs oссurs. Injuriеs to thе hind
infеrior сhесk ligamеnt afе ехtfеmеly fafе.

In most instanсеs, thе prеdonrinant swеllinЕ] is latеral
bесausе thе ilfеrior сhесk ligamrnt rtlns latеral and dоr-

sal to thе dееp digital flехor tеndon. This swеlling is
faiф сhaгaсtегistiс bесausе it involvеs only thе proхimal
two tlrirds of thе mеtaсafpus, oftеn сеntеrеd in thе proхi
mal to mid-mеtaсarpal rеgion. At thе onsеt of thе dеsmi
tis, most hoгsеs show loсal lrеat and sеnsitivity. Lamеnеss
is tlsually pгеsеnt initially bltt oftеn fеsolvеs fapidly, al.
thсlugh many horsеs arе still lamе at thе timе thеy aге
pгеsеntеd to a fеfеfral hospital (59nn'i end 56%5з). Swеll.
ing of thе infеrior сhесk ligamеnt is nеarly always prеsеnt
by thе timе of fеfеfral, whеrеas thе loсal hеat and sеnsi
tivit,v maу havе rеsolvеd. In somе horsеs, thе infеrioг
сhесk ligamеnt is ditliсttlt tO distinguislr from thе dееp
digital flехor tеndon of, lеss fгеqtrеntl1,, from thе sllprrli-
сial digital flехoг tеndon on palpation. supеrIiсial digital
flехoг tеndinitis ma'v also bе pfеsеIlt in somе horsеs with
infеrior сhесk ligamеnt dеsn1itis. Ссlnсurrеnt supеrIiсial
digital flехor tеndinitis was геpoгtеd in 79%aa and 50%5з
of horsеs with infеrior сhесk ligamеnt dеsmitis.

Thе most сommon sonoЕ.faphiс ttnding is an еnlaгgеd
сross-sесtiona| atеa of thе infеriof сhесk ligamеnt with a
diffusе dеsmitis (Fis 3_'8). This еnlargеmеnt is uslralh'
in a palmaг-to-dofsal diгесtitlrr as Wеll as in a mrdial-to-
latеral dirесtion. Thе palnrar-to-dorsal еnlafgеmеnt of thе
infегior сhесk ligamеnt oftеn геsults in thе dorsal aspесt
of thе infсгiof сhесk ligarnеnt touсhing thе palmar por.
tion of thе suspеnsofl' liga1тlеnt and, in sеvеrе сasеs, thе
doгsal portion Of thе strpегliсial digital flехor tеndon If
thе int.егior сhесk ligamеnt al1d sllspеnsory ligamеnt arе
totlсhing an}'!vhеrе thгor'rglrotrt thеir lеngth othеf than at
thе origin of thе sllspсnsoг\' ligamеnt, ol1е Of tlrеsе two
stfllсtlrfеs must bе еnlafgеd T1rе еnlargеd infеrior сhссk
liganrеnt also oftеn rvгaps afoll11d thе dееp digital flехoг
trndon both mеdiall-v arrс1 latеrall1,' making distinguishing
thе bordеr bеtwесn thеsе tп,o stfllсtufеs diffiсult. Lеss
сommonly, loss of dеfrrrition bеtwееn thс infеrioг сhесk
ligamеnt and thе supеrfrсial digital flехor tеndon oссLlrs
bесausе of thе markес1 еnlaгgеmеnt of thе infеrioг сhесk

Figure 3-77
S<lnogгatnsofasеr,сrегttpttlrеofthеmaiоfit}'оftlrеdееpdigitaltlехсlгtепdOn(Dl)F)аtrс1illfсгiогсl]есklig2mепt(IсL)iп
fгomaп8-1,еaг-сlldTl.rсlгсluglrbrсdgсlс1iпgThissеr,еrеDDFtеndiпitisехtеndеd1iсlm2tсlJ.]спrс]istaltothсpoiпt
thе mеtaсaц)xl геgion aпс1 distlll1' intсl thе pxstеrп tO tlrе foot Тhеsс sollоgrams *'еrе obtainеd *-ith a 7 5-MHz sесtoг-sсallnеr transduсеr $,itl] a

built-in flttid оffsсt :it a сlispla),есl dеpth of (l сnr Тhе right sidе of thе tгaпsvегsе l'iеws (lе.ft imаqеs) is latеral anсl thе lеft siсlе is mеdiаl Thе г:ight

siсlе сlf thе sagittxl Yiеws (right im.Igеs) is pгoхimal аnd thе lеft sidе is distal SDF. stlpег1iсial digitl| flеxof tеndon, sL, suspеnsory ligamеnt; TS,
tеndon shеathj sDsL, stmight distаl sеsаmoidеan ligxmеnt; \4DsL. middlе distal sеsamсlidеan ligxпеnt

,4, Notiсе thе lxгЕ.е anесl.tсliс lеsion in thе majofifi of thе DDF alld thе сntirе IСL at 16 сm (zonе 2A) in thе tгansr.егsс r,jсw Thе sagittal
sоnogгam is obtainеd oYег thе пrеdial aspссt oI thе limb, whеrе sсlmе пе:rг-noгmal fibеrs геnrain in thе DDF and signifiсxnt fillег сlisruptioп is
imagеd in thе IсL sOIПе sL dеsmitis is also pгеsсnt

B, Notiсе thе largе anес.hсliс DDF Witlr no ntlгmal DDF fillегs imagсd at this lеvеl (аrrouls) irr zсlпе P]. in еitl1сг thе tгansvсгsс ог sagittal \-iсws
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Figure 3-78
Sопogгatns of a сlifftlsе infегioг сlrесk ligamепt (IсL) dеsmitis in thе
гight foге]с!.. obtaiflеd fгсlm а 9-rеar.olсt Сlсvеlarrd Ba'v gеlditrg Nоtiсе
rhс с1if1usеl'v еnlаrgсd IС,L (аrrОu,'s), bеst lrppгесiatеd in tlrе transvегsс
liеs. (left imаgе), $,ith a slig'htl\'lrуpоесhoiс apPсaгanсе aпсl klss of
sоnrе of tl]е пOfmal IiЬег l)аttсrn dеtесtс(| in thе saЕ.ittаl Уiе\\, (right
illtсtgе) Thеsе solloЕiгаms $.еге Obtainеd at lз сtrr сlistal to thе pоint
(]f thе aссеssoЦ- сaцlal bоtrе (at thс lloгс1еr bегп.ееn zonеs 1B atrd 2A)
rrith a 7 5-i!I]lZ sесtог-sсxпЛег tгаnsdllсег п,it[r a Ьuilt-in flUid сlffsеt at

з с|ispta1.есi dеpth of (l сnr Tl.tе ri!]hl siсlе of t|-tе tIaпsгсгsс imitgе is
Lаtегal lnсl thе lеft Sidе is mссlial .thе гiglrt sidе сlf thе sagittal imagе is

1lгохimal aлсl thс lеft siсlе is distа] SDF, slrpегflсial сiigitxl flехог tелdоn;
DDЕ. dееp сligital flсхоr tеndon: sL, suspеlsоr} ligimеnt

ligamеnt. Tlris loss of сlеflnition bеtwееn two adjaсеnt
tеndinous and liЕ.amеntous stfuсtltfеs sllЕ.8еsts adlrеsions.
Oссasionall1,, horsеs may sustain an injury to both thе
int.еrior сhесk ligamеnt and tlrе dсеp digital flехor tеndon
simultanеolrsly (sсе Fis. 3-77). Thеsе injtrriеs arе usuall).
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sеvеrе, althollgh small foсal h1.poссhoiс arеas havе bееn
fеpoгtеd in thе doгsal aspесt of thе dееp digital flеxor
tеndon in horsеs with infегiof сhесk ligamеnt dеs-
mitis.4 sj

Thе infеrior сhесk ligamеnt is Llsually diffusеlу hypo-
есhoiс or hеtегogеnеous, with largе aгеas of frbег disrup-
tion in horsеs with di1fшsе drsmitis. Although small dis-
сfеtе arеas of flbеr tеafing (Fig. 3_79) afе sееn in hoгsеs
With infегiof сhесk ligamеflt dеsmitis, thеsе afе lrss сom-
mon than еithеf thе largеr сorе lеsions (Fig. 3-80) or
сlifftrsе arеas of damagе. Tlrе most сommon afеa of injllry
is in thе mid pofiion of thе infеrior сhесk ligamеnt in
zonеs 1B and 2А'. Injuriеs oftеn ехtеnd distally into thе
insегtion of thе infеrior сhесk ligamеnt into thе dееp
digital flехoг tеndon. Lеss frеquеntly, injuriеs afе dе-

tесtсd that bеgin at thе origin of thе infегioг сhесk
ligamеnt from tlrе palmar сarpal li8amrnt. сomplеtе гLlp-

ttrrе сlf thе infеrioг сhесk ligamеnt is unсommon (Fig.

3-8l) and tlrе dееp digital 1lехor tеndon should bе сarе-
fully еvalr'ratеd in thеsе horsеs.

As thе infеrioг сhесk ligamеnt hеals, its сross-sесtional
afеa dесrеasеs, its rсhogеniсity rеturns towaгd normal,
and shoгt linеar есhoеs aге ima€.еd within tlrе rеpairing
ligamеnt (Fig. 3_82). In most сasrs, thеsе linеar есhoеs
havе a random pattеrn, but oссasionally nеar-normal frbеr
alignmеnt oссufs. Pегiligamеntous soft tissuе thiсkеning
may bесomе mofе есhogеniс, and pеriligamеntolls li-
brosis with adlrеsions to suгrollnding stflrсtufеs may rе-

sult (Fig. 3-83)' partiсLllarly in horsеs with moгс sеvеге
injr'rriеs. Fibrorrs bundlеs joining thе stlpеrfiсial and dееp
digital f]ехor tеndons along thеir latеral and mеdial mar-
gins pгеdisposе thе hoгsе to thе dеvеlopmеnt of adhе-
sions bеtwееn thе aссеssory ligamеnt of tlrе dееp digital

Figure 3-79
}O]loЕ.гa1тrs of a small aгеa сlf 1ibег tеarilrg in tlrе lаtег:r| pоftio11 Of thс
гillht foгс infегiоr сlrесk ligamепt (IC]L), obtaiпеd fгсlm a l'yеxr-Olсl
I-IroгсllrgJlllгесl gеlding Notiсе tlrе smа]l linеer h1.poесlrсliс dеt'есt
(d].rОu's) in thе lаtегаl ptlrtion oi thе IсI, iл thе tгansvеrsе viеw (iel,
i]l1аge) .I'lГ1е сorrеspon(lin!. :rrеa оf libеr disruPtiOn in thе sagitta| viеw
|) igl')t i111а8е) is bеst imagеd xt l2 сn1 distal tO tlrе pоirrt сlf thс
;1ссеssoЦ. с:lг1lаJ l-rопс (ZОnе 1ts) .Гhis ;rгсa оf libег damagе wаs dеtесtеd
r}om 8 to l(r сm с|istal to thе Pоint сlf thе aсссssoп'сa1pxl Ьoпс Thеsе
\()Dogfams wеге obtaiпесl with a rvidе-bandwiсltlr 7 i MHz linеaг-arгav
!сllпIlсг tгansсlrlсеr opеIatiпg xt 7 5-MHZ with a ]r:rnd-lrеld starrсloff pad
.rt e dlspla1'еd сlеpth of 5 сm 'I.lrе fi!]ht sidе сlf thе trаnьr-сrsе irтa1iе is
l.rtеral arrс1 tl.rе lеti siсlе is nrеdial .Гlrе гight sidе of tlrе s;l!.ittаl iпaliе is

рrоrit-tral and tlrе lеli siсlе is сlistll SDF, srrpег1iсial digital 1lехor 1еndOЛ;

DDГ сlссp digital 1]ехor tепdoЛl sL, sllsPеЛsory ligarrrеnt

Figure 3-80
Sonogгal]1s of ;r laгgе сorе ]еsion (аrrouls) in thе гight fсlrе infеrioг
сlrесk ligamеnt (IсL), obtaiлеd fгom a 6-уеaг-old Hanоvеriarr gеlсling
Notiсе thе laгgе h1'poесhoiс ссlге lеsitln in tllе сnlaгgеd I(]L in thе
tгallsvеfsе Уiеw Iе.ft imаge) aruJ thе fitlеr с|isrrrption inragеd in thе
sagittal viеw (riglэt ilпаge) Tlris сoге lеsion was сlеtесtе(] ггom 8 to 20
сrrr сiist:ll to tlrе point of thе aссеssorl, сaгpal boпе Tlris soпogгam was
obtainесl at 13 сm distal to thе pоiлt оf thе aссеssor1 сaгpal bonе (at

thе boгdег bеtwееn ZOnеs lB aлd 2A) with a widе-bandwiсlth 7 5-MHz
liпсar.arrat. tгansduсеr oPегatinЕ] lt 7 i NIHZ witlr a hand-l]еld standoff
pad at a disPla\,еd dеpth of 5 сrп Т]rе foсal zonеs xrе positioпеd in thе
middlе to tar Iiеld of tlrе irпagе Thе гight siсlе of thс transvегsе imagе
is latегll and thе lеft sidе is nrесlial Thе гight sidе оf thе sagittxl imagе
is proximal and thе lеft sidе is distal SDF.. supсгliсial digital flехor
tепdoП; DDI., сlееp сligital tlехof tеndon; SL, suspеnsory ligamеnt
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Figure 3-81
Sorrogr:rnrs of x ftlptuгеd intЪr.ior сhесk ligamеnt (]сL) in tl-rс lсft
foгеlеg, obtainеd fгoпr a l7-r,е;lгllld Tlrorоughbгсс1 gеlсlirrg Notiсе thе
сonrplеtе absеnсе of arr), 1ibеrs fгom thе lСL (апrtts) in еithег thе
tfansYегsе Уiе\\, (krt iпlаgе) or thс slrgittal \iе\1'(rlgbl itпаgе) .Гhis

disГLlption of thе ]СI, \'аs СYiсlсnt Гoг its епtirс lеngth' Ггс;пr 5 to 20 спr
distal 1o thе PoiЛt of tl.rе aссеssoп- сarpal llоnе Тhеsе sсlrrogгams wеге
Obtainс(l аt 18 сm distal to thе point сlf thе aссеss<>п- сaгpal Ьorrе
(zoпе 2B) \'"-ith a 7 5-}{HZ sссtoг-sс11llпеr tfansd].lсеl. сontaininЕ] a buiIt-
in fluiс1 Offsеt at a displa1,есl сlеptlr tlf 6 сm Tlrе right siсlе of tlrе
tгaпsvеIsе imagе is latсtal and thе lсft sidе is mесlial l.hе fighL sidе of
thе sagittal imаgс is ргoхimаl and tlrе lеlt sidс is distal SDF, srlpсг1iсial
digital flехor tеndon; DDF, dееp digitl| flехoг tеndon, SL. srrspеnsorr'
ligamеnt

flехoг tеndon and thе supеrflсial digital flеxor tеndon
Whеn thеsе strllсtlrfеs afе injLlfеd.l'' Rarеl1,, сalсiliсation
is imagеd in tlrе infегior сhесk ligamеnt (Fis. 3_84).

A typе of prolifегativе infеfioг сhесk ligamеnt dеsmitis
has bееn гесognizеd in whiсh sigllifiсant tеndсln anсl

Figure 3-82
Sonogгаnrs of a hеaling dеsmitis (аrrous) оf thс itrfсгioг сhесk ligatlсnt
iп thе fight toгеlсg' obtainесl 1rom a 14-1'еaг-old Thоroughbrесl сгoss
gеlding at l 5 сnl сlistal tO thе POiпt сlf thе aссеssсlп, сllгpal borrе (zоrrе
2r\) Notiсе tlrе hеtегоgеnеotls hl-poесlrоiс to есhtlgеrliс :rppеaгanсс tlf
thе inf.е]:iof сlrесk lig:rmсnt (I(]L) and thе sho]:t aпсl longеr lirrеar есl.tсlеs
in a somеwhаt гxndoп pattегn геpaiгing thе afеa of injurt 'l.lrеsе
sonogmms wеге obtainеd with a widе.bаnсlп.iсlth 7 5-N'IHz liпеаг-aггil'
tгansduсеI opегatjllg at 10 0 Mttz witlr a haпd.lrеld standoff Pad at a
displar'еd сlсpth сlf 5 сm Thс foсal zсlnеs afе positionеd in thе 1ar liеlсi
of thе imаgеs Thе right siсlе сlf thе trans\,сгsе \,iеw (right imаче) ts
latегal aпс| thе lеft sidе is mеdial Tlrе right siсlе of t].rе s1rgittal \iе\\.
(Iеft iпlаgе) iS pl.oхinrаl and thе lеft sidс is distal SD}.' supеrtrсial сligital
flехог tеndon, Dl)F, dееp digital f]ехor tеndоn: SL' sllspеnsoЦ'ligamеnt

Figure 3-83
Sonogгams or a сlifftlsе infеr:ioг сhесk liganrеnt (I(]L) dеsmitis with
adl]еsiorrs of thе infеriсlг сhесk ligarrrеrrt tO thс асljасеnt supеrfiсial
(SDF) аtlсl сlееp digital flехог tспсIorrs (DDF) anс| sllsреns()1-.1. ligxmеnt
(sL) iп thе right fofеlеЕ]. оbtainесl fгOm a 12-\,еar-()ld OldеnbеГg stxllion
at 16 сш distal to thе poiпt of thе aссеssor.i' сalpal bолс (zonс 2A)
NOtiсе thе с|iffiсt-llг1' in сlistirrgttisl-frrg thе m2lгgil-ts of thе SDF апс1 DDF
Ггсlпl thс I(]I- iП tlrе tfans\'егsе viеw (lф illlсtgе) lnd tlrе lr1'pсlесhсliс
tissltе fеpfеsеnting fibгorrs tissllе rl.,,.ч аrro,u's) imagеd in bеtwееп tlrе
]сL and aс1jaсеnt DDF and SL iп thе sagittal \'iец' (right ilпсtgе) .Г\-tis

lroгsе аlsrl h:rс| a rrеrr,'srtpеrIiсial digita| flехoг tспdiпitis П'ith a smаll
aгеa оf 1ibеr tеaгil1Е] (s/:,Oгl аrrОш) |hlt пa1, hal.е ilеvеklpеd sесorrсiaq.
tО thе с]]гоl]iс IсL dеsmitis with adlrеsions tо thе adiaссnt tсndоrrs пrd
ligxmеlrts Thеsе sonoglal]1s \Vсге obtаiЛсd rvith a 7 5-NIHz sесtoг
Sсaп11еr tfxnsduссг пith a Ilrrilt-in flrriсI ot1Ъеt .tt a disPlx'Yеd сlеptlr сlf 6
сm Tlrе riglrt sidе of t]lе tгaпsvегsе sonograлl is latеral anсl tlrе lеГt
siсlе is mеdial T'lrе гight siсlе o1 tl.tе sagittal sotrоgгam is pгoхimal anсl
tl.rе lеtt sidе is сlista|

Figure 3-84
Sсlпogгells сlf сalсiliсation in thе lеft forе irr1Ъrklr сl.rесk ligаmеrrL (IСL).
obtiinеd ttom а 1-rеaro[сl l,jnto gеldjnЕ] Nоtiсс thе h11:lсгссlroiс
ссlroсs сastiлg x stгOп!. xсOrrstiс sh:rdow (аrrou's) tlrrсlrtglr thе лraioгitУ
()f thе ]сL. mсlst шeгkеd at 7 сm (]istal tO thе Point оf tl.rе aссеssсlry
сarpal boпе (Zonе 1,\) Hеtе1.ogе11еitY оf thе i(]L (h}1loссhoiс, iso-
сс[-toiс. atld lrrреrссhoiс :lгс2ts) П'21s iлl;lgесl thгсlug]lolrt thе liЕ.апеnt
tioln l() tсl 23 спt rlista] tсl tlrе Poi|lt of thе aссеssсlr1- сltrpal Jlonе,
с()nsistеnt п'ith a сh:oniс dеsnlitis A srrrall amount of tlrе 1(,L сxn bе
r.isu:rlizесl lтес1i;rl аrrtl tо a lсssсг схtеnt |2ltcгal to thс :rгеаs of сlrlсiIiсa-
tjon in thе tгansvегsе l.tеvv (riglэt iпtсtgе) lnс| in thе mid boсlr, in thе
sagittxl viе\'v (lеft imаgе) 'Гlrеsе sоnograrrrs wеrе ()btxiпеd With a 7 5-
l4-LIz sесtoI-sсannеГ trans(lt|сеf With a bLljlt-il1 fltli(| offsсt аt a сlisplavесl
сlсpth of 6 сm Thс гiE.ht si(]е Of thс trllnsYегsс iпrаgе iS latегal lпс1 thе
lеft siсlс is mеdial Tlrе гight siсlе сlf thе sx!]ittal imagеs is pгсlхimal :rnсl

thе lеft sidе is rlistal SDг, sl|pеf1iсial digital flехоr tеnсlon: DDF, dееP
digital 1]ехor tеndon; SL' susрсnsоП' lig:rпlеnt
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ligamеnt сontfaсtuге dеvеlops, witlrotlt an еpisodе of
aсutе infеrioг сlrесk ligamеnt dеsmitis. Thеsе horsеs havе
diffusе thiсkеning of thе flеxor brrndlе and arе oftеn
prеsеntеd for suspесtеd suspеnsory ligamеnt dеsmitis.
AfТесtеd hoгsеs aге usuall1. unablе to plaсе thе hееl сlf
thе affесtеd limb сln thе grotrnd. Most lrorsеs With this
sеvеfе prolifеrativе infеrior сhесk ligamсnt dеsmitis havr
brеn Qltaгtеr horsеs or Quartеr horsе сrossеs. Sono.
graphiс еxamination rеvеals a hеtеrogеnеotrs in1.еrior
сhесk liganrеnt that is markеdly еnlargеd and ottеn h1.
pегесhoiс сomparеd to normal tеndinous and ligamеn-
tous tissllе (Fig. 3-s5). T1rе bordеrs of thе infеrior сhесk
ligamеnt aге difflсult to distinЕ.Llish fiom thе adjaсеnt
dееp digital flехor tеndon and supеrflсial digital flехor
tеndon. Many horsеs havе сonсtrrfеnt injllry in tlrе supег-
fi.сial digital flехoг tеndon or, lеss fгеquеntly, in thе dееp
digital flехoг tеndon. Сonсurгеnt suspеnsory ligamеnt
сlamagе has not bееn dеtесtеd in affесtеd horsеs to datе.
Thеsе arеas of tеndoп injury in tlrе supегflсial digital
flехor tеndon aге usually hypoесhoiс and in thе еarly
stagеs of tеndon hеaling. Adhеsions bеtwееn thеsе tеnсli
nous and ligamеntor-rs stfuсtlrfеs сan bе doсumеntеd so-

nographiсally anсl havе bееn ссlnflrmеd at stlrgеry and
at postmortеm еxamination of affесtеd horsеs. Сarеful
еvahtation of tlrе othrf limbs in af1есtесl hoгsеs usrtalh.
rеvеals a sinril:rr' tlut lеss sеvеfе, pгolit.еrativе infеrioг
сhесk ligamеnt dсsmitis in two or moге limbs.

In a gоod-qualiq. sonographiс rеpair, tlrе inf.егior сhесk
ligamеnt has normal to nеaf-nofmal есhogеniсity and
nеar-normal flbеr alignmеnt With only mild еnlargеmеnt
of thе ligamеnt сfoss-sесtional arеa (Fig. ]_86). Rесtrrrеnt
itrfеrior сhесk ligamеnt dеSmitis сan oссuf, partiсttlarl1, in

Figure 3-85
SonоgIaпs of a с]-tгоniс Prolilъrаtivе in1Ъrioг сhесk ligamеnt (I(]L)

dеsmitis п.itlr an асtivе supег1iсixl digital t]ехoг (SDF) tеndinitis, ob-
tainесl 1roп] thе right fсlгеlеg of a 17.),еar-old H.rtlovеfian marе N()tiсе
tl.rе mагkесlt),еnlargеd IСI- (аrrоttls) inragеd fгсlm 3_25 сm distrl tо thе
poiпt Of thе aсссssof\'сarpal boле with its hеtсгOgеnеorrs есho!.еlliсit)'
еnvеklpiпg tlrе с|ееp digi1al 1lехor tелdоn (DDг) :rnсi thе Iltеral aspесt
сlf thс SD}- at 16 спr (ZOnс 2A) 'l.lrе boгdеr bеtwееn thе IсL arrd thе
sllspеnsory ligamеnt (SL) is alsсl (|iffiсult tO distinЕ]uish Тhеsе stгLlсtllrеs
аl-l mсlvеd as a rtnit duгing a d1-п:rtrriс rtltгasсlrtnсl ехaminatiоn Thс SDF
]асks a normаl fLbег PatLеfn with a lllгgе lr1'poесhсliс lеsion dеtесtеd il1

thе palmar aspесt Of thе tеndon я,.hiсh was imagесl fгrlm 14-21 сm
distаl to thе point of thе aсссssot1. сaгpll bоnе Tl.rеsе soлоgгaпrs l-егс
obtainеd Wit]r a 7 5-МHz sесtoг-sсannеr tr1tnsduсеf with a Ьuilt-irr fluiсl
Off.sеt at a displa1'сс1 dеpth сlf (r сm .l]lrе riЕ.ht sidе tlf thе tгansr'егsе
\,1c\| (riglэt ilnсrgе) is latегal anсl tlrс lеft siсlе is mеdial .l'hе гig'ht sidе
Oгthе Sagittal \.iеw (lе|-l i|nаче) is pгoхimal aп(l thе lеf1 sidе is distal
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Figurе 3-86
sonogгams of a hеalеd infегjoг сlrесk ligitmеnt (IСI-) dсsmitis sесoпdary
to аn IСI- dеsmotoml', oЬtainеd fгom tlrе lеft forеlеg оf a 4-уеar-old
Arabiatr lillr' Nоtiсе thе еnlargеd, somеWhat hеtеrоgеrrеous aPpеaгanсе
or thе IСL iп thс tгansvеtsе vlсw (left ilпаgе), with thе maioritу of thс
ligamепt having nе:rr-rrormal есhсlgсniсit}., and thе гlпdom pattеrn of
IiЬег aligпmсnt in thе saЕ]ittal viеw (l.ight ilnаge) Thе сhroniс inaсtiYе
IСL $,аs iпragеd from 6 to l8 сm distxl tо thе 1loitlt of thе aссеssoЦ,
сaгpal Ьonе Thеsе sonograms \vеfе obtainеd at 11 сm.tistr| tО thе
poiпt of thе aссеsst-lц, сaцlal bоnе (zonе 1B) With a 7 5-мнz sесtoг-
sсannег tfansduсег with x Ьtflt-in fluid Offsеt at 1t displa-vеd dеptl.r of 6
сп l.l.rе гig'ht siсlе of thе tгansvегsе imagе is latеfal an(l thе lеft sidе is
mесlial Thе гight sidс of thе sagittxl imagе is proхimal aпd thс lеf1 sidе
is distal sDF, srrpсгIiсial digital fIехоr tеndОn: DDF' сlееp digital flехoг
tеЛ(loпi SL, sLlspеnsoг\l ligamепt

horsеs with a history of infеrior сhесk ligamеnt dеsmot-
omу (Fig. 3-87). Infегioг сhесk ligamеnt dеsmitis raгеly
oссufs in othеr horsеs Llnlеss thе}' afе prеdisposеd to
this injury by сonformational problеms сfеating ехсеssivе
latсral loading. As with othег tеndinous and ligamеntous
injtlriеs, thе nеw aгеa of libеr disruption tеnds to oссLlг
adjaсеnt to thr ofiginal injury, ехtеnding proхimally or
distally (FiS. 3-88).

Suspеnsory Ligamеnt Dеsmitis. Injury to thе stls-
pеnsorl/ ligamеnt oссufs in all brееds of horsеs, with
injr'rriеs to thе body and bгanсhеs bеing moге сommon
than proхimal strspеnsory ligamеnt dеsmitis. Injufiеs to
thе suspеnsory ligamеnt oссuг frеquеntly in both thе
forеlеgs and hind lеgs. Standardbrеd raсеhorsеs and trp-
pегJеvсl drеssagе horsеs havе thе highеst inсidеnсе of
susреnsory ligamсnt injuгiеs in thе hindlimb. In Thoг-
oughbrеd raсеhorsеs, pгoхimal suspеnsory dеsmitis and
dеsmitis of thе sllspеnsory ligamеnt branсhеs afе morс
сomfllon than dеsmitis in thе body of thе suspеnsotу
ligamеnt.;8 Injuriеs to thе sllspеnsoq/ ligamеnt in thе
Thorotrghbгесl raсеlrorsе сan bе сatastгophiс, assoсiatеd
with tratrmatiс brеltkdown of thе sllspеnsory appaгatlls.

Loсal lrеat, swеlling, and sеnsitivity of thе suspе11sory
ligamеnt on palpatiorr afе сhafaсtеristiс of sllspеnsory
ligamеnt dеsmitis. Distеntion of thе mеdial palmar or
plantaг vеin has also bееn rеportеd in affесtеd lrorsеs.,,J
52 58 Thе loсal signs of hеat, swеlling, and sеnsitivity arе
mofе сommon with injuгiеs to thr body and/or branсhеs
of thе sttspеnsory ligamеnt than with injuгiеs at thе origin
of thе suspеnsory ligamеnt.l5 ,i] 52 

'8 Bеforе thе advеnt of
diagnostiс ultгasotrnd, rnany horsеs diagnosеd with infе.
rior сhесk ligamеnt сlеsmitis aсtually had injuriеs to thе
slrspсnsory ligamеnt. This was drrе, in part, to thе typе
of swеlling of thе suspеnsory ligamеnt .whеn injurеd at
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Figure 3-87
Sonсlgтams of a гесепt iлjtlry tO thе riglrt tbrе iпtЪrioг сlrесk ligamеtlt
(IСL), оbtаinес| tгom a 4-1'еar-сlld 1.hоrorrghЬrеd lill1. that haсI :rn intЪгioг
сhесk liganrеnt dеsпrotomY pеrformеd оn this lсЕ] lt 6 months Of agе
Notiсе thе hypоесhoiс palrпltг сorе \еsion (аrrottl) in tlrе ilrfЪгitl;: сhесk
ligamсl1t in thе traпsvеfsе х,iеw (lф itltаgе) llttсLthе loss of tlrс rroгmаi
Iibсг pattеrn in tlrс palпl:rг poгtion ot tlrе I(]L jn thс sagittal \.iеw (right
illtаgе) .I|tс 1ibег alignпеnt in tlrе mогс сlсlгs:rl pсlrI,ion Of tlrе IсL
adiaсеnt to thе nеW. tсaг is abnoгmаl. сOпsistеnt п'ith tlrс llгioг hсalсd
stlгgiсal irrjrrn Tlrе lСL is еnlaгgеd arrd is tоuсhing thе adixсеnт sllsPеп-
soП, liganlепt (SL) anс1 сlееp digital flеxoг tеndofl (DDF.) l'his lеsion
rvas imagеd fгoш 6_19 сm distal to thе point of thс aссеssoг\. сaгpаl
bonе Тhеsе soпogгams wеге obtainеd at 16 сm (zсlпе 2A) with x 7 5.
NIHZ sесtof-sсanrrсг ttensduсеf сOl]taining a built-in lillid o11.sеt at a
displavесl dсpth of 6 слr Тhе гight sidе of t]rе tгansrсгsс imаgс Jr
latегll allсl thе lеft sidе is mеdial ].hе гiglrt sidе of tlrе s:lgittal inrxgе is
pгoxima-l aпd thе |еft sidе is distаl

thе origin and in thе рroхimal poпion of thе Suspеnsory
ligamеnt bod1,. Thе pfimary swеlling of thе pгoхimal
poГtion of thr susprnsory ligamеnt bod-v is in a palmaг
or plantar dirесtion. Thе injurеd poftion сannot swеll
mllсh in a dorsal dirесtion duе to thе rеstriсtion сausеd
by thе ovеflying third mеtaсaгpal oг mеtataгsal bonе and,
similarly, it сannot swеll muсh in a mеdial to latеfal
dirесtion bесausе it is сontainесl by thе sесond and
fourth mеtaсarpal of mеtatafsal bonеs.

Dеsmitis of thе Sllspеnsory ligamеnt is also frеquеntly
assoсiatеd with lamеnеss. Thе lanrеnеss is usually ехaсеr-
batеd wlrеn thе horsе is tгottеd in a сiгсlе witlr thе
affесtеd limb on thе outsidе of thе сifсlе. Lamеnеss
loсalizеd to thе pfoхimal mеtaсaгpal fеgion in horsеs
with aсutе pгoхimal suspсnsory ligamеnt dеsmitis may
bс assoсiatеd with loсal hеat, swеlling, and sеnsitivit},. In
mofr сhfoniс lamеnеss, thеsе сliniсal si8ns afr oftеn
absеnt.,tз Lamеnеss' in thе absеnсе of dеtесtablе sllspеn-
sory ligamеnt swеlling, is moге сommon With proхimal
slrspеnsory dеsmitis than witlr othеr tеndinous of liga-
mеntous injuriеs.l; Lamеnеss is likеly to pеrsist for longеr
pеriods of timе in horsеs With dеsmitis involving thе
ofigin of thе suspеnsory ligamеnt, whеrеas thosе with
mid-body sllspеnsory ligamеnt dеsmitis tlsually afе sound
in a pегiod of sеvеfal сlays or moге.l; ].],52 ;a Lamеnеss in
horsеs witlr proхimal suspеnsory ligamеnt dеsmitis is
oftеn ехaсеrbatеd by fеtloсk flехion in thе affесtеd forе-
limb or lrindlinrb and by hoсk flехion in horsеs with
proхimal slrspеnsory liganrеnt dеsmitis in thе hindlimb.r3'
52' 

'8 sinking of thе fеtloсk joint ntay Oссur upon Wеight
bеaring, сollplеd With sеvеrе lamеnеss if сomplеtе гup-
tuге of thе suspеnsoгv ligamеnt oссLlfs.

Tlrе assoсiatесl bсlny struсtllrеs nrust bе сarеfully еvalll-
atеd in hогsеs with sllspеnsory ligamеnt dеsnritis Alrrl-
sion traсtr'trеs of thе oгigin of thе strspеnsoг\, lif]amеnt,
fraсturеs of tlrе sссonсl and f<luгth mеtaсarpal of mеtatar-
sal bonеs, pеriostеal prolifеrativс сhangе assoсiatесl With
thе sесond oг fotшth mеtaсaгpal or mеtataгsal bonеs,
apiсal oг abaхial sеsamoid fraсtltгеs, сlг sеsamtliсlitis mlr1.
oссur сonсuгrеntl1, with srrspеnsory liЕ.amеnt dеsmitis.

Mild injuriеs tO thе sllspеnsory ligemеnt boсt), rrraу bе
diffiсult to idеntifi ttltrasonсlgraplriсall1, bесattsе of thе
widе variation in its normal ultгas<lnographiс аppеaranсс
(Figs. 3-89 and 3-90), wlrеrеas milсl arеas of injurу arе
еasiеf to idеntif1. in thе suspеnsoЦ. bгanсhеs. Меasurе-
mеnt of ligamеnt сross-sесtional afеa is lrеlpftll in idеnti
fуing horsеs with rnild sllspе11sory ligamеnt dеsmitis, in
whiсh сltrl1. subtlе dесгеasеs in or.егall есhogеniсity, but
mеasuгablе inсгеasеs in liganrеnt сross-sесtio11.i atеa,
nra1. bе сlеtесtесl. Hvpoесlroiс aгеas in thе suspеnsory
ligamеnt boсly slrotllсl bе bilatеrallу s)'mmеtfiсal if nor-
mal; сompaгison to thе сontralatеral limb ma!. bе nесеs-
sary to сlеtеrminе if a srnall arеa of injuц, is pfеsеnt.
Injuгiеs to thе slrspеnsoЦ, ligamеnt may bе disсгеtе or
diffusе. Splits arс imagесl mсlst fгеqtlеntl1. in thе suspеn-
soц, ligarrrсnt, althouglr tlrе1. arе moге сommon in thе
sllspеnsory lig:rmеnt branсhсs tlran in thе bod1. (sее Fig.
3_89). Ссlге lеsions afе ftеqrtеntlv sесn in thе stlspеnsoп,
ligamеnt boф and ma-Y bс sm1rll (Sее Fig. 3_90) oг lafgе
and loсatеd in thе сеntral (Fig 3_91), mеdial (F.is 3-92)'
latеral, dorsal (Fig. з_9'' of palmar (Fis. 3_9,1) portion
of thе slrspеnsory liganrеnt bodr,. Сlеft lеsions (sее Fig.

Figurе 3-88
soпoЕ]гat]1sof ailrгgеllе\\ 1tге:toflil:tегtеarirrgxdjiссl]ttсtaпсllс1 hеalесi
arеa of 1ibег iпjttп" ilr thе figlrt fbrе inlегioг сlrссk liganrеnt (lсL) at its
insеftion into Lllс dеср сLiЕi,itа| flсхor tсnсlоп (DDЬ.), obtainссI fгolт a

2.1-r.еaг-olс1 P21iпt ll:lге NOtiсе tlrе rlсц. anесhoiс arеа of fibеt iпjrrr1
(diаgсlllаl агrоu')' п-hiсh is il1 tlrе lxtег:rl aspесt ()f tlrе IсL iп tlrе
tfaпs\.еfsе Уiе\\- (lеft i|11.Igе) |Ll].d is s'Oгst llt 2] сIn distxl tO thе point
оf thс aссеsson с:rrylаJ bonс (thе boгdеt bеt$,ееп ZOnсs 2R lnd JA)
Not]iсе also iп thе |atега] tгitлs\,егsс viеw. п'1riсlr rvas olltаriлссl moгс
prсlхimа|lr' tiсlп thе lxtегal asPесt Of thе limb (ri,чhl iШаgе) x сепtгal
есlrogеniс sсar srtl:оurrdеd bг a strrall halo Of anесhoiс to h)'poесhoiс
fluiсl Тl.tis was bеst imagес1 at lt] сnr (ZOле 2R) Tlrе in1еritlг сlrесk
ligxmелt а1l1lеагес1 а|lпсlгпr;rl froпr l3 tO 27 спr, м,it|r old dеsmitis in
tlrе pгохimal poгtion and thе rrеlr. (lеsmitis jn tlrе с]istel portion .l.hеsе

sonogгams wе]:е obtainеd with a wiсlе-band rviсlth 7 5-MHz litrеar arra)'
tгаnsduсеr opеrating at 1() () N'IнZ w.itlr rtsе of a harrd-lrеld st;lndoff pa(l
at а displa)'с(| сlеpth оf 5 сm Thе гight sidе сlf tlrе pa|nlet tfilПsvегsе
viеw is latегal xnd thе lеlt sidе is n.rесlial Tlrе гight siсlе tlf tlrе latе;:al
tfansvеIsе vlеw is dorsal xnd thе lеft sidс is p:rim:rr

Ve
tB

oo
ks

.ir



Figure 3-89
Sorroglarrrs сlf a vец. sm:rl] aгеa сlf гесеnt fibеr tеaгirrg in thе lеft foге
sllspеnsoЦ. ligatrrеnt (SL), oЬtainе(t tiсlm :rn 1l-rсaгolсl Tlrоrouglrbrеd
gеlditrg Nrltiсс thс sпlall arrесhсliс split lеsion irr thе doгsal anсl tnеdial
аspесt of tlrе SL (arrozr,.s) imagеd in thе tfans\,егSе viеw (riglэt iпlаgе)
ttom 7 to 15 сm distal to thе point сlf tlrе aссеssory сaгl)a] bonе Notiсе
thе h1.pсlесhoiс linеaг appеaгanсе of thе lеsiоn lrnсl thе sli!.ht loss ol
fLbеrs irr thе lеsi<>n in thе sagittxl уlс,w (lеft imаgе) СoлsistеПt witl] а

гесепt 1lгеa tlf injrrц. Tlrеsе sorrоgraпls wеге Obtаillеd xt l.J сm (at

thе borсlег bеtwееп ZOnсs lB and 2A) rl'ith x 7 5-N{Hz sесtсlг-sсannеr
tгal1sdllсеf сontainiпg a Ьuilt-iп f]rriсl оff.sеt at a disрlaуеd сlеpth сlf 6
сm Thс гiЕ.]rt sidе оf tlrе trarrsvеrsе iпragс is lаtсгal and t]]е lеft sidе is
mеdial Thе light siсlе Oг thс sa!]ittal imagе iS proхimal and thе ]еti sidе
is distal

Figure 3-91
sоnoЕ.fams of a laгgс сеntгal сofе lеsiс'lл (аrrоu,s) in thе bod)' of thе
lеft forе slrspепsory lig:rmсnt (SI,) of а 3-1сaг-old Thoгouglrbгсс1 сtllt
Notiсе thе еnlar.gеd SL bod1' touсl.riпg thе 1tсliасеnt inlЪгioг сhесk
ligamеnt (IсL)' thе laгgе anесlrоiс сoге lеsiоn in thе сеntеf of tl.tе SL
in thе trllnsvсгsе viеw (lе|t i1па8e) arrd tlrе соmplеtс loss of fibегs
imagеd in tlrе sаgittal vicw (riglэl it|1tlgе) Tl1is afеa Of rессr]t Iibеf
tеaгing was iIпagесl fгom 8 tO 2l сm сlistal tсl tl]с point of tlrе aсссssory
сarpal bonе .I.lrеsе sonograms wеrе obtainе(l at 17 сп (at thе ЬOгdеI
bеtwееrr zonеs 2A anсi 28) With a 7 5-МнZ sесtoг-sсannеr trxnsсluсеr
сont:riпing a bui]t-in fltriсl offsсt at a displaYеd dеptl.r of 6 сm 1.l.rе гight
sidе of thе transvеfsе imagе ls -latегal anсl thе lсft sidс is mеdial Tlrе
гight Sidе of thе sagittal imagе is proximal alrd thе ]сft sidе is r1istal
sDF' stlpсftlсial digitа] f]ехof tеndon; DDF' сlееp сligital flехor tеndon

Сbаpt,еr .3 . trIusсuklskеlеtаl LЛtrаsoпogrс.phу| 1o1

Figure 3-90
sonogfarns of a srrrall arеa of lесеrrt IiЬег tс21гiпg itl thе lеft for.е

suspеnsory Iigamеnt (SL), obt:rinсс| fгolт a 5-теaг-olсl 1.rakhеrrеr gеlсliлg
Notiсе tlrе sпa]| anесhoiс ссlге lеsion in tlrе lrrеdia] asресt of thе SI,
(аlтottls) irnagесi ttom ll tO 18 сm distal to tl-tс pоint of thе lссеssory
сarpal Ьonс Nоtiсс thе mafkсd disсгсpanсY in tlrе sizе <lr thе nrесliаl
and latегal Poгtiоns of tlrс S], in thе trirnsYсrsе viеrv (rцlэ/ itltаgе) ,ltлс|

thе anесhoiс appеaгxпсе Of thе lеsi01 anс| thс lсlss of 1iЬегs iп tlrе
lеsiotl ill tl]е sagittа] viеw (lф in7аgе), сonsistеnt \vith a nе}' aгсa of
injLrп. Tllеsе soпо!.г:lllls wсге O|)txinеd at ltJ сn1 (zоnс 2I}) with t 7 5-
MHZ sесtoг-sсanпег tг2llls(]Llсег сOпtaining .l built-in fluiсl olТsеt at a

displаr сd dеpth oг 6 сrп l.l.tе Гight sidе сlf thе trarrsl-сrsс itnagе is
latеr.al aлсl tl]е lсft si(lе is tтссliаl Thе гight sidе оf гlrс sagittа] jmаliе is
pгoхitlal aпd thе lеlt siс|е is с|istxl SDt-. supегfiсial digital tlехсlг tеndоn;
DDF. сlесp digital f]схof tеn(|On, I(]L, infеr.ior, сlrесk ligamеnt

Figure 3-92
Sonograms сlf a largе rrrеdial сoге |еstot.L (аrrоtоs) in thе distal poгtion
of thе figlrt fоrе srtspеnsor1. ligamеnt (SL) bodv' Obtaitrеd fгom а.1-r'еaг.
old Tlrororrgl-tbгесl sLrl|itln Tlrе largе anссlrоiс arеl сlf libег disnrption
and fеsrrltant lrеmorrhagе is сallsiпg a vеп- lагgе swеllirrg of tlrе SL
bod).to thе mеdial sidе, dеtесtеd iп thе tfxпsvеrsе \,iеl, (lф iпtаgе)
and visiblе fion1 1() to 29 сm distal to thе point of thс ассеssoп,сarpal
bоnе Тl]еsе sono!.гams wсге obtairrеd at 18 сm distal ttl thе pсlint of
thе асссssогу сaцlal bonе (ZOnе 2l]) With a Widе'bалсlrr,iс|tlr 7 1МHz
sесtoг-sсlntlег transdllсеr opеfatiлЕ] lt 7 

' 
N{Hz с()lrtxiпing a brrilt-in

fluiс| сltТsеt at а сlispla1-еd сlеptlr of 6 сm Thс right sidе сlf tl.rе tгarrsr,егsе
imagе is lxtегxl and thе lеft siсlе is mесliаl Thе гigl.tt sidе оf thе
sagittal imagе (righl il11аge) is prсlхinral and thе lеft sidе is distal sDF,
sLrpегflсial digital flехoг tеnсltln; DDF, сlееp diЕ.ita| tlехoг tеndon: IсI,.
infегitlг сlrесk ligalтсnt
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|o2 СhаРtеr З . Musсuloskеlеt.'l IлtrаsoпogrаplJу

Figure 3-93
Sоnograms of a largе doгsal ссlге |еsion (аrrouls) in thс bod.v of thе suspеnsoD, ligamеnt (sL) iп thе lеft tbгеlеg, olrtainеd from an ll-Yеar-old
rш:rrпrblood stal]ion This doгsal сoге lеsion ехtепdеd ttoпl 9 tо 17 сm distal to thс point of tlrе aссеssory сzгpal |lonе Тhсsс sonograms wегс
obtainеd at 10 сm (Zonе lB) with а wiсlе-b:rndrviсlth 7 5-}IHz linе:rr-af[a\' tгansсllrсег OPеfating at 7 5 }4Hz шsirrg a hanсl-lrеlсl standoff pad аt a

dis1llaуеd dеpth of 5 сm Thе foсal zсlnеs xГе positiОllсd iп thе fxг liеld of thс irrragеs Thе right sidе of tl]е tгansvеfsе r.iеws (riglэt i|паges) js

lдtетаl lnсl thе lеft sidе is mесlial Tlrе riglrt siсlе сlf thе segittal viеws (lф imа,gеs) is pfoxiпal and thе lеtt siс1с: is сlistal SDГ. sшpеr1iсiаl digital
tlехог tеndоn: DDF. dееp сligjtаl flсхoг tепtlon; lСL. irrIЪгioг сhесk Iigamеtrt

,4, Notiсе thе [aгЕ.е lr)'pсlесhrliс сrlгс lеsiсlп in tl]е tfansvеrsе viеw rnсl t]]с absеnсе of norm:r] fibсгs ill thе sagittal viеs,-

B, Althotlgh thе SL Lloс1у is not gгеatly еtrlaгgесl, thе соrс lеsiorr involvеs ,179,o of thе сгoss sесtiolxl aгеa oГ thе SL boсiv xr this lеvеl ('О12 сm,/
|)]сm)

3_89) oг a transvrfsе split aсгoss thе еntirе ligamеnt
oссuf i1l thе strspеnsory ligamеnt morе frеqttеnth. than
in thе othег tеndinous or liЕ]amеntous stгLlсtllfеs. Diffusе
afеas of flbеr damagе also oссur in thе strspеnsory liga-
mеnt, as еlsеwhеfе. Pеriligamеntous soft tisstlе swеlling
oссLlrs fгеqtrеntl1. in lrorsеs with sllspеnsory ligamеnt

Figure 3-94
Sonogrаms of a ilгgс palmxг lеsioll in thе bodr' of thе riglrt 1orе
sllspеfrsoЦ. ligemеnt (SL) Obtainеd ti.orrr a J-t'еaг-o|с1 Starrdaгdbrсс1 сolt
Notiсе thе еnhгgеd boсly of thе SL tOtlсhit-tg tlrе aсijaсеnt itrfЪгiсlг сhесk
ligamеnt (IсL), its lr1'poесhоiс 1lalnleг aгеa of injuП, anсl thе laсk сlf
n.orrrral 1ibеrs in tl.rе lеsion imagеd lionr 6 to 19 сm distal tO thе Pоin1
оf thе aссеssor1. сarpal bonе l.hе есhоgеniсitl. xпсl shoгt есhoеs in thе
lеsioIl sUЕ]gсst еaгl,r, rеpair п-ith immatrtге fillгоus Lissuе aпd granulatiolr
tissuе Тl.tеsе sonogгallls u'еrе oЬtaiпес| at 17 сm (at thе boгdег bеtц,ееп
Zonеs 2A and 2B) with a 7 5.MHz sесtог-sсil1nег tгansduсе;: сoлtainirrg
a built-il1 fluir1 otТsеt at :L сlisplavес1 dеptlr of 6 сm Tlrе гight Sidе Of thе
tгans\.егsе l,iсх.v (lеft imаge) is latсгal .tnс| thс lеft sidе is mсdial Thе
гight sidе сlf thс sagittal Уiеw (right ilпаge) is proхirrral 1tnd thе lеft
sidе is distal SDF. supеfiiсial digital flехoг tепdon; DDГ, сlееp digital
tlехor. tеnсlorr; Mс 3' thiгd mеtaсaгpal bonе

injury. This pегiligamеntous soft tissuе swеlling is oftеn
lnost maгkеd aгсlrtnd thс injurеd sllspеnsory ligamеnt
branсhеs.

lnjr:riеs to thе branсhеs of thе sllspеnsory ligamеnt
oссLlf fгеquеntly and afе most сOпImon in thе mrdial
branсh of thе suspеnsory ligamеnt. сorе lеsiсlns afе vеry
сOmmon in thе suspеnsory ligamеnt branсhеs (Figs. 3_95
through 97), as arе splits through thе branсh (sее Fig.

3-96i). Altlrough thе сoге lеsions arе most сommon in
thе сеntгal portion of thе sllspеnsory ligzrmеnt branсh,
thеsе сorе lеsions сan oссuf aхially oг abaхially or along
thе dorsal of palmar/plantar poгtion of thе bгanсh (sсе
Fig. 3_97). Thе split in thе branсh of thе sllspеnsory
ligamеnt usllally oссufs in thе horizontal planе, pеfprn-
diсulaг to thе long aхis сlf thе sllspеnsory ligamеnt
branсh. oссasionally, splits throtrglr thе branсh of thе
Suspеnsory ligamеnt arе longitudinal, paгallеl With thе
long aхis of thе ligamеntous fibегs (Fig 3-96). Thеsе
longitudinal splits in thе suspеnsory ligamсnt branсhеs
afе morс сommon in horsеs with sеsamoid fгaсturеs. Thе
split in thе suspеnsory branсh ехtеnds pfoximally from
tl-rе 1iaсturе sitе.

Injuriеs to thе hind sllspе11sory ligamеnt oссLlf in both
tlrе body and thе bгanсh with nеafl), еqllal frеqllеnсy.
Disсrеtе сofе lеsions aге сommon in tlrе srrspеnsory liga.
mеnt body (Fis. 3.98)' br-rt dif.fusе initrriеs (Fis. 3-99)
and splits alsо oссuf. Sеptiс suspеnsoц. ligamеnt dеsmitis
and infегioг сhесk ligamеnt dеSmitis afе гaге btrt havе
rеsllltеd in сomplеtе loss of thе attaсhmеnt bеtwееn
thе oгigin of thе sllspеnsory ligamеnt and thе pгoximal
mеtataгslrs in onе horsе (Fig 3_100).

In геports of hoгsеs with proximal suspеnsory ligamеnt
dеsmitis, onе of morе of thе following Llltгasonographiс
findings havе bееn idеntiflеd: еnlar€.еmеnt' poof dеflni
tion of tlrе strspеnsory ligamеnt margin (еspесially dor-
sallr,). a wеll-сirсtlmsсfibеd сеntral lryDoесhoiс arеa
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Figure 3-95
Soлograrrrs of a disсrеtс соге lеsiсlл (.rrrоu)S) in thс mеdial bгanсlr of
thе sllspеnsoЦ'liganrеnt iл thс lеtt fогеlеg, obtainеd tгom a 6-vеaг-o1с1

standifdbrеd stallion Notiсе thе hrрoесlrсliс to anесhoiс сOгс in thе
mеdiаl SL bгarrсh in thс tfaпsvеrsе viехv (leJt illlаgе) anс| thс loss
of пormal fibсг aligппrеnt in thе sagittel Yiсw (right itllаgе) imlgсd
thгottЕ.hоLlt thе епtiге mеdial braпсh Tlris сorе lеsiorr rvas inr;rgсс1 1i.оm

27 to 29 сtI distal to thс Pоint of thе :rссеssсlп- сaгpal bonе Тlrеsе
sonogгams wсгс obtainеd at 27 сm (zсlпе 3I}) Witlr a 7 5-i\4нZ sесtoг-
sсiflnеr lraпsduсеr сoпtai11ing a bldlt-il1 Iltlid OftЪеt at a сiisplar.еd dеptlr
of 6 сm Tlrе riglrt slсlе of thс tГaпsYегsс imagе is сlсlrsel and thе lе1t

siсlе is palпaг Thс fight sidе сlf thе sagittal iлragе is pгoхiшal and tlrе
lеft sidе is сlistxl
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Figure 3-97
Sсlпсlgiгams of :r largе aгеl сlf fillсг daлl;.tgе (аrrotu]s) in thе mеdial
bгarrсh сlf thе strspеllsoц'ligamеnt (SI,) ilr thе lеft fbrеlеg, obtainеd from
а ,1-vеaг-o]сl Tlrоroughllгес1 filh' Notiсе thе laгgе l.r1рoесhoiс dеtъсt in
thе SL bralсh in thе transvегsе \,iсw (right iп1Llgе) and thе abnoгmаl
l1bеf рattегп in tlrе sagittal viе:w (lф imаЧе) |hlat схtепds distxll)' to
thе insегtion tlf tlrе SI, on thс abaхial slrгfaсе of thе mесlial proхimal
sеsаmoid Ьoпе Thjs arеa ot liЬег tсaгing ехtсndеd fiюrrr 22 to 29 сm
(listal tO thе point of tlrе aссеssсlrr. сeцlаl bonе Thеsс sono!.fams wеrе
Obtainеd аt 25 сm (at thе bогdег bеt*'ееn zсlпеs 3A аnd 3It) with a

widе-bandwiсlth 7 5-МHz linеlг-aгra], tгansdllссf opеrating at 7 5-\ЦH7'

witlr a lralld hеld staпdolТ pad at a disple)'еd dеptlr of 5 сnr l.l.tе tbсal
ZOnеs lrfе positionеd ill thс лсаг fiеlсl of thе ilrragеs Thе right sidе оf
thе trlnsvеfsе iлlllgе is doгsal arrсl thе Iеft siсlе is palmar Thе fight sidе
of thе sxgjttal imagе is pгoximal and thе lеft sidе is сiistal

Figure 3-96
sonоЕ.rams of fесепL sllspеnsoЦ, ligamеnt (sL) dеsmitis in tlrе lеft l.rindlimb, obtainес] fгom an 8.1.еar-old 

.W.aгmbloсlсl maге Thе SL dеsmitis was
imagеd fгom ft] to ,18 сm dista] tO thе poiлt of thе hoсk Thеsс sonograпrs wегс obtainеd with a widе barrdrvidth 7 5-NIHz linеaгaгfa)' trxnsdllсеr
(]pеIatingat100N4lIZwithahend-hеlсlstаnсtоffpadatadispla-vесlсlсptlrof5сnrTlrеfbсalzoпеsaгеpositionс(lil]thеnеlгfеlсlоftllеimagеs

,4, NOtiсе tlrе small liЛе1lг aге1ls о1 sрlitting alсltrдi thс tсngtlr оf thе latсral SL branсh, bеst imagеd jn thе sltgittal \,iс\\ (right illtаgе) aпd dеtrсtеd
in thе tгans\'еrsе v|еw 0еГt itll,а'чe),,ts smalt h)'poесhoiс lLгеas at 45 сm (zoле.1С) ,Гhе aггows аrе illustratiпg thе ЬOгdеrs of thе latеral SL Ьгanсlr

-B, Notiсе tbе laгЕiег аrеas оf fibеr damаgе in tlrе nrеdial SL bгanсlr with two сlisсгеLе anесhсliс аrеas surгortndеd br' ге[:rtir.еlу' lrуpоесhoiс aгеas,

сonsistеnt with sL сlеsшitis at ,17 спr (zorrе 4С) T]]е two arеas сlf fLilсг injurr. arе illllstratеd iп thе tгallsvегsе \.|c\у (riglэt iltl.lgе) w|lh two affоws
Iп thе sagittal уirw (lеft imаgе), ollly thе largе aгеa of 1illег сlaпragе is high]ightеd with an arrow
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Figure 3-98
Sonograms of а сtlге lеsion iп thс сlгigin of thе srtsреnsor1 ligaпеnt
(sL) in thе гight lrin(l lсg of atr t]-lсаг-old'flrrlгortgh|lгеd gеldirrg Notiсе
thе aПесhоiс сorе lеsiсln iп tlrе somеr,vhat lr1'poесhoiс SL (lГГol|s) fl1,,|I

ехtеndеd tiorп 16 to J0 сm distа| tO thе point of thе hсlсk Thе
anесhoiс ссlге inragесi in thс tгlnsYеfsе \iе\\'- (right illtсtgе) п,'itl.t loss
of norrrral fibег Pattеfn in tlrе sagittal viеw (lф iltаqе) 1s сonsistеnt
witlr а rссеlt aгеa of lrbеr tеaгin!] in thе SL bodY Tl.tе suгrotшding
lrypoесlroiс arеas in thе doгslrl' latе]:al, and mесlial poгtiotrs of tlrе SL
bodY ше сonsistеnt $'.ith dеsmit-is ill tlrе adjaсеrrt рoгtioo оf thе SL
boсl,v Tl.rеsе S()nоЕ]гаms wсгс obtainеd i|t 22 Сfi1 (zсlnе 2A) s.ith a 7 5-
NIнz sссtoг-sсaпnег tгansdlrсеf сoпtainiпg a Ьrflt-iп tlrrid ot1^Ъеt at a
disрla1.есl сlерth сlf 6 сm Thе fight siсlе of thе tгans\-сIsе iп;rgе is
latеr.al alrd thс lсft sidе is mеdial Thе fight siсlе of thе sagittal imagе is
proхim:tl xnd thе lсft si(iс is (lista| SDF. supеrfiсial diЕ.itаI flехoг tеtlс|oп;
DDF-. dееp digjtаl flехOl.tелсlсln; IСL, inlЪгioг сhссk li!.aпеnt

Figure 3-1 00

Sonograms of 2 sерtiс sl|spеnsoг\' ]igamеnt (SL) and infсгitlг сhесk
ligamеnt (]сI-) сlеsmitis геsrrltiпg in SI, and IСL гrrptrrrс in thе right
lrind lеg' сlЬtainесl frопl a 5-r,еar.сlld Thoгоrrghbгесj stalliсlrr This sеptiс
dеsnr-itis dеvеlooес] aftеr a sеrсrс се|lul,itis iп thе limb Nоtiсе thе
сomplсtс аl-rsелсе <lf arrr' ligamеrrtorts libеrs imagеd in сithег thе tгans
vегsе (rigbt iпlаgе) ot sxg1tt^I (lеJt ///?.78e) viе\\,.s Thс Ьсln'v slrfaсе of
thе proхiпal mеtltaгslrs is also iггеgulaг :rпсl is сovеrеd with f]tild'
sug€!сsting a sеPtiс ostеitis or OstсОIl]\ еlitis T1rе plantar margin оf tlrе
]СI, is dс|inеatеd bv thе с1owпп,-aгс| :rггсlтr,.s' and thе dоfsal mшgin of
thе SL is dеlinсltесl b). t1rе lrpп'aгd аrroпs Tlrсsе sonogгams wеrс
obtajnеd at 20 сm distxl to thе poit1t оf thс hсrсk (zсlnе lB) ц,.ith x 7 5-
MHZ sесtot-sс1tnпеf tгansduссг сoпtаining x l]uilt-iп f]Uid ofl.sеt at x
displar.еd dеpth оf 6 сm Tlrе fight sidе оf tlrе tгallsr'егsс im;tgс is
[atсгa] anсl thе lе1t sidе is mесlial Тhе right siсlс оf thе sagittxl ilПagе is
pгсlхima| anсl tlrе lеft sidе is dist:rl SDЕ. srrpегЛсilrI digltal flехor tепсloп;
DDII. dееp diЕ.ital flсхoг tеn(lon

Figure 3-99
Sonogтaпs<lfaшогеdiffrrsсsrrspепsOП-ligamслt(sI-)dеsmitis(сtrou,s)inthе]:ightlriпdlеgobtаinеdfгomа5-r.сaг-сllс1TlloгсllghЬlе
aгеa оf SI- (|сslnitis rr,as irrragеd fгоm 18 tо 26 сm (tistal to thе point of thе hосk Tlrеsе sonrlgгams wеге obtainесl xt 19 сп (bordеr bеtwееn zonеs
lBand2A)s.itlrx75.МHzsесttlг-sсanпсгtгxnsdLlсеrсoпt2iпingabLliltinf]uidсlffsеtat:rс1isplat'есlсlеptlrof6сmf.lrеrightsidеtlftlсtransvеrsе
imagе is lxtеfal an(| thе lсft sidе is nrесlial Тhс right siсlе tlГ thе saЕlitt1rl imxgеs is pгсlхimal and thе lе1t sidе is distal sDF, srrpегfiсial сligital flехоr
tеnсkxl: DDF, сlесp сligital flеxor tепсlon; lсI,' iпГсгioг сlrесk ligamспt

,.l, Notiсе thе сliffrrsе lr1'poесhoiс lеsiсln irr thе doгsal aspесt of thе sL body in thе tfansvегsе (rigbt illlаgе) and s.dgitta| (lф iп1аgе) vi..ws
R, Thе fiЬеr pattеrn jn thе dofsal ])ortion OI tlrе af1Ъсtесl sL bodY is с|isгrrptесl (riчl]l il?шgе) ссlmparесl tO that samе afrx (19 сnr) in thс llоrmal

lеft lrind |еg (lеJI iпtаgе). Тhе сiсltsll aпd plantaг maгllins of thе SI, bсlф aге dеlinеatес1 b,v arгоws in thе l1oгmal anсl ffесtссl lеg
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еxtеndinЕ] lеss than I to 4 сm in a proximal-to-distal
dirесtion, Onе oг moге poorly dеflnеd сеrrtral or pеriph-
еral hypoесhoiс aгеas ехtеnding 1 to 3 сm in a proximal-
to-distal dirесtion' hypеrесhoiс foсi, an irrеgulaг plantar
сOftех of thе thiгd mеtatarsal bсlnе (hindlimb), and,/or a
largеr arеa of ditfusе dесгеasе in есhogеniсity..] Сеntral
сirсulaг h1,poесhoiс aгеаs wсге most сommon in thе
fbrеlimb, oссuгring in 20 of 30 horsсs. In thе hinсllinrbs,
a difftlsе dесrеasе in suspеnsoЦ. ligamеnt есhogеniсity
Was moге сommon (8/11 lrorsеs), involving гwo thirds
oг morе of thе ligamеnt's сross-sесtional area an<lusually
involving thе doгsal poгtion of thе suspеnsory ligamеnt.

In anothеr study' еnlargеmеnt of thе hind suspе11sory
ligamеnt was dеtесtеd in 28'6% of 42 horsеs'sz A diffusе
dесrеasе in ссhogеniсity, partiсLllarly dorsally, was dе-
tесtесl iл 54,8% of horsеs With a diagnosis of proхimal
sllspеnsory ligamеnt dеsmitis in thе hindlimb.5, Foсal
сеntfal h1,poесhoiс arеas, pooгl1. dеIinеd hypoесhoiс ar-
еas' or hypеrесhoiс afеas wеге dеtесtеd in 6 horsеs еaсh.
Lеsions ехtеndеd lеss than I to 4 сm in lеngth, еxсеpt
in onе lrorsе with a 7-сm lеsion and onе horsе that also
had dеsmitis of thе suspеnsory ligamеnt branсlrеs and
pеriligamеntous soft tisstrе thiсkеrring. A сhangе in ultra-
sonographiс appеaranсе ovеf timе has also bсеn usеd as
еvidеnсе of a suspеnsory ligamеnt lеsion.4]' 52.58

Thе srrspсnsory ligamеnt origin along thе proхinral
palmar,/plantaf aspссt of thе third mеtaсarpal/mеtatafsal
bonе slror'rld bе сarеftrlly еvaluatеd foг an1, assoсiatеd
ar'.ulsion fiaсturеs. Al'trlsion fraсturеs should bе dеtесtеd
tlltгasonographiсally in two mr'ltuall.v pеrpеnсliсulaг
planеs. Howеvеr, irrеgularitiеs of thе palmar or plantar
surfaсе of thе proхimal tlrirсl mеtaсaгpus Or mеtatafsus,
rеspесtivеly, may sllggеst a bony lеsion whеn distfaсtion
of thе fraсturе fragmеnt has not yеt oссttrrеd. Follow-up
sсlnogгaphiс ехamination irr 2 to 3 wееks oftеn геvеals a
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distraсtеd fragmеnt. In a rесrnt sttrdy, morе avulsiorr
ffaсturеs wеrе dеtесtеd with ultгasonograpф than with
high-qualitу гadiogrаphs in horsеs that bесamе sound
With a high palmaг or plantar nеrwе bloсk..3() All of tlrеsе
hoгsеs had arеas of inсrеasесl uptakе sееn in thе arеa
on nuсlеar sсintigraphy but thе intеnsity of this uptakе
was variablе.

Bon1, n5',u.malitiеs at thе origin of thс suspеnsor1.
ligamеnt arе oftеn assoсiatеd With сonсurfеnt sllspеnsoЦI
ligamеnt dеsmitis (Fis. 3-101), althorrgh ligamеntous
injtшiеs do not havе to bе prеsеnt. A hairlinе sagittal
fгaсtttrе сan also bе dеtесtеd at thе origin of thе sttspеn-
sory ligamеnt and should bс сonliгmесl radiographiсally.
An anесlroiс brеak in thе bony surfaсе есho, dеtесtеd in
two mtltually pегpеndiсular planеs, is сonsistеnt with a
hairlinе fraсturе. A largе bсlny platе at thе slrsprnsory
ligamеnt oгigin was assосiatеd witlr rесurrеnt suspеnsory
ligamеnt dеsmitis in onе horsе (sее Fig. 3_10r). Al.r.rlsion
fгaсturеs aге <lftеn assoсiatеd with somr dеgгее of sus-
pеnsoЦ. ligamеnt dеsmitis and arе mofе сommon in thе
foгеlеg. Tlrе ar'trlsion fгaсturеs сan bе singlе (Fig. 3-Io2)
of multiplе (Fig. 3_103) and arе morе frеqtrеntly loсatеd
on thе mеdial aspесt of thе stlspеnsory ligamеnt oгigin.
Al.ulsion fiaсttrrеs of thе suspеnsor1. ligamеnt origin afе
mtrсh lеss frеqtlеnt in thе hindlimb (Fig. 3-104). How-
еvеf, a high inсidсnсе of radiographiс abnormalitiеs of
thе proхimal thiгсl mеtataгsal bonе (сomparеd to thе
third пrеtaсarpal bonе) has bееn rеportесl in horsеs rvith
proхimal slrspеnsorу dеsmitis.,r

Thе insеrtions of thе sllspеnsory liganrеnt bгanсlrеs on
thе abaхial sttгfaсеs of thе proхirnal sеsamoid bonеs
should also bе сarеfully еvaluatеd, with partiсular attеn-
tion to thе borry suгfaсе есho of thе proхimal sеsamoid
bonеs and to thе ligamеntolls есhoеs. Thе most сomfllon
flnding is an irrеgulariq. of thе apiсal or abaxial lэonу

Figure 3-101
sonograms of a largе bon-v platе (аrrotL's) at thе оfigi11 of tlrе srrspеnsoЦ. ligamепt (sL) in thе lеft fbтеlеg. obtairrесl fгom arr 8 vеar-оld Tlrоroughbгеd
marе ,l.lrеsе sonoglxms wеге oЬteinсd tl сm (zоnе 1A) distal to thе pоint сlf thе aсссssory сaцlal bonе (А) an<] 10 сm (zonе lts) distal tо thе point
сlf thс aссеssоn, сarpal borrе .Д) witlr l7 5-|lЦНz sесtor-sсannег tгaлsduсеr сoЛtainiпЕ. а brlilt-jn fluid of1.sеt at a displaYе(l сlсpth of 6 сm Tlrе гight
siсlесlfthсtгansvегsеviеws(rlglэ/iп7аgеs)islxtегalanсlt]]еlеftsidеisnlеdialTlrеIightsiсlесlfthеsaЕ]ittalviсWs(lеJtilllсtgеs)ispтхinlalanсi
thе lеft siсlе is distal SDF, srrpегliсial digital flехOl.tеn(loп; Г-lDF, dееp сligital flсхoг tеndсln; IСL. itfегioг сhесk ligaл1еnt

,4, Notiсе thе hYpеrесhoiс strllсtlrгс (аrroL|s) сasting a stгоng aсollstiс slladow tiom thе рalmаг Por1ioЛ Of thе SL tlrгollgh thе pгсlхimal
flrеtасaЦ)us! сot1sistеnt rvitlr a largе piесе of bot]е

B' Distal to this Jaгgс platе ()f bonе, an еnlaгgеd, somеwl]at hеtегogсrrеous SL bсlсlу is imagеd thxt is tlriсkепесl in а dorsal to palmxf сlirесtion'
l1,ing adjaсеnt to thе IсI, Thе assoсiatеd aсLltе sL dеsmitis irrvolvесl thе dorsal aspесt of thе SL bod}- arrd wls imagеd fгom 7 tо 17 сm distal to thе
point of thе aссеssсlц, сaгpal bсltlе (аrrОшs)
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Figure 3-1 02

Sonogгams of aп al-ulsion fгaсtllге and a Jагgе aгс:r сlf assсlсiatесl srrspелsoц, ligamеnt (sL) dеsmitis irr tlrе lеtt.foгеlеg' obtainс(l fгom a 71'еar<lld
Aгabian stxllion Tlrе assoсiatеd sL dсsmitis ехtепdеd ltom 8 to l7 сш сiistxl to thе poiпt or tlrе aссеssoгl. сatpal bсlnс Thеsс soпogгan1s wеге
obtaiпеdat8сm(,4,ZOnеlA)1rn(]l0сm(IJ,zсlttе1l])witharvidе-barrdr,viс1th75-MнZlirrсаг-aггa1'tгansсluсегОl)сгxti1rg1tt75-IнZ
dеpth of 5 сm Тlrе tbсal zсllrеs xrе positionсс| in thс flrг fiсlсl Tlrе fight si(|с of thе tгallsvегsс r.iеп.s (rigl.lt ilпаgеs) is lxtеral arrd tlrе lеlt sidе is
mеdi;tl Tl]е гight sidе Of thе sagittal viсп.s (/ell iпtаgеs) is 1lгoхim:rl апd thе lеft sidе is distal SD}.. sr-rpег1iсial digital 1lехог tеnс1on, DDl-, dееp
сligital flехоr tеlrdon; IсL. infегitlг сhесk ligamеnt

,4, Thе h-vpегесhoiс stfllсtuге vistlalizес1 as а vе4' llaггorv 1iagrrrеnt (аrrошs) in thе tfans\.егsе YiеW is longсr in tlrе sagittal r-iеw anсl is с:lsting
mсlге tlf aп aсOustiс shaс1ow. in thjs imxgе Thс fгagпелt is origiпatiпg fгom thе pгoхiпal aлd mеdial xspесt Of thе palпaf mеtaсafpus T1rе
sur.rtlurrding Poгtion of thе SI- bосl1. at thе ofigin is h),poесhoiс arrd сoпrplеtеl)' laсks noгmal fibегs

д Thе SL bod), is еtllafgеd and is toltсl]ing tlrе TсI, With a laгgе агсa of fibсг tеаring inragеd in tlrе сloгsal poгti()n Of thс sI, bOdY jtlst сlistа] to
thеavtLlsionfгaсttrгеNоtiсеthatthсhr.PсlесlrоiсdorsalpOгtiOnсlfthеSLЬod1,laсksлсltmal-tiЬеralignmеntbttthasafеп,slror1
еaгl), геpaiI bеst sееn il1 thе sagittxl \'.iеп

surfhсеs of thе proхimal sеSamoid bonеs сonsistеnt with
a diagnosis of sеsamoiditis. Small a\.Lllsio11 fraсttrrе frag-
mеnts may oссLlr at tlrе sitе of an afеa of Ilbеr tсafing
(Fig. 3_105), oг lafgег fragmеnts ma)/ oссtlг (Fig. 3-lo6l.
Largе с-vstiс lеsions at thе insеrtiсln of thе sllspеnsory
ligamеnt arе frеquеntl-v notiсеd in horsеs with signiliсant
sеsamoiditis (sее Fig. 3_106). Laгgе apiсal or mid-body
fraсttrгеs afе also rеadily imagеd and thе sеvегity of
thе assoсiatеd soft tissuе injuгiеs сan bе dеtегminеd
(Fis.3-107).

..Blind splints'' assoсiatеd With pеfiostеal pfolifеration
fiom thе aхial aspесt of thе sесond or fouгth mеtaсafpal
of mеtataгsal bonе onto thе palmaf of plantaf suffaсе of
thе mеtaсarplrs of mеtatafsus may also сontгibutе to
sllspеnsoЦ. ligamеnt dеsmitis in somе of thеsе horsеs
(sее Fig. 3_103). Tlrе sесond and fourth mеtaсafpal and
mеtatafsal bonеs shottld bе tlroroughly еxaminеd, bе-
сausе pегiostеal prolifеrativе сhangе from thе aхial as-
pесt of thе mеdial of latеral (lеss сommon) splint bonе
on to thе palmaг or plantar suгfaсе of thе mсtaсaгpus of
mеtatarslls may сallsе a nrilсl dеSmitis of thе suspеnsory
ligamеnt or may bе геsponsiblе for lamеnеss that ..bloсks

out', in thе high suspеllsory геgion (Fig. 3_108). Abaхial
dеviation Of thе sесond anсl tbtrrth mеtaсafpal of mеtatar-
sal bonеs of ..sprеading'' of thе splint bonеs in thе nrid
to distal mеtaсarpal of mеtatafsal геgiсln is oftеn сlеtесtеd
and may prесtisposе tlrе horsе to splint-bоnе fraсtufе at
a latег сlatе. Fraсturеd splint tlonеs aге also frес1trеntly
sееn in horsеs With dсsmitis of tlrе branсhеs of thе
suspеnsory ligamеnt (Fis. 3_109), partiсularl1, if thе dеs-
mitis is sеvеfе aлd/ot сhrofliс.

Thе tгiad of thе assoсiatrd boщ, pathology (ar'ulsion
fraсturеs сlf thе origin of thе strspеnsofy ligamеnt, 1rbl1of-
malitiеs involving thе pгoхimal sеsamoid bonеs anсl bony

abnormalitiеs involving thе sесond or follrth mеtaсafpal
oг mеtatafsal bonеs) should bе еvaluаtесl ultrasonographi-
сally in horsеs with sr'lsресtеd sttspеnsoц, ligamеnt dis-
е1rsе. Thе assoсiatеd bonr' abnormalitiеs arе probably
mofе fгесluеnth. dеtссtеd in Standaгdbrеd raсеhorsеs but
пa). oссLrf in all $pеs of pеftbfmanсе horsеs. Thеsе
abnormalitiеs may bе initiall1' dеtесtесl sonogгaphiсally,
prompting furthег гadio8гaphiс work еvaluation.

With fеpaiц thе сfoss-sесtional arеa of thе suspеnsory
ligamеnt should dесrсasе and impfovеd есhogеniсity and
flbеr alignmеnt should bе с1еtесtеd (Fis. 3_110). In many
hoгsеs, thе impгovеmеnt in есhogеniсity and flbег align.
mrnt is slow and thе injurеd suspеnsofy ligamеnt may
fеmain pегsistеntl-v lrrpoесhoiс tbr nronths In somе
horsеs. thе lеsion nеvег геtllfns to nofmal of nеar-noгmal
есhogеniсit),. In сontrast. in 75% of horsеs witlr no radio-
graphiс abnormalitiеs in thе proхimirl mеtaсafpus of
mеtatarsus and ultгasorrogrlrplriс flndings сonsistеnt with
pгoximal suspеnsory, ligamеflt dеsmitis, thе ultrasono-
graphiс Iindings improvе markеdly, trsually within 3
months.rj SonoЕцaphiс impгovеmеnt was dеtесtеd morе
гаpidly in lroгsеs idеnti-flеd and trеatеd tbr proхimal slrspеn-
sory ligamеnt dеsmitis soon aftеr thе onsеt of lamеnсss
than it was in horsеs with a moге сhroniс lamеnеss.t]

A pooг-qualit,v sonogfaphiс геpair is moге сommon
with thс sllspсnsoг}, ligamеnt tlran with tlrе othеr tеn.
сlons and ligamеnts. ottеn, if thе сliniсal sittration war-
rants it, a graсlual fеtllfll to morе rigoгotts work is indi-
сatеd, сouplеd with fгеqttеnt sonographiс monitoring.
A good-qr'rality rеpair is a suspеnsoц. ligamсnt that has
геturnесl to nеaf-normal сгoss-sесtional afеa with normal
to nеaf-nofmal есhogеniсity and normal to nеar-normal
trbсr alignmrnt with littlе сlr no pеriligamеl1tous soft
tisstrе thiсkеrring (Fig. 3_111). Аlthough thе swеlling
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Figure 3-1 03

sonogгams of an al-ulsiсln tixсtllгс (аrrouls) witlr signiliсant sllspеnsoЦ' ligamепt (sI-) dеs1тitis in thе lеft tbгеlеg' obtailrеd f-гoпra 3.1'еar.old
Тhoгoughbrес1 gеlding T1-rе sollogf;rпrs А xnd B rvеrе obtainесl l.ith a widе-Ьaпсlwidth 7 5-MHz sесtorsсannсг transduсег opсfating 

^|1 
5 N1H7' (А)

anс| lo 0 МHz (B) сontainiпg a bllilt-iп fltrid rlffsеt al a displaYеd сlеpth of (l сm Тlrе sслOgraпr in С \\.аs oЬtaiпесl with r wiсlе-baпсlwidth 7 5-MHz
linеaг-aггaу tfansсillсеr opегating 

^t 
7 i Мf{z at a displaуеd dеpth of 5 спr Тhе foсal zonеs aге p<lsitiorrеd in tlrе 1:rг fiеld Thс fiЕiht sidе of thе

tгansvегsе imagеs is latеral anсl thе lеft sidе is mеdial Tlrе гight sidе of tlrе sagittal imagеs is proхimal аtrd thе lеft sidе is distal SDF, supег1iсial
diЕ.ita] flехoг tеndоn; DDf . dееp digit;rl tlехoг tеnсlon; IСL. irrJЪгioг сhесk ligamеnt; МС3. thiгd mеtaсaIpxl bonе

,{, Тhе avtllsion fгagmеtrt at 8 сm (zoпе 1A) is vсц' mесlial iп thе tгansvегsе viеrv (rigbt imаgе) and appеaгs to bе xt lеast 1 сm iп lеrrgth and
bfokеn into 2 frxgmеnts in thе saЕ.ittal viеw (lф iшаge)

B, A largе aгеa of 1ibег disftlption js imaЕ]еd irr tlrе dогsal arrd mеdial l)оftion of tlrе SL bo(t)', distxl to thе al,ulsioп fгagmсnts at l3 сm (tlrе boгdег
bсtwееn zonеs 1I] and 2A) sееn in Ьoth thе tгаnsvегsе \,iеw (rig]Jt iпlа,14е) ltлс1, sagittal viеw (lеft ilttаgе)

C Notiсе thе boпy pгolifегation (аrro'L]s) origirrating froпr thс lхial nra;:gln of thе sесоnс1 mеtaсxlpal Ьorrе and ехtелdil]Е. aхia[]t' ovеr tl]е palmaг
surfhсе of thе third mеtaсxгpal bonе' whiсh appеaIs to bе imPingiлg ол thе леdial Ьoгdеr оf thе SL at 15 сm distal to thе point of thе aссеssory
сarpal bonе (zorrс 2A riglэt i|l1а8e.) Тl.rе bon1' pгolifеIatiоn п'as iпagеd fron] 12 сm (lеft iп1аgе) to 79 Сm

aгollnd tlrе suspеnsory ligamеnt body usually геsolvеs,
largе amounts of есhogеniс swеlling oftеn pегsist at thе
suspеnsof)I bifurсation bеtwееn thе suspеnsor), bгanсhеs
and afoltnd thе sttspеnsoЦ, ligamеnt branсhеs. Thе pеri-
ligamсntous libгosis is oftеn laгgеr than thе suspеnsory
branсhеs thеmsеlvеs. Thе rеason for this pгolifеrativе
flbгoblastiс fеsponsе is unknown, although сhfoniс in-
flammation in this afеa must bе impliсatеd. Сalсifiсation
of thr suspеnsory ligamеnt doеs oссLlг and is nruсh morе
fгеquеntly dеtесtеd in thе branсlrеs than in thе bod1t
Сalсiflсation of thе sllspеnsory ligamеnt branсhеs is morе
сommon than that in thе ir-fеrioг сlrесk ligamеnt of
sllpеrfiсial digital flеxor tеndon and is Llsually assoсiatеd
with сhгoniс rесurfing dеsmitis. This srrspеnsory liga-
mсnt сalсifiсation appеaгs to bе mofе сommon in stan-
dardbrеd faсеhofsеs.

Tепdon and Ligamenl Аbnormalities-Pastern

In thе foге pastеrn thе supеrfiсial digital flехor tеndon is
thе most frеquеntly injuгеd tеndon oг li€.amеnt and is
injtrrеd in all typеs of pегformanсе horsеs.lh ]i sU б.1 6-

This injuц. oссLlгs frеqrrеntly in еvеnt horsеs and stееplе-
сhasеfs, with a signiflсant inсidеnсе in trottеrs.;r How-
еvеr, in this allthor,s ехpеfiеnсе, thе injuriеs arс also
сommon in Thoroughbгеd flat faсеhofsеs. Thе middlе
(obliquе) distal sеsamoidеan ligamеnt is thе sесond most
сommon injury in thе foге pastrrn, fbllowеd by injuriеs
to thе dееp digital flехor tеndon and straight distal sеsa-
moidеan ligamеnt 16 25. i't hз o- In thе hirrdlimb, injuriеs to
thе dееp с1igital flехor tеndon afе thе most сommon
injury in thе pastеrn fе€.ion With a low inсidеnсе of
initrriеs to thе othеr tеndinolrs and ligamеntous struс-
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Figure 3-1 04
Sonogr.arrrs of aп ar'rtlsiоrr fi.aсtrtге and xssoсiatеd slrspеnsoп' [igaл1сnt
(sL) сlеsmitis in t|rе lеft lriлсl lеg of a lO-vеar.old ThtlгotlghJlгес| maге
Notiсе thе аr.ltlsiorr ti.agnrеnt (ttlтсl1|s) distгaсtе(| tгoп tlrе pгoхimal
mеtatarslls With a mi|d SL dсsmitis in t]]с xсl'xсеnt por1ion of thе sI,
l'hе SI- сlеsmitis lv:rs illagесl fгсlrr.r l2 Lo 22 сnr distal to thс point of thе
hoсk Tlrеsе sono!.fxlПs w-еге obtxinе(| аt 15 сm (ztlnе lB) with a 7 5-
}\Hz sесtor-sс:tпnеГ tгilt]sdLlсеr сontainiпЕ] а built-in tltrid offsеt at a
dis1llа1'есt dеprlr of 6 сm Тhе right sidc of thе tгansvеrsс vtеw (riglэt
iшаgе) \s latеral atrсl t]rе lе1i sidе is mесlial Thс гight siсlе of thе Sxgittal
Уiеw (leJt itltаp\е) is pгoхimll аnсl thе lеft sidе is distal SDЕ, srrpегfiсial
digital 1lехог tсndon; DDF, dееp digital tlехOI tеn(lon. МТ3, thiгd
mеtаteгsirl l)oпе

Figure 3-1 06
Sorrоgrаnls of a сr.stiс lеsiоn alrсl аr,rtlsion -[f:rсtufе invоlr.ing tlrе аbaхial
sLrгfaсе сlf t1rе latегal pгохimltl sеsanroiсI llсlnе iп tlrе lеft tofеlеg' ob
tlinеd ti.Om a 7-r,е:Lг-оlсl Tl.rсlгсltrghb;:еd gеldiпg NOtiсе thе sсoopеdЮLlt
aгеa it] t[]с a|laхi;tl sLtr.1.aсе of thе latегaI proхinral sеsalrroid bonс (|еrti-
саl аrrсlu,') imagссl in thе tгlnsYеfsе viеll (lф iшаgе) lrLd thе h)'pеf.
ссlrtliс ti.aE4tтсnI (аrrОL|s) сlisтraсtеd fгom thе рxl.епt portion of thе
sеsaпloid bсlnе irr tlrс sirgittal viеW (rigbt i||шgе) Thс ]l1tепtl suspеnsoЦ,
liglmеnt (SL) trгanсh lPpс:us slighth' hеtего!!еllсorrs п'ith a small аIеa
of тr,-еak Iibеr рattегп. сOпsistеnt s,ith an sI- dеsmitis that *'as inagеd
frсlrrr 21 to 29 сm distal tO thе point of thе aссеssо1n сarpal bоnе
Тl-rеsе sotlсlgrams wсгс obtainеd at 29 сnr (at tl-tе borсlсг Llеtц.ееtl zollеs
.JIt aлd 3С) with a wiсiе-Lэаlldwidth 7 5-МHz linеaг-;rггav transсluсег
opегxting at 7 5 I\'IHZ t-lsiпg а hand-lrеlсl st:rndсlff pad at a displaYеd
сlеptlr o1 4 сm Thе rigl.rt siсlе Of thе tfansvегsе imagе is dorsal and thс
lеft sidе is 1lalmar 

.Гlrе гiglrt sidе of thе sagittal inragе is llгoхima| and
thе lеft siсIс is distal

Figure 3-1 05

SoлoЕ]гams of ln avulsiоtl fгaсtllrе at thе iпsеrti()n of thе latегal branсh
of thе гight lbrе suspеnsoп, ligamеnt (sL) OлtO tlrе apех of thс latеral
proхirrral sеsamoiсl Ьolrе, оbtainссI frсlm arr S-vе:rгоld Тhllгorrghbгссl
mafе Notiсе thе lrypеrес]roiс lэсlnr. ffa{.mеnt (сtrrou,s) sliglrtl]' сlis.
traсtеd from thе abaхial suгthсе tlf thе latегir] pгохimd sеsanroiсl Ьorrе
Notiсе thе hypoесhoiс сorе lеsion still visiblе in thе tгansr,сrsс \'iеw
Qеft ilпаgе) Witlr a hеtеrоg,еl]ссlrts есhogепiсiг\, сoml)at.blе Witlr a
сlrгoniс с|еsnritis of tlrс ]atегal SL bгanсh Thе lryllсlесlruiс Jppс;r-гJnсе
сlf thе branсh iп this viеw is dllе tО аn сlff-inсiсlеnсе aftifaсt bесatlsе
thе ultfasound bеam is pегpеtlсliсulаг tO thе planе of t]-tе fг;rсtuге
tiagmсnt NOtiсе that thс гanсloпr 1rbеr pattегn in thе sxgittal Yiеw
(riglэt iшаgе) ехtеntls сl,istalll- to thе sitе of tl]с a\'-Lllsion ti.aсtltrе Тhе
lrеalirrg сoге |сsioп was imagеd Irom 2() to J0 сm distal to thе point of
t]rе aссеssoгv сarpal bonе ]n tlrе sаgittal liеw, tlrс rеpaiгiпg lеsion
appеars mofе ес]]ogсniс Thеsе sonogIams wеrе obtаinесl xt 29 сm (:rt

thе bor.dеr brtwееn Zonеs зB arrd JС) With а 7 5-}1lIZ sесt()1.sсanпег
tгаnsdllсег сOntaining :r llui]t-il.t fhriс| сlflЪеt at a displa1'еd сlеpth of 6
сm l'hе fight siс]е of thе tfxnsvегsе imagс is с1oгsа] :rnсl tlrе lеft sidе is
1lаlmlг Thе гiglrt sidе of thе sagittal iл1ltgе is pгoхimal and thе lеIt sidе
is distxl

Figurе 3-1 07

Sonogгlms сlf a laгgе abaхial fraсtuгс and assoсiatеd 1iЬег tеafiпg in thе
lеft Ibfе lxtеfal bгanсI] of thе sl.lspеns()ry ligamепt (sL), Obtainеd fгom
a 2-vсaг olсl StаndaгdЬrеd lill\. Nоtiсе thе lafgс h1 pегесhсliс ltagmеnt
(сtrroш's) distгxсtеd pгохimallу 1rоm thс piгеnt por1ion of thе lxtегa|
proхimal sеsamoiсl bоле аnd thе h)'poесlroiс afеas iп tlrе latсгal bгarrсh
surгottndirrg thс fгllсtlrге in thе tfans\.егsе \,|еw (1q[l itttаgе) lnсI 1atеta\
and :rхial tо it in thе sngittal Yiе$. (right i111а8е)' сonsistеnt .with rесеnt
libеr tеагiпg iп thе latеfal SL bгanсh Тhе :lгеа сlf li]эег tеaring wаs
imagеd fгоm 20 to 29 сnl (listil tO thе point сlf thе aссеsstln. сarpal
bonе Thеsе sonogгams п,-ете obtainесl at 29 сm (at thс llotdег Llеtп.ееn
Zоl]сs 3]] and 3с) Witlr a 7 5-MHz sесtoгsсanllеr tгansdtlсеr сOntaininЕ.
e blli|t-in flrrid сlffЪеt at a displa)'ссl сlеpth сlГ 6 сm Thе fight Sidе of thе
transYеIsе iпagе is с[огs:rl lnс] thе lеft sidе is palnrar Тhс гiЕ]ht sidе o1

thе sagittal imagе is 1lгoхimal anсl tlrе lе1i sidе is r]istа]
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Figure 3-1 08

Sоnograms of thе lеft fbrеlеg With btlлу pгolifеratiсlп along tlrе palnrar
anсl ]atсгдl maгgirr оf thе thiгсl пrеtaсxrpal bonе ехtелdil1Е] frоtrr thе
aхial margirr оf thс tbuгtlr mеtaсarpal bоnе. obtaiлсd fгom a lo-r.еaг-
old .l'hогoughbгес| marе Notiсс thе h1pсrесhoiс irrеgulaг bonv sur.faсе
есhO еxtеnсiing in a palllrг dirесtioп fтom tl.tе latеral splirrt bonс
фorizotltаl аrrottl) tл tlrе tIansYеfsе :'iеw (lф itttаgе) Iл thе sаgittal
YiеW (rlgbf h7lаgе), thе ifrсЕ]Lllаr bon). pгolifегаtion appеars tO Ье
impiпgiпg Oп thе (loгsal bогdеr сlf thе suspеnsoг]- ligamеl-tt (SL) Тhе
SL has sеvеr:r] snlall lrvpсlесhoiс afеas r'isiblе on tгans\егsе аnd sаgittаl
viе\'thxt ссlt-ilсl bе сonsistеllt п'ith mi]сl dеsmitis. b]-lt nO signiliсant aIеa
сlf 1iЬег tеaring rv:rs imаgсс| Thе гепaining tеndinotts a1-]сL li!.xmеntoLls
struсttlfеS appсaг геlativеlr- noгnral Thе lrr'poесhоiс a1lpе:rг:rпсс оf tl-tс
palmaг maгgiп tlf tl.tе supеffiсiаl с|igitx| tlехOr tепс|сlп (SDII) is an xItifltсt.
bесatlsе thе im21€]с(l is Гсlсl-tsеd OD tlrе sL 'Гlrеsе stlllogг:rms Wеfс
obtainеd at 1 5 сm с|lstxl tO thе poi11l оf thе aссеssot1' сагpal bсlпе (zonе
2A) П.ith a п.idе.barrсlu,iс1tlr 7 5-MHz lirrеаг-aгтav t;:ansdrrсег оpеfating at
l0 0 МHz witlr a lrапdiеlсl stxnсiotТ рad at a displa1,есl dе1lth of 6 сnr
Tlrе 1bсal ZО|lеs 1ше pоsiti<lnесI irr thе fhг fiс|сl Thе тight sidе сlf thе
tг1lnsvегsе imagе is latеral and thе lеft siсlе is mесlial .l.hе гiЕ.ht sidе of
tlrе sxglttal iшagсs is ;lгoх,imal arrсl tlrе lе1i siсlе is distal DDF. dееp
digiral 1lехor tспdсln: IСL, intЪrioг сlrесk liЕ]aл]спt

turеs in this rеgion.'6. 25 59 6], .,- In both thе foгеlimb and
hinс.llimb, injuriеs to thе сlееp digitat flехor tеrrdon aге
Oftеn aссompalliеd by digital shеath tеnosynovitis.

Supеrflсial Digital Flехor Tеndon. Injury to thе sш
pсrliсial digital flехor tеndon in thе pastеrn rе€.ion oftеn
oссufs in isolation, Withollt an injury to thе supеrfiсial
digital flехoг tеndon in thе mеtaсafpal геgion. Somе ..low

bows,'' injuriеs to thе sllpегfiсial digital flехor tеndon in
thе distal mеtaсarpal rеgiбn, do ехtеnсl throtlgh thе rе-
gion of thе anntrlaг ligamеnt into thе рfoхimal pastеfn
rеgion and, lеss frес1uеntl1., also involvе onе of both
bгanсhеs of thе supеrIiсial digital flехof tеndon (sее FiЕ..
3_16). In onе study of injtrriеs in tlrе pastеrn rеgion, thе
sllpеfIrсial digitirl flехor tеndon Was iniufеd in 12 of 26
hсlrsеs with tеndon or ligamеnt injr.rгiеs in thе pastегn.;9

Thе swеlling assoсiatеd with injllriеs to thе supеrliсial
digital flсхor tеndon in this loсation is сhaгaсtеristiс. Thе
swеlling is ustlall1, a longituсlinal swеlling that ехtеnds in
a pfoхimal-to-distal dirесtion along thе latеral and/oг mе-
dial aspесt of thе pastеfn throtlghottt its lеngth, following
tlrе branсh of thс supеfliсial digital flехor tеndon. Foсal
hеat arrd sеnsitiviq. usltall1l aссompany this swеlling.
Lamеnеss at thе onsеt of this irrjurv is сommon. Lamеnеss
is morе сommo11 with supеrflсial сligital flехor tеndon
injltriеs in thе pastеrn than With ..bows'' in thе mеtaсar-
pal fеgion. Lamеrrеss сan oссur initially in thе absеnсе
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of loсal swеlling; it was prеsеnt fof up to 5 days in two
lrorsеs bеforе swеlling dеvеlоpеd.-l

Lamеnеss assoсiatеd with a sllpеfliсial digital flехor
tеndon injuц, in thе pastеrn may pеrsist longеr (for 1 to 4
wееks) than that assoсiatеd with injury in thе mеtaсarpal
rеgion.71 Subluхation of thе mеtaсarpo- or mеtatarsopha-
langеal joint of thе proхimal intеrphalangеal joint сan
oссuf in horsеs with sеvеrе injury to of сomplrtе flrptuге
of thе supеfliсial digital flехor tеndon in tlrе pastеfn.
Sеvеге dropping of thе fеtloсk joint towards thе grotrnd
witlr wеight bеaring may also сlссur with sеvеfе stlpеrfi-
сial digital flехor tеndon injuгiеs. Although this swеlling
in thе pastеrn is сommonly misdiagnсlsеd as an injury to
thе ХYZ ligamеnts, or distal sеsamoidеan ligamеnts, thе
сharaсtеristiс loсation of thе sцrеlling should sllggеst that
thе injury is most likеly in thе supеrflсial digital flехoг
tеndon branсhеs. Suсh injury should bе сonfiгmеd ultra-
sono8гaphiсally.

Сorе injuriеs to thс supеrflсial digital flехor tеndon
bгanсhсs (Fic. 3-11z) afе thе most сommon t}pе of
injury dеtесtеd ultfasonographiсally, fоllowеd by сom-
plеtе 11lptllгrs of nеaf-сomplеtr fupturеs of thе branсhеs
(Fig. 3_113). Diffusе injuriеs (Fig. 3_114) and splits also
oссuf in this loсation. Thе mесlial bгanсh of thе supеrfi-
сial digital flехor tеndon is morе frеqr'rеntly injurеd than
is thе latегal bгanсh. aссoгding to oflе Stud1l.5э Howеvег,
tlrе nttmbег of af1Ъсtеd hoгsеs stlldiеd was small (fotrr
horsеs sustainсd an inirtп' to thе n-rеdial branсh, and in
onе horsе, both branсlrеS wеге affесtеd).59 A h1.poесhoiс
lеsion was dеtесtеd in onl1, o11е of tlrеsе lrorsеs. A hеtеro-
gеnеous pattеfn of есlrogеniсity and ехtеnsivе thiсkеning
of thе branсh was thе sonogгaphiс abnormalitv most
fiес1uеntly rеpoгtеd, a linding most сommon with
сhroniс stlpеrflсial digital flехor tеndinitis.59.;r Injuriеs to
thе pгoхimal and axial part of thе tеndon wеrе slightly
mofе сommon, bllt thе majority of thеsе hoгsеs (5 of 7
horsеs) had сonсurгеnt injuriеs to thе supегflсial digital
flехor tеndon in thе mеtaсafpal ге8ion.59 Thе total ntrm-
bеr of affесtеd horsеs with injuriеs to thr sllpеfflсial
digital flеxor tеndon at thе pastеfn was small (7 of 12
horsеs) in this study. In this authoг,s ехpеriеnсе, thе
proхimal and aхial poгtion of tlrе supеrfiсial digital flсхor
tеndon is frеquеntly injuгеd in assoсiation with, fathеf
than indеpеndеnt of, injuriеs to thе supеffiсial digital
flехoг tеndon branсlrеs. Injuгiеs to thе proхimal and aхial
portion of thе supеfliсial digital flехor tеndon in thе
pastегn oссLu most frеquеntly in horsеs with tеndon
injuгiеs in thе mеtaсarpal rеgion that еxtеnd distally into
thе proхinral pastеrn. Pеritеndinous soft tissuе swеlling
is сommon with tlrеsе injrrriеs, and this swеlling usually
follows tlrе anatomy of thе sllpеfflсial digital flехor tеn-
don in this геgion. Ar,trlsion fraсtuгеs of thе insеrtion of
thе supеrflсial digital flехor tеndon bгanсh (Fis. 3_115)
onto thе distal aspесt of Pl or thе proхimal aspесt of P2
oссLlf inffеquеntly. Thеy arе ustlally found in horsеs with
signiflсant injuriеs to thе sllpегfiсial digital flехor tеndon
branсlr. Aл ar,rtlsion fгaсtttrе of thе insеrtion of thе mеdial
tlranсh of thе supеrflсial digital flехor tеndon onto pгoхi
mal P2 was fеpoгtеd in 1 of 12 horsеs with iniury Of thе
supеrliсial digital flеxor tеndon at thс pastеm.59

Sonographiс trnсtings with rеpaiг of thе supеrlrсial digi
tal flехor trndon should bе similar to thosе dеsсribеd for
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Figure 3-109
sonoЕirаmsоfatiасturесlsесolrtllrr.rdfoL1rthIПеtatarsalЬсlnсsintlrсtеftl.riпсtlсg.
рtlint of thе l.rсlсk (zonс 3A) Тhсsс sonоgrams Wегс ()btaiЛссl п-ith l widе-baпс1rviсltlr 7 5-l\4}lz Sесtor-sсl11nеr transсlшсег opеflti11g at ] 5 }IHZ

ionta]ni,-,gabt|iltinflrriсlсlft.sеtat;Lс|is;lla1:есi
sidе of thе sng]ittal imagеs is pгoхinral anсl Llrе lеft sidе is с|istal

,4,Nоtiсеtlrеl.r1.pеrесlrоiсliпеlгсСho(lhit1аrro1|)d\str',rIеdaп'аvfгomthе1)aгеntPoгtiОnofthеfoшftlrmеtatafs1l
(rightiшсtgе),сastinЕ]i1xсOt|stiсshaсlсlц.сOnsistе11twithati.aсtrrге1i.xgmеIltTеfгaсtlllе
l'iеw (lеft itllаge)

B'NotiсеthеlUсеntlinсirrthеllonr'srtгf:rсееСl1o((U|.О,Ll,S)bеstr-isrralizес1illthеsfjtt11l
viея. (t.ight i|па!1е), сonsisIеllt with a lrairliпе fгaсtuге llf thе sесonсl mеtltаrsal bot]е

Figure 3-110
Sonogramsоfahеalir-rgсогеlеsitlninthеmес1ialIlгаlrсlrtlfthеsLlsPсnsoп'ligamеnt(SL)1thе
gеldiпg Тhе hеаIiпg aгеa оf SL dеsnritis п'аs imagесl fгotrr 19 to 29 сп1 distxl to thе Poi|rt оf thе ;lссеssсlп сatpal bсltrе Thеsс sonсlgгanrs п''еге

obtaiпеdxt27сm(Zonс3B)With175-l'lHzsесroг-sсanпсгtIaлsdLlсеfс()l-tаining
ofthеtransvегsеl.iеws(Iеftilпсlgеs)isсiоrsalanсIthеlе1tsir1е
lеft siс|е is distal

,,1,NotiсеthеlrеtегoЕ.еnесlrrsslightlr-lr1,pсlесl-roiссепtгa[сoге|еsio(аrroll's)
(аrrсlu,s)inthеsagittalr'iеч.Thсссlrogеniсiпlltlс11ibегltligrrmеntir1t1lес(ге

,B' Thе oгigjnal сеntral сoГе lеsitltl illrrllr.ссl .]2% tlf tlrе сгoss sесtioпal arеe оf llrе п-rесtial Sl. bгarrсlr (0,1() сnr]/1 25 сm,)
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Figure 3-111
Sсlnоgrаms of :r iaгgе hе:rlillg aгеl Of injun' in tlrе bоd1, of tlrе suspеnsoq,
ligxmеnt (SL) in tlrе riglrt tbгеlеg, сlЬtaiлес| fгoll a 7-l'сaг-сlld Thoгouglr-
bгеd gеlс1irrg Nоtiсс thе есhоgеtriс сеntral xпd dсlrsal сorе ]еsion in
thе s], bod)., with a slightl1' mсlге l-tv1lоесhoiс lralo arrсl a гilт сlf mсlге
nor.rrral SL tissl]е ak)ng thе palmaI. mес|iаl, аnсi lltегa| аspссt of thе SL
(.tlТoшs) imagеd in thе tral]svеfsе viея. (rigbt imаgе) А ratldсlnr
aligпmепt сlf shсlгt anсl lсlпg linеaг есhoеs oссurs in tlrе гер.ridлg сr'rс
jmagеd iп thе sagittal vtеw (lе.ft irпаgе) T|lе Oгi!.inаl сorс lсsjon in tlrе
SL bodl'сxtсndеd fгoлr 9 tо 2l сm (listal tO thе aссеsSOп. сaгpa| bоnеs
Tlrеsе s<lnograms wеге Obtainеd at 17 сп (at thс bогс1сг bеtwееn ZOnеs
2A аnd 2l]) wjth a rvidе bandwidtlr 7 5.MHz sесtoг-sсаnЛеr tгansdLtсег
OpеratiПg 

^| 
7 5 I{I1Z сollt:lillitlll a bllilt ifl tlt-lid otIiеt xt x displа\ е(l

dеpth of 6 сm l'lrе гight sidе ()f thе tгeЛsУсгsс inlagе is latегal alс| tlrе
lеft sidс is mссliа] Тhс гiglrt siсIе of thе sxgittal ilПxgе is proхimal and
thе lеft sidе is сiistal SDF, stlpеr1iсiаl digital 1lехo]: tеndoп: DDF, dееp
digital 1lехoГ tеrrdorr: lСL. irrlЪrior сhесk ligenlелt

thе mеtaсaгp1rl fеgion. An inсrеasе in thе есhogеniсity of
tlrе lеsiolr and thе sllbsеquеnt appе1rfanсе of shoft linеaг
есhoеs OссLrf with tеndon hеaling (Fig. 3_116-). Thiсk-
еning of tlrе supегfiсial digital flехor tеndon branсh and
thе surrounding pеritеndiflolls tissuсs is likеl1, to pеfsist
in most affесtеd hoгsеs, although it is usually lеss than
thе initial swеlling assoсiatеd with thе aсLltе inillry. A
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сеntfal есhogеniс sсaг stlггoundеd by a lrypoесhoiс
..halo,' maу bе dеtесtеd in thе supеrliсial digital branсh
with a rеpaifеd сofе lеsion. Pегitеndinotls hypoесhoiс to
есhogеniс tissllе геpfеsеntinЕ. immaturе and maturing
fibгotrs tissttе is oftеn imagеd adjaсеnt to thе injurеd
sllpегflсial digital flеxoг tеndon bfanсh. This tissuе сan
геslllt in adhеsions bеtwееn thс tlranсh and thе suf-
founding tеndinotrs and pеritеndinous strlrсtufеs. NеW
afеas of fibег disruption o1tеn oссuf adjaсеnt to thе
prеviously rеpaifrd aгеa (Fig. 3_117) or in assoсiation
with adhеsions to thе sufгounding tеndinolls or pеritеndi-
nous stгLrсtufеs.

Dееp Digital Flехor Tеndоn. Injtrriеs to thе dееp
digital flехor tеndon in thе pastсrn oссuf in a variеty of
сompеtition horsеs.-' Lamеnеss is oftеn aсutе' sеvеrе,
and pеrsistеnt. As in thе mеtaсarpal of mеtatafsal геgion,
dееp digital flехor tеndon injuriеs arе usrrall1, assoсiatеd
with digital shеeth tеnos)Inovitis. сalсi-flсation is frе-
quеnth/ found in thе dееp digital flехor tеndon in thе
rеgion of thе fеtloсk annulaг ligamеnt (sее Figs. 3-75 and
3_76). Injury to thе dееp digital flехor tеndon in thе
pastrrn rе8ion is oftеn assoсiatеd with injrrry to thе mеta-
сafpal or mеtatarsal poгtion of thе tеndon (sее Fig. 3-77)'
but сan also oссuг withollt othеr dееp digital flехor
tеndon disеasе Injury to thе dееp digital flехof tеndon
in tlrе distal pastегn and foot is also сommonly assoсiatеd
with naviсulaf disеasе.

In sonrе htlrsеs, thе lamеnеss is intегmittеnt initiall}r,
with no loсal sчrеlling irnd witlr сliniсal signs similar to
thosе of naviсttlar disеasе.59 In thеsе horsсs, thе dееp
digital flехor tеndinitis is Llsllally in thе distal pastеrn
fеgion in thе aгеa of thе naviсLtlaf bonе, a difflсult arеa
tO imaЕ.е sonogгaphiсally. Еnlargеmеnt of thе dееp digital
flехoг tеndon in thе pastеrn, foсal or diffusе arеas of
dесrеasеd есho€.еniсity within thе tеndon, andloг pooг
dеIinitions of thе maгgins of thе tсndon aге usually assoсi-
atеd with swеlling in thе rеgiorr of thе dесp digital flехor
tеndon. Lеsions rеpoгtеdly ехtеnd lеss than 2 сm in a

Figure 3-112
Sоnog;:arrrs о1 a disсгсtе сtlге lеsjоn in thс mссlial bпlnсh оf thе lеft 1brе stlpеiliсial digital tlехсlг tепdon (sDIl). Ol)teillеd ltonr a 5-уеaг-olсl
TlrorouglrbrеdgсlсlingThеsеsono!]гen,]swсгсobtainеdiПZOлсP].BW.itha75MHzsесtoг-sсanпегtг1[nsdLlсегсoпLainin!.
displa1'ес| сlеpth сlf 6 сm Tl.tе lеft sidе сlf thе tгltпsvегsе viеws (right i|паgеs) is с1orsal and thе гight sidе is 1lalmaг Thе lеft sidе of thе sagittаl
r.iеws (/ф imа14е) is distal x11d thе fight sidе is proхirrral

,.l' Notiсе tlrе rljsсrсtе arrссhoiс сеntfal сoге (.аrrou') in thе trxns\.е'sс viеw :urс1 thе соmplеtе klss of fibегs in tlrе lеsion (аrrОш's) in thс
s1lgitta[ \.iеW

B, Тhis 21геa of fibеr tеlгing iпvсllvесl 19% Of thс mсdiаl sDF brarrсlr (0.25 ctl:t|/| 32 сm,) at this lеvеl in thс пid pastеrn
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Figure 3-113
Sсlпogгamsofalar.gесorеlеsitlnint]]еn1еdiа[bгanсhofthеlсftorеstlpегfсialdigitalfсхoгtсnсklrr(SDF).Ol]tainеd
sta][ionTl]сsеsоnogг.rmswегесlbtaiпеdxtthеboгdсfbеtwееnzotrеsP].AanсlPlBs,-itlrx7'-l\{HZsссtOгsсaтitlегtг:rtlstlс
fuiсloffsеtatlrсlispla1.есlс1еptlrof6сnrTlrеfi!.htsi(iсofthеtгaIls\.сfSеviеwsоеrtiп1.tgеs)
thе sagittal viеws (,"LqЙ, imачеs) is pfoхimal arrс] thе lеft sidе ,is dist.tl

',1, Notiсе tlrе lafgе arrесhoiс сoге ]еsiсltl (аrrou's) invсllvitrg nеxгlу thс сt1tirе сгOss-sесtiоnal afеx of thс mсdial SD}- ]lгаnсh
lJ. ThiS соfе lеsiсln inl-olvесl 9Jg; ()f thе сгOss sесtiorlltl теl (2 17 сл,/2 59 сm]) сlf thе mеdial SDIr brlrпсh

pfoхimal-to-distal сlirесtion in thеsе horsеs and somе
horsеs havе lrssосiatеd digital shеath еffursion. In this
authoг's схpеrirnсе, lеsions in thе dееp digital flехoг
tеndon afе Llsltallу moге ехtеnsivе: at lеast 4 to 6 сm in
a proхimal-to-distal dirесtion, With arеas of сalсifiсation
in thе dееp digital flехor tеndon ехtеnding for б to 8 сm.

Dееp digital flехor tеndon lеsions in tlrе pastеrn wеfе
fсlr'rnd in livе horsеs in otrе study With no mеntion of
wlrеthеr thеy appеarеd in thе forеlimb or hinсllimb.;9
Thгее of tlrеsе lrсlrsеs had an as}'mmеtfiс dееp сligital
tlехof tеndon that was thiсkеf mеdially; h1,pеrесhoiс
afеas сonsistеnt with сalсifiсation wеге dеtесtсd within

Figurе 3-114
Sсlпogгams сlf a пotе dif.fusе ше;t of 1ibег tе:rгing iп thе mеdial brirnсh
of thе fight fbге srrpет1iсial digital tlехof tеnсlon (SDЕ), obtainеd ti.om
a 5-1.сx1.-6l6 Thoгtlrrghbrесl Еiе]ding Notiсс tl.rе с|iГfrrsсly еnlargсd and
hуpсlесhoiс lnссlil| branсlr krroшs)' with pгеsеп'ati()n Of a lъw long
linеar есlroеs сlеtесtеd in thе sxgittxl vtеw (right iпt'аge), Т|l'еsе hllегs
arе visiblе as thе bflghtсr есhogепiс slrort liПеirг есlrоеs in thе mесlial
SDF bгanсh in tl]с tfans\.егsс l'iеw (lе[l i|паge) Тhеsе sсlлоgranrs
Wеrе Obtxiпеd it.t zсlnс PlB п.ith 

^ 
1 5-\IНZ sссtor-sс;rЛnсf lfaпsdlrссf

сOпtxiпinll x l)Llilt-iП flrriс1 otIsеt at a сlispl:Lr'еd dеpth оf 6 сnr Tl.rе |еft

siсlе of tl.rе tIans\'еrsе viсw is doгsal and thе right Sidе is palmar Tlrе
lеft siсlе of thе sagittxl viсW is distxl arrd thе right sidе iS pгoxinlal

thе tеndon. Adhеsions $''ithin thе s-vnovial shеath end
сartilaginous mеtaplasia \\,-сге dеtесtесl in thе dееp digital
1lехoг tеndon of onе of thе lrorsсs on postmoftеm ехami-
nation. A foсal h-vpсlесhoiс aгеa was imagеd in tlnе horsе
with a сonсuffеnt digital slrсath еft1rsion. Thе lеsion
сhangеd littlе ovег 6 months. btrt thе hoгsе was ablе tO

геtltfn to wofk. Onе horsе l.raсl a сomplеtе ftlptllfс of thе
dееp digital flехoг tеndon at thе pastеfn, сlraraсtеrizесl
by largе hypoесhoiс aгеas withirr tlrе tеndorr in thе pas-
tеfn and ссlnrplеtс гuptllfе in tlrе t'еtloсk.

Fiqurе 3-115
sonogfams of ап arrllsiсln ftaсturе fгоnr t]rе distal latеfll рoГtion Of thе
1iгst phallrлх (Pl) at thе insсГti()n сlf thс latегal branсh of thе lсft
forс supегfiсial diЕ.it211 flехoг tсndоrr (SDF). obtainеd tiorr.r а i )'еa-г-o]d
'I.hoгorlglrbrесl gеlding Notiсе thе small h-vl)сгссlroiс bonv fгаgmепt
(аrrоts) distraсtесl slightlr' aтl.a'v tiom tlrе pafелt poгtiОn оf tlrе rrndег
lr,ing bсlпе Arl rrndегlvitlg irrеgtilaг bonr slrгt:tсе есhО is xсljxсеt1t to
thе :rr'rllsion tiaсtt|fе .гhе |:rtсгal SDF ilrапсlr is l.rеtегсlgсl1есllls. П'itl-)

lr1'pоссhoiс arеas aпd Iibег сlisrlцltion l.isib|с. :rnсl stlrrrе гаnсlоnr -[ibег

alignmсnt is dеtесtеd in thе sag'ittal Yiе$' r/elr i|lngе), suggеstiпg

l)геviolls injrrry to tlris геgiOn 'l.lrеsс stlllogгaпrs wеге сlbtainеd at zonе
P1с witlr a 7 5-lVIHz sесtoг-sсlnnеГ tr;rпsdtlсеt ссltrtaining a brtilt-in fluid
ofI.sеt at a сlisplar.еd сlсptlr оf 6 сm f'lrе lеft sidс of tlrе tfaпs\сгsе viеw
(rigbt it|I.Igе) is palmaг 21nd thе ri!.ht sitlе is с|tlгsаl Тl-tе lеtt sidс of tlrе
sagittal inllЕ]сs is сllstal lпсl thе right siс|е is prсlхimai

I
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Figure 3-116
Sonograms of a hеllесl сoге lеsiorr in thе latеral br:rлсlr of thе lеft foге

supсr1iсial сligital tlехoг tеrrсlсlп (SDF)' obt1tiпеd fIoЛl a 10-\'еaг-old

Tlrсlгсlughbrесt gсlding in Zonе PIl] Notiсе tlrе sliglrtly hуpегссl-toiс
сеntIal сorе surгounс1есl ll1. a h1.poесhoiс hato with a lr1,poесlrоiс to

isoесhoiс outеr тim оf SDF fibегs. Thе еntirе lаtсral SDF bг:rnсlr
(аrrrпls) is somеwhat hеtеr.ogеrrсous with a soлlсrvl]at гandom pattегo

of libег aligпmеnt Tlrеsе sоrrogrlms wеге obtainеd with a 7 
'-MHZsесtor-sсannеf tгansсluсеr сOntlining а built-iп flшiсi offsеt at x disPlaуеd

dеpth of 6 сm' Thе lеft sidе Of tlrе tгatlsYегsс viеп. oф illlаge) is

palmaг and thе гiЕ]ht sidе is с1oгs:ll Thе lеft sidе of tlrе sagittal \'iеw
(rigbt inшgе) is сlistal arrсi thе гight sidе is pгохimal

Distal Sеsamoidеan Ligamеrrt Dеsmitis
Mid'сlle (Оblique) DistаI Sesа,шoideаn lig.|пxeпt

Desmitis' Dеsmitis of tlrе middlе distal sеsamoidеan liga-

mеnt is сommon and is sееn in all typеs of pеrformanсе

Figure 3-117
Sonоgгao]s оf an aгеа of геinjtrц' tO tlrе mеdial llгаllсh of thе right
fсlгс sttpег1iсial digital flеxоr tеnсlon (SDF), obtainес| tiсlm a ,l-r,сaг-old

Tl.roгоughbгесl fill1,in zoпе P]A NOtiсе thе есhogеniс aхiаl portiotr of
thе шесlial SDF bпrnсlr witlr a r.atrdom fibеr pattеrn (Ltp аrrott') in the
sagittal YiсW (t.ight itпсtge) aсljaсеnt tO thе nеwеr h}'pоесhoiс to аn-

есhоiс aге:r of trbеr tеaгing (dolш. аrrОu'). Тhе оlсl hеa]сd сеПtгal сorе
is visiblе iп thе tr11nsvеfsе l,iеw (lф in1аgе) ,,|s a сеntгal есhogепiс aгеa

srrгrorrndеd b). a hуpоесl.roiс lralo, witlr a srrpеrIiсial hvpоесhoiс to
аnесl.tоiс loсLllatеd arеа fеprеsелting thе nеW- arеа оf Iibег tеaгing Thе
nе\! arеa of inlLrц, oссurгеd adiirсеnt to thе pIе\,iousl1' hеalеd сoгс
lеsiсlл in thе mесtia] SDF br:rnсlr Thеsе sonograms Wеrс obtaiлеd with
l 7 5-\IHz sесtor-sсannеI tг1tnsdllсег сontaiЛing a btlilt-in fluiсl o1lЬеt

With a сlisplal'еd dеPth of 6 сnl l.lrе lсft sidе of thе tгllllsvеrsе imagе

is 1lalmar anсt thе r.ight sidе is сiorsal Тhс lеtt siсlе оf thе sagittal imagе

is сlistal aпсl tlrс гight sidс is proхinral
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hoгsеs. Swеlling in thе pastеfn assoсiatеd With middlе
distal sеsamoidеan ligamеnt dеsmitis is fairly сharaсtеris-
tiс bесarrsе this ligamеnt funs diagonally aсross thе pгoхi-
mal to middlе pastеfn. Most horsеs havе loсal swеlling,
hеat, pain, and sеnsitivity in thе affесtеd ligamеnt and
lamеnеss in thе affесtеd 1еg. Subluxation of thе mеta-

сafpo- of mеtatafsophalangеal joint oг thе proхimal intеr-
phalangеal joint сlrn oссLrr in horsеs with сomplеtе fllp-
turе of thе obliquе (middlе) distal sеsamoidеan ligamеnt.
A сhгoniс ipsilatеral suspеnsory ligamеnt dеsmitis was
fеportесl in thrее horsеs with dеsmitis of thе middlе
distal sеsamoidеan ligamеnts.59

Disсrеtе сorе lеsions (Fig. 3_118) arе oftеn sееn in thе
mесtial anсl latеfal branсhеs of thе middlе distal sеsa-

moiсlеan ligamеnt, althotrgh diffusе arеas of flbег damagе
anсl splits also oссLrf at this loсatiсln. Injuriеs to thе
insеrtion of thе middlе distal sеsamoidеan ligamеnt usu-
ally appеar diffusе sonogгaphiсally (Fig. 3.119). Pегiliga-
mеntous soft tissllе thiсkеning oftсn surrounds thе aгеa

of injury. Thе basе of thе sеsamoids (oгigin оf thе middlе
сlistal sеsamoiсlеan ligamеnts) and thе insеrtion of thе
ligamеnt on thе middlе of Pl should bе сarеfully еvalu-

atесl fof lrvulsion fraсttrrеs. Ar,.trlsion fraсturеs usuall1, 9g.

сtrr in assoсiation with fibеr tеaring in thе distal sеsa-

moidеan ligamеnts. Awrlsion fraсttrrеs oссLrf at thе basе
of tlrе sеsamoids (Fig. 3_120) and at thе insегtion on mid
P1 (Fig. 3-1'2|).with sееmingh. еqual fгеqtrеnсy. Ar.ulsion
fг:tсttlгеs rеlnain r.isiblе for 1-еars aftег thе oгiginal injury,
long aftеr thе assoсiatеd dеsmitis in thе distal sеsa-

moiсlеan liganrеnt has rеsolvеd (sее Fig. 3_120). Irrеgtrlar.
itiеs of thе bony Suffaсе есho at tlrе insегtion of thе
midсllе distal sеsamoidеan ligamеnt onto thе palmaf or
plantar (lеss сommon) aspесt of miсl P1 aге frеquеntly
imagесl in horsеs сonsistеnt With an insеrtiоnal dеsmitis
of еnthеsopathy. As thе injuц. hеals, thе ligamеnt,s сross-
sесtional arеa usuall)I dесrеasеs, thе есhogеniсity of thе

Figure 3-118
Sсlпogгarns of afl aсLltс сoге lеsiсln in thе шсс1ial branсh of thе middlе
distal sеsamoidеarr ligaпlеnt (MDSL) at its ofigin irr zonе P1A in thе lеft
forеlеg, оbtxiпсd ffom 

't 
4-r'сar old Tlrorоrrghbrес1 gеlding Notiсе thе

aпесl.tсliс tо lr1,poесhoiс aхial сoге |еsу.>n (аrrсltls) in thе tгansvегsе
viсw (7ф il,nаgе) a|1d thе loss of thе noглral Iibеr pattеrn in thе saЕ.ittal

l,tеъ' (rig'ht itпаge) Thеsе sono!.гams wеrе oЬtainеd with a 7 5-мнZ
sеCtof-sсirПnег transduсеf сontaiпiпg a built-in fltliсl offsеt at a disPlayеd
dеpth of 6 сm Tlrе right Sidе of thе tfansYеrsе imxgе is dогsal aпd thе
tеft si(lс is palmar Thе гig'ht sidе of thе saliittal imagе is pfoхimxl aпd
tlrе lеft siсlе is distal
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Figure 3-119
Sonogt.an]s оf 2сLltе dеsmitis сlf thе lrriddlе сlistll sеsamсliсiеan
ligamеnt (MDSL) in thе гight tbгеlеg, obtiinеd lionr a 12-lеar
old Тlroгottgl.tbгес1 gеlсling Notiсс thе laгgс anесhoiс aгеas at
thе oгiЕ.in оf llоtlr thе mесliа'l anсl latегel Ьгarrсhеs Of tlrе I,IDSI,
tlrxt ехtеnd frсlm thе basе of tlrе геspесti\'е proхilrral sеsamоid
bonеs in zonс: P]A doп,.n tO thе iПsегtiOn (еspесiallу mесliallу)
in ZOnс PlB Tlrеsе sonograms s.еге obtainеd with a п'idе-
barrdwiсlth 7 5-МHz lirrеaгarгar, tfl1Dsdllсеr opеfating at 10 0
N4HZ With a hanсl-hе]d standotТ p;rсl аt a сtisplа1'ес[ с|еpth of 5
спr Thс foсll zсlnеs aге positionеd in tlrе rrеaг lrеld 1.hе гiglrt
sidе of tlrе tfansvеfsе imаgеs оf thс n1еdi21] Ьrаnсh (;1 anсl B) is
palmar arrd thс lеft sidе is сlсlтsll Тhе гiglrt sidе сlf tlrе tr:tnsvеrsе
imagеs of thе l;ttегal Ьгaпсlr (С 

^nd 
D) is сklгsal aпd thе lеtl sidе

is palmaг Thе гight siсlе of thс silЕ]ittal jnlaЕ]сs is pгoxiпral lnсl
tlrе lеft sidе is dista] SDF. sltpег1iсial сligitll flехсlг tеrrdon: DDF,
сlееp digital flехoг tеnсlсlrr: sDsL. stгaight distal sеsamOidсan liga-
пеnt

,,l, Sonogгams оbtairrесl fгoлr tlrе origin <lf thе mеdial I4DSL bfanсlr. whiсh is moге sеr.егеlr. atlЪсtеd thao thе latегal bгalrсlr Thе
bгanсh is еnlargссl, and largе anесhoiс xгеas lеpгеsеflting 1iЬеr сlisгl-lption aпсl hеmсlггhagе (drrou's) aге visiblе iп bоth thе tгansvеfsе
aeft il11аgе) an(l sa!.ittаl (right iшаgе) viеws A tъw intaсt Iibеrs геrrrain ill this bfal1с|-)

,9, Srlлograms of thе saпrе aIеx Of injury in tlrс mеdial br.anсlr outlillinЕ] thе xrсa Oг пbег disгuPtiсln, ч,lliсh it.rvсllvеs xt lеast 70% Of
thе branсh.s сross-sесtiol1al arеa (l ,11 сm!/2 О2 сm]) xt its oгigiп

с sonoЕ.fams obt:rinесl fгom thе сlrigin сlf thе latеral bтltnсh. dеmorrstгating a mоге с1isсrеtе tеaf in thе stlpеrfiсial рoftiot1 оf thе
latсгal МDsL |'lt;tt-Lсh (аrrlltt,s) Tlris bгanс].r is a]so сnlafE.еd at thе origitr, but lеss so. witl] :r сlisсгеtс аrеа of fibег danlilllе аdjасеnt to
liЬегs that afе mofе rvеll prеsеn.сd Tlrе eгеa of iпjuq, apPе'tгs сon1iпеd tO thе pгOхi1rrxl poгtioп Of thе lxtеral MDSL Ьгanсlr in thе
sagittal viеw (lеft imаge) and to tttе sttpетhсial po]:tion Of thе Ьгanсlr ifl both tlrе sagittal and tfшlsrеfsе У\еws (right i|Llа!4е)

D, Soпogтams <lf thе sarrrе afеa Of injuгv in thс latсral llDSl- brarrсh' оutlinillg thс aгс:r Of fibег сiisгLlptiоn, whiсh itrvо|Vеs 33% of
thе bгaпсh's сrossSесtional aгеa (() 56 сm]/l 68 сm,) at its ofiЕ.in

-в, SonОЕ]гlms of thс insсftion Of thе MDSL abng mid P1 at Zonе PlB with an aгеa or IibеI tеafiпg dеtесtесl iп thе пrеdi'tl (аrrott,)
and, ttl a |еssеr ехtеЛt. latег1l] aspесt of tlrе МDSL at its i11sеItion bеst inragесl in tlrе tгans\,егsе viец, (/ф i|паgе) Тhе dllmagе tо thе
сеntral por1ion of thе N'IDSL at its insеrtion (up аrroul) is alsо imagесl in thе sagittal \,1еw (rigl]t i|l1аge)

Ve
tB

oo
ks

.ir



lеsion inсrсasеs. and linеar есhoеs aге imagеd in thе aгеa

of prеvious flbег tеaгing (Fig. 3-722).
бistal sеsamoiс1еan ligamеnt injuriеs involving thе mid.

dlе (obliquе) сlistal sеsamсlidеan ligamеnt wеrе found in
thе majority of lrorsеs in sеvеrаl stuсliеs.59 Thе middlе
distal sеsamoidеan ligаmеnt Was thiсkеnеd and hypo-
есlroiс in flvе of sеvеn hoгsеs in onе studу, with thе

mесlial bгanсh tlеing atТесtесi in 80% of thеsе horsеs...'

All of tlrеsе injtlriеs wеге in thе forеlimtl. Thе injury tсl

thе latеfal br;rnсh of thе middlе сlistal sеsamoidеan liga-

mеnt was in tlrе hindlimb.
Strаiglct Distаl Sesаmoideап ligашent. Iniuriеs ttl

thе straight сlistal sеsamoidеan ligamеnt oссur infrе-
quеntly. Thеsе injuriеs arс trsually assoсiatеd with lamе-

nеss. bttt foсal hеat, swеlling, and sеnsitivit}. afе not

Сh{lDtеr J . MusсuloskеlеtаI LГItr.7soпograplэу -|'1.5

always сlеtссtеd. Subluхation of thе proхimal intеrphalan-
gеal joint сan oссuf with thеsе injtrгiеs. сafе must bе

iakеn that off.normal inсiсlеnсе artifaсts arе not сrеatеd
at thе insеrtion of thе strаight distal sеsamoidеan liga-

mеnt on tlrе proхimal bordеr of P2 as a геsttlt of diffiсulry
in aligning thе transduсеr pеrpеndiсular to thе ligamеn-
tous flbеrs at that lеvеl (сausеd by thе loсation of thе

horsе's lrееls). A hypoесhoiс dropout is dеtесtеd at this
loсation by rnost ultrasound tгansdtrсеrs bесatrsе tlrеir
slrapе prесltrdеs obtaining a 90-dеgrее anglе tlеtwееn thе

transdtrсеr and thе ligamеnt (sее Fig. 3-|2). If propеr
angtrlation of thе transduсеr сan bе aсhiеvсd, this сlff-

noimal inсiсlеnсе artifaсt is not imagеd (sее Fig. 3_16l.
Small splits (sее Fig. 3-122) of сofе lеsions (Fig. 3_123)

may bе imаgесl in thе stfaight distal sеsamoidеan liga-

Figure 3-120
ьoпOЕ]г latсгal branсl-] ()f thе middlе distal sеsam

forеlеglr1.pсrесhоiсstгLlсtufесast1ngaпaсollstlс
anсl in 1rt aге assoсiatесj with sеvеral fгaсtuге ffag

vlеws, dе is palmar. Thе right sidе of thс sagittal

is (listal
,,1, Tl.rе flbегs of thе МDSL arе tairl1. lrvpoесhoiс aпd klss of tlrе l.rеaling irrjrrq. to thе МDSL' A snrall

am()unt of pсfiligamеntorrs есhogелiс tissuе ls pГеsеnt, сol]sistеtlt wi Iibrosis' This sorrсlgгanr was ()btlillеd

s.ith a 7.'-MHZ sесtof-sсannеr tIlnsduсеI сoпtаi11i[g a Ьui]t-in fluiсl еft imagе is thе sagittal viеw аnd thе

гig,lrt irт.rgс i5 tllс ггln5\сгsс \iсп.
8, Thе Irbегs Of thе fi,lDsl ;rppеaг 1hiгIr' есht-lgепiс 1 vеar l1rtеr. Hoч,-сvег, a random 1ibсf pattеm is visiblе in thе sagittal viеw

сOпsiStеnt with а сhгOniс MI)SL сlеsmitis iлvolr-illg thе laйгa] bгаrrсh. lr.l.tiсh doеs Ilot аppеaг irсtivе sonograpl.riсallу at this timе. An

emolrnt of p thiсkеnirrg is pгеsс11t аt this tiЛlс. сonsistе11t П,ith l)егiligamеntсltts fibrosis bеst sееп iп tlrе t

(Iф itltаgе) сlbtairrесl s'jтh a s,iсlе.banсlrr'idth miсгосonr,ех 6 0-}1Hz linеаг-aггar' tгansduсег opегating at 7 5 MHZ lt a

disD].tvе(| dе llеs :rге positioЛеt] iп tlrе nridсllе of thе imagе.

Fioute 3-121
Sonоgгаms Of дn a\.Lllsion tiaсtLtrе (сtrrl:luls) of tlrе iпsсrтitln of thе middlе

distal sеsamoi(|еаn ligamепt (MDSI,) nr thс fight 1bгеlеg of a l2-vеar-tllс1
.W.aглrblooсl stallioп Thе аvulsion fгaсtrrге is thе h\.pсrесhсliс liпеar stгrrсtuге

сastiПЕ] a stгon!. xсollstiс shaс1оw (аrrottls). This ar,rrlsiоn fiaсtuге is frоrrr

thе mес1iat siсlе of tlrе mid plstегlr aпd is imagеd distraсtс:d P1l[mar and

сliegoLrallr' in thе trans\.сfsе r.iеrr, (riglэt itllаgе)' Tl-rе pгtlхirr.ral and palпrar

сiisйасtiсш of thе fгagmеnt is iшegес1 in thе sagitt1lt х,iеsт (lеft ilnаgе)..|1'tis

stfxillht distal sеsaпroiсiеatr ligxmеnt
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Figure 3-122
SorrоgгamsoгxdеsmitisintlrсstraightdistxlSеsam()iсlеan|igxmеnt(SDSL)anсlthеbгarrс]lеsoftllепriddlе
thегightfоге1еgolan1l-,r,еаг-oldThorortglrbrеdgеldingTlrеsеsonOgfxmswегеObtainсс|inzопеP1trr.itlra75.,\ltHzsесlг-sс
сontaining a built-in frriсl сlff.sеt at a displavесl dеPth of (l сл.t Thс гiglrr siсLе of tlrе tгlrлsl,егsс viеп's is ]atегal and thе lеft siс1с is mеdiаl Тhе гiglrt
sidе of thе sagittal viеw is proхimal and thе lеlt siсlе is distаl sDF' sllpсгfiсial digital tlехor. tеndon: DDF. tJееp digital Ilеxoг tеnсlotr

,4,Notiсеthеhr,poесhоiс|inеaгsp]itillthеsDsI,(horizОпtаl
thеsDsLinthсttlnsvегsеviеrr'(rzgDri11Iаgе)1todthеfbегlossinthеs'lgitta[\-iе\\'-(lеflimаe)
t1riсkсг than thе п]сdial llгanсh. but it is fаiгlY есlrogеniс and hаs a rarrdom 1ibеr pattеrrr assoсiatеd with a сlrrоniс inaсti\.е distal sсsanroidеan
dеsmitis of thе мDsL Тl]еrс is a small nеw.ет aгеa of libеr damagе in thс mеdial bгanсlr of thе мDsI-

дS]ightlуmoгеdistxl,it-tzоnеP1B,thеMl)S],isthiсkегthxnпorn]alatitsiЛsеfiOn(аrroшs)arrсlsnroоthiгfеgLllaritiеS
сlf palmaг Pl aIе pгеsеnt at thе lеvеl of insегtiсln of tl.rе МDSL Тlrе latегa| poftiol] оf thе MDs], is thiсkеt alsо at thе iпsеftiоп of tlrе bodY Of thе
МDsL, dсtесtеd in thе tгansvегsе r,iея,- (lеJt itпаgе), Tlrе fibсг alignlтспt of tlrс сепtгal poгtioп of thе мDsL is nеal. пoгm.rl in thе seaittal \-iеw(rishl it,ltа!( t

mеnt. Afеas of pегiostеal pfolifегativе сhangе oг a\lllsio11
fraсttrrеs at thе insегtion of thr straight distal sеsa-
moidеan ligamеnt on proхimal P2 mlr'v bе sееn in horsеs
with dеsmitis of thе straight distal sеsamoidеan ligamеnt
(Fic. 3-121). Insеrtional dеsmitis of еnthеsiopathy of thе
stfai8ht-distal sеsamoidеan ligamеnt is lеss ссlmmon than
insеftiсlnal dеsmitis involving tlrе middlе distal sеsa-
moiсlеan ligamеnt. Al'trlsion fraсturеs of thе origin of thе
stmight distal sеsamoidеan ligamеnt oссLlf lеss fгеqttеntly
than thosе assoсiatесl witlr middlе сlistal sеsamoidеan liga-
mеnt dеsmitis. Nеvеrthеlеss, thе basе of thе sеsamoids
should bе сarеftlll1. inragеd to сhесk for ar.ttlsion fraсtttrеs.

Injuriсs tсl thе straight distal sеsamoidеan ligamеnt
wеfе sееn in onlу twсl of sеvеn horsеs with distal sеsa-
moiсlеan ligamеnt dеsmitis in onе fеpoft.59 Thе affесtеd
distal sсsamoidеan ligamеnts appеarеd thiсkеnесl arrd
sligl.rtl.r. h1,poесhoiс.

Сtч'lciаte Distсt'I Ses аmoiсleап ligаrneпt Desшitis.
Dеsmitis of thr сfllсiatе distal sеsamoidеan ligarrrеnt is
fafе. It is difhсult to сliagnosе Lrltfasonogrirplriсall1. dr.rе to
thе loсation of thеsе ligamеrrts.

IпtersesаntoioLeаn ligаmеnt Desшitis' Thе intегsеs-
amoidеan ligamеnt is imagесl fгom tlrе palmar and plantaf
sllгfaсеs of thе mеtaсarp()- and mеtatarsophalangеal

Figure 3-123
SonogгamsofthеpastегnObtainсdfгtlma.1-r'еаr<llс|Thогorrghbrеdсo1tWith
obtainсdi[ZonеPlсu,ithаs.iс[е-bandwiс1th75-N1IIz1inе;rr-arrat,traпsсlrtсеropег1rtiпgxt100}IнZrrsingahanсt-hе
dеpth сlf 4 сm Thе fight sidе сlf tlrе tгansr.еrsе r.iеws (right iпulgеs) is lxtег:rl anсl thе lеft sitiе is mссtial Tlrе rigl.rt siсlе tlf thе ;аgittal 'l'-iе\vs (/e//
imаgеs) is pгсlхimal and thе lеfi siсlе is distal

4,Notiсеthееn1argеmеntoftlrеstгaightdistаlsеsanloiсlеaпligxmсntarrdthсh11lсlесl.toiссoгеlеsiol-lilr.rlgеditr
(аrrошs) Thisесгеasс-il thе llgamеnt's ссlrogеniсit).aпсl сhangс in tlrе 1ibсг Plttеfn is сOпsistеnt rr'ith a сhrorriс injuЦ. to thс stгxight distal
sеsamoidеan liЕ]amеl]t Thе dееp djЕ]itztl tlеxoI tеnсiол is paltrrar to tlrе stfaig]]t distxl sеsan,]Oiсiеaп liЕ]:rпепt

B,lmmеdiatеl'vpгoхirnaltothеirtеaofс1istalsеs.rmOidеar]liЕ.amеntdеsmitisthеrеisanагеaofbсlnt'prolitЪratiorrfгсlmllrе
ofthеffstphalalrх(LlrrОLL's)thxt:tppеaгstobсiпlpiпgingontlrеstraightсlistxlsсsamoiс]еanliЕ.апrеnt
this сhгoniс iniLlП
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Figurе 3-1 24
sagittal sоnogfams of с|еsmitis of thе stfaight dist:r] sеsanroidеan liga-
mсnt (SDSL) iп thс lсf1 hirrd lеg. tlblairrес| frоm a 2-Yеaг-сlld Thсlгough
brес| соlt Notiсе thе еllthеSoph)tе tbгmation at its insеrtion onto thе
proхiпal pottiоn of thе sесonсl pl.ralaлx (I,2) Thе bоrry surfeсе есho
сlf prохimal P2 is iггеg.ulaг With a largе l),tiс lеSiofl kп"rou') dеtссtеd
aloпg thе plantar mxfgin Thе SDSL is rrrilсil1' еnlargеd aпсl difftlsеlr,
h1,poесhoiс anс1 has lost somс оf its normal Iibег 1lattеrn Thеsе sono-
gгan]s Wеfе Obtainсd in ZOnе Р2 with a 7 5-MHz sесtoг-sсannег tгans-

drrсег сontainiпg :r ЬLlilt-in f]Lliсl сlftЪеt at a сlisplaуеd dеpth оt 6 сm
Thе figlrt siсlе of thе imagе ]is 1lrохim;d 'lnd 

thе lеft siс1е is distal Pl,
Iiгst phalxпх

joints, rеspесtivеly. Injuq. 19 thе intеrsеsamoidеan liga-
mеnts doеs oссasionall-Y oссLlr, Oftеn With sеsamoiditis
of thе aсljaсеnt arеas in thс sеsamoid bсlnеs (Fig. 3-125).
Caгеftll еxamination of this aгra shollld bе pегformеd as
paft of thе folltinе еvalllation of thr palmaf mеtaсafpal
oг pIanteГ mеtatаГsJl rе8,ions.
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Annular Ligamеnt Dеsmitis. Anntrlar ligamеnt dеs-
mitis assoсiatеd with fеtloсk annulaf ligamеnt сonstfiс.
tion is сommon in horsеs. brrt it usually oссLrгs in
сonjunсtion with digital shrath tеnosynovitis. Annular
ligamеnt dеSmitis is raгеly pfimary, with loсal swrlling,
hеat, and sеnsitivity pfеsеnt in thе annular ligamеnt only
in thе absеnсе of digital shеath involvеmеnt. Annular
ligamеnt dеsmitis of thе fеtloсk annular ligamеnt lras
геstlltеd in signiIrсant lamеnеss whеn oссLlfгing pfimar-
il1,, with mafkеd сliniсal signs of loсal inflammation. Pri
maцz n''''.''"г ligamеnt dеsmitis is assoсiatеd with шarkеd
thiсkеning of thе annulaf ligamеnt and anесhoiс oг hypo-
есhoiс afеas within thе annular ligamеnt (Fig. 3_126).
Morе qpiсally, fеtloсk annulaf ligamеnt dеsmitis is сon-
сLrгfеnt With digital shеath tеnosynovitis (Fig. 3_\271.'9
lзt r]2 A long history of сhroniс digital shrlrth trnosynovi
tis and сhfoniс thiсkеning of thе anntrlaг ligamеnt/digital
shеath is сommon in affесtеd lrorsеs.

Four diffеrеflt s1lnd1o.еs of еquinе fеtloсk annrrlaг
ligamеnt сonstfiсtion havе bееn dеsсгibеd .with trsе of
ultrasonography..,0 Tуpе-1 fеtloсk annular ligamеnt сon-
stfiсtion is thе most сommon. It is сhafaсtеrizеd by thiсk-
еning and distеntion of thе digital slrеath in сonjunсtion
witlr tlriсkеning of thе annrtlar ligamеnt (Fig. 3-128).'9,60
Affесtеd hсlrsеs had noгmal flехor tеndons and a noгmal
гatio of thе thiсknеss of thе strpеrliсial digital flехor
tеndon to thzrt of thе dееp digital flехor tеndon (SDFT/
DDFT ratio) of 0.4 to 0.6.(.() A prominеnt notсh .was

usrrallу pfеsеnt in thеsе lrorsеs at thе proхimal-most ех-
tеnt of tlrе fеtloсk anntilar liganrеnt. bесausе of distеntion
of thе digital shеath proхimally.

Tуpе-2 fеtloсk anntilaг liganrеnt dеsmitis is сharaсtеr-
izеd bу distеntion and thiсkеning of thе digital shеath

Figure 3-125
SoЛoЕ.гams оf dеsmitls Of thе intеfsеsamoidеan ligamеtrts and а lYtiс
lеsion eltlng thс aхial bordеr of thе latеral proхimаl sсsamoid bonе in
thе lеft hind lеЕ]' соnsistепt $lith Ostеom)'еlitis obtrinеd fгtlm arr 8-1.еaг-

olсl TlroгoughЬтеd maте Notiсс thе largе lvtiс ]еsion in tlrе aхiаl bordет
сlf thс latеral sеsamoid b()|е (lэОrizoпtаl аrroш) in thе tгansvегsс Yiеw
aф imаge), wlriсlr is also iIпagеd as a l1'tiс с|еfесt (diаgслtаl аrroul)
in thr sagittal Уiеw (right iп1.l8е) No|iСе also thе thiсkелесl hеtеrogе.
Леolls 

'lpреaranсе 
сlf thс intегsеsamсlidеаn ligamеnt Tl.tеsе sonograms

wеге otltainес1 in thе distal mеtаtafsal rеgiсln iп zonе 1С at 45 сm distal
to thе poil]t of tlrс hoсk witlr а 7 5-NIHz sесtor-sсannеI tгansduсеr
сOntaiпing a bllilt-iп fluid ol1Ъеt at a displa.Yеd dеPth of 6 сm Thе гight
sidе Of thе trans\.егSе imagс is latепtl and lеtt sidе is mесlial Тhе гight
siсiе of tlrе sagittxl lmagс js pfoхimxl and thе lеtt sidе is distal

Figurе 3-126
Sonсlgг:rms of xп xсLltе anrrular ligarrrеnt (AL) dеsmitis iп thе lеft forеlеg'
obtainеd fгоm a 1O-уеaf-old Tlroroughbrесl gеlding Notiсе thе maгkеd
tlriсkеnin!} oг thе f.еtloсk aпnr-rlаг JiЕianrеnt an(l thе arrесlroiс loсulatеd
flrrid within thе ссntеf of thе annrrlаг ligamеnt in ZOnс 3(, at Jl сm
distal tO tl.rе pсlillt of thе aссеssoп- сaгpal bonе No s()Лographiс еvi.
dеnсе of digital shеаth (Тs) in\,olvеmепt схists Thе srtрегfiсial (SDF)
and dееp digital llеxоr tеndоns (DDF) aгс noгIпal Thеsе sonо!.гams
\\.еrе obtаinес1 with a 7 

'-MHZ 
sссtoг-sсannеr tfxnsdllсег сOntainillЕ] a

brtitt-iп fluid offsеt at a disp|a1'есl с1еptlr сlf 6 сm .Ihе light sidе of thе
tгaлsvеfsе Y1еw (lеft i'nаge) is latеral anс| thе lеlt sidе is mесlial Thе
гight sidе Of tlrс sagittxl viеп,- (rцiэl it11аgе) is proхirrral aлсl thе lеft
sidе is dista]
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Figure 3-127
Sonograms of дn anrrular ligamеnt сlеsmitis оf thе fсt]сlсk :rппular liga-
mеnt in thе lеft tbrсlеg, obtainеd f}om a lO-vеaг-сlld Thororrgh|lrеd
gеlding Notiсе thе thiсkеning of thе fеt]Oсk anntilar ligarrrеrrt anсl tlrе
foсal с1есrеasе in есhogеniсiq' of thе апntllar ljg'rmеnt along thе midlinе
(thill аrrt/tus) Thе digital flехor tепdоп shеath alsсl appе:lгs slightl1,
thiсkеnесl arrd is moге есhogеniс thaп noпrrxl (lаrge аrrouls). Тhе
supегIiсial and сlееp digital flехoг tеnсlсlns appеaг nогmal Tlrеsе sono-
gfams wеrе obtainеd in zoflе 3с at 3() сm dist1ll to thе point of
thе aссеssola. сaцlal bсlnе With a Widе-baпdwidth 7 5-МHz linеaг-aггe1-
tfansсluсег Opегating fi t- 5-МHz using a hand-hеld standoff pad at a
displayеd dеpth of 5 сm Thе tbсal zonеs аге positionеd iп thе nеaг
Iiеld Thе гight sidе of thе tгаnsvегsе \,iеw (le'ft illt'аge) is latеIal and
thе lеft sidе is rrrеdial Thе fight sidе of tlrе saЕ.ittal \,iеW (rigbt itl1аgе)
is oгoхimal alrd t]-tс lеft sjdе is distal

Fiqurе 3-128
Sonograms of a digital shеath tеnosyпсlvitis anсl annular ligamеnt dеsmi
tis in thе right hindlimb' obtairrеd fiom a 17--vеar-old Arаbiаn stallion
NOtiсс thе tlriсkспеd aпntllar ligаlтеIlt аnd рlantaг-most portioл of thе
digital shеath Tlrеir сombiпесl thiсknеss is 0 66 to 0 67 сrrr xt 43 сnr
сlistal to thе point оf thе hoсk A slrrall аn]ount of fluiс1 and somе
\poесlroiс fibrin :rnсl loсltlatiоns aге dеtесtеd witlriп thе сligit'tl shеath
from 30-45 сm distal to thе point сlf thе hoсk Thе strpегIiсial (SDF)
and dееp digital flехor (DDF) tеndons aге llorntal Tlrе hypсlесlroiс
aгеas dсtесtсd in both thс SDF and DDF aге агtif:rсtrrаI alld afе not
imagеd iп thе s.lgittal viеw (right iтnа.чe) T|].еsе sonogIaпrs Wеге
obtainеd irr zorrе .lС With a wiсlе-baпсlwidth 7 5-MHz liпеaг.affaу trafls-
duсеr opегating at 7 5-MнZ rrsing a hanсl-hеld stаndoff paсl at a с1ispla1.еd
dеpth of 5 сm Thе lbсal zonеs lге positionеd in thе nеaт 1iеld. Tlrе
гight sidе ofthе tгans\.еfsе viеw.lФ illlаgе) is latеfal and thе lеft sidе
is mеdial Thе light siс1е of thе sag-ittal viеw iS proхimal and thе lеft
sidе is distal

and minimal nonspесiflс soft tissuе thiсkеning proximal
to thе annlrlaf ligamеnt, making thе palmaг oг plantar
notсh proхimal to thе annular ligamеnt lеss оbviotrs (Fig.
з-|29).o,'In thеsе horsеs, thе flехoг tеndons wеrе nof-
mal, With an SDFT/DDFT гatio of 0.6. Thе anntllar liga-
mеnt was not thiсkеnеd.6()

Typ.-3 fеtloсk annular ligamеnt сonstfiсtion involvеs
abnomalitiеs in thе sllpеrliсial digital flеxof tеndon in
сon'unсtion with thiсkеning of thе аnnlilaг ligamеnt (Fig.
3-130).60 Digital shеath distеntion may or ma1l no. o.
pfеsеnt. Thе lеsions in thе supеfliсial digital flехor tеn-
don vary from distinсt h1poесhoiс lеsions most promi
nеnt immеdiatеl1, 46.'"1 to thе annular ligamеnt to irfеgu-
lar hypoесhoiс afеas ехtеnding fгom pгoхimal to thе
thiсkеnеd annular ligamеnt into thе mid-mеtaсafpal fе-
gion. Tlrе SDFT/DDFT ratio in thе thrее affесtеd limbs
Was 1.4.60 Both fbгms of t1pеJ f.еtloсk annulaf ligamеnt
сonstriсtion lravе a notсh dеtесtеd at thе anntrlar liga-
mеnt. Thе notсh is assoсiatесl witlr еithеr thе digital
shеath еf.fllsion сausin€. thе bulgе proхimal to thе annlllaf
ligamеnt of thе tеndon itsеlf bulging OLlt in a palmaf or
plantaf dirесtion proximal to thе :lnnlllar ligamеnt. Thе
lattеr Iinding is сommon in thosе horsеs with supеrflсial
digital flехor tеndinitis ехtеnding Llp into thе mid-mеta-
сafpal fеgion.

Tуpе-l fеtloсk annttlar ligamеnt dсsmitis is thе lеast
сommon. In thеsс horsеs. thе сonstriсtion rеsr-ilts from a
thiсk layеr of есhoiс subсutanеolls tissllе сovеring thе
palmar aspссt of thе distеndесl digital shеath, ехtеnding
proхimally bеyond thе pгoхimal limit of thе digital
shеath. Thе flехoг tеndons afе normal (SDFT/DDFT ratio'
0.6). T1rе thiсk la1.еr of sllbсLltanеous tisstlеs pfеvеnts thе

Figure 3-1 29
Sonograms of a digital shеath tеnos)-пo\.itis wlth a rrormal aпnrtlаr
ligamеnt irr tlrс lеlt foгеlеg obtаinсd iiom а 7).еarold I,into gсldiog
Notiсе thе laгgе atrесhoiс to hypсlесhoiс еfftlsion in thс diЕ]ital shеath
(.lrrоrus) o\.еf thе palmar aspесt оf thе stlpеrfiсiаl digital flехOг tеndoп,
with а thin normall1. есhogсrriс anntLlar ligarrrеnt (lаr{.е аrrОur) T|lеsе
soпOgгaЛls wсге сlbtaiпеd:rt 2t] сn] (listal to tlrе point of thе aссеssсlry
сaгpal bonе iп zonе 38 with a 7 5-NIHz sесtсlг-sсаl]nсг tгa|lsduсе1. сOn-
taining a btlilЕin fluid o11.sеt at a displayеd dеptl] of 5 сm Tlrе stlpегliсial
digital flеxоr tсn(loll (SDF) was norm:rl in sizе bllt was Slightl)' h).po.
есlroiс fгсlm lo to 23 сm distal to thс l)oint оf t[]с aссеssoЦ' сarp:ll
bonе, сonsistеnt With a mild supег1iсial digital flехOг tеndinitis тhе
гight sidе of tlrе transvеrsе уlеw (left iшаge) is l;ttегal aпd tlrе lеft sidе
is mесlia] Тhе гight siсlе оf thе s'tЕ]ittal l.iеW ('right imа,gе) is pгохim:l|
aпd thе lеft siсlе is сiistal
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Figure 3-130
Sоnogrxm of a sеr.еrе annt-llar lig:rmеnt dеsmitis with a laгgс latегx|

lеsion in thе stlpсrfiсial сligital flехoг tсndoп (sl)F) of thе lеft fогеlеg
оf an 8-1'еaг-<>lсl Thсlгorrglrbгеd gеlding Noriсе thс tlraгkесl]r еliaгgеd
hrpоесl.tсliс arrnttlaг liganrеnt thаt iS dil1iсrrlt to distinguiЬh \ср.tг.ttс]\

ttom thе digitаl shеath (TS), ц4riсl.r mсlsuгеs at lеast l. z3 Cш thiсk A
laгgе aпесhoiс split ill thе latегal portioп of thе SDIr (ап.otс) геsu]ts in
а' 1lalmа,r rnd latеral bulging oI thе sDI. at tl]is sitе tl]аt is il.L5kеd ttuп
рalpatiorr bv thе sеl'еге thiсkсr]ing of tlrе annrt[aг ligапlсI]t Тhis SDЕ
tеndiпitis u,as iпagеd from 18 to э4 сm distxl to thе P.)ir]t Of thе

'rссеssory- 
сlгpal bonе Тhis sorrogгаm п-as obteit-tесl at .]() спl (Z()I1е

3С) with a1 5-МHz sесtoI-sсitпnеf transdtlсег сontaining ] built.irl flLrid

offsеt at a с1isplavесl dеptlr of 6 сrrr Тhс гiglrt siсlе of thс ггansrегsе
r.iеп. is latегal апс1 tlrе lеft siсlе is nrсdial

foгmation of a notсlr at thе lеvеl of thе t.еtloсk annulaг
ligamеnt, pfеvеntinЕ] thе bulging of thе digital slrеetlr.
Although no lеsions of thе dееp digital flехoг tеndon
wеrе fеpoftеd in thе study сhafaсtеriziпg thе п-pеs сlf
annLllaf ligamеnt сonstfiсtion, two horsrs in anotlrег
studу haсl dееp digital flехсlr tеnсlinitis and annulaг liga-
mеnt dеsmitis. In both horsеs this was sесondaг\ tO a

sеptiс digital shеath tеnos'vnovitis.
Sonographiс lindings in horsеs with annlllaf ligamеnt

dеsmitis inсltrсlе a markеd thiсkеning of thе anntrlar ligir-
mеnt with a dесrеasе in thе есhogеniсity of thе annlllar
ligamеnt and maгkеd pеriligamеntous swеlling. Palmar oг
plantaг-to-сlorsal mеaslrfеmеnts of thе thiсknеss of thе
annlrlaf ligamеnt of 3 to 15 mm havе bееn fеportеd for
horsеs with annulaг ligamеnt dеsmitis.s9 Thе flbсг pattеГn
of thе annulaf ligamеnt is.also disruptеd (sее Figs. 3_126
and э_I27.) In hoгsеs with primary annular ligamеnt
dеsmitis, thе digital shеath is normal. In sеvеral hoгsеs
with primary annlllaf ligamеnt dеsmitis, digital slrеаth
tеnosynovitis dеvеlopеd within 4 to 8 Wееks aftеr thе
сlгiginal injtrц, 19 thе annulaг ligamеrrt. In most hoгsеs,
annlrlaf ligamеnt dеsmitis dеvеlops simultanеousl1, with
digital shеath tеnosynovitis (Fig. 3-131). As thе aсutе
annulaf ligamеnt dеsmitis fеsolvеs, thе lrypoесhoiс to
anесhoiс thiсkеning of thе ligamеnt is rеplaсеd by a morе
есhogеniс thiсkеning. сonsistеnt with сhfoniс annulaг
ligamеnt dеsmitis.

Dеsmitis of thе proхimal digital anntrlaг liganrеnt oг
сonstriсtion of thе pгoхimal digital annular ligamеnt has
bееn rеportеd infiеquеntly.59 69 Affесtеd horsеs w.еrе
сhroniсally lamе (modегatе to sеvеrе lamеnеss). Thс
lamеnеss did not impгtlvе With rеst and worsеnеd with
ехеrсisе. Thе lamсnеss did not rеspond to a palmar
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сligital nеrwе bloсk in thе distal pastеrn rеgion, but did
improvе markеdly with еithег a basе sеsamoid bloсk or
intгasynovial anеsthеsia of thе digital shеath. Distеntio11
of thс palmar pouсh of thе digital shеath was prеsеnt in
еaсh hоrsе, in addition to subtlе digital shеath distеntion
prсlхimal to thе fеtloсk annulaг ligamеnt. Мarkеd thiсk-
еning of thе proхimal digital annular ligamеnt and skin,
with distеntion of thе digital shеath, was pгеsеnt in all
horsеs. Thе сombinеd struсtr'rгеs mеasuгеd 4 to 5 mm in
tlriсknеss with onl1, onе horsе having synovial prolifегa-
tion visiblе within thе digital shеath..,9

Injr.rriеs to thе supегliсial digital flеxof tеndon havе
lrlso bееn rеpoгtеd in horsеs with сonstriсtion of thе
proхimal palmar annulaг ligamеnt (Fig. 3-132).59 Proxi-
mal palmar lrnnular ligamеnt сonstfiсtion maY oссuf as a

sес1uеl to sеptiс tеnosynovitis of thе digital shеath.59

Supеrior Chесk Ligamеnt Dеsmitis. Injuriеs to thе
supеrioг сhесk ligamеnt havе bееn in1iеqllеntl1, 19-

poftсd.']' 86 rJ3 with thе advеnt of diagnostiс ultrasonogra-
ph),, morе injuriеs to thе supеrioг сhесk ligamеnt (in-

сrеasеd sizе, abnormal shapе, dесгеasеd есhogеniсity,
arrd arеas of Iibеr tеaring) may bе diаgnosеd (Fig. 3-133).
Injr'rriеs to thе supеrior сhесk ligamеnt .wеrе rеpottеd in
з2|.)/; of 1rorsеs in whiсh an ttltrasounсl ехamination of thс
сaгpal саnal rr,.as pеrfoгnrеd bесausе of flndings during
laпеrrеss ехanrination or diagnostiс nеrvе bloсks'-3 Thе
ir-r;trп rr as pгirnarilr- diegnosеd in high-pеrfofmanсе
1rorsеs; tlrе majoriп- \\'еге гaсеhoгsеs oг spoft hoгsеs
Thiсkеnirrg of thе supегioг сhесk liganrеnt, dесrеasеd
есlrogеniсitr., and altегetion of thе nornral flbеr pattеrn
п,еrе founс] in tlrеsе horsеs and in a pгеviotts Stud1l'sь

Inillry to thе sttpеrior сhесk liganrеnt Was aссompaniеd
b'v injuц. tO onе oг moге stflrсtllfеs in thе сarpal сanal.
Thе assoсiatеd сarpal сanal iniuriеs inсltrdеd еfftlsion

Figure 3-131
Sonoliгаm of an aсutе anпuhг liganrеnt dеsmitis aпсl digital shеath
tепos}.пovitis iп thе right hirrсllimll' obtaiлсd ttorrr a .i-vе:lг-old Tlror.
ouglrbгесl gеldiпg at 42 сm distal to thе point оf tlrе hсlсk (Zonе .iB)

NOtiсе tlrе markеd tlriсkеning of tlrеsе stfuсturеS соlrrbinеd (l .18 сm)
aпd tlrе h1poесhoiс aгеas Withiп tlrе lnnulaг ligamсnt (most pl1rnt1lг-

blасk аrron^) and thе (ligitа! shеatlr (mсlгс dofsa|-bl.lсk аrron^) |11 Zo|1е

4с A small ltnесhoiс еtftrsion is also ргеsеnt \\,.ithin thе digitxl shеath
Q,оtэite аrrоu'l) This sonogг;rп Was оbtainеd with l Widе-baпdwiсlth
7 5-МHz' linеar-aгrау trarrsduсег opсfat-ing |i 7 5 I{IJ7' using a l.rand-hеld

standoff pad at :i displavеd dеpth of 5 сm Tl.tе fсlс:rl zоnеs arс POsi.
tioлеd in thе nеar trеld Thе right sidс сlf thе trarrsvегsс viец, is lxtеfal
anсl tlrе lеft sidе is mеdial
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Figurе 3-1 32
Sonogram of a dеsmitis iпvoh.ing thе proхimal digital atrnul:rr ligamсnt,
Obtainеd from a 5-1'еar-оld Standardbгсd stalliоn with сonсuггеnt slrpеr-
Iiсial digital tlехor tеndinitis arrd srtspеnsoц'ligаmеnt dеsrПitis in thе lеft
foгеlеg Notiсе thе thiсkеnjnЕ] оf thе pгсlхiпa| diЕ]ital anllllar ligamепt
(аlтlltus), thе anссhoiс lluiсl сOntxining h1poесlrсliс jiЬIiп withiп thе
digital shеath. and tl.rе сlistеntion of tlrс сligital shеath distal to thе
pгoхimal digit.tl lшnl.llaf ligamеnt iп Zollе P2 This sonoЕ.fam was ob-
tainеd with a widе-baпсlwidth 7 5-MнZ lirrеaг-aггav tгansdtlсег Opегxting
at 7 5 MHZ using :L hand-l.rеlсl standotТ paсl at a сlisplayеd dеptlr of .{

сm Thе fсlсal zonеs aгс positiotrеd in thе rrеar fiеld Тhе гiЕ]ht sidс of
thr sagittxl viеw is pгoхima] and thе lеft sidC is distal

Within thе сarpal shеath, tеndinitis of thе sllpеf1iсial
digital tlехor tеndon (sее Fig. 3-133)' distеntion or thiсk-
еning of thе геtinaсultrm flехortrm, tеnсlsynovitis of thе
flехor сaгpi fadialis tеndon shеath, or proхimal thifd
intеrossеous mllsсlе (sllspеnsory ligamеnt) injuц.. Horsеs
with сarpal shеath tеnos'vnovitis or pfoхimal tеndinitis of
thе supеrlrсial digital flехor tеndon, of thosе that ..bloсk

out'' in thе proхimal nrеtaсarpal rсgion without having

loсal гadiographiс of Llltfasonographiс abnofmalitiеs
should bе еvaluatеd tbr injurry to thе sllpеriof сhесk
ligamеnt.

Biсipital Tеndinitis. Horsеs with biсipital tеndinitis
usually havе lamеnеss that vafiеs in sеvеfity but is сharaс-
tеtizеd b1. a shortеnеd antеfior phasе of thе stridе. tlypo-
есhoiс to anесhoiс arеas imaЕ]еd Within tlrе tеndon and
loss of thе noгmal flbеr pattеrn havе bееn diagnosеd
sonographiсally in sеvеral horsеs with tеndinitis of thе
biсipital tеnсlon 7() a4 aa' .a., Biсipital tеndinitis is usually
sееn in сonjunсtion with biсipital bursitis and is сovеrеd
in dеtail in that sесtion.

Ехtеnsor Tеndon Injuriеs. Еxtеnsof tеndon injuгiеs
oссur inffеqllеntl-Y in horsеs and aге Llsually tf1llrma-rr-
latеd rathег than pеrfoгmanсе-fсlatеd. Tеn<lsvnovitis of
thе ехtеnsor tеndon slrеaths is muсh пlofе сommon than
injllry to thе ехtеnsor tеndons thеmsеlvеs. Injuriеs to thе
ехtеnsof tеndons in tlrе fсlгеlimbs arе most сommon ovеf
thе dorsal aspесt of tlrе сarptls. In thе hindlimb, thеy arе
most сommon ovеf thе dorsal aspесt of thе mеtatarsus.
Swеlling of thе affесtеd tеndon is thе most сommon
сliniсal sign, vrith loсal hеat and sеnsitivit1' oссrrrring
lеss fгеquеntly. Lamеnеss is unсommon rrnlеss ехtеnsor
tеndon fllptllге ltas oссurгеd. Ехtеnsof tеndon injuгiеs
rarеly limit funсtion unlеss tl.rе сntiге еxtеnsor tеndon
is sеvегеd. In thеsе instanсеs. tlrе horsе lras difIiсulty
advanсing thе limb dtlring thе antеfiof plrasе of tlrе
stridе.

Tеndinitis involving thе схtеnsoг tеndorrs apреаfs simi-
lar ultrasonographiсally to tl-rat inr,olr'ing thе flехor tеn-
dons. Мost frеquеntly, mild inсrеasеs in tеndon сross-
sесtioflal afеa 

^fе 
dеtесtеd. п,itl.r a dесrеasе in tеnсlon

есhogеniсity, fluiсl sеpaгation of linеaг есhoеs, and no
visiblе afеas of flbег tеirring (Fis. 3_134). Arеas of Irbеr
tеafing afе moге oftеn difftrsе (Еig. 3-135), sесondary to

Figure 3-133
Sonogгams сlf thе supегior сhесk ligaЛlепt and supеfIiсial digital flехоr tеndоn obtainеd fгсlm а l5-r.еar-сl]d ThorouglrЬтеd gеldirrg with a sеvеге
supеlhсial digital flеxoг tеndinitis anсl strpеrioг сhесk liЕ.amеnt dеsmitis in t]rе right Гorсlсg Thеsе sonograms wеrе сlbtainесl with a widе.balldwidth
6 o-MHz miсrосon\-ех linеaг-:rrгav tгansdllссr (А) ot l widе-baлdwidtlr 7 5-МHz liпеaг-aггa1' tгansdlrсег opеr.ating at 1() 0 мЕIZ rrsing a lrandlrеlсl
standoff p^d (B.) at 

'r 
displaYеd dеpth оf 6 сm (А) and j сm (B)

,1, Tг1lnsvегsе sollоgfams of thе fight forе supегioг сhесk ligamепt (lф imаgе) сonrparсd to thе noгmа] supсгirlг сhесk ligaпеnt it.t thе lсft
foгеlirnb Thе mеdial bсlгdег of thс srtpегioг сhесk liЕ.an]еnt is dеlinсatсd with tlrе аrгow Notlсе thе anесlroiс lеsioп oссup-ving most of thе сhесk
ligamеnt in its miсl boф wh,iсh was сontinuous With a ftlptuгеd supег1iсial digital flехoг tепdon at thе musсLllotепdinolls junсtiОn thаt схtеndеd
distallу into thе сагpal сanal aпс| into thе pгoximal mеtlcarpal геgion Thе гight sidе of thсsе sоno!.faпs is сfanial anсl thс lеft siсiс is саuсl:r]

B, Thе stlpег1iсial digital tlехсlг tеrrdon (аrrouls) is сomplеtеlу l.rypoесlroiс in thе tfansvеfsе (Iе.ft imаgе) lпсl saЕ.ittal vеiws With nO visiblе intaсt
fibегs iп thе sagittal viсw Thе hоfsе,s fеtloсk dгoppеd with wеight.bеaring duе to thе с()mрlеtе nrptuге сlf tl.rе srrpегliсial сligital 1]ех<lг tеrrdon
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Figure 3-134
S<lnogгatns of a milсt tеl]dinitis of tl]с latеIa-l diЕ.ital ехtепsor tеndon in
tt1е lеft forсlеg оbtaiпесi fгom an 8-vеaг-old'fhoгouglrbrеd сross gеldiлg
Nоtiсе thе milсl tlriсkеr.ring оf thе l1ttсгal digitll ехtсnsor tеndon
(.аrrou,'s), thе somеwhat hеtеIogеnеotls hl,p()есhoiс appе:tгanсе of thе
tепdon. and thе mild thiсkсning сlf thе srtr;:olrnсling tеndon shеath Thс
amount of slll)сtltar]сotls soft tissuе swеlling OYеr tl]r trndon is also
inсгсasссl 1.hеsе sсlпсlgгams wеfе obtairrес| R,ith x 7 5-мHz sесtor
sсanпеr tгansdrlсеr сOntai1ling a built-in fluid offsеt at a disрlaусd dеPth
of 6 сnr T1rе гight siсlе of thе tгlns\lеrsе уiе\, (lеft imаge) is latет't\

arrd thе lеft sidе is mес1ial Thе right sidе of tlrе Sagitt;ll viеW rrE,r
it11.|gе) is pгoximal and thе lеft sidе is (iistal

loсal trauma' fatlrеf than appеaring as a disсfеtе сorе
lеsion. Еffusions arе ottеn prеsеnt if thе arеa of thе
tеndon injurеd is соntainеd within a tеndon shеath (Fig.

3_136). Pеritеndinous sott tisstlе swеlling is oftеn mafkеd
bесausе loсal trauma is thе most сommon сausе of thеsе
injuriеs. сomplеtе fuptllгеs of thе ехtеnsof tеndons do
oссLlf' most сommonly in nеonatal foals. Laсеrations arе
a morе сommon сausе of еxtеnsof tеfldon disеasе; tlrе
sеvrгit). of disеasе dеpеnds on thе ехtеnt of thе oгiginal
laсеration. Hеaling of ехtеnsof tеndon injuriеs should

С|эаptеr 3 . Musculoskelet(|I Iлtrаsoпogrаplэу 12a

Figute 3-136
Sonograms of a пrodегаtе latегal сllgitаl сх1еnsоf (LDЕ) tеn(tinitis in thс
lеft forеlеg, оbtainеd from a 10-1'еar-olс1 Appаloosa gеlding With an
assoсiatеd tеnosYno\,itis ofthе ехtеnsoг tеndorr shеath Thе LDЕ tеndoп
is еnlargеd' hеtеrogеnеOlls' and h1.pоссlroiс and has somе disгuption
of its norrrrel linеar libег pattегn Thе lггows poin1 to a noппal s),novial
геflесtion (attaсhmеnt сlf thс tсnс1on to its shеxth), :rltl-touglr tlis ltttaсh-
mеnt is thiсkег and trrorе l.tvpсlесhoiс than rrorпral Тhе сffitsiorr is
aпесlroiс but fib;:irrotls; arrroгplrous h),poесlroiс stгLrсtuIеs аге imagеd
in thе tгansYеrsе viеW. геprсsеnting libгiл СIots (аrrou|s) Tlrеsе sono-
gгаms wеге obtainеd with a 7 5-MHz sесtor-sсalnеI tгansduсеf сon-
taining a bllilt-in fluid offsеt аt а displa1еd dеptlr rlf 6 сm Thе riglrt
sidе сlf tlrе tг1lnsvеfsе viеw (/ef iпIаgе) is latеral and 1lrе lеft sidе is
mесlial Тhе Iiglrt sidе of thе saЕ.ittal liеsv (right iпаgе) is prсlхimal
aпсl tIrе lеft sidе is distal

follow a similar sonographiс
tеndon iniuгiеs.

pattеfn to that Of flеxof

Supеrfiсial Digital Flехor Tеndon in thе Сrus.
Injtrriеs to thе supеrflсial digital flехoг tеndon aге гaге in
this portion of thе hindlimb. Thеy oссuг most frес1uеntly
with tгauma to thе сrlrs. Атеas of Iibег disrttption сan tlе
imagеd in thс supеrflсial digital flехof tеndon in thе сгLls
(Fig. 3.137), with oг without injuriеs to thе 8astfoс11е-

Figure 3-135
sonogfxms of a sеvеrе tеndinitis in thе long digital ехtепsoг tеndon (LDЕ) in thе |еft l-rindlеg. obtaiпеd ttom a 3-1,еar<llс1 ТhoгоLlghbгеd gеldiпg in
thе Pгoхimal пеtatxrsal гсЕ]ion Thеsе sgnoЕ]fams wеrе сlЬtaillсd witlr а widе.bandц,idttr 1 5-NIHz linеaг-arra1. tflflsduсеr OpсгatinЕi at 7 5 Mн7 with
a hlrrrсi-hе]сl staлdo1Т paсi xt a сlisplal'еd dеptl.r of 4 сm .I.1rе foсal zоnеs aге positionесl in thе nеxг fiеld Tl.rе right sidе of thе tгaлsvеrsе r.iеws (iф
imаgеs) is latега| aпсl thе lеtt sidе is mеr1ial Tlrе гiЕ.ht sidе of thе sagittal viеп-s (riglэt i111.1,gеs) is proхiл1al and thе lеft siсlе is сlistal

/.l. No1iсе tlrе пrагkесl еnlaгgеmелt of tlrе LDЕ, thс 1аrgе lrvpсlесlrоiс lеsion' and thе сomplеtе loss оf an1,fibеrs in thе arеa oГ thс lеsion
B' Thс arеa of Iibеr disгlrption inr.olvесl 62 6% of thе I-DЕ at t]ris lеvеl (0 67 сm,/l 07 сm,) and distаllу involvеd thе еntifе сгoss-sесtiona] rrеa Oг

fl1е tеa(lon
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Figure 3-137
Sonсlgrams of all aгеa of 1ibеr disftlption in thе IПеdial polтion or thе
supегliсial digital tlехor tсndon (s])F) in thе distal 2ispесt of thе сnls
nеar thе poirrt of thе hсlсk in thе lеft lrirrd Jеg. obt:rinеd tгorr.r a 12-1.еaг-
old Standardbгес| gеldirrg NOtiсе thе Iагgе hvpсlесlrсliс соrе lеsion
фorizсlll'tаl аrrоtu) in thе mеdial aspесt of thе sDF in thе tfans\,еrsе
viеw (lеJt irпаgе) a'лс1, thе сotтplеtе |сlss сlf rrormal hbегs in this ге€]ioл
(|]еrtiСаl аrrott's) iп thе sxgittаl viеs*, (right itпаge) Thеsе soпogгams
wеrе сlbtaiпеd With a ] i-NlHz sесtoг sсannег tгaпSdllсеf сontaining a
built-in t]tlid offsеt аt a displа1,сd сlеpth оf 6 сm Thс гight sidс of thе
tгansvегsе imagе is latегal arrd thе lеti sidе is mесlial Thе гight sidе сlf
thе sxgittal imagе is pгoхimal and thе lеft sidе is distal

mills tеndon. Rupturr of thе sllpеffiсial digital flехor
tеndon from its attaсhmеnt to thе tllbеf сalсis With latеral
luхation of thе tеndon oссufs infrеquеntly btrt has bееn
сonflгmесl sonogгaphiсally.

Gastroсnеmius Tеndinitis. Gastfoсnеmius tеndinitis
oссufs infrеquеntl1, in all qpсs of pеffofmanсе hofsеs.
Cliniсal signs inсludе swеlling in thе distal asprсt of thе
сrus, loсal hеat and sеnsitivity, and lamеnеss. A сappеd.
hoсk appеaranсе may also bе prеsеnt in somе horsеs.6,,

Thе larrrеnеss may ran€]е from mild to sеvеrе and сonsists
of a shortеnеd сfanial phasе of thе stridе and a lowеrеd
arс of foot flight.6a In somе affесtеd horsеs, a геdllсеd
duгation of wеight bеaring in thе сalldal plrasе of thе
stгidе is also pfеsеnt. Somе affесtеd horsеs aге fеlllсtant
to plaсе thе hееl of thс foot on thе gгound whеn walk-
ing. Lаmеnеss is aссеntlratеd by flеxion of thе limb and
improvеs with pеfinеufal analgеsia of thе tibial and flbll-
lar nегvеs of thе tibial nеrwе alonе.61 Similar lindings
havе bееn rеportеd in hсlrsеs with соmmon сalсanеal
tеndinitis.('5

Sonographiс flndings inсltrdе еnlafgеmеnt of thе сfoss-
sесtional aгеa of thе gastгoсnrmills tеndon, h1poесhoiс
to anесhoiс arеas within thе gastfoсnеmius tеndon, and
loss of noгmal fibеr alignmеnt (Fig. 3-138). Diffusе arеas
of Iibеr сlamagе har'е bееn dеtесtеd in affесtеd horsеs
morе frеquеntl). than lravе foсal afеas of inillry to thе
gastfoсnеmius tеndon (Fig. 3-139) In sеvегal horsеs,
thе margins of thе Е.astfoсnеlnitrs tеndon wеrr poofly
dеflnеd.6a In onе hoгsе. a сonсLlffеnt foсal dесrеasе in
есhogеniсit1, in thе sllpегlrсial digital t]ехor tеndon was
dеtесtеd immесliatеl,v distal tсl thе tafsus. In thе majority
of horsеs, howеvег, gastroсnrmius tеndinitis oссuгs with-
OLtt сOnсLlffеnt tеndinous Oг liЕ.imеntous injury. T1rе ul-
trasоnographiс diagnosis of tеndinitis of thе еquinе сom-
mon сalсanеal tеndon has also bееn геpсrгtеd.6' Сalсanеal
bursitis ma)r bе сo11сLlrfеnt п'itlr gastroсnеmius tеndinitis
(sее Figs. 3_138 and 3-139) and hils bееn сloсrrmеntеd
sonogгaphiсally irr sеvеral lroгsеs.(,, 68 Rupturе Of thе gas-
tfoсnеmills tеndon, altlrorrglr not геpoгtеd sonographi
сally, has bееn rеportеd in lroгsеs anсl shorrld bе еasil1,
doсumеntеd ultrasonograplriсallr'.lJt Ruptuге of thе gas-
troсnеmius musсlе has bееn fерoftеd in sеvегal foals
with no rеport of сonсurfеnt gastfoсnеmius tеnсlinitis.l]5

In httmans, trltrasonogгaplr1' has bееn rrsеd sllссеssftllly
to doсLlmеnt сOmplеtе and paпial ruptllfе of thе Aсhillеs

Figure 3-138
Sonogгаmsofxgastfoсnеmitls(gastгoс)tспdinitis:lлdсalсanеаlbuгsitisinthегighthiпсl lеgobtainеdltomal-еaгlingАтabianссllt Tlrеsеsollogfxms
wеrе obtxinеd with a wiсlе-banсlwiсItl.t 6 O-МHz miсroсonvех linеar.arra1. tгansduсеf (А) aлd a widе-banс1rvidth 7 5-МHz linеaг arra1' tгansduсеr (B)
opеratinЕ] at l0 0 МHZ tlsing x lrand-hеld starrсloff p^d (B) аt a displayе(l dсpth сlf 4 Сm (А) aпd 5 сm (B) Тhе гiЕ.]rt sidе of thе tгaпsvегsе vjеss
(rigbt imаgеs) is latеfal (А) and crania| (B) anсl thе lеft sidе is mеdial (А) an<] сauс1al (B) Thе гight sidе сlf tlrе sxgittal viеws (lф iпlаgеs) is
pгoхimal and thе lеft sidе is distal.

,4, Thсrс aге sеvеral anесhoiс aгеas of fibег tеafinЕ. With loss of thе norma] fibеr alignшеnt imaЕ]еd wit]rin thе gastгoсnеmius tсl]don (аrroшs)
сonsistеnt With signiliсaпt gxstгoсnеmills tеndinitis Thе gаstгoсnеmius tсndon is еnlargеd Thе ovегlving srцlегliсial digital flсхсlг tеnсlon (SDFT) is
also milсllv еnlargеd, sliglrtl). h-vpoесhoiс, and has somе loss of thе noгmal fibеr рattегn, сonsistеnt witlr a mild stlpегIiсial digitll flехor tеndiп,itis

fl Thе сalсanеal buгsа is distеndеd along thе latегal aspесt of thе стus ar]сl сontxins laгgе amouпts оf h1.pоесhoiс htэriл (аrrошs)
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Figure 3-139
Sonogгams of а Е.astroсnеmills tсndiЛitis irr thе lеft lrindlinlh' ohtаinсd
fгonr aп S-уеar-сlld Quartсг hOrSе gеlсling. Notiсе thе еrrlargеmепt ot

tnе g NT)' its hеtегoЕlеnеotrs lr1'pсlесhoiс appеaf-

ltnсс sееn in thс tf'tпsvеrsе viеrф, and thс milсl

IiЬег аrrсlш) tmagес1 in thе sagittal viеw. Thе
аmollnt оf aпесhoiс flttiсL (smаIl аrrouls) iлlagеd ilr thе сalсanеal buгsa

is mildl1. inсгеasеd соnsistеnt witlr a сalсanеal bufsitis A lJIgег (luаntiг).

of fluid w:rs imagеd nrеdiаl and ]atегal tо thr GNT Thсsе sonogгams

wеге obtainеd with x widе-Ь.tndwi<jth i 5-\I11z li|lеar-ilгг:r\ tгlllrsduсег

Opеrating at l0.0 MHZ using a hand-hеld standoff 1l:rd at a displar.еd

dеpth оf 4 сm. Tl.rе гight sidе Of thе tгlrns\'егsе r-iеs' оеrt illltlgе) is

latеral аnd tlrе lеtt siсlс is mеdial. Thе fight siсlе of tlrе sagittal \.iе\\'

(right iпlаgе) is proхimаl arrсl thе lеft siсlе is distal

tеndon.lз(, lJ- A sеnsitiviq of o.94 and a spесiliсity of 1.00

with an ovеfall aссuraсy of 0.95 for ultrasonogгaphiс
сtiagnosis of Aсhillеs tеndinitis wеfе follnd in onе study
of htrmans with paгtial ruptlrfе of thе Aсhillеs tеndon.t]7
In this study, thе Lrltfasonogгaphiс flndings Wеfе сon-
flгmеd at sur8еry. In a fеw patiеnts, histopathologiс сon-
flrmation was also obtainеd fгom ехсisеd tеndon matеfial
obtainеd at sufgеry. Thе sonographiс findings сonsistеnt
with a diagnosis of paftial fuptufе of thе Aсhillеs tеndon
inсltrсlе<l disсontinuitу of tеndon fibегs, loсalizеd tеndon
swеlling, and tbсal sonoluсеnсiеs.r]6 ]з] Sonoluсеnt thiсk-
еning of thе pafatrnon was dеtесtеd in somе patiеnts at

thе lеvеl of thе paгtial rupturе. In this stlldy, bufsitis was
also frеquеntly found in patiеnts with paftial tеars of thе
distal portion of thе Aсhillеs tеndon. Ultrasonography
has also bееn usеd suссеssfully in humans to diffеfеntiatе
сomplеtе anсl patial fuptufе оf thе Aсhillеs tеfldon,
subaсhillеs bursitis, and pеfitеndinitis. r 3.,

As thе trndon hеals. its сfoss-sесtiona| atеa should
dесrеasе, thе есhogеniсity of thе lеsion should inсгеasе,
and thе Iibеr alignmrnt should improvе. Howеvеr, littlе
сhangе was rеpoftеd in thе ultrasonographiс appеaranсе
of gastfoсnеmius tеndinitis in follow-up ехaminаtions of
flvе affесtеd horsеs pеffofmеd 2 to 3 months aftеr thеir
initial sonogfaphiс ехaminations.6,1 Sonogгaphiс ехamina-
tion at a latеf datе would probably show improvеmеnt;
thе original afеas of irrjury in thrее of thеsе horsеs wеrе
sеvеrе' Sonogгaphiс еvidеnсе of tеndon hеaling was dе-

tесtеd in thе horsе мlith tеndinitis of thе сommon сalсa-

nеal tеndon.6s
Pеronеus Tеrtius Tеndinitis and Ruptufе. Pеfonеus

tеrtitrs tеndinitis and rшpturе of thе pегonrus tеltilrs tеn-

don oссur in all typеs of pеrformanсе horsеs. This injury
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геsults fгom hypеrflехion of thе hindlimb, stlсh as may
oссur if thе horsе gеts tгappеd in a bog and triеs to
propеl itsеlf out. Thе сliniсal signs of a fuptufе of thе
pеfonеLrs tеftius tеndon arе dramatiс. Thе affесtеd horsе
is ablе to flех thе stiflе and сxtеnd thе hoсk simultanе-
ously. Swеlling is сharaсtеristiсally dеtесtеd in thе pеro-

nеLrs tеrtius tеndon, most fгеquеntly ovеf thе mid-tibial
rеgion btrt also ovеr thе dorsal aspесt of thс hoсk. Loсal
hеat and sеnsitivity may also bе dеtесtеd whеn thе injury
is aсutе. Thе horsе's gait is abnormal.

Ultrasonographiсally, thе pеronеus tеftius tеndon has

an еnlargесl сfoss-sесtiona| area with dесrеasеd tеndon
есhogеniсity and sеpaгation of linеaг есhoеs whеn a

tеndinitis is prеsеnt (Fic. 3-140) with tеndon rllptuге.
Мoге сommonly, largе aгеas of thе pеronеus tегtius tеn.
don arе hypoесhoiс to anесhoiс and сomplеtеly laсking
in tеndon fibегs. сonsistеnt with сomplеtе rupturе (Fig.

з-14\)' Laгgе sеgmеnts of thе pеronеus tеrtius tеndon
arе oftеn damagеd. Pеritеndinous soft tissur swеlling is

also ustlally dеtесtеd aftеf thе aсutе injury. Thе mid-tibial
poгtion of thе pеfonеus tеftius tеndon is trsually thе afеa
of most sеvеfе iniury, but frrptuгеs nеaг of at thе insег-

tion (Fig. 3-1,42) or at thе origin, in сonjrrnсtion with
a\.ulsion fraсttlгеs (Fig. 3_143), do oссur A.r,rrlsion fraс-

turеs сan oссuг witholtt Signiliсant injury to thе pеronеus
tегtills tеndon. }{orе сommonl1., howеvеr, ar,,ulsion fraс-

tl'tfеs at thе origin of thе pеronеLls tегtitls tеndon arс
assoсiаtеd witlr a laгgе arеa of tеndon lrbеr disгttption'
bеginning at thе sitе of thе ar,rrlsion (sее Fig. 3_143).

In onе rеpoft of pегonеus tеfiius tеndon fuptllгс in thе
horsе, thе pеfonеLls tеrtius tеndon appеafеd markеdly
thinnсr than noгmal whеn sсannеd 3 montlrs aftеr
injury.('" Inсrеasеd есhogеniсify of thе adjaсеnt сranial
tibial and long digital ехtеnsof musсlеs was imagеd, сon-
sistеnt with musсular flbrosis. T1rе author of this fеport

Figure 3-140
Sсlnogтaпrs of a sеr.еге pегоnеlrs tсгtills tеndinitis \,-ith difftlsе trbег

iniury to thе еntirе сfoss-sесtional :tгеa of tlrе pсгоnеus tсrtius tеrrdoп

in thе right hinсllimb, obtaiлсd fгom a 4-усar-old Tсnrrеssее 
.Walkiпg

horsе gеlding Notiсе thе сnlaгgеd, h1.pоесhoiс pегol1еus tеlтius tеndon
and thе loss of thе nогmal 1ibег patIеrn (сtrОш's) Thеsе sonogгams
wеге obtainеd with a 7 5-MHz sесtоr.sсaппеr transdllссf сontainin!. a

bui|t-in llrlid offsеt at a сlisplayесt dеpth of 6 сm Thе гight sidе of thе
tгals\.еfsе Уiеw (right itпаgе) is latеral and tlrе lеtt sidе is mеdial Thе
гight sidе of thе saЕ]itt1r] viсw Qф imаgе) is proхinral аnd thе lеft sidе

is distal
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Figure 3-141
Sonograш of a гupttrесi pеronеus tегtius tепсlon in thе Iight hindlimb,
obtainеd fгom a 6-уеar-оld Thororrghbrес1 gеlding Notiсе thе fгес pгсlxi.
mal еrrd <rf thе pеronсus tегtius tеndoп (.l|.r(,LU) adjaссnt to x lalgе
aлесhoiс and h1.poесlroiс amorplrous stгLlсtlrге сonsistспt witlr a hеma-
toma This sonogгam Was obtainсd with a 7 5-МI.Iz sссtol.-sсannег tгans-
dllсег at a displa1-еd dсpth of 6 сrn Thе гiЕ]ht siсlе of t]ris sаgittal
sonograп is pгсlхitrral аnd thе lеft Sidс is distal

sug8еstесl that fесovеry fгom rupturе of thе pегonеus
tеrtius tеndofl may oссuf! not ffom геpaif of thе tеndon
itsеlf, but rathеr from hypеrtrophy of thе suffollnding
mllsсlеs..,8 This has not bееn thе сasе in my ехpеriеnсе.
Sonographiс fеpair of thе pеronеtrs tеГtilts tеndon oссurs
as in othеr tеndons, with thе 

^tеa 
of injury initially lilling

in with h1poесhoiс tissllе. This aгеa of libег injury thеn
gradr.rally bесomеs mofе есhogеniс and dеvеlops a ran-
dom flbеr pattеrn as thr rеpaiг progfеssеs. oссasionally,
hoгsеs lravе arеas of сalсifiсation dеtесtеd in thе pеro-
nеus tеrtilts tеndon that might prеdisposе this tеndon to
rеinjury Gis. 3_144). Laсеratiсln of thе pеfonеLls tеltills

Figure 3-142
Sonogг:rпrs ol a fuptllтеd pеronеLls tсгtitls (PT) tеrrdon nеar its insегtion
jn thе lеft lrilldlimb, оbtainеd tiom arr 1tj-vеar-old .-Гlroгotlglrbrеd сгоss
m1rе Notiсе thе arrесhсliс сoге lеsiоrr (аrroшs) in thе mеdial branсh
of thс pегonеus tегtius tеnсion as it схtеnds ovег thе dогsаl aspесt of
thе lrосk Thеsе sonograпls wеге obtainесl Б''itil a 7 5-MнZ Sесtof-
sсannеr transduссr. сontaininЕ] a btilЕirr fluid o1Тsеt at a сlisplavеd dеpth
of 6 сm Thе right siс1е of thе tlansvеfsе \.iеw (ri?bt imсlge) is \atеraj
and thе lеft Sidе is mеdial Thе right sidе of thе sagittal viеW .lФ
imаgе) |s pгoхimal and thе lеft sidс is distal.

Figure 3-'143
Sonogrаm o[ a ГL]ptllrеd l]егonеus tеltius tеndon аssoсiatеd ц.ith an
аr,rrlsion liaсtuге of thе OrigiП of thе pегсlnеus tеltius tеndon in t]rс ]сf1
hindlimb. obtainеd fгom ,.r 5.yеar-o|d Thсlгouglrbгсd gеldirrg Notiсе thе
laгgе h11:lеtесhoiс llсlrrе liagmеnt сlistгaсtсd сlistallY fгom thе distxl
fеmlг (lаrgе аrrol-s) and thе h1'poесlroiс tO xnесhоiс appеa;:arrсе оf
thе adjaсепt pегonеus tегtilrs tеndon. с()ruplеtеlv hсking in any лtlгtnal
fibеrs (smаll аrroш) Tltis so11ОЕ]г:1nl was obtainеd with a 7 5-l,1HZ
sесtoг-sс1lnnеf tгansduсег сontaiпing a bUi]t-in flrrid o11.sеt at x displa)'еd
с|еptl.r of 6 сm Thе гight sidе Of this sagittal sonogг1rm is p;:oхimal and
thе lеft sidс is distal

tсndon сan also oссuг with a leсеration ovеr thе dorsal
asресt of thе hoсk or thе dorsal aspесt of thе tibia

Tibialis Cranialis arrd сurrеan Tеndinitis. Tеndini
tis of thе сfanialis tibialis tеndon (Fig. 3-145) of thе
сunеan tеndon is unсommonl}, fесognizеd. Thеsе tеn-
dons arе subjесt to loсal tfeuma as thеy сross thе dorsal
aspесt of thе hoсk and laсег1ltions in this rеЕ.ion arе likеl1.
to rеsult in tеndon injury.

Plantar Ligamеnt Dеsmitis. With thе advеnt of ultra-
sonogfaphy, swеllings in thе сLlfb геgion, altlrсlrtgh dе-
Iinесl as plantaf ligamеnt сiеsrnitis, arе faгеly assoсiatеd
With damagе to tllе plantaf ligenlеnt. Dесrеasес1 есhoЕ.еn-
iсity of thе plantar ligamеnt and sеpafation of thе flbеf
bundlеs may bе imagеd in lroгsеs with plantar ligamеnt
dеsmitis (Fis. 3_146). Disсrеtе aгеas of lrbег irrir'rq' or
сofr lеsions rarеlY oссl'lf in thе plantar liganrеnt (Fig.
3_117).Injuriеs to thе supегliсial digital flехoг tеndon in
this rеgion aге thе most сommon tеndinous oг li8amеn-
tous сaLlSе foг swеlling alonЕ. thе plantaf aspесt of thе
hoсk (sее Figs. 3-(l1 and 3_70). Soft tissr'rе Swеlling, in
thе absеnсе of injury. to any of thе tеndinolts or ligamеn-
tous strtlсtltrеs, is also a сommon геason for swеlling
alоng thе plantaf aspесt of thе hoсk (Fig. 3_14в). СalсiIr-
сation of thе plantaf ligamеnt has bееn dеtесtеd sono-
graphiсally in onе horsе with a сhroniс plantar ligamеnt
dеsmitis (Fig. 3-I4D. Plantar liЕ.amеnt dеsmitis appеaгеd
as a small hypoесhoiс dеfесt in thе plantar ligamеnt of a
horsе w.ith sltbсutanеorrs thiсkеning сo11sistеnt with fl-
brosis in thе plantar asprсt of thе tarsus..'8 A subсutanе-
orts hеmatoma, whiсh appеaгеd as an сnсapsulatеd fluid-
lillеd struсturе ultrasonogfaphiсallу' has oссuгrеd with
swеlling in thе сurb fеЕ.ion.68

Thе Baсk. Ultrasonсlgгaphiс ехamination of thе sсlft
tissrrе and bony stfuсturеs of tlrе baсk should bе only
onе part of a сomprеlrеnsivе ехanrirration of horsеs with
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Figure 3-144
Soпogгаms of a гrtptttгеd pеronеLrs tсftius tеndon w:ith a laгgе arеa of сelсiflсation along thе сauсlаl margiл of thе tеrrсion ill thе гight lrindlimb'
obtainеd tiсlm а 4-1саr-old.l.еnrrеssее.Walking lrоrsе gеlding (samе hoгsе xs iл FiЕ. 3_l40) Тhеsе sonogfilпs wеrе oЬtainеd with a 7 5-MHz sесtoг-
sсanl1ег U:arrsсiuсег сont:riлinЕi a built-in thriсl offsеt at a displa),есl сlеptlr оf 6 сm Thе right sidе of thе transvеfsе r.iеws (rigbt iп1а8еs) is latеra|

arrd tl.tе ]еft sidс is mеdial Thе гigl.rt sidс of tlrе sagittal YiеWs (lеfl inшges) is proxiпr:rl and thе lеlt sidе is с1istal

,.l, Notiсе tlrе h)pегесhоiс ljnеaг struсtllге сasting a stгong aсоustiс slraсlow (Lrron-s) that mеaslrfеs 2 ll сm in a latеral to mесlial diгесtion and

18 спl lon€. in a pгoхimal to сlistаl difесtion Notiсе tl-]е еnlar.gеd -[rr'poсс[roiс ре-гonсrls tеrtills tеndоn laсking a пoгп:rl frbег pattегn сraпia] tо thе

aгеa of сalсiliсa|ion (()Pеп аrroш)
B, Thе еntirе сfoss-sесtioлal aгсa <lf thе pегonсus tеftills tеldon mеaslrгесl 4 41 сm, A stnall гirrr of mсlге пoгmll, althoullh h1.poесhoiс, fibегs

arе imagеd surгoutrсling thе еntifе damagесl portion of tlrе tсndon, 1,iе|сling an injr-rп' of (l0 85% (212 сгn,/4 47 сm,) xt this lеvеl

baсk problеms. ovеrгiсling с1oгsal spinous proсеssеs сan
bе diagnosеd trltrasonograplriсall1., bt.tt tlrеir сliniсal sig-
niflсanсе is quеstionablе. Loсal anеsthеsia 

^лd/ot 
nllсlеаf

sсintigгaphy should bе tlsесl to trtrtlrеr сstablish thе sig-
niliсanсе of ovеrriding dorsal spinolls рroсеssеs dеtесtесl
ultf asonographiсally.

Injuriеs to thе supfaspinolls ligamеnt сan bе dеtесtеd
LlltrasonoЕ.гaphiсallу and appеar as h.Ypoесhoiс afеas

Figure 3-'145
Sonograms of a гLlptufеd tibialis сran:ialis IелсIoл (аlтоul.s) at thе musсLl
lotеtrdinоus junсtion in thе lеft lrirrd lеg of :r 6-yеaг-old Тhогorrgl.rbrесl
gеlding Notiсе thс аnссlrоiс tеndorr ol thе tibixlis сrani1rlis in tlrе
tгansYеrsе viеw (апgled аtrОLI') 

^(IjxСслt 
tо thе rrrеdial braпсh of thе

nor.nral pеronеLБ tеftills tепсlorr Thе tеndoп of thе tibialis сranialis is
nrildl.r' еrrlargеr1 but is сomplеtеl1' laсkiпg in tеndоn fiЬсrs (tlеrticаl
аrrou,ls) in thе sagittal viеrv Тhеsе sonogfams wеге oЬtainсd with x
widе-bandwidth i 5-МHz linеar-aггa1. tгansduсеr opегating at 10 0 MttZ
witlr a hand-lrеld starrdоff pad at a displar'еd dеpth of 5 сm Тhс foсal
ZOnеs аrr positionеd in thе nеar Iiеlсl Thе гig]rt sidе of thе tгaлs\.сfsе
хiсsv Qф i'nа,ge) is lxtегirl ln(l thс lеti sidе is mеdiа] Thе right sidе of
thе sagittal viеw (right inlаgе) ts pгохinral and thе lсjt sidе is distal

within thе sr-rpгaspinolls ligamеnt with disrr'rption of thе
noгmal fibег pattеrп. H1.poесhoiс afеas havе bееn most
fiеqrrеntly fеpoftесl in thе dееp end intеfmеdiatе portion
of thе sllpraspinous ligamеnt -5 Еnlargеmеnt of thе supra-
spinous liganrеnt and loсal soft tissuе swеlling aге moге
likеly with an aсutе injury, whеfеas thе absеnсе of thеsе
lindings with an afеa of abnofmal есhogеniсity in thе
supгaspinolls li8amеnt rna}I suЕ]gсst сhfoniс dеgеnеrativе
сhangе. Injuгiеs to thе sllpгaspinolls ligamеnt havе bееn
fеpoгtеd most ffеquеntly in thе ltrmbar геgion and afе

Figure 3-146
Sсlлоgratrrs сlf a mjlс| рlantaг ligal-nеnt dеslrritis in thс гiЕ.ht hindlimb,
obtaiпеd from a 4-уеaг-olс] St:rnсl:rrсlbгсс1 IilЬ' NOtiсе thе hypoесhoiс
hеtеrogеnсotls appеaГanсе of tlrе plantаr ligaпеЛt xt 8 спr distal to thе
pоint of thс lroсk anсl thе sllght 1ltlid sеpalation of libегs Tlrеsе
sonоgfanrs п.егс obtainеd witlr a wiсlе-baлdrvidtl.r 7 5-NIHz lirrеaг-aгra-v-

transdrtсеf oPеratin!. at 7 5 МнZ with a halld-hеld starrdotТ pad at a

dispia1.сd dеpth сlГ 6 сm Tlrе 1bсal zorrеs aге positionеd in thе nеaf
liеld Thе гight sidе of thе tfaflSvегsе viеw (Iф illtаgе) is latеral and
tlrе lеft sidе is mесlial Thе гiglrt sidе of thе sagjttal viеw (rigbt hпаgе)
is oroximal and thе lеft sidе is r1istal

Ve
tB

oo
ks

.ir



126 сhаDtеr .з . MusсuloskеIetаI Lrltrаsoпogr..phу

Figure 3-147
sonоgfams of an aсutе plantaг ligaпеnt сlеsmltis obtainеd fгсlnr a l3-
yеar-olс1 .I'lrоror-lghbгес1 gеldiпg with swеlling jtl thе сtшb rеgiсlп fгotrr

10_14 сflr distal to thr Point of thе lrсlсk Thеrе is а largе hvpoесhoiс
сoге lеsion iп thс dofsxl рOrIiOЛ оf thе plant:rf ligamепt nеш jts insеr-
t\on krroшs) Tl.rе srцlеr1iсial digitаi flсхoг tеndon is pllrпtar anсl mсdial
to thе p|aпtaг ligamеnt and is imagеd in bоth \-iеП.s .I.lrе dееp сligital
flехoг tепdon is пlссlial tО thе plantar ligarпеnt in thе tгenьr-сгsе r-iеw

1.hеsе srlnоgrams s'еге obtainеd at l2 сln (|istxl to thе poiЛt of thе hoсk
п-itlr a *-idс-ballсlwidth (l O-МHz miсгoсonvех linеeг-aгrav trarrsсltlсег
оpеfxtiпЕl at 7 5 NIHZ ltsing a hlnс1-lrеlr1 standotТ px(l lt a сlisplar'есl
сiеpth of 6 сm ,I.hе fiЕ]ht sidе of thе tгansl,егsе liеп. (lеft i|nаgе) is

latегal аnd thе lсft sidе is mесliаl Thе гight sidе of thе sagittal !-iеs.
(right imаgе) is pгoхinral al1d tlrе lеft si(lе is сlistal

assoсiatеd with thiсkеning of tlrе ligamеnt.-5 This thiсk-
еning ttsually oссLlrs at thе lеvеl of, or at tlrе сar'rdal pat
of, thе doгsal spinolls pfoсеssеs'-5 Hypеfесhсliс aгеas,

with or witlrotlt aсoustiс shadows, may bе fotrnd at thе
с1orsal limits of thе intеrspinous spaсеs. сonsistеnt with
a сhfoniс dеsmopatlr.v.-;

Figure 3-148
Sotrоgтams оf suЬсrttanеorrs srr'еllinЕ. оYег thе Plalltar ilspесt ('f tlrс
гight lrосk at thе insегtion оf thе PlaЛteг ligaп]еnt (PI,), ()Ьtainесl from
a 3-уеаr-оld StaпсtaгdЬгсс1 lilly. This sв.еlling is <lfiеn ll-tistltkеn t.UI a

сuгb. NOtiсе tl.rе l.rуpоесhoiс |l]tlilJ (аrrotL,'s) oYеI thе plirnt]г ;lsPесt Uг

thе supеrtrсial djЕ.ital flехOг tеnсloп (SDF) ехtеl1ding o\.ег thе plаntaг
aspесt or lhе taгsus Thе sDF and dееp digital flсхоr tеndоп (DDF) lrе
nоrmal. Thеsе soпoЕ]fams wете obtainеd with a 7 5-MHZ sссtoг-sсannег
tгansdrrсег сontaiпing x builЕiп fluid о1lЪеt at a displar-ссl dеptlr оt 6

сm f.hе гight sidе Of thе tгansvегsе viеw (lеJt i|паge) is lаtеfal and thе

lеft sidе is mесlilt Tl.rе right sidе of thе sag'itt:r] viеw (',iчht i|11аgе) is

pгoximal anсl thе lеft sidс is distal

Figurе 3-.149
Sorrсlgгanrs of сhгoniс plaltаг ligamсnt dеsmitis lvith ll lгеa сlf сalсiti-
сltion сlсtесtеd witlrin thе plentaг liganlеnt (PI,) 11еar its insегtion iп
thе lеft hin(tlinrb, obтаinсd ti.om a 7--vеeг-old ThoгouglrЬгесl gеlсlitrg

Notiсс thе |11.pgrесhоiс еС|1oеs (.|rrОLl,.') с:lsting ц,еek ас()rrstiс shad
tlw-s iл tlrе boсl.l сlf tlrе PL Тt-rе aгсa оf сalсiliсatbn is с|ifliсtllt tO sсс
iп thе tгallsvсfsе\|сw (tе'ft /ltlrigt,) |lесаrtsе it is гсlati\.еh.slrrall in this

sсaп planе, l]Llt it is rеасlilt iпragссl iл tlrе sagittal \,iсw (right it|lаgе)
Tlrеsе sonсlgrams п,еrе сlЬtаilrеd пitlr a ] 

'-lvl]1Z 
sесtoг.sсitПлсг tгlns-

сlllсеГ сOnt.rinitlg a ЬLlilt in flr.riсl оt1Ъеt аt a сlisplx'tеd сtеptlr сlf 6 сm

l.hе right siсlе оf tlrе tг11nsvегSе inrlrgе is latегal аnс| thе lеft sidr is

mсdial Ttrе Гiglrt sidе оf thс sagittаL iпragс is pгсlхinlll aпсl tlrе lеIt

siс|е is (listll sDf. srц)еfliсixl digitx| flсхОf tеllс1on; DDF. dееp digitll
flехoг tеnсlon

Insегtional dеsmopathr-сan bе iсlеntiflеd as bonу iffе€..

ulafitiеs at thе supfaspillOl'ls ligamеnt insеrtion witlr
сhangrs in thе liganrеnt.s есhogеniсity anсl flbеf pat-

tеrn._s Ar,trlsion ftaсtuгеs of thе insеftioп of tlrе sr.rprlrspi-

nous ligamrnt сan also bс idсntifiесl as hyprfесhoiс ffag-

mеnts distfaсtеd ffom tl-rе bod1, of thе dсrrsal spinous
proсrss. ..Falsе joints'. 1т111\ oссLlf bеtwееn dorsal spinous
proсеSsеs, anсl thеsе пle\ pla\'a гo1е in thе baсk pгoblеms
ехpегirnсеd by sсlmе lroгsсs (Fis. 3_150).|r; A largе hy-
pеfесhoiс afеa сasting ir stfon8 aсoustiс shadow was
imagесl in thе nuсhal рoгtion of thе sllpraspinolls liga-

mеnt in onе olс1ег horsе with btrrsitis in thе fеgion of
thе atlas (Fig. 3_15l). Сeпil:rginous mеtaplasia was dе-

tесtеd on postmoгtепl ехaпlination of thе sllpraspinous
ligamеnts Of two hoгsеs tlrat had hypoесhoiс сofе lеsions
dеtесtеd Llltfasol1o!.f аphiсally.

Hypoесhoiс lеsions пa).also bе imagеd in an еnlargеd
saсroiliaс liganrеnt rr'itlr loss of thе nofmal frbеr pattеrn.
A-ltlror'rgh сlisсrеtе lrr,poесhoiс afеas havе bееn imagеd in
thе saсгoiliaс ligamеnt, mofе difftlsе h1,poесhoiс еnlaгgе-

mеnt of tlrе dorsаl saсroiliaс ligamеnt may bе moге сOm-

mon (Fig. 3-132). Еnthеsophyе formetion may bе prеs-

еnt at ttrе <lrigin or insеftion of thе dorsal saсroiliirс
ligamеnt (Fig. 3_153). Artllsion fraсturеs ftom thе ttrbеr
saсгalе insеrtion lravе bееn imagеd in a lrorsе with dеsmi-
tis of tlrе doгsal saсгсliliaс ligamеnt (sее Fig. 3-152).
Thеsе сhangеs (еnthеsoplrytе tbrrrration and avulsion
fraсturеs) Wеrе moге frеqr.lеntl1, obsеrvеd 1rt thе tubеf
saсfalе insеrtion than in thе ligamеnt itsеlf..i H1,pеrесhoiс
afеas сastinf] aсollstiс shadows havе oсс:rsionally bееn
imagесl in thе сloгsal saсroiliaс ligamсnt, сonsistеnt with
afеas of сalсifiсation.l25 Vеntral saсгoiliaс injttriеs wеrе
sllspесtеd whеn vеntfal pеriartiсular геmodсling of thе

{
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Figure 3-150
Sagittal soЛOgflnrs of а dеsmitis llr thе srrpraspi|]ous ligamеnt and a

1alsе ioiпt.. |)еtwееn thе doгsal sPitlotrs pfoсеssеs, obtalnесl fiom a 9-

vеar<lld Quaгtег lrсlгsс mlге Nоtiсе thе l]vptlссlroiс flrrir1 br'l|ging tlor
sa|I1, (аrroш) bеLwееп thе two adjaсеnt dсlrs:r| spinorts pfoссssеs'
аssoсixtсd with thс probаblе сfеation of a ..1alsе joi11t.' bеt\\.ееn thе
twо с1сlгsd spiпolrs Pгoсеssеs Tl-tеsе son()gfxпls rvеrс оbtairrесl rvith a

- 5-МHz sесtoг-sсаnnеf tгarrsсllrсег сontaiЛing a built.iп fltfсl ofТsеt at a

сIisplaуесl сiеpth сlf (r сm Тhс гight sidе of thс imagеs is l:raniаl anс| tl-rе

lеIt siсlе is саuсial

saсfoiliaс joint was obsеr.vеd whеn thr геlationship bс-
twесn thе saсr;rl wing and ilitrm wlrs aft.есtеd.

Сarеful sonogfaphiс еvalllation of thе baсk mtrsсlеs
maу also ),iеlсl abnortnalitiеs сontгibr.rting to baсk soге-

nеss in horsеs. Difl1rsе afе1ls of mllsсlе swеlling ma\,

bе assoсiatеd witlr myositis, but afеas of mtrsсlе libег
tеaring and hеmorflragе сan also oссur in this fе8ion
(Fig. 3-154).

U Itrasono graph iс Evа luаtion of Tenosynovitis
and Bursitis

Most of thе flехсlr and ехtеnsoг tеndons arе suгrotlnсlеd
b), a tеndon shеath in arеas whеrе thеr, сross aгtiсula.

Сt.)аРtеr .3 . Musculoskelеtаl IЛtrаsoпogrаPbу |27

Figurе 3-151
sagittal sol]ogЙm of сalсi1iсatioп Wjthin thе dorsal poгtioп of tlrе liga-

mеnttlm пrtсlraе. obtаinеd fгonr a 30-r сar-Olсl ApPaloosa marе NOtiсе
thс thiсk iтгеgulaг |11,pеrесlrсliс st11lсtuгс сxsting x Stгоng aсOlrstiс

shaсlow thгottghout tlrе morе dorsal 1lогtiсlл of tlrс ligamепttlm rtttсhltе
(аtlglеtl аrrot|s) Sсlmе moге normll fibеrs Of Lhе liЕ]aпеntrrm nrlсhaе
сall bе imagеd сranial to thе гiсlgе of сxlсifLсation Тhis soпogгanl

was Оbtaiлсd with a wiсlе-banсtwiсlth 6 0.MHz miсrосonvех ljnеar-arraY
tгansсluсеr opеfxting at 

' 
0 МЕIZ at a displ.ц,еd сlеptl-r of 6 сlт Tlrе

foсal zotrеs ltге sprе:tсl thfоLlghоut tlrе inragе Thе гight sidе of thе

iпxllс is сгatrial aлd tlrе lсft sidе is саrrс1al

tions Thеsе tеnсlon shеаths nofmally сontain only small
amounts of synovial fluid. and thе amount variеs from
slrеath to shеath. Hoгsеs With tеnosynovitis usllall)r havе
swеlling of thе affесtеd tеndon shеath, br'rt loсal hеat,

sеnsitivity, and lamеnеss afе oftrn laсking If loсal hеat,

sеnsitiviq., and lamеnеss aге sеvеfе, a sеptiс proсеss in
thе tеfldon shеath should bе strongl1. сonsidеrеd. Simi
larl1,, 11. bursaе arе synovilrl struсtlшеs bеtwееn tеndon
of li€.amеnt and bonе that normall1, сontain only a mini
mal amount оf s1'novial fluid. Whеn tlrе s1.novial btrrsa
bесоnlеs inflamеd, loсal swеlling oссLlгs with inсrеasеd
pгoduсtion of synovial fluid. Lсlсal lrеat, sеnsitivity, and
lamеnеss 1Пa1l g. may not bе pгеsеnt. If thе сliniсal signs
afе sеvеfе, a sеptiс bursitis must bе сonsidеfеd. sono-

Figure 3-152
sonOgг1rmsоfthеsaсгoilixсjoiпttlbtainеdfгonra5-1'ешo1dThoroughbгссlgеlс|ing$'ithalеft
with a wiсlе-batrс1п.iсltl.t 6 O.Mtlz miсf()сOllvеx linеar-arг:r], tгartsdrtсег opеftrting at l0 0 N{HZ at a displaуеd dеptlr of 5 сm

,.1, Thеrе is an avulsion fгaсtrlге fгaЕ]mеnt iЛl.tg'сd assoсiatеd with thе insсftioп ()f thе sасfoiljxс ligamеnt On thс tllbеf siLСf^|е (аrrou)s) .I.hе

saсгoiliaс ligamеnt is slightlv hr-pоесlroiс аnd is еnlargеd with slight llbеr Pattегn disnrption Thс гight siсlс r)f tlrе trans\,еrsс \,iеw (rigbt ill1аge) \s

tсltlrеlеttandtlrеlеftsiс1сisкlп,-arс11hеrightsidеofthеhoгsеl.hегi!ihtsidеOfthеsаgittalliеw(lфilllаgеs)isсгeпial
B, Thе lеft seсfoiliaс li!]irmеnt is markесtl,r, thiсkег than thе гight алс1 is somеwhxt h).poесhoiс сoпsistеnt wit]l x сhroЛiс с1еslrritis сlf thе lеft

saсгoiliaс ligamепt Thе гight siс|е oГ thс lеtt trrbег saсгa]е is to thе lеft siсtс оf tl.rе lrсlrsе аtrd thе гight sidе сlf thе fight tubег sасralе is to thе |еti

sidе of thс lrorsе
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Figure 3-1 53

Tгansvегsе soflogгапr of a dеsmitis оf thе lеft saсгoilixс ligamеnt issoсi-
atеd with a ..hlшtеf.s bump,'' obtxinеd fгош a 10vеar-olсl Danish
rW.aтmblood gеlding Notiсе thе tlriсkеnеd lrr.pоесhoiс saсгсliliaс liga
Г,lелt (Оpеn aуу6цl) anс| thе епthеsophYtе fОгm:rtion (stltаIl аll.сltt,'s)
along thе lеft sidе оf thе trrbег s:rсгalе Тhis sollogfaп was obtajnесl
with a widе-bandwiс]ttr 7 5-\IHz linеaг-аггar' tгartsduссг oPегаting xt
10 0 MHz usirrg a hand-hеlсl standolТ pаd at a displavссl с|еpth сlf 4 сm
Thе foсal Zonеs аIе pОsitionеd in t]lе rrеaг fiеld Thе гight sidе of thс
soflo€lram is thе Iеft siсlе of tlrе tubег saсralе and t|-tс lеft sidе is
thе гiglrt

gгaphiс ехamination of thе tеndon shеath is rtsеfrtl in
fеvеaling еffusion, s-Ynovial thiсkеning, intrathесal adhе-
sions, villonodlllar lеsions, and сalсiliсation within thе
tеndon shеath. It сan also bе usеd to diftbrеntiatе a
tеnosynovitis ffom a pеfivaginal swеlling.r,

Thе mildеst form of еquinе tеnosynovitis or bursitis
involvсs an inсfеasеd amolrnt of anесhoiс fluid visualizеd
within thе tсndon shеath or blrгsa. This oссtrrs most
сommonly in thе digital shеath, сallsing ..windprrffs'' (Fig.
3-155). Normal mеsotеndinolrs attaсhmеnts bеtwееn thе

Figure 3-1 54
Tгansvегsе sono!.гam of a largе hеnlatoma in thе ]еft paгavегtеbrld
musсlеs, obtainеd from arr 18-vеar-o]d Thortlughbгесt maге NOtiсе thе
largе aгеa оf mtrsсlе tlbеf disruPtion and intеfnal fluid сollесtion and
loсulation (аrrouls) Tlrе tшt-lsual sonogгaphiс appеaranсе of this mass
(ехtепsi\.е musсlе disгuptiоn and thе аpреafanсе of 1]' discrеtе сomplех
mass) makеs nеoplasia a likеl), сotlsiсlеration This irгеa slls сonliгnrеd
histologiсallу to fеpfеsеnt a lrеmatoma This sonogгanr u,as obtainеd
witlr a 7 5-MHz sесtoг-sсДпnег tfitnsdllсег at a displayеd dсl)th of l2
сm Thе fight sidе oГ this sonсlgram is сloгsal

Figure 3-155
SОl]OЕ]гams of a digitаl shеath tеnosynovitis in thе light lriлсIlеg. оb-
tаirlеd tiсlm a !-1,сaг-olс| Thoгorrglrbгес1 gеidiпg Nоtiсс thе milс] to
modеfatе сlistеntion of thе digital shсatlr (l'S) with anесhoiс fltliсl ant]
Iibrin irr zоrrе .{A at 38 сm distal to thе point tlf thе hoсk Тlrе strpеrIiсial
(sDF) an(l dееp digital flехot tеnсlons (DDF) аге псlгmal Тhеsе sono-
Е.г1rms wеfе obtaillссl with x 7 5 Mllz sссtoг-sсannег tгansсlrrссг соn-
tlfning x built-in fluid offsеt at a сlispla1,есl сlерth of (l сm Thс лight
sidе of thе tгansvеfsе licw (lф illtаgе) is ]atегl| aпd thе lеtt sidе is
mесli;Ll Тhе riglrt sidе Of tlrе sagittal viеw (riglэt iltlа,gе) is pгохitnal
and thе lеlt sidе is сlistal

tеndon and thе shеath aге imagеd Whеn an еfТttsion is
prеsrnt; thеsе shorrld not bе mistakеn for adhеsions
within thе tсndon shеath. In tlrе digital shеath, thеsе
normal attaсhmrnts afе imagеd from thе latеral and mе-
dial sidе of thе dееp digital flехor tеndon abovе thе
fеtloсk joint (Figs. 3-155 and 3_\56), and ffom thе pal-
maf oг plantar aspесt of thе sllpеr1iсial digital flехor
tеndon in thе fеgion of thе annlrlar ligamеnt. Thеsе
attaсhmеnts diftbr foг еaсh trndon shеath (sее Fig. 3_
136); thеrеfofе, a thoгollgh Llndеfstanding of thе loсal
anatomy is important to avoiс1 a misintегpfеtation.

Diffеrеntiating thе tеndon shеath fronr thе annulaг liga-
mеnt is diftrсr.rlt. In many instanсеs, tlrеsе two strlrсtuгеs
arе еvalllatеd togеthеr fathег than sеpaгatеl1,. Thе tеndon
shеаth itsеlf ma1. bесomе thiсkеnеd in lrorsеs with sеvеrе
tеnosynovitis (Figs. 3-156 end 3_ts7) antl r'rstlally appеars
somеwhat hypoесhoiс. Thе s1'novial lining of thе tеndon
shеath or blrfsa ma), bе thiсkеnеd with mofе sеvеrе or
сhfoniс tеnosynovitis oг bllfsitis' Villonodular lеsions
(Fis. 3-158) aге oссasionally dеtесtеd Within thе tеndon
shеath and may bе a сausе сlf lamеnеss. Noсltrlaг massеs
dеtесtеd with сontfast radiogfaphy havе bееn rеportеd
in thе tarsal shеath'16

Thе fluid цrithin thе tеndon shеath or blrfsa сan bе
сharaсtеfizеd ultгasonographiсally. An еffrrsion that is
сlеaf and anесhoiс is most сonsistеnt with a nonsеptiс
tеnos1.novitis oг bursitis (Fig. 3-159). As thе flr'rid bе-
сOmеs lr1,poесhoiс to есhogеniс, an inсrеasеd сеll сotrnt
within thе flrrid irnd sеpsis arе likеly (Fig. 3_160). Thе
tеndons сontainеd within thе tеndon shеath shor'rld bе
сafеfully еvaluatеd for any abnormalitiеs, bесallsr sеptiс
tеndinitis (Fis. 3-16t) oftеn oссLlfs in horsеs with sеptiс
tеnosynovitis, paгtiсularly that of thе digital Shеath.
Horsеs with sеptiс tеndinitis usually havе hypoесhoiс
flrrid within thе tеndon shеath and a h'vp<lесlroiс, mеlting
lеsion in thе affесtеd tеndon. Horsеs with aсtltе sеptiс
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Figure 3-'156
Soпogгanrs of a сhгсlniс digital shеxth tепos).novitis in thе гight hind.
limЬ' olrtaiпеd liom an 18-1.еar-o1d Aгabialr stalliОn Notiсс thе thiсk
сnitrg of thс (ligjtal slrеatlr atrd thс srт.сlviаl |inir]'g, o)еrtiСаl аr1.О,u')'

Ьеst visualizесl iЛ thе seE.itlal \,iе\\, (right ilтtаgе) ilong thе Рlantar
aspесt of tl-tе supеr1iсial diЕ]ital flехor tеndon (SDIJ), aЛd thс thiсkеЛillg
of thе rrorпrаl lttасhn]сnts Ьеtwееn thе tеnс|on xnd thе shеa||1 (diаgo-
|\Lll с1rro1|) in thе tfxnsvсrsе viеw (lеJI imаgе) iл zonе .1A at Jtj сm
сListal tO thе point oI thе hсlсk Tl]сsе rroгm:rl attaсhmеnts агс also mofе
lrvpoесlrоiс thxп noгma| A rrrild inсгеasе is pгсsеnt in tllс аnlotlrrt Of

fluid псlгmаl[1' iпagеd \\.lthit-t tlrс digitа] sl]сath Thеsс sor]ogГ'tпls Wеrе
()btаjnеd wittt l wiс1е-bandп.iсlth ] 5.}1Нz linеar.arтar- tгansdllсег Oр

еГxtill!. a1 7 5 МHz vith a harrсl-l.tеlсl standсlff l)aсl at x сlisplar ссl dеpth
оf 5 спr Tlrе 1bсal Zonеs iге l]Ositiolrесl ilr tl.tе пеlLг fiеlсl .l.hе гight sidе
of thl] traпsvегsе in]aЕ]с is latеIxl aпсl tlrе lеft sidе is tl.tес|ial Тhе гight
sidе of thе sagittxl imxgе is pгохiшal lrсi tl.rе iеtt sidе is сlistxl DDF'
dееp digital flсхoг tепdon

Figure 3-1 57

Sсlrrogгaпls оf а сlrrorrjс сligital shеath tеnоsl'nor.itis in thе гight hinсl-
limb. obtxiпесl fгoп аn J 1-1,еaг-olс1 Dutсh \W1lrmblood gеlding Notiсе
thе tlriсkеning of thе digita] shеath (TS) suггсlrшсling thе flех()f tеndolls.
rlrе h).Pоесhoiс tissllе ехtеnding fгonr thе tеndoп sllеаth to thе latеra]
nraгgin сlf thе stQеrfiсi.tl сligital 1lехсlг tепdon (sD[) iп thе tftrns!егsе
хiе*, (lеJ| i|l|аgе). п.hiсh rеprеsеnts xП adhеsion bеLw-ееrr thе SDF and
thе shсath [diаgollаl ап.сll^], thе thiсkеnеd noгmaI аttaсlrnrеnt Llе-

I\-ееn thе tеnс1orr arrd its shеatl.t (оpeп аI.roш'), aпd thе iпсrеasеd
amolшt of аnсс]]oiс flujd \\'ithiп tlrе tсn(k)n shеath T]]еsе sonogгams
псге оbtairrесl in zсlпе ,1A irt 3l] сm distxl to thс point oI thе hoсk with
r - 5-N1Hz sесtoРsсlпnеr tгаllsdlrссf сontaiпinli l built-irr 1lrrid ot1Ъсt at

;r displa),еd сlсpth of 6 сnr Tl]е Ii!]lrt sidе Of thе tfens\'сг:е inr.Lgс is
tltегal anсl tlrе lеti siсlе is nrеdial Tl.rе гiglrt sidе of thе slgittal imagе
(1ighl i111а8е) is рrсlхimal and thе lеft sidе is distal DDF' dееp с1igital

llехOг tсndon

Сtэа,ptеr З . MusculoskeletаI Lrhr.|soпogrаphу 129

Figure 3-1 58

Transl.с:rsе sollоЕ.гa1тrs of a r,il]rlnоdulaf mxss Within thе dillital shеatlr
in thе lеft lrind lеg oГ arr l8-Yеar-сllсl ![aлlЬlooс1 n]afе Notiсе thе
thiсkеning of thе tе[сlol] shеath srrfrolmding thе flехor tеndons, thе
lr1.pоесtrоiс thiсkсnеd s'vлovial Iining оn thе nrеdial sidе сlf thе supегfi-
сial сligital flехOI tеndon (SDF'I kliаgonаl аrrrl11l iп the right ilпаgе)
and thе гсlrrlrсl .t.illonсldrtlaг lеsion in tlrе l:rtеral :lspесt of thе plantxr
and сloгsal геflесtion оf thе digital s|1еa||7 (diаgonаl аrroш' iп llJe lеfl
itlltl,че) T|tts l.tсlгsе a]so l.raсl a dееp digital flехoГ (DDF) tеndinitis
imagеd trom 3О to 11 сm distal tO thе point of thе lroсk Thеsе
sollogгams s'еге tlbtainеd in 1lt 38 сm in Zonс 4A with a widе-band-
rr idth - 5-}'1Hz linеаг-агra\. trxnsdllсег ()l)еfatillg at 7 i-N'IHZ п'ith a haпd-
1-tс1с] st;rпс1сlfr p;td xt а displar'еd dеpth of .1 сIп Thс ftlсal zorrеs lrе
positi()11еd irl thс nеar 1iе|сl Тhс rig,ht sidе of tlrе imagеs is latеfаl and
thс lеlt siсlс is пrес]iа]

tеndinitis сomplеtеlу laсk visiblе trпdon fibеrs in thс
infесtеd arеa of thе tеndon. Oftеn, littlе or no еnlaгgе-
mеl1t of thе affесtеd tеndon oссtlfs, just an absеnсе of
tеndon libеrs in thе affесtеd portion of thе tеndon and
fеplaсеmсnt of thеsе 1lbегs with hypoесhoiс fluid. Thе

Figutе 3-1 59

Sсlnсlgлams of a сaгpal sl]еath tеl]os}no\'itis iп thс figlrt foгеlеg. obtainеd
1iom a 2-1,еar.оld .l.horсlughllгеd gеlсling Notiсе t[]е laгgс аmоurrt of
anесl-roiс tlrrid in tlrе с;rгpel shеath bеtwееn thе dееp djgital flсxoг
tсndon xnсl thе infегiof сl.rесk ligamепI (.п.l,Оu's) .l.lrеsе sсlпogгams
п,сге obtainеd iЛ Zоnе lts at l0 сm distxl tO thе point of tlrе aссеssоц'
сarpal bоnе *-ith а 7 i-N4нz sесtof-sсannег tfa11sduсеl. сoпtaining a

blritЕiп tluid of1Ъеt at a сlispla1.ссl сlсptlr of 7 сnr Thе right sidе Of thе
tгansvегsе viеrv (l"lgbf i|17{1gе) 1s latегal and thе lеft sidе is mеdial f.hе
гiЕ]lrt sidе Of thс sagittal viеsv (Iф itltаgе) is ргtlximal and thе lеtt sidе
is distal
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Figure 3-160
Sonogгlms сlf a sеptiс digital shеath tсnosYпOvitis ifl thе lеft 1.Oгеlеg.
obtainеd frоm a 4-1.еaг-olсl Tlrorоrrglrbгеd gеldiпg Notiсе thе maгkе(l
distеntion (аrrrll^s) of thе digital slrеath (ТS) u,ith hr'llсlесhoiс flrrjd in
zonе 3A xt 23 сnr distаl tо thе point оf thе aссеssoп- сarpal Ьonе Tlrе
supеrfiсial (SDF) and сlееP digital flехсlг tеndоn (I)])F) afе normal
Thсsе sonogгams wеrе obtainеd with a 7 1-N[Hz sесtof-sсaLlnег trаtls-
duсег ссlrrtairrirrg a brtjlt in fluid <lft.sеt at a сlisрlavеd dеptlr сlf 6 сm
Tl.rе riglrt siсlс of thе tгaпsvсгsе У|еw (riqht iп1.Igе) is latегal atrd tlrе
lсft sidе is mеdial Thс fight sidе of tlrе sf,gjtta] Yiеw (lф irnаgе) is
pгoхimal and thе lеft sidс is distal

pеfiphеfy of thе tсndon is most сommonly affесtеd, un-
lеss a pеnеtfating Wollnd has inoсr.rlatесl an aгеa in thе
сеntеf of thе tеfldon. Howеvег, tlrе sерtiс tеndinitis usll-
ally pгogrсssеs vегy quiсkly to involvе othеr arеas of tlrе
tеndon. Сarе must bе takеn dufinЕ] thе tlltrasonogfaphiс
ехamination to bе сеrtain that tlrе pllflllеnt flttid is сon-
tairrеd within thе tеndon shеath, bесatlsе purlllrnt fluid
in сlosе pгoхimity to thе tеndon shеath may min]iс a
sеptiс tеnosynovitis (Fig. 3_16z). Mеtiсulotts ехamination
of thе еxtеnt of thе afеa of ptlfulсnt tltrid aссumlllation

Figure 3-161
Sсlrrogтlrms of a sеptiс (|igitll| shсatlr tеnosynovitis and dееp digital
flехoг (DDlr) tспdjnitis in ttrе гight hirrсllеg' Obtiliпесl ltсlm an ll-yсaг-
сl|с1 Тсntrеssее walking hoтsе gеlding Notiсе tl.tе lr1'poесhoiс flrriсl
stlrr,tluпсling thе sllpеfiiсial (Ligitаl 1lехol.tсndon (SI)F) .f,|1d I)|)F (sn7.lll
аrrou's) Notiсс tl-tс сnlargес1 DDF сolltaiпiпg a |аrgе lr).pсlесhoiс dсfесt
ссlпrplсtсlv laсking iп tеldorr Лbегs (lаTgе аrrol|]) and tlrе surr.ounсling
lrrрсlесlrсliс pofti()n or tlrе DDЕ Мild tlriсkеning оf tlrе diЕ.ital shеath
(TS) is сlеrесtесl TI-tсsе sоntlqгllnls \'сrс obtaillе(] п,-itlr a 7 5-Ml{Z sесtoг
sсltnllег tг:rрsс|uсеr сontainil1g a bt]ilt-in tlLlid o11Ъеt at a displa,vеd сlеpth
of 6 сm Thе гight sidе оf thс tгlttlsvеfsе viс:w (lеft imаgе) ls \aIеrаI
аnd thе lеti sidе is mеdial Thе гight siс|е of thе sаgittal viе\. (r8l,l
illl'сtgе) ts 1lrсlхirrral anсl tlrе lеti sidе is сllstxl

and thе ехtеnt of thе tеndon shсath anсl its assoсiation
with adjaсеnt stfllсtl'lfеs sl-rotrld pfеvеl1t this inadvеrtеnt
еrfof.

Blood within thс tеnсlon shеath oг bufsa, if tiеsh, has
an есhogеniс swiflil-lg pnttсfl] Loсulations dеvеlop as thе
blсlod organizеs (Fig 3_163). Fibrin witlrin thе synovi
al fluid is сommonly sееn \\iith both nonsеptiс and sеptiс
tеnosvnovitis of bursitis and is an indiсation of aсtivе

Figure 3-1 62

SonogramsofarrаL-rsссssbеtwееrrt[rе1-lгсlхima[сligitalannularligarrrеntandthеfеtloсkanпtllaгligaеnt
anсlаfrLэtinсlrrsсligitalshеathtеnosr.пor.,itis1nthеfiglrtfoге|еg'obtaitrес1fгоmaJ-t,еar<llс[StanсlardЬrесlсOltSigпiIiсаnt
prеsепtpalmaгtothеdigitalslrеath.l.lrеsсsot1Ogfamsr,vеrеоbtainесiwith:tWiсlс-b.rtldrviсlth75-MHzlirrеarafra-YtransdLlсегopегxtifg
witlr a lranсl-hеlсl stanсloff pad at a сlisphvес| dсpth сlf 

' 
сm Тhе ;:ighL sidе of thе sxllittal imagеs is pгсlxim:rl and t[-tс lе1t sidе iS distal Thе right

sidеs of thе tгensYеIsе imxgе is lаtсгаl xnd thе lеft sidе is mесliаl l)I)F. dееp (ligiLal 1lехor tеrrdоr-r; SDSL stг;Light сlistal sеsаmсlidеan ligamеnt
,4,NotiсеthеlосulatесlarrесhoiсtlLlidП,ithiothеdigitalshсxtlrintlrеsеsagittalsonо!.гans,сonsistеnt

and thе hvpоесhоiс pufulеnt tlшid pг<lхillаJ tо tlris loсulatеd llrrid ar-rсl ехtеfпxl tO thс (|i!i'ital sl1cftl1 (.lrro|l') in Zonе P1B
B,Notiссthс1ibriпц.ithinthеdistсndеddi!]itnlslrеath(аrrott's)inZonе3Сandtlrеtlriсkепесlxttaсhrnеntbсtц,.ссn1еsl)Е

shеlth (blасk аlтott') In thе trlnsvегsе viеlv (lф ilnаge), ч,lliсh is сln]r visiЬ]с \\.ith distепtion o1 thе digitxl shеxth
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tigure 3-163
Sonograms сlf a сlrrorriс Iibгinсlrts (ligital shе'rtlr tеnоsYпOvitis ill thе
гight hinсl lеg. obtajnсd fiсlnr atr S-теar.old Oldеnbегg lпxfе NOtiсе tlrе
tlriсk lx)'еr of |rv1-lсlесhсliс loсLtla[есl matегjal rеl)геsепting Iibгirr alorrg
1hе mесlial аspесt of thе digit1tl sIlеаth iп thе miсl-pastсгn rсgiсln, l-tсl
thс :rпесhсliс llllid аd.iiссIlt tO tlrе tlriсk liЬ;:itr laуег Тhis sсlпogгaphiс
appеafanсе сап bе thе rеsrtlt оf lrеnroггl-tаgе intсl tl.tе shеath ()г sеYеге
сhfоniс fibгiпot-ts inflan]1таtiOn п.itlriП thе сiigital sl.rеath Thсsс sono-
gгams s,еfе obtainесl in zonе Р1с with a rviсiе-b:rпсlwiсltlr 6 O-MHz
miсгOсonvех linеaг-aггaY tfansdt|сеr Ol)сгаting xt l0 0 МHZ at a dis-
plavесl dеptlr of { сm Thс fсlсal ZOnеs 

'Lге 
positiоnеd in thе miсlс|lе сlf

thе imagе Thс гigl.rt siс|е of tlrе tгlns\'еfsе 1,igg, (lеfi iпlаgе) is plant.lLr
and 1hе lеft sidе is dorsal Тhс right siсlе сlГ thе sagitral \,iеu' (rlg,l
iп1аgе) is proхirrral and t]rс lеft sidе is distal

inflammation Within thе tеndon shеath (sее Fig. 3_|6з)
of bllfsa. Fibrin and loсr.tlations ma)r also indiсatе sеpsis
in lrorsеs With anесhoiс fluid, еspесialb.in aсLltе sеptiс
tеnosуnovitis. T1rе Iibrin rvithin thе inflamеd tеndon
shеath may rеsolvе with tfеatmеnt or ma}. organizе аnd
fbrnr fibrous attaсhmеnts еithеf brtwееn thе tеndons and
thе tеndon slrеath (sес Fig 3_157) oг bеtwееn thе buгsa
and thе tеndon. Thеsе aсlhсsiiltts rrrlЦ- геsult in lrbnofmal
alignmеnt of thr tеnсlinous stftlсtllгеs сont;tinесl \\rithin
thе tеnсlon slrеath (Fig. 3-164). T1-rеr' ma\. also lеird to
sllbsеquеnt fibеr tеaгing in thе dееp сligital 11ехог
tеndon (most likеl1,) or supеrfiсial digital flехtlr tеndon
(Fic.3-165).

Tenosуnovitis

Digital Slrеath Tеnosynovitis. Digital shеath tеno-
synovitis is oftеn vег), milсl with fеw сliniсal oг sono-
gfaphiс signs othrf than an inсrеasеd amount Of synovial
fltrid сontainеd within thе digital shеath. This mild.
сhroniс еffltsion in thе digital shеath is ttsuall1, idiopathiс
arrd is not assoсiatеd with any tеnсlinolts and ligamеntolls
abnomaliqr. of morе сonсеfn is Iibrinous сligitat slrеath
tеnosynovitis (sее Fig. 3_163), bесausе thе dеtесtion of
filmy hypсlесhoiс есlroеs within thе сligital shеatlr ilг
lсlсulations indiсatеs thе prеsеnсе of Irbrin and aсti\,е
inflammation within tlrе digital slrеath. Rеsolrrtion сlf this
inflammatiоn аnd thе сlisappеaranсе of thе fibrin within
thе digital shеath is thе goal of thеrapy atrd patiеrrt
mana8еmеnt. Thеsе fibrinor.ls loсtllatitlns ma}, maturе anсl
bесomе flbror-rs adhеsions bеtwееn thе supеrIiсial and
dсеp digital flехor tеnсlсlns (sее Fis. 3-165) or bеtwееn

с:bс]рtеr .З . Musсuloskеletаl LПtrаsoпogrаplэу 131:

Figure 3-1 64
Sсllogгams сlf l сlrгorriс di!.it;rl shеat]r tеnosvпOvitis in tlrе lеft fогеlеg'
obtainеd lrot]r a ]-1.еaг<llс| Starrсlaгсtbгссl сolt Notiсе tlrе lr)'poесhсliс to
ссlrogсtriс n]ltсгjal suгtorrrrdirrg thс dееp digitа| 1lехor tслdoл (DDF)
сOnsistеlrt with ofgalizing fillгin arrd 1ibfolls tissllе This lrЬгor-ls tlriсk-
еniпg of tlrе digital shеath (TS) is displaсing thе Dl)F aпсl stfaight distal
sсsamoidеar] liЕ]аmеЛt (SDSL) dоng thеiг mсdiаl аspесt anсl сlisplaсing
tlrе DDF xlong its palnrar. anсl lxtеral aspесt. сlrarrging thе planе оf thе
DDIr l.hеsе sol1оЕ.г:1]1]s wеге ()btai11есl il] Zonе РlR with x $''idе-banс|-
п,iс]th 6 (lN{Hz lпiсrсlссlпvеx Iinеltг-arгa)' tгiпsdllсеf opеfating at 10 0
мнZ at a displaуеd сiеpth сlf ,1 сm Тlrе 1rlсal ztlrrсs lге positionеd in
t]]е сеntег оf tl-]с iЛlllllе Tlrе гight siсlе сlf tlrе tгaпs\'егsе v|е\\ (rigljt
in1аgе) is ]atсга| and thе lеti sjdс is lrrесlill Thе гight sidе oft]rе stgittal
viем, (leJt ittlа!]е) is proхinral aпd thе lеft siсlе is distаl MDSL' miсldlе
сlista] sсsаmoiсIсltп ligапеnt

Figure 3-165
Sonogгlu-l-ls сlf ас]l.rеsions bеtп.ееrr Lhе srlpсгIiсill (SDII) arrсl dееP digitil
flсхсlг tеlldсlns (Dl)F) jЛ tlrе lеft hirrd lеg, oЬtainссI fгсlm a .]--vеar-
olсl Tlrorouglrbгсri gеiding Тhis hсlгsе lrad a сhгoлiс сligital shеath
Lеnos\'11o\'itis th2tt \\,-xs oligiлlrllv sеptiс Notiсе thе aсlhеsioп (аrrouls)
bеt}.есn thс plltnLalсlmеdjа] xspесt Of tlrс DDF atld Llrе сlсlгsorrrесliаl
tsPесt Of thе sDll itl tl]с tгxnsvегsс viеп,- (right itltаgе)' distOгtinЕ] thе
slrapе of tlrе t\\'o tеn(]oпs Both tеndoгts arе еnlaгgеd. hl'poесlroiс' arrd
laсkirrg tlrе лtlгllal hbеr pattсгn Thе SDf and DDF tеndinitis was
imagеd titlпl 28 tо zi5 сm distal to thе point ot tl.rе l-roсk Tlrеsе
sоlloЕ]гаnls п.еге Obteinе(l at ,12 сnr (Zonе ,iB) with lr widе-banсlwidth
7 5-МHz liпеaг-arтat tfllnsdllсе1. opеГatinЕi, аt l() () MнZ with а hinсl-hеld
staпdoff Paсl at a displa1'ссl сlеpth оf 5 сm Thс: fbсal zorrсs аге ptlsi
tiсlпесl irr tlrе nеaг fiеlсl Тhе fight sidе of thе tflnsvеfsе ima!.е is latеral
and thе lе1t sit1с is nlес|ial Тhс гiglrt sidе Of thе sagittаl viеw (/efi
itl|сIgе) is pfoхimаl anсl tlrе lеti sidе is с|istaI
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thе flехoг tеndons and thс tеndon shеath (sее Fig.
3_164). Сhroniс thiсkеning of thе synovial lining of thе
digital shеath also oссufs in hoгsеs with сhгoniс aсtivе
digital shеatlr tеnosynovitis. Fibrotrs prolifеration is oftеn
imagеd in tlrеsе horsеs nеar thr proхimal and latеral
геflесtion of thе digital shеath tFig. 3-166l. This fibrous
prolifеration сan bесomе quitе laгgе and сan rеsrrlt in
thе sеparation and subsеquеnt malalignmrnt of thе flехor
tеndons. Hypoесhoiс to есhоgеniс massеs wеrе idеnti
flеd sonographiсally in thе distal rесеssеs of thе digital
shеath in 3 of 17 horsеs.s.)

Сatpal Shеath Tеnоsynovitis. Сarpal shеath tеno-
synovitis is usually a pеrformanсе-гсlatеd injuц. 2n4 i'
onе сalrsе of сarpal сanal syndromе. саfpal shеath сffu-
sions may bе mild and not assoсiatеd with lamеnеss. Thе
morе sеvеrе сarpal shеath еfТusions, howеvеr, arе trstrall1.
assoсiatеd with lamеnеss at thеif onsеt. Thе majority of
horsеs with сarpal shсath еffusion havе an inсrеasеd
amount of anесhoiс fluid imagесl witlrin thе tеndon
shеath, With no tеndinous or ligamеntor.rs abnoгmalitiеs
(sее Fig. з-1.59). In horsеs witlr sеptiс tеnosynovitis,
Iibrin and loсulations arе usually pfеsеnt along with in-
сrеasеd есhogеniсity of thе synovial fluid. Fibгin anсl
loсulations maу also bе imagеd within thе сarpal shеath
(Fic. 3-167) and arе oftеn assoсiatеd with hеmorгhagе
into thе сarpal shеatlr sесondary to a tfaumatiс loсal
injury. Thе distеntion of thе сarpal shеath сan bе rеla-
tivеIy mild. It сan also bе massivе, With lafgе synovial
outpouсhings of thе сarpal shеath dеtесtеd proхimal to
thе сarpal rеtinaсulllm, paпiсularl1, on thr latеral aspесt
of thе limb (Fig. 3- 168) and distal to thе сarpus along thе
mеdial aspесt of thе proхimal to mid-mеtaсarpal rеgion.

Figure 3-166
Sonogгams of a сhгoniс digitel shеath tеnos1,nоvitis anсi сlееp digital
flсxoг (DDF) tеndinitis in thе lеft hind]imll, obtlinеd trоm an 1l-vеar-
old Thoгoughbrеd maге Notiсе thе есhсlgеniс thiсkеnirrg (аrrОu's)
alопg thе htегal :rspесt of thе digital shеath (Тs) sеpaIatiПg thс supеr1i-
сial digitai flехof tеndons (SDF) aпсt DDF, геprеsеnting an aгеa of
flbгous sсаг tissuе \ifl'ith d).namiс геal-timе sсanniпg, this aгеa appеxгесt
adhеrеd to thе DDF Thе DDt- is еnlargеd and Contains hr,poесhоiс
aгеas iп tlrе doгsal and pla1rtaг poltiоns оf thе tеn(lon Thеsе sоnogгanrs
wеrе obtainе(l rrеar thе dоrsal-most геtlесtiсlrr Of thс digital shеath iп
Zoпе 3A at 30 сm distal to thе point of thе hoсk usiпg a 7 5-MHz Sесtor-
Sсannеr tfansduсег сontainiп€l a built.in fluid offsеt at a displa).есl dеpth
of 6 сm Thе fight sidе of thе tгansvсгsе Уiеw 1ert iпаgе) is |ltеta|
and thе lеft sidе is mеdial Thе гight siсlе of thе sagittal viеw (rцl,/
i?1,Iа8e) is pгtlximal and thе lеft sidе is distxl

Figure 3-1 67

Sorrograms сlf l Iibгinсlus сarpal shсatlт tеnos}'novitis in thе lеft tbгеlеg.
obtainес1 tiom a J уеar-old Tlrorсlughbгссl сOlt Notiсе thе distеndеd
сlгpаl shеath сontaining anесhоiс lltlid aпсl l.r1pсlесhсliс 1oсulаtсtl fibrin
Тl.rе laгgеst distсntion оf thс сarpal sl.rеath in thе pfoхimxl mеtlсafpal
геgiorr (7 спr сlistitl tO thе Point of thс aссеssory сatpal bonе) is mесlial
in zonе lA Thеsе sonograms ц.еге сlbt;ritlеd W-ith a \vidе-bandwidth
7 5-MHz linеaг.arra\ tгansdllсеГ opеIatiпg at 7 5 MнZ w.itlr а hand-hеld
standoff pad 1rt 1r с|ispla-vесl сlеpth of 5 сп .Ihе foсal zonеs ;lге 1losi-
tiol]еd iп tlrе nеaг Irеtd Thе Iight sjсlс oг thе tfaпsYегsе viеw (lеft
imаge) is [atегa] aIlсl thе lеfi sidе is nrеdiаl Tlrе гight si(|с оf thе sagittal
\,|еw (right iпаgе) is proхinlal аr-rсl tlrе lеlt sidе is distаl

Thoгough sonographiс еvaltlation of all thе stfuсturеs
сontainеd within thе сarpal сanal should bе pеrformеd
to dсtеrminе if othеr tеndinous. ligamеntor.ls, oг bony
disеasе is prеsеnt. Largе сarpal Slrеath еffusions сan bе
assoсiatеd with nеw of fесеnt afеas of libеr tеaring in
thе supеrliсial or dееp digital f]ехof tеndon. Еquinе сar-
Dal shеath tеnos\.novitis is moге сOmmon with sеvеfе

Figurе 3-168
Sonogr;rlrrs оf a sеl'еrе' -fibrinotrs сагpal shеath tеlos'vnovitis in thе right
1brеlеg, сllltainес1 trсlm a 13 l.еaг-old Hаnоvеrian nrarе .Гhеsе sonOE.rams
wеrе obtaiпесl pгсlхimal tо thе сarpus аlong thе latегal aspесt of thе
dist1l| radius Notiсr thе laгЕ.е anесhoiс fluid distсntiоn of thе latегal
сOlПpaгtmсnt of tlrе сarpal shеath сontainirrg smlll alПolrnts of h}'po-
есhoiс libгin Тhеsе sonograms ь'еrе obtaiпесl with a wiсlе-bandl,idtl.r
6 O-MHz miстoсonvеx linеaг-aгtау tгansсlllсеr opегatinЕ. at 7 i I,IHZ at a

displa).еd dеpth оf .1 сm .Гhе foс:ll zonеs aге positionесl in thс 1aг 1iеlсl.

Тhе fight siсlс of thе tflns\rеrsе Уiеw 1ql ilпаgе) is сгan:ial and thе lеft
siс1е is сatlсhl Thе гight sir1е of thе segitt:li viеlv (rigbt illlсще) is
pгoximal anсl thе lеft sidе is distal
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injury to thс supеrliсial digital tlеxoг tеndon within thе
сarpal сanal than with mild supегfiсial digital flехor tеndi-
nitis. Largе сarpal shеlrth еffttsions may also bе imagеd in
horsеs witlr bon1, prolifегation along thе physеal rеgion
of thе distal radir'rs (Fig. 3_|69). Although many tlf thеsе
bony prolifеrativе сhangеs at thе physеal rеgion havе
bееn сallеd ostеoсhonсtromas, histopathologiс ехaminа-
tion of somе affесtеd horsеs has not сonIirmеd this diag-
nosis. Largе еffusions in thе сarpa| shеath сan also bе
imagеd with fraсtuгеs of thе aссеssory сarpal bonе. In
thеsе horsеs, thе еfftrsion is usually librinor'rs, loсtrlatеd,
and hеmoггhagiс. Injrrriеs tO thе supеrior сhесk ligamеnt
may also bе assoсiatеd with еfhlsions within thе сarpal
shеath. Сhroniс thiсkеning of thе сarpal shеath and its
synovial linirrg may pеrsist in somе horsеs with сarpal
shеath tеnosynovitis (Fig. 3-170) and may flarе up pегiod-
iсall-v with inсrеasеd еfftlsion and libгinotrs krсulations.

Сbаptеr J . Musculoskeletаl (лtrаsonogrаph! |33

Tatsa| Shеath Tеnosynovitis. Mild еfftrsions arе oс-
сasionally dеtесtеd within thе tarsal shеath (Fig. 3_171)'
as in thе digital and сaгpal slrеaths, that havе littlе сliniсal
signiflсanсе. Fibгinous loсulations (!ic. 3-172) and largе
сffusions afе moге сommon in horsеs with tafsal shеath
tеnosynovitis than arе bеnign small anесhoiс еffr.rsions.
Tarsal shеath tеnosynovitis is usr.rally assoсiatеd with a

modеrаtе to sеvеfе suddеn-сlnsеt lamеnеSs.tr6 Tсnosyno-
vitis of thе taгsal shеath is oftеrr assoсiatеd with trauma,
although сliniсal signs appеaг oссasionally aftеr a faсе of
сompеtition.l16 l]t] сhangеs in thе undегl1'ing sustеntaсLl-
ltrm tali arе frес1trеntly dеtесtеd and сonsist of сhip fгaс-
tuгеs, bony prolifеration along thе mеdial bordеr, and
both l1tiс anс1 prolifеrativе сhangеs. Dгaining wotrnds
from thе mеdial aspесt of thе hoсk also oссttг in somе
affесtеd lrorsеs.

Taгsal shеath fllptllfе is onе сausе of a falsе thorouglr-

Figure 3-1 69

Sonograms of a sеvеге сaЦ)al shеath tеnos)'no\'itis witlr сlrroniс srцlеrIiсial digital flехor (sDF) tеndinitis in thе fight foгеlеg, obtainеd fгсlm an l8-
]'еaг-оld Warmbloсlсl gеlding Thеsе sol1ogгams п,еге obtainеd lrу usiЛg a widе-Ьandwidth 7 

'-Мt{Z 
linеaг-aгг:lу tгansduсег opсrating at 7 i MHZ

q.ith a haпd.lrеld starrdolТ pad at a displa1'еd dеptl] of 6 сm (А and -B) аnd b), usirrg a 6 O-MHz пtiсгoсonvех linеaг-aггa.v tlansdlrссг opеratinЕ. at

lo 0 MHz at a сlisplar,еrt dеpth of t0 сm .с) Тhе lbсal ZOnеs aгс pоsitionесl iЛ t]]с nеaI 1iеlсt (,.1 and lз) 
^11d 

|л tlrе faг flеld (С) ТЬе гight sidе ()f

thе trans\.егsе iп^gе (А) is сfalial aпсl thе ]еft siс1е is сaLrdal, thе гiЕ]lrt sidе оf thе tгal1s\lеfsе ilПagсs (lJ aпd с) is |atегa] atrd thе lеft sidе :is mеdial
Thс right sidе оf tl.rе sagittal imaЕ]еs is pгoхimal xЛd thе lе11 sidе is distal DDF. dееp digital flехor tеndon

,4, Notiсе thе nrassir.е amolшt of flbrinorrs loсLllatioпs within thе сxlpal shеath in thе sаgittal viеw aф imа,gе) aлd thе essосiatеd anесlroiс fluid
in t,hе tгansvсгsе viсw (rц]ht imаge) Tlrеsе fibгiпous loсLllations сoltlсl iпсliсatе prеviсltrs hеmогrhagе into thе саrpal shеatlr or sс\,'еrе сhгoniс
inllaпnratioп Thеsе imagеs wеге oЬtainetl alоng 1hе mеdial aspссt of thе distlt| гaditls

/J' Notiсе thе еnlaгgсd' somеwhat lrеtеrogсnеolls appеaranсс of tlrе SDF ill thе рfoхim1ll mеtaсaгpal fеgioп xt 5 сm сljstal to thс point of thе

aссеssory сaцla] bonе (Zonе 1A). сonsistепt with a сhгoniс, hеaliпg SDF tеndinitis This lrorsе had :r 2-r,саг histoц' of sеvеrе aсlttе diffusе supегliсial
digital flеxoг tсl]сlinitis witlr largе aгеas of Iibег tеагing :rлсl sеr.еrе сaгpal slrеath tеIrоs),novitis with bonY prolifегation along thе сlist;Ll г:rdius Thе
lеft inragе is thе sagittal viе*'; rigl.rt imagе iS thе transvегье viеrv

с. Notiсе thе bony prоlifсгlrtiоn along thе distal aspесt сlf thе гadius (аrrО11)s)' whiсh appеaгs tO bе impiпging on thс сarpal сanal iп both thе

slgitI^I (lф itnаgе) lnс| tгansYсfsе (rigbt if||tlgе) У|еws

Ve
tB

oo
ks

.ir



I34 Сb{lРtеr З . Musculrlskelеttll (Лtrсlso,'ogrаРh!

Figure 3-1 70

Tгarrsvеtsе sonogfams of a сhrоniс сагPal shеath tеnos\]lo\-itis in tlrе
гight forеlеg, obtxinесl tiom a .]-vсaг-с)lсl Thoгoughbгс(t сolt Notiсе thе
thiсkеning' of tl]с сaгpal shеat|l (сtrrolL\-) with пO signiliсant е1frLsioл.
wlriсh was imagеd throuЕ.hout thе lеn!.th сlf thе сaцla| shеath Тlrеsе
sonogгams wеrе оbtaiпес| iл zonсs 1х (lеfl itпаgе) at 8 Cm сlistal to
thе pоint of thе aссеss<lц' с;Lгpal b<lrrе агtd 1B et 12 сm distal to
thе aссеssoг\. сarpal bol1с with a 7 5-]\{Hz sесtог-sсaпnеr tгans(|Uсег
сontiliпing a bui]t-in fluiсl offsеt at a displaYе(l dеpth of 5 сm T1rе right
sidе of tllе imagеs is latегal and thе lеft siсIе is rrrесlial SDF, supеrIiсial
сIigital tlехoг tеndon; DDF. с1ееp сligitаl flехor tеndon; IсL, infегioг
сhесk ]igamеnt; SL' suspеrrsor.v li!]amеnt

pin, thе othеr bеing sltbсLrtirnеolrs fltrid swеlling in tlrе
fеgion of thе tarsal shеath, Llsllall}, a hеmatoma. Tarsal
shrath fttptufе is usr'rally diagnosеd With сOntfast radiog-
raphy, an invasivе tесhniqttе. i r 2. r j9 Althor-rgh сommllniсa-
tion bеtwееn thе tafsal Shеatlr and thr synovial ganglia
shottld bе dеtесtablе rrltrasonogгaphiсally with сarеftll
sеarсhing of thе fluid-flllеd stfllсtllfеs and thе Llsе of
high-rеsolution ultfasound еqr'lipmеnt, it сotrlсl not bе

Figure 3-171
Sonogгams Of 1t taгsal Shеath tепos\'no\'itis in thе lеft lrinсllimb. obtainеd
fгonr a 4-Yеirr-old Tl.roгoughbгеd gеlding xt 21 сm distal to thе point оf
thе lroсk (Zonе 2A) Notiсе thс аllесhсliс е1Тrlsiоrr (сt,rrottl) within thс
tarsal shеath (TS) stшr.otlndiпg thе dеер dillital flеxOг tеndon (DDF)
Thеsс so.Ogfams wеrе obtaiflесl with a 7 5-MHz sесto1.sсannеf tr,ans-
duсеr сontaining' a bllilt-in fluid oft.sеt at x displaYеd dеptlr of 6 сm
Thе right sidе of thе tг;lпsvегsс l.iеsт (lф it11.Igе) is lаtегlrl anс| thе lеft
sidе is mеdial Thе fight siсlе of thе sagittal viеW (rigbt inngе) ts
pгoхiшa| and thе lе1t sidе is distxl SD}-. supег1iсial digital tlехoг tеndon;
SL, suspеnsory ligшlеnt

Figure 3-172
Sсlrrograrrrs or a сhгсltliс libгinсllts tarsal,slrеath tеnos! no\ itis in thе fi€.ht
hinсlljmb, obtainеd ttсlпr an 1l.yеaг-old Nloгgan maге xt 21 СtП distal to
thе point of thе lroсk (Zonе 2l]) Nоtiсе thс hv1lоссhoiс to есhogеniс
mxtеrixl геpIеsепting orgаnizing flЬrtn (а'rrou'ls) сOntainеd within thе
tafsal shсath (TS) stlггorrпding tlrе dееp digital 1lех<lг tеndon (DDF)
Thсsе sonoЕ]гams wеге obtainеd With a 7 5-MHz sесtof-sсinnег tfans-
дlllсег сOПtainiпg a btl,ilt-ilr fluid Offsсt аt a disp|a1,есl dеptlr сlf 6 сm
Thе гiglrt sidе оf tlrе tгansvегsе viеw (riglэt illlа'4е) is latеfal aпd thе
lеft siсlе is mесlial Thе right sidе оf tlrе saЕ]ittal viсw (lф iп1а8е) is
proхimal alсl tlrе lеft sidс is dist:rl SDF' supeгliсiаl digita| flехoг tеndon;
SL. suspеnsoц. ]iЕ]amеnt

dеtесtеd in onе horsе.tJ9 Thе taгsal shеath is at high
risk of tfalunatiс injury ргoхimally bесallsе it protflldеs
proхimall), and mеdially to thе dееp fasсia of thе hoсk
dtlring ехtеnsion.||6 Traltma to this fеgion сan fеslllt in
taгsal shеath synovitis, гl'lpturе' of a hеmatoma in thе
sllbсLltanеoLls tissltеs Withollt tafsal Shеath involvе-
mеnt.l lo

Figure 3-1 73

son()grams сlГ а sr'novial ganglioп (ttstt-t|a) irr tlrе mесlial xsресt of thе
сtigital slrеatl.t (f.s) in thе riglrt lrinс1 lеg, obtainеd 1тonr arr 8-)'еaг-old
.flrоrorlghbrеrl gсlсling Nсltiсе thе small aпссhсliс synоvial orttpollсhing
aloпg thе mссli:rl аnd plxntltr aspесt Of thе digitаl shеath, with a |laгrow
aесk at thе sitе Of thе dе1.есt in thе wall Of thе digitxl shе.,|th Феtшеeп
tbе аrrош's) .l.hеsс sоnogгаЛ1s wегс obtaiпесl in zonе .]B at 28 сm
distal ttl thе point of t]]е aссеssoгv сaгp:rl btlnе with a 7 

'-N,Iнz 
sесtor-

sс1tnпег tпtnsсlrrсег сoпtniniпg x btlilt-in tluid o11Ъеt at a disPlx),есl dсpth
сlf 6 сm Tlrе гiglrt sidе oI thе tfans\rеГsе \iе\a (lеft itlтаgе) iS Llorsxl
xnd thе lеlt siсlе is plantar Thе fight sidе of tlrе sagittal \'iеw (пзlr,
i1па8е) is pгoхimal and thе ]еft sidе is distal sDF' stlpегfLсial digital
flехсlг tеndоn: DDF, dееp digital tlехor tеnd<lrr

Ve
tB

oo
ks

.ir



Synovial Ganglia and Tеndon Shеath Rupturе.
Rupttrrе of thе tеndon shеath oссasionall1. oссrшs with
thе dеvеlopmсnt of synovial ganglia. Thеsе synovial out.
pouсhings сan bе vеry small and сliniсally insigniflсant
(Fig. 3-173), or thеy may bе quitе largе (Fig. 3-1т4) and
involvе a laгgе poftion of tlrе tеndon shеath. Synovial
ganglia arе most сommon in thе сligital shеath in thе
authoг's ехpегiеnсе, but сen oссur irt essoсiation witlr
any of thе tеndon shеaths. Diffеrеntiation bеtwееn a

sеvеfе tеnosynovitis and a r.tlptufеd tеndon shеath is
important, bесatlsе diffеrеnt tfеatmеnts nray bе indiсatеd.
Small anесlroiс to hypоесhoiс massеs сan oссur in thе
wall of thе tеndon shеath and may bе assoсiatеd with a

foсal arеa ofpain (Fig. 3_175). Thеsе aгеas rrsually rеsolvе
anсl arе probably assoсiatеd s/ith loсal hеmoгrlragе
Within tlrе wall of thе tеndon shеath. oссasionally, thrsе
arеas pеrsist as blеmislrеs that lrppеar h),porсhoiс to
есhogеniс but сausе no funсtional рroblеm.

Tеnosуnovitis of thе Ехtеnsоr Tеndon Shеaths.
Injuгiеs to thе ехtrnsof tеndon shеatlrs ovеr thе dorsal
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aspесt of thе сarpus afе сommon, with dеvеlopmсnt of a
tеnosуnovitis of thе affесtеd tсndon shеaths (Fig. J-176l.
Assoсiatеd injuriсs to thе ехtеnsof tеndons afе unсom.
mon' Мost affесtеd horsеs havе a noгmal ехtеnsor tеn-
don or сlnly a mild tеndinitis of thе poпion of thе tеndon
сontainеd within thе shеath (mild dесгеasе in tеndon
есhogеniсit1. and sеparation of lrbеrs)' Aтеas of flbег
tеaring сlo oссtrr in thе еxtеnsoг tеndons in lrorsеs with
rхtеnsor tеndon tеnosynovitis, ustrally assoсiatеd with
loсal traumа (Fig. 3_177). Laгgе hvgromas may form in
assoсiation with markеd distеntion and/or гupttrrе of thе
ехtеnsor tеndon shеath. Hygromas aге most сommon
ovеr thе dorsal aspесt of thе сafplrs.

Pеnеtrating Wounds into thе Tеndon Shеath. Pеn.
еtratin€. wotrnds in thе pastегn, fеtloсk, and distal mеta-
сarpal or mеtatarsal rеgion oftеn involvе thе tеndon
shеath. Thе traсt of thе pеnеtrating objесt сan bе fol-
lowеd fгom thс dеfссt in thе skin оr thе sсar into thr
dееpеr tissuеs. Thс tгaсt usually appеars as a linеar or
ttrbular hypoесhoiс path that еxtеnds from thе skin sur-

Figure 3-174
Sonogfxms of a fuptllr.еd сaгPll shеath in thс ]е1i tbrеlеll' obtainесl fronr a J-yеaг-old Thoгоuglrbrесl соlt Tlrеsе sono!.fams wеrе obtainеd with a

7 5-NI]нZ sесtoг-sс1lnnrf tfansdllсег соntaiпing а built.ln fluiсi offsеt at a tlispla-vеd dеpth of 6 сnr Thе гiЕ]ht sidе tlf thе transr,еrsе inlagеs is latеra]

.,4) oг сfaпial (С) rлd thе lеft sidе is nrеdial (,,1) oг сartdal G) Тbe right sidе of thе sagittal imagеs (,,1 lnd B) is proхimal and thе lеft sidе js distal

SD}-, strpсгfiсial digital flехor tеndon: Г)DF. dееp digital flсхor tеnс1on; IСL' infеrioг сhссk ligаmеnt
,.l, Notjсс tlrе largе amount of anесhoiс fltrid suггсlunding thе sDг and DDF tеndons with hуpoесhсliс loсtrlatеd Iibгin in thе tгxnsYеrsе .rц,b/

iшаgе) lлс| S^giI|a| (lе.ft i|,llа.че) \1ews
B, Notiсе tl.rе h11loесhoiс rnass оf loсuhtio]ls in thе proxiЛ1al and latеfal poгtiorr сlf thе сaгpal shеath' rеpгеsсntiпg ln оrganizing сIot in this

sagittal viеw
С. Notiсе thе dеtъсt iп thе wall of thе сarpal shе:lt|t (аrt'сlu') аk)ng thе proхimll alrd mеdial aspесt оf тhе сaгpal shеath in zоnе 1A and thе laгgе

syлovial olltPouсhing сontainil1g anесhoiс fluid iп this tгansvеfsс viеw
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Figure 3-175
Sonogгams сlf a small mass iл thе п,-all of tй right сaгpal shеatlr
aloflg its lxtеfal aspесt' obtainеd fi.om a 17-}.сaг-olсl Thoгorrghbrеd сross
gеlding wjth сhfoniс sr-lpеrfiсial diЕ.ita| tlехor (sDF) tеndiпitis Notjсс
thе h.vpoесhoiс to anесhoiс сlv:tl пr;rss in thе w-all of tlrе сarpal slrеath.
whiсh doеs not сommuniсatе п.ith othеl.stгLlсtllfеs [осatес1 at 15 сm
distal to thе point of thе aсссssoЦ.сaцla| llonе (ztlllе 2А) This probablv
геPгеsепts ir tгallmatiс initшv thxt is геpaiгing witlr granulatioп tissuе
and immaturе fibгolls tissuе Thеsе sоnogгams rvеге obtainеd with a

7 5-МHz sесtof-sсш1nеr tIirnsdtrсег сontaiпing a btlilt-in flr-liсl сlffsеt аt а

displayеd dеpth of 6 сm Thе гight sidе tlf thе tгlnsvеrsе viеw (lф
i|nаge) |s doтsal аnd tlrе lсft sidе is palmar Tlrе гight siсlс of thе Sagitt2l
viеw (right imаgе) is proхiпral and thе lеtt sidе is distal DDF. dееp
dlgital flехor tеndolr; I(]L, inlЪгiсlг сhесk ligamепt

faсе into thе subсutanеous tissuеs and thеn into thе
trndon shеath (Fig. 3-17в), and oссasionally intсl thе
tеndon itsеlf. Thе bеst tесlrniс1llе to follow thе traсt tO
its origin is to sсan thе traсt in its shoff aхis, kееping thе
traсt in tlrе сеntег of thе imagе Thе tгaсt should bе
folloп.еd to its еnd, and if morr than onе tfaсt is pfеsеnt,

Figure 3-176
Sorrogгams of a tеnosYno\.itis of tlrе ехtе11soг сaгpi гadialis (ЕСR) tсndon
slrеath in thе lе1i foгеlеg' сlbtаinесl Ггom aп 8-}еaf-o[d Тhor.otlghbгесi
gеlding Notiсе thе allссhоiс еffusiсln in tlrе tеt.tсloп shеat]] wi1h a small
amount Of hЬrtn (smаll аrroш's) and tl.tе noгmal attaсhmсnt of thе
tеndon to its shеath, whiсh is thiсkеf :rllс| lrroге есlrogеntс (lаrgе
аrrouls) Thе ехtеnsor сarpi гаdialis tсndon is normal Тhеsе sonollгrms
wеге obtainеd with x 7 5-}1Hz sесtoг-sсannеf tгansсlllсег соtrtaining a

built-in fluid olТsеt at a dis1llavеr1 dеpth of 6 сrrr Thе fight sjdе of thе
tгansvегsе У|еw (lеft imаgе) ts latеfal and thс lеlt sidе is mеdial Thс
fight sidе of thе seЕ]ittal уiеw (right iпсtgе) is proхimal and thе lеlt
siсlе is distal

Figure 3-177
Sonograms <lf an lrrеa ()f Iibеf disruptiorr anс1 hеmсlrr.l.ragе in thе ехtеn-
sOг сац)i rarlialjs tеnсlоn (Е(,R) W.ith disгtЦ)tion of tlrе tеndotr slrеath
(d,ottlтt tttэl-lttls), obtaiпесl fгсlпr a l 2-r,еltr-сllсl Тhсlгorrghbгесl gсldirrg
Notiсе thе anесhоiс dеtЪсt irr tlrе ЕСR (slllсtll аrroшs) :tnсl thе hvp<l.
ссhoiс loсulatес1 matегia[ aс1iaсеtrL tO thе dеIъсt. 

'rss()сiatесl 
п-ith tlr

ganizillg hсmоггhagс Thеsе sonсlgгams rvсгс obtairrесl ц,ith a 7 5-NIHz
sесtor-sсaпnег tгxfrsdl-lсеf сOлtx,iniл!} a built-ill flrriсl offsеt аt :r сlisplar,еd
сtсptlr ol 6 сm Thе гight sidе Of thе tIansvеIsе l-,iеw (lеJt itllаgе) ts

latеrаl alld thе lеft si(lе is mесliаl Tlrе гight sidе оf thе sagittxl viе\\,
(riglэt imаgе) is prсlхiпral anсl thе lеft sidе is сlistal

thе-v should all bе followеd tO thеif sollfсе Thе traсt
ma,v сontain aпесhoiс, lrуpoесhoiс, of есhoЕ.еniс fluiсl
and may сontain briglrt hypеrесhoiс pinpoint есlroеs'
сonsistеnt With gas. If thе gas есhoеs arе loсatеd only at
oг nеaf thс skin, thеsе may bе еntеrirrg thе tfaсt from
thе air adjaсеnt to thе skin. If tlrеsе gas есhoеs linе
thе traсt for its еntirе lеngth of afе unifofmly dispеrsrd
throughottt thе tluid in thе dееpеr tissl'lеs, of if a сlofsal
Е.as сap is dеtесtеd, an anaеrobiс infесtion is likеl1..

Figure 3-178
Sсlnсlgrams of :r рсnеtгatiпg injuN illto thе taгsal slrсatlr of thе fight
lriпсllеg. оbtaillесl Ггom a Jl'еar<llсl Quartег hoгsе filIl' Notiсе thе
lr),poесl.rсliс traсt ехtеndinЕ. fгom thе brеak in thе skiЛ stlгfltсс (аrrou,s)
into thе txl.sxl shеath Tl.tе dееp digital flсхo1. tеrrсlon (DDF) is stш-

гounсlеd by hlpоесl.roiс Iluiсl, suggеstiпЕl x sеl)tiс tafsal shеxtlr tеnos\'no-
vitis Thеsе sоlrogг:rms wсгс obtaitlеd aklng thе mеdial аspесt of thс
hoсk п.ltl.r a 7 5-NIHz sесtoг-sсannег tгansduсеr сOпtaiпin!] а builЕiл
fllriсl о1l.sеt at x displa)'есl сlеptl.r of 6 сm Тl]с fight sidе of tlrе tгa|lsvегSе
У|еw оеrl imсtgе) is сranial and thе lеft sidе is с:rrtdаl Thе гight sidе of
thе sltgittal viеw (Гigl't imаge) is proхimal arrd thе |егt sidс is dista|
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Figure 3-179
SOnogramsofasе1-ltiсbiсipitalllursitisinthсlеtttbгеlеg,obtaiпеdtiоma3-.!'еaг-olс1StarrdaгdbгеdgеldirrgThеsс
1 S-\IHz sесtoг-sсiulfег tгansdrrсег соntainiПg a bllilt-in flr-id ofТsеt at a displavеd r1еpth оf (l сm Тhе fight sidе Of thе sagittal Уiеw (right iпtаgе in

B) is pгoхimal and thе ]еft sidе is сlistal Thе Iight sidе of thе tгaпsvегsе viеws (,,l lnd lф imаgе iл B) is latеral anсl tlrе lеt1 siсlс is nrеdial

,{' Tгansvеrsе solloЕ.гam of thе biсipital tеndon aлсl biсц)itxl t'Ufsa (аffo\|s), illrrstгatiпg hrpoесl.tсliс еfftlsion in tlrе biсipital buгsa with arr

есhogеtliс mass (whiсh pгobablу гсprеsепts сlot) dеtесtеt.l unсlегnеаtlr thе lеft diagonal ar:гow Thе biсipit;rl tсndon is еn-laгgеd xn(l son]еwhаt

lrеtеrogеnеOlrs Wit]r h}рOесhoiс aге;ts within, сoпsistеnt wlth a difftlsе tсndinitis of thе biсц)ital tеndon
B. Sсlrrograms Of thс biсipital tсndon anсl bursa illtlstгating m'lгkеd distеntiotl сlf tlrе Ьuгslt With x сOmрositе lluid and aп епhгgеd lrl'pсlесhсliс

appеaгanсе of thе biсipital tеndon Т]rе h)'poесhoiс matегiаl (а,rroш's) WithiЛ thе bllгsa fеpгеsепts Iibгirr withiл thе f.lrrid

Bursitis

Biсipital Tеndinitis and Bufsitis. Biсipital tеndinitis
and bllfsitis is an rrnсommon problеm in hoгsеs, but it is
a siЕ.nifiсant сausе of lamеnеss rеtЪгablе to thе shouldеf
fеЕ]ion. Thе horsеs usuаlly show a shortеnеd antеfiof
phasе to thе stгidе and swеlling, hеat, and sеnsitivity in
thе геgiсln of thе biсеps tеndon and biсipital brшsa.

Horsеs with rnild biсipital buгsitis may havе only an
inсrеasеd emount of anесhoiс fluid in thе bursa dеtесtеd
sonogfaphiсall-v. Howсvег, so11o8faphiс flndings in most

hoгsеs w-ith biсipital bursitis inсludе an inсfеasеd vollrmе
()f h\-Рoесhoiс fluid arrd 1rbгin and loсLtlations within thе
bursa (Fig. 3-179) Thiсkеning of thе biсipital bursa
and its s).novial lining arе ottеn prеsеnt' paftiсLllaгly in
1rorsеs with long-starrding biсipital btrrsitis. Adlrеsions сan
tbrm bеtwееn thе buгsa and thе tеndon, arrd thеsе сan
bе suссеssfully imagеd Lrltfasonogfaphiсall1, Gig. 3 - 1 80).
Thе adhеsions ma}, lirrrit flnсtion if thеy fеstfiсt lnovе-
mеnt of thе biсеps tеndon and thе shotrldеr. Hеmoг-
rhagе, еdеma. and pеfitеndinolts thiсkеning havе bееn
dеtесtеd ultfasonogfaphiсallу in horsеs with biсipital buf-

Figure 3-1 80

Sсlпogгаms оf a biсipital tеnсtiIritis arrd сhrсlniс biсipital bursitis in tl.rе lеft foгеlеg' obtajnеd 1iom a 1()-усaг-old 1.lroгouglrbгеd gеlсliпg Notiсе tl]е

anесttсliссoгсlеsionloсatеdоr'егtl]сintеrmеdi1ttеtubеfсlесlfthсhrtrrrеrtls.tl-rсthiсkеningofthеbiсiPita|bursa.alrd
biсipital tеn.lon lпd tlrе svno.t'ial liЛing of thе biсipita| tluгsa Thеsе sonogfaflrs Wеrе obtainеd with a Widе-Ьаndwidth 6 0 NlHz miсroссlnvех litlеaг-

аrfaytгansdlrсеropегаting 
^|75NLlH7'atadispla1'есl 

сlеpthоf 6сm Thеfightsidеof thеs.lgittal уiеsv(riglэtilnаgеitl B]isproхiпalanсl t.hе|еft

sidе is distxl Thе fight sidс of thе tгxПs\.егsе \,iеWs (,,1 ltлсI lеft itnаgе in B) is latегal arrd thе |еft sidе is mеdiаl
,4, Tгansvсгsе sono!4гam of thе biсipital tеfldоn with thе aггows pointin!. to thе сгal1ial margiл of thе biсipitxt tеndon Notiсе tlrе anесhсliс сorе

1еsi<'11 (СеntГа,I ar|.ou)) o11tlrе сraлiа] margin of thс tеnсlorr and tlrе Srnall i.сгеasе iП thе arnollnt оf bursa tluiсl, п'lliсlr appсaгs to bе anесhoiс
B. Аrrесlroiс сiеtЪсts aге irnagесl in thе сranial m1rгЕlin of thе biсiPital tеnсlon in both thе tгansvеrsс уiс\у (lеft intаgе) ttлсI t]rе sagittal Уiеw (rigbt

it.l7аgе) Notiсе tlrе hYpoесhoiс strand сonnесting thе bjсipital tеn(lol] witlr thс s1'novial lining of thе biсipital Ьlrгsа irr thе sxЕ]ittal sсaл (stпаll
аrrol|) .Г|1е sytrovial liпiлg сlf thе biсipitx| buгsa is maгkеdlv th]iсkеnеd arrd шеasrltеd 7 5 mm
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Figure 3-181
SonograrпsofSеptiсbiсфitalbtlrsitiswithoStеotI)'еlitisofthCintсfn1сdi1tеttlbегсlеinthегiglrt1bгеlеg.obtainесl!roma.1-усaг-lс[
fill1, Thеsе sonogгilпrs wеге obtainесl with a 7 5-}THZ sесtoг-sс;tnnег tгaпsс|Llсеr (11) сOntxiпlng a bL|ilt it1 flUid offsеt (B) at 

^ 
сlispla1'еd dеpth of 8

сm (,1) and 7 cm (B) Thе fight sidе of thс sxgittal iпragеs is proхimal arrd tlrе lеfi sidе is сljste| Тhе гj!.ht siсlе сlf thе transvегsе imagеs is latегal
aпd thе lеft sidе is mес1iаl

,4,Sonogr:rnlsoгthеbiсipitxlbtlrsaalotrgt]]ееd!iсoгthеbiсipita|tсnс1сll.геvеali
and fibгin aссLuПL]latioll l,ithin tlrе br|Гsa LoсLllatесl hbгirr is ima!еd iп thе tflnsvегsе Уirw (right ilttсtgе) lоd а hbгiп сlot is iпagеd in thе sagittal
viеw (lф itпаge) in thе Ьiсiрital buгsа

-B, Sonogгams оf thе biсiрital tеndon xnd intегmеdiatе ttllэегсlе of thе hrrmегtls, illllstгatiпg thе htiс lеsiсltl (аrroшs) сlеtссtсd most еviсlепt in
thе tгxns\.егsе viеrv (lф itltсtgе) T|tс biсiPital tеndon has nеar-noшal есhtrgеniсitl' ltd ttсaг-лtlгlll:r| fbеr aligrrmеnt in thе sxgittal viе*' (r,8/,r
it,lLсlgе)' with onl} a slight сlесге.lsс in tеПсlof
looks noгmal

sitis.7(), 8.t. 88 ];o In many lroгsеs with biсipital btrrsitis,
thе biсipital tеndon is normal. I{owеvеr, hypoесhoiс to
anесhoiс arеas may bе imagеd Within thе biсipital tеn-
don, сonsistеnt With arеas of flbеr tеaring (sее Fig. 3_
180) and tеndinitis. Tеndinitis of thе biсipital tеndon
with hypoесhoiс to anесhoiс afеas imagеd within thе
tеndon and loss of thе nofmal Iibег pattеrn lras bееn
diagnosеd sonogfaphiсally in sеvеral lrorsеs.-(]. 8.l 38 |io

Thе undеrlying bonе slrould also bе сafеfllll).еxaminеd

LlltfasonoЕ]г1rphiсal1'v, bесllt.tsе abrroгmalitiеs in thе intеr-
mеdiatе tllbегсlr of thе lrttпrеrus (Fig 3-181) of othеr
afеas of thе humсrtls (Fig. ]-182) may bе dеtесtеd in
horsеs with sеptiс biсipital br-lгsitis. Thеsе may appеar as
lytiс arеas (sее Figs. 3-18l and 3-l82) in thе tmdеrlying
bony sr.rгfhсе есho or prolifсfatil.е aгеas, indiсating bony
invсllvеmеnt in thе inf.есtion. Сl.tip fraсtttгеs originating
fronr thе lеssеr tubеrсlе of tlrе httmеrtts wеfе idеntiliеd
ultгasonogгaphiсally in onе lrorsе with a сonсuгrсnt bllг-

Figure 3-1 82

Sonogгamsсlfasеptiсbiсц)italbuтsawitlrostеoп\сlitisofthеhumсгus'obtаinесlttоma6л-ttlпt1lllсlTlltlrollg|l
obtainеd with a 7 5-МHz sесtоrsсanflеr tгilnsсltlсеr сOltxiпing x built-in fltliс| oflЪеt ;rt a сlispla1.есl сlеpth of 7 спr Thс гight sidс tlf tlrс sagitt:ll viсws
(А afld right hnаgе iл B) is pгoхimal anсl tlrе lеft sidе is сlistal Thе right sidе сlI Llrе tг:tns\.еIsе l,iеw Qеft iпlа14e il B) is latегal and thе lеft sidе
is mеdial

"{' Nоtiсе iгrеgular l}.tiс bonY surfhсе ссlrсl (аГrou]) in tl.rе latегa| htlmеп-ls сOnsistеt-tt With оstеоnlYе|itis in this saЕ]ittal Yiсu'of thс latеral
humеfal сondylе

8,Notiсеthеiггegulaтh1.pегесhoiсесhсlеsirrthеiпtеfmеdiatеtrrbеrсlесlfthеhrrпrеrtls.w1riсhгеprеsеnt1fеasсlfпrinегalizatiсlninthisOLlngstег
A laгЕiе сxгtilagirrсlus сap сan bе sееп nогmally in tl-tе hllmега] сond1'lеs and intеfmеdiatе lubеfсlе оf tlrе lrrtлrеrus in Yollng f.oals, it gгaduallу
minегaliZеs
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Figure 3-183
sonogfamsofanonsеptiс1ibгiпсlrrsсalсanеalbursitisiпtlrегiglrthinс1lirrrbсlfа7уеaг-o[сlТhorоtrghbrссl
with a widе-banс|wiсlth 7 5-MHz linеaг-arfa\- trxЛsduсеf opегxtillg' at 7 5-MHz using a lranсiJlе]d standоff paсt аt а displaYес| с1еptlr of 6 сIп Thе fосll
Zonеs :rге pоsitionеd in thс nеaг Iiеlсl сlf thе imagе Тlrе right sidе Of thе s:rgittal Yiеe's (r'.ч,, ilпаges) is pгсlхimal atrd tlrс lеtt sidе iS distal Thе

fight sidе of thе tгlrnsvегsе viеws (lе[t ilnа,gеs) is latеral an(l thе lеft sidе is mеdiаl
;l. Notiсе tlrе anесhoiс Лui<] (аrrrлtls) bеtп,-есn thе morе supег1iсiаl digit'tl flехo]: tеndon irnd thе dееpсг !.astroc.с1]1ius tеnсlon in thе mi<]

poftioп of thс сгUS .Гhе gastгoсnсtrrius tелdon rroгml|lу lras a hv1loесhoiс apPсaranсе at this lеvеl. 11 сm pfoхimil to thе Point of thе hoсk
B. Notiсе thе anесhoiс fluid-Iillеd bLlгsa with slight thiсkеllit1g of tlrс sуlrovill lining aпсl fibrirr сгossiпg thе bllгsx (|еrtiсаl {JОl|п аrroш) Thе

fLri<l-1illес.lbuгsaisbulgiпgoutbеtп,-ееnthеsLlpегfсialdigitxlfсхOftепс1on(sDF)апс1gastroсnеmiLlstеn(lп
right сГtls

sitis and biсipital tеndinitis'-() Ехtеtrsivе irгеgtrlaritiеs dе-

vеlopеd in tlrе strbсhoпdral bonе of this hсlrsе 1rftrf sllfЕ.i
сal геmoval of thс tiaсturе fragmсnts; a lafgе flssurе in
thе biсipital tеndon and thiсkеning Of tlrе pеrjtеnсlinous
tissllеs witlr сlrlсffiсation also oссufгеd' сonsistеnt with
infесtion and ostеomyеlitis.-()

Сatcaлea| Bursitis. Traumatiс injuriеs to this arеa arе
сommon and fеsult in hеmoггhagе into tlrе bursa with а

fеslrltant loсulatеd-flrrid appеaranсr. Inflammation tlf this
btrrsa rеstrlts in an anесhoiс to hуpoесlroiс еffusion
within thе bttrsa that is Llsually librinous. Loсulations arе
Llsually dеtесtесl цlithin thе synoviel fluid (Fig' 3-183).
Thiсkеning of thе synovial lining and of thе btrrsa itsеlf
is frеqtrеntl1, sееn in horsеs with сhгoniс btrгsitis in this
rеgion. Pеnеtrating injuгiеs to thе сalсanеal bllfsa arе also
сOmmon and may сausr sеptiс bursitis (Fig. J-184l. Тhс
sonographiс flndings pгеviously rеpoftеd in horsеs with
сalсanеal bursitis inсlrrdе flr.rid distеntion of thе сalсanеal
buгsa.('n Сhroniс thiсkеning of thе bursa аlrd adlrеsions
of thе tеndons within thе bursa (to еaсh othеr of to
thе btrrsa) may bе сhroniс sеquеlaе of flbгinous btlrsitis
(Fig.3-185).

Gastroсnетnius Bursitis. Thе еquinе gastroсnеlnills
bursa rrray bесomе distеndеd witlr fluid without involvе-
mеnt of tlrе сalсanеal bursa, or both bursa ma1, bе in-
volvеd with bursitis in thе distal сr.r"rs (Fig. 3-186). Thе
bursitis maу bе tfaumatiс or sеptiс in origin.

Cunеan Bursitis. Thе сtrnеan btrrsa may bесomе сlis-
tеndеd with anесhoiс to есhсlgеniс fluid in assoсiatioп
with tratrma or sеpsis (Fig. 3-187). Tеnotomy of thе
сunеan tеndon may also lеad to thiсkеning of thе synovial
lining and btrrsa, assoсiatеd with librсlrrs sсarгing.

Supгaspinous Bufsitis. Fisttrlous w.ithеrs is an in-
flammatory disеasе of thе supraspinolls buгsa that is usu-
ally of long-standing duration. Thе inflammation and in-
fесtion usually bеgin in thе supraspinous brrrsa, with

pr'tгtrlеnt flttid ассttrnttlating undеrnеath thе ligamеntum
nrrсhае.''r t*] TГallma to thе W-ithеrs sесondary to poorly
fltting taсk oг a pеnеtfrrting worrnd is anothеr, lеss сom-
mon сallsе tlf Iistttlotls witlrеrs. Bruсellа аbortus )ras
traditionally bееn assoсiatесi with Iistulorrs withегs, but
manli Othеf organisms maY also bе rеsponsiblе for this
сondition.

Fiqure 3-184
Sonсlgгams of a sеptiс сalсarrс:r] buгsitis witlr гrtptuгс оf thе сalсanеal
buгsa in thс ]е1i hirrdlеg' сlЬtainесl fiom arr 8-уеaг-olс| Quагtег ]]oгsе
gсlding Notiсе tlrе сtlnrrrrrrniсation оf tlrе bursa witlr thе sllbсLlt2nеolrs
spxСс (.lrroш) in thе tгarrs.t,еrsе viеW (rl8bl itllаgе) <lI thе latеral aspссt
of tl.tе llursa at thе sitе of thс сlrаinillg wоttnсt sссolldlЦ. tO a pfеvious
pеnеtrxtiDЕi woLlnd NOtjсе thе Jaгgе aлrouпt Ot hуl)сlесllt)iс floссulеnt
fllritl in both thс transr.егsе \,-iеъ,. xod thе sxgittаl Уiеw (lеft i|nlgе)
Tlrеsе sonсlgгams wеfе OЬt,Jinесl with a widе-balсlп,.idth 7 5-MнZ linеaг.
аггay tгarrsdtlсег opсгating xt 7 5-МнZ аt :i displ;r'vеd dерth of 3 сm.
Thе foсal ZOпеs аrс ])ositionеd iп thе пеxг flеlсl of tl.rе imagе Tlrе right
siсlе of t-lrе tfitllsvегsе уiеw (right itла[iе) is сгani:rl and thе lеft sidе is
сatlсlrl Tlrе fight sidе оf thе sagittal уiеw (riЧbt imаge) |s pгoхimal
anсl thе lеtt siсlе is с|ist:rl
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Figurе 3-1 85
Sonogгams of a сhfoniс inaсtivе сalсanеal buгsitis i1l thе lеtt hir.rсtlimЬ.
obtainеd fгоm a 9-r.еar-o1с1 Slriге gеlding Notiсе thе hr'poесhоiс aпd
есl-togеniс tissl]е Ьеtwееn thе supегliсial digital flехor tеndol-t (sDF)
anсl thе plnntaf liЕ.amеnt (PL). сoпsistеnt \\,ith sYnОvial thiсkеniпg xlrс|
librosis of tl]е с1llсxnеxl bursa Thеsе sоno!.rams п,еге obtainеd witlr a

7 5-МНz sесtof-sсannеr tгansdttсеr сontаining a built in fluid otТsеt at a
displavеd dеptlr of 6 сп Thс fight sidе of thе tfansvегsе viсw (/ф
iпlаgе) is lаtегal aпd tlrе lеtt sidе is mеdiа] Tlrе гight sidE of thе sxgittxl
\,1еw (rigbt il11аge) \s pгoхimal and thе lеti sidе is distal

Мarkеd so1t tissuе swеlling of thе Withеfs is ustrally
pfеsеnt in affесtеd hoгsеs, witlr loсal hеat and swеlling.
Draining tгaсts afе fiеqtrеntly pfеsеnt and, if dеtесtеd,
should bе followеd to thеif sollfсе, whiсh is trstrall1.
tlndеflying bonе (Fig. 3_188). ostеomyеlitis of thе dorsal
spinous pfoсеssеs oг transvеfsе pгoсеssrs of thе thoгaсiс
vегtеbraе is oftеn pгеsеnt at thе timе of pfеsеntation
(Fig. 3_189). Radiographiс еvidеnсе of ostеomyеlitis was
dеtесtеd in 29% of hofsеs witlr fistulous withеfs in onе
study.l+з Ultrasonography may rеvеal thе еxtеnt of thе

Figure 3-1 86

Sonоgгams of sеptiс gastгoсnепlius Ьlrsitis (аrrоo^s), obtainеd ltom an
8.yеaг-o|сl Qllartег hoгsе gеlсling NOtiсе thе [aг!.е an]ount of hYpo
есhoiс fluid doгsal to thе gastfoсnеmius tеndon (GNT) that еxtеnds
агourrd thе sidеs of thе tеndon brtt is not bеtwееn thе GN.I. anсl thе
stlpегliсial digit.l[ flехor tепdoll (sDF) Tlrеsе sonograms wе1.е obt'rinеd
With a widе-bandv/itlr 7 5-MHz sесtor.sсaпnет tr1lnsсllrсеr opегating at
7 1 МHz and сontainiЛ!. l built.in fluid offsеt at a displavеd dеpth of 6
сm .гhе light Sidе of thе saЕ.ittal viсw (lеfi ilttаgе) is pгoхimal anсl tl.tе

lеlt sidе is distal Thе right siсlе оf thе trarrsvегsе \liеw (right imаgе) ]s
latеfal and thе lеft sidе is mеdial

Figure 3-187
Sоnogгams of thс dilrslr| aspесt Of thе ]еfi hoсk obtaillесl fгсlm all lJ.

}'еar-old gеlding п-itl.t сunеaп buгsitis Thеге is aп anесh<liс сollесtion
ot |llirj (аrrош'.s) Within thе сtlпеan Ьr-шsa п'ith h}'l]oесhoiс stfaпds
rеprеsеnting libгin соnsistеnt With x bl]rsitis .l.his sonogгanl was ob
tainеd with a ц.idе-bar.rdwidth ] 5 мнZ linсlг-агrаr, ttansdl]сеf OPегxtiлЕ]
аt l0 0 N'IнZ trsing a lrand lrеlrt stаntlЬff prtl ;rt r сtispllvеd dеptlr сlf ,1

сm Thе Iiglrt sidе of thе s.lgittal viеw (lеJt irпаgе) is proхimal and thе
lеft sidе is distal Тlrе гight sidе Of thе tгansvеrsе уiеw (riЧht i?|lаgе) |s

latеrаl and thе lеtt sidе is nrеdial

infесtion; idеntifу thе nrlmbеr' loсation, and sizе of thе
Iistulous tгaсts; and aid in tlrе dеtесtion of forеign bodiеs,
whiсh aге oссasionall'Y pfеsеnt in hoгsеs With Ostеomyеli-
tis 14] Thе prеsеnсе and rхtеnt of bonу involvеmеnt сan
bе dеtесtеd bеforе lеsions aге sееn faсliogfaphiсall}, (sее
Figs. 3_188 and 3-189)' anс| an-Y assoсiatеd fгaсturе frag-
mеnts сan bе idеntiliеd. Ultгasrlnсlgraphy slrсluld bе usеd
to obtain a samplе ftlr сttltttrе and sеnsitiviq. tеsting. In
manY hofsеs, thе infесtio11 is loсatrd in thе dееpег tis-
suеs, fеqlliring thе Llsе of a longеf nееdlе (spinal nееdlе).
Сalсifiсation of thе suгrollndins soft tissllеs is not unсom-

Figure 3-188
Sonоgram of thе s,itl]егs obtainссl tiom a 16.vеaг-tllсl Thогouglrbrеd
Tгаkhеnег сross gе|сling п'ith listrrlorrs withеrs аlltl a dгliпinЕ. tгaсt
Tlrеге is a lагgе а'm<ltlnt of lltrid ovеrlr.ing thе doгsxl spinоtls pгOсеssеs
оf thе thoraсiс rегtеbгaс Тlrе f]uid ех[еnds r.еtrtr.all1 to thе utrсlегl.!'irrg
bonс and lras гсsu|tесI in a largс flпid la1,сг surгounс1ing thе dorsal
spinсlus l)гoсеssеs (lаrgе аrrсlш') A lluid ttaсt is im:rgеd ехtепdinЕ} fгom
thе doгsal spinсltls proсеssеs (smаll аrro,tt') towaгd thе skiл (diаgrlttсtl
аrrоtс) Thс сommlrniсation bеtwееn thе skin and thе tfaсt is Пot
imagеd in this sопogгam bllt is jllst to thе г]iЕ]lrt of this im:rgе This
sonogгxm wаs obtaiпесl witlr a 7 

'-MHz 
sесtor-sсxnoеI traпsduсег сon

taining a btlilЕin tluid offsеt at a displavеd dеpth of 6 сm Tlrе right
sidе of this sonoЕ.гam is tlrе lсft sidе of thс Withегs and thс |сft sidе of
thе imagе is to thе гight сlГ thе п.ithегs
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Figure 3-1 89

sonogrxm of 1istulсltls withегs' сlbtairrеd fгonr an 8-1,еar-olсl Appalсlosa
nraге Ntltiсе thс h1,poесhoiс tluiсl jn thе tгaсt bеtwесn thе lafgе

subсLlt1lnеotls absсеss сOntajning' anесhoiс aпd hvpoесlroiс fluid anсi

thе undсгlуing rigl.rt tгallsvеrsе Proсеssеs of thе thofaсiс \.егtеbfxе at

thе witlrе;:s This tluid la).сt. oi,еrl}.ing tl.tе bоnе еxtеndеd fгom thе

tlrird tO thе Sеvеnth thoГaсiс tгil]svегsе pгOсеssеs ,Гhis soлogram п.as

obtаinеd s.ith ir i 0-МHZ sесtог-sc:rnnег tгansdrrсег at a displar еd dеptl-t

of 12 сm 1.hе гight sir1е сlf this sooo!.rltm is tО}'afс|s thс гiglrt sidе Of

thе withегs and thе lеft sidе is torr.ards thе lеft siс1е of thе lr-ithегs

mon in horsеs with flstlllolls slithеfs. On oссasion. сalсi
liсatiсlns makе following thе pllflllеnt tfaсts to thе trndег-
lying bonе (сlorsal spinotls рroсеssеs) difflсult.|()J Man),
hсlrsеs With trstulolls withеrs lravе multiplе tгaсts in thе
Swollеn tissuе ovеr tlrе doгsal spinolls pfoсеssеs, and
еaсh traсt shotrld bе сarеfully followеd dееpег tо its
oriЕ.in (nесfotiс tissuеs, infесtсd bonе, forеign body) to
obtain an aссuгаtе apprесiation of thс ехtеnt of thе
infесtion (sее Fig. 3-188). Infесtion of tlrе strpгaspinolts
bursaе aг,(|/or ostеom)rеlitis of thе dсlrsal spinolrs pfoс-
еssеs of thе thoraсiс vrrtеbfaе in tlrе rеgion of thе with-
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еrs must bе diffеrеntiatеd from moге bеnign сonditions
of thе withеrs.

Hеmatomas from poorly litting taсk of ffaсtufеs of thе
dorsal spinous pfoсеSsеs (Fig. 3-190) also oссuf and сan
bе diffеrеntiatеd ultrasonographiсally. Thе сlassiс an-

есhoiс loсulatеd fluid of a hеmatoma should bе dеtесtеd
in horsеs with tratrmatiс injtlriеs to thе withеrs. A fluid
la1.е. 

"o,,..,'t 
to thе undеrlying bonе сannot bе dеtесtеd

unlеss a rесеnt fraсttrrе of thе dorsal spinous proсrssеs
has oссuгrеd. Thе fraсturе ffagmеnts in this situation aгс
еasy to idеntiф ultrasonographiсally. Thus, diffеrеntiating
tгalrmatiс injury from infесtion is rеlativеly еasy in thе
Withегs.

Ьt|anta| Buгsitis and PoП Еvil. Bursitis of thе atlantal
bursa oг thе bursa ovег tlrе aхis (Fig. 3-191) is unсom-
mon but сan bе idеntiIiеd ultrasonographiсally. Affесtеd
lrorsеs usually havе swеlling in thе poll rеgion, oftеn
with loсal hrat and sеnsitivity. Sonographiс еxamination
usrrally rеvеals еxtеnsivе soft tissuе swеlling in thе rеgion
of thе poll, with a loсalizеd or mofе widеsprеad arеa of
fluid aссumulation. Thе fluid is rtsuall1, h-vpoесhoiс and
nra1,bе сontainеd within thе bursa in hoгsеs with btrгsitis
(sее Fig. 3-19l). Altегnativеly, a fluid 1a1,ег ovеrlying thе
r'rndеrlr.ing bonе сonsistеnt with ostеomyеlitis of thе poll
геgion (тig. 3-192). with oг withotrt buгsal involvеmеnt,
п1a\'oссur in hoгsеs тl.itlr poll еl.il. Traсts may bе found
ехtеnding uP to thе skin sr'rгtaсе in hoгsеs with poll еvil
(sее Fig. J-192) Сalсi1iсation of thе surгorrnding soft
tissuеs is oftеn prеsеnt п'-ith long-standing сlisеasе.

Neuromas

Nеuromas Oссuf most frеqtrеntly in thе horsе in assoсia-
tion with postеrioг digital nеufесtomiеs. Thеsе painful
еnlaгgеmеnts of thе nеfvе afе usuall,Y assoсiatеd with
surgiсal tfansесtion of thе nеrvе, blrt сan also oссttг with

Fiqute 3-190
sonоgfamsoffraсtrrгеddoгsalspirrolrsprосеssеsirndahеmatOnaattbеwithеrs'obtainесlfromar-rt1-vеar-old.I.oгollgllbгеd
of гесеnt trallml to thе s,-ithегs Tlrеsе sonoglanrs wсге tlbtainеd with ;L Widе.baПdwidth 6 O-N,I}iz miсгoсorrvех linеaг-arrav trartsduсеr opегatin!] 1lt

7 5 МHz at a displar-еd dеptl.r of 
' 

сm Thе foсal zoпеs arе in thе nеar liеld of tlrе imagеs Thе right sidе сlf thеsе tfaлsvеfsе viеWs iS thе Iight sidе

Of thе withсгs and thе lеft sidе is thс lеit sidе of tlrе withеrs
,,l. Notiсе thе atrесlroiс ]oсrr]atеd flrriс1 ссrllесtjon to thе lеft of tlrе с1огsal spinous pгoсеss (аrrott,), Coпsistеnt with e hеmatoma

B, Nоtiсе thе multiplе l.tl'pегесlroiс stгLlсtllfеs сastin!4 aсoustiс shadows (а|To11)s) jn thе fеgion оf thе doгsal spinorrs pfoсеss, сonsistеl]t with

ffaсtllге fragmеnts immеdiatеlY сranial to thе hеmаtoma
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Figure 3-1 91

saЕiittal sonoglam Of a sеp1iс brlгsitis rvitlrin thс сartсlal llttсhal ]эuгsa.
obtainеd fIOл] r 3O-усaг-olсl APpxloosx n]lге (s']'п1е h()гsе as i11 Fi!.
3_151) Notiсе thе hr,poесlrоiс. s()nlеW.hlt or'al srvеlling ut-tсlсгnеath
thе liЕ.amеntum nllсhaе just to tlrе lеft аtlсl с:ruсlаl to thс poll Sеr'е;:al
small l.rrрегесlroiс ссhoеs aте witIlin thс btlтslt anсL mal'fеpгеsеnt
pinpoirrt aгеаs оl саlсiliсation оr prlssiblе !]as Thе (listal po]:tion of thе
atlas is vег\. iгrеgtilar with е\j(lеnсе Оf htiс аl]сl 1lгсllilЪrativс сhangеs,
сonsistеnt Witlr oStсitis Oг oStеom\,е]itis Тhis stlпogгanl wls obtainеd
with :r п,idе.bandп.idth (l 0,\'IHz лliсroсOnrех lillеlг rransttuсег сlo.
еrating at 5 () MHz at а сlis1llaуесl dеpth сll 7 сnr Tlrе гighг sidс of tliс
imlgе is сгаnial anсI thе iеft sidе is саr.rda]

loсal trar.tma. Thе abnormal digital nегvе is еasiеf tO
loсatе than thе normal digital nеfvе bесallsr it is laгgеf
and usually moге hypoесhoiс (Fig. з-19'. АJso, in most
horsеs in whiсh a postrfioг digital nеuгесtomY has bееn
pеfformеd, a sofi tissllе swеlling is palpablе at tlrе sitе of
thе nеtrfесtom1.. Thе nеLlгomlt inragеd aftег a postеfioг
digital nеLlfесtomY has a bttlbor'ls appеaгanсс With a laгЕ.е
сfoss-sесtional aгеa, oftеn gfеatеr than of еqllal t<l О.2
сm2 (sее Fis' 3-193). T1rе swollеrr nеfvе еnding is trstrall1,
hypoесhoiс and homo[.е1lеolls, similaf to lrndings in htl-
mans with nеuroпas'lrr, lr; Thе есhogеniсity of thе nеLl-

Figure 3-1 92

sagittxl soпogгanr of prlll еr-il. obtаinеd tiom а 26-vеar-оld Quartеr Hoгsе
сross gеlс1ilrg Notjсе tlrе laгgс iггеgular anесhсliс tlaсt еxtеnding down
to thс atlas (.lrroLL') anсl thе lafgеf amolrnt оf sсlft tissrrе swеllinЕ.
sttrгounсlirrg thе dfailril1g tlaсt Тhis sonogIam wаs obtainссl With x 7 i-
M}lZ sесtor-sсannеr tгаnsdllCег ;lt a с1ispla\'сd с1еptlr of (l сnr .l.hе гiglrt
siсlе of thе sltgittirl imagе is 1lгoхimal arrсl thе lеft siсlс is distal

foma may bе hеtеrogеnеolls or homogеnеous, dеpеnding
on thе sllfgiсal pгoсеdurе usеd tO pеfform tlrе nеttrес-
tomr. and thе surrounding реrinеLrfonal fеaсtion (Fig.
э_194). Signifiсarrt pеrinеuronlrl soft tisstrе swсlling is
usllally imagеd aгound tlrе nеuroma. This pеfinеufonal
soft tissttе swеlling is hr.poесhoiс to anесhoiс if aсrrtе
inflatnmation sllfrollnds thе nегvе or if infесtion is pfеs-
еnt Within thе nеttrсlma (sее Fig. з-1,94). Есhogеniс pеri
nеLlronal thiсkеning is сlеtесtесl in somе hoгsеs, сonsis-
tе11t With flbrotrs sсar tissllе stlrrotlnding thе nеuroma
(Fig. 3-195). In somе instanсеs. thе morе есhogеniс
pегinсLlronal sсaг сan bе сliffеrеntiatесl fгom thе rеlativеly
h1pсlесlroiс 11еuгoma. In otlrег lroгsеs, tlrе nеtrronra is
indistinguishablс from tl-tе pеrinеr.rronal sсaf tissuе. Thе
typе of nеufесtomv реftbгmеd сall oftеll bе сlеtеrminеd
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Soпograms of a nеrtгoma in thе latсгаl digitаl rrеп'е of tlrе |еft foгеlеg, obtаiпесl tiotrr a 15-rеar-сlld Waгnlblсlсlс| gеldirrg A sесOnd postсгioг сligital
nеLlfесtomYhaс1bееnpеrfоrmесl.1mоntIlsеaгliегТhеsmallarrесlrоiссiгсular.stгrlсtrtгсtOthеIigIrtогtlrеlatеral(|iE.itxlnеПеinthеtгnsvегsе
viеWisthеl1rtеIxldiЕ]itа]aгtегt,.ThеsсsOno!.гalnsп,-еГеobtаjnс(lWit1ra75-]\,IHZsесtO1.-sсanлсгtгxnsdLlсе1.сontaiпingabLrilt-in
сlisplaусс1сlеptlrof6сrпTl.rеrightsidеofthеsx!.ittalr'iсt.s(r{чlзi,irпаgеs)ispгoхimal
vtеws (lеJt itпаgеs) is сlorsal arrd thе lеft sidе is рalпraг

,4, NOtiсе thс епlaгgес| bLLlborrs h1poесlrсliс еtrсl of thе latеfal digitаl t1еr\,е (.Irrots) witlr пitlimа] pеfir-rеuгоnal swеllirrg
6, Thе сгoss-sесtiоnal lгса сlf tl.rе nеrlгoma is () 

'з 
сm]. u-lriсlr is п-tlгkеdlv епlагqесl
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Figurе 3-1 94
Sorrogгаnrs of a nеuгoma irr thе mсdial сligitаl nеrr-е in thс lеft fоrеlеg
Obtaiпеd fгom a l4.vеаr-olсl Hanсlr.егiarr gеldiпg A postСгioг с]igital

nеuгссtom\. lrad bссlr pеrlbrпrссl .1 montlrs еxгliег NOtiсс гhс еt-rl.Lrglсtl

lrypоесhoiс еnd of thе mеdial digital rrеr.vе ц'i1h itll .|lесl]()iс сеntег
imagеd in thе s:rgittil viея, (аrrсluls) in thе pг()хimal pastсгll сon\i\tеllг
with :ln itfъсtеd леLlгоma Tlrеsс stlrrogгanls п-еге obtairrеd s irtr r - 5-

MЕlz sесtoг-sсanrtеr tгansduсеf сOlltainir]!. a brrilгiп tlLtid oГtsеt ltr lt

displa1'еd dеpth оf 6 сm Thе гiglrr siсlс о[thе s:tg,itt:rl \-|е\ |lеr| i|]l(l{1е)

is pIoхilDal and thе lсft sidе is с|istxl Тhс гiglrt siсlс оl rllе tг;t115\егiс

viеw (right iпlа,gе) is dсlгsll аlld thс lс1i sidе is раlt.tlllг

if thе transесtеd еnd of thе nегvе Was slltllfсd oг сaPpеd
Nеuromas сan also OссLlr Without sufgiсal Of traltmаtiс
transесtion of thе nеrvе' but tlris is muсh lеss сommon.
A hypoесhoiс lromogеnеous bulbous еnlargеmеnt of thе
nrfvс is imagеd in nеuгomas not involvinЕ. tfansесtion of
thе nеrvе (Fig. 3_196).

Thе normal appеafanсе of a postсгioг digital nrllгес-
tomy sitе, if thе strrgеry Was sltссеssflrl and nеLrгoma
ftlrmation did not oссLlц is an есho€.еniс distal nеfvе еnd
with littlе еnlargеmеnt and littlе pеfinеuronal rеaсtion
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(Fig. 3-197). Thе transrсtеd pгoximal еnd of thr nrгvе
should bе imagеd with no сommuniсation distally to
nеrvе tissuе.

Muscle

Tlrе most сommon abnormalitiеs dеtесtеd sonographi-
сall1, in еquinе musсlе arе afеas of musсlе libсr disruption
anсl loсulatеd anесhoiс fluid aссtrmulation or hеmorrhagе
(Fis. 3_19s), assoсiatеd With tгauma to thе undеrlying
fflusсlе. With сomplеtе musсlе rupturе, thе fiее еdgе of
thе torn mllsсlе is usually imagеd floating in thе sur.
rollndinЕ. fluid. Hypoесhoiс to есhogrniс сlot may bе
inragеd in tlrе hеnrorrhagiс fluid at thе sitе of mllsсlе
1ibеr сlisгtrption (Fig. 3-|99). Injuriеs to tlrе musсlеs of
thе slrorrldеr girdlе (Fic. 3-200) and hindlimb (sее Fig.

з_199) afе most сommon. In humans, thе dеtесtion of
flrrid-fillеd anесhoiс aгеas witlrin thе mttsсlе of есhogеniс
llrеas сlf сlot сoffеlatсs Wеll with Llnсlеrlying musсlе ab-

noгп1alirylt6 Ultrasound in thе human athlеtе is now
п.еll aссеptеd as an еff.есtivс anсl aссLlfatе diagnostiс
mеtlrod.l,- r rs Thе mllsсlе(s) affесtеd сan bе idеntiflеd by
сaгеfu1lr-tbllos-irrg tlrе tnusсlе bеlliеs fгom thеir origin to
thеiг irrsегtion

.\сtttе irrjr-rriеs to thе latегal digital ехtеnsor mtrsсlе and
biсеps t.еrloгis nrusсlе in thе hindlimb of a horsе and
foel. геspесtir-еlr. lrar-е bееn dеtесtеd sorrographiсally св' oo

.Гlrе rrrusс1е appеllгеd sп'ollеrr тr,.itlr loss of noгmal есho-
gеrriсiq.. \With aspiration. arr itrtratrrusсulaг hеrnatonra was
сOnlirmсd. Llltrasorrograplr1, of onе tbal п.itlr gastroсnе-
mius fuptl'lfе fеvеalеd a laгgе сavегnolls fluid-frllеd arеa
in thе stitlе rеgion.']5 Ultrasonographiс ехaminatiorr of
onе horsе witlr inсomplеtе fllptufе of tlrе proхimal сatг
сlal rесipгoсal appaгattrs from its oгigirr on thе fеmtrr
rеvеalеd a largе fluid-frllеd arеa along thе proхimal latеral
tibia assoсiatеd with fluid dissесting distally.'i.' Nссгosis

Figure 3-195
Sono6iгams of a nеuronra in thе latсr1ll с1igital nеn.е of thе fight 1brеlеg. сllltainес| fronr a ls-усaЁold Waппbloосl gеlding (samе lrorsе аs in Fig.

3_193) A sесоnd postегioг сligital nеLrесtom). haсi lэееn pеrfсlгmсd .1 nronths еaгliег Tlrеsе sono!4firms rvеге оtltairrесl With a 7 i-Mtlz sесtoг-

sсannеf trxnsdllсег сontainiпg a l]uilt-in fltriсl tltl.sеt at a displa).еd tlсpth of 6 сm Тl.rе гight sidе оf tlrс sagittal viеws (rцbr iпlаges) is pгoхimal

and thе lеti sidе is distal Tlrе гigl.rt sidе of thе tгansvеfsе l-iеws (/ф i'|Iаgеs) is сlorsxl and thс lеft sidе is pilnraг
,4, Notiсс thе hуpoесhoiс bulbor-ls latеfal digita] nсn'е еrrсling (ttrrслt's) surrotlnсlеd br- а sliglrtlv mсlге есlrogеlriс rim of tissrtе, whiсlr pгobably

гсprеsепts pегitlеuгorral 1ibгсlsis (сon1iгmес1 at surgеry')
B. Thе сfоss-sесtion2ll alеa of thс nеrшoma tпеasurесl 0 23 сrrr, and wottlс| mеasllrе moге thаll twiсе as mtlсh if tlrе pегinеuгoпa] fibгous tissttе

wеrе inс[Llс1еd in thе nlеastlrеmеnt
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Figure 3-l 96
Sonogramsofanеuгoma(аrroш's)in\.d\.inЕ]thепссli:t]
mеdialdigita|nеrvеwithabulbouslr1poссhсliсswеlliгrginthеr.rеП-е
bandwiсlth75-МHzlinеаг-aгrar'tг21nsсlLrсегOpеrati11gat1()()N{lIZlr,itlrrlsеоfаhanс1hеlr1stаndOflPadlLtlrdisрlar-ес|
сlf tl.tе tгansvегsс r,,iеws (lф iпtаgеs) is doгsаl enсl thе lеft sidе is pаlmltг Thе Iight sidе Of thе sаgittal \iе\\s (rigl.tt i|11аgеs) iS рfoxjmаl al1d thе
lеtt siс1е is distxl

,4,NotiсеthеlrrpсlесhoiсtОanесhоiсЬttlgingofthеmеdialdigitalЛе1vе(аrroшs)Inthеsa!.itta|\iеs'r,'Lq/.71illtсtgе)Ihe
of tlrе nеrvе has a smallег, (but not пOгmal) сLiamеlег, but is still hуpoссhoiс Thе diamсtсг of thе rrrеdial digitxl пеГ\-е in tlrе distal po]:tbп (distal
to thс bl]lbous swеllirrg) js noгmd anr1 tlrс есhogеniсit,v is tl.oгпral (есlrсlgепiс)

B. Tlrе сгoss-sесtiOnxl arеa of thе nеrtгoma is laгqе: 0 27 сm]

of thе gastгoсnеmills musсlе and Sllffollnding sеmitеnсli
nosus. sеmimеmbfanoslrs, vastlls mеdialis' gfaсilis, and
adсluсtof mlrsсlеs Was also prеsеnt in tlris fbal at postmof-
tеm ехamination. Althollgh Е.astfoсnеmilts musсlе fllp-
turе has bееn rеportrd in thе horsе, its sonographiс
diagnosis has not bееn геportеd With aсtttе injtrr-Y.lз5 r;0

Partial flrptufе of thе gastfoсnеmius musсlе has bееn
dеtесtеd sonographiсally, howеvег (Fig. ]_201). Largе
afеas of musсlе fibег tеaring should bе imagеd in horsеs
with gastгoсnеmills musсlе гuptllfе' as in hoгsеs with
musсlе flbеr сlisrttоtion of othrr musсlе bеlliеs.

Figurе 3-197
Sor-rogranrs of a tfaлsесtсd latеfal postсrioг digital r.rегr.е in thе ]сft
tbrеlеg of a l.l--vеaг-old H:rnovегian gеlсling Nоtiсе tlrе snrall di:tmеtеI
оf thе есlrogеniс rеmnant of thе latегal digit.r| nеrvе (аrroL|s) and thе
пrinimal pеrirrеuron:ll soft tissuе thiсkсning Тhеsе sсlnсlgr:tms wсгс
obtainеd with a 7 5-MHz sесtor-sсaЛnег transdlLсеr сoпtainiпg a ЬLlilt-
in f]uiсl offsеt at a сlisplar.еd сlеpth of 6 сm .flrе fight sidе of thе sagittxl
vtеw (rigbt imаgе) ls pгохimal and thе lеtt sidе is djstal Тlrс гight sidе
of thе transr.еr.sе l'iеп. (/ф i|11аgе) is dorsal enсl thс |егt sidе is palmar

Although сomplеtе disruptioпs of mttsсlе bеlliеs arе
tlsllally assoсiatеd With laгgе lrеnrattlmas anсl palpablе
abnormalitiеs, partial fuptllгеs aге mofе diffiсtrlt tO diag-
nosе. Ultrasonogfaphiс ехaminatiol] of thе af1.есtеd mus-
с1е сan bе ехtrеmеh' Llsеflll in thе diag4nosis of paftial
mllsсlе fltpturеs' partiсLllaгh ir-r dееpег atеas .Whеfе pal-
pation is lеss hеlpful (Fig ]_202) A loss Of thr norm'{
striatеd pattеfn is dеtесtеd ()ftеn п-ith a jaggrd еdgе and
inсrеasеd есhogеniсit\ оf thе margins of thе tсlгn mtrsсlе.
Partial fllptufеs in tlrе mtlsсlе lrra\. bе assoсiatесl With
dеf.есts in thе mllsсlе thsсia irl addition to thе Dattia|

Figure 3-1 98

slgitta] sОllogгatrr rlf a laгgе aгеa оf rrrtlsсlе 1ibег tеaгiпg xnd lOсLl|ation
iп thе гight sеrпirпепrbгaпosrts musсlе of a 6 yеar.olсl Tlrоroughbгесi
gеlding Notiсе thе lxfgе. lсlсrrlatесl, fluid-fil]ес1 сar.itl' lпсl пlrrsсlе 1ibег
сlisгL|ptiоn iп Lhе sсmimеmbranosus mlsс|е (а,l.rou'bесIds) wjth onlr\, a

small amorrnt of mr-rsс]е tissuе гсmaining (аrrou) .Гhis sonogram was
obtainесl with a 7 5-MнZ sесtoг-sсlnnеr transduсег сontaining a built-in
fluid o1IЬеt lrt a displa\,еd dеptlr of 6 сm Тhе гight sidе of this imagе is
огoхima1 and thе lеft sidе is distal
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Figure 3-1 99

Sonоgfams of а Jагgс агеa of musс]е fibеr tеaгing involving thе ]onЕ.

digital (LD) ехtеnsor mtlsсlе and сfaПial tibial (С,I) musсlе in thе lеft
hind lеg of a l(tyеar<lld Thсlгorrghbгеd сross mafе Notiсе thе h).po-

есhoiс matеrial lillillg thе dеlъсt bеtwееl1 tlrе гuptuгсd 11]usсlе: this
fеpгеsсnts orgaпizitlg ClOt. Thсsе sorrogгaЛ1s wеге obtainесl witlr a 7 5-

MнZ sесtoг-sсаr]nеf tгansduсег сontaining a btlilt-in tlllid offsеt at a

disp]aуеd dеpth of 7 сm l.lrе fight sidе of thе sagitta| viеw (riglэt
ilпаgе) is proхinral and thс lеft sidе js distal Thе гigl.rt sidс оf thе
transvеfsе уic\\ (lеJt iпlаgе) is сatlсlal and tlrе lеft sidе is сrenill.

tеaг in thе mtrsсlе bеlly (Fig. 3_203) Thiсkеning and
inflammation of musсlе fasсia, or fasсiitis, has also bееn
idеntiIlесl sonogfaphiсall1l. 11'. 1rffесtеd fasсia was thiсk-
еnеd and its есhogеniсiq. was initially dесrеasеd, al-

though thе fasсial есhogеniсiqr in this horsе inсrеasеd as
thе fasсiitis сontinllеd.

As thе mllsсlс tеaг геpaifs, thс arеa frlls in with granula-
tion tissuе that appеaгs h1.poесlroiс (Fig. 3_204l If thе
original sonogfam rеvеalеd есhogеniс сlot in thе arеa of
mllsсlе ruptltге, this arеa will bесomе lеss есhogеniс as

Figure 3-200
Sсlnogrаms of arr arеa of musсlе libсг tеarirrg irr tl.rе Ьiсеps bгaсlrii
tтLlsc|е (аrroш.s) nеaг its mlrsсulotеndiпolls junсtion in tlrе lеft foгеlеg,
obtainеd ltсlm a 3-mсllth<lld Tlrororrghbгеd сolt NOtiсе t]-]е r1еl.есt in
thе musсlе (аlтoo^s) tlrat is fillесl with anесhсliс fltlid aлсl hypoесhoiс
Iilmу есhoеs, fеpгеsеntillg librin Thеsс sonograms wеге obtxiпеd with
l 7 5-МHz sесtoг-sсannеf 1гansdlrсеr сontaining a bllilt-in lltlid offsеt
and a displa1,ес| сlеpth сlf 6 сm Tlrе гight sidе of thе sagittal Уiеw (right
iша,gе) |s pгoхinral arrd thе lеft sidе is distal Thе гight sidе of thе
tГansvегsс viеw Qф imаge) is latегal and tlrе lеft sidс is mсс1ial

с|t]аt)ter J . Musculoskeletаl Lцtrclsoпogrс.plэу 745

Figurе 3-20.1

Тгansvегsе Sollogгams сlf an alеa of musс]е tеaгing aпd librosis in thе

Е]astfосnеfllius nrtrsсlе in thе lеfi lrind limll оf a l4-1,еaг-old QuaГtег
Hoгsс gеlсiiпЕ] Nоtiсе thс hr,poссlroiс dеfесt itr thе gastгoсnеmills
musсlе (gastrсlс) ed,iaсеnt to xn есhogеniс arеa in thе nlrtsсlе (аrroш)
in thе lеft hirrd lеg (lеJt illtаgе), сompaгеd to thе samе,aгеa in thе riЕ]ht

hinсl lсg (righl illlаgе) Tl]is геpfеsеnts an aгсa of гесеrrt musсlе lilэег
injuц. д41"..''. to аn olсlеr arеa сlf sсaггing Thсsс sоnogfams wеfе
obtainес| with x 7 5-МlIZ sесtоr-sс'u1nег tг1lnsduсег сOntaininЕ. a built-
iп fluiс1 otlЪеt at a displaYеd dсpth of 8 сm Thе figlrt sidе of thе imagеs
is latегal and thе lеft sidе is mеdial

thе mttsсlе hеals..'' In most horsеs, an anесhoiс loсtrlatеd
hеmatoma is dеtесtеd; tlrеrеfbrе, thе есhogеniсity of tlrе
atеa of mlrsсlе fllptlrfе inсrеasеs as this arеa hеals With
rеgеnеfatinЕ. mlrsсlе flbеrs. Есhogеniс aгеas of afеas of
hсtеrogеnеous miхеd есhogеniсiq. aге assoсiatеd With
librous sсaffing in thе mtrsсlе of human athlеtеs.lrб Есho-
gеniс afеas assoсiatеd With thе rеplaсеmеnt of noгmal
musсlе witlr fibrotls sсaг tissuе afе also сommonly sееn
in lroгsсs and may bе assoсiatеd with gait abnofmalitiеs.

Thе most сommon plaсеs thеsе aгеas of flbfotiс myopa-
thy arе sееn afе thе sеmitеndinosus/sеmimеmbranosus
mlrsсlеs (Fig. 3_205) and thе mllsсlеs sufrounding thе

Figure 3-202
sorrogгam of an ar.еa of tеaring in thе riglrt middlе gltltеal mrrsсlе,
obtаinеd ttсlm an t3-yсar<lld T.hor.otrghbгеd gеlding Notiсе thе aпесl.toiс
loсulatеd aгеl in thе midd]е gllltеal nlltsс|е (аrro,uш) 1.his sonogram
п.as olltainеd With а 7 5--\1l1Z sесtог-sсaпlег tгansduсеr at a displa'Yеd
dеpth of t] сm Thе rillht sidе of tlrе imagе is сranial arrd thе lеft sidе
is сaudal
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Figure 3-203
Sonоgгarrrs сlf a rrrusсlе tеxг аnd fasсiа] dеlЪсt in thе гight pесtoralis dеsсеndеrrs пtrsсlе сlf e 2-r,еlг-о1d Qt|afiсf hоrsе gеldiпg Thеsе longахis
sonoЕ!гamswегеobtlitrеdWithx$,idе-band\vidth75-N{HZsесtor-sсal1nеrtfansduсеIOpе.rxtiпgatlo0lиHZп'itlrabLrilt-irr
сlisplavесl dеpth tlf 8 спr Tlrе гight siсlе оf tl-tс sоnogranrs is рroхimа] anс1 thе ]сft sidr is distal

;{, Nоtiсе thе arrесhoiс flLlid сontainin!. hr-рсlесhoiс fibгill in thе nrusсlе d'е|есI (аrrош) anсl thе loss of tl.tе nсlrmаl musс|L] spссk|с pattеrn
B. Notiсе tlrе dеfссt in thе supегliсial rnusсlе tаsсia erld tl]с assoсialеd arеa of rrrrrsсlе fibег disгrrptitllr dееp to thе xrеa Of fasсial ruPturс

shorrldеr girdlе (Fig. 3_2О6). Fibrotiс myopathy has also
bееn dеtесtеd sonogfaphiсally in thе сfanial tibial and
long digital ехtеnsof musсlеs of a horsе With a lristory of
ruptllfе of thе pеfonеLrs tеftills tеndсln.68 Fibrorrs bands
wеfе dеtесtеd trltгasonogfaphiсally in thе biсеps fеmofis
musсlе of onе horsе with fibrotiс m).opath)r.l52 H1,pеr-
есhoiс afеas сasting aсollstiс shaсlows сan also bе dе-
tесtеd in musсlе, assoсiatеd with сalсi1rсation. This has
bееn rеportеd in somе horsеs with flbrotiс m),Opeth'v
(Fig. 3_207). DеfесtS in thе musсlе bеlly mш. also bе

Figure 3-204
sonogгlrms of an aгеa of rеpaiгing rпtlsсlе ir-rjrrry in thе bгaсhioсеphali
сus mtlsсlе of thе lеft lbrеlсg of a 16-vеar.old Trakhеnег gеldinЕ] Notiсе
thе disruption in tlrе normal long,itUdinаl stгiiltions in thе brachioсеpha.
liсLls musсlе (doшп аrrott's). п-hiсh lras Irllеd ill With hуpoесhoiс
tissuе .I.l.tis h-vрoесlroiс tissrrе probablr' rерfеsеnts grаnrrl1ltion tisslrе
anс1 еarlv fibгous tissuе Shirdow aгtifaсts aге сrеatеd at thе abпlPt еdg,е

of thе noгmal лrtsсlе and its jllnсtion *-itlr thс lгсa of rеpaiг This
SonoЕ.raпr п,as oЬtaiпесl п,ith a widе-bandц idtlr 6 U-IIHZ miсfoсo11Yех
linеaг-arгav tfansdllсег opеf:rting at 10 0 МнZ Wi1h a displa\-еd сiеptlr of
4 сm Thе foсаl zсlnеs arе positiсlпеd in thе miсlсl|с oг t|rе imagе Tl-tis

is a lorrg-aхis l,iеw (lф itпсtgе) <lf tl.rе bгaсlriосеplraliсrrs musсlе п.itl.t
thе гight sidе of tl.rе soпOЕ.гam bеing pгoхimal anсl tl.tе lеft siсlс distal
Tl-tе сorrеspondillg transvеfsс \'iеw (right imаge) displa1,s latегal on
thе гight sidс of thс imagе anсl пrесlial оn tlrе |еft

imagесl in assoсiation with a librotiс myopathy (Fig.

3-208).
Bоtlr fat and lrbrosis сan геsult in inсrеasеd mllsсlе

есhоgеniсit)r ll(l t5l l51 Fat is a сofllmon сallsе of inсrеasеd
musсlе есhogrniсit). in сhildrеn with nеLrfomllsсLrlаf
disеasе. l 5J''r Although intгatnusсtrlaf lipomatosis Llsuall)I
rеslllts in есhogеniс musсlе, h1,poесlrоiс mllsсlе has tlееn
fеportеd with sеvеfе lipomatсlsis.|55 In thе onr сasе fе-
port Of a horsе With an irrliltrativе lipoma, thе lipoпra
appеarсd lrr,poесhoiс сOlnpafесi to thе suffollnding mus-
сlе, With an isoесhogеniс bordеr bеtwесn thе tunror and
thе stlггtlunding nornral musсrrlatttrе..-.' Markеd еnlaгgе-
mеnt of tlrе affесtесl mllsсlе bеlliеs. with sсlmс loss of

Figure 3-205
Sor-rogгetns of an aLеa of fibгсltiс nrvopallrY inl-оlvirrg thе sеmimеrтbпt-
rrсlsus and sсmitсIl(liпostrs musсlеs in thе t.ight lriпсl lеg Of а l i \'еaf-o]d
Tlrогtluglrbrесl Quartег horsе сгoss gеldinli Notiсе thе 1bсal есhogеniс
xгеxs in tlrе sепrimеmЬгanostts and sеmitеndiпOsus musсlеs UlrrUu's)
witlr thе loss of sоmе of thе лormal spесklесl mllsсlе fibсf pattегn
Thеsе sonogгаms п.сгс obtainесl rr,ith l 7 5-Nltlz sесtol-sсa1lпеf tгaпs.

dtlсег сorrtainirrg a lltflt-in tluid o1lЪеt at a сlis1lllrr'сd dеpth of 6 сm
Thе гight Sidе of thе sagittal viе\\,. (left iпtаgе) is Ргoхimal and thе lсIt
sidе is distаl Thе right sidе of thе tгal]svсrsе 

'iеw 
(riglэt iп1а8е) is

latсral and thе lеlt sidе is mеdial
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Figure 3-206
sonoЕ.fams оf aл аrеa of librotiс mvopathу in thе right braсlrioсеphali-
сus mtlsс]е of а 3-уеar-сllс| Staldaгdbгесl сolt Notiсе thс mar*еd in-
сrеasе in есl.togеrriсit1. of thе musсlе, thе сontЙсtlrге Of thе musсlе at
tlris loсatjon (аrrouls)' аn(i thе loss of thе noгmal nrusсlе spесklе
pattегп Thеsе sonogrxms wеге oЬtаiлеd With .t 7 5-NIHZ sссtof sсanЛ.еf
transduсеf сofltaininЕ. a built in 1luid offsеt at a сlispla,vеd сlеpth of 7
сm Thе riЕ]ht sidе of thе s:rgittal У1сw (right i|паge) |s pгохimal aпсl
thе lеft siсlе is distal Thе right Sidе of thе tгаnsvсгsе \,|еУ\| (lе[t i|nаgе)
is latеral and thе lеft sidе is mсdial

thе normal striatеd
mllsсlе есhoЕ]rniсit).,
srcatitis (Fig. 3-209).

Sonographiс findirrgs With postanеsthrtiс myopathy in
hoгsеs сonsist of a loss of thе normal mlrsсlе striations
and an ovеfall inсrеasе in mrtsсlе есhogеniсit}..89 A foсal
afеa of inсгеasеd mlrsсlе есho8еniсit)l and loss of nofmal
musсlе stгiations сofгеlatеd With a nесfotiс afеa in thе
mlrsсlе dеtесtеd at postmortеm еxamination in onе horsе
that was humanеl1, dсstroyеd for othег rеasons.s9 Fivе

Figure 3-207
Sоnograпrs of aл ltеa of сalсil1'ing nr1'opathу of thе biсерs braсhii
musсlе. obtаiлеd frсlrrr a .l-1'еar-old Thoroughbгес1 сОlt Notiсс thе h).
pегесhoiс агеas in thе biсеps bгaсhii mrrsс]е сastinЕ] stгoЛЕ. aсоustiс
shltсlсlws сonsistепt witlr arе:rs сlf сalсi1iсдtion NOtiсе thе сlisruptiоn of
somе оf thе adjaселt musс|е' bеst vistl:tlizесl in thе tfаns\-еrьс t.iсw
(rigbt il|lаgе) Thеsе sonogгaпls wеге obtaiпеd with a 7 5-MHz sесtor.
sсaпnег tгaпsduсеr сontainiпg' a built in f]uid оffsеt at a disPlaYеd dеpth
of 6 сm Thе right sidе of tlrе saЕ.ittal viеW (lф imаgе) is proхimal
and thе lеft sidе is dista] Thе гiяht sidе of tlrе tгansУегsе viеw is lаtеrаl
and thе lеft sidе is ахiel

mllsсlе pattеrn and a dесfеasе in
WаS dеtrсtсd in olrе lrorsе with

с|b.tptеr j . Musсuloskeletаl (лtrc'so,|ogfаphу 147

Figure 3-208
Тгаnsvегsе sonogram. oЬtainеd tiom a 3-month-old Tlrtlгtluglrbrесl сгoss
сolt with a rupturеd bг;rсhiсlсеplraliсtls musсlе (uеrtiсаl аrrott') ovеф.
iпg thе lеft biсц)ital tепdon Notjсе thе dеfесt in thе rпusсlе' П.ith thе
abrlц)t disсontinllatioп of mtlsсlе IiЬетs in tlris aгеa: littlе есlroЕ.еniс
tissllе is rеplaсing thе сlеfесt (mrnimal libгosis) at tl-tis timе This sono-
gгam \\,as obtаinrd with a 7 5-МHz sесtor sсannег tгansdLlCеr сOltaiпing
:l tlrrilt-in fluid offsеt xt a displауеd dеpth of 6 сnr .I.hе гight sidе of thе
soпOЕiгam is latеIal arrсl thе lеft sidе is mеdial

othег hoгsеs fесo\rеrеd from thеir postanеsthеtiс myopa-
th1i T1rе a1Тесtеd tfiсеps lllusсlеs fеtllfnеd to a noгmal
LlltfasonoЕ.faphiс appеaгanсе in all btlt onе hofsе, whosе
triсrps musсlе had foсal lr1,pегесhoiс геgions pеrsisti1lg
for аt lеаst 10 wееks aftеr thс postanеsthеtiс myopath1..89
Inсrеasеd musсlс есhogеniсity has lrlso bееn геportеd in
humans With сhfoniс in1]anrmatory myopathiеs.l5- Musсlе
еdеma, an important сomponеnt of postanеsthеtiс myop-
athy in horsеs, has bееn rеpoгtеd in humans to yiеld
both dесгеasеd аnd inсrеasеd musсlе есhogеniсiry'57 l58

Figure 3-209
Transvеrsе sonоgIam of thе гight еpaхial mrrsсlеs. сlbtainеd t}оm a 14-

!сarюld Атabian сross gеldirrg witl] stеatitis NOt]iсе thе rеplaсеmеnt of
somс of tlrе musсlе tissttе with lrоnrogеrrеоus h1'poесhoiс tissuе, and
thе sеPafation of tlrе rroгrrra1 intегfaсial fasсia Biopsl' оf this swеlliпg
сonIiгmеd fatq' геplaсеmепt of musсlе tissuе сoflsistеnt With stеatitis
1.his sсlnogгam was obtainеd With 21 7 5-МHz sесtoг-sсannеr tгansduсеt
сoпtainiпg .l built-in fluid offsсt at a displa1.еd dеpth of 6 сm Тhе гight
sidе of thе so1rogгam is axill and thе lеft sidе iS tO t]rе гiЕ]ht si(lе Of
thе baсk
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Somе of this appaгеnt disсгеpanсy in thе есhogеniсity of
еdеmatolls mllsсlе may havе to do with thе sеvеrity of
thе inflammatofy сomponеnt that is trsually prеsеnt in
disеasеs сallsing musсlе rdеma. In humans witlr rhabdo-
myolysis, thе musсlе initially appеaгs hеtегogеnеous,
with patсhy arеas of miхеd есhogеniсity. As thе disеasе
bесomеs morе сhroniс, thеsе afеas may bесomе morе
hypoесhoiс and fluid-flllеd. r59' 160

Loss of normal musсlе arсhitесttrrе also oссuгs .with

a nесfotizing myositis, oftеn assoсiatеd with baсtеrial
infесtion. Absсеssеs in musсlе bеlliеs arе frеquеntly asso-
сiatеd with сlisгuption of thе normal flbеr pattеrn and
rеplaсеmеnt of this arеa with hypoесhoiс to есhogеniс
fluid (Fig. 3_2\o).'u, Loсulations may bе dеtесtеd in thе
absсеss, еspесially if trauma was its undеrlуing сausе.
Hypеrесhoiс gas есhoеs сasting typiсal shadows (rеvеr.
bегation artifaсts or dirty shadows) indiсatе anaеrobiс
infесtion (Fig. 3_zt1). Absсеssеs may bе prеsrnt in asso-
сiation with a forеign body. Forеign bodiеs arе usually
assoсiatеd with fistulous traсts' rvhiсh typiсally drain at
thе skin suг1hсе (!ic. 3_272). Thе draining traсt should
bе followеd baсk to its sourсе and thе origin of thе
drainagе idеntiIiеd (sес Сhaptеr 11). Thе dгainagе assoсi-
atеd with a fistulous tгaсt usually originatеs at a forеign
body or fгom nесrotiс bonе or othеr nесfotiс tissllе.
Ultrasonography is ехtгеmеly usеftil in thе idеntiIiсation
of forеign bodiеs, bесausе many forеign bodiеs arе not
dеtесtablе radiographiсa|\у.a2 162 Forеign bodiеs ttsually
сast a bright aсolrstiс shadow with еithеr a rеvеrbеration
aгtifaсt or an aсoustiс shadow. 

.Wood, stеrl wiге, pеnсil
graphitе, roсk, gravеl, glass, and plastiс all сast an aсolls-
tiс shadoмr in turkеy musсlе, whегсas BB pеllеts and nails
сгеatеd a сomеt-tail aгtifасt.t61 Stееl wiге elso сrеatсd a
rсvеrbеration artifaсt in addition to сrеating thе сomеt-
tail artifaсt, сгеatеd by thе BB pеllеt and thе nail.t6:r Hoof
еmbеddеd in soft tissrtе also сasts an aсoustiс shadow.

Figure 3-210
Sonograms of :tn arеa of musсlе rrесгosis :rnсl absсеss foгmation
(аrrou's) in thе sсalеnus musсlе of thе lеtt forеlеg. oЬtainеd fгom an
8-yеaг-old Thоrouglrlэгеd gеlding Notiсе tl]е сavitation of thе musсlе
witir loss of thе noгmel mrrsсlе fibег pattеfn Anесhoiс loсulatеd fluiсl
is fllling t]rе mtlsсlе bеlly Thеsе sonoЕ.rams wеге oЬtainеd with a 7 5-
МHz sесtoг-sсannег tгansdrrсег сontaining a bllilt.i11 fluid ot}.sеt at a
displayеd dеpth of 6 сm Thе right siсlе оf thе long-axis viеw 17ф
imаgе) is pгoхimal аnd thе lеft sidе is distal Thс right siсlе of thе
shoгt-aхis Уiеw (riqht imаgе) is сг:rnia] and thе lеft sidе is сar-rdal

Figure 3-21 1

SaЕ.itt'll sonogmm of aп aгеа tlf mtlsilе nесгosis and anaегobiс infесtion
Ovеf thе doгSal asPесt of tl.rе lеti gxskin, оbtаinесl fгorп a 9-.vеaг-olс[
Thогotlghbгеd gеlсling Notiсе thе соmp|еtе loss of any noгmal mrrsсlе
fibсгs in thе iпjuгеd mlsсIс (сliаgrlllt.l аrroш) with hvpеrесhoiс stfuс.
tllгеs сastiIrg aсoustiс shadoБ's сonsistеnt with gas (tlеrticа'l аrroul)
Arraеrobеs wеrе сrt]turеd fгom tlris absсеss in thе песгOtiс mllsсlе
This sonogram was ObtaiЛеd \\ ith a - i-N'IlIZ sесtoI-sсannеr tr.ansduсет
сontaining x bllilt-in fluid offsеt at a displavеd dеpth of 6 сm Thе right
sidе оf thе sonoE.гam is pгoхiтnal and thе lеft sidе is distal

altlrough its doublе-wallеd appеaranсе сan bе dеtесtеd
sonogгaphiсally.

A сomplеx hсtеrogеnеous mass in thе musсulatufr is
sllggеstivе of an a€]Е.геssir-е nеtlplasm, whiсh is гarе in
hoгsеs (Fic 3_213). Hеmangiomas and hеmangiosarсo-
mas afе thе most сomlnon skеlеtal п1usсlе tumofs ге-

Figure 3-212
sonograms of а snrall fоrеign bod1. (Its) ovеr thе l)oiлt of thе гight
shouldег. obtainесl fгom a уеaгIing Thоroughbгеd сolt Notiсе thе smаll
h1.pегесhoiс struсtllге (аtтtlttls) surгouпсlеd bv anесho-iс fluid and сast-
ing a s,сak асot-tstiс shadow, сonsistеllt with a tbrеiЕ.n bodY within thе
bтaсhioсеphaliсus tтusсlе Тhе forеign bod1.' traсt. аnd assoсiдtеd loсal
infесtiоn did nоt invo]ус thе undегh,ing biсipital tепdon, bеst visualizеd
in thе saЕ.ittal view (rigbt ill.t'аgе) Howеvеr, thе tгaсt (lаrgе аrrоul)
doеs appеaг to ехtеnd -into thе biсipital bufsa, bеst visltalizеd in thе
tгansvегsе viеw (lф imаge) wltrеfr an inсгеasеd amount of flrrid witlr
a small amount of flbгin is Pгеsеnt. сonsistепt with a biсipital Ьtrsitis
Thеsе sonogгаms wеге сlbtainесl with a 7 5-МНz Sесtol.sсannеf tгans-
dlrсег сontaining a btilt-in llrid ollЪеt at a displa)'еd dеpth of 6 сm
Тhе гight sidс сlf thе shoгt-aхis ima8е is tlrс aхial sidе of thе shouldег
Thе fight sidе of tlrе long-aхis imagе is llгoх:ima|
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Figure 3-213
Sonogгam of a rhaЬdomуOs:tгсoma mass in thе лrlrsсulatrrге of tlrе
сaudomеdial thigh in thе lеft hind lеg, obtainеd fтom a 2l-уеaг-olсl
Thoгouglrbгеd marе Notiсе thе сomplех hеtсгogеnеous аppеarаnсе of
thе mass (аrroш'hеtlds), сomplеtеl1, disftlpting thе noгmal musс,lе fibеr
pаttеfn and геplaсing thе norпral musсlе' This соmplсх аppеaгanсе of
thс mass with lr1рoесhoiс to есhogеniс aгеas is сonsistеnt with a

nеoplasm This sonogram was obtдjnеd with a 5 o-МHZ sесtoг-sсannег
tгansduсеI at a displayеd dеptl-r оf 20 сm Tlrе гight sidе of tlrе sсlno-
gгam is proximal and tlrе lеft sidе is distal

poftеd in hoгsеs. A largе aIеa of mllsсlr frbеr disruption
is imagеd in horsеs with skеlеtal musсlе hеmangiosar-
сoma (Fig. 3-2\4). Thе mtrsсlе fibеrs arе rеplaсеd with
anесhoiс loсulatеd fluid and,ior есho8еniс massеs in
hoгsеs with hеmangiosarсoma. This tumor should always

Figure 3-214
Sonogгarп of a hеmaпgiosaгсoma in thе musсlеs of thе latеral сaud:ll
and mеdial thigh and gaskin геgion in thе fight linсl lсg, obtainеd fiom
a 2-yеaг-olс1 Thoгoughbrеd gеlding Notiсе thе сomplеtе disп.rption of
thе noгmal mtlsсlе дгсhitесtuге in thе dееpег mtlsсulatuге and thе laгgе
anесhoiс flrfd-Iillеd arеаs within thе musсlе that сontain h1,poесhoiс
fibrin. Tlris disftlptioп of thе noгma] musсlе arсhitесturе aпd геplaсе-
mеnt with fluiсl and fibrin is also sееn iп horsеs with mllsсlе гtlPtufе
DiffеIеntiatioл bеtwесn musсlе ГLlptuте and a hеmangioma o;: hеmangi
osafсoma is oftеn difliсu]t In horsеs with primary musсlе ruptllfе, thе
fгее еdgе of tlrе torn mrrsсlе is rrsuallу imagеd adjасеnt to tlrе hеma-
toma This fгее toгn еdgе was laсking in this hofsе and al,l thе сaudal,
latегal, anсl mеdia] musсlеs of tlrе thigh wеге involvеd, making a vasсu-
lar nеoplasm most likеl), Tlris sonogгam was obtainеd with a 7 i.Mllz
sесtof.sсannеr tfansdllсег at a displaуеd dеpth of 1o сm Tlrе г]ight sidе
of imagе is pгoхimal and thе lеft sidе is dist,'rl
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bе on thе diffеrеntial diagnosis list of a horsе with sеvеfе
musсlе lrbег disrtrption. A vasсulaf nеoplasm should bе
suspесtеd whеn thе frее еdgе of thе toгn musсlе is not
imagеd and mlrsсlе libеr disrtrption is ехtеnsivе. Есho-
gеniс massеs rеplaсin8 thе normal musсlе arе ffеquеntly
imagеd in hoгsеs With hеmangiosaгсomas (sее Сhaptеr
11). Singlе of multiplе aftегiovсnous flstulaе nray bе dе-
tесtеd in horsеs with hеmangioma of hеmangiosarсoma
and, if dеtесtеd, should pllt a vasсulaf flеoplasm trгst on
thе diffеrеntial diagnosis list. A long bonе or othег largе
fгaсtuге shorrld also bе сonsidегеd in hoгsеs With lafgе
arсas of musсlе Iibеr tеaгing and hеmorrhaЕ.е.

Boпe

Ultfasonogгaphy сan bе ехtrеmеly hеlpful in diagnosing
fгaсturеs in arеas that afе not aссrssiblе or rеadily aссеssi.
blе to radiographiс ехamination, sllсh as thе pеlvis, fе-
muf, sсapula, humегus, and aгеas of thе hеad and spinе.
In thеsе instanсеs, thе bonе should bе сaгеfully sсannеd
in at lеast two mutually pеrpеndiсulaf planеs fгom all
aссеssiblе windows. Thе сontгalatегal limb or sidе of thr
skull should bе sсannеd for сomparison to bс srrге that
normal bon-v disсontinr.litiеs aге not mistakеn for fraс-
tllгеs.

Fraсtuгеs. Thе flrst геpoгt of this appliсation of diag-
nostiс ultгasotrnd in thе horsе was for thе diagnosis of
pеlviс ffaсturеs.t0* Prioг to tlris appliсation of Llltrasonog-
raphy, thе diagnosis of pеlviс fraсturеs in horsеs was
pеfformеd гadiogгaphiсally in thе anеsthеtizеd hoгsе.
This proсеdurе al.ways сarriеd an inhеrеnt risk of сata-
stfophiс fгaсtuге of thе pеlvis Llpon гесovеry from gеn-
егal anеsthеsia. Thе usе of trltгasonography to diagnosе
pеlviс fгaсturеs is now сommonplaсе (Fig. 3-2|5).

Ultгasonogгaphy is oftеn usеd in сonjunсtion with nu-

Figure 3-21 5
Sagittдl sonogfanr оf thе iliaс shaft and ttlbеr сoхxе, obtainеd ttсlrrr a 5.
da1.-olсl Thoгoughbгеd сгoss сolt Notiсе thе nra;:kеd displaсеmеnt of
thе two piесеs of bonе at thе sitе of thе ilial fraсturе and tlrе hypo-
есhoiс fltid suггounding thе tiaсturе, соnsistепt witlr hеmorrhagе
(аrrсltl'l) Somе сlisruption of thе adjaсеnt musсLllatuге is also prеsеnt
This sоnogгam was obtainеd with a 7 5-мl{Z srсtor-sсannеf tfansduсег
сoлtaining a btflt-in flrrid оffsеt at a displayеd dеptlr of 6 сm Thе riglrt
Sidе of thе sonogгam is сfanial (towaгds thе tllbег сoхaе) and thе lеft
sidе is сarrdal (towiгсls thе aссtabulum)
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сlеaг sсintigraphy in thе horsе with an aсutr onsеt of
lamеnеss сonsistеnt with a pеlviс ffaсtuгс.lоj l07 Radio-
graphs undег 8еnеral anеsthеsia afе pеffofmеd lеss frе-
quеntly for horsеs with pеlviс fгaсturе and arе usually
rеsегvеd for hoгsеs in пzhiсh thе sonographiс findings
wегс nеgativе or еqtrivoсal. Radiographiс diagnosis of a
pеlviс fraсturе and othеf major long bonе fгaсturеs in
thе adult horsе must bе pеrformеd at a rеfегral hospi
tal,ro(' anothеr limitation of thе proсеdlше. Shipping thе
horsе with a suspесtеd pсlviс fraсturе of othеf long bonе
fraсttrrеs сarriеs With it tlrе inhеrеnt dangег of worsеning
thе fraсttrrе. Sonogгaplriс ехamination of thе pеlvis and
long bonе fraсturеs сan bе safеly pеrfoгmеd b1. thе praс-
titionеr in thс liеld.

Thе horsе with pеlviс fraсtuге is usually aсutеly lamе,
but thе lamеnеss may геsolvе quiсkly if thе ffaсtufе is
nondisplaсеd or if only thе wing of thе ilitrm is involvесl.
Unilatеral hindlimb lamеnеss was found in 97% of horsеs
in onе largе study of еquinе pеlviс fraсttlrеs.L-6 Signiflсant
rеlationships ехistеd bеtwееn pfеsеnсе of an iliaс fraс-
turе and ехtеrnal pеlviс asymmеtry of thе prеsеnсе of a
palpablе swеlling on rесtal ехamination. Fгaсtuгеs involv-
ing thе vеntral aspесt of tlrе wing of thе ilium that
do not involvе thе dorsal iliaс strrfaсе or nondisplaсеd
fraсturеs may not bе dеtесtеd ultrasonographiсally. Aсе-
tabtrlar fraсtttrеs afе mofе difliсult to diagnosе bесausе
this aгеa is anatomiсally соmplех and bесeusе not all of
thе aсеtabulaf afea is availablе for sonographiс еxamina-
tion. Distеntion of thе hip joint may bе apprесiatеd in
horsеs with an aсеtabular fraсturе. Anесhoiс arеas with
possiblе loсulation may bе imagеd in thе musсulaturе
surrounding thе aсеtabulum or fеmur (Fig. 3_216) or
adjaсеnt to thе ffaсtllrе sitе along thе ilеal shaft or wing,
гaising thе indех of surspiсion of a fraсttlrе. If thе initial
ultrasonogгaphiс ехamination is nеgativе, a fесtal trltraso-
nographiс ехamination should bе pеrformеd to r.ulе out
fгaсtttгеs dеtесtablе from this sonog4гaphiс window. Ntr-
сlеar sсintigraphy should bе pеrtbrmеd in all horsеs for

Figurе 3-216
Soлogгam of thе fraсtuгсс1 hеaс1 of thе fеmtr аnd tlrе гight hц) 

'oint 

of
a yеaгlinЕi Tlrоroughbrссl сolt Notiсе thе mtiltiplе ffaсtuге fгagmеnts
(аrroш's) adiaсеnt to thе hеad of thе tЪmuг and thе есhogеrriс fluiсl
(bloo(t) within thе hip ioint Тhis sonogгаm was obtainеd with a w]idе-

banсlwidth 5 O-МHz sесtof-Sсalrnеr tгansduсеr opеrating at 7 5 MнZ at

a displayеd dеptlr of l,i сm Thе гight sidе of this imagе is сгдnial and
thе lеlt siсlе is сaudal

Figure 3-21 7
Sonograms of a haiгlinе, minimalty,сlisplaсеd ffaсtlllе of thе fourth
mеtataгsal bonе (MT.1) in thе lсft hind lеg, obt:rinеd from an ll-yеaf-
old Мoгgan maге. Notiсе thе dеlЪсt in thе bon1. suгfaсе ссho at thе
sitе of thе ltaсtuге (апotlls) and thе smooth bony pгсllifегativе сlrangе

ргoхimal to thе sitе сlf thе fгaсtuге (lаrgе аlтotll), whiсh геprеsеnts aп
old latегal ехоstosis (splint) Thеsе sonograms wеrе obtainсd With a

7 5-МHz sесtoг-sсдnnеr tгansdrrсеr сontaining a bllilt-iп fluid ot1Ъсt and
a сlisplayеd dеpth of 6 сm Thе fight sidе of thе sagittal vlеw (rigbt
imаge) is proхimal and thе lеft sidе is distal Thе fight sidе of thе
tгans\rегsе Уiеw Qеft iTnаgе) \s doгsаl anс1 thе lеft sidе is plantar

whiсh ultrasonographiс ехamination for a pеlviс fraсttrrе
is nеgativе if thе сliniсian has a high indеx of suspiсion
that this is thе сoгrесt diagnosis.

A fraсturе linе is a hypoесhoiс to anесlroiс linе
through thе сoгtiсat bonе that allows thе ultrasound
bеam to pеnrtratе through thе bonе foг a сепain dis-
tanсе, imaging thе fraсtuге linе. Thus, ultгasound сan bе
usеful in thе diagnosis of a lraiгlinе or nondisplaсеd fгaс-
turе (Fig. 3_2|7). Distfaсtion of thе fraсturе fragmеnt
from thе pafеnt portion of thе bonе is сommon and
should bе dеtесtеd in two mutually pеrpеndiсulaг planеs
(Fig. 3-218).l01-lo7 Multiplе fraсtuге fragmеnts afе сom-
monly dеtесtеd ultrasonographiсall1. (sее Fig. 3-276)' In
horsеs with rхtеnsivе soft tisstrе swеlling and a known
fraсturе' rrltrasonograph-v сan bе usеd to сharaсtегizе thе
typе and sеvегity of thе soft tissuе tfauma (Fig. )_2\9)
and may aid in assеssing thе dеgrее of сomminution of
thе ffaсtufе (Fig,. 3_22О).101 Ultrasound is also trsеful in
horsеs witlr еxtеnsivе soft tissuе swеlling and a suspесtеd
fraсtuге in an aгеa that is diffiсult to radiogгaph in thе
liеld oг is inaссеssiblе to гadiogгaphiс еxamination
(Fig.3-221).

Ultrasonographiс ехamination of a horsе with a sus-
pесtеd fгaсturе that сannot bе loсatеd radiogгaphiсally is
ottеn rеwarding, rеsulting in thе loсation of thе tiaсturе
fгagmеnt and thе subsеquеnt positioning of thе radio-
graphiс еquipmеnt and lrlm to doсumеnt thе fгaсturе
radiograplriсallу (sее Fic. 3_218). In manу instanсеs, thс
fгaсturе fragmеnt may bе too small to bе dеtесtеd radio-
graphiсally, or it may bе loсatеd in an aгеa from whiсh
it сannot bе pro-iесtеd radiographiсally.

ostеitis and ostеomyеlitis. Ultгasonogfaphy is par-
tiсularly trsеftrl in thе diagnosis of ostеitis and ostеomyеli
tis. Any bonе сan bе affесtеd, but sеptiс ostеitis/ostеom}.
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Figure 3-21 I
Sоnograms оf а small ffaсtuIе frallmеnt (аrrott,s) fгom thе intегmеdiatе
саrpal bonе in thе гight fofеlеЕ., oЬtainеd from aп 18-yеaг-old сrossbгеd
gеlding Tlris tiaсtufе was slrsрссtеd bllt not loсatеd тadiogгaphiсall1,
until sooographiс lосalization of tlrе fiaсtuге gtlidеd film plaсспеnt
Nоtiсе thе small h1регесlroiс structllIе (fraсtuге fгagmеnt) distгaсtесl
awaу from thе pafепt poгtiofl of thе lntегmеdiatе сaгpal Ьonе ,Гhеsе

sonogfalns wеrе ol]tаinеd with a 7 5-Mнz Sесtoг-sсanлеr transdtrсеr
сoпtaining a built-in llrid оffsеt at a displаl-еd dеpth Of 6 сm Tlrс right
sidе of thс lorrg.aхis :iеw (lф iтllаgе) is pгoximal arrd thе lеft sidе is
distal l.hе гight sidе Of thе shofi-aхis уtеw (riчbt iШ.Igе) is latегal аnd
thе lеft sidе is mеdial

еlitis in adult hoгsеs may bе most сommon in thе
mrtaсafpal and mеtatarsal bonеs.l0] A histoц, of trauma
is prеsеnt for approхimatеЦ. 50% of horsеs with ostеom1.
еlitis.tоr Thе trauma ma)' inсludе a pеnеtrating wound
(Fig' 3_222) or an opеn wound at thе sitе of a fraсtufе.
ostеomyеlitis may also dеvеlop aftеf еlесtivе surgеry of
fraсturе rеpaif l()J Сliniсal signs of loсal hеat, pain, and
swеlling arе usuall), dеtесtеd in lroгsеs With ostеomyеli-
tis. Lamеnеss and fеvеr aге frеqlrеntly prеsеnt. If puгttlеnt
drainagе is prеsеnt, thе h1poесhoiс tfaсt сan bе followеd
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Figure 3-220
saЕ]ittat soпogгarn of a ссlmminlltеd fг1rсtllfе сlf thе forrпh mеtaсarpal
boпе (N{С4) in thе гight foгеlеg. obtainеd tiom a 5-vеar-old Thoгоugh-
brеd gеlс1ing NOtiсе thе fragmеnt (tttlo аngled.tlгlulll а,rrouls) с1is-

tгaсtеd from thе pafеnt pсlпi<lп сlf МС.1 and tlrе slightJ)'displaсеd morе-
distal ffaСturе (ttp аrrou,) Notiсе thе laгЕ.е arnolшt сlf lr1.poесhoiс soft
tissuе swеlling adjaсеnt to thе fraсtllfеs This sonogfam was obtainеd
with a п-iсlе-bandwidth 7 5-МНz lillеaг-a;:гltу tгansdrtсег opегating at

].0 0 МHz at a disp|aуеd dеpth Of ,{ сm Thе tbсal zсlnеs arс роsitionеd
in thе леar lrеld of thе imagе Tlrе гight sidе of thс sonogram is

pгoхimal and thс lсft sidе is distal

to its soufсе, thе undеrlying infесtеd bonе. Bonе frag-
mеnts or sеquеstfa afе l1ot unсommonly srеn in hoгsеs
with ostеomyеlitis.

Thе ultrasonographiс finding сonsistеnt With a diagno-
sis of ostеitis of ostеomyеlitis iS a fluid layеr immеdiatеly
adjaсеnt to thе bonе (Figs. 3-222 and 3-22.3-;.l.,.. t.;. l....

Thе fluid layеr ovеrlying thе tlonе may bе anесhoiс to
hypoесhoiс (sее Fig' з-222) of есhogеniс, Of may сon-
tain hypеrесhoiс есhoеs сo11sistеnt цrith frее gas (sее
Fig. 3-223). Сulturе of thе fluid ovеrlying thе bonе ustь
all1, 1.'.''.' in baсtеrial growth, ехсеpt in a 1.еw horsеs

Figure 3-219
SaЕ.ittal sonogIams оf a tiaсtul.е of thс right fbur1h mеtataгsal bonе (MT.l) of an 1l-vеaгold ThorсlughЬrеd gеldiпg and tlrе xssoсiatеd soft tissltе
stгttсtllrеs Thеsе sonogгams wеrе oЬtaiлеd With a widе.bandwjdth 7 5-МHz linеaт-aггa1, transduсеr Opеratiпg at 10 0 N{нZ at a disрla'vrd dеpth of
3 (А) and 4 (B) Сm Thе foсal Zonеs afе Positioпеd in thе nеaг lrеlсl Тhе гiglrt sidе сlf tlrе sonograms is pгoхirrral aпсl thе lеtt sidе is distxl

,.l, Notiсе tl.rе markеd сlistгaсt]ion of tlrе proхimal poгtion of Мl.4 from thе distal еnсl сlf thе borrе (fх) and thе laгgе arnollnt or \poесhoiс: кl
aлесhoiс soft tissuе swеllir-rg adjaсеnt to thе ttactllrе, assoсiatеd with lrеrrrorгhagе at tlrе ffaсtuге sitе

-B, Notiсе thе sеYегеd g'fеat mеtataгsal aпеry adjaсеnt to thе fгaсtuге sitе, with thе hypoесhoiс brrlbous еnсl of tlrе artег}' assoсiatеd with сlot at

tlrе еnd сlf thе tсlгn агtеЦ, Adiaсеnt to thе disгtlPtеd aftеlv is anесhoiс to hvpoесhoiс fluid (blood) in thе soft tissuеs
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Figure 3-221
Sorrograms of а fгасtuгесl l)atеlla in thе lеft hinсl lсg' obtainесl from a 6-

1.еaг-old Qllar1еr l.rorsе marе Notiсе thе laгЕ.е ffaсtllге fiagmепt (ar-
roш,.s) distfaсtеd fгсlm thе pafеnt por1ion of thс patеlla in thе sagittal
уiсw (lеft i|t7аgе), thе iггеgtllаг srrгfaсе of thе рatеllx (аrrОш'S) iл lhе
transvеfsе Уiеw (rigbl ilnаgе) wiI]J' visualizatioп оf arrоtlrеr smailеr
fraсtufе fiagmеnt, lnсl tlrе laгgе amollnt сlf h1,poесlroiс f]ttid aгourrd
thе patе][a' assoсiatеd s.ith pеripatеllaг hеmorгhagе Thеsе sonogгams
Wеге OЬtainеd s,'ith a 7 5-MHz sесtсlг-sсannеf tfansduсеr сOпtaining :r

built-in tluid offsеt at a сlisplavеd dеpth оf 7 сm Тhе гiЕ.lrt sidе of thе
long-aхis viеw is prохimal aпсl tlrе lеft sidе is distal Thе гight sidе of
t-hе shoft.aхis viеt, is сгanial and thе lеft sidе is сaudal

alгеady trеatrd with broad-spесtfum antimiсrobials.1()3
This sonographiс trnding (flttid layег immеdiatеl)I adja-
сеnt to thе bоnе) is pathсlgnomoniс fof ostеitis or ostеo-
myеlitis, ехсеpt in synovial Stflrсtllгеs or in hoгsеs that
havе rесеntly ехpеriеnсеd trauma. S1,novial fluid is not
nomally misdiagnosеd as ostеitis of ostеom)rеlitis bе-
сatlsе thе loсation of thе joint is known and thе pfеsеnсе
of fluid within thе jсlint is ехpесtеd. In a hоrsе With a
rесеnt histoЦ, of trauma, hеmoгrhagе might bе loсatеd

Figure 3-222
Sonogrаms of ostеопyеlitis rlf thе saсгttm. obtailrеd trom a 3l--vеaг-o[d
Thoгoughbгеd gеldiпg ;rftег a bitс WоLlnd tO t]]is arсa Notiсе tlrе
h1.poесhoiс tluid laусr оvегlving thе saсrum arrd tl.tе slightly iгrеgulaг
bon1. srtrfaсе ссhO сonsistеnt with a diaЕ.nosis of ostеOm).е|itis
(аrroo^s) Тhеsе sontlgrams в''еrс obtainесl with а 7 5-МHz sесlol-sсan-
nеf tгansdllсеf сontaining a btdlt-in fltliсi ofIЬеt at a displa)iеd dсpth of
6 сm. Thе riЕ.ht si(|е of thе long-aхis vtеw Qeft imа,gе) is pгсlхimаl and
thе lеft siсlе is distal Thе гight sidе of thе short-aхis \,iеw (rigbt imаgе)
is lаtегal rлd thе lеft siсlе is mеdial

Figure 3-223
sonogrдm of а loсalizеd eгеa of Ostеitis/OstеomYеlitis сlvеr thе latеral
aspесt of thе mid tibia il1 thе lеtt hinсl lеg, obtainеd from a ,1-yеar-old

Standaгdbгеd Iillv Notiсе tlrе hvpеrесlroiс есhoеs in thе hуpoесhoiс
flLid сonsistеnt With fгее-gаs есhoеs anс1 an аnaегotliс infесtion This
sonogritm was obtainеd with a 7 5.N{l{Z sесtor-sсдnnеr tтxnsсluсег сon.
taining a built-iп fltlid offsеt at a displa)'еd dеpth of 6 сm l.hе гight
sidе of thе sonoЕ.fаm is сranial anсl thе lеft sidе is сatldal

immеdiatеl-v adjaсеnt to tlrе bonе if a fraсturе of sllbpеri-
ostеal hеmorгhagе is prеsеnt. In thе immеdiatе postopеf.
ativе pеfiod, fluid may bе 1bund immеdiatеly adjaсеnt to
thе bonе fгom hеmorrhagе at thе timе of suгgеЦ, that
has not ),еt bееn fеsoгbеd. Thсsе limitations arе rеlativеly
minof, howеvеr, bесausе a histoц. of tfallma is usuallу
pfеsеnt of fесеnt tfallma is obviotrs in thсsе сasеs.

Radiographiс еvidеnсе of ostеitis oг ostеomyеlitis, in-
сluding сharaсtеristiс l).tiс and prolifегativе сhangеS,
takеs at lеast 10 to 14 dal-s to appеar. This is a сritiсal
pегiod of timе in whiсh thе irrfесtion сan gain a signifl-
сant foothold, making suссеssfitl fеsolution of thе infес-
tion mofе diffiсult. .W.ith ultrasonogfaphy, thе quality of
thе bon1, suгfaсе есho сan bе еvaluatеd. Markеd thinning
(Fic. э-221) oг thiсkrning Gig. 3_225) of thе bony sur.
faсе есlro is abnormal arrd indiсatеs bonс lysis or сortiсal
thiсkеning, fеspесtivеh- Pеriostеal lyiс and prolifегativе
сhangеs сan bе dеtесtеd ultfasonogfaphiсally bеfoге thеy
aге visualizеd radiograplriсally. Сarеful ехamination of
thе physis for fluid aссltmшlation of сystiс lеsions shсlttlсl
bе pеrfoгmсd in foals with sllspесtеd sеptiс physitis so
that thе diagnosis сan bе madе, сtlltuгеs сan bе oLltainеd
undеr trltrasonogfephiс g4tridanсе, and tгеatmеnt сan bе
initiatеd to bring thе infесtion Lrndеf сontгol. ostеomyеli
tis was dеtесtеd ultгasonographiсally in thе majority of
horsеs in whiсh radiographiс lеsions of ostеomyеlitis
wеге not dеtесtablе, еnabling еafliеr diagnosis and trеat-
mеnt of tlrе infесtion.'0r

Bony sеqr'rеstra appеaг as hypеfесhoiс to есhogеniс
struсtufеs сasting aсoustiс shadows of varying intеnsitiеs.
Thеy arе Sllrгoundеd b1. hypoесhoiс to anесhoiс fluid
and afе loсatеd adjaсеnt to bonе {Fig.3-226\' Ultгasonog-
raph), is ехtrеmеly Llsеful in thе diagnosis of Ostеomyеlitis
in horsеs with surgiсal implants, bесausе thе lysis assoсi
atеd with thе initial stagе of fгaсtuге hеaling is difflсult
to dift.еrеntiatе radiogгaphiсally tiom thе lysis assoсiatеd
with bony infесtion (Fis.3-227)'

Radiographiс еvidеnсе of ostеomyеlitis may not bе
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Figwe З-224
Sonogram of ostеom-Yеlitis of thе lеfi maхilla obtainеd tiоm :r 7-уеaг-old
Thtlrougl-rЬгесl Cгoss gеlсliПg Nоtiсе thе vеп, tlrin, wеak bon1. surf;rсс

есhо сtесp to thе ovеfl),ing f]uiсl tfaсt еxtеnding out to, brrt not thfollgh,
thе skin stlгfaсе This is aп afеa of ostеom).еlitis with песfotiс bonе
that сrumblеd at thе timе of suгgеп* with minimаl сufеttagе This
sonogram was obt:riпес1 with a 7 5-МHz sесtoг-sсannег tгlnsduсеr сon-

taiпing a built-iп fluid offsеt at a displavесi сtеpth of 6 сnr Thе lеft sidе
of tl.tе sorrogгam is rostfal

dеtесtеd tbr 2 to 8 wееks in foals or hofsrs with vеrtеbral
ostеomyеlitis...,n Although nuсlеaг sсinti8faphy...- and
сomputеd tomogгaphyl68 сan both bе Llsеd to loсalizе
lеsions in aсtttе сasеs of vеftеbгal ostеomyеlitis, ultraso-
nography сan also bе ttsесl to loсalizе infесtions in thе
vегtеbfaе and is most usrful in foals oг hofsеs with an
afеa of swеlling nеar thе vеrtеbfal сolumn. Swеlling of
thе сеrwiсal thoraсiс and lumbar геgions has bееn rе-

poftеd in foals with vегtеbral ostеomyеlitis.lo8' t69 Ultraso-

Figure 3-225
Sonogгams of a сhгoniс ostеom)'еlitis of thе stlstеtrtaсrtlum tali of thе
lеft hindlimb, obtairrесl fгom a 5--vеaг-old Holstеinеf maге Notiсе thе
hvpoесhoiс to аnесhоiс fltfd la,vеr ovеrlуing thе bonе, tfaсkin€. ollt
towaгds thе skin sltfa'се (аrro,tus) Thе ехtеnsion of tl.rе traсt to thе
skin sr-rгfaсе -is пot imаgеd in this sсan plaпе Tlrе urrdетlуing Ьonе is
vец. irrеgrrlаг аnd thiсkеnеd' with l).tiс and pгolifегativе сhangеs dе-

tесtеd .гhе pегitеndinоus tissllеs in this loсation wеrе ехtrеmеlу tliсk-
еnеd and есhogеniс, сonsistеnt with fibгosis of thе srtггounсling soft
tissuеs Thсsе soпоgfams Wеге obtainеd with 

'l 
7 5.МHZ sесtof-sсannег

tгansdllсег at a displavесl dеpth of 8 сm. Thе гight sidе of thе sagittal
viеw (rigbt imаge') is prохimal and thе lеft sidе is distal. Thе гight sidе
of thе tгansvеfsе уiеw (/eЁ iп1.1,8е) is doгsal and thе ]еft sidе is plantaг
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Figure 3-226
Sorrсlgrаms of ostеomуеlitis of thе lеft sсaprrlаг spinе with sеquеstfaе
1lt thе arеa of most bon1, l1.sis, obtairrеd fгonr a 3-1.еar old oldеnbсгg
Iill). цn.'." thе hуpеfесhoiс bon1' ltagmеnts (аrroшs) slrrгounсlеd b1.

lr1.poесhoiс fluid, сOЛsistеnt with sеquеstfaе Not,iсе thе laгgс iггеgulaг

boц. surfaсе есho witlr a sсoopеd-out lуtiс aгеa (oРе|l аrrUu'), ьеSt
sееn in thс ]orrg-aхis imagс оf thе sсapulirr spi|1е (right illlаgе) Тhеsе
sonogгams wеге оbtainесl with a 7 i-мHZ sесtor-sсannсr tгansdtlсег

сontaining a bllilt-ill fluid o1Тsеt at x displaуеd dеpth of 7 сm Thе гiЕ]ht

sidе of thе long-aхis viе'w (rigbt ilпаgе) is pгoхimal an(l thе |егt sidе is

сtistal Thе right sidе of thе Short-:rхis v-iеw (/ф inlаgе) is сгarrial and

thr lеft sidс is сxltсlal

nogгaphiс ехamination of сеffiсal swеllinЕ]s in two foals
with vегtеbfal Ostеomyеlitis геvеalеd largе absсеssеs еx.
tеnding to thе сеrviсal vегtеbгaе.r()2 lо]

ostеomyеlitis may oссuf assoсiatеd with infесtion of a
synovial shеath' ostеom1,6|i1is of thе slrstrnt.rсLrlllm tali
has bееn rеpoftеd in horsеs With tarsal shеath distеn-
tion.rr., .3" Ostеomyеlitis of thе aхial suffaсе of thе proхi-
mal sеsamoid bonеs (Fis,. 3-228) lras bееn fеpoftеd in
sеvеral hoгsеs with infесtеd digital shеaths ,-u Two of

Figure 3-227
Sonogr:rm of ostеom,vеlitis of thе |сft olесгаnon. obtаinесl 1iоm a 3-'vеeг-

o]с1 Arabian fillу with a fiaсttlгес| olесгanon геpaiгеd s,'ith a platе afld
sсгеws Notiсе thе larЕ.е lrvpoесhсliс fluid le1'ег (upреr .Irro11')) oУеf|\.
ing thе platе (сonsistеnt with ostеOmyеlitis) arrd thе геvеrbегation
аrtifaсts assoсiatеd with thе nrеtalliс implant (lоu)er .I'Тotl)) Signi1iсant
soft tissrrе swеlling ovегliеs thе fiaсtuге геpaif This sonoЕ.гam was
obtaiпесl $.ith a 7 5.MHz sесtoг-sсanlrег tfaЛsduсег сontxiпing a built.
in fluid offsеt at a displayесl dеptlr сlf 7 сш Tlrс fight sidе of thе
sonogfam is prсlхimal and thе lеft sidе is dist1rl
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Figure 3-228
Sonogгams of a tbсal arеa of ostеom)'еlitis along thе aхial Ьoгсlег of thе
mеdiаl prохimal sеsamсliсl bonе in thе гight lrind lеg, obtainеd ltom a

3-уеar-olсt Tl.toгoughbгеd gеldi1rg Notiсе thс lafgе lytiс dсfесt in thе
:rxial maгgirr of thе mеdial prсlхimal sеsamoiсl Iэoлс (аrrrluts) and thе
hуpoесlroiс tluid in thе digitxl shеath jn thе сlistаl mеtxtaгsa] геgion
Thеsе sonogгams wеге obtainеd in zonе .1С at .15 сm distal to thе point
of tlrе hoсk With a widе-Ьaлdwidth 6 O-MHz nriсгoсonvех linеaг-lггa1.
tг1tnsdllсеf opегating at 10 0 МlIZ 

'rt 
a displ'rуеd dеpth of 5 сm Тhе

tbсal zonеs aге positioпеd in thе far liеlс| of thе imagеs Thе гi!'rt sidе
of thе segittal viеw (lф ilпаgе) is pгoхinral and thе lеft Sidе is сlistal
Thе гight siс1е of tl-tе tfans\.егsе \riеw (right iп1аgе) is ]atегal and thе
lеft siсlе is mеdial

thеsе horsеs also had sеptiс sy11ovitis сlf thе fеtloсk joint.
Lyiс lеsions along thr aхial boгdеr of thе sеsamoid bonеs
shotrld pfompt сaгrful sonogfaphiс еvalllation of thе in-
tегsеsamoidеan li€.amеnt, bесausе intеrsеsamoidеan liga-
mеnt dеsmitis has bееn rеpoгtеd in thеSе horsеs. Thе
ostеomyеlitis lеsions 

^ppеar 
as l}tiс arеas along thе aхial

margin of thе pгoхimal sеsamoid bonеs. Сystiс lеsions
also may bе dеtесtеd in this loсation (sее Fig. 3-228).
Сystiс lеsions along thе abaхial sur1aсе of thе pfoхimal
sеsamoid bonеs also oссuf and may bе assoсiatеd with
ostеomyеlitis of with сhfoniс inflammation of thс sеsa-
moid bonе at thе insеrtion of thе suspеnsory ligamеnt.
Cystiс lеsions assoсiatеd with fluid along thе bony surfaсе
oг in an intra-artiсulaг loсation afе oftеn assoсiatеd with
ostеomyеlitis and сan oссLlf in any bonе (Fig. 3_229) of
horsеs Or foals with ostеitis and ostеomyеlitis.

Bonе Cysts of Nеoplasms. othег bon1, a5',o'.,'.,..'
suсh as a nеoplasm oг bonе сyst afе faге but сan oftеn
bе imagеd tiltrasonographiсally' at lеast in paгt, bесausе
of assoсiatеd bonе nесrosis or сomplех сomposition of
thе ttrmor (Fic. 3_230). Nеoplasms of thе long bonеs aге
fafс in horsеs, thе most сoпlmon bеing an ostеoma.]71. l'2

ostеosarсomas arе fafе and afе loсalizеd to thе bonеs of
thе aхial skеlеton.r-2 '_] Nеoplasnrs of thе skull and man-
diblе aге mofе сommon in horsеs and may bе of a
widе variеty of сеll t1,pеs with no paftiсulaf сhafaсtеristiс
fеaturеs.l_] l_r Bonе сYsts afе unсommon in horsеs and
havе bееn rеpoгtеd most frеqllеntly in tlrе mandiblе.t'5

J o ints

Еvaluation of thе amount and сhaгaсtеr of thе synovial
fluid and thе synovirrm shotrld bе part of еvеfy sono-

Figure 3-229
Sonоgгam of a foсa] aгеa of ostеomyеlitis at thе pгoхimal physis of thе
Iiгst plralanх (P1) in thе fight hlnd lеg, obtainеd fгom a 2-month-
оld Stanсlaгсlbrеd filly Notiсе thе abnormal bоny stlrfaсе есho and
ге\,еfbеration aftifaсts at thе loсation of thе с)ist in thе plantafolatеlal
aspесt оf Pl Мarkеd h1.poесhoiс loсLllatеd fluid distеntion of thе digitдl
s}J.е^r|1 (oРeп аrroш) |s dеtесtеd immеdiаtеly adjaсеnt to this afеa
This sonogram was obtдinес1 With a 7.5-MllZ sесtor-sсaпnег tгansdllсег
сontainiflg a Ьuilt-in fluid offsеt at a displaуеd сlеpth сlf 6 сm Thе гight
sidе of this sonoЕ.fam is proхimal and thе lеft sidе is distal

graphiс rxamination of a synovial stfuсtufе. Сhroniс non.
sеptiс synovitis is most сommon in horsеs and usually is
assoсiatеd with anссhoiс s1,novial fluid and littlе or nо
libгin within thе joint. Synovial hypеrplasia is oftеn pгеs-
еnt in hoгsеs with сhroniс synovitis. Fibгinor-rs loсulations
of flbfous adhеsions may bе dеtесtеd in horsеs мrith
сhfoniс aсtivе s1lnoyitis assoсiatеd with onE.oin8 inflam-
mation in tlrе joint. Hypoесhoiс to есhogеniс synovial
fluid is most likrly sеptiс, is usually pfеsеnt in largе
volumеs, and is oftеn assoсiatеd with a lafgе amollnt of
fibrin within thе joint. Synovial thiсkеning is fгеquеntly
prеsеnt in horsеs with sеptiс joints. Many of thеsе horsеs

Figure 3-230
SolroЕ]fam of a largе сompositе mass ovег thс distal mеdial аspссt of
thе lеft гadius, obtiinсd from a l4-уеaг-old Thoгorrghbгеd marе This
mass was a 1ibгosarсoma eпd haсl rеsultеd in somе bonу сhangеs in thе
noгmal сontour of thе radius undегnеаth tl]е tumoг This sonogram
wls obtainеd with a 7 5.MHz sесtсlг-sс1lnnег transduсеr соntaining a

built-in fluid offsеt аt а сlispla1,еd dеpth оf 6 сm Thе гight sidе of thе
sonoslllm is сгaпial аnd thе ]еft sidе is сaudal
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tigure 3-231
sonogгams of :r largе arеa оf infraspinatus mlrsсlе injuq, i1 tlrе гight
foгеlеg, obtainеd fгom a l7-yеaг-old Tl.roтoughЬгес1 maге Notiсе thе

еnlaгgеmеnt of thе infгaspinatl]s mlrsсlе and thе allsеnсе сlf a noгmal
spесklеd striatесl musсlе fibег pattегn assoсiatесl п'ith this iniuг\'. Thеsе
sonogгams wеrе oЬtainе<'l with a 7.5-MHz sесtoг-sсannеr tгаnsduсеr at

l displаyеd сlеpth of 8 сm. Thе гiglrt sidе of tlrе long-aхis viеw Qф
i|11аgе) |s pгoхimal and thе lеft sidе is distal' Thе гiglrt siсlе of tlrе

Shoгt-aхis Уiеw (right imаge.) is сranial and thе lеft sidе is сalldal,

also havе markеd pеfiaгtiсular s\vеlling. Hеmorгhagе mar-

bе dеtесtеd in thе joint and trsuall1' appеafs as есhoЕ.еniс

swirling fluiсl withirr thе joint. In horsеs п,ith aсutе
tfauma' thе joint сapsulе should bе сarеftlll1' еvalllatеd
for any disсontintrity, bесausе fuptlrfе of thе joint сapsulе
may havе oссuггеd.

Еqtrinе сollatеfal ligamеnt injuriеs oссuf morе Ifе-

quеntly than prеviously bеliеvеd.lo0, 1-6' 17- A thofough
knowlеdgе of anatomy сouplеd with a systеmatiс ехami-
nation of all thе сollatеfal ligamеnts of an affесtеd joint
is nесеssary to makе this diagnosis. Thе сollatеral liga-

mеnts of somе joints afе vеry сompliсatеd. In somе joints
suсh as thе сarpus and tafsus, all thе сollatеral ligamеnts
сannot bе imagеd bесausе of thеir intfa-artiсular loсation.
Iniuгiеs usually oссuf to еithеf thе latегal or mеdial сollat-
еral ligamеnt fathеr than to both stfuсtufеs simultanе-
ously. Сollatеral ligamеnt injuriеs may tlе disсrеtе arеas
of libеr tеaring, but arе mofе oftеn diffusе lеsions. Еn-

largеmеnt of tlrе сfoss-srсtional' atea of thе сollatеral
ligamеnt is сommon чrith сollatеral ligamеnt injury' as

arе a сlесгеasе in thе ligamеnt's есhogеniсity and loss of
thе normal parallеl flbеr pattеrn. Ar''ulsion fгaсturеs of
thе origin or insеrtion of thе сollatеfal ligamеnts сan
oссur in all joints, but arе most сommon in thе mеtatafso-
phalangеal joint and fеmorotiLlial joint.

Shoulder

Abnoгmalitiеs of thе shoulсlеr joint arе unсommon but
havе bееn dеtесtеd sonographiсally. In foals, sеptiс syno-
vitis of thе shouldеr joint has bееn dеtесtеd most frе-
qtrеntl1.. In oldеr horsеs, сhangеs in thе ultrasonographiс
appеaгanсе of thе shotrldеr joint havе bееn sееn with
сhroniс synovitis, inсluding injury to thе glеnohttmегal
ligamеnts and сalсiliсation of thе joint сapsulе and syno-
vial lining. Howеvец injuгiеs to thls joint arе infrеquеnt,
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afе most likеly to oссuf sесondary to tгallma, and mofе
frеquеntly involvе thе musсlеs of thе shouldеr girdlе.

Injuгiеs to thе infraspinatlls and othеr surrounding shoul-
dеr musсlеs havе bееn dеtесtеd (Fig. 3-231). Injuriеs to
thе sсapula, with rupturе of thе sеrratus vеntfalis musсlе
and displaсеmеnt of thе sсapula from its normal position
on thе thoraсiс мrall, havе also bееn dеtесtеd sonographi-
сally (Fig. 3-232).

Еlbow

Abnormalitiеs of thе еlbow joint othеr than sеptiс afthfi-
tis arе Lrnсommon. Sеptiс arthгitis сlf thе еlboмz joint is
most сommon in foals but oссasionally is sееn in oldеr
hoгsеs in assoсiation with tfauma (Fig. 3-233). In;.uriеs

to thе еlbow joint arе possiblе, assoсiatеd with thе moге
сommon olесranon fraсturе. Сollatеral ligamеnt injuriеs
arе unсommon and afе most fгеquеntly assoсiatеd with
tfauma. 

.W.ith trаuma to thе latеral aspесt of thе еltlow
jоint, wotrnds ma1, ехtеnd into thе сttbital joint and сausе
injtrц, to thе latеral сollatеral ligamеnt (Fig. 3-2]4). In-

juriеs to thе сollatеral ligamеnt ttsually rеsult in an еn.

largеd h1.poесhoiс сollatегal ligamеnt that laсks a normal
1ibег pattегn Alrrlsion fraсtuгеs сan oссLrf assoсiatеd
п'ith сollatегal ligamеnt dеsnritis (sее Fig. 3_234). Thеsе
ar-ulsion fгaсturеs ma\. oссuг at thе ofiЕ.in of thе сollatеral
ligamеrrt fгom thе lrumеral еpiсondr1с oг at thеir insеf-
tion on thе mеdial or latегal tubегosiп. of thе fadills.
Fraсturеs of thе latегal tr'rbеrosiп' of thе radius havе bееn
fepofted.loo l-с, l--

Carpus

Numеrous сollatеral ligamеnts arе in thе сafpus bеtwееn
rows of сarpal bonеs and in bеtwееn thе сaгpal bonеs'
only somе of whiсh arе visiblе ultrasonographiсally. In-

Figute 3-232
Sonogтam оf a гuptttгеd sегfatlls vеntгalis n,].Lrsсlе Witl] dissесtion of
hеmoггhagе through thе ad.iaсеnt tissuе plaпсs and сlisplaсеmеl]t оf thе

sсapula obtainеd fгom a 5-month-olсl Tlroтouglrbгеd 1rll)' Notiсе thс
loсulatеd aлесhоiс hеmatom2 adiaсеnt to tllе sсapulа Тhis Sonogram
was obtainесl With a 7 i-МHz sссtor-sсanпег tfaпsdllсеI at a displayеd
сlеpth of 10 сm Thе right Siсlе of thе sсlnоgгam is сranial and thе lеft
siс1е is сauсlal
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Figure 3-233
sagittal sonogram оf a sеptiс сtlbital joint Iillеd with h1рoесhoiс fluid
and hуpсlесlroiс to есhogеniс с|сlt (аrrou,s), obtiriпеd from a 10-yеаг-
olсl Appaloosa gеlding Notiсе thе rпaгkесl distеntion of thе joint ThiS
sonоgram was obtаit]еd with x 7 5 МНz sесtor-sсannеI transduсеf at a
displar.еd r1еptl.r сlf 8 сп Тhс гi!.lrt sidе of this long-aхis im;rgс is
pгсlхinral and thе lсft sidе is distal

juriеs to somе of thе сollatеral ligamеnts havе bееn dе-
tесtесl Llltfasonogfaphiсally. Ar'tilsion fraсtrrrеs and fup-
turе of thе mеdial сollatеral li54amеnt havе bееn dе-
sсfibеd.r(ro, tr5 l-6 Alulsion ffaсtufеs of ffaсtufrs геsultinЕ.
in damagе to thе intегсarpal ligamеnts сan oftrn bе im-
agеd. Intfa-aftiсLllaf fraсtttrеs may bе loсatеd sonographi-
сally whеn thеy arе suspесtеd, but havе not bееn suс-
сеssftllly imagеd radiographiсally (sее Fig. 3_2|8D.
Aссuratе lсlсalization of thеsе fraсturеs trltгasonographi

сally сan hеlp to idеntф thеm radiographiсally by guid-
ing positioning of thе х-fay bсam and сassеttе. Fraсturе
of thr aссеssory сarpal bonе usually involvеs onе of morе
of thе ligamеnts of thе aссеssoгy сarpal bonе and is oftеn
assoсiatrd with a largе сarpal shrath еffusion.l-5'176 Thе
сaгtilaginous surfaсеs of thе distal radius and сaгpal bonеs
should appеat as thin anrсhoiс 1inеs.87

Ultrasonography сan also bе usеd to monitor thе ossi-
Irсation of thе сtrboidal bonеs in thе сarpus, as has bееn
rеpoftеd for thе taгsus.9', 98 Howеvец сarpal bonе ossifl-
сation prесеdеs tarsal bonе ossiflсation; thus, monitofing
thе ossifiсation of thе tarsal bonеs ultrasonogгaphiсally is
pfеfеrablе.

Fetloсk

AbnoгmalitiеS oссuf morе frеquеntly in thе mеtaсarpo-
phalangеal joint than in thе mеtatafsophalangсal joint,
чrith villonodular synovitis bеing thе most сommon syno-
vial abnoгmality с1еtесtablе ultгasonographiсally.9o 9l' 9., A
dorsal pliсa mofе than 4 mm thiсk is сonsistеnt with
villonodular synovitis (Fig. 3-235). This thiсkеning of
thе doгsal pliсa is usually homogеnеous, hypoесhoiс, or
есhogеniс,9(),91 96 and oссurs in сonjunсtion with gеnеral.
izсd synovitis. Synovial thiсkеning and anесhoiс fluid
within thе joint arе usually imagеd in horsеs with synovi-
tis. AсLltе synovitis is oftеn сharaсtегizеd by an anесhoiс
joint еffusion with fibrinous loсulations, imagеd within
thе synovial fluid (Fig. з_236). Fгaсturе fгagmеnts (usually
from prохimal Pl) may also bе imagеd in thеsе horsеs.
Hypоесhoiс arеas witlrin thс dorsаl joint сapsulе wсfе

Figure 3-234
Sonograms оf arulsiоn ftaсtufеs at thе Ofigin оf t]rе latеIal сOllatеfal
ligamеnt of thе сtlbital joint, оbtaiлеd ttom a lO-vеat-old Tlrororrghbrеd
maге Notiсе thе lrvpегесho:iс boп1, fragmспts сlistгaсtеd awa1.from thе
с1ist:rl humеrus (аrroшs) сasting aсotlstiс slradows Notiсс thе h1,po-
есhoiс latеrа1 (most supеrfiсial poпion) of thс latеrаl сollatеral ligamеnt
k)pе,1 аrrОшs), wlriс].r is laсking a пoгmаl libег pattеrn. distal to tlrе
fгaсtl]rе liagmеnts imagеd in both thе transYеrsе У|еw (rigbt imаgе)
and sagittal Yiеw (lеft ilЛ.rge) Somе swеlling of thс ovефing solt tissuе
strllсtuгеs is pfеsеnt Тhеsе sonogгams Wеге obtainеd with a widе-
bandwidtlr 6 O-MHZ miсroсonvех tIans(lllсеr оpеfatinЕ] nI 7 5 \IHZ ,nt a
displayеd dеpth of 5 сm Thе fight sidе of thе tгansvеrsс im.rgе is
сг1rnial and thе lеft Sidе is сarrс1al Tlrе гight sidе of thе sagittal inragеs
is pгoximal and thе ]еft sidе is dist1rl

Figure 3-235
Sonogгams of сlrгoniс pгolifеrativе sуnovitis in tl]с doгsal rеflесtion of
thе тight nrеtataгsophalangеal joirrt, obtainеd fгom a p-yеaг-old Thor-
oughbгеd gеldiпg NOtiсе tlrе markеd thiсkеning of thс doгsal pliсa
(l..rgе аrrou)) in thе sagittal vlеw Qф iпlаge) mса'slгing grеatеr thаn
1 сm iп thiсknеss Notiсе thе slight thiсkеnjng of thе joint сapstrlе
(аrrОrL]s)' wlriсh is also Ьеst dеlinеatеd in thе s'lgittal viеw Thе promi
nеnt есhogеniс thiсkеning of thе doгsal p|iс,l (lаrge аrroш) is also vеry
еvi(lеnt in thе tfansvеfsе Уiеw (right imаge) over thе distal mеtataIsal
гidgе Thеsе sonogrаlrrs wеrе obtainеd witll a 7 5-MHz sесtor-sсannег
tfansduсег сont:rining a built-in fluiсl offsеt at a displayеd dеpth of 6
сm Thе гight sidе оf thе sagittal imagе is pгoхimal and thе lеft sidе is
distаl Thе гight sidе of thе transvегsе sonogгаm js latегal aпd thе lеft
sidе is mеdial
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Figure 3-236
SonoЕ.гаms of an aсutе Iibгinolts S).llovitis of thе lеft mеtlrtaгsophalangеal joint' оbtainеd fгom a 3vеlг-old Тlrсlгсltrglrbгеd Iill), Notiсе tl.tе fiЬгinorrs
loсulxtioпs in botl-t thс сloгsal (.{) aпd latегa] (B) сomрxftnrеnts of thе mеtataгsophalangеal joiлt and thе modегatе ioint distепtiorr .Гhеsе sonogгxпrs
wеrе obtainеd with a 7 5-MHz sссtoг-sсannеr tfansduсеf соntaining a built-in fltrid offsеt at a displzr1.еd dеpth of 6 сm Thе right siсlе оf thе sagittal
viеw (А) is prохimal and thе lеft siс1с is distal Thе гiЕ'rt siсlе of thе tгansvеrsе viеw (B) is dоrsal and thе lеft sidе is plantaт

,4, NOtiсе thе thiсkеnеd joint сapsulе (аrro'lL's-)' thе thiсkеnеd synoviulп, and thе Iibгinorrs ]oсulatiol1s within thе joint wl]еn irrragеd in thе

sаgittal sсan plarrе fronr its doгsal aspесt
,B' Thе toсrrlations prеsеnt withiп thе ]oint (аrroшs) afе еvеn morе visib]с fгom thе latсfa] aspесt of thе mсtataгsoplralangеal joint aпd aге most

рfominеnt сгaпial to thе latеral bгanсh сlf thе suspеnsoЦ'ligamепt (lat bI)

idеntifiеd iл 36% of horsеs with abnormal ultfasono-
graphiс findings in thе fеtloсk joint and lanrеnеss геfеr.
ablе to this rеgion.9.' Сhroniс pгolifеrativе synovitis oг
sуnovial mrmbгanе thiсkеning Was prеsеnt in 19% of
thеsе horsеs and in 52% of horsеs with hyporсhoiс arеas
dеtесtеd sonogfaphiсally within thе doгsal joint сapsulе.
Fraсttrrе fragmеnts wеfе sееn in 12% of thе horsеs in
this study, anс1 abnofmal dorsal aftiсulaf margins .wеrе

dеtесtеd sonogfaphiсa||у in 77%. Сalсi1rсation of thе dor-
sal pliсa has bееn imagеd in thе form of small, hyprr-
есhoiс Stfuсtlrrеs сastinЕ. aсoustiс shadows within thе
dorsal pliсa (Fig' 3-237). A btrrsitisis oссasionally sееn in
thе subtеndinous buгsa of thе long digital еxtrnsof tеn-
don and is morе likеly in horsеs with tеndinitis of thе
long digital ехtеnsof tеndon or pеriaftiсulaг swеlling.

Sеptiс arthritis is, unfortllnatеЦ., a too-frеquеnt oссuf-
rеnсе in thе mеtaсarpo. of mеtatarsophalangеal joints. It
has a sonogгaphiс appсaranсе similar to that of sеptiс
joints еlsеwhеrе. Markеd еffusiоn with hypoесhoiс to
есhogеniс joint flr.rid and a thiсkеnеd synovillm is сonsis-
tеnt With sеpsis (Fig. 3.238). Pеnеtrating wounds into thе
mеtaсaгpo- oг mеtatarsophalangеal joint сan bе idеntiflеd
trltrasonographiсally by following thе фpoесhoiс traсt
assoсiatеd with thе skin Wound into thе joint through
thс joint сapslllе.

Сollatсral ligamеnt dеsnritis in assoсiation with lamе-
nеss that is loсalizеd to thе fеtloсk joint rеgion oссufs
morе frеqtrеntl1, 11'"'' prеviotlsly rесognizеd. Most сom.
monly, thе aгеas of fibеr damagе to thе сollatеral liga-
mеnts arе diffusе, with loss of noгmal flbеr pattеrn and
dесгеasеs in ligamеnt есhogеniсit1r Thе ligamеnt,s сfoss-
sесtional arеa is еnlargеd in thе arеa of injury (Fig. 3-
239). Ar,ulsion fraсturеs ma1z 5. dеtесtеd in assoсiation
with injllriеs to thе сollatегal ligamеnt; most ffеquеntly,
in thе atlthoг's ехpегiеnсе, in thе latеral сollatеral liga-
mеnt of thе mеtatarsophalangеal joint (Fig. 3_240). Al.ul-
sion fгaсturеs of thе insегtion сlf thе сollatеral ligamеnts

onto pгoхimal Pl arе rеpoftеdly most сommon.lo0' 176

Thеsе al.ulsion fraсtttrеs aге oftеn сomminutеd and dis-

рlaсеd pгoхimally.l00 ..6 Сollatегal ligamеnt dеsmitis, rup-
tufе, of insегtional dеsmopathy (еrrthеsopathy) was idеn-
tiflеd in 2|% of horsеs with lamсnеss loсalizеd to thе
fеtloсk геgion and abnoгmal ultгasonographiс flndings.96
Rеmodеling of thе mеdial oг latеral aгtiсulaf margins was
rеportеd in |1% of thеsе hoгsеs and bonу nodulеs wеfе

Figure 3-237
Sorrogгams of сalсfiсatiotl. in thе lеft mеtaсaгPophalangеal .!oint сapstllе
and dсlгsal ц,nоvial геflесtion, obtainес1 li.om a 3-yеaг-old Pегсhеron
Iilly Nоtiсе thе small briglrt lrypеrесhoiс arеas (аrrol^s) loсatеd within
tlrе joint сapstllе and dorsal syлor.ial геflесtion tlrxt xrе сxsting 

'rсollStiсshadows Thе сommon diЕ.ital ехtеnsoг tеndon (сDЕT) is imagеd sttpег-
1iсial to thе сalсiliсatioп, 1llthough somе of thе сalсiflсation (аrroш')
appеxrs to сxtсnd с1orsallv to thе palmaг maгgin of thе tеndon' bеst
sееn in thе saЕ.ittal viеW (right i?11аgе) Thеsе sсlnogгaшs wеге obtainеd
with a 7 5-МHz sесtoг-sсannег tгansduсеf сontaining a bllilЕin flrrid
offsеt at a displa1.еd dсpth оf 6 сm Thе right sidе of thе Sagittal viеw
is pгoхimal and thе lеft siс1е is distal Тhе fight sidе of thе transvегsе
l,iеw (lф imаge) \s latеral xnсi thе lеft sidе is mеdial MС3' thiгd
mеtxсaгDa] bonе
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Figure 3-238
Soпograms of a sеptiс mеtatxIsophalxпgеal joint in thе ]еft hinсl lеg,
obtainеd from a 5-vеaг-o[d Standaгdbrеd stalliоn Notiсе thе markеd
distеntion of thе nrеtatafsсlph:rlаngсal iоint' \\.hiс]r is flllес1 with hvpсг
есhоiс tluid (аlтotus) T[rеsе sсlrrсlgг;rrrrs wеrе obtainеd пith a 7 5-МHz
sесtoг-sсannег tгansсluсег сontaini11g a built-in f]uid oflЪеt at a displa1'еd
dеptl] сlf 7 сm Thе right sidе Of thс sаgittal \,iе\, (rigbt itttаgе) ts

pгoхimal and thе lеft sidе is distаl Thе гight siсlе of thс transvеfsе \.iеw
(lеfl imаgе) is doгsal ,;tпd thе lеft Sidе is Plaпtaг

dеtесtеd in thе сollatеral ligamеnts in 6.'". Synovial trstr'г
laе oссasionall1, сlссtrr assoсiatеd with thе mеtaсafpo- of
mеtatarsophalangеal joint, thеsе сan also bе dеtесtеd
ultгasonographiсally. Sonographiс еvaluation of thе fеt.
loсk joint is гесommеndеd in horsеs ц.ith swеlling loсal-
izеd to thе fеtloсk joint or pеriaгtiсLllaf stгuсtufеs, paftiс-
ularly in horsеs with lamеnеss fеf.еfablе to this joint but
Without radiographiс findings Of in horsеs with suspесtеd
soft tissllе iniuг1, (е.g , сollatеral ligamеnt dеsmitis, villo.
nodular synovitis).

Figure 3-240
SonоЕ.fams of an alrrlsirln ftaсturе (аrro,u,s) ftom thе pгoхimal aпсl
latеrаl bогdег оf tlrе Iiгst phаlanх (P1) еnrbесlсlеd in thс sr'llor.iLtnr in
thе latег1l| сomPaгtmеnt of tlrе тight псtat:rгsоplralangеal ioiпt Notiсе
thе сшrr,ес| hypегесhоiс fгagn,].еnt сxstillg ]n aсollstiс slradoп. visiblс in
t\\,-o mLltllall.Y pеrpеnсliсrriaг planеs In thе trans\.егsе \'1еw (riЧbt i111-

аge), |hе tiagmеnt (аrroш's) is еnlbеdсlеd in thе stlpегliсial pоrtior] of
thе sYnovium аnсl appеaгs tсl |lе in thе distxl-most poгtio]l of thе
s1'noliurrr п-hеn imlgссl in thе sagittrl sСln (lеft lиaд;e) Thеsе sоnсl-
gгams Wеге obtainеd with :r l 5 NIHz sесtсlг-sсanllег transdLtсег сon.
taiпing a brritt-in flLrid Offsеt xt a displarесl dеpth сlf 6 сm Tlrе гight
sidе of thе tгаЛsvеrsс imagе -is сlсlгs:rl arrd thе lеft siсtе is p|аntaг Thе
гiglrt sidе of thе sxgittal imirgе is prсlximаl .lnd thе lеlt siсlе is сjistal

Paslern

Abnorrnalitiеs of thе pastсгn and сoffln joint oссrrr lеss
frеqtrеntl.v, bllt сollatеral ligamеnt injttriеs in thеsе joints
сan oссuf (Fis. 3-241). In fесеnt injtrriеs, only thе aсutе
dеsmitis of thе сollatеfal liganrеnts mall bе inragеd, with
of withollt an assoсiatеd elrrlsion tiaсturе. In moге

Figure 3-239
Sоnogгamstlfmес1ialсollatегalliglmеntdеsmitisofthеrightmеtaсaгpсlphalangеalioilltofai-month{)]dТlroгоtlghbгеdсOltNotiсе
of thе сlistаl mесlial lspесt of thе thiгd mеtxсxгpal bonе nеaг thе oгigiп of tlrе mеdial ссlllаtегal ligarnеnts Thеsе sсlnogгams \!'еrе obtni1lсd with a

7 5-\IHz sесtof-sсannеr tгlnsdtlсеf сontaining a btlilt-in fltrid сllТsеt аt a displa1'есl dеpth оf 6 сm Тhе right si(lе of thе sa!]ittаl l'iеws is pгoхimal
xnd thе lеft sidе is (listal NIС3, tlrird nrсtaсaгpal bonе; Pl, 1irst phxl,;tпx

,4, sдgittаl viеъ's сltthе еnlaгgеd lrеtеIogепеOus mеdial сollаtсfal ligaшеnts witlr a галdom fibеf pattеrn сvidеnt whiсh ц,еrе obtainесl nеeг thеir
insегtion (leJt itllаgе) anсl origin (right itпаge)

B, sagittxl viеws of thе mеdial (tеJt ilпаgе) anсl latегa] соllatеral ligi1mеnLs (riqht imаgе), illtlstгating thе mxгkеd SiZе disсгеpanс1,and сliffегсnсе
in Iibег alignmепt bеtwееn tlrе rrormal long latегal сollatегal ligaпеnt 1lnd thе injuге(l lorrg mесlial ссlllatеral ligamсnt
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Figure 3-241
Sonоgгams of ruptllгеd mссLial and latеr;rl сolhtегal ligаmеnts of thе pгoхimаl intеfphalxngеal joint in thе lеft fotеlеg that fеsllltеd iп sublllхltioп
of t-[rе pгохimal intегphalxпgеal joint of a ,{-.vеaг-old Staпсlarс|bгсd gеldirrg Thеsе soooЕ]гams wеrе obtaiпеd п-ith a widеllаndwidth 7 i-МHz linеar-
aггa)' transduсеr Opсгating at 10 0 MнZ usirrg a lranсl-l.tеlсl st;tпdtlff pad at a displavесl сlсpth of .1 сm Tlrе fight sidе of t]rеsс sagittal imagеs is
pгохimal arrсl thе lеft sidе is dislal

,,1. Nоtiсе thе сOпrplеtс loss of arr1. гессlgnizablс fibеrs (аrrошs) in both sagittal l.iеws nеaг thе oгigin (right imqgе) of thе |ong mесlil| сo|lаtегrl
ligamеnts. thе nraгkеd dесгеаsе iп ligamеnt есhogеniсiq', аnсl thе maгkеd елlaгЕiеmепt of tl.rе ligamеnts' сliamеtег Thе insегtioп Of tlrе loПg Пеdixl
сtlllatегal ligаnlсnt onto prсlхirпal P2 (lф iш.tge) is aпесhсliс and nеaгl1' сonrplеtеl1' disГLlptеd

B. Notiсе thе елlaгgсd klng latеral сollаtсгal ligaпеnt (Iеft illtсtgе) o\'еf thе dist,Jl asPесt of thе 1ifst phalarrх (uР аt1d lф doLUп аrrоu)s) al1d thе
еnlxгgеdhypоесhoiсshoГtlatсгa1сollatеrallig:1mс1]t(tliсtgоtlаl.Irrou')o\,еrtlrеdistxlaspесtofthеfiгstphl|:rnх(righti1,l1gе)
visiblеfеmаininЕ.inеithеIthеlolrЕiOfshoftсollatегаlligаmепtAsmallartlsionfгxgmеnt(rightсlottlпаrrou,)tsimаgеdnеaг
loЛg l.ltеral сOllatеЙ| ligamеnt in thе lеft sаgittal imagе

сhroniс injr.rriеs, еnthеsoph},tе fofmatio11 at thе origin
and thе insеrtion of thе сollatегal ligamеnts is usttally
сlеtесtеd in hоrsеs witlr сollatегal ligamеnt dеsmitis.
Thеsе arеas of insеftional damagе bесomе somеWhat
smoothеr as thе сollatеral ligamеnt injury hеals and thе
dеsmitis bесomеs inaсtivе.

Мarkеd distеntion of thе сoffin ioint is most ffеquеnthr

Figure 3-242
Sсlлogrаms оr a distеrrdеd lеft r.еar сOflln joiЛt with а sпla]l :rr.ulsion
1taсtllrе (аrron^s) frrlnr tlrе distal пеdixl asPесt of thе sесor-rсl phalarlх
(P2)' obtaillеd ttсlnl a 7-1'еar olс| Qrraгtег ho;:sе gеlding Notiсе tlrе smаll
h1.pе;:есlroiс stftrсtuге (аl.rrlш' iп righl iпItlgе) s]ightlу distгaсtесl fгom
thс distal and mеdial asPесt Of thе sесond plralanx (l,2) and tlrе srrrall
sсool)сd-out aгеa 1tсlnr п'lriсlr thе fragпеnt pгobabJ1' origin,|LIеd (ОРе11

аrroa', lф imаgе) NotiСе thе distепtioп of thе joint with h.vp<lссlroiс
flui([, thе svnovial thiсkеning. алd tlrе tlriсkеnеd soft tissltеs сOПsistеnt
with a sеptiс sуrrоvitis Tl.tеsе sсllсlgrаnrs rvеrе оbtairrеd \vith a 7 5-мнZ
sесtoг-sсannеf transсlttсег сOПtxiniпg а brriIt-in fluiсl o11.sеt at a disрla)'есl
dеptl.r of (l спl Thс riЕ]ht sidе of tl.rе transvегsе viсп. (lеJт iJпаgе) is
lirtеral xnd thе гiЕ.ht siсlс is mеdial .Гlrе rigl.tt sidе сlf thе s1lЕ]ittal \.iеw
(rigbt i||lаgе) is pгсlхimll and thе lеft siсlе is (]ista]

sееn with sеpsis (Figs. 3_212 aлd 3_213), althollgh it
may oссuf with dеЕ]еnrгativе joint сlisеlrsе. Thе joint fluid
is ttsuall1, h1.poесhoiс to есhogеniс in horsеs with a sеptiс
сoffln joint. Hypегесhoiс есhoеs rrprеsеllting frее gas
may also bе dеtесtеd, bесatrsе many sеptiс joints arе thе
fеsult of 1r pеnеtrating wound thгor.rgh thе foot Pеnеtrat-
ing wounds at thе lеvеl of thе сoronaг}' band сan also
геsUlt in ('oltin joillt sеpsis (sес Fig. 3_243l'

Figure 3-243
Sсlгtogгanls tlf a wound pеПеtг:ltiпg iПto thе сot1in joint оf thе lеft
foгеlеg anсi геsr-l|tiлg iЛ a sеptiс s1'novltis, Obtainсd tiom а lO-).сaг-old

Quaftеr l.rсlгsе gеldir.rg Notiсе thе l.r1.poесhсliс tгaсt еxtеn(ling fгom thе
skin thгouglr thе joint сitpslllе i11to tlrе joint llеst 't,-istlalizес| in thе
sagittal viеs' xnсl thе inсгеasеd amotlnt of hvpсlесhoiс f]tlid within thе
joillt Thе pегiaгtiсular struсtllгеs aге vеЦ, sтr,ol|еn anсl есhсlgепiс
Thеsе sonograms wеrе obtairrеd witlr a 1 5-\1H7' sесtof-sсannеf tfilns-
dlrсеr сol]tlining a bt|ilЕin 1]uid otТsсt irt a displaуесl dеptlr сlf 5 сrn
'l.hе ]:ight siсlе tlf thе s2lgittal \.iеП- (riglэt itllаge) is proхimal and 1hе

lеft sidе is dista] Thе fight sidс of thе tгansr,егsе viеw (left illl'аgе) is
latегal ald thс гislrt sidе is lrrссliаl
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Figure 3-244
Sonogram of a small tеaг in thе midсllе patеllaг lignпеnt in thе right
hinсllеg. Obtxinеd tiоm a J-vеaг-olсl Тhoгoughbгеd 1illv Notiсе thе lirrеaг
anесlroiс afеa in tl-tе пliсlt1lе patеllaг li€]amеnt (.tfolL') Тhis .lгсa of Iibеf
tеaгing Was сoл1iгmеd in thе sagittal sсan Notiсе thе homogеnеous
есhоgеniс appеafanсе of thr пajofitу оf thе nriddlе patеllaf ligamепt
This sonogranl was сlbtainеd with a widе-i];tndwidth 7 5-MHz annular-
arгаy tгaпsс|uсег usiпg a haпd-hе|сl standolf pad xt a disph'\.еd dеpth of
1 сrrr Tlrе гight sidс of this tгaпsvегsе sonoЕ]fam is latеfal aпd thе lеft
sidе is mес1ial

Hip

Thе hip joint is difflсult to imagе suссеssfully bllt сan br
imagеd in part using lowеf-ffеqlrеnс)r tfansdllсеfs and an
inсrеasеd dеpth of flеld. Sеpsis mllst always bе сonsid.
егеd in a fo^| with lamеnеss rеfегablе to this joint,
whеrеas trauma is a moге сommon сausе in oldеf horsеs.
Fraсtufеs of thе aсеtabllltlm and fеmoral hеad may bе
assoсiatеd with joint distеntion and hеmoгfhagе in this
fеgion (sее Fig. 3-216),|("|

Stitle

Soft tisstrе irrjrrry to thе stiflе in hoгsеs With hindlimb
lamеnеss oссLlrs with sinrilar fiеquеnсy as bon1, injury,
making ultrasonographiс ехamination of thе stiflе fеgion
a worthwhilе diagnostiс tесhniquе.95 ]0o 176..-7 Abnormali-
tiеs of thе fеmoгopatеllar and fеmorotibial joint сapsulе,
synovial lining, joint fluid, соllatеral ligamеnts, сruсiatе
ligamеnts, fеmoropatеllar ligamеnts, patеllar ligamеnts,
mеnisсi, and adjaсеnt сartilagе and bonе сan bе dеtесtеd
trltrasonograplriсally. Howеvец abnormalitiеs of somе of
thеsr stfllсtl.lrеs, paгtiсularly thе сгuсiatе ligamеnts, mе-
nisсi, joint сartilagе, and bonе, may bе missеd bесausе
this portion of thе joint is lеss aссеssiblе or inaссеssiblе
for sonographiс imaging. Sorrographiс ехamination of thе
stiflе is wеll worth pегfoгming in horsеs with lamеnеss
loсalizеd to thе stiflе, pегiartiсulaг swеlling, andlof swеll-
ing of thе fеmoropatсllar or fеmorotibial joints. In most
сasеs, ultrasonography is a valttablе сomplеmеntary diag-
nostiс tесhniquе to radiography of thе еqtrinе stiflе.

Injury to thе fеmoropatеllar ligamеnts oссufs most
frеquеntly with patеllar fraсttrгеs, whiсh oftеn involvе
thе parapatеllar flbroсaгtilagе and insеrtion of thе mеdial
fеmoropatеllar ligamеnt..0o.r-6 Injttry to thе patеllar liga-
mеnts, in thе absеnсе of pгiof strrgiсal intегvеntion (pa-
tеllar ligamеnt dеsmotomy), is unсommon, but doеs oс-
сttr oссasionally. In most hoгsеs, spontanеous injuгy

involvеs thе middlе patеllaг ligamеnt; Llsllally a disсrеtе
arеa of flbеr tеaring (сorе lеsioф is prеsеnt within this
ligamеnt (Fig'. 3_244)' Howеvец injury to thе othеr patеl-
lar ligamеnts has also bееn dеtесtеd (Fig. 3-245). A dеfесt
at thе origin of thе middlе patеllar ligamеnt тlras fесog-
nizеd sonographiсally in onе sеvеrеly lamс hoгsе.l-6 Еn-
thеsophyе formation at thс origin of thе middlе patеllar
ligamеnt has bееn rесognizеd, but may bе tlnrеlatеd to
lamеnеss.r76

Far moге сommon afе iniuriеs to thе сollatегal liga.
mеnts of thе fеmoгotibial joint' lпrith or without assoсi.
atеd mеnisсal damagе. Injuriеs to thе mеdial сollatеral
ligamеnt ma1, bе assoсiatеd with thе triad of injuriеs
сommonl}, sееn in thе stiflе: iniuгy to thе mеdial сollat-
еral ligamеnt, mсdial mеnisсtts, and сranial (antегior)
сгuсiatе ligamеnt. Howеvец injr'rгу to thе mеdial сollat-
еral ligamеnt and mеdial m,еnisсtts сan oссLrf чrithout
dеtесtablе injury to thе сranial сrrtсiatе ligamеnt. Injuгy
to thе mеdial сollatегal ligamеnt and mеdial mеnisсus
and an assoсiatеd ar'.ulsion fraсturе at thе insеrtion of thе
mеdial сollatегal ligamеnt, without injrrry to thе сranial
сrttсiatе ligamеnt, havе bееn dеtесtеd ultгasonogгaphi
сally and сonfirmеd at atrtops1''.95 Injury to thе mеdial
mеnisсus with сollapsе and ffagmеntation of thе mеnis-
сus, сollapsе of thе mеdial fеmorotibial joint spaсе, and
hеmarthrosis has also bееn dеtесtесl trltrasonographiсally
and сonliгmеd at autopsy.95 Injtшy of thе сгanial сruсiatе
ligamеnt is morе сommon than tlrat of thе сatrdal сruсiatе
ligamеnt.

Injury to thе сollatеral ligamеnts is usually assосiatеd
with a diffusе arеa of flbег damagе rathеr than a disсrеtе
сorе lеsion (Fig. 3_2+6l. Bony irrеgtrleritiеs (еnthеso-
phytе formation) at thс origin or insеrtion of thе сollat-
еral ligamеnts afе also frеquеntly dеtесtеd ultгasono-
graphiсally (Figs. J_246 and 3_217). Tlrеsе bony сhangеs

Figure 3-245
SonoЕ.farns of a latегal patеllxг ligаmсnt dеsmitis of thе right stitlе
Obtxinеd fгom l l()-).еaг-old Тhoгotlghbгесl mlге Notiсс thе h}'poесhoiс
lеsiсlп iп tlrе latегal pаtеllar ligamеnt, bеst imagеd in thе |onЕl-aхis viеw
(lеft iпlаgе) Aл aгеa of swеl|ing and fibег disruption is imagес1 undег
thе \,егtiсal arfоws in bоth thе -[on!l-axis and shoгt aхis (right in1.|8е)
viеws сlf thе ]atегаl patеllar ligamепt Тhеsе sol]oЕ!гams wеfе obtainеd
with a widе-Ьanсlwiс|th 7 5-MHz linеaг.array trxnsdlrсег opсrating at
l0 o MHz ttsing a hand-l.tеld stanсloff pad аt a displaуеd dеpth of ,1 сrrr
Тhе right sidе оf tlrе shor.t-aхis уicsl (right iп1.Igе) Is сгani.al anсl tlrе
lеft sidе js сltrd:tl Тhе гight sidе of thе sxgitt1l| Yiеw (lеft imаt:е) Is

prохiпral aпсl thе lеft siсlе is distаl
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Figure 3-246
SoЛogfams of thе mе<liat fЪmototibial joint in thе lеlt hirrdlimb, obtainеd fгom 

'r 
12-.Yеaг-old Appaloosa gеlсling п.ith sеvеге dеsrrritis of thе mеdial

сollatегal ligamепt ,l.t1е mесlial сollatеral ligamеnt is markеdlу еnlaгgесt anсl hуpoесhoiс fгom its oгiЕiin to its insеftion, witl.r disruptioл оf thе

nrajoгiq. of its libеrs Markесl soft tisstlе swеlliпg iS prсsеnt ovег thе mеdial aspесt of thе tъmoIotibial joiпt Thеsе sоnogгams wеге obtainеd with

a widе-Ьandwidth 6 O-MЕIZ miсгoсоnvех linеar-aггaу tгansdrrсеf oPеrating at lO 0 MнZ at a displa).еd dеpth of 4 сm Thе tbс:rl zonеs arе positiоnеd

in tlrе miсldlе of thе ima€.е Thе гight siсlе of thе tгаnsvеrsе imagеs is сrarrial and thе lеft sidе is сaudal Thе гight sidе of thе sagittal imagеs i5

pгoximal and tlrе lеft siсlе is distal
,,1. Thе mеd-ial сollatегal ligamеnt is maгkеdlу еnlargеd arrd hуpoесhoiс at its origin fгom thе distal fсmur with x vеry hеtеfogеflеous appеaтaflсе

((1n8lе(] аtтсltl'ls) iп tritnsvеfsе sеcI1on (right imа7е) 
^лd 

tЪw visiЬlе fitэеrs (uеrtiсаl аrroшJs) iп sagittal SеСtion 1еft imаgе).
j9, Tlrе mеdial сollatегal li!.amепt is siilt mafkеdц. епtaгgеd in its mid bod). Oy.. thе mеdial mеnisсtrs, With a slightl), moге lrоmogепе<lus

appеaгal1се (а,пgleсl аll.оlt'ls) iп tfansvегsе sесIion aeft imаge) aлr1somе visiblе fiЬers (uertiсаI аtтotlls) in sagitta] sесtion
' 
с, ть. mеdiai сollatеrаl ligamепt is stil1 еnlargеd anсl hеtетogеnеols (апglеrl аrrou,s) in tfansvеfsе sесtion with nо visiblе fiЪеrs (uеrtiсаl аrroul)

ill thе Sagittal sеС|ioл oф il;zlge) Notiсе thе markеd bon1. iгrеgulaгitiеs along thе insеrIioп of thе mеdial сollatеral ligamеnt onto thе pгoхimаl tibia

afе oftеn vеry irrеglllar in horsеs with a rесеnt stiflе
injuгy, but thеy may bеcomе smooth and inaсtivе in
horsеs with hеaling of thе сollatеfal ligamеnt dеsmitis, in
thе absеnсе of mеnisсal injury. Ar.ulsion fraсturеs of thе
oгigin or insеrtion of thе сollatеral ligamеnts сan also bе
dеtесtеd in assoсiation with a сollatеral ligamеnt dеsmitis
(Fig.3-248).

Mеnisсal damagе is dеtесtсd whеn thr mеnisсus shows
сhangе in its sizе, shapе, есhogеniсity, of position fеlativе
to thе fеmofal сondylеs and pfoхimal tibia. сhangеs sllсh
as a dесfеasе oг inсfеasе in mеnisсal есhogеniсity oг
hеtеfo8еnсolls afеas within thе mеnisсus arе fеlativеly
mild. Hypегесhoiс afеas сasting aсoustiс shadows indi
сatе arеas of сalсifiсation within thе mеnisсus and mofе
сhfoniс mеnisсal damagе (Fig. 3_249). Loss of thе noгmal
tfianglllaг mеnisсal shapе in thе sagittal imagе is indiсa-
tivе of mеnisсal tеaring. If sеvеrе, ехtfusion of part of thе
mеnisсLrs from its nofmal position bеtwееn thе fеmoral
сondYlеs and proximal tibia сan rеsult (sее Figs. 3_248

aлd 3-249). Сomparison bеtwееn thе normal and af-

fесtеd sidе сan bе hеlpful in doсumеnting сollatегal liga-
mеnt and mеnisсal damagе. Collapsе of thе joint spaсе
may also bе appгесiatеd in hofsсs with mеnisсal damagе.
Fеmorotibial joint еffusion oftеn aссompaniеs сollatеral
ligamеnt dеsmitis and mеnisсal injuгy, with a moге sеvеfе
synovitis (sее Figs. 3-247 and 3-24D usually sееn in
horsеs with both сollatеfal ligamеnt and mеnisсal injury.

Сruсiatе ligamеnt dеsmitis is unсommon, but similar
сhangеs in есhogеniсiгy, fibеr alignmеnt, and сfoss-sес-
tional arеa of thе сflrсiatе ligamеnts oссuf with injury.
Bony сhangеs assoсiatеd with thе insеrtion of thе сranial
сгuсiatе on thе proхimal tibia arе dеtесtablе ultfasono-
graphiсally (Fig. 3-250), but only with thе stiflе flехеd.
Al'ulsion fraсturеs at thе attaсhmеnts of thе сranial сгtlсi
atе ligamеnt havе also bееn dеtесtеd ultrasonographi-
сally.42 Thсsе injuriеs oftеn oссuг With mеdial сollatеfal
ligamеnt and mеdial mеnisсal injury.

Bony irrеgulaгitiеs on thе fеmoral сondylеs maу bе

Ve
tB

oo
ks

.ir



162 Сhаt)tеr 3 . Musсulсlskеlet.ll IлtrоsoпogrаphJ)

Figure 3-247
sagittal sonogram of sеvеrе fibгinous syпOvitis oГ thе mеdial tЪmoг<rtib.
iаl ioint With sеvеfе Pегiostеal 1lгоlifегativе and l}tiс сl.rarrgеs along thе
mеdial xspесt of thе distal fеmrtr irr thе lеft hindlimb of a 

'-r,еaг-оld Standaгdbгr(| stallion Notiсе thе hуpoесlrоiс fibгill сtossing thе
fеmorotibial .ioint, thе laгgе anесhoiс еfftlsiotr Within tlrе jсlint, aпd thе
largе' slightlу roundеd bon1' irгеgrrlaгitiеs alon!! thе mеdial aspесt of
thе distal fеmur (аrrсlш's) A sе\'еге mеdial сOllatегel ligamеnt dеsmitis
Was assoсiatеd s,-ith thеSе сhangеs This sonogгam Was obtаinеd with
a widе-b:rndwidth 7 5-MHz lillеaг-aггav tmnsduсег opеIatiflg at 7 5 l4нZ
at a displaYеd с1еptlr of ,1 спr Тhе tbсal zonеs aге positionеd in thе
nеaг fiеld Thе гight sidе of thе saЕ.ittal imagе is pгoхimal and thе ]еft
Sidс is distal

dеtссtеd in horsеs with sеvеfr dеgеnеrativе joint disеasе
or in assoсiation With ostеoсhondfosis of thе fеmoral
сondylеs. Thinning of thе artiсttlar сartilagе of thе fеmo-
fal сondylеs, dеfесts in tlrе artiсular сaгtilagе and undеrl}.
ing subсhondral bсlnе, and ostеoсhondгal of bony ttag-
mеnts aге dеtесtablе in thе portions of thе fеmorotibial

joint aссеssiblе to ultrasonographiс ехaminаtion. Thе aс-
сLlfatе loсalization of bony ffagmеnts is possiblе Lrltfaso-
no8raphiсally. Thе ostеoсhondгal fragmеnts may not bе
frее-floating within thе ioint, bЦt may bе attaсhеd to thе
synovial mеmbfanr.95 Ultгasonographiс ехamination has
idеntiIiеd lеsions in thс artiсular сartilagе and subсhon-
dгal bonе that wеге not dеtесtсd radiographiсally.9, Сarti
laginсltrs dеfесts сan bе diffеrеntiatеd from dеfесts in thе
subсhondral bonе, whiсh may aid in thе dеtесtion of
small сaftilaginous and strbсhondral lеsions.92 Ultrasсlno.
gгaphiс ехamination of thе tfoсhlеar ridgеs has also сor-
fеspondеd wеll witlr lrndings at postmoftеnr ехamination
anсl on thin srсtion radiographs of thе fеmur.92 Howеvец
гadiogгaphiс ехamination of thе stiflе is mсlге likеl1, tсl
fеvеal lafgr subсhondfal bonе сysts bесausе many of
thеsе сysts afе loсatеd in arеas inaссеssiblе to ultfasono-
graphiс ехaminatiоn.l-8 Ultrasonogfaphiс flndings may bе
сonsistеnt with a foсal aгеa of ostеomyеlitis in thе sub-
сlrondral bonе. whiсh has bееn dеsсribеd in onе 1bal as
an irгеgular hypoесlroiс tсl hypеrесhoiс afеa dееp to thе
сaftilagе-bonе intеffaсе, with thiсkеning of thе ovеrlуing
сaftilagе.95 Сommtmiсation bеtwееn this foсal arеa of
ostеom}.еlitis and thе joint сan bе еstablishеd ultrasono-
8raphiсally in most сasеs, ttnlеss thс assoсiatеd сartilagi
nous dеfесt is small.95 Ultrasonographiс ехamination сan
also bе usесt to assеss thе fеmoral сondylсs aftеf sllfgсfy
fof ostеoсhondritis dissесans (Fis. 3_25r) and to assеss
thе сatlsе of Postopеfativе pегiartiсulaг swеlling.

Pеriartiсular swеlling сan bе diffеrеntiatеd fгom joint
distеntion, thе сharaсtеr of thе pеfiaftiсLilar swеllinЕ] сan
bе сlеtеrminеd, and сommllniсations bеtwееn thе pеriaf.
tiсtrlar swеlling and thе joint сan bе rulеd out. Pегiaгtiсu.
lar hеmatomas of absсеssеs пraY, in somе horsеs. сommu-
niсatе With thе ioint. а dеtегmination that сan bе madе

Figure 3-248 ь

sagittal sonogfams of thе latег:rl fеmсlrotibial joint in thе lеft hinсilimb. Obtainесl from e l3-Yеaf.оld Tlrororrglrbrеd marе with damagе to thе 1atеral
сollatегal liЕ.amеnt and latеra-l Irrеnisсus Thеsе soпogгams wеге оbtainеd with a widе-bandв.idth 6 ()-NIHz miсfoсonvех litrеaг-аггay transduсеr
opеrating at 1o 0 МHz at a сlisplavеd сlеptlr of 4 сm Thеsе foсal zоnеs afе positionеd in thс miсlсilе сlf tlrе rmagе Thе right sidе of tlrе sonogгlms
is pгoхinral and thе lеft siсlе is distal

,4, Notiсе thе maIkеd епlaIgеmеnt and lrеtегOЕ]еnеiw of thе latегal mеnisсrts сompaгеd to thе mеdial ntеnisсus, and tlrе latеral mеnisсus
pгotftlding стanial tо thе сranial margins Of thе distal t.еmur and proхinral tibia A largе сystiс lеsiоn is sееn in thе subсhondral bonс of thе distal
fеmuт along thе latеtal fеmoгal сonсl1.lе (up аrroш') and an avulsiorr fiaсtufе of thе proхima| ||ьi'I (с|oшn аrrou,) is sееn along thе iпsегtiсln of thе
latеral сollatегal ligamеnt Tlrе doгsal maгgin of thе latегal mеnisсus appеаrs lrvpегесhoiс anсl fсllсlеd proхimall1- aсljaсеnt to tlrе сvstiс lеsion in thс
subсhonсlгal bonе

,B' smooth pеfiostе.tl prolifеrativе сhaлgе (rlou,ln o,1.6цl) is also plеsеnt aklng tlrе distal fъmuf aсljaссnt to thс с}stiс lеsion in thе moге pгoхimal
Уiеw (right iп1аgе), whегеas tlrс аlrtlsion ltaсturе ls сlеarll. sееn distгaсtеd fгonr thс proхimаl tiЬia in thе mсlrе distal viеw (lеJt iпlаgе) Аgain, thе
toгn poftion of thе mеnisсLls is ima!.еd ехtеnding up towaгds thе distal fеmut :rdjaсеnt to thе st-lbсhorrdral суstiс lеsiсlrr
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tigure 3-249
sagittal sоnograms of thе tnеdial fеmoгotibial ioint iЛ thе fight lrindlimb. oЬtаinеd fгorrr a 1]-уеaг-olсl Tlroгoughbrеd gеlding, Thеsе sonogгams wеrе

ohtrinеd qith lгll

dеpth of 7 сm. I|]е

,4. Notiсс th ()lт

пirhаt.rгrlm in

сonsistеnt with arеas of сalсifiсаtiot], Thе mсdial <]otlatег:rl ligamеnt is imaЕ.сd stlpеrlrсial tсl thе mеdial mеnisсLls.

B. .l.hе mеdixl сompxгtmепt of thе fеmorotibial joiflt has a largе loсulatеd еlfrrsiсlл (jt еffusion) сonsistеnt П.ith сhгoniс aсtiYе s.\.ooYitis Thе

mеnisсus is a]so \isiblс in this mOге сrxпial s1tgittal sol]ogrаm PrОtrudiЛg сrrniall)' 1tom thе сranial margins of thе distal fеmrrг аnс1 pтoхimal

r1bia (аrrottls)

Figure 3-250
sonogгams of a torn сranial сruсlatе tigamеnt arrd mесtial mеnisсtls. .obtainеd from an agеd Thofoughbгеd сгoss gеldiпg Thсsе sollograms aIе

сollгtе\)' oГ Dг Еd саu\in
,4. Notiсе tlrе raggе(| appеaraПсе of thе сraпial сftlсiatе liЕ.amеnt aS it insеrts on thе pfoхilПal tibia This hoгsе had thе сlassiс triad of injuIiеs

inсltlding mеdi:ll сollatеrаI tigamеnt dеsmitis. a toгn mеd-ixl mеnisсlts, 1пd a toгfl сгaniirl сruсiatе ligimеnt This sonogram was oЬtxiпеd with а

widе-baлdwidth 7 5-MIIz sесtoгSсanЛсг tfaПs.luсеr opегating at 7 5 мнZ at a сlisplavеd dерth of 10 сm

]9. Notiсе thе h't'poесhoiс рOrtion Of thе mеdial mеrrisсtrs ехtгuding trtlm bегw-ееn thе distal fеmrtг and proхimal tibia, сonsistепt with a mеflisсal

tеaг This ,onog.й w:rs оbtaiпес.l with a rvidе-b:rndwidth 7 5-NIHz linе;rг-arfa\'transdlrсег opегating at l0.0 N4нZ with a hand-hеld standoff pасl at а

сlisplaуеd dеpth of 4 сm Thе right sidе of this sagittal viеw :is distal and thе lеft sidе is ptoхinral
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Figure 3-251
Soпograms of thе latеrll tгoсhlеar гidgе aftег surgеrv foг ostеoсhondritis
dissесans and сufеttagе of thе dеfссts in thе subсhondral bоnе in thе
гight hindlimb' oЬtainеd from а yеaгling Thoгorrglrbгеd fi|lу Notiсе thе
largе dеfесt (аrroшs) in thе latеral troсlrlеar ridgе of thе fеmur in thе
transvеfsе (lеft illtаgе) and sagittаl (right iШ.lgе) viеws Thеsе sono-
graпs Wеге obtainесl with a 7 5-Mнz sесtor-sсannеf tгaлsсluсег сOn-
taining a built.in fltfd offsеt at a displaуеd dеpth of 6 сm Thе гiglrt
sidе of thе tfaпsУеIsе in]aЕ.е is сrаnial and tlrе lеft sidе is сaudal Тhе
right sidе of thе saЕ.ittal imagе is pгoхimаl and thе lеft sidе is distal

Lrltfasonogfaphiсally.9,, 95 Markеd joint еffusion is сommon
in horsеs with tfallmatiс injltfiеs to thе stiflе, and fuptllrе
of thе joint сapsulе сan oссuг (Fig. 3-252). In aсutе
injury, thе hеmoггhagiс joint fltrid сan bе rесognizеd by
its есhogеniс swirling pattеfn. Fibгin and loсulations сan
bе sееn in thе traumatizеd joint, but if thе fluid is hypo-
есhoiс instеad of anесhoiс and thе swiгling pattеrn of
blood is missing, sеpsis is most likеly (Fig. 3-253).

Hoсk

Abnormalitiеs of all thе joints of thс tarsus arе frеquеntly
dеtесtеd. Most of thеsе abnormalitiеs havе to do with

Figure 3-252
Soлсlgгams of a rupturеd latеrаl fеmoгotibial joint сOmpaftmеnt With a

laгgе anесhoiс fluid swеlling ехtеnding агottnd tlrе latеral aspесt of thс
tibia in thе lеft hinсtlimb' obtainеd fгсlm a l-month-old Thoгсltlghlэгеd
сo1t This sonoЕ.гam was сlbtаinеd with a 7 5-МHz sесt<lг-sсannег tfans.
сluсеr сontaining a btlilt-in fltlid ot1Ьеt at a displayеd dеptlr оf (l сm
Thе гight sidе of thе sonogram is сrania] and thе lеfi sidе is сaudal

Figure 3-253
Sonogгams of :t sеptiс Геnroгotibial s}noYitis in thе fight hind lеg,
obtainеd fгom a 6-rvееk-old AтaЬian iolt Notiсе thе hypoесhoiс loсu-
latеd fluid Within thе fеmorotibial ioint, сonsistеnt with a sеvеге, pгoba-
Ьl1. sеptiс s),no\.itis, сorrflrmеd With с)tologiсal еvalrrаtioп and сultlrrе
and sеnsitivit}. tеstinЕ. oГ а s1'novial 1lrrid aspiгаtе Тhеsе sorrоgrams
wеге obtainеd \\.ith a widе-bandwiсlth 7 5-MHz linеararra1' tmnsduсеf
Opеrating 

^t 
1 5-NIIIZ using a hanс1-hеld standotr pad аt a displaуес1

dеpth of 5 сm Тhе lbсal zопеs arе in thе middlс of thе imagе .Гhе

гight sidе of tlrе tгапsvеrsе viеr,v (lф imаgе) imagе is сгanial аnd thе
lеlt sidе is сatrdal Thе fight sidе of thе sagittal viеw (rigbt im.lgе) is
pгoхinral arrd thе lеft sidе is distal

сhгoniс s).novitis of thе tarsoсrtrral, distal intеrtarsal, and
taгsomеtatarsal joints. This is usually a nonsеptiс synovi
tis, a сhroniс ..bog spavin'' (Ftg. 3-254:.. In horsеs with
сhfoniс nonsеptiс synovitis of thе tafsoсfllгal joint, an
anесhoiс еffusion is dеtесtесl. Howеvец sеptiс hoсk
joints arе not unсommon, pfobably bесausе of thе frе-
quеnсy of intfa-artiсular injссtions in thеsе joints as a
tfеatmrnt foг dеgеnеrativе joint disеasе.

Thе joint fluid in hoгsеs with sеptiс tafsoсгufal, distal
intеrtarsal, or tafsomеtatarsal joints is r-rstlally hypoесlroiс

Figure 3-254
Sсlnograms сlf a sеr,еrе nonsеptiс synovitis фog spavin) in thе гight
hoсk' obtaiпеd fгom a 3-vсar.old Quaгtег lrorsе 1ill1. Notiсе thе laгЕ.е
anесhoiс сffusiсlп in thе latеfal сompaftmеnt of thе taгsoсгtral ioint io
thе right hiлdlimb Tlrеsе sonogгams wеге сlbtainеd with a 7 5-МHz
sесtol-sсannеf tгansdlrсег сoпtaining a bL]ilGin 1ltlid ot}.sеt аt a displа1,еd
dеpth of 6 сnr Thе гight sidе of thе transvеrsе \,iеw (lеft iшаge) is
сгдnial дnсl thе lеft sidе is сaudal Thе right sidе сlf tlrе sagittal \'iеw
(rigbt ilnаgе) is pгохimal and tl-tе lеft siсlе is distal
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Figure 3-255
Sonogгams of а sеptiс loсLllatеd lе1t tarsoспtral sуnovitis Obtainеd fгom
a 5.1'еaг-old Thorоuglrbrеd gеlding Nоtiсе thе markеd distеntion of thе
lаtеral сompaпnrеnt of thе taгsoсгLlral joint With loсulatеd lr11-loесholс
fluid This sologfam was oЬtainеd with a Widе-baпdwidtl.r 6 O-MHz
miсfoсonvех linеar-array transduсеr oреratin€. ы 7 5 \Il1z at a disрlar-еd
dеpth of 6 сm Thе гight sidе of this sоnogгam is pfoхimаl аnd thе lеft
sidе is distal

to есhogеniс (Fig. з-255). Hypеrесhoiс есhoеs сasting
rеvеfbrration artifaсts of dirty shadows may bе рfеsеnt.
сonsistеnt with an anaеfobiс infесtion (Fic. 3-2i6). Fi-
brinotrs loсulations may bе dеtесtеd in both sеptiс and
nonsеptiс synovitis. Thе synovial fluid in hoгsеs with
nonsеptiс synovitis is anесhoiс (Fis. 3-257). Sr'novial
thiсkеning and hypеrplasia may oссuf in both sеptiс
and nonsеptiс сonditions, with synovial hrpеrplasia
bеing most sеvеrе in horsеs with сhroniс s1.novitis
(Fic. 3-258).

Sеvеге сapsular prolifеration with loсrrlation of thс
joint сaviry in thе mеdial aspесt of thе tibiotarsal joint

Figure 3-256
Sonоgгams of a sеptiс loсulatеd S\,novitis of thе tarsoсгuгal 

'oint 
iЛ thе

гight hind lеg' obtainеd from a 7-vеar-old Standardbrеd gеlсiing Notiсе
thе hypсгесhoiс stl.uсtufеs Castiпg diгt}- aсorrstiс shadows assoсiatеd
with frее ga's (аrrou,s) it.t thе сlorsal poгtion of thе latеral сompaгtmеnt
of thе tarsoспrгаl joint This sonogram Was obtainrd With a 7 5-N{нz
sесtoг-sсanпеr transduсеr сontaiпin!. a built-in fluid offsеt aпd a dis-
playеd dеptlr of 6 сm. Thе гight sidе of thе short-axis viеw (riglэt
imаge) |s сranial дnсl thе lеft sidе is сaudal Thе гight sidе of thе long-
aхis viеw (left ilnаgе) is proхimal and thе lеft sidе is distal

Сbаptеr J . MuscultэskelеtаI Ultrаsonographу 765

Figurе 3-257
sagittel sonogгam of сhroniс fibгinсlus syno\,itjs in a 7-yеaг-old Т1]or.
oughbгеd gеlding with сhroniс bog spavin of thе гight hirrd lеg Notiсе
thе hvpoесhoiс to есhogеniс fibrin с]ots and loсulations (аrroшs)
withiп t]rе latеral ComPartrnеnt of thе taгsoсгuгal ioint Thе 

'oint 
fluid

п.as anесl.roiс aпсl sigпifiсant есhogеniс soft tissuе swеlling srrrroundеd
thе tarsoсr.uгal joint, сoпsistеnt with сhroniс pегiaгtiсular inflammation
This sonсlgгam was obtainеd with a 7 5-MHZ sесtoг.sсаnnег tгaпsdt-lсеr
сontaining а built-in fluid offsеt at a displayеd dеpth of 6 сrп Thе right
sidе of thе sagittal imagе is pгoхimal and thе lсft sidе is distal.

lras bееn dеtесtеd sonogгaphiсally in onе hofsе aftеr it
was kiсkеd.9r Findings in this сasе! as in othеrs, сorгеlatе
wеll to thosе found on Suгgiсal intеrvеntion. Pеriartiсulaг
subсutanеolrs swеlling is morе сommon in horsеs with
Sеptiс sуnovitis, but it may bе dеtесtеd in sеptiс and
nonsсptiс сonditions. Thе joint should bе сarеfully еvalu-
atеd sonographiсally in horsеs with есhogеniс pеfiartiсu-
lar swеlling, bесausе a pеriartiсular сеllulitis may bе prеs-
еnt withollt a sеptiс synovitis, and an arthroсеntеsis
shсluld bе avoidеd in thеsе Situations. Hеmorгhagе assoсi-

Figure 3-258
Sсlnogтam of a сhгoniс pтolifеrativе sYnovitis in thе lеft tafsoсruгa]
ioint, obtainеd lгom a 1O-vеar.old APpaloosa gеlding Notiсе thе markеd
thiсkеning of thе synоvial lining of thе latегa] сompafimеnt of thе
taгsoсгuгal jоint' thе hvpoесhoiс appеaIanсе of thе s1'novium' and thе
minimдl amortnt of aпесhoiс synovial fluid dеtесtеd within thе joint
This sonogгam was obtaiЛеd with a 7 5-МHz sесtoг-sсannег transduсет
сontaining a built-ilr fluid сltТsеt at a displaYеd dеpth of 6 сm Thе гigl.rt
sidе of thе sonograпr is pгoхimal and thе lеft sidе is distal
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atеd with tгauma to thе hoсk may also bе dеtесtеd,
with both pсriartiсular and intra-artiсular hеmorrhagе
dеtесtablе sonographiсally. With aсutе blееding, thе flLlid
usually has an есhogеniс swirling pattеrn assoсiatеd with
thе movеmеnt of rеd blood сеlls and othеr blood сompo-
nеnts. Thе joint сapsulе should bе сaгеftllly еvaluatеd in
thеsе hoгsеs, bесausе fuptufе of thе joint сapsulе, pri
marily that of thе tarsoсrural joint, has bееn dеtесtеd in
sеvеral affесtеd horsеs (Fig. 3-259).

Сollatеral ligamеnt injrrц, in this joint appеars lеss
сommon than that in thе fсtloсk or stiflе joints' Similar
to Iindings in othеr joints, сollatегal ligamеnt dеsmitis is
usually a diffusе injury to thе latеral or mсdial сollatеral
ligamеnts, rathеf than a disсrеtе tеar (Fig. 3_260). Thе
ligamеnt's сross.sесtiona| arеa is inсrеasеd, its есhogеni
сity is dесrеasеd initially, and libеr alignmеnt is disruptеd.
Еnthсsoph1tе foгmation at thе origin or insеrtion of thс
сollatеral ligamеnts is сommon if thе horsе has сollatеfal
liganrеnt dеsmitis (sее Fig 3-260) Thе bony surfaсе есho
is vеr1, гough, пzith a mofе aсutе dеsmitis assoсiatеd with
pеriostеal prolifеrativе and lyiс сhangеs. A smoothец
irгеgtrlar bony suгfaсе есho is dеtесtеd with a hеalеd
inaсtivе сollatеral ligamеnt dеsmitis. Mеdial сollatегal liga-
mеnt dеsmitis was геportеd in onе horsе with injury to
thе short сollatеral ligamеnts. Thе injuгy appеarеd as two
laгgе, iгrеgular hypoесhoiс dеfесts in thе mid body of
thеsе ligamеnts, With surrounding pегiartiсtrlar soft tissuе
swеlling.9з

Thе pгogгеss of tarsal bonе ossiflсation in fоals чrith
inсomplеtеly ossi-fiеd сuboidal bonеs has bееn monitorеd
ultrasonographiсally. This mеthod appеars rеliablе for as-

sеssing thе ossiliсation statlrs of foals, bесausе ossiflсation
of thе сarpal bonеs prесеdеs that of thе tarsal bonеs.97 9o

Thе stagеs of ossifiсation wеfе gradеd I through IV in
immaturе foals with inсomplеtе ossifiсation of thе сuboi
dal bonеs b1, еxamining thе distal dorsomеdial aspесt of

Figurе 3-259
sonogгam of a ruptufе of thе ioint сapsttlе оf thе |еft taгsoсftlfal ioint.
oЬtainеd fгom:r 6-vеaг-o[d Thoгotrghbгеd gеlding NOtiсе thе dеtесt in
thе plantaf-mеdial (PL_MЕD) aspесt of thе taгsoсfufal joint сapsulе
(drrou)) an(l thе hypoесhoiс tluid witl]in thе 

'oint 
аnd in thе suf-

гounding soft tissrrеs, сonsistеnt with rесеnt hеrпorгhagе ThiS sono-
glam was obtainеd With a 7 5-MHz sесtor-sс1lnЛег tгansdlrссг сontaining
a built-in fluid oftЪеt at a displaуеd dеpth сlf 6 сm Thе гight sidе of thе
sonoЕ]fam is pгoхimal and thе lеft siсlе is distal

thс tarsus.97'9* Thе proхimal part of thе third mеtatafsal
bonе and thе suгfaсе of thе thiгd and сеntгal taгsal bonеs
arе gradеd sonographiсally. Gгadе-I ossilrсation is сharaс-
tqized by thе dеtесtion of a сurvеd linе (rеprеsеnting
thе pfoхimal mеtaphysеal part of thе third mеtatarsаl
bonе) and no visiblе bony surfaсеs of thе thiгd or сеntral
tarsal bonеs.97, 98 Thе pгoхimal еpiphysis of thе third
mеtatarsal bonе чrith an opеn physis may bе visiblе in
foals with gradе-Il ossi-flсation, or thе proхimal bony sur-
faсе of thе third mеtatarsal bonе is imagеd as a сtrrvеd
linе.9;. 98 Thе third and сеntfal tarsal bonеs arе paгtly
visiblе in gradе-Il ossffiсation and may appеaf malalignеd.
In gradе-III ossifiсation, thе bony suffaсеs of thе third
and сеfltгal tarsal bonеs arе сlеarly visiblе, but arе sur-
rotrndеd by thiсk сaftilagе.97.98 Somе сaгtilagе is visiblе
on thе dorsomеdial bony surfaсе of thе third andlor
сеntгal tarsal bonеs. Thе bony,strгfaсеs of thе third сaгpal
bonе and сеntfal сarpal bonеs arе loсatеd furthег from
thе skin stlrfaсе than is thе proхimal mеtatafsus. In gradе-
IV ossiflсation, thе bony surfaсеs of thе third mеtatarsal
bonе, third tarsal bonе, and сеntral tarsal bonе arе
alignеd and aге сlosе to сaсh othег and сlosr to thе skin
Surfaсе.97'98 Thе сartilagе surrounding thе bonе may bе
quitе thiсk in thе еaф stagеs of сuboidal bonе ossiliсa.
tion. Thе сaftilagе may havе есhogеniсity vaгying from
hypoесhoiс to anесhoiс. Thе hypoесhoiс сaftilagе is
morе likеly to bе сartilagе that latеr ossifiеs (prесursoг
сartilagе of bonе), whеrеas thе anесhoiс сartilagе is im-
agеd in thе artiсular rеgions.9s Thе proхimal еpiphysis of
thе third mеtatarsal bonе сhangеs mofе rapidly than do
thosе of thе small taгsal bonеs. Thе ossifiсation pattеrn
is irrеgular in immaturе foals and сartilaginous arеas may
bе found radiographiсally in othеrwisе ossifiеd bonеs.9"
Rереatеd ultrasonogгaphiс monitoring of thе affесtеd
tarsi is bеttеr tolегatеd by foals than is radiographiс moni
toгing; thtrs, tiltrasonography may bе a lеss strеssftll
mеthod of monitoring ossifiсation.

Ultrasor'rnd ехamination of thе bonе сan bе usеd to
diagnosе bony abnormalitiеs, сon-flrm lеsions dеtесtеd
with othеr physiсal ехamination or imaging modalitiеs,
еvaluatе thе assoсiatеd soft tissuе damagе or artiсular
еfftlsion, monitor fraсturе hеaling, and еvaluatе thе rе-
sponsе of tlrе tlonе to tfеatmеnt.

PAтIЕNт MANAGЕMENT AND PR0GN0sls

Tendoп aпd Ligament lnjuries_Therapy

Initial tгеatmеnt for injuгiеs to thе tеndons oг ligamеnts
should bе aggrеssivе and should inсludе сold watег hos-
ing or iсing of thе limb followеd by a standing suppoft
bandagе. Сold thеrapy should bе trsеd for 20 to 30
minlltrs sеvеral timеs daily, if possiblе, immеdiatеly aftег
thе injury and for sеvеral days thеrеaftеr. Loсal appliсa-
tion of сold rеstrlts in loсal vasoсonstfiсtion and slows
thе assoсiatеd hсmorrhagе and rеlеasе of inflammatory
mеdiators in thе injurеd tissuеs. Сold may also hеlp dull
pain assoсiatеd with thе injury.

Systеmiс nonstеroidal anti-inflammatoгy drugs suсh as

рhеn),lbutazonе andlor fluniхin mеgluminе arе also indi
сatеd tbr an aсutе injury. Thе trsе of nonstеroidal anti
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Figure 3-260
Soпograms of thе long and sl.toгt l1ltеral сollatеfal ligamеnt of thе hoсk joints' obtainеd fгom an S-1.еaг-old Thorotlghbrеd stallioп Thеsе soлogr1lms
wеге obtainес1 with a v/idе-bandwidtl.r 7 5-МHz linеar-aггay traлsduсеf opеratinЕ. 

^| 
J 5 NIHZ Llsing a hand hеld staпdоff pad at a displa1.еd dеpth оf

5 сm Thе foсal zoпеs 1uе positionеd in thе nеaг lrеld. Tlrе fight sidе of thе tfansYегsе viеws is latеfal and thе lсft sidе is mеdiа] Thе гight sidе of
thе sagittal viеws is proхimal anсl thе lеft sidе is distal

,4, Sonоgrams of thе shoгt latеr1ll сollatеfat ligamепt Obt:riлеd ovеf thе pгoхimal poгtion of thе hoсk, rеvеaling thе еnlaгЕ.сd hеtеfo!.еnеous
aрpеaгanсе of thе shoгt latеral сollatегal ligamеnt (tlеntrаl аrroujs) in thе sagittal (riglJt iп1а8е) and tгansvеrsе 0ф imаge) vtеws

.B, Sonogгams of thе long latегal сollatеral ligemеnts, obtainеd ovег thе proximal poгtioп of thе hoсk and illustгating thе mafkеd еrrlargеmеnt of
thе long сollatегal ligamепt, its hеtеrogеnеity, and its loss of normal parallеl IiЬег pattеrn (uertiсаl аrroшs) Thс sagittal (lеft i111аgе) viеw rеvеаls
thе mafkеd еriaгgеmеnt of this ligаmеnt, its hеtеrogеnеiб, aпd its loss of noгmдl lrbеr pattеfn Thе tгaflsvегsе уiеw (right i111а8e) |еУеa|s Ihе
пraгkес1 еnlargеmеnt and hеtегogеnеiгJ' of thе ligamеnt affесting пеaгlу all of thе ligamеnt's сгoss-sесtionl| afra' at this lеvеl

С, Markеd borry ilгеgtllaritiеs along thе insегtion of thе long latеral сollatегal ligamеnt alсlпg thе pгoхimаl latегal mеtxtarsus, with thе small
a\'.ulsion ffaсturе (аrrошs) сlеtесtеd ilr both sagittal Qф imаgе) and transvеrsе (right imаgе) viеws Notiсе tl.rе markеd disftlptiot1 of ligamепtous
Iibегs in both Yiеws, With anесhoiс aгеas dеtесtеd thfoughout thе majoгit.Y of thе ligamеnt.

inflammatoгy drugs hеlps tb bloсk thе foгmation of pгos-
taglandins and thfomboxanr in thе injurеd tеndinous
and ligamеntous tissttеs.r' Сortiсostеroids aге potеnt anti-
inflanrmatory drugs that сan dесгеasе inflammation and
adhеsion formation, but thеy afе also dеtrimеntal to tеn-
don rеpair bесausе of thеif ability to inhibit flbroplasia
and сollagеn and glyсosaminoglyсan synthеsis.2s Systеmiс
shoгt.aсting сortiсostеfoids should bе сonsidеrеd in thе
aсutе injuгy for thеiг potеnt antiinflammatory еffесts;
thеy сan bе givеn by injесtion or ofally. Thе usе of oral
Naquasonе is pгеfеrrеd by somе bесausе of its сombina-
tion of dехamеthasonе with thе сhlorthiazidе diuгеtiс.

Long-aсting сoftiсostrroids should bе avoidеd bесausе
of thеir prolongеd ability to inhibit flbгoplasia and сolla-
gеn and glyсosaminoglyсan synthеsis. Thе intralеsional
injrсtion of сortiсostеroids should bе avoidеd bесausе
сollagеn flbеr nесгosis, flbroс1tе dеath, and dystrophiс
сalсifiсation havе bееn rеportеd aftеf injесtion of сortiсo-

stеroids into normal tеndon.28'J5 l-9 Thеsе сhangеs in thе
tеndon havе rеsultеd in a dесrеasе in tеndon strеngth for
up to 1 yеaf aftеf thе injесtion of сoftiсostеfoids into thе
tеndon.28

Dimеthyl sulfoхidе (DMso) is also of bеnеflt in thе
tfеatmеnt of aсutе tеndon and ligamеnt injuгiеs trесat.rsе
it is a potеnt antiinflammatoгу agеnt and ffее-fadiсal
sсavеngеr. DМso also has vasodilatory propеrtiеs that
may bе of bеnеflt.,8 Ho.wеvец DMso dесrеasеs thе tеnsilе
strеngth сlf normal fat tail tеndons up to 2o% aftег 7 days
of topiсal appliсation.,8 ]5. l80 Hеparin has also bееn rrsеd
in somе horsеs with tеndinitis, with anесdotal геports of
suссеss. Howеvец no studiеs havе сontrгmеd any bеnе{i.
сial еffесt of hеpaгin in tеndinitis.28,з5

Thе initial еxеrсisе rеgimеn for hoгsеs rvith a tеndon
oг ligamеnt injury should inсludе stall rеst with hand
walking (|ab|е 3-2). Thе amount of walking that should
bе pеrformеd dеpеnds in part on thе sеvеfit,v of thе
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Таble 3-2
Exerсise Protoсol for Tendon and Ligameпt Iпjuries*

Мorrth 0.2
stall fеst and haпd walk..Walk 

30 min/d lrгst moпth' 45 min/d sесond month

Мonth 3
stall Iеst and haпd walk 25_40 min/d' jog 5 min/сI

Mоnth 4
Stall rеst and hand walk 20-35 min/d, jog 10 min/d

Month 5
stall геst and hanсl wаlk 15_30 min/d, jog 15 min/d
Tuгn out in small paddoсk, if quiеt oг tгanquilizеd

Month 6
Stall rеst аnd hand walk 10_25 min/d, jog 20 miл/d
Turn out in small to mеditlm paddoсk, if quiеt oг tгanqlrilizеd

Month 7.Wееk l-Gаllop 1 milе/d 2 timеs/wk, jog as bеforе ofl altег[atе
da1's

.Wееk 2-Gallop 1 milе/d 3 timеs/wk, jog as bеforе oп lltегnatе
сaуs

.W.rеks 
3 & ,i-Gallop 1 and a half milеs/d 3 timеs/wk, jog as bеfoге

on altеrnatе days

Month 8
wееks 1 & 2-Gallop 2 milеs/d 3 d/wk' ,jog as bеfoге on аltегnatе

days
!Иееks 3 & 4-Gallop 2 and a hal,f milеs/d 3 d/wk, iog as bеforе on

altегnatе daуs.

Moflth 9
Bfееzе 3/8ths-Сontinuс to inсfеasе gallop spееd and bfееZе lеngth

foг nехt 8 wееks

Moпth 11
Raсе'

*For modсгatе to sеуеrе injuriеs, thе jntеrvals Would bе ргolongсd }-ith initial
jogging dе|ayеd to 4-6 months Othеf i|]tеrYаls mav also nесd to bе pгolongеd

oгiginal injury Horsеs with sеvеfе injuriеs to thс tеndons
of ligamеnts With nеaг-сomplrtе disfuption of thе af-
fесtеd tеndinous or ligamеntous Struсtufе shotrld havе
сomplеtе stall fеst with walking bеginning only whеn
suppoft foг thе limb has fеtufnеd.

Thе hoгsе,s foot should bе trimmеd so that it is bal-
anсеd and lеvеl. Shoеs with toе grabs and stiсkеfs should
bе геmovеd. Signiflсant hoof anglе сhangеs should bе
avoidеd whеnеvеf possiblе. Thе tеndon or ligamеnt
should bе allowеd to hеal with thе limb in its nofmal
position (angulation) to allow hеaling With thе appгo-
priatе tеndon of ligamеnt lеngth. Raising thе hееl of thе
foot aсtually inсгеasеs thе ехсursion of thе supеrIrсial
digital flеxor tеndon, bесausе it insеrts in thе pastеrn on
distal P1 and proхimal P2. Lowеring thе hееl of thе foot
Straightеns thе fеtloсk and dесfеasеs thе еxсursion of thе
supеrflсial digital flеxoг tеndon. Rесеnt studiеs of poniеs
at a walk and tfot wеfе unablе to dеmonstfatе statistiсally
signifiсant сhangсs in stfain in thе sllpеfliсial digital
flехor tеndon whеn thс hееl was faisеd. Howеvеr. most
pеoplе agrее that this is сontraindiсatеd in thе tfratmrnt
of injuriеs to thе supеrflсial digital flеxor tеndon.tsl, la2

Surgiсal lntervention

Tеndon- of Ligamеrrt-Splitting Suгgеry. Tеndon-
splitting surgеry is dеtrimеntal to tеndon hеaling, unlеss

thе suгgеry is pеrformеd in thе aсutеly injuгеd tеn-
don.,*, 1,8 Thе fеsеafсh to datе suggеsts that if a disсfеtе
сorе lеsion еxists with an anесhoiс or hypoесhoiс сorе
suffoundеd by normal of nеar-nofmal tеndon flbеrs, sur-
giсal dесompfеssion of thе lеsion may bе bеnеflсial in
thе aсutе injury, dесomprеssing this сompaГtmеnt within
thе tеndon. A signifiсant fеduсtion in lеsion sizе, tеndon
diamеtеr, and lеsion gradе was dеtесtеd чlithin 8 to |2
days aftсг sllfgеry in horsеs with aсutеly to subaсutrly
injuгеd tеndons that сontainеd a сofе lеsion.28 Idеally,
this surgеry should bе pеrfoгmеd within thе flrst 2 wееks
aftеr thе dеvеlopmеnt of thе tеndon of ligamеnt injury.

Strrgiсal dесomprеssion of this intfatеndinous or intfali
gamсntous сompartmеnt may still bе bеnеlrсial for 4
wееks aftеr thе injury, but thе likеlihood of impfovеmеnt
aftеr surgrry dесrеasеs thе morе timе that passrs bе-
twееn thе onsеt of thе injury and surgiсal intеrvеntion.
Thе dеtесtion of a largе anесhoiс сofе lеsion in thе
tеndon or ligamеnt suggrsts that thе sufgеry may still bе
bеnеflсial, whеfеas thе dеtесtion of a hypoесhoiс сoгс
indiсatеs thе pгеsеnсе of grantrlation tissuе and immaturе
fibrous tissuе within thе afеa of injury. Surgеry is not
indiсatеd in thеsе сasеs bссausе a hеmatoma no lоngеr
ехists, hеnсе no сompaftmеnt syndromе ехists Within
thе injurеd tеndon of ligamеnt to dесomprrss. In somе
horsеs with sеvеrе injuriеs to thе supеrflсial digital flехoг
tеndon, thе tеndon has bееn dесomprеssеd strссеssfully
with a 27-galgе nееdlе as latе as 5 or 6 wееks aftеr
injury. This oссurs for lеss than \% of tеndon injuriеs, in
this author's rхрrfiеnсе. Although sufЕ.iсal dесompгеs-
sion of thе сofе lеsion (..tеndon splitting'') has only
bееn studiеd in thе supеrIiсial digital flехor tеndon, this
suгgiсal proсеduге should bе еqually bеnеfiсial in aсutе
сorе lеsions in othег injurеd tеndons and ligamеnts.

MеdiсaI Treatment

Sodium Hyaluronatе. H1.aluгonatе appеafs in thе
wound in high сonсеntrations within thе lrfst 5 to 7 daуs
of мround hеaling.tвз' 18{ Hyalttronatе is thought to hydratе
thе еxtfaсеllular matгix and thus pfomotе сеllular migra-
tion. Hyaluronatе may also havе a diгесt Stimulatory еf-
fесt on migrating геpair сеlls.,8 Thе dеgradation of hyal-
ufonatе appеars to promotе сеllulaf diffеrеntiation into
сollagеn-pгoduсing сеlls and to stimlllatе angiogеnеsis.
Мorе rapid wound hеaling, dесгеasеd flbrosis, and еn-
hanсеmеnt of геpair tissllе matllfation oссuf with thе
addition of high-molесular wеight hyaluroniс aсid to a
Wound.."o Hyaluгoniс aсid has bееn usеd to tfеat tеndini
tis in horsеs and appеars to dесrеasе adhеsion formation
and pгomotе tеndon hеaling. A grеatеr improvеmеnt Was
rеpoпеd in trеatеd tеndons сomparеd to untfеatеd tеn-
dons whеn hyaluroniс aсid .was injесtеd in thе suг-
founding pеritеndinous tisslrеs in a сollagеnasе-induсеd
modеl of tеndon injtrry.2a Intrathесal injесtion of largе
amounts of hyaluroniс aсid in horsеs With a сollagеnasr-
induсеd tеndon injury сontainеd within thе tеndofl
shеath rеsultеd in improvеmеnt in thе histologiс еvi
dеnсе of rеpair сomparеd with сontfols at 8 wсеks aftеf
injury.l85 Howеvсг, thс injесtion of sodium hyaluronatе
subсutanеously around thе injuгеd tеndon rеsultеd in no
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signiflсant diffеrеnсеs bеtwееn sodium hyaluronatе-
trеatеd limbs and plaсеbo-trеatеd сontrols.'"6 In faсt, in
this study trеnds еxistеd towaгds lеss lamеnеss in trеatеd
limbs, but bеttег tlltгasonographiс еvidеnсе of tеndon
hеaling in сontrol limbs. No signifrсant bioсhеmiсal or
biomесhaniсal diffеrеnсеs bеtwесn thе two gfoups Wеfе
found. Howеvеr, signifiсantly morе inflammation was dе.
tесtеd miсrosсopiсally in trеatеd tеndons than in сontrol
tеndons, and no diffеrеnсе was dеtесtеd in thе amount
or sеvеrity of pеritеndinous adhеsions.'o6 Intralеsional
injесtion of soditrm hyaltrronatе may bе bеnеflсial in
horsеs with aсutе and сhroniс tеndinitis.l86 No publishеd
sttrdiеs сloсumеnt thеsе lrndings, but an еarly, markеd
inсгеasе in small-diamеtеr сollagеn librils and improvеd
vasсtilarization in trеatеd vеrsus untrеatеd tеndons havе
bееn rеportесl in somе prеliminary Еuropеan studiеs..86

Polysulfatеd Glусosaminoglyсans. Thе glyсosami
noglyсan сompositiоn of thе еxtraсеllulaг matriх may
bе important in сollagеn rеgulation and сhangеs dtrring
tеndon rеpair..8] Thе polysulfatеd glyсosaminoglyсans
(PSGAG) inhibit сollagеnasе aсtivity and maсrophagе aсti
vation']2 Thе usе of intralеsional PSGAG has bееn rе-
portеd in onе hoгsе that rеspondеd wеll сliniсally and
ultrasonograрhiсally.r, Thе original сorе lеsion and total
сross-sесtiona\ atеa of thе tеndon dесrеasеd in sizе and
thе original сorе lеsion was no longеr disсrеtеly visiblе
in thе tfansvеfsе Sсan by 6 months aftеr injury. Tеndon
есhogеniсity imprоvеd and was nеaг noгmal at this timе,
although disr.uption of thе noгmal flbеr pattегn Was still
visiblе in thе sagittal sсan. Thе volumе of injесtеd fluid
should bе limitеd to no mofе than 0.5 ml pеr sitе whеn
pеrforming intralеsional tеndon injесtions, to avoid abaх-
ial sprеading and tеndon libril disruption.'87 Onе study of
National Hunt horsеs with tеndinitis trеatеd with intгa-
mtrsсular PSGAG rеvеalеd that fеwег than 5О% of horsеs
wеrе ablе to faсе, and rесuгrеnсс ratе was lrigh among
horsеs tfеatеd with PSGAG..rJ

Intralеsional BAPN-F. Bеta-aminoproprionitrilе fu-
maratе (BAPN-F) is a sсaг-rеmodеling drug that improvеs
thе qtrality of геpair in horsеs with injuriеs to thе sllpеr.
flсial digital flеxor tеndo11.j0. ]8' з9 |26' 127 рAPN-F has also
bееn usеd in othеr tеndon and ligamеnt injuriеs with
similar suсссss. Bеta-aminoproprionitrilс (BAPNi) is found
in thе sееds of thе wild swееt pеa, Lаthуrus odorаtus.
BAPN-F, administеrеd in thе еarly stagеs of sсar forma-
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tion, bloсks thе еnzymе lysyl oxidasе and thus bloсks thе
forтnation of сollagеn сross-links in thе aгеa of rеpair.
This briеf intеrruption of сollagеn сross-linking alloчrs for
physiologiсally bеnеfiсial sсar rеmodеling to oссur.

pAPN-F is indiсatеd in thе trеatmеnt of a lrorsе with
signifiсant injury to a tеndon or ligamеnt in whiсh at

|еast 2О% or moге of thе tеndon is damagеd at its worst
injury zonс. Thе injury сan bе disсfеtе or diffusе, as long
as frbег tеaгing has oссurrеd (imagеd in thе sagittal sсan).
A сomplеtе sonographiс еxamination should bе pеr-
formеd bеforе bеginning intralеsional рAPN-F tfеatmеnt
with mеasurеmеnts of thе tеndon or ligamеnt atea aлd
mеasufеmrnts of thе lеsion arеa bеing madе in еaсh
zonе. Fibеr alignmеnt and есhogеniсity should also bе
sсorеd as prеviously dеsсribеd. Total tеndon сfoss-Sес.
tional arеa and total lеsion (injury) сross-sесtiona| area
should bе сalсulatеd bу summing all thе lеsion and tеn-
don сross-sесtional arеas for thе еntiге mеtaсarpal oг
mеtatafsal rеgion (Tablе 3-3). Total pеrсеntagе of thе
tеndon or ligamеnt injurеd сan thеn bе сalсulatеd by
diviсting thе total lеsion сross-sесtional arсa by thе total
tеndon сf oss-sесtion a| area.

Total Lеsion Сross-Sесtioлal Arеa
%Total Injury :

Total Tеndon /L\g^mсnt Сгoss-Sесtional Arеa

Aftеr a stеrilе prеp, PAPN-F is injесtеd throughout thе
lеsion with a27.galgе |Уц-inсh nееdlе (shoftеr 25-gaugе
nееdlеs havе also bееn usеd but ma)/ brеak moге еasiф.
Thе BAPN.F is injесtеd from 1 сm proximal to 1 сm
distal to thе injury and into thе arеa surrounding thе
disсгеtе lеsion if damagе is also dеtесtеd in thе adjaсеnt
tеndinous or ligamеntous tissuе. Thе injurеd arеa is
injесtеd еvеry othеf day for a total of flvе tгеatmеnts.
Horsеs afе thеn plaсеd in a rigorous low-lеvеl сontrollеd
еxегсisе pfogram with frеquеnt ultrasound monitoring
(sее Tablе 3-2). Thе tгеatеd hoгsеs bеgin walking 30
minutеs pеr day foг 4 wееks, theл 45 minutеs daily for
anothеf 4 wееks. All subsеquеnt inсгеasеs in thе horsе's
ехеrсisе should bе basеd on improvеmеnt in thе sono-
graphiс findings.

Thе following еxеrсisе lеvеls (ЕL) havе bееn usеd suс-
сеssfullу in horsеs tfеatеd with intralеsional BAPN-Е
Adjustmеnts in thс еxеrсisе lсvеl must bе madе basеd on
thе sеvеrity of thе horsе,s original injury and thе rе-

Table 3-3
GаlсuIation ot Total Lesioп апd Tendoп Gross-Seсtioпal Areа aпd Totаl % lniury

z0пе Lesioп Х-seс areа (сm,) [eпdon X-seс areа (cm,) % |пjury

1A
1B
2А
2B
3A
3B
3с (4A)
(48)
(1С)

Total

L@ IA
L@TB
L@2^
L@28
L@3A
L@38
L @ 3с(.iA)
L@ 1B
L@1С
>L@14 + 1B +
>L@1A+ 1B+

T@14
T@ TB
T@2^
T@28
T@34
T@38
T @ 3С(4A)
Т@4B
T@4С
>T@1A+ 1B+ 3С or
>T@1A+ 1B+ +4С,

%@r^
%@78
%@2^
%@28
%@34
%@tB
"/.' @ 3С(4^)
%@1ts
%@1С

>%@1A+ 18+ . 3С or
:%@rA+1B+ +1С

3С or
+4С

AЬbrе\.iations: L. lеsioЛ; ! tепdoп; х-sес, сross-sссtional; %; pеrсеntagс; ), sum
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sponsе of thе individtral horsе to ехеrсisе loading. Horsеs
with sеvеге injrrriеs to thе tеndons or ligamеnts shorrld
advanсе morе slowly through this ехеrсisе pfotoсol.

ЕLl-lfalking in hand, of with a trеadmill or mесhani-
сal walkеr

ЕL2-Jogging oг ponying for no morе than 5 to 10
minutеs, or swimming; in thе Standardbrеd, this is
walking in thе jog сart

ЕL3-Haсking at thе walk, trot, and сantег for 15 to
20 minutеs 3 days pеr wееk, with walking and
jogging on thе othеr days for thе Thoroughbrеd or
show horsе; onе 6-minrrtе jog milе 3 days/tпrееk for
thе Standardbrеd, with walking on altегnatе days

BL4 -Limited frее-сhoiсе paddoсk еxегсisе

ЕL5-1 to 2 milе gallops foг thе Thoroughbrеd; normal
..jog milеs,' for thе Standardbrеd; normal fing work
inсluding low fеnсеs foг thе show horsе

ЕL6-Normal galloping and sloп: brееzеs for thе Thor-
oughbrеd гaсеhorsе; noгmal jogging and training
slowеr than a 2:20 minutе milе and normal haсking
and praсtiсе jump гounds for thе show horsе

ЕL7-Мaximal athlеtiс сompеtition' whiсh is raсing for
tlrе Thoroughbrеd and Standaгdbrеd and showing
for thе show horsе

Аltеrnalive Thеrapies

Altеrnativе thеrapiеs suсh as thе thеrapеutiс lasец thе
thегapеutiс ultгasound' and еlесtromagnеtiс thеrapy havе
bесomе inсrеasingly popular among horsе ownеfs and
vеtеfinafians alikе. Although thеsе thеrapiеs afе not a
substitutе for adеquatе timе for tеndon and ligamеnt
hеaling and a сontrollеd еxеrсisе pгogram for tеndon and
ligamеnt rеhabilitation' somе bеnеflсial еffесts havе bееn
fеportеd. сontrollеd сliniсal studiеs dеmonstfatin8 thе
еfflсaсy of thеsе tfеatmrnts havе not bееn pеrfoгmеd in
thе hoгsе, to datе. Thе optimal timе aftеr injury to apply
thеsе altеrnativе thеfapiеs, thе mеthod of thеiг appliсa-
tion, and thеiг сfflсaсy in thr tfеatmеnt of еquinе tеndon
and ligamеnt injuriеs Waffants fuгthеr invеstigation.

Thеrapеutiс Lasеfs. In onе study of National Hunt
horsеs, onlу 5О% of horsеs trеatеd with low-lеvеl lasеr or
сold-lasеr thегapy fеtlrfnеd to training. Thiffy pеfсеnt
fеturnеd to raсing, with a 2ОYo recttrrenсе of tеndinitis.З3
Сonsеrvativеly tfеatеd horsеs did bеttеr, although this
diffеrеnсе Was not statistiсally signiliсant. In anothеr
studу with Standaгdtlrеd raсеhorsеs, 66% strссеssfully rе-
turnеd to raсing aftеf tfеatmеnt for tеndinitis with low-
powеf lasеr thеrapy.l88 Howеvеf, thе prognosis for Stan-
dardbrсd raсеhorsеs is usually bеttеr, and thеsе rеsults
arе no bеttег than thosе rеportеd for Standardbrеds man-
agеd сonsеrvativеly.'6, 25

Thеrapеutiс Ultrasound. Thеrapсtrtiс ultгasound
may also bе bеnеIiсial in tеndon hеaling. Surgiсally split
tеndons that wеге tfеatеd with thегapеutiс ultrasotrnd
showеd improvеd hеaling сomparеd to thosе not tfеatеd
with thегapеutiс ultrasound.l89

Еlесtromagnеtiс Thеrapy. Thе bеnеflt of daily еlес-
tromagnеtiс thегapy in horsеs with tеndon injuriсs is also
quеstionablе. .$иith 

this thеrapy, rеpair tissuе maturation
and сollagеn typе tfansformation wеrе dеlayеd and thе
vasсularify of surgiсally сrеatеd dеfесts in thе supеrfiсial
digital flехor tеndon was improvеd 8 and 12 lпrееks aftеr
srrrgеry.'9.' Anothеr study using dirесt сuгrеnt stimulation
also found no bеnеliсial еffесts on еquinе tеndon hеal-
ing.t"

Tendon and Ligament lnluries-Treatment and
Prognosis

Supefiсial Digital Fleхor Tendinitis

Prognosis. Tгеatmеnts for" injuriеs to thе supеrflсial
digital flехoг tеndon afе many and ate as vaгiеd as thе
trеating vеtеrinafians. Мost vеtеrinaгians agrее, howеvеr,
that a gradually inсrеasing сontrollеd ехеrсisе program
maximizеs thе horsе's сhanсе of suссеssfully rеtuгning
to raсing. Bеforе thе advеnt ofultrasonogгaphy, thе prog-
nosis for hoгsеs with bowеd tеndons was pooг, with
onJlу 25% of hoгsеs геtuгning strссеssfully to гaсing. Sеv.
еral studiеs sinсе that timе, in whiсh tеndon injuгiеs
wеrе doсumеntеd ultrasonographiсally, havе rеvеalеd
that 55% to 6o% of horsеs trеatеd сonsегvativеly rеtuгn
suссеssfully to raсing. Thoroughbrеd horsеs rасing on
thе flat had' a 55% сhance of raсing suссеssfully for
thfеr stafts if onl1. onе tеndon was injurеd. on|у 25% of
Thoroughbrеd horsеs wеrс ablе to do so if both forеlеgs
wеrе bowеd.16 In сontrast' 75% of Standardbrеd horsеs
.wеrе ablе to rеturn suссеssfully to гaсing, and no diffсr-
еnсе oссLrrfеd bеtwееn hoгsеs with unilatеral or bilatегal
injuriеs.l6 Similaф, no diffегеnсе was notеd bеtwееn
thе suссеss of horsеs with unilatегal or bilatеral bowеd
tеndons among horsеs that raсе ovеr fеnсеs or сompеtе
in сombinеd training.

othегs havе also rеportеd that Standardbrеd raсе-
horsеs havе a bеttеr prognosis than do Thoгoughbгеd
raсеhoгsеs with supеrflсial digital flехor tеndon injur.
iеs'.5 ,6 In anothеr stttdу, 64% of Thoroughbrеd raсе-
horsеs that wеrе rеstеd and trеatеd for supеrflсial digital
flеxoг tеndinitis wеfе ablе to сomplеtе two faсеs without
rеinjury, whеrеas on|у 12% of Thoroughbrеds who rе-
mainеd in training wеrе ablе to do so.'' Onе horsе who
rеmainеd in training had a mild (typе-2) lеsion involving
on|у 15% of thе tеndon's total сfoss-sесtional arеa. Мost
of thе Thoroughbrеd raсеhoгsеs that wеrе suссеssful
whеn rеstеd and trеatеd for thеir supеffiсial digital flехor
tеndinitis had damagе to lеss than 25% of thе tеndon's
total сfoss.sесtional afr,a.15 Tуpе-| lеsions involving
grеatrf than 25o/o of thе tеndon's total сross-sесtiona| arеa
сaffiеd a poor prognosis, and thеsе horsеs Wеfе not
suссеssful. In сontrast, 8.l'o/o of Standardbrеd hoгsеs wеrе
ablе to сomplеtе two raсеs without a fесufrеnсе of thе
supегfiсial digital flеxor tеndinitis if thеy .wеrе rеstеd and
trеatеd for thе tеndinitis, and 5o% of Standardbrеd horsеs
wеrе ablе to сontinuе raсing in spitе of thе supегflсial
digital flехor injury.15 Howеvеr, similar to thе Thorough-
brеd raсеhofsеs, nonе of thе Standardbrеd raссhorsеs
with typе-4 lеsions involving grеatеf thaл 25% of thе total
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сfoss-sесtioIla| aпс.a of thе tеndon wеfе ablе to сompеtе
suссеssfully.

In a study using thе sеvеrity rating of thе supсrIiсial
digital flехor tеndon injury, an inсrеasеd sеvеrity rating
in Thoroughbгеd raсеhofsеs was assoсiatеd with a drop
in сlass.26 Thoгoughbrеd raсеhorsеS that wеге rеstеd had
a 64.3o/n сhanсе of rеtuгning suссеssfully to thе raсеs if
thеy had a sеvеriф fating of 2.3 or lеss, and a 57.9%
сhanсе of rеturning suссеssfully if thеy had a sеvеrity
гating of gгсatеr than oг еqual to 3.9. Horsеs чrith a

sеvеrity rating of lеss than 2.3 (small lеsions) had an
83.3% chaлсе of rеturning to a raсing сlass еqual to or
abovе that attainеd prior to thе injury, whеrеas horsеs
with a sеvеfity fating of 3.9 (sеvеге injury) and abovе
had a 56.8% сhanсе of rеturning to thе samе lеvеl of
гaсing pегfoгmanсе.,.' of horsеs with a sеvеriгy sсorе of
lеss than 2.з' 57.|% rеturnеd to an еxtеndеd гaсing сa-

rеег (no еvidеnсе of rеinjury and сomplеtеd 12 or morе
staгts), whеrеas on|у 3I.6% of hoгsеs with a sеvегity
fating gfеatеr than or еqual to 3.9 ч/еfе ablе to fеtufn to
an ехtеndеd raсing сafееf. A drop in гaсing сlass also
oссurrеd with an inсrеasе in thе sеvегity rating.,6

Thеsе authoгs also dеmonstratеd that although 50% of
Thoroughbгеd raсеhoгsеs with a supеrflсial digital flехoг
tеndon injury may bе ablе to сomplеtе four starts without
fеst, ovегall, only a 36.4% char,се ехists that a Tlroгough-
brеd raсеhorsе with an injurеd supеrflсial digital flеxor
tеndon will bе ablе to сompеtе foг an еxtеndеd pегiod
of timе.2., of Standardbгеd raсеhoгsеs, 60% with asеvеrity
rating of lеss than 2.3 wеtе ablе to rеtufn strссеssfully to
thе raсеs and makе sеvеn starts if rеstеd; 52.5% of horsеs
with a sеvегity fating grеatеr than or еqual to 3.9 wеге
suссеssful. A11 of thе horsеs with sеvеrity fatings of lеss
tlг-laл 2.3 wеrе ablе to faсе at thе samе or gfеatег сlass
than bеforе sustaining thе strpегflсial digital flехor tеndon
injury, whеrеas only 71 5% of hoгsеs with a sеYеrity
fating grеatеr than or еqual to 3.9 wеrе ablе to do so.,.,

With only palliativе trеatmеnt, 66.7% of horsеs with a

sеvеrity гating of 3.8 or lеss wеrе ablе to fеtufn suссеss-
fully to raсing, whеrеas on|у 22.2% of thosе with a sеvеr-
ity rating gгеatеf than or еqual to 3.9 чuеrе ablе to do so.

A гесеnt study usеd a morе сomprеhеnsivе sono-
graphiс еvaluation of tеndon injury and tеndon hеaling.r8
Еighty pеfсеnt of horsеs tlrat had аt lеаst a 6-month brеak
bеfoге rеtuгning to faсе tfaining (ЕL5) and had гесеivеd
any of thе сonvеntional tfеatmеnts for supеrflсial digital
flехor injuгiеs (еxсеpt pAPN-F) rеbowеd during thеir
raсing сafеег. Thе majoгity of hoгsеs (57%) ехpеriеnсеd
a гссufrеnсе of thе injury bеfoге raсing, whс.теas 23,%

did гaсе but still rеbowеd.r* In сontгast, thе horsеs that
гесеivеd intralеsional BAPN-F had bеttеr suссеss. Ai-
though thе majority of hoгsеs (55%) rесеiving BAPN-F
rеbowесl duгing thеir еntirе raсing сafеrf, ollirу 24%

bowеd bеforе fеtuming to thе raсеs and only 31% еxpеri
еnсеd a rеinjury of thе tеndon onсе thеy had геturnеd
to raсing.3s

.йЪеn injury sеvеrity was еvaluatеd, сonsегvativеly
trеatеd horsеs with a slight injury to thе suprrliсial digital
flеxor tеndon who had spеnt at lеast 6 months out of
гaсе tfaining bеfoге геturning to ЕL5 had a 67ozo rесur-
fеnсе fatе of thе tеndon injury during thеif еntifе raсing
сafееr (22% rell,owеd bеforе геaсhing ЕL7 and 41% aftеr

Сlэаpter 3 . MusсuloskеIеtаl Lrltrаsonogrаpbу 771

геaсhing ЕL7). In сontгast, nonе of thе horsеs with slight
injuriеs that spеnt at lеast 6 months out of training bеforе
fеtl'lfning to вL5 and that had rесеivеd рАPN-F rеbowеd
bеforе геaсhing ЕL7, and on|у 33% bowеd aftеr rеaсhing
ЕL7. Similar improvеmеnt oссuгrеd in thе long-tеfm suс-
сеss of BAPN-F-tгеatеd hoгsеs witlr modеratе injuriеs,
but not thosе with sеvеfе injuriеs'38 Fuгthег stlrdiеs aге

nееdеd сvaltrating thе long-tеrm raсing Suссеss of trеatеd
hoгsеs to dеtеrminе thе bеst trеatmеnt for a partiсular
tеndon injury and thе most aссLlratе рrognosis that сan
bе givеn basеd on thе sеvеrity of thе oгiginal injury and
its subsеquеnt hеaling. Horsеs in this study that had 4 to
7 unaссеptablе sonographiс paгamеtеrs (МIZ-S^, МIZ-
lI\T, MIZ-FAS, T-sA, T-Ег\?, T-FAS, %TH\?) bеfoге bеgin.
ning ЕL5 had a high fесuгrеnсе of bowеd tеndons.r8
Dеlaying thе staгt of ЕL5 until thеsе paramеtегs havе
impгovеd should irrсгеasе thе сhanсе of thеsе horsеs
геtuгning suссеssfully to thе raсеs.J6

Surgiсal Intеrvеntion
Tendon-Splitting Sшrgetу. This sufgеry is indiсatеd

in sеlесtеd сasеs of supегflсial digital flсхoг trfldon
injury. Thе idеal сandidatеs for tеndon splitting sur€.еry
arе horsеs that havе a nеW (lеss than 2 wееks old),
disсrеtе сorе lеsion in thе supеrlrсial digital flехof tеndon
that has not alrеady rupturеd into thе surгounding pеri
tеndinous tissuеs (Fic. 3-26|). studiеs in a сollagеnasе.
induсеd modеl of tеndinitis dеmonstratеd both ultгasono-
graphiс and histopathologiс improvеmеnt aftеr tеndon-
splitting sufgеry. Tеndon and lеsion сross-sесtiona| atеa
dесrеasеd in sizе and tеndon есhogеniсitу improvеd aftеr
tеndon-splitting surgеry. Еarliеr геvasсulaгization of thе
lеsions мras sееn ехpеrimеntally, along with a bеttеf-
quality rеpair, at 4 aлd 8 wееks postsufgеry.2- An ultraso-
nogгaphiс stlldy in сliniсal сasеs of tеndinitis using ultra-
sound-guidеd tеndon splitting rеvеalеd a 44uo rеduсtion
in lеsion sizе and a mеan dесгеasе in lеsion gradе of 0.9
by day 10 postsurgеry.29 Thе majoгity of lroгsеs (81%)

trеatеd with ultгasound-guidеd tеndon punсtufе wеfе
ablе to геtuгn to pеrfoгmanсе, 68% at thс samе lеvеl.29

Horsеs with vеry small сorе lеsions afе not good сandi
datеs for this surgец,, bесausе damagе to somе of thе
rеmaining normal tеndon libеrs may oссuг. Fuгthеrmorе,
with a small aгеa of injury, thе сгеation of a сompaгtmеnt
syndromе within thе supеrfiсial digital flехoг tеndon is
unlikеly. This surgеry is also сontraindiсatеd in horsеs
with largе сoге lеsions involving gfеatеr than 75% of thе
supеrflсial digital flеxor tеndon's сfoss-Sесtional arеa at
thе woгst injtrry zonе, bесattsе thе strrgеry may rеsult in
additional damagе to thе fсw normal oг nеar-normal Ii-

bеrs rеmaining. Suгgеry is also сontraindiсatеd in horsеs
with сomplеtе or nеarly сomplеtе ftlpturr of thе supеrfi-
сial digital flеxoг tеndon, again bесausе thе suгgеry may
геsult in additional flbеr injury and loss of suppoгt to thе
fеtloсk joint. Prеvious histopathologiс studiеs havе also
сonсlusivеlу dеmonstratеd that thе sufgеry is dеtгimеntal
to tеndon hеaling unlеss thе injury is aсutе.

In a rесеnt study еvaluating thе long-tегm гaсing pеr-
foгmanсе of hoгsеs tfеatеd with a widе vaгiеty of diffеr-
еnt геgimеns foг supеrlrсial digital flеxor tеnсlon injuгiеs,
74% of horsеs givеn at lеast 6 months of low-lеvеl сon-
tгollеd еxеrсisе bеforе rеturning to ЕL5 and trеatеd ini-
tially with tеndon-splitting suгgеry (with or without supе-
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Figure 3-261
Sonogгams of a fгеsh disсгеtе сoге lеsion in thе mеdial poftion of thе right fbrе supегliсial digital flехor tеndon (SDF.) bеtbrс (z1 and -B) and дftеr
(BJ suгgiсally splitting thе tеfldon, obtainеd from a ,l-yсat-old Thoгoughbгес1 Iillу Tеn dауs aftег thе iпitlry oссrrггеd, thеsе sono€lrams wеге
pегfoгmеd with a 7 5-MLIZ sесtof-sсannег tгansdllсег сontaining a bllilt-in fluid offsеt at a dispta),еd dеptl.r оf 6 сm Thе гight sidе of thе tгаnsvеrsе
Уiеws (1eft iпlаgеs) is latеral and thе гight sidе is mеdial Thе гight sidе of thе sagittal viсws (rigbt it|1аgеs) is pfoхimal and tlrе lеft sidе is distal
DDF, dееp digital flехoг tсndon; IсL. infсгioг сhесk ligamеnt; sL' susPеnsory ligamепt

,,1, Notiсе thе disсrеtе aпесhoiс to hуpoесhoiс сoге lеsiоn in thе mеdial aspесt of thе SDF (аrroшs) with сomplеtе loss of thе noгrпal flbеr
pattеm Thе оriginal сorе lеsion was dеtесtеd from 8 to 29 сm distal to thе point of thе aссеssory сarpаl bonе

B, This lеsion involvеd 31% of thе sDF (0 56 сm,/1 80 сm,) at its ]aгgеst Point' 22 сm distxl to thе point of thе aссеssoг),сaгpal lэonе (zonе зA)
С, Thrее months latеr, thе sDF onlу appеars abnoгmal frоm 12 to 28 сm dista] to thе point of thе aссеssoц, сarpal bonе T1rе оriginal сoге lеsion

is no 1ongеr visiblе' thе tеndon's сгoss-sесtional arеa has dесгеasеd in sizе to 1 51 сm,, and thе lеsion is геpaiгinЕ] With a somеwl]at random Iibеr
pattеrn ThiS sonoЕ!гam was also oЬtainеd aI 22 Сm distal to thе Point of thе aссеssory сarpal bonе

rioг сhесk ligamеnt dеsmotomy) fеbowеd duгing thеir
гaсing сafееf, 42% befotе fеaсhing ЕL7, and 32% oлсе
thеy had rеaсhеd ЕL7.J8 Thеsе long-tеrm rеsults wеfе
no bеttеf than thosе for any othеr surgiсal of ехtеrnal
tfеatmеnt.38

Superior Сbeck ligаrlent Desmotomу. Supеrior
сhесk ligamеnt dеsmotomy is oftrn pеfformеd in сon-
junсtion with tеndon-splitting sllrgеry in hoгsеs with dis-
сfеtе сorе lеsions, if thе supеrior сhесk ligamеnt dеsmo-
tomy sur8еry is pегformеd soon aftеf thе injury to thе
supеrlrсial digital flехor tеndon. Сomplеtе tгansесtion of
thе supеrioг сhесk ligamеnt rеsults in maхimal lеngthеn-
ing of thе supеfflсial digital flеxor musсulotеndinous unit
and еnablеs thе strpеrflсial digital flехor musсlе to as-
sumе a 8rеatеf poгtion of thе load.28 Thе inсrеasеd lеngth
may inсfеasе thе еlastiс limit of thе геpairеd tеndon and
paгtially сountегaсt thе loss of еlastiсity in thе rеgion of
thе flbгotiс sсaf'r6 Suссеss with this surgеry has vaгiеd
widеly among invеstigatoгs.2:, ]6' 38' l92 l95 Ехсеllеnt surgi
сal tесhfliquе with сomplеtе tгansесtion of thе supеfior

сhесk ligamеnt is nесеSsary fot optimal long-tеrm rеsttlts
(suссеssful геtufn to raсing). This surgеry has bееn suс-
сеssfully pеrformrd in both Thoroughbrеd and Standard-
bгеd horsеs with good fеtllrn-to-raсing гсsrrlts.r6' ]92-195

Мany of tlrеsе horsеs also had thе tеndon-splitting suf-
8еry pеffoгmеd, making it diflrсult to aссuгatrly dеtеr.
minе thе sttссеssfulnеss of this surgiсal pгoсеdufе alonе.

Suссеss with this proсеdurе in Thoroughbrеd horsеs
rangеs from 25% for сompеting withotlt rеinjury for thе
еntirе raсing сarееr to grеatеf than 70% for еnabling at
lеast flvе starts withollt fеinjury.t8''93 Мorе than 90% of
Thoroughbrеd horsеs lпrith tеndinitis wеrе ablе to train
and faсе aftеr a supеfiof сhесk ligamеnt dеsmotomy,
with at \east 66% staftin€. at lеast flvе timеs.l9] Мorе than
45% of thе horsеs that гaсеd maintainеd or inсгеasеd
thеir avеragе еafnings pеr start. and 86nu raсеd in thе
samе сlass as bеforе thе surgеry.

Suссеss in thе raсing Standardbгеd has also bееn good,
with 69Ynз6 to mofе than 80%195 rеtufning sllссеssftllly to
гaсing for at lеast livе staгts (Fic. ]-26zl. Horsеs that had
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Figure 3-262
sonogгams of a small latегаl tеaf iп thе pегiplrеry of thе supегflсial сtigital flехor tеnсlon (SDF) in thе right fогеlеg, obtaiлеd bеfoге (А) а'nd lftеr
(B) supеrior сhесk ligamеnt сlеsmсltomy pегfoгmеd iп a 4-yеaг-old Thoгouglrbтеd fillу Tlrеsе sonoglams wеге оbtainесl with a 7 5-MHz sссtor-

sсannеf tгansduсеr сoпtаining a brrilt.irr h.ia off'еt at a <jisplayесl сlеpth of 6 сm Thе гight sidе of thе transYеrsе viеws Qф imаge) is latеra| and

t]rе lеft sidе is mеdial Thе гiglrt siсlе of thе saЕiittal Yiеws Qф iпtаgеs) is pгoximal and thе lеft sidе is distal

,,1, Notiсе thе small anесhЪiс dе|еСt (а|.ro1l)S) in thе latеial poftion of thе SDF ln thе tfarrsvегsе l-iеw (0 2o сm,/1 41+ сm,.) and thе aсljaсепt

hуpoесlrоiс aгеas and loss of nогmal Iibег pattеrп in thе latеfal poгtion of thе SDF in thе sagittal viеw Тhе oгiginal tеndinitis Was imagеd fгom 7

to 30 сm distal tO thе point of tlrе aссеssoц. сarpal bonе' and thеsе imagеs wеfе obtainеd at 17 сm (at thе bordег bеrwrеn Zonеs 2A and 2B).

19' Thгее mоnths latъr, thе сlisсfеtе lаtеral tеaг (аrrouls) is diffiсult to visualizе, but thе еntiге palmaг aspесt of thе sDF is h-vpoесhoiс and a

wеak fibег pattегn is dеtесtеd in thе sagittal vj.еw Tlrе SDF is unсhangеd in sizе at this timе (o 43 сm,/7 41 сm,) Thе tеndinitis is now inrаgеd

fгom 8 to 25 сm distдl to thе eссеssoЦ, сarpal borrе lnс1 thеsе imagеs wеrе ol]tainеd at 17 сm.

not startеd bеforе sustaininЕ] a supеrfiсial digital flехor
tеndon injury had signiflсantly lеss еaгnings pеf hofsе oг
еafnings pеf staft than did thosе that had prеviously
raсеd.]6 Howеvег. 58% to 61у" or horsеs that had гaсеd
bеforе sufgеry aсhiеvеd fastеr lifеtimе mafks aftеf suf-
gеry than bеforе, indiсating that many Standardbгеds сan
maintain or impfovе thе quality of thеir raсing pегfof-
manсе aftег supеfiof сhесk ligamеnt dеsmotomy sufgеry
foг tгеatmеnt of strpеffiсial digital flсxor tсndinitis.16. l95

Thе sеvегiф of thе injuriеs was not сfitiсally еvaluatеd in
сomparison to outсomе in thеsе studiеs.

onе author fеpoгts that thе sizе of thе lеsions dеtесtеd
ultfasonogfaphiсally appеaгs to dесfеasе mofе fapidly in
suгgiсally tfеatеd than in сonsегvativеly trеatеd horsеs,
but no сontfollеd studiсs doсtrmеnt this.з6 A numbег of
thе Standardbгеd raсеhofsеS in whiсh this surgеry was
pеrfofmеd had a high inсidеnсе of suspеnsory ligamеnt
injury whеn thеy rеtuгnеd to raсing aftеr sufgеry.l9' Rе-
сеntly, howеvеr, thе long.tегm faсing rеsults of hoгsеs
геstеd for at lеast 6 months bеforе fеtumin8 to ЕL5 and
tfеatеd with supеriof сhесk ligamеnt dеsmotomy (with
oг withollt tсndon-splitting surgеry) .wеfе fеportеd. Sеv-

еnty-thrее pеrсеnt showrd rrсuIтеnсr of bowеd tеndons
(60% rеbowеd pfiof to faсing and |3% onсе thеy had
suссеssftllly attainеd ЕL7).r* Thеsе rеsults wеfе not diffеr.
еnt fгom thе rеsults for horsеs tfеatеd мlith othег еxtеfnal
or surgiсal mеthods.jE

Thе supеrior сhесk ligamсnt is transесtеd bеtwееn its
ofigin along thе distal mеdial fadius and its insеrtion on
thе musсlе of thе supегfiсial digital flеxoг tеndon. This
allows thе musсlе to lеngthеn. It also hopеfully rеduсеs
thе inсidеnсе of fесufrеnt injuriеs to thе sllpеrflсial digi
tal flеxof tеndon by allowing thе musсlе to stfеtсh moге,
rеduсing tlrе lеngthеning of thе supеrfiсial digital flехor
tеndon that mllst oссuf in thе hеalеd tеndon. In a сadavеr

moсlеl, thе mеtaсarpophalangеal joint hypеrеxtеndеd an
additional |5.8% and thе musсlе bеlly of thе supеrfiсial
сligital flеxor tеndon еlongatеd and movеd distally aftег
tгansесtion of thе supеrior сhесk ligamеnt.'96 This addi
tional lеngthеning' rеpoгtеd to bе as muсh as 2.8 mm,r96

may allow thе sсarrеd, lеss еlastiс геpair tissuе to funс-
tion with a lowег inсidеnсе of геinjury. Howеvеr' thе
strain on thе supеrflсial digital flехor tеndon inсrеasеd
tlу 1|.2% aftег tfansесtion of thе aссеssory ligamеnt of
thе supегfiсial digital flехof tеndon in this сadavеr
moс1еl..96 This inсrеasеd strain was attributеd to thе
сhangе in movеmеnt around thе mеtaсarpophalangеal
joint and thе inсгеasеd lеngth of thе musсulotеndinous
unit. te6

Апnшlаr ligаment DesmotoШу. Annular ligamеnt
dеsmоtomy surgеry is indiсatеd in horsеs мrith an injury
to thе supеrflсial digital flехof tеndon in thе distal tеndon
rеgion whеn сonstfiсtion of thс tеndon by thе annulaг
ligamеnt has oссurrеd. Сutting thе annular ligamеnt in
affесtеd horsеs maу rеliеvе thе еxtеrnal сonstriсtion of
thе supеrflсial digital flехor tеndon at this lеvеl and alloмr
for improvеd blood flow to thе injurеd tеndon, aiding in
tеndon rеpaiг.

Меdiсal Tfеatmеfrt
Sodiшm Ilуаhlronаte. The injесtion of intrathесal

sodium hyaluronatе is indiсatеd in thе trеatmеnt of
horsеs with iniufiеs to thе supеrflсial digital flехor tеn-
don tlrat arе сontainеd within thе tеndon shеath. To
datе, no publishеd sсiеnti-flс data dеmonstfatеs a bеnеfi-
сial еffесt for intralеsional or pеritеndinous injесtions of
sodium hyaluronatе in horsеs with naturally oссurгing
injuriеs to tlrе supеrllсial digital flехor tеndon.

IпtrаlesionаI BАPN-F. Cliniсal tгials using tlеta-
aminoproprionitrilе fumaratе (pAPN-F) in horsеs with
aсutе bowеd tеndons havе dеmonstгatеd improvеd tеn-
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don hеaling.J0 3a' з9' 126' 12" Thе tгratеd horsеs had largе
afеas of damagе to thе Sllpеrliсial digital flехor tеndon
(Fis. 3_263). Trеatеd tеndons wеrе at lсast 50% laгgеr
than normal or thе сross-sесtiona| arеa of thе affесtеd
tеndon Was at lеast 1.5 сm2. Thе lеsion involvеd at lеast
25% of thе tеndon,s сfoss-sесtiona| arеa at its wofst and
ехtеndесl ovсf at lеast thrее of sеvеn zonеs. Doublе-blind,
plaсеbo-сontrollеd trials rеvеalеd statistiсally signiiiсant
diffегеnсеs in tеndon сfoss-sесtional atеa, tloth at thе
maхimal injury zonе and of thr total сross.Sесtiona| atea
of thе injurеd tеndon, whеn сomparеd to plaсеbo сon-
tfols at 4 months aftrr tгеatmеnt.12(''r2- statistiсally sig-
nffiсant diffеrеnсеs wеrе also found in flbег alignmеnt
sсorrs for thе maхimal injtrry zonе and foг thе еntifе
injuгеd poftion of thе supсrliсial digitel flехor tеndon.
Doublе-blind, plaссbo-сontгollеd tгials havс not prr-
l,iotrsly bееn pегformеd to еvaluatе thе еfflсaсy of othеr
tгеatmеnts for tеndon and ligamеnt injtrriеs in thе hoгsе.

BAPN-F is indiсatеd in thе tfеatmсnt of horsеs with
sig;nifiсant injuriеs to thr supеfIrсial digital flехor tеndon

in whiсh at lеast 2o% or morе of thе tеndon is damagеd
at its worst injury zonе. Thе iniury сan bе disсгеtе сlr
diffusе, as long as flbеr tеaring lras oссuгrеd (imagеd in
thе sagittal sсan). A сomplеtе sonographiс ехamination
should bе pеrformеd bеforе bеginning intгalеsional
вАPN-F trеatmrnt. with mеasurеmеnts of thе tеndon bе-
ing madе in еaсh zonе. Sonographiс еxamination of thе
сontralatеral limb should also bе pеrfoгmеd bесausе
smallеr injuriеs arе fгеquеntly dеtесtеd in this tеndon.

Any inсrеasе in tеndon сfoss-sесtio11a| arеa in pAPN-
F_tгеatеd horsеs bеtwееn ехaminations rеsultеd in thе
horsе rеmaining at thе samе ехеrсisе lеvеl for an addi
tiona| 1wееks. unlсss thе inсrеasе in tеndon сfoss-sес-
tional arеa Was gfеatеf than or ес1ual to 2Оulu, in a givсn
zonе or €.fеatеf than or еqtlal to .l'О% 

fсlt thе total tеndon,
in whiсh сasе thе amount of tfotting ехеrсisе was dе-
сrеasеd or disсontintrсd altogеthеr for thе strbsеqrrеnt 4
wееks. Inсrеasеs in tеndon сross-sесtional arеa of this
magnitudе indiсatеd ехсеssivе tеndon loading for thе
stagе of tеndon hеaling and inсrеasеd thе risk of геinjury.

Fiqure 3-263
Sоnogгams of a largе соге lеsion in thс riЕ]ht foге supеfliсial digital flехсlг tеndon (SDF) t]:еatеd with intfalеsiona] IЗAPN-F ./ a'nd B) 1' month aftеr
thе in'tlЦ' oссuггсd, obtaiпеd fгсlm a 3-vеar-old Тhoгoughbгеd сolt Follow-up sonoЕ]гams wсгс оbtainеd 3 months latег .С aлd l)) Thе origiлal
injury ехtепсlеd fгom 7 to 26 сm distal tо tlrе poiлt of thе aссеssolт сarpal bonе Thеsе sonogгаms п,.еrе obtainеd with a 7 5-MHz sссtoг-Sсannеf
tгansduсеr сontiifling a btlilt-in flrrid оftЬеt at a displayеd dеpth of (l сnr Tlrе fight siсiе сlf thе transvегsе Yiсws Qф imаgеs) is latегal and thе lеft
sidе is mеdial Thе fight sidе сlf thе sа€littal YiеWs (rigbt imачеs) is pгoximаl and thе lеft sidе is distal

,{, Notiсе thе lагgе latеral anесhсliс tо h1poесhoiс сorе lеsion With thе adiaсеnt lrYpoесhoiс tеndоn and loss of noгmal 1ibег alignmеnt
,B, Thе disсгеtе aгеa оf lilэеr tеaring (сorе lсsion) involvеs Ji% of thе tеndon's сross-sесtional aгеa (0 65 сm,/1 87 сm,) xt its woгst Point (Zoпе

28 at 20 сm)
С' Notiсс thе good-qualit} tibеt alignmеnt and thе filling in of thе oгiginal сorе lеsion, altlrouglr a h1.poесhсliс aгеa still pеfsists oп tlrе mеdial sidе
D, Тhе total tепсlсlrr сгoss.sесtional arеa has dесrеasеd siЕ.nifiсantlY to 1 63 сm, and thс hoгsе is tгotting 20 min/d Thе original lеsion arеa still

mеasuгеs 0 j5 сm, for a pеrсеnt iniuц' of ]4%
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Long-tеfm follow-r'rp data is still bеing otltainеd on thеsе
horsеs to еvaluatе thеir rеturn to pеrformanсе. Howеvег,
initial studiеs indiсatе that a signifiсantly highеr pеrсеnt-
agе of BAPN-F_trеatеd horsеs arе ablе to rеturn suссеss-
fully to сompеtition without rесuffеnсе of thе injury, thе
ultimatе goal of thе trеatmrnt of еquinе athlеtеs with
tеndon injuriеs.

Сombiпed Mediссll апd' Sшrgiccl,l Treаtment. Тhе
сombination of both mеdiсal and surgiсal trеatmеnt for
horsеs with supеrfiсial digital flехor tеndon injuriеs maу
bе thе idеal trеatmеnt foг allowing thе horsе to rеtufn
to its prеviotrs pеrformanсе lеvеl. Thе сombination of
tгеatmеnts sеlесtеd will dеpеnd, in paгt, on thr t1pе of
lеsion dеtесtеd sоnographiсally in thе supеrflсial digital
flехOr tеndon. Thе surgiсal dесomprеssion of a frеsh
сorе lеsion (idеally within thе flrst 2 wееks aftеr injury)'
aссomplishеd with tеndon splitting sllf€.еry' followеd by
injесtion of intralеsional BAPN-F 2 to 4 wееks latеr, may
providе thе bеst.quality tеndon rеpair. Supеrioг сhесk
ligamеnt dеsmotomy ma1l 5. pеrformеd with tеndon-
splitting surgеry (and oftеn iS) if thе horsе has a сorе
lеsion in thе supеrflсial digital flеxor tеndon and may
also bе сouplеd with thе usе of intralеsional BAPN-F.
Annular ligamеnt dеsmotomy may also bе pеrfoгmеd in
сonjunсtion witlr thе usс of intralеsional рAPN-F of with
thе injесtion of sodium hyaluronatе into thе tеndon
shеath if thе injury to thе supеrfiсial digital flехor tеndon
is сontainеd within thе tеndon shеath.

Pеrsistеnt hypoесhoiс ateas and/ot a largе amount of
randсlm flbеr alignmеnt (sее Fis. 3-71) indiсatе a poor
qualit1. геpaiг and a morе guardеd prognosis, rеgardlеss
of thе trеatmеnt sе1есtеd.9 Hoгsеs With сеntfal есhogеniс
to hypеrесhoiс arеas of sсarring that arе strгroundеd by
a hypoесhoiс halo bеtwееn thе rеpairеd and prеviously
uninjuгесl poГtion of thе supеrliсial digital flехor tеndon
should bе rеtuгnеd to гigorous woгk slowly, bесausе
arеas of rеinjury afе сommon adjaсеnt to thе сеntral
sсaг. In horsеs with intratеndinous сalсiflсation in thе
supеrflсial digital flехor tеndon, howеvеr, no inсrеasе
has bееn doсumеntеd in thе rесtrrrеnсе of injury. Injuгiеs
to thе hind sr'rpегflсial digital flеxof tеndon in thе plantar
aspесt of tlrе hoсk, ..psеudo-сttrb,,, usually bесonrе quiеs-
сеnt with a shor1 pеriod of loсal thеrapy and rеst. Thе
prognosis for horsеs with sеptiс supеrflсial digital flехoг
tеndinitis is usually guardеd to gfavе. Thе ехtеnsivr tеn-
don fibеr damagе that usually oссLlfs in thеsе lrorsеs
and thе adhеsions that foгm bеtwееn thе tеndinorrs and
pегitеndinous stfl.rсtuгеs usually rеsult in pеfsistеnt lamе-
nеss and rесtrrring tеndon injuriеs, еvеn if thе sеptiс
tеndinitis is геsolvсd.

Deep Digital Fleхor Tendinilis

Меdiсal Trеatmеnt. Меdiсal trratmеnts foг injtlriеs to
thе dееp digital flехor tеndon aге similar to thosе avail-
ablе for tlrе strpеrfiсial digital 1lеxor tеndon. Thе tеndon
should rесеivе aggrеssivе trеatmеnt for thе aсutе injuЦ,
as indiсatеd abovе. Intralеsional рAPN-F in horsеs with
fесеnt (1 to 3 months) arеas of flbеf tеaring in thе dееp
digital flехor tеndon has also bееn bеnеfiсial and should
havе thе samе сliniсal rеstrlts as with usе in thе stlpеrfl-
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сial digital flехor tеndon. Injесtiоn of largе dosеs of
hуaluгoniс aсid into thе tеndon shеath is also indiсatеd
in horsеs with lеsions in thе dееp digital flеxor tеndon
that arr сontainrd within thе digital shеath, bесausе this
has bееn shown, ехpеrimеntally, to bе bеnеflсial.l85 Thе
сliniсal imprеssion геgarding horsсs rесеiving this trеat-
mеnt is that intrathесal hyaltrroniс aсid is lrеlpful. In-
jесtion of сoгtiсostеroids into thе tеndon slrеath should
bе avoidеd in horsеs with injuriеs to thе dееp digital
flехor tеndon, bесatrsе this only dеlays tеndon hеaling.
Thе injесtion of intrathесal or intratеndеnous сortiсostе-
гoiсls may also bе assoсiatеd with thе dеvеlopmеnt of
сalсiflсation in thе dееp digital flеxoг tеndon. Both mrdi-
сal and suгgiсal trеatmеnt may bе indiсatеd in many
horsеs with сhroniс digital shеath tеnosynovitis and dееp
digital flехor tеndinitis.l9' Intгalеsional рAPN-F and in-
tгathесal h1,aluroniс aсid should bе сonsidегеd in
сoniunсtion with annular ligamеnt dеsmotomy if thе
injuriеs to thе dееp digital flехor tеndon mееt thе
abovе сritеria.

Surgiсal Intеrvеntion. In most instanсеs, dееp digital
flеxoг tеndon injuriеs aге not good сandidatеs for tеndon-
splitting sllfgеry bесausе of thеir morе foсal naturе and
thе pгеsеnсе of adjaсеnt arеas of сalсifiсation or matufе
sсar tisslrr within thе dееp digital flехor tеndоn. Annular
ligamеnt dеsmotomy is indiсatеd, howеvег, in lrorsеs
with (1) laгgе aгеas of flbеr tеaring within thе portion of
thе dееp digital flехoг tеndon сontainеd within thе tеn-
don shеath aлd (2) сonсLlffеnt signifiсant digital shеath
tеnosynovitis anсl,/or annular ligamеnt dеsmitis. Tеnos-
сopy may also bе сonsidеrеd in horsеs with сhroniс
digital shеath tеnosуnovitis and adhеsions within thе digi
tal shеatlr.l97 This suгgеry has vaгiablе rеsults and may bе
morе sllссеssful in horsеs мrith a morе flbrinolls tеnosyn-
ovitis. гathеr than thosе with nrattше Iibrotrs adhеsions.
Strгg4iсal intегvеntion witlrin thе digital shеath oftеn rе-
srrlts in nеw inflammation and flbrin produсtion within
thе digital shеath; a nеw сyсlе of Iibrinous inflammation
with subsеquеnt organization into flbrotrs tissuе is
startеd.

Patiеnt Мanagеmеnt and Prognosis. Lay-up timе
for horsеs with dееp digital flехoг tеndinitis is oftеn vеry
long, with 18 months to 2 yеars bеtwееn timе of diagno-
sis arrd геtufn to сompеtition in somе high-pегformanсе
horsеs. Larnеnеss oftеn pеrsists for man1. months. onсс
sottnd, thе horsе shоr.rld bе rеturnеd to a program of
gradr'rally inсгеasing ехегсisе With fгеquеnt ultfasono-
graphiс monitoring. Until thеn, thе horsе should bе
п.alkесl daily t<l еnсollfagr parallеl libеr alignmеnt and
minimizе adhеsion foгmation. In horsеs with сhroniс.
sеvеfе, iibгous digital shеath tеnosynovitis and adhеsions
within thе digital shеath, noninvasivе thеrapiеs suсh as
thеrapеutiс ultrasound should also bе сonsidеrеd in an
attеmpt to impfovе thе rangе of motion of thе flbrous
tissuе and adhеsions.

Thе prognosis for aftЪсtеd horsеs iS faif to pooг, dе-
pеnding on thе sеvеrity of thе dееp digital flrхof tеndini
tis, thе dеgrее of сalсiliсation in thе dееp digital flеxor
tеndon, and thе pfеsеnсе of librous adlrеsions bеtwееn
thе dееp digital 1lехoг tеndon and thе digital shеath and/
oг supеrflсial digital flеxor tеndon. onс study rеportеd
pеfsistеnt visualization of lеsions in thе dееp digital
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flехor tеndon, with variablе impгovеmеnt in soundnеss
and a high inсidеnсе of rесurгеnсе of thе in|uriеs whеn
thе horsе was fеtufnеd to full woгk.7.

lnferior Cheсk Ligamrnt Desmitis

Меdiсal and Surgiсal Intеrvеntion. Aggrеssivе mеdi
сal trеatmеnt for aсutе infеriог сhесk ligamеnt dеsmitis
should bе institutеd as dеsсribеd abovе. Thе infеrior
сhесk ligamеnt сan bе injесtеd with pAPN.F or thе сarpal
shеath injесtеd with hyaltrroniс aсid, bесausе both aid in
thе hеaling pfoсеss. Similaгly, Sрlitting thе infеrioг сhесk
ligamеnt сan also bе сonsidеrеd in horsеs with an aсutе'
disсrеtе сorе lеsion. Thе splitting of thе infеrioг сhесk
ligamеnt oг thе injесtion of intralеsional BAPN-F or both
should bс сonsidеrеd in thosе horsеs for whiсh a morе
сosmеtiс rеsult is dеsirablе. Both of thеsе tfеatmеnts
should rеsult in morе of a dесrеasе in thе сross-sесtional
arеa of thе infеrioг сhесk ligamrnt than would геsult if
thе ligamеnt was сonsегvativеly tfеatеd. In most horsеs,
howеvег, thе infеrior сhесk ligamеnt injury hеals and
doеs not pfеSеnt a futurе pеrformanсе problеm, making
thеsе tfеatmеnts lеss dеsirablе for many ownеrs. Мost
horsеs rеtlrfn to sottndnеss quiсkly, чlithin days to wееks
aftеf thе injury oссurrеd. Although srvеlling pегsists in
thе afеa of thе injurеd сhесk ligamеnt, thе horsе сan
bеgin a сontfollеd еxеrсisе pгogram soonrг and advanсе
thгough thе progгam morе rapidly tlran сan hoгsеs with
othег tеndinous of ligamеntous injuriеs. In onе study,
44% of horsеs had rеstrmеd full work чrithin 5 months.a{
Thiсkеning of thе infеrior сhесk ligamеnt afеa usually
pеrsists to somе dеgгее in most hoгsеs that havе ехpеri-
еnсеd infеrior сlrесk ligamеnt dеsmitis, brrt it is rrsually
only a сosmеtiс problеm.

Prognosis. Thс prognosis for fесovеry of unсompli
сatеd infеrior сhесk ligamеnt dеsmitis is good to ехсеl-
lеnt. Thе majority of horsеs (75%) in onе study rеtuгnеd
to full wofk without a fесufrеnсе of thе injury foг at
lеast 9 months (maхimr.rm 4 yеars).,t Most hoгsеs arе ablе
to fеtufn suссеssftllly to thеir prеvious pегformanсс lеvеl
morе rapidly than thosе with othеr tеndinous оr ligamеn-
tous injuriеs. Infеrior сhесk ligamеnt dеsmitis also сarriеs
a dесrеasеd likеlihood of гесurrеnсе. unlеss thе dеsmitis
is assoсiatеd with a prеvious infеrior сhесk ligamеnt
dеsmotomy, сonfoгmation abnormalitiеs, or othеf tеndi-
nolrs of ligamсntous injuгiеs. Pегformanсе is not usually
impairеd in horsеs rесovсring fгom an Llnсompliсatеd
iniury to thе infеrior сhесk ligamеnt. In сontгast to thе
authoг,s ехpеriеnсе and thе flndings in thе flrst stttdy,11
a sесond sttrdy rеvеalеd that only 44% of horsеs rеturnеd
to thеif pfior lеvеl of pеrformanсе without rесufгеnсе
of thе injury oг dеvеlopmеnt of a similar injury in thе
сontгalatеral foгеlimb.5j This study suggеstеd that thе
diffеrеnсе bеtwееn thе two studiеs might геsult from
diffеrеnсеs in thе sеvегity of thе infеrior сhесk ligamеnt
injuriеs.5j othеr possibilitiеs might bе thс high pегсеnt-
agе of сonсLlrfеnt supегflсial digital flехor tеndinitis in
thе horsеs in thе sесond studу, thе high inсidеnсе of
suspесtеd adhеsions bеtwееn thе infегior сhесk ligamеnt
and thе supеrliсial digital flехor tеndon, and thе diffеrеnt
patiеnt population (39%'з poniеs сomparеd to |9у011 p()-

niеs). A morе guardеd prognosis must bе givеn for horsеs
with сonсurrrnt supеrflсial digital flехor tеndinitis and
adhеsions to thе supеrflсial digital flехor tеndon.14 Аl-
though horsеs with small hypoесhoiс arеas in thе dееp
digital flеxor tеndon in сonjunсtion with infегior сhесk
ligamеnt dеsmitis havе a similar prognosis to thosе with
unсompliсatеd infеrior сhесk ligamеnt dеsmitis,aa a
guarсlеd to gravе prognosis should bе givеn for horsеs
with sеvеrе dееp digital flехor tсndinitis and infеrior
сhесk ligamсnt dеsmitis.

Horsеs with a prеvious history of an infеrior сhесk
ligamеnt dеsmotomy, fесLlffеnt infеrior сhесk ligamеnt
dеsmitis, or ovеf-at-thе-knее of сontfaсtеd flехor сonfof-
mation should bе trеatеd morе vigoгously, with a longег
pеriod of сontrollеd ехеrсisе bеforе rеturn to rigorous
еxегсisе. Horsеs with еlеvatеd hееls, flеxion of thе mеta-
сafpo- oг mеtatarsophalangеal joint, and a proli1Ъrativе
infегior сhесk ligamеnt dеsmitis with adhеsions bеtwееn
thе infеrior сhесk ligamеnt and thе supеrliсial and dееp
digital flехor tеndons shotrld also bе givеn a guardеd to
gravе prognosis. Infеrior сhесk ligamrnt dеsmotomу has
bееn usеd with littlе suссеss in this gгoup of hoгsеs.
Somе sttссеss has bееn rеportеd with this stlгgеry in a
fеw horsеs with supеrfiсial digital flехor tеndinitis, infе-
rior сhесk ligamеnt dеsmitis, and postural dеfoгmitiеs
at fеst.4l'rr

lnferior Cheсk Ligamеnt Desmotomу

Ultrasound-guidеd transесtion of thе infеrior сhесk liga-
mеnt (aссеssory ligamеnt of thе dееp digital flехor mus-
сlе) has bееn usеd strссеssftllly in hoгsеs with flеxural
dеformity of thе distal intеrphalangеal joint and thе mеta-
сarpophalangеal joint.198 With this tесhniqtrе, a transvеfsе
trltrasound viеw from thr latеfal aspесt of thе limb is
usсd to sеlесt thе sitе for a small (1 to 1.5 сm) inсision
adjaсеnt to thе latеfal еdgс of thе infеrior сhесk ligamеnt
in thе proхimal mеtaсafpal rеgion. Thе surgiсal sitе
should bе proхimal to thе insеftion of thе infеrior сhесk
ligamеnt into thе dееp digital flехor tеndon at a loсation
whеrе a hеmostat сan bе plaсеd brtwееn thе infегior
сhесk ligamеnt and dееp digital flехor tеndon and bе-
twееn thе infегior сhесk ligamеnt and strspеnsory liga-
mrnt to isolatе thе infегior сhесk ligamеnt fгom thеsе
two adjaсеnt struсtufеS. A smallеr surgiсal inсision, lеss
dissесtion of thе paratrnon' and thе plaсеmеnt of only
two or thгее slltllгеs in thе skin arе advantagеs of this
tесhniquе.l98 Aссidеntal сLltting of thе dееp digital flехor
tеndon is avoidеd with this tесhniqtrе, bесausе thе еntifе
infеrior сhесk ligamеnt is isolatеd ultrasonographiсally
bеtwееn thе two сurvеd hеmostats and is pullеd ollt of
thе inсision. Thе tесhniqllе fеdllсеd immеdiatе postopеf-
ativе wound morbidiryl98

Suspensorу Ligament Desmitis

Меdiсal and Surgiсal Intеrvеntiоn. Aggrеssivе mеdi
сal trеatmеnt fof aсutе suspеnsory ligamеnt dеsmitis
should bе institutеd as dеsсгibеd еarliеr. Thе strspеnsoц.
ligamсnt сan bе injесtеd with рAPN-F to aid ligamеnt
hеaling. Similaгly, splitting thе suspеnsory ligamеnt сan
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also bе сonsidеrеd in lrorsеs п.ith an aсLltе disсfеtе сorе
injury to thе strspеnsory ligamеnt. Thе splitting of thе
suspеnsory ligamеnt oг thr injесtion of intгalеsional
рAPN-F' or both, should bе сonsidегеd in horsеs in whiсh
a mofе сosmеtiс rеsult is dеsirablе. Botlr of thеsе tfеat-
mеnts shotlld rеsult in a smallеr сfoss-sесtional arеa of thе
suspеnsoЦ/ ligamеnt than would rеsult from сonsеrvativе
tгеatmеnt.

Thе hoгsе with suspеnsory ligamеnt dеsmitis should
bе stall rеstеd with hand walking tbr at lеast 2 months,
unlеss thе dеsmitis is vеry mild. In onе study, 86% oI
horsеs with proхimal sr-tspеnsory dеsmitis геturnеd to
woгk aftеr box stall rеst and сontrollеd еxеrсisе for at
lеast 2 months.ir.58 Most horsеs гесеivеd at lеast 3 to 6
months of this tгеatmеnt rеgimеn. Thе majority оf thеsе
horsеs showеd progrеssivе improvеmеnt in thе ttltгasсl-
nographiс appеafanсе of thе proхimal strspеnsory liga-
mеnt body.rз '8 Howеvеf , on|у \7% of horsеs with proxi
mal suspеnsory dеsmitis in thе hindlimb wеrе ablе to
геturn to full work. If thе horsе is lamе, tlrе pеriod of
stall rеst with hand walking should ехtеnd until thе horsе
has bееn sottnd foг sеvеral wееks. A gradually inсrеasing
pеriod of сontrollеd ехегсisе сan bе instittltеd at this
timе similar to that dеsсribеd fоr horsеs witlr tеndon
injuгiеs. Thе aсlvanсеmrnts in tlrе еxеrсisе pfogram
should oссuг whеn sorrographiс monitoring irrdiсatеs im-
pfovеmеnt сonsistеnt with hеaling and геmodсling of thе
ligamеnt. In many horsеs, thе dеgrее of lamеnеss appеafs
to bе dispropoftionatе to thе sеvегity Of thе sllspеnsory
ligamеnt iniury. Сarеftll еvaltlation of thе surrounding
stfllсtuгеs suсh as thе сarpus, pгoхimal mеtaсafpus of
mеtatafslls, sесond and tburth mеtaсarpal of mеtatafsal
bonеs, sеsamoid bonеs, anсl mеtaсaгpo- or mеtatarsopha-
langеal joint slrould bе pеrformеd to еnsttrе that сonсur-
rеnt problеms do not ехist. Thе total сonvalеsсеnсе of
horsеs with proхimal suspеnsory ligamеnt dеsmitis and
thе spееd сlf геsoltltion of thе lеsions wеге propoftional
to thе drgrее of lamеnеss, aссofding to onе author.58 Thе
inсidеnсе of rесurrеnсе оf proximal suspеnsoц. ligamеnt
dеsmitis in horsеs that havе rеturnеd to full мzork foг 1

}rеar of morе is lo.w. For thosе in wlrom thе lamеnеss
rесurs' howеvеr, a guardеd prognosis is waгrantеd.58

Prognosis. Thе prognosis for hoгsеs with suspеnsory
ligamеnt injuriеs dеpеnds on thе loсation and sеvеrity of
tlrе original injury, thе pгesеnсе of assoсiatеd bony lе-
sions, and thr qpе of work tlrat thе horsе pеrfbrms. Thе
pеrсеntagе сlf thе suspеnsolT ligamеnt's сross-sесtional
afеa that is damagеd is assoсiatеd with tlrе likеlihood of
thе horsе rеtuгning strссеssfully to гaсing and pеrforming
at its pfеvious lеvеl. Thorotrglrbrеd horsеs raсing on thе
flat havе thе poorеst prognosis for a suссеssftll fеtum to
raсing irftеr a suspеnsory ligamеnt injuц.; Standardbrеds
aге mofе likеly to frtllfn to raсing suссеssfully. Thе
prognosis for suspеnsory ligamеnt dеsmitis involving thе
body of thе strspеnsory ligamеnt is pooгеr than for tlrat
involving onl), thе proхimal susprnsory ligamеnt.58 Both
suspеnsory branсh сlisеasе and strspеnsory body disеasе
arе lrigh-risk problеms in thе Thoгoughbгеd raсеhorsе;
thry сan rеsult in сatastrophiс brеlrkdown of thе еntirе
suspеnsory apparatlls.58 Suspеnsory ligamеnt irrjtrгiеs сalr
bе сhroniс rесuгring problеms, pгimarily in Standardbrесl
гaсеhorsсs and trppеr-lеvеl drеssagе lrогsеs but also in
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Thorotrghbrеd raсеhorsеs (in whiсh thе problеm is lеss
сommon). Rесrrrrеnсеs arе also frеquеnt in 3.da1, еvеnt
horsеs сomparеd to еvrnt horsеs сompеting at lowег
lеvеls сlr in horsе trials for 1 day onl1..58 Horsеs with
prохimal suspеnsory ligamеnt dеsmitis in thе hindlimbs
had a poorеr prсlgnosis than hoгsеs with pгсlхimal sus-
pеnsory ligamеnt dеsmitis in thе fbгеlimbs in onе study.'8
In сontfast, Standardbrеd hoгsеs With hindlimb suspеn-
soц, dеsmitis сan fсtlrm sllссеssflllly to raсing.l-

No signiflсant diffеrеnсе oссtrrrеd bеtwееn thе pеr-
сеntagе of Thorotlgh|эrеd (75%) or Standardbreс| (78%)
horsеs with suspеnsoц. ligamеnt dеsmitis that wеrе ablе
to fеtlrrn to raсing and сomplеtе two StaГts withollt a
fесLlffеnсе of injury aftеr thе horsеs had bееn rеstеd and
trеatеd fof dеsmitis.l5 Thе majoritУ (82%) of Standardbгеd
horsеs that сo11tinuеd гaсing onсе thе suspеnsory liga-
mеnt injury was diagnosеd, howеvеr, wеrе also ablе to
сomplеtе two faссs without a rrсLlrfеIlсе of thе injury,
whеrеas onJlу 33% of Thoroughbгеd raсеhorsеs wеrе ablе
to do so.15

Thе ThorouEJhbгсd horsеs that wеге ablе to сontinuе
to faсr withottt fеst and trеatmеnt for thеiг suspеnsory
ligamеnt dеsmitis had small lеsions that rеprеsеntеd lеss
than 25% of thе ligamеnt's total сfoss-sесtional afеa''5
Tlrorotrghbrеd raсеhoгsеs with largе (lеss than 609.) VPе-
4 lеsions did not fеtufn to faсing suссеssfttlly еvеn .with

adеquatе rеst and tгеatmеnt of thе suspеnsory ligamеnt
dеsmitis. In this group of Thoroughbгеd raсеhorsеs, no
diffеrеnсе was fotrnd bеtwееn injuriеs to thе suspеnsory
ligamеnt body or branсhеs.

In Standardbrеd raсеhorsсs, lеsions in thе suspеnsory
ligamеnt body appеaгеd to havе a slightl1. bеttег progno-
sis than did lеsions in thе suspеnsory ligamеnt bгanсhеs.
Standardbrеd гaсеhorsеs with typе-3 ot tуpе-4 lеsions
involving gгеatеr th^n 40% of thе ligamеnt сross-sесtional
afеa Wеfе not suссеssful if kеpt in training' Standaгdbrеd
hoгsеs with T1ре-4 lеsions involving gfеatеr tlran 60% of
thе ligamеnt's сгoss-sесtional aгеa wеfе not suссеssful if
геstеd and trеatеd for dеsmitis.15 Althotrglr most Standaгd-
brеd raсеhorsrs afе ablе to сontinllе or rеtLlfn to гaсing,
tlrеir pегformanсе lеvеl is ustrally rеduсеd.58

Superticial Digilal Fleхor Tendinitis in thе Pastern

Injuriеs to thе supеrIiсial digital flеxor tеndon in thе
pastеrn must bе givеn a morе guaгdеd prognosis than
injuriеs to thе supегflсial digital flехor tеndon in thе
mеtaсarpal rеgion (sее Fig. 3-|\7). Rесrtrrеnсеs of supеr-
flсial digital flехor tеndon injuriеs afе morе сommon in
thе pastеrn, With both еvеnt hofsе and stееplесhasеrs
rсpoгtеd to havе a higlr гisk of гесurfеnсе of thеsе lе-
sions.7. Intralеsional BAPN-F has bееn usеd suссеssftllly
in sеvеral hoгsеs with lеsions of thе supеrliсial digital
flехor tеndon branсhеs.

Dеep Digital Flеxor Tendinitis in the Pastern

Injr'rriеs to thе dееp digital flеxor tеndon in thе pastеfn
Сaffу a guardеd prognosis, as in thе mеtaсarpal of mеta-
taгsal геgion. Intrathесal sodium hyaluronatе, сouplеd

Ve
tB

oo
ks

.ir



17a Сh.|ptеr J . Mшsculoskeletаl IЛtrаsonogrаphу

with annulaf ligamеnt dеsmotomу, should bе сonsidеrеd
for horsеs with arеas of lrbеr tеaring in thе dееp digital
flеxor tеndon, digital shеath tеnosynovitis, and annular
ligamеnt сonstriсtion. Intгalеsional BAPN-F may bе indi
сatеd in horsеs with signifiсant flbег damagе in thе dееp
digital flеxor tеndon in thе pastеrn if thе arеa is aссеssi
blе foг intratеndinous injесtion' Horsеs with dесp digital
flехoг tеndinitis in thе distal pastеrn rеgion andlof naviс-
ular disеasе should bе givеn a guardеd to gfavе prognosis.

Distal Sеsam0idean Ligament Desmitis

Tfеatmеnt for aсLltе injuriеs to thе distal sеsamoidеan
ligamеnts should inсludе aggrеssivе ..сooling out'' of
thеsе injuriеs. Stall rеst and hand walking arе indiсatеd
еaф on unlеss thе injury is sеvеrе. Trеatmеnt with in-
tralеsional рAPN-F should bе сonsidеrеd if intraligamеn-
tous iniесtion of thе drug is possiblе.

Prognosis for injuriеs to thе middlе and straight distal
sеsamoidеan ligamеnt must br guardеd, unlеss thе injury
is rеlativеly minoц bесausе fесuffеnt injuгiеs aге сom-
mon in this loсation. Horsеs with small arеas of flbеr
tеaгing at thе ofigin or insеrtion with еnthеsopathy or
small al'ulsion ffaсtufеs havе rеturnеd suссеssfully to full
athlеtiс funсtion. If thе injuriеs arе sеvеrе' thе limb
should bе sllppoгtеd with a ..hеaчy-duty'' suppoft Wrap,
a Robеrt Jonеs bandagе, or a brеakdown dеviсе suсh as
a Kimsеy splint. AIthfodеsis is oссasionally indiсatеd with
сomplеtе disruption of thе distal sеsamoidеan ligamеnts
and геsultant loss of joint stability.

Аnnular LigamenI Desmitis

If thе horsе has еxpеriеnсеd primary anntrlar ligamеnt
dеSmitis, tгеatmеnt should inсludе aggrеssivе anti-in-
flammatoгy thеrapy, as foг othег tеndinous and ligamеn-
tous injuгiеs, in сonjunсtion with a сarеftllly сontгollеd
ехеrсisе pfogfam. Fеtloсk annular ligamеnt dеsmotomy
should bе сonsidеrеd for horsеs in whiсh thе annular
ligamеnt сonstfiсtion is idеntifiеd as thе сausе of lamе-
nеss and in whiсh no sеvеfе flbrinous tеnosynovitis lпrith
adhеsions of thе flеxof tеndons to thе digital shеath
еxists. Somе authoгs havе found annular ligamеnt dеs-
motomy not to bе worthwhilе in horsеs with injury to
thе supеrflсial digital flехor tеndon and an annular liga-
mеnt dеsmitis.r]l Howеvсг, many sufgеons havе had good
сliniсal fеsponsе to this suгgеry' if adеquatе tfеatmеnt of
thе supеrflсial digital flехor tеndon injury is also pеr-
formеd. A good fеsponsr has also bееn rеpoгtеd in
hoгsеs with dееp digital flехoг tеndinitis.

Superior Check Ligament Drsmitis

Loсal injесtion of thе сarpal shеath with hyaluroniс aсid
and сortiсostеroids сouplеd with rеst has allowеd thе
majority of affесtеd horsеs to fеtufn to thеif prеvious
lеvеl of сompеtition in 1to 6 months.'r Hyaluroniс aсid
alonе without сoftiсostеroids should bе сonsiсlеrеd in
thosс horsеs with signifiсant flbеr damagе in thе supеrfl-

сial digital flеxor tеndon in addition to thе supегior сhесk
ligamеnt dеsmitis.

Biсipital Tendinitis

Thе pгognosis 1br horsеs with biсipital tеndinitis is faif
to pooг for rеturn to full athlеtiс funсtion. Thе prognosis
dеpеnds on thе sеvегity of thе initial tеndon injury, thе
dеgrес of assoсiatеd biсipital buгsitis, tlrе adhеsions that
may bе pfеsеnt bеtwееn thе biсipital tеndon anсl thе
bursa, and thе surrounding musсtrlar abnormаlitiеs.

Еxlensor Tendinitis

Pгognosis is usually good to ехсеllеnt foг horsеs with
ехtеnsof tеndinitis, unlеss сo;nplеtе гupturе of thе tеn-
don has oссtrrrеd. Thе horsе trstrallу геmains sound and
is ablе to еxtеnd thе limb without difflсulб,, trnlеss thе
tеndon is sсvеrеd. Hoгsеs with еxtеnsor tеndon injuгiеs
should bе trеatеd aggгеssivеl1. for thе tеndon injuч- as
indiсatеd еaгliеr and should undегgo a hand-walking ехеr-
сisс pгogram. A gradually inсrеasing loчz-lеvеl сontfollеd
еxеrсisе program сan bеgin 2 months aftеr most injuгiеs;
if thе tеndon is сomplеtеly fuptllrеd, additional timс is
usually nееdеd bеforе thе horsе сan ехtеnd thе limb
and bеgin thе progгam. Although thе formation of a
pеritеndinоtrs sсar is сommon bесatrsе of assoсiatеd soft
tissuе trauma, this гaгсly limits thс funсtion of an ехtеn-
sof trndon. Pеfsistеnt tеnosynovitis of thе injurсd tеndon
shеath with intгatеndinous adhеsions is also сommon.
but is rarеly morе than a сosmеtiс problеm.

G a stroсn e m i us тen d i n itis

Thе prognosis for horsеs with gastгoсnеmitrs tеndinitis
mtrst bе somеwhat guardеd until adеquatе timе has
passеd to еvaluatr thе horsе's rеsponsе to thеfap),. Ini-
tially, trеatmеnt should inсltrdе aggrеssivе сooling out of
thе injuгy as prеviotrsly dеsсгibеd, сouplеd with stall rеst
and hand walking. A gradually inсrеasing pfogгam of loчr-
lеvеl сontrollеd ехегсisе is idеal to rеturn thе hoгsе to
work, but should not bеgin until thе horsе is sound.
Follow-tlp of fivе horsеs with gastfoсnеmius tеndinitis
rеvеalеd littlе improvеmеnt in soundnеss 2 to 3 months
aftеr thе initial ехamination, but long-tеrm follow-up was
not availablе.61 In a rеpoгt of сommon сalсanеal tеndini
tis, both hoгsеs rеturnеd strссеssfully to thеif pгior pеr-
formanсе lеvеl aftеr a prolongеd pеriod of box stall геst
followеd by gradually inсrеasing amounts of сontrollеd
ехеrсisе.65 Thе usе of flехiblе сarbon flbеr implants in
thе gastfoсnеmius tеndon of a foal in whiсh thе tеndon
was al.ulsеd from its insеrtions has bееn rеportеd..3r Thе
lilly was slightly lamе 15 months aftеr strrgеry, but shе
had no othеf problеms assoсiatеd with thе gastroсnеmius
tеndon ruptuге or rеpаiг.

Peroneus Tertius Tendinilis or Raptare

Thе prognosis for hoгsеs with rupturе of thе pегonеus
tеrtius tеndon is usually good, if thе horsе undегgoеs a
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prolongеd pеriod of stall rеst that еnablеs tеndon hеaling.
Aggгеssivе trеatmеnt of thе aсutе injury is indiсatеd as

dеsсribеd еarliег, but thеsе lroгsеs nееd a pеriod of stall
rеst whiсh lasts Llntil thе hoсk and stiflе сan no longеr
bе ехtеndеd simultanеously. Most affесtеd horsеs, if givеn
an adеquatе pеriod of stall геst, fесovеf normal sound-
nеss and a normal gait. Thе tеndon,s сross-sесtional atea
dесгеasеs, есhogеniсity improvеs, and linеar есhoсs rе.
tufn within thе tеndon, altlrough thеir oriеntation is
likеly to bе random. Thе pеritеndinous soft tissuе swеll-
ing usually rеsolvеs. Most horsеs havе littlе, if any, pеri
tеndinous sсar.

Patient Managemenl 0f тenosуnovitis and Bursilis

Tеnosynovitis. Thе prognosis for horsеs with nonsеp-
tiс trnosynovitis is good to еxсеllеnt. Trеatmеnt with
antiinflammatory drugs and rеst is indiсatеd for aсutе
nonsеptiс tеnosynovitis, with геtuf11 to work dеlayеd
until thе еfftlsion геsolvеs and doеs not fеturn onсе
tfеatmеnt is disсontinuеd. Intfathесal injесtion of сoгtiсo-
stегoids and/or sodium hyaltrгonatе is еffесtivе if сouplеd
witlr rеst. In horsеs with сhroniс nonsеptiс tеnosynovitis,
annular ligamсnt dеsmotomy may bе hеlpfttl in rеsolving
thе lamеnеss assoсiatеd \Й/ith pеrsistеnt distеntion of thе
tеndon shеath. It may also еnablе thе horsе to fеtum
suссеssfully to pеrformanсе with pегsistеnt tеnosynovi-
tis. Thе rеsults of annular ligamеnt dеsmotomy arе good
if no tеndon injury is pfеsеnt and if thе tеnosynovitis is
not flbгous and rеstriсtivе.

Thе rrltrasonogгaphiс ехamination should bе usеd as a
gtridе to loсatе thс optimal sitе for obtaining a synovial
fluid samplе for сulttrrе and sеnsitiviгy_ tеsting, if a sеptiс
tеnosynovitis is strspесtеd. Stегilе lavagе of thе infесtеd
tеndon shеath should bе pегformеd (Fig. 3-261) and
systеmiс broad-spесtrum antimiсfobials prеsсгibеd aftеr
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obtaining a samplе for сulttrrе аnd sеnsitivity tеsting.
Pегiodiс ultrasonogгaphiс еxaminations should bе pеr.
formеd to monitof thе trеatmеnt fеsponsе of thе tеndon
shеath anсl thе assoсiatеd tеndons (Fig. 3-265). Dеbridе-
mеnt of thе tеndon shеath may bе pеrformеd in horsеs
with multiplе libгinous loсulations or adhеsions within
thе tеndon shеath. Thе dеvеlopmеnt of any hypoесhoiс
to anесhoiс lеsions within thе tеndon сontainеd цzithin
thе shеath should prompt morе aggrеssivе flushing and
a possiblе сhangе in thе antimiсfobial rеgimеn. Hypo-
есhoiс oг anесhoiс lеsions in thс tеndons may also dе-

vеlop as a rеsult of adhеsions, indiсating a pooг pгognosis
(Fig. 3_266)' In thе еnd stagе following suссеssful геsolu-
tion of sеptiс tеndinitis and tеnosynovitis, a funсtional
rеsult may not bе possiblе trесausе of thе sеvегiгy of thе
tеndinous damagе that oссuffеd and thе fеsultant mass
o[ sсar tissuе tFig. 3.26- l.

Horsеs with tarsal shеath tеnosynovitis and assoсiatеd
bony abnormalitiеs of thе sustеntaсulum tali havе a
poofеf prognosis foг sotndnеss.116. r.J8 Adhеsions within
thе tarsal shеath arе also morе likеly to rеsult in sound-
nеss problеms and in lеsions Within thе dееp digital
flеxof tеndon, сatrsing lamеnеss.

Bursitis. A nonsеptiс buгsitis in most loсations usually
сarriеs a fat/rу good prognosis. Tfеatmеnt of thе bursitis
should сonsist of antiinflammatory drugs and rеst. Sеptiс
bursitis сarriеs a mofе guaгdеd prognosis and should bе
trratеd aggrеssivеly with lavagе (if possiblе) and antimi-
сrobials (basеd on thе rеsults of сultuге and sеnsitivity
tеsting).

Bicipitlll Bшrsitis. Thе prognosis for horsеs with bi
сipital bursitis is variablе and dеpеnds on thе pfеSеnсе of
absеnсе of sеpsis, thе amount of damagе to thе biсipital
tеndon, thе adhеsions that foгm within thе buгsa, and
thе prеsеnсе and sеvеrity of an1. undеrlying bony abnor-
malitiеs. Horsеs with biсipital bursitis with aсutе onsеt
of swеlling and lamеnеss rеfегablе to thе shouldеr геgion,

Figure 3-264
Sono€]гams of a sеptiс di€.ital shеath tеnosynovitis witlr a srрtiс supеrfiсial digital tlехoг (sDF) tеndinitis in thе lеft hindlimb that was tгеatеd with
thе instillation of a.Iaсkson-Pгatt (Baхtег Hеalthсarе сoгpoIation, Dееrhеld. ]L 60015) drain' obtainеd fronr a 5-уеaг-olсl Aгabian mafе Thеsе

s6nogгams wеrе otrtainесl iл zonе 4I3 at 40 сm distal to thе point of thе hoсk with a 7 
'-MHZ 

sесtoг-sсaпnег transdtlсег сontainiпg a built-in fluid

offsеt at a displa1,еd dеpth of 6 сm DDF, dееP digital flехoг tеndoп
,4. Notiсе thе сtеfесt in thе skirr aпd thе shadow сгеatеd bv thе еdgе of thе dгain ехiting thе Skin (аrrou)) Loss of thе rrormal есhogеniсitу of

thе latегal aspесt of thе SDF and raпсlom flbеI alignmеnt oссLrr' сonsistеnt with sеptiс tеndinitis .I.hе latегal aspесt of thе SDF is diffiсult to

гесognizе. , in.111n,1 Iinding in sеptiс tеndinitis Thе гight sidе of thе Sagittat viеw (right im.1gе) is proхimal and tl.tе lеft sidе is distal. Thе fight

sidе оf thе tгaIrsvегsе Уiеw aеrt inlаgе) Is latегal and thе lеft sidе is mеdial
,B, Notiсе thе hvpеrесhoiс intеггuptеd есhoеs from thе dгдin (аrrou)s) withiл thе digital Shеath alоng thе sidе of thе DDF
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Figure 3-265
sonoglams of a sеptiс tеndinitis and digital shеаth tеnos1.no\'itis i11 thе гight hinс| p:rstеrn. olltaitlесl trom a 6.1.g21-Old Тhсlгotlghbге(| n].rге at tlrс
Onsеt of (А) ltлсI aftег l month (B) сlf aggrеssivе tгеatmеnt Tl]еsе sоnogгanrs wеrе obtainеd iп Zollе P1R lvith a ] 5-мнZ sесtor-sсanПег trllnsdrlсеI
сontаininЕ. a built-iп fluid ot1Ъсt at a disp[:r1.еd dеt)th of 6 сп

,{, NOtiсе thе lагgе аnесhoiс <lеfесt (аrroш1 itl thе doгsal and mесlial aspесt of thе dееp digital tlехOг tеldon (DDЕ) r,isualizесl in both thе
transvеrsеуiеvi.-(rightiqlаge)andthеsagittalviеwQеftiшаge) TItе shapеоf thеDDFisdistoгtеdanditappеaгsadlrеrесl tothеsllpсгfiсixldigital
flехoг tеnсlon (SDF) along its 1lаlmaromсdial lspесt, соnIirmесl сlп a фnamiс ultгasotlnсl sсxn SDSI,, stгaight distal sеsanroidеan ligamеnt

,B. NOtiсе tl-tе dесгеаsе in sizе of thе dеtъсt iп t[-tс dorsal and mесliаl aspесt of thе DDF (lаrgе аrroш'), bеst imagеd in thе tгaпsуеrsе уiеw (lф
iпlаgе). сompaгеd to thе Prе\.ious еxam 1 mоnth еxfliег Somе short liпеaг есl.roеs aге dсtесtеd u'ithin thе DDF iп thе sаgittal \'iеW (lеft iп.|gе)'
indiсxtingеaгl.vгс1lairTlrisdig,itlrlshеаthhaсttlсеrraggгеssivеl'vlavagеdandthеhoгsеhadbеепгесеir.ingilltfavепoL|s
rеsultsofсultrrгеandsепsiti\,it!tеstingOfthеs-YnoviaIfrridоbtainеdfгсlmthеdiЕ.italshеathatргеsепtxtiOnllOwе\,ег.thеsD}.andDDF;lгеl1o.
moге difliсult to distingllish from orrе aпоthеr. suggеstilrg morе adhеsiorrs Ьеts.ееп thе twо tсtldоns

with no othеf abnormalitiеs prеsеnt, havе thе bеst prog-
nosis. Aggrеssivе lavagr of thе sеptiс biсipital btrгsa and
administration of appfopгiatе antimiсfobials фasеd on
thе rеsults of сultufе and sеnsitivity tеsting of thе fluid)
сan rеsult in thе lrorsе rеturning strссеssfttlly to raсing.
Arthrosсopiс dеbridеmеnt of flbrinor'rs lсlсulations and
adhеsions has bееn Dсrfoгmrd suссеssfullY in somе

Figure 3-266
Sonоgrams of aп aгеa of fibег tеlгing in thе dсеp digit:tl flсxог tепdon
(DDF) .lssoсiatеd with a сhгoniс (pгеviotlsl1'sеPtiс) digital shеath tеno-
sYпovitis and adhеsions bеtwееn tl.rе supеrliсial (Sl)F) and dеер digital
tlехor tеndons 1rt thе lеvеl of thе nrеtatarsoplralangеal joint (samе horsе
as in Fig J 265) Notiсе thе aflесlroiс sеmiсirсtLlaf сlеtеct (аrrotus) in
thе епlargесl DDг with loss оf thе norrпal libег pattегn T1rеsс soпo-
gIams wеге сlbtainесt with a widс-bandwidth 6 o-MHz miсгUсOп\-сх
linеaг-arгa\. tfaпsduсеf opеrating xt l.0 0 мlIZ at a displa1.еd сlеpth of.i
сm. Thе riglrt sidе of thе transvегsеviеw (lф i|?lсrge) is latегal and thе
lеft sidе is mеdial Tlrе figlrt sidе of thе sagittal viсW (ri,gbt ilnаgе) is
pгoхimal an(l thе lеft sidе is distal

horsеs with biсipital bursitis. Pегsistеnt lamеnеss is morе
likеly in horsеs with ostеomyеlitis, biсipital tеndinitis,
and adhеsions bсtwееn tlrе biсipital bursa and thе bi
сеps tеndon.

Fistulous witlэers апd PoIl ,Е'ail Horsеs With lrstll-
lous withегs must bе givеn a €.uardеd to fair pro€.nosis.
Loсal drainagе and lavagе сollplеd with lon€.-tеrm antimi

Figure 3-267
Sсlлogгams сlf a сhгoniс fibгous digital shеath tеnosуnovitis With edhе
sions Ьсtwееn thе flеxoг tеndons :Lпсl сligitаl sl]еath sесondxг\- tO i
sеptiс tеnosYnovitis' obtainеd fгоm a 9-l.еar-olсl AгaЬiаn сгсlss gеlrlirrg
Notiсе thе hеtеtogеrrесltrs есhogепiс tO h).pеfесhoic appеlпrлсе of tl.tе

srrpегflсial (SDF) and dееp digital flсxof (DDF) tеndorrs. With inaЬility
t() sеpafаtе thе two tеnсlоrrs sonogrlphiсall1,frоm еaсlr оtl.rеf of fгom
tl-tе digital slrсath (TS) .wjtlr d)'naпriс sсxпninЕ] thсsс stгLlсtllfеS all
mоуеd as onе T1rеsе soпоgfams s.сrе obtainеd W-ith a 7 5-MHZ sесtof-
sсannег transduсеr сOntirining a built-in flrrid of1Ъеt at a displaуеd dерth
of 5 сm Thе right sidе of thе tfansvеtsе tiеw (lеJ.l it|1dgе) \s I.,LIеril

aпd thе lеft sidе is mеdi;rl Thс гight siсlе of tlrе sagittal viеW (,,1gЙl

imаgе) is pгoxinul and thе lеft siсiс iS distal
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сfobial thегaрy basеd on сulturе and sеnsitivity tеsting
may bе еffесtivе in horsеs with no forеign bodiеs or
еvidеnсе of ostеomyеlitis. Thе fluid aspiratеd from thе
fisttrlous withеrs should bе сulturеd foг Brucеllа
аbortus.|1. Thс platе agglutination tеst is morе sеnsitivе
and spесifiс 1br antibody to B. аbortus.tat Hoгsеs that
wеге rхposеd to сattlе of othеr horsсs from thе W.еst
arе muсh morе likеly to havе a positivе сultuге for B.
аbortus.\a| lal Srшgiсal dеbridеmеnt of infесtеd tissuе,
rеmoval of forеign bodiеs, and сuгеttagе of thе affесtеd
bonе is indiсatеd if ostеomyеlitis is pгеsеnt or if foгеign
bodiеs afе dеtесtеd. In onе fеport, 59% ot hoгsеs with
Iistulous withеrs tfеatеd suгgiсally rесovсrеd; fесuffеnсе
was rеportеd in thе othеt 41'% (4 ot 9 horsеs) of thеsе
horsеs.'a' Thе сhanсе of a suссеssful outсomе with mеdi-
сal oг surgiсal managеmеnt is impгovеd with еarly diag-
nosis, сulturе and sеnsitivity tеsting, and trеatmеnt with
appropriatе long-tегm antimiсrobials. A similаr prognosis
сan bе givеn for horsеs with poll еvil.

Horsеs with trauma to thе withеrs from pooф fltting
taсk or fraсtuге of thе dorsal spinous proсеssеs in thе
withегs havе a bеttеr pгognosis for rеsolution of thе
withеrs swеlling and rеtuгn to suссеssftll pеrformanсе
than do horsеs With fiStulous withегs. Thе horsеs should
bе givеn antiinflammatory dfugs and геst until thе swеll-
ing in thе withегs has rеsolvеd. Сarеful геfltting of thе
saddlе may bе nессssary if thе sizе and shapе of thе
withеrs has сhangеd.

Nаaicшlаr Bursitis. Horsеs with naviсtrlar bursitis
must bе givеn a guaгdеd to poor prоgnosis. Surgiсal
dеbridеmеnt and drainagе of this atеa maу bе indiсatеd
in horsеs with sеptiс bttrsitis.

Patienl Managemenl of Neuromas

In horsеs that havе tmdеrgonе postеfiof digital nеufесto-
miеs, ultrasonography сan bе vеry usеful in idеntifying a

nеuroma and dеtеrmining its ехtеnt. Sonographiс moni-
toгing сan bе tlsеd to monitor thе horsе,s rеsponsе to
tгеatmеnt or to dесidе at what lеvеl thе nеrvе should bе
surgiсally rеsесtеd to fеmovе thе nеLrгoma in its еntifегy.
In horsеs with intaсt nеrvеs and nеuromas that wеrе
dеtесtеd ultгasonographiсally by this atrthor, nеuronal
swеlling and sеnsitivity has rеsolvеd пlith antiinflamma-
tofy drugs and rеst.

PatienI Management o| Musсular Аbnormalilies

Rеpеatеd ultrasonographiс еvaltration of injuгеd musсlе
еnablеs tlrе сliniсian to makе dеtегminations abolrt mlls-
сlе lrеaling that еnablе antimiсfobial agеnts to bе disсon-
tinuеd (Fis. 3_268), if infесtion was pfеsеnt, or to bеgin
low-lеvеl ехеrсisе, if musсlе rеpair has progгеssеd to thе
appropfiatе point. A good prognosis сan bе givеn to
most horsеs with musсlе absсеssеs. unlеss thе assoсiatеd
musсlе libеr disruption is sеvеfе or thе infесtion doеs
not fеspond to appгopгiatе antimiсrobial thегapy. Most
lroгsеs with musсlе fuptufе also havе a good prognosis
unlеss thе musсlе гupturr is сomplеtе and сatastrophiс.
Fibгotiс myopathy may bе a long-tеrm sеquеlaе in horsеs
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Figure 3-268
Sonogгam of a rеsolving песfotiс myositis and absсеss in thе lеft
sсalеnus mtlsс]е of an 8-yеar-old Tlrоroughtltеd Е.е]dilrЕ. Notiсе thе
small hуpoесhoiс сorе in thе mtlsсlе |эеl.|7'(аrrouls)' wlriсh still has a

slightlу laгgег-than-noгmal сontorrг This sonogгam was obtainеd with a

7 5-МНz sесtof-sсannеf tгafrsduсеf сontaining a built-in f]uid off.sеt at a

displa1.еd dеpth of 6 сm Tlrе fight sidе of thе sonogгam is ргoximal
and thе lе1t sidе is distal

with musсlе absсеss or musсlе rupturе. Ultrasorrnd-
guidеd musсlе biopsy should bе pеrformеd in horsеs in
whiсh a nеoplasm is suspесtеd or to сonlirm thе typе of
сеllular сhangеs pfеsеnt in thе musсlе that aге сrеating
thе abnoгmal sonographiс appеafanсе.

Patiеnt Managemеnt ot Bunу Аbnormalities

Ffaсtufеs. Thе trltrasonographiс dеtесtion of a fгaс-
turе fragmеnt in an arеa amсnablе to radiogгaphiс еvalua-
tion should prompt radiographiс ехamination of thе arеa
using thе sonographiс information to dеtеrminе thе nес-
еssary viеws whiсh will dеmonstratе thе fгaсturе. Hoгsеs
with ffaсtufеs should rесеivе stall геst until ultrasono-
graphiс геехamination геvеals bon-v геmodеling adеquatс
for thе hoгsе to bеgin a pfogram of low.lеvеl gradrrally
inсгсasing ехеrсisе. Ffaсturеs of thе wing of thе ilium
havе a favorablе prognosis, pгovidеd thе saсroiliaс joint
is not affесtеd. stall rеst fof 3 to 4 months, trstrally in
сfoss tiеs for thе Iirst 4 wееks to pгеYеnt thе hoгsе from
lying down, is rесommеndеd. Thе affесtеd horsе сan
oftеn bе turnеd out 3 to 4 months afi[ег sustaining a
pеlviс fraсturе, if sonographiс еvidеnсе еxists of signili-
сant bony bridging and rеmodеling. Мost horsеs with
fraсturеs of thе пring of thе ilitrm arе геady to геttrfn to
raсе training 6 months aftеr thе fraсttrrе oссurrеd. Thе
majority (77%) of horsеs in onе largе study of pеlviс
fraсturеs had a positivе outсomе, although most of thеsе
horsеs wеfе not геtuгnеd to athlеtiс ftlnсtion.16a Aсеtabu-
lar fraсturеs usually сarr]- a poofег prognosis for maхimal
athlсtiс funсtion, although at lеast onе horsе has rеturnеd
to raсing aftеr an,:r aсеtabular fraсturе and sеvеral othеrs
havе rеturnеd to athlеtiс pеrformanсе..6* Pеriodiс ultгaso-
nographiс ехamination сan bе usеd suссеssfully to moni
toг fгaсtttге hеaIing (Fig. J_269).

ostеitis and ostеomyеlitis. Thе dеtесtion of a fluid
layеr immеdiatеly adjaсеnt to thе bonе that is not within
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Figure 3-269
Sonogram of a hеaling ffaсtuге of thе sесond mеtaсaгpal bonе, obtainеd
fгom a 6-yеaг-old Агabian gеlding Notiсе thе bгidgiпg of thе fraсturе
sitе and thе pеrsistеnсе of somе soft tissuе swеlling adjaсеflt to thе
fraсturе sitе This sonogfam was obtainеd in Zoпе 3^ 

^t 
22 сm distal

to thе point of thе aссеssory сaгpal Ьоnе with a 7 5-МHz sесtor-sсannег
tfansduсеI сontaining a built-in fluid offsеt at a displayеd dеpth of 5

сm Thе гight sidе ofthе sonogram is pгoхimal and thе lеft sidс is distal

a synovial struсturе shotrld pгompt an Lrltrasound-guidеd
aspiration of biopsy. Thе samplе should thеn bе submit-
tеd for сultufе and sеnsitivity tеsting.l()3 Broad-spесtrum
antimiсfobial drugs сan bе institutеd whilе awaiting thе
геsults of сulturе and sеnsitivity tеstin8. Thе sonographiс
flndings сan bе usеd to suссеssfully drain an aгсa or to
dеtеrminе thе bеst approaсh for сurеttagе or rеmoval of
a sеquеstrum. сurеttagе of thе infесtеd bonе, сouplеd
with bfoad-spесtrum baсtеrioсidal antimiсfobial thеrapy,
should bе pеrformеd whеnеvеr possiblе. A samplе for
сultufr and sеnsitivity tеsting сan also bе obtainеd at thе
timе of sufgеry' if surgеry is an option.

Surgiсal drainagе and сufеtta8r of ostеitis, ostеomyеli-
tis, and bonе absсеssеs haYе a good pfognosis if thr
oгganism сausing thе infесtion геsponds to long.tеrm
antimiсfobial tгеatmеnt. l03 Rеsolution of ostеomyеlitis oс.
сurrеd in 21 of 30 horsеs for whiсh long.tегm follow.ttp
was availablе aftеr surgiсal dеbгidеmеnt of thе infесtеd
bonе andlor long-tеrm antibiotiс thеrapy.103 Thrее of thс
horsеs that did not гесovег diеd of сompliсations unfе.
latеd to thс ostеomyеlitis. For thе rеsolution of thе ostеo-
myеlitis to oссur' rеmoval of an infесtеd implant may bе
nесеssary onсе fraсtuге hеaling is adеquatе. Until implant
геmoval сan bе pеffoгmеd, howеvег, broad-spесtrum an-
timiсгobial thеrapy is indiсatеd basеd on thе rеsults of
сulturе and sеnsitivity tеsting. Thс prognosis foг foals
with ostеomyеlitis involving thе vсrtеbгaе must bе morе
guaгdеd, bесausе signi-flсant dеstrtrсtion of thе vеrtеbfal
body has oftеn oссurrеd by thе timе сliniсal signs aге
dеtесtеd.108

In horsеs with suspесtеd ostеomyеlitis of thе pгoximal
sеsamoid bonеs, thе digital shеath oг fеtloсk joint should
bе aspiratеd and a samplе submittеd for сtrlturе and
sеnsitivity tеsting if ultrasonographiс, сliniсal, of fadio.
graphiс findings aге сonsistеnt with sеpsis. If thе digital
shеath and fеtloсk joint appеaг noгmal' an ultrasound-
guidеd aspiгatе of a сystiс lеsion on thе surfaсе of thе

sеsamoid bonе сan also bе pеrfofmеd to obtain a samplе
foг сulturе and sеnsitivity tеsting.

PatienI Management ot Juinl АbnormaIitiеs

Ultгasonography сan bе hеlpful in flnе-ttning thе prog-
nosis for horsеs with joint abnormalitiеs, dеtеrmining
whеrе and if afthroсеntеsis is indiсatеd and whеthеr a
fraсturе fragmсnt is aгtiсulaг, or whеthеr it is frее floating
or attaсhеd. Thе sеvеrity of thе сartilaginotrs damagе сan
bе assеssеd in thе visiblе poгtion of thе joint, and thе
еxtеnt of involvеmеnt of thе undеrlying subсhondral
bonе dеtеrminеd. Thе radiographiс dеtесtion of ostеo-
сhondral fragmеnts сan bе сomplеmеntеd by thеir ultra-
sonographiс еvaluation. Thе еxtеnt of thе damagе to thе
artiсular сartilagе and subсlondral bonе сan bе fuгthеr
еvaltratеd, ostеoсhondгal fragmеnts сan tlе prесisеly lo-
сatеd, and small lеsions that may not bе visiblе radio-
gгaphiсally сan bе dеtесtеd ultrasonographiсally. Сommu-
niсation of a subсhondra| area of ostеomyеlitis with thе
joint сan bе dеtесtеd ultгasonographiсally and сarriеs a
poofеr pгognosis than bony infесtions without artiсular
involvеmеnt.95

Thе hеaling of сollatеral ligamеnt injuriеs and thе asso-
сiatеd pегiostеal prolifеrativе сhangеs сan bе monitorеd
sonographiсally (Iig. 3-270). Thе prognosis fof fеturn to
full athlеtiс funсtion is guardеd to poof for hoгsеs with
injuriеs to thе сollatегal ligamеnts of thе сafрus, сoхo-
fеmoral joint, and сfuсiatе ligamеnts. Thе bеst that сan
oftеn bе hopеd foг is salvagе of thеsе animals for brееd-
ing puгposеs. Thе prognosis for horsеs with injuriеs to
thе сollatеral ligamеnts of thе сubital joint, mеtaсarpo-

Figure 3-270
sonogIam of a small anесhoiс еfftlsioп in tlrе mеdial сomPartmеnt of
thе lеft fеmorotibial ,oiгlt with a smooth aгеa of pеriostеal pгolifеration
(аlтсltll) along thе distal fеmur. оbtairrеd fгom a l3-уеaг-old Hol-
stеinеr gеlding Thе bony pгolifеration along thе distal fеmur is immеdi-
atеly proхimal tO thе mеdial mеnisсus, part of whiсh is imaЕ.rd on thе
sonogгam Thе сгaпial margin of tlrс mесlial mеnisсus is flush with thе
сranial margin of thе distal fеmrrr and proхimal tibia Thе рoгtion of
thе mеdial сollatегal ligamеnt imagеd ovег thе mеdiаl mеnisсus is
thiсkег than noгmal aпd has a гandom flbеr pattеrn сOnsistеnt with a

сhfofliс inaсtiYе сollatеral ligаmеnt dеsmitis This sonogram was ob-
tainеd with 

^ 
7 5-i$Hz sесtoг-sсannеf transduсег сontaining a brrilt-irr

fluid offsеt at a displayеd dеpth of 6 сm. Thе right sidе of thе sagitta]

sonoЕ]гam is pгохimal aлd thе lеft sidе is distal
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or mеtatafsophalangеal joint, proхimal intеrpha|aлgеa|
joint, fеmoгotibial joint, and tarsus is bеttец unlеss thеsе
injuгiеs arе sеvеfе and fеsult in maгkсd joint instability.
If mеnisсal injuгу is dеtесtеd, a partial' mеnisсotomy сan
bе сonsidеrеd in sеvеrеly lamе horsеs, mostly as a salvagе
proсеdurе. This suгgеry has rеsultеd in signifiсant im-
pfovеmеnt in thе sеvегity of lamеnеss in sеvеral horsеs
with mеnisсal damagе

Injury to thе сranial or сaudal сruсiatе ligamеnt сan bе
diagnosеd ttltrasonographiсally' most likеly with a high
spесi-flсity and low sеnsitivity. Thе геsults of ultгasono-
graphiс еvaluation сan bе usеd to formulatе a mofе aссu-
fatе pгognosis and to guidе thе сliniсian as to thе appfo-
priatеnеss of thеrapy and thе likеlihood of a good
outсomе with thе availablе intегvеntions.
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Ultrasonogгaphiс еvaluation of thе thorax is сommonly
pеrfoгmеd in hoгsеs.1-r Thoraсiс riltrasonography yiеlds
information about thе lung and plеural сaviq. hегеtoforе
unavailablе to thе vеtеrinarian (Tablе 4-I1 ,-'u Сonsolida-
tion, plеuropnеumonia, absсеssеs, granulomas' tumofs,
pеnеtfating thoraсiс wounds, and diaphragmatiс hеrnias
havе all bееn dеtесtеd ultrasonographiсally in thе lung
oг plеural сavity of horsсs..-8''o' '' Thofaсiс гadiographs
wеге thе standaгd imaging modality of thе lowеr rеspira-
tory tfaсt and rеmain vеry usеful, paгtiсulaф in horsеs
with intегstitial pnеumonia' pulmonary еdеma, сhroniс
obstruсtivе pulmonaгy disеasе (сoPD)' ехеrсisе-induсеd
pulmonary hеmorrhagе (ЕIPЕI), pеnеtrating thoraсiс
w.ounds, blunt thoгaсiс tfauma, diaphragmatiс lrеrnia,
and suspесtеd mrtastatiс nеoplasia or diffusе granuloma-
tous disеasе (Tablе 4-|1., з'5'6 12 21 Thoraсiс гadiography
has sеvеral disadvantagеs' howеvеr (.|ab|е 4_2).2. з' з. 6' 12' 22

only latегal thofaсiс radiographs сan bе obtainсd in
adult horsеs, rсquiтing four ovеrlapping fllm plaсеmеnts.2.
.' 12' 11' 2|J' 23' 2,1 .I+hе 

rypiсal portablе x-ray maсhinе usеd in
еquinе praсtiсе сannot bе usеd to obtah goodqualiф lat-
еral thofaсiс fadiogfaphs in thе adult horsе. Instеad, a

Table 4-1
Preferred lmаging Modаlity fol Diagпosis of Equiпe Thoraсiс
Diseases

Radiography U Itrаs0п0g raphy

сH

Intегstitial pnеumonia (viгal)
Pulmonaгу еdеma
сhroniс obstruсtivе pu]monaf),

сlisеasе (СoPD)
Ехегсisе-induсеd pulmoпary

hеmorгhagе (ЕIPH)
Dееp pulmoпary absсеss
Diffrlsе granulomatous disеasе
Difftlsе nеoplasia
Diaphragmatiс hегпiа
Pпеumothorax
Pulmoпaгy fibrosis
Pеnеtfatiflg thoгaсiс wound
B]unt thoгaсiс traumll

Plеrrгopnеumonia
Supеrfi сial pulmonaгу absсеss
Nесгotizing pпrumonia
Bгoпсhoplеural listula/absсеss
Мultifoсal gf anulomas/nеoplasia
сгanial mеdiastinal aЬsсеss
сranial mеdiastinal nеoplasia
Diaphragmatiс hегnia
Pnеumothofax
Pu-lmoпaгy lrtrгosis
Pеnеtfatiлg thofaсiс Wound
Bllmt thoгaсiс tгauma

largе maсhinе with hiф milliampеragе and kilovolt pеak is
nееdеd, somеthing that is usually availablе only at rеfеrral
сеntеfs.] '.6. 

|2' |1' 23,2.1 .I-hе mеdiastinrrm, гight apiсal lung
lobе, and lung ovеrlying thе сardiaс silhouеttе сannot br
сгitiсally еvaluatеd owing to thе difflсulty of pеnеtfating
thе сгanial vеntгаl portion of thе thoгaх radiographiсally
and thе supегimposition of thе hеart and lung.'(.'2] Small
plеuгal еffusions arе еasily missеd Йdiogгаphiсally but arе

dеtесtablе u1tmsonogгаphiсaly..-r,. l] 1-' 19 Nеithеr plеuгаl
fluid nor pr'rlmonary parеnсhyma сan bе сharaсtегizеd in
horsеs with plеural еffцsion.2']' 5,6. l]' '' Many of thе сausеs
of inflammatory lшrg disеasе in horsеs havе similar radiо
gfaphiс pattеfns, making a dеflnitivе diagnosis with гadiog-
raphy nеaф impossiblе.',. l3. 16 It is also dffiсult to dеtег-

minе whiсh sidе of thе hoгsе's thoГax is affесtеd with
plеuгаl еffusion, сonsolidation, or absсеssеs, althouф oЬ
taining both riфt and lеft latеral radiogгаphs hеlps in mak-
ing this dеtеrminatioll.2' ]' 20, 2a Ехposuге of pегsonnеl to
гadiation is always a сonсеrn.2, з,20'2. 2a

In сontrast, no known safеty problеms ехist foг thе
sonographеr pеrforming thoгaсiс ultrasonography. 1я' zя д-
most thе сntifе thofax сan bе еvaluatеd ultrasonographi
сally, inсluding thе сгanial mеdiastinal rеgion.2 r.6 8 Thе
lung ovеrlying thе hеaft and thе most vеntfal portion of
thе right apiсal lung lobе сan bе еvaluatеd. Two mutually
pегpеndiсulaг viеws сan bе obtainеd by sсanning thе
thorax in both transvrrsе (dorsal to vеntгal imaging
planе, dividing thе thorax into сranial and сaudal poг-
tions) and dorsal (сranial to сaudal imaging planе ob-
tainеd fгom thе гight oг lеft sidс of thе thoraх, dividing
thе thoraх into dorsal and vrntral portions) planеs. Thе
sidе(s) of thе thoraх affесtеd, as чrеll as thе prесisе
loсations of lеsions, сan bе dеtеrminеd in most hoгsеs
bесausе thе involvеd lung sеgmеnt is usually plеurally
basеd. Ехсеptions aге lеsions loсatеd in thе axial poгtion
of thе lung with no pеriphеral lung involvеmеnt, or a

hеrnia in thе aхial portion of thе diaphгagm with no
gastfointеstinal visсеra against thе thoгaсiс wall oг dis-
plaсing thе lung dorsally.l .' 5' 6' 22' ]o, ]l Thе сharaсtеr of
plеuгal fluid сan bе dеtеrminеd ultrasonographiсally,
as сan thе tyре and sеvеrity of undеrlying pulmonary
paгеnсhymal disеasе in individuals with plеural еffu-
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onl1, latегal viеw obtainablе in
adults

Laгgе maсhinе with high
kilovolt pеak anсl
milliampегаgе

SllpеrimPosition of hеart aпсl
Itшg

Small plеuгal еffusion missеd
Unablе to сhafaсtегizе plеLral

fluid
Difhсult to сhaгaсtеfizе

plllmonafy lеsions
Dif1iсult to dеtеrminе affесtеd

sidе
Radiation ехposuге of pеr.sorrnеl
Fluorosсopy foг lеsion biopsy
Similar pattегns foг many

disеasеs

Loсalizе lеsion
PoгtaЬlе еquipmепt, Iеlativеly

lnехpеnsrvr
Dеlinеatе lеsions in сrаnial

vеntral aгеa
Dеtесt plеLlfal еffusions of afly

slZе
Dеtеrmiflе сharaсtег of plеuгal

fluid
Idеntifу pulmonaгу lеsion and

sеvегity
Affесtеd aгеa dеtегminеd
Ntl еquinе oг humаn hazаrd
Guidеd biоpsу еasily pеfformеd

188 Сbсlptеr 4 . IЪorаciс (Лtrаsoпogrаplэjl

Table 4-2
Thoracic Radiogrаphy aпd Ultrasoп0graрhy: Advаntаges аnd
Disadvапtаges

Rаdiography Disadvantages UIlrаsonogrаphy Advаnlаges

еdеma, сoPD, ЕIPH, oг nеoplastiс of diffusе gfanuloma-
tous disеasе.l r' 5'6 Thoraсiс radiographs arе indiсatеd in
thеsе horsеs to furthеr сharaсtеfizе thе sеvеrity of thеif
pulmonary disеasе bесausе lеsions that do not involvе
thе pеriphеry of thе lung сannot bе imagеd ultfasono-
graphiсally.

ЕxAMINATI0N TEсHNl0UЕ

Patient Preparаtion

Idеally' thе haiг ovеr thе portion of thе thoгaх undеr
ехamination should bе surgiсally сlippеd with a No. 40
bladе.l' .J' 6' 9' lf' 19 Thе skin should bе thoroughly сlranеd
pгiof to thе appliсation of ultfasonographiс сoupling
8еl.з' 

с' .9 Shaving thе skin is usually not nесеssary unlеss
a good-qualiф imagе сannot bе othеr.wisе obtainеd. In
horsеs with vеry finе hair сoals, thе haiг аnd skin сan bе
thoroughly сlеanеd, сoupling gеl appliеd in thе dirесtion
of hair growth, and an adеqllatс imagе obtainеd to dеtеr-
minе if any abnoгmalitiеs еxist.'' э 6 Howеvец thе bеst
imagе quality is obtainеd with thе hair surgiсally сlippеd.
Thе sizе of thе сlippеd arеa should initially bе basеd
upon thе ausсultatory lindings and еnlaгgеd as nееdrd to
inсludе all thе abnormal lung and plеura (Fig. 4-11.,'з'ь
If no abnormal lung sounds arе hеard, thе еntifе thorax
сan bе sсannеd through thе hair of thе сlippеd aгеa
dеtеrminеd by thе probablе loсation of thе suspесtеd
Llndеrlying disеasе pfoсеss (i.е., ЕIPH-сaudodoгsal lung
liеld; pnеumonia-сfanial and сaudovеntгal lung flеld;
pu]monary еdеma-pегihilar lung rеgion; СoPD-pеri
hilaц сranial, and сaudovеntгal lung fiеld; lymphosaг-

Sion.l 7 25' 2a' ]()' 3' A portablе maсhinе that obtains high-
quality imagеs is availablе for pеrforming thеsе ехamina-
tions in thе flеld.:r'5,6'27 2a Aspiratеs or biopsiеs of small
massеs (0.5 сm) of small fluid сollесtions сan bе safеly
pеrfofmеd using ultrasonographiс guidanсс.]' 25 2J' 32 16

Howеvец nofmal lung or nonspесiliс, subtlе abnormali
tiеs of thе visсеral plеrrral surfaсе may bе all that is
dеtесtеd ultrasonogгaphiсally in horsеs with intеfsti
tial pnеtrmonia, a dееp pulmonary absсеss, ptrlmonary

Figure 4-1
Diagfam of aгеа to bе сlippесl foг пonсar-
diaс thoгaсiс ultrasonography Tlrе daтkеr
shadеd aгеa loсatеd vеntfally should bе
сlippеd if thе only abnorma,l lr-шg sounds
ausсtiltatеd arе loсatеd vеntrally Thе tlppеr
and lowег Poгtions of thе thofах should bе
сlippеd if aЬnormal lung sounds arе alsо
dеtесtеd dorsa[ly
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сoma-сfanial mеdiastinum; mеtastatiс nеoplasia or dif-
ftlsе granulomatous disеasе-еntirе lung fiеld; absсеss-
сranial and сaudovеntral lung liеld). Additional сlipping
shotrld bс pеr1brmеd to furthеf сharaсtегizс thе prrlmo-
nary of plеtrral abnornralitiеs initially imagеd.

Anatomy

In a normal horsе, lung сan bе imagеd on both sidеs of
tlrе thoraх fгom just bеlovr thе dorsal musсulatttге to
whеrе thе lung сfossеs thе diaphragm.], J .J] Thе vеntral
bordеr of thе lung fiеld is trsually a sloping linе that is
lеvеl with thе tubеr сoхaе in thе sеvеntееnth intсfсostal
spaсе (IСS), tlrе tubсr isсhii in thе flftееnth IСS, thе
doгsal to vеntгal middlе of thе thoraх in thе thiгtееnth
IсS, thе point of thе shotlldеr in tlrе еlеvеnth IСS, and
thе point of thе еlbow in thе ninth ICS. Thе linе thеn
сontinuеS for.ward to thе point of tlrе еlboчz in thе fifth
IСS. Lung сan bе imagеd in thе fifth to siхtееnth or
sеvеntееnth IСS on both sidеs of thе thoraх. Lun54 сan
also bе imagеd in thе fсrurth IСS on botlr sidеs. anсl thе
гight apiсal lung tip сan bе imagеd in tlrе right tlriгd IСS

Sсanniпg Тeсhnique

Thс initial sсanning of thе tlroгaх in adult horsеs shottld
bе pеrformеd with a 5.О-МHz transdrtсег and a dеpth
SrttinЕ. of 10 to 15 сm.] 5,6.J8 If supеrflсial pulmonary or
plеural lеsions arе dеtесtеd, a standafd 7.5-МНz ttans-
duсег oг onе сontaining a built-in fluid standoff yiеlds
srrpеrioг imagеs.J2 ]] In thеsе instanсеs, thе dеpth sеtting
should bе dесrеasеd to display 4 to 1,2 сm. Thеsе trans-
drrсеrs shoutd also bе usеd for thе initial еxamination in
a nеonatal or wеanling foal. If ехtеnsivе pulmonary or
plеuгal disеasе is dеtесtеd in an adtllt horsе, oг thе hoгsе
is obеsе, a lowеr-frеquеnсy transduсеr (3.5 or 2.5 М}fz)
or an inсгеasеd displayеd dеpth (25 to 30 сm in adult
hoгsеs With sеvеге plеural or pulmonary disеasе) may bе
nееdеd to pеnеtгatе and suссеssfully imagе thе abnormal-
ity in its еntifеty.] 5 6 A sесtor-sсannеr transduсеr is idеal
bесausе thе footprint of thе tгansduсеr is small and lits
wеll in thе small IСS of thе horsе.l ], .'' 39 Straight or
сurvеd linеar-array tfansdllсеrs may bе ttsеd but havе
sеvеral signiflсant limitatlons; only a flхеd dеpth of 10
сm сan bе displayеd with somе maсhinеs whеn using a
5.0-МHz transdllсеf, and muсh of thе transduсеf footprint
is not in сontaсt with thе skin in thе Iсs' yiеlding a

limitеd flеld of viеw.3,6' ]9 Thr nеwеf miсroсonvех linеar-
afray tfansdtrсеrs havе a smallеr footprint and variablе
displa1,еd dеpth, ovеrсoming thеsе limitations. Phasеd-
aгray transduсеrs also havе a largеr footprint, but thе
displayеd dеpth сan bе tailorеd to thе individual ехanrina-
tion.

Thе lung is sсannеd in thе third (right sidе of thе
thorax only unlеss thе lrеart is displaсесl сarrdally by a
spaсе-oссtrpying mass in thе сranial mеdiastinum)
thгough thе sеvеntееnth Iсs. Сarе must bе takеn to
сеntеr thе transdtrсеr in thе IСS so that aсottstiс shadow-
ing from thе гib doеs not prеvеnt l-istralization of thе
lung and plеtrra.' J ('Thе lung should bе sсannеd initially
in a transvеrsе planе (dorsal to vеntral sсan planе oriеnta-
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tion, dividing thе thoraх into сranial and сaudal portions),
starting from thе dorsalmost lung or from normal lung
dorsal to thе arеa of abnormality, ехtеnding vеntгally into
thе abnorma| atеas and to thе diaphragm.'. ], 6 YЪеn
sсanning from thе lеft sidе of thе thoraх (lеft transvеrsе),
thе imagе should bе displayеd with thе lеft sidе of thе
thorax at thr top of thе imagе, dorsal on thе right sidе
of thе sсfееn and vеntfal on thе lеft sidе. Thе right
tfansvеfsе imagе (sсanning from thе right sidе of thе
thoraх) should display thе right sidе of thе thoraх at thе
top of thе imagе, dorsal on thс right sidе of thе sсrееn,
and vеntral on thе lеft. Thе sсan should bе сarеfully
laLlеlеd with thе еxtеnt of thе abnoгmalitiеs imagеd by
listing thе IСS bеing sсannеd and thе most dofsal point
at whiсh thе flrst pulmonary oг plеural lеsions arе dе-
tесtеd.]' ,9 This сan еasily bе donе using thе point of thе
shouldеr as a rеfеrеnсе linе and mеasuring thе distanсе
in сеntimеtеrs doгsal oц rarеly, vеntfal to this imaginary
linе. Thе sсan should сontinuе in this imaging planе trntil
thе diaphragm and adjaсеnt abdominal stfuсtufеs vеntral
to thе diaplrfaFlm afr visualizеd. Thе sсan shotrld proсееd
slowly in a dorsal to vеntfal dirесtion so that an еntifе
fеspiгatoгy с1.сlе is imagеd bеforе moving vеntгally to
a diffеrеnt afra.. 6 Many strbtlе pulmonaгy and plеural
ebnormalitiеs arе dеtесtеd only during еxhalation, With
rеspiгator1' movеmеnt oг thе laсk of movеmеnt of thе
lr'rng against thе pariеtal plеtrra duгing dееp inspiгation.
Еaсh IСS should bе sсannеd in this faslrion until all thе
abnormalitiеs within thе thoгaх havе bееn imagеd in thе
transvеfsе planе and normal lung and plеura (if pгеsеnt)
havе bееn imagеd сranial and сaudal to thе abnormal
aгеa(s). To sсan thе lung in thе forrrth IСS' thе transdtrсеr
mrrst bе plaсеd as high up within thе aхilla as possiblе.
Thс right apiсal lung lobе and сranial mеdiastinllm afе
imagеd by plaсing thе transduсеr in thе right third IСS
just abovе thе lеvеl of thе point of thе еlbow anсl angling
thе tгansduсеr сranially aсfoss thе thoraх toward thе
point of thе lеft shouldеr (Fig. 1-2).з'6 This imaging
window is vеry naffoщ and thе sсan planе oгiсntation
must bе obliqtrе to flt bегwееn thе ribs and yеt fеmain
in thе aхilla. This atea ma'r also bе sсannеd rvhilе onе
forеlеg is hеld for.ward and off thе ground, but this oftеn
is lеss wеll tolеratеd by thе hofsе.6'on

Sсanning еaсh ICS in a doгsal planе (сranial to сarrdal
sсan planе ofiеntatiol1 dividing thе thoraх into dorsal and
vеntfal portions) should also bе pеrfoгmеd to furthеr
char:aсtсJize any abnormalitiеs dеtесtеd on thе initial ех-
amination.3'29 In thе dorsal imaging planе, thе right or
lеft sidе of thе thoraх should bе displa1,еd at thе top of
thе imagе, сranial on thе lеft sidе of thе sсrееn, and
сaudal on thе гight sidе,11 Rib artifaсts afr сommonly
sееn in this sсan planе as thе сranial and сatldal еdgеs
of thе sсan planе intеrsесt thе ribs, сausing aсoustiс
shadowing. This sсan should also proсееd slowly to еval-
Llatе thс lung and plеtшa dtrring inhalation and ехhalation
to bе сегtain that surfaсеs glidе past onе anothеf and
that thе pulmonaч, parеnсhyma bеnеath tlrе ribs is also
visualizеd. Thе rеlationship of any abnormalitiеs in thе
сгanial and сaudal mеdiastinum to thе hеart сan bе morе
aссuratеly dеtеrminеd in this imaging planе. Both im-
aging planеs arе nееdеd to сomplеtеly сharaсtеrizе plеu-
ral and pulmonary abnormalitiеs. Howеvец if timе is
short, thе tгan.svеfsе sсans arе thе quiсkеst to pегform
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and yiеld thе bеst imagеs with thе lеast amotrnt of rib aгti
fact.

ULтRAS0N0GRAPHlс FlNDlNGs

NormaI Struсtures

Lung and Pleura

A largе diffеrеnсе ехists bеtwееn thе aсollstiс impеdanсе
of air and soft tissuе, геsulting in aiг bеing a nеarly pеrfесt
rеflесtor of ultгasound. Thсrеforе, thе noгmal visсеral
plеtrral еdgе of thе ltrng appеaгs as a straight hypеrесhoiс
linе with сhaгaсtеristiс еquidistant rеvеrbеration air arti-
faсts indiсating normal aегation of thе ptrlmonary pеriph-
еry (Fig. 4-3).'' J 5' 6 9 17 |9' 22' 2a' 3]. ]-, .ir ,r{ W-atсhing thе
lung as thе hoгsе brеathеs, thе visсеral plеural еdgе of
thе lung is imagеd gliding vеntгally aсross thе diaphragm
with inhalation and dorsally with еxhalation-..thс glid-
ing sign.''з' 6' 17. r.r Thus' thе hypегесhogеniс band of thе
visсеral plеural rеflесtion hes a сharaсtеfistiс inspiratoгy
lowеring and ехpiгatory rising.22 28 3з Thеsе baсk-and-
forth movеmеnts synсhronous with rеspiration arе sееn
in all normal individuals but may bе dffiсult to apprесiatе
in horsеs with apnеa or shallow геspirаtory movеmеnts.J'28
Thе gliding sign should always bе sought in thoraсiс
ultrasonogгaphy..t zz' r3 If thеsе normal rеspiratoгy movе-
mеnts of thе visсеral plеural еdgе of thе lung afе not
sееn, thе horsе shorrld bе madе to takе dееp bгеaths
duгing thе sonographiс ехamination, еithеr by holding
off thе horsе's air oц prеfегably, by using a rеbrеathing
bag.з In most normal horsеs no plеuгal fluid is visualizеd.
Howеvец small aссumulations (up to 3.5 сm) of anесhoiс
plеural fluid in thr most vеntгal poftions of thе thoraх

Figure 4-2
Diagfam Of limb POsition ;rnсl tгlnsс1uсег
position foг imaging thе ]:ight apiсal
lurrg and сгanial mесliastitrum Thе right
tbrеlimb is aс|vanсеd ls fllг foгward as

is сomfoftablе fсlг tl.tе horsе, alrd thе
tlansduсеf is plaсеd in thе third i1rtег-

сostal Spaсе aпсl anglеd t()s,.ard thе
poirrt of thе oppositе sl.rсluldег

havе bееn dеtесtеd in сliniсal\. normal horsеs...r 6 rj Thе
diaphragm is сtlrvilinеar and appеars thiсk and musсular
in thе morе vеntfal loсations anсl thin and tеndinous
dorsally and сaudally.' J Livеr (right sidе and сraniovеn-
tгally on lеft sidе) and splееn (lеft sidе) arе normally
imagеd vеntгal to thе diaphragm unlеss thе hoгsе is oldеr
and has atrophy of thе right livег lobе . ]' ]: In tlrеsе
instanсеs, largе bowеl есhсlеs arе imagеd vеntfal to thе
diaphragm.r.r, r7 Thе intеfсostal musсlеs (usually 3 to 5

сm thiсk, thiсkеr dorsally) aге imagеd supеrIrсial to thе

Figure 4-3
Sonоgгam of thе гight Sidе of thе tl]oгaх in thе SеYеnth intеrсostal
spaсе obtainеd fгom :r 3-уеar-olr1 Thorсlughbгеd gеlding with Пoгmal
lrшg Тhе h1.pегесhoiс linе rеpгсsеnts thе aеrntесl visсеаl plеtlгal srtг.

taсе of thе llttg (uеrtiсаl аrrОu)), and thе сharaсtеristiс еquidistxnt
геvегbегatioп есhoеs (borizсlntаl а'Тotl)s), indiсаtе nОfmall-v aегatеd
lung This sonogгam was pеrformеd with a 5 0-N4HZ sесtoг-sсaflnеI
tгansduсеf and a l0-сm displaуеd dеptlr Thе гiglrt sidе of tlrе sonogram
is dогsal :rnd thе lеft sidе is Yеntral

!
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undеrlying lung and havе thе сharaсtеristiс striatеd ap.
pеafanсе of skеlеtal mtrsсlе.r ]i Rib artifaсts afе sееn at
thе lеvеl of thе dееpег intеrсostal musсulaturе, сastinЕ.
aсolrstiс shadows (Fig 4_11.з зl'+t

Mеdiastinum

Thс lung сovеfs thе сranial and сaudal mеdiastinum in
most hoгsеs, although a hypoесhoiс soft-tissuе mass (thy-
nlr.rs) may bе visualizеd in young horsеs in thе сгanial
пrеdiastinr.rm vеntral and mеdial to thе right apiсal lung
..lbе and сranial to thе hеart. Fatty tissuе may also bе
:nagеd in this arеa and around thе hеaгt, most сommonly
-сtесtеd in poniеs and fat horsеs. Fat is usually slightly_ гс hеtеrogе11еolrs and есhogеniс (Fig. 4-5) than thy-
-.. r ]fld сontinuеs сaudally around thе hеart into thе
. ldаl mеdiastinum.1r Thе сranial mеdiastinum сan bе

.igеd onl1, from thе right third IСS in normal horsеs, as
.' - hеaгt is in сontaсt мlith thе thoгaсiс wall in thе lеft

l:Lj lСS .

Р еuraI AbпormaIities

рl€UГ3l Еffusioп

. с Illost сommon plеuгal abnormality found in horsеs
t liсuгal еffusion (Fig. +_6). rеpгеsеntеd ultгasonographi
-.. r as an anесhoiс spaсе bеtwееn thе lung (visсеral
. сi1гl1). tlroraсiс wall (pariеtal plеura), diaphragm, and

:.1:t ] (' l. 19 Thе сritеria for a flr.rid-сontaining spaсе
'..udе that it bе геlativеly frее of есlroеs; havе a sharp

--..:girr adjaсеnt to thе diaphragm, ltrng, and mеdiasti

l ;urе 4-4
. . ::JIll Of thе гight sidе of thе thсlrax in thе sеvеnth intегсOstal
. .l . rbrllil-tеd frоll a .l-vеar-old Tlroгоughlrrеd stallion Tlris sonogr.am

t lг;rшlеd 16 сm сlсlгs;tl t() a linе lеvеlwitlr thе point of thе shouldеr
: :]\l]егссhoiс еСl1oеS (|еrtiс/l .Irroшs) fгom thе гibs сlst stгong

. - ].ilс shedorr's Тhе visсегal plеrrгal srrгfaсе сlf thе ltlng is ге!ativеl1.
. r:l Ьur has гadiatiпg сomеGtail artilaсts сompatiblе witlr small aгеas
: :l .rссumrt]ation in thе pегiplrегal alvеoli Tlrеsе сomеt-tail aftifaсts
:-. LЛl;lgсd Llp tO 16 сm doгsдl to a ]inе lеvеl with thе pojnt of thе

- 'сI Тhе slantсd:rггoп- points to thе paгiеtal plеtгa This soЛogram
.. ]i.rinеd пith a 5 0-мlIZ sесtoг-sсannеr tIansduсеr and a 16-сm

- .],lсt1 dеPth Thе right sidе of tlrе sonogram is сauсla] arrd tlrе lеft
-: r- !r.rnilll

СhаРter 1 . Thorа'cic fЛtr.7sof'ogrаpbу a91

Figure 4-5
sonogram of thе right sidе of thе thoгaх iл thе t]rird intегсostal sрaсе
obtailrеd ffoln a lJ-}.еaf-old \iИaгmb]ood maте witlr fat in thе сгania]
mеdiastinllm Notiсе thе hеtегogелеolls appеafanсе of thе fat on еithег
sidс of thе есhogеniс mеdiastinal sеptum :rnd thе hypегесhoiс vе-ntral
tip of thе гiglrt apiсal lung This sonogfam was oЬtainеd with a 3 5.
МнZ sесtoг-sсanпег tгansduсег anс| :rn 18-сm displaуеd dеpth Thе гight
sjdе of tlris sonoglam is сlorsal and tlrе lеft sidе is vеntгal

num; dеmonstratе aсoustiс сnhanсеmеnt dееp to thе
lеsion (inсrеasеd transtnission of ultгasoltnd oссurs
through fluid); сhangе shapе with геspiration; and may
сontain sеpta or stfands floating within.з5,r2 Plеural еffu-
sions in horsеs in thе Unitеd statеS aге most frеquеntlу
assoсiatеd with pnеumonia or lung absссssеs, whеrеas
in thе Unitеd Kingdom thе primary thoгaсiс pathology is
usually nсoplasia, partiсulaф mеdiastinal lymphosar-
сoma.l 3 a. ]a. 45 52 othеr nеoplasms havе bееn assoсiatеd
with plеural еfflrsions in horsеs, inсluding mеsothrlioma,
gastriс sqlramous сеll сarсinoma, and othеr сarсino-

Figure 4-6
Sonogгam of thе lеft Sidе оf thе thorax in thе sеvеnth intегсostal spaсе
сlЬtаinеd from a 2-vеar.оld Thoгotrghbгесl lrlly with plеtlгitis NOtiсе thе
anесhoiс plеuгal fluid in thе vеntгal poпion of thе thoraх and thе
сomprеssеd hуpсlесhoiс (аtеlеCtatiс) vеntral tip сlf thе lrrng (аrroш)
flоating irr tlrе plеuгal fltlid Thе plеural fluid еxtеndеd doгSallу 13 сm
abovе a linе lеvеl with thе point оf tlrе shotlldеr This sonogгam
was pсrformеd with a 5 O-MHz sесtor-sсanпеr tгaпSduсеr and a 20-сm
displayеd dеpth Тhе fight sidс of thе sonogram is dorsal alrd thе lеft
Sidе is vеntfal
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tr11as.8 19'.16. ;3-59 Pеnrtfating thoraсiс wounds or othеr tho-
гaсiс tfalrma may also bе thе сallsе of plеural еffusions
in hoгsеs.'n 19'51 60 6, Сhylothoгaх has also bееn rеportеd
in onе foal assoсiatеd with a сongеnital diaphragmatiс
dеfесt.6r Plеural еffusions in horsеs may also bе assoсi-
atеd with primary or idiopathiс plеuritis, pulmonaгy
granulomas, сoссidioidomyсosis, noсardiosis, еquinе in-
fесtious anеmia, pulmonary еmbolism, diaphгagmatiс
hеrnias, еsophagеal fuptufе, сongеstivе hеart failuге, pеri
сarditis, еntеriс сonditions, vifal infесtions, abdominal in-
flammation, and post-suгgiсal intеrwеntions.2.3. 1|- 19 11 61 6,

Thoraсoсеntеsis pеrformеd .whеге plеural еffusion is
dеtесtеd trltrasonographiсally usually rеsr-rlts in thе suс-
сеssful aspiration of fluid from thе thorax.r .]-6. n l0 l-, i9 2l

25. 26' з5' 15' 16 6a' 7l This fluid is usually found in thе most
vеntral poгtion of thе thoraх and сausеs сomprеssion of
normal hеalthy lung parеnсhyma (сomprеssion atеlесta-
sis), rеtraсtion of thе ltrng towaгd thе pulmonary hilus,
and a vеntral lung tip that floats in thе surrotrnding fluid
(Figs. 4_6 to 4-8)..6 a.) l-19,; Thе largег thе еffusion,
thе gfratеf thе amount of сomprеssion atеlесtasis and
lunЕ. геtfaсtion that oссufs. Сarе should bе takеn in
sеlесting a sitс for thoгaсoсеntеsis, as laгgе plеural еffu-
sions may сausе displaсеmrnt of thе diaphragm сaudally
and vеntfally. sеlесting thr lowеst possiblе sitе for thora-
сoссntеsis сould геsult in pеrforming an abdominoсеntс-
sis as wеll as a thofaсoсеntеsis, lеaving a holе in thе
diaphragm and, possibly, thе sttbsеqtrеnt dеvеlopmеnt of
sеptiс pегitonitis. Thе thoraсoсеntеsis shotrld bе pеr-
formеd sеvеral сеntimеtеrs abovе thе normal vеntralmost
maгgin of thе thoraх in thе flгst intеrspaсе сaudal to thе
hеart, whеrе nonloсulatеd plеural fluid сlr thе laгgеst
poсkеt of loсtrlatеd fluid is imagеd (usually thе sеvеnth
ICS). Monitoring thе sltссеss of plеural fluid drainagе is

Figure 4-7
Sonogfam of thе гight sidе of thе thoгaх iп thе sеvеnth iпtегсostal
spaсе obtainеd ttom a 4-yеaг-olсl Thoгoughbгесl fill1,with plеuгоpnеu-
monia Notiсе thе anесhoiс plеuтal flrrid in thе vеntгal poftion of thе
fight sidе of tl.rе thoгaх aпd tlrе сompгеssесl hуpoесhoiс (atеlесtatiс)
vепtгxl tiр of thе lung (аrron-)' floating irr thе plеufal lluid Тlrе plеrrгal
flLlid ехtеndеd doгsall-v to a linе lеУе[ with thе pоint of thе slrоttldег
Notiсс thе mеп]bгanous StГLrсtufеs (pегiсaгdiil сliaplrгagmatiс ligamеnt)
attaсhеd to thе dixphгagm lloating in thе vеntгa] portioп of thе thoгaх
(аrrouls) This sorrogram was pегformеd With a 5.O-MHZ sесtor-sсaпnег
tfansduсеr and a 20.сm displayесl dеpth Тhс right sidе of thе sonоgгarп
is dorsal aпd tlrе lеft sidе is vеntral

Figure 4-8
Sonogram ofthс lеft sidе Ofthе thoгax in thс sеvеnth iлtсrсostal spaсе
OЬtainеd from a ,1-уеar.оld Thorоughbтеd gеlding with plеuroprrеumtl-
nia Notiсе tlrе pегiсafdial-сliaphгaЕ.m.аtiс lig:rmеnt (lаrgе аrottl) t\tllt-
ing in thе plеtrral flrriс1 Сompгеssion atеlесtasis is sееn at thс vеntral
lung tip. whiсh is also flоаtirrg in tl.tе есhogеrriс (higlrl1'сеllulaг) plеural
flrrid T1rе ptеuгal еfftlsioп ехtеndеd dofsall}, 15 сm аbovе a linе lеvеl
with thе poiпt of thе slrоuldег This sOnogrlm was obtainеd with a 5 (}

MHZ sесtof.sсannеr trlnsdllсег anсl а 16-сm сlisplavеd dеptl.r Thе right
sidе of thе sonogfam is dorsal arrd thс lеft sidе is vеntral

also еasily pеrformеd ultrasonographiсally.t' j' 2l -o Ultfa-
Sonographiс rхamination of thе thoraх also prеvеnts Lrn-

nесеSsary thofaсoсеntеsis in individuals without plеLшal
еffusion or with l'еrу small or loсtrlatеd еffusions unlikеly
to геsult in suссеssful samplе сollесtion.25.26

\vith plеural еffusions thе pегiсardial-diaphragmatiс lig-
amеnt, a normal plеtrгal rеflесtion of thе pariеtal plеuгa
ovег thе diaphragm and hеart, is imagеd as a thiсk mеm-
branе floating in plеural fluid (Figs. 4-7 anс| 4-81., з э

6. r] This mеmtlгanе is еasil1, mistakеn by thе noviсе
ultrasonographеr fоr fibrin but is, in геality, a nofmal
stfuсtufе, imagеablе in thе vеntral thoraх of еvеry horsе
with plеtrгal еffusion, rеgaгdlеss of сausе. This mеmbranе
runs from thе thoraсiс sidе of thе diaphragm ovеr thе
hеart and appеars as a 3- to 6-mm-thiсk, trndulating shееt
of homogеnеous tissuе. Similarly, sсanning in tlrе сranial
mеdiastinum in horsеs with plеuгal еffusion usually rе-

vеals hypoесhoiс fluid with dorsal displaсеmеnt of thе
lung. A thiсk есhogеniс band of tissuе is imagеablе divid-
ing thе mеdiastinum into right and lеft sidеs (Fig. 4-9;
sее also Rig. 4-5). Small nodular dеnsitirs (lymph nodеs)
arе oftеn visualizесl in this band of tissuе.

T1rе amount of plеural fluid in thе thoгax сan bе
гoughly rstimatеd by thе fluid lсvеl and thе amolrnt
of ptrlmonaгy parеnсh1.mal сonsolidation oг absсеssеs
prеsеnt.]. 5 In lrorsеs with plеuropnеumonia, lеss than 1

litеr of fluid was rесovеrеd from еaсh sidе by thoгaсO.
сеntеsis whеn thе only plеural fluid imagеd was arolrnd
thе сгaniovеntfal tip of thе lung. A plеural fluid linе
lеvеl with thе point of thе shouldеr сorrеsponds to thе
fесovеfy of 1 to 5 litеrs of plеural fluid pеr sidе, whеrеas
4 to 10 litегs wеrе rесovеrеd by tlroraсoсеntеsis in horsеs
with a plеr.rral fluid linе ехtеnding abovе thе point of thе
shouldеr.J'5 In two of thеsе hогsеs, ехtеnsivе loсulations
and adhеsions limitесl thе amount of plеuгal fluid rесov-
еfеd.5
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Figure 4-9
Sonogгam of thс riglrt sidе of thе сгaпial mесljastinllm in thе tlriгсl

illtеfсostаl spaсе obtairrеd frotrr a 3 1.еaг-сlld 
,Гhotouglrbrесl Iillу rvith

pегsistеnt utrilatегal thumps. Nоtiсе thе aеrirtсd vепtгal lung tц) .ldlвс
|еrtiсаl аrroш')' thе small (noгпlal) amoшflt of anесhоiс plеrrral flrrid
(1,г), and thе tr1,1lоесhсliс to есhoЕ.еniс thiсk mеdiastinal sеptrшr divid-
ing thе сгatlixl mесliаstinllm (smаll lэоrizсlпtаl аrroL|) Thе уеtrtral
portion of thс mесliastinal sеptltm is noгmall1 tlriсkеr thаrr thе dofsal

Paгt ЬLlt appеaгсd slightl),tlriсkеnеd iп this Ii|l}'.'Гhis so1logгam *as
pегforrrrесl wi1h x 2''-N4}lZ sесtoг-sсаnnеr tгarrsdttсег aлd e 22.сm dis.

plavес1 dеpth. Thе гight sidе сlf tlrе sоnogIam is dсlгsal arld thе lеft sidе

is vепtг:rl

Pleural Fluid Character

Thе sonographiс pattеfn of plеufal еtflrsions inсludеs
anесhoiс, сomplех nonsеptatеd, and сomplех sеptatеd
fluid.2.' 35 Сompсlsitе fltrids afе сomplех and mofе есho-
gеniс than normal, сontainin8 frbrin, сеllular dеbris, a

highеr сеll сount and total pfotеin сonсеntгation, anсl

$a5.l-ь 
u 2.) ]5. (,9 Anесhoiс fltrid геprеsеnts a translldatе of

moсliflеd tfansuсl2tе with a rеlativrly low се11 сolrnt and
total protеin сonсеntfаtion (sсе Figs. 4-6 and 4-7).з' 9'

26 .J5 A сhangе in shapе of thе fluid сollесtiоn within
thе thorax and movеmеnt of есhogеniс sеptaе dеtесtеd
within plеtrral flr'rid in human bеings afе assoсiatеd with
lowеr-visсosity fluid and a high likеlihood of tluid rесov-
rfy on thofaсoссntеsis.;2 Inсrеasеd есhogеniсitу of thе
fluid indiсatеs an inсгеasеd се1l сoLtnt oг total protеin
сonсеntfation (Fig. 4-10; .sее alsсl Fig. 4-8).,' ]' 6,7.9' ]5 l,i

Сomplех есhogеniс sеptatеd fluid dеtесtеd ultfasono-
graphiсally in human bеings is сonsistеnt with inspissatеd
fluiсl ;rnd a difIiсult oг nоnproduсtivе thofaсoсеntеsis.26
Blood within thе plеural сavity (hеmothoraх) or within
an1, body сavity oftеn has a hypoесhoiс to есhogеniс
swirling pattеfn (Fig. 4-11), may bе sеptatеd, and сan
usually bе diffегеntiatеd fiom a mofе pttrulеnt ехudatе
bv thе lattег's пrorе homogеnеous есhogеniс apprafanсе
end thе tеndеnс-v for layегing to oссLlf with p1'othoгax'..
9 ]8 -.' -.t Hеmangiosafсoma should alп.aуs bе сonsidеrеd
ln thе ditТеrеntial diа14nosis of hеmothoraх bесausе this is
orrе сlf thе mofе сommon thoraсiс nеoplasms in horsеs.73

Сlotting maу bе imagеd in plеural fluid as soft, есhogеniс
massеs (Fig. 4_11).,,.i Thе сеlls and сеllular dеbris in
prюthoraх afе mofе есhogеniс, hеaviец and in thе most
r'еntral loсation wlrеrеas thе lеss сеlltrlar fluid oг gas сap
is сlеtесtеd dorsall1,. Similarl1,, еsophagеal гuptLtfе rеsults
in a p1,othoгaх lrnd pnеumothoгaх (Fig. 4-12) with in-
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gеsta layеrеd in thе most vеntral poftio11 of thе thoгaсiс
сaviry Frее gas within thе fluid (polymiсrobullous fluid)
is imagеd as small, vеry bright h1,pегесhoiс есhoеs, with
mofе fгее gas есhoеs imagеd dorsally in tlrе plеural fluid
(Fig. 4-13; sее also Figs. 4_10 and 4-|2).2-1 6 -,28 Thс
есhoеs from thе miсrobubblеs afе Llsually pinpoint and
linсaц appеaring somеwhat laгgег and lеss linеar in thе
dсеpеr plеural flrfd bесausе ofthе dеtеriofation in latегal
fеsolution of thеsе есhoеs with inсrеasing dеpth.28' a1

Polymiсrobullous fluid is сausеd by thе miхing of air or
gas miсrobubblеs and plеural fluid.3'' Thе miсгobubblе
есhoеs movе rapidly and spontanеously in various dirес-
tions, dеpеnding upon fеspiratofy, сardiaс, and thе
horsе's bod1. дo,..'''еnts..r''' 28 Thе frее gas есhoеs oftеn
adhеrе to thе fibrinotrs plеural surfaсеs and may bе dе-

tесtеd thеге initially without bеing miхеd into thе plеuгal
1luid (Fig. 4-|3).з Frее gas есlroеs may also bе сompart-
mеntalizеd in onl1. onс poгtion of thе thoraх whеn ini-
tiall1. iдng.4 (Fig. 4-13) but ustrally sprеad гapidly to all
poftions of thе thorax.J, ' Frее gas есhoеs aге trsually
сausесl by an anaеrobiс infесtion within thе plеural сav-

ity.z-.l.с r, ]s'50 Although thе laсk of frее gas есhoеs on thе
tlroraсiс sonogram doеs not еxсltldе thе possibiliry of an

anaеrotliс infесtion. thеir dеtесtion is a sеnsitivе indiсator
of anaеrobiс infесtion._ Fгее gas есhoеs wеfе dеtесtеd in
tlrе plеuгel oг absсеss fltrid of 74% of lrorsеs with сon.
fiгmеd anaегobiс pnеttnrotria 

_ 
Fгее gas есhoеs wеrе also

сlеtесtеd in thе plеtlral fluid of 2О% of horsеs with plеtlro-
pnеumoniа anсl in 50% of lrсlгsеs with ultrasonographiс
еviсlеnсе of сonсuгrеnt pulmonafy parеnсh.vmal nесrosis;
tlrеsе hoгsеs all had сoniirmсd anaеfobiс plеuropnеtrmo-
nia.r oссasionally frее gas есhoеs сan bе introduсеd into
thе olеural сaviw from a thoraсoсеntеsis or indwеlling

Figure 4-1 0
sonogгam сlf t]rе lеlt sidе of thе thoгaх in thе thiгd intеrсostll sPaсе
obtainеd tiom a 4-vеaг-olсt Thorouglrbгеd соlt with aегobiс and anaегo-
biс plеLшopnеLlmonia NOtiсе thе сomPositе nаtrrrе of thе fluid in thе
vеntral poftioп of thе thoгaх with есhogеniс flrrid and hypеrесhоiс
ti.ее gas есhoеs (stllttll аrrОIl)s). Тhе fluid linе еxtеl]dеd doгsally 6 сm
abor.е a linе lеvеl witlr thе point of thе shoшlсlег Notiсе thе гotшdеd
lr.vpoесhoiс Yеntгal tip of thе tеft apiсal lung with frее gas есhoеs
withiп, сonlpxтiblе with sеvеrе сonsolidation and probatrlе anaегobiс
pflсLlnloлia (lаrgе аГroш') Thе largе сlump оf lrvpегесhoiс gas есhoеs
irr thе ссlnsоlidatеd lung is pгotlabl'v гсsidtral aiг tтappеd in a laгgег
air.wav .Гhis sol1ogгirm was pегformеd s/ith a 2 5 N,IHZ sесtоf-scarrnег
transсluсег anсl a 24-сm displa1,еd dеpth Thе гight sidе of thе sorrogram
is doгsal anсl thе lеtt sidе is vеltfal L, Aеtatеd lrrng; М, mеdiastinal sеp-

tum
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Figure 4-1 1

Sonogгams of thе tlroгax from a lO-).еaг-сlld Aгabian nraге п'ith hеmothoгaх Thе hеmсltlrогaх ехtс]ndсd сlсlгslrllу ]5 сm xbovе a lirrе 1еr'еl with thе
point of thе shorrldет Thеsе sonogranrs ц.еге obtainеd with a 5 O-МHz Sесtoг-sсannег transdtlсег and l4-сrrr (А) lnс| 18-сm .a) сlispla1.есl сIеpths
Thе гight siс1еs of thе sonogгams arе doгsal and thr lеft sidеs afе vеntfal

.4 ' Soпogram of thе гight sidе оf tlrе thoгaх ol]tainесl iп thе пinth iпtеfсostal spxсе Notiсе thс sw.jгling P2II|ег|1 (.ffroш') and l.aц.ing есhogеnlсitiеs
Within thе f]uid' tr,piсal of a lrеmotlroгaх

-B, Sonogгam of thе lеft sidr of thе thoг1tх obtxinеd in thе sеvеnth intегсostal sPaсе Notiсе thе есlrogеniс nrassеs (/oиg |еrtiСаl аrrсlul) oг с1oIs
floating in thе есlrogеniс fll-riсl (hеmothoraх) anсl thе lr)'poесhoiс aгеа сlf lut.tg (short horizОпlаI аrroш) Тhс h-vpоссlroiс aге:r сlf lrшg was an aге:r
of pulmonaq. сOngеstion and atеlесtasis

сhеst tubе, but this air is usually гapidly rеabsofbеd and
doеs not prгsist in thе plеural fluid unlеss aiг is сontinu-
ally lеaking into thе thoraх fгom an opеn сhеst tubе or
an anaеfobiс infесtion is pгеsеnt in thе thoraсiс сaviqr-

Fibгin has a lilmy to Iilamеntous of frondlikе appеaг-
anсе and is trsually h1,poесhoiс. Fibrin is dеpositесl in
layегs (Fig. 1_|4) or in wеblikе lilаmеntous strands on

Figure 4-1 2
Soпogram of thе lеft siсlе of thе thoгaх irr thе linth intеrсostal spaсе
oЬtainеd from а 17-r.еar-olсi Thсlrсlughbfеd_Quагtеf l-ttlrsс сгoss gеldirrg
П/ith an intгathoraсiс сsophagеal fuptrrге NOtiсе tlrе есhogеr.riс tlrfсl
сontxining small gas есhoсs, thс с|сlгsal ti.ее gas assосiatеd *'ith a
pnеumothoгaх (|ertiсаl аrroш'), aпсl thе vеntta| luлg tip floatinЕ] in thс
flttid (сuruеd аrrош'), mоstlу hiddеrr bv thе рnеumothoгaх Tlrе plеtlгal
fltild ехtеndеd doгsally 18 сm аbovе a linе lеvеl with thе point of thе
shоulсlег Тhе fгее gas rnovеd vеntrall}. duгing inspiгation' masking thе
unс1егl-ving lttng anсl сгсating thе ..сuftаin'' sigrr This sonogгam П-ls
obtainеd with a 5 0-Мllz sссtof-sсannег tгansduсег arrd a displayеd
dеpth of 15 сm Тl.rе гight sidе сlf thе sоnog'гam is сloгsal аlld tlrе lеft
sidе is vеntгel

thе paгiеtzLl ашrd visсегаl plеuгаl suгfaсеs (Fig.4-15)..6 .r..
Fibrin was dеtесtеd ultfasonogfaphiсally in 23,)/o of hofsеs
With plеuropnеumonia.] Thе dеtесtion of a thiсk layег of
libгin on thе plеttral suгfaсе of ..plеLlfal pееl,' in httman
bеings with fеffaсtofy еmp)rеma (not геsponding to сhеst
tubе сlrainaд4е) oftеn pгompts a thoraсotom)r and dесoгti
сxtion,' _' Dесoftiсation inсludеs сomplеtе е\.aсLlation
of thе plеr-rral pееl, striрping оf thе visсеral plеura,
and dеbridеmеnt of thе pariеtal plеuгa.2. '' Loсula-
tions (Fig. 4_16) bеtwееn thе pariеtal and visсеral plеLual

Figure 4-13
Sorrоgram Of thе гight sldе of tlrе tlroгxх in thе Iiftееnth iпtегсostal
spасе obtainеd tiom a ,I-vеar-old Tlrогoughbrеd stalliorr witlr anaегobiс
plеtшopпеunlonia Noticе thе fгее gas есhtlеs (s|11tlll .|trolu) trappеd
in thе tiЬril and bепеath tlrе pеriсaгсli:tl-diaphгagmatiс ligamеnt along
thе diaphragnr (lаrgе аrrotо) Thе plеuгal tlttid liпе ехtеndеd сlсlгsalll,
16 сm abovе a liпе lеvеl with thе pоint tlf thе slrоuldеr This sonogram
was obtaiпесl with a 5 o-MHz solaг-sсllnnег tг1rnsdlrсег and an 18 сm
сlisplal'еd dеpth Thе гight sidе of thе sonogгam is dorsal and thе ]еft
si(lе is vсntfal
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Figure 4-14
Sonogram of thе lеft sidе of thе thoraх in thе siхth i1]tегсostаl spасе

obtalnеd ftom a ,1 -vеllг-otd Tl.rсlгorrglrbrеd 1rllr' with plеtlruРnеumоni;t
Notiсе thе tlriсk la1,сr of librirr oD thе Pafiеtal (uР аrro1|) and l.isссral
(doul)n аrrтlls) plеrtгal srtгfaссs Thс 1ibriл lnd flrrid ехtеndеd с1orsаllt.

1l сm abovе a linе lеvеl with thе pсlint сlf tlrе shouldсr Notiсс thс
hypоесlrOiс lrеpatizеtl (livег-likе) vсrrtral lrrng. with fluid bronсlrоgгаms
immесliatеl). adjaсеnt to thе diaphfagm (D) and livег (L). Tlrе bright
hypеfесhoiс arе:ts aге aгеas of thе lurrg that wеге sti|l аеratсd oг
сontainеd tгappеd aiг (T). This sonogfam was pеrfoгmесl s'ith x 5'0.

MHZ sесtof-sсnnnеr ttaпsс1uсеr and aп 18.сп] displаr еd dеptlr Тhе гight

Siсlе of thе sonogгlm is doгsal anсl tlrе iсft sidс is \ епtrаl

slrгfaсеs of thе lung, diaphragm, pеriсafdium, and innеr
thoraсiс wall limit plеtrгal fluid сlrainagе.l-.] '. '. 

l-. l+ LOсu-

lations urеfе с1rtесtесl ultrasonogfaphiсally in 10% of
horsеs with plеLlгopnеumonia and in 56'5% of horsеs
with flbrinolls plеuгopnеumonia.r Thе prеsеnсе of loсu-
latеd oг sеptatесl plеLlfal flttid сorrеlatеs with ехLldativе
plеLlral fltriсl сhеmistriеs in htrman bеings.,(, 35. 69 -]. -6

Loсulation is a valtlablе mafkеf for thе progrеssion of a

Figure 4-1 5
SonoЕ]ram Of thе гight sidе of thе tlrогaх in rlrе Iifth intеrсostal spaсе
obtainеd ttom a J-vеar-olсl Thoroughbгеd 1il|1. п'ith Postopеrаtivе plеLL

гopnеumonia NOtiсе thе wеlэlikе laс), nеtwсlгk tlf libгiл bеts.есn thе
plrгiеtal anс] visсеr.al ptсrrral surfдсеs of thе luпg (аrrоulbеасls)' whiсl'.l
was dеtесtесl througl.tсlut thе еntifе right sidе of tlrе thсlгaх This
sonogf1rm was pегftlгmес| with a 7 5-МHz sссtor-sсannег tгаnsdllсеr
Containiпg a btlilt-iп fluid st;rr.rdoff ltлсI a' i 1-сm displavеd dеptlr Thе
right sidе сlf thе sorrogram iS dorsal arrd thе lеft Sidе is vсntral С.W,

сhеst wall
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Figure 4-16
Soпogram <lf thе right sidе of thе thorах iл thе fiftlr intегсostal spaсе

оbtxiЛеd fгoпr a 5-1,еar-old 1.hoгсluglrbrесl stallioп ч.ith flbrinсlus plеltro-

PnеUrn0nia. Nоtiсе thе thiсk Iibrin loсulatioпs (аllltul) in thе есho-

gеniс plеrrral fltliс1. Thе plеltгal fluid linе ехtеndесl dorsall-v l2 сrrr atlovе

а linе lсvеl with thе рoint of thе shоrrldег. This sonogгam wаs оbtainесl

with a 5 () МHZ sесtoг-sсalrlrег transdllсеf and x displa).еd dеpth of l2 5

спr Tlrе гight sidс of thе sonogгlrm is dorsal аnd thе lе1t sidе is vеntflrl

parapnеLllтloniс еfftlsion fгom thе схudativе to thе fl-

bгinrlpuгulеllt stagе -(' Еibгin is most сommonly dеtесtеd
in assсlсiation \\rith plеLlropnеLlmonia bllt has bесn dе-

tесtесl in hoгsеs \4''ith thoгaсiс l]еoplasia.5 +j l.r As thеSе

flbrin str:rnds bесomе mofе oгganizесl and librous, thеy
bесomе mofе rigid and есhogеniс, ottеn distorting thе
struсturеs to whiсh thеy afе attaсhеd during onе phasе
of fеspifation aflсt possibl.v fеstгiсting pulmonafy mесhan-
iсs.' 3 (. 2l, ]5 Thе dеtесtion of thеsе matlrfе adhеsions
(Fig. 4-17) inсliсatеs a сhroniс plrufitis of at lеast sеvеfal
wееks' dtшation.s l- l1 Fibгin stfands may also bе imagеd
in thе сranial mеdiastinum bеtwееn thе thoraсiс wall and
thе mеdiastinal division (Fig. 4_18)' pеriсardium, or right
apiсal lLlng lсlbе. This flbгin may еvеntllally organizе in
thе сranial mеdiastinllm and wall this arеa otТ from thе
fеst of thе thoraх, rеsulting in a сranial mеdiastinal ab-

sсеss.2 4()

Pneumothoraх

A gas-fluid intегfaсе is dеtесtеd in individuals with hydro-
pnеLlmothoгaх (plеural еfltlsion and pnеumothorax).z .t' ь' uв

This pnеtlmothoraх is trsually сausеd by a bгonсhoplеLlfal
frstula, whiсh oссufs in horsеs with Sеvеrе pulmonafy
parеnсhymal nесrosis.2 - Thе dorsal gas (pnеumothoraх)
has thе сhafaсtеfistiс rеvегbеfation aftifaсt сatrsеd by thе
largе diffеrеnсе in aсoustiс impеdanсе bеtwееn gas and
soft tissllе or fluid., J' 5. J;' .1] Thе gas-fluid intеrfaсе сan
bе imagеd moving simultanеously in a dorsal to vеntral
сlirесtiorr with fеspiration, thе ..сuгtain sign,,, rеproduсing
thе nrovеmеnts of thе diaphragm Gig. 4-\9; sее also Fig.
1_I2)., j' 28 Thе dorsal air есho movеs vеntfally duгing
inspiгation, similaf to thе lowеring of lr сLlftain, gradually
masking thе undеrlyinЕ. stfllсtufеs.2s Thе сLшtaifl sign is
bеst visualizеd on thе transvегsе intеrсostal sсan otltainеd
jrrst bеlow thе air-fluid lеvеl.28 At this lеvеl, only plеural
fluiсl is imagеd during еxhalation; howеvец during inhala-
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Figure 4-17
Sonogramsofthегightsidеofthеthoтaхоbtairrеdfrоnra7-r.еllг-o1с|Тhоrougtlbгесigеlс1ir.rgThishсlгsе
whiсh had bееIr tгеatеd With :r tlroraсotomv tо pгoviс|е xdеquatе plеuгal dг:rinlgе Tlrе right sidеs оf tlrеsс sonсlgг:rпrs a;:е dогsa] аnсl tlrе lеtt siсlеs
aге vеntгal

,4' T1rе vеntгlrl lung is adhсrесl (аrrott,) tO thе diaphгaЕ]m in а]l iлtеrspaсеs Adhеsioпs bеtwееn thе рxriеlxl arrrl r'isсегal plеltгal sur.thссs схtеndеd
сloгsallу 25 сm abor.е a liпе lеvеl !r''itlr tlrе point of tlrе shouldеr il1 this sidе сlf thе thoгaх. Tlris sоnoglam wаs illltainеd \\''ith a 5 ()-MHZ sесtoг-
sсannег tгansdlrсег and a displavеrl dеpth оf [J сm in thе thiftееnth intеrсostxl spaсе

B, An arеa of plеuгal tlriсkсning is imagеd along tlrе 1l:rriеtаl plеttгll in thе doгsаI poгtioп of thе гight tеnth iпtеrсostel spaсе (IСS) Thе lrrng
slt|aсе(с1oшnшаrсlаrroш's)isirrеgulагandгadiatеsсomсЕtailar1itaсtsfгomthеlisсегalplсumlsurthсе
arесarrsеdb1,sсaггirrgofthеpulmon;rц'pегiphец,andr,isссгa]p|еtra1tсlmthеpгсViousplеuropnсrrmoniiAnxfеaоfhvpOесhoiс
с|rroш') tepГеsеnts an агеa of Paгеnсh),mal sсaгrirrg Thе Jrrng movеs onlt' sliglrtl-v ovег thе pariеtal plеr-rral sсar in fеal timс s.ith а \'еry shoгt' jеt\-
motion' сompatiblе with plеLlfal aс1lrеsions Thе sсаг alorrg thе paгiеtal plеtrгa ехtепdеd 1iom thе еlеvепth 1СS сгarri:rllr. xnсl vеntfallY to thс tbtLfth
Iсs, thе sitе of tlrе pгеvious thoгaсOtom\. This sonogгam Wis obtainеd \\''ith a i O-MнZ sесto1-sсillnсг tг1lпsсlllсеf аnd a displa-Yесl сLеpth сlf 8 сm in
thе гight tеnth Iсs

tion thе air есhoеs of thе pnеumothofaх with thеir сhar-
aсtегistiс fеvеfbегation aftifaсts pгogrеssivеly invadе thе
imagе from a dofsal diгесtion, rеplaсinЕ. thе plеuгal fltrid.
Thе сuftain sign is bеst visualizеd witlr plеural еffusiоn
and paгеnсhymal сonsolidation, oг atеlесtasis.-. Thе lr.rng
есho сhangеs position fеlativе to thе plеuгal fluid,
whегеas thе doгsal frее gas есho movеs with plеural fluid
movеmеnt and fеspifation. Thе lung is imagеd floating in

Figure 4-18
Sonogram of lсlсrrlatеd plеural flrrid (аrrоu:s) iл thе гight sidе of thе
thorax in thе thifd intегсost:rl spaсе оbtaiпеd ltom a .4.vеar-olс1 Thoг-
ortghbrеd stal]ion with plеuropnеumoпia Notiсе thе mеdixstiпal sеp-
tllm di\,iding thе гiglrt and lсft siсlеs of thе сгaпilrl mесliastirrttm l.lris
sonoЕ.tam was оbtainеd with а 5 0-MHZ sесtoг-sсannег tfansduсеf an(l
a 20-сm displar.еd сtеpth Thе Iight sidе of thе sorrоgrаm is doгsal and
thе lеff sidе is vелtгal

thе plеttral fltrid rеtгaсtеd towaгd thе pulmonary hilus
(sее Figs. 4_\2 aлd 1-|9).,' 3.6 Thе ехtеnt of trrrdеrlying
pulmonaf)/ disеasе is еvaluatеd ultfasonogfaphiсall'r. from
thе vеntгal plеLlral fltrid aссlustiс window. .W.ithоtrt look-
ing dееp into thе thorax, thе trndеrl1.ing сonsolidatеd or

Figure 4-19
Sonogгanr of thе гight sidе of tl.rе tlr()гaх iп thе tеnt[-] intегсoslxl
spaсе obt1tiпеd ttom a 2 ),еаг-old Тlrortllrghbгеd сO|t п-ith aпаеrсlbiс
plеttropnеumonia Notiсс thе gas-tluid intеttrсе against tlrе paгiеtal
p\еLlja. (I)ertiсаl сtпlltt')' wl]iсh dеmoпstratеd thе ..сurtain sign'' irr -геal
timr This frее gxs pfе\'епts visualization of thс pulmon:rry paгеnсhvnra
Thе xtеlесtxtiс vеntral ,lung I|Р GLrrоLt'hеаls) is vistralizес| appгсlхi-
matеl}' 10 сm dееp tO tlrе paгiеtxl plеrrra floatir.rg in thе plеtrгal fluiсl
Thе gas-fllriсl intетlaсе wxs dеtесtеd 15 сm с1oгsal to a linс 1сr,с[ witlr
thе рOint of tl.tе slrouldеr This sonoЕ]fam wаs Obtainс(l With а 

' 
0-MHz

sесto1.sсanпеI tfar]sduссг аnd l displаr,есl сlеpth of 17 сrrr Thе гiglrt
sidе of thе sonogгlm is с|сlгsel arrd tlrе lеlt sidе is vеntIal
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аtеlесtatiс lung сotrld bе missеd and tlrе dorsal pnеumo-

pеars wеdgе shapеd; both, howеvец afе surroundеd by
iluiсl vеntrally.' .' Tlrе есhotехtlrfе of tlrе plеurаl еffusion
in horsеs with hydropnеumothoraх is usually anесhoiс
btrt may bе polymiсrobtrllous with gasеous еffusions or

есhogеniс with
A pnеumothq ef11rsion is morе ditl

flсtrlt to сlеtесt bесatrsе gas frее in

subtlе
гing fr
sitе of
motho
shoulс1 bеgin at thе most сlorsal aspесt of tl-tе thoraх and

сontinlrе vеntгall1,, looking for a brеak in tlrе сhlrгaсtсгis-

tiс rеvегbеration aiг artif:lсt (Fig j_20) t r .. .\ sott tissl.lс-

dеnsity есlro ma1, bе сlеtесtеd at tl-rе sitе <lf prth-tlorrarr

atеlесtasis bеtwееtr tl.rе сlorsirl tiее gas ес1ro er-rd tl-tе

vеntral air есho fгom aегatеd ltrrrg..'Tl-rе есlroеs fгсlnr tl-tе

сlorsal pnеttmothofaх anсl prrlmсlnaгу atеlссtxsis ttlсll'е

fеlativе to onе 1rnothеf with rеspiration (tlrе dorslrl frее

gas есhoеs movе vеntfall1,, сovеring thе pulmonarу atе-

iесtasis with inhalation), whегеаs thе intеrfaсеs bеtwееn
thе ptrlmonary atеlесtasis and thе normally aегatеd lung

movе togеthеr. Thе gliding sign is absеnt at thе sitе

of thе pnеumothofaх bесausе thе normal rеspiratofу
ехсtrгsions of thе visсеral plеura arе hidсlеn from viеw
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by thе pnеtlmothorax.r ]. 2s. -; -q Thе amolrnt of dorsal

lJng с<lmprеssion (pulmonaц, atеlесtasis) dеtесtеd in
horЪеs with pnеtrmothoraх is сlеtеrminеd b1, thе sizе of
thе pnеtrmothorax. Sеvеге pnеLlmothofaх and сompfеs-
sion atеlесtasis arе most likеl1, in lrorsеs with a pеnеtrat-

ing thoraсiс wound or subсutanеous еmphysеma dis-

,.Ъti,,g into thе mеdiastintrm and plеrrral сavit1,. Thе

u.o,'',t of pulmonaгy сollapsе in horsеs witlr pnеumo-

thoгaх сannot tlе aссttratеly dеtеrminеd trltrasonographi
сally, onl1, еStimatесl, bесatlsе thе сomprеssion atеlесtasis

aсljaсеnt to thе thoraсiс wall is an inadеquatе imaging

window.28

Noneffusive Pleurilis

A сlry plеuritis is morе сtiffiсult to dеtесt ultгasonographi
сallylrесattsе lro fltrid sеparatеs plrгiеtal and visсегal plеtt-

ral iurflrсеs. Сarеtul еxamination of thе intеrfaсе bеtwееn
thе pariеtal аnсl visсеral plеural surfaсеs shoulсl tlе pег-

forniеd сltlring inspiration and еxpiration, еvaluating

movеп1еnt of thс visсеral plеural ltrng surfaсе rеlativе

to thе pariеtal plеural surfaсе of thе thoraсiс wall and

diaphгagm. Thе lung surfaсе should glidе smoothl). aсross

tlrе paгiеtal plсuгa. mor'ing otltward during inlralation
anс1 lrrrr-aгсl duгing ехlralation. witlrolrt stiсkу or jеф,
п1O\еlтIе11t: tlrе gliсlir-rg sign. r] If nror-еnrеnt of thе ltrng

aсross tlrе paгiеtal plеr'rгal suгthсеs is гotrglr oг еrгatiс, a

с1rr' plеr'rгitis is pгobаblr prеsеnt -\bsеrrсе of aпr- movе-

..,,i b.t*..n thеsе srtгtaсеs сlrrrirrg гсspiгation is also an

irrсliс:rtion of a сlгy plеtrritis oг edlrеsions bепr,'ееn pariеtal

anсl visсеrlrl plсural sltгfaсеs but is oссasionallr- sееn in

normal horsеs taking vеr.v slrallow brеaths.' . , Thегеforе,

if thе gliding sign is absеnt, thе hoгsс shor-rld bе foгсеd
to takе a sеriеs of dееp bгеaths (iсlеall1. by brеathing into

а rеbrеathing bag) to thoгotrghly еvalttatе thе plеural

strrfaсеs and tlrеir movеmеnt rеlativе to onе anothrf.

Pleural Thickеning

Plеurаl thiсkеning (Fig 4-2\) сan bе aссLlfatеlу diffегеnti
atесl ffom plеural еfftlsion.j';.25 Plеtшal thiсkеning is most

frес1trеntl1, imagес1 in horsеs with еffusivе plеuritis but
has also bееn rеportесl in onе hoгsе with mеsothеlioma
lrnd in onе horsе witlr lymplrosafсoma.' з 5 |9 11 Horsеs
witlr thiсkеning of thе paгiеtal plеtrra should bе sсannеd

сarеfull1, with a highеr-frеquеnсy transdtrсеr (7.5 МHz)
to sсfееn fbr subplеural mаssеs or hеmatomas.l , Al-

though both oссur infrеquсntly in horsеs, anесhoiс sub-

Dlеtшal massеs that may сontain sеptations and есhogеniс
irеas of intеrnal сlot formation (hеmatolrras)-, maу bе

сlеtесtесl in horsеs with thoraсiс tratrma or r-asсttlaг nеo-

plasms srtсh as lrеmangiomas or hеmangiosaгсtlmas.
Subplеuгal massеs of soft-tissuе есhogеniсit1, afе most

likеф mсtastatiс nеoplastiс massеs arrd shotlld bе lriop-

siесl undеr ttltrasonographiс guidanсе.]2 j; Massеs involv-

ing thе сhеst wall and pariеtal plеtrra сan bе diffеrеnti
atёd frorn supеrflсial pulmonar.v massеs invading thе

paгiсtal plеura b1. сarеful ехamination of thе margins of
i1.. .os' and thеir movеlnеnt with rеspiration. In most

lruman bеings with сlrеst wall tumors, thе margin bе-

Figure 4-20
Sono!.fam Of thе lе(t sidе intеIсost:u sPaсе

obtainесl fгonr a 21,еlг<l a рlеumotl.rсlraх
tгOm x pе11еtгating сhеst thr сhlгaсtсfistiс
aiг aпiirсt (аrroul) aлсl е jltllсtio11 Of thе

tlогs:rl \,сnlrltl aегl1есi
liеrr'Ь х is atе|есtxtiс.
з linе l of thс shоulсlсt.'
rr.ir]l а lrnеr tflnsollсег
спl Т]lе гigh t sidе сlf tlrе sоnсlgгam is dсlrsal :rnd tlrе lеft sidе is Yеntгal

Ve
tB

oo
ks

.ir



198 Сhаpter 1 . Tborаciс LГItr.tsoпogrаpb!

Figure 4-21
Sonograrп of thе lеft sidс of tlrе thoпlх in thе siхth intегсOstal spaсе
oЬtainеd fгom :r 2-1-еaг<lld Standaгdbгеd сolt with l)|еt]rxl t,hiсkепing l
yеar aftег tгеxtmеnt 1bг plеuropnеltmonia NOtiсе tl.rе fibrоsis along tl.rе
pariеtal plеufal surfасе of thе сhеSt w,;ll| (аrrоtсs), Whiсh ехtеndеd
doгsall1, 5 сm аbovе a lirrе ]еvеl With thе poiлt of thе sholllсlег Tlrе
iffеs]uladtiеs in thе visсеfаl plеш:al sttr{hсс of thе ltшg and thе гadixting
сomеt-tail aftifaсts aге assoсiatеd With thе prеvious plсuгoplrеrtmоnie
Thе lrrng was iпragеd glidiпg pxst this afеa of plеtlгal thiсkеniпg in геal
timе This соlt did геtlшn srtссеssfrrlly to raсing Tlris sonоgгam was
pегfbгmеd w,ith a 7 5-МHz sесtoг-sсil1nег tr21nsdt|сег anсl an [J-сm сlis-
plaуесl сiеpth Thе t.iglrt sidе tlf tl.rе SonoЕ.гаm is dсrгsal anс| thе lеft siсlе
is vеntfal

twееn tumor and lung is сurvеd, smooth, and сontinuolls,
and thе mass movеs synсhгonously with thе сhеst wall.]2
Lung ttrmors that involvе tlrе pariеtal plеLlra of сhеst Wall
usually havе irrеgtrlaf marЕ.ins, disrtrpt thе visсегal and
pariеtal plеuгal surfaсе, and do not movе dr'lrirrg rеsрira-
tion.r2

Pulmonаry Abnotmаlities

C o m p rеss i o n Аte l e сtas i s

Сomprеssion atеlесtasis oссLlfs whеnеvеf thе ltrn64 pafеn-
сhyma is сollapsеd by fluid (sее Figs' 1_6 to 4_8), air (sее
Figs. 4_I2, 4_19, anс| 4_2o), сlг visсеra (in horsеs with
diaphragmatiс hеrnia) oссup1-ing spaсе noгmally сon-
taining lung'. ('. 19 Thе сompfеssеd ltrng is сollapsеd, and
smallrf air.ways afе no longеr aеfatеd, lеaving this portion
of lung hypoесhoiс (есhogеniсity of soft tissllе).J 6 9 l7 l'
Thе atеlесtatiс ltrng is геtraсtеd toward thе hiltrs (sее
Figs. 4-6 to 4-8, 4_1.2, aлd 4-ID. I,inеar aif есhoеs ma).
bе imagеd in largеr aifw-ays and appеar сrowdеd togеthег
as thеy сonvеfgе toward thе foot of thе ltrng.r. Thе
aсoustiс shadowing and rеvсrbеfation aftifaсts from aiг
within thе largе bronсhi ma1l 5. vеry prominеnt in indi
viduals with сomprеssion atеlесtasis, pгobably as a rеsttlt
of сroмrding of thе largег bronсhi as thеy сOnvеfgе to-
ward thе foot of thе lung.зl If thе lr'mg is еasil-v сoш-
pfеssеd b1, thе sllrfollnding fluid, aiц or visсеra within
thе thoraх, it is probably noгmal. Normal lung is also
lightег than fluid and floats on top of and Within plеLlfal
fluid.2{'

Figure 4-22
Sonogгltn of гigl.rt siс|е сlf tlrе tlrсlтax in thе fiftlr (lф iпtа.чa) ,,ltlсI

sеvепth (right il|l(t.че.) intегсost:ll spaсеs obtainесl 1iоnr :r 2-daу old
Thогouglrbrеd соlt With ttсonet:tl гсspi]:itОп. distгсss s\'ndгomе Notiсе
tlrе noгmal air есlrсl аt thе lrrng pеriphеq' (аrtou') iп tlrе right imallе
aлd thе аlэnoгmal air есho (аrrou') in thе lеti imagе 1.lris lattеr appеar.
arrсе is assoсilltеd with snral1 ассrtnrulatiolls of fluiс1 jп tbе pегiphсral
alr,еtl]i oг intеrstitium or bсlth Tlrеsе sollOgIams wеге сlbtainесl alсlng :r

liпе lеvе] П-ith thе pсlint of tlrе sl.tottlс|ег witlr x 7 5-N{нZ sесtor-sсxnnеr
tfansdtlсег and a displar,ссl сlсpth of 6 сm Thе fight si(lсs оf thеsе
sо1lo!]гаms aге сlогsl| and thе lеft sidсs :rгс \.еntгa|

Consolidation

Thе rеplaсеmеnt of alvеolaf aif With flr-rid in lr-rng adjaсеnt
to thе thoгaсiс wall сrеatеs an ltсottstiс window сlеtесt-
ablе tlltrasonrlgгaрhiсallr,.2 6 2] jt Thе affесtеd arеa of lllng
is hr-poесhoiс andlor laсks thе lloгmal air есho at thе
sur1eсе (Ftg, 1-221.| 6 l- Thе еarliеst sign of сonsoliсlation
may bе dimpling of an irrеЕ.ulaгity of thе visсеral plеural
surfaсе of thе lung, a nonspесifiс сhangе сattsеd by non-
uniform aеfation of tlrе lttng pеriphец, (Fig 1-23).1 з a.зз

Сomеt-tail artifaсts fadiatе fгom thеsе nonaегatеd afеas,
сгеatеd by small aссtrmulatiсlns of ехLldatе, blood, mllсLls,
еdеma flr.rid, or tumof сеlls oг bl. sсlrrring sесondaгy to a

Figure 4-23
Sorro54'гarrr of tlrе lеIt Sidе Of thе tlrсltrх in thе siхth intсгсоstal spaсе
obteillс(l fiom an [J t'еar old oldеrrbеrg marе п-itlr sеPtiс bгOnсhitis
NOtiсеthеsml|lагеaof сlimpliпgof thе\,isсеfalplеtlralsru.thсе (аrrolL')
and thе raу (сomеt.tail) aftifxсts OIi!.in:ltillg Ггom tlrс r'еntгal tip ofthе
lrrng Tlris sonоgram was pеrloгrrrесi \\.ith x 

' 
()-N[HZ sесtoг-sсaпnег

tгansdllссr atld a ] 4-сm сlisplavеd dеpth .l.hе fight sidе of thе sonogгanr
is dorsal :rnсl thе lеlt sidе is Yеntгa]
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prеvious botlt of pnеumonia or plеuritis. Thеsе сhangеs
сan bе dеtесtеd in hoгsеs with pnеumonia, plеttritis,
pulmonary hеmorгhagе, pulmonaгy еdеma, СoPD or
bгonсhitis, granulomatоrrs or nеoplastiс disеasе, of sсar-
гing from pгеvious plеtrropnеumonia. In hoгsеs with
pnеumonia' hypoесhoiс afеas fеprеSеnting ptllmonaгy
parеnсhymal сonsolidation appеaц srrггottndеd b). nor-
mallу aеratеd portions of ltlng. Thеsе small supеrliсial
hypoесhoiс afеas afе homogеnеous, сonsistеnt with ..sll-

pеrflсial fluid alvеolo8fams.''.з. r 6.,, Tlrеsе intеrгuptions of
tlrе normal, highly rеflесtivе plеtrropulmonary suгfaсе arе
dеtесtеd in most individuals with pulmonary сonsolida-
tion.22 Thеsе aгеas of ptilmonary parеnсhymal сonsolida-
tion usually havе an iгrеgulaг margin with hypеrесhoiс
aftifaсts dееp to tlrе lеsion whiсlr mimiс aсollstiс еn-
hanсеmеnt.r2' i] small сonsolidatеd arсas ma.v bе imagеd
only during ехhalation bесausе thе lеsion movеs bеnеath
thе adjaсеnt rib or inhalеd air еntеfing thе strrrounding
airwаys and alvеoli intеfvеnеs, rеflесting thе ultгasound
bеam and prеvеnting thеiг visualizatiсln (Fig. 4-241.з',
Thеrеfoге' it iS сritiсal that еaсh atea of thе lung bе
еxaminеd сarеfully during both inhalatiсln and ехhalation
so that smallеr arеas of сorrsolidatiсln and arеas that arе
not at thе visсегal plеtlral surfaсе but aге slightlr. dееpеr
сan bе dеtесtеd ultrasonographiсallr.. Bесattsе pt-tеt'tпlonia

is a dynamiс pгoсеss' aiг in tlrе sr.rpегfiсial alr еoli сan bе
dеtесtеd ultrasonсlgгaplriсallr еaгlr- irr thе сtlttгsе of tl-rе

disеasе oг durirrg rеsoltttion of tlrе pnеltnronia..'n
Thе ultrasonogгaplriс diagrrosis сlf pulnronaгу pafеn-

сhymal сonsolidation is basеd upon thе dеtесtion of h\.
poесhoiс pulmonaгy parеnсlryma and visr.ralization of onе
or mofе of thс lr.rng,s anatomiс fеattrrеs: sonographiс air
bronсhogгams, sonographiс fluid bronсlrograms, рulmo-
nary vеssеls, or sсattеfеd есhogеniс foсi duе to rеsidual
aiг in сonsoliсlatесl lung plrrеnсhyma., .)' 22, .]o. rl' 63 Thе
drtссtion of thеsе anatomiс stfllсttlfеs in hypoесhoiс

Figure 4-24
Sofloliгams of thе right siс|е of thе thoгaх in tlrе ninth intеrcostll
spaсе olltainеd fronr a 7-Yеaг-сllсl Thoгot-lgl.tbгсd gеlding witlr а pгеviсltts
histоry of plеtrгo1lnсrtmorria Тhе small lr1.poесhoiс aгеa of lung
(d'rrol|s) is visiblе dtrгing ехhalatio|1 (lefi il,l7аgе) bllt is pоorlY Yisual.
izеd dtring inhal'ttiоn (riglэt i,п1аgе) Tlrе visсеral plеuт;tl suгthсе сlf thе
lung is iггеgrrlаr an(l fadiatеs сomсt tail xгtif:rсts Thеsе sonсlgгams wеrе
obtainеd 10 сm abrlvс a linе lеvеl with tlrе point of thе slrсltlldеr, witlt
a 5 o-MHz sесtof-sсan|еr tгansdtrсег anс1 an 8-сm displa1'еd сlеpth .Гlrе

гight sidеs оf tlrеsе soЛo!.г.rlтs aге dtlгsal and thе lсft sidеs arе vеntfal
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Figure 4-25
Sonogгam of thе lеlt sidе of tlrе thorxx in thе siхth intеrсostal spaсе in
a 4-1'еaг-o1d ThoroughЬгесl stal]ion dеmonstгxtinЕ] an aiг bronсlrogгam
(аrrош) in a Уепtгal aгеa of p;rгеnсlr1'mal соnsolidatioл A small amolult
of 1ibrin (феп аrrОш) is imagеd on thе visссral plеuгal sr-rгfaсе of tlrе
lung Thе сonso]idatеd lrrng and lr1рoесhoiс plсrrral еt.ftlsiсln ехtеndеd
сlorsallу 18 сm abovе a lirrе lеvеl with thс point of thе slrouldег Thс
есhogеniс ltng (L) With сomеЕtail eгtifaсts on thе right sidе of thе
inragе is moге noгmall1, aегatеd lung This sопogгam was oЬtainеd with
a 5 O-}{Hz sесtoг-sс1lt111еI tгxnsdllссг and aп 18-сIп displa1.сс1 dеpth Thе
пght sidr of tlrе imagе is dоrsal aпd thе lеft sidе is vеntгal 1)^ Dia-
phгаgnl: PF pJеrrгаl fltlid

lr-rrrg is сгl.lсia1 tbг thе dift-егеntiation of sеуеfе pulmonafy
сonsolidation from plеuгal еttlsiorr pulrrronarу paгеnсhy-
mal nесгosis' or a puhnonar\' absсеsq ] 6 jl 68 Although
еarliеr studiсs in human bеirrgs suggеstесl that it was
not always possiblе tсl ditТеrеntiatе plеLlfa[ еtfr-rsion from
pulmonaгy сonsolidation, impгovеd еquiprrrеnt, highеr-
fгеqtrеnсy transduсеrs with bеttеr fеsolution, and im-
provеd sonographег skill suggеst that plеural еfТusion сan
bе rеliabl-v diffеrеntiatеd from pulmonary сonsolida-
tion 2 - 3' 6n Sonographiс air bronсhograms arе imagеd as
distinсtivе hypегесhoiс linеar aiг есhoеs in hypoесlroiс
lung (Fig. 4_25). Thе intеrfaсе bеtwееn aiг within bron-
сhi, bronсhial walls, and thе suгrounding fluid-lillеd pttl-
monafy paгеnсhyma produсеs stfong h1pеrесhoiс linеar
rеflесtions.r'. .'8 Thеsе lrypеrесhoiс linеar есhoеs сofrе-
spond to thе traсlitional air bronсhogfams dеtесtеd on
thoraсiс radiоgraphs.2., ]o, з1' 68 Thеsе hypеrесhoiс linеar
rсhoеs of sorrog4гaphiс air bronсhogгams aге bеst imagеd
whеn thе sсan planе is paгallеl to thе long aхis of thе
bronсhi. Sсirttеfеd есhoеs of varying lеngth arе imagеd
whеn diffеrеnt sсan planеs aге trsеd and aif bronсho-
gfams afе bеing sliсеd oLlliquеly.J' Thеsе strongly есho-
gеniс bfanсhing linеs of thе aiг-fillеd bronсhi сonvеfgе
towafd thе foot of thе lung, bесoming largеr as thеy
mеrgе.]' 1. 22'.1' 68 Aсoustiс shadowing and rеvеrbегation
artifaсts arе imagеd in assoсiation with thе laгgеr proхi-
mal bгonсhi.rr Thеsе aгtifaсts afе mofе prominеnt whеn
a |arge objесt чlith a flat surfaсе is inragеd реrpеndiсular
to thе ultrasounсl bеam'r. Thе pгеsеnсе of thе hypеr-
есhoiс linеar есhoеs. assoсiatеd artifaсts, and thеir laсk of
pulsations сliffеrеntiatеs tlrеm from anесhoiс pulmonary
vеssеls j.

Thе normal fеspiratory movеmеnts of thе ltrng against
tlrе plеura should bе еvaluatеd in all lroгsеs with sus-
pесtесl plеural oг pulmonary disеasе. Thе gliding sign
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2oo Сhаptеr 4 . Thorасiс Lrltп|sonogr.lptxу

is dеtссtablе sonogfaphiсall-v in most individllals with
pnеttmonia and сonsolidatiсln. Thе absеnсе of thе gliding
sign in horsеs usually indiсatсs a сonсomitant dry plеu-
гitis. Phrеniс nеfvе pafalysis has bееn proposеd as thе
сausе of thе absеnсе of thс gliding sign in human bеings
with сonsolidation and inflammatory lung disеasе.22 Tlris
is an unlikеly сausе of thе lасk of rеspiratoч/ movrmеnt
in horsеs.

Sonographiс fluid bronсhogfams arе nonpulsatilе, an-
есhoiс trrbtrlar stfuсtufеs that also сonvеfgе toward thе
root of thе lung, bесoming largег as thеy сonvеrgе (Fig.
1-26).|'.J 22, 3o,.'" In сontrast to aif bronсhograms, fltlid
bronсhograms arе dеtесtablе only sonogгaphiсally, not
radiographiсally.r2 Аlthotlgh thе diamеtеr of sonographiс
fluid bronсhogfams noгmally dесгеasеs towafd thе supеr-
flсial fluid alvеologram, an inсгеasе in its diamеtег towarсl
thе pеriphеry stlЕ.€.еsts pulmonary сorrsolidation with
fluid bronсhiесtasis (Fig 4-27),2, Sonogгaplriс fluiсl brсln-
сhograms сan bе diffеrеntiatеd fronr pulmonary vеssеls,
whiсh aге ptilsatilе, tubrrlar stfllсtllrсs that also еnlargс
as thеy сonvеrgе towaгd thе root of thе lung.2: з0, r'в

Pulsеd-wavс oг сolor-flow Dopplеr imaging сan bе usеd
to dеtесt flow in thеsе vеssеls if a ptllsе is not dеtесtеd.
Howеvец distinguishing bеtwееn a fluid bronсhogram
and pulmonaц, vеssеl is ustrally not nесеssary, as visrral-
ization of еithеr or both stfuсtufrs is assoсiatеd rvitlr
pulmonary сonsolidatio1l..J 5 2]. 3(). 68 Nonlinеaг sсattеrесl
есlrogеniс to h1,pеrесhoiс foсi visiblе in mtrltiplе sсan-
ning planеs in aгеas of сonsolidation rеpfеsеnt rеsidual
tгappеd 

^ir.6 
22 68

Thе сonsolidation is usually loсatеd сraniovеntrall1,,
witlr thе right lung morе frеquеntl). 11n.1 morе sеvегеly
affесtеd.] ] - oftеn, if thе ultrasound ехamination is pеr-
formесl vеry еarl1, in tlrе сOlrfsе of tlrе disеasе and thе
pnеumonia is sеvеrе, it appеars lеss ехtеnsivе. This ..tip-

Figure 4-26
Sоnograпr Of thс fi€.ht sidе of thе thогaх in thе sе\'еnth intегсOstal
spaсе obtaiпеd ffom a 20-vсаf old Tlrогorrghbгесi gсlding with pnеuпro-
nix Notiсе thе fluiсl bгсlпсhogгanl (сtlтt/tls) adj;rсеrrt to l l)UlmonalТ
vеssеl in thе vеltral hеpatizеd (livег-likе) lrrng Тhе fluiсl bгсlпсhogram
lras tlrе mсlге есlrоgсniс wal-ls arrd is thе dесpеr of thе two Iltliсl-tillесl
trrl]Lllaf struсtllгеs Тlrе есhogеniсitу and tехtlrге of thе hеpltizеd luпg
aге vеry similxг tO Llrosе of thе rrtldегlving livег Thе сOnsoljdation
ехtеndесl doгsall1' to a linе lеr'еl п,ith thе pоint of thе sholllсlег This
sonoliram was pеrfoгmсс| With a 2 5-МHz sесtoг-sсaflnеf tгansduсег aлd
an l8-сп displaуеd сlеptlr Thе fight sidе of tlrе sonogгam is dorsal anсl
thе lеft sidе is vеntгll

Figure 4-27
Sorrogг;rm of thе fight siсlе сlf thе tl.loгltх in thе sеvепtl] intеrсostаl
spaсе oЬtaiпеd tiоm a .l--vеar-old Tlroгсluglrbrесt gеldirrg with plеLшO.
pnсtlmoflia .l.hе еnlafging lluid bгorrсlrogr^m (Llrrolus) is сo11sistеnt
with brоrrсhiесtasis in thе hеpatizеd fight \'еntral lLttrg, whiсh was
сlеtесtесl alоrrg a linе 1е\'еl with thе point оf thе shottldег Tlrе moге
есhOgеrliс iung is thе moге normall1, aеratеd lrtng A sma][ anесlr<liс
plеrшal еtfrrsion slrггotшсls this poгtion of Jtrng D, Diaphгagm; L. ]iУег
Tlris sorrоgгarl rr.ls оbtainеd witlr a 5 0-мl{Z sесtoг-sсanпеr tfxnsdrrсеr
аnd a l 0-сn1 displar-еd сlеlrth Thе fight sidе of this sonоgram is dorsal
and thе ]еft siс]е is vеlltгal

oЁthе-iсеbег€.. imprеssion oссLlгs bесausе air-flllеd alvе-
oli, and sп-rall anс1 laгgеr airwa,vs arе rеflесting ultrasound,
pгеvеI1tillg its tгansrrrission to thе dееpеr affесtеd por-
tions tlf lr'rng (Еig. 1-28). oссasional glimpsеs dееpеr into
abnoгnlal pulmonaЦ, parеnсh.Yma arе an indiсation of a

Figure 4-28
SonoЕ.fam Of thе гight sidе сlf thе tlroraх in thе еighth intеfсostal
spaсе fгom a 2-vеar-old Standaгdbгеd сolt With eсutе sсvеrе pnеumonia
NOtiсе thе lrvpоссhoiс lung parеnсhvma at tlrе visсеrаJ plеrrral surfaсе
(smаll аrroшS)' with a largсr lr1рoесhoiс aгеa ехtеndilg dееp into thе
lung paгеrrсh).ma (lаrge сIrrОu:) dсIeс|еd 16 сm dorsal to a linе lеr,сl
п.ith thс poirrt оf thе shollldеr This glimpsе or dееpеr hvpoесhoiс
ptilmooaЦ' paгеnсh1.ma. imagirrg largег aгеas of сotlsoliсlation! sllggеsts
that thе ссlnsoliсl:rtiсln is morе sеvеге tlran it appсагs sonсlgгaphiсally
This oссurs in aсutе sе\.еге pnсt|mоnia п.hеn air is still tfapPеd out in
thе pсriphец, arrd irr laгgег aiгwa1.s bе1brе thе еntifе arеa bессlпlеs
hеpatizеd Thеsе sonоgranrs oftеrr bесomе l,oгsе' u'ith laщег lr1,po-
есhoiс aге;rs of сonsoliсl:rtion imagеd. bеlbге tl.rе.v improvе This soпо-

Е.rаm \!'as pегforrrrеd Witlr l 5 O-MHZ sесtоr-sсaпnеr trxпsсluсеr 1lnd a

l2-сm сlisplar.еd dеpth .Гhе Iiglrt sidе of thе sonсlgram is doгsal aлd
thе lс1t sidе is vеntrаl
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sсvеге pnrllmonia, likеly to appеat wofsе tlltrasonogfaph-

iсal[ bЪforе improving. This oссurs bесatlsе air is initially
trappеd in thе pеriphеral alvеoli and smallеr aifways
ьеiorе thе еntirе affесtесl arеa is fillеd with ехudatе.

Thеsе sпrall hypoесhoiс tip-of-thе-iсеbеrg arеas tеnd to
сoalеsсе into largеr aгеas of сonsolidation as thе disеasе

from tlrе livеr but aге found abor.е. гathег than bеlorr..

Figure 4-29
sonoЕ.ram оf thе f spaсе

сlbtainеd tionr a .1 pnеLl-

m.r|]iа, \l'ti(.с тhс mtl]ti-

plе hr.pсrесhоiс gas есhсlеs withiЛ thе 1larелсlr1.Ila arrd small air.wa},s

ilrat сitеndесi сlorsall), tO a liпе lеvеl with thе pсrint of thе shoulсlеr.

Тhis sсattеrеd distгiblltioЛ of hуpеfесhoiс gas есhoеs iп sеvсrеl). сorrsсll-

idаtеd tung is oftеn dеtесtесl irr hсlrsеs witlr аnaеrobiс ptlеumoniа Tl.rе

luпg adhегеs tо thе paгiеtxl pIсuга anсl diaphгagп (D). This sо11oЕ]fam

s:rs 1lеrt.оrmесl \\.ith a 5,() MHz sесttlг-sс:rnnег tfaпsduсег and a l0-спr

displarеd dсpth. Тlrе right sidе of thс sollogгаm is сlorsel and thе lеft

sidе is \ еntгal

Figure 4-30
of tlrе tlrora pxсе
Stlлсlardbге оnrl.
ranсе of tl.rе With

сd t|oгsr|lt l l сm аlэurе
Thе bгiglrt l.tvpегесhoiс
A small plеurаl еfftlsiorr
аLlsе thс ltlng is sсrсгсlу
s,ith a 5.0-MHZ sесtoг-

rсaпIlсг tгltпsс]uсеr anсL ;t displar'есl dеptl-t Of 16 сrrr Thе гight sidе of

thс toпOgr]nt is doгsal rnd tl.tе lеft sjdе is r,еntгal I,. Aег:rtеd lung; D.

di;rpilгagnl

aгеa of сonsolidetion sllgЕ.еsts sе\ сге сollsolidetion. oftеn

pfo€.rеssing til pulmorrar\- nесrosis oг absссss forma-

iion., ' 
(, A gеlatinotrs-appеaгiflЕ. lttng oссl.tгs \\-ith parеn.

сhymal nесrosis; thе aff.есtесl lun54 is Llsllalh' lrr.poесhoiс
anсl bulging, although сollapsе of this arеa ma) tblloчl
(Fig. 4-32). Tlrеsе bulging afеas of parеnсlr1.mal nесrosis
mi1, split, an intiеqllеnt ultrasonographiс frnding that has

Figurе 4_31

аnсi suгrotrnсiiпg plеrrгat flrriсt (PF) ехtсnсlеd сlоrsall-v lt] сn abovе a

linе lеvеl with tlrе point Of thе sholllсlсг. Tlris sonogгam was obtaiлеd

with a 5.0-]\IЕIZ sесtor-sсaпnег tfaЛsdlrсеr aпс1 a l.1-сm displa1.еd dеpth.

Thе fight siс1е of thе sоnogf1tm is сloгsal anсl 1hе lсft sidе is \.еntfal L,

Aегatесl lllпЕ]
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Figure 4-32
Sonogгams of thе гight sidе of thе thofax in thе siхLlr intсгсostal spaсс obtainесl fгoп а 5-r.еar<lld 1.horotrghbrеd stallioп with plеuroprrеunrоnra
Thеsе sorrоgгams wеrе both obtainеd With a 5 uMHZ sесtoг-sсxппеr tfaпsdl]сеr arrd a displa1'ссl сlсpth сlf |1 С|1i'(А) and 12 5 сm 16, Thе righ1
sidеs оf tl]е sonоgrams aге doгsal aпd tlrе ]еft siсlеs arе Yе11tral

,4, Thе bttlging vеntral lung t|P 0аГgе n',611l) is сОr]sistеnt With a nесгotizinЕ. pnеumOnia xnd thе сa\.itxtk)n of tlrе pulrтсlllary paгепсlrуmа
(s1nаllаrrОшS)ASm211[aп]ountofgasisstil1pгCsсtltinthе\,еrrtгaltiPOftlrеlrrr.rgAsmallarrесlroiс1lеuгalсffllskln
plllmonaг}.paтеnсlr1.ml wes imagесl dorsallr- to a linе 13 сm aЬоуе thе lеvеl of thе point olthс shoulсlег l-. Aегxtеd Jtmg: D. сliaphr.agm

B, Thе сavitatеd aIеx in thе Yеntгxl tц) of tlrе ltng is rrоw an absсеss (аrroL,hеаds) This sonogгem was Obtaiлеd 1l dal's afLег thе oпс ill ,4. At
this timе abnoгmal pulпonat1' paгсnсhvma rvas inragсd сloгsallv to :r ljnе 5 сm abovс thс Point сlf thе slrouldег

bееn dеtесtеd only in hoгsеs with sеvеfе aсutе nесrotiz-
ing pnеumonia. Thеsе nесrotiс aгеas thеn еithеr сirvitatе
and foгm an absсеss (Fig. 4_32) of flrpturr into thе
plеuгal spaсе, сrеating a bгonсhoplеural fistula (Fig.
4-33).. In sеvеrе aсutе nесfotizing pnеumonia, thrsе
сhangrs сan oссLlг ovеf a fеlativеly short pегiod of timе
(24 to 72 houгs).

Bronсhopleura l F istu l a/Аbsсess

A bronсhoplеufal listula is diagnosеd Llltrasonographiсally
Whеn thе visсеfal plеtrral rdgе of thе lung is no longеr
pfеsеnt, a сavitation is imagеd involving thе visсегal еdgе
of thе ltrng and hypегесhoiс air есhoеs, and hypoесhoiс
fluid есhoеs сan bе imagеd in геal timе moving from thе
gеlatinous atсa ot pulmonafy nесrosis into thе plеural
spaсе (Fig. 1_33)., 5 This rеsr-rlts in a pnеumothofaх, as
a bronсhus сommuniсatеs With thе plеtrral spaсе. Thе
pnеumothoraх maY oссLlг With of withollt a сonсomitant
plеuгal еffusion. A gas-fluid intеrfaсе makеs thе bron-
сhoplеural flstula еasiег to diagnosе. Thе gas and ехudatе
from thе lung сan bе imagеd in гсal timе miхing with
thе plеuгal fluid bесausе thr gas-flLlid intеrfaсе is usually
dorsal to thе nесrotiс afеa iп thе lung.

Horsеs with bronсhoplсufal listttlas, if thеv sllгvivе,
usually сlеvеlop a |atgе bгonсhоplеtrral absсеss sllf-
founding thе sitе of thе bronсhoplеural flstr'rla (Fig.
4_34).2 r .' Tlrеsе absсеssеs сan pеfsist for yеaгs in somе
horsеs, сallsing сhroniс сotrgh, mttсopurulеnt nasal dis-
сhargе, and wеight loss. Bгonсlroplеttral absсеssеs сan bе
drainсd pеrсutanеously, an inсlwеlling сhеst tubе plaсеd,
and surgiсal drainagе of thе absсеss pеrformеd Llndеf
ultrasonographiс guidanсе. Stlrgiсal сlfainagе of thе bron-
сhoplеtlгal absсеss via a гib rеsесtion сan bе pегfofmеd

геlativеly safеlу in thе standing htlrsе if thе absсеss is
loсatеd in an aгеa wlrеrе a rib rеsесtion сan bе safеly
pеrfofmrd. A rib геsесtion and sllfgiсal drainagе of thе
absсеss сan also bе pеrfoгmеd undеr gеnегal anеsthеsia,
if indiсatеd. Indiсations for pеrfortning a rib fеsесtion
undrr gеnегal anеsthеsia arе thе loсation of thе absсеss;
laсk of сomрlеtе сifсLlmfеrеntial adhеsions bеtwrеn thе
absсеss, lung, anсl сhеst wirll; and tеmpеfamеnt Of thе
hoгsе. St'tгgiсal fеsесtion of thе bronсhoplеtlrlrl absсrss
with attеmptеd surgiсal сlosllге of thе сommuniсating
bronсhus has also bееn pеr1brmеd sttссеssfull1. in horsеs
Lrndеf Е.еnегal anеsthеsia.J ] 6 A rib rеsесtion and surgiсal
drainagе or stшgiсal fеsесtion of thе bronсhoplеrrral ab-
sсеss Llndеf gеnеfal anеsthеsia shсlttld not bе pегfbrmесl
in latеral rесtlmbеnсy, but rathеr with thе horsе posi-
tionеd as сlosе to thе standing position as possiblе. Thе
Lrsе of thе standing position pfеvеnts or minimizеs tlrе
possibility of aspiration pnеumonia dеvеloping in thс
unaffесtеd (down) lung, a likеly possibility in horsеs that
havе surgеry pеfformеd in latеral rесumbеnсy, bесausе
of thе bronсhial сonrnrtlniсation with thе absсеss.

PuImonarу /fsсess

Absсеssеs afе idеntiliеd ultrasonographiсally in thе ltrng
by thеir сar,.itatеd appеafanсе and thе absеnсе of an),
normal pulnronary stfllсtufеs (vеssеls ()f bronсhi) dе-
tесtrd within (Fig. ,i-35)., 6 l], sl t]2 An anесhoiс arеa
laсking air or fluid bronсhograms with aсoltstiс еnhanсе-
mеnt of thе wall or lung dееp to thе hypоесhoiс afеa is
thе initial sono€цaphiс appеafanсе of an absсеss.2 3 5,6 22. 1.]

Pulmсlnary hеmattlmas, althotrф 1?fе, may also appеar as
anесhoiс сavitaЦ, lеsions witlr aсoustiс еnhanсеmеnt dееp
to thе hеmatoma.-,' Intеrrral есhoеs (loсtilatitlrrs or есho-
gеniс сlots) may bе pгсsсnt within tlrеsе lеsions as thе
hеmatoma stafts to organizе. Absсеssеs may bе еnсapsu-
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Сb.lРtеr 1 . Thorасic Llltrаsonogrаphу 2o3

Figure 4-33
Sоnogгams of thе lеft sidе of thе thoгaх iп thе sixth intеrcostal
spaсе olэtainеd fгсlm a 2-l.еaг-сllсl Tlrоrouglrbrес| сOlt witll sе-

vеrе aсutе :rnaеrobiс plеuropnеurnoпia Tlrеsс sсlrrogгams^ сlb.

tainесl 4 с1avs apaп' show tlrе dсvеlоpmеnt of а bronсhоplеr-ral
1]stula fгonr a sеvеfе nесrotizing pnеLlmoniа ,Гhеsе sonоgralrrs
wеге obtainеd with а 3 5-MHz transсlrrсег and l l7-сm dis-

plar.еd dеpth Thс гight sidеs of thе sonOЕ]гams arе dorsal and
thе lеft sidеS aге Yеntгal

.] l.hе песfotiс. gеletirrous aгеa of |ung (аrroшs) has arеas

Of сa\itatioll anс] fгее gas есlrоеs Thе abnoгmal pulпoпaц,
paгеnсhr ma ехtеllсls dсlгsа]lr l (l сn1 abo\'е a Iinе Iс\,еl *'ith
thс рoillt оf rlrе shrlrtldег

8 loss Of thе \isсегаl рlеtLгal Lung есhсl (ttrгott ) is iпagеd
+ d:rr's Iаtеr .Гhе 

сa\ itation llсlп сrtеnds tlrгсll.lgh thе r'isсегa]
еdgс of thе lrrng GlLs есl.tсlеs ;tге sееn е\tеllding tгoпr tJlе lLtng

into thс plеttгаi сariп' in гсe! timе Гhс abпсlrmal pulmoпaп

paгеnсlrYrna s,'as visiЬlе сioгsall1. 18 сm abovе a linе lеvеl \\,ith thе point of thс sl-toulсlег, arrd a dсlгsаl PnеLlllothoгf,\ пas dеtесtеd

С. Pсll-vmiсrсlllrrllorrs (gasеotts) fluiс1 is сlеtесtеd 4 сlavs lxtеr itl thе рlсural flrriс1 ;rrst сlorsal to thе sitс оf thе bгonсhсlplсural

listrrla L, Aегatесl ltшg

latеd with an есhogеniс fibrous сapsulе (Tig. 1_36)
but arе mofе frеqlrеntly imagеd Withollt an1, ..l..,'n',o-
graphiс еvidеnсе of еnсapsulation (Fig. 4-371',-u l; al n2

As thе absсеss forms, thе parеnсhyma may bсgin to
сavitatе whilе геtaining part сlf a bronсhlls within (Fi8.

4-3s). Thе сirсtlmfеfеflсr of thе absсеss maу bе imagеd
ехpanding slightly dr'rring inspiгation in lrtrman bеings,
whеfсas lung adjaсеnt to есhogеniс, сomplех plеufal
fluid movеs in assoсiation With rеspimtory movrmеnt.26 EJ

Thе matеrial сontainеd within thе absсеss ma,Y vaf'Y from
anесhoiс to hypеrесhoiс, dеpеnding tlpon tlrе typе of
ехudatе pfеsеnt. Loсulations of сompaгtmеntalization of
thе absсеss may bе pfеsеnt.' J 6, |-.8l Мost absсеssеs
aге moге hypoесhoiс tlran thе slrfrounding PulmonaЦI
pafеnсhyma but may appеaf mofе есhogеniс if thiсk
puflllеnt oг сasеous еxllсlatе is prеsеnt (sее Fig. 1_t6).
Hypеrесhoiс frее gas есhoеs may bе imagеd miхеd in
with thе еxl.rdatе, again suggеsting thе pfеsеnсе of anaеr-
obiс oгganisms (sсе Fig. 4_36).J ] - Tlrе frее gas within
an absссss usllall)/ appеafs moге stationaг-Y than whеn
imagеd frее within thе plеural fluid.. Tlrе matеfial within
thе absсеss tеnds to bе la-vеrеd, with thе hеaviеst' most
есhogеniс dеbгis in thе most vrntfal poftio11 of thе ab-

sсеss, followеd by moге h1,poесhoiс fluiсl in thе сеntсr
and thе фpеrесhoiс gas есlroеs in thе most doгsal por-
tion of thе absсеss. Thе сlеtесtion of a dorsal gas сap
lvitlrin thе absсеss is indiсativе of a bгonсhial сommuni

сation and probablе anaеrсlbiс int.есtion (Fig. 4-39; sее
also Fig. 1_34).з 7 6.9.26

Мost absсеssеs arе visiblе ultfasonogfaphiсally trесatlsе
tlrеy arе loсatеd in thе сranial and vеntгal lung and usually
involvе thе pulmonaгy pеriphеry.2' 3' 5 r. ]7, r() s2 Absсеssеs,
likе parеnсhymal сonsolidation, afе mofr сommon in thе
hoгsе's right ltrng.] In somе instanсеs, absсеssеs may
bе dеtесtеd ultrasonographiсally but not radiogгaphiсally.
This is most likеly if thеy afе loсatеd in portions of thе
lung ovеrl1.ing thе hеaгt basе оr abdomеn (Fig. 4-4О).з 5

Сonvеrsеly, if an absсеss is loсatеd in thе morе aхial
portion of lung and doеs not i11volvе thе pеriphеry, it
may not bе dеtесtесl ultfasono8faphiсally bltt ma,Y bе
imagеd radiogгaphiсally.z' з' 5' 6 82 This lattеf sitllation oс-
сLlfs inffеquеntl}, and is most likеl1, in foals with Rbсlсlсl.
сocсus equi absсеssеs' Thеsе absсеssеs afе usually
multifoсal irr distгibtrtion and oftеn involvе tlrс morе aхial
poftions of thе lung and lrilar lymplr nodеs.S2 Howеvец
in foals With multiple Rlэodococсus еqui absсrssеs, many
do involvе thе pulmonary pеriplrеry and tlrеrеforе arе
сlеtесtablе ultrasonographiсally (Fig. 4-41). Thеsе foals
should bе tfеatеd until thе al)sсеssеs afе no longеr im-
agеablе, еithеf ultrasonographiсall'v or radiographiсally.
Plеtlral absсеssеs afе rarе without pulmonaгy involvе-
mеnt, but thеiг ultrasonographiс appеaranсе has bееn
сlеsсribеd as thiсk.wallеd stflrсtllfеs surгotrndеd b1, plеtь
ral fltfd.';
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2o4 Сlэаptеr 1 . Tborаciс LПtrаso,|ogr.|pt1у

Figure 4-35
Sonogгam of thе right sidе of thе tlroгlrх iп thе lifth intеfсOstxl spaсе
obtainеd ltom a 3 rеeгоlс1 Standaгсlbгеd Iillv rvith a snrall prrlt-tronaц'
absсеss and ptrеrtnlсlni;r Тhс small hlpoесhсliс сiгсrr|:rг агсa il] thе
\.еntfal luлЕ] witlr aсоustiс еnhanсеrrrеnt of thе faг п.all inсliсating а

fluid-fillесI сеntеf is сonsistеnt with a smаll tl|эsсеss (аrl'сlttl) This :rb.

sсеss was dеtесtеd 
' 

сm vслtfal to a linе lеvеl with thе poinL of thе
shoulсlег This sonсlgralrr was pетlbгпrеd With a 5 O-MIIZ sесtor-sсannег
transduсег аnсi a 12.сп displaуеd dеpth Thе right siсtе of tlrе sоnсlgram
is doгsal anсl thе lеft siсlе is r,.сntгal

Figure 4-34
Sonogг:rnrs anсl htеral thorxсiс гadiogгa.ph of thе гight siсlе сlf tl.rе
thoгaх in thе siхth ifltеfсostal spaсс obtaiпесl fгom ;L 3-yеar-оlсl
Thorouglrbгеd Iillу with l)ostoPегativе plеuгopnеumonia Tl-tсsс
sonоЕ.fams wегс obtlinеd with a 5 O-}IHz sесtor.sсal1nсг tгaпs-
сluсег апd a сlispltt.vеd dеpth of 9 сm Tlrс гight siсlеs оf thе
sonograms;rге сlorsal arrсl tlrе lеIt irге Yеntftrl

,.l. Layегing Of t]rе pol),пriсгolэltllotls (g;Lsеous) Iluid (есhogеniс
flrriсl on thC lеft аnd tl.tе dorsal gas on thе figlrt) With thе сharirсtеl-
istiс rеYеfbеfxtiorr aiг aпithсts is sееn Thе frее gits сould bе
iпragеd с1oгsall), 10 спl abor.е a linе lеvеl with tlrе point of thе
slrotllсlег Thе uppеr. sегiеs <lf aгrowlrеads points to thiсkеning Of
thе pa]:iеtxl рlеura Thе largе lowеr affow Pоints to thе intеrlhсе
of tlrе gas and gasеoLrs fluiсl

B' I-а1'сгing of tlrе pсll1,miстсlbtlllous (gasеous) fluid (есhogеniс
fltiсl сlп thе гiglrt) anсl tlrе anесhoiс plеtrral tluid (lеlt) is lосatесl
in thе mofе \lепtfal pаft of this intсгspaсе Тhе eггowhеaсls POiпt
to tlrе thiсkCning Of thе PaIiеtxl plеLшa

С, Latеfal tlroraсiс гadiog:aph of tlrе сarrdal vеntral t]-ttlгах
imnrсdiatеlу' bеhind thс сlгdiас si]horrсttе. сlеmоtlstгiltiпg thе ab-
sсеss with а ]агsе с|Oгsаl gas СiIP (аГrОu')

Figure 4-36
soпogтlm of thе lеft sidе сlf tlrе tlrorxх iп thе еiglrth intеfсostal Spaсе
obtairrеd ltсlп a 3 

'-moпth-Old 
Aгabian lill1'with pnеumonia anсl pulnro.

naп' absсеssеs Thс tlriсk ссlrogслiс сapstllе (аrrou'.s) srrrгсlttl.tсliлg thс
pulmоnaлr absсеss and thе mllltiplе h11-lсгесlroiс tiее gas есhoеs rr.ithin
]it aге сOnsistеnt witlr anaеrobiс intЪсtiorr l.hе aЬsсеss is sttгroundесl
Ь1- lr.lpoесhoiс сonsсllidatеd lurrg arrd п-as dеtесtеd 10 сm с1or.sal to a
linе lеvеl with thе point of thе shoшldеf Тhе сUгsoгs Л1еisurс thе
dimеnsions of tlrе absсеss This sсlnсlgгam was pегfoгmеd witlr a 5 0-
МHZ sесtoI-sсannеf tfaпSdlrсеr and a 14-сrrr displa.!'еd dеpth Tlrе right
sidе of thе sol1ogfam is dorsal arrd tlrе lеti Sidе is vеntrat
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Сh(1Рtеr 4 . Tborаciс Llkr.|soпogr..phу 2o5

Figurе 4-37
Soпоgгam of tl-rе lеft siсiе o1 thе thot.aх iЛ thе siхth ilrtегсtlstlL sрeсе

obtаinесl fгorrr а 2-vеar-olсt Thoгсlughbrеd 1lllу .With p]сuгullnсunlutli.r
ГГОLt's )

lidаtеd
ing iiЛ

'i:T:
shouldсr Тhс moгс doгs:rl lшg lras a rroпrral risсегal piсlrrll;tir ссllLl

Тhis sonоgгam u,as рег1bгnrесl With;t 5'O.}IHZ 5ссI()г.sс;lnпег Iг.1n:duссг

аnd e 2O-im сlispJavеd сlеptlr. Tlrе гight sidе оf t)lе sсlпLlgгrпl i: dt)riJl

аt-tс[ tlrе |еft sidе is vеntral

Pu Imonarу Neop lasia/G ranu l 0 matтus D i se ase/Pu l m ona rу

Fibrosis

Thе сlеtесtiоn of small multifoсal h1,pсlесhoiс to есho.
gеniс massеs сlistfibutесl fandomly throtrghout thе lung
is сonsistеnt with grirnulсlmatolls disеasе (Fig. 4-42) or

th primafу
ig. 4-41).')
small and

Figure 4-38
of thе thofaх in
T.hoгoughbrеd сo
n 1аrгou's) ill th

\\ аS dеtесtесl along a linе lсr.еl with thе point of thе shouldег. A hгgе

linеaг aiг есho is dеtесtесl within thе сavitation (opеn аrrоu'') from x

геЛllti.ing jlrtaсt bгonchlls. Fouг с[a1,s еarliеr tlris ltrng had bееn sеvегеl1.

hеpаtizесl in this aгеa. This sotrogтam was pеrfoгmеd with it 5.o-MнZ

....o....,.'... Iгansсluсег anсl a 12-сm displaусd dеpth. Thе гight Sidе

Oi this ton()чгaпl is dОгsal and thе lеtt sidе is \.еntгal

drltLrsеlr sсattегеd tl-rгоugl-tout thе lung fiеld.85 88 Thе mar-

gll1s of nеoplastiс oг gгanuloпratous massеs arе usually

ir-rrtloth. br-tt iггеgulaг п1assеs гnar bе dеtесtеd in somе

indir'iсluals. j, In httnran bеings. massеs п itlr iггеgular mar-

gins and hеtеrogеnеotrs есhogепiсir\- aге most fгеquеntl).

infl ammatorу granulomatсlus lеsions. i, lntеггl.tption of thе

visсеfal plеural есho is сomпlon, anсl aсoustiс еnhanсе-

mеnt may bе сlеtесtесl dееp to tlrеsе massеc..i] ]t rl 8б I11

horsеs with suspесtеd difftsе granulomatous disеasе oг

mеtastatiс nеoplasia, tlrе еntirе lung fiеld slrould bе

sсannеd сafеfullу dtrring both inspiration and ехрiration.

Figure 4-39
] ]Ogгxпr оf tl.rе гight sjсlс о1 thе thoraх -in tlrе f1tlr (А) anсI siхtlr (e) iпtеfсostal spaсеs fгom a 4-r,еa:.olсl 1.hoгouglrbгсd gеlding \\''ith a laгgе

:: llrlnап' absсеss 1tnd pпеumопia iп thе lllng оvеrl,ving tlrе lrеart' ].hеsе sonоgr:rms wеге pегtilrmе(l with а 5.0-NIHz sесtof-sсal1nеr tгansduсеf

.:.l l+-сm (А) lnс\ 72-сm (B) сlisplavеd сtсptt.ri' тпе гight sidеs of thсsе sonogгams aге с.lotsal arrсl thе lеft sidеs eге vеntral.

1 l-lris so1lОgгxm illustгatеs thс bсlгсtеr bеtwееn thе l]oгmal ttlng (I,) doгsalЬ. and thе сlofsal poгtiоn сlf tlrе :rbsсеss сontaining a dorsal gas сap

. Тhе гs-O affo\!-s Оn thе гight pojnt tO thе visсеl.al plсr-lrаl сdgе uf t

....1.,,tI )- l-hе tso l1]:гORs Oп thс lеft point to tl]е absсеss сapsrtlе' bеrrеa

5, Т]lis sotrtlgгаfl] \-irs obtaiЛсd slighth. moге vеntгallY and сarrсl:tllу, i
:-}.с]s f,lld rlrе rloгsal !]as сap. Тhе fitlrotrs сapsulе is r1еliлсatесl Ьу tlrе

_ ..]] g]5 сltр rr'lriсll ссlulсl bе mistxkеn fсlг nrсlгс rroгmal lurrg
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206 СhаРter 4 . Thorаcic Iлtrаsoпogrаpbу

Figure 4-40
Sonоgгam (А),a'nd latегal thoraсiс гadiograilh./]) obtaiпеd ltoпr e 3-vеaг-old Tl.roгotlglrbгеd fill1.with а prrllnonaц'absсеss

,4' Sоnоgгam of t]rr гight sidе of thе thoгaх in tlrе еlеvеnth intегсostal spaсс сlепonstгаting x |argе pulrпonar1. absсеss ц,ith a doгsal gas сap anсl
Yеntfal hуpoесlroiс flr-lid Thе aгroп' рoillts to thе bогdсг bсtrr.сеn thе doгsаl gas сlp arlс| thе vеntгal flrrid Тhе dоrsllnlost еxtеnt of this absсеss
was dеtесtеd ]6 сnr abovе a linе |еvеl п,itl-t thе point Of tlrе slrсlr.rlсlсг xnd ехtеndесl vеntfal]}, to thе diaphгagп (D) Tlris so11ogгam Was obtail1еd
with a i 0-i\4нZ sесtoг-sсanлеr and a dispJavеd сlеptlr of l2 сrrr L' Aеfatеd lung

B, L^tеr^\ thoraсiс гadiogгaph Obtainеd on thе saпlе daу as ,4 l.hе absсеss, lос:rtеd il1 thе miс|thсlгaх, is not dеtесtе(L гadioЕ]гaphiсаll).

Many small massеs сlosе tO thе visсеral plеufal sllгfaсе of
thе lung arе imagеd most slrссеssfully during onе phasе
of геspiration, usually еxhalation.з] 16 .With inhalation
small massеs lnay movе bеnеath an adiaсеnt гib or bе
obsсurесl b1, air еntеrinЕ{ supеffiсiel alvеoli. Atthough tho-
faсiс fadiographs may providе a mofе сomplеtе еvalua-
tion of thе еntirе lung fiеld in aft.есtеd horsеs, pгесisе
loсalization of affесtеd afеas of ltlng is not possiblе гadio-
graphiсalЦl Aссtrratе loсalization of pеriphеral massеs as
small as 0.5 сm in diamеtеr сan bе aсhiеvеd ultгasono-
gгaphiсally, and ultrasound-guidеd aspifatеs or biopsiеs of

lung massеs arе pеrfofmеd fof с1.tologiс and histopatho-
logiс сharaсtеrization with high Sеnsitivity and spесiliс-
ity.. n o ]- jl .]6 ]9. a] n] 86 S9 Thе sizе of thе nodulе is
unfсlatеd to thе likеlihood of obtaining a suссеssftll aspi-
fatе of biopsy and to thе сompliсation fatе from thе
pfoсеdllrе.J('

Thе majoгit-Y of nеoplastiс pulmonary massеs arе ho-
mogеnеous and hypсlесhсliс сomparеd with thе sur.
roundin€. nofmal lung, but may bе isoесhoiс or havе
hеtеrogеnеolls есhogеniсit1,ь, u,.]6 ]9 a.i Nеoplastiс massеs
сan Llsually bе difТегеntiatеd from parеnсhymal сonsolida-

Figure 4-41
Sonogгarп of tlrе right siсlе o[ thе thoraх iл thе flfth intегсostal sPaсе
obtainеd fiom a 6-mоntlr-old Thor.oug'hbrеd сolt Witlr rR,.J.rdo сrlссus еqui
Pnеumonia aпсl pultnoпaгv absссssсs Notiсе thе сiгсular lrvpoесhсliс
aЬsсеss (аrroul.s) io thе pетiphеry сlf thе lung (L) lасking pulmonary
vеssсls and bгoЛсhi This sonсlgгam was oЬtainес1 alon!. e liле ]сvеl
With thе point of thе shouldег with l t- 5-NIНz sесtoг-scanпег tгansduсег
and an 8-сm displaусd dсpth Тhе гight sidе tlf tlrе sonоgгarп is сlсlгsal
and thе lеft is Yеntгxl

Figure 4-42
SonоЕ.fam of thе fight sidе of thе thoгaх in thе tеnt]] intеrсostal
spaсе оbtainсd fгсlm а l6-,vеаг-сllсi Thtlгorrghbгеd gеld:ing With diffusе
gгarrulсlmatоus сlisе;tsе Tlrе hlpсlесlroiс aтеa сlf ltlпg in tlrе рLlhпonary
pеriplrеr.v (аrroul) laсks lroгmal ptllrrroпarт afсhitесtlrfе Sinrilaг nrassеs
wеrе sсattеfеd tlrгoLrghout bоth lung Ilеlс1s An ultrasounсl-guidеd lung
bitlpsу rеvеalес1 gгanulomatous disеasе This sonoЕ.fam Was obtainеd
with lt 

' 
0-N4Hz sесtoг-sсaпnег tгxnsduсет ,'tлс1 a7 5-сm сtisplaуесl dеpth

1.hе riglrt siсtе of this sonogгam is doгsal and thе lеft Sidе is Уеntral
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Figurе 4-43
5Опogгlm оf riglrt sidе of thс thсlгаx in thе li1th intегсosta| spaсе

obtainеd fгom a l5-1'еаг-оld Thoгoughbгеd gеlсliпg With gastfiс sqlla-
nrсlus сеl-[ с;tгсiпonra Thеsе barеly visiblе hvpoесhoiс aгеas nеaг thе
puhrrоnary pеriphегv (ап"сltt,s) геprеsеnt rnеtastatiс ptllmonaЦ' inIil-

Iгatеs and aIе typiсal of t]rе subtlе сlrangеs sееn witlr diffttsе grantlloma-

tOus or mеtastatiс nсоplxsi't in thе ltlng simi]аr Iindings wеfе sсattегесl
rhгоugl.tсlut bоth siсlеs of tl.tе thoraх Тlris sonograп l-аs pсгfогmсtl
s.ith a 5 0 Mнz sесtoг-sсannеr tгallsduсег altd aп tJ.сm disPla\ еd .lеpth
Тhе Гight sidе of thе soпOgпlm is doгsal arrd thе lеft sidе is \'еIltгal

tion by thе absеnсе of brсlnсlriai anс1 noгmal \ asсLllaг
stгuсtllfсs Within thе massеs.(. 9 ]() 86 сYstiс nесrotiс arеas

oг afеas of dystгophiс сalсiflсation сasting aсollstiс shad-

ows ma}, bе imagеd within nеoplastiс massеs.9 9., 9' Lafgеr
nеoplastiс (Figs. 4_45 and 4-46) or granulomatous pul-
monary massеs afе uIlсommon bllt afе oсс'tsionally im-
aЕ.еd ultrasonographiсally.2 3' 90 A largе сystiс lеsion .was

inragеd Llltгasonographiсally in onе horsе witlr bronсho-
gеniс squamous сеll сarсinoma, although histopathologiс
еvaluation of lung spесimеns fгom thrее sitеs in this
horsе геvеalеd сlnl1, an intеrstitial pnеumonia. Howеvец

Сtэаplеr 4 . Ttэorаciс atrсlsсlпogrаp|эу 2o7

Figure 4-44
Sonogгam of tlrе right sidе of thе thoгaх in thе еighth iпtегсostal
spaсе obtaiЛеd fiom a lp-1.g111-old ThoгoughЬгеd gеldiпg witlr сhгoniс
iЛtеfstit]ial pnеrrmonia and pulmсlnaп* Iibrсlsis Thе irгеgulaг hуpоесlroiс
soft-tissttе-сlсnsiц* massеs (аrrou,s) involvе thе pегiplrеry of thе lrrng

Tlrеsе arеas Wеfе sсаttеrеd thгoughollt thе pulmorraг1, parеnсhyma
Thе diagnоsis was ссlnfiгmеd with multiplе ultrasound-guidеd lung
biсlpsiеs Тhis sonoЕ]fam was оbtainесl with a 7 5-MнZ sесtoI-sсannеr
transduсег and a 6-сm displa-vеd dеpth Thе гight sidе of tlrе sonogгam
is dогsal a11d thс lеlt sidе is Yеl1tгal

it rr-as ul-tсlеaг \tеthег ultгasound-guidеd biopsiеs of thе
lung lсsion \\-еге obtaillеd in this hoгsе 9., A leг54е pulmo-
naг). plasma сеll gгanliloma (inflammatoг\' psеudotumoг),
gfanular сеll m.voblastoma, and bfonсhial adеnoсarсi
noma havе bееn геportеd in hoгsеs. svhiсh probabl1.

сould havе bееn imagеd ultrasorrogгaphiсall1'and an ultгa-
sollnd-guidеd 2rspifatе and biсlpsy obtainеd.9r!)t A mYo.

blastoma has bееn imagсd ultfasonogfaphiсally iл a 9-

уеaf-old Thoroughbrеd mafr (Fig. 4-16). Tlrе mass was
h1poесhoiс, rеlativеly lromogеnеous, and vеry vasсular,
witlr сavitatеd arеas flllеd with hypoесhoiс fluid. Thе

Figure 4-45
Sonog,fams сlf thс lеft siсlе of thе thoг:rx obtairrесl fгom a 7-'vеar-оld Stanсlmсlbrеd gеldiпg s,ith lrеmаngiosагсomx in thе ltlng Tl-ris mass еxtеndеd

ovег Irvе intеrсostxl spaсеs (IСS) Tlrе plеuгal f]uid linе еxtсndесl сioгsallу 28 сm abovе a linе lеvсl with thе Point of thе shor.r]dег Тhеsе sonсlgrams

w.еге obtainеd with a 5 O-llHZ sесtоf-sсa[nег tгansduсеr дnd a 25-сm displavсd dеptlr T1.rе гight sidеs of thе sonogгams aге сloгsal and thе lеft

sidеs afе vепtгal
,4, sоnogram of thе lеfi siсlе of tlrе tlrofaх in thе sсvеntlr IСS slrowing a lafgе loсulatеd' m^ss (аrrou)) in thе \.еntrаl poгtiorr оf thе lunЕ] сontainiпg

somе soft-tissuе :rrеas and manv flrrir1 spaсеs
B, Sonogtam of thе lеft siс1е of thс thоfaх iл thе tеnth IСs сlеmonstfatinЕ] thе laгgе сavitary.' toсulatеd-fluid natllге of thе mass (аrro1l) |n tlaе

moге сauсlal IСS
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208 Сhаptеr 1 . Ttэorа,сic IЛtrаsoпogrаphу

Figure 4-46
Sonogram оf thе fight sidе сlf thе thoгaх irr thе lilth iпtеrcostal sPaсе
obtainеd fгom a 9-vеaт-old Thoroughbгеd пrarе lvitlr a granular сеll
myoЬlastoma Thе irrеgular сomplех r.asсulaг pattегn Of thе h},poесhoiс
ma'ss (аrrou|s) With thе nеaгl1' anесhoiс сaYitatеd absсеss dееp to thе
vasсulaг mass is loсatе(l i сm doгsal to a linе lеvеl with thе point Of
thе shottldеr This sonogгam was obtainеd with a 

'.0 
N{нZ sесto1-

sсannеr tfansduсег alrd a 14-сm displayеd с1еptlr Thе гight sidе of this
soflogЙm is dorsal and thе lеft sidе is YеIrtгal

affесtеd arеa appeafеd similaг to сonsolidatеd lung btlt
had disruption of nofmal pulmonaЦ' arсhitесtllrе and
ехсеssivе Yasсulafity. Diffusе gfanulomatolls disеasе and
mеtastatiс nеoplasia aге Llnсommon in hofsеs, but both
oссLlf mofе fгеquеntly than pгimeгy ptilmonary nеopla-
sia.57. 8.1-88' 90' 9..1 96 Prrlmonaгy flbrosis assoсiatеd with
сhfoniс intеrstitial pnеumonia is гarе in horsеs btrt has
bееn dеtесtеd sonographiсally. Pulmonary flbгosis ap-
pеafs as irгеgr.rlaг hypoесhoiс сoalеsсing soft-tissuе
massеs laсking thе normal pulmonary afсhitесtllrе (sее
Fig. 4-11). Thе massеs arе both plеurall1. basеd and 1o-

сatеd dееpеr within thе prilmonary parеnсhyma. Ultгa-
sound-guidеd lung biopsy is indiсatеd in thеsе сasеs to
dеflnitivеly diagnosе thе сausе of thеsе massеs. Plеuгal
massеs may also bе imagеd With pfimary or mеtastatiс
nеoplasia and afе bеst visualizеd with a сonсLlffеIlt plеu-
ral еffusion.9

Sесondary hypеrtrophiс ostеopathy (Ho) has bееn rе-
portеd in horsеs with gfanulomatous and nеoplastiс (pгi
maгy and mеtastatiс) pulmonary disеasе as wеll as in
horsеs with сhroniс pnеumonia or pulmonaч, absсеssеs,
pulmonary iлfarсtion, plеtrral adhеsions, and lung laсеra-
tion.18.al 90 92' 9], 9] 1o3 Thoraсiс absсеssеs and gгanulomas
aге most сommon in horsеs with Ho.8l 9]' lo2 ]o3 Sесond-
aгy Ho is ustlally assoсiatеd With a spaсе-oссtlp1'ing
сhroniс lеsion in thе thoraсiс сavity of affесtеd hofsеs.n''
9o.92,9t,9r' lo2' r0з Thеrеforе, thе thoraх should bе сarеftrlly
еvaluatеd ultrasonogгaphiсally in horsеs prеsеnting with
signs of Ho, and ultrasound-guidеd lung biopsiеs or aspi-
гatеs should bе obtainеd whеn indiсatеd to aссuratеly
diagnosе thе undегlying ptrlmonary pathology.st In many
of thе horsеs diagnosеd with Ho pfiof to thе advеnt
of ultfasonogгaphy, ultrasonogгaphiс ехamination of thе
thoгaх wottld havе imagеd thе lеsion or lеsions and еn-
ablеd ultrasound-guidеd biopsiеs oг aspiratеS to bе ob-
tainеd.92'97' 1o2. lo]

CraniaI Mediastinal Abnormalitiеs

Pleural Еffusion/Cranial Mediastinal Аbsсess

Plеural fluid aссumulation is thе most сommon abnormal-
ity dеtесtеd ultrasonographiсally in thе сranial mеdiasti
num (Fig. 4_17). As prеviously dеsсгibеd, thе mеmbгanе
dividing thе right and lеft sidеs of thе сranial mеdiasti-
num is еasily imagеd in horsеs with plсtlral еfftlsion (sее
Fig. 4-18). Thе сharaсtеr and amount of fluid on еaсh
sidе of thе mеdiastinum сan bе assеssеd and arе oftеn
quitе diffеrеflt, suggеsting thе pfеsеnсе of a сomplrtе
mеdiastinum in thеsе individuals. If .l latgе amount of
fltrid is prеsеnt in thе сranial mеdiastinrrm, thе hсaft iS
pushеd сaudally onr of two Iсs. In thеsе hoгsеs, thе
сranial mеdiastinum is also еasil), imagеablе tiom thе lеft
siсlе of thе thoгaх Llsing tlrе samе IСS and sсan planr that
would bе trsеd on thе riglrt sidе of thе thoraх. With
сhroniс сomplех еf.ftlsions, thе fluid in thе сranial mеdias-
tinllm may wall off anсl bесomе еnсapsulatесl as an ab-
sссss (Fig. 4-48)' oссasionally сatrsing si6;ns of сranial
vеna сaval obstrtrсtion.r0 This ma1l g.'i1' bе misintег-
prеtеd as сongеstivе hеaгt failurе if a thorotrgh physiсal
еxamination is not pеr1brmеd. Thе ultгasonographiс ех-
amination of thе thorax, hеart, and сranial mес1iastinum
is impoгtant in diffеrеntiating thеsе diagnosеs. Сranial
mеdiastinal massеS lrrе еithеr loсulatеd and fltliсl lillеd or
afе thiсk-Wallеd massеs flllеd with есhogеniс inspissatеd
matеrial that displaсеs thе lunЕ. dorsal\..t 6 ]()Drainagе of
thе сranial mеdiastinal loсulatеd mass of absсеss has bееn
attеmptеd in thе standing horsе but was unsatisfaсtofy.]()
Сathеtег drainagе of сranial mеdiastinal absсеssеs unсlеr
gеnеral anеsthеsia using ultrasonographiс guidanсе has
bееn strссеssftllly pеrformеd.,O Меdiastinal massеs of aс-
сumulations of plеural fluid may сompfеss thе hraгt and
сompromisе its funсtion, tlut morе соmmonly thеy dis-

Figure 4-47
SoпoЕ.гam of thе гiglrt siсlе oГ tlrе thofaх obtаinесl iл thе thiId IСS
fгom :L ]-1.еar-olсl Standardbгеd сOlt Witl] plеuг<rpnеrunсlnia Notiсе tlrе
anесlroiс plеtшal fltlid on both sidеs of thе mеdiastinal sr,pt.um (.trroш') 

'

thе h1'poесhoiс сfanial vеntгal tip оf thе ;:iglrt apiсal [ung, with x fLbrin
tag oa its visсеral plеuгal sL|ff;Iсе (ОРе11 аrrour)' and thе пеafl)' nоrmlllу
aеratеd lеft vепtral lrrng tц) .l.his sonogг.tm was obtainеd with a з 5.

MHZ sесtoг-sсannег tгansduсеr and a 1,1-сm displa1.еd dеpth Thе right
sidе of thе sonoЕ4гam is doгs:rl :rnd thе lеlt sidе is vеntгal L, Lеll sidе;
R. ri']ht sidе
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с:b.фtеr 1 . Tlэorасiс Lпtr.|sonogrаphу 2o9

Figure 4-48
Sonograms of an аtrsссss 1bгrпing in thе lеft sidе of thе сгanial mсdiastinum in a 4-уеar-olс| ThoгoughЬгеd fill), with сlrroпiс plеuropnеumonia

Tlrеsе sonogгams wеlе pеrformеd with a 5 O-МHz sесtor-sсaЛnеr tгansduсеr and 20-сm (А) aлс| 14 сm (B) displа),еd сlсpths Thе гight sidеs of
thсsе soпOgгams arе doгsal arrd thе lеft sidеs arе vелtгal

,'l, Sonogгam oЬtainесl 1tоm thе lсft siсlе of thе thoraх in thе thiгd intеfсostal spaсе (IСS) Thе сlгganizing trbrirr srrггouпdiпg tlrе plеttral flrtiс|

(аrrou's') is forming an absсеss M, Меdiastinal sеptllm
B, Sorrogгam pеrfoгmеd from thе fight sidе of thе thoraх in thе third IСS, dеmonstr:rtinЕ. a sпall amount of plеrrгal lluid (P}-) in thе гight sidе Оf

thе сгaпial mесliastinum with a slightlу rotшdесl but aеratеd vеntгal lllng t|p (аrrou') anсl thе absсеss (A) foгming in thе lеft sidе of thе сranial

mеdiastinum N,I. Mеdiastinal sеDtluП

plaсе thе hеart within thе thoraх 6 a 19 r(] In thеsе hoгsеs
thе сгanial сardiaс vasсLllar strllсturеs m21\- bе imagеd t.,

Cra n ia l Med iastina l Nеop l asia

Soft-tissuе massеs may bе imagеd in thе сгanial mеdiasti
num and arе most сommon in horsеs with thoгaсiс
lymphosarсoma, altholrgh thеy may bе dеtесtеd in horsеs
with mеsothеlioma of hеmangiosafсoma.2 ], a. ;5 -]' l]8' ]04

L'vmphosaгсoma massrs in thе сгanial mеdiastinum arе
usually assoсiatеd witlr largе plеLlfal еfftlsions, making

thеsе 1агЕ.с soft-tissllе massеs еasiег to imagс.
;; ll)+ ]()о Tlrеsс massеs ttsttallr Oссtlp\ tlrе еntiге сfanial
mеdiastinllm' oblitегating tlrе noгrlal tlriсk пrеmbranous
division inra5чеd itr htlrsеs п-itl.r plеtrгal еfft'tsion (Fig.

4-49) T|.lе mass Llsllllll)' displaсеs thе гiglrt apiсal lung
lobе dorsall1. and thе hеart сarrdallt., arrd thегеforе сan bе
imagеd from еitlrег sidе of thе thorax irr thе tlriгd IСS. In
most hofsеs, only onе largе mass сan bе imagеd, whiсh
maу havе a homogеnеous or hеtеrogеnеolls ultrasono-
graphiс appеafanсе'2 3'8 This mass may bе inragеd ех-

tеnding dorsally and сгanially toward thе thoraсiс inlеt
and up thе nесk with сеfviсal lymph nodе involvеmеnt.

Figure 4-49
Sопogгаms of thс right sidе of thе tlroraх iп thе tliгd (А) ltлсI nft]n (B) intеfсostal spaсеs oЬtainеd ttom a 6-уеаr<lld стossbгеd marе witlr сгanial

mеdiastinal lvmphosarсonra Thе гight sidеs of thеsе sonоgrams arе dorsal and thе lеft sidеs afе vеntfal
l Notiсе thе fеlativеl), honrogеnеotls aрpеafaпсе of thе Soft-tissu е mlss (аrfou]s) сlссup1.irrg thе сntifе сfanixl mеdiastiлunr Tlris sonogrxm was

.rbtаinеd wit]r a 2 5-MHz sесtсlг-sсannеI tгаnsdtlсеr and a 2,1-сm displa}'еd dеpth
8 Тlrе small oval hуpoесl.roiс агеa in thе pегiphеry Of thе fight llng (аlтсlul) was dеtссtеd 5 сm doгsal to x liлс lеvеl with thе point of thе

:hlluldег Thе lrvpoесhoiс alеa is lromogеnеotls and is sоtt tissuе arrd not fluid lillесl, as nO aсoustiс еnheпсеmеnt of thс taг wall is sееn This is аn

f,гс:r of mеtastatiс h.mоhosarсonra This sоno'{ram was obtainеd with a 
' 

()-MHZ sесtoг-sсxnnег tfans(luсег aлd a 1,1-сп displar.есl dеpth
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21o СbсtРter 1 . Tborаciс (Лtrаsoпogrаp|эу

In thеsе horsеs, thе сranial mеdiastinal mass сan also bе
imagеd from thе thoraсiс inlеt. oссasional\,, frее (mo-
bilе) soft-tissuе (tumor) massеs arе imagеd in thе plеural
fluid moving with rеspiration and сardiaс movеmеnt (Fig.
1-5o). Thе plеtrral fluid in horsеs with thoraсiс l1.дp1'o.
safсoma is ustrally rеlativеly hypoесhoiс with a low total
protеin сontеnt (<2.5 gгlt/с|l), low total сеll сotrnt
(<32'000 сеlls/рl), and vеry largе voltrmе, oftеn 20 to 50
litегs.s ." .9 Сomplех fluid with frbгin layеrs, loсttlatiorr, oг
frее gas is not usuall), imagеd in horsеs with thoraсiс
lymphosarсoma.8 oссasionally a laгgе сranial mеdiastinal
l1.mplrosarсoma mass is imagеd in horsеs without plеtшal
еfftlsion.s Thеsе rrrassсs arе morе difflсult to dеtесt bе-
сausе thе lung and hеaгt arе not displaсеd as mtrсh,
making lеss of thе mass visiblе ultrasonographiсally.
Thеsе massеS mllst also bе diffеrеntiatеd from fat arollnd
thе hеart pгеsеnt in noгmal horsеs. Сaгеful сlraг:rсtеriza-
tion of thе tisstrе in tlrе сгanial mесliastinum and its
rеlationship to sllffollnding stfuсtllfеs сan hеlp thе ultra-
sonograplrеr distingrrish thе normаl fat surrounding thе
hеaгt fiom а сгanial mеdiastinal mass. Nofmal pеriсaгdial
and intrathсlraсiс fat should not displaсе thе hеaft sig-
niflсantly and shor'rld bе found bеhind thе hеart in thе
сaudal mеdiastintlm as wсll as in thе сranial mесliastinum'
Sесondary hypеrpaгathyfoidism with nrinеralization of
thе hеart and grеlrt vеssеls has bееn rеpoгtеd itr sеr.еral
horsеs witlr \,nrphosafсoma anсl \pегсalсепlia. l()l L1,mpho-
sarсomatolls inliltration of thе hеaгt has also bееn
геportеd in hoгsеs with сranial mеdiastinal lymphosar-
сoma.88 Thегеforе, an есhoсardiogrаm shotrlсl bе pеr-
formеd on aш, lrorsе with h1,pеrсalсеtnia and lr strspесtеd
diagnosis of lymphosarсoma, in aсlditiсln to thoraсiс oг
abdominal ultrasonosraDhl'.

Figure 4-50
Sonogгam of a ttее l1'mphosaгсonla mаss in thе Сfanial mеdixstiпl.lm of
a 17-1'еaг-olсl Appaloсlsa gеlding п.itl.t gеnегalizеd h.mPhosafсoma Аn
aгг<rw points to thе l}.пrPhosaгсOllll mass arrd a largег сгxпial mеdiasti
nal mass jLlst visualizеd thrсlrrgh :r hr.poесlrсliс aгеa оf lrtrrg Thе mесli:rs-
tinal sеptr-lm is visrralizеd as a lr)poесlrсliс klngituсlinal stгLtсtufе diviсiing
thе lеft sidе сlf tl.tе thсlrах, whiсh сoпtains a sп]all amolrпt of plеural
fluid and aегatес1 lung, liсlm thе гight sidс of thе tlroraх, сontaiпinЕ] thе
fгее ttlmсlг mlss an(l thе laцег сranial firеdiastiпal mass This sonogIxm
was obtainеd tiсlm thе riglrt sidе of tlrе tlror.aх iп thе tlriгd intегсOstal
Spaсе with a 2 5-Mtlz sесtоr-sсannеr transсluсег and a ].6-сm сlisplа1.ес1

dеpth Thе fight sidе of thе thoгaх is doгsal аnd thе lеft siсlе is vеlltгll

Caudal Mediastinal Abnormalities

Plеural еffllsion is thе most сommon ultrasonographiс
abnormality in thе сaudal mеdiastintrm. Thе thiсk mеm-
branotrs division bеtwееn thе right anсl lеft sidеs of thе
thoraх is morе diffiсult to imagе bесatrsе it is loсatеd
muсh farthеr from thе thoгaсiс wall than in tlrе сranial
mеdiastinllm, owing tо thе inсrеasеd wiс1th of thе tho-
raсiс сavity сatrdal to thе hеart. Thсrеfoге, a lowеr.fге-
quеnсy tгansduсеf and largеf dеpth of liеld mrrst bе
sеlесtеd to irnagе this arеa tlltrasonographiсall1'. Botlr
siсlеs of thе сaudal thoгax сannot bе imagеd ttltrasono-
gгaphiсally fгom onе tlroraсiс window in adult horsеs
owinд4 to dеpth limitations but сan bе imagеd sllссеssfull}.
in smallеr foals. Absсеssеs involving thе сar'rdal mеdiasti
num, diaphragm, thсlraсiс wall, and ltrng arе morе сom-
mofl than сranial mеdiastinal absсеssеs and o1tеn havе
a сommuniсating bгonсlrtls.J Сatrdal mеdiastinal ab.
sсеssеs that do not ехtrnd out to or involvе thе thoraсiс
wrll arе unusttal btrt do oссuг and ma}. not involvе pulmo-
nar\r pafеnсhyma 5 S<lft-tisstrе m1tssеs in thе сaudal mеdi
astinum afе fafе but сould bе dеtесtеd ultrasonographi
сally if prеsеnt in thе vеntгal portion of thе сaudal
mесliastintrm. A сholangioсеlltllar сarсinсlma Was ге-
portеd invaсling thе dorsal poftion of thе сauсlal mеdiasti
ntrnr in a horsе, and onl1. plеuгal flr-rid was dеtесtеd
ultгasono gгaplriс :rlly. 58

Diaphragmatiс Herпias

Diaplrгagmatiс hеrnias arе likеlу tсl rеstrlt in visссre oссtt-
p],ing a poftion of thе сaudal mеdiastinum сlr сaudal
tlrсlrlrx. A diaphгagrnatiс hеrnia сan bе diagnosеd ultra-
sonogfaphiсall1, whеn visсеra aге imagеd in thе thсlraсiс
сavity irnmеdiatеly adjaсеnt to thе llln€. or floating within
plеtlral flr'rid witlrolrt thе diaphfagm sеpaгating tlrе tho-
raсiс and abdominal visсеra (Fig' 4_51).J (r' 9 t] 2; !Иhеn
plеural еffusion is prеsеnt, mсlrе of thе diaphragnr and
adjaсеnt abdominal visсеra сan bе imagеd.'.. 19 Thе sizе
of thе rеnt in thе diaphгaЕ]m сan bе сrtrdеl1. еstimatеd by
dеtеfmining thе ntlmbеr of intеrspaсеs in п.hiсh thе
diaphragm is missing bеtwееn thе thoгaсiс atrd abdomi
nal visсеra and thе lеngth of that dеfесt in a dors;rl-to-
vеntfal dirесtion. Сarе must bе takеn to ехaminе thе
еntirr thoraх сxtеnding past thе noгmal vеntfal bоrdеrs
so that lrегnia sizе is not ovеrсstimatеd' This is possiblе
whеn a smlrll or сеntral rеnt in tlrе diaphragm is prеsеnt
btrt thе lrеrniatеd abdonrinаl visсеra lravе sprеad ottt
along thе thoraсiс wall and arе immеdiatеly adjaсеnt to
tlrе ltrrrg. In thеsе instanсеs, lung ma1, bе for.rnd in thе
dorsal poгtion of tlrе thoraх adjaсеnt to hеrniatеd abсlom-
inal visсеra, with thе diaplrragm imagеd vеntral to thе
hеrniatеd abdominal visсеrlr and othеr abdominal visсеra
imagеd vеntfal to thе diaphragm. Although a sеriеs of
ovеrlapping thoraсiс radiogг:rрhs iS thе optimal mеthod
of diagnosing a сliaphгagmatiс hеrnia, hеrnia sizе is oftеn
difliсult to assеss radiographiсall-v, anсt thе q/pе of lrеrni
atеd visсеra сannot always bе сorrесtlу сlеtеrminеd. Also,
thе hсrnia may bе missеd radiogгaрhiсally if loсatеd in
thе vеntfal poftion of tlrе diaplrragm in hoгsеs with laгgе
plеrrral еffusions.9.rr Thе torn diaphragmatiс сrlls mx)-
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Figute 4-51
sonogfam of thе гight sidе сlf thе thoгax in thе sixtlr intеrсOstal spaсе
obtaiпеd from an 18-уеaг-old Thoгoughbrеd mafе with a diaphregmatiс
hегnia Thе lung immеdiatеlу ovегliеs thе сolon withollt intеП.еnin€i
diaphfagm sеpaгating thе thoгaх and atldomеn This sonogгam wxs

регformеd with a 5 0-l4нZ sесtoг-sсanпеr trаnsduсег and a l4-сm dis-
pJar,еd dеpth Thе fight siсlе of thе soЛoЕ.fam is dorsal and thе lеtt siсlе

is \-еntral

bе imagеd ultfasonographiсallr, in somе indir-iduals п'ith
diaphragmatiс rrtpttlге.9 Ultrasonograplriс visuаlization of
thе hеrniatеd visсеra should еnablе сorfесt idеntiliсation
of thе visсеra within thе thoraх, although all thе hеrni
atеd visсrfa may not bе imagеd and idеntiflеd... Thе
l-iability of thе hеrniatеd visсеra сan bе dеtеrminеd ultra-
sonoЕ.faphiсally by assеssing its wall thiсknеss, distеntion,
and motility, information that сannot bе obtainеd гadio-
gгaphiсally (sее Сhaptеrs 6 and 7 on Abdominal Ultraso-
nography).'l In somе instanсеs, thе ability to dеtегminе
r-iabiliф of thе imagеablе hеrniatеd bowеl mаy impгovе
thе horsе's prognosis fоr a suссеssful surgiсal outсomе
and prompt thе ownеr to sеlесt surgiсal intеr.vеntiorr
A diaphragmatiс hеrnia or diaphragmatiс divеrtiсtrltrm
shor'rld not bе rrrlеd out if a normal thoraсiс sonogгam is
obtainеd' howеvец bесausе thе dеfесt ma1' inr'olr-е thе
сеntral portion of thе diaphragm and hеrniatеd r-isсегa
ma)I not bе adjaсеnt to thе thoгaсiс wall.] lo- Thoгaсiс
гadiographs should always bе pеrformеd if a diaphгag.
matiс hегnia is suspесtеd and сannot bе visualizеd trltra-
sonofaphiсally.] 6 Howеvеr' in most instanсеs thе horsе
nrust bе transportеd to a rеfеffal faсilify to obtain adе-
quatе thoraсiс radiogгaphs to makе thе diagnosis.
п hеrеas thе ultгasonographiс ехamination сan bе pег-
formеd in thе fiеld. A diaphгagmatiс divеrtiсtrlum has
bееn imagеd ultгasonogгaphiсally in onс hoгsе. A сom-
plеtе есhoсardiographiс ехamination should also bе pег-
tbгmеd if a diaphragmatiс hеrnia is strspесtеd, as a pеfito-
nеal-pеriсardial hсrnia has bееn rеpoгtеd in a horsе.r()8

PATIENт MANAGEMENT AND PROGNosls

Тhе thoгaсiс trltrasound ехamination сan bе usеd to hеlp
tbгnr a mofе aссuratе prognosis tbr survival and sеlесt
eppгopriatе tfеatmеnt at thе horsе's initial pгеsеntation,
,а5 wеll as to monitof fеsponsе to thеfapy.1.a Thoraсiс
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trltrasonography сan also bе usеd as a sсfееning tеst in
thе prеopегativе situation, looking for arеas of сonsolida.
tion, absсеssеs, and plеuritis whiсh wеrе not suspесtеd
on thе basis of a thorough physiсal еxamination and
hеmatolog-Y. If pulmonary or plеural abnormalitiеs arе
found in thе prеopеrativе sitllation, appropriatе antimi-
сrobial thегapY сan bе institutеd and еlесtivе suгgегiеs
postponеd Llntil thе ultгasonographiс abnormality has rе-

solvеd, геduсing thе inсidеnсе of postopегativе plеufo-
pnеumonia. Stlrvival of lrorsеs with plеuropnеumonia is
morе likеly if plеural fluid, flbrin, loсulations, frее gas

есhoеs, and parеnсhymal nесfosis afе not dеtесtеd on
thе initial ultrasonographiс ехamination 2 , Suгvival гatеS

of horsеs with anaеrobiс plеtrropnеumonia vary fгom 32
to 1|%, with fеw horsеs suссеssftllly rеturning to thеir
pгior pегformanсе lеvеl.r' 1. ;, 50 If frее gas есhoеs arе
dеtесtrd in plеural fluid, a guardеd to gravе prognosis
should bе givеn, and broad-spесtrum antimiсfobial thег-
apy, inсluding сovеragе еffесtivе against anaегobiс miсro-
organisms (mеtronidazolе), should bе initiatrd immеdi
atеly, bеfoге геsults of сulttше and sеnsitivity tеsting afе
availablе. Thе dеtесtion of parеnсhymal nесrosis also
warгants a gravе to guardеd prognosis initially, as only
3o% of horsеs w-ith pafеnсhymal nесrosis suгvivеd in onе
studr,. Also. 5О% of horsеs with parеnсhymal nесrosis had
fгее gas есhoеs dеtесtеd in thеiг plеural fluid (anaеrobiс
plеuropnеumonia), and 30% had ptrlmonar'v absсеssеs.o
Horsеs with parеnсh1.mal nесrosis should also bе trеatеd
aggrеssir.еl1. witlr broad-spесtгLtm antimiсrobials сovеring
an anaеrobiс spесtгLrm. Thе сost-еffесtivеnеss of tfеat-
mеnt must bе сonsidеrеd bесausе horsеs with anarгobiс
plеufopnеumonia or paгеnсhymal nесгosis arе likеly to
геqtriге a longеr pегiod of antimiсrobial tгеatmеnt and
arе unlikеly to rrtufn to thеif pгior pегfoгmanсе lеvеl if
thеy stшvivе. Thе rrltrasonogгaplriс dеtесtion of frbгinous
plеuгopnеumonia, with oг тr'itlrout loсulations, also war-
fants a guardеd pгognosis initiallr and thе initiation of
broad-spесtrllm antimiсгobial thегapr- aftеr otltaining a

transtraсhеal fluid and plеuгel fluid aspiгatеs foг сulturе
and sеnsitivitt- tеsting..-, Thе surr.ival of horsеs мlith fl-

bгinous plеuгopnеuпonia and loсulatеd librinous plеuro-
pnеumonia is 52oo and j0%. rеspесtivеly, with a bеttег
сhanсе of affесtеd hoгsеs геtllгning to thеif pгiоr pеrfor-
manсе lеr еl Тhе numbег of tгеatmеnt days was longеr
foг hoгsеs п-ith plеuropnеumоnia whеn plеural fluid,
fibгin. 1oсulations. fгее gas есhoеs, pulmonary paгсnсhy-
mlrl nесгosis. or absсеssеs wеrе dеtесtеd ultгasono.
graplriсalh. at initial ехamination.].] Hrrman bеings with
loсulatесl еfftrsions havе largеr еffusions, longеr hospi-
talizatioпs, and morе fгеquеnt ttrbе thoraсostomiеs than
tlrosе with nonloсulatеd еffusions. Thеy arе also morе
likеl1- toundеrgo sсlеrosis and dесortiсation proсеdurеs
or to diе from sеpsis than thosе patiеnts with nonloсu-
latеd еfftlsion5.;5', rl

Initial trеatmеnt dufation сan bе rstimatесl fгom thе
initial ultrasonographiс lindings and thеiг sеvеrity. A
horsе with anесhoiс plеural еffusion and сompгеssion
atеlесtasis. a small (<5 сm; absсеss, or a small (<5 сm)
area of parеnсhymal сonsolidation may nееd only 2 to 1+

wееks of appropriatе antimiсrobial thеrapy tlеforе antimi
сrobials сan bе disсontinuеd, if sutlsеqtrеnt сliniсal and
ultrasonographiс flndings indiсatе a rеsponsе to thеrapy.
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Slightly largеr arеas of сonsolidation (5 to 10 сm) may
геsolvе with 1 to 2 months of appropriatе antimiсfobial
thеrapy. Sеl'еrе сonsolidation usually геsults in tfеatmеnt
durations of 2 to 6 months of longеr, dеpеnding upon
thе sеvеfit). of thе pnеumonia. Absсеssеs usually also
геquiге tfеatmеnt durations of 2 to 6 months oг longец
dеpеnding upon thеir sizе, numbец and dеgrее of еnсap-
sulation. Trеatmеnt duration for horsеs with сomplех
sеptatеd plеuropnеumonia, anaеrobiс plеuropnеumoniа,
and nесrotizing pnеumonia is also long, usually 2 to 6
months or longеr.a Thеsе initial guidеlinеs сan bе usеd
to formulatе a thеfapеutiс plan for trеatmеnt duгation,
whiсh will bе subsеquеntly modiflеd by thе сliniсal and
ultrasonographiс rеsponsе of thе horsе to thеrapy. Thе
initial antimiсrobial thсfapy is еmpiгiсal, basеd upon thе
сommon pathogеns in thе arеa and thе patho8еns most
likеly to bе rеsponsiblе foг thе ultrasonographiс lindings.
Antimiсгobial thеrapy should ultimatеly bе basеd upon
сulturе and sеnsitivity tеsting of transtraсhеal or plеural
fluid aspiratеs, whiсhеvег is indiсatеd

Follow-up ultrasonographiс еxaminations should bе
basеd upon thе sеvеriф of thе undеrlying pulmonary and
plеural disеasе and thе hoгsе's сIiniсal signs. If signiflсant
qllantitiеs of plеural еfftlsion arе dеtесtеd, an ultrasono-
graphiсallу guidеd thoraсoсеntеsis should bе pеrformеd
to obtain a samplе for сyologiс ехamination, сulturе, and
sеnsitiviгy tеsting. Rеpеat ultrasonographiс ехaminations
should bс pеrformеd еvеry sеvеral days (or daily, if indi
сatеd) if thoгaсiс ausсultation and pегсussion indiсatе
fluid aссumttlation. onсе plеural fluid сеasеs to aссumu-
latе (or in horsеs withollt plеuritis)' thе frеquеnсy of
fеpеat ultrasonographiс ехaminations сan bе basеd upon
thе sеvеfity of thе paгеnсh1.11"1 disеasе and its fеsponsе
to thrrapy (еvеry 3 to 10 days initially unlеss pnеumonia
is vеry sеvсге). Idеally' antimiсfobials should bе сontin-
uеd until thе сonsolidation of absсеss has геsolvеd ultгa-
sonographiсally and is rеplaсеd by aеratеd lung. whсn
this is not praсtiсal, thе dесision to disсontinuе thегapy
is basеd upon thr fеsponsе of thе horsе to thеrapy. Thе
horsе should bе rе-еxaminеd ultrasonogгaphiсally 1 to 2
wееks aftеr disсontinuing antimiсrobials to еnsurе сontin-
uеd improvеmеnt in thе ultгasonographiс appеaranсе of
thе lung and plеural сavity. Thе hoгsе should bе pеriodi-
сally rе-ехaminеd (еvеry 4 to 8 wееks) until thе lung and
plеural сavity rеturn to normal bеforе rеturning thе horsе
to tfaining. oссasionally, small adhеsions oг afеas of pul-
monafy nonaеfation and sсarring pеrsist in horsеs who
havе rесovеrеd fгom plеuгopnеumonia, but this is thе
ехсеption fathег than thе гulе. If hoгsеs afе put baсk into
training bеforе thе ltrng or plеural сaviry has rеturnеd
to normal, pеriodiс ultгasonographiс rе-еxaminations arе
indiсatеd to bе сеrtain that thе pulmonafy or plсural
disеasе is not worsеning with thе strеss of training. Thе
fеturn of horsеs with plеuгopnеtrmonia to thеif priof
pеrformanсе lеvеl is also rеlatеd to thе absrnсе of frее
gas ссhoеs and parеnсhymal nесrosis on thе initial Lrltfa.
sono8faphiс ехamination.a Horsеs with plеural еffllsion,
flbгin, сomprеssion atеlесtasis, сonsolidation, and ab-
sсеssеs arе likеly to fеtufn to thеir prior pеrformanсе
lеvеl.

Ultrasonogгaphiс ехamination of thе еquinе thorax is
usеful for thе diagnosis of a plеthora of nonсardiaс tho-

raсiс disеasеs, finе-tuning thе prognosis basеd upon thе
ultrasonographiс flndings, pеrforming ultrasound-guidсd
aspifations or biopsiеs, and monitoring thе rеsponsе of
thе horsе to thеrapy.l-, 6 Thе initial trltrasonogгaphiс
ехamination сan bе basеd upon thе flndings from a thor-
ough ausсultatory ехamination pеrformеd in a quiеt arеa
мrith a геbrеathing bag. As most of thе atrsсultatory ab.
normalitiеs involvе thе supеrflсial pulmonafy pafrn-
сhyma and plеufa (approximatеly 10 сm), any abnormal
sounds dеtесtеd suggеst disеasе of thе plеura of supеffl-
сial lung. Ultrasonographiс ехamination of thеsе arеas
ttsually rеvеals abnormal lindings. Howеvец if thе еxami-
nation is bеing usеd as a sсrееning tеst, as in thе prеopеr-
ativr of prеpuгсhasе sitllation oг w.hеn sсanning thе tho-
raх for diffusе gгanulomatous disеasе of nеoplasia, thе
еntifе aссеssiblе lung fiеld should bе thoгorrghly еvalu-
atеd.
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ЕсH0сARDl0GRAPHY

Thе flrst appliсation of есhoсaгdiogгaphr- irr horsеs п.as
thе dеvеlopmеnt of М-modе есhoсaгdiogтaphr- iл thе
mid-1970s.r Thе usе of М-modе есhoсaгdiographr- ех-
pandеd to inсludе normal сaгdiaс dimеnsions in foals.
poniеs, and diffеrеnt bгееds of horsеs and thе diagnosis
of a widе variеty of сaгdiaс disеasеs.2 '9 M-modе есlroсar-
diography was also usеd to assеss сardiaс sizе and ftlnс-
tion in thе еquinе athlеtе, work that is still going on
todaу.2ъZa Thе dеvеlopmеnt of two-dimеnsional (2-D)
rеal-timе есhoсaгdiography in horsеs oссurrеd in thе
1980s and has сontinuеd to ехpand.25 75 Thе ability to
assеss blood floмr dirесtion was lrrst aссomplishеd witlr
сontfast есhoсardiography, initially using M-modе and
stlbsеquеntly 2-D tесhnology' prior to thе dеvеlopmеnt
and widеspгеad usе of Dopplеr есhoсardiogгaphy.,.-6
Thе ability to assеss blood flow vеloсity, tuгbulеnсе, and
dirесtion was strbsеquеntly dеvеlopеd in horsеs in thе
latе 198os and еarly 1990s with thе usе of pulsеd-wavе,
сontinuolrs-wavе, and сolor-flow Dopplеr есhoсardiogгa-
phy.lr. lr, 16. 18. .Ja, 4e 63,61,72. -5. i7-45

Есhoсardiographiс еxaminations aге important in
horsеs bесatrsе physiologiс flow murmtlrs arе сommonly
ausсultatеd and may bе diflrсult to distinguish from mtrr-
murs of vah'ulaг rеgurgitation.a' 3]. at, Eh..,1 Also' abnoгmal
сardiaс funсtion сan bе dеtесtеd есhoсardiographiсally
in horsеs without signiflсant mlrfmufs. Есhoсardiography
should bе part of a сomplеtе work-up in animals prеs-
еnting foг pooг pегformanсеn' 21' .1' 69 -, bесausе normal
сardiaс funсtion is сruсial for supеrioг athlеtiс pеrfor-
manсе.

EоhoсаrdiograрhiG Тeсhn0I0gy

Two-Dimensi0nal Real-тime Есhoсardiographу

The 2-D есhoсaгdiogram is thе tеmplatе from whiсh all
othеf есhoсardiographiс еxaminations arе pеrformеd.8'
9 8l Сaгdiaс anatomy is rеadily idеnti-flablе, making 2-D

есhoсardiographу еasy to undеfstand. Thе сardiaс imagеs
obtainеd arе frеquеntly updatеd and appеar as if thеy arе
moving in rеal timе'-9. 8l Thеsе imagеs havе dеpth (y-

aхis) arrd п,idth but no signifiсant thiсknеss.7 Thе bеst
есhoсardiogгаplriс imagеs arе obtainеd with thе ultra-
sound bеam pегpеndiсular to thе stfuсturеS bеing еvalu-
atеd. maхimizing thс ultrasourrd геflесtеd baсk to thе
transduсег. Althouglr an inlinitе numbеr of imaging
planеs сan bе obtainеd, long- and shoгt-aхis imagеs of thе
hеart arе standard.- 9 2; ].) ]l 8r 95 Thеfеfoге' a thorough
knowlеdgе of сardiaс anatomy is еssеntial foг aссttгatеh,
obtaining and intеrprеting thе есhoсardiogгam.

M-Mode Есhoсardiographу

Thе М-modе (motion modе) есhoсardiogгam is a onе.
dimеnsional (..iсе-piсk'') геpfеsеntation of thе сardiaс
stfuсtufеs moving ovеr timе (х-aхis).--9'81 Thе dеpth of
thе сaгdiaс stfuсtuгеs from thе transdtrсеr arе dеpiсtеd
on thе y-axis and a simultanеous еlесtгoсardiogram (ЕсG)
is rесoгdеd foг timing. M-modе есhoсardiogfaph)/ is usеd
to obtain mеasufеmrnts of thе right vеntriсlr, lеft atrial
appеndagе, mitral valvе, lеft vеntгiсlс, and aorta; to еvalu-
atе сaгdiaс and valvе motion; and to timе сardiaс еvеnts
mofе aссLшatсl},s. 9' 8l M-modе есhoсaгdiographу has a
vеry high sampling fatе сompafеd with 2-D есhoсardiоg.
raphy and is thеrеforе supеrioг for сhaгaсtеrizing rapidly
moving stflrсtuгеs and for prесisеly timing еvеnts oс-
сurring duгing thе сaгdiaс сусlе'" 9 8.

Doppler Есhoсardiographу

Dopplеr есhoсardiography is a noninvasivе mеans of еval-
uating blood flow within thе hеart and grеat vеssеls. It
has sеvеral forms-ptr1sеd-пzavе, сontinuous-wavе, and
сolor-flow-whiсh arе usеftll and сomplеmеnt onе an-
othеr.s. r0.8].82 Jn сontrast to 2-D and M-nrodе есhoсaгdiog-
raphy, low-frеquеnсy transduсеrs produсе thе bеst Dop-
plеr signals, and thе optimal imaging planеs aге as parallеl
to blood flow аs possib|g.в, вl' вz
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Pulsеd-.Wavе Dopplеr Есhoсardiogfaphy. W.ith
pulsеd-wavе Dopplеr, a pulsе of ultrasound is transmittеd
fгom thе transduсеr to a pгеdеtеrminеd dеpth (samplе
voltlmе), and thе rеflесtеd urltrasound wavеs arе гесеivеd
by thе transduсег bеforе anothег pulsе of ultrasound is
sеnt.8.8r.82 Thс timе bеtlvееn thе tfansmittеd ultrasotnd
btrrsts, thе pulsе rеpеtition frеquеnсy (PRF)' is drtеf-
minеd by thе loсation of thе samplе volumе.8. Pulsеd-
wavе Dopplеr есhoсardiograph1, is сombinеd with 2.D
есhoсafdiography to allow thе есhoсardiographеr to
plaсе thе samplе volumr in a spесifiс arеa within thе
hеart.8 lo a1 a2 Ptrlsеd-wavе Dopplеr есhoсardiography is
trsеd to loсalizе flow aссtrratеly to a spесifiс arеa (rangе
gatеd) чrithin thе hеaгt or gfеat vеssrls but сannot fе-
solvе pеak vеloсitiеs assoсiatеd with fast blood flow.8' .0

8l'82 Aliasing of thе Dopplеr signal oссurs whеn thе
Dopplеr shift ехсееds onе-half thе PRF (Nyquist limit)'
making thе dеtеrmination of dirесtion and pеak vеloсity
diffiсult or impossiblе.s. lo' 8' 8, High-PRF Dopplег is a
mеthod of inсrеasing thе Nyquist limit bу two-, thfее-, or
four-fold and thегеby inсrеasing thе vеloсity of blood
flow that сan bе dеtесtеd bеfoге thе signal aliasеs. This
is aссomplishеd by insеrting two, thrее, or fouг samplе
volumеs or gatеs along thе сufsof. Howеvеr, high-PRF
Dopplеr also introduсеs rangе ambiguity bесausе thе
Dopplеr signal and spесtral tfaсing now rеflесt blood
flow at sеvеral sitеs along thе aхis of thе ultrasound
bеam.

Continuous-wavе Dopplеr Есhoсardiography.
Сontintrous-wavе Dopplег есhoсardiogгaphy is usеd to
aссuгatеly dеtегminе thе pеak flow vеloсity in situations
of high-vеloсiry blood flow.8,8l 82 Two ultrasound сrystals
aге loсatеd sidе by sidе in thе transduсеr' onе that сontin-
trously еmits ultгasound and thе othеr that сontinuously
rесеivеs thе rеflесtеd ultrasound wavеS.n'8., 8, Сontinu-
ous-wavе Dopplег есhoсardiographv aссuratеly rссords
high-vеloсit1, flow but doеs not havе rangе геsoltrtion
bесausе floпr is dеtесtеd along thе еntirе aхis of thе
ultrasotrnd bеam.8'8r' 82 Thе anglе bеtwееn thе ultrasound
bеam and thе blood flow should bе as сlosе to 0 dеgrееs
as possiltlе (lеss than 20 dеgrееs) to obtain aссufatе
mеasufеmеnts of maхimal vеloсitiеs.8, a] a2 Continuous-
wavе Dopplеr есhoсardiography сan bе blind (no 2-D
есhoсardiographiс guidanсе) or guidеd by 2-D есhoсardi-
ography in tlrе nеw phasеd- and annular-affaу units by
shaгing thе multiplе еlеmеnt сrystals.8.8'

Сolor-Flow Dopplеr Есhoсardiography. Coloг-flow
Dopplеr есhoсaгdiography is a form of pulsеd-wavе
Dopplеr есhoсardiogгaphy in whiсlr a сolor piсturе of
blood flow is supеrimposесl upon an M-modе or 2-D
есhoсardiographiс imagе.8 81 82 In сolor-flow Dopplеr
есhoсaгdiography thеrе arе numегolts samplе volumеs,
еaсh of whiсh is сolor сodеd to display thе blood flow
assосiatеd with that samplе volumе. Blood flow vеloсity,
diгесtion, and turbttlеnсе arе all displa,vеd with diffеrеnt
сoloг-flow maps.*'8'' 82 Blood flow towaгd thе transduсег
is noгmally сodеd in rеd and flow away from thе trans-
dtrсег in b1uе.8 8.. 82 Thе highеr thе vеloсity of blood
flow, thе lightеr thе shadе of rеd or bluе in most in-
stanсеS. Aliasing oссurs at lowег vеloсitiеs than with
pulsеd-wavе Dopplеr bесausе thе Nyquist limit is lowег.8r
Thus, aliasing сan oссur with somе normal flow vеloсitiеs

in horsеs. In сolor-flow Dopplеr thе aliasесl signal is
displayеd as a сoloг rеvеrsal, whеrе rеd mеrgеs with blttе
or bluе with rеd, althouglr thе dirесtion of blood flow
has not сhangеd.8, 8] 82 \(/ith turbulеnt blood flow (vari
anсе map), grееn is сodеd ovеr thе rеd or bltrе сolors,
yiеlding сolors from yеllow or ofangе to сyan.81. 82 A
mosaiс pattеrn is prodtrсеd in arеas of high-vеloсity tur-
bulеnt blood flow.8 *. Сolor M-modе and spесtral Dopplеr
сan bе usеd to aссtrratеly timе сardiaс еvеnts.sl-8j Nеwеr
tесhnology using amplittrdе information from thе сolor
Dopplеr signal is bесoming availablе wlriсh allows for
visualization of flow in small vеssеls and arеas of loмr-
vеloсity blood flow.

C ontra sI Еch oc a rd i o g ra p hу

сontfast есhoсarсliography involvеs thе сrеation of miсro-
bubblеs in thе сirсulation trsing a variеty of injесtablе
a8еnts or thе patiеnt's own blood.1, J, '6 Injесtеd agеnts
usеd for сontfast есhoсardiograph1, inсludе 5% dехtrosе
soltltion, 0.9% NaСl solution, indoсyaninе dyе, and сar-
tlon dioхidе, usually mtхеd with somе of thе patiеnt's
blood. Thе arеa сontaining thе miсгobubblеs is opaсiIrеd
bесatrsе of thе largе diffсrеnсе in aсoustiс impеdanсе
bеtwееn thе miсrobubblеs and thе surrounding blood,
сausing most of thе trltrasound to bе геflесtесl baсk to
thе tfansduсеr.12' J,1' 76 Thе path of blood flow throtrgh thе
hеart сan thеn bе traсеd by following thе path of есho
сontfast. Thе miсrobtrbblеs arе normally сlеaгеd in thе
miсгovasсulaturе of thе lung and do not pass ttom thе
right sidе to thе lсft sidе of thе сirсulation trnlеss a гight-
to-lеft shunt is prеsеnt oг a lеft-sidеd injесtion has bееn
madе.l2']r' 76 Nrwеf сontfast agеnts arе bеing dеvеlopеd
whiсh will pass through thе miсroсirсulation of thе ltlngs
but havе not yеt bееn usеd in horsеs.

Tra nse so p h a g e a l Есh 0сa rd i o g ra p hу

Transеsophagсal есhoсardiogгaphy (TЕЕ) сan bе pеr-
formеd in foals with standard TЕЕ tгansduсеrs oг in
horsеs with a lowег-fiеqtrеnсy tlltrasound сrystal (3.5

МHz) in a longег fibеroptiс еndosсopе (2 to 3 m). This
nец. window (thе еsophagus) from whiсh thе hеart сan
bе imagеd providеs sttpеrior visttalization of thе grеat
vеssеls and intraсardiaс struсttrrсs in human bеings than
thosе obtainеd from thе standafd tгansthoraсiс ap-
proaсh.n' 96 TЕЕ tгansduсеrs arе mоnoplanе, biplanе, or
omniplanе. Thе omniplanе and biplanе transduсеrs arе
prеfеrablе for obtaining thе most imaging planеs.

Еxamination Teсhпique

Patienl Preparalion

Thе сardiaс window is thе right fourth intеfсostal spaсе
(IСS) and lеft third, fourth, and fifth IСS midway bеtwееn
a linе lеvеl with thе point of thе еlbow аnd thе point of
thе shouldеr (Fig. 5_1;.'-.. 8lo.25 26 ]l ]] Fof bеst imagе
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Figure 5-'t
Thе гight сardiaс window is геprе.
sеntеd try tlrе shadеd arеa in thе
гight аxillaЦ, rеgion оf thе hoгsе
Thr transduсег shotlld bе plaсеd
in thе Гouпh intсгсostal 5р:lсс in
thе сеfltег of thе сafdiaс windо*-
Notiсе thе Position of thе гight
foгеlеg 1br optimal imagiпg fгom
thе тight сдrdiaс windoп. Тl.tе

right forеlеg shсlrrld bе positiOnеd
fсlгwaгd of thе lеft forеlеg so that
thе hoгsе сan stand сomIbгtat]ly
dufing thе есhoсaгdiogfam

quality, thе arеa ovеf thе hеaft on both sidеs of thе
thorax in thе thiгd to fifth IСS should bе сlippеd frее of
haiг bеtwееn a linе lеvеl with thе point of thе shouldеr
and a linе lеvеl with thе point of thе еlbow, using a No.
40 surgiсal сlippеr bladе.*'9' 25' 3l Thе сaudal aspесt of thе
tfiсеps musсlе should bе inсludеd in thе prеpaгеd afеa
and thе skin сlеanеd bеforе ultгasoniс сoupling gеl is
appliеd. This arеa of thе thoraх is rеlativеly hairlеss and
сan oftеn bе sсannеd without сlipping thе haiг off thе
skin.8, 9 If thе horsе is bеing sсannеd without сlipping,
thе skin should bе thoroughly сlеanеd and ultгasoniс
сoupling gе1 appliеd in tЁе сlirесtion of haiг growth. Thе
right forеlimb should bе positionеd slightly foгwaгd of
thе lеft forеlimb to faсilitatе sсanning in thе right сaгdiaс
window (Fig. 5-1).r'a't e

Аnatomу

Thе horsе's hеart is positionеd in thе thoгaх in a гight
сranial-to-lеft сaudal oriеntation. Thе right vеntriсular
outflo.w tfaсt is loсatеd most сfanially in thе thoraх, with
thе lеft vеntfiсlе, mitral valvе, and lеft atfium most сaudal
(Iig. 5-2). Thе mitral valvе is immеdiatеly adjaсеnt to thе
thofaх in thе lеft fifth IСS. Thе aoгtiс valvе and lеft
r'еntriсulaг outflow tfaсt afе loсatеd in thе fourth IСS.
and thе fight vеntriсular outflow tfaсt and pulmoniс
r-alvе arе immеdiatеly adjaсеnt to thе lеft сhеst wall in
thе third IСS. Thе triсuspid valvе, right atrium, and гight
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vеntгiсlе afе сеntеfеd in thе right fouгth IСS, and thе
right vеntriсular outflow tfaсt iS also imagеd in thе right
third IСS (Fig. 5-2).

Scanning Techпique

Thе еntirе hеart should bе imagеd from onе сardiaс
window So that thе есhoсardiographеr сan bеst appгесi
atе rеlativе sizеs of thе сardiaс сhambеrs and vеssеls
and thеir rеlationship to onе anothеr and to thе сardiaс
valvеs.o' Normal adult hoгsе hеaгts afе сomplеtеly dis.
playеd using a dеpth sеtting of 26 to 30 сm.8'9' 33 Мost,
but not all, hеaгts in horsеs with сardiomеgaly сan bе
displayеd with a 3o-сm dеpth sеtting. Thеrеforе, thе
initial есhoсaгdiographiс ехamination should bе pеr-
formеd with a 2.5-МНz transduсеr and 26- to 30-сm dis-
playеd dеpth fгom thе right сafdiaс window in an adult
horsе.*'9' 3З In laгgе wеanlings' уеarlings, or small, thin
adult horsеs, a 3.5-NЦHz transduсег and a 2О- to 26-сm
displayеd dеpth arе indiсatеd.8'9' r3 A 5.0.MHz transduсеr
aлd |4- to 20-сm displayеd dеpth arе indiсatеd for pеr-
forming есhoсafdiograms on most еquinе nеonatеs and
small wеanlings'" ]3 t7.5-МHz transduсег and a displayеd
dеpth of |О to |2 сm is indiсatеd for sсanning thе hеarts
of most miniaturе horsеs and small pony foals. Thе high-
еst tfansduсеr frеquеnсy that imagеs thе еntifе hеart and
thе smallеst dеpth sеtting that inсludеs all imagеablе
сardiaс struсtufеs' but littlе of thе surrounding struс-
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Figure 5-2
Thе position of thе hеaгt in thе hoгsе's thoraх ,,1, Viеw from thе lеft sidе of thе hoгsе -B, Viеw fгom thе гight sidе of thе horsе

turеs, should bе sеlесtеd for optimal imagе quality. Simul-
tanеous ЕСG should bе usеd in сonjunсtion with есhoсaf.
diography for timing thе сardiaс еvеnts.l. 2' 1' 6 9. ]r 8l A
rh1thm strip is adеquatе for timing pu{posе' аnd thе
basе-apех lеad is usually thе bеst tolеratеd by thе horsе
during thе есhoсardiographiс ехamination.

A sесtor-sсannеf tгansdtrсег is idеal for most pfaс-
titionеrs pегforming есhoсardiography bесausr thе small
transduсеr footpfint is manеuvегablе in thе small IСS of
thе horsе and it has up to 30 сm pеnеtfation.s. 9' ]l, 8r A
linеar or сuП-еd linеar transduсеf is not dеsirablе foг
есhoсardiographу bесausе thеrе is poor сontaсt bеtwееn
thе transduсеr footprint and thе skin in thе small intеf-
сostal spaсе and thr dеpth of pеnrtfation is limitеd With
thе lowеst-frеquеnсy transdrrсец thе 3.0 MHz.8, 9 ]l sе-
quеntial 2-D, M-nrodе, pulsеd-, and сontinuous-wavе
Dopplеr есhoсardiogгaphy arе possiblе with sесtor tесh-
nology, whеrеas two simultanеotrs imagеs (2-D, M.modе,
pulsеd-wavе, сontirruolrs.wavе' 2-D сoloг-flow, and M-
modе сolor-flow) сan bе displayеd with phasеd- and an-

nulaг-array tесhnology.",9' 81 Phasеd- or annular-array tесh-
nology is supеrior fоr pеrforming Dopplеr есhoсardio-
gгaphiс еxaminations, as сolor-flow есhoсardiography
сan bе usеd to rapidly loсalizе abnormal blood flow
within thе hеart and grеat vеssеls and to paftially quanti-
tatе thе sеvеrity of valwrlar геgufgitation, shunts, and
stеnosis in horsеs.8']]' 8l 82 TЕЕ сan also bе pеrformеd in
horsеs with spесially madе transduсеrs trsing annular-
arгay of phasеd.aгray tесhnology. ]]

The 2-D есhoсaгdiogram shotrld flrst bе pеrformеd
from thе right сaгdiaс window to imagе thе hеart in its
еntifеty, assеss its fllnсtion, and еvaluatе thе rеlationships
bеtwееn thе various сardiaс stfllсtufеs.s.81 Both long-aхis
(sagittal) and shoft-axis (tгansvеrsе of сofonal) imagеs
should bе obtainеd.'9 Thе М-modе есhoсardiogram
should thеn bе pегfoгmеd from thе shoгt-aхis viеw using
thе сritеria aссеptеd by thе Amеriсan Soсiеty of Есhoсar-
diogгaphy.9 

^ 
2-D есhoсardiogram should thеn bе ob-

tainеd from thе lеft сardiaс window in all horsеs in whiсh
lеft-sidеd mlrfmllrs wеrе dеtесtеd, thе hсart сotrld not
bе сomplеtеly displayеd from thе right сardiaс win-
dow, or any othеr сliniсal or есhoсardiographiс flndings
promptеd fuгthсr еvaluation from thе lеft сardiaс win-
dow."'9 Thе sсan planе oriеntation should display dorsal
and сranial struсtllfеs to thе fight sidе of thе sсrееn and
vеntfal and сatrdal stflrсturеs to thе lеft sidе of thе sсrееn
foг thе сoгrеsponding long-aхis (dorsal to vеntral) and
shoft-axis (сranial to сatrdal) viеws, as dеsсribеd by thе
Есhoсardiogгaphy Сommittее of thе Spесialty of Сat-
diology in thе Amеriсan Сo1lеgе of Vеtеrinary Intеr-
nal Mеdiсinе.s'95 Thе struсtufеs nеaгеst thе tгansduсег
should tlе displayеd at thе top of thе есhoсaгdiographiс
imagе and thе stfuсturеs faгthеst awaу at thе bottom of
thе imagс.6, 2;, 95

Riфt Parastеrnal Viеws. Bеgin sсanning in thе long-
aхis sсan planе with thе tгansduсеr in thе right сardiaс
window (fouпh IСS) about midway bеtwееn a linе lеvеl
with thе point of thе shouldег and a linе lеvеl with thе
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point of thе еlbow with thе horsе's right lеg positionеd
slightly foгward (sее Fig. 5-1). !иith thе sсan planе
markег dorsal and slightly сrаnial (1 o'сloсk), anglе thе
transduсеr toward thс lеft thiгd ICS for thе most сranial
viемz of thе right inflow and otrtflow traсts (Fig. 5_3)."
This right inflow and outflow tfaсt viеW inсltldеs thе
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Гight atrium, triсuspid valvе, right vеntriсular inflow tгaсt,
гight vеntriсulaг outflo.w tгaсt (RVOT), pulmoniс valvе,
pulmonaц, artеЦ,, and aoгta (Fig. 5_3). Kееping thе trans-
duсег in thе samе sсan planе oгiеntation and samе posi
tion on thе сhеSt wall, anglе thе transduсеr straight
aсfoss tlrе сhеst toward thе lеft fourth IСS to гесord

Figure 5-3
Sсan planеs and сorrеspоnding есhoс1tгdioЕ]гams of tl.rе long-axis viеWs obtainеd fгom thе гight сaгdiaс windоw

,4, Sсalr planе of thе long-axis viеw of thе fight vепtfiсLllaг inflow aпd оutflоw tгaсts obtainеd fгom tlrе гight сaгdiaс winсlow Notiсе thе сrel]iа|

ofiепtation of thе sсan planе Thе tfansduсеl poiпts toward thе lеft thifd intеrсOstal sp1lсс to obtxin thе сoггеsponding есlroсardiogram (DJ

fl Sсan рlanе of thе lonЕ.-aхis viеw of thе lеtt \.еntгiсulaf outflow tгaсt obtainеd fгom thе гight сaгdiaс window Tl.rе sсan planе is oriеntеd
pегpеndiсulaг tо tlrе hе1lгt and сhеst wall Тhе transduсег points diгесtl}. aсross tl.rе thofaх toward thе lеft foufth iпtеrсOstal spxсе to obtain thе

соггеsponсling есlroсar.diogгam (j).
С, Sсan plerrе of thе long aхis fсluг-сhambеr r,.iеw oЬtainеd fгom thе гight сaгсliaс wirrdow Notiсе thе сxudal oгiеntation of thе sсan pianе Thе

tгansduсеf points towaгd tlrс lеft Iifth intегсostal spaсе to obtaiп thе сoггеsponding есlrосaтdiсlgгam (Л)

D' Long-aхis есhосarсiiogгam of thе Iight Yепtfiсulaf inflсlw and orrtflow traсts Obtainеd ti.om a nсlгmal 9-уеar-olсl Thoroughbrеd шaге This
есlroсitгсliogгam Was obtainеd from thе right сarсliaс winсlow in thе right vепtгiсulal Outflow traсt position (sаmе position as in а) with a 2 5-MHz

sесtof-sсannег transdlrсеf at a сiisPl:r}'еd dеpth of 26 сm An еlесtгoсardiogfam is supегimposсd foг timing RА, RiЕ.ht atгium; T\,. tfiсuspid valvе;

Rv, right vеntгiсlе; PA, pulmonar,v artеry; AR, aoftiс root
д Long-aхis есhoсaгdiogгam оf thе lеft vеntriсttlaг oLltflOW tгaсt oЬtainеd 1ioтп a nоrmal 9-),еaf-old Tlrогoughbгеd maге (samе hoгsе as in l))

Тhis есhoсaгdioЕram was oЬtainеd ffom thе гight сaгdiaс winсlow in tlrе lеft vеntriсulaг ollttlow tгaсt position (samс position as in 8) with a 2 
'-\'lHZ sесtor-sсannег tгansduсеI at а displayеd dеpth of 26 сm An еlесtroсaгdiogram is supеfimрosесl foг timing RA, Right atгiuЛ]; Tv, tfiсuspid

relvе; RV' right Yеntгiсlе; Lv, lеft vеntIiсlе; AV, aсlrtiс valvс; [А, lеft аtril'rm; PA, pulпoпary aгtеf,v; AR' aoгtiс foot
Л, Long-aхis есlroсardiсlgгam of thе fouг-сhanrbеr viеw obtainесl fгom a rroгпral 9-yеar-old Thогor-lghbгесl marе (sarrrе lro;:sе as in, lnd o This

есhoсaгdiogгam was obtainеd fгonr thе right сardiaс wirrdow in thе lеft vеntriсulaг and mitrаl valvе position (samе роsition as in Q With a 2 5-

\1HZ sесtoг-Sсannеr tгаnsduсеr at a сlisplayеd сlеPth of 26 сm Arr еlесtгoсardiоgгam is supеrimposеd foг tirЛing lLA, Right atfium; Тv' triсuspid
ralvе' RV, гight vеntгiсlе; Lv, ]еft vелtriсlе; Mv' mitral valvе; LA., lеft atгium; PV, pu]monary vеins
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viеws of thе lеft vеntriсulaf olltflow traсt (Figs. 5-3 and
5-41.в',э Thе right atfium, tfiсuspid Yalvе, right vеntriсlе,
intеrvеntгiсular sеptum, lеfi[ vеntriсulaf outflow traсt
(LvoT)' aortiс valvе, aortiс foot, lеft atrial appеndagе,
and part of thе pulmonary aгtеry arе visualizесl in thе
long-axis viеw of thе LVoT (Figs. 5_3 and 5-4). To
visualizе thе еntiге asсеnding aorta' thе tfansduсеf may
nееd to bе гotatеd slightly morе сloсkwisе.8, 9 Kееping
thе tгansduсеr in thе samе sсan planе oriеntation and
position on thе сhеst wall, anglе сaudally towaгd thе lеft
flfth IсS to rесoгd thе parastеfnal long-aхis four-сhambеr
viеw of thс hеart (sее Fig. 5-3).*, ,' This viсмr inсludеs
thе right atfium, triсuspid valvе, right vеntfiсlе, intеrvеn-
triсular sеptllm, lеft atrium' mitral valvе, lеft vеntгiсlе,
and lеft vеntгiсular fгее wall (sее Fig. 5-3). Rotatе thе
transduсеr 9o dеgгееs so that thе sсan planе markеr is
сranial and slightly vеntfal (4 o'сloсk) to obtain thе short-
aхis viеws of thе samе struсturеs (Fig. 5-5).8 ,5 Bеgin
aiming slightly vеntrally to inсludе thе сardiaс apех and
papillary musсlеs, aim straight aсross to visualizе thе
сhordaе tеndinеaе and mitral valvе, and сontinlrе dorsally
to inсludе thе aortiс valvе in short-aхis сгoss-sесtion @ig.
5-5).'' 25' 83 Fof all viеws, slight сhangеs in transduсеr
plaсеmеnt, angulation, oг fotation may bе nесеSsary to
aсquirе a truс long- or short-aхis viеw.

М-Мodе Есhосardiography. Thе М.modе есhoсardi
ographiс imagеs should bе obtainеd from thе Shofi-axis
viеws with thе сuгsoг plaсеd aсfoss thеir widеst paft, as
pегpеndiсular to thе struсtufеs bеing ехaminеd as possi
blе whilе bisесting thrsе stflrсtufеs.8'9 Fof thе most aссLl-
fatе fеpfеsеntation, thе M.modе есhoсardiogfaphiс mеa-

Figure 5-4
сгoss-sесtion thfough thе thoгaх of thе horsе at thе tbutth intеrсostal
spaсе (IсS) illustгating thе sсan p|aлe (slэаdеcl аrеа) used to oЬtain
thе long-aхis viеw оf thr lеft vrntгiсular outflow tгaсt fгom thе right
сaгdiaс window Thе point of thе sсan planе rеpгеsепts thе loсation of
thе transduсеr footpгint in thе fourth IСS in thе right aхillary геgiofl
bеnеath thе tгiсеps musсlе

sllrеmеnts arе madе from thе lеading еndoсardial еdgе
of thе nеar sidе to thе lеading еndoсardial еdgе of thе
far sidе of thе struсturе bеing mеastrrеd.2'"'9 Thеsе mеa.
sufеmеnts should bе pеrformеd routinеly to dеtеrminе if
any сardiaс еnlargеmеnt ехists. To obtain an M-modе
есhoсardiogram of thе aortiс valvе, thе сLrrsof is plaсеd
through thе сrntег of thе aoпiс valvе lеaflеts in thе shoп.
aхis viе.w of thе aorta (Fig. 5-61.в-'0 In this viеw thе
triсuspid valvе' aortiс root сontaining aortiс valvе lеaflеts.
and lеft atrial appеndagе aге imagеd (Fig. 5-6). Stаndaгd
mеasufеmеnts inсludе thе diamеtеrs of thе aoftiс root
and lеft atfial appеndagе and thе еjесtion timе. Thе aoгtiс
foot diamеtеr is mеasurеd at еnd-diastolе at thе onsеt of
thе Q-wavе of thе ЕСG, and thе lеft atrial appеndagе is
mеasuгеd in systolе at its widеst intеrnal diamеtеr.2.a.8-1t'
Thе diamеtеr of thе aoftiс foot is bеtwееn 8 and 9 сm
in most horsеs and should always mеasurе laгgег than
thе diamеtеr of thе lеft atfial appеndagе in normal horsеs
(Tablе 5_1).l'2 -,8 Thе lеft atгial-to-aortiс fatio is 0.8 in
adult hoгsеs but is slightly grеatеf in foals.2'a'7 A lеft atгial
appеndagе diamеtеr еqual to or gfеatеf than thе diamеtег
of thе aoгtiс root is a spесffiс but not vеry sеnsitivе
indiсation of lеft atrial еnlargеmеnt. Thе еjесtion timе is
mеasuгеd fгom thе opеning to thе сlosing of thе aoгtiс
valvе lеaflеts.2' 1' 8 Thе еjесtion timе in a noгmal horsе at
rеst usually mеasuгеs bеtwееn o.400 and 0.5oo sесonds.
Thе mitral valvе М-modе есhoсardiogram is obtainеd b1'
plaсing thе М-modе сufsof through thе mitral valvе in a

short-aхis viеw, as pеrpеndiсular as possiblе to thе sеp.
tum and lеfi[ vеntriсulaг fгее wall (Fig. 5_7). In this viеw
thе right vеntfiсlе, intеrvеntriсtrlar sеptum, sеptal lеaflеt
of thе mitral valvе, frее wall lеaflеt of thе mitral valvе,
and lеft vеntfiсulaг frее wall aге imagеd (Fig. 5-7). Thе
distanсе from thе sеptum to thе maхimum opеning (Е
point) of thе mitral valvе (SЕP) is an indiсation of thе
sizе of thе LVOT and is nomally 1 сm or lеss. Thе SЕP
is obtainеd by mеasuring fгom thе intеrvеntfiсulaf sеp-
tum to thе pеak opеning of thе mitгal valvе in еaгl1'
diastolе.2'a'8 Thе mеasufеmеnts of vrntfiсular сhambег
sizе and sеptal and lеft vеntгiсular frее Wall thiсknеss aге
madе fгom thе lеft vеntriсtrlar viеw. Thе М-modе сursor
is plaсеd through thе lеft vеntгiсlе bеtwееn thе papillaц.
musсlеs just bеlow thс mitral valvе, as pеfpеndiсular as
possiblе to thе intегvеntfiсular sеptum and lеft vеntfiсu-
laг frее wall (Fig. 5-8). Меasufеmеnts obtainеd fгom this
viеw inсltrdе thе sеptal and lеft vеntriсlrlaг frее .wall

thiсknеss at еnd-diastolе and pеak systolе, гight and lеft
vеntfiсulaf intеrnal diamеtеr (сhambеr sizе) at еnd-dias-
tolе and pеak systolе, and ffaсtional shortеning (Fig. 5-8)
Thе diamеtеrs of thе right vеntгiсlе, sеptum, lеft vеntгi-
сlе, and lеft vеntгiсular frее Wall at еnd-diastolе afе mеa-
surеd at thе onsеt of thе Q-wavе on thе ЕСG, and at pеak
systolе arе mеasurеd at thе pеak downward dеflесtion of
thе sеptum.2,4' 8-lo In adult horsеs' thе noгmal lеft vеntfiс.
ular intеrnal diamеtеr at еnd-diastolе rangеs from 9 to 13

сm whеn mеasurеd from thе fight pafastепral windoqr
(Tablе 5-|)'' ,' 7'8 Thе fraсtional shortеning @S), an indех
of сaгdiaс сontгaсtiliгy, is сalсulatеd by subtraсting thе
lеft vеntгiсular intеrnal diamеtег at pеak systolе (L\TD.)
from thе lеft vеntгiсtrlar intеrnal diamеtеr at еnd-diastolе
(L\.IDd), dividing this numbеr by thе lеft vеntfiсular intеr.
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Figure 5-5
Sсaп pl:lnеs апсl сoггеsponсling есhoсafdiogгarrrs of thе shoгt-axis \,iеws Obtaiпесl fronr tlrе riglrt сardiaс *'irrdо*"

,4, Sсan plaле of thе slrort-aхis viсw of thе lеft \.еntfiсlе obtainеd fгom tlrе rigl.rt сaгсliaс $.indo$' Notiсе thе сaudal aпсl vеntral Ofiеnta1ioп of
tlrе sсan planе Thе tгansdllсег points towaгd thе lеft flfth intеrсostal sPaсе aлd is arrglеd slightl-Y vсntгаll)-

-6, Sсan planе of thс Shoft-aхis viеw of tlrе mitfll valvе obtainеd frorrr thе right сardiaс window Notiсе thе сaudal oгiеntatitln of thе sсaл planе
Тhе tгansdrrсеr points toward thе lеti Iitilr iпtеfсostal spaсе aлd is oriеntеd pеrpепdiсular to tl]с hеaft anс1 сhеst wall

C sсafl plxnе of tl.rе shoгt-aхis viеW of thе aoгtiс Yalvе obtainеd foтm tl-tе right сaгdiaс wiпdos, Notiсе tlrе сlсlrsal oгiеntation of thе sсan pJanе
Тhе tгansdrrсеf pоints dirесtlY aсIoss thе thoгlх towaгd thе lеft fbuIth intеfсostal sl)асе s,ith a slight сloсkwisе fotatioп

l), short-aхis есhoсardiogгam of thе lеft vеntriсlе obtainеd Irom a nornral 9-yеeг-olсl TlroгоrrglrЬгеd marс (sanе l.roгsе :rs in Figuге 5_3) Tlris
есhoсaгсliogгam sras obtainеd fгom thе гiglrt сaгdiaс п.indos. in thе lеft vеntriсular positioП (samе l)ositioп as iп,.1) witlr a 2 s-Mнz sесtol.-sсannег
tгansdttсег xt a disp]aYеd dеpth of 26 сm An еlесtfoсaгdiogram is sr-lpеrimpсlsеd fсlr timiflg Rv, Right l.еntriсlе; L\/, lеft r.сntгiсlе

J, Slrоrгaхis есlroсardiogтanr of thе mitгal valvе obtainеd fгom a normal 9-1,еaг-olсl Тhoгоrrglrbrеd пarе (samе horsе as in Figtrге 5-3 and in D)
Tlris есlroсardiogfaпl was оbtaiпed fiorrr th.е riglrt сardiaс winсlow in thе mitгal vah,е position (saЛlс positioп xs in,B) With l2 1-\IHz sесtor-sсannег
tгansduсеf at a disp]a),еd dеpth of 26 сm An еlесtгосaгdiogram is stlpегimposссl fbr timiпg R\i, Ri!.ht vеntriсlе; N[V' пitгlrl r,:r1r.е

F, Shoгt-aхis есhoсarсliogгam сlf thе aoпiс Yalvс pоsition obtaiпесl fiom a nогmд| 9-}'сaf оId Thorоuglrbrеd maге (samе hсlrsе as in Figtlrе 5_3.
and in D aпd -Ё) Tl.ris есhoсaгdiogгlm was obtаinеd fгom thе гight сafdiaс wirrdow iп thе аoгtiс valvе position (saпс pоsitiсllr as in o Witlr a 2 

'-}'1нZ sесtoг-sсannег tгansduссг at a displa.Yеd dеpth of 26 сm Aл еlеCtг()сaгdioЕ]гarl is sllpегimposеd lbг timing Tv, Тгiсtlspiсl valvе; RY. гiglrt
rеntгiсlе: Av. aoГtiс va]vе: IА. lеft atгium

nal diamrtеf at еnd-diastolе (L\ЦD.') and thеn mllltipl),ing
this numbег b1, 100 to gеt a pеrсеntagе.r.2,4, a lo

FS (%) : L\'IDd L\'ID. Х 100
L\alD.l

Lеft Parastеfnal viеws. Thе ехaminatiсln shotrld сon-
tintlе from thе lеft sidе of thе hoгsе if lеft vеntгiсulaf of
1еft atгial сnlargеmеnt is prеsеnt; mitral, pulmoniс, oг
aoгtiс insllfliсiеnсy is suspесtеd; or all of thе strllсtufеs

of thr lеft hеalt сannot bе visualizеd adеquatеly from thе
fi8ht sidе.7-r], rl Thе lrorsе's lеg shot.tld bе pсlsitionеd
slightly foгwaгd and thе transduсrf plaсеd in thе ICS
spaсе about halfwa1, bеtwееn a linе lеvеl With thе point
of thе shotrldеr and tlrе point of thе еlboчr. Thе short-
and long-aхis viеws сlf thе right vеntriсtllar inIlow and
olrtflow traсts aге obtainеd in thе thirсl IСS with thе
tfansduсеf aimеd stfai8ht aсross tlrе сlrеst and thr sсan
planе maгkег faсing сranially (Fig. 5_9). Thе гight atfium,
tгiсuspiсl valvе, right vеntfiсlе, plllmoniс valvе, pulmo-
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Figure 5-6
Shoп-ахis есhoсaгdiogгam and сorrеsponding M-modе есhoсaгсliogranr
of thе aсlгtiс valYе position obtainеd fгom a normдl 9-1.еaг-olс1 l.lrorotlgh-
brеd maге (sarпе horsе xs in Fig,ur.еs 5 3 and 5 5) Тlrе СL|rsot (dottеd
liпе) p|lсеmеnt thгough thе xoгtiс \.:1]Yе to obt1lin thе М-modе есhoсar-
diogranr is dеmonstratеd in thе short-aхis есhoсarсIiogгatn Thеsе есho-
сardiogгams wеrе obtainеd frоm tlrе r:ight сafdiaс winсlоw in thе aoгtiс
иlYе position (samе position as in Figuге 5-5С anсl D with a 2 i-
MHz sесtoг-sсannеf transduсег at a displaYеd dеpth of 26 сm Aл
еlесtroсaгdiogram is srrpегimposеd fof timing TV, T.гiсuspid valvе; AV,
aoftiс v'th.е; IА' lеft atгium

nary artеry, and aoгta arе ima8еd in this viеw (Fig. 5_9)."
Thе long-aхis LVOT viеw сan bе imagеd with thе sсan
planе markеr thсing dorsally and slightly сгanially in thс
fouгth IСS (Fig. 5-9).8 Thе long-aхis two-сhambеr viеW

Table 5-1
NormaI Eсhoсardiograрhic Measu]ements in the H0rse

Meаsuremeпts Obtaiпed lrom the Right саrdiaс Meап
Wiпdow (сm) sD

Figure 5-7
Short-aхis ссl-ttlсlгdiogгam arrd ссlггеsponding М-modе есlroс1lгdiogfam
of thе mitтxl YalYе position obtainеd fгсlm a noгmal 9-vеar-old Tlroгоrrgh-
bгес1 marе (samе h.сlтsе as in FiЕ]ufеs 5-3, 5-5. аnd 5_6) Tlrе сuгsоr
(dotted liпе) plaсеmеnt tl.rгolrgl.r thе mitгal valvе to oЬtain thс М-moсlе
есlroсaгсliogгam is dсmonstfatеd iп thе shоrI.aхis есhoсxгсlioЕ.raпl
Thеsе есl.tсlсaгdiogгams wсге obtainеd fгom thс fight сaldiaс window
in thе mitral valvе pсlsitiсlп (simе position as in Figrге 5-5В lлd ф
rvitlr a 2 5-MHZ sесtoг-sсannег tfansdllсег аt a displavеd dсpth оf 26
сm An еlесtroсaгdiogram is slrpеrimposеd for tinrirrg TV, Tгiсtrspid
valvе; MV. rlitfal valvе: Rv' гight vсntriсlе

of thе lrft atгium, mitral valvе, and lеft vеntriсlе сan bе
imagеd with thе Samr sсa1l planе oriеntation in thе fifth
IСS or with thе tfansdlrсеf anglеd sliglrtly сaudallу (Fig.

5-9).8 Thе intегnal diamеtег of thе lеft atгillm at its
widеst point parallеl to thе mitral valvе slrould not ех-
сеесl 13'5 сm in noгmal Thoroughbrеds and Standard-
brеds and 14 сm in largеr hoгsеs..] Short-axis imagеs of
all thеsе stfllсttlгеs сan bе pеftbmеd b1, гotating thе

Figure 5-8
Short-aхis есlroсaгсliog'ratrr and сoгtеsponс1irrg М-mсlсlе есlroсaгdiogгam
of thе lеtt \.еntriсulaг position obtaiлеd fгom a пoгmal 9-yеaг-old Thor
oughbгесl nraге (samе l.roгsе as itr Figr-шеs 5_J and 5_5 to 5_7) Thе
Сt|fsor (.l()ttеd !iпе) p|aсепелt thгortglr tlrе lеft \.еntгiс[е to obtain thе
M-mоdе еChoсaгdiоЕ.гam is dеmoпstгatеd in thе short-:rxis есl.roсaгсlio.
gram Tlrеsе есhoсaгdiogmlns wеге obtainсd tiom tlrе гight сarсliaс
wirrdow in thе lеft \'еntfiсLllaг position (samе position as in Flgrrе 5_5,4
and D) with a 2 5-MHz sесtor-sсltnЛеf transduсег at a с1isplaуеd dеpth
of 26 сm An еlесt-гoсarсlioЕiram is sttpегimposеd tbr timing RV' fught
\.еntгiсlе; Lv, lеft vеntгiсlе

RVd

RV.

(Right \,сntгiсUlaг intеrnal diamеtсr :rt еnd- .] 83- 0 91*

diastolе) 38(lf o63l
(RiЕ.ht \.еntfiсLllaг intеrnal dlamеtеr at pеak 2i1,. 1 00-

sYstо1е)
L\.ID.r (Lеft vеntгiсtilaг intегnal diamеtег at епd-

diastolе)

I-\.IDS (I,еft Yеntгiсu]af iпtегnal diamеtсг at pсak
s].stolе)

Fs (Fгасtiollal shoгtеning)

LVu (Lеft vеntгiсtllaг tiее wаll thiсkлеss at еtrd-
diastOlе)

(Lеft vеntfiсular fгее wall thiсktlсss at реxk
s'vstolе)

(IntегvеntIiсLllaг sеptal thiсknеss at епd-
diastolе)

(Iпtег\.еntriсLllaf sеptal thiсknсss аt pеak
s).stOlе)

(Diamеtеr of thе xoгtiс root at еnd-diastolе)

LV'

wS

ГVS'

ARu

11 90- 0 71"
П 06t I 34t
9l+,$ o3+,s
7 15- Oi2"
6 llt 0901
)7+, S 023+, S

38 76* I 59.
44li 61t
386*.S 16t,$
2 з9* o 26*

292t O 191

3 96- 0 93-
,1 451 o 591
э 02" 0 ]9-
э06t 06t
I s5. 0 55.
4 81t 0 701
8 50. 0 il.
7.llt 0 831
77+, S 0 16+, S

*Data obtаinеd ltolт 26 Tlroгoughbfеd hoгsеs wjtl] а mсaЛ Wеiglrt of 5l7 kg
t Dаtr obtritrеd |гoпl |0o hl!г\g\ sсigl]ing ,l |5 24 я6 86 kЁ

+ Datx obtainеd liotl 25 normal hoгsеs wеigliпg ipPfoxjmatсц' ]O0 kg
$All \alЦеs iЛ this rеfеrе]lсс гсDoгtеd es t sЕNt
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Figure 5-9
:сan plarrеs aлd сoггеspotlсling есhoсaгсliogгams of thе long aхis l.iеws Obtainеd from thе lеft сarсliaс windolv

l sсаn l)lanе сlf thе lсlng-aхis viеw of thе гight vепtгiсLllaг outflow tгaсt obt'rinеd fгom thе ]еft сardiaс winс|ow Notiсе thе sсan plallе oriеntеd
pереnсliсtllaг to thе hеafi aпd.сhеst wail and tlrе slight сloсkwisс гotation оf tlrе sс;rп plenе Thе tгxnsduсеf points difесth. aсгoss thе thoIaх
It)serd thе light thifd intеfсostal spaсе

8 Sсarr platrе of thе long-аxis viеw оf thе lеft vеntfiсular outllow traсt obtainеd from tlrе ]еft сardiaс window Notiсе thе sсan planе oгiеntеd
рсгpеlrdiсular to thс hеaГt lnd сhеst wall aпс| thе slight сountеfсloСkwisе гotation of tlrе sсaп planе Thе tf'rnsduсег points diгесtl). aсгoss thе
rltlгar toward thе fight fburtl] intегсostal spaсе

С Sсaп plarrе of tlrе long-:lxis r,iеw of thе lеft vеntfiсlе anсl mitгal r.alvе obtainсd tiom thе lеtt сardiaс winсlow Tlrе sсan planе is oгiеntеd
ГсгреndiсUlaг to thе hеaгt and сhеst wall

, Loпg-axis есhoсaгdiograrrr of thе right Yеntгiсulaг outflow tгaсt obtainеd fiоm a nсlгmal 9-yеaт<lld Thorouglrbгеd mlге (samе lroгsе .rs in
F:guгеs 5-3 and 5_5 to 5-8) Тlris есhoсardiogгam was obtainеd fгom thе lеft сaгсliaс window in thе riЕ.ht vепtгiсr-llаr outflоw tfaсt positiol] (samе

Г lsilion as in ,]) With .r 2 
'-MнZ 

sссtoг-sсаnnег tгansсltrсег аt a displayеd dеpth of 24 сm Aп еlссtгoсardiсlgram is strpеrimposесl foг timing R,t,
fugtrt atгirl1-l1, Rv' right vеntriсlе; PY' plllmoпiс valvе; PA, pulmоnalу aпеry

Е. Lоns-ахis есhoсardiogram of thе lеft vеntriсulaf outtlow trасt oЬtainеd fгom a noгmal 9-уеaг-olсl Tlroroughbгеd marе (sаmе horsе as in Fig'ufеs
<_.j lпd 5_5 tO 5-8 arrd irr D) Tlris есlroсaгdiogгam was obtainесl fгom thе lеft сaгdiaс window in thе lеft vеntгiсular olltflow tIaсt position (samе
] :ition as i11 ,ij) With a 2 5-MHz sесtot-sс:rnпсг transduсег at a displa1'еd dеpth of 24 сm An еlесtгосaгdiogгam is supегimposсd for timing LV,
Lсi rеnlгiсlе: Av. aoltiс valvе; AR, aoгtiс гoot; RA' гight atгillm] Tv' triсuspid valvе; RY, right vеntгiсlе

Л Lons-a\is есhoсardiсlgгam of thе mitгal valvе oЬtairrеd from a noгmal 9-1.еarold Tlroгougl.rbгеd maге (samе l.roгsе as in FiЕ]uгеs 5_3 and 5-5 to
<_i rnd in D;rrrd,Е) Tlris есhoсardiogranr was obtainеd from thе lеft сaгdiaс windоw in thе пitral valvе positioп (saпе position as in O with a

] <-\lHz sесtoгsсaпnег transdtlсег at а с1isplayеd dеpth of 24 сm А maхimal (lilmеtег of thе lеtt atlium (12 9 сlrr) is displavеd Ьегwееn thе tп.o
.-Гoь \n еlссtгoсaгс|iсlgгаm is sl.lpегimposеd foг tilтing Lv, Lеti vеntгiсlе; мv, mitfal valvе; Ld, lеtt atгium
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tfansduсеf сolrntеfсloсkwisе 90 dеgrееs from thе сoгfе-
sponding long-aхis imagе. An М-modе есhoсafdiogfam
сan bе pеrfofmеd at thе сhofdal lеvеl from a lrft рafastег-
nal short-aхis viеw of thе lеft vеntriсlе if thе mеasurе-
mеnt сannot bе obtainеd from thе right parastеrnal slrort-
axls v1еW.

Dopplеr. Thе pulsеd-wavе Dopplеr flow profllеs havе
bееn dеsсribеd in сliniсall1, normal Standardbrеd
horsеs.-7 Laminar blood flow w.as dеtесtеd throughout
thе hеart and gгеat vеssеls' Pеak flow vеloсity in thе
right vеntriсtrlar inflow and outflow tгaсts, pulmonary
aftеry, lеft vеntriсular inflow and outflow traсts' and
asсеnding aorta was lеss than 1.5 m/sес.77 Rеsttlts in
othег bfееds of horsеs havе bееn similar.sa 8'

A сardiaс Dopplеr ехamination shorrld bе pеrformеd
in any horsе oliс murmur
gtaсlе 3/6 or gtade 1'/6 ot
highеr, or a oг highеr.o"
Thе ехamination should bеgin with putlsеd-wavе Dopplеr
oг сolor-flow Dopplеr есhoсardiogгaphy. Thе еntirе valvе
or shunt arеa bеing еxaminеd should bе intегrogatеd by
plaсing thе samplе volumе at thе valvе or shunt and
moving farthеr away from thе arеa in quеstion until
abnormal blood flow is no longеr imagеd or hеard, map-

ping thе total arеa of abnormal flow.
Thе triсuspid valvе, right atrium, intегatrial Srptum,

and intегvеntriсtilar sеptum should bе еxaminеd fгom
thе right parastсгnal window. If triсuspid rеgurgitation is
suspесtеd, intеfгoЕ.atе thе tfiсuspid valvе and right
atfium in all thrее гight parastеrnal long-aхis viеws (thе

right inflow/outflow tfaсt viеw, LVOT viеw, and four-
сhambеr viеw). Most triсuspid rеgurgitation jеts arе dе-

tесtеd in thе LVOT viеw, witlr thе jеt еmanating from
thе triсuspid valvе and flowing toward thе asсеnding
lotta.6a' ]2 ]a ao' sз Thе intегatrial sеptum, еspесially around
thе aгеa of thе foramеn ovalе, should bе сarеfully еvalш
atеd foг any shtrnt at thе atfial lеvеl. Vеntгiсular sеptal
dеfесts (YSD) in horsеs arе most сommonly found in thе
inflow poГtion of thе intеrvеntfiсular sеptum (mеmbгa.
nous sеptllm), just bеnеath thе sеptal lеaflеt of thе triсus-
pid valvе and thе aoftiс valvе, and arе usually bеst imagеd
from thе right parastеrnal window.9. 15..].J. J5 38 12 Thе fight
vеntriсlе and RVoT should bе intеrroрiatеd bеginning at

thе dеfесt and ехtеnding into thе fight vеntriсlе or
RvoT. If no dеfесt is srеn and a VSD is strspесtеd'
intеffogatе thе еntirе sеptllm. Thе maximal vеloсiф of
shunt flow thгough thе dеfесt should thеn bе mеasurеd
with сontinuolrs-wavе Dopplеr есhoсardiography to dе-

tеrminе thе hеmodynamiс signifiсanсе of thе shunt in
horsеs without LVOT obstruсtion.j] ](l.38,6.i.', 8, Using thс
formula 1 u2' whetе zl is thе maхimal vеloсity of flow
through thе shtrnt, thе prеssurе diffегеnсе bеtwееn thе
two vrntfiсlеs сan bе сalсtllatеd (modifrеd Bеrnoulli
еquation). This сan thеn bе usеd to еstimatе right vеntгiс-
ular systoliс prеssufе in horsеs with a VSD dеfесt by
subtгaсting 4 u, from thе systoliс blood prеssurе.

Abnoгmalitiеs assoсiatеd with thе pulmoniс and aortiс
valvеs should bе intеrrogatеd from both right end lеft
parastеrnal windows; onе window is usually optimal dе-

pеnding upon thе sizе of tlrе hoгsе, thе dirесtion of thе
rеgurgitant oг stеnotiс jеt, and thе dеgrее оf сaгdiaс
еnlargеmеnt.(,.t ;9' s0 Intеrrogatе thе RVOT from thе riglrt

parastеrnal short- and long-aхis viеws and thе lеft para-

stеrnal shoГt-2rхis viеw bеginning at thе right vеntгiсular
sidе of thе valvе and moving baсk into thе RVOT. Intегro-
gatе thе pulmonary aгtеry fгom thе гight pafastеfnal
viеws if сlosе еnough to suссеssfullу ехaminе thе main
pulmonary aftеry, othегwisе only thе lеft parastеrnal win-
dow сan bе usеd for Dopplеr еvaluation of thе pulmo-
flary aftеry' Thе LVoT is usually most suссеssfully intеrro-
gatесl in horsеs With aoftiс rеgurgitation fгom thе lеft
сardiaс window bесausе thе jеt is most frеquеntly сom-
ing toward thе lеft vеntriсulaг frее wall.6a 79. 80' 8] Т{ou.-

еvеf. this arеa shotrld bе ехaminеd from thе right paгa-

stегnal window bесausе somе horsеs havе rеguгgitant
jеts that anglе towaгd thе intеrvеntriсLllar sеptum and
arе bеst dеtесtеd in this viеw. In many horsеs, howеvеr,
thе геgurEiitant iеt is nеarly pеrpеndiсulaf to thе ultгa-

sound bеam from this windoчl. Intеrrogation of thе LVOT
should bеgin at thе aoгtiс valvе and еxtеnd apiсally into
thе LVoT. Dopplеr еvaluation of thе asсеnding aofta
may also bе pеrformеd from thе гight or lеft parastеrnal
windows.'.,.'7, s3 Thе lеft parastеrnal window is prеfегablе
if a good signal сan bе obtainеd bесausе thе ultrasound
bеam is morе parallеl to blood flow. Howеvеf, this aгеa

is somеtimеs difflсult to imagе fгom thе lеft parastеrnal
window.

Thе mitral valvе and lеft atrium should bе intеrrogatеd
from thе lеft parastеrnal viеw in all hoгsеs with a holosys-
toliс or pansystoliс muгmuf grade 3/6 or highеr' with its
point оf maхimal intеnsiry ovеf thе mitгal oг aortiс valvе
iгеa, bеginning at thе mitral valvе and ехtеnding dorsally
to thе lеft atrial sidе of thе mitral valvе and out to thе

basе of thе lеft atrium.('1 -2.8] Any othеr shunts or jеts

сausесl by obstгuсtion to floпr should bе intеrrogatеd in
thе samе thshion by bеginning at thе suspесtеd aгеa of
abnormality and fanning out from thеfе to dеtесt thе sizе
anсl shapе of thе high-vеloсity turbulеnt flow.

Eсhoсardiogrаphic Fiпdings

Normal Struсtures

Thе vеna сava, right atrium, right vеntriсlе, pulmonary
aftегу' pulmonary vеins, lеft atfium, and lеft vеntriсlе
arе all idеntifiеd есhoсardiographiсallу using a sеgmеntal
approaсh to сafdiaс anatomy.3' Thе сranial and сaudal
vеnaе сavaе сlеlivег blood to thе right atrium. Thе fora-

mеn ovalе is imagеd as tlvo flaps of tissuе in thе сеntеr
of thе atrial sеptum and is еasily imagеd in normal nеona-
tal foals. This arеa bесomеs moге difflсult to visualizе and
lеss flaplikе in oldеr hoгsеs. Thе right vеntriсlе has a

trabесulatеd еndoсardial surfaсе, modеrator band,
сhordaе tеndinеaе insеrting into thе intегvеntгiсular sеp-

tum, infundibtrlar musсlе band, triangtrlar сavity, and a

triсusрid atfiovеntfiсLrlar valvе with a гсlativеly apiсal
insеrtion.25.26..rs Thе pulmonary artегy bifuгсatеs into thе

right and lеft pulmonary artеriеs. Thе main pulmonary
aгtеry is morе сranial than thе aorta, btlt thе pulmonaгy
aгtегy bifuгсation iS сaudal to thе aoftiс aгсh. Thе pttlmo.
nary aftеry bifurсation сan normally bе imagеd in nеo-
natеs and oldег foals and сan oссasionally bе imagеd in
normal aсltrlt horsеs (Fig. 5-10).38 Tпro pulmonary vеins
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Figure 5-10

Slightly сouлtеrсlсlсkwisе' Tlris
5-МHl 5ссloг-sсenn(r tгаn5Juс(г
(.tгoсeгdiOgгJm is \tlpегinlpU5еd
r,еntгiсlе: A\.. aoпiс r аlr е.

afе usually imagеd еntегing thе lеft atгiuпr. sr-hiсh is

сaudal and to thе lеft of thе right atгiuпr. In tl.rе гig1rt

insеrtion.2'.26. rs Thе aoгta is сеntrally loсatеd, сaudal and

to thе right of thе main pulmonary afirtу, and сan bе

followеd есhoсardiographiсallу ollt to thе aortiс arсh.

Thе гiglrt anсl lеft сofonafy artеriеs arisе fгom thе right
and lеft сofonafy сusps of thе aoftiс valvе. Thе right
сoronafy сusp of thе aoftiс valvе is adjaсеnt to thе right
vеntriсlе and RVOT thе lеft сoгonary сusp is adjaсеnt to

thе main pulmonaгy artеry, and thе nonсoгonaгy сusp is

nехt to thе triсuspid valvе.
Thе atriovеntriсular valvеs normally havе a biphasiс

pattеrn of motion duгing diastolе, with thе valvеs opеn-

ing maхimally in еarly diastolе, dгifting toward еaсh othеr
at thе еnd of rapid vеntriсular fllling, dгifting opеn somе-

what, and thеn opеning again in assoсiation with atrial

systolе. Thе atriovеntriсular valvеs thеn сlosе at thе onsеt

of vеntriсular systolе. At thе еnd of isovolumеtriс vеntriс-
ular сontraсtion, thе sеmilunar valvеs opеn and rеmain

iесtion pеriod (еjссtion timе). Thе
thе timе from thе сlosurе of thе
to thе opеning of thе sеmilunar

valvеs. During vеntriсular еjесtion, thе intеrvеntriсulaf
sеptum anсl lеft vсntfiсulaf frее wall should thiсkеn and

.Ь''. to*".d еaсh othец shoftеning approхimatеly 30
to 4О%.

Congenital Cardiac Disease

Сongеnital сardiaс с1isеasе should bе suspесtеd in all

nеonatal anсl oldеr foals with a holosystoliс or pansystoliс
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murmur gtadе 3/6 mufmur
grade I/6 or highец rude I/6
Ьr highеr whiсh pеrs r tlirth.r'
Two-dimеnsional геa supеrioг
to сaгdiaс сathеtеrizatiorr in human nеonatеs and in
horsеs for сoгrесt anatomiс diagnosis of сongеnital mal.

formations..r t5' ]s 9] 99 A thorough undеrstanding of сaг-

diaс anatomy is еssеntial foг thе сofrесt diagnosis of
сongеnital сardiaс dеfесts, as thеsе есhoсaгdiographiс
ехaminations сan oftеn bе quitе сhallеnging.38' 98' 99 Thrfе
are a mуiad of possiblе rеlationships bеtwееn сardiaс
stfuсturеS that may bе prеsеnt; thе есhoсardiographеr
must thеfеforе idеnti{у all сardiaс stfuсtufеs-

Vеntriсular Sеptal Dеfесt. VSD is thе most сommon
сongеnital disordеr in horsеs.7'9' 1l' l.i' l;,.]] ]8.6.1, -2.91' loo тhr
сharaсtеristiс mufmllr is a gradе 3/6 ot highег, haгsh,

band-shapеd pansystoliс murmuf with thе point of maxi-

mal intеirsiryin iье right third to fouгth Iсq.l5.36 ]8' 6.r,

12, 1oO Мost horsеs with VSD havе a palpablе prесordial
thrill ovеr thе right сardiaс silhouеttе. Afi еiесtion muг-

mrrr (сrеsсеndo-dесrеsсеndo) with its point of maхimal
intеnsity ovеr thе pulmoniс valvе arеa is ustlally dеtесtеd,
q,hiсh is onе gradе softеr, unlеss thе dеfесt is loсatеd in
thе гight vеnt intеrvеntriсular
sеptum.]6 A should bе pеr-

foгmеd on all SD is suspесtеd.

Тhis ехamination should bеgin with a thoгough 2-D есho-

сaгdiogram follos.есl br- a standaгd }I-modе есhoсaгdio-
gгaпr. Thе hеaп should bе сaгеfulir' ехaminеd for any

othеf сonсuггеnt сardiaс abnoгmalitiеs. Thе сardiaс
сhambеrs should bе сaгеfully еvaluatеd to dеtеrnrinе thе

dеgrее of volumе ovеrload сausеd b1, thе VSD' and lеft
vеntriсular funсtion should bе сritiсally assеssеd. Pulsеd-

wavе and сolor-flow Dopplег shotrld bе usеd to fuпhеr
chataсterize flow abnoгmalitiеs whеn thе 2-D есhoсaгdio-
gfam of сliniсal ехamination indiсatеs an abnoгmality.

Finally, сontinuous-wavе Dopplеr есhoсaгdiography
should bе usес1 to dеtеfminе thе pfеssurе gradiеnt bе-

twееn thе two vеntriсlеs.
Two-dimеnsional есhoсardiography, сombinеd with

Dopplег есhoсardiogгaphy, is thе tесhniquе of сhoiсе
for^ diagnosing VSD in largе animals.7' 9' 15' ].], з5-зa. 61. a2

VSD is most сommon in thе right vеntriсular inlеt and

mеmbranous portion of thе intеrvеntгiсular sеptum but
has also bееn dеtесtеd in horsеs in thе outflow and

musсular poffions of thе intегvеntriсular sеptum.9 1.i, 15 3J'

]6,3iJ' 6.i Thе mеmbranous poгtion of thе intеrvеntriсular
sеptum ехtеnds from thе сommissurе bеtwееn thе right
and nonсoronary aortiс valvе сusps to thе inlеt and outlеt
poftions of thе musсular sеptum.38 Inlеt or mеmtlгanous

Vsо i' most ffеquеntly imagеd bеnеath thе sеptal lеaflеt

of thе triсuspiсl valvе and thе nonсoronary or right сoro-

nary сusp of thе aortiс valvе (Fig. 5-11)., ]],36, 38' 6a Thеrе.

forе, most VSD arе bеst imagеd in thе гight paгastегnal

LVOT long-aхis viеw and may not bе imagеd in altеrna-

tivе viеws, partiсularly if thе dеfесt is 2.5 сm or lеss in
diamеtеr' thе sizе of most VSD in horsеs.9. ]]. ]6. .]8' 6o Thе
inflow or nrеmbranous dеfесt сan bе imagеd in thе right
pafastrrnal shor1-aхis planе using an imaging planе that

t."','..ts thе intеrvеntгiсular sеptum immеdiatеly vеntfal
to thе aoгtiс valvе lеaflеts. Thе sizе of thе VSD should bе

mеasurеd in two mutually pегpеndiсttlar planеs aсfoss
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Figure 5-11
Long-aхis есhoсardiсlgгam of an inflсlw oг mеmbгanotls vеntгiсular
sеptal dеfесt (VSD) obtainеd fгom a 2-1.еar-olсl Standardbrес| сo|t Thе
sеptal dгopout (аrroш) iп thе mеmbгanous poгtioll Of thе intеГvеntIiсu.
lат sеptum is illst Уеfltгal to thе aoгtiс va|vе (AY) and thе sеptal lеaflеt
of tlrе tIiсLlspid vaivе (TY) A small сhoгda tеndinеa ехtеnds tiom thе
sерtal lеatlеt of thе triсusPid valvе to thе Iight sidс of tlrе intегvеntгiсLl-
laг sеptllm Tlris есhoсardi()!.гam w:ls obtainеd 1iom thе гight сafdiaс
window itr thе lеft vеntгiсrr]aг outflow traсt position with a 2 5-Mt{Z
sесtof-sсanlrеr transсluсеr at a displayеd dеpth of 30 сm An еlесtгoсaг
diogram is supегimpоsrс1 for timirrg RA., Right atfium; Rv, right vеntгi
сlе; LV, lеft vепtdсlе; LA, lеft atгirrm; AR, aortiс гoot; PA, prtlmon:rry aг-
tеЦ,

thе dеfесt's largеst diamеtеr to obtain an еstimatе of thе
dеfесt's sizе, infofmation that is сritiсal in formulating a
prognosis for thе usеfulnеss of thе affесtесl hoгsе (Fig
5-tz1.l .]J ]', ](, r8 6i Thе aсtual sizе of thе \rSD mar' bе
lеss than aсtualh. fflеasuгеd bесattsе thе margins Of thе
dеfесt afе oftеn irrеgrrlar and bесaltsе of pooг latеral

Figure 5-13
Есhoсardiоgгаms obtajnсd fгсlm a 5.vсaг-Ol(l POnу of tlrе Amеfiсas
(PoA) maгс *-itlr :r |aгgе rrrttsсulat. vеntгiсttlaг sсptel dеtъсt (vsD)
(аrro,шS) loсxtеd in thе оttttlot, poгtirln сlf tlrе jntсг\.епtfiсrllaг sеptttm
This mar.е pl.еsеntеd with сollgеstivе hеaп Г:ri|uге and atгia| fiLэti]lation
Thе есhoсaгсlioglam or] thе lеtt sidе is а loпg-aхis viс\\. OЬtxinеd bе-
twееn thе |еft arrd гight 't,еntfiсUlаг otltllow traсt \,.iеWs, shоwing thе
laгgе VsD loсatrd in thе outflow prlгtitln of tlrс intеП.епtгiсtllaf sсptuп
(аrrou) arrd a laгgе thiсk modегxtoг banс1 in thе laгgе rjght vеntгiсlе
Тhе есl-roсaгdiоgгam on thе гight sidс is x shoft-aхjs viеw of thе fight
vеntгiсtrlaт outflow tгaсt, dеmопstг1tting thе laгgс VSD in thе оUtlеt
portiОn of t|]е intеП'еntгiсLrlar sеptllm (аrroш) xnd thс largе гight
r.еntгiсlс Thеsе есhoсaгdiogгams ц,еrе olltаinеd fronr thе right сarсiiaс
wiпсloч. with a 2 5-MHz sесttlг-sсannеr tгitnsdllсег at а сlispla.vеd dеpth
of J0 сm Аn еlесtroсaгdiogrlrпr is stlpеrimposссl fсlг timing Rv, Right
vеntгiсlе; I,v' lеft \еntгiсlе

rеsolution of thе dеfесt.s есlgеs ]8 VSD in thе mttsсular
and Ollttl()\\,- poгtions сlf thе intеr.v-еntгiсulaг sеptum is
morе di1IiсLllt to сlеtссt bttt сan oftеn bе fbund witlr a
сaгеfu1 sеaгсh of thе intеГv-еntfiсLllaf sеptllm.r6 tOl lo2 Thе
outfloП, tгaсt vsD is ustrally bеst imagеd in thе right
parastеrnal shoгt-aхis viеw of thе RVOT (Fig. 5_13)' Mus-

Figurе 5-12
Есhoсaгdiogгams fгom an 8-vеar-оld Aгabian gеldiлg wirh a mеmbгanotls lrntfiсulaf Sеpti] dеtъсt (vsD) Тhсsе ссlrсlсar.diоgr.ams wеге сlЬtaiпесl
ffom thе гiЕ.ht сaIdiaс wirrdоw With a 2 

'-МlIZ 
sесtof-sсаnlrег tгxnsdtrсеf аt a 2t]-сm сlisplar,еd (lсpth An еlесtroсardiоgram is stlpеrimposесl

foг timinЕ.
,4, Long-aхis есhoсaгdiogram of thе lеft vеntгiсulaг outflow tfaсt dсmonstratin!. thе УSI) (аrroul) and its maхjmal lсlng-lхis diamеtсг (l +o сm)

bеtwееn thе intегvеntfiсular sеptlrm and thе Iight sidе of thе aoгtiс root RA. RiЕ]ht .ttгitltn; Rv. гight \,епttiсlе: I,v' lе1t \'еntгiс|с; IА. lеlt atril]m;
AR, aoftiс foot; PA, prrlmonary :lгtегv

-B, Shoп-aхis есhoсaтdiogгam of thе гoot of thе aoгta сlеmonstfatinЕ. tlrе VSD (а|1"Оu)) and its mtхimal Sh(]ft-aхis diamеtеr (3 6l сm) bсtwееn tl-tе
сrania| and сaudal margins of thе sеptal dеf.есt Tv, Тгiсrrspid valvс; AR, aortiс гoot: IА. lсIt atrillm
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Figure 5-14

piсi valvе; Rv' right vеntгiсlе; LV. lсlt vсrrtгiсtе; Mv. Л]itral v;rlvе; P,

pегiсarr1iuпl

сr'rlar VSD сan bе loсatеd an\\-hеrе in thе \-еntгiсuler

sеptllm, anсl thlls tlrе intегr'еntгiсLllaг sеptllm n-iust bе

сaiеfully sсannеd in all inraging plenеs to dеtесt this

dеfесt (Fig. 5 nе of sps

(usuall'v thе lеss ght

сofonary сLls into tlrе

сlеfесt morе t foг rdi
ogfaphеr anсl frеqllсntly геsulting in mild aoгtiс fеgllfЕ.ita.
tiЬn Gig. 5-15).36,ts. 

(lo,6.t, l()r This aortiс valvе prolapsе

СbаРtеr 5 . Саrсliouсlsculаr fЛtrаsonogrаphу 227

oссurs bесausе of a laсk of suppoп of thе right sidе of
thr aortiс гoot! morе likеly in human bеings with a laгgе

VSD loсatесl in thе outlеt poftion of thе intеrvеntгiсLllar
sеptum, immес1iatеly bеnеath thе aoftiс foot.J6'38' l0.1 If
aйiс valvе prolapsе is prеsеnt, thе assoсiatеd геgurgita-

tio11 is usuall1, small.J.,. 60. a1. to] Thiсkеnеd, distortеd, and

furlеd aoгtiс сusps rеsultеd in aoпiс fеgurgitation in onе

hoгsе with a VSD.'Or A flail aoгtiс lеaflеt and Sеvеfе aoftiс
геgurgitation havе bееn rеpoпеd in onе horsе with a

laгgе YSD.]6' .)r сafе should bе takеn to mеasurе thе

diamеtеr of thе VSD from thе aсtual maгgins of thе dеfесt
and not from thе еdgе of thе aoгtiс l'alvе сusp, whiсh
may bе pгolapsing into thе dеfесt and making thе dеfесt
appеar imallеr than it aсtually is. Lеft atrial and lеft
vеntriсtrlaг еnlargеmеnt and volumе ovегload arе usually
сlеtесtеd in horsеs with a VSD (Fig. 5-16). Right r.еntriсu-

laг еnlargеmеnt anсl volumе ovеrload arе tlsually dеtесtеd
onlv in horsеs with a largеr pеrimеmbranous VSD oг

a lafЕ.е VSD anс1 right vеntriсtrlar t,olumе ovеrload)
oг in horsеs with сonсuffеnt ptrlmonary hypеrtеnsion
(Тig 5-1').

\-SD lras also bееrr diagnosеd suссеssftlllt, trsing M-

nrodе есhoсaгdiogгepl-riс tесlrniquеs in largе animals.-. ll'
]1 .i ii Dгop-otrt of thе гigl-rt sidе of thе aoгtiс гoot iS

ustlall1. dеtесtеd ч.ith }{-nroсlе есhoсardiographv dttring

part сlf thе сarс1iaс сyсlе (Llsllalh- during sr-stolе) in horsеs

with an inflow or mеmbranotrs VSD (Fig. 5-18). High-

frеqtrеnсy vibгations of thе sеptal lеaflеt of thе triсuspid
valvе may also bе сlеtесtеd in horsеs with a mеmbгanous

VSD (Fig. 5_18). Finding thе sitе of a musсular VSD is

Figure 5-15
Long-aхis есhoсaгсliograлl or a trrеmbгanоus \'еntfiсLllаr sеPtxl dеt'есt

.lbtainесl froпl а уеaгling Stlndaгсlbrесl с<llt dеrrronstгating pгоlагsе of
rhс ltotlсогonar} сusp of thе aoгtiс valvе itltо thс Sерtll L|еfеСt (uР

rzlr.сlzt) Notiсе thе еIongxtесl aлсl thiсkепесl sеptl| Iе,ltl..t (dсlttlп

ItrГoLL,) of thс triсtlspid vаlvе (TV). This есlroсагсliogгin] п-аs obtainсс1

iгоll thс: гight сшdiaс $,in(b.w in thе lеft vеntfiсLrlxг olrtflos. traсt

рOsition witl.r a 3,i l4llz Sесtoг-sсannег transсlttсег at a сlispla1.еd сlеpth

.lf 2.1 сrn. Al1 еlесtгoсaг(liоgг,аm is supеritrrposеd fоr tiшing. IL{, Riglrt

;rгitlm: RV, IiЕ!,ht \.елtriсlе; Lv' lе1t vеlltriсlс; AR, aorIiс гоot; PA, pulmo-

niiп'itгtсг\.

Figure 5-'t6
lеft atrium аnd lеtl r-сntriс|с obt'tiлеd
сott П.ith a mеlltbm.nous vеl]tfiсulaf
gut.е 5_11). Thе еrrlaгgеr1 lеft atгium
, TIli\ ссhО('ilгt|iogгltm п аs olltаinсd

from thе Iеft сaгdiaс u,indoe' in thе mitral valvе рсrsition with a 2 5-

MHz sесtor-sсirnnеf tfansduсеr at a сlisplaуеd dеptlr of 22 сm An
еlесtroсafсiiogfaп is srtpетimposеd lbг timing IА, Lеft atгitrm; МV,

mitfal Yalvе; LV' lеft vсntriс]е
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Figure 5-'17
Long-aхis есhoсaгdiogram oЬtainеd from a 5-уеaг-o1d Pсlпу of thе Amеri.
сas mafе with a lafЕ.е musсulaг outllow tfaсt vеntгiсLllaг sсptal сlеfесt,
atгial fibгillation, and bivепtгiсLllaг failurе (samе marе as in Figuге 5_13)
Notiсе thе еnlargеd гlght atгirrm (RA) lnd dglrt vеntdсlс (R\)' dilxtеd
prrlmonaq, aгtеry (PA), smallеr-than-nomal aoгtiс toot (AR)' and thiсk-
еnеd sеptal lеatlеt оf thе tгiсLlspid valvе (T\) This есhoсaгdiogгam was
oЬtainеd ffom thе right сaгdiaс window in thе lеft r.еntгiсular outfloп.
tгaсt position п,ith a 2 5-l,[нZ sесtor-sсannеr tгansdlrсеr. at a 2.1-сm
dispta1.еd dеpth An еlесtгoсaгdiogтam is supеrimposеd foг timing I-V.
I.еft vеntriсlе; Av, aorIiс \.alYе

difflсult With М-modе есhoсafdioЕ.гaphy, and a сafеful
sеafсh of thе sеptum must bе pеrfoгmеd with 2-D есho-
сardiography.

сontrast есhoсafdiogfaphy has bееn usеd in largе ani
mals with sllsprсtеd VSD to сonflfm thе shunting of

Figure 5-18
M-mсldе есhoсardiogram obt1linеd frorrr a 9-vеaг-old standafdbfеd stal-
lion with a mеmbгanous 'l.еntгiсLllaf sсptal dеtъCt (vSD) Notiсе thе
drоpout of thе aoпiс foot at thе sitс оf thе УSD (сlpеtl сtrrott') lnd thе
lrigh-frеqr-lеnсу vibfatioпs of thе sеptal lеaflеt of tlrе tгiсuspid val\,е
сluгing diastolе (сtrroшs), сausеd b-v turbrtlеnсе fгom thе shtrnt l.hе
сLгsors afе mеasuIiпЕ. thе aoгtiс еjесtion timе of 0.1.11 sсс (normal)
This есhoсaгdiogгam w:rs obtainеd fгoп thе гight сnIdiaс Window in
thе lеft Yеntгiсulaг outflow tгaсt position with а 2 5-MЕIZ tIansduсеr at
.lt 27 5.сm displayеd dеpth Aл еlесtIосaгdiogram is sttpегimposеd tbr
tiпing Тv' Tгiсuspid valvе; AV' aoгtiс valvе; L\, lеft atrium

blood thгotlgh thе vеntгiсular Sеptum.r'
Injесtion of сontrast agеnts into thе jugrrlar vеin or fight
vеntfiсlе геslrlts in opaсiflсation of thе fight vеntfiсlе
with miсгobubblеs, and a nеgativе сontrast jеt may bе
sееn i1l thе right vеntfiсlе from thе shunt thгough thе
vSD.33'Jj Passagе of сontrast matеrial into thе lrft vеntfi
сlе may also bе sееn in diastolе чlith lеft.to-right VSD.]5
Аlthough a vSD in a laгgе animal is trstlally еasily visual-
izеd with сafеfi]l sсanning of thе intеrvеntгiсtllar sеptum
using 2-D есhoсardiography, a smallсr VSD may bе
missеd owing to its small sizе or vafiablе loсation in thе
intеrvеntriсulaг sеptttm. l 00

Pulsеd, сolor-flos,. and сontinuous-wavе forms of
Dopplеr есhoсafdiogfaph\r afе usеd to idеntify a vSD and
its loсation. dеtеrmitrе shunt сlifесtion and thе assoсiatеd
pfеssufе gradirnt. and map shtrnt flow and any assoсiatеd
fеgllfgitation.з] ]s ](r jE 61 _] al a2. lo.1-]o- With Dopplеf есho-
сarсliogгaphy, a harsh sollnd is hеarсl throughollt systolе.
This sound is displar'еd on thе pulsеd-Wavе Dopplеr spес.
tral traсing as an aliasеd systoliс signal with spесtгal
broadеning (Fig 5-19) Thе spесtral tгaсing obtainеd
with сontinuolls-\\-a\-е Dopplег есhoсafdiography is a
lrigh-vеloсiп' s\-stoliс еnvеlopе pfеsеnt abovе thе basеlinе
whеn thе ехanrinlrtion is pеrfoгmеd from thе right pafa-
stеrnal п''indoп in a hoгsе with a lеft-to.riglrt shunt (Fig.
5-2o). Fгoп tlrе samе сafdiaс window in thе horsе with
a lеft-ttl-гiglrt shunt, a геd jеt is imagеd сoming thгotrgh
thе dеfесt into thе right vеntriсlе (toward thе tгansduсеr)
with сtlltlг-floтv- Dсlpplег есhoсardiogгaphy.r8 Сolor геvеr-
sal (aliasing) and a mosaiс pattеrn arе dеtесtеd in assoсia.
tiсln п-itlr lrigh-vеlосity (aliasеd), tr-lrbulеnt (mosaiс) flow
in thс сеntег of thе jеt (Сolor Figtrrе 5_11.з" Thе сom-

Figure 5-19
LоnЕ.-aхis есlroсaгсliogгam lnсl pulsесl-wavе Dopplег sресtгal tгaсing oг
thе high-vеloсity tuIblllеnt blood tloп- slrllnting throllgh thе nrusсular
vепtriсLllaг sеptal dеlъсt (VSD) in a уеaгling Aгabian fillv (samе flllr' as
in Figufе 5_14) Thс senrplе volrrmе (two Paгellеl liflеs) is Positionсd
on thе fiЕ.ht r.спtriсular siсlе of thе УSD (а,rrottl) Notiсе thе aliasеd
signаl (flow dеpiсtеd abovе and bеlow thе basеlinе) and thе spссtIal
btоadеning dltгin€. SYstolе (аrrouls) in thе pulsеdWavе Г)opplеr spес-
tral tгaсing This есhoсаrс1iogпrm and spесtгal tпrсirr!. wеrе obtаinеd
fгom thе гight сaгdi;Lс window in thе mitral valvе pсlsition with a 2 5-
MHZ sесtoг-sсxnnеf tfansdllсеr.. ц,hiсh еmits ultrasortnd pulsеs (pulsеd-
wavе Dоpplеr) at a frеquеnсr, of 2 () MHz аt a displayеd dсpth of 26
сm An еlесtгoсaгсliogгam is stlpегimposеd foг timing Rv. Right vеntri
сlе: I-V. lсft vеntriсlе
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Figure 5-20
Сontinuolls-wa\.е DoPplег spесtral tгaсing of thе higlr-vеloсitr. tUfbu]еnt
blood flow througlr thе nrеmbranous vепtгiсulaf sеptal dеfесt in a 2-

vеaг-olсl Standardbгеd сOlt (samе соlt as iп Figurеs i-11 aпd 5-16)
Notiсе thе spесtгal llгoadеning iп s1,stolе (сIоsed аrrou-ls) and diastolс
(opеп аrrou,) aпd thе Pеak flow vеloсiг)' of apрfoхimatеl'v .1 nrlsес iп
sl'stolе and 15 m/sес in сliasto]е Tl.ris сontjпLlОus.п.ar'е Dop1llег spес-
tral traсing was obtаinсd fгоm thе гight сardiaс siлdos \\ith e stand
alonе 2 O-MHZ сoпtinllolls-п1l\е DoPplег (Pссlоft) tГaпsducег ang]inЕ.

thе traflsduсеr towaгd thе lеft rепtriсulaг outf]()* [г11сt \л еlесtгoсаг.
diogram is supеrimposеd fbг timing

binеd usе of 2-D and Dopplrг есhoсafdiogгaphу has a
high sеnsitivity and spесifiсity for thе dеtесtion of iso-
latеd pеrimеmbranolls vSD in human bеings and
horsеs.J(' l05 l08 сoloг-flow Dopplег есhoсardiogгaphy has
a highеr sеnsitivity than 2-D есhoсafdiogfaphy сouplеd
with pulsеd- or сontinlloLrs-wavе Dopplеr есhoсardiogгa-
plry foг thе diagnosis of multiplе vsD.t09 Intеrvеntriсulaг
prеssufе gгadiеnts should bе noninvasivеly еstimatеd
with сontinuous-wavе Dopplеr есhoсardiography and arе
indiсativе of thе hеmodynamiс signiflсanсе of thе vSD
in htrman bеings and hofsrs.r],36, ]8' n]' n2. lOi' l0-, 1o8 This
noninvasivе еstimatе of thе intеryеntfiсulaf pfеssufr gгa-
diеnt is valid if thеrе.is no right or lеft vеntfiсular outflow
tгaсt obstr.uсtion. A pеak shunt vеloсity (u) thгough thе
VSD of 1+ m/sес or mofе mеaslrfеd with сontintrolls-wavе
Dopplеr есhoсafdiogгaphy is indiсativе of a fеstfiсtivе
\ISD and a dеfесt of lеssеr hеmodynamiс signifiсanсе']r,
]6 Ja, 8l' 82' l()5 Mеasuring systoliс aгtеfial blood prеssttrе
(SAP) diгесtly or indiгесtly through сoссygеal artеrial
Dopplеr mеasllгеmrnts allows thе есhoсardiographеr to
сstimatе fight vепtriсular prеssrrrе (R\rP) in horsеs with
e VSD using thе following formula:]r.]6, .]a' 8] 82.97. r0;

RVP:SAP-4aj

Пlеге may bе no flow throtrgh thе VSD if vеntriсular
PrеsslrfеS arе еqtral, or flow rеvеrsal (from гight to lеft)
nrar'bе dсtесtеd if right vсntriсular pfrsslrfе ехсееds lеft
l еntriсttlar pfеsslrfе, a situation that oссurs With Sеvеfе
pulmonary hypеrtеnsion. Right-to-lеft shllnts aге rarе in
horsеs with VSD.зJ Analysis of thе flow сonvеrgеnсе
геsion on thе lеft vеntгiсular sidе of thе dеfесt is also an
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indiсation of thе hеmodynamiс signiliсanсе of thе VSD
(Сolor Figurе 5_1).''u

Pаtient Mаnаgenrcnt апd Progllosis. vеntfiсulaf
sеptal dеfесts aге thе most likеly сongеnital dеfесts to bе
diagnosеd as an inсidеntal lrnding and may bе dеtесtеd
in horsеs pеrfoгming Llp to thеif ownеr's oг tfainеf's
ехpесtations.t5 ]з ]5 ]6 ]8 6t i6 ro0 l03 rr1 vsD сan also bе
thе сausе of ехегсisе intolеranсе in horsеs with lafgе
(>2.5 сm diamеtеr) dеfесts.l; ]] ]5 .J8 6t lo0' lo3. l]2,r1] Hoгsеs
with сomplех сon8еnital сardiaс dеfесts arе usually poor
doеrs' havе еxегсisе intolеranсе of poof pеrformanсе,
and havе shoгtеnеd lifе еxpесtanс-Y.'' '' ]] ]6 ]8. ]9,6'l lt'i

Prognosis for horsеs with a VSD is basеd trpon thе num-
bеr, loсation, aлсI size of VSD, intегv'еntriсular prеssurе
gradiеnt, shunt dirесtion, dеgrее of lеtt vеfltгiсular vol-
umе ovеrload, lеft vеntгiсular funсtion, and pгеsеnсе Or
absеnсе of сonсomitant aortiс prolapsе, aoгtiс геgtrrgita-
tion, and its sеvеriф.3] ]6 ]8.6..] Hогsеs with a pеrimеmbгa-
nous vsD of 2.5 сm or lеss, with a pеak shunt vеloсity
grеatеr than 4 m/sес and littlе or no aortiс prolapsе oг
aoftiс rеgufgitation, havе a good pгognosis and may еvеn
bе ablе to сompеtе strссеssfully as raсеhorsе5.33' 35 36 38'

.).i rll Ifoгsеs With a largег musсular or mtlltiplе VSD aге
morс likеlr. to havе pегformanсе problеms or a shortеnеd
lifс ехpесtanсr- Horsсs with VSD gгеatеf tlran 2.5 сm
br-rt lеss t1ran 3 5 сnr and shunt \rrloсitiеs of 3 m/sес or
nroге but lсss tlrarr .i m/sес Llsualh- do not lravе normal
ехегсisе tolегanсе br:t mel bе rrsеful plеasurе horsеs.t5'
]() ]8 ()+ l0] l]] 1|.. }Iost lroгsеs пith \'SD gгеatег than 3.5
сnr in diamеtеr or shunt r-еloсitiеs lеss than 3 m/sес lra.r.е

a shoftеnеd lifе ехpесtarrс1, and dеr,еlop сongеsti\.е hеart
failurе.l5 ]5 3a 6a. l00

Vеntriсular Sеptal Dеfесt qrith Pulmoniс Stеnosis.
Vеntriсular sеptal dеfесts havе bееn infrеquсntl), rе-
portеd in сonjunсtion with pulmoniс stеnosis and/of a
hypoplastiс pulmonary artеr1l. Affесtеd fbals havе a gradе
4/6 or highеr, band-slrapеd pansystoliс mllrmlrf with thе
point of maхimal intеnsit1' in thе pulmoniс valvе or tгi-
сLlspid valvе arеa. Мurmurs may also bе of еqual intеnsity
in thе tfiсuspid and pulmoniс valvе arеas. Both mеmbra-
nous and musсtllar loсations for thе VSD havе bееn
rеpoгtеd. A hypoplastiс pulmonary aгtеry has bееn dе.
tесtеd by thе author in two foals with VSD, onе with a

dеfесt in thе mtrsсular poftion of thе intеrv.rntfiсulaг
Sеptum and a biсuspid pulmoniс valvе and onе with a

mеmbranous VSD (Fig. 5_2I).
Pаtieпt Mаnаgement аnd Prognosis. Prognosis for

affесtеd foals dеpеnds upon thе sizе and loсation of thе
VSD and thе sеvеrity of thе RVOT obstruсtion. Thе foals
with sеvеrе RVoT obstпlсtion and largе and,/or musсular
VSD arе likеly to grow poorly and havе ехеrсisе il1tolеf-
anсе within thе flrst yеar of lifе.

Atrial Sеptal Dеfесt. Atrial sеptal dеfесts (ASD) oссur
infrеquеntly in lrorsеs as isolatеd сongеnital dеfесts and
aге moге сommon as paft of a сomplех сongеnital сar-
diaс disordеr.]5 ]8 -2 ll5 ll8 l\ffесtеd individuals usuallу
havе a holosуstoliс mufmuf with thе poi11t of maximal
intеnsity ovеf thе pulmoniс valvе oг hеart tlasе. Right
atrial, right vеntfiсulaf, and usr'rally lеft atгial еnlafgеmеnt
afе dеtесtеd есhoсardiogгaphiсally (Fig. 5_22) as wеll as
dilatation of tlrе pulmonary artеry.]8 ,2,..9 Paradoхiсal
sеptal motion, an есhoсardiographiс sign of гight vеntriс-
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Figure 5-21
Есhoсaгdiogr.anrs оbtaiлсd trоm a 4-month<lld ThorouglrЬгеd ссllt with a mеmbгanolls vеntliсLllar sеptal dеtъсt (vsD) and pulmonarr' aftеry
h.vpoplasia Not]iсе thе sizе сlisсгеpaпсY bеtwссn t]]с aoгtiс гoot (AR) and t]]с pulmonaц' aгtеrv (PA) Thеsе есhoсaгdioЕ.гaпs wеге obtainеd with
a 5 0-МHz sесtor-sсannеf traпsdlrсеf at a displavесl сlеpth of 20 сm An еlесtгoсaгdiogram is sllpегimPosеd for timing

,{, Lоng-aхis viсw of thс vsD (аrrou,s) loсatеd in thе mеmbгaпous portion of thе intеrvеntIiсulaf sеptllm, lэепеath thе sеptal lеaflеt of thе
tfiсuspid valvе. rпеasrrгing 3 08 сm irr this planе Lv, Lеft vеntгiсlе, IA, lеft atrium; Rv, fight Yеntfiсlе

B, shoгt-aхis viеw of thе aoгtic root dеmoпstrating tl-tе laгgе mеmbranous vsD bеnеatlr thе fight сoгoлary аnd nonсoгonaг1. lеаflеts of thе aofiiс
va|уе (аrrou's),

ulaf vollrmе ovеrload' is also dеtесtеd.j8 '19 An inсrсasеd
arеa undеf thе tfiсLlspid valYе, сompafеd with thе afеa
Llndеr thr mitral valvе, has bееn imagеd in diastolе in
human bеings with ASD. Somе pеoplс also havе abnoг-
mal intеrvеntгiсulaг sеptal motion in еaгly diastolе.38. lt9

Drop-out of thе atrial sеptal есhoеs is dеtесtеd in thе
poftion of thе atrial srptum assoсiatеd with thе dеfесt:
at thе most basilar portion of thе atгial sеptum witlr sinrrs
vrnosus dеfесts, in thе atea of thе foramеn ovalе with
atfial sесundtlm dеfесts. anсl in thе vеntгal Dortion of thе

atгial srptum, immеdiatеly adjaсеnt to thе vеntfiсular
sеptllm, with atгial primum dеfесts.]8'l19 Pеrsistеntly pa-
tеnt foramеn ovalе is imagеd in thе сеntеf of thе atfial
sеptum (Fig. 5_23). Anatomiс сlosuге of thе foramеn
ovalе should bе prеsеnt by 9 wееks aftеr birth.9() Drop-
or.rt of thе atгial sеptum сan oссLlr in normal hеarts,
paftiсulafl), in thе arеa of thе foramеn ovalе, so idеntifi-
сation of thе dеfесt in two mutually pеfpеndiсLllar viеws
is impoгtant for thе 2-D есhoсardiographiс diagnosis of
AsD.]s Thе drop-otrt that сan oссuf in nofmal hеarts is a

Figure 5-22
Long-axis есhосагdiog:arп Obtainеd fгсlm a .1.1'еar-old Appalсlosa gеldiпg
with an atfial sеptal dеtъсt (ASD) Notiсе thе rJе|есt (аll,оttl) iл thе
tlppеf poftion of tl]с intегatfial sеptum (sinlls vеnoslls AsD) сontrast
and сo]or-flow Dopplег есhoсaгdiogгaph). dеmonstгatеd a lеft-to-гight
shuпt at this lе].еl Thе largе lеft аtritlm (LA.), right atfillп (RA.)' aпd
гight vеntriсlе (R\) аrе сonsistеnt witlr :rn atfial sеptal сlсfесt This
есhoсaгс1iogгam was сlbtаinес1 from thе гight сaгсliaс window in tlrе
fbur-сhamlэег Position, aпgling doгsallv to sее thе Ьasе of thе irtгia with
a 2 25-М}lz sесtor-sсannеr tгaпsсluсеI at a displa).еd dеpth of 25 сm
An еlесtroсaIdiogгam is stlpегimposеd foг timing Lv. Lеft vеntгiсlе

Figure 5-23
Есhoсaгdiogгaп obtainеd from a 6 da1.old Standardbrеd сolt with plll-
monary h1.pегtеnsion and a fotamеn oуairе (аrroш) bulging into thе lеft
atгium (I-\) owing to inсrеasеd riglrt аtгiel (ILц) pгеssurеs A small
amount of blood \\,as dеtесtеd Shunting from гight tO lеft at thе atгixl
lеvеl thгough thе foгemеn oУa]е with сontfast есhoсardiogгaph1. This
lonЕ.-aхis four-сlrambеr viеw was Obtainеd fгom thе гight сardiaс win-
dow witlr a 5 0 MHz sесtof-sсannег tгaпsduсег at a disp]ayеd dеpth ot
16 сm An е]есttoсardiogram is supегimposеd tbг timing Tv, Tгiсuspid
valvе; RV' гight vеntгiсlе; I,v. lеft vеntriсlе; Мv, mitгal valvе
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gfadllal thinning of thе atrial sеptum in thе arеa of thе
foгamеn ovalе, whеrеas thе drop-out assoсiatеd with an
ASD is usually assoсiatеd v'uith thе T sign. Thе T sign is a
bгight есho that is imagеd pеrpеndiсulaf to thе dеfесt at
thе sitе of thе есho drop-out.]8,..9

Dopplеr of сontrast есhoсardiogгaphiс сonlirmation of
thе shunt should bе pеrformеd. сontfast есhoсardiogra-
phy is vеry sеnsitivе foг thе dеtесtion of ASD and should
bе pеdormеd whеnеvеr an ASD is sttspесtеd.]8' lr9 v.ith
a pеriphеral vеnous injесtion (jugular vеin), a nеgativе
сontfast jеt should bе dеtесtеd сoming through thе atrial
sеptum (lеft-to-гight shunt).]8 oссasionally in horsеs and
htrman bеings with lеft-to-гight shunts, a small amount of
positiYе сontгast shunts throtrgh thе ASD or patеnt fora-
mеn ovalе into thе lеft atгium in individuals with noгmal
pulmonary artеrial pгеssurеs.38' .l9 A small amount of
right-to-lеft shunting also oссufs with thе Valsalva
manеuvеf.]*. 1l9 A largе amount of positivе сontfast is
imagеd in thе lеft atrium and, subsеquеntly, thе lеft
vеntriсlе in horsеs and htrman bеings with right.to-lеft
shunts and in individtrals with pulmonary hypеrtеn.
sion.38,r19 A low-vеloсity iеt through thе atrial sеptum
into thе right atгium, inсrеasеd tгiсtrspid valvе vеloсity,
and inсгеasеd pulmonary artеЦ, vсloсiф. afе dеtесtеd
with Dopplеr есhoсardiogгaphr . Thе largеst floп,
through thе ASD is pгеsеnt duгing S\-stolе. lr-ith smallег
amounts in еarl1, and latе diastolе ]8 1]0 Flo\!- through thе
ASD also variеs with rеspiration.rs r]o Thе сoloг-floп- map
rеvеals a геddish ofangе jеt travегsing thе intегatгial sеp-
turm whеn thе horsе is sсannеd from thе right parastеrnal
window and thе shunt is fгom lеft to fight.

Pc|tiепt Mаnаgeшеnt апd Prognosis. If thе shunt
thгotlgh thе ASD is small, thе horsе may havе no appafеnt
сompromisе. Мost ASD afе assoсiatеd with сomplеx сon-
gеnital сardiaс disordеrs and thеrеforе havе a guardеd to
gravе prognosis. Smallеr ASD may bе wеll tolеratеd, and
an ASD has bесn dеtесtеd есhoсaгdiographiсally in onе
horsе with atrial flbrillation.;2' 12l

Patеnt Duсtus Artеriosus. This сongеnital сardiaс
anomaly is also fafе aS an isolatеd сongеnital сardiaс
dеfесt in horsеs and is most fгеquеntly sееn in individuals
with сomplех сongеnital сardiaс disordеrs.]. ll. 15' ].]' ]8' 44'

-2. 115, 116' |22 |25 Tt,e duсtus aгtегiosus is funсtionally сlosеd
in normal foals 16 hours aftеr bifth.r26 A patеnt duсtus
aГtеriosus (PDA) rеsults ih a сontinuous maсhinеry mur-
muf that is loudеst in thе pulmoniс valvе afеa.r5'-2' 12з' 121

Visualization of thе duсtus aгtегiosus is difflсult in еquinе
nеonatеs' and it is oftеn not possiblе to imagе thе duсtus
aгtеfiosus in foals or adults owing to thе prеsеnсе of
ovеrlying lung.зв' 11' |-2 Thе dllсtus сan somеtimеs bе im-
agеd from thе right or lеft parastеrnal window in thе
most сranial position with сarеful sсanning of thе aoгta
and pulmonary aftеry in thе aгеa of thе duсtus artсгiosus
(|ig. 5-24).a{ An еnlargеd, volumе-ovеrloadеd lеft atrium
and lеft vеntгiсlе and a dilatеd aorta and pulmonary artеry
slrould bе dеtесtеd with есhoсardiogгaphy if a signiflсant
shunt oссuгs through thе duсtus artегiosus.rs.r2 In most
individuals, сontinuous high-vеloсity flow is dеtесtеd
тi.ith Dopplеr есhoсaгdiography tгavеrsing thе duсtus
aгtеriosus from aoгta to pulmonary aftеry, unlеss Sеvеге
pulmonary hypепеnsion еxists.:J8 11. j2'|o5,1t9' r2o Thе duсtal
flow is most еasily dеtесtеd by ехamination of thе main
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Figure 5-24
Есhoсaгdiogram obtainеd tiom a 

'-da).old 
Thoгotlghbrеd соlt with a

patеflt duсtus aftегiosus. Notiсе thе сommuni.сation (аrrОш) bеtwееn
thе nrain ptrlmonary aгtеry (PA) and thе asсеnding aoгta (A) Prtlsеd-
wavе, сontinuotls-Wavе' and сoloг-flow DopplеI есhoсaгdiogгaphy dеm-
onstгatеd сontirruous flow ffom thе aoгta into thе pulmoлary aпеry
This есhoсaгdiogfam Was obtaiпеd tiom thе гight сaгdiaс window,
angling dorsallу fгom thе fight vеntгiсulaf olltflow tIасt position with
a 3 5-МНz Sесtoг-sсannеf tfansduсег at a displayеd dеpth of 1,{ сm

pulmonaгr-artег\. fгom thе lеft сardiaс window''2 Сontin-
uous or pandiastoliс floч' is assoсiatеd with normal pul-
moflaц. aпегial pгеssrrге and a small PDA.]s l0; ll9 l2o

Сolor-floп- Dopplег есhoсardiogгaphr.has bееn usеful in
dеtесting tlrе slrunt assoсiatеd тr'ith PDA in hoгsеs and
pгovidеs a rapid and sеnsitivе dеtесtion of PDA in lruman
bеings'38' ll9 From thе right paгastеrnal windoп.. flow
through thс lеft-to-гight PDA is dеpiсtеd as blr'rish grееn,
whегеas fгom thе lеft parastегnal window thе slrtrnt flow
is rеddish orangе.r8

Pаtieпt Mаnаgement апd Progпosis. A guaгdеd
prognosis must bе givеn for foals with a PDA whеn
dеtесtеd as an isolatеd dеfесt.1'' I22,]2з 125 PDA is oссasion-
ally dеtесtеd in nеonatal foals for longеr than 96 hours
aftеr biгth, most ffеquеntly in pfеmatllrе foals or foals
with pulmonary hypегtеnsion assoсiatеd with pnеumo-
nia.72 Thе PDA oftеn сlosеs latеr onсе thе pulmonary
disеasе has bееn suссеssfully trеatеd and thе pulmonary
hypегtеnsion rеsolvеs. Foals diagnosеd with a PDA and
othеr сongеnital сardiaс dеfесts wafrant a guardеd to
gгavе pfognosis, as thеsе сomplех сongеnital dеfесts arе
assoсiatеd with a Shortеnеd lifе ехpесtanсy.''. ''. 

11'72' 111

Сomplеtе Atriovеntriсl|at Сana| Dеfесt. Еndoсar-
dial сushion dеfесt oг сomplеtе absеnсе of thе atгiovеn-
tгiсular сanal is a rarе dеfесt in horsеs.]8'ao,72 A lotrd gradе
4/6 ot highеr, haгsh pansystoliс band-shapеd murmrrr of
еqual intеnsity is prеsеnt oYег both sidеs of thе сaгdiaс
silhouеttе. Bсhoсardiographiс flndings in affесtеd foals
inсludе a |argе primum ASD, a largе mеmbranotrs and
pеrimеmbranous VSD, and abnormalitiеs of thе atriovеn-
tгiсular valvеs (Color Figurе 5-2).," r0 -2 Fttsion of thе
atfiovеntfiсular valvеs oг сlеft valvе lеaflеts may bе dе-
tесtеd. Blood flow from lеft to right atrium and lеft to
right vеntriсlе сan bе dеmonstratеd with сontfast and
сolor-flow есhoсardiography (Сolor Figuге 5-];.зз, .i0, ;z

Мitral and tfiсuspid геgtrrgitation arе also frеqtrеntly
pfеsеnt.
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Pаtiеnt Mаnаgenrcnt апd' Prognosis. Prognosis for
affесtеd tbals is E.Llardеd to Е.favе and dеpсnds on thе
obstruсtion, if an1., to right vеntfiсLilaг olltflow.,,() 72 T1rе
majority of аffесtеd foals havе a lifе ехpесtanсy of 1 yеar
or lеss.

Tеtralogy of Fallot. Tеtfalogy of Fallot is onе of thе
1noге сommon сomplех сongеnital сafdiaс dеfесts in
horsеs._'1r. ]5, ]з зa 1I'-) |)(| t16 ll7 12--l29 Аffесtеd foals havе a
lor.rd gradе 3/6 ot highег holosystoliс oг pansystoliс
еjесtion mufmllr with its point of maхimal intеnsit1. in
thе pulmoniс virlvе aгеa.l5 4] -2,90 A slightl1. softеr, сoafsе'
band-shapеd pans}.stoliс mufmur is also arrsсtrltatеd ovеr
thе triсuspid valvе arеa. Thе dеfесts assoсiatеd with tе-
tfalogy of Fallot (VSD, ovеrriding aorta, RVOT obstruс-
tiсln, and right vеntгiсulaг hypегtrophy) arе еasilу dеtесt-
ablе есhoсaгdiographiсally (Fig. 5-25.1.', ]', .]a ]1 -, Thе
VSD is loсatеd in thе pеrimеmbгanolls poftion of thе
intегvеntгiсttlar sеptum. Thе subaortiс VSD and tlrе ovеr-
riding aorta arе bеst imagеd in tlrе long-aхis r.iеw of tlrе
lеft vсntriсular outflow traсt']s Thе sеvеrity and typе of
RVOT obstrllсtion aге bеst dеtегminеd from thе RvoT
viе.ws. Most affесtесl lrorsеs lravс lr h1poplastiс pulmoniс
valvе and pulmсlnary artеry rathеr than a disсfеtе vah.u-
laг' subvah.ular, or supгavalvrrlar obstruсtion.;] A higlr-
vеloсit1, turbrrlеnt jеt is imagеd in thе main pulmonary
artеry abovе thе RVOT obstr.r.rсtion with Dopplеr есho-
сardiography.зs This iеt may bе bеst dеtесtеd fгom thе
lеft parastеrnal window in laгgеr individuals bllt oftеn
сan bе imagеd from both сardiaс windows. Littlе flow
may bе с1еtесtеd aсfoss thе VSD if гight vеntriсulaг prеs-
sttrе is high; howеvеr, with сoloг-tlсlw Dopplеr есhoсar-
diography, t]ow is сodеd in bltrе lеaving thе fight vеntri-
с1е and shunting ollt thе aofta thгough thе vsD.r8
сontгast есhoсardiograph'v also dеmonstratеs this shunt
niсеly with a pегiphеral vеnous injесtion. opaсiflсation
of thе гight vеntfiсlе is followеd by simultanеous opaсi
liсation of thе lеft vеntriсlr, aofta' and DulmonafY aP
tеIv. 12 t5 j8 -2

Figure 5-25
Есlroсaгсliogтaтп obtainеd fгom a l-wееk-old Aгаlliaп-Тhсlгorrghbгеd
сгoss 1ill.v with tеtгalog}, of Fallot Lorrg'.aхis viеw сlf tlrе lеft vеntгiсtrlаг
Outtlow tfaсt dсlnonstIirtеs thс laгgс r.епtriсular sеptal dеfесt (аrrош)'
thе ovеtгiсling xortx (AR), and гiglrt Yепtfiсu[aг (lilatаtion :rnd hypепro-
phу Тhis есlrосaгdiоgram was сlЬtainеd with а 5 ()-MHZ sесtoг-sсannсг
tгansdllсеr at a dis1llаrсd dеpth оf 16 сm An еlесtroсarсliogгam is
stlpеrimposеd foг tialinЕ] Rv, Right Yсntгiсlе; Lv. lеft vеntriсlе

Pаtieпt Mапаgement апd Progпosis. Thс sizе of
thе VSD and thе sеvегity of thе RVOT obstr.r-rсtion сlеtеr-
minе thе hеmodynamiс signifiсanсе of this сongеnital
сardiaс dеfесt.r'.'. 90 Pfognosis for srrrvival is guardеd to
gravе, witlr thе majority of foals humanеly dеstroyеd in
thе flrst yеar of lifе..; ]] 1\ -2 |2,= l29 Thе oldеst rерoftеd
lrorsе сliagnosеd with tеtralogy of Fallot was 3 yеars old.4l

Pulmonary Atrеsia. Pulmonary atrеsia, alsсl known as
psеudotп-rnсus artеriostrs, is anothеr сomplех сongеnital
сaгdiaс dеfесt tlrat has bееn rеportеd primarily in Arabian
fbals.1l'.]a. f2. ll.l Affесtеd fbals lravе a lotld graс|е 4/6 or
highеr, holosystсlliс of pans),stoliс mllfmuг usually
еquall1, loud ovеr both sidеs of thе сaгс1iaс silhourttе'
oг a сontinllous mufmur may bе ausсultatеd.ll. lr1 This
malfoгmation is thе most sеvеге 1brm of tеtralogy of
Fallot, as RVoT obstгuсtion is сomplеtе bесatlsе thе pul.
moniс valvе and ptrlmсlnary aгtеry arr atfеtiс.]Б.-r lli Thе
aorta is markеdl1. dilatеd and ovеrridеs thе vеntfiсLllar
sеptum and thе largе subaoгtiс VSD. Thе гight and lеft
pulmonary artеriеs oгiginatе from thе PDA, or bronсhial
artеriеs arе rеsponsiblе 1br pulmonary blood flow.]a' 72. 1lf

Thе largс VSD, ovеrгiding aoгta, and right vеntriсular
hypегtroph1, arе еasily imagеd есhoсardiogгaphiсall1,.
Есhoсarсliographiс diagnosis of ptrlmoniс valvе and pul.
monary aгtеry atгеsia is morе diffiсult; howеvег, сolor-
tlow Dopplеr and/or сontfast есhoсardiography should
dеtесt any flow from thе RVOT into thе pulmonary artеry
through thе pr'rlmoniс valvе, diffеrеntiating ptrlmonary
atrеsia from tеtralсlg,v of Fallot with sеvеге RVOT obstruс-
tion.rs

Pаtient Mаnаgement аnd, Progпosis' Thеsе foals
usuall1, hаvе a guaгdеd tO gravе pгognosis bесausе tlrеy
havе a сomplеtе right-to-lеft shunt.lt 12 Thе moге pulmo-
nary. blood flow prеsеnt, thе longеr thе foal is likеly
to livе.-2

Pеfsistе11t Trunсus Artеriosus. A lotrd gtadе 4/6
or highеr, holosystoliс or pansystoliс muгmuг has bееn
rеporтеd in foals with pегsistеnt tfunсus aftегiosus.l]0, r]l

A pегsistеnt tгunсus artегiosus is еasily сonftrsеd есhoсar-
diographiсally and pathologiсall-v with a psеudotrllnсus
artеriost'ls or ptrlmonary atrеsia if сarеftll attеntion is not
paid to сaгdiaс anatomy.-, .., In a pегsistеnt tfunсLrs
artеriosus thеrе is no aoгtiсoplllmonary sеptum bесausе
thе trunсus ar1егiostts failеd to dividе. onе largе vеssеl
сommuniсatеs with both vеntгiсlеs through a laгgе sttb.
aofiiс VsD (Fis. 5-26).-2 |I1' ]29 'J' onе of mofе pulmonary
aftегiеs arisе diгесtly from thе tfunсLls artеriostrs, or pul-
monary blood flow is suppliеd solеly througlr thе bгon-
сhial сirсulation. Thе largе VSD, largе grеat vеssеl (trun-
сus artеriosus), and гight vеntriсrrlar h1pеrtгophy arе
еasily dеtесtеd with есlroсardiography l.Jo 1.rI Thе absеnсе
of thе main pulmonaЦ, aftеry is suspесtеd есhoсardio-
graphiсall1. b1, thе inability to imagr this vеssеl or to
dеtесt blood floтv thгough it with сolor-flow Dopplеr
of сontrast есhoсardiography. Howеvеr, it is dif1iсLllt to
diffеrеntiatе thе foal with pulmonary atrеsia from tlrе
orrе with a trltе tfunсLts aftеfiosus есhoсardiographiс-
allу.tзo..r. It is also difliсult to imagе thе anatomy of
thе ptrlmoneЦ. vеssеls as thе}, branсh off thе tГцnсus
ar1еriosrts, owing to thе pfеsеnсе of ovегlying lung.

Pаtient Mапаgemeпt а'nd Progпosis' Thеsе foals
also must bе givеn a grraгdеd to gfavе prognosis, as thеy
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tigure 5-26
Long-aхis есhoсxгLliogгams obtainеd from a уеaгling Aтabian gеlding п'ith a tгunсLls ar1егioslls. Notiсе thс laгgе sirrglе vеssеl сoппLuliсаting П,-ith

thе outflow tfaсts of both Yеntfiсlеs. .fhеsе есhoсardiogгanrs wеге obtainесl frсlm thе riglrt сardiaс wiлdow with а 2.25-MHZ sесtoг-sсannег

trarrsсluсеr at x disрlaJrесl dеpth of 25 сm Aп еlесtroсагdiogr:шr is srrpегimposесl fоr timing.

,4, Loпg-aхis есlroсaгdiogram of thе lеft vеntfiсulaf outflow traсt viеw сlеmonstгatiпg thе vеot1.iсular sеptal dеfесt (уSD') (аrruшhеаds) and |l1е

largе singlе .\.сssеl, thе truпсus aItегiosus (TA), ovегridiПg thе intеп'еntfiсLllаr sеPtum and ссlmmuпiсating with bсlth гight (R\) anсl lеtt (L\)

vеntriсlеs Tv, Triсuspid valvе; RA. гight atIium
B, Lоng-:rxis есl.rсlсardiogгam of thе iight r,еntriсrtlar outflow tгaсt dеmonstгating thе samе largе r.еssеl, thе tгunсLls aгtеfiostls (ТA). сomtIuniсatjЛg

with thе fight vеntriс]е (R\D RA. Right atгium; Tv. tfiсuspid valvе; slv, sеrrrilunaг r,а|vе

havе a сomplеtе fight-to-lеft shunt.ll -] l]+ ll- t:ч t:('Тhe

amount of pulmonaг\' blood floп- dеtегminеs hоп sе\ еrе
thеir сliniсal signs afе and hoтv- long t1rе atТесtеd indir-id-
ual sluvivеs

Triсuspid Atrеsia. Triсuspid atrеsia is onе сlf thе morе
frеquеntly frpoftеd сomplеx сongеnital сardiaс dеfесts
in foals.l1. 15' ]s,39,72. lt6. lJ2.з; Hafsh gradе 4/6 or highеr
holosystoliс of pansystoliс band-shapеd of сfеsсеndo-dе-
сrеsсеndo mlrfmllfs. loudеst ovеr thе lеft hеart basе or,

in somе foals, еqtlally loud ovеr thr lеft hеaгt basе and
tгiсuspid valvе aгеa, havе bееn dеsсribеd'rr' l5. ]9. ]2. r]6. lJ2'

lr]' lJ. Есhoсardiograрhiсall1,, a thiсk band of musсLrlaг
есhoеs is dеtесtеd in thе arеa of thе гight atfiovеntfiсular
valvе With absеnt triсuspid valvе lеaflеts, a largе VSD,
and a patеnt foramеn ovalе or ASD (Fig. 5-27).,,.l5 ]8. 39

Thе right vеntfiсlе is diminutivе, and thе right atrium is
еnlafgеd and thiсkеnеd. Thе lеft atrium, mitral valvе
anntrltls. and lеft Vеntfiсlе afе also еnlargеd. Сontrast or
сolof-flow есhoсaгdiogfaphy сan bе usеd to traсе thе
path of blood flow thгough thе hеaгt (Сoloг Figurе 5_

41.t;'.зв ]9 Thе blood flows from thе right atfium, through
thе patеnt foramеn ovalе oг ASD into thе lеft atfium,
through thе mitral valvе into thе lеft vеntriсlе..5'r".]9
Simultanеous fllling of thе right Yеntriсlе and aofia thеn
oссufs.

Pаtient Mclnаgetneпt с'|xd Progпosis. Prognosis tbг
affесtеd foals is gravе, and fеw foals livе past wеaning
agе.11. 15' f 9 т2. 116. l.J2. l .].] |J]

Transpоsition of thе Grеat VеssеЬ. Transposition
of thе grеat vеssеls is anothеr сomplех сongеnital сaгdiaс
anomal1, that oссurs infrеqtrеntly in horsеs.li ]8. l]8 Trans-
position of thе grеat vеssеls may bе сomplеtс or paгtial
and usually oссufs in сonjunсtion with othеr сardiaс
dеfесts slrсh as ptllmoniс stеnosis.138 11' Thе есhoсaгdio.
gгaphiс diagnosis of сomplеtе tfansposition of thе grеat
r-еssеls rеqtriгеs сarеful еvaluation of thе anatomy and
oгiеntation of thе vеssеl lеaving еaсh vеntriсlе. Thе aorta

is ir-rragеd aгisirrg fгonr thе right vеntriсlе, сгanially, and
to thс гiЕ.ht of thе pulnronaг\- aгtеЦ-. arising from thе lеft
\-еntгiсlе. js onс oг moге sllunts afе nесеssaЦ. foг thе foal
to suгrir-е and thеsе сan usuallr- bе imagеd есhoсardio-
graphiсallr- as п,е1l as rvitlr pr'rlsеd-п ar-е and сoltlг-flow
Dopplеr есhoсardiogгaplr1-.."

Pаtient Mаnаgetnent аtld Prognosis. Tlrеsе foals
mttst bе givеn a guardеd to Е]ravе prognosis. end fеw
Гoаls sttt.vivе bеуond wеaninд, аg,е.

othеr Congеnital Сatdiac Dеfесts. Sеvегal othсг
сongеnital сardiaс dеfесts havе tlееn dеsсribеd in foals,

Figure 5-27
Long-aхis есhoсaгdiсlgгam оf a 6-wееk-old 

.fhtlrrlughbгесi lill}' With tfi-
сuspid atгеsia Notiсе thс tlriсk шrrsсular ь,Jлd (()pеп аrruu,') whеtе
thе tгiсuspid r.alvе sl.toulсl bе, thе гight atfiuпl (RA), tl.rе largе atгial

sеptal dеfесt (strаight аrrОu)), tlrе laгgе lеft atгirrm (Ld). thе vеntfiсulaг
sеptal dеt.есt (сuruеrl аwottl)' thе h\-poplxstiс гiglrt vсntгiсlе (R\). arrсl

tlrе largег lеft r.еntгiсlе (I-\D This есhoс;Lгсliоgг;rm was obtainесl fгоrl
thе fight сalсliaс window iп thс fouг-сlrambеr r.iеw п,ith a 5 O-MHz

sесtoРsсannег transduсег at a displa\.еd dеptlr оf 15 сm
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most of thеm сomplех.|.]i2-l.17 Abnormalitiеs of thе sеmilu-
nar valvеs rеsulting in aortiс or pulmoniс stеnosis afе
гaге сongеnital сaгdiaс dеfесts in horsеs and oссuг mofе
frеquеntly (prrlmoniс stеnosis) in сonjunсtion with othеr
сardiaс dеfесts.l. 15. l.]a t,i5 

'r7 Aortiс insufflсiсnсy has also
bееn rеportеd as a сongrnital lеsion in onе hoгsе.l48
Most of thе сomplех сafdiaс dеfесts сan bе dеlinеatеd
есlroсardiographiсally with a сarеftll еvaluation of сardiaс
anatomy and a sеgmеntal appfoaсh to thе есhoсardio-
graphiс ехamination (Fig. 5-28).]8 Dopplеr and сontfast
есhoсardiographiс еvaluation arе usеful to tгaсе thе path
of blood floцr in thеsе affесtеd hеarts and to hеlp dеtег-
minе thе signifiсanсе of thе abnormalitiеs dеtесtеd.]8

Асquirеd Valvular Heart Disease

Physiologiс flow muгmurs arе сlftеn di-fflсult to distin-
guish from muгmufs assoсiatеd цrith valr-r'rlar insufli-
сiеnсy..'JJ 6] -2. -a -9 9J 9] Valrular rеguгgitation is сommon
in horsсs, fangеs fгom сliniсally insignifiсant to sеvеге,
and ma-v rеsttlt in thе dеvеlopmеnt of сongеstivе hеart
failtrrе.- 8 l]. l1 ]o, ].] .].t' t] 61' ,-2' -1 ra, 

"9. al-a.J 91, 9J. 9,l lll. l2l. l.1a

Valwrlar stеnosis (сongеnital or aсquirеd) is rarе and has
most ffеquеntly bееn геpоrtеd in assoсiation with baсtе-
rial еnсloсarditis in hoгsеs.r. 1). ]]' .tJ' 51' 59 61 -2' a2 9з' l16. l22 t47

Mitral and triсuspid геgllfgitation mufmuгs arr thе most
сommon сallsеS of systoliс mlrrmlrfs assoсiatеd with un-
dеrlying сaгdiaс disеasе in horsеs.7 з]' 6{.72' ]8 al.91 91. l2l t.t9

Мurmuгs of mitral and triсuspid rеgurgitation afе usually
harsh, band shapеd, gradе 3/6 or highец holosystoliс or
pansystoliс, with thеir point of maximal intеnsity at thе
atriovеntriсulaг valvе 

^tсa.-" 
aa 9() 9] l+9 l5' Мitгal and triсus-

pid valvе pгolapsе trstlally produсеs сrеsсеndo mid to latе
systoliс mllfmr.lfs. whегеas lrorsеs with ruptllfrd сlroгdaе
tеndinеaе tеnd to havе harmoniс, rrrr-rsiсal. oг honking

Figure 5-28
Long-aхis есhoсагdiogгam obtxiпесl fгom a J-vеar-old Appaloсlsa flllу
witlr a сommon vеntriсlе lloth atfio\.еntfiсulat valvеs сommllniсatе
With a sing]е vсntfiсlс No vеntriсular sеptllm is prеsеnt This есhoсaf-
сliogгam was oЬt:tinеd ffom thе гight сaгdiaс winсlow ifl thе fouf-
сhambеr. viеw with a з 5-N1Hz SесtoI-sсanflеr tfansduсег at a displayесl
сlеptl.r of 26 сm An сlесtroсaгdioЕ]гam is supеrimpоsеd lbr timing Rv,
fught sidе of thе сonrnron vеntгiсlе; LV' lеft sidе of thе сommon
vеntfiсlе; RA' гight atгium; Tv, triсuspid va-[vе; LA, ]еft atfium; Мv,
mitral valvе

muгmufs'.r' 9] Holodiastoliс mtrrmtrrs indiсativе of aoгtiс
insrrffiсiеnсy afе loudеst in thе aoftiс valvе atеa' atе
usually dесrеsссndo or musiсal, and сan bе any intеn-
sity.tз' rю-r,z' 6.1 79. ao 9.]' r52-r55 Ptrlmoniс insuffiсiеnсy is a raге
сliniсal flnding, most сommon in horsеs чzith lеft-sidеd
сongеstiYе hеart failtrrс and pulmonaгy hypеrtеnsion, al-
though trivial pulmoniс rеgufgitation is сommonly dе-
tесtеd with Dopplеr есhoсardiography.49. 6з.61. 19.8()' 93 Ho-
lodiastoliс murmufs of mitral or triсr'lspid stеnosis afе
rхtfеmеly rarе in horsеs'6r'r2, a2. 88, 9] Prioг to thе trsе of
есhoсaгdiography in horsеs, thе diagnosis of vahrrlar
hеart disеasе and its sеvеrity was basеd upon thе loсa-
tion, quality, and intеnsity of thе murmur atrsсultatеd аnd
thе сliniсal signs ехhibitеd by thе hoгsе.86 88' 90. 93. 9.i A
сomplеtе есhoсafdiographiс еxamination (M-modе, 2-D
геal-timе, and Dopplег) providеs an objесtivе assrssmеnt
of thе ехistеnсе and sеvеfity of thе horsе's valr'ttlar rеguг-
gitation - 9 lз j] .|- .6 39 61 -2 al a].9]

Mitral Rеgurgitatiofl. Mitral rеgtrrgitation is thе vah.lt-
lar insufIiсiеnсy most likеly to bе assoсiatеd with poor
pеrformanсе or сliniсal signs of lеft- oг right-sidеd hсaft
failurе bесausе signiflсant mitгal fеgufgitation lеads to
pulmonary hypеrtеnsion.-' зз ,i7-5o' 61 72' -a' 8r. 86 9]. 12l' l.i9.

l50 156 LеIt atгiovеntriсLllar vah-ular insufflсiеnсy usually
pгogгеssrs morе rapidly bссausе thе lеft sidе of thе hеaгt
is thе systrmiс sidе of thе сirсulation. Abnormalitiеs of
thе mitгal valvе lеaflеts aлd/or сhoгdal apparatus may bе
dеtесtеd есhoсardiogгaphiсally, oг thе horsе may havе
mitral rеguгgitation and a struсturall1. n91."l valvе. Thе
normal еqrtinе mitral valvе is сomposеd of two primary
lеaflеts, thе sеptal and сatrdal (frее wall or paгiеtal)
lеaflеts, a r.aгiablе nttmbеr of aссеssory lеaflеts, and a

r.aгiaiэlе distгibution of сhoгdaе tеndinеaе bеtwееn thе
гwo papillaц. ntusсlеs..5- Thе sеptal lеaflеt is thе largеst
lеaflеt, followеd br'. thе smallеr сaudal (paгiеtal or ffеr
wall) lеaflеt and thе еvеn smallеr aссеssory сusps. Propеr
сoaptation of thе mitгal valvе lеaflсts dеpеnds upon nor-
mal funсtion of thе mitral valvе lеaflеts, сhordaе tеndi
nеaе, papillary musсlеs, and assoсiatеd vеntriсular mуo-
сaгdium.

Thе mitrаl valvе abnormalitiеs that havе bееn dеtесtеd
есhoсardiographiсally in horsеs with mitral fеgurgitation
inсludе сongеnital abnoгmalitiеs (Fig. 5_29) of thе mitral
valvе (raге), valr,rrlaг thiсkеning (dеgеnеrativе), prolapsе,
l.uptufеd сhordaе tеndinеaе, noninfесtivе valr'rrlitis, vеgе-
tativе еndoсaгditis, and stfеtсhing of thе mitral valvе
annulus with an anatomiсally noгmal valvе (primary m)'o-
сardial disеasе).- lJ JJ. t7 49 61 j2' 7.]' l2l Pfolapsе and thiсk.
еning of thе mitral valvе lеaflеts arе thе most сommon
сlrangеs dеtесtеd есhoсardiogгaphiсally in hoгsеs with
mitral rеgurgitation.-' ].i .].]' .1; 19' 61' т2 12] In horsеs with
mitгal valvе prolapsе, thе еntifе mitral valvе lеaflrt, or a

poftion thеrеof, is imagеd bulging baсkrдrard into thе lеft
atfium (Fig. 5-30)..r This dorsal displaсеmеnt of thе mi-
tral valvе usually happеns during mid to latе systolе and
is usuall1, bеst imagеd whеn еxamining thе mitral valvе
from thе lеft сardiaс window in thе parastсrnal long-aхis
viеw. Мitral valvе pгolapsе is lеss fгеquеntly dеtесtеd
fгom thе right parastеrnal long-axis viеw of thе mitral
valvе. М-modе есhoсaгdiographiс diagnosis of mitral
valvе prolapsе has bееn dеsсribеd in horsеs'j btrt is muсh
еasiеr to diagnosе with 2-D есhoсafdiography. Thе pгo-
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Figure 5-29
shoгt-axis есhoсaгdiogгanr of a сlеft mitral valvе оbtainеd from a 1(}

r-еaг-old Тhoгotrghbгеd gеlding Nсltiсе thе two poгti()ns of thе frее

wall lеatlеt (F.W.I,). thе sеptal lеaflеt (SL)' anсl onе of thе aссеssory

lеaflеts (AL) of thе t of mitгe| гсlluгgita.

tjon WaS сlеtесtеd сardiograph\r at thе

sitе of tlrе сlеft iп was obtainсd from

thе гight сardiaс wiпс1ow in thе mitfal valvе position witlr a 2.5-MHz

sесtoг-sсannег tгansouсег ar a 28-сm (lisplа),еd dеpth. Aл еlесtrосardio-

gгam is sr.цlегimposеd for timing RV Right \ еntгiсlе

lapsing mitfal valvе ma-Y also bе thiсkеnеd end ha\-r геdlln-

dant lеaflеts or сlongatеd сhordaе tеndinеaе (Тig. 5-31)'
rеpoftеd in human bеings with
ruptufеd сhorda tеndinеa сan
lapsе, and thеrеforе all horsеs

with signffiсant mitfal valvе pfolapsе should bе сarеfully
sсannеа foг a possiblе rupturеd сhofda tеndinеa of flail
mitral valvе lеaflеt @ig. 5_327.4,-'o' 

12. 158. ]59

Dеgеnеrativе сhangеs of thе mitral valvе lеaflеts oг a
noninfесtivе val.r,'ulitis rеsults in thiсkеning of thе lеaflеts,

пost еasilY dеtесtеd with 2.D есhoсafdio8raphy. Horsеs

Figure 5-31

\ еntriсlе

rr-ith norrirrfесti\ е \ alrrrlitis usuellr- lrаvе slightly hypo-

есlroiс to есhogеniс r alr-ulaг tlriсkеning. п'hеrеas thosе

with dеgеnе allr- lrer'е есhogеniс
to h1pеrесh r-alr е lеaflеts, oftеn

with othеr g malitiеs of tlrе valvе

of valvе appafatus. Aл irrеgular frее еdgе of thе valvе

lеaflеt with nodulaf or ridgеlikе thiсkеnings or othеf
dеformation of thе frее еdgе of thе сusps and, lеss frе-

quеntly, thiсkеning of thе сhordal appaгatus is also dе-

tЪсtablе мzith 2-D есhoсardiogfaphy. Dеgеnеrativе
сhangеs оf thе mitral valvе lеaflеts afе thе most ffr-
q...'-'ity сlеtесtесJ postmoftеm flnding in oldеr horsеs and

сЪn bе dеtесtеd in thе absеnсе of mitral rеgurgita-
tion.9о'12r' ],i9. r56' rы)-r62

and flail valvе lеaflеts oс-
49'64':2. l50' r6.r тhе есhoсar-
bilе linеar есho еvеrting
s diagnostiс of a гupturеd

сhorda tсndinеa (Fig. 5-33).1--19 12 Thе еntirе сhorda
tеndinеa may bе imagеd еvеrting into thе lеft atгium

with a whiplikе aсtion if thе сhordal fuptufе involvеs
onе of thе longеr сhordaе tеndinеaе r.upturеd at of nеaf
its papillary musсlе insеrtion. Thе rupturеd сhorda tеndi

''.i.ol..' 
еithеr with thе valvе lеaflеt or with thе subval-

r'l'rlaг apparatus, dеpеnding on thе sitе of сlrordal rup.

1,-r...l;в-g.1'oсardiographiс lrndings indiсаtivе of a sеptal

сhordal flrptllrr inсludе systoliс mitral valvе fluttеr, сha-

otiс diastoliс lеaflеt flLlttеf, inсrеasеd sеptal lеaflеt ехсuг-
sion with rapid lеaflеt opеning, and a laсk of сoaptation
of mitral valvе lеaflеts in systolе.i_. 158 Мost frеquеntly,
howеvеr. a short сhorda trndinеa assoсiatеd witlr a сau-

dal or aссеssory сusp сhordal rupturе (Fig. 5_33) or a
сontraсtеd сhorda tеndinеa is imagеd еvеfting into thе

lеft atrium, oг a flail valvе lеaflеt (Fig. 5-34) is dеtесtеd
in horsеs with rr-rptuге<l mitral сhoгdaе tеndinеaе.];-19.
61' 12 T]nе asYnсhfonolrs movеmеnt of a valvе lеaflеt, or

Figure 5-30
.,)ng. of a prolapsirrg portion of thе mitral valvе

:г.lп Horsе gеlding. Thе fгее еdgе of thе mitfal
l llr е сkwafd il1to thе lеft atгium (l.\) o]: pro]aрsеs

лrl-сttt'') ,|his есhoсardiоgram was obtaiЛеd fгom thе lеft сardiaс will.
сrls iп tlrе mitгal valvе position with a 2.5-мtIZ sссtor-sсilnnеr trдns.

guсег at a 20-сm displayеd dерth AЛ еlесtroсardiogгam is Sllpеrlm.

р(]sеd foг timing Lv, I,еft vепtriсlе
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Figure 5-32
Lоng-aхis есhoсaгdiograms of a flail mitгal valr-е |еefеt xssoсiatеd п-ith a fuptuгсd сl-tогda tепсlinеx Obtainеd tгom a 4-yеaг-оld Tl.roгotlghbгесl 1illv
An еlссtгoсaгdiogram is supегimposес1 fог tinring

,,1,Тhеaссеssoцlе:rfеtоfthеmitгal\'xh'е(}'1\/)pгсlJ:rpsеs(аr].U|t')iпtOthеlеttatгiшl(LA)'btlt
сardiaсwirrс1owThisесhoсiLгс1iOgIam\\]11sOl)tainеdttоmtlrегightсafdi'rсwindоwirrthспritтalvalvеposition$'itlra25-IнZtгansс[llсегatа
displа1'сс1 с1еpth of 28 сnr R\r Right \ с|ltгiсlе: L\. lеtt \'еnt1.iсlе

fl Thе flail aссеsson lеаflеt оf thс пlitгal ralvе (MV) flips baсkward (аrroul) L]ut doеs not еvеft into thс lсft atгillm (I,A) drrrirrg s-vstolе This
есhoсardiogrlnr п.as сlbtaiпеd fгOпr thе lеft сardiaс window iп thе mitгal r-alvе position with а 2 5-MIIZ sесtoг-sсxnnеr tfansduсеf lt a 22 сm
displa1.еd сlеpth L\,. Lеft \'еntriсlе

any poгtion thеrеof' in any phasе of tlrе сaгdiaс сyсlе is
indiсativе сlf a flail valvе lеaflеt.4- 161 Thе valvе lеatlеt сan
oftеn bе imagесl flipping ftom lеft atrium to lеft vеntfi-
сlе.t58 A prolapsеd valvе lеaflrt, thе flail сhofda tеndinеa
and/or pafadoхiсal mitгal valvе motion may bе imagеd
есhoсardiogfaphiсall,Y with a fllptufе of a ffее Wall of
aссеssory lеaflеt сlrorda tеndinеa.a' Ruptrtrеd сhordaе
tеndinеar and flail valvе lеaflеts most fiеquеntly involvе
thе aссеssory сLlsps in hoгsеs.o- 4n'6i'-2 l'() Dеgеnеrativе
сhangеs assoсiatеd witlr dеgеnеfativе valvе disеasе may
bе thе most сOmmon сalrsе of сhordal rl'rDtufе in horsеs.

as it is in lruman bеings, but еndoсarditis, myoсardial
nесfosis of thе papillary musсlеs, and sllrfollnding lеft
vеntгiсlе and idiopathiс сhordal rlrptlrfе lravе bееn ге-
poгtеd as сalrsеs of rllptllfеd mitral valvе сhordaе tеndi
nеaе in hoгsеs.r' ]9 Most flail valvе lеat]еts oг flrptllfеd
сhofdaе tеndinеaе arе bеst vistlalizеd from thе lеft para-
stеfnal window in tlrе two-сhambеf viеw of thе mitral
valvе, sсanning сaudall1, and dorsallr.. Thе еntirе mitral
valvе appaгatus should bе thoroughlу sсannеd fгom both
parastеrnal windсlws and in all planеs to dеtесt rllptufеd
сhordaе tеndinеaе and flail mitral valvе lеaflеts.a8. 19 6|'-2

Figure 5-33
Long aхis есhoсaгdiсlgгam obtainсd fгom arr 1l-vеaг-o1d Standaгdbfеd
stallion with a ruptllfеd сhoгda tепdinеa of thе aсссssory lеaflсt of tlrе
mitral r.alvе Thе lilrеaг ес|to (аrroшhеасLs) o| thе сhorda tеndinеa
еvегts illtо thе lеft atгillm (L\) in systolе Tlris есhосardiogгam \\ras
obtainеd fгom thе lеlt сaгdi;Lс wiпdow iп thе mitfal valvе position witl-t
x 2 

'-\II1Z 
sесtor-sсannеf tfansduсеr at a displa1.сd сlеpth of 27 5 сm

Aп еlесtroсafdiogгam is supеlinrpоsеd ftlr timiпg I-V. Lеlt \'епtтiсlе

Figure 5-34
Lorrg aхis есhoсaгсliоgгam obtainеd frоm a 3-vеaг-olсl Standагсlbгеd flllу
Witlr a f]ail aсссssory mitr1rl valvе lеaflеt assoсiatеd with a ГLlPtLlгсd
сhoгсla tеndinеx NOtiсе thе flail aссеssoЦl |еatlеt (аrrошbеаd) in rhе
]еff atгillm (LA.) с|uring systolс 1lnd tl]е сnl1lгgсd, гoundесl' :rnd turgid
appсaгanсе of thе ]еft atгiuш Tl.tis есhoсardiogгarп was obtainеd fгom
thе lеft сaгdiaс ч.inсlow in thе mitftrl valvе position witlr a 2 j-MHz
sесtor-sсitпnеr tfansduсег at a displavеr1 с1с1rth оf 2j 5 сm LV, Lеtt
vеntfiсlе; МV. nritгal r,аlvе
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Figure 5-35
Long-axis есhoсaгdiogfam obtainеd fгonr a 5-month-olс1 Hanovеrian fillr,
sith baсtеrial еndoсlrditis Notiсе thе laгgе есhogеniс mass on thе

sеPtal lеaflеt of thе mitгal \,^1Уе (аI.roшbес|ds), tье isoесhoiс mass o11

thе Iiее wall lеaflеt, and thе thiсkеning of thr sеptal and frее п.all
lеaflеts of thе mitfal valvе Signiliсant lеft atfial (Ld) еnl:rгgеmеnt аnсl

mагkеd distеntioЛ of thе pulmоnaц, уе|ns (сuruеd аrI,ОLL'S) arе assoс1-

rгеd wlth sеvеrе mitfal rеgllгgitatioп Tl-ris есhoсaгdiogfam was ob-

rаiлеd fгom thе гight сaгdiaс window in thе mitгal \.alvе position П.ith

:r .] 5-MHz sесtoг-sс:Iпnег tгansduсеr et a displаvеd dеptlr оf 20 сm RA,

fuЕ]ht atrilrm; Rv, right vеntriсlе; LV, lеft \,епtгiс|е

Thе mitral valvе is onе of thе сommon sitеs of baсtеfial
еndoсafditis in hoгsеs. but еndoсarditis lеsions oссur
irr11еquеntly in horsеs.a' 49 

'1'64'12, 
165'166 Two.dimеnsionаl

есhoсaгdiogfaphу is supеfioг to M.modе rсhoсaгdiogra-
phr- for thе diagnosis of baсtеfial еndoсarditis bесausе all
rЪuг valvе lеaflеts and most of thе еndoсafdial suffaсеs
li thе hеart сan bе сaгеfully imagеd. TЕЕ is supеfiof for
:hе dеtесtion of small еndoсafditis lеsions that сannot bе
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imagеd With foutinе tfansthoгaсiс есhoсardiography in
human bеings and may bесomе aуa1|aIэ|e at lafgе еquinе
rеfеffal сеntеfs in thе futurе.8.,96' |61' \6a Еndoсarditis lе-

sions сan fangе ffom a slight thiсkеning of thе valvе
lеaflеt to largе vеgеtativе massеs on thе valvе lеaflеt,
sllbvah.Lllaf strlrсtufеs, and mufal еndoсardium.7 зз'41'19 5|'

61'72 Th'е vеgеtativе massеs afе usually есhogеniс to hy-
pеrесhoiс with irrеgular margins and movе with thе
affесtеd valvе lеaflеt (Fig. 5-35).; З3'lJ'19-51.61' '2 Thе dеtес-
tion of mural vеgеtativе massсs without involvеmеnt of
thе valvе lеaflеts is t^fе in horsеs with baсtеrial
еndoсarditis .47' 4|) 51 Rupturеd сhordaе tеndinеaе сan oс-
сuf sесondary to involvеmеnt of thе сhordal appafatus
with thе baсtеrial infесtion and thе subsеquеnt wеakеn-
ing of thеsе stftlсtufеs.aj. 72 Thе iгrеgulaг vеgеtativе
massrs usuallу bесomе гoundеf and smoothеr if thе
horsе is rеsponding to tгеatmеnt.33' 50. 5l,6a 72 oftеn, how-
еvег, thе mitral rеgurgitation bесomеs morе sеvеfе bе-
сausе of sеvеfе damagе to thе valvе that oссuffеd from
thе infесtion and sесondary to sсaffing of thс lеaflеts.'o'72

Mitral rеgurgitation сan bе сliniсally insigni-flсant oг
mild, rеsulting in littlе or no lеft atrta| and lеft vеntriсular
еnlafgеmеnt.6a'', Rounding of thе lеft vеntfiсulaf apех,
dilatation of thе lеft atrium (>I3.5 сm in thе lеfi[ parastеr-
nal two-сhambеr viеw) and lеft vеntfiсlе, thinning of thе
lеft vеntriсular frее wall and intеfvеntfiсular sеptum, and
an inсrеasеd shortеning fгaсtion (lеft vеntriсular volumе
ovеrload) arе dеtесtеd есhoсardiogгaphiсally in horsеs
with сliniсally signi{iсant mitfal fеguгgitation and normal
myoсardial fllnсtion.7. tt. 11 5|,61' ,-2 Thе lеft vеntriсulaг in-

tеmal dimсnsion at еnd-diastolе rangеs from appгoхi
matеly 1'2 to 2o сm in horsеs with сongеstivе hеart
failurе and mitral rеgurgitation.цg'6a Ь lеft atгium signffi-

сantly lafgеr than thе right atrium or a lеft atгial appеnd-
agе in systolе еqual to or largеr than thе diamеtег of thе
aoгtiс гoot indiсatеs lеft atгial еnlaгgеmеnt (Iig. 5_36).

t qure 5-36
:.1 '.:i.]jogгaпs obtaiпес1 fгom a l3-yеaг-old ThororrghЬгеd gеlding with aсutе-оnsсt atrial fibrillation and lеtt-sidrd сongеstivе hеart Гailrrге

-.- :Jf,п Io a ruptufеd mitral сhогda tеndinеa Есhoсafdiograms arе obtaiпеd tiom thе гight сardiaс window in thе aoгtj.с гoot position with a

- . \t'iz sесIoг.sсanllег transduсег at a displaуеd dеpth of 30 сm An еlесtfoс1lldiogгam is suРеrimрosеd for timing
r .] ]тт-11\is есhосardiogгam dеmolrstfating thе vеry laгЕ]е lеft atfium (IA) and thе spontanеolls сoпtгast (inсrеasеd есhoеs or smokе) assoсiatеd

i '1 г{.I]os statеs in thе гight atrium (RA) Rv, Right vеntfiсlе; Av, aoгtiс valvе
.. ].l.п:.ldе есhocaгdiogгamfrom thе samе pos-ition as Figrrге 5-6 showing thе Plaсеmеnt of thе М-modе сursoг thгough thе lеft atгial appеndagе

\ r:iсе Ihе spontanеоus сoпtfast (аrrс-ltlls) iп thе rlgЪt atfium at thе tгiсusPid valvе an<l thе еnlaгgеd lеft atгiai appеndаgе (lafgеr thаn thе

_:-._с:.: .ri Ihе aoгtiс гoot) A, AoГtiс valvе.
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Howеvег, thеsе еstimations of lеft atrial еnlafgеmеnt afе
not as sеnsitivе as thе mеasurrmеnt of lеft atгial diamеtеr
madе in thе lеft paгastеrnal two-сhambеr viеw, whiсh is
morе likеly to dеtесt mild lеft atгial еnlaгgеmеnt (Fig.
5_37).6^ Horsеs with mitral rеgtrrgitation and сongеstivе
hеart failurе havе lеft atrial diamеtеrs ranging fгom 16 to
23 сm, dеpеnding upon thс сatrsе, initial sеvеrity, and
spееd of progгеssion of thе mitгal rсguгgitation.]9 64 \х/ith
aсutе-onsеt sеvеfе mitгal геgurgitation, strсh as that
whiсh oссufs with thе гuptufе of a majoг сhofda tеndi-
nеa of thе mitral valvе, thr lеft atfium has lеss timr to
strеtсh, and signs of сongеstivе hеart failurе may appеar
with a lеft atrial diamеtег of 16 сm. Thе lеft atfillm may
also appеar гoundсd and ttrrgid with sеvеrе, hеmodynam-
iсally signffiсant mitfal rеgtшgitation (Fig. 5-331.+.. ^-' -z

Bulging of thе intегatrial sеptum towafd thе right atrirtm
is anothеr indiсation of signiIiсantly inсrеasеd lеft atrial
pfrssuгеs (Fig. 5-39). A normal or dесrеasеd fraсtional
shоrtеning in a horsе witlr sеvеrе mitгal rеgurgitation
indiсatеs сonсLlffеnt lеft vеntriсulaг dysfllnсtion (Fig. 5_
1o1.l. +e 6i -2 9] Dilatation of thе ptrlmonary aгtеry is an
есhoсardiographiс indiсation of hеmodуnamiсally sеvеfе
mitral rеgurgitation and pulmonary hypеrtеnsion (Fig.
5-4-|,).- ,1.1 19 5o' .,J 12 Thе sеvеrity of mitгal rеgurgitation
сan also bе dеmonstratеd with сontrast есhoсardiogгa-
phy, but an injесtion of есho сontrast matеrial must bе
madе into thе lеft vеntfiсlе.12']1';6

Thе sеvегity оf mitгal rеgurgitation сan bе еstimatеd
fгom еvaluation of thе sizе of thе геgurgitant jet arca
dеtесtеd with pulsеd.wavе and сolor-flow Dopplеr есho-
сardiography (Сolor Figtrrе 5_51.зз. 4a 61',2 78. l]o-83. l(l9 l]l

Thе rеgurgitant jеt has a сharaсtеristiс mosaiс аppеaг-
anсе with сolor-flow Dopplеr есhoсardiography, as thе
rеguгgitant jеt сontains turbulеnt, high-vеloсity blooсl
flow.8' 1)a' l.)9. 1]o Proximal flow сonvеrgеnсе (spееding up
of blood flow. as it approaсhеs thе rеguгgitant orifiсе)
has bееn dеtесtеd in human bеinяs with sеvеrе mitral

Figure 5-37
Long-aхis есhoсaгdiogram Obtainсd fгom a ]-yеaг-сlld Thoroughbrеd
gеlding with ntIial fibгillatiol1, mittal v:rlvе pfolapsе, x small ftlptllгеd
сhoгсla tеndinеa of an aссеssoЦ. mitral valvе lеaflеt' and mild lеft atIial
еnlaгgсmеnt Thе lеft atfium (LA) has a maхimal diimеtеf of 15 37 сnr
This есhoсardiogгam was obtainеd fronr thе lеft с;tтсli:rс wifldow in thе
mitгal valvе position with a 2 5-МlIZ sесtoг-sсanflеr tгaflsduсеr аt a

displa1.еd dеpth of 24 сm LV. Lеtt \'еntliсlе: M!', mitfal valvе

Figure 5-38
Lсlпg-aхis есlroсaгсliogranr oЬtaiпесl i,n. 

^n 
18-r.еar-old AraЬian nraге

with .rtfi'll libгi]l:rtiolr, sеvеге mitlal геguгЕiitation, anсl bivеntгiсulaг
failufе Notiсе thе rсlund. tllгgid-appеxfiпg lеIt xtгillm (LA) and еnlaгgеd
pulлronalу \.еin (l,\) Right xtгiel (R\), гight \.еntriсulxг (R\D. arrr1 lеft
vеntгiсLrlaг (L\) сnlargеmеnt ls alSO ])гсsсnt ThiS есhoсardiсlgг:rm was
obtainеd ttom tlrе Iiglrt с:rг(liaс wirrсlоw in thе fоuг-сhambеf position
witlr a 2 5.МHz sесt<lг-sсanпег tгаtlsdrtсеf at x displa\iесl dеpth of 28
сm An еlесtгoсaгс1iogranr is suреIimpоsесl for timing .lY, Triсrrspltl
vа]vе: МV' mitгal va]vе

rеguгgitation and lras bееn sееn in somе horsеs. A геgtrг-
gitant jеt dеtссtеd only immеdiatеly doгsal to thе valvе
lеaflеts is trsuall1, сliniсally insigni1rсant, whеrеas onе that
oссl.lpiеs two thirds of mofе of thе lеft atгial сavity
is indiсativе of sеvеrе mitral rеgurgitation.]]. -8 80 lo4 A
fеgllfЕ.itant jеt aгеa of onе third of thе lеfi atrial сavity oг
lеss inсliсatеs mild mitral rеgurgitation, whеrеes a геgurgi
tant J.еt aгеa of onе third to two thirds of thе lеft atrial
сavity is сompatiblе with modегatе mitral rеgttrgitation.

Figure 5-39
Long.aхis two-dimеnsional есhoсaгdiоgram obtainеd tгom a l-wсеk.
old standafdbfеd filli, with n]odегatе mitгal' pulmоniс, and tfiсuspid
геgtlгgitatiоrr Notiсе thе lrегniation of tl.tе foгatnеtl ovalе (Fo) into thс
гiЕ.ht atrillm (RA). indiсatiпg еlеr.atеr1 lе1i atrial pгеssufеs Tlris Iil\'
pгеsеntеd with sеvеге taсh},сardia :rпd tасlrypnеa shoгtly aftег Ьirth
This есlroсaгdiogf'rm w:rs obtainеd with x 5 O-MHZ sесtoг-sс1lnnеf tгаns.

d].lсеr at a с1ispla1,еd dеpth of 15 сm RV, Right \,еntгiсlе; I,V' lеft
vсntriсlе: I-A. lеft atfium

Ve
tB

oo
ks

.ir



-.:**: з'8.. ..._''*.:*.
nie* 8ЁGsз r:t l

fS { i8!.*l
RV

^---1---i.a* q-!*-'a

t-v

Figure 5-40
\i пlodе есlroсardiсlgгlm oЬtаinеd fгonr a 6-month-оld Standaгdbгсd tilLr

i, 1th сxгсliоmYopath). of ttnknos.n сausе anсl sеvеге mitг:r]. pulnlLlntс.
:nJ tгiсltspid геglllgitatioll, .].hе 

PooI intеП.еlltгiсLl!aг !сPt.r] Jп(1 сп
iсnlгiсUlaг ttее wall motioп with olinimlt s\.sto]iс thiсkеniпg .'. lhg

:lrtlсaгсljrtnt геslr]ts in l fraсtioлаl shсlгtеniпg (FS) оf 1- Тllс пч'ht
. спtгjсlе (RV) is also maгkесllу еnlaтgеd sесi)t]dltn tо гhс ]gп s:Ljсt1

j.с]п t)iIUfе, pulnronaп, hуpегtеnsjot1 anс1 prtill-ttlt.tiс Jrld iгiсJtГiс
:счllгgitation. Thе slight Yariation in thе R.R inrсnаls .tпd bэsсlltlс
lbгillаtiоn П.avсs is сOnsistеЛt \\.ith e dilgпOsis ili;rrгi.L] ГrbгilLrtlilп Thi:
ссhосltгсliоgгam was oЬt;rinесl fгопr т[-tе гight сrгr1ieс s lпr1t;l itl tllс
с1т r сntriсtl|aг positjotl п.ith а 2 5-\tНZ sесtoг-sсl1tlllег tг.ltlstlLrссг .tt .t

-:.phi-ес1 dеpth of 27 5 сrrr Aп еlесtгoсllгсLiogгxnl is srц](rinlРll5Еd li]г

:пling LV' Lеft r'еntriсlе

Тtrе sizе of thе сolor-flow jеt afеa has bееn shown to bе
.lссuгatе in thе sеmiquantitation of tlrе sеvеriq, of mitral
гсgtlгgitation in htrman bеings.i58'16.), ]7() onе еxсеption is
ц hеn mitгal rеgurgitation jеts hug thе lеft atrial wall

tigure 5-41
. ,гlg.x\is есhocДгdiogгam obtaiпесl 1rorп а 20-1'еar-old Tlrorоtlghbгеd
:с.diпg with sеvеге mitгal геgrtrgitatioп and lеli-sidеd сoflgеstivе hсaft
::lluге Сomp:rrс thе diаmеtег of tlrе loltiс гoot (AR) and ptllmonary
l::сn (PA) Tl.rе еnlargеd prrlmоrrary aftеl-.!'(8 2l сm) is сonsistелtwitlr
:.:lлlопaп, hvpегtеnsion This ссhoсагdiogгam пras obteinе(l fiom thе
::ht сaгdiaс winсiow in thе lеft vеfrtгiсular outf]оw tгaсt Positioп With
: ] 5-\lHz sесtoг-sсanl].ег tгarrsdtrсеr at a displаусd сiеpth of 30 сm An
f .ссIroсaг(liogram is sllpегimpоsеd 1br timing I,v. Lеft vсntriсlе; Rv'
::ht l'епtгiсlе, R.A. гight atгium
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fathеf than spraying out into thе lеft atrial сavity, making
thе jеt atea appеat small and thе rеgurgitation lеss sig-

niflсant than it aсtually is.169 Anothеr ехсеption oссufs
whеn thе anglе bеtwееn thе геgllгgitant jеt and thе
Llltfasound bеam is almost pеrpеndiсLllaf, making it diffl-
сult foг aссufatе assignmеnt of сolor to thе fеgllrgitant
flow.6r's0' s] In thеsе horsеs, thе auditory Dopplеr signal
сan usually bе dеtесtеd еvеn whеn a good сolof-flow
map or spесtfal traсing сannot bе obtainеd.6.1, 80 8l If thе
геgurgitant jеt is еxaсtly pеrpеndiсular to thе Llltrasound
bеanr, thе iеt сannot bе dеtесtеd.to5 Thе есhoсaгdioЕ.fa-
phеf mllst kееp in mind that thе spatial distribution of
thе геgtrrgitant iеt is influеnсеd by thе pfеssufе and
\-olumе of thе rесеiving сhambеf, as wеll as by thе sizс
and сonfigufation of thе rеgurgitant ofiflсе, tlrе timing of
thс rеgurgitation (Fig. 5-12), loading сonditions, hеart
гatе' fh)thm, and thе ofiеntation of thе jrt to thе Llltra-

sollnd bеam.l-0' l7l !Иith thеsе limitations in mind, pulsеd
arrd сoloг-flow Dopplеr есhoсafdiogгaphy сan bе suссеss-
ftlllr. usесl to paгtially.qllantitatе tlrе sеvеrity of thе fеglш-
gitent iеt..'t 

-a 8() a]' lo.i t05.15a. 169 ]7l

Тhе iлtеnsiп- of thе Dоpplеr signal of mitfal rеgllrgita-
tion iлсгеasеs and thе vеloсity of mitral inflow inсrеasеs
es mitгal геgl-lгgitation bесomеs mofе sеvеfе.l0,l' ]69 Rе-

\'егsе s\ stoliс tlo\\- has bееn rеpoпеd in thе ptilmonaц.
r еins оf humaп bсiлgs п-ith sеr-еге (4 + ) mitral геgurgita-
tion ] .- ].' ]- .\ stееp 51opr (гapid dесгеasе in jеt vеloсity)
oГ tl-rе сOntinuous-\\ l1\ е Dopplег spесtгal tгaсing of thе
mitГal rеЕ.Llгgitation jеt oссuтs п ith sеr-еге mitral геgufgi
tation and гapidlr- itrсгеasing s\ stoliс 1еft atгial pfеssllгеs
(Сoloг Figurе 5-6) Еstimations of pгеssuге di'ft-егсnсеs

bеtwееn thе lеft atfillm and vеntfiсlе mllst bе madе $,ith
сafе bесausе thе ultгasound bеam nееds to bе positionеd
parallеl to thе fеguгgitant jеt ( + 20 dеgrееs) fbr thеsе

Figure 5-42
I-ong-axis еChoсafdio€]fam and prrlsеd-wavе Dоpplег spесtгal tгaсiлg
Obtainесl fi.orп a 7-уеaг-оld Hanovеrian gеlding ц'ith шOdеratе mitгal
геgllгЕ.itation (MR) Thе sanrplе volumс (ts.o paгallс[ linсs pецrеndiсu-
lar to thе сursог) is positionеd on thе lеft atrial (]А) sidе Ог thе mitfal
vаlvе (М\D Notiсе thе spссtгxl Lэroadепing arrd aliasing of thе mitral
rеguгgitation iеt оn tlrе Spесtгal tгaсing aпd thе pгеsуstоliс onsеt
(аrrou)s) of thе mitгal IеЕ]uгЕ.itatioп Тhis есlroсaгdio!.ram was obtainеd
frоm thе lеft сarсliaс window in thе mitгal valvс positiсln with a 2 5-

MHz sесtoг-sсannег tгansсlrrссr, чrhiсh еrlits ultгasound pulsсs (ptilsесl-

п,-avе Dopplег) at a ffеqllеnсу оf 2 0 MHz at a displaуеd dеpth of 26

спr An еlесtroсardiogram is strpеrimposеd for timing LV, Lеft vеntfiсlе
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mеasufеmrnts to bе aссufatе.]3,61 -2'7a' 80 8t r05 .69 Мost
oftеn in horsеs, thе anglеs for intеrrogation of thе lеft
atгium and mitгal valvе with Dopplеr есhoсaгdiography
arе far from idеal.64' "2 -8. *n. *' Oftеn thе mitral valvе
is pегpеndiсular to thе ultrasorrnd bеam from thе lеft
paгastегnal window. Аltеrnativе tfansvеfsе imаging
planеs must bе trsеd to optimizе thе anglе bеtwееn thе
rеgurgitant jеt and thе trltrasound bеam to obtain thе
bеst Dopplеr study.t0.64.72, ]8' 80 81 Jеts of mitral rеguгgita-
tion сan bс found in a widе vaгiеty of imaging planеs.
Thеrе is no onе сonsistеnt jеt diгесtion in horsеs with
mitral rеgtrrgitation, suсh as typiсally is sееn in horsеs
with tгiсuspid rеguгgitation.64' 72,83 Jеts of mitral rеguгgita-
tion may bе loсatеd faг fгom thе skin suffaсе in Somе
horsеs with sеvеrе mitral rеgurgitation and markеd lеft
atrial еnlargеmrnt. Thе геgurgitant iеt may not bе ablе
to bе сomplеtеly mappеd bесausе thе dеpth of thе rе-
guгgitant jеt from thе skin surfaсе еxсееds tlrе Dop-
plеf pеnеtfation сapabilitiеs of thе ultгasotrnd еquip-
mеnt.33'6.t 78 80

Pаtieшt Mаt'а'ger''ent апd Prognosis. Patiеnt faсtoгs
and есhoсafdiographiс findings must bе сonsidеfеd to-
gеthеr .whеn formulating a prognosis for lifе and pеrfor-
manсе in hoгsеs with mitral rеguгgitation. Thе agе of thе
horsе at thе onsеt of mitral rеgufgitation, thе сliniсal
signs and thе spееd of thеiг pгogrеssion, and thе pегfor-
manсе ехpесtеd сurfеntly and in thе futuге arе thе most
impoпant patiеnt faсtors to сonsidеr.6r 12 Cliniсal signs
assoсiatеd with mitral гсguгgitation inсludе ехегсisе in-
tolегanсе, inсrеasеd fеspifatory ratе and еffort at геst,
prolongеd rесovеry to fеsting rеspiгatory fatr aftеf ехеf-
сisе, and сorrghing.a.-19 61'-2' l2l l;9. l'o' 156 16з Atгial flbrilla-
tion is also сommon in horsеs with modеratе to sеvеге
mitfal fеgurgitation.a' .lх. r] -] -+' l2l. l+o Aсutе signs of lеft-
sidеd сongеstivе hеart failurе, inсluding sеvеге rеspirа-
tory distrеss and fulminant pulmonary еdеma, arе trnusual
unlеss aсutе sеvеrе mitral rеgurgitation is pгеsеnt.]_ i., -r.

l19' |5o. |56 163 W.ith morе longstanding mitral rеgurgitation,
signs of right-sidеd lrеart failtrrе arе ffеqllеntly sееn, in-
сluding vеntral еdеma, gеnеralizеd vеnous distеntion,
and jugular PЦlsеs.a;-.ly' 

r2' lJ9 Thе сhangеs dеtесtеd on thе
mitral valvе lеaflеts, thе dеgгее of lеft atrial andlor lеft
vеntriсular еnlaгgеmеnt, thе sеvеrity of thе rеsultant lеft
vеntriсtrlaг volumе ovеrload, thе pfrsеnсе and Sеvеrity
of myoсardial dysftlnсtion, thе sizе of thе rеgurgitant jеt
rеlativе to lеft atrial sizе, thе dеtесtion of proхimal flow
сonvеfgеnсе, and thе slopе of thе сontinuous-wavе
Dopplеr spесtгal traсing of mitгal rеgurgitation arе thе
есhoсaгdiographiс faсtoгs that aге hеlpful in dеtеfmining
thе horsе's pгognosis.rr'6., ;2. ar

Мitral rеguгgitation is thе valr,-ulaг insufflсiеnсy most
likеly to affeсt a horsе's pеrfoгmanсе bесausе signifiсant
mitral rеgurgitation lеads to inсrеasеs in lеft atrial pгеs-
surе, pulmonary hypеrtеnsion, and pulmonary еdеma.r,
3э'11->o' 6.1 72.]8'ar 86'9з. |21 119 I5o 156 Hoгsеs witlr mitral valvе
prolapsе or dеgrnеrativе mitгal valvе disеasе, сliniсally
insigniflсant or mild mitral rеguгgitation, no signiliсant
lеft atrial of lеft vеntfiсulaf еnlargеmеnt, and noгmal
myoсardial funсtion havе a good to ехсеllеnt prognosis
for lifе and pеrformanсе. Thе mitral геgurgitation is likеly
to rеmain unсhangеd of progfеss slowl1, throughout thе
lifе of thе horsе. Мitral valvе prolapsе and mild mitral

rеgurgitation, thе sеvеrity of whiсh has not сhangеd
есhoсaгdiographiсall1. in 13 yеars, has bееn doсumеntеd
in onе horsе.6a Horsеs with a rupturеd сhorda tеndinеa
may havе nrinimal mitral rеgurgitation if only a small
сhoгda tеndinеa is involvеd. Thеsе hoгsеs also havе a
good pгognosis if thеrе is only mild lеft atrial and lеft
vеntriсrtlar еnlargеmеnt and normal myoсafdial funсtion.
Thе mitral rеgllrgitation in horsеs with dеgеnсrativе valvе
disеasе, modеratе mitгal геgllfgitation, modеratе еnlafgе-
mеnt of thе lеft atгium and lеft vеntriсlе, and noгmal
myoсardial funсtion will probably pfogfеss slowly ovеf a
pеriod of sеvеral yеaгs unlеss atrial lrbrillation of a гup-
ttrrеd сhorda tеndinеa oссufs. Thеsе horsеs should havе
a trsеful pеrformanсе lifе for sеvеral yеars but should
havе annual сaгdiaс ехaminations, inсluding есhoсardiog-
raphr.. Thеsе ехaminations сan bе usеd to dеtеrminе
morс aссLlfatеlv whеn thе horsе's ехеrсisе lеvеl should
bе rеstгiсtеd or thе horsе is ho longеr sаfе to ridе.

If thе геgurgitant jеt arеa is largег than ехpесtеd for
tlrе dеgrее of lеft atrial еnlargеmеnt, a fесеnt onsеt of
mitгal rеguгgitation should bе suspесtеd. Hoгsеs with
sеvеfе mitfal fеgllrgitation dеtесtеd with Dopplеr есho-
сardiograplry and only mild to modеratе lеft atrial and
lеft vеntriсtrlar еnlargеmеnt aге likеly to dеtегioratе morе
rapidly and shorrld bе ехaminеd morе frеquсntly. Thеsе
horsеs should bе givеn a mofе guardеd prognosis. Horsеs
with a major ruptuгеd сhorda tеndinеa, flail mitral valvе
lеaflеt, or baсtеrial еndoсarditis must bе givеn a guardеd
to poor pгognosis, as rapid dеtеrioгation is likеly.;l-;о' o;

-2 |,19 |5o 156' 16] Sеvеге mitгal геgurgitation With Dopplеf
есhoсardio5;гaphy, proхimal flow сonvегgеnсе, a stееp
slopе of thе сontinllous-Wavе Dopplег spесtral traсing of
mitral rеgurgitation, a rotrnd turgid lеft atrium, markеd
lеft atrial and lеft vеntriсulaг еnlargеmеnt, and dесfеasеd
lеft vеntгiсular fllnсtion arе indiсations of hеmodynami
сall1, signifiсant mitfal rеЕ.urgitation and a guafdеd to
poor prognosis. onсе thе mitгal rеgllfgitation bесomеs
hеmodynamiсally signiflсant' it is likеl1, to affесt pеrfor-
manсе' paГtiсulafly for morе rigorous typеs of athlеtiс
еndеavof. Horsеs with pulmonary altery dilatation should
bе givеn a gtrardеd to gfavе pгognosis and should not bе
usеd for pеrformanсе bесausе of thе risk of ptrlmonaц,
artеry rupturе and srrddеn dеath.-- +a. il|. о.i. -]. l25

Trеatmеflt for сongеstivе hеart failurе (digoхin, furosе-
midе, and vasodilatoгs) should bе administегеd to horsеs
with Sеvеfе mitral fеgufgitation and сongеstivе hсaгt fail-
ufе' Angiotеnsin-сonvrrting еnzymе (AСЕ) inhibitors
shotrld bе сonsidегеd in horsеs with modегatе to sеvеге
mitral rеgurgitation, as thеsе drugs havе bееn shown to
improvе lеft vеntriсular pегformanсе, may prolong thе
timе to valvе rеplaсеmеnt in htrman bеings with modеr-
atе to sеvеrе mitral rеgurgitation, and may bе similarl'v
еffесtivе in horsеs.l'2

Triсuspid Rеgurgitation. Triсuspid rеgtrrgitation oс-
сurs frеqlrеntl). i'' no''.s but is rarеly assoсiatеd witlr
poor pеrformanсе of othеr сliniсal signs unlеss thе triсus-
pid rеgurgitation is sеvеге or othеr signifiсant сoflсurrеnt
сaгdiaсdisеasсispгеsеnt.ra'19'зJ.'t-,i9'з561J271809.t,ll1,l2l
L49' t50. ]56' lтз Jhg dеgrее of tгiсuspid геgurgitation is mini
mal to modеfatе in most horsеs and usually doеs not
сhangе or slowly wofsеIls ovеf a pеriod of yеars.6a Sеvеrе
triсuspid insuffiсiеnсy is rarеly a primary сausе of сongеs.
tivе hеart failurе and dеath but oссuгs most fгесuеntlr

Ve
tB

oo
ks

.ir



in horsеs with sеvеrе mitral геgurgitation aлd/or |еft
r.еntriсular dysfunсtion and сhroniс pulmonary hypеr-
tеnsion.7. 33' 19' 6.1' ,2' 9з Hofsеs with sеvеге triсuspid rеgur-
gitation may dеvеlop atrial flbrillation, gеnеralizеd vе-
nous distеntion, systoliс jugulaг plllsations, pеriphеral
еdеma, plеural еffusion, hеpatiс сongеstion, and, rarеly,
asсitеs..9. >5' 61.72 9з

Thе triсuspid valvе abnoгmalitiеs that havе bееn dе-
tесtеd есhoсardiographiсally in horsеs with triсr'rspid rе-
gufgitation inсludе vahtrlar thiсkеning (dеgеnеrativе or
inflammatory), valr,.ulitis, pгolapsе, rupttrrеd сhordaе tеn.
dinеaс, vеgrtativе еndoсarditis, and strеtсhing of thе tri-
сuspid valvе annulus with an anatomiсally noгmal valvе

|:'.:,"]1l.?..,Т},o?:'.:',ff Г#.:l-ff :,?,T,'.Т.H'.:gi;
геgurgitation havе no valr,.ular abnormalitiеs dеtесtеd
есhoсaгdiogгaphiсally, of onе of mofе of thс triсuspid
r,alvе lеaflеts is thiсkеnеd or prolapsing.-. з.t 1:' 1<)' 6.i' ,-2. 91

.With triсuspid valvе prolapsе a poгtion of thе triсtrspid
r.alvе lеaflеt (most сommon) or thе еntirе lеaflеt is im-
agеd bulging baсkward into thе гiE;ht atrium duгing mid
to latе systolе (Fig. 5-43).6J' .58 Tгiсuspid valvе prolapsе
is trstrally bеst iпragеd with 2-D есhoсardiographv whеn
ехamining thе tгiсuspid valvе fгom thе гiglrt сaгdiaс п-in-
dow in thе paгastеfnal long-aхis viеп- of tlrе L\'oТ. al-

though it may bе dеtесtсd in thе othег lorrg-aхis plarrеs
A r.upttrrеd сhorda tеndinеa сen also сausе tгiсt'tspid r ah е
pгolapsе. Thеrеforе, all horsеs with sigrrfiсaпt tгiсtlspid
r'alvе prolapsе should bе сaгеfully sсanrrеd for a possiblе
гupttrrеd сhorda tеndinеa.. 19' 56' 6:t -2

Thiсkеning of thе triсuspid valvе lеaflеts ma). bе assсlсi
atеd with primary dеgеnсrativе сhangеs of thе valvе
lеaflеts, a noninfесtivе val.r,,ulitis, baсtеrial еndoсaгditis, or
sесondary to rеgllrgitation from dilatation of thе triсuspid
l-alvе annulus sесondary to сhroniс pulmonary hypегtеn-
sion. Dеgеnеfativе сhangеs of thе triсr'rspid valvе lеaflеts

Figure 5-43
Lotl!.-aхis есhосaгdiogгaш оbtainесl fronr a .1-yеar-old Tlrоroughbгеd
gеlding with геfгaсtory atгial libгillation аnd modегatе tгiсuspid rеgurgi.
tation Notiсе tlrе prоlapsе (аrrоtu) of a portion of thе tIiсusPid Уalvе
(Т\) in sуstolе This есhосarсtiogram was obtairrеd ti.om thе гight
сeгdiaс window iп thе lеft vеntriсrrlaг outflow tfaсt positiоn with a 2 5.

\IHZ sссto1-sсannеr. transduсеr at a сlisplayсd сlеpth of 30 сm Aл
еlесtгoсardiogгam is supегimpоsеd fсlr timing RA, Right atfium; RV'
ГiЕ.ht vеntгiсlе; AR. aoгtiс foot; AV, aoftiс valvе; Lv, lе1t vеfltгiсlс; I,A'
Drrlmonaп, aгtеrv
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Figure 5-44
l,ong aхis есhoсaгdiogгam obtainеd fгom a Z-yеaт<lld Starrdardbгеd сolt
with сliniсall]. iпsigniflсant triсuspid fеgllгgitation anсl a ruptrtгеd
сhorda tеndinеa Tlrе long linе:rг есho of thе гt-lpttrеd сhoгd1r tеnс|inеa
(аrrоul-,1 е\.еrts intо thе fight at]:ium (RA)' oгigiпating' from thе tгiсuspid
valvе (TV) Tlris ес1.roсardioЕ]гan] Was obtainеd ffom t]]е fight сafdiaс
wirrdow in thе fight vеntгiсLllaг outflow traсt Position with a 2 5-

MнZ sесtoг-sсallnег tгansduсеr at a displat,еd dеpth of 24 сm Аn
еlесtгoсafdiogram is supегirтposсс1 fоr timing AR' Aoгtiс foot; PA,
pulnrсlпaп aгtе1].: RV' гight vеntгiсlе

aге 1еss сonrmonlr dеtесtеd есhoсardiogгaphiсally than
сlrarrgеs of tl.rе mitral r elr е lеaflеts and arе infrеquеntly
dеtесtеd et postпoгtеnr ехanrination.]r б+ _] l6l l6] Dеgеn-
еrati\lе valr.е сlisеasе ;tt-tсi еndoсaгditis aге thе most сom-
mon сausеs of triсtrspid сlroгdal гLlptllrе irr horsеs..6
(ll -2 16] Thе еntirе triсuspid l,ah.е apparatus slrould bе
thorouglrly sсannеd in all planеs to сlеtесt rupturеd
сhordaе tеndinеaе and flail valvе lеaflеts.- 50 6r -, Thе
есhoсardiogгaphiс dеtесtion of a mobilе linеar есho tlrat
movеs With thе valvе lеaflеt oг thе subvalr,.ular apparatus,
еvеrting into thе right atrium in s),stolе, is diagnostiс of
a fupturеd сhorda tеndinеa (Ftg. 5-11)'з6.61' ;2 Ruptufеd
сhordaе tеndinеaе and flail triсr'rspid valvе lеaflеts arе
raге in hoгsеs (Fig.5-45)'56'61'12. 161 A triсuspid lеaflеt or
portion thегеof that movеs asynсhronously oг сhaotiсally
from right atrium to right vеntriсlе during any phasе of
thе сafdiaс сyсlе is сonsistеnt with a flail valvе
lеaflеt.-, 6r -2

Thе triсuspid valvе is a сommon sitе of baсtегial еndo-
сarditis in horsеs with sеptiс jugular vеin throm-
bophlеbitis.ra.'6 Baсtеrial еndoсarditis has bееn diagnosеd
есhoсardiographiсally in horsеs with both M-modс and
2-D есhoсardiography (supеrior).7' 14 ](), ]3' 56. 5]. .).1 :2 t_]

TЕЕ, onсе it bесomеs morе rеadily availablе at laгgе
сqtrinе rеf.еrral сеntегs' shotrld bе supсгior for thе dеtес-
tion Of small еndoсaгditis lеsions on thе right atriol.еntriс-
ular valvе as .wеll as thе lеft, whiсh сannot bе imagеd
цzith routinе transthofaсiс есhoсaгdiogгaphl'.8. 96 16_ r6a

Slight thiсkеning of tlrе valvе lеaflеt and сhoгdal a|)pat^-
tus, owing to larЕ]е irrеgular vеgеtativе massеs on thе
valvе lеaflеt, with atгial thrombi and a lеntiсLllaг absсеss
ofthе tfiсuspid valvе lеaflеt, has bееn dеsсribеd in hoгsеs
with tfiсuspid valvе еndoсarditis.- l1 ]] 55 7- 6.|' 72' l]J Thе
iгrеgulaг vеgеtativе massеs r'lsuall1' bесomе roundеr and
smoothеr if tlrе horsе is rеspoпding to tгеatmеnt (Fig.
5-16).'6 Although thе геguгgitation usually bесomеs
morе sеvеfе sесondary to lеaflеt sсarring сausеd by thе
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Figurе 5-45
Lсlng-aхis есlrсlсaгdiogram оbtainе(l fгom a 9-lеar-olсt Tlrогouglrbгеd
gеldinЕ] with sе\'еге tfiсuspid геguгgitation Tlrе flail (аrroш') crania|
lеaflеt of thе tгiсtlspiсl valvе (T\) еvеfts into thе largе fight xtIitlm (RA)
and right vеntfiсlе (R\D This есhoсaгdiogгam п.as obt;rinеd f;:orrr thе
right сarсliaс window bеtwееa thе гight and lеft vеntriсular оUtflОu
tгaсt Positions With а 2 5N{Hz sесtor-sсannеf tfansduсеr at a сlisplarссl
dеpth of 3o сm An еlесtroсaгdioЕ]fanl is st-lpегimpоsеd foг timing PA
Pulmoпary аrtец-; LV. lсft vеntтiсlе; AR' xolтiс гOOt

infесtion, еvеn if a baсtеfiologiс сLlfе is aсhiеr.еd tl-rе

valnllaг insuffiсiеnсy is muсh bеttеr tolеratеd then rr-hеr-t

thе mitral valvе is involvеd.
Right atгial and fight vеntfiсLllaf volumе ovеflo'rd oс.

сLlrS in modеfatе to sеvеrе triсLlspid rеgllгgitation (Fig.
5-47)'- 3]. 6.i' ;2 Thе dеtеrmination of ri8ht atrial еnlaгgе-
mеnt is madе by сompaгing гight and lеft atгial sizе in
thе right parastеrnal fouг.сhambеr viеw. Thс noгmal right
atfium should appеar slightlу smallеr than tlrе lеft.* .. o]

Figure 5-46
Long-Дхis есlroсarditlg'rarrr obtaiпес| Ггom a l0-lеar-old Tlroгсlrrghbгеd
marе with a pгеr.iсltrs history of sеptiс jugtrl;Lг Уеiл thгombophlеbitis
and baсtеrial еrrсloсaгditis on thе сhordaе tепсlinеaе of thе tliсuspid
valvе Notiсс thе hеalеd |еsions (.|rrou'hеаds) on thе triсtlspid сhordaе
tеndinеaе This есhoсardioglam was сlbtainеd fгom tlrс fight сaгdiaс
windоr1. bеtwееn thе гjght and lеft vеntгiсtllaт orrtflOw traсt Yiеws'
whеге thс hеalеd сrrс1oсaгditis lсsions Wеге bеst dеmoпstratеd Тhis
есhсlсatdiogг:rm w1ls obtainе(l With 

'l 
2 5-МHz sесtoг-sсannеr trxпsdttссг

at a dlspla)iеd dеpth of 27 5 сm RA. fught atгillm; I,v, lеft vеntriсlе:
AO, aofta; PA. pttlmonary aпеп.

Figure 5-47
Long a\is есhoсaгdiogгlrm оbtainеd fiоm a 9--vеaг-olсt Thoгoughbгесl
gеlding rritlr sеlеге tгiсtrspid геguгgitation (samе hoгsе as in Figllfе
5 +5) \otiсе thе markес1lr еnlargеd гi!.lrt atrium (R,{) and fight vеntfi
сlс (R\.) Тhis есhсlсaгсliogгam s.as obtainеd fгOm thе гiglrt сard,iaс
s indсlrr in tl-Iе mitfal YalYе position rr.ith a 2 5-MHz sесtоr-sсannег
tгansduссг at a displa1.еd dеpth of 3() сm Ал еlесttосaгdiogram is
su1lсгimposеd foг timing TV. Triсtrspid r.alvе: L\, lеft atrium; Mv,
пitгal ralr.е: Lv. lеft vеntгiсlе

Thе right vеntriсlе is normally appгoximatеly onе third
thе sizе of thе tеft vеntfiсlе in this viеw. Normal mеasufе-
mеnts fbг thе right vеntriсulaf intеrnal diamеtеr at еnd-
diastolе lravе bееn fеpoftеd foг this viеW Llsing М-modе
and 2-D ссhoсaгdiograph), (sес Tablе 5-1).l'- 8 26 Bulging
of thе intеfatfial sеptum into thе lеft atгium indiсatеs
signiliсantly inсrеasеd гight atrial pгеssufеs (sее Fig. 5-
23). Movеmсnt of thе intеfvеntfiсLllar sеptum toward thе
fight vеntriсlе ifl systolе, rathеf than toward thс lеft
(paradoхiсal sеptal motion)' is dеtесtеd With modеfatе
to sеvеfе ri€.ht vеntriсtrlar volumе ovеfload.- 61. -2 Laсk of
сoaptation of thе tгiсuspiсl valvе lеaflеts may also bе
dеtесtеd. Howеvец this mtrst bе intегpгеtеd With сafе,
as thе есhoсaгdiogfam is a 2-D sliсе through a 3-D hеart,
and this imagе сould possibly bе сгеatеd if a truе long-
or Short-aхis imaging planе is not obtainеd.-

Thе ехtеnt of thе rеguгgitant jеt сan bе dеtеrminеd
with pulsеd-wavе of сolof-flow Dopplеr flow mapping
from thе right сardiaс window (Сolor Figurе 5-7;.-*. в0 вz

Thе bеst anglеs for intегrogation ofthе fеgurgitant jеt arе
usually obtainеd fгom horsеs with tfiсuspid rеgurgitation
bесausе thе anglе bеtwееn thе геgurgitant jеt and thе
tiltrasound bеam is small.'-'78 8() Thе majority of hofsеs
with triсtrspid rеgurgitation havе a fеgllrgitant jсt that
is oriеntеd toward thе aoftiс foot (сoloг Figurе 5-8).
Indiсations of sеvеrе triсuspid rеgllfgitation inсludе a
rе8llfgitant jеt tlrat oссupiеs two thirds of mofе of thе
right atrial сhambсr, fеvеfsе systoliс flow in thе hеpatiс
vеi11s, pfoхimal floW сonvеfgеnсе, anс7 aл intеnsе Dop-
plеr signal.(,*. -2 -a. n0. loi' l0; l'a' l-,, Сontrast есhoсardiogra-
phy is also r-rsеful to doсLlmеnt thе to-and-fro movсmеnt
of blood aсгoss thе triсLlspid annlllus \2'э1 61 a2' -.' Continu-
olrs-Wavе Dopplеr (Сolor Figurе 5_8) есhoсardiographiс
еstimation of thе pгеssltfе diffеrеnсе bеtwееn right
atfium and vеntfiсlе сan bе pеfformеd bi. adding 10 to
15 mm ЕI8 (thr еstimatеd right atrial prеssurе) to 1 u2 iл
horsеs with sеvеге triсuspid fеgurgitation.6a' -2. ]o5' r58 A
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slow гatе of fisr of thе fеgurgitant jеt vеloсity (gradual
slopе) is an indiсation of right vеntгiсular failurе.r()'

Pаtiеnt Mаnаgetneпt аnd Prognosis. Patiеflt faсtofs
(horsе's agе, сliniсal signs, rapidity of thеir onsеt, pеffor-
ma1lсе lеvеl) and есhoсardiogгaphiс lindings must bе
сonsidеrеd togеthеr whеn foгmulating a pгognosis foг
lifе and pегfоrmanсе in hoгsеs with tгiсuspid rеgttrgita-
tion, just as with mitral rеguгgitation.6,'' 7, Сliniсal signs
assoсiatеd with triсuspid геguгgitation inсludе еxеrсisе
intolегanсе, vеntгal еdеma, jugular pulsations, and gеnеr-
alizсd vеnotrs distеntion.1-' 19 55' 61 ,-2,9| r2r. l.19, rio. .56 Atгial
flbrillation is also сommon in horsеs with modеratе to
sеvеrе triсuspid rеgurgitation.61'-2' ,-1'9| 12|'119 Thе сhangеs
dеtесtеd on thе triсuspid valvе lеaflеts, thе dеgfее of
fight atfial and/or vеntriсular еnlargеmеnt, thе sеvrrity
of thе rеsultant right vеntriсtrlaг volumе ovеrload, thе
prеsеnсе and sеvеrity of paradoхiсal sеptal motion and
myoсardial dysfunсtion, thе sizе of thе rеgurgitant jеt
rеlativе to right attinl SiZе, thе dеtесtion of proхimal
flow сonvеrgеnсе, and thе slopе of thе сontinuous-wavе
Dopplеr spесtгal traсing of triсuspid fеgllrgitation arе thе
есhoсardiographiс faсtoгs that arе hеlpful in dеtегmining
thе horsе's pfognosis.rj. 61 -2 8t

Primary triсtrspid rеgrrrgitation is unlikеlr. to affесt a

horsе's pегformanсе unlеss it is sеr.егеl9 19 55 6r -] 9] ]]l

bесausе thе prеsstrге diffеrеnсе bеtтr'ееn thе гight atгium
and vеntгiсlе is геlativеl'v small, and signiliсant tгiсuspid
rеgurgitation lеads to inсrеasеs in vеna сaval :tпd hеpatiс
vеnous pfеssuгеs whiсh аге rеlativеl1. wеll tolегatеd.
Horsеs with triсuspid valvе pгolapsе oг dеgеnеrativе tfi
сuspid valvе disеasе, сliniсally insigniliсant to modеratе
tгiсuspid геgurgitation, minimal to modеfatе right atrial
and vеntгiсtrlar еnlargеmеnt, and normal myoсardial funс-
tion havе an еxсеllеnt prognosis foг lifе and pегformanсе.
Thе triсuspid rеgurgitation is likеly to rеmain unсhangеd
oг progrеss slowly throughout thе lifе of thе hoгsе' Tгi
сuspid аnd mitгal valvе prolapsе and mild tгiсuspid and
mitral rеgurgitation, thе sеvегity of whiсh has not
сhangеd есhoсardiographiсally in 13 yеaгs, has bееn doс-
umеntеd in onе horsе..'" Hoгsеs with a гLlptuгеd сlrorda
tеndinеa may havе minimal tгiсuspid rеgurgitation if only
a small сhorda tеndinеa is involvеd.56 Tlrеsе hoгsеs also
havе a good prognosis if thеrе is onl1. mininral to mild
гight atrial and vеntгiсular еnlargеmеnt and normal myo-
сardial funсtion. If thе rе.guгgitant iеt aгеa is largеr than
ехpесtеd for thе dеgrее of right atгial еnlargеmеnt, a
гесеnt onsеt of triсuspid rеgufgitation should bе stts-
pесtеd, pfomptinЕ] a rе-ехamination in 6 to |2 months,
еspесially if sеvеrе tгiсuspid геgurgitation is dеtесtеd
with Dopplсr есhoсardiography' Thеsе horsеs should bе
givеn a morе guaгdеd prognosis. Hoгsеs with a majoг
гupturеd сhoгda tеndinеa, flail triсuspid valvе lеaflеt, baс-
tегial еndoсarditis, or pulmonary hypеrtеnsion fгom sе-
геге lеft-sidсd hеart disеasе must bе givеn a guardеd to
Poof pfognosis, as moге гapid dеtеriofation is likеly.lя t;
r9 55 5- 64 12'91' 1,t9. l5o' ]56 Thе dеtесtion of sеvеrе triсuspid
геgurgitation with Dopplеr есhoсardiography, pгoхimal
flow сonvеrgеnсе, a stееp slopе of thе сontinuous-wavе
Dopplеr spесtral traсing of tгiсuspid fеgur€.itation, a
гound tuгgid гight atгium, bulging of thе intеratrial sеp-
tum into thе lеtt atrium, markеd right atrial and vеntriсu-
1aг еnlargеmеnt, and dесгеasеd right andlor lеft vеntriсu-
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laг funсtion arе indiсations of hеmodynamiсally signifl-
сant tfiсuspid rеgurgitation and a guardеd to poor pfog-
nosis.6a -2 onсе triсuspid rеgurgitation is sеvеrе, it is
likеl.v to affесt pеrfofmanсе' paftiсularly fbr thе most
гigoгotrs бpеs of athlеtiс еndеavor. Howеvеr, thе pro-
grеssion to сongеstivе hеaгt failurе and dеath in horsеs
with sеvеrе primary tгiсuspid rеgtrrgitation, without baс-
tеrial еndoсaгditis, is ехtгеmеlY slow сomparеd with that
in horsеs with sеvеrе mitral rеgurgitation onе horsе with
a сomplеtеly flail tгiсr'rspid r,alvе lеaflеt and sеvеrе triсuspid
rеgurgitation has rеmainеd unсhangеd for 8 yеars.6a

Aortiс Rеgurgitatiorr. Aor1iс геgurgitation is usually a
disеasе of oldег hoгsеs (>10 yеars) sесondary to thе
dеvеlopmеnt of dеgеnеrativе valvе disеasе.(,() 6i -2 172 151

Сongеnital aortiс геgufgitation is rarе in horsеs.ou lrь Both
biсuspid or quadraсuspid valvе lеaflеts havе bееn infге-
quеntl)/ dеtесtеd in hoгsеs сausing aoftiс stеnosis andlor
aoгtiс fеgufgitation.60'72 An indiсation of thе sеvеrity of
thе aortiс rеguгgitation сan bе obtainеd from thе aгtегial
pulsе quality.60,64' i2 Bounding artetla| pulsеs arе an indiсa-
tion of signiliсant lеft vеntгiсular volumе ovеrload and
modегatе oг sеvеге aortiс rе€.Llfgitation.60. 6a' '2 Aortiс rе-
gurgitation is usually mild to modеratе whеn thе mufmuг
is flrst dеtесtеd. oftеn in a prеpurсhasе, instrranсе, oг
гoutinе ехamination. Aoпiс rеgufgitation usually pro-
gгеssеs sloпlr- and гaгеh- сausеs poor pеrformanсе or thе
dеrеlopmеnt of сongеstir-е hеaп fai-lurе.]r 6t

Thiсkеning of thе aoпiс r alr е сusps. paгtiсulafh, foсal
thiсkеning of thе lеft сoronaг\. сusp. is thе most сommon
Iinding in aoгtiс rеguгgitation in oldеr hoгsеs (Fig. 5_
481,вu-r,, 6.i -2 I52 This thiсkеning oftеn appеaгs as an есho-
gеniс thiсkеning parallеl to thе frее еdgе of thе valvе
lеaflеts and сoгrеsponds to thе parallеl fibгous band lе-
sions dеsсгibеd in рostmoгtеm stlldiеs of hoгsеs with
aoгtiс fеglrfgitation.l52 l5.,1. 161 Nodulaг thiсkеnings of thе
aoftiс valvе сusps afе lеss frеquеntly dеtесtеd, еithег

Figure 5-48
Long. and shoft-aхis есhoсardioЕ]гams obtainеd fгom a 2]-r еaг-o|d Qrraг-
tег llofsе gеlding with mild aoгtiс геЕ.urgitatioл Тhе linеaг есho
(аlтсlttls) in thе lеft сofonaгv сtlsp of thе aoгtiс \аh,е is пеaг thе fгrе
еdgе сlf t]]е ]еaflеt Thеsе есhoсaгdiсlgгams rvеrе obtainесl fгom thе
гight сaIdiaс window in thе lеft vеntгiсLrlaг ouтflOw tгaсt (lon€.-axis
imagе) and aoгtiс valvе (shоп-aхis imagе) Positioпs with a 2 5.МНz
sесtoг-sсannеf tгansduсег at a displaYеd dеpth of 30 сm An еlесtfoсaf-
diogгam is suPеrimposеd fbr.timing RA. Right atгium: Lv, lеft vеntгiсlе;
AR, aoгtiс гoot; lА, lеlt atdum; PA, pulmonary aгtеry
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Figure 5-49
Lorrg- anс1 shoгt-aхis есlroсardiograms obtairrеd ttonr a 20-1'еаг-old Тlrог.
оughbгесl gеldiпg with mild aoгtiс геgllfЕ.it.ttion Notiсе thе pгсllapsе
(аrrОш) оf thе noпс<lгonary сusP of thе аoгtiс valvе (AV) iпto thе lеft
vеntriсu]1lг (L\) outflоw tfaсt in diastolе .Гhеsе есhoсaгdiogftlms wеге
obtainеd from thе гight сaгdi:rс s,indow ill thе lеft vеntriсular OLrtflOw
tг:rсt (lon€.-aхis imagе) and aoгtiс \.xlvе (shoгt-xхis ilПxgе) positions with
l2 5-МHz sесto1.sсannеr tгansduссг at x displa],еd с|сpth of 30 сm Aл
еlесtroсaгdioЕ]fam is sttpегimposеd for tiпiпg Rv, Right vепtriсlеi AR,
aoгtiс гoot; PA, pulmonary atеry; TY, triсLlspid valvе

есhoсaгdiogfaphiсally or at postmoгtеm ехaminatiоn.
Pгolapsе of thе aoftiс valvе lеaflеts is сommonlу imagеd,
usllally involving thе riglrt сoronary of nonсofonary сusp
(Fig. 5-49)' Yеgеtativе еndoсaгditis lеsions, although un-
сommon, frеquеntly involvе thе aortiс valvе (Fig 5_
501..з ', 60' 6.t -2 166 l_.] Fеnеstfations of thе aoгtiс valvе
сLlsps (Fig. 5-51)' small traгs in tl-rе fгее есigе of thе
aortiс сusps (Fig. 5_52)' or tlail aortiс lеeflеts mar- bе lеss
frеquеntly imagеd'r52 L-5 Diastoliс fluttеring of thе aoгtiс
valvе сusp may bе dеtесtеd есhoсaгdiogгaphiсally (Fig.

Figurе 5-50
],ong-axis есhoсardiоgгаm obtliпесl fгсlп a 12-vеar-olсl Thoroughbrеd
marе witlr baсtегiel еnсloсafditis irrvolving thе aогtiс valvе (Ao\D No-
tiсе thе thiсkеning of tlrе thrес aoftiс сusps, thе есhogепiс rrodulaт
dеnsiп. xt thе 1iее есlgе of thе lеft ;Lnd пonсогOnaЦ, сusl)s, thе pгolapsе
Gфen аrroш) of tltе nonсorсlnary Cusp into thе ]еft vеntliсLllaг (L\)
otltflow tгaсt, and thе thiсkеrring of thе aoгtiс п.all along thе right sidе
of thе xofia (аrroL|) сonsistелt with thе dеvеlopmеnt of an aoгtiс root
absссss This есhoсarсliogram ъ,as oЬtainеd with .l 2 

'-MнZ 
sесtoг-

sс:lnnег tгaпsduсе]: xt a displa),сd dеpth of 30 сm PA' PulmorraЦ, aItеry
(Thе allthor. wtlu]d likе tO tlrxnk Dгs Iеtiе Lееndегjеr.skе and Gеoгg
W.iсsеnесkег foг thеiг assistanсе irr obtaining this есhoсaгdioЕ.fanr )

5_53) with both М-modе and 2-D есhoсardiography,
сallsеd bt' fеnеstгatеd, torn. of fuptllfеd aortiс valvе
сLlsps or assoсiatеd with a vеgеtativе еndoсarditis lе-
sion.-rr 6() 6] l(jf t;8 A fеnеstгatеd. torn. oг flail lеaflеt of
baсtеrial еndoсaгditis (lеss likеl1) should bе srrspесtеd in
all horsеs with musiсal lraгmoniс holodiastoliс dесrе-
sсеndo muгmurs (Fig. 5-54). Aortiс fеgufgitation сom-

Figure 5-51
Есhoсardiogгams obtainеd ltсlm a l4-1'еaг-old ThoгoughЬтеd gеlсling with mсldегatе aoгtiс геgllfgitation Thеsе есlroсaгdiograms wеrе oЬtainеd
fгom thе right сaгdiaс windoп, in t]rе lеft \.еntгiсLllar Olltflow traсt position With a 2 5 МЕIz sесtof-sсannеf tгansduссг, whiсlr еmits ultгasound
pulsеs (pulsссl-wavе DoрPlег) аt а fгеquеnс)' of 2 0-МHz at a displaуеd dеpth of 30 сm An еlесtгoсaгdiogгam is suPеIimposесi foг timing

,4, Notiсе thе fеnеstfation in thе lеft aoгtiс сusр (:tггow points to thе fгее есlgе of thе aortiс сrrsp) in thе shorI-aхis есhoсardiоgram IА, LеIt
atгium; Rv, fight vсntгiсlе

B, Tlrе oгigin of tlrе aoгtiс геllllr€iitа'tion (AR) iеt (.lrfol|) is thе fеnеstfatеd poгtion of thе lеft сoгon1rry сr-lsp of thе aoгtiс valvе Thе pulsеd-wavе
Dopplег sampJе volttmе (twсl paгirllеl linеs along thе сuгsor on thе two-dimеnsional ссhoсaгdiogгam) is positionеd just bеlow thе lеft xoгtiс сusp
at thе oгiliin of thе aofi-iс rеguгgitatiоn .iеt Thе aliasiпg of thе aoгtiс теgrrгgitation jеt throtrghorrt most of diastolе on thе spесtгal tlaсing indiсatеs
thе pгеsеnсе of a lrigh-vеloсity tuгbrt]еnt 

'еt 
LV, Lеlt !.епtfiсlе
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Figure 5-52
Long-aхis есhoсaгdiogгam oЬtainеd fгсlm a 7-1,еaг-old Arabian stallion
п-ith mild aofiiс rеgurgitation Thе tlail portion (а,.rош) оf thе lеlt
сoгonary сttsp of thе aoftiс valvс (A\) еYегts into tl]с lеft \.сntгiсtllar
(L\) outflow tгaсt duгing diastolе This есhoсardiogгam was obtainеd
ггoIП thе гight сaгdiaс windorv in thе lеti vеntгiсltlaг ollttlo$. tгaсt
positi()n with a 2.5-MHZ sссtor-sсannег transduсеr at a displа\еd dеptlr
of 26 сm An еlесtгoсardiogгam is sttpеrimposеd foг timing RА Right
atгillm; Tv, tIiсuspid valvе; Rv' right vеlrtriсlе: АR aoгtiс гoot: P\
1lLtImonаг1 агtеD: LА. |сft ltгiLlm

monly сausеs higlr-tiеquеnс\ \lbгetions Oп thе sсPr]l
lеaflеt of thе mitгal \.ah-е duгiпЕI diastrl]с: 1hg5g в.сгс
notiсеd in a|| 23 hoгsеs irr onе stud\' (Еig i_ii 

'

Thеsе lrigh-frеquеnс}I vibratiorrs aIс сllusеd b\ tuгbu]сnсс
in thе LVOT assoсiatеd пrith thе eoгtiс гсgllгgit'lti. 'n iсI
and arе Llsually bеst imagеd with }I-l1-todе ссhOс]гd1()gгl1-
phy.-' оo 62' 61 -2' .oa Hig1r-frес1uе1lс]' r'ibгatiоns сiln elso bе
imagеd on thе intегvеntriсtrlar sеptltп сl1usеd br тl-tс

Figurе 5-53
\l-moсlе alrd two-dimсnsional (2-D) есhсlсarсiiogгaпs o1 thе aoftiс vah'е
lbtаinеd from a 15-yеaг-old Thoroughbгеd nrarе with mild aoгtiс геЕ.uг-
Eiгatiоn High-fгеqllеnс-Y v-ib]:atiоns (аrroш's) aгс sсеn oп thе lеft сoгo-
fl1п сusp of thе aoftiс valvс (A\) ilr latе diastolе ifl thе Nl-modе
.сl]oсaгdiograп .l'hе shoп-axis 2-D есhoсaIdiogram shows thе position
li thе М-modе сuгsoт tlsесl to obtaiп thс М-modе есhoсardiogranr This

:i(]гsе had a small tеaг in thе lеft aorIiс сusp and somе nodlllaг thiсk-
спiпg of thе yalvе lеatlеt Thеsе есhосaгdiogгams wеге obtainес| fгom
::с пфt сaгdiaс windorv in tlrе 1lortiс v:rlvе position with a 2 5-MHZ
jссIoг-sсannеf transdllсег at x displayеd dеpth оf 30 сm Aл еlесtfoсaf.
.lr.lgгam is srrpегimposеd foг timing .lY, Triсuspid valvе; IА' ]еft atfium
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Figure 5-54
Two-dimеnsional (2-D) есlroсагdiоgг;rn-L ;rnd рu .сС.s аr е DоpрLеr spес-
tIxl tftlсinE. obtajnсd ffom a --\ е:rг-old \гJb1'rn slriiit]п s iIh e tсlгn frее
еdgе of thе lеft сoгoпeП сusp сlf tbе J()fii( \j]\с irnd лrild aoгtiс
геgllгЕ.itation (sanrе hoгsе as in Figuгс 5_5]r Т]l. эi: >сс]rrarе DOpplеr
samp!е r оlumе (ts o paгallеl linеs аltlпgl r]lс сl::,.: .'l r]lс 2.D есhoсar
diogтam) is Positionrd оn thе Lеtt r'еnтгiсu].r: l:сс .'i rhс eогtiс ralr.е
\otiсе thе haгпrоniс /bI{lСk (tГ1()lIs) ()п li]с ::с..гi']1 tгасills of tlrе
lloгtiс геgUIgit:1liОn iеI and thе jli.t:illc .lf :;lс :lii.с J-s зr е Dоpplег
sigл.]l f,::t)с1f,IсL] s irh hlgh-l с]L)сiп Iuг5r]с.i ]] п Т:li! is ргtlduсеd lэr'
:hс :il:,l]:.с:]: i.,l. 'J 1. 'i:rg i]сlI ': :t lс ::с.lс]с\ rпd is tlsuallr'
.l.. .:::г. \\ ]i: \:.]::i] ]. ]] : :r, la:. ]' : j l;-\ с с]I]сI ilг a сl-trэгdа
:с:;::]с: jсtс сс:] ! -..], )!:..:..': rr с:с ]:.l:lс. .:.l;]1 ihс гir:ht сагdiас
''. ]: j .''. .:.. ::.-L .с:: ' с:-:].. :г,.: :1 'i.:Ii.)П цirlr e 2 5-\1Hz

'iс: .'t(:1]с:::;;]tсi:(с: s]]:.|] с:]l:: .] :i]:.)l:]]d рulsсs rpulsеd.sаr-е
) э1-с: .l. .i ::с.1*.lсr .li ] r r \ltlz .ir ; сlspl'ir сс iiсрtL1 ilf ]6 сm .\л
с сL:r|)сlгdr.si.]пl l\ ir]pсплl]l()rrd tOI tlпl1Ilsl

Figure 5-55
]I.rlodе есlroсaгdiogгam of tlrе mitral va]vе obtainеd fтсlrn a ]-vеaг-old
Sterldaгdbrеd stДllion with modеrаtе aoгtiс геЕluгgit:ttion Тhе high-
trеquеnсу \.ibгations (аrrОшs) on thе sерtаd lеaflеt оf thе mitral valvе
(\I\) h diastolе aге assoсiatеd with turbulеncе in thе lеf1 vеntгiсulaf
outtlow tгaсt ffom t]]е aoГtiс fеgllгgitation iеt Thе sеpt1rl-to-Е-point
(sЕP) distanсе Was еa[aгЕ.еd at l 6 сm' indiсating dilatltion Of thе lеft
r-еntгiсrrlaг olltflow tгaсt This есhoсaгdiogгam was Obtainсd fгom thе
гiglrt сaгdiaс winсlow in thе mitfa] valvе position with a 2 1-MHz sесtoг-
sс'lnnег tIaпsdllсеr at a displayеd dеpth of 27 5 Сm An еlесtroсaгdio-
g'ram is supегimposеd fbr timing Rv, Right vеntгiсlе; s' intегvеntriсulaг
sеDtum: FW. lеft vеntfiсulal fгее wall
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Figure 5-56
М-modе есhoсardiogгam obtainесi fгсlm a 2O-.vеaг-Olсl сгossbrеd gеldilrg
With mild aoгtiс геgllгgitation Thе high-ttеquеnсv vibгatioПs along thе
intегl'е1rtгiсular sеptum duriпg Iпid to latс сIiastсllе агс assосiatеd $'ith
thе aoftiс геgurgitation jеt hitting tlris рoгti()n of thе intеr.vеntгiсUlar
sеptllm Thе xofiiс геgufgitetion jеt oгiginatеd Гrom a fеnеstfatеd aгсa
in thе lеft сoгollaЦ сusp l,itl.t a jеt that atlglеd tсlп-aгd thе intегvеntriсrL
lаг sеptum instеaсl of thе sеPta] mitfal valvе lеaflеt This есhoсaгdiogram
was obtainеd tiоm thе гight сaгсliaс window in thе lеft vсntriсrrlаг

l)ositioп with a 2 5-MHz sесtoг-sсxIrпег tгal]sduсег at a displar,еd dеpth
Of 30 сm Aл еlесtгoсardiсlgгanr was supегimpоsсd foг timing Rv.
RiЕ.ht vеntriсlе: I,v, lеft Yеntfiсlе

fеЕillr8itant jеt impinging on thе intегvеntriсLllar sеptum,
although thеsе oссttr mllсh lеss fгеquеntlv (Fig. 5_56).60

SigniIiсant aoгtiс геgufgitation fеslllts in lеft vеntriсular
еnlafgеmеnt (as high as 23,5 сm), an inсгеasеd shoгtеn-
ing fraсtion (as high as 6О%), and thinning of thе lеft
vеntriсular frее чzall and, to a lеssеf ехtеnt, thе intегvеn-
tгiсulaf sеptum (Fig. 5-57).r .JJ, 60 62 64, '2 H)/pегdynamiс
intеrvеntriсulaf sеDtal motion and lеft vеntfiсular frее

мrall motion arе frеquеntl1' dеtесtеd in horsеs with sig-

niflсant aortiс fеgllfgitation and normal myoсardial ftlnс-
tion.-,60'6]'-2 Inсrеasеd SЕP sеparation is a сommon flnd.
ing in horsеs with aoгtiс rеgurgitation, 60 62,.2 but did not
сoffеlatе with thе sеvеfity of thе aoгtiс fеguгgitation in
hoгsеs (Fig. 5_58) 60 Еarly systoliс сlosurе of thе mitral
valvе, an indiсation of sеvеfе aortiс rеgufgitation in hu-
man bеin8s' also did not сoгfеlatе with sеvеrity of thе
aoftiс геguгgitation in hoгsеs but is dеtесtеd in somе
horsеs with aoгtiс fе8uгgitation.60 Aortiс foot dilatation
(>9 сm) is a сommon есhoсaгdiographiс llnding in
horsеs With aoгtiс rrguгgitation, usllally dеtесtеd in
hoгsеs with longstanding, modеratе to sеvеfе aoftiс fе-
gurgitation (Fig. 5-59).60' 61 This dilatation of thе aortiс
root doеs not prеdisposе horsеs to aoftiс root ruptufе'
unlеss thеrе is a pге-ехisting anеurysm of thе right sinus
of Valsalva.l9 1з 16 6o.6ui.72 ;5 Еnlargеmеnt of thе aoгtiс root
is also frеquеntl1. assoсiatrd with aortiс геgufgitation in
human bеings l58 Aortiс root absсеss has bееn rеpoгtеd
as an infrеquеnt sеquеla to aoгtiс valvе еndoсarditis in
hoгsеs (sее Fig. 5-501.'.. Lеft atrial еnlargеmеnt is сom-
mon in horsеs as aoгtiс fеguгgitation bесomеs mofе sе-

vеrе, although signifiсant mitгal fе8llrgitation fгom
strеtсhing of thе mitral annulus doеs not usually dеvеlop
until latе in thе сoufsе of thе disеasе' whеn thе aoгtiс
fеgurgitation and lеft vеntfiсulaг еnlargеmеnt arе sеvеfе.

Thе bеst anglе for intеffogation of thе aortiс rеgufgi
tant jеt is usually otltainеd from thе lеft parastеrnal win-
dow bесausе thе anglе of intеrгogation is usually morе
aсutе (thе ultrasound bеam and thе геgurgitant jrt arе
morе parallе1).6r 80 Howеvеr, thе sizе of thе hеart and
thе diгесtion of thе iеt dеtегminе whеrе thе bеst flow
map of thе rеgtшgitant jеt сan bе obtainеd. Thеrеforе,
flow mapping shotrld bе pегformеd fгom both сaгdiaс
windows.6a' so.s2 Dеtеfmining thе sizе and еxtеnt of thе
rеgurgitant jеt with flow mаpping is a sеmiquantitativе

Figure 5-57
Long-aхis есhосaгdiogгаm oЬtаinеd fionr a ]-,vеaгоld staпdafdbгеd сolt
with modегxtе to sсvеfе aofiiс rеgurgitation Thе markесi гoundiпg and
dilatation of thе lеft vеntгiсlе (L\D ln(t thе smallег-than-noгmal гight
vеntdсlе (R\) aге сOnsistеnt with a signifiсant lеlt YеntгiсUlaг volumе
ovегload This есhoсarсlioЕ!гam Wаs obtainеd fгom thе гiЕiht сaгdiaс
window in thе tbur-сhambег viеw with a 2 5-МHz sесtorsсannеf tгalrs.

duсег at a displayеd dеpth of 27 i сm Aл еlесtroсaгdiogram iь supегinr.
posеd fbr timin€i. LvoT, Lеft vеntгiсular olltflow tгaсt; Мv. mitгel valvе:
IА. lеft atгium

Figure 5-58
M-modе есlroсaгdiogгam Obtainеd fгom a l7-yеar-old Arabian stallion
with sеvеге aortiс геguгЕ.itatiofl Notiсе thе maгkеdl1'inсгеasеd sеptal-
to_Е-point (SЕP) sеpaгation (5 78 сm) and thе high fгеquеnс'v vibrations
(аlтсluls) on thе sеptal lеaflеt of thе mitral valvе (Мv) This есhoсaгdio-
glam was obtainеd fгom thе гight сaгdiaс window in thе mitfal valvе
position with a 2 5-MllZ sссtoг-sсannеr tralrsduсег xt a displayеd dеpth
of 30 сm An еlесtгoсaгdiogгam is supеrimposеd tbг timing Rv, Risht
vеntгiсlе
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Figure 5-59
М-mоdе есhoсardiоgram oЬtainеd from a 3-vеaг-old Staпdaгdbrеd сolt
with modегatе aoгtiс rеgufЕ]itatiorr (samе horsе as in Figt-rе 5_55)
Notiсе thе laгgе diamеtег of thе аoгtiс гoot (9 6 сm) This есhoсaгсlio-

Е.ram was obtainеd fiom thе гight сaIdiaс window iп thе аoгtiс foot
position with a 2 5-MHz sесtoг-sсannег transduсеr at a displavеd dеpth
of 21 5 cm Aл еlесtгoсardiogгam is supеrimpоsеd for timing TV.
Triсuspid valvе; AV, aortiс Yah'е; LA. ]еft etгirrпl

mсthod of assеssing thе sеr.еriб' of aoГtiс rеguг8it]tion
Sеvеrе aortiс rеgllгgitation is prеsеnt \\,-hеn thе геgurЕ.i.
tant jеt ехtеnds bе1,6''4 thе sеptal lеaflеt of thе mitгal
valvе, oссupying two thirds or morе of thе LvoT.6r -9

80 r58 Thе afеa of thе геgtrrgitant iеt as its origin. сotn-
Pafеd With thе arеa of thе LVOT at its origin, is a moге
sеnsitivе indiсator of thе sеvеfity of thе aoгtiс fеgurgita-
tion in lrtrman bеings and also appеaгs to bе a srnsitivе
indiсator in horsеs (Сolor Figurе 5_9).158. l-.' An еlеvatеd
oг shoft pfеssuге half-timе is anothеr aссufatr indiсatoг
of sеvеrе aortiс fеgurgitation.('a'l0.t. l05 l5a, l-6 17- Thе pfеs-
sllrе half.timе is thе timе it takеs for thе vеloсity of
thе aortiс rеguгgitation jеt (dеtегminеd with сontinuolls-
т\-avе Dopplеr есhoсardiographу) to dесrеasе by half
(тig. 5-60). A stееp slopе (еlсvatесl pfеssufе half-timе)
indiсatеs a fapid inсгсasе in lеft vеntгiсular prеssufе dllf-
iлg diastolе owing to sеvеfе aortiс rеgufgitation. Rеvегsе
diastoliс flow in thе aofta is also dеtесtеd in human
bеings and horsеs with s.ёvеrе aoftiс fеgurgitatio11 (', l0,

:-.в t_- AS thе aoпiс rеgurgitation bесomеs morе sеvеrr.
thе Dopplеr signal bесomеs morе intеnsе and proхinral
tlow aссеlеration iS morе likеl1. to bе dеtесtеd.64 l()1 l05

.. 1-- Horsеs .with sеvеrс aortiс rеglrgitation should also
bс ехaminеd for latе diastoliс mitгal rеgurgitation, an
iлdiсation of markеd lеft vеntriсular еnd-diastoliс pгеs-
suге еlеvation.l77

Pаtieпt Mаnаgemеnt аnd Progпosis. onсе again,
thе есhoсardiographiс flndings and patiеnt faсtofs
lhoгsе's agе, сliniсal signs, rapidity of thеir onsеt, pеffof-
]lanсе lеvеl) must bе сombinеd to dеtегminе thе signifl-
саnсе of thе aoгtiс геgllfgitation foг lifе and futufе
pсгtЪгmanсе.6a,72 Сliniсal sigrrs afе not usuallу dеtесtеd
lл Ltoгsеs with aoгtiс rеgurgitation and normal myoсaгdial
]unсtion; instеad thсsе murrnurs afе usually dеtесtеd dur-
Ig гoutinе еxaminations. Atгial flbгillation may dеvеlop
-n horsеs with modеratе to sеvеге aortiс rеguгgitation
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assoсiatеd with signiliсant lеft atrial еnlaгgеmеnt, with of
without сonсuffеnt mitfal fе8ufgitation.60 62 61' 12 l18 Thе
сhangеs dеtесtеd on tlrе aoftiс valvе lеaflеts' thе dеgгее
of lеft vеntгiсtrlar and aortiс root еnlargеmеnt, thе sеvеr-
iЦ, of thе геsultant lеft vеntriсular volumе ovеrload, thе
pгrsеnсе of lеft atrial еnlaгg4еmеnt, thе lеft vеntfiсulaf
ftlnсtion. tlrе sizе of tlrе rеgurgitant jеt afеa at thе origin
rеlativе to thе aгеa of tlrе LVoT, tlrе sizе of thе геgtrrgi
tant iеt rеlativе to thе sizе of thе LVoT, thе dеtесtion of
proхirnal flow сonr.егgеnсе arrd/or latе diastoliс mitral
rеgurgitation, and thе pfеssllге half-timе arе есhoсardio-
graphiс faсtoгs that aге hеlpful in dеtеrmining thе horsе,s
prognosis.]3 6о 61. '2 l5a. l-6 ]--

Aoгtiс геgrrrgitation is ustrall1, r,ец- wеll tolеratеd by
hсlrsеs with noгmal lеft vеntгiсular funсtkln. in thе ab-
sеnсе of mitral rеgtrrgitation.6O 6a Horsеs and human bе-
ings with modеratе to sеvеfе aoгtiс fеgurgitation and
normal lеft vеntгiсttlar funсtion сan сxеrсisе as wеll as
normal individuals and thе rеgurgitation usually prog-
rеssеs slowly ovеr many yеars.l'8 Thеsе horsеs сall сom-
pеtе suссеssftllly as gradе 1 stakеs winnеrs, as Gгand Prix
show jtrmpеrs or dгеssagе horsеs, oг in othег typеs of
гigoгous athlеtiс сompеtition. w.ith sеvеге aoftiс rеgllrgi
tation and normal mr'oсaгdial funсtion thеге is a геdtrс-
tion iп thе sеr'егiгr' of thе aortiс геgufgitation duгing
ехегсisе as a геsu1t of thе dесrеasеd lеngth of diastolе '-8
-\oпiс геguгgitation is ц е11 tolегatеd bесausе it сalrsеs a
purе 1сft r еntгiсttlaг r olurпе or еr1oad (inсгеasеd stгеtсh),
ц,1riсh thе noгmal lеft t.еntriсlе геsponds to br- inсгеasing
m,voсardial сontгaсtilit\- (Starling s laп-) Hoгsеs \\ ith aor-
tiс valvе prolapsе oг dеgеrrегati\-е aoгtiс r-alr-е disеasе,
сliniсally insigniflсant to modеratе aoгtiс геguГgitation,
minimal to modеfatе lеft vеntriсular and aortiс root еn-

Figure 5-60
Lorrg-aхis two-dimеnsional and pulsеd.wavе Dсlpplеr есhoсafdioЕ.гаm
obtainеd from a 7.уеaг-old Aтabian stаllion with mild aoпiс rеguгgitatiorr
(samе lrorsе as in Figufеs 5-52 ,tлсJ 5_5,i) Thе gгaсLrra]lr dесгеasing
sloре of thс prrlsеd-wavе Dopplеr spесtгa] tгaсin€] rlzt'O I.p-реr апglеd
аrrou'ls) iпdiсatеs a small pгеssurе dil1Ъгеnсе bеts'ееn thе tп,'o сham-
bеrs and nrild aoпiс rеgurgitation Tlrе шp aггсlп- points to normаl lеft
vелtгiсulaг oLltflow Thе samplе vo|unrе (ts'o par.allеl lillеs along thе
сr-шsoг) is plaссd in thе lеft vеntгiсu]аг оutfloп. tlaсt just bеnеath thе
aoftiс v:rlvе This есhoсагс1iogгam slas сlbtаitrеd fгсlпt thе lеft сaгdiaс
wirrdow in thе lеft vеntгiсtllaг outtloп. tгxсt Position with a 2 5-Мнz
sесtoг-sсannеr traпsdllсег, п'lriсlr еmits ultгаsound ptllsеs (pulsеd-wavе
Dopplег) at a fгеquеnсy of 2 0 МHz at a displa1-еd dеpth of 20 сnr LV,
Lеft vеntfiсlеi AR. aortiс root
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laгgеmеnt, nofmal myoсafdinl funсtion, and a jеt aгеa
сonsistеnt with thе dеgrее of lеft vеntriсular еnlargеmеnt
havе an ехсеllеnt prognosis for li1.е and pегformanсе.
Thе aoгtiс геgurgitation is likеly to progfеss slowl-v
throughorrt thе lifе of thе lrorsе. Annual еxaminations
should bе pеrfoгmеd on thеsе hoгsеs to dеtсrminе thе
pгogrеssion of thе aoгtiс rеgurgitation. Hoгsеs with fеnеs-
trations, small tеars of thе frее еdgе of thе valvе lеaflеt,
flail valvе lеaflеts. and baсtеrial еndoсarditis should ini
tially bе givеn a morе guardеd prognosis, as thrsе valr.ular
insufliсiеnсiеs сould progrеss morе rapiсlly. Thеsе horsеs
oftеn havе a loud harmoniс musiсal mufmllr assoсiatеd
with thе vibration of thе fгее еdgе of thе valvе lеaflеt or
еndoсarditis lеsion vibrating at onе harmoniс frеqttеnсy.
oссasionally, hоwеvеr, thе torn еdgе may rеpair (sсar)
and thе rеgurgitation of mufmuг almost disappеars.

Еvеn most horsеs \iv.ith sеvеfе aortiс rеgrrrgitation and
sеvеfе lеft vеntriсular dilatation rrray сontinuе ttl pегfoгm
suссеssfull1. fot 2.5 to 3 yеaгs, if thсy havе noгmal myo-
сardial funсtion, bеforе dеvеloping signs of сongеstivс
hеaп failurе aлd/or strddеn dеath.6r vеntгiсulаг aггhyh-
mias ma1, dеvеlop sесondary to dесrеasеd myoсaгdial
pеrftlsion assoсiatеd with sеvеfе aoftiс fе8ufgitation. A
сontinuous 21-holuf, Holtеr еlесtгoсardiogгam and ехеr-
сising еlесtroсardiogram (obtainеd with radiotеlеmеtry)
shotrld bе pеrformеd in hoгsеs with vеntгiсular ехtrasys-
tolеs and aoftiс rеgurgitation to dеtеrminе thе fгеquеnсy
and sеvеrity of thеsе arrhyhmias. onсе signiliсant mitral
rеgurgitatiоn dеvеlops sесondary to dilatation of thе mi
tral anntrlus or a гuptllfеd mitral сlrorda tеndinеa, tlrеsе
horsеs dеtеrioratе гapidly and dеvеlop srvеfе ptrlmonaц,
hypеrtеnsion and signs of lеft-sidеd hеart failuге..,,' .',,

Thегеtbrе, horsеs \V.ith sеvеrе aoftiс fеgurgitation shoulс1
bе rе-ехaminеd еvеry 6 months to сlosеly monitor thе
worsеning of tlrе aortiс rеgurgitation and thе safеry as-

pесts of сontinlrеd usе of thе horsе for athlеtiс pеrfor-
manсе. Thе usе of ACЕ inhibitors should also bе сonsid-
еrеd in hoгsеs with modеratе to sеvеfе aortiс
rеgurgitation, as thеSе dr.r-rgs havе bееn shown in htrnran
bеings to fеvrfsr lеft vеntгiсulaг dilatation, dесrеasе lеft
vеntriсrrlar mass and lеft vеntriсular hypеrtгophy' and
pгobablу dеlay thе timе to valvе rеplaсеmеnt in thеsе
patiеnts.']2 Thеsе drugs should bе similarlу еfflсaсious
in horsеs

If thе rеguгgitant jеt arеa is largеr than ехpесtеd for
thе dеgrее of lеtt vеntriсular еnlargеmеnt, a fесеnt onsеt
of aortiс rеgurgitation should bе suspесtеd, also prompt-
ing a rе-ехamination in 6 months, еspесially if sеvеrе
aortiс rеgtrrgitation is dеtесtеd with Dopplеr есlroсardi
ography. Thе dеtесtion of sеvеfе aortiс fеgllfgitation
with Dopplеr есhoсaгdiography, proхimal flow сonvеr-
gеnсе, a shoгt (еlеvatеd) prеssurе half-timе, rottnd ttrгgid
lеft vеntriсlе with dесrеasеd wall thiсknеss, markеd lеtt
atrial anсl vеntriсular еnlaгgеmеnt' еnlargеmеnt of thе
aortiс foot, and dесrеasеd lеft vеntriсular ftшсtion arе
indiсations of hеmodynamiсally signiliсant aortiс rеguгgi-
tation and a gr'raгdеd to poor pгognosis..,*..,

Pulmoniс Rеgurgitation. Primary pulmoniс rеgurgi
tation is raге and has bееn rеpoгtеd in onе horsе with
ptrlmoniс valvе rtrpturе and in a fеw hoгsеs With baсtеfial
еndoсarditis.59 6j l66 Pulmoniс rеgurgitation is сommorr
in horsеs with сongеstivе hеart failurе and pulmonary

hypеrtеnsion but is rarеly dеtесtеd сliniсally. Biсuspid
and quadraсuspid valvеs сan oссLrf but arе rаrе, сausing
both valrnrlaг stеnosis and rеgr'rrgitation (Fig. 5-61). Есho-
сardiographiс findings in horsеs with modеratе to sеvеfе
ptrlmoniс rеgurgitation inсluсlе abnormalitiеs of thе pul-
moniс valvе lеaflеts, pulmonary aftеry dilatation, right
vеntriсular dilatation, right vеntriсtllaг volumе ovегload,
and pаradoхiсal sсptal motion (Fig 5-62).7, 6]' 6r' -2 FloW
mapping of thе right vеntriсtrlar otltflow tfaсt ffom еithеr
thе гight or lеft parastеrnal window сan bе usеd to
partiall}. qllantify thе sеvеriф of thе pulmoniс rеgurgita-
tion (сolor Figr'rrе 5_r0;.-, 8u Thе bеst anglе for Dopplеr
intеffogation of a pulmoniс геgurgitation jеt is from thе
right сardiaс window, but, in somе horsеs, dеpth limita-
tions may prесludе thе trsе of this window.8 Small
amounts of сliniсally insigniIiсant ptrlmoniс rеgurgitation
aге frеqrtеntly dеtесtеd with сolor.flow Dopplеr есhoсar-
diograpl11. in normal horsеs'

Similar Dopplсr есhoсarсliographiс findings as is fotrnd
with aortiс rеgurgitation indiсatе inсrсasing sеvеrity of
pulmoniс геgtrrgitation. Thе largе сfoss-sесtional arеa of
thе jеt at its origin rеlativе to thе сfoss-sесtional arеa of
thе RVOT at its origin is a sеnsitivе indiсation of sеvеrе
pulmoniс rеgurgitation'6.1 t-J Rеvегsе diastoliс flow in thе
pulmonary aгtеry and a rеg4ttгgitant jеt that oссt.tpiеs morе
thafl two tlrirds of thе RVOT arе сompatiblе with sеvеfе
pulmoniс rеgurgitatiсln.6,i al lo.1 Thе intеnsit1, of thе DoP.
plеr signal also inсrеasеs as thе rеguгgitation bесomеs
mofс sеvеfе.sl r0:1 Thе slopе of thе сontinuous-wavе
Dopplеr vеloсit1, spесtral traсing of thе pulmoniс rеguгgi
tation jеt bссomеs Stееpеr as thе ptilmoniс rеgurgitation
bесomеs moге sеvеfе, and a rapid еqtralization of right
vеntriсular and pulmсlnary artеry diastoliс pгеssllrеs oс-
сLlfs.'.,' Thе dеtесtion of latе diastоliс tfiсLlspid rеgllrgita-
tion also indiсatеs sеvеге pulmoniс геgllгgitation and гis-
ing right vеntfiсulaг еnd-diastoliс pfеssufеs in human
bеings.'.,,

Figure 5-61
Shoп-exis есhoсaгdiсlgгatn obtaiПеd trom a 4-1.еar-old 1.hсlroughbrеd
gеJding with mild prrlmoniс stсnosis aпсl pulmoniс fеguгЕ]itatioп :lssОсi-

atеd with a biсtlspid pulmoniс \,alvе NOtiсс thе two рLtlmoniс valvе
lеaflеts. onе sma'|| (slllаll аrl,оul) aлс| a largеr lеaflеt. 1lгobabh, rеprеsепt-
iflЕl two ftlsес1 lеaflеts (lаrgеr аrrсlш')' This есhoс;lгсliogгam was оl>

txinеd tiom tlrе lсft сardiaс rr,indоw in thе pulmorriс vаlvе positiоn
with a 2 25-l{нZ sесtoг-sсannеI tгansduсеr lt a displaуеd dеptlr of 1.i

сm Aл еlесtгoсaгdiogт:tm is supетirтposс(l Ibf timing
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Figure 5-62
Long-aхis two-dimеnsional есhoсaГdiogтaпl оbtainеd tгUг' - i-iс]:- .
Thorouglrbгеd-Pегсhегon сross gеlс1ing rr-i[h sеrеге Рill]] .'. ::. ..:-

сuspid fеЕ.ufgitation Notiсе thе t\\ o pu]пlсlniс \ trl\ ( ]сjlс:: :- 1].: :
diffегеnt diгесtions duгing sr-sto|е ТIrе u;lpег lсзгiс: г1 i - ';тт 1,

opсns rrormallу, whегеas thе losег LеаJlеt r/е.rt ,,rl ] :: ] ; =].С
еvеrts ilrto t]rе гight vеntгiсLrlxг Out1lo\ Iгасt Тhis ссг'. Lj.: l-:.. i jt
obtaiпеd fгom thе lеft сardiaс siгtdt;lr in rhс pulпl.'r:! 1]-1- ] :]:l ]:.l

with a 3 О/2О-М}fz pl.rasесl-аrпrr tгansdL]сег;rt 'r di:P .i\.. .сr'l .: ]l.. s
сm. PA, Ptrlmonarv aпец.: RV' гjЕ.ht \'еntГiсlс: R\ гigil r:.-rl

Pаtieпt Mclпаgemеnt аt'd Progtlosis' Htlтsсs тr'ith
pulmoniс rеgufgitation must bе givеn a guaгdеd Io sIг]\ е
prognosis, as this vah.ulaf instfIiсiеnсr' is l-tsuellr' 5есond-
ary to sеYеfе pulmonary hypеr1еnsion anс1 lеtt-sidеd hеaп
disеasе. othеr rеportеd сalrsеs of pulmoniс ге€.urgitf,tion
flail pulmoniс valvе сLrsps, and vеgеtati\-с еndoсaгditis
also сafry With thеm a guafdеd to gravе pгognosis

Mуoсardial Disease

Мyoсaгdial disеasе is mofе сommon in hoгsеs than pгr-
viously rеpoftеd and has a multitudе of сattsrs.]i ,_ -.,

6i 69 -2,90 9\ 119\ r50 l'6. 162, ]-.], lf9 2l2 Toхins (hеar1 mеta1s.
ionophorе antibiotiсs), drugs, nutгitional imbalanсеs (r-i-

tamin Е and Sеlеnium), hypoxia, isсhеmia, infarсts' baсtе-
гia, virusеs, pafasitеs, trauma, nеoplasia, and сonсLlгrеnt
infесtions фaсtеrial еndoсarditis, pеfiсarditis) сan a1l

сausе myoсaгdial disеasе. Thе flrst indiсation of m}.oсaг.
dial disеasе may bе сliniсal signs of pooг pеffoгmanсе.
ехеrсisе intolеranсе, сollapsе, or suddеn dеath, or it ma\'
bе an inсidеntal finding... 19 69 72' 93 сafdiaс ausсultation
ma)r bе nofmal oг сaгdiaс aггh}thmias, Llsually pfеmatlrfе
bеats or atrial flbrillation, or murmllrs of valr'.ulaг fеgurgi
tation may bе dеtесtеd. Somе arrhyhmias assoсiatеd
тr'ith m1,oсardial disеasе. sllсh as mr-rltifoсal vеntfiсulaг
taсh1.сardia, arе lifе thrеatеning. Cliniсal signs of low-
outpllt hеaгt failtrrе сan bе sееn in hoгsеs with sеvеfе
mr-oсaгdial dуsfunсtion, with or witholrt сonсurfеnt сar-

Сhаptеr 5 . Саrd'ioоаsculаr fЛtrаsoпogrаplэу 249

diaс dysrhyhmias. Rеsting hеaft гatеs in horsеs with
m1,oсaгdial disеasе may bе normal of еlеvatеd, but af-

fесtеd animals usllally havе еlеvatеd ехеrсising hraft ratеs
and prolongеd hеart гatе fесovеfу aftеt ехеfсisе.

An есhoсaгdiographiс ехamination should bе paгt of
thе сomplеtе сafdiaс еvaluation in thе horsе with sus-
pесtеd myoсardial disеasе. Pгеmaturе atгial and vеntriсu-
laf bеats сan oссLrf in thе absеnсе of stfuсtllfal hеart
disеasе, partiсLilaгly sесondary to sеpsis, toxеmia' hy-
poхia, and еlесtrolyе, mеtaboliс, oг autonomiс imbal-
anсеs. Frеquеnt atrial or vеntriсulaf ехtfasystolеs, sus-
tainеd atrial oг vеntгiсular taсhyсardia, oг mtrltifoсal
aггhlthmias arе usually indiсativе of prinraц, myoсardial
disеasе 69 -o. 12. 90' 9r l79 186 Есhoсardiographiс ехamina.
tions in thеsе horsеs may bе normal, othег than thе
abnormalitiеs in valvе and wall motion assoсiatеd with
thе partiсulaг dysгhyhmia. In somе horsеs, hoчr-
е\-ег. aгras of abnormal myoсafdial есhogеniсity oг wall
motion abnoгmalitiеs, suсh as afеas of foсal or glo-
ba1 hr pokinеsis' dyskinеsis, or akinеsis may bе dе-
tесtеd - 16 ]] .)9 -0 -2 -r. l-9 lal. t82. l88

}1r-oсaгditis/Сardiomyopathy. Thе есhoсardiogram
tгoп-t hoгsеs тr it1r mr'oсaгditis is usually normal, ехсrpt
ioг tt.rе ebnoгmel opеning and pгеmaturе сlosurе of thе
аtгiоr еntпсuleг and sеmilunaг valvеs. whiсh oссur with
both ltгial and r-еntгiсt-tlaг pгеmatltrе сIеpolaizations (Fig'
i_6.]) Еjесtion tiпlе ma\ bе shoгtеnеd oг absеnt alto-
gеthеr paгtiсulalh rr itlr r еп- еaгlr- r-еntгiсular pгеmaturе
dсpolaпzations (rig 5_63). Abnonnalitiеs of intегvеntriс.
ulaг sеpta1 motion mar. also bе dеtесtесi with r'еntriсttlaг
pгеmatuге dеpolaгizatiorrs (Fig 5-64). Somе lrorsеs чrith
etгial oг r.еntriсular pгеmatuге сlеpolarizations of atrial
trbrillation maY also havе low-normal to low slrortеning
tiaсtions with foсal or global hypokinеsis or dyskinеsis
(Fig. 5-65).r'9. -o, -2 A low-normal or low shortеning fraс.
tion (24%, or highеr) has bееn rеpoгtеd in horsеs with
atrial Iibгillation. whiсh fеtuгns to normal with сonvеr-
sion to sintrs rh1thm. Thе rеturn of thе shoгtеning fraс-
tion to normal with сonvеfsion to sinus гh1.thm suggеsts
that. in thеsе horsеs, thе loчr shortеning fraсtion is sес-
ondary to thе arгh}thmia and not to pfimary myoсardial
disеasе.-a Shortеning fraсtions lеss thаn 24% in hoгsеs
with atfial flbгillation arе, ho.wеvеr, suggеstivе of сonсttr-
геnt myoсafdial dysfunсtion. Postехеrсisе есhoсafdiogra-
phr. may also bе trsеful in dеtесting hoгsеs with bordеr-
linе myoсardial funсtion at геst but with abnormalitiеs in
lеft vеntгiсular funсtion immеdiatеly following ехегсisе
(Fig. 5_66).33 .,9' 72 Thе normal myoсarditrm (lеft vеntriсlе
arrd intегvеntriсular sеptum) should thiсkеn signiliсantly,
morе during Systоlе in thе immеdiatе postехеrсisс pеriod
than at геst, and this improvеmеnt in myoсardial сontfaс-
tiliц' should oссuf globally. Thе dеtесtion of global or
sеgmеntal afеas of myoсardial hypokinеsis, dyskinеsis, oг
akinеsis is indiсativе of undефing myoсafdial disеasе
and may rеflесt ехегсisе-induсеd myoсardial isсhеmia or
hr'poхia or prе-ехisting myoсardial disеasе or myoсaгdi
tis.r] 69';2 Sеvеге myoсardial nесrosis oссurs infrеquеntly
in lroгsеs with myoсarditis and is usually assoсiatrd With
mtlltifoсal vеntriсular arrhyhmias and aсutе onsеt of сon-
gеstivе hеart failtrrе. Markеd myoсaгdial dysfunсtion is
dеtесtеd есhoсardiographiсally in thеsе horsеs with largе
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Figure 5-63
Two-dinrеnsionаl (2-D) atld M-modе есlroсarсliсlgгаms сlbtainесl fгOm а l2-}'с.tг-olсl Thorоughbrеd gеlс1ing with m1.oсaгditis and unilbсal vеntгiсulaf
taсlrYсardia Tlrеsе есhoсaтdiogгxms п-еrе obtainеd 1iom thе right сaтdiaс windoп. With a 2 5-MHZ sесtoг-sс1lnnег tfansduсеr at a с1ispla),еd dеpth
of 30 сm Thе М-nrodе есhсlсltdiсlgrams wеге obtainеd ffom thе сtrгsor positiorr il|Llstгatеd on thе 2-Г) есhoсlгdiоgгаms An еlесtroсаrdiоgг.rm is
supеrirrrposеd 1bг timing

А, Shoгt-eхis 2-D (tОp) eЛd l4-modе (bОttОlll) есhсlсaгdiogгams of thе mitfal YalYе (М\D Thе minimal opеning aпсl еaгly сlostlге of thе mitгal
r.a-[vе aге most mafkеd at thе xгlow aпсi thе laгgе Sеptal-to-Е-point (SЕP) sеpaгation of l 68 сm Rv. Right vеntriсlе; s, intег!-еntгiсulaг sеptum

l', Shoгt-aхis 2-D (t()p) аnd Nl-mоdе (bottonl) есhoсardiogгams of thе xoгtiс valvе (A\D Thе M-modе есhoсardiogram was obtainеd fгom tlrе
сr-rsoг pсlsition illustгatеd iл thе 2-D есlroсardiogгam Notiсе thе infrеquеnt opеrrings of thе aorIiс valvе lеaflеts (Iivе) With man), vеfltfiсu|ar
dеpolaгizations (fivе) rrnablе tO gеnеratе a lеft vепtfiсulaf pгеssuIе grеat еnouglr to ехсееd aoгtiс pгеssrrlе arrd opеn tlrе aoгtiс lе1lflеts Thе amount
оf opепiпg of thе aortiс lеаflеts variеs, arrd thе еjесtiоn tin-]еs Yary TV, Тгiсuspiсl vаlvс; LA.' ]еft atгiun-t

sеgmеntal arеas of global myoсaгdial dyskinеsis (Fig.
)-o / ).

Arеas of abnofmal myoсafdial есhogеniсit}, arе intiе-
quеntly dеtесtеd in lrorsеs (Еig. 5_(31.".,. -ll _2 lr9 Thеsе
afеas afе typiсally mofе есho8еniс than nofmal, Llsllally
rеprеsеnting afеas of myoсafdial flbrosis.'-., Although
thеsе arеas of inсrсasеd m-Yoсafdial есhogеniсity сan bе
assoсiatеd with an inflammatory сеll inflltfatе, сalсifiсa-
tion (Fig. 5_68)' and/or mYoсafdial nесгosis, fibrosis sес-

ondary to a pfior myoсardial insult is mofе likеly (Fig.
5_69) anс| сontraсtlrге of thе sсaffеd aгеa may еvеn
bе сlеtесtablе есhoсardiographiсally. Arеas of inсrеasеd
myoсafdial есhogеniсit}. Wеrс сommonly dеtесtеd in
hoгsеs that sustainеd signiliсant or lifе-thrеatеning m),o-
сardial injury whеn aссidеntally ехposеd to monеnsin.-l
Inliltration of thе myoсardillm with nеoplastiс сеlls must
also bе сonsidеrеd whеn afеas of abnoгmal myoсafdial
есhogеniсit), arе dеtесtrd, but myoсaгdial nеoplasia is

Figure 5-64
М.moсtе есhoсardiogram ttoпl l 4-,vеaг-olсl stxпdaгсlbrеd gеlding with
an idioYеntгiсular rh\'thm Thе abnoгmal sеpta] пrotion is assoсiatеd
with thе abпormal vеntгiсrtlar aсtiYation xnd thr atfioYеntгiсrrlаr dissoсi
atioп ThiS есhoсardiogгam wаs оbtajnссl at thе vеntfiсulaг position
ffom thе right сardiaс windoв' п,.ith 

't 
2 5-МHz sесtoг-sсannеr tIans-

dllсег at a сlisplaуеd dеptlr of 28 сm Aл еlесtroсaгdiogт;rm is srtpегim.
pсlsеd lbг timing Rv' RiЕiht vеntfiсlе; I-v. lеf1 vеntfiсlе

Figure 5-65
М-mсlсlе есhoсaгdiogгam obtaiпеd frоm a 2-yеaг-old standaгdbгеd сolt
with atгial libгill:ttiоn and signifiсaлt lеft Yеntriсulaf d.vsfllnсtiсln Thе
minimal thiсkеning of thе lеft vеntriсLllaf fгее .wa[l and intеffеntгiсular
sеptllm in sYstolе rеsults in a shoпеning tiaсtion of ]6 to 2()% Thе R-

R intегvals arе irrеgulaг aпd basеlinе flbrillation wlvеs ilге pfеsеnt,
сharaсtеristiс of atгial libгillation ].his есhoсaгсlio€!гam was obtainеd at
thе \еntгiсular position fгom tlrс right сardiaс window With a 2 5-MHZ
sесtoг-sсannег tгansduсеr at a displavеd dеpth of 30 сm Rv. Right
vеntriсlе: Lv. lеft vеntriсlе
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Figure 5-66
Shoп-axis two-dimеnsional and M-moсlе есhoсardiоgгапls ohtаinеd tioп a ]-r-eагоld standafdbIеd сolt with pооr гaсing pегformanсе Тhеsе

есlroсaгсliogгams wеге obtainеd from thе right сaгdiaс siпdоs rл thе lс|t lеntгiсulaг position with ;r 2 5-МHz sссtoг-sс]nnеr t-гiЛs(ltlсег at :r

displayеd dеpth of 28 сm (rеstiпg) oг 30 сm (postехегсisе) .\п е]ссrгoсeгdiogгапl i5 sl-ц:lегimposеd fог tinring Rv, Right vепtгiсlе; LV. lеft r,сntгiсlе

z1' Notiсе thе noгmal fеstiпg l;еaгt гatе (3O bеats/nrintttеl end thс nогmel thiсkеnilrg of tlrе lеft vеntriсrtlar ltее wall and iпtеn'еntriсulxг sеptllm

(shoгtеnilrg ffaсtion - эo%) in thе геsting есl.roсагdiogгeпr

-B. Notiсе thе еlеYatеd hеaгt ratе (120 bеxts/minutс) ]п{1 thс sfl]]]s|llsl рэtrсгn оf iпtепеntгiсLllaг sеptal and lеft \.епtriсulaг frее п.all пrotiоn with

littlе thiсkеning of thе lе1t vеntгiсulaг fгее sall oг iлtспсnlгiсul':r :срruлl (shOfiеniлg tiaсtion - J() to 35}") in thе есlroсarсliogfam d)trinсd

immеdiatеh. aftеr ехеrсisе RV. Right Yепtгiсiе L\ lеIt r сnггс.с

Lrnсommon in hoгsеs. Ll'nrphoseгсollir and hепlangioseг-
сoma may most сommonh- intltгatе thе п1\ oсaгdium in
thе horsе, bllt othег tllmoгs sllсh as lipoпras pulmonaп
сarсinomas, and othеf nеoplasms lna\- also mеtxstasizе to
thе hеart.r0 l9o ]9l l99 ].,. Afеas of abnornral mr,oсardial
rсhogеniсit,v ma\, also oссLlf sесondary to pеnеtrating
forеign bodiеs (most likеl-v Wood), intraсardiaс pu11сtuгеs

:: ill$ .l

iгoп-t intгaсaгdiaс injесtiorrs oг bгtlkеn intfavеnous сathе-
tег5 (тig 5_-()) oг a pегiсerdial oг m\-oсarсlial absсеss
(гarе) -. .

Dilatеd сaгdioп1\ Opath\' oссl'lг5 il-t tl-rе hoгsе and is
oftеrr probablr- a sеquеlа tO пl\.oсeгditis -] In m()st сasсs
tlrе сausе of thе dilatеd сardiomroPeth\ is l.tnknorrn. as

еndomYoсafdial biopsiеs afе not сollmonh pегfoгmеd in
horsеs. A dilatеd lеft vеntriсular сlranrbег п itlr tlrinning
of thе intеlvеntгiсular sеptum and lеft vеntriсttlaг frее
wall and dесгеasеd shortrning fraсtion afе сommon
есhoсardiographiс flndings.-'].],,i9' 69. ]0 -2 9],12. Thе lеft

Figure 5-68
Tl.o-dimсnsiorral есhoсaгdiоgram obtairrеd fгоm a 6-пontlr.old burгo
with m}.oсaгdial сalсiflсation of rrnkno*-п с:tusе and pегiсarс1ial еflrг
sion. Notiсе thе mllltifoсal arеas of inсгеasесl nr) осaгdial rсhoЕ.еniсit)..
thе аllесhoiс pеriсaгсlial еffusiоn (PЕ). anсl thе mild fight аtfial (IL\)

сollapsе Thе aггсlw poiflts tO есlrogеrriс tissuе in thс сoronarr'groovе.
whiсlr геprеsепtесl Iat with с.tlсifiсatiсln l.his есhoсardiogтam was
obtainеd ffom thе гight сardiaс windoп- in tlrе fсltlг-сhambег viеw п,-ith

a 5 (}MHz sесtor-sсannег tгansсlrrсег at a displa,vеd сtеpth of 14 сm RV'
Riliht vеntriсlе; LV. lеft vеntгiсlе; IА. lеft atfillm

" t:1y!

-.ts

LV

Figure 5-67
\!moс1е есhoсardiogгam obtainеd from a t0-}'сafold Thoгorrghbrссl
сгoss gеlding with aсutе onsеt of multifoсal vеntгiсrrlaг taсh).сardia aпd
lеft-sidеd сongеstivе hеart failurе Thе gеlс1ing diеd s,ithin hсluгs af1еr

rhis есhосardiograln Was madе Sеvеrе widеsprеad m1'oсaгdial nесгosis
s'as dеtесtеd at postmoгtеm ехamination Notiсе thе sеvеrе сlеprеssiсln
Of lеft vеntгiсLllaг fuпсtioп with littlе сlг no lеft vеntгiсulaг fгее wall
Ihiсkеning and sсlrпе thiсkеning of thе iпtеrvеntгiсLllaг sеpttlm Тhis
есhtlсaгdiogгam was obtainеd fтom tlrе гight сardiaс window in thе
1еtt r еntгiсu]aг position Wit]r a 2 5-MHZ sесtoг-sсannеf tгansdlrсеr аt a
Jisplar,еd dеpth of 27 5 сm An еlесtгoсardiogram is supеrimpоsеd fсlг

rimiпg RV, Right vеntfiсlе; LV, lеft vеntгiсlе
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Figure 5-69
Есlroсaгdiogтam otrtainеd froпr a 9-yеaг-old ()ldеrrburg stаllion With 1l

history of aсutе сollapsе and lrеmopеriсarсlium 7 months еarliеr Thе
есhоgеniс aгеa in thе lе1t vеntriсulaг fгее wall (аrrottD геp1.еsеnts an
arеa of myoсardial sсaггing Тhis есl.roсaгс1ioЕ.fam Wаs oЬtainесl fгom
thе riglrt сaгdiaс wiпdow ,in thе mitгal valvе position with a 2 5.
MHz sесtor-sсannег tfansdrrссI at a disрla),сd dеpth of J0 сnr Аn
еlесtroсxrdiogfam is sllpегimposесl for timing RA, Right :ttгium; Tv,
tтiсuspid valvе; RV, fight vеntгiсlе; LV' lсft vеntгiсlе; MV, mitral r.alvе:
lА. lеft atriurl

vеntгiсulaг intеrnal diamеtеr is inсrеasеd at both еnd-
diastolе and rnd-systolе. sеgmеntal wall motion abnof-
malitiеS may also bе dеtесtеd (Fig. 5-71). Spontanеotrs
сontrast (smokе) may bе imagеd in thе lеft atfillm' lеft
vеntfiсlе, and aoгta assoсiatеd with thе low-flow statе.69
r0 72 Thе aoгtiс root diamеtеr m1rv bе smallег than nсlrmal
$/ith a shoгtеnеd еjесtion timе and littlе oг no lno\-еmеnt
of thе aoгtiс root' assoсiatеd v!'ith lo\,v' сardiaс output.
49' 69 7о .2 9] Littlе systoliс sеparation of thе aoгtiс oг
pulmoniс valvе lеaflеts also oссLlfs in hofsеs with low

Figure 5-70
Есlroсardiogгam сlbtainесl tiom a 3-wееk-оld Thoroughbгеd соlt with a
bгokеn intгavеnous сathеtеf stuсk iп thе гiglrt vеntгiсulaг fгее wаll
(аrrol|,heа.ls) at thе apех of thе right r.еntгiсlе (R\) A srrrall pегiс:Lгdial
еtТusioп is Prеsеlt f.his есhoсaгdiograп \vas obtainеd tiom thе light
сaгс1iaс window bеtwееn thе fight Yеntfiсulаг and lеft \.епtгiсLllaf оut-
flow traсt positions, angling vепtfallv tоwаrd thе гiglrt vепtгiсLlleг apех,
with a 5 O-N,Illz sесtoг-sсannег tгalrsduсеf at a displavеd dеpth of
/)сm

Figure 5-71
Long.aхis есhoсardiogranr obtainесl fгom a 2-vеar<lld Aгabiarr gеlding
with сafdiom),opath1- of tшknсlwn сausе Tlr-is сolt had bеел lеthafgiс
sinсе biпh аnd pгеsеntеd lbr sеvеrе ехеfсisе intо]егaпсе xnd pеrsistеnt
taсhусaгсlia aftеr nrild tгotting ехегсisе Notiсе thе rortrrdеd appеafanсе
of thе lеft vеntfiсlе and t]rе small lеft atгium This gеlding lrad maгkеd
hvpokinеsis of thе intеlvепtfiсulaf sеptum arrd lеft vсntгiсulaг fIее П/all
with xn akinеtiс afеa nеaf thе lсft vеntгiсltlaг :rpех (а,rron-) whеrе thе
vеntriсlе lrad a squаrесl aPреaгalсе This сolt did not havе arr1'vah'ular
гсЕ.uгgitation at pгеsеntation This есhосaгdiogгam was obtainеd ffom
thе Iight сaгсliaс ц.irrdоw in tlrе tbur.сhambеr position with i 2 25-N{нZ
Sесtof-sсannеr transdltсег 1lt a displaуес1 сlеpth of 2' сm IА, Lеft atтiuпl;
Lv^ lсft vеntгiсlе

сardiaс olltpllt. Thе pulmonary artеry may bе dilatеd
sесondary to pr'llmonary hypегtеnsion сrеatеd by thе sе-
vеrе lеtt vеntгiсLtlaг dr.sfunсtitln._ ]9 -o -],9r Thе sеpaгation
bеtп.ееn thе maхirrrel opеninЕ. of thе sеptal lеaflеt of thе
mitral l.alr-е and thе intеrr.еntгiсttlaг sеptr-rm (Е point to
sерtal sеpafation) is inсrеasеd and mitfal ЕF slopе may
bе dесrеasеd.-.69 Dеlaуеd systoliс сlosurе of thе atriovrn-
tгiсular valvеs may also oссtrf in horsеs with lrft vrntriсu-
lar failurе.- Valvе lеaflеts afе Llsllally nofmal but may bе
thiсkеnеd in horsеs with markеd сardiaс еnlafgеmеnt
and vah.Lllaг fеgufgitation sесondary to dilatation of thе
atfiovеntriсLllar valvе annullls.7() Right-sidеd сafdiaс еn-
largеmеnt ma). dеvrlop srсondary to thе lеft-sidеd failurе.
Thеsе sеvеrеl1' affесtсd hoгsеs usllally havе markесl mi
tfal, plllmoniс, and tfiсLlspid rеgufgitation..O Right vеn-
triсulaf сaгdiomyopathy has also bееn sееn in horsеs btrt
is rarе (Fig. 5-72)' Аffесtсd hofsеs havе markеd dilatation
of thе fight vеntriсlе with thinning of thе right vеntriсLl-
lar frее wall and abnоrmalitiсs of right vеntfiсLllar ffее
wall and intегvеntгiсular sеptal motion. Markеd triсuspid
геgtrгgitation and right atfial rnlаfgеmеnt oссur srсond-
ary to thе sеvrге гight vеntriсular myoсardial dysfunсtion.

Ionophorе Toхiсiф. Мonеnsin toхiсosis сausеs
markеd сhangеs in myoсardial ftlnсtion whiсh aге dеtесt-
ablе есhoсaгdiogгaphiсall1,.с,э ;z .n aсutе monеnsin toхiсo-
sis thе сardiaс сhambеrs ma)r bе normal sizе; howеvеr,
thеrе is a mafkеd dесrеasе in myoсardial сontraсtility
With minimal thiсkеning of tlrе lеft vеntfiсLtlaг frее цrall
and intеГvеntriсulaf sеptum and shoгtеning fraсtions as
low as 7% (Fig. 5_7з).69-12 Arеas of myoсardial d1,skinеsis
arе imaЕ.еd, partiсulafly in thе intеrvеntгiсular sеptum,
and/of paradoхiсal sеptal motion is dеtесtеd (Fig' 5_74).
Markеd amounts of spontanеous сontfast may bе imagеd
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Figure 5-72
Long.aхis two.dimеnsi()nal есlroсaгdiсlgгams obtainсd fгоm а 2-уеar-сlld Staлdaгdbfеd сOlt with гight vеntriсulaf сardiom).opathу. nrassivе tгiсusPid
IеguгЕ]itation' aлd atгial libгillаtioп Tlrеsе есhoсarсliograms wегс obtainеd tiоm thе гiЕiht сafdiaс winс|ow With a 2 5-М}lZ sесtor-sсanпег tгaЛsdlrсег
at a displaуеd dеpth of 30 сm Aл еlесtгOсаfdiоЕ]rarn is supеriпrposес| foг timing

.4, Fouг-сhambеr viсw dеmonstfating massi\.е fight atгi;rl (RA) and гight Yеntгiсulaг (R\) еrrlагgсmеnt with noгmal tfiсLlspid valr,'с (TV) lеaflеts
Notiсе thе vеry small lеft 1ltгillm (lА) arrd lеtt \.еntriсlе (t\D Мv' Mitral valvе

,l9, Right vепtriсulaг OrrtflOw tгaсt viеw dеmоnstratiпg a sn]allеr-thxn-noгmal pulmonaЦ, aгtсгv (PA) dtrе tO tlrе sеvегr right vепtгiсLllar failuге and
low с1rгdiaс outptrt froл] thе гight \,еntгiсlе Nоtiсе thе rпassir,е fight at-гillm (RA) and гight Yеltгiсlе (R\) and smallеf-thlЛ-noгnral aoпa (Ao)

in thе lеft atrium. lеft vеlrtгiсlе (Еig 5_-5). ltnd eoгte es
wеll as on thе fight sidе of thе hеaгt,'.,_. -\ flaт aoпiс
foot With no s'Ystoliс aoгtiс гOot mo\ спlеnt anсl Pгепa.
tuге сloslrrе of thе aoftiс \-ah е ma\' also bс dеtесtес1 in
lrorsеs With sе\,еrе m}.oсardial injtrц- assoсiatес1 п.ith
aсutе monеnsin toхiсosis (Fig. 5-76;1.-u -2 Aгеas of in-
сfеasеd myoсardial есhogеniсity Wеfе tiеqllеntly dе-
tесtеd in horsеs with aсutе monеnsin toхiсtlsis.7l Similar

findings tO thosе sееn in hoгsеs rvitlr dilatеd сardiomyop-
ath\' rr еге dеtесtеd in hoгsеs that suп-ivеd an ехposufе
to lllonеnsin rr itlr thе dеl-еlopmеnt Of lеft vеntfiсulaf
dilatetiol-r and thirrning of thе lеft r еntгiсr-rlaг frее wall
and il1tеr.\-епtгiсulaг sеptum end shoпеning Ггaсtions of
20 to 30%. AtгioYеntriсLll:rг r'аlr-ulaг insufhсiеnсr- rna-v

dеvсlop in horsеs with markсd vеntгiсt-tlzrг dilatetiotr
Pаtieпt Mаnаgetneпt аnd Prognosis. Thе Iindirrgs

Figure 5-73
\1 пodс ссhoсaгdiogгam obtailеd fгom a 4-yеаг-old ТIlогoughbrеd gеld
:ng п-ith aсutе monеnsin toхiсOsis anсl sеvеге m1,oсardial сlYsfrtnсtion
Thе laсk of thiсkеning of tlrе itrtеп'еrrtfiсul'Lf sеptulП and lеft \.еntгiсLl-
зг frее wall in svsto|е and thе ]aсk of сardiaс пlotion fеSllltеd iп x
.hoгtеninЕ. fг:rсtion of 7% Tl.ris lrсlгsе diеd withil] 24 hollгs aftег this
ссhoсafdiоgIaп was nradе Тhis есhсlсardlogfalП wxs Obtaiлеd fгоn-l

:hе riglrt сardiaс window in thе lеft vеntliсular positiorr w,ith a 2 
'-\[HZ sесtог-sс1rnnег tгatlsdtlсег at a disрla\.еd dерth of 27 5 сm An

.LссIгoсardiogfarrr is sttpегimposеd foг timing Rv, RiЕ]ht vеntfiсlе; Lv.
-сп r'еntгiсlе

Figutе 5-74
M-mосlе есhoсaгdiоgram obtainеd fiotrr a r,еaгling Тhсlгсltlghbгеd fllly
with ,aсtrtс n1onеnsjn tохiсosis anсl sсvеrе nr,voсaтdlal dr'sfunсtion Nо-
tiсе thе пiПimal tlriсkсninЕ] of thе lеft r.еntгiсulaг ti.ее rr all аnс1 intег\'-еn-
triсulaf sеptum anсl thе paraсlсlхiсal шotiоn оf thе jntсrvсntгiсulaг
sсPIxm (Uertiсаl аrrоul) NOtiсе alsо thе еnlaгgесl гight \.епtгiсlе and
small pеriсardial еfftlsion (lэorizoпtdl сIrrОu,) Т|11s hoгsе diеd within
21t houгs aftег this есl.roсaгdiogratт u,as madе This есlroсarсliogгam
rvas obtainеd fгom thе гight сaгсliaс wirrdow in tl.rе lеft yеntliсulaI
positioп s.ith a 2 5-MHz sесtor-sсаnlrсг tгansdlrсег xt x displavеd dеpth
сlГ 27 5 сm An еlесtгOсilгdiоgгaпr is srrpсгinrposеd tbг tinrirrg Rv, Right
vеntriсlеi LV. lеlt vеntriс]е
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Figure 5-75
A long-aхis two-dimеnsional ссhoсaгсliсlgram оbtaiпеd fi.om a .1 1,еar<lld.I.hoгоughllгес| gеlding п'ith rrrсlnеnsin toхiссlsis (samе hoгsе as in Figuге
5_73) Notiсе thе lirгЕ.с amoullts of sр()ntanеolls сontЙst in thе lеft
vеntfiсlе (сIrrol|) апс| thе nrild lсft ltгial (L\) еnlargеmеnt ]'his gеlding
dird Witlrin 24 hours aftег this есhoсafdiоgг1rm ц.as maсlе This есhoсаг-
diogfam п,as оbtаiпесl fгom thе fiЕ]ht сafdiaс windoп,' in thе fottr-
сlrambег viеw п,ith a 2 5-\ЦHz sесtoI-sсannег tfaлsdlrсс]г аt а disрla\еd
сlеpth of 27 5 спr An еlесtroсaгdioE.гanl is stlpегimpсlsесl foг tiпring
Rv. Right vеntгiсlе; Lv. lеft Yсntгiс|е

on thе есhoсardio€.гam in hoгsеs with myoсafditis of
сardiom)'opath1. сan bе vеry usеftll in formulating a prog-
nosis.69, -o r2 Thс hoгsеs with сardiaс afrh]/thmias and
nofmal mYoсafсlial funсtion, ехсеpt foг thosе vah.ular or
wall motion abnoгmalitiеs assoсiatеd with tl-rе d-vsrh1'th-
mia, havr an ехсеllеnt pгognosis for геturn to pегfor-
manсе anсl nomal lif.е ехpесtanс},as long as thе arгh}1h-
mia fеsolvеs With fеst afr'd/of antiarfh}thmiс of
сoгtiсostеroid thеrap-v..'9.ro ;2 Thе hoгsеs with sеvеrе lеft
vеntfiсulaf d).sfunсtion and low сafdiaс olltpllt statеs
mllst bе givеn a gllardrd to gfavе prognosis for lifе,
as thrsс hoгsеs usually havе irrеvеrsiblе myoсardial
injury.сu, .o -z

Thе есhoсardiogram is an еxсеllеnt prеdiсtor of out-
сomе in horsеs with еxposllге to monеnsin and probablv
with ехposurе to othеf ionophorеs..o--2 Shсlrtеning fraс-
tion was thе bеst prеdiсtoг of olrtсomе in horsеs witlr
monеnsin toхiсosis during a гесеnt outbrrak.r() Horsеs
with shortеning fгaсtions lеss thaг, 2О% havе a gravе
prognosis for lifе and shoulсl bе stall rrstеd with minimal
stimulation. Thеsе l-rorsеs arе likеly to diе of low-olltpllt
hеart failurе. Horsеs witlr shoгtеning fraсtions of 20 to
3О% arе likеly to sufvivе and br usеflll as brееding ani
mals bllt ma1. bе ..сafdiaс сripplеs'' that arе ablе to pеf-
form onl1. low-lеvеl physiсal aсtivit,v. Somе of thеsе hofsеs
may fесovеf and havе normal m).oсaгdial funсtion if thе
injury to tlrе ml.oсardium is mild. In anothеf fеport of
horsеs inadvеrtеntly еxposеd to monеnsin, ехеrсisе intol-
еfanсе' сongеstivс hеart tailurе, and arrh}thmias, primaf-
ily atrial libгillation, dеvеlopеd months a1tег thе initial
ехposufе to monеnsin.,.,- Thеsе hoгsеs wеfе not еxam-
inесl есhoсardiographiсally at thе timе monеnsin ех-
posufе was diagnosесl and pгobabl1, rсprеsеnt this in-
tеfmеdiatе gror'rp of affесtеd horsеs, whiсh should bе

idеntifiablе on thе initial есhoсarсliograрhiс ехamination
with shortеning fгaсtions of 20 to 30%. oссasionally
horsеs ma), drvеlop сafdiaс aгrh}thmias sеvеral months
following ionophorе еxposufе, sесondaгy to foсal arеas
of myoсaгdial injury and sсarfing that wеfе not initially
еvidеnt.7()Thеrеforс, сaгdiaс гhyhm and myoсardial funс-
tion shor.rld bе rе-еvaluatеd pеriodiсally (еvегy 4 to 6
months) in thе flгst yеaf following ionophorе ехposufе.
A normal есhoсardiogfam in hoгsеs rесеntly еxposrd to
monеnsin is a good prognostiс indiсator. Howеvец thеsе
horsеs should also bе stall rеstеd ч/ith minimal stimula-
tion foг at lеast sеvеral wееks (mininrum 4 wееks) fbllow-
ing ехposuге.69 r, Normal rеsting and postеxеrсisе есho-
сardiograms irr horsеs ехposеd to monеnsin sеvеral
months еarliеr wеrе assoсiatеd with an ехсеllеnt progno-
sis for rеtuгning to prеviotls pегformanсе.

Periсardial Disease

Pегiсardial disеasе is unсommon in horsеs and, until
rесеntl1,, affесtеd horsеs wеrе givеn an еxtгеmrly poof
prognosis.l;' la.65 6n -0 12' 2|. 22о Thе сausе of pеriсarditis in
hoгsеs is ttstrally еithеr sеptiс or idiopathiс, btrt pегiсardi
tis сan also oссltr assoсiatеd with a viral infесtion, nеopla-
sia, a pеnеtrating wound, oг a forеign bod1..l' 18 ]] 65 68 70

12. 21з-22|| Pеriсardial hеrnias havе also bееn rеportеd br'rt
arе fafе.70' -2' 22I Thе сliniсal signs of pеriсarditis inсludе
сoliс, gеnегalizесl vеnous distеntion, jttgular pulsations,
vеntгal еdеma, anorехia, dеprеssion, fеvец and wеight
loss.lr l-. La 65-6n -o 12 2|3 22o Сardiaс artsсultation usually
rеvеals taсhr'.сardia. mufflеd hеart sounсls, aлd/ot pеriсaг-
dial friсtion rubs anсl absеnt lttrrg sottnds in thе vеntral

{. ' .ъ!;, .{ 4 l-.

Figurе 5-76
}T-лlodе есlroсaгdiogram obtaiпеd fгсlm a 4-1.еaг-olсl Thoгоuglrbrеd gеld.
ing witlr aсutе nlonсnsin toхiсosis (samе hoгsе 1ls in FiЕiuгеs 5_73 and
5-75) Nсltiсе tl.tе shoгtеnесl aoгtiс еiесtioп I|mе (аrrОшs) and thе small
аmount of spontanеolls сOпtгast pгеsсnt bсtwееп thе aоfiiс lеaflеts
Thе aoгtiс valvе (A\) сlosеs morе tlran 1'0 msес prioг to thе opеning
<lf thе tгiсtrspiсl valvе (Т\D Тhis gеldlng was in sintls гh1thm and diеd
Withiп 2.i houгs atiеr this есlrсlсaгсlioЕ.гam Was madе This есhoсaгс1iо-

!.гаm Was obtainеd fгоm thе Iight сaгdiaс winс1ow in thе aoftiс valvе
position Witlr a 2 5-МHz sесtoг-sсannеI transdllсег at a displayеd dеptl]
оf 27 5 сm An еlесtгOс1rгdiogгam is supеrimposеd foг timing
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portion of thе thoraх. Есhoсardiography is ехtrеmеly
usеful in diagnosing pегiсardial еtftlsion, сharaсtеrizing
thе typе of еffusion, dеtегmining whеrе to pегform a
pеriсaгdioсеntеsis, and monitoring tlrе rеsponsе to thеr-
apу.', '- l8. ]3.65-68. -o' ]2

Pеriсarditis. Thе есhoсaгdiogram is еxtrеmеly r'rsеful
in diffегеntiаting pеfiсardial and plеrrral еffllsion.7 .; l8 .].r

65 68' fо. r2 Plеural еffusion is usually also prеsеnt in hoгsеs
with pсriсarditis and may displaсе thе hеaгt сaudally
whеn prеsеnt in thе сranial mеdiastinum in laгgе
amolшlts. 

.$Иith pеriсardial еffusion fltrid is imagеd bе-
tlvееn thе pеriсardium and еpiсardium.7. ],t. lf. la 65 6a, -o -2

With small pеriсardial еffusions, thе еpiсarditrm and pеri-
сardium sеpafatе only in systolе.r8 Shееts of flbгin, flbгin
strands, and loсulations arе frеqrtеntly dеtесtеd bеtwееn
thе еpiсardial and pеriсardial surfaсеs, as flbrinous pегi
сarditis is сommon in horsеs (Fig. 5-77). Swirling есho-
gеniс fluid in thе pеriсaгdial saс is most сonsistеnt With
hеmorrhagе and сlot (Fig. 5_78)' whегеas a сlеar an-
есhoiс еffusion is ntost сonsistеnt with a tfansll-
datе assoсiatеd чrith сongеstivе hеart failurе.-o A сompos-
itе or moге есhogеniс flrrid with flbrin is typiсal of sеptiс
or tгaumatiс pеriсaгditis. Hr.pегесhoiс frее gas есhoеs
arе rarеly imagеd in horsеs with pеriсarditis and. if dе-
tесtеd, a pеnеtrating п,ound or tгaumatiс pегiсarditis
should bе stlspесtеd. Tl-rе most геlieblе sign of pегiсaгdial
еffusion is сollapsе of tl.rе гiglrt atгitlпl (Fig 5--9) and.
with largеr еffusions, fiЕ.ht \'епtгiсulaг diаstoliс сttllapsе
indiсatoгs of hеmod1.nanriсallr, signi1rс ant pеriсaгdial еffr-r-

sions and сardiaс tamponadе.,n' 65 _() -2 In lrrost hсlгsеs
with pеriсaгdial еffusion, t]uid is iпragеd aгound botlr
vеntгiсlеs, but littlс fluid is imagеd arottnd thе lеft atгium
bесausе thе pеriсaгdittm adhеrеs tightly to thе lеft atгium
(Fig. 5-79).;0 Flttid may also bе imagеd bеtwееn thе
dеsсеnding aoгta and thе lеft vеntriсrrlaг fгее wall with
oеriсardial еffusions in somе individuals.70 Thе lеft vеntri

Figure 5-77
LОng-aхis есhoсardiogгlm oЬtainеd ttom a l2--vеаг-old Thor.olrghbrеd
rlaге witlr sеptiс pеIiсarditis Notiсе thе Iibfin сln thе еpiсагdial suгfaсе
.li thе hеaгt and on thе pafiеtal pегiсafdium A small plеlrгal еfftlsion
-lnd an aегatеd vепtfal tip of thе lung aге visiblе This есhoсaгdiograrrr
п as obtainеd from tlrе lеft сaгdiaс window in thе siхth intегсostal
.расе. еYalrrating thе сaudal boгсlег of thе lеft vелtгiс]е аnd tlrе сдrrdаl
rspесt of thе pегiсaгdial saс Tlris есhосardiogгam was obtainесl with a
i ()-\ItlZ sесtoг-sсaпnег transduсеf at a (lisl)laуеd dеptlr of 14 сm P-D
ш(' Pегiсaгdial-diaphragmatiс ligamеnt
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Figute 5-78
Long.aхis two-dimеnsional есhoсardiogram obtainеd Irom a l-dаy-olсl
StandafdbIеd 1lllу that had гесеivеd aл irrtгaсardiaс in.iесtion of еpinеph-
finе at bifth Notiсе thе есhоgеniс clot (аrroшbe4ds) at thе fight
УеntriсLrlaг (R\) apех. with thе tag Of flbfin ехtепсljn€i to thе lеft
Yе]ltгiсulxг (L\D sidе of thе intеп-еntfiсLrlaг sеptuп and thе small loсa]-

izеd pегiсaгdiаl еffrrsion Тl.ris fouт-сhambеr viеW q.as obtainеd from
thе гight сardiaс s.iпdolr' arrgling r-еntгallr to imagе thе сaгdiaс apсх
sith;r 5 O-\IHZ sесtoг.scanпег tгatlsduсеr at a displa1,еd dеpth of 17 

'спl t-t еlесtгtlсaгdiоgг:rпl is supегiпрosеd foг tin-rirrg Ld. Lеft atrium

с1е is srnallег than noгnrel п ith signfiсant pегiсaгdial
еffusiorrs, and normal lеft l-еntriсuleг fгее тr-all and pегi
сardial motion is lost. Thе motion of t1rе intеп'епtriсLllaг
sерtum may bе inсrеasеd or paradoхiсal ц,.ith 1argег pеri
сardial еffusions.'. r8, ro, -2 Ехсеssivе сardiaс motion oссLlfs
and ottеn сoffеsponds to thс еlесtгiсal altеrnans сlеtесtеd
еlесtroсaгdiographiсally.l8 Rеspiratory vaгiations in right
vеntгiсular fllling ma1, bе dеtесtеd in hoгsеs with largе
pеriсardial еffusions and сardiaс tamponadе.- l8' r0' 12 Еafly
есhoсaгdiographiс signs of сardiaс tamponadе inсludе
right atrial systoliс сollapsе, an inspiratory inсrсasе in
right vеntriсulaг сhambеr dimеnsion (two or morе timеs
thе dimеnsion dtшing еxpiration), and an inspiratory dе-
сrеasе in lеft vеntfiсulaf сhambеr dimеnsion..() As thе
pеriсardial tamponadе bесomеs morе hеmodynamiсall1.
sigrriIrсant, thе right atrial systoliс invеrsion is prolongеd
and сomprеssion of thе right vеntriсular fгее wall oссLlrs.
Сomprеssion of thе RVoT is dеtесtеd initially bесausе
this arеa сollapsеs flгst with inсrеasing intrapеriсardial
prеssurе.7.J In horsеs with сhгoniс pегiсarditis, thе fibrin
in tlrе pегiсardial spaсе may bесomе thiсkег and moге
есhogеniс as it bеgins to organizе into flbгous tisst'lе.l8
66' 6- сonstriсtivе and rеstfiсtivе pеriсarditis, although un-
сommon in horsеs, сan bе diagnosеd есhoсardiographi-
сally.- 67 -, .W.ith сonstriсtivе pеriсaгditis thеге is геstгiс-
tion of lеtt vеntriсulaг fllling in latе diastolе and flattеning
of thе visсеral pеriсardial sidе of thе lеft vеntriсulaf
mуoсardium.rO An atrial systoliс notсh anсl еarl1. diastoliс
notсh may bе dеtесtеd in thе intеrvеntfiсLllaf sеptum.67 7()

A lеftward movеmеnt of thе atгial and vеntriсulaг sеptum
has also bееn fеpoftеd.-O Thiсkеning of thе visсеral pегi-
сardium and еpiсardium is usually dеtесtеd.

Pеriсardial AЬsсеss/Nеoplasia. Pегiсardial massеs
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Figure 5-79
Есhoсafdio€iгams сlbtainесl tiom a 2-r,еar.olсl Standaгdbгсd fillу rvith pеriсaгdial еfftlsion (PЕ) Thеsе есhoсaгdiograms wеtе оbtainес1 fгom thе riglrt
сaгdiaс window with a 2 5.MHz sесtоt-sсilпnеr tгаnsсlllсег at a с|ispla1-еd сlеpth <lf 30 сm An еlесtroсafdiogгam is supегimposесl foг timing

,4, Long-aхis two-dilDеnsjona| есhсlсaтdiogranr oЬtainеd ffom thе rigl.rt сar.diaс witrdow in tlrс mitгal Yаlvе position Notiсе thе anесlrсliс pеriсагdial
еfТusion(PЕ),thеIightatfixl(RA.)сollapsе(аrroш,),лldtl-tеsma[laп1ountofpегiсaгсlia1flrridstlггounсlingthеlеfatdum(LA.)
Rv, гight vеntгiсlе; LY' ]еft vеntгiсlе; Mv, mitгal Уalvе

fl М-modе ссhсlсlгdiogram shtlwing x swееp fгоm tlrе lеtt \.еntriсlе (L\) to lеlt xtIium (tА). dеmonstгating thе сlесгсasе iп thе pегiсardial
еffusioп (PЕ) suггounс1irrg tlrе lеft atгillm Rv. Riglrt vсntгiсlс: T\., triсuspid r.аlvе; MV. tnitгll r.llvе: AY, aoгtiс valvе

afе inttеquеntly drtесtеd in horsеs and arе usually assoсi-
atеd With pеfiсafdial absсеssеs oг nсoplasia.jr -(), -2 Pеfi-
сaгdial absсеssеs afr faге in horsеs but havе bееn imagеd
in onс horsе with myoсardial involvеmеnt (Fig. 5-80)..0
Мorе fгеqtrеntly, сranial mеdiastinal absсеssеs mimiс thе
сliniсal signs of pеfiсafditis by сausing сгanial vеna сaval
obstrllсtion.-., Tlrеsе absсеssеs usuall). oссLlг sесondary
to сhroniс plеufopnеumonia.2]z Thе сranial mеdiastinal
absсеssеs may displaсе thе hеaгt сaudall1. and involvе thе

pariеtal pегiсardium brrt do not usllally сausе pеriсafditis.
Сгanial mеdiastinal absсеssеs сan bе imagеd ultfasono-
graphiсally and diffеfсntiatеd from pеfiсafdial еfftlsions
or absсеssеs.]22 Сranial mеdiastinal absсеssеs displaсе thе
hеafi сaudally and ftес1tlеntl}. impingе on right attial and/
of fight vеntfiсLrlaf trlling (sее Сhaptеr 4) Forеign bodiеs
fafеl}. oссLlf in tlrе еqtrinе pегiсardium btlt havе bееn
oссasionall.v fеpoftеd in hсlrsеs and сotrld possibly bе
im:rgесl if loсatеd in an arеa гoutinеly ехaminеd есho.

Figure 5-80
ЕсhoсafdioЕ.гаms obtainсd 1ionr a 3 vеаг-сllсt Тhoгrlughbгесl llll1. with a pегiсardial absсеss arrd pеriсaгditis Tlrеsе есl.toсaгdiogгams wеfе obtаinrd
ffom thе lеft сaгdiaс wiлdow With i 2 5-МHZ sесtoг-sсannег tгallsduсеr at a displavеd dеpth of 27 5 сm

,4, Long-aхis есhoсarс1klgram сlf tlrе гight \'с|ltгiсulaг ОUtfl()w tг;tсt dеmonstгatiпg thr fillгiпotts ad]rеsions of thе mаss (M) to thе еpiсardium of
tlrе riglrt r.еntгiсlе (R\) Tlrе flllid Within thе m:1ss is anесlroiс to есlrogепiс' most сonsistеnt witlr xn absсеss PБ, Pегiсeгсlial еffusitln, RA,
right atгium

B, Long-aхis есhoсaгdiоgraIп of thе lеft vеntгiсlе (L\) at tlrе mitгal r-alvе position dсmoпstгlltiлg lillrоrrs adhеsioлs (аrrоulbеасls) tо tlrе lеft
vеntfiсular сpiсafdillm and distoftion of thе shapе of thс lеft vеntгiсlе duе to thе sсaггing assoсiatеd with thеsе adhеsioпs Inсгеasеd есl-toЕiеniсity
of thе mvoсlгсlillm is pгеsеnt at thс sitе сlf thе aсlhеsiсlns bеtwееn thе absсеss (М) and thе еpiсafdium, suggеsting nryсlсaгdial involvеmепt An
еlесtгoсaгdiсlgram is stlpеrimposеd tbг timiflg PЕ, Pеriсardi;rl еffrrsioл
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сafdiographiсally.70, ;2 Pеriсardial tumors aге unсom-
monly dеtесtеd in horsеs (Fig. 5-81). Mеsothеliomas, onе
of thе most сommon pегiсaгdial tumoгs in horsеs, havе
bееn dеtесtеd есhoсardiogгaphiсally.'O Pеriсardial еffu-
sion is usually dеtесtеd in horsеs with mrsothеliomas in
assoсiation with еpiсardial and pеriсardial massеs, but
pегiсaгdial mеsothеliomas oссasionally oссur in horsеs
в/ithout pеriсardial еffusion.70' 22]' 22j

Pаtient Mаnаgetneпt сl'пd' Progпosis. Thе optimal
sitе for plaсеmеnt of a сathеtеr for pеriсafdioсеntеsis
should bе dеtеrminеd есhoсardiographiсally.7. ]a. .]J.65' 66'

6a.70' '2 Thе amount and typе of pеriсardial fluid prеsеnt
hеlp dеtеrminе if an indwеlling сathеtеf сan bе plaсеd
for pеriсardial dгainagе and lavagе or whеthеr only a
samplе for сytology, сulturе, and sеnsitivity tеsting сan
bе obtainеd. Suсh a samplе should bе obtainеd whеnеvеr
possiblе unlеss only a small pеriсardial еffusion is dе-
tесtеd.t'- ]a' (l5-6a' -o' ,-2 If possiblе, a largе-borе Aтgylе сhеst
tubе should bс plaсеd in thе pеriсardial saс trndег ultra-
sonogгaphiс guidanсе for rеpеatеd drainagе, lavagе of
thе pеriсardial saс with stеrilе isotoniс fluids, and dirесt
instillation of antimiсrobials into thе pегiсardial saс.'"']3'
65 68' -o' 

'2 This aggrеssivе thеrapy has bееn suссеssful in
all hoгsеs with pеfiсarditis and largе pеriсardial еffusions
trеatеd at Nеw Bolton Сеntеr sinсе 1986 Thе гwiсе.dailr-
oг daily dгainagе and lavagе should bе сorrtinuеd until
only small amollll.ts of pегiсaгdial fluid aге iпagеd есho
сardiographiсally arrd lеss than 1 litег of fluid is сonsis-
tеntly obtainеd at thе timе of iпitial pегiсaгdial dгaiлagе.
Follow-up есhoсardiograms pеrfoгmеd on lroгsеs with
pеriсarditis approхimatеly 1 montlr aftег disсontinuing
thе indwеlling сlrainagе and lavagе rеvеal littlе oг no
есhoсaгсliographiс еvidеnсе of thе pгеviotrs pегi-
сaгditis..'5. 6* Thе usе of indwеlling сhеst tubеs in thе
pегiсaгdial saс, сouplеd with aggfеssivе dгainagе, |avagе,
dirесt instillation of antimiсrobials into thе pегiсaгdial

Figure 5-81
Long-aхis two-dimеnsional есhoсafdiogгam oЬtainеd fгonr .r 6-1'еаг-o[d
Standaгdbтесl maге with сгanial mесliаstinal lуmphosaгсoma. Thе hеaгt
\\as ехtrеmеly diffrсult to imagе owing to thе iпfiltгation of thе pеr.iсar-
dirrm with nеoplastiс lymphoс1tеs, rеsulting irr a maгkеdlу thiсkеnеd
. + 32 сm) hеtеrogеfrеolls pегiсaгdial saс and сaгdiaс сompfеssion This
iong.aхis viеw of thе рtllrпonary aгtеry Was obtainеd frоm thе lеft
сeгdiас window with a 2 

'.N,IHZ 
SесtoI-sсannег at а displаyеd dеpth of

]О сm PA, Ptllmoпaгy artеЦ,; Rv, гight vеntгiсlе; R,{, right atгium
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saс, and thе systеmiс administration of bгoad-spесtrum
antimiсfobials with or without сoftiсostеroids' has mark-
еdly improvеd thе pгognosis for horsеs with flbfinous
pеriсarditis and has dесrеasеd thе inсidеnсе of сonstriс-
tivе pегiсarditis.18, Jз' 65 6a' 70 Broad-spесtrum baсtеriсidal
antimiсrobials should bе administегеd until thе sеptiс
pеriсarditis has rеsolvеd oг thе rеsults of thе с}tology,
сulttrrе, and sеnsitivity tеsting of thе pеriсardial fluid
indiсatе an idiopathiс (nonsеptiс) pеriсarditis.ra. os 68, -o. -2

сoгtiсostеroids havе bееn shown to bе usеful in horsеs
with flbrinous pеriсaгditis whеn no еvidеnсе of pегiсar-
dial sеpsis is prеsеnt.r. 6i -n -. Horsеs пrith pегiсardial
absсеssеs oг nеoplasia should bе givеn a guardеd to gfavе
prognosis for lifе';o 72

vAsсULAB DlsEAsEs

Есhoсardiography is usеful in thе diagnosis of abnormali
tiеs of thе aortiс root and pulmonary aftеry, partiсularly
anеufysms of thе sinus of Valsalva' aoftiс foot ruptufе,
and aortiс and pulmonatу aftеtу dilatation.7. 19' 33' 15' 46' 1L)'

72. -5 Diagnostiс ultrasound is similaф usеful in thе diag-
nosis of pеriphеral vasсular abnormalitiеs, partiсulaф
aoпoiliaс thтombosis, сгanial mеsеntеriс aftеfitis, and
jugulaг r-еin thгombopШеbitis and monitoring геsponsе
to trеatmеnt if iлdiсatеd.r] -] ]25-]]j

Examination Teсhnique

Palienl Preparation

Thе horsе should bе pгеparеd foг an есhoсardiogгaphiс
еxamination if thе asсеnding aorta and/or main pulmo-
nafy aftrry or pulmonaгy aгtеfy bгanсhеs arе to bе ехam-
inеd. If thе tеrminal portion of thе aorta, iliaс aftегiеs,
сranial mеsеntеriс and its branсhеs, rеnal artегy, middlе
Lrtеrinе aftегy, of any othеr abdominal aгtеry aссеssiblе
to transfесtal ехamination is to bе еvaluatеd, thе rесtum
should bе thoroughly еmptiеd. Thе horsе should bе rе.
strainеd in stoсks or in a stall with minimal distraсtions.
Thе horsе should bе quiеt and rеlaхеd and should bе
tfanquilizеd if nесеssary, partiсulaф if onе is ехamining
vеssеls dееp within thе abdomеn. Thе hair ovег thе
pеriphеral vеssеls to bе ехaminеd should bе rеmovеd
with a No. 40 surgiсal сlippеr bladе, thе skin сlеanеd,
and сoupling gеl appliеd (Fig. 5-82).

Аnatomу

Thе vеssеl bеing еxaminеd should bе sсannеd in its
еntirеty if aссеssiblе to thе ехaminег. Thе bгanсhеs of
thе affесtеd vеssеl should also bе ехaminеd, if possiblе,
to dеtеrminе thе ехtеnt of thе vasсular abnormality. A
quiсk rеviеw of thе vasсulaг anatomy in quеstion is hеlp-
ful in сlarфing suspесtеd abnormalitiеS. In most pеfiph-
еral vеssеls' a сomparison сan bе madе to thr сontfalat.
егal vеssеl if abnormalitiеs aге suspесtеd. A thorough
knowlеdgе of normal vasсular anatomy is impoftant in
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Figure 5-82
Diagгam of thе lеft skin that should bе suгgiсally сlippеd ovеrl1.ing thе
jugulaг, lingual faсial, and ехtеrnal maхillary уeiлs 6bаdеd аrеа) in Ihе
lеft sidе of thе hoгsе's nесk to pегform thе ultгasonogfaphiс ехamina-
tion

pеrfofming a thoгough vasсulaf ultfasonographiс ехami
nation.

Scanning Teсhnique

Thе tесhniquе for sсanning thе asсеnding aofta and pul.
monaгy aгtеry has bееn dеsсribеd. Thе intra-abdominal
and intгapеlviс vеssеls to bе еxaminеd should bе pal-
patеd flrst and thеn thе appropгiatе tfansduсеr intro-
duсеd to thе fесtum for sonographiс еxamination (Fig.
5_83). A 7.5- 6.o- or 5.O-МHz transrесtal tfansduсеf
should bе usеd to еvalllatе thеsе vеssеls duгing rесtal
еxamination. Еithег linеaг-aгray, miсroсonvех |lneataraу,
oг sесtof-sсannег transduсеrs сan bе usеd for thеsе ехam-
inations. Dеpеnding upon thе vеssеl bеing sсannrd, thе
sizе of thе hoгsе, and thе sonographrf's afm, a |inеat
aгfay, miсroсonvеx linеar-aftaу, of Sесtoг sсannег may bе
pгеfегablе. To sсan thе aorta and iliaс aftrriеs, a tfans-
duсеr must bе usеd whiсh еmits thе ultrasound bеam at
an anglе to thе long aхis of thе transduссц prеfсrably 90
dсgrееs. othеr transduсегs that еmit thе bеam at an anglе
lеss than 90 dеgrееs сan bе usеd but arе lеss usеr friеndly.
Thе linеaг transduсеr produсеs a sagittal or long-axis
imagе of thе aorta and a transvеrsе or short-aхis imagе of
thе iliaс artеriеs and сranial mеsеntеriс or rеnal artегiеs,
if thе lattеr two vеssеls сan bе rеaсhеd by thе ехaminег

A 90-dеgrее sесtof-sсannеr transduсеr produсеs a tfans-
vеrsе imagе of thе aoгta and a long-aхis imagе of thе
iliaс, сranial mеsеntегiс, and rеnal aгtегiеs. 

.sиith a 150-
dеgrее miсroсonvех |inеar-arcaу transduсец short- and
long-axis imagеs of thе aoгta, iliaс artеriеs, and сfanial
mеsеntеriс or rеnal artеriеs arе obtainablе bесausе thе
tгansduсег is small еnotrgh to manеuvеr transrесtally and
has a widе flеld of viеw. 

.W.ith 
transduсеr сonligurations

in whiсh thе ultrasound bеam is еmittеd at 90 dеgrееs to
its long axis, thе transduсеr must bе plaсеd ovеf thе
aгtеry in quеstion. .With an еnd-flrе transduсеr (ultra-
sound bеam is parallеl to thе tfansduсег's long aхis) or a
tгansduсеr that rmits a bеam at lеss than 9o dеgrееs,
thе transduсеf сan bе pointеd towaгd thе aftеry bеing
еxaminеd and imagеd, if thеrе is no intегvеning gas-Iillеd
bowеl. For imaging supеrflсial vеssеls, thе transduсеr
should bе plaсеd diгесtly ovеr thе vеin bеing ехaminеd.
For vеssеls just bеnеath thе skin, a7.5- or 10-MHz tгans-
duсеr should bе usеd with a built-in or hand-hеld stand-
off For dееpеr vеssеls, a lowеr-frеquеnсy transduсеr may
bе nееdеd. Thе highеst fгеquеnсy transduсеr that сan
suссеssfully obtain a high-qualiф imagе оf thе vеssеl
bеing ехaminеd should bе trsеd. It may bе nесеssary to
сhangе tfansduсеfs whеn еxamining dееpег vеssеls if
thеy movе signiflсantly in rеlationship to thе skin surfaсе.
Thс supеrflсial vеins should bе oссlrrdеd to distrnd thе
vеssеl whilе sсanning bесausе thе vеin сollapsеs with
transduсеr pfеssufе. It is еasiеst if an assistant pеfforms
thе Valsalva manеLrvеf whilе thе sonographеr pсrforms
thе ultrasonographiс ехamination of thе jugulaг vсin.

Ultrasonographiс аnd Есhoсаrdiographiс Findings

Normal Findings

Thе vеins arе еasily гесognizеd by thеir thin есhogеniс
wall, тцrhiсh is еasily сompгеssiblе unlеss сontainеd
цrithin tissuеs that сannot bе сomprеssеd. Thе vеins havе
valvеs that arе rеadily imagеd whеn сarеfully sсanning
thе vеnous systrm. Dopplег еvaluation of vеnous flow
rеvеals сontinuous low-vеloсity flow throughout thе
vеins. In сontfast. thе artеriеs arе thiсkег.wallеd vеssеls
that laсk valvеs and сontain laminar pulsatilс flow whеn
intеrrogatеd with Dopplеr ultгasound.

АbnormaI Findings

Sinus of Уa|sa|va Anеurysm and Aortiс Root Rup-
tuге. Sinus of Yalsalva anrurysms arе сongеnital anoma-
liеs that oссuг in hoгsеs but arе not assoсiatrd with aortiс
foot fl'rptuгr trntil latег in lifе.l.,. r5. .lо. -2. -- Мost horsеs
with sinus of Valsalva anеurysms that fupturе arе malе
and at lеast 10 yеars old, although at lеast onе horsе.was
9 yеars old whеn thе sinus of Valsalva anеurySm rup-
turеd. Thеsе anеLlrysms arе сatrsеd by сongеnital dеfесts
in thе mеdia of thе wall of thе aorta whiсh aге loсatеd
in thе right sinus of Valsalva. At lеast onе horsе has bееn
diagnosеd at an еarly agе (3 yеars) with an unfuptufеd
sintrs of Valsalva anеurysm.1' This dсfесt is dеtссtablе
есhoсardiographiсally long bеforе thе гuptuге of thе si
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Figure 5-83
Diagгam of thе aorta and lеft intеrflal and еxtеf.
nal iliaс xгtеfiеs within tlrе horsе.s pеlvis Thе
ехaminеr is shown SсanninЕ. thе lеft sidе of thе
aoгtiс qtladrifuгсation (lеft intеrnal aпd ехtегпal
iliaс aгtеriеs) Thе insеt illustfatеs tl-tе tгensduсет
pоsitlon to sсaп thе aогta fгom its Yеntгal asресI

nus of Valsalva anеuЦ.Sm oссurs. A гupttlrеd sinus of
Valsalva anеLrrysm shorrld bе сonsidеrеd in thе diffегеn-
tial diagnosis for a stallion or gеlding 10 yеaгs old or
morе With taсhyсardia and сoliс without any dеtесtablе
primary gastfointеstinal pfoblеm.;'

An intaсt sinus of Valsalva anеurysm in hoгsеs apprars
есhoсardiogгaphiсally as a thin mеmbгanе at thс гight
сofonary sinus of Valsalva, сontinuous with thе right wall
of thе aortiс foot, that bulgеs into thе right atrium, right
vеntriсlе, oг tfiсuspid valvе (Fig. 5-84).11 Whеn thе aortiс
sinus of Valsalva anеurySm fuptlrfеs into thе hеart, an
aortiс сardiaс flstula rеSults.'9 16'12'15 Thе anеurysm сan
rllpturе into thе right atгium or right vеntriсlе or thfough
thе tгiсuspid valvе of dissесt down into thе intrгvеntriсu-
lar sеptum (Fig. 5-s5). Thе thin dilatеd portion of thе
right aortiс wall, a poгtion of thе rupturеd anеurysm. is
usually imagеd fluttегing in thе right atгium or гight
r'еntriсlе as blood shunts fгom thе aorta into thе гight
atrium or vеntriсlе. Abnormalitiеs of thе triсuspid valvе
lеaflеts, suсh as a ruptllгеd сhorda tеndinсa, may also bе
imagеd, dеpеnding upon thе sitе of thе rupttrrе into thе
гight hеaгt.'9 If blood is dissесting down thе intеrvеntfiс-
ulaг sеptum, an anесhoiс fluid spaсе is imagеd bеtwееn
thе еndoсardium and thе myoсardium whiсh originatеs
tгom thе fight Sinus of Va1salva.a.,' 75 Thеsе subеndoсardial
fluid traсts should bе followеd to thеiг distalmost ехtеnt.
Thе subеndoсardial dissесtions сan subsеquеntly ruptufе
into thе right or lеft vеntriсlе, sесondary to thе сonstant
pгеssufr fгom thе aortiс сardiaс flstula pushing thе dis-
sесtion. Thе r.uptuге of a sinus of Valsalva anеurysm
usually сalrsеs a sеvеfе гight atfial and right vеntriсular
r-olumе ovеrload. A lеft vеntriсular volumе ovеrload is
possiblе if thе rupturеd anеurysm also сommuniсatеs
sr-ith thе lеft vеntriсlе through a subеndoсardial dissес-
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tion. Dopplег есhoсaгdiogгaphr сan bе usеd to dеtесt
thе higlr-vеloсiп. tuгbulеnt blood floтr assoсiatеd with
thе aoгtiс сaгdiaс Iisttrla. whiсh is еasiеst to dеtесt with
сoloг-flow Dopplеr есhoсaгdiogгaph1,.*(' -5 Сontrast есho-
сar<liography also dеmonstratеs thе shunt assoсiatеd with
thе aortiс.сardiaс flstula as a nеgativе сontгast jеt in thе
right atrium or vеntriсlе with a pеriphегal vеnous
injесtion of miсrobubtllеs @ig. 5_86).-. Thе sizе of thе

Figure 5-84
Long.aхis есhoсardiogram obtaiпеd fгom a 3-уеaг-old Thoгoughbrеd
gеlсling with an intaсt sinus of Valsalva anеuгvsm (аrroulheаds)' T}trе

thin mеmbгanе in thе гight wall оf thе aoГtiс foot (AR) at thе right
sinus of Valsalva bulgеs into thе гight atdum (R,A.) just abovе thе
tгiсLlspid valvе (T\) This есhoсardiogгam was obtainеd fгom thе гight
сardiaс windоw in thе lеft vепtтiсulaг outflow tгaсt position with a 2 5-

Mflz sесtol-sсannег tfansduссr at a displayеd dеpth of 27 5 сm Rv,
Right vеntгiсlе; LV, lеf1 vеntгiсlе; Av, aoгtiс valvе; lА, lеf1 аtrium.
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Figurе 5-85
Long-aхis two-dimеnsional есhoсaгdiogгam oЬtainеd fгom an 1l.уеar.оld Stаndardbrеd gеlding s''ith a гuptuгсd sintts of \/alsalva arrеuц'sm .flrеsе

есhoсardiogгams wеrе obtainеd with a 3 5.MHZ sесtor-sсanпег tfansduсег at a displalе(l .lерth of j0 сm
,:l, Long-axis viеw of thе lеft vеntгiсular outtlow tгaсt obtainеd tгom thе riglrt сardiaс wit-tdow Notiсе tlrе гaggеd ссlgе оf thе rupturссl sinrrs of

Valsalva anеLlrysm (аrrсlul) in thе fight atriuп (RA) Iп теal timе this poгtion of thе тuptuгесl irпеuЦlsm u,аs im:rgеd mоving in tlrе Iight xtIium
with shtmt flow aлd atIial 1illiпg Rv. Right vеntгiсlе; Lv, lеft Yеntfiсlе; Av, xoftiс valvе; AO, aoтta; PA, prr]monary aftегу

,B, Long-aхis viеw of thе lеft Yеntгiсular outflow traсt obtainеd fгom thе fi€iht сardi'lс windoц. This viеп. п,-as obtainесl slightl)' саu(|a] to thе
viеw in ,:l. Thе anесhoiс fltid фlood) dissесts subеndoсaгdiall.v toward thе сaгdiaс apех on both thе right anсt lеft sidеs оf thс intе1vеntriсLilxг
sеptum Notiсе thе vibrating гaggеd еdgе of thе гuptrrrеd sinus of Vllselva anеutTsm (riglэt аrrou)) in tlrе Iight xtIillm (RA) anсl thе bfеak iп thе
lеft vеntfiсulaг еndoсaгсlium (lф аlтоtL'), whiсh tеsultеd in ГLlptl]ге of a mitгal сhoгсla tеrrсlinеa аnd maгkеd lеft r,еntriсtrl:rг volumе ovсrloaсl TV'
Tгiсuspid valvе; Rv, гiglrt vеntгiсlе; Lv, lеlt vсntriсlе; Av, aoftiс valvе; AO, aoгtx; PA. pulmonaгv aгtец,; LA., lеft atfium

aortiс сafdiaс shunt and its hеmodynamiс signffiсanсе
should bе dеtеrminеd, if рossiblе, at thе timе thе ruptuге
is diagnosеd.

Aoftiс root fuptuге at thе right sinus of Valsalva сan
also oссuf withollt a prе-ехistin8 anеurysm.l<) 15 16' ,=2 -з 2з1

Thе есhoсardiogгaphiс flndings afе similaf to thosе dе-
tесtеd in horsеs with a fuptufеd sinus of Valsalva anеtь

Figure 5-86
сontrast есhoсardiogгam obtainеd fгom an l1-1-еar-old Standardbгеd
gеlding with a гuptuгсd sint-ls сlf Valsalva xnеuгysm (samе lrorsе as in
Figurе 5_85) Тhе nеgativе-сontfast jеt (аrrou:') еntегs thе гight atгium
fгоm thе гight Sintls of Valsalva This есhoсaтсliogram was obtainеd
from thе гight сaгdiaс winсlow in thе lеft vеntгiсulaг outflow traсt
position with a 2 5-МHz sесtor-sсannег transduсеf at a displaYеd сlеpth
of 27.5 сm LY, Lеft vеntriсlе; AR' aoгtiс foot

rysm, if thе fltptllfе oссLrfs Within thе hеart, ехсеpt that
no thin billowing mеmbfanе геprеsеnting thе гupturеd
anеLlrysm is dеtесtеd fluttеfing in thе right sidе of thе
hеart r; Instеad, a dеfесt is inragеd in thе wall of thе
aofta at thе right sinus of Valsalva, with no othеf pfе-
еxisting abnormalitiеs of thе aortiс wall (Fig. 5-87). Thе
fllptllrе сfеatеs an aortiс-сardiaс Irstula With a сommllni-

Figure 5-87
Есhoсardiogfams of a ftlptllrеd aofta in a l0-1,еar-o1d Standaгdbrеd
gеlс|ing with subеrrdосaгdial dissесtioll Тlrе subеndoсardiа| dissссtion
OfiginatеS xt thе aoгta, pгolэaЬl'v xt tlrе гight сoгonаЦ. lеaflеt, anс1

dissесts aгоund thе :Lсlгta bеhind thе nol-lсoголary lе:tflеt (аrrоul) of
thе aoгtiс ralvе (A\) in thе shoгt-1lхis viеw сlf tlrе aofta (righl iп1а8е)
Thе st-lbеndoсaгdia] dissесtiсln ехtепds apiсally along thе lеft siсlе of
thе intеlvеntfiсul:lг sеptum (аrroul) aS sесn in thе lсlng-aхis r.iеw of
thе lеft vеntriculaг outflow t^d (lefl ilпаge) Thеsе есlrосardiograms
wеrе obtainеd with a 2 5-Ml{Z sесtoг-sсannеl tlansduсег at a displa1.еd
dеptlr оf 26 сnr RA. Right atrium; fY' tгiсuspjd valvе; RV' ight Yелtгi
сlе; LV, lсft vеntгiсlе: МV, mitгal valvе; L\, lеft xtгillm; АR, aoftiс root
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сation bеtwееn thе right sinus of Valsalva and thе right
atrium or гight vеntfiсlе. Right atгial and right vеntгiсtrlar
volumе ovеrload may bе dеtесtеd, and abnormalitiеs of
thе triсtrspid valvе lеaflеts сan oссuf. Dissесtion of tlrе
blood into thе intеrwеntriсulaг Sеptum has also bееn
геpопсd in horsеs with aoпit. гoot гuptuге._. 2J.

Pаtient Mаnаgemeпt с|пd Prognosis. Thе ruрtttге
of a sinus of Valsalva anеtrrysm or thе aoгtiс foot is lifе
thrratеning, and thе only horsеs thаt havе stlrwivеd with
a сhroniс aoftiс-сafdiaс fistula havе had a ruptllrе \\,.ith

dissесtion of blood into thе intегvеntriсulaг sеptum,..
75' 2.r1 Thеге is onе fеport of a stallion with aofiiс гoot
ruptuге in whiсh thе aortiс rupturе dissесtеd into thе
intегvеntfiсular sеptum from thе right sintrs of Valsalr-a
and was dеtесtеd as an inсidеntal flnding at postmoгtеm
ехamination.23r In most horsеs in whiсh a гuрtllrеd silus
of Valsalva anеurysm of a fupturе of thе aoгtiс root at

thе fight sinus of Valsalva is diagnosеd bеforе dеath. thе
prognosis is guardеd to gravе. Most affесtеd hoгsеs har-е

livеd lеss than 6 months following thе timе of probablе
fuptlrге, with onl1, a rarе horsе alivе aftег 1 tсilг,.' ,n

-5 2J1 vеntfiсular taсhyсardia is сommon at thе tlпlс Oг

thе гuptllfе and is trsttally trnifoсal and геspоnsir-с to

antiarгhрhmiс thеrapy.1(, 
.' Thе sizе of tlrе aoпiс.сardiaс

fistula and thе сhambсrs that arе affесtеd br thе dеr еlop-
mеnt of this aсqtrirеd shunt (tlrе hеп-rodr nзnriс siqniл-

сanсе of thе shunt) is сruсial to foгr-nulatillg з pгoglrоsis
for survival. Thе affесtес1 arrit-trals sl-rorrld not bе usеd foг
pеrformanсе, as thе risk of sr'ldсlеn dеath anсl possiblе
human injury is high.

Aortiс Anеurysms aлd/ot Ruptufе (Thoraсiс or
Abdominal). Intrathoraсiс and intra-abdominal aortiс an-

еLlrysms oссtrr infrеquеntly in horsеs and arе гarеly diag-
nosеd bеforе dеath. Intгathoraсiс aortiс anеLlrysms havе
bееn assoсiatеd s/ith right-sidеd сonЕ.еstiYе hеart failtlrе
in horsеs.2]5 238 Rupturе of intfathoraсiс aortiс anеurysms
in horsеs has bееn assoсiatеd with сollapsе, rесumbеnсy,
сaгdiovasсular сollapsе, and suddеn dеath.2rr-237 Anеu-

rysms of thе asсеnding aorta, likе anеtrrysms of thе sinus
of Valsalva, should bе dеtесtablе есhoсardiogгaphiсally
bесatrsе this po1tion of thе aofta is routirrеly imagеd in a
standard tfansthoraсiс есhoсardiogгam.,]5, 236 Thе antе-
moгtеm diagnosis of intrathoraсiс aortiс anеlrrysms in-
r-olving thе aoпiс arсh and dеsсеnding aoгta in horsеs
сould probably bе madе'with TЕЕ bесausе thе majority
of thе thoraсiс aoгta shorrld bе visiblе with a transеsopha-
gеal transduсеr long еnough to fеaсh thе еquinе stom-
aсh. Intrathoraсiс and intra-abdominal aortiс rlrptlшеs oс-
сlrг infrеquеntly in horsеs and aге usuall1. assoсiatеd with
suddеn dеath.238 Massivе hеmorгhagе into thе thoraсiс or
abdominal сavity or into surrottnding musсulatllrе tiom
othег major vеssеls сan also сausе suddеn dеath in
horsеs..9., 238-2J0 Hеmothoraх and/ot hеmopеritonеum
сan oссur in horsеs with гupturе of smallеr anеurysms
ifl thе thoгaсiс and/or abdominal сavitу @ig. 5_88).

Сranial Меsеntеriс Aftеfitis/Anеrrrysm. Intra-ab-
dorпinal anеurysms afе most сommonly rеpoгtеd in thе
сгanial mеsеntеriс artеry and its branсhеs and thе tеrmi
nel portion of thе aoгta and iliaс artеriеs 225 2r2 Ultfasono-
gгaphiс еvaluation of thе сranial mеsеntеfiс artеry сan
эе pеrformеd in horsеs in whiсh vеrminotls artеritis is
suspесtеd to look foг arrеr'rrysmal dilatations of thе vеssеl
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Figure 5-88
Sсlnogram of thе lеft siсlе of thе thoгaх obtainеd fгoпr a 6-yеaг-old
Атabian mitге with lr hеmothoftrx sесondaц. to a r.uptuгеd thoraсiс
aoftiс anеuЦ.sm Тlrе swiгling fluid in tlrе thсlгaх is сonsistеnt with
blood anсl tlrе есlrogеniс m1tегiаl in thе vеntfal poтtion оf thе thoraх
Iеprеsеnts сlоt Tlrе Yеntral portion of tl.rе lrrng is rеlativеlу h).poесhoiс.
Тhе atеlесtatiс vсtrtral lrrng tip is aсttlallY fоldеd baсk Llpon itsеll as it
tlo:rts oп tlrе tluiсl ou.irrg to thс dеnsе Лatuге of thе blood.v tluid This
sonogгaлr ses obtaiлеd in thе sеvеnth intrrсostal spaсе on a linе 15

сnl doгsal to ? linе lеvеl пith thе poiЛt of tlrе sl.roulсlеrwith a 5 O-МHZ

sесIoг.sсanлег tгaЛsduсеr at a displa\.еd dеptlr of 18 сm Doгsаl is to
thс гight tlГ thе soпogгanl rnd \еntгal iS to thе lеft

anсl,/or it-rtгalr:minal p1aquе oг thгomblls.]]l) ]'rr Thе сranial
mеsеntеriс aгtец' slrotrld bе sсannеd s-itlr a 6.0 or 7 5
MHz transduсеr in an adеqu;rtеlr' sеdatеd lroгsе. furеuгv"s-

mal dilatation, tlriсkеning of thе vеssеl wall. irrсгеаsеd oг
vafiablе есhogеniсity of tlrе vеssеl wall, an irrеgular lumi
nal suffaсе. and intгaluminal tlrrombi havе bееn suссеss-
full1. imagеd trltrasonographiсall1, in horsеs with vеrmi
nous aгtеritis.23o-2]2 Inсrеasеd есhogеniсity of thе ltrminal
sidе of thе сгanial mеsеntеfiс aftеry has bееn dеtесtеd
in horsеs with no othеr ultrasonogгaphiс abnormalitiеs
and was assoсiatеd with histopathologiс еvidеnсе of vеf-
minous artеritis'2]2 Ultrasonography has a high spесiIiсity
(86%) for dеtесting abnormal сranial mеsеntеfiс artеriеs
in horsеs with vеrminous aftеfitis and a high sеnsitivity
(9О%) fot dеtесting noгmal сranial mеsеntеriс artеriеs.2]1

Ultгasonography would bе usеflll in monitoгing rеsponsе
to thеrapy of horsеs with vеrminolls aгtеritis.

Aortoiliaс Tlrrombosis/Anеurysms. Ultгasonogra-
phy has also bееn vеry usеfr'rl in thе diagnosis of aoгtoiliaс
tlrrombosis and in monitoring thе rеsponsе сlf affесtеd
hoгsеs to tfеatmеnt.225-229 Thiсkеning of tlrе wall of thе
tеrminal poftion of tlrе aoгta and/or iliaс artегiеs. anеLrЦ.s-

mal dilatation of thе tегminal poftion of thе aoгta' and
thе prеsеnсе of thrombus aлd/ot plaqtrе of vaгiablе есlro-
gеniсitiеs within thе tегminal portion of tlrе aoгta and
iliaс artеriеs havе bееn dеtесtеd ultгasonogгaphiсally
(Fig. 5_89).22; 229 Thе есhogеniсit1. of tlrе mass in thе
tеrminal portion of thе aorta and iliaс aгtеriеs сan bе usеd
to hеlp diffеrеntiatе bеtwееn an immatuге oг organizеd
thrombus and plaс1trе within thе vеssеl wall and lumеn.
Thе immaturе thrombus appеaгs homogеnеotts and hy-
poесhoiс to anесhoiс, whеrеas thе organizеd thrombus
is morе есhogеniс and may bе lrеtеrogеnеous in appеar-
anсе, partiсularly if afеas of flbrosis and сalсifiсation afr
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pfеsеnt within thе thrombus. Thе vеssеl wall сan usuall),
bе distinguislrеd fгom thе immatuге thrombus bесatlsе
thе wall of thе aorta anс|/of iliaс aпеriеs is morе есho-
gеniс' As thе thгombtrs bесomеs morе fibrotiс, diffеrеnti
ation bеtwееn thе thrombus irnd tlrе vеssеl wall bесomеs

Figutе 5-89
Sоnogгams obtainеd fгom a 6-yеar-old standafdbгесl stal.
lioп with aoгtoil-iaс thтсlmbosis Thеsе soпograms wеrе
obtainеd tгansгесtally with a 5 O-MHz linеaг-aггay tfans-
duсеr lt a displayеd dеpth of 10 сm Сгarrial is to thе
tight of thе sonogram and сaudal is to thе lеft

,4, Thе laгgе hеtегоgеnеotrs mass oгiЕliniting fгom thе
dоrsal wall of thе aoпa obstnrсts aоttiс blood flow
(сtt.rouls) 'l.his nrass dссupiеd 90% оf thе tегmin1ll por-
tion of t]rе aoгta Thе сommon iliaс vеin (\D is noгmal

B, Thе moге homogеnеоus thrombus (I|bitе аrroш)
floats irr thе intегnal iliaс artеry Iэlасk аrrou-ls), This
thгombus огiginatеd fгoп thе thfombotiс пass in thе
tеfminal poгtion of thе aort't

inсrеasingly mofе difflсult. Plaquе along thе vrssеl Wall
is ustrallу есhogеniс to hypеrесhoiс, with aсolrstiс shad-
owing if сalсiflсation is pfеsеnt. Thiсkеning of thе artеrial
wall is сommon in morе сhгoniс сasеs with arеas of
flbгosis and сalсiflсation. Thс dеgrее of vеssеl oссlusion

Figure 5-90
Sсlnogram сllэtаjnес| fгсlnr a 9-t-еaг-olс] Thсlrсllrghbrеd tnarе v-ith аn aоftiс and гight intеfnal iliaс aItеq. fistrrla and a laгgе pеrirесtal hеmatоma In
rеil tin1е, blooсl was irпlgес1 tloп.irrg from thе tегminаl poftion of thс aofta and гight intегnal iliaс arтец. into tlrе surтouпding hеmatoma Thеsе
sonogгan1s Wеrе оbtainеd transгесtall\ rvith a 5 O-MHz liпеer transdllсег at a сlisplavеd сtеpth оf 10 сm Сranial is to thе гight of thеsе sоnograms
and сauсlаl is to thе lеft

А, Tlrе tегmirral poгtioП of thе aoгta (A) сommtlniсatсs (аrrol|) Witlr thе lafgе pегiгесtal hеmatomx (H)' witlr Ьlood dissесting arourrd thе fight
intегnаl i[jaс aftеry (ILA.)

B, Nсltiсе thс [агgе соmnrlrпiсltiоll (сtrrou') trеtwееn thе intеfnal iliaс aпеry (IIA) and thе largе Pеrirесtal hеmatomа (H)
С 1.lrе laгgе loculatесl fluid spaсеs (аrrсluls) iЛ thе pеfirесtal tissuеs surгounding thе tеfminal porIioп of thе aorta and гight intеrnal iliaс aпеry

xfе соnsistеnt With a poгtion of thе largе pегifесtal hеmatoma (н)
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by thе thrombtrs and/ot plaquе and its ехtеnt сan bе
dеtеrminеd and monitoгеd during thе сoursе of trеat-

mеnt.
Thе сausе of aortoiliaс thrombosis is unknown, al-

though abегrant strongylus migration and tratrma to thе
vasсular еnсlothеlium from ttrrbulеnt blood flow at thе
aofiiс quadгifurсation havе bееn most frеqtrеntlr'
proposеd.2a', 212 Indwеlling сathеtеrs, сardiaс dеfесts, and
sеptiсеmia havе also bееn impliсatеd as сalrsеs of аoпo-
iliaс thrombosis in horsеs.,a3 Aortiс anеurysms aге frе-

quеntly assoсiatеd with thе pfеsеnсе оf aoгtoiliaс
thгombosis.226 229'211 Aortiс and iliaс anеLrrysms аnd fistrr-

laе сan oссur without aoгtoiliaс thrombosis, primeгilr
fгom trauma suсh as may bе ехpеriеnсеd br. thе maге

dtrгing partufition (Fig. 5-90). Anеurysms сrf thе aoпiс
quadrifurсation and iliaс artеriеs rеsulting in an aпе-

гiourеtеfal flstrrla havе bееn rеportеd in a 5-rrronth<lld

by thе anеurySm was not dеtесtеd (Еig 5-91) Тl-tе саusс
of thеsе aftеfioufеtеfal flstulaе тr'as unl;rloтr n Ехtгllr,аsсu.
lar сomprеssion of thе tеrminal poгtion of thе :luгt.] .rnd

iliaс artеriеs сan oссuг sесondeп to laгgе il-rtгapеlr iс
massеS and ma1, mimiс tlrе сlilriсal signs of aопtliliaс
thгombosis (Fig. 5-92)

Pаtie''t Mопаgеmепt апd Prognosis. Aortoiliaс
thrombosis ustlallY has a guaгdеd prognosis bесatrsе thе
thгombus in thе tеrminal poftion of thе aofta and iliaс
aгtеriеs is usually vеry organizеd by thе timе thе diagnosis
is madе, сontaining flbrous tissuе and oссasionally arеas

of сalсilrсation. Suссеssful tfеatmеnt of aortoiliaс throm-
bosis has bееn rеporIеd, and tfеatmеnt is most suссеssful
whеn thе horsе is trеatеd aggrеssivеlу soon aftеr thе
onsеt of сliniсa| signs.

othеr Artеrial Anеurysms, Fistulaе, and Thтom-
trosis. Anеurysms of othеr vеssеls oссur infrеqllеntly in
horsеs, although гLlptufе of othеr major ar1егiеS, paгtiсu-
larly thе middlе utеfinе artеry, is morе frеquеntlу rе-

Poгtеd.2]9' 
21о 215 

^fl 
еnlarging сarotid aгtеfial anеurysпr

was sееn by thе authoг in a horsе with еsophagеal гup-

turе sесondary to a kiсk in thе сеrviсal геgion (Fig. 5-93).

Figure 5-91
sonoЕ]fam obtainеd tгom an 8-montlr-old Stanсlardbгеd flll1'rеvеalеd an

.]nеLlrysm (A) assoсiatеd with thе tегminal poгtiоп of thе aofix Thе
rhiсk wаtlеd anеurysm mеasurесl 28 mm in diamеtеr This anеLlq.sm

сommuniсatеd with and oЬstnrсtесl tlrе lеft uгеtег, rеslrltinЕ] in hvdroле-
эhгosis and h1,drourеtег. Тhis sonоgгam was obtaiлес1 tгansгесtxll).with
-r 5'0-N1Hz linеaт-aгray tflnsduсег at a сlispla).еd dеpth оf 10 сm. сгanial
ls to thе lеft of thе sonogгam and сaudal is to thе Iight
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Figurе 5-92
:t]n()gг.1п1 (]hl.linсd Ггоt.п а ]()rеаг.tlld ГhOIol-lghbfеd !.сldiпg With aп

.lсutL Onsсt оi l.tпtеnсss lrnd ссjелla ill tl-tе гight tlаrrk anсl гight ге.tг lеg

Тhе гighr схLспlз] tii;rс ;1пеп jr сOolPгеs5еd b\ а lагg,е hсlп-lоgеr.rеous

пiss /,/ i./ll .s, IhaI схtепdсtL ]I()Llпd I]lс гight sidе of tlrе eогta anсl

suггоundесl гl.tе гight сrtеглlti ili;lс;1Гtеп Тhс nrаss е\tеlldеd сгalliаlh-
L]p to tl]е сranill пlеsелtегiс ltпсп \Л L|llг:1sorLпd-grrii]еd biоpsr ге-

vеalеd thс m,Jss Lo bе lr'пlp]lоsaгссlпla. Тhis sonogriпl rr аs obtаit-tеd

П.ith thе j ()-x{Hz lilrеaг-аrrar- tгaпsсlltсег at x (lisPlil\ сd dеРth of l0 с|n

Thе right siсlе сlf tlrе sonogгem is сгanixl аnсl thе lеlt sjtlе is r:rrtсLlL

Artеrial vrnous flstulaе havе also bсеn с1еtесtеd in hсlrsеs,

both naturally oссurring anс1 strrgiсall1. сгеatеd, but aге

гarе (Fig. 5-94). A vasсular tlrmoг should always bе сon-
siсlеrеd in thе diffеrеntial diagnosis сlf a lroгsе With an

artеfiovеnous flstula, partiсulafly if dеtесtеd in a laгgе

vasсular plеxus. Thrombosis сlf ar1еriеs othеf than thе
aortiс qlladfifuгсation and iliaс artеriеs is unсonrmon and
probably oссLrfs most ffеqllеntl-v sесondary to artеrial
сathеtеrization oг abеrrant par2rsitе migration. Сoгonary
aftеЦ, thrombosis has bееn infrеquеntly герortеd as 1r

сallsе of suсldеn dеath in horsеs.'95 2lо A routinе есhoсlrr.
сliogгaphiс ехamination may havе dеtесtеd thе сoronary
artеry thrombosis in thrее affесtеd hoгsеs, as thе tlrrom-
bosis involvеd thе origin of thе lеft or right сoгonaf\,
aftеry. Thеsе сoronary thгombi wеrе vегminous lеsions,
and thе inсidеnсе of thеsе lеsions appеafs to hal.е dе-

сrеasеd with thе introdtrсtion of nеwег anthеlmintiсs.
Howеvеr, thе сoronary ostia and thе proхimal portion of
thе сoronary artегiеs should bе сaгеfullv sсarrnеd as part
of a routinе есhoсafdiographiс ехamirration.

Pulmonary Artеrial Disеasе and Pulmonary Ar-
tеry Rupturе. Atlnormalitiеs of thе rnain pulmonary ar-

tеry of lеft andlor right pulmonaЦ. aгtеriеs aге unсom-
mon, whеthеr сongеnital or aсquirеd.r9. 50. 2].). 2]-. 2j9. 2]5

Murmtrrs of ptrlmoniс stеnosis havе bееn sееn in hoгsеs
sесonсlary to a сfanial mсdiastinal absсеss (Fig. 5-95) or
tumof сomprеssing thе main pulmonary artеry.-, This
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Figure 5-93
Soпograms obtainесl fгom a l9-уеar-old Quaпег Hсlrsе gеlсling wit]] аIt aпеLlЦ'sm of thе lеft сarotid xгtеry (СA) fсlllowing a kiсk to thе lеft siсlе of
thе nесk, геsulting in еsophagеal rrЦ)tllге 1 tnolrth еaгliег Tlrе small thfоmbosеd lеft jugrrlaг vеin (ПD is visiblе in thе shoгt-aхis imagеs Thеsе
sonograms wеге obtainеd With a 7 5-МHz sссtoг-sсannег tLartsduсеf сontaininЕ] a btlilt-in fluid оl1Ъеt at a сlispla1,сd dеptl.r of 6 сm

,4, Tlrе anеurysm (аrrоu'ls) of thе lеft сlгOtid altеЦ'is sсеn in both thе long-aхis (lф imаge) aлd short-аxis (riglэt imаgе) viеws Thе ballooning
сlf thс сагotid xrtе1у pfogгеssеd rapiсll1, tшtil thе anеLrrysm was laтgег than thе diamеtеl. of thе lеft сarotid artеry (righl imаge), Thе гiglrt sidе of
thе long-aхis ima€.с is pгoхimal anсl tl.tе lеft sidе is distдl Thс гight sidе of thе shогt-axis im:tgе is сloгsal and thе lеft siсlе is vспtгаl

fl A stnall amollnt of фpoесhoiс matегial within thе anеulvsm (аrrot|) геprеsеnts part of a thrombus Thе riglrt sidе of thе soпo!.гam is dоrsal
anсl tl.tе lеft sidе is r.еntгa]

aсqllirеd sllpгavah,1]lar pulmoniс stсnosis is гaге in
hoгsеs. Anеurysms of thе pulmonary artеry havе not bееn
fеportсd in horsеs, although post-stеnotiс plllmonary ar-
tеry dilatation has bееn dеtесtеd есhoсardiogfaphiсally
in horsеs with RVOT obstгuсtion. Pulmonary aгtеry fup-
turе has bееn rеpoгtеd but is Llstlally a fatal еvеnt sесond.
ary to sеvеfе mitгal fеgllfgitation and lеft-sidеd hеalt
failurе.a9, ;0 Thе authoг has sееn onе hofsс slrvivс a
pulmonary aftеry trar only to diе from pttlmonary ar1ец,
ruptllrе 1 month latеr. Tlris horsе was sееn pfiof to thе

availability of 2-D есhoсafdiogfaphy. A dеfесt in thе wall
of thе main ptrlmonary artеry should bе dеtесtablе with
есhoсardiogfaphy, as long as thе affесtеd poftion of thе
pulmonary artеry сan bе suссеssftrlly imagеd. Thе most
сommon сausе of pulmonary aгtеry ruptufе in horsеs
is pulmonary hypеrtеnsion from lеtt.sidеd hеaft failurе,
pгеsеnt in thе horsе that survivеd an initial small pulmo-
nary artеry tеar. Dilatation of thе ptrlmonary aГtеry сan
oссur ffom еithеr pulmonary hypсrtеnsion (morе сom.
mon) of inсrеasеd flow thгough thе pulmonary aгtеry.

Figure 5-94
Sоnogrаm anсi сontirruous-wavе Dopplеr spесtгal tгaсing oЬtainеd fгсlпr a 9-yеar-old Hanсlvеrian gеldiпg with an aftеfiovеnolls flstula bеtwееn thе
гight iugulaг vеin anсl thе fight сafotid aгtеry Thls hor.sе lrad sеvеrе sсaffinЕ. of thе fight ittgulaг vеin' whiсlr lеd to its геmovдl 1lnd геplассmеnt
witlr a r,еno5iгaft Thе xгtегiovеnous Iistllla was suтgiсall1, сгеаtеd to pгеvеnt tlrrombosis of thе vеlсlgгalt

,.l, Slgittal (long-aхis) sonogгam of thе гiЕ.ht jugulaг vеin aпсl сaгotid aItсЦ, dеnroпstгatiпg a suгgiсallу сfеatеd aгtеriovеltous fistula (аrroulbеаds)
8 mm iп diamеtеf This sonоgIam was olltainеd with a 7 5-МHz sесtor-sсannеr transr1uсеf сontaining a built-in fluid oггsеt at a сiisplа1,есl сlерth of
6 сm Thе fight sidе of this sonogram is pгoхinral and thе lеft sidе is dista]

,tJ, сontinllolls-wavе Dopplеt spесtfal tгaсing' of b]ooсl flow tlrгotlgh thе aftеrio\.епous Iistula dеmonstfating high-vеloсir1, flOw оf appfoхimatеl),
3 m/sес in systсllе and l 4 m/sес in diastolе This spесtral traсing was obtainеd with a stand-alоnе 5 (|MHZ сontinllous-Wavе Dopplег transduсег
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Figure 5-95
Тwo-dimсnsionalandprisссl-wavеDopplеrесlrсlсaгdiogramsоLэtairrесlfгoma,1-уеar-oldT1rсlгoughЬгесlgеldingц.ithaсгalialлlсс1iastlа|llbsсеss
сausing fiЕiht Yеntriсulaf Outflow tгaсt ;bstгtlсtion Thеsе есlrосaгdiоgrams rvеге obtainесl \a-ith a 2 5 MHz sесtоr-sсаnnег tгansduсег rvl.tiс:h епrits

ultгasound pulsсs (pulsеd-Wavе Dopplег) at a ttеquеnсу of 2 0-MHz Aл еlесtroсatdioЕlfam is srrpеrimpоsес1 toг timirrg

/, I,ong'-aхis viеw of thе right vйriсular outflorv tfaсt obtaiЛеd ffoш thе гight сarсliaс winсlow at a сlispla1.еd сlеpth of 26 сm A largе gas- and

fuid-1il1ес1сгanialmеdiastinllabsсеssobstгLtсtSгightvеntriсUlaroutflOwTlrеright\.еntгiсul'rfotttfloWttirt(drrou's)issеvегеl1,
bеlow tlrе pulmоniс valvе (P!) RV' Right vеntгiс-[е; PA. pLrlmonary aгtеп, AR, aoftiс гoot

B, PulsеJ-чzavе Dopplсf spесtгal tгaсing оf blood fiow in thе long-aхis viеu. of thе plllmonaЦ. aгtеry (PA) olэtаinеd from thе ]еft сardiас window

at a сlisplaуеd dеpth of 20 ст Thе sресйal broadепing of thе aliasесl signal in sуsIole (аrroш's) is сonsistеnt with a murmur <lf ptllmoniс stеn()sis

С, LoЪg-aхis viiw of thе right vеrrtгiсutar outflow tfaсt ffom thе fight сard-iaс window аt a disPlal,еd dеpth of 30 сnr This есhсrсardiogram was

obtainеd 6 moлths latег aftеr draiлagе of thе absсеss undег gеnегal anеsthеsia and ]ong-tеIm аntimiсгobial thе]:aP'v No еvidеnсе of гight vеlrtriсular

outflow tfaсt Obstгuсtioп is sсеn RV-, Right vсntriсlе; PV' ptllnroniс r.alvе, PA, prrlmonary aftеЦ.; AR, aoгtiс гoot, R-A., right atfium, .lv, tтiсr:spid valvе

D, Pulsеd-wal.е Dopplег spесtf1rl traсing сlf lэlood floW in thс long-aхis viеw of thе pulmonary artеЦ. (PA) obtainеd fгom thе lсft сaгdiaс window

аt a <Iisplaуесt dеptl.r of 24 im шоtiсе thе noтmal flow in tlrе prrlmorrary aгtеry with nсl еviс1еnсе of pulmoпiс stеnosis Thе aггows poiпt to thе

nсlгmal Ьloсlсl flow out t]]с pulmona1y aгtеry in systolе Thе есhoсardiogram wxs obtainеd 6 mсlпths latсr aftеf dгainagе of thе aЬsсеss rrndеr

gеnегal anеsthеsia and lot]g-tЪrnr aпtimiсrobill thегapy Tlrе murmuг of pulmoпiс Stеnosis had сl-isappеarеd Rv. Right Yепtliсlе

Thе dеtесtion of a dilatеd pulmonary artеry is most fге-
quеntly an есhoсardiograplriс Sign of еlеvatеd pulmonary
aгtегial pfеssllfеs and possiblе impеnding pulmonary af.
tеry rupturе and is a gгavе prognostiс indiсator.,o

Vеnous Thromtrosis and Thromlrophlеtlitis. Thе
most сommon sitе fof vеnous thгombosis in thе horsе is
thе jugular vеin, usually srсondaЦ/ to intfavеnous
Lnjесtions of сathеtеfizations, although thrombosis and
thгombophlеbitis oссur in thе absеnсе of prе-ехisting
\ asсulaг tfauma.2.Jj 2]6, 2.i- Thе proхimal and mid.ссrviсal
poГtions of thе jugular vеin and thе ехtеrnal maхillary
\ еin afе most frеquеntly affесtеd in horsеs with iuglllar
\ rin thrombophlеbitis, With lеSs frеquеnt involvеmеnt of
thе jugulaг vеin immеdiatеly proхimal to thе thofaсiс
inlеt and thе linguofaсial vеin.2з] Pеrivasсulitis, a swеlling

of thе soft tisstrе surrottnding tlrе vеin, frеquеntly oссufs
in lroгsеs with jugular vеin thrombophlеbitis.,]J This pегi
vasсulaf swеlling may bе anесhoiс to hypеrесhoiс, dе-

pеnding on thе typе of pеrivasсLllaf inflammation. Thгom-
bosis and thrombophlсbitis сan еasily bе distinguislrеd
ultrasono€.raphiсallv from a pеrivasсLllitis. An\' thiсkеning
of thе vеssеl wall or h)rpoесhoiс to есhoЕ.еlliс mass
within thе lumсn is diagnostiс of throrтboplrlеbitis. Thе
wall of tlrе vеin is usrrally thiсkеnеd. althotrgh a flbrin
сathеtеf slееvе oг intгaluminal tlrrombtrs ma), bе imagеd
with littlе of no thiсkеning of thе vеin wall (Fig.

5-96;1.,э,',16 A flbrin slееvе is a thin h-Ypoесhoiс to есho-
gеniс fibrin еnvеlopе that suггounds thе сathеtеr and is
attaсhеd to thе еndothеlium at thе sitе of сathеtеr insеf-
tion. This сan bе dеtесtеd surrounding thе сathеtеf of in
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Figure 5-96
Sсln<lgгams оbtаinеd from a 3-1.еaт-old Quагtег Hoгsе gеldiпЕl П-ith а

fibrin slееvе dеtесtе(l ilr thе гight jugrrlar l.еin fblklrr'irrg intfa\,еnolls
сathеtеfization Thе есhogсniс fibгiп slееl,е (аrrОu|s) floats in thе
\.епous rеtuгn (short-aхis im;Lgе) anсl is attaсhеd tо thе most supегfiсial
wall of tlrе jugt-tlar vеin at thе sitе of thе intгa\.еnous сathеtеrization
(Jong-aхis imagе) Тhе nrаrkеd amortпt of lrypoесhoiс to arrесhoiс
pегivasсulаг swеllirrg is assoсiatеd With a pеIivasсtllitis and pгobаblе
infесtion of thе suггortnding soft-tissuе stftrсtllгеs Thеsе sonogтams
s,-е1.е obtajnеd With a 7 5-мl{7 sесtoI-sсannеr tfansduсеr сontaining a
brrilt-in f]uid оI1.sеt аt а displa1'еd dеpth of 6 сm Тhе гight sidе of thе
sholt-aхis SonoЕ.г21пr (lф ilnсtgе) is сlсlгsal and thе lеft sidе is \.еntral
Thе гiglrt siсlе of thе long-aхis sonogfam (rigbt i?nаgе) is pгoхimal and
thе lеft sidе is distаl Т, Traсlrеa, A, сaгOtid aгtеЦ,

sitll in tlrе vеin whеn thе intгavеnous сathеtеf is rе-
movеd. Thе t'vpiсal appеafanсе of a vеnolls thrombtrs is
a mass of low. to mеdium-amplituсlе есhoеs Within thе
vеnolts lrtmеn attaсhеd to thе еndothеlium (Fig.5-97).,зз
Thе tlrrombus may paffially oг сomplеtеly oссludе thе

Figure 5-97
SaЕ]ittal sonogftrm ol thе гight jugrrlaг vеin obtainеd tiom a ,1-vе:Lг-olсl

TlrororrghЬrеd 1illv with jltgttlаrr r.еiп thгombophlеbitis and oссlusioл сlf
thе right jugtrlar vеitl With thlombtls Thе геlаtivеlY homo5;'еnеous
[r1.poесl-toiс tlrгombus сlссlrtdсs t]rе illglllaf vеin, and thе есhoЕiеniс
lllсlсlсl swirls at thе pгохiп.tl есlgе of thе thгomblls Thе walls of thе
jugular vеirr arе maгkесllv thiсkеnеd (0 57 сm), and thс lrtmеn is nar-
гowеd аt thе sitе Of thе maгkеd thiсkеning of thе vеssеl wall This
sonogгam was obtairrеd п-ith .l 7 5-NIЕIZ sесlог-sсannеf transduсег сofl-
taining a builЕin 1lui(l о11.sеt xt a displa1'ес1 сlсptlr of 6 сnr Prохimal is
tO thе гight of tlrе sonogranr arrd distal is tсl thе lеft

lumеn of thr vеin, геsulting in vеnous distеntion and
sludging of thе vеnous blood proхimal to thе thrombtrs.
oссasionally thе thгombus is moге anесhoiс and difliсult
to distinguish from vеnous blood. Pulsеd-.wаvе and сolof-
flow Dopplеr есhoсardiography сan bе usеd to distin-
Е.uish anесhoiс thrombus ffom blood. Swеlling, hеat, and
sеnsitivity of thе affесtеd vеin arе assoсiatеd with thе
ultfasonogfaphiс dеtесtion of a сavitating thгombus.2]J A
hеtегоgеnеous thгomblls with anесhoiс to hypoесhoiс
aгеas rеpгеsеnting fluid andloг nесrosis is a сaYitating
thrombus and is indiсativе of a sеptiс thгombophlеbitis
(Tig. 5-98).,3] In most horsеs a Singlе anесhoiс oг hypo.
есhoiс сavitating arеa is imagеd in thе сеntеf of an
есhogеniс thгombus. Thе сavitation is usually loсatеd at
thе sitе of pfеvious сathеtегization if an intravеnous сath-
еtеr had bееn insеrtеd into thе jugular vсin (Fig. 5-99).

Pаtieпt Mапаgement аnd Prognosis. Loсal trеat-
mсnt of thе thrombophlеbitis is indiсatеd in hoгsеs with
homogеnеous thrombi in thе affесtеd Yеin andlof pеfi
vasсulaг swеlling' Systеmiс antiinflammatory thеrapy is
also indiсatеd if thе affесtеd vеssеl is ехtrеmеly wafm'
swollеn, and painful. Сavitation within thе сеntеr of thе
thгombus should prompt a stеrilr aspifatе of thе сavitatеd
afеa fof с}tology and сulturе and sеnsitivity tеsting using
ultrasonographiс guidanсе.z33 Thе aspiratе obtainеd is
usually sеrosanguinous and dark. Thе dеtесtion of pin-
point hypеrесhoiс есhoеs is indiсativе of frее gas and
an anaеrobiс infесtion.2]3 Rarеly hypoесhoiс floссtrlеnt
matеrial сan bе imagеd thгoughout thс lеngth of thе
thгombus, сontainеd within a |atge long сavitation.23з In
thеsе horsеs thе aspiratс from thе jugular vеin is usually
puгulеnt. Ultrasonography is vеry usеful in diffеrеntiating
a sеptiс from nonsеptiс thrombophlеbitis and in monitof-
ing thе fеsponsе of thе affесtеd vеin to appгopriatе
antimiсгobial trеatmеnt. If сtrltuге and sеnsitivity rеsults

Figure 5-98
Soпogгams of гight jugtllaг vеin obtainсd fгom а 5-уеaг-old Standardbfеd
Stallioп with sеptiс jugrrlar vеin tlrгomboph|еЬitis (аrroш's) Thе wall
of thе jrrgular vеin is slightlу thiсkеnеd Thе thfombus is hrtеrogеnеOus
with aпесhoiс сavitatесl aгеas сonsistеnt with a sеptiс thrombophlеbitis
Thеsе sonсlgrams wеrе obtainеd with a 7 5-МHz sесtor-sсanпег trafls-
duсег сontaininЕ. a built-in f]uid off.sеt at a displa.Yеd dеptlr of 4 сm.
Thе гight sidе of thе shoгt-aхis уtеw (left imаge) is dorsal and t-[rе lеft
sidе is vеntгal Thе right sidе of tl.rе long-aхis \iеw (rigbt imаgе) is
proхimal and thе lеft is distal
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arе nеgativе, broad-spесtfum, baсtеfiсidal antimiсrobial
сlгugs shoulсt bе usеd, as a miхеd infесtion is сommon.,r]
Antimiсrobials should bе сontinuеd until all сliniсal signs
of sеpsis rеsolvе and tlrе thrombus has a morе homogе.
nеolls, nonсavitatеd appеaranсе.

Rесanalization of thе thrombosеd vеssеl frеquеntly oс-

сufs as thе thrombophlеbitis rеsolvеs. Thе vеssеl usuallr'
bеgins to rесanalizе along onе sidе of thе thrombus as

thе thrombus bеgins to rеorganizе.2].r In most horsеs thе
thгombus graduall1, dесгеasеs in sizе, and morе florr'
passеs through thе affесtеd vеssеl. In somе horsеs rr ith
thrombophlеbitis, thе vеssсl rеturns to normal, whеrеas
in othеrs narгowing of stfiсtuге of thе vеssеl ma\. oссuг
oftеn sесonсlary to a sеvеfе sеptiс thfomboph1еbitis
(Сoloг Figurе 5-11). Thе affесtеd vеssеl ma-v l1ot гесan-

a\ize in horsеs with сomplеtr oссlllsion of thе r-еi-r rr ith
thгombus, paгtiсulafly ц/ith sеvеrе thгomboplrJеbitis.
pеrivasсulitis, and infесtion. In thеsе hoгsеs thс tlrтoп.
bus bесomсs smallеr and morе organizеd. and an ес1.to.

gеniс mass fllls thе affесtеd vеssеl. oссasionailr' rr-еbLikе

massеs of frbгous tissuе flll thе jugulaг r еin sссоtldrп
to a sеvеfе thгonrbophlеbitis and impaiт rroгmдl \еllous
сlгainagе (Fig. 5-100). A vеnous gгaft пrer bе nесеssan-
in hoгsеs with pгoblеms from impaiгеd \ еnolls dгeiIregе

A jugular vеin graft has bееn suссеssfllllr pег|огnlеd in l
horsе (sее Fig' 5-91) with impaiгеd r-еnous drarnegе duе
to thе prеsеnсе of wеblitе пlassеs of hbгtlus tirsuе itl tl-tс

jugular vеin sесondaq. to sеYеге thгon-rbophlеbitis 1 r'еaг

еaгliег. Vеnous anеLlп-sпs (Сo1oг Figuге 5_12) also oссttг
in horsеs but arе unсommon arrd nra1. bе сliniсall1' insig-
niflсant.

Ultrasono64raph1, should bе pеrformеd on horsеs with

Figure 5-99
.sonograms of thе fight iugulaf vеin obtainеd from a 5.уеaг-old Standar.d.

Ьгеd gеlding with sеptiс jugular vеin thIombophlеbitis' a pегivasсular
эlэsсеss' and a dгaining traсt fгоm thе jugulaг vеin, and sllbсLltanеOlrs
f,bsсеss to thе skin srrгfaсе Thе hеtегoЕ.епеolls appеaгаnсе of thс
rhгсlmbus arrd thе tfaсts ехtеnding ollt iпto thе subсutanеous tissuеs
/аrrou1) fгom thе thrombus arе bеst sееn in thе transvеrsе (shoft-axis)
l\еsv aф imаge) сlf thе гight jugtrlar vеin Thе tIaсt tiоm thе.|uguhг
\еin to thе subсutanеous absсеss is also dеmoпstratеd (аrron^s) |n tlJ.е

sаgittal (long-aхis) viеw of thе itlgulaf vеin (rigbt imаgе) .Гhе 
tr?LСh,е^

(Т) is гесognizесl bу its есhogеniс rings aпd nеxt to it is thе сaгotid
rпец. (A) Thеsе sonogгams wеrе obtainеd With a 7 5-МHz sесtoг-
sсаI]nеr transdrrсеf сofltaining a built-in fluid offsеt at a displa)iеd dеpth

'lf 6 сm Thе гight sidе of thе shoft-aхis imagе is dоrsal and thе lеtt
:idе is vеntral T1rе right sidе of t1rе lоng-axis imagе is prсlximal аnd

thе lеft sidе is distal

СhаDtеr 5 . Саrсhioоаsculаr LПtrаsoпogrаphу 267

Figurе 5_100
sonogгams оf tl.rе lеft jugular vеin Obtаinеd 1i.сlш a .{.-vеar-сlld Thoгough.
bгеd stallion $,ith a naffowеd, sсaггесt jugulaг vеin Notiсе thе lxсу
есitogеniс lvеbs сгissсгossiпg thе jug,Lllxf уе|л (аrrОL|s) аnсl thс rtarrоw
diemеtеr of thе r-еssсl Tttе есhogепiс wеbs fеPгеsеnt stгlrnds оf fillгous
sсltг ti55uе сгissсrossiпg thе Yеin attd aге ortе pоssiЬlе sес1uеlа to jltguler

r еin thгoпlbоptrlеbitis Тlrеsе soпogfams п.еrе оbtainесl witlr i 7 i МнZ
:есtor-sсllп]lег tгansduсеr ссlntailriпg a btrilt-in fluid oftЪеt at a сlisplar'еd

dсpth of 6 спl, Т}rе гigl-rt sidе of tlrе transvеrsе (Shoгtaхis) imagе (lф
!п1|l:!е| j\ dilгsаL llld rhе Iе1i siс]е js \'еntfаl. Thс гiglrt sidс oIthе saЕ]ittxl

. ]Olg.tr\L>) iпllgе /7-Ц,r ilttсlgе,) is proхimal anсl thе [е1t siсlе is сlistxl.

suspесtсd pегiphсгa1 r asсttlaг disеasе. and tlrе aoгtiс foot,
сoгol111г\- aгtегit]s. and pult-nor-taг\' aгtег\. sholrld bе ехam-

inесl есlroсaгdiogгaplriсallr- ff t1-rсsе r esсulaг abnoпrralitiеs
aге sllspесtеd. Есlrсlсardiograpl-riс ехanrinatitln of thе
aofta and ptrlmonary aftсry, сan dеtесt abnoгmalitiеs (an-

еLrrysm and dilatation) whеn no Othеf сliniсal oг attsсttlta-

tory signs of сardiovasсular disеasе .lfс pгеsеlrt Sirпilaгlr.,

abnormalitiеS of thе aoгta, iliaс altеriеs, and othег \Iеssеls

сan bе dеtесtеd ultrasonographiсally whеn рalpatiorr of
thеsе vеssеls is normal oг qltеstionablе. Most impotantl'v.
thе ultrasonogfaphiс and/of есhoсardiogгaphiс lindings
сan hеlp thе vеtеfinarian makе an aссLtfatе diagnosis,
formlllatе a prognosis fbr tlrе vasсular abnormality prеs-
еnt, and monitof thе rеspоnsе of affесtеd vеssеls ttl
tfеatmеnt, improving thе quality of patiеnt сarе.
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Pгior to thе appliсation of ultrasonographr. to thе еr-alua.
tion of disеasеs of thе еquinе abdomеn' еr-aluation oГ thе
horsе with atldominal disеasе was liтnitеd pгiтnaгilr' to
гесtal ехamination, pеritonеal fluid сrtologr- and сultuге.
сliniсal сhеmistry, and hеmatologr'. Rаdiogрaphiс ехami-
nation of thе adult еquinе abdomеn is ехtгеmеlr' limitеd
bесausе of thе low уiеld of thе proсеduге thе nееd to
havе еquipmеnt with high maS and k\ p end thе гadia-
tion еxposufс to pеfsonnеl onlr- a latегal abdominal
гadiograph сan bе obtainеd in adult hoгsеs. although
thеsе fllms laсk good dеtail of thе abdominal visсеra.
Abdominal radiogгaphy is pеrfoгmеd primaгily in adult
horsеs with suspесtеd еntеrolithiasis. Thе еntеrolith сan
usually bе suссеssfully imagеd radiographiсally whеn it is
not dеtесtablе with othеr diagnostiс tесhniquеs.r

Sonographiс еxamination of thе adult abdomеn has
bесomе an impoгtant paft of thе diagnostiс aгmamеntaг-
ium in thе еvaluation of horsеs with suspесtеd abdominal
disеasе. Thе usе of diagnostiс ultrasound in thе еvalua-
tion of thе еquinе abdomеn bеgan with sonographiс
еr'aluation of thе livеr and kidnеys. Еvaluation of thе
gastfointеstinal visсеra with ultгasonography dсvеlopеd
latец onсе sonologists ovеfсamе thеir initial hеsitation
or'еr its appliсation in thе еvaltration of a gas-flllеd struс-
гurе. Thе infoгmation obtainсd fгom an abdominal sono-
gгaphiс ехamination is oftеn not obtainаblе from othег
diagnostiс pгoсеdurеs, and thе infoгmation obtainеd сan
oftеn lеad thе сliniсian to thе сorrесt diagnosis.2-6

EXAMlNAТl0N TEсHNI0UE

Patient Preparation

Foг ultrasonographiс ехamination of thе adult abdomеn,
thе еntirе vеntral abdomеn fгom thе хiphoid сaudally to
thе inguinal rеgion should tlе surgiсally сlippеd with a
\o 40 сlippеr bladе., Thс latеral sidеs of thе abdomеn
end paralumbar fossa should also bе inсludеd vеntral to
з diagonal linе from thе tubеr сoхaе to thе еlbow, vrntfal
to thе vеntral most bordег of thе lung. Thе vеntral aspесt
tlf thе lung еxtеnds along a diagonal linе гunning from
thе sеvеntееnth intегсostal sоaсе at thе lеvеl of thе tubеr

сoхaе, thе flftееnth intеrсostal spaсе lеvеl with thе tubеr
isсhii. thе thiгtееnth intеrсostal spaсе lеvеl with thе mid-
dlе of thе thorax (in a dorsal to vеntгal difесtion), thr
еlеr-еnth intегсostal spaсе lеvеl with thе point of thе
shouldег. and thе niлth intеrсostal spaсе lеvеl with thе
pornt of thе еlboтr. In somе hoгsеs thе uгinary bladdеr
сan bе ехamiлеd fгoпr thе сaudal vеntral abdomеn just
in fгont of thе pubis if thе bladdег is distеndеd with
uтinе Тhе skin iл tlris eгеa is usuallr- геlatir'еlr, haiг fгее,
and сlipping is гarеlr- геquiгеd lf thе uгiлaгr- bladdег is
not imagеablе fгom t1ris п-indoтr,. a tfansrесtal appгoaсh
is геquirеd. To еxaminе thе right kidnе1-. thе skin should
bе сlippеd with a No. 40 suгgiсal сlippег bladе fгom thе
fight fouftееnth to thе sеvеntееnth intеrсostal spaсе oг
сranial еdgе of thе paralumbar fossa bеtwееn a linе paral-
lеl to thе dorsal and vеntral most aspесts of thе right
tubег сoхaе (Fig. 6-1) Thе lеft kidnеy is loсatеd furthеr
сaudally and vеntrally in thе abdomеn. Thеrеforе, thе
сlippеd arеa should ехtеnd from thе lеft sixtееnth intеr-
сostal spaсе to thе сaudal еdgе of thе paralumbar fossa
bеtwееn a \inе para\lеl with thе tubег сoхaе and thе
tubеr isсhii (Fig. 6_1). To ехaminе thе right sidе of thе
livец thе skin ovеr thе right sidе of thе abdomеn should
bе сlippеd with a No. 40 surgiсal сlippеr bladе from thе
sixth through thе Siхtееnth intеfсostal spaсе along thе
prеviously dеsсribеd diagonal linе from thе tubеr сoхaе
to thе еlbow (Fig. 6_2). Thе skin ovег thе lеft paralumbar
fossa should bе surgiсally сlippеd for ultrasonographiс
еxamination of thе splееn еxtеnding сranially to thr
еighth intегсostal spaсе (Fig. 6_3). Thе сlippеd aгеa
should ехtеnd сranially to thе skth intеrсostal spaсе to
inсludе thе lеft lobе of thе livеr (sее Fig. 6-2). The dоrsal
margin of thе сlipped area should еxtеnd to thе vrntral
aspесt of thе lеft lung foг ехamination of both thе splееn
and thе lеft sidе of thе livеr.

Thе stomaсh сan bе ехaminеd tly сlipping thе hair off
thе skin ovеr thе lеft sidе of thе abdomеn in thе еighth to
thirtееnth intеrсostal Spaсеs. Thе stomaсh is frеquеntly
imagеd at thе lеvеl of thе point of thе slrouldеr in thе
еlеvеnth to thiftееnth intеrсostal spaсеs,'although it сan
bе imagеd both сranial and сaudal to this if distеndеd or
displaсеd. Thе duodеnum сan bе ехaminеd by сlipping
(with a No. 40 surgiсal сlippег bladе) a 2O-сm-long strip
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Figure 6-1
Diagfam of thе arеa to сlip to imagе Ьoth
kidnеys in a hoгsе. .4, Thе shadеd aгеa
rеprеsеnts thе сlippеd aгеa ovег thе right
kidnеy and thе сurvеd blaсk linе геprе.
srflts thе last гib. ,8' Thе shadеd afеa rеР
геsеnts thе сlippеd aгеa ovег thе splесn
аnd lеft kidnеy and thе сuгvеd Ьlасk linе
rеpгеsсnts thе last fib.
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Figure 6-2
Diagгam of thе arеa to сlip to imagе thе
liтеr Ьеlow thе vеntfal lung fiеld in а
hoгsс..4, Thе shаdеd alеa гrpfеsепts thr
dippеd arеa ovег thе гiфt sidс of thс
liтег, and thе diagonal blaсk linе геprе.
sсnts thе vеntral boгdеr of thе lung fiеld.
.8. Thе shadеd arеа геpгеsепts thе сlippеd
lr€zl ovег thе lеft sidе of thе livеr, and thе
diаgoлat Ьlaсk linе rеprеsеnts thе vеntral
bогdеr of thе luпg liсld.
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from thе skin ovеrlying thе right еighth intегсostal spaсе
to thе pafalumbar fossa. This сlippеd aгеa should ехtеnd
5 сm vеntral to a linе ioining thе right olесranon and
tubеr saсralе (Fig. 6-2).,

Anatomy

Urinarу Bladder

Thе uгinary bladdеr is loсatеd in thе сaudal most poгtion
of thе abdomеn at thе pеlviс bгim and has both an
intrapеlviс and an abdominal loсation, dеpеnding upon
thе amount of urinе сontainеd within it. Whеn thе uгi
nary bladdег is full, it еxtеnds сranially and vеntrally,
displaсing thе largе сolon. T1rе urinary bladdеr joins thе
pеlviс urеthra at thе tгigonе, whiсh is loсatеd in thе
pеlviс сanal. Thе bladdег is srrspеndеd in thе abdominal
сavity by its гound ligamеnts, fеmnants of thе umbiliсal
artсriеs. Thе wall of thе bladdеr is musсtrlar and
strеtсhеs, bесoming thinnеr whеn thе bladdеr is full.

Кidneуs

Thе right kidnеy is loсatеd morе сranially in thе abdomеn
and сan usuallу bе found in thе rеtropеritonеal spaсе jllst
bеnеath thе abdominal wall and immеdiatеly vеntral to
thе transvеrsе pfoсеSsеs bеtwееn thе folrгtееnth and sсv-
еntееnth intеrсostal spaсrs at thе lеvеl of thе tubеr
сoхaе.2'1' 9 13 Thе сranial polе of thе right kidnеy sits in
thе геnal fossa of thе livеr and liеs dесp to thе diaphragm

Figure 6-3
Diаgram of thе aгеa to сlip to imagе thе
splееn in a horsе Thе shadеd arеa rеprе-
Sеnts thе arеa to bе сlippеd foг thе
splееn, and thе diagoпal blaсk linе геpге-
sеnts thе Уеntгal boIdег of thе lung fiеld

at thе slхtееnth intеfсostal sрaсе in most horsеs (rangе'
fourtееnth to sеvеntееnth intеrсostal spaсе).'l Thе сaudal
ехtrеmity of thе right kidnеy is loсatеd at thе sеvеntееnth
intеrсostal spaсе to thе first lumbar vеrtеbra.ll Thе duo-
dеnum сoufsеs vеntгally aгound thе сaudal polе of thе
right kidnе1,, and thе сесum is imagеd vеntral and сaudal
to thе fight kidnеy and thе duodеnum. Thе right kidnеy
has a tfiangular сuгvilinеar or hеart shapе with a promi
nеnt hilar notсh... This kidnеy mеasufсs approximatсly
15 to 18 сm widе, 13 to 15 сm long, and 5 сm thiсk...
Thе lеft kidnеy is loсatеd ftlrthег сaudally and vеntгally
in thе abdomеn (Fig. 6-+) and is rrsually found in thе
sеvеntееnth intеrсostal spaсе and thе paralumbar fossa
bеtwееn a linе рaгallеl to thе tubеr сoxaе and thе tubеr
isсhii., r, 9-r.r Thе сranial ехtfеmity of thе lеft kidnеy is
usually at thе lеvеl of thе sеvеntееnth rib (rangе, siх-
tееnth to еightееnth) but may liе сatrdal to thе last rib in
somе normal horsеs.'' Thе lеft rеnal hilus is at thе lеvеl
of thе сaudal еxtrеmity of thе гight kidnеy.ll Thе сaudal
еxtfеmity of thе lеft kidnеy is at thе lеvеl of thr flfst to
third lumbar vеrtеbraе.ll Thе lеft kidnеy has morе of a

bеan shapе and is longеr and narrowеf than thе right
kidnеy. Thе lеft kidnеy is 15 to 18 сm long, 11 to 15 сm
widе, and 5 to 6 сm thiсk. Thе lеft kidnеy liеs mеdial to
thе splееn in thе lеft сaudal abdomеn. Thе сaudal vеna
сava and aorta liе mеdial to thе lеft and right kidnеy
along thе vеntfal aspесt of thе dorsal midlinе.

Thе kidnеy in thе horsе has a distinсt сortrх and
mеdulla, but in thе сеntеr of thе kidnеy fusion of thе
rеnal papillaе forms thе геnal сгеst, a сfеsсrnt-shaprd
projесtion into thе геnal pеlvis.ll Thе papillaгy duсts of
thе сеntеr of thе kiсtnеy opеn onto thе fеnal сrсst,
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Figure 6-4
Сгoss-sесtiol-l of thе еquinе abdotrrеn illustгatinЕ] tl-tе sсan plaпеs to
еvaluatе thе гight ;Lпd lеft kidnеr.s thе nеphгosplеniс spaсе аnd thе
сatldal polе of tl.rе splееn at thе lе\е] of thе sеr'еntеепth thогзсiс
\еrtеbra Thе shadеd aгеas геpгеsепt tl-tе sсan pianеs ttl еrаminе thе
lеft anс1 right kidnе1,s Tlrе aггоrr. points to tl-tе duodепttпl S - splееn
СЬ : сесal basе, С : сесаl boс1r'' R\IС - гight r.еntгal сolсlrl ТС =

transvеfsе сolсln. LDС - lеft doгsa] соlоn. LVС - lеft vеntгal ссl]oп

whеfеas thosе from thе еxtгеmitiеs of thе kidnеy opеn
into thе tеfminal fесеssеs. wlriсh thсn drain into tlrе
геnal pеlvis.ll

Liver

Thе right lobе of thе livеr ехtеnds from thе Siхth or
sеvеnth intегсostal spaсе to thе fotrrtееnth oг flftееnth
intеrсostal spaсе. Thе lеft lobе of thе livеr is smallег and
usually ехtеnds from thе siхth to thе ninth intегсostal
spaсеs.z..r. 12 1,.] Thе livеr is immеdiatеly adjaсеnt to and
сaudal to thе diaphragm' Thе right dorsal сolon is dееp
to thе livеr on thе right sidе of thе abdomеn with thе
duodеnum bеtwесn thе right doгsal сolon and livеr in
thе сгanial to mid portion of thе abdоmеn (Fig. 6-5).
Тhе right kidnеy is сatrdal and latеfal to thе сaudatе
Pгoсеss of thе right lobе of thе livеr. on thе lеft sidе of
tlrе abdomеn thе сfanial polе of thе splееn is loсatеd
mеdial to thе livец ustlally in thе еighth to ninth intеrсos.
tal spaсе. Atгophy of thе right livеr lobе oссLlfs in oldеr
horsеs.

Spleen

Тhе splееn is variablе in sizе but usually ехtеnds along
thе lеft abdominal wall fгom thе еighth or ninth intеrсos-
tal spaсе to thе sеvеntееnth intеrсostal spaсе or para-
lumtlar fossa.2'12 Thе splееn is immеdiatеly adjaсеnt to
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thе diaphragm and lеft bоdy lпrall in thе mid and сaudal
abdomеn (Figs. 6_4 and 6_5) and mеdial to thе livеr in
thе lеft сranial аbdonrеn. Thс сranial polе of thе splееn
сan oссasionally bе found latеral to thе livеr or in thе
right сranior,еntral abdomеn in a small pеrсеntagе of
normal horsеs Thе lеft dorsal сolon is loсatеd mеdial to
thе splееn. Vеntral to thе splееn is thе lеft dorsal andlor
lеft vеntral сolon

G a stro i nlesti na l V isсe ra

Thе horsе's stomaсh is loсatеd mеdial to thе splееn along
thе lеft abdominal wall from thе еighth or ninth to thе
twеШth or thiгtееnth intеrсostal spaсе. In most horsеs
thе stomaсh is adjaсеnt to thе Splееn for thrее intеrсostal
spaсеs only (ninth to еlеvеnth, in thе attthor's еxpеri
еnсе). Thе stomaсh is adjaсеnt to thе splееn at thе lеvеl
of thе splеniс r,еin.j Thеrе is a сonsistеnt rеlationship
bеtwееn thе grеatег сurvatufе of thе stomaсh, thе
splееn, and thе gastrosplеniс vеin, еnabling thе sonolo-
gist to aссuratеly idеntф thе stomaсh.' Thе duodеnum
is imagеd arottnd thе vеntгal and сaudal aspесts of thе
гight lobе of thе livег and thе сaudal polе of thе right
kidnеr-(sее Fig 6-]). Thе duodеnum is loсatеd bеtwееn
thе lir-еr and thе гight doгsal сolon fгom thе pylorus
Goсatеd in thе proхimal to mid poгtion of thе гight sidе
of thс abdomеn) to thе пrid to сaudal abdomеn (sее Fig.
6->).t Thе гight doгsal сolon is adjaсеnt to thе duodеnum
from thе fif1ееntlr intегсostal sDaсе сгaniallr-. Thе duodе-

Figure 6-5
сfoss-sесtion of thе еquinе aЬсlсlmеп illustrating thе sсan planеs to
еvalllatе t1rе livеt (L) and sрlееn (s) at thе junсtioл of thе thiгtеепth
afld fourtееnth thоraсiс vеr.tеbfaе T1-rе shadеd aгеas геprеsеnt a sсalr
planе to ехaminе thе splееn on thе lеft sidе of tlrе abdomеn and a

sсan planе tо ехaminе thе livеf, duodеnum (аrroш), aпd гight dorsal
(RDС) and vеntгal (RVС) сolon LDС - lеft doгsal сolon, LVС : lеft
vеntral сolon
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num thеn сouгsеs сaudodorsally to thе сaudal polе of
thе right kidnеy and liеs bеtwееn thе livеr and thе се-
сum.a Thе distanсе of thе duodеnum from thе body wall
dеpеnds upon thе thiсknсss of thе intеrposеd livеr.s Thе
panсгеas is loсatеd сaudal to thе stomaсh and duodеnum,
mostl), to thе гight of midlinе. Thе lеft сaudal bordеr of
thе panсгеas liеs bеtvrееn thе saссus сесus of thе stom-
aсh and thе сгanial bordеr of thе lеft kidnеy. Thе right
сatrdal bordег of thе panсfеas is adjaсеnt to thе vеntral
surfaсе of thе гight kidnеy and thе right adrеnal gland.
Thе largе intеstinе is in сontaсt with thе vеntгal abdomi-
nal wall throughout thе abdomеn of thе adult horsе. Thе
diamеtеr of thе right dorsal сolon is 30 to 50 сm, with a
rapid rеdtrсtion of diamеtег in thе tгansvеfsе сolon..' Thе
small соlon is loсatеd dorsal to thе uгinarу bladdеr in thе
lеft сaudodorsal quaсlrant of thе abdomеn.l5 Thе small
сolon is suspеndеd from thс doгsal midlinе by thе mеso-
сolon and has a diamеter of 7 to 10 сm.r; Thе proхimal
small сolon is сonnесtеd to thе distal dtlodеnttm by thе
duodеnoсoliс fold. Thе small сolon is saссulatеd and lras
a mеsеntеriс and antimеsеntеriс band.

Sсanпiпg Teсhnique

Thе еxamination of thе trrinaгy bladdеr and gastrointеsti
nal visсеra should bеgin with a 7 '5-МI1z sесtor.sсannег
or linеaг-array transduсеr oг a 6.0-Mнz miсroсonvех lin.
еaraffaу tгansduсеr and a displayеd dеpth of 1to 8 сm.l6
A 5.0-МHz transdtrсег should thеn bе usеd to ftlrthеr
еvaltratе thеsе struсturеs if thе uгinary bladdеr has not
bееn ехaminеd in its еntirеly16 and to thoroughly еvaluatе
all thе imagеablе Е.astfointrstinal visсеra. T1rе highеst
frеquеnсy transduсеr that pеnеtfatеs to thе arеa undеr
invеstigation should bе sеlесtеd, and thе smallеst dеpth
of flеld nесеssary should bе displayеd.

Thе doгsal (сгanial to сaudal sсan planе from thе right
oг lеft sidе of thе abdomеn) sсan-planе oгiеntation should
displaу thе сranial aspесt of thе abdomеn on thе гight
sidе of thе sсrееn and thе сatrdal aspесt on thе lеft. Thе
sagittal (сranial to сatrdal sсan planе from thе vеntfal
aspесt of thе abdomеn) sсan planе shotrld bе displayеd
with thе сranial aspесt of thе abdomеn on thе right sidе
of thе sсfееn and thе сaudal aspесt on thе lеft. Thе
lеft tгansvеrsе sсan planе oгiеntation should display thе
vеntгal aspесt of thе abdomеn on thе lеft sidе of thе
sсfееn and thе dorsal aspесt on thе right. Thе vеntfal
tfansvеrsr sсan planе oriеntation shotrld display thе right
sidе of thе abdomеn on thе lеft sidе of thе sсrееn and
thе lеft sidе of thе abdomеn on thе right. Thе right
tfansvеrsе sсan planе oriеntation should display thе dor-
sal aspесt of thе abdomеn on thе гight sidе of thе sсrееn
and thе vеntral aspесt on thе lеft.

Urinarу Bladder

Thе ultrasonogгaphiс еvaluation of thе hoгsе's urinary
bladdеr should inсludе a thorollgh transrесtal еvaluation.
Thе tгansrесtal ехamination usually rеqttirеs еithеr a 6'0-
MHz miсгoсonvех linеar-arгay tгansduсеr of a 5.0-МHz
linеar-arrav or sесtof-sсannеr transduсеf to imasе thе

bladdег in its еntirегy. A tгansvегsе, sagittal, oг сombinа-
tion of both sсan planеs сan bе obtainеd, dеpеnding
upon thе typе of transduсеr usеd. A tfansсutanеous еx-
amination from thе vсntгal abdominal window сan bе
pеrformеd if thе trrinary bladdеr сan bе suссеssfully im-
agеd from this мrindow. Thе wеight of thе urinе in thе
full bladdег may displaсе thе gas-frllеd largе сolon, rе-
sulting in thе bladdеr bеing positionеd against thе floor
of thе vеntral abdomеn just сranial to thе pеlviс brim. A
5.0- or 3.5-МHz linеar-aггay or sесtof-sсannеf tгansduсеf
or 6.0-MHz miсгoсonvех linеar-array transdtrсеr is oftеn
nесеssafy to imagе thе еntirе bladdеr fгom this window
bесausе of thе bladdеr distеntion. Thе urinary bladdеr
should bе sсannеd in transvеrsе and sagittal sсan planеs
from thе vеntгal abdomеn, сarеftllly еvaluating thе blad-
dеr apех, bladdеr wall, and fеtfopеfitonеal afеa.2 16. r7

Thе есhogеniсity of thе urinс within thе bladdеr should
bе assеssеd, and thе bladdсr should bе сarеfullу imagеd
foг сalсtrli or othеr abnormal сontеnts. Sonographiс еval-
uation of thе urеthra should also bе pеrformеd if urеthral
obstruсtion is suspссtеd or ttrinary сalсuli arе dеtесtеd.
Thе еntirе pеnilе, pеrinеal, and pеlviс uгеthra should
bе еxaminеd sonographiсally from a tfansсutanеous and
transfrсtal windоw as indiсatеd b1, thе portion of thе
Lrfrthra bеing ехaminеd. Thе ufеthfa is bеst еxaminеd
мrith a 7.5- ot 10.0-МHz tгansduсеr in both its short. and
long-axis planеs. Transrесtal еxamination of thе pеlviс
rrrеthra сan bе donе in both imaging planеs with somе
tfansdlrсеrs strсh as a 6.О-МНz miсroсonvех or small 7.5-
MHz linеar-array transduсец but only onе sсan planе
сan bе obtainеd with laгgе transrссtal linеar 5.0-МHz
transduсеrs Thе transduсеr shorrld bе usеd at thе highеst
frеquеnсy possiblе bесausе thе urеthra is vеry сlosе to
thе tгansduсеr and optimal imagе quality is dеsirеd. Thе
ufеtеfs and thе urеtеral opеnings into thе ttгinary bladdег
afе пot noгmally visiblе sonographiсally from thе abdomi
nal windoп. but may oссasionally bе imagсd from thе
tгansгесtal window using a high-frеquсnсy tfansdllсеr.

Kidneуs

Ultfasonogfaphiс еvaluation of thе horsе's kidnеys сan
bе pеrformеd from thе lеft and right bod1, wall. Thе right
kidnеy should bе sсannеd from thе fight sidе of thе
abdomеn in thс fourtееnth to sеvеntееnth intеfсostal
spaсеs using a 3.5- or 5.О-МHz transduсеr.2't]' l8 Thе lеft
kidnеy should bе sсannеd from thе lеft sidе of thе abdo-
mеn in thе sеvеntееnth intеrсostal spaсе and paralumbar
fossa using a2,5- ot 3.5-МHz transduсеr., l] r8 Thе kidnеys
should bе sсannеd in thе dorsal sсan planе (from thе
doгsolatегal abdomеn) and in thе tfansvегsе sсan planе
(two muttlally pегpеndiсular planеs). Imagеs ttom thе
sagittal and tгansvеrsе obliquе planеs of both kidnеys
shotrld also bе obtainеd from thе transсutаnеous win-
dow.'' In an in vivo study of sеvеn horsеs, sonographiс
imagеs of thе right kidnеy wеrе obtainеd in thе sagittal,
tгansvеfsе, and transvеrsе obliquе planеs in all horsеs,
with thе transduсегs positionеd in thе ffiееnth, siх-
tееnth, of sеvеntеrnth intеrсostal spaсеs, but imagеs in
thе dorsal planе wеrе obtainеd in only thrсе hoгsеs.tl
Sonogгaphiс imagеs of thе lеft kidnеy wеrе ablе to bе
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obtainеd in all horsеs fгom thе lеfit sixtееnth oг sеvеn.
tееnth intеrсostal spaсеs and thе paralumbar fossa in all
sсan planеs. Dorsal and sagittal imagеs wеrе obtainеd in
all horsеs with transrесtal sсanning of thе lеft kidnеy.l'

Liver

only a portion of thе livеr сan bе imagеd sonogгaphiсall1,
in thе horsе, thе portion vеntfal to thе vеntfalmost mar-
gins of thе lungs. Thе еntiге imagеablе part of thе livег
should bе еvaluatеd ultгasonographiсally along thе right
sidе of thе abdomеn fгom thе siхth to thе ffiееnth
intеrсostal spaсеs and along thе lеft sidе of thе сгanial
r,еntral abdomеn from thе siхth to thе ninth intеrсostal
spaсеs.. l] Thе livеr should bе sсannеd in two mutuallr
pеrpеndiсular planеs (dorsal and tгansvеrsе).

Spleen

Thе splееn is found along thе lеft sidе of thе abdomеn
adjaсеnt to thе body wall from thе еighth or ninth iлtег-
сostal spaсеs (сranial polе) to thе sеr-еntееnth iлtегсostal
spaсе of paralumbaг fossa (tail oг сaudal polе of thе
splееn).2 Thе splсеn is found doгsallr-in thе сeuda1 abdo.
mеn, latеral to thе lеft kidnеr' Тhе splееn is loсatеd moге
\.еntfally in thе lеft сranial r.еntгal abdomеn and is tbund
aсross thе midlinе in thе гight сгanial r-еrrtгal abdomеn
iл a small pегсеntagе of noгmal horsеs. Thе splееn
should bе sсannеd in thе doгsal and tfansvеfsс sсan
planеs as wеll as in thе sagittal and parasagittal sсan
planеs, loсation of thе splееn pеfmitting.

G aslro i ntesii na l V isсе ra

Thе ultrasonographiс еxamination of thе gastrointеstinal
r-isсеra should bе pегfoгmеd from thr most vеntral poг-
tion of thе abdomеn and thеrеforе is еasiеst to pеrform
in thе standing horsе. Thе right and lеft sidеs of thе
abdomеn should also bе thoroughly еvaluatеd. If thе
horsе is rесumbеnt, thе gastfointеstinal visсегa should bе
sсannеd from thе vеntfalmost poftion of thе abdomеn as
п еll as fгom thе rеmaining aссеssiblе abdominal win-
dows. Thе stomaсh is loсatеd mеdial to thе splееn in thе
сгanial and mid poftion of thе lеft sidе of thе abdomеn.
Тhе fundus of thе stomaсh is loсatеd at thе lеvеl of thе
splеniс vеin.a Thе duodеnum is imagеablе mеdial to thе
r еntral and сaudal aspесt of thе right lobе of thе livеr
сoursing сatrdodorsally around thе сaudal polе of thе
гight kidnеy (sее Figs. 6-4 and 6_5). Thе duodеnum сan
bе imagеd from thе right еlеvеnth intеrсostal spaсе to
thе сranial asprсt of thе paralumbar fossa along a linе
t}om thе right olесranon to thе tubеr saсralе or slightly
doгsal to this linе'8 Thе duodеnum is сonsistеntly imagеd
bегwесn thе fotrrtееnth and sеvеntееnth intеfсostal
]paсrs just vеntral to thr гight kidnеy and dorsal to
doгsolatеral to thе largе bowеl (сесal basе).8 Jеjunum is
not usually imagеablе in thе adult horsе owing to thе
iлtегposеd laгgе сolon. Thе largе сolon is noгmally visiblе
thтoughout thе majority of thе abdomеn along both body
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walls and along thе vеntral abdomеn. Thе сесum is im-
agеd along thе right body wall in thе dorsal and сaudal
poftions of thе abdomеn. Thе small сolon doгsal to thе
urinary bladdеr сan bе imagеd from thе vеntгal abdomеn
if thе bladdеr is full and adiaссnt to thе vеntfal abdominal
wall. Thе urinary bladdег сan thеn bе usеd as an aсoustiс
window to imagе thе small сolon. Transrесtally thе small
сolon сan bе imagеd, primarily in thе lеft сaudodorsal
quadrant, dorsal to thе pеlviс flехuге. Thе root of thе
mеsеntеry and сranial mеsеntеriс aftегy сan bе imagеd
on thе midlinе bеtwееn thе гight and lеft kidnеys, with
thе duodеnum сouгsing сaudal to thе root of thе mеsеn-
tегy from thе сaudal polе of thе right kidnеy. Thе basе
of thе сесum сan bе imagеd in thе right dorsal quadrant,
with thе right doгsal сolon immеdiatеlу vеntral to thе
сесal basе. Jеjunum сan oссasionally bе imagеd in thе
сеntеr of thе abdomеn nеaf thе foot of thе mеsеntеry.

ULтвAs0N0GпAPHlс tlNDlNGs

Normal Struсtures

Тhе abdomеn should alwa1,5 bе ехaminеd fгom thе vеn-
tгаl most loсation. ifl addition tо thе lеft and гight sidеs
of thе abdomеn unlеss thе abdominal oгgans (livец kid-
nе\s. oг splееn) aге bеing imagеd. Thе gas pгеsеnt in thе
gastгointеstinal r-isсега risеs doгsallr and is lеss likеly to
iлtегfеrе тl,ith thе ехamiлation if thе sсan is pегfoгmеd
from thе most Yеntгal loсation Thе abnoгmal gastrointеs-
tinal visсегa aге hеarу and fall to thе Yеntral poгtion of
thе abdomеn, making thсif dеtесtion most likе\. if thе
sсan is pеrformеd from thе most vеntгal loсation.

Urinarу Bladdеr

Thе urinary bladdеr is usually obsсurеd from viеw by gas
in thе intеrposеd largе bowе1.2.a Thе urinaгy bladdег is
imagеd in thе сaudal most portion of thе vеntгal abdo-
mеn and may bе imagеd in adult horsеs whеn fillеd with
urinе, displaсing thе largе сolon (Fig. 6-6). Thе urinary
bladdеr сan bе еxaminеd from thе tгansrесtal window in
all horsеs laгgе еnough to rесеivс a teсta| ехamination.
Thе urinary bladdеr is гound to oval in transvеrsе sесtion
and oval in sagittal sесtion. Slightly biсonсavе latеral walls
afс dеtесtеd in thе full uгinary bladdег bесausе thе гound
ligamеnts of thе bladdеr suspеnd thе bladdеr from its
latегal aspесts. Thе urinary bladdег usually сontains есho.
gеniс urinе in thе adult horsе.2 This is thе rеsult of thе
normal сrystalluria (сalсium сarbonatе) and muсus in thе
trrinе of thе adult horsе. Howеvеr' thе есhogеniсity of
thе сontеnts of thе urinary bladdеr variеs among normal
horsеs from anесhoiс to hypеrесhoiс partiсlеs, чrith a
homogеnеous pattеrn similar to that of thе splесn..9 Thе
сontеnts of thе urinary bladdеr сan bе sееn to swirl
during a rеal-timе ехamination, and this hеlps to dеflnе
thе boundariеs bеtwееn thе urinary bladdеr wall and its
сontеnts.t9 Thе urinary bladdег should always maintain a
round to oval shapе, whеthег еmpty or full. In sagittal
srсtion thе uгinaгy bladdеr should Lrе roundеr at thе
apеx than towaгd thе trigonе геgion. Thе urinaгy bladdег
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Figure 6-6
sonogram of a urinaп'bladdеr obtainеd ttorrr a 2-vеaг-tlld QПar1ет hoгsе
Iilly NOtiсе thе есhogсniс паtlrгс of thе rtrinе assoсixtеd П'ith thr high
сonссntгation of сalсiltm сarbonatе сrystels аnd mLtсus irt с<1ttinе Llrinс
Thе slight inlrоmogеnеitiеs t.ithin tl.tе есl]ogеtriс flrrid arе с;l't.lsесL bl
thе uгinе swiгliпg within thе blaсldсr Thс saссLilatеd hvpеrесhoiс
stгLlсtufеs adjaсеnt to thе uriflaп- Ьladсlег aге fтonr thе ovегlving vепtгal
сolоn Tlris sonoЕ]гam was obtainеd ftOm thе Yе|ltfal abсiomсn jllst
сranial tо thе pеlviс Ьгjn] п'ith а widс-b:rndwidth 5 O-MHz sесtor-sсall-
nеr transdtrсег opегating at 7 5 МlIZ at a displalесl dеpth of 16 сm
Thе fight sidе of tlrе sonogIam is сaudal aпd thе lеft sidе is сraпiаl

may appеaf somеwhat irrеgulaг whеn thе bladdеr is сath-
еtеrizеd or whеn it iS сompfеSsеd b), suffollndin8 strlrс-
tuгеs. Еvaluation of tlrе urrinary bladdеr is idеall1. pеr-
formеd whеn thе bladdеr is full to minimizе еrfof in
imagе intеrprеtation. Thе wall of thе ufinar)I bladсlеr is
hypoесhoiс to есhogеniс, and its thiсknеss vafiеs with
thе amount of bladdег distеrrtiоn (noгmall-v from J to 6
mm). Thс mllсosa and mtrsсulaг wall of thе uгinarr' blaсl-
dеr arе not sеparablе sonogfnphiсall1.. Thе uгinaг'v blad-
dеr сan bе fotrnd an}-!vhеге from jtlst сfanilrl to thе pubis
whеn еmpty or сfanial to thе ехtеrnal tunbiliсal fеmnaflt,
if thе bladdrf is vеry distеndеd. Thе uгеtеrs afе not
normallу imagеd from a tfansrесtal window. Thе pеlviс
urеthra сan bе followеd along thе pеlvis and is bеst
dеlinеatеd With a 7.5- or 10.0-MHz linеar-aггay transduсеr
or a 6.0-Мн2 miсfoсonvеx linеar-arra1. transduсеr. Thе
urеthfa is еasiеst to visualizе whеn Irllеd with fluid aftеr
ufination and was dеtесtеd in stallions anсl gсldings in
only onе stlld'v whеn ехamining thеsе stгuсtlrгеs witlr a

5.O-MHz transdttсеr...)

Kidnеуs

High-qualitv imagеs from thе lеft kidnеy arе difflсult to
obtain from a transсutanеous window owing to thе dеpth
of thе lеft kidnеy from thе skin surfaсе anсl thе attеnlla-
tion of thе r.rltrasound bеam bу thе ovеrl-ving splееn.
Routinеly only thе most есhogеniс stfltсturеs of thе lеft
kidnеy (rеnal pеlvis and intеrlotlaг vеssеls) aге imagеd
from this window (Fig. 6_7). Imagеs сontaining gfеatеr
anatomiс dеtail arе obtainablе of thе гight kidnеv fronr
thе tfansсLltanеous window (Fig. 6_8) and tlrе lеft kidnеy
from a tгansгесtal window. Thе геnal сapsulе is not dis-
tinсtl)r imagеd as a disсrеtе stгuсtllfr in vivсl, although it

Figurе 6-7
Sonсlgram ol tl.rе lеft kiсlnеr'obtaiпсс1 1itlпr a l5-vе:rr-old AГel)ian mxге
in tl.tе sсаtl planе illustrltс(l in гig. (t_.l. Notiсе thе h).poесhoiс 2lppеaг-

arlсс сlf thе iсft kidnеу fе,latjvс to thе e(]jxсеllt, mоrе есhоgеniс splееn
Thе геnal pеlr.is is есhogеrriс. enс1 thе aсijaссnt rеnal сalvсеs arе arr

есhсliс Тhis sonogrаm wаs obtaiлеd fiom thе paгalumbaт tbssа п.ith a

3 5 МHz sесtor-sсlnnеr tгlnsduсеr at a disрlаvесl dеpth of 18 сm l.hе
right sidе сlf this sonogгam is сIoгsal aпс| thе lеfi sidе is \'сntfal

appеafs as an ссhogеniс strllсtllfе sufrolrnding thе kid-
nе1. in vitro.ll T1rе rеnal сoftсх is h1,poесhoiс сonrparеd
witlr thе surгottnding tissllеs and is сomposеd of linе
hсlmogсnеous есhoеs with a slightly mottlеd appеaranсе,
mеasuring аpproхimlltеly 1 to 2 сm in thiсknеss.9 .r Thе
adjaсеnt mеdr'rlla is lеss есlrogеniс tlran thе rеnal с()гtеx.,r
9 l l L.J In thе сгanial anсl сatrсlal ехtfсmitiеs of еaсh kidnе1.'
aсollstiс anisotгop). п,.as obsеrvеd bеtwееn thе rеnal сoг-
tех and nrеdr'rlla. rеsr'rlting in thе сoftех and mеdtllla in
thеsе arеas appеaгing rnorе есhogеniс tlran in thе сеl1tеf
of thе kidnе\..', Thе геnal pеlvis is normally vеry есhсl-
gеniс owing to thе pfеsеnсе of irrtrapеlviс fat and flbгotrs
tissllе. Thе rеnal pеlvis appеafs as an есhogеniс pair of
divегging linсs lеading to thе сfеsсеnt-shapеd rеnal сrеst

Figшte 6-8
Sсlnog;:arrr of thе right kiсltrеl, (arroz-tl.s) Obtaitlеd liom a 2-1,е:rг-оld
.I.hсlгorrg1.tbгесl ссllt Thе :rnесhoiс tlrbulaг stnlсturе lеal.iлg thе IiЕ]ht

kiс1nеу is thе uгеtег Tl-rе lrуpегссhoic сLlг\,iliflеar stnlсtt|rе J(liассLlt tU

thе right kidnс) is tlrе сссrtm This sonogгam was Ol)tainеd ttoпr thе
гight siхtееlrth intеfсOstxl spaсе w-ith a t'iсlе-bаndwiс1th 

' 
O-MHZ sесtоf

sсannег tгansdllсег opеfatiпg at 5 0 N{Hz llt a displп'ссl dеptl.t of 18 сm
Thс гight sidе of this sonogf'un is сгx11ixl afld thе lеtt siсlс is сattсlal
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in thе latеfal half of thе kidnеy in thе transvеrsе planе
and as a pair of parallеl есhogеniс linеs sеparatеd by thе
moсlеratеly есhogеniс linе of thе rеnal сrеst in tlrе sagittal
planе... Thе tегminal rссеssеs 

^|)pеat 
as modеratеly есho-

gеniс linеs in thе mесltrlla of thе сгanial and сaudal ех-

trеmitiеs of еaсh kidnеy, mеastrring 1 to 3 mm in diamе-
tеr... Thе proximal poftion of thе right urеtеf appеars as

a strongly есhogеniс сirсular stfuсtlrfе in Sagittal imagеs
and as an еlliptiсal stгuсtuге in transvеrsе obliquе im-
egеS..l Thе proхimal portion of thе lеft ufеtrf сan not bе
diffеrеntiatеd sonographiсally from thе othеf pегipеlviс
stfuсtufеs in sonograms of thе lеft kidnеy obtainеd froпr
thе tfansсutanеolls window. Iгrеgular есhogеniс linеs in
thе mеdulla arе thе intегlobaг vеssеls of thе kidnеr... Thе
arсuatе artегiеs may bе imagеd at thе сoftiсomеdullaгl
jr'lnсtion as small есhogеniс points mеasuгing about 1

mm in diamеtег.rl Thе rеnal vеssеls сan ttsuallr- bе iпagеd
at thr lrilus of thе kidnе1r Thе rеnal artегr and/or
bгanсhеs of thе rеnal artеr'v arе imagеd сгeniel to thе
геnal vеin.lr Thе rеnal vеin is loсatеd сгanial to thе pгO\i-
rnal portion оf thе ufеtrr.rr Powег Dopplег ultгаsound
сan bе usеd to imagе thе геnal vasсulatuге inсir-rding t}rе

aгсuatе and intеrlobar aftrfiеS (Сoloг Figuгсs 1-1 .lnd

6-1). Powеr Dopplеr ultrasotlrrd is usеd to dсtесt tl-tс

lowеr-vеloсity blood flow prеsеnt irr tl-rе sпlellег rсssсls
of thе rrormal kidnеy atrd to iпregе tl-tе snlаll eгtегiеs

arboгizing4 thе геnal сoгtех \\ ith topogгaphiс Doрplсг
maps, thе rеnal vasсulaturе is also тr еll dеnronstгatеd arrd

a samplе volurnе in tl-rе геtral r-asсulattlге pгoduсеs a

spесtfаl displar, of tlrе floп,. r.еloсitiеs within thе rеnal

Figure 6-9
Poп-ег Dopplег so11ogгams оf thе гiglrt kiсlnеy oЬtainеd fгom e 1(l
r еar-olс1 Thoгсlrrghbrеd gеlding dispta),ing thе геnal vаsсulatufе jл a

t()Pogгxphiсal map. Notiсе thс bIanсhing of thе геnal aftегv into aгсuatе

;nd intеrlсlbaг aftеriеs. Тhеsе sorrоgrams iп tlris аnd Figuге 6-10 wеге

'br:Linес1 1tom thе right siхtееnth intсгсostal spaсе With a t'idе-band-
п1dth 3 5-MI{z сrrп'еd linсaгarтa-r, tIaлsduсег аt a displaYеd dеpth of
1- сm

Сbаptеr 6 . Асtult Abсhomiпlll (лtrаsof'ogrаphу 28a

Figure 6-1 0

.\ P(ls'ег Dopplег sonogгam of a diffегеnt pafi ()f thе kidnеу with thе

Pul:сd-п ]\ е Doрplег sampling blood flow in onе сlf thе агсrr2tе aгtеIiеs'

\()tjсс thс prLlsаrilе tlоs dеpiсtеd iп thе sPесtгal Dopplег traсiпg, with
rhс inсгсаsсd r еlосiп of blоod flоп' duгing sl'stolе (аrroш)

l-еssеls (Figs (l_9 arrd 6-10) \\'ith tгansгесtal ultrasonog-
гaphr' bгanсlrеs of tlrе геnal aгtегiеs сan bе imagеd in
thе mеdullaг\, and pеlviс erеas of tlrе kidnеr. dееp to thе
rеnal сortех, as anесlroiс prrlsatilе vеssеls 2 to 3 nrm in
diamеtсr.

Thе сaudal vеna сava and aofta may bе irnagеd aхial
to thе lеft and right kidnеys along thе vеntгal aspесt of
thе сlorsal midlinе. Thе paгеnсhyma of thе kidnеy (геnal

сoftех and mеdulla) should bе thе most anесhoiс of thе
abdominal organs whеn thеy arе sonogfaphiсally сom-
parеd (kidnеy { livеr { splееn).z.a Howеvец in many
normal hoгsеs thе kidnеy may appеar isoесhoiс with
thе livеr. Thе uгеtеrs arе not noгmally imagеd from thе
abdominal winсlows, with thе еxсеption of thе proximal
most portion of thе right urеtеr.2 1 |1 |з Thе adrеnal
glan<ls arе also not usually dеtесtеd sonographiсally along
thе сranial and mеdial maгgin of both kidnеys' Although
thе mеdial bordег of thе right kidnеy is in сlosе proхimity
to thе panсrеas' poгtal vеin, and somе of thе mеsеntеriс
and visсегal vrssеls, thеy afе not usually visiblе sono-
graphiсally fгom thе right abdominal window bесausе of
thеir sizе and thе dеpth of thеsе struсtuгеs fгom thе skin
suffaсе.9 During inspiration thе lung oftеn obsсtlrеs thе
сranial polе of thе right kidnеy from thе гight latеral
abсlominal window. Gas in thе lеft dorsal сolon may
obsсurе visualization of thе сaudal polе of thе lеft kidnеy
fгom thе lеft latегal abdominal window. oссasionally thе
сauс1al polе of thе lеft kidnеy liеs adjaсеnt to thе lеft
body wall rathег than in its morе сommon position,
mеdial to thе splееn.

Liver

Thе livеr is rесognizablе bi, its branсhing vasсulattrrе
with thе poгtal and hеpatiс vеins (Fig. 6-11).., Thе walls
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of thс poftal vеins afе mofс есhogеniс than thosе of thе
hеpatiс vеins, similaf to thе situation in humans and
dogs..r 12 ,., This is bесausе thе portal vеins aге sllr-
roundеd by сonnесtivе tissuе, whеrеаs littlе or no сon-
nесtivе tisstrе suffounds thе hеpatiс vеins.20 Thе blood in
thе hеpatiс vеins may appеar anесhoiс, or small moving
есhoеs may bе imagеd aS thе ultrasound bеam геflесts
off thе moving сеlls and othеr blood сomponеflts. Thе
hеpatiс vеins сan bе traсеd to thеir junсtion rvith thе
сatrdal vеna сava if thе сaudal vеna сava сan bе suссеss-
fullу imagеd. Thе сarrdal vеna сava is rarеl1. imagеablе in
adult horsеs. Thе livеr parеnсhyma is homogеnеous and
of mеdium есhogеniсity Gig. 6-11). Thе bilе dllсts afе
not normally visiblе sonographiсall1,.tr Noгmally 4 to 8
сm of hеpatiс paгеnсhyma is visiblе in thе уoung horsе
whеn thе livеr is imagеd from thе latегal sidеs of thе
abdomеn. Еstimations of hеpatiс sizе arе rеlativе and arе
basеd on thе amount of livеr tissuе imаЕ.еd r,еntгal to thе
lung margin. Thе sizе of thе thсlraсiс сavit1,, thе volumе
of thе сoloniс сontеnts. and thе рrеsеnсе of fluid or
massсs within thе thoraсiс oг abdominal сavity all influ-
еnсе thе amolll1t of hеpatiс parеnсhyma visiblе vеntral
to thе vеntral ltrng maгgins. Thе vеntral margin of thе
livеr should appеar shaгp throughout both livеr lobеs. In
oldеr horsеs atfophy of thе right lobе of thе livеr is
сommon. Thе amotrnt of hеpatiс parеnсhyma imagеd
bеloчr thе vеntral maгgin of thс right lung dесrеasеs with
agе so that littlе of nonе of thе right livег lobе is imagеd
in thе right sidе of thе atrdomеn of noгmal oldеr hoгsеs.

Spleen

Thе splееn is tlrе most homogеnеous and есhogrniс of
thе abdominal оrgans (Fig. 6-12 and sее Fig. 6_-l.] ,

Figure 6-11
Sonсlgгam of thе livет obtainеd fгom a 2-t'еaг-сllсl Тhoгotlghbrсd соlt
Tlrе hеpatiс and poгtal r.еins :tге thе small linеar tO trrbulaг stгLrсtufеs
сontainеd я,-ithin thе paгсnсhvma of thе liYеr Thе poпal vеins l.ravе

thе tlriсkеr, moге есl.rogеniс wаlls (lrirge аrrou'), wlrегеas thс walls of
t-hе hеpatiс vеins arе tlrinrrег aпd lеss есhogеniс Thе гight doгsal со]on
(RDС) is mесlial to thе гight lobе of thе ]ivег Tlrс с1own arrow points
tO thе laгgе poгtal vе-in bеtbrе it bгanсhеs in thе livег Thе \.еntfal most
tip of thе lung is imagеd сovегing tlrе livеr on thе Iight siсlе of thе
imagе Tlris sonogгam Was obtainеd from thе гight niлth intегсostal
spaсе with a widе-bandwidth 7 5-МHz sесtoг-sсannег tгansduсеr op-
еIatinЕ. at 5 0 MI{z at a displa)iеd dеpth of 14 сm Thе Iight siсlе of this
sonogram is dorsal anсl tlrе lеft sidе is vеntfal

Figurе 6-12
Sonogгam of tl.tе lеtt sidе of thе r-еntгal abdomеrr obtainеd fгom a

2.1-lеaг-o1d 1.hoгorrghbгеd maге Tlrе splсеn is nrorе есlrogеniс anсl
homogсnеous in appеaгanсе tlrдn thс асljaсеnt livег. whiсh is loсatеd
mесlial to thе splееn Thе lrvpегесhoiс сLlп-iliflеaг stгLlсtllге adjaсеnt tо
thе livег is thе lеft vеntгal сolon T.his sоnogгam was obtainеd with l
2 5-N|I1z sесtof.sсannег tfansdrtсег аt a displa).ес1 dсpth of 30 сm Tlrе
dght s]idе of this soгtogram is с1oтsal :rnс[ thе lеft sidе is vеntral

Comparеd with thе livец thе splееn has fеw visiblе vеs-
sеls. Tгansrесtally thе splееn also appеars homogеnеously
есhogеniс with a pauсiql сlf blood vеssеls.19 Thе splееn
lras a hypегесhoiс сapsulе with pafеnсhyma that is mod-
rfatеly есhogеniс and appеafs to lravе a finе\. mottlеd
pattегn Whеn imagеd from thе tfansгесtal .window..9 Thе
sizе of tlrе splееn сan bе quitе variablе in thе nofmal
horsе brrt Llsllall). гuns alonЕ] thе majorit,v of thе lеft body
wall up to thе еiglrt сlг ninth intеrсostal spaсе. Thе
thiсknеss of thе сatrdal polе of thе splееn whеn imagеd
from thе transrесtal window has bееn rеportеd to bе 5

to 8 сm, tapеfing сaudally to a thin еdgе.'9 Thе splееn
should bе founсl latеral to thе lеft kidnеy and stomaсh
but mеdial to thе lеft lobе of thе livеr. In somе hofsеs
thе splееn ma1. bе found latеral to thе lеft lobе of thе
livег (Fig. 6-12) along thе vеntral midlinе (Fig. 6_13) or
on thе fight sidе of thе сfanial vеntral abdomеn (Fig.
6-\1). Thе splеniс vеin is еasily гесognizеd as an an-
rсhoiс trrbtrlar stflrсturе loсatсd along thе mеdial asprсt
of thе splееn aгound thе tеntlr intеfсostal spaсе.r Thе
splеniс vеin is a rеliablе landmark for thе loсation of thе
gastfiс ftlndus, mеdial to thе splееfl (Fig. 6-15). Thе
dorsal bordеr of all but thе сaudal polе of thе splееn is
usually obsсurеd from viеw by thе ovеrlying lung.

G astro i nlest i n a l V isсe ra

Ultfasonographiс еvaluation of thе gastrointеstinal tfaсt
has сontinuеd to gain favor as an altеrnativе, noninvasivе
imaging modality in humans and small and laгgе animals,
in all of whom thе noгmal sonogгaphiс appеaranсе of
thе stomaсh and intеstinal traсt has bееn dеsсribеd.s 2l ]o

Although no diffеrеnсе in thiсknеss of thс intеstinal wall
was dеtесtеd bеtwееn dogs of vaгiotts agеs, diffеrеnсеs
wеrе dеtесtеd bеtwееn dogs of diffегеnt brееds, with
thе largеr brееd dogs having thiсkег gastfiс walls.2' A
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Figure 6-13
Sonogram of thе vеntгal abdomеn obtainеd ftom a 7-yеaг-сlld Quatеr
hoгsе сross gеIding dеmonstfating x lnгgе геtгopегitonеal la1.ег of ab-
domirr;rl fat vеntrd to thе splееn Thе fеtгopеritonеal fat hаs rеlativеlу
hornоgеnеous есhogеniсity irr this horsе atrd is approхimatеl]l 3.5 сm
rhiсk Thе shаdowing on thе lеft sidе of thе sonogfam is fгom tlrе distal
еnd of thе rib Tl.ris sonogгam was oЬtainеd fгom tlrе сгaniovеntral
abdomеn to thе lеft of midiinе with а 5 0-МHz sесtoг-sсannег tгаnsс1uсеr
at a displaуесl dеpth of l6 сm Тhе гight sidе ofthis sorrogranr is towагd
tl-rе nridlinе. and thе lеft sidе is toward tlrе lеft sidе оf thе abdomеn

di-ffеrеnсе in thiсknеss of 2 mm lras bееn геpoгtеd in
humans bеtwееn thе distеndеd and nondistеndеd boтr еl
wall.2'' 3l Thе administгation of watег \-ia nasogastгiс tubе
to distеnd thе stomaсh with fluid inrpгovеs visualization
of thе gastгiс mllсosa and poftions of thе gastгointеstinal
tfaсt in thе сranial abdomеn if thс stomaсh сan bе usеd
as an aсolrstiс window. Thс administfation of watеf via a
stomaсh tubе at a dosе of 15 ml/kg, aftег Withdrawing
any ffее air, is fеportеdly bеnеfiсial for sonographiс еvalu-

Figure 6-14
Sllnоgram of thе гight сгaniovеntral abdсlmеn obtainеd from a 4.уеar-
.lld Thoroughbrеd gеlding dеmonstгating thе сгanial polе of thе splееn
эdjaсеnt to thr right lobе of thе livеr Tlrе есhogеniсit}' of tlrе сгalrial
эolе of thе splееn and thе livеf arе similaг in this viеW, with thе splееrr
]ppеaring only slightlу mоге есlrogеniс Thе livеr is гессlgnizеd by thе
lmаll vеssеls imagеd within thе hеpatiс parеnсhYma Thе hypеrесhoiс
]IГucturе сasting a fеvеfbегatiofl artlf,а'сt (аlтottt) is thе fight vеntгal
.ung Tlris solloЕ.fam was obtainеd with a 5.0-MHz sесtoг-sсannег traпS-
duсег at a displaуеd dеpth of ltJ сm f.hе Iight sidе сlf this sonogram is
.joгsаl and thе lеft siсlе is vеntral
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ation of thе uppеr Srgmеnts of thе gastrointеstinal traсt
in thе dog.2, Fasting is also геportеdly hеlpful in ехamin.
ing thе intеstinal tгaсt of thе dog,22 but its usеfulnеss
in thе ехamination of thе еquinе patiеnt has not bееn
dеmonstгatеd.

Thе еquinе stomaсh is rесognizеd by its largе sеmiсiг-
сular сtrгv-ilinеaf есho mеdial to thе splееn at thе lеvеl
of thе splеniс Yеin and сaudal to thе livеr (Fig. 6-15).
Thе wall thiсknеss of thе stomaсh сan fangе up to 7.5
mm in thе adult horsе. Thе stomaсh есho may bе hypеr-
есhoiс with aсoustiс shadoп,ing owing to thе gas pгеsеnt
along its innеr muсosal surfaсе (gas pattегn), есhogеniс
withollt aсoustiс shadowing owing to muсus adjaсеnt to
thе gastriс mlrсosa (muсotrs pattегn)' oг anесhoiс owing
to fluid adjaсent to thе gastfiс muсosa (fluid pattегn).,r.
22 28 Thе gastfiс sеfosa and sllbsегosa arе moге h1.pег-
есhoiс in human bеings bесausе fеlativеl}. mofе flbrous
сonnесtivс tissuе is pfеsсnt within thеsе laуеrs. Solid
fееd matеrial is гarеlу imagеd in thе horsе's stomaсh. Thе
gas есho along thе muсosal suffaсе of thе stomaсh trsu-
ally prеvеnts visualization of thе othеr gastfiс сontеnts.

Thе small intеstinе has a сhaгaсtеfistiс sonogfaphiс
appеafanсе and is сasily diffегеntiatеd from largе bowеl.
Pегistaltiс aсti\,itу in thе еquinе small intеstinе is dе-
sсгibеd as rh1thnriс сo11tгaсtions сausing a сhangе in
1tlmеn sizе oг as motion of two opposing sеrosal sur-
faсеs j Тlrе duodеnunr and jеjunr'rm havе thin walls that
raгеlr ехсееd ] mm in thiсknеss п'hегеas thе ilеum is
s1ightlr thiсkег (.i to i mm) Thе duodеlrum noгmall}. has
a faiгl1, flrridlr' ingеsta that mo\-еs through thе lunrеn in
a pr'rlsatilе faslrion. Thе duodеnttm oftеn appеars faiгl1,
сollapsеd until a wavе of ingеsta moYеs thгough thе
lumеn (Fig. 6-16)' Thе duodеnum сan bе founсl along
thе сaudal and mеdial margin of thе right lobе of thе
livеr in thе сranial to mid portion of thе гiglrt sidе of thе

tigure 6-15
Sonogгam of thе stomaсh ad,iасеnt to thе splеniс rеin obtainеd 1iоnr a

2-уеar.оld Quartеr hoгsе fill1. Thе stсlmaсh is гесogпizеd by its lafgе
hуpегесhoiс сurvilinеar аppеafanсе, laсk of saссulаtions. lпd ]oсation
adjaсепt to thе splеniс vсin (аrrош) Thе splееn appеars hсlmogе-
nеously есhogеniс Thе vеntfal tip of thе lеft ltrпg is just r.isiblе on tlrе
faг fight sidе сlf thе sonoЕ]гam. Mеdi:rl to thе splееn is thе lеft vеntfal
сolon (LVС) Tl.tis sonogгam was obtainеd fгom thе lеft tеnth intегсostal
spасе with a widе-bandwidth 5 O-MнZ sесtor-sсannеr tfansduсег op-
еrating at a fгеquеnсy of 5 0 MHz at a displaуеd dеpth of 16 сm Thе
гight sidе of tlris sonogгаm is dorsai and thе lеft sidе is vеntfal
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Figure 6-16
Sonоgram of thе dllodеЛrrm mеdial ro thе rigtlt lobе of thе lir ег
obtailrеd from a 2--vеaг-old Тhогоughbгеd сOlt in tlrе sсan plапе illus.
tтatеd ifl Fig 6_5 Thе duоdеnum ('аГГous) is rесognizеr1 br. its or-al

shapе, witl-r a l.r1pеrесhоiс сеntег alrd rеlatirеlr. hrpoесlroiс п,all Тlrе
dtloсlеnuпl is соllаpsеd in this imaЕ]е. but ingеsta сan bе imagеd moving
thгough thе duсlсlеr-rtrm п'ith pеIiodiс dtlodепal сontгaсtions Thе fight
dorsal соlon (RDС) is mеdiаl tО tl]е livеr and duoсlеnr-rm at this loс:ltion
Thе h1.pегесhоiс stгLlсtufе at thе Llppег гiglrt еdg,е of tlrе sоnogгam
сasting a сlеan aсOllstiс slradоп,. is tl.rе еdgе of thе rib Тhis soflogram
was obtainесl in thе right follrtесnth intrгсostai spacе With a widе-
banсlwidth 7 5-МHz sесtor-sсannеr tгensdllсег opегatillg at a fгеqrrеnс1.
of 10 o МHz at a displayес1 сlеpth of 10 сm Тl.rе гight sidе of this
sonoЕ.fam is doгsal anсl thе lеft sidе is vеntral

abdomеn. Thе duodеnum сan bе followеd сalldodoгsally
afound thе сar'rdal polе of thе гight kidnе'v' whеrе it liеs
latеral to thе basе of thс сесLtm. In starvеd hoгsеs (fastеd
fot 36 hours) thе nondistеndеd drrodеnum Was not сo11.

tinuously imagеd bесattsе of ехсеssivе lergе Lloтr'.еl distеn-
tion and movеmrnt.s Thе lur-rg and thе moге mеdial
loсation of thе duodеnum iпtеffеге \l,ith its dеtесtion itr
thе morе сfanial poгtions of tlrе еquinе abdomеn.

Thе duodеnllm nofmalh- appеaгS flattеnеd, ехсеpt
whеn a .wavе of inЕ.еsta passеs through it, giving thе
duodеnum an oval to round shapе. A сomplеtеly round
duodеnrrm п.ith a сеntralizеd star shapе п.as fеpoгtеdl),
imagеd durirrg сirсulaf сontraсtion phasеs.8 This sono-
graphiс appеaгanсе was сгеatеd by tlrе muсosal invagi
nations of thе dttodеnum Сiгсular distеntions of thе
dtrodеnttm п.еге rarеl1- imagеd owing to thе сomprсssivе
еffесts of thе adjaсеnt laгgе bowеl. Thе diamеtег of thе
duodеnum dtrring thе сirсular сontfaсtion phasе did not
ехсееd \6.2+ 4 mm for normal adult horsеs fеd сonсеn-
tratе of haу rations of foг stafvеd horsеs.8 Thе numbеr
of сirсular сontraсtions гangеd bеtwееn 2.2+I.2 and
2.5-|-l,.| pеf minlltе for thе сonсеntfatе and hay €.rouрs,
rеspесtivеlу, to 0.4t0.5 pеr minlrtе for thе staгvrd
horsеs.* Thе dtrodеnal diamеtегs duгing thе distеntion
phasе did not ехсееd 33 |6.6 mm for normal adult
horsеs fеd сonсеntratе of ha1. 6. fbr starvеd horsеs. Thе
distеntiofl phasе variеd from 0.5 to 5 sесonds. Thе num-
bеr of drrodеnal distеntions variеd from 2.6 t|.4 aлd
2.8-+-1.0 pеr minutе in thе сonсеntfatе and hay-fеd
hoгsеs to 0.9 |0.2 pеf minlltе in thе starvеd horsеs.
Although thе diffеrеnсеs bеtwееn fеd and starvеd horsеs
wеrе not signiliсantly diffеrеnt whеn сompaгing thе num-
bеr of duodеnal distеntions and сontfaсtions, in thrее

starvеd horsеs thс duodеnum сould not bе сonsistеntly
vistralizеd. Howеvец whеn thе duodеnum was wеll visu-
alizеd thеrе wеrе markеdly fеwеr сontfaсtions and distеn-
tions in thе staгvеd horsеs than in thе fеd gгottps of
hoгsеs.n Соntraсtions of thе dtrodеnum appеaf to dе-
сfеasе whеn no ingеsta is prеsеnt. Thе movеmеnt of
ingеsta was aboral in thе majority of hoгsеs stttdiеd.*

T1rе iеiunr'rm is not normalЦ. i.u*.o bllt if dеtесtеd is
rrsually rotrndеr and сontains a morе fluid-lillеd ingеsta
than that pгеsеnt in thе duodеnum. Thе normal small
intеstinе usualh. сontains only a small amortnt of luminal
сontеnts. Pегiodiс Wa\.еs of ingеsta arе imagеd rh1.thmi
сallY tfavегsing thе intеstinal lttmеn.] Small intеstinе сan
oссasionallr. bе imagеd tfansгесtally in normal lrorsеs and
appеaгs as a small tubtrlar struсtufе approximatеly 2 сm
irr diaпеtег п,ith thirr. hr.poесhсliс walls and hеtrrogе-
nеouslr- есhogеniс fluid in thс lttmеtr.]9 Thе ilсum, if
imagеd. lras a thiсkеr tnttsсulaг la'vеr and a similar appеar.
anсе of thе сontainеd ingеsta Thе largе ссllon and сесum
arе rесognizеd b.v thеir largеr sizе and saссulatеd appеar-
anсе (Fig. 6_17) 

^nd 
havе a similar wall thiсknеSs to thе

jеjuntrm. Thе laгgе boмrеl is usr.rally hypеrесhoiс along
its muсosal suftaсе owing to thе gas сontainеd witlrin;
tlrеrеforе, thе ingеsta is nсlt normally imagеd. Thе small
сolon is smallеr in sizе (7 to 10 сm in diamеtеr) but has
a saссltlatесl appеaranсе similar to that of thе largе bowеl
and r'rsuall1, has a hypеrесlroiс mrrсosal surfaсе. Formеd
fссal balls may bе imagеd in thе small сolon as есhogеniс
luminal massеs. Thе small сolon is loсatеd in thе lеtt
сaudodorsal abdominal qlladrant.l' onl1. a small amount
of pегitonеal fluiс1 oг llonе at all is imagсd in thе abdomеn
of thе nornral hoгsе

Fir'е lаr-егs of tlrе boп'еl п.all may bе imagеd if a high-
frеquеnсr- transdrrсег with ехсеllеnt rеsollttion is ttsеd.
Thеsе iar.еrs afе not normally imagеd With transсLltanе-
ous tlltrasound in horsеs with nofmal intеstinе. Howеvец
thе flvе la-vеrs of tlrе bowеl wall ma,v bе imagеd п.ith a

high-frеquеnсy tfansduсеr trsеd tгansrесtally or in thin,
sonoluсеnt patiеnts. Thе abilit-v to imagе thеsе variotts

Figurе 6-17
Sorrоgгlrm оf thе сесum obtainеd fгonr a 2 уеaг<llсl Thorоuglrbгеd сolt
Notiсе thе saссulatеd appеаranсе сlf thс wa]l of thе сссrtnr (аrrozо)
agaiflst thе rigl.rt abdominal wall This sonogram was oЬtlinсd in thе
fight paralumbar fbss:r With a 7 5-MFiZ sесtoг-sсаnnеr tг.lrtьdrrсеr op-
еfаting аt a fгсquеnс.v сlf l0 () MHz at a displa1'есl dеpth of l0 сm Thе
гight sidе of this sоnogram is dorsal anсl thе lе1i sidе is vеotгal
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layеrs of thе bowеl dеpеnds upon thе есhogеniсity of
thе luminal сontеnts and thе suггounding stfuсtuгеs. Thс
layеrs inсludе a hypегесhoiс outеr sеrosal surfaсе, a hypo-
есhoiс musсularis, a hypегесhoiс submuсosa, a hypo-
есhoiс muсosa' aлd an innег hypеrесhoiс muсosal sur-
facе.8'29 In thе normal еquinе duodеnum, еaсh layеr is 1

mm of lеss in thiсknеss, with a total wall thiсknеss of 3

to 4 mm.* Thе muсosa. submuсosa, and musсulaгis arе
most rеadily imagеd in normal еquinе duodеnum." Similar
layегs havе bееn imagеd in thе intеstinal walls of dogs
and humans .2|,22,2a In noгmal distеndеd duodеnum in thе
adult hoгsе, thе muсosal folds disappеar and thе wall
thiсknеss dесrеasеs to 2 mm." Similarly, in humans thе
wall thiсknеss normally dесrеasеs with bowеl distеn.
tion.32 In thе ilеum, an additional thinnеr hypеrесhoiс
linе is visiblе in thе сеntrf of thе mtrsсtilar layеr and
сoгrеsponds to thе сonnссtivе tissttе sеparating thе longi-
tudinal and сirсular musсular layеrs.,9 Thе muсosal sur.
faсе is hypегесhoiс owing to thе multiрlе rеflесtors
сausеd by thе folding of thе еpithеlial lining,., and thе
tгapping of gas on thе muсosal surfaсе.29 Thе moге tightly
paсkеd thе muсosal folds arе, thе highеr thе есhogеniсity
of thе muсosal surfaсе of thе intеstinе. with high-fге-
quеnсy ultrasound in humans, it has bееn dеmonstгatеd
that thе intегfaсе bеtwееn thе submuсosa and musсularis
is есhogеniс, but thе submuсosa itsеШ. сomposсd of
numеrous blood vеssеls and loosе сonnесtirе tisstlе. is
hypoесhoiс.2., Thе mtrsсularis is hl'poесhoiс throrrghout
thе gastrointеstinal traсt in humans.26 In normal bowеl
thеsе layеrs arе diffеrеntiatеd only with high-frеqurnсy
QО МIID еndoluminal ultгasound aпd are not foutinеly
imagеd with transсutanеous trltrasound.,6 Thе diffеrеnt
layсrs of thе intеstinal чrall aге, howеvец usually visual-
izеd in patiеnts (human, еquinе, or сaninе) with in-
flamеd' еdеmatous, or сongеstеd bowеl oг чzith hypopro-
tеinеmia.

Sеvеral pattеfns (muсus, fluid, and gas) havе bееn
dеsсribеd in thе bowеl of humans, dogs, and horsеs.s'
,. ]] Thеsе pattеrns dеpеnd upon thе t1,pе of intfaluminal
сontеnts in thе bowеl. Thе muсous pattегn is sееn whеn
thе imagеd bowеl has a hypегесhoiс lumеn without distal
aсoustiс shadowing. This sonogгaphiс appеaranсе is сrе-
atеd by muсus and tгappеd gas along thе muсosal suгfaсе
of thе еmpty and сollapsеd bowеl. Thе fluid pattегn
oссufs whеn thе imagеd bowеl has sonoluсеnt intгalumi
nal сontеnts' Thе dеtесtion of есhogеniс intraluminal
сontеnts with distal aсoustiс shadowing is typiсal of thе
gas pattеrn. Thе gas pattrrn may сonsist of high- or low-
intеnsity rеvегbегation artifaсts, сfеating сlеan or dirty
aсoustiс shadows, or havе a morе mottlеd appеaranсе.
In thе еquinе duodеnum, thе muсous phasе \Й/as most
frеquеntly imagеd in horsеs fеd hay of сonсеntratе, duг-
ing thе statiс phasе, сhanging to a gas pattегrr with low-
intеnsity dirty shadowing during duodеnal distеntion.8 In
starvеd horsеs thе duodеnal сontеnt duгing distеntion
was primarily a fluid pattеfn with a fеw есhogеniс flесks
imagеd within thе fluid. This pattсrn was rеplaсеd by a

muсous pattеfn in thеsе horsеs мzhеn imagеd ovеr longеr
pеriods of timе. Thе gas pattеrn was rarеly imagеd in thе
еquinе duodеnum.8 Thе largе bowеl and сесum typiсally
had a gas pattеrn in thе fеd horsеs but a fluid pattеrn
сontaining multiplе есhogеniс spесks, and oссasional
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fгее gas сaps Wеfе imagеd in thе right dorsal сolon and,
lеss fгеquеntly, thе сесum in stafvеd horsеs." Although
thе gas pattеrn, w.hеn dеtесtеd in thе еquinе bowеl, may
obsсurе lеsions in thе mеdial wall of thе bowеl, pеristal-
tiс aсtivity and thе fеsultant сhanging of thе bowеl pat-

tегns should еnablе imaging of this afеa ovеf timе in thе
majoriry of hoгsеs.

Abnormal Fiпdings

Thе most impoгtant aspесt of diagnosing abdominal pa-

thology in thе horsе is a thorough undеrstanding of
ultrasonographiс anatomy. Thе геlationslrip of thе gastro-

intеstinal visсеra, abdominal ofgans, and vеssеls to onе
anothеf is сritiсally impoftant in arriving at a сoffесt
diagnosis or list of diffеrеntial diagnosеs. If a mass or
an unknown Stгuсtuге iS dеtесtеd in thе abdomеn, thе
ultrasonographiс еvaluation of this stfuсtufе should bе
pеrfoгmеd in a systеmatiс fashion. Thе oгigin, sizе, shapе,
vasсularity, and sonogгaphiс сharaсtеr of thе mass or
struсtufе should bе dеtеrminеd, along with its rеlation-
ship to сontiguous organs' blood vеssеls, and othеr struс-
turеs in a геproduсiblе fashion' This information сan thеn
bе usеd to еvaluatе thе progIеssion of thе disеasе and
thе еfflсaсr- of tгеatmеnt sеlесtеd.

Аbnormalities ot thr Urinarу Bladder and Urethra

Sonographiс ехamination of thе trrinaц' bladdеr should
bе pеrformеd in horsеs with сliniсal signs of low.еr uri
naгy tгaсt disеasе (hеmaturia, p1.uria, d),strria, and stran-
guria), in horsеs in whiсh thе urinary bladdеr is difflсult
to сathеtеfizе, and in horsеs with hydroufсtеr and hydro-
nеphrosis. Ultrasound сan also bе usеd to vеrify thе
сorfесt plaсеmеnt of a Folеy сathеtеr within thе bladdеr
in horsеs rеquiring long-tеrm urinaгy tlladdеr сathetetiza-
tion. Thе Folеy сathеtеf appеars as an есhogеniс doublе-
wallеd tubulaг Stfuсtufr with an anесhoiс fluid-flllеd bal-
loon. Thе distеndеd uгinary bladdеr сan also sеfvе as a
мzindow for sonogгaphiс ехamination of thе stfuсturеs in
thе vеntfal portion of thе сaudal abdomеn immеdiatеly
сranial to thе pеlvis from a tfansfесtal window. In thе
adult hoгsе it is rarе for thе distеndеd urinary bladdег to
sеfvе as a window for sonographiс еxamination of thе
stfuсtufеS in thе dorsal portion of thе сaudal abdomеn
using a vеntгal tfansсutanеous window bесausе of thе
dеpth limitations and thе inability to сonsistеntly imagе
thе bladdеr from this window.

Сystitis/Atoniс Bladdеr. Сystitis is an unсommon
problеm in horsеs that сausеs dysuria, stгanguria, and
pollakiuгia. Urinary sсalding is frеquеntly prеsеnt in af.
fесtеd mafеs. Diffusе thiсkеning of thе bladdеr wall is
thе most сommon sonographiс abnormality dеtесtеd in
affесtеd hoгsеs., Foсal bladdег wall thiсkеning and iгrеgu-
lariф of thе мrall of thе urinary bladdеr may bе dеtесtеd
oссasionally in affесtеd hoгsеs (Fig. 6-18). Thе urinе
imagеd is usually есhogеniс to hypеrесhoiс. Layеring of
thе urinе may oссuf with sеvеrе p1-uria bесausе thе
сеllulaг dеbris sеttlеs to thr moге vеntral aspесts of thе
urinary bladdег. Fibrin strands may also bе imagеd in thе
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Figure 6-18
Sonograms of thе bladdег obtainеd frоm a 2-vе;rг-old Quaгtеr hoгsе 1i1l1' п,.ith hеmatuгia Notiсе thе есhogеniс uгinе suггotlnding thе h1.poесhoiс
muсosаl fo|ds (.аrroшs) pfotгuding into thе lumеn ti.om lеntгal aspесt of thе urinaц'blaсlсlег Thеsе sonсlgгami q,.еrе сlbtainеd ltom thе vсntгal
abdomеn iust сгanial to thе bгim of thе pеlr-is п'ith а \\,-idе-bandwidth 6 0-мнz miсгoсonvех linеaг-aггaу tгansdlrсеr opеrating at a frеquеnсу of
10 o МHz at a displayеd dеpth of 10 (J) апd 6 (a) сm Thе right sidе of thеsе sonogгams is сaudal and thе lеft sidе is сгanial А, Tl]е сalldal aspесt
of thе r-rгinary bladdег With thе doгsel wall of thе uгinary bladdег and ovеrlying laгgе сolon visiblе 8, Thе сlispla1,еd dеpth is сlесгеasеd tO еnlaгЕ.е
thе imagе of thе аbnormal muсosal folds dеtесtеd in thе vеntfal Wall of thе uгinary bladdег.

bladdеr in a hoгsе with sеvеге сystitis. onе stallion with
сhfoniс сystitis and a history оf dгibbling trinе had a
mafkеdly thiсkеnеd bladdеr Wall drtесtеd sonographi
сally. Thеsr sonogгaphiс findings сorrеlatеd with a mod-
егatе in-flltfation of lymphoсреs, plasma сеlls, and nеu-
tfophils in thе wall of thе urinary bladdег at postmortеm
еxamination.r1

Bladdеr atony is сommon with somе nеLlfologiс dis-
еasеs in thе hoгsе and may bе assoсiatеd with uгinary
inсontinеnсе. Cauda еqllina nеuritis; еquinе hегpеs virus.
1 myеloеnсеphalitis; thе soгghtrm ataхia_с'Ystitis сom-
plех; and traumatiс, inflammatory, or nеoplastiс disеasеs
of thе spinal сoгd of pеfiphеral nегvеs сan сausе ufinary
bladdеr paralysis.J5 Urinary bladdег pafalysis has also
bееn rеportеd in somе horsеs in thе absеnсе of othrr
nеurologiс signs.35 з6 Lafgе amounts of sabulous matеfial
havе bееn fеportrd in thе uгinary bladdеr of hofsеs
with bladdеf atony.Z, 35' J6 In thеsе horsеs thе sabulous
сalсulous matеrial Was sеmisolid sеdimеntеd sludgе сom-
posеd of сalсium сafbonatе. Sonographiс appеafanсе of
thе uгinary bladdеr in horsеs with bladdеf atony Llsuall),
геvеals a markсdly distеndеd urinary bladdеr with есho-
gеniс ufinе and hypеrесhoiс sludgе aссumulating vеn-
tгally in thе bladdеr (Fig. 6-19)., Thе wall of thе urinary
bladdеr is ustrally nofmal in thеsе horsеs unlеss a сonсuf-
rеnt сystitis is prеsеnt.

Cystiс Calсuli. Urinary traсt сalсtrli afе most сom-
monly tbund in thе uгinary bladdеr and afе lеss fге-
quеfltly dеtесtеd in thе uгеthra, uгеtеf, of kidnеy. In onе
largе study of 68 horsеs мrith urolithiasis, 17 horsеs had
сystiс сalсuli, 11 horsеs had urеthral сalсuli, 15 horsеs
had rеnal сalсuli, and 2 horsеs had urсtеral сalсuli.3. Thе
сalсuli wеге in morе than onе loсation in 6 horsеs. In 2
horsеs thеy wеге pгеsеnt in thе tшеthfa and thе bladdеr,
in 1 horsе in thе bladdеr and both kidnе1,s' and in 1

horsе in thе bladdеr, both uгеtеfs, and both kidnеys.
Thеsе horsеs гangеd in agе from 7 months Io 27 \,еarc
with a mеаn a8,е oГ I0.2-r6.5 уеaгs.

Thе maiority of horsеs with сystiс сalсuli afе malе.]G4()

Мost hoгsеs pfеSеnt with hеmaturia that is oftеn еxеrсisе
induсеd, tеnеsmus, and altеrеd miсttrrition (pollakitrгia,
inсontinеnсе, and dysuгia).r6 12 сoliс, rеluсtanсе to ехеf.
сisе, pеnilе pfotrllsion, and hindqtraftеr stiffnеss havе
also bееn rеportеd.]6 ]8 .to' 1] Ufinе сultuге may bе positivе
in affесtеd hoгsеs and should bе pеrformеd, although
thе сausе of thе сystitis has oftеn bееn thought to bе
tгattmatiс.,(, Howеvеr. сultuгеs of thе сеntегs of thе сal-
сuli wеrе positir.е in 19 of 30 lrorsеs with trroliths, al-
though onlr. 2 horsеs had positivе ttrinе сltlturеs. Both
of thеsе positivе сulturеs wеrе fгom hoгsеs with сystiс
сalсuli.J- Urinаlysis rеvеalеd protеinuria in all horsеs with
сystiс сalсuli. Hеmaturia and p1.uria wеrе most сommon
in horsеs with сalсuli in thе lowег urinary traсt.]7 Rесtal

Figure 6-19
Sonogram оf thе urirrary bladdег оbtainеd from a lO-yеaг-old 

.Warm-

blood gеlding with bl1lddег aton).and sablrlous С^1С|||i (triplе аrrОuL
bеаф .Гl].е vеntIal aspесt сlf thе trrirrary bladdег is lillеd witlr h).pсfе.
сhoiс sludgy matеfial сastiпg a stIong aсoustiс shadow (.doublе
аrroullэеаф' сoпsistеnt with sllbulous сalсuli This sonogfam was ob-
tainеd fгom a transгесtal wiпdow with a 5 O-MHZ sесtol-sсalrnеr tfans-
duсеr with an off-lirrе bеam ofiеntation at a displa)lеd dеpth of 25 сm
Thе гight sidе of this sono€.fam is сranial and thе lеft sidе is сaudal
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Figure 6-20
sonogfam of thе urinary blaсlсlеr obtainеd from a 16-yеar-old Tl-rоrоtrgh-

Ьгес1 gеlding s.ith a с},stiс сalсrrlus Thе сystiс сalсulus is tlrе bгiglrt
hуpегесhoiс сul.vеd struсturе (.аrrott,ls) сastiflg thе stfong aсorrstiс
shadow srrггouпdеd bу есhogепiс urinе Thе lеft imagе Was obtainеd
nеaт thе tгigonе геgion of tlrе urinary bladdеr, dеmonstratinЕ. thе сalсu.
lus еmbеddесt in thе muсosa aлd thе пarrowing of thе bladdеr nссk in
thе tIigonе rеgion Thе right imagе was oЬtainеd slightly morе сгaniall-v,

сеntеfесl ovеf thе с]'stiс сalсulus Тlrе uгiпе suгrounding thе сalсulus
is есhogеniс' whiсh is noглlаl in adr.llt lrогsеs Тhеsе sonogгams п-еге

obtainесt with a 
' 

O-MHz linеаr.aггаr tгansduсег at а displar'еd dеpth of
12 сm Thе гight sidе of tt1еsе sonogгams is сгaгial eпd thе ]еft sidе
is сaudal

palpation of thе Llrinary bladdеr геvеals a haгd mass
attaсhеd to thе bladdеr wall oг frееly movеablе Withiл
thе lumеn. Thе сalсtrli еmbсddеd in thе muсosa of thе
urinary bladdег afе usually flrmly attaсhеd in thе trigonе
геgion and thегеforе afе usually in an intrapеlviс loсation.
Thе еntirе bladdеr and pеlviс uгеthra should bе сarеfully
palpatеd and еxaminсd sonogfaphiсally in horsеs мrith
сliniсal signs suggеstivе of urolithiasis So that tlrе сalсtrli
loсatеd in thе trigonе геgion of ufеthfa afе not aссidеn-
tally missеd.

Сystiс сalсuli arе еasy to imagе with tгansгесtal ultra-
sonogfaphy. Thе сalсuli afе lafgе hypеrесhoiс stгuсturеs
сasting a stгon8 aсoustiс shadow. Thе aсoustiс Shadow
bеgins at thе nеaf sidе of thе сalсulus and ехtеnds
thгough thе dееpег st1.tlсturеs (Fig. 6-20). In most horsеs
only onе largе суstiс сalсtrlus is prеsеnt, usually 5 сm or
gгеatеf in diamеtеr. Thе urinary bladdеr Wall oftеn ap-
pеars thiсkеnеd. W.ith an ехpеriеnсеd SonoЕ.faphеr and
tгansfесtal plaсеmеnt of thе ultгasound transduсеr ovеr
all aspесts of thе urinary bladdеr, inсluding thе tfigonе
fеgion, сystiс сalсuli shоuld not bе missеd sonographi
сally. Thе transrесtal ultrasonogfaphiс dеtесtion of сystiс
сalсLlli havе bееn rеportеd.2. 1.)'11'12' aa In onе hoгsе, multi-
plе smallеr ufoliths wеfе imagrd in addition to thе largе
сystiс сalсulus, and thе bladdеr wall was thiсkеnеd.al In
anothеf horsе a thiсkеnеd trrinary bladdег wall, a largе
(10 сm) сalсulus, and dilatеd (2 сm) ufrtеfs wеrе imagеd
with transгесtal ultrasonogгaphy.r, Thе сystiс сalсultls is
usually loсatеd in thе trigonе rеgion of thе urinaг1. blad-
dеr and has a rough, somеwhat iгrеgulaг surfaсе typiсal
of thе сalсium сarbonatе сalсulus. Thеsе сalсuli arе oftеn
еmbеddеd in thе rrrinary bladdеr mrtсosa and fill
thе еntifе bladdеr lumеn in thе trigonе rеgion. Frееly

Сhаpter 6 . Аd'ult Аbdotпiпal IЛtrаso,'ogrаpbу 287

movеablе сalсium сaгbonatе сalсuli havе also bееn
rеportеd.J5 ar Thе сalсium oхalatе сalсulus is usually frее
in thе uгinary bladdег and is usually fornd in thе vеntral
most portion of thе uгinary bladdеr at thе apех, sur-
roundеd by uгinе. Uratе сalсuli havе also bееn fеportеd
and arе nrorе brittlе than сalсium phosphatе сalсuli.as
Thе uratе сalсuli aге also firmly attaсhеd to thе urinary
bladdеr muсosa' similar to thе сalсium сarbonatе сalсuli.
Hуpеrесhoiс sandy dеbris is oftеn also imagеd in thе
vеntral most poгtion of thе trrinary bladdеr in affесtеd
horsеs. Sonographiс еxamination of thе bladdеr yiеlds
information about thе uгinary bladdеr wall and thе prеs-
еnсе of othеr smallег сalсuli oг sand1. dеbгis, in addition
to сonlirming thе diagnosis madе usuall1. on rесtal ехami-
nation.

Markеd ufеtеral distеntion (Fig. 6_21) and modеratе
hydronеphгosis wеrе dеtесtеd Sonogгaphiсally in onе
hoгsе with a |arge сystiс сalсulus. This сombination of
sonogfaphiс findings in a hoгsе with a сystiс сalсullls
has bееn prеviously rеportеd.a2 Uгеtеfal distеntion was
геportеd in onе pony with a сystiс сalсulus that was not
сomplеtеly obstruсting urinс flow.aa Although primary
rеnal disеasе is unсommon in hoгsеs with сystiс сalсuli,
hr'dronеphтosis, nеphгolithiasis, and a геnal absсеss havе
bееn геpoгtесl iл hoгsеs with сr,stiс сalсuli.36 rr'a0 Urеthral
сalсuLi har е also bееn геpoгtеd in horsеs with сystiс
сa1сuli and har-е lеd to uгopегitonеunr and a rupturеd
bladdег i;-r rп o hoгsеs ]- In this studr- 99,i, of hofsеs had
сalсuli in multiplс loсations j- Тhегеfoге. a сomplеtе
sonographiс ехaпrirration of tlrе еntirе uгinaг\' tfaсt is
indiсatеd in a horsе п.ith сl'stiс сalсuli to dеtrгminе iJ
othеr trгinary tfaсt struсtuгеs afе involvеd

Urеthral Calсuli. Hогsеs with urеthral сalсuli usuall1.
pгеsеnt with a history of сoliс and straining to uгinatе.]]
.]2' 16 .'9 Pеrсutanеous palpation of thе urеthral сalсulus is
usually possiblе and has bееn suссеssful in loсating thе
сalсulus in thе majority of hofsеs.]7' /}6 In 8 malе horsеs
with urеthral obstnrсtion. thе trrеthral сalсuli q/еfе idеnti

Figure 6-21
Sonogгam of a distеndеd гight rrгеtег obtainеd frotrr a lO-уеaг-old.Waгm-
tllooсl gеlding with a сystiс сalсulus Notiсе thе еnlafgеd uгеtег
(аrrОшs) сontaining hypегесhoiс dеbгis adjaсеnt to thе гight kidnеy
(K). This sonogfam was otrtainеd tiom thе гight sеvепtееnth intегсosta-l
spaсе with a Widr-bandwidth 5 O-п{HZ sесtoг-sсaпnеr transduсег оp-
еfatiпg at 7 5 МIiiz at a disPlayеd dеpth of 14 сm Thе гiliht sidе of this
sonogram is doгsal arrd thе lеft sidе is l.епtгal
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flеd on dirесt pеrсutanеous palpation in 5 horsеs, with
passagе of thе ufinary сathеtеr in 2 horsеs, and at thе
timе of urеthrosсopy in 1 horsе.37 Pгotеinuгia was pгеs-
еnt in all horsеs with urеthral сalсuli. Мiсrosсopiс hеma-
turia and p1tlria wеrе most сommon in hoгsеs with сal-
сuli in thе lowеr ufinary traсt.]7 Сеllular or protеinaсеous
dеbгis sесondary to infесtion is thе most likеly сausе of
uгеthral сalсulus formation A rupturеd urinary bladdег
is moге likеly in horsеs with urеthral сalсuli and ufеthfal
obstfuсtion than with сalсrrli in othеr portions of thе
uгinary tfaсt. Uгopеritonеum and uгinary bladdеr гuptufе
sесondary to urеthral obstruсtion havе bееn rеportеd in
malе horsеs with uгеthral obstruсtion.]]. ,16 ,18' .i9 In onе
fеport of horsеs with uгеthral сalсuli, 4 of 5 horsеs diеd
and had a nесfotiс and/or fupturеd bladdег dеtесtеd at
postmoгtеm еxamination.o6 In a moге rесеnt rеport, 4 of
11 hoгsеs with trгеthral сalсuli had a rupturеd bladdеr
sесondary to urеthral obstruсtion.]-

Sonographiс еxamination of thс pеrinеal and intrapеl-
viс portions of thе urеthгa was rесommеndеd foг horsеs
with suspесtеd urеthral obstruсtion as еarly as 1986.3
Thе typiсal sonographiс appеaranсr ofa urеthral сalсulus
is a hypсrесhoiс сonсrеtion сasting an aсoustiс shadoп.
wеdgеd in thе lumеn of thе uгеthra. Fluid distеntion is
dеtесtеd proхimal to thе urolith. A urolith was imagеd
сausing obstruсtion of thе pеnilе ufеthfa in a yеarling 10
months aftеr laprosсopiс fеpaiг of a rupturеd bladdеr.so
Staplеs had bееn usеd to сlosе thе dеfесt in thе uгinary
bladdеr and may havе bееn thе nidus for сalсulus forma-
tion. Vidеoеndosсopiс ехamination of thе urinary bladdеr
rеvеalеd ulсегation in thе rеgion of thс staplе linе. Ultra-
sonogfaphiс еxamination of thе uppеr and lowеr urinary
traсt is usеful in idеntifying thе loсation of urinary сalсLlli
in hoгsеs with urolithiasis.]7 onе urеthral сalсtrlus was
imagеd tгansгесtally in onе horsе, but tfansсutanеous
ехamination of thе pеnilе and pегinеal urеthгa was not
pеrfoгmеd in any of thе affесtеd horsеs.

Uгinary сalсuli must bе 3 to 4 mm in diamеtеf to bе
foutinеly dеtесtеd sonogfaphiсally in shееp.51 Thе urе-
thral сalсuli obstruсting horsеs arе usually muсh lafgеr
bесausе thе diamеtеr of thеir urеthfa is laгgеr. In malе
shееp and goats with urеthral obstruсtion, sonogгaphiс
еxamination has сonlrгmеd thе obstrr-rсtion. loсalizеd thе
sitе of thе obstruсtion, and СhataСtеtizеd thе assoсiatеd
abnormalitiеs of thе uгinary bladdеr, ufеtеfs, and kid-
nеys.''' 52 Assoсiatеd abnormalitiеs of thс urinary traсt in
shееp and goats with Llfеthfal obstruсtion inсludеd urе-
tегal rupturе and bladdеr ruptufе, геsulting in uropегito-
nеum51 and uгеthгal rupturе.5, A сomplеtе sonographiс
еvaluation of thе еntirе urinary tfaсt is indiсatеd in horsеs
with urolithiasis to invеstigatе possiblе sitеs of сalсultts
formation and/or infесtion, to assеSs thе intеgгity of thе
urеthra' bladdеr. uгеtеfs, and kidnеys, and to look for
hydrourеtеr and hydronеphrosis that may dеvеlop sес-
ondary to thе ufеthfal obstruсtion or to сalсrrli еlsеwhеrе
in thе Llrinary tfaсt.

Rupturеd Bladdеr and Ufopегitonеum. Ruptuгеd
bladdеr and trropеritonеLlm afе гafе in thе adult horsс,
rеpoпеd most frеquеntly in thе postpaгtum maге...' ... .6

Foaling injuriеs сan also геsult in prolapsе or еvегsion of
thе urinary bladdеr.53'57 58 Uгеthral obstruсtion in malеs
assoсiatеd with a ufеthral сalсulus (morе сommon) or a
hеmatoma of thе сorpus spongiosum (rarе) сan also lеad
to ufinary bladdеr ruptufе.3-' .16 .i8.59 Ruptufе through thе
sсaf at thе sitе of a prеviously rеpairеd tеaг in thе nеona-
tal urinary bladdеr has also bееn геpoгtеd.60 Thе rapid
idеntiflсation of thе horsе мrith a ruptllfеd bladdеr and
uropеfitonеum сan bе pеrformеd ultrasonographiсally
and thе sitе loсatеd for surgiсal rеpair.,''6 Although thе
injесtion of nеW mеthylеnе bltrе, fluorеsсеin, oг azosul-
famidе into thе lrrinary bladdег and subsеquеnt rеtгiеval
of pегitonеal fluid сontaining dyе сan bе usеd to сonfirm
thе diagnosis of uropеritonеum, this tесhniquе is timе
сonsuming and doеs not loсalizе thе dеfесt for subsе-
quеnt sufgiсal rеpair.16

Figure 6-22
Sоnogram of thе abdomеn (:1) and rrгinary bladdеr (B) obtainеd tiom a 12-yеaг-old гесепtly postpaгtum Thoгoughbгеd marе with ulopеlitonеLrm.
Thеsе soпogтams wеге obtainеd from thе vеntгаl abdomiпal window (А) a'nd right paraltrmЬar fossa (-B) with a 5 0-Мнz sесtof-sсaflпеr tгansdшсег
at a displayеd dеpth оf 20 сm (,4) anсl 16 сm (B) А' А laгgе 1lmount of anесhoiс fluid is prеsеnt in thе pеritonеal сavit,v, anсl thе iеjunum (SI) and
laгgе intеstinе (L]) arе floating in thе fluid. Thе small lntеstinе is гесognizеd as jеjtrntlm tlесatlsе of its long mеsеntеry Thе fight sidе of this
sonogгam is сгаnial and thе lеft sidе is сaudal -B, Thе bladdег is imagеd alоng thе right Ьody wall floating in thе anесhoiс fltlid within thе pеfitonеal
сavity Thе aсtllal dеfесt in thе vеntгal pогtion of thе apех of thе bladdеr is not сlеaгl1. imagеd frоm this viеw bllt is suggеstеd bу thе thiсkеnеd
vеntfal wall оf thе bladdег with loss of thе bladdег margins (аrroш) Thе two есhogеniс thiсkеniлgs in thе wall of thе bladdеf rеpгеsеnt thе
rеmnants of thе umbiliсal artеriеs Tlrе risht sidе of this sonogfam is doтsal and thе lеft sidе is vеntгal
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Thе horsеs with uropеritonеum arе usually dеprеssеd
and lеthargiс with a progrеssivеly distеnding abdomеn.'.'
.1(l .ts' 5]' 5.1, 56' 60 Affесtеd horsеs typiсally havе pollakiuria.
with small amounts of urinе pгoduсеd frеquеnt1.v..., 5.

54' (il Мany horsеs havе ilеus, dесrеasеd fесal produсtion.
and abdominal pain.5r.5.i. 56.60 Ballotmеnt of thе abdomеn
may rеvеal a fluid wavе.5]-;5 60 Thе urinaгr, bladdеr is
oftеn not palpablе on fесtal ехamination..'.,

Thе uгinary bladdеr of ufrtег may bе гuptuгеd. Uropеr-
itonеum is most сommonly assoсiatеd with a dеfесt in
thе wall of thе urinary bladdеr.,. 16.53 5,1' 56 Urеtеral dеfесts
arе rarе unlеss assoсiatеd with urеtеral сalсuli..u Hoгsеs
with uгopеfitonеLrm arе usually hyponatfеmiс, hypo-
сhlorсmiс, hypеrkalеmiс, azotеmiс, and hypеrosmolar,
and havе a mеtaboliс aсidosis.5]'6r A pеritonеal fluid
сrеatininе that is morе than twiсе thе sеrum сfеatininе
is сonsiсlеrесl diagnostiс for rupturеd bladdеr'r8''t9' 5] 56,

60. 6l с}tologiс еvaluation of thс pеritonеal fluid may
tevea| a sесondary pегitonitis and sеpsis, a sесondary
сompliсation in affесtеd horsеs.]-. 16 5.' 61 A sесondary
pеritonitis assoсiatеd with bladdеf rupturе is morе сom-
mon in adult horsеs than in nеonatеs, possibly owing to
thе inсrеasеd likеlihood of urinary traсt infесtion in thе
adult horsе with rupturеd bladdеr.r9 Pеritonitis has аlso
bееn rеportеd in onе horsе with a nесrotiс uгinaп blad-

dеr without uropеritonеum 58

with ufopеfitonеum thе pеritonеal сar-iп-is hllеd тr-ith

fluid anсl thе gastгointеstinal r-isсегa aге inregеd tloating
in and on top of thе tlrrid (Fig. 6_22).2 r 16 Tltе pегitorrеal
fluid may bссomе h-vpoесhoiс and сontain strends of
flbгin if a sесondary pеritonitis dеvеlops2'J l(' oг maY

havе inсrеasеd есhogеniсity assoсiatеd with a сonсLlfrеnt
сystitis. Thе urinary bladdеr is also imagеd floating within
thе fluid (Fig. 6_22). If thе urinary bladdеr is rupttшеd,
thе bladdеr ustlally appеafs сollapsеd, flaссid, and foldеd
upon itsеlf and сontaining littlе or no fluid'2' 16 Thе dеfесt
itsеlf may not bе diгесtly imagеd during thе sonographiс
ехamination.2, ]. r6 In somе affесtеd horsеs, fluid maу tlе
imagеd passing through thе rеnt in thе bladdеr чrall fгom
a paftia||У flllеd urinary bladdег into thе pеfitonеal сavity
Qlg. 6-23)З.3' 1(, Thе сollapsеd and foldеd appеaranсе of
thе urinary bladdеr should not bе mistakеn foг a rесеntly
voidеd or еmpty bladdеr, whiсh is small and сontraсtеd
but doеs not appеaг foldеd upon itsеlf. A divеrtiсulum in
thе urinary bladdеr was dеtесtеd 18 months following
сonsегvativе trеatmеnt of uropеritonеum in a hoгsе чrith
a nесfotiс bladdеr, sесondary to a urеthгal obstruсtion.,у
Thе uгеthra should bе еvaluatеd sonographiсally if urе-
thral obstruсtion is suspесtесl as thе сausе of thе uropеri
tonеum.

Thе most difflсult dеfесt to diagnosе sonogгaphiсally
is thе uгеtеral dеfесt bесausе thе tlrеtеrs afе flot normally
r.isiblе thгoughout thеir lеngth. Thеsе hoгsеs havе e nor-
mal fluid-flllеd trrinary bladdеr with a lafgе amount of
fгее fluid in thе pсritonеal сavity.16 62' 6r Sonographiс
еvaluation of thе kidnеys should bе реrfoгmеd bесartsе
геtropеfitonеal fluid (urinе) may bе imagеd surrounding
thе kidnеy in hoгsеs with a rupttrrеd ufеtеr, lu.o2 6]

Bladdеr Nеoplasia. Nеoplasia of thе urinary bladdег
is unсommon in thе horsе, squamous сеll сarсinoma
bеing thе most сommonly rеportеd tumoг.6a Tгansitional
сеll сarсinomas, lymphosaгсoma, and a flbгomatotls
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Figure 6-23
Sonоgram of rhе dеtЪсt in thе lеntгal п'all of thе bladdег (аrrou])
оbгаinеd tгi1nsгесt]l]\ iл e 12-lеaг.old Тhoгorrghbгеd maге (samе hofsе
,]s in Гig 6_]]) silh uгоpегitonеum Тhе dеfесt тrаs loсatеd in thе
r еntгal pсlпion of thе b]addег пеaг thе bladdет apех In rеal timе' flllid
s as itllegеd пrоr'ing rhгоr.tgh гhis dеtесt into thе pегitonеe] сe\.it\' Tl-tis

sonogIaпl lr.as obtaiлеd rr'itil a 5 ().\lнZ linеаг.eпe\. tгansducег at a

displer'еd сtеpth of lO сm Тhе гight sidе of tlrе sonogгam is стanial and

thе lеft sidе is сalldal

pol1.p havс also bееn fеpoftеd.61 66 Affесtеd horsеs arе
usually ovег 10 yеars of agе, but bladdег nеoplasia has

bееn rеpoгtеd in a horsе as yollng as 3 yеaгs old 6t

Сliniсal sigrrs of stranguria, pollakiuria, hеmaturia (inсlud-
ing thе passagе of сlottеd blood with ufination), wеight
loss, and dеprеssion havе bееn rеportеd in affесtеd
horsеs.6a. 66 Protеinuria, hеmaturia, lеukoсyuria, and a

modеfatе nonrеgеnеfativе anеmia aге usually dеtесtеd in
horsеs s/ith bladdеf nеoplasia. In onе rеviеw of horsеs
with bladdеr nеoplasia, only two of siх had positivе urinе
сulturеs, and onе horsе had flеoplastiс сеlls dеtесtеd on
с1tologiс anфsis of thе ufinе.6] Thе uгinе sеdimеnt and
pеritonеal fluid of a hoгsе with lymphosaгсoma involving
thе urinary bladdеr сontainеd nеoplastiс lymphoсyеs...6
Rесtal palpation fеvеals a flеshy mass within thе urinary
bladdеr or a thiсkеnеd wall of thе trrinary bladdеr. Addi
tional abdominal massеs wеrе palpatеd rесtally in two of
siх horsеs in onе rеviеw.6] Ехtеnsion of bladdег tumofs
in hoгsеs appеafs to bе primaгily fгom dirесt invasion of
thе adjaсеnt stfuсturеs. Сystosсopiс ехamination of thе
trгinary bladdеr fеvеalеd thе сorгugatеd thiсkеnеd mu-
сosa with loсalizеd ulсеration in thе horsе with lympho-
sarсoma, nесfotiс muсosa with multiplе flbrin tags and
tllood сlots in onе marе with transitional сеll сarсinoma,
and thе pfеsеnсе of thе tumor in fivе of siх horsеs with
bladdеr nеoplasia of otlrеr 6x1,'g5.64-ьо A biopsy in four of
thе flvе horsеs was diagnostiс of nеoplasia'6a Hydronе-
phrosis, hydrouгеtеr, and pyеlorrеphгitis may bе obsеrvеd
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whеn thе tlrmor massеs obstruсt thе Lrfеtег of
ufеthra.61 66 Thrее of siх horsеs with bladdеr nеoplasia
had pyеlonеphritis at postmoгtеm еxamination.6r Two of
six hсlrsеs had \dгonеphrosis, and onе of thеsе two
horsеs also lrad pyеlonеphritis.(,a onе lrorsе with pyеlonе-
phгitis also had a nесrotizin8 с1,stitis dеtесtес1 at postmor-
tеm ехamination.

A squamous сеll сarсinoma of thе rrrinary bladdеr was
dеtесtеd sonographiсally in onе hoгsе (Fig. 6_24). Thе
mass Was irrеgular in shapе, had a hеtеrogеnеolrs appеaг-
anсе with сompositе есhogеniсitiеs, and involvеd both
thе doгsal and vеntгal walls of thе urinary bladdеr. Poг-
tions of thе bladdеr appеarеd sonographiсally noгnral. As
with squamous се1l сarсinomas еlsеwhеrе, mеtastasrs
wеfе sееIl in this horsе. Sonographiс еxamination of a
horsе with a transitional сеll сarсinoma rеvеalеd an irrеg-
ular mass protruding into thе bladdеr lumеn.with a сom-
positе pattеrn of есhogеniсitу. An abrtrpt dеmaгсation
bеtwееn thе affесtеd and unaffесtеd poгtions of tlrе uri
nary bladdеr was sееn. Меtastasеs to thе abdominal or-
gans arе сommon in horsеs With tfansitional сall сarсino-
mas of thе trrinary bladdеr. Sonogгaphiс еvaluation of thе
right sidе of thе abdomеn with statiс B-modе ultrasound
in thе horsе with tfansitional сеl1 сarсinoma rеvеalеd a
4- to 6-сm mass mеdial to thr right kidnеy and multiplе
massеs on thе diaphragmatiс surfaсе on both sidеs of thе
abdomеn. сonsistеnt with tumoг mеtastasеs.65 A transrес-
tal ехamination of thе pеlviс mass was not possiblе with
this rrltrasottnd tесhnology, and thus thе pеlviс mass
was not imagеd. Mеtastasеs tO thе pегitonеum, sеrosal
strrfaсеs of thе abdominal organs, and omеntum and a
laгgе сompositе abdominal еffusion havе bееn dеsсribеd
in onе hoгsе with transitional сеll сarсinoma.r

Sonographiс еxamination сlf thе pеlviс сanal in thе
horsе with lymphosarсoma геvе:rlеd a homogеnеous soft-
tissuе dеnsitv mass with tlriсkеrrins of tlrе тr,.alls of thе

Figure 6-24
Sonogгam of thе bladсlег Obtainеd tiоm ;r 24--vсaг-оld Staлdarсlbгссl
stallion with a squa1nous сеll сaгсinom:r (mass) of tlrс rrгin;rп. bl;Lсlсlег
Tl.tе bladdег mass has a h-vpегесlroiс hеtеrogеnеolls appеaranсе witlr
iггеgular mafgins Portioпs сlf thе bladdег wall arе uпaffесtеd, but thе
tumof in\.o]Yеs both thе dorsal arrd YеntIal walls of thе bleddег This
sono€iгam was obtainеd fгom thе transгесta| winсlow with a 5 0.Мнz
sесtoг-sсltflnеf tfaлsdlrсег with aп o1Еlinе bеam Oгiеntation at а (lis-
playеd dеpth of 14 сm Tlrе right sidс of thе sonoЕ.fam is tlrе lеft sidе
of thе urinaгv bladdег

urinary bladdег and vagina.(,6 Distеntion of thе right trrе-
tеr, еnlargеmеnt of thе right kidnеy, loss of thе normal
rеnal arсhitrсtufе' anсl inсrеasеd lobulation wеrе also
dеtесtеd sonographiсally. Thе lеft kidnеy Was nofmal
ultrasonographiсally. Postmortеm ехamination rеvеalеd a
largе nеoplastiс pеlviс mass that inflltratеd thе bladdеr,
vagina, Lltеfus' and broad ligamеnt and еnlargеmеnt of
thе fight kidnеy and right Lrfеtег sесondary to сhroniс
uгеtеral obstruсtion from thе nеoplastn.

l-Гltrasound ехamination of thе tшinary bladdеr via thе
transrесtal window has bееn sttссеssfttl in idеntifying thе
nеoplastiс bladdеr mass in sеvеral horsеs (Fig' 6-24). The
nеoplastiс bladdеr mass trsually appеafs as a сompositе
mass of massеs protfuding into thе lumеn of thе bladdеr,,
although involvеmеnt of thе urinary bladdег from dirесt
ехtеnsion of thе tumoг fгom adjaссnt struсtllfеs сan oс-
сLrf' as sееn in thе horsе with lymphosarсoma involving
thе urinary bladdеr. Sonographiс ехamination of thе uгi-
nary bladdеr in horsеs with srrspесtеd uгinary bladdеr
nеoplasia сan dеtеrminе thе pfеsеnсе' loсation, and еx-
tеnt of involvеmеnt of thе urinaц, bladdеr. Sonographiс
еxamination of thе Luеthгa should bе pегfoгmеd rotl-
tinеly in all lrorsеs with trrinary bladdеr massеs to dеtег-
minе if uгеthгal involvеmеnt is prеsеnt. Sonographiс ех-
amination of both kidnеys and thе uгеtеfs (if visiblе)
shor-rld bе pеrformеd to dеtегminе if фdгourеtеr, hydro-
nеphrosis, and/or pyеlonеphritis is prеsеtrt sесondary to
lowег rrrinary tfaсt obstruсtion. Thе abdominal and pеl-
viс stгuсtttrеs surrounding thr Llfеthгa, uгinary bladdеr,
ufеtегs, anсl kidnеys should also bе еxaminеd sonographi
сally foг ехtеnsion of tlrе tumof into thе sttrrorrnding
struсtufеs of tumof mеtastasеs.

Sonogгaphiс ехamination of thе urinary bladdег in
dсlgs п,-itl-r transitional се1l сaгсitroma rеvеalеd tlrе ttrmor
in all aftЪсtеd dogs. most ffеqllе11tl1, in thе tгiЕ.onе rеgion
or dorsal wall of thе bladdеr.6r In rnost affесtеd dogs thе
tfansition bеt.wееn thе tlrmof mass and thе normal blad-
dег muсosa was abrupt. Thе есhogеniсity of thе tumor
mass was usuall1. сomplсх and hypoесhoiс or isoесhoiс
сomparеd with thе bladdеr wall, although h1,pеrесhoiс
massеs wеrе also dеtесtеd. Hydгonеphrosis and hy-
drourеtег wеrе dеtесtеd sonographiсally in thс dogs
(20%) with urеtеfal obstfuсtion sесondary to thе bladdеr
mass. Thе sizе of thе bladdеr lеsion infltrеnсеs thе fatе
of sonographiс dеtесtion of thе mass. In dogs, lеsions 3
mm of gfеatеr сan bе dеtесtеd rvith a modеratеly dis-
tеndесl urinary bladdеr..'- In humans, thе sonographiс
dеtесtion ratе is 95,|u for tumofs largеr than 2 сm, 83%
foг tumors largеr than 1 сm, and 33% for tumors lеss
than 0.5 сm.68

Blood сlots may mimiс thе sonographiс appеaranсе of
a bladdеr tlrmof btrt should movе with palpation of thе
urinary bladdег.6- Humans With сystitis usually show a
gradual transition from normal to еdеmatorts muсosa, thе
mtrсosal surfaсе of thе bladdеr is usually smoothеr, and
thе wall of thе uгinary bladdеr is lеss есhogеniс than in
thosе with urinary bladdеr nеoplasia.69 Thе dеtесtion of
a pеdunсulatеd mass is most сonsistеnt With a diagnosis
of polypoid сystitis,.,- a гaге finding in horsеs. A suturе
fеaсtion from pгсvious sllfgrry on thе uгinary bladdсг
may mimiс a tumof of thе uгinary bladdеr, a problеm
rеpoгtеd in humans.-()
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Figure 6-25
Sonogтam of thе lеft kjdnе). obtainеd ttom a 4-1.еaг-old Thoгotrghbгес1
stallion s.ith aсutе fеnal failrrге Thе lеft kidnеr. is еnlaгgеd, mеasrrfiпg
15 1 сm widе by 19 5 сnr long and appе:rгs taiflY aпесhoiс, сoпsistеnt
with aсutе геnal thilurе This sonogгam was obtainеd fгom thе lеft
sеYеntееntlr iпtегсostal spaсе With a 5 0-MHz sесtof-sсannеf tIаnsduсег
at a displaуеd dеpth of 25 сnr T1.rе гight sidе of this sonogг:lm is сгanial
аnd thе lеft siсlе is сaudаl

Аbnormalities 0t the Kidnеуs

Rеnal Disеasе. Rеnal disеasе is IrrOге сoпlmon ln
adlllt hoгsеs than prеviotrslr. tlrotight. Сhangеs ir-r tlrе sizе'
shapе, afсhitесtl'lге, and есhogеniсiф. of thе kidnе-vs сan
bе сlеtссtеd ultfasonographiсalli, In a study ot 239 hu-
man patiеnts with rеnal insllffiсiеnсy, Liltrasonogfaphy
providеd dеflnitivе information as to thе сausе of thе
fеnal failurе in approхimatеly onе third of thе patiеnts
and was abnormal in anothеr thiгd of thе patiеnts bllt
did not providе a dеflnitivе diagnosis for thе сallsе of thе
rеnal instlffiсiеnсy';l Kidnеys that appеar lеss есhogеniс
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than normal afе сonsistеnt with rrnal еdеma (Fig' 6_25).
Kidnеys that aрpеar moге есhogеniс than noгmal afе
сonsistеnt witlr a сеllular inflltratе in tlrе rеnal parеn-
сlryma and mеdiсal rеnal disеasе (Fig. 6-26).,'a This
inсrеasе in paгеnсh1,nral есhogеniсity may bе difftlsе or
multifoсal. To inсrеasе thе spесiliсity of thе сomparison
of rеnal есhogеniсitr' with that of thе adjaсеnt livеr in
horsеs with suspесtеd rеnal disеasе, thе kidnеy should
appеar morе есhogеniс than thе adjaсеnt livег, assuming
that thе livеr is rroгmal. Using this сritеrion in humans
inсrеasеd thе spесiIiсitr. foг thе dеtесtion of rеnal disеasе
to 96%, up from 58% whеn rеnal есhogеniсiry grеatеf
than or еqual to hеpatiс есhogеniсit\' rп.as usеd.'2 Thе
sеnsitivity of rеnal есhogеniсitr. grеatег tlran hеpatiс
есhogеniсity .was only 20%, howеvеr' down ftom 62ol'

whеn rеnal есlrogеniсiqr gfеatеf than oг еqual to hеpatiс
есhogеniсit1. was ttsеd. No сorгеlation has bееn rеportеd
in humans bеtwееn thе natllfе and sеvегit1, of glomеrr.rlaг

lеsions dеtесtеd orr rеnal biopsy and thе sonographiс
flndings.7] Thе sonographiс сlarity of thе сoгtiсomеdul.
lary 

'Llnсtion 

in thеsе patiеnts also did not сoгrеlatе with
an)r onе histopathologiс flnding. Howеvеr, a rеlationship
was fotnd bеtwееn thе rraturе and sеvеfitу of intrfstitial
сhangеs sееn on rеnal biopsy and thе есhointеnsity of
thе rеnal сoгtех -r Minimal inсrеasеs in сortiсal есhogеni-
сitr- тr еrе produсеd with foсal intеrstitial disеasе, a mod-
егatе inсгеasе in сoпiсal есhogеniсit1'was produсеd by
diftusе sсaггing. and tl-rе most intеnsе inсrеasе in сortiсal
есlrogеrriсiгr- п as сlеtесtеd in patiеnts п.ith aсtivе intсrsti
tial сhanЕ.еs.-r

Aсutе Rеnal Failurе. Aсt'ltе rеnal failtrге сan bе
сausеd b1, a widе variеty of toхiс, drttg, and sеptiс сalrsеs,
in addition to hеmoglobin, myoglobin, and immunе-mеdi
atеd disеasrs. Hеmod1,namiс сausеs of aсutе rеnal failurе
in horsеs havе also bееn doсumеntеd..a In aсutс rеnal
failurе thе kidrrеys usually fееl еnlargеd and soft on rесtal
palpation.'l

Figure 6-26
5onoЕ]fams of tl.rе гight kiсlrrеу' obtalnеd fгom a уеaтling.Waгmblooсl Еiеlding with ,;tzotеmia Bсlth kidrrеуs wеге markеdlv dесгеаsеd in sizе, iffеgulaг,
and vеry есhogеniс anсl lraсl loss of thе noгmal сoftiсomеdullaц, distinсtion Тhеsе sonоgrams wеге obtainес1 1rom thе гight lbllr1ееnth intеlсostal
sрaсе with e wiсtе-bandwiсlth 3 5-N{ЕIz sесtoг-sсlnnеf transduсеr opегating at i 0 МHz at a displ't),есl сlеptlr tlf 18 сm ,4, Тhе laсk of distinсtion
bеtwееn thе сortех :rnd mеdulla is еviсlеnt with somе ссntгal alеas of inс;:еasеd есhogеniсit}. in thе геnal pеlvis, сasting an aсolrstiс shadow fгom
rhе tiг sidе of this есhogеniс matеrial, most соnsistе1lt with dеbfis in thе геnal pеlvis Thе аггows dеlinеatе thе dorsal and vеntr.al maгgiлs of thе

гight kiсlnе). Тhс гiglrt sidе of this sonogгaп is doгsal anсl thе lеft siсlе is vеntгal B, Thе indisti11ct сortiсOmеdullaЦ,'unсtion is also sееn in this
tгапsvеfsе oЬliqtlе imаgе, wlriсh is oriеntеd slightlу morе сraniallу A h'vpеrесhoiс stfllсturе iл tlrе rеnal pеlvis сasts an 1rсoustiс shadow fгtlm thе

nеaг sidе of this struсtrtrе. сonsistеnt with a сalсulus (.t1,"1.on^s) Thе гigl.rt siсlе of this sonogram is dorsal and thе lеft sidе is vеntral
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Sonogгaphiс еxamination of thе kidnеys trstrally rеvеals
bilatегal rеnal еnlargrmеnt, with thе rеnal parеnсhyma
appеaгing lеss есhogеniс than normal (sее Fig. 6-25)'
although kidnеys of normal sizе and есhogеniсity havе
bесn rеportеd in hoгsеs with aсutе rеnal failuге.2 9 l.J' l-

Bilatеral rеnal еnlaгgеmеnt мzas сlеtесtеd sonographiсally
in onе hoгsе with aсutе rеnal failurе._J Thе сortех оf thе
kidnе1.may bе thiсkеr than normal in horsеs with aсutе
rеnal failuге.9 Dopplеr ultrasotrnd еvalttation of rеnal artе-
rial blood flow rеvеalеd an absеnсе of blood flow in latс
diastolе or thгoughout diastolе in сhildrеn With aсLltе
геnal failtrrе.-s Thе diastoliс blood flow rеappеaгеd in
thеsе сhildrеn чrith fесovеry. To thе author,s knowlеdgе,
геnal aftеfial blood flow has not bееn еvaluatеd in adult
horsеs with aсlrtе геnal failllfе. Ultrasonogгaphiс ехami-
nation of thе kidnеys in hсlrsеs With aсutе rеnal failurе is
hеlpful in assеssing thе gfoss геnal сlrangеs that havе
oссttrrеd.-. oссasionally, with oliguriс or anuriс rеnal
failuге, pеrirеnal еdеma is dеtесtеd (Fig. 6-27).2' 9, 16 Pеfi.
rеnal еdсma has bееn dеsсгibеd as,.r homogеnеous hypсl-
есhoiс banс1 pегiphегal to thе rеnal сortех.-('A rupturеd
ufеtеr or kidnеy should also bе сonsidегеd in horsеs
with pсгirеnal fluid aссltmtrlation (Fig. 6-2s), prompting
sonographiс еxamination of thе vеntгal abdomсn foг thе
pгеsеnсе of еxсеss fltlid (uгopегitonеum).

Inсrеasеs in rеnal есhogеnсity arе oftеn sееn in horsеs
qrith rеnal insufflсiеrrсy (Fig. 6_29). Tlrе mесhanism of
an inсгеasе in геnal paгеnсh1,mal есhogеniсity is not wеll
undеfstood in httmans and may oссuг with all typеs of
сеllular infiltration (irrсluding Iibгosis), сhanЕ.еs in rеnal
pеffllsion, or сhangсs in thе intеrstitial fluid in геlation
to сеllr-rlar fluid._- Inсrеasеs in rеnal сoftiсal есlrogеniсitr,
havе bееn геoortеd in httmans п,itlr clobal sсlегtlsis. foсirl

Figure 6-27
Soпogram of thе lеft kidnеr. with pегiгеnаl еdепa obtainеd fiom a 5-

.vеar-old Aгabian stallion Wjth асUtе геnal 1hi]rrге Тhе lсlсtrlatес| hr.po-
есhoiс Iluid surгounding thе lеft kidnеу is most еYidеnt bеtwееп thе
lеft kidnеу and thе splееn Tl.rе lеtt kiсlпеy is пloге есhogеniс than
normal, with thе rеnаl сoгtех appеaring оrrlv slightц, lеss есlrogепiс
than thе adiaсеnt splееп Thе |еft kidrrеу аppеагесl еnlaгgеd in tl.ris
small horsе, mеastшing approхimatеl), 18 сш in lеngth П'ith thе width
of thе сaudal polе mеasuring 8 сm This sono!.ram wаs olltaiпеd in tlrе
lеft paгahtmbaг lbssa With a 2 5-\IНz sесtог-sсаnllег tгansdllсег at a
displayеd dеptlr оf 2o спl Тhе right sidе of this sonogram is сattdal
and tlrе lеtl siсlе is сгanial

Figure 6-28
Soпogг:rm of thе pеrirеnal spaсе сaфal to thе fiЕ]ht kidr-rеy obtainеd
fгom a 5-Yеar<llс1 Тhoгotlghbгеd mafе s.ith a laгgе pсlсll Of fеtгopеfito.
rrеal fluid assoсietеd with a гuptuгеd uгеtег Tlrе lluid сavit}. appеafs
rеlativсly аnесhсliс witlr somс h1.poесhoiс Iibrinous loсtllations 1lnd
mеasl]геs at lеast 12 59 b1. 8 82 сrrr in diamеtеr This sonogгaтп was
obtainеd tiom thе гight paralumbar fossa with a 3.5-МHz sесtoг-sсannеr
tfansduсеf at a сlisplaуеd dеpth оf 18 сm T1.rе Iight sidе of tlris sono-
gтaп is dorsal anс1 thс |еft sidе is vеntгal

tr.rbtrlaг atroph)r, hyalinе сasts, and foсal |еukoс1tе inlrl-
tгation.78 Numеrotts glomеrulonеphropathiеs (F ig. 6 -29)'
tubulаr abnormalitiеs, and intеrstitial disеasеs (Fig. 6_30)
ma)r also сausе inсrеasеd rеnal есhogеniсity.rз Аntigеn-
antibody сornplех dеposition and glomеfulonеphritis
wеfе foltnd in a largе numbеr of hoгsеs at postmoгtеm
ехanrination. altl-touglr onh' onе of thеsе lrorsеs had
сhroniс геnal failllге.-9 Foсal glomегulosсlеrosis-likе dis-
е2lsе п12t\ a1so produсе inсrеasеd геnal parеnсhymal есho-
gе11iсit\-. Foсll glomеrulosсlеrсlsis-likе disеasс with nе-
phrotiс s),ndromе has bееn rеpoгtеd in onе hofsе.".,

Figure 6-29
sonoЕ.ram of thе гight kidr.rе'v obtainеd fгоm arr 1l.vеaг old pon1.gеlding
with сhIoп,iс glсlmегulonеphгitis I3oth tlrе rеnal сoгtех :rnd mеdu]la
aIе moге есhogеniс tharr normal, аnd thе сoгtiсomеdllllaЦ, iunсtiofl is
сlitflсult to distinguish A trr,pегесhсliс stгuсtlrrе сxsts a stfong aсolrstiс
shldow fгom thе faг sidе of thе stftrсtlrге. most Сonsistеnt with a morе
pгotеinaсеous сalсulus This sonogram was obtainеd fгOm thе гight
sl\tееnth intе]:сostal sрaсе with ;t 3 5-МHт, sесtoг-sсaпnег transdrrсеI at
a с1isplavеd dеpth o[ ]4 сm Thе Iight sidе oftlris sonogram is dorsal
anсl thе lеft sidе is vеntral
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Figurе 6-30
sonograms of thе Iight arrd lеtt kidnе1's Obt1linеd tiom а 2.)'еxг-old Quaгtеf lrсlrsе сolt in сlrroлiс rеnal failuгс tsoth kidпе\,s aге srrrall aпсl mоге

есhogеniс than normal, aпсl thе lеft kidnеу has a slightlv iггсgttlltг sutfaсе Thе histopatholоЕliс diagnоsis \vas sеYеrе tllЬulointеfstjtial nеplrгitis and

glomirulоnеphгitis Thе right siсtе of thеsс sonogгams is сгaпial anсl thе lеft sidе is сaudal ,,1. Tlrе lеft kidnе,v is \'еry small. rrrеaslrгiпg 12 57 сm

iong with thе width of thе сaudal polе mеasuгing 4 8 сm Tl-rе srrr1hсе of thе lеft kidПеу is also sonrеwhat ilгеЕ.ulaI Тlris sonogram was сlbtaiлеd

with a Widе-baпdwidth 2 5-мllz sесtof-sсannеr tгansdlrсег opсfating 
^t 

2 5 \II1Z at a сlisplx).rd dеpth of 24 слt B, Thе гight kiсinе)- is appгoхimatе])'

1'2 26 cп loпg, witlr thе width сlf thе сauсlal polе mеasuring 5 4l сIп This sonogram was oЬtainеd with a Widе-bandwiсith 3 5 N|Hz sесtor-sсlnnеI

tгansduсег opеratinЕ. at 3 5 МHz at e displavеd dеpth of 12 сm

othеr foсal abnofmalitiеs havе bееn dеtесtеd in thе сoг-
tех and mеdtrlla of thе kidnеr of azotеmiс lroгsеs. ге-

sulting in foсal afеаs of inсгеasеd есhogеniсitl' and slight
bulging of thе strrfaсе of thе kidnеr-. but lristopatl-tologiс
сofrеlation with thе So11o8raphiс appеaгallсе of thе kid-
nеy has not bееn еstablishеd (Fig. 6-31) Amlloid dеpсlsi
tion may also геSlllt in an еnlargеd есhogеniс kidnе1'п,itlr
inсrеasеd rсhogеniсiry of thе геnal сoГtех. Howеvег,
amуloid is morе likеly to bе dеpositеd in thе livег and
splееn of affЪсtеd horsеs and lеss likеly to bе fbund
in thе kidnе1,5.вl Rеnal amyloidosis has bееn rеportеd
primarily in horsеs usеd fof thе produсtion of antisеfum
but has also bеrn frportеd sесondary to сhroniс infес-
tion.sl

Thе iatrogеniс administration of a vafiеty of drrrgs may

Figure 6-31
soпogfam of thе гight kidnеу obtainеd ttom a l5-1.еar-old Aгabiarr пraге
п.ith azotеmia Notiсе thе thiсkеnеd сoгtех anсl mеdulla in thе rrrесlial

sidе ofthе kiсJлeу (аrrошs) Тhis sonogгam was obtainеd from thе right
sixtееnth intеrсostal spaсе with а 5 o-MHz sесtоf-sсanпег transduсеr it
a displаyеd dеptl.r of ] 2 сm Thе riglrt sidе of this sonogгam is doгsal
and thе lеft sidе is vеntral

bе toхiс tO thе геnal ttlbulеs and also fеsults in inсrеasеd
геnal paгеnсhr-nral есlrogеniсiп- of partiсular сonсеfn
aге thе eminos.h'сOsidе antibiotiсs. Gеntamiсin toхiс nе-
pl-rгopathr lras bееn dеsсгibеd in hoгsеs rr-ith dissеmin-
atеd baсtегial irrlесtior-r "] Ссphalosptlгin. еп1hrom).сin,
гi1lrmpin and sult.onemidе сal-r also сltusе inсгеasеd rеnal
parеnсh\ mal есhoЕ.rniсit\ in сl-rildгеn and pгсlbablr- in
thе hoгsе Mеrсuq' toхiсir\ has сausеd aсLltс tubular
nесfosis and rеnal failurе sесonсlaЦ. to tlrе appliсation of
a mегсLrriс blistеr on a hofsе's lеgs.8] Vitamin K. has also
bееn shown to сausе aсtrtе tubrrlaf nеphrosis and fеnal
failtrrе in horsеs at thе dosagе fесommеndеd bl. tlrе
manufaсturеf and has bееn rеmovеd fгom thе nrarkеt.s]
Analgеsiс nеphгopath), in humans has bееn сhafaсtеfizеd
by thе dеtесtion of сalсifiеd rеnal papillaе sufrounding
thе сеntfal sinus in a garland pattеrn.8' Rеnal papillary
nссfosis in humans has also bееrr dеsсribеd sonogгaphi-
сally as thе dеtесtion of flr.rid-fillеd spaсеs сorfеsponding
in distribution to thе fеnal pyramids.86 Howеvеr, in many
httmans with rеnal papillary nесfosis, an ifltеnsе еlliptiсal
есhogеniс foсus assoсiatеd with aсoustiс shadowing is
dеtесtеd, tlrotrght to bе сatrsеd by isсhеmiс nесгosis
and flbrofatty dеgеnеration of pyramidal tissttе or еarly
nonhomogеnеous сalсiflсation.87 Phеnylbutazonе lras also
bсеn shown to сausе similar histopathologiс lеsions of
thе rеnal mеdrrllary сfеSt in hofsеs.88',9 Gritt.v. flгm nе-
сrotiс sеquеstеrеd tips of thе fсnal сrеst and granular
dеbris wеrе found at postmortеm еxamination in thе
rеnal сalyсеs of horsеs trеatеd with phеrrr.lbutazonе.88
Pеlviс сalсtrli oftеn rеsultеd from thе sесlllеstration of
thеSе minеfalizеd nесrotiс rеnal сгеsts in thеsе hoгsеs.
Inсrеasеd есhogеniсity of thе геnal papilla and есhogеniс
dеbris in thе rеnal pеlvis havе bееn dеtесtеd in lrorsеs
with rеnal papillary nесгosis (Fig. 6-32). sеptiс, toхiс,
and isсhеmiс insults and pigmеnturia ma1, rеsult in aсutе
tubutar nеphrosis, with сhroniс intсrstitial nеphгitis and
librosis dеvеloping as сhroniс sеquеlaе to thеsе inslrlts..'o

An есhogеniс linс in thе olltсf zonе of thе rеnal mе-
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Figure 6-32
Sonogranr of thе lеft kidnеу оbtainеd from a 3-,vеaf-old Tlroгotlghbrеd
gеlding Thе lеft kidnеr. appеaгеd thirlу normal sonogгaphiсall1'ехсеpt
fbr a small hvpегесhoiс aгеa in thе сaudal aspесt of thе lеft kidnеy that
mаy геpгеsеnt h1,pегесhoiс dеlэгis assoсiatеd with сalсiIrсation of thе
mеdullaц, с1.еst and skltlgl.ring of tlrеsе сеlls into thе rеflal pеlvis This
sоnogfam Wаs obtainеd ffom thе lеft paгalumbaг fоssa With l3 5-\IHz
sесtof-sсаnnеr transduсег at а сlispla1.еd dеptlr of 2.i сm. Thе гight sidе
of tlris sonogram is сranial and thе lеft sidе is сaudаl

dulla, parallеling thе сoftiсomеdullary junсtion, is known
as thе mеdullary rim sign 1Fig. 6-33).,' Thе mеdullary
fim sign is an indiсation of pfimary fеnal disеasе bllt is
not spесifiс for thе disеasе of thе patiеnt's prognosis.9l 92

Thе mеdullary rim sign has bееn imagеd in dogs and
сats with hypеrсalсеmiс nеphropathy, сhroniс intеrstitial
nеphfitis, and aсutе tubulaг nесrosis assoсiatеd with idio-
pathiс сausеs or еthylеnе glyсol toxiсity (oхalatе r-rе-

phfopath}).9l 9].9] In flvе of siх small animals, thе mеdul-

lary rim sign was assoсiatеd with thе dеposition of
minеral, pгimarily in thе outеr zonе of thе mеdttlla.9l
oxalatе nеphropathy may also сausе inсrеasеd fеnal pa-
fеnсhymal есhogеniсity in thе horsе and may rеslllt in
thе appеaranсr of thе mеdullary гim sign, sееn in small
animals With this disеasе. oхalatе nеphгopathy in horsеs
may oссur sесondary to thе ingеstion of oхalatе-pfoduс-
ing fungi in сorn silagе or еthylеnе glyсo1.95 oхalatе
nеphгopathy ma\. also oссuf sесondary to undефing
rеnal disеasе.96 Thе outеr zonе of thе rеnal mеdulla is
thе most likеl1. to ShoW signs of еarly rеnal ttrbtrlaf dam-
agе bесausе this is thе most mеtaboliсally aсtivе fеgion
rеlativе to thе amount of oxygеn dеlivегеd.9l Subsеquеnt
dystrophiс сalсiflсatioп may oссuf in tlrеsе rеgions of
tubular nесrosis and rеsult in tlrе appеaranсе of thе rеnal
mеdullary гim sigtl.9. Thе mеdtrllary fim sign has bееn
imagеd in sеr-еral hсlrsеs rvith геnal disеasе, but histo-
pathologiс сorгеlation тl,ith thе sonographiс appеaranсе
was not possiblе iп thеsе сasеs (Fig 6-33),onе hoгsе
with mttltiсеntгiс h-mphosaгсoma had a hypегесhoiс
mеdllllafl гim. пlriсh may bе сonsistсnt with hypегсalсе-
miс nеphгopathr (Fig. 6_з1). Thе ..halo,, sign (a hypo-
есhoiс гim at thе сortiсomеdullary junсtion) has bееn
dеsсгibеd in small animals with еthylеnе glyсol toхiсity
and mar' геprеsеnt thе moге noгmal mеdtrlla bеtwееn
thе сoпех and thе есhogеniс mеdullary rim.9l

Сhгoniс Rеnal Failurе. Thе most сommon сausеs of
сhfoniс rеnal disеasе in thе horsе arе сhroniс intеfstitial
nеplrritis and flbrosis, glomеr.r-rlonеphritis, and pyеlonе-
plrгitis..r 90 97 99 Сhroniс glomеfulonеphгitis is thе most
сommon сausе of сhroniс геnal failurе in horsеs doсu-
mеntеd in thе litегatuге.9() 96 99 Сhroniс геnal failurе may
dеr еlop in horsеs surviving aсutr vitamin KJ toхiсosis. In
onе horsе with сhroniс rеnal failuге assoсiatrd with vita-

Figure 6-33
Sonogram of thе right kidnеy \4'ith thе mеdrr]|ап гiпr sigп obtaiпеd
fгom a 2-vеаг-сlld miniatrrге lrorsе lill)' Notiсе thе otltеr гim of thе
nrеdtllla, sirrrilar in есhogеniсity to that of tl-rе rеr-ral pr|уis (аrrolL's)
Both kidnеvs hаd a similar sorrоgraphiс appеarafiсе This fill.v lrасl
hеmo1lегitоnеrtm assoсiatеd with a ftlptllrсd or.aгian lrеmatoma and
sеvеге xnеmia A гепal biopq' was dесlinеd, anсl thе сausе of this
sonсlgraphiс appеaгanсе of thе kidnеys Was not dеtеfminеd This sono-
gfam Was obtainеd in thе right flftееntlr intеfсostal sPaсе with a 7 5-
NIHz sесtor-sсannеr tгansdrrсег at a displa1'есl dеpth of 7 5 сm Thе
гight sidе of tlrе sonogгam is doгsal and thе lеft sidе is vеntfal

Figure 6-34
Sonogrдm of thе lеft kidnеу obtainесl from a 

'-yеaг-old 
Standardbrеd

gеlditrg with mu]tiсеntгiс lymphosarсoma Thе outеf еdgе of thе mе-
dulla is hуpегесhoiс (mеdullary гim sign), and lr1.pеrесhoiс matегial in
thе геna] pеlvis сasts an aсoustiс shadoп,- tiom thе faг sidе of thе
h).pеrесhoiс stl.Llсtufе. сonsistеnt with сalсiliеd pгotеinaсеous dеbгis
in thе fеflal pеlvis Тhе еdgе of tlrе nrеdtllla is dеlinеаtеd b1. thе small
afгow' and a laгgе aгrow points to tlrе mеdtillary гim sign This hoгsе
also has x largе pеfitonеal еffusion This sonogгam was оbtainеd ffom
thе lеft pafalumbaг fossa with a 5 O-MHz sесtor.sсannеr transсluссr at a
displavеd сlеpth of 18 сm Tlrе fight sidе of this sonogгam is dorsal :rnd
thе lеft sidе is Yеntfal
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min K] toxiсosis, thе kidnеys wеге onе-third normal sizе
20 months latеr and had sеvеrе intеrstitial fibrosis.*,

Prеsеnting signs in horsеs with сhfoniс rеnal disеasе
inсludе wеight loss, dесrеasеd appеtitе. pol1'uгia. dr'suгia.
and lеthar5- of poof pеrformanсе..]- 90 9- .(х) Abdominal
pain, a сommon сomplaint in lrtlmans witlr nеphrolithia-
sis, is not сommonly rеpoпеd in lroгsеs witlr nеphrolithi
asis. Howеvег, сoliс was геpoгtеd tn 4Оul' of hoгsеs with
nеphrolithiasis in onе study.з- In two of tlrеsе horsеs thе
pain may havе bееn assoсiatеd with thе prеsеnсе of rеnal
сalсuli. In onе lroгsе tlrе rеnal сalсulus was assoсiatеd
with a rеnal absсеss and pеritonitis, and in thе othег
lrorsе bilatеral геnal сalсuli wеrе thought to bе thе сausе
of сhroniс abdominal pain. Azotеmia and isosthеnuгia arе
сommon in affесtеd hofsеs.loo Hypеrсalсеmia is frе-
quеntly dеtесtеd in horsеs with сhroniс rеnal failurе and
was pfеsеnt iл 5О% of horsеs with obstгLlсtivе nеphroli
thiasis and trгеtегolithiasis.r()() Baсtеrial nеphritis is not
usually assoсiatеd with urеtегolithiasis aлd/ot nеphroli
thiasis.loO Pyеlonеphritis has bееn геpor1еd in a fеw
horsеs with nеphfolithiasis and uгеtегolithiasis.90. ro1 l02

Rесtal palpation is usually hеlpful in hoгsеs with
сhгoniс rеnal disеasе bесausе tlrе kidnеys arе usuall,v
smallеr than normal and irrеgulaf.2 90 100 Еnlargеmеrrt of
thе kidnеy may bе dеtссtеd if obstrr.lсtil.е nеphтolithiasis
is pгеsеnt in thе lеft kidnе1.. Hoтr-еr ег. thе пrajoгiп (80.,o)

of horsеs with obstruсti\-с nеphгolitlriasis and uгеtегo.
lithiasis had smallеr than troгrnal kidnеr-s. dсspitе tlrе
urеtегal and/or геnal obstruсtiotl l.'.) Rесtal palpatiotr
of thе right kidrrе1. is usuallу not possiblе, еvеn п,ith
markеd фdronеphrosis. In horsеs with rtrеtеrolithiasis,
thе stonе may bе palpatеd in thе obstгttсtеd Lшсtеr of a

dilatеd Lrfrtеf may bе palpatеd''.,.,'.oJ Most urеtеral stonеS
palpatеd pеf гссtum arе loсatеd just сranial to thе brim
of thе pеlvis'r()() Howеvег, a uгеtеral stonе has bееn pal-
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patсd as far сranially as 12 сm сranial to thr pеlviс in-
lеt..()]

Infoгmation about thе proхimal ufеtеr, rеnal pеlvis,
kidnе1,' and pеriгеnal tissuеs that сannot bе obtainеd
fгom rесtal ехamination сan bе obtainеd sonographiсally.
Сlrтoniс rеnal disеasе in horsеs is сharaсtегizеd by in-
сrеasеd paгеnсhr'rnal есhogеniсity and a smallег than
normal kidnеr'with an iгrеgr-rlaг сontouf (sес Figs. 6-26.
6-29, aлd 6_30). This inсгеasе in parеnсh1,mal есhogеni
сity assoсiatеd пrith Irbгosis has bееn геportеd in both
tгansrесtal and transсtttanеous imagеs of affесtеd kid-
nеys., .1' lo' r9 Poof diffеrеntiation of thе intегnal arсhitес-
tufе, paгtiсLllarly bеtwееn thе сoгtех and tlrе mеdulla,
has bееn dеtесtеd in adtrlt horsеs vu-ith сhroniс rеnal
disеasе.9 oftеn small hypеrесhoiс есhoеs сasting faint
aсolrstiс shadows, assoсiatеd with sand1. minегal dеbris,
arе imagеd in thе rеnal pеlvis (Fig. 6_35). Мovеmеnt of
thе hypеrесhoiс matеrial in thе rеnal pеlvis in rеal timе
is an indiсation оf thе pгеsеnсе of sandy oг silt-likе dеbгis
in thе rеnal pеlvis. Sand-likе matеfial may also bе prеsеnt
in thе геnal pеlvis in hoгsеs with rеnal сalсuli and сhroniс
rеnal disеasе.l9 Rеnal сalсtrli aге frеquеntly imagеd in
both kidnеys in hoгsеs with сhroniс rеnal сlisеasе. Thе
геnal parеnсh).ma is usually inсrеasеd in есhogсniсity
assосiatеd тr itlr rеnal fltlrosis,l00 although an inflammatory
сеll inflltгatе nrar' also aссount foг sonrе of thе inсrеasеd
гсnal есhogеniсiп

Nеphrolithiasis. A l-rr-pегесl-toiс struсtllге сasting an
aсoustiс slradoп t1-rгorrglr tlrе dееpег tissllеs is сlraгaсtеr-
istiс of a nеplrгolitir (Fig 6-.36: sее also Fig 6_26,;. Thе
morе сalсifiеd nеplrгolitlr ttsttallr. has an aсOustiс slrado.w
that ofiginatеs from thе nеar sur1hсе of thе сalсr:lus,
whеrеas onе with a moге pfotеinaсеolls сomponеl]t has
an aсotrstiс shaс1ow that oгiginatсs from thе dееpег sidе
of thе nеphгolith (sее Figs. 6_29 aлd 6-34). Tlrеsе pro-

Figure 6-35
Sonogгams of thе lе1t kidnе). оtltairrесl fгom a vеaгling Thorougl.rbгеd gе]ding With епlaгgеd kidnеуs and есhogеniс dеbгis in thе геnal pеlvis .Гhе

|оrrg aхis of thе lеft kiс1nеY mеaslrгеd' 16з4 сm, and thе сalrсlal polе mеasurеd 6 95 сm iп diаmеtег BOth mеasufеr-nеnts srеге tlrсltrglrt to bе laгgе

tЪг this yеaгling Tl]е есhogеrriсiЧ. of tlrе kidnеy is sliЕ.htl-Y gгеatеr than nornral, Ьut lеss than tlrat of thе adjaсеnt splееn Есhоgеniс сlеbгis (,4) is

sееn in thе rеnal pеlvis' somе of whiсh is hypеtесhoiс and сasts wеak aсOustiс slradows assoсiatесl with minег;tlizеd dеbгis (a), possibl1, assoсiatеd

rrith pгеl.iсlus геnal papillaЦ. flесгosis Both kidrrе1.s haсt this dеbгis imagеd iл thе rепa] pеlvis,;Lnсl thе гепal paтеnсlrr'ma' paпiсular.lу thе сoгtеx.
\:ls morе есhogеniс than normal Arr u-ltгasounс1-guidеd гепal biopsv геvеalесl сlrгoniс intегstitial nеphritis and 1ibгosis Thеsе sonogfams wеге
.lbtainеd ffom thе lеft paralrrmbaг fossa with n 5.O-МHz sесtof Sсannег tгansduсег at a сlisplaYеd dеpth of 1t] сm ,4. Sonogгam of thе lеlt kidnеy

dепonstrating thе hуpoесhoiс to есhogеniс matегial in tlrе геnal pеlvis Tlrе right Sidе сlf this sonogгanl is сfenial and thе lеft sidе is сarrdal -B,

sonogfalrr сlf thе lеft kidnеy сlеmonstratinЕ] thе h)реIесhoiс <Jе|эris (аrrottls) сasting faiпt aсoustiс shadсlws witlin thе сollесting systеr]r оf thе

iiсlЛе\'' сonsistеflt s.ith small сoЛсfеtions Thе fight sidе of this sono!4ram is doгsal and thе lеft sidе is vеntг1r|
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Fiqure 6-36
Sonogгam of thе r,ight kidnеY obtainеd fгсlm arr 8 vеar olс1 Thогoughbгссl
gеlding with a tlеphтolith iлсl ]lO Otlrеf сliniса] oг сlinoсopatholсlgiс
еvidеrrсе оf гсnаI с1isеasе 1.hе r.rеplr;:o1ith п,;Ls fсlund iпсidеntall)'dufi11g
a гOlltinс ехamiлatioll Тhе trеplrrolith is largе, loсatеd il1 thе геtlal
pеlvis, is h-vpегесhoiс аnс1 сasts a laгЕ]е :rcolrstiс sl.radorv (аrrou)s). ТLlis
soпogranr was obtaiпеd fгсlm thе ti!.lrt siхtееnth intегсostxl splсе with
a 5 o-MHz sссtoг-sсaпnеr tгansdtlсег at a displаvесl сlеpth of 16 сm Tlrе
right sidе сlf tl.tis sotlоgr:rm is dor.sal алсl thе lеtt sidе is vеntral

tеinaсеous сalсLlli afе vег\, fгagilе and oftеn сftlmblе
Whеn fеmovеd. Unilatеral rеnal сalсtrli havе bееn found
in hoгsеs as an inсidеntal linding on postmoгtеm ехant-
ination.]r Bilatеral nеphfoliths and Llrсtеfolitlrs wеrе
геpoftеd in onе maге that was сliniсall1. normal until
uгсtеral obstr.uсtion oссLlffеd.l()4 Although сalсtrli сan oс-
сasionally bе found as an inсidеntal flnding in an otlrег-
Wisе nofmal horsе (Fig. 6_36)' undеflуing fеnal disеasе
should always bс suspесtеd in horsеs with rrеphrolithia-
s1s.

Both transrесtal and tгansabdominal dеtесtiсln of rеnal
сalсLlli has bееn rеpoftеd.r 19 9o. 1o() lo; Thе obstгl'lсting

сalсulus may bе loсatеd tгansrесtall1. if it is not tbund
via thе tfansсutanеolls sonographiс ехamination of thе
kidnеy. Thе imagе obtainеd transгесtally of thе lеft kid-
nе)I is uslrall1, supеrioг to that Obtainеd throtrgh thе lеfi
paralumbar fosse and сaudal itrtеrсostal spaсеs and may
bе trsеftll in morе сlеarly сharaсtrrizing Ltrеtеral and rеnal
сalсuli and thе paгеnсhymal abnormalitiеs.

Hydronеphfosis and Hydrourеtеr. Onе or both kid-
nеys may bе obstftlсtеd by a nеphrolith, сгеating hvdro-
nеphrosis. Urеtегolithiasis lrnd/or nеphrolithiasis is сom-
monly dеtесtеd in lrorsеs with hуdrolrfеtеr and/or
hydronеphrosis, and thеsе horsеs usually havе сhroniс
frnal disеasе.4.9 l9. lo] l05 lo6 Thе sonogfaphiс dеtесtion of
hydгottгеtеr (Fig. 6-37) aл(|/or hydгonеphrosis (Fig. 6-
38) and a lr.vpеrесhoiс stfuсtufе in tlrе ufrtег and/ot
fеnal pеlvis сasting an aсoustiс shadow (uгеtеrolith andl
of nеphfolith) aге сonsistеnt with a diagnosis of ufinary
traсt obstruсtion assoсiatеd With Llfrtеrolithiasis аnd,/or
nеphr()lithiasis.2 ] l()5 Dilatation of thе rеnal pеlvis is trsu-
ally maгkеd in horsеs with hydronеphгosis. Thе rеnal
сortех is usually vеry thin and may еvеn bе difliсrrlt to
rесognizе in somе horsеs with sеvеrе hydronеphгosis.
Thе hydгonеphrotiс kidnеy oftеn has an irгеgular сontouf
bесausе hydrсlnеphrosis in thе adult horsе is ustrall1, asso-
сiatеd with сhfoniс fеnal сlisсasе and nеphгolithiasis.
Urеtеral сalсuli shoulсl bе suspесtеd if bilatегal ufrtеfal
distеntion anсl h-Ydronеphfosis 11rе imagеd..1, Dilatеd rеnal
сalyсеs wеrе imagеd in all kiсlnсys with Llrеtеral of rеnal
pеlviс obstfuсtion in onе group of horsеs with obstruс-
tivе nеphrolithiasis and ufеtеfolithiasis.t()() Thе dilatеd rе-
nal сalyсеs may havе a с't,stiс appеaгanсе on sonographiс
ехamination of thс affесtеd kidnеy.ros Dilatеd rеnal rе-
сеssеs. dilatсd ufеtеfs. arrd bilatеral urеtеroliths \il/еfе
dеtесtеd sonogгlrphiсall.v in оnе 1rll1, with bilatеral trrеt-
егolithiasis and nеphro1ithiasis.|()3 In this ftlly thе right
rеnal сoгtiсomеdullary junсtion laсkеd dеflnition and was
fеlt sonogгaplriсall1.to bе morе abnormal; howеvеr, this

Figure 6-37
Sоnogг:rms of thе right Lrгеtег obt:linесl fгоm a 5-vеaгold Tlrогorrghbгеd marе witlr h1,сiгсlпеphгosis, nеphrolithiasis, and a r.Llpturеd Llrеtеf (sxmе
l-toгsе as in Fig 6_28) Thе гight Llгеtеf is 1lllес1 with а laгgе пеphrolith oг Urеtсfo|ith that сasts a strong aсoustiс shadоw frоnr thе nсaг sidе оf thе
сalсr.tlus l.hе Llгеtеf is thiсkеnеd and dilatесl tO epl)гOхiпratеlу 9 сm iп сliamеtег Thеsс sоnogг:rms wеге oЬtаinеd in thс гiglrt t]riпсспth intсfсostal
spaсс тl,.ith a 5.0-MHz sесtoг-sсаnoег traлsduсег at a displavеd dеptlr of 16 сm z1. Sonсlgтam tlf thе riglrt ulеtеf dеmonstгating tlrе lеngth of thе
uгеtofolith (пеphrolitlr) A srrrall amсlunt of anесhoiс pеriгеnll fluid is imagеd aгоund its сraniаl asресt Tlrе arгows dеlirrеatе thе latеral nraгg-in сlf
thеrightLlrеtеf1.hегiЕ]htSidеoftlrissоnogгaпrisсгanialaпdthеlсfsiс1сisсаuс1lrl,/l.SonoЕ.ten,
Llfеtеfirdjaсеl]ttotlrеObstгuсtingnсptrгolitlr.-[-hеarгоwsdеlinеxtеtlrеboгdеrsofthегiglrtufеtеrThеfightsidеtlfthisstnogгl
thе lеft sidс is \.сtltгxl
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Figure 6-38
Sonсlgramsofthеfightkidпеvandгеtropегitоnеa|spaсесlbtaiпеdttсlпa5-1.еar-oldThoroughbrеdmaIе$.ithydгtlllеpllrosis
tшеtеial fllpturе (samе horsе as in Figs Ъ-28 аrrс 6-37) Thсsе sonоgгems п.еrе obtairrеd fгotn thе гigl.tt pаralшmbar fсlssa with a .] 5.\1Hz sесtoг-

sсaпnег tгaпsduсег xt a displaуеd сtеpih oГ 30 сm Tlrе Iight sidе of thеsе sonоgгams is сranial аЛd thе lеft sidе is сauсlаl. ',1, sоnogrxП of thе сilldal

polе of tlrе гiglrt kidnеу dеmrlпstratiпg thе с).stiс hуdroiеphгotiс natlrге of this kiсlnеY. Thе arrow rrraгks tlrе mеdial boгdеr of thе гight kiсlnе1'. 19,

sonogгam of thе laгgе геtгopеritonеal. fluid ;iссurrrr-rlatiorr assoсiatес1 With thе rrrеtегal fllptlrгс. A h1.pеrесhtliс stftrсtuге сasts 1lll aсOlrstiс shedrlw

сoпsistеnt With a pгotеinaсеous сalсulrts in thе rеtГOpеritonеal tluid (аl.roul). Thе lтdгonеpl.rrotiс сaudal polе of thе гight kidnе1'(K) iS adjасеnt

to this геtroDегitonеal fltrid aссLrmulatiоn

distinсtion diсl not fеvеal thе morе funсtional of thе
affесtrd kidnеys. Most horsеs with obstfllсtivе ufеtегo-
lithiasis afld/ot nеphrolithiasis havе сalсuli imagеd in
both kidnе1ls, although only onе horsе prеsеntеd With
bilatеral fеnal obstfuсtion l00.r06 onr or both polеs of thе
kiсlnеy may bе tightlv paсkеd with nodulaf сalсuli in
horsеs with nеphfolithiasis. l0;

Pеrirеnal fluid aссumulation maу bе сlеtесtеd s/ith rе-

nal ruptllfе of fеtropегitonеal rupturе of thе urеtеr (sее

Fig. 6_28). Rtrptuге of thе kidnеy has bсеn fеportеd in
onе hofsе with a rеnal сalсullls.]'Pеrirеnal fluid aссtlmш
lation strrrounding a sеvеrеly hydronеplrrotiс гiglrt kidnе-v

was imagеd in onс сow With stlspесtеd fеnal ruptlrге.'08
Ruptufе of thе kidnеy was сonfifmеd at thе timе of
unilatеral nеphfесtomy.

Hydronеphгosis of a singlе polе of thе kidnеy or por-
tion thеrеof is oссasionally imagеd in hсlrsеs with nеphro-
lithiasis (Figs. 6_39 and 6-40). Largе rеnal massеs assoсi.
1ltеd With thе kidnеy havе bееn dсtесtеd in sеvеral
broodmarеs as inсidеntal frndings.9 Sonographiс еxamina-
tion of thе kidnеy in thеsе affесtеd marеs has rеvеalеd
hуdrоnеphrosis of a portion of thе kidnеy assoсiatеd with
nеphrolithiasis. Rupturе of thеsе fluid-fillеd massеs has

bееn rеpoгtеd during foaling, сfеating a lifе-thrеatеning
situation.9 In most horsеs with h1,d19цгеtеr thе dilatеd
rrfеtеf mеasures 2.5 to 3.0 сm in diamеtеr and has a thiсk
п,all. Thе hydrourеtеr is oftеn еasiеr to imagе transrес-
tally bесausе a highег-fгеquеnсy tгansduсеr is usеd and
thе tfansduсеr сan bе positionеd dirесtl1. ovеr thе dilatеd
uгеtег. Sonographiс dеtесtion <lf hydгonеphrosis and h1,-

dгouгеtеr in hoгsеs Was fеpoftеd as еarly as 1986.9 Largе
tluid-fillеd massеs assoсiatеd with hydfollfеtеf havе bееn
dеtесtеd in broodmarеs witlr fеvсг and wеight loss (Fig.
(l-41). Thеsе saссtrlar distеntions of thе Lrrеtеf arс prесlis-
posесl to infесtion. Pеrсutanеous геnal ultrasonography
should bе pеrformеd on both kidnеys in horsеs with
obstгuсtivе nеphrolithiasis of urеtеrolithiasis to dеtеr-
n-rinе thе prеsеnсе and numbег of nеphroliths oг ufеtеro-

liths; sizе, есhogеniсity, :rnd aгсhitесturе of thе kidnеys;
anсl thе prеsеnсе of rеnal pеlvis or proхimаl urсtеral
obstr.uсtion.1()., Bladdеf and pеlviс urеthral trltrasonogra-
phy shoulсl also bе pеrformеd to ftllr ottt сalсuli in this
loсation and to dеtсrminе thе сausе of thе hydronеphro-
srs.

Pyеlесtasia. Fluid distеntio11 of thе rеnal pеlvis or
p.vеlесtasia сan oссuf iatrogеniсally sесondary to aЕ.gfеs-

sivе intravеnous fltlid fеplaсеmеnt tlrеrapy..()9 ]l0 P},еlес-

tasia shotrld bе diagnosеd whеn pеlviс distеntion oссurs

Figure 6-39
sоnogгam of thе lеft kidnеY obtainеd fгom a 2o-1'еar-old Thorouglrbrесl
maге with partiаl lr.vdгoпеphгosis of tlrе lеft kidпет A laгgе aлесhoiс
flrdсl-trllесl arеa irrr.оlvеs thе епtifе сatrdal polе anсl thе hilаf poгtioЛ оf
thе сranial polе of tlrе lеft kiсlnе),. mеasuring 16 bу 18 сm ifl diamеtеf.
No visiblе геllal parеnсlrl'ml surг(lrrnds thе hуdгоnеplrrоtiс portiоn of
thе сauсlal po,lе' atrd шinimal геrral parеlсlrvma is iпragеd in tlrе hilaг
pап of thс сranial 1lolе of thе lеf1 kidле1, A laгgе l.tvpсrесhoiс struсtuге
сasting an aсollstiс slradow is сonsistеnt with a пеphгolith obstгuсting
thе геnal pеlr.is in tlrе стani:tl polе and сausing thе h),dгonеphгosis
(аrrouls) This sоnogгam was tlbtainеd with a 2 5-MHz sесtсlг-sс:rлnеr

tгansсluсеr at a сiisplц'ес1 dеptlr of 18 сm Thе right si(tе of this s<lno.

gгam is сranial aп(l thе lсft sidе is сarrdat
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Figure 6-40
Sonograms of thе lеft kidnе\. obtаinеd 1iom a l(|уеаг-old Tlrоroughbгеd nraге with h1,сlгonсphгсlsis involviпg a poftion Of thе сauсlдl polе of thе
lеft kidnеY A largе arrесhoiс fluid-1illеd stгuсttrге invоlvеs paгt оf tlrе сauсlal polе, with maгkеd thinning of tlrе rеnal parеnсhvma in ilris гсgroп
Thеsе sonogгams rvсге сlbtainеd tiоm tl.rе |еft paralumbaг fсlssa witlr a 2 

'-NI]tIz 
sесtoг-sсannеf tг1rnsduсеf at a сtispla1,еd dеpth of 27 5 сm А'

sаgittal sonogram of thе lеft kidnс}. dеmonstfating thе arеa of hrс1гonеphгosis irr thе с:ltlсlal polе (аrrО1|) Thе гight sidе of t1risЪonogгam is сгania1
and thе lеft siс1с is с:attсtаl B' ТгansYеfsе oЬliqrrс soпogгanr of t]rе lеft kidпеу сlеmoпStrating thе afеa of \drоnеphrosis iп thе сalia\ po|е (lаrgе
аrrolL) NotiСе thе dilatеd Llгеtеr lеaving thе aгед of thе fеna| pеlvis Containing stightl1' moге есhо€.еni с fltlid (slttаll аrrau| T|tс гight iidе of this
sono[.гam is dorsal and tlrе lеft sidе is vеr]tгal

in thе absrnсе of obstrllсtion of thе Lшеtеr of rеnal
pеlvis.t()9 Hydronеphrosis shollld bе rеsегvеd for distеn-
tion of thе rеnal pеlvis and сalyсеs п/ith Llfinе as a rеsult
of urеtегal obstfllсtion With aссompanying atrophy of
thе геnal Pеlvis.rt's Thе rеnal pеlvis should bе еnlargеd
with a dесrеasеd amount of rеnal pafеnсhyma pfеsеnt']
Sonographiсally dеtесtablе pyеlесtasia Was diaЕ]nosеd in
77 of 23 humans tbllowing ingеstion of 56 orrnсеs of
fluid and was bilatеra| iл 14 of thеsе patiеnts Ir1 Othег
authofs havе suggеstеd fuпhеr sonogгaphiс dil-ision of
dilatation of thе rеnal pеlvis into fotlr сatеgoriеs.ll.) FLtnс-
tional distеntion of thе rеnal pеlvis is of short duration
with no rеtеntion of ufinе; this typе of distеntion oссLrfs

with intravеnous flLlid administгation. Distеntion of thе
гrnal pеlvis with stasis rеfеrs to pгolongеd distеntion of
thе геnal pеlvis With rеtеntion of urinе btlt pfеsеfvation
of thе parеnсhymal struсtuгс of thе kidnеy. Distеntion of
thе rеnal pсlvis with stasis maY oссLlf With pyеlonеphfitis
(without obstrtrсtiсln). Mild hydronеphfosis is distеntion
of thе fеnal pеlvis ц,ith naгrowirrg of thе гсnal pafеn-
сh\-ma. btrt thе геnal parеnсlr1'ma is still disсеrniblе. Ad-
r-anсеd hr-dгonеphгosis is markеd distеntion of thе rеnal
pеlr-is with no moге than a thin rim of homogеnеotrs
rеnal paгеnсhyma геmai ning.

Congеnital Rеnal Disеasе. Сongеnital rеnal atlnor-
malitiеs afе faге in horsеs, tlut rеnal с),sts, fеnal есtopia,

Figure 6-41
Sonogгam of thе dilatеd Lrfеtеr сontainiпg есhogепiс uгlnе at thе kidnеy (,4) and slightly ftlгthеr сaudally iл thе abсlomеn (8) obtainеd ftonr a 10-
yеaг-old Thoгotlglrbrес1 n]aге with hvdгоnеphг<rsis invоlving a PoГtion <rf tlrе саr-ldal polе of thе |сft kidпе). (Samе hoгsе as in Fig (l_40) Тhеsе
sonoЕ.fams wеге оbtaiлесl ffom thе tгаnsгесtal winс1ow with a 5 O-МHz sесtor-sсannеf transduсег пith an оffliле bе:Lm ofiеntation at a сlisplayеd
сlеpth of 7 5 сm А , Largе dilatеd dil,егtiсulum of thе lеft Llfеtег ad'aсеnt to thе hilus of tlrе lеft kidnеу (K), $.ith есhogеniс urinе swirling in this
сavity in rеal timе Tlrе riglrt sidе of tlris sonogram is towaгd thе miсlliflе of thе аbdomеn and thе ]еft sidе is towaгd tlrе lеft B, Laгgе сlilatесt lеft
uгеtег сalrdal to thе сalrсla] polе of thе lеft kidnе1'lillеd witlr есhogеniс uгinе Tlrе гight sidе of this sonogram is сranial and thе lеft siсlе is сatldal
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fеnal hypoplasia, and rеnal agеnеsis arе all possiblе llnd-
ings. A сlysplastiс, multiсystiс kidnеy should bе сonsid-
еrеd in hoгsеs with multiplе rеnal сysts intегmixеd with
есhogеniс stfoma. Bilatегal polyсystiс kidnеys havе bееn
rеportеd in thе adult hofsе.l12..'з Sonographiс ехamina-
tion of thе kidnеys in onе horsе геvеalеd multiplе 2- to
15-сm thin-wallеd сystiс stfl]сtufеs in both kidnеys. Thе
parеnсhyma of thе lеft kidnеy was markеdly abnormal,
with only a small rim of hypoесhoiс paгеnсhyma imagеd.
Thе right kidnеy was only mildly distortеd with a hypеrе-
сhoiс rеnal parеnсhyma. Ultrasound-guidеd геnal biopsy
сonflrmеd thе pfеSеnсе of сhroniс rеnal disеasе (sеvеrе
tubular sсlеrosis), and thе сysts wеfе sonogгaphiсally
drainеd from thе right kidnеy, again with ultrasono-
graphiс guidanсе. Thе kidnеys in thе othеr hofsе with
polyсystiс kidnеys wеrе gгossly еnlargеd (up to 35 сm
long and wеighing 12 kg еaсh) and flllеd with small,
thin-wallеd сysts up to 1.5 сm in diamеtег. Sonogгaphiс
ехamination of thеsе kidnеys would havе rеvеalеd thе
polyсystiс rеnal parеnсhyma if ultгasound ехamination
of thе kidnеys had bееn pеrfoгmеd. A largе singlе rеnal
сyst has bееn imagеd in onе polе of thе kidnеy of a

horsе that may havе bееn assoсiatеd with сhroniс rеnal
disеasе, although small singlе с}.sts сan bе an inсidеntal
finding.'i

Bilatегal rеnal h1.poplasia has bееn геpoпеd iл fouг
young horsеs, thгее of п-hiсh rr-еге 9 months 1 r еaг. аnd

3 yеars old.'la Tlrеsе tl-tгее l-toгsеs \\-еге thin. stuntеd.
dеprеssеd, and lеthargiс 1bг a month pгioг to pгеsеnta-
tion. Azotеmia and isosthеnuгia wеrе fottnd in thеsе
horsеs at prеsеntation. Ultrasonographiс еxamination of
thе kidnеys tfansrесtally and pеrсutanеously rеvеalеd thе
yеarling to havе small, iгrеgularly shapеd kidnеys. Thе
геnal mеdulla and rеnal pеlvis appеarеd smallеr than
normal in both kidnеys. Sеvеrе mеdullary hypoplasia and
modеratе thinning of thе rеnal сortех wеrе dеtесtеd in
all hoгsеs at postmortеm ехamination. Glomеrular dеgеn-
еration, tubulaг dеgеnегation, intегstitial fibrosis, and in-
trfstitial inflammation oссtrгrеd in thе olс1еr horsеs sес-
ondary to thе rеnal hypoplasia.

Rеnal agеnеsis should bе сonsidеrеd in thosе horsеs in
whiсh only onе kidnеy сan bе found in thе normal or an
есtopiс loсation. Thе author has imagеd onе hoгsе with
agеnеsis of thе right kidn.еy and a hypегtrophiс lеft kid-
nеy. Thеsе flndings wеrе subsеquеntly сonirmеd on la-
parosсopiс ехamination. In humans with геnal agеnеsis,
thе rеmaining kidnеy hypеrtfophiеs ovеf timе.:7 Thе ad-

rеnal gland, if prеsеnt, appеafs laгgеr than normal and
fills in thе spaсе along with thе splееn and сolon on thе
lеft sidе of thс abdomеn. Thе сесum would bе еxpесtеd
to lill this spaсе on thе right sidе of thе abdomеn in thе
horsе, along with thе livеr. If onе kidnеy is absеnt on
sonographiс ехamination, and not jltst obsсufrd fгom
viеw by gas-flllеd largе bowеl, rеnal agеnеsis should bе
сonsidеrеd. Thе possibility that thе horsе had a prеvious
unilatеral nеphrесtomy should also bе inYеstigatеd.

Рyеlonеphritis. \еlonеphritis oссurs infrеquеntly in
hoгsеs but is also mofе сommon than prеviously thought.
h.еlonеphritis may oссuf sесondary to an asсеnding in-
fесtion with uгolithiasis, tfauma, or nеuгologiс disеasе of
thе uгinary tгaсt.90. 99. lo2 Pyеlonеphritis has also bееn
геportеd in a horsе sесondary to a woodеn forеign body
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еmbеddеd in thе tlrinary bladdегr'' and to llbгosarсomas
obstruсting thе uгеthra at its vaginal opеning.l'6 Sono-
graphiс ехamination of thе urinary bladdеr in this hoгsе
should havе rеvеalеd thе еmbеddеd forеign body as a

hypеrесhoiс linеaг struсtufе сasting a stfong aсoustiс
shadow. Howеvеr, a sоnographiс еxamination of thе
bladdег was not pегfoгmеd in this horsе. Rеnal сalсuli
aге п1orе likеlу to form in lroгsеs with pyеlonеphfitis
bесatrsе thе purulеnt dеbris sегrlеs as a nidus for stonе
formation. Both ufеtеral and urеthтal сalсuli and obstrшс-
tion havе bееn sееn in horsеs with pr.еlonеphгitis. Calсuli
arе frеquеntly found in thе rеnal pеlvis of ufеtеf at
postmortеm ехamination in affесtеd horsеs.9., '.,' 'n.

Thе sonogгaphiс flnding most suggеstivе of pyеlonе-
phгitis in horsеs is thе dеtесtion of a largе amollnt of
есhogеniс to hypеrесhoiс dеbris in thе rеnal pеlvis (Fig.
6-12). Thе hypеrесhoiс dеbris may сast an aсoustiс
shadow, assoсiatеd with thе formation of rеnal сonсfе-
tions (саlсuli). Gгoss геnal еnlaгgеmеnt is oГtеn pгсsеnt.
Thе rеnal pеlvis and геnal сalyсеs aге oftеn dilatеd, and
normal rеnal arсhitесtuге is oftеn lost. Uгеtегal dilatation
is also frеquеntl1. dеtесtеd in horsеs with pyеlonеphritis.
A grossly dilatеd rеnal сortех and a hypеrесhoiс rеnal
pеlvis with an iгrеgtrlar сontouг wеrе dеtесtеd ultrasono-
gгaphiсallr- in onе horsе with p'vеlonеphritis.''5 Hydfonе.
phтosis. uгеtегolithiasis. nеphгolithiasis, and pеriгеnal
uгinе п еге imagеd sonogгaphiсallr' in onе сow with py-
еlonеphгitis'r_

Rеnal oг Pегiгеnal Atrsсеss. A геnal or pегirеnal
absсеss is гaге in horsеs but should also bе сonsidсгеd in
thе diffегеrrtial diagnosis of a гсnal oг pегiгеnal mass. A
геnal absсеss involving onе of both kidnеуs ъ'-as геpoгtеd
in 3 of 25 horsеs with abdominal absсеssеs.li* A rеnal
absсеss was dеtесtеd in onе horsе with a largе nеphгolith
in thе rеnal pеlvis 5 months aftеr suгgiсal rеmoval of
a сystiс сa1сulus.]6 Мultiplе rеnal absсеssеs lravе bсеn
rеpoгtеd in onе horsе with pyеlonеphritis.r()2 onе absсеss
mеasurеd 9 bу 7 сm and would havе bееn rеadily imagеd
sonographiсally. In onе horsе with mtrltiple Сotуnеbаctе-
rium psеudotuberсulosis absсеssеs, tloth kidnеys wеrе
1.5 timеs normal size and сontainеd numеfous 2'5. to 5-

сm absсеssеs, pгimaгily in thе rсnal сortеx. Thеsе ab-

sсеssеs wеге fillеd with thiсk, pur.ulеnt еxudatе..9 and
would havе bееn dеtесtablе sonographiсally. Thе sono-
graphiс appеaranсе of a геnal oг pеriгеnal absсеss is that
of a hypoесhoiс to есhogеniс fluid-flllеd сavity within
(геnal) or adjaсеnt to (pегiгеnal) thе kidnеy. Hypеrесhoiс
stfi]сtuгеs сasting aсoustiс shadows may also bе dеtесtеd
in hoгsеs with rеnal absсеssеs assoсiatеd with nеphгoli
thiasis.

Rеnal or Pеrirеnal Hеmatoma. A rеnal or pегirеnal
hеmatoma is гarе in adult horsеs and most frеquеntly
oссufs sесondary to abdominal tfauma or a геnal biopsy
(Fig. 6_43). Thе kidnеy may fееl еnlargеd on rесtal еxam-
ination. A doublе linеar есho may bе dеtесtеd in horsеs
with a subсapsulaг hеmatoma. Thе outег linеar есho
rеpfеSеnts thе rеnal сapsulе, and thе innеr linеaг есho
гrpfrsеnts thе outег surfaсе of thе геnal сortеx. Thе
rеnal or pеriгеnal hеmatoma is trsually anесhoiс and oftеn
сontain loсulations. Amorphous есhogеniс matеrial may
bе dеtесtеd in thе subсapsrrlar or pегirеnal spaсе assoсi
atеd with organizing сlot. Thе rеnal сapsular есhoеs may
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Figure 6-42
Sonogгams oI thс гight kidnеv obtaiпеd fгom thе гight liftсеnth (,4) anс1 siхtееnth (l') iлtеIсostal sPacеs in a 5-1.сaг-old Dlltсh \ffafmblooсl gеl<Jing
withpYеlu1еphгitiSThishoгsе<lгigirrаllvprеsеntеdwithaLlгеtlrrxlсalсrtltlsanс1uгinaП.tгxсtobstгLlсtion.pгmpting
Thеsе sonоgтlms wеге oЬtainеd with a ] 5-МHz sесtoг-sсan11еr tгaпsdl]сег at a displ;L1-еd сlеpth of 16 сm ,Гlrе гight sidе of thеsе sоno!.fams r5
сranial and thе lсft sidе is сarrdal ,4. ,Гhе геnal pе|vis is dl|^Iеd (b()rizoпtаl (rrroux) and сoпtxins laгgе amottnts сlf есhogеrriс to lr1регесhoiс сlеbгis
(аrroшs), somе сlf whiсh сasts lhint асOllstjс sheсklws сOnsistеnt with геnal сalсulus foгmation NOtiсе thе t]]in гim of сoгtех геmaining adjaсеnt
to thе гiЕ.ht boсlу п.all sесondaгу- tо thе l]\.dгonеphгosis B' A largе amouпt of hуpoесhoiс to h.Ypегесhоiс сlеbтis is сопtaiпеd within a somеwlrat
сiгсulаr struсtrtrс approхimatеlv l0 сm in diamеtег (аrroш's) in thе rеgiorr of tlrе сxlldal polе of thе гight kidnеу Tl.is aссrrmtllatiсrn of urin;rц.
сlсbтis is сoпtaiпес1 *-ithiп thе pгoхimal uгеtеf, пot thе саudal polе оf thе kidnе1., a findiпg sllbsеquеntlv сoлIiгmеd at suгs.еry This struсtuге is
most likеlv thе uгеtег bесausе thе сaudal pсllе of thс гight kidrrеv is still rесоgnizДblе iп thе liftееnth intсгсostar Spaсс

bе indistinсt. A blotсhy геnal paгеnсh1.mal есhogеniсity
ma), bе dеtесtеd with fеnal сontrrsio11. A rеnal or pеfirе-
nal hеmatoma should bе сonsidеrrd in a hoгsе with a
pеriгеnal and/ot rеnal mass, partiсulafly in onе with a
history of abdominal tfalrma of a fеnal biopsy. Clеar
anrсhoiс fluid in thе геtropеritonеal spaсе arollnd thе
kidnеy suggеsts a rllpturеd гrnal pеlvis, сahх, of ufеtеf

Rеnal Granuloma. Parasitiс rеnal granlllomas havе
bееn геportеd in horsсs with HаliСepbсllobus deletriх
infесtion.I2о lr1 Thе hoгsеs With fеnal gfanulomas havе
had markеd lrеmattrria, With passagе of frank blood and
blood сlots. Nеurologiс disеasе and mandibtllar involvе-

mеnt may also bе pгrsеnt in affесtесl horsеs. Largе homo-
gеnеolrs soft-tissuе massеs, similar in есhogеniсity to thс
fеnal сoгtех or slightly morе есhogеniс, arе imagеd
within thе rеnal pafеnсh'vma, сlisгupting thе геnal arсhi
tесtl'tfе and distorting tlrе shapе of thе kidnеy (Fig. 6_44)'
Tlrе sonographiс findings in onе horsе with гсnal granulo-
mas assoсiatеd with H. сLеlеtriх infесtion lravе bееn rе-
poГtеd.t2] In this horsе an есhoЕ.еniс Oval stftrсtllfе Was
dеtесtеd in thе rеnal pеlvis сonsistеnt with a largе blood
сlot, in addition to thе largе homogеnеolls soft-tissllе
mass disгupting thе rеnal parеnсhyma and bulging from
thе surthсе of thе kidnеv.

Figure 6-43
Sonоgг:rnls Of thе гiЕ]Ilt kidnеY (,,1) and геtrоpеritoпе:ll spaсе (B) obtainеd fiom a l5-yеar-old AгДbixn marе with x laгgе pегiгеnal hеmatomа
sесondaq'to a геnal biops).(s:rmе maге as in Fig (l-3l) Tlrеsе sоnogгaпrs wеге obtainесt fiom thе тight lbrrrtееnth intегсostal spДсе (.4) and гight
paгalumbar fossa (B) witlr a 2 5-l{Hz (,4) aлd 3 5-мtiz (lJ) sесtoг-sсarrnеr tгansduсеl at a displayеd dеptlr of 20 сm (.1) aпсl 2.{ сm (a) Thе гight
sidе of thеsе sonogfams is сfal]ial and thе lеft sidе is сarrdal ,,1, H1.pоесhoiс tluid anсl fibгirr arе imagеd in thе fеtropеl.itoпеal spaсе strггoшnding
thе fight klсInеу (аrrotrs) Thс h1poесhoiс to есho6.еniс matеrial in thе геtгopеritonсa] spaсе геpгсsеnts imnraturс libгin сbt li, Thе геt1.opеritоnеa]
hеmatonra (аlтoш'i) ехtеnds сaudally iпto tl]е paгalrtmЬar fossа fгom thе tbuгtееnth intегсostal spaсе :rnd mеasuгеs aPProхimatе]), 1,1 сm thiсk
Thе lafgе amouлt Of h1.pоесhoiс to есhogеl]iс matсdal il] thс hеmatoma геPгеsеnts an ofgalrizing с]ot
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Figure 6-44
sonogIam of thе lеft kidnеy obtДjnеd from an l8-rеaг.оld shiтс пr;rге

тr.ith геnal gгaпulomas assoсiatеd with HаlicepbtllОblls dеIеtl i'\ ,лJСс-

tion A ]afgе, rеlxtivеly homogепеous mаss (arrсlzr.s) disгuрts rhс гсп.r]

aгChitесtuге in thе сauсlal polе of thе lеft kidnеv Thе ma:: 1s ]lislhth
moге есhogеniс than thе лoгnral геnal paгеnсhr'лrа but :ljчhil\ сii
есhogеniс than thе splееn Thе rеmaiпdеr сlf tl-rе lсГr kidnсr hз: :
noгma[ sonogгaphiс appеaгanсе aпсl is hrpоесhоiс ге]trIi\с I,. t]]с

adjaсеnt splееп This sollogгxm was obtаinеd fгom гhс ]сtт iс\ сi:сс] L

ijrtеrСostal spaсе with а 3 5.MHz sесtoг-sсanлеr tг]nsd]!с: .: - t::-
plaYеd dеpth of 18 сm Thе гight sidе of this ton(]gгJГ] ]S C]'iГi]. ::]J
thе lеft sidе is сaudal

Rеnal Nеoplasia. Rеnal adеnoсaгсilloпe and h mplro.
saгсoma arе thе most сommon tllmors Ibund in tlrе
еquinе kidnеy, With fеnal adеnoсarсinolna bеing thе
most сommon priшary fеnal tumor. Howеvеr, thе inсi
сlеnсе of thеsе tumofs is low.l2; Horsеs bеtwееn 4 and
18 yеars old havе bееn rеportеd чuith fеnal adеnoсarсi
noma.l2(' .29 Thе most сommon pfеsеnting сliniсal sign in
hoгsеs with rеnal adеnoсafсinoma is hеmattrria. \V.сight
loss, asсitеs, anofеxia, сoliс, baсk pain, pоl,Ydipsia, and
pol).ufia havе also bееn rеpoftеd.]2', l27' r29, l3o I havе sееn
onе Standaгdbrеd raссhorsе with rеnal adеnoсaгсinoma
that pfеsеntеd with ехеfсisе intolеranсе and 8ГLlnting at
thе еnd of thе milе, only ablе to paсе a milе in 2:20.
Rесtal ехamination may rеvеal an еnlaгgеd lеft kidnеt. or
a palpablе mass assoсiatеd with thе lеft kidnеy, if thе lеft
kidnеy is affесtеd.l25 .29 othеrwisе, tlrе rесtal ехamina-
tion and сliniсal еxamination of thе ufinary traсt may bе
nonгеmaгkablе bесausе thе right kidnеy is not flormally
palpablе. Howеvеr, sеvеral affесtеd horsеs and onе mulе
havе had markеd еnlafgеmеnt of thе гight kidnеy assoсi-
atеd With сomplеtе dеstfuсtion of thе right kidnеy by
thе nеoplasm.126'|2,' lrl A largе mass palpablе rесtally in
thс right dorsal quadrant of thе abdomеn in sеvеral of
thеsе hofsеs was thе nеoplastiс right kidnеy.l2- r2-- Thе
pгimary геnal massrs afе oftеn 25 to 3О сm in diamеtеf,
although rеnal massеs as small as 6 сm and as lаrgе as 75
сm havе bееn rеportеd.l25 t2_, r](). 13l ]Цthough this tumoг
rs most fгеquеntly unilatегal, mеtastasеs to thе othеr
kidnеy havе oссurrеd in at lеast onе horsе'',- Thе ttlmor
gтows by ехpansion and fгеquеntly mеtastasizеs to thе
lir-ег and lung following invasion of thе rеnal vеin. Rapid
dеtеfioration usually oссufs onсе сliniсal signs afе pfеs-
еnt..2i' 'Jl In thе horsе witlr ехеrсisе intolеranсе, thе
tumof spfеad into thе сatrdal vеna сava from thе right
геnal vеin and mеtastasizеd to thе livеr and lttngs. A
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Figure 6-45
sonogг:r]т of thе гight kidnеy obtainесl ffom an 1 1-yеar-olr1 StаndaгdЬгеd

паге rr'ith a rеnal adеnoсaгсinoma Thе kidпе1. is maгkеdl1. еnlaгgеd
enсJ utrгессlgnizablе, with its noгmal aгсhitесtuге dеstfo}.еd bу thе
tunroг H1'pегесhoiс. есlrоgеniс, h1рoесhoiс, and aпесhoiс 2геas aге

!ееП s'ithin tl.tis leгgе mаss This sonoЕiгam was obtainеd in thе гight
siхrеепth jпtегсost:rl spaсе with ;t 2 

'МНZ 
sесtof-sсannег tгansduсеr at

r dilpilrеd dергlr of 25 сm .Гl.rе гight sidе оf tl.ris sonоgгam is сгanial

'..nL] thе ]еп sidе is сaudll

tгa]1sitionel сеll сaгсinoпe oгigineting from thе rеnal pеl-
ris of thе lеtt kidnеr \\es геpoГIеd in onе horsе.l32 A
leгgе sublr.rmbaг пrass тr as palpablе in this horsе. oblitеr-
ating thе lеtt kidr-rеr.. but thе bladdег \\es noгmal

Stlnogгaphiс ехalтlillation of thе aftесtеd kidnеr in a

hсlгsе witlr fеnal adеnoсarсinoma ге\-еa15 e 1aгgе mass

disrupting all (Fig. 6-15) or a poГtion of thе геnal peгеn-

сhyma (Fig. 6-46)' Somе horsеs show no е\'idеnсе of
гесognizablе fеnal tissuе, only this laгgе hеtеrogеnеous

Figure 6-46
Sonogram Of thе tеft kidflеy oЬtainеd fгonr a 25-rеaго|d с()nnеmaгa
gеldiпg with д геnal irсlеnoсarсinomlr involving thе сaudal рolе Notiсе
thе сompоSitе hсtсrogеnсous mass (аrrош'bеаds') in lhе сaudal polе of
thс lеtt kiсlnе-v anсl thе rеl:rtivсl1, rrormal sonoЕ]faphiс appеaranсе of thе
сгanial polе Thе mass сOntaiЛеd hуpегесlroiс isoесhoiс, and anесhoiс
afеas fеlativе to thе nогmal poгtion of thе lеft kidnе-v This gеldilrg
pгеsеntеd with hеmatuгia Tlris sonogгaпr Was obtainесl fгom thе lеft
paralumbar fossa *ith l 2 )-МHz' sесtoг-sс'ulnег tгaпsduсеf at a dis-

playеd dеptlr of 2J 5 Сm Thе fight sidе of this sonoЕiram is сaudal and
thе lеft sidе is сгanial
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mass in thе afеa whеrе thе kidnеy should bе. Thе есho-
gеniсity of thе геnal adеnoсaгсinoma is сomplех сom-
parеd мzith rеnal lymphosafсoma.2 A largе mass of miхеd
есhogеniсity rеplaсеd thе сaudal polе of thе lеft kidnеу
in onе hoгsе with a геnal papillary adеnoсafсinoma2 and
in onе lroгsе witlr a rеnal ttrbular сеl1 сarсinoma that
ехtеndеd сarrсlally to thе pеlviс brim.r,9 Мultiplе hypеr-
есhoiс foсi .wеге dеtесtеd in thе геnal ttrbular сarсinoma
with an еdgе shadow aгtifaсt that мras pгoduсеd at thе
bordеr bеtwееn thе nofmal and abnormal part сlf thс
kidnеy. Thе othег kidnеy appеarеd sonographiсally nor-
mal in both horsеs. In onе mulе with rеnal adеnoсarсi
noma a 5-сm sphеrе-shapеd loсtrlе of anесhoiс fluid сon-
taining an irrеgulaг pеdllnсulatеd mass with a miхеd
pattегn of ссhogеniсity was dеtесtеd vlithin a largе сom.
plеx mass that had сomplеtеl1, rеplaсеd thе right kid-
nеy.'., A rеnal adеnoma has bееn dеtесtеd sonogгaphi
сally in a 2-уеar.ol'd horsе prеsеntеd foг hеmaturia. Thе
mass Was 3 сm in diamеtеr. was loсatеd within thе fеnal
pеlvis, and had rцzеll-dеfinеd but irrеgtllar boгdеrs and a
сomplех pattеrn of есhogеniсity. Ntrmеrorrs small an-
есhoiс сirсular afеas wеrе dеtесtеd within thе mass,
surroundеd by a h1,pеrесhoiс bordеr сasting an aсoustiс
shadow.l() A mrrсotls adеnoma in thе rеnal pеlvis has
bееn rеpoпеd as an inсidеntal flrrding on postmoгtеm
еxamination in сlnе hofsе..,5 Sonographiс еxamination of
thе horsе with transitional сеll сarсinoma originating in
thе lеft rеnal pеlvis would pгobablу havе rеvеalеd a
laгgе сompositе mass involving and surrounding thе lеft
kidnеy, rеnal vеssеls, anсl abdominal aofta. Pulmonary
mеtastasеs wеге pfеsеnt in this horsе.

Horsеs with lymphosafсoma trsually havе disсrеtе ho-
mogеnеolrs massеs in thе rеnal parеnсhyma whiсh arе
slightly hypoесhoiс to nеarly isoесhoiс ссlmpaгеd with
thе normal геnzrl сoгtех (F|8. 6-47). Thе геmaindеr of thе

kidnеy may appеaг noгmal. In humans rеnal lymphoma is
usually imagеd as a фpoесhoiс to anесhoiс mass. Modег-
atе transmission of trltrasound through thе mass is duе to
thе homogеnеous сеllttlar сomposition of thе tumor,
with fсw tisstrе intеrfaсеs of diffеring aсoustiс impеd-
anсе.r].],'ra A similaг sonograplriс appеaгanсе for rеnal
lymphоma has also bееn dеsсribеd in thе dog.r]s How-
еvеr, in onе horsе with lymplrosafсoma, thе lеft kidnеy
was homogеnеously есhogеniс throughotrt, similaf to thr
pattеrn of normal splееn, althor-rgh thе kidnеy was twiсе
normal sizе.l9 Thе normal rеnal arсhitесtufе had bееn
totally disr.uptеd, and both thе rеnal mсdulla and pеlvis
wеrе infiltгatеd with nеoplastiс сеlls. Thе dеtесtion of
геnal massеs in hoгsеs with l1.mphosarсoma is usually an
inсidеntal linding in a horsс with multiсеntriс lymphosar-
сoma fathег than thе сatrsе of rеnal disеasе or failurе.

In htrmans with rеnal сarсinomas. ultгasound had ех-
сеllеnt diagnostiс aссLlraсy in tumof dеtесtion unlеss thе
tumofs wеrе smallеf than 2 сm.rr6 Similarly, ttltrasound
has bееn suссеssftll in thе idеntiIrсation of геnal tllmofs
in small animals.rз5 AJthough a sonogгaphiс diagnosis of
thе tumor typr сannot bе madе with aссuraсy in othеr
spесiеs,']5 thе two most сommon tumofs of thе еqrrinс
kidnеy havе vеry diffеrсnt sonographiс appеaranсеs' In
spitе of this, howеvец a dеfinitivе diagnosis of rеnal
nеoplasia, thе q.pе of nеoplasm, and thе dеgrее of malig-
nanсy dеpеnd trpon histopathologiс еvaluation of thс
rеnal mass.

Pеrirеnal мassеs. Thе pеrirеnal soft tissllеs should
bе сarеfully ехaminеd sono€.гaphiсally for any soft tissuе
massеs that may also bе nеoplastiс. Massеs surrсlunding
thе right kidnе1. and aorta havе bееn imagеd in horsеs
witlr lymphosaгсoma and mеtastatiс mеlanoma. Pегirеnal
and pеriaoгtiс massеs assoсiatеd with l1,mphosafсoma
сan havе a сompositе or homogеnеous sonographiс ap-

Figure 6-47
Sonоgranrs сlf Ьoth kiсlnеуs obtainеd from an 18-1'еaг<lld Appaloоsa gеlding with multiсеntfiс lymphosaгсoma Тhеsе sonoЕ.tarпs wеrе obtainеd
lгom thе lсft sеr'еntееnth intегсostal sPасе with a J 5-MHz sесtor-sсаnnеr tгansduсеr (,4) anсl fгom thе fight Iiftееnth intегсostal spaсе with a 5 0.
l{Hz (-B) Sесtor-sсannеf tfansduсег at 1t displaYеd сlсpth of 22 cm (А) arrd 18 сm (a) Thе гiglrt sidе of thеsе sonogгlms is doгsal anс1 thе lеft sidе
is vеntгдl ,4, Thе aгсhitесtuге of thе lеft kidlе.v is disгLlptеd by two homо€iепеolls mlssеs (аrrous) nеlг thе hilus of tlrе lеft kiс.lле1. Thеsе massеs
involvе both thе сoгtех anсl tlrе mеdul]a afld afе сonsistеnt With l,vmphosaгсoma (ссlпIiппеd at postmoгtеm ехamination) Thеsе mаssеs aге slightl).
h1.poесhoiс сomparеd ц'ith thе aсl,jaсеnt rеnаl paгеnсhvma Тhе adiaсеnt splеniс parеnсh1-ma appеars faiгlv homсlgеnесlus in its sonoЕiraphiс
appеaгanсе but has a somеwhat гor-шdеd doгsel boгdег .with 

highеf-ftеquеnсу ultrasound еxamination of thе splееn. lrowеvег, thс hеtетogепеous
naturе of thе splеniс parепсhvma bесamе е.r.idеnt (sее Fig 6-72) B, Thе aгсhitесtuге of thе right kidnеy is disГLlptеd b1, thе homogеnеous mass
(аrrouts) invading both thе сofiех and thе mеdulla (1lгimaгil1. thе mесlulla) Тhis soft tissllе_dеnsiq- mass is fеlati\.еly lromogеt]еous, isoесhoiс with
thе rеnal mесlulla' and сonsistепt with l1rnphosaгсoma (сoп1irmеd xt postmofiеm еxamination)

Ve
tB

oo
ks

.ir



Сh.lРtеr 6 . А.lult Al'.to|t|i|'.t! tлtrasс','ogrаplxу 3o3

Figure 6-48
soпogгams of tl.rе гight sidе of thе аbdоmеn obtainеd from a 20.r.еaг-o1d Quaпег hогsе gеlding witl.t lvnrphrls:rгсoma This horsе had a laгgе

srrblumbaг mass еxtеr,].ding fгom thе гight flank to thе саudal potе of thе гiфt kidnеf alons. thе гight апс1 r епtгаl sidе of thе aoгta ,4. Тhе strblumbar

mass appеaIs as a sJightlr' l.rеtегogепеоus есtlоgеrriс mass apргохim,.rtеlr 5 сm thiсk imпlеdiatеh' \'еntlal to thе sublumbaг 111usсulatuге (аrrouls).

This sсlnogrаm was obtairlсс1 frоm thе гiglrt paгelumbаг tЪs:r lr'iтl.t а - 5-\lHz sеСtoг-sсаnnег tгапsduсег ar a displerеd dеpth оf 12 сm Thе fight

5iсlr of this sonogгanl is стanial ltnd tlrе lеft sidе is с]udi.rt 6 Тllt sublumbfг ma'ii ilPPе,.rг\ slighrlr пlоге hеtегоgеnеous in this riеп- but сanllot bе

displayсd in its еntiгеt\'o\\'ing tO its laгgе sizе in т]-tе саudзlпrosr poпion Llf thе аbdоmеп ТJlis sоnogтaпr slLs tlbгailrеd sith a 5 (}\IHZ linеaг-аггaY

tгansсluсегfгomtlrеtransгесtalпindсls ТhеrоpсlfthissоntlgгаnlisтlrеrепtгelasресtоfIhегisфtsublrtnrbaггеgiсlп thегightsidеisсranial.and
thе lеft sidе is с:rlrd1ll

pеafanсе (Fig. 6_48). In onе rсpoгt of a lroгsе п itlr
lr-mphosarсoma, thе pегiaoftiс пassеs had a сonrplех
pattеrn оf есhogеniсity. сompositе oг hoгnogеnеous
massеs suffoundin€. thе kidnеy and aoгta lrar е bееn im-
agеd in horsеs with mеtastatiс mеlanoma (Fig 6-+9) A
laгgе сompositе mass сompfеssing thе right kidnеr rr as

imagеd in onе horsе with a sarсoma (Fig. 6-50)
Adrеnal Gland Nеoplasia. Both phеoсlrfoпloс\1omas

end adfеnoсoffiсal сaгсinomas havе tlееn rеpoгtеd in
horsеs with pеfirеnal massеs.lr7 l]() In a maге \\'ith adгеno-
сoгtiсal adеnoma,l](, a stallion with adгеnсlсoгtiсal сaгсi
noma,l]8 and a gеlding with phеoсhromoсrtoma.l,l a

laтgе flrm mass мras palpat'lе in thе lеft sublumbaг rеgion
that сould havе bееn ехaminеd sonogfaphiсallr.fгonr tl-rе

tгansfесtal window if thе еquipmеnt had bееn ar'ailablе
In two horsеs with funсtional phеoсhromoс}гtomas. a

laгgе rеtropеfitonеal blood сlot (30 сm in onе horsе)t..l
sllгroundеd thе right kidnеy. A smallеr 8 Х 6 \ + сIl1l..,
oг 6 сmrJ. сystiс tumoг mass Was fоrmd nеar thе гсnal
hilus Sоnogгaphiс ехamination of thе right kidnеl.
should havе геvеalеd thе largе fеtfopеfitonеal blood сlot'
althotrgh thе nеoplastiс adrеnal gland рrobably would
havе bееn difflсult to distinguish from thе laгgе hеnra-
toma. In anothеf horsе witlr a fllnсtional phеoсlrromoсy-
toma' no palpablе pеrirеnal or sublumbaf mass was pгеs.
еnt. At postmortеm ехamination a |atgе, 10- to 12-сm
mass in thс сaudal polе of thе right adrеnal gland was
found. This mass should havе bееn dеtесtablе adiaссnt
to thе сranial polе of thе right kidnеy in thе rеnal tbssa
of thе livеr if ultfasonogгaphy had bесn availablе. Thе

othеf abdominal organs and pеritonеum should bе сarе-
flllh, sсannеd foг еvidеnсе of additional tllmors or ttlmoг
mеtastasеs. Widеsprеad mеtastasеs (livеr, splееn, and
lung) and pеritonitis wеrr fеpoгtеd in thе stallion with

Figure 6-49
solloЕ.fam Of thе гight sidе tlf tlrе abсlomеl-t obtaiпеd tтсlm ;L l7-yеаг-сlld
olсlеnbеrg gеlсiing with mеtastatiс mеlanoma Notiсе thе largе pегirеnal
mass (аrrotоi| dorsal to thс гight kidnе)'that ехtеndеd сfaniall). to thе
fight lobе сlf thе livег Thе mass is hypoесhoiс but is slightlу morе
есhogеrriс tlran thс adjaсеnt kidlеу, has a hеtеroЕ]еoеous appеxfanсе'
and is muсlr laгgег than thе fight kidnе1. This soлo€.гam Was obtainеd
tiom thе гight sеvеntееth intеfсostxl spaсе witlr a widе-balrdwidth 2 5-

МнZ sесtoг-Sсaпnег tгansduсеf оpеIating at 2 5 \IHZ at a displayеd
dеоttr of 26 сnr
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Figure 6-50
Sonogтams of thе fiЕ.ht kidrrеy and pеriгеnal xrеa obtainсd fгom l 3-1.еar-old Arabian gеlding prеsеnting with hеmatufia Tlrеsе sonogгams wеге
obtainеd fтom thе right sеvеntееnth (4), Siхtееnth (,B), and 1iftееnth (с) intегсostal spaсеs witl] l 2 5-МHz Sесtof-sсаnnеl tгansduсег at a displayеd
dеpth of 22 Сm (А.),28 сm (a). aпd 26 сm (с) Thе гight Sidе of tlrеsе so11о!.fams is сloгsal and thе lеft siсlе is \,еntfal ,4, Thе mass haсl a vеry
hеtегo!]еnеous appеaгаnсе. with сеntral hvpеrесhоiс aгеаs srrггoшdеd b\. hеtеfo€.еnеolls tissuе of varyiпg есhogеniсitiеs 6, Thе right kidlсy was
vеry small arrd сomprеssеd (аrrошs) by a laгgе сomрositе pеriгеnal tтass Thе hеtеrogеnеolls PoItion of this mass is mесlial to thе right kidnе1.and
aPpеaIs to involvе thе fight kidnе)' at thе hilus At postmoгtеm ехamination, thе fight kidrrеу was сomplеtеly сompгеssеd anсl suггoundеd bу a
salсoma that had invedеd thе гight kidпе1, at thе hilus С, This lxfgе, rеlativеl1' homogеnеous poгtion of thе mass was toсatеd ,.Iloпg thе сfaniolatегal
maгgin of thr mass bеrwееn tlrе livег and right kiсlnе1, arrd appеarеd lеss есlrogеniс than thе aсtjaсеnt livеr or геnal сOItех It mеasuгесl 16 2 bу
2\ 7 сm in diamеtеr

adгсnoсoгtiсal сafсinoma..]8 Othеr organ involvеmеnt is
сommon in horsеs with lymphosaгсoma and fеnal adеno-
сafсinoma' paгtiсularly hеpatiс involvеmеnt.

An ultrasound-guidеd rrnal bioрsy should bе pеr.
formеd if rеnal nеoplasia is stlspесtеd. Radiographiс and/
or sono8raphiс ехamination of thе lungs should bе pеr-
formеd to dеtrrminе thе prеsеnсе of plllmonary mеtasta-
sеs, Whiсh afе most likеly in horsеs with rеnal adеnoсaf-
сinoma. An ultгasound-guidесl biopsy of onе of thе
prrlmonary massеs сan bе safеly pеrfofmеd in most
hoгsеs. A blind, ultгasоtrnd-loсa|ized biopsy yiеldеd nеo-
plastiс сеlls сonsistеnt with a fеnal adеnoсarсinoma in
thе horsе With ехеrсisе intolеranсе. F{еpatiс ultfasonog-
гaphy should also bе pеrfofmеd in horsеs with suspесtеd
fеnal nеoplasia bесausе hеpatiс mеtastasеs aгr сommon
in horsеs чrith rеnal adеnoсafсinoma and livеr involvе-
mеnt iS сommon in horsеs with lymphosafсoma.

Аbnormalities ot the Livеr

Infесtious livеr disеasе oссufs in adult horsеs. most ffе-
quеntly in thе fоrm of сholangiohеpatitis..a, 156 Viral hеpa-

titis may oссuf in horsеs assoсiatеd with thе administгa-
tion of produсts сontaining еquinе srfllm (Thеilеr's
disеasе). Thеilеr's disеasе is usually rеpoгtеd following
thе administration of tеtanus antitoxin in adult horsеs,
paгtiсulafly in post-foaling mafеs.l57'l58 Plants, toхins, and
drugs сan сausе aсLrtе hеpatoсеllular nесrosis and subsе-
qllеnt fibrosis.l59 169 Еxсеssivе amounts of lipid сan aссu-
mulatе in thе livеr of hoгsеs. also сausing hеpatoсеlltrlar
nесfosis.169 l7l Hеpatiс сongеstion, most fгеquеntly im-
agеd in horsеs $/ith сongеstivе hеart failurе, is сhafaсtеr-
izеd by an еnlargеd livег of dесrеasеd есhogеniсiф with
pгominеnt hеpatiс vasсulatufе. Most of thе disеasе pro-
сеssеs affесting tlrе livеr in thе horsе aге assoсiatеd with
diffusе hеpatiс disеasе. Foсal сavitatеd aгеas maу bе sееn
in horsеs $,,ith hydatid сysts, polyс1.stiс livеr disеasе,
absсеssеS, of nеoplasia.l72 17] Polyсystiс livеr disеasе and
hеpatiс absсеssеs aге farе findings in adult horsеs.'7a
Primary hеpatiс nсoplasia is trnсommon in horsеs, but
thе livеr is oftеn a sitе of tumoг mеtastasеs and nсoplastiс
inflltration in hoгsеs with multiсеntгiс lymphosafсoma.

Sonographiс еvaluation of thе livеr in hoгsеs with dif-
fusе livеr disеasе should inсludе an assеssmеnt of paramе-
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tеfs routinеly еvaltratеd in htrmans: parеnсhymal есho-
gеniсity, thе visibility of thе portal and hеpatiс vеins, tlrе
dеpth of pеnеtfation of thе ultrasound bеam, thе imagсs
from thе еdgе of thе livеr and from thе livеr suгfaсе, and
thе livеr-kidnеy сontfast.l-5' tr6 A11 thеsе findings analyzеd
togrthег hеlp diffегеntiatе bеtwееn hеpatiс сirгhosis/fl-
bгosis and fatty livеr and bеtwееn patiеnts with aсLltе
hеpatitis and tlrosе with normal 1ivеrs.l;6 Although hе-
patiс ultrasonogгaphy is ехtrеmеly usеflll, its major limita-
tion is that only a small poftion of thе livег сan bе
rolltinеly imagеd in thе adult horsе bесausе most of
thе livеr is сovегеd by aеratеd lung оr largе сolon. Thе
ultrasonographiс diagnosis of livеr disеasе, еspесially if it
is diffusе, should bе substantiatеd by a livеr biopsy ob-
tainеd from a rеpfеsеntativе afе^ of thе livеr, and histo-
pathologiс еxamination of thе tissuе.

Aсutе Hepatitis arrd Hеpatoсеllular Nесгosis.
AсLltе hеpatitis rеsults in widеsprеad hеpatoсеllular nе-
сrosis.t58 Hеpatoсеlltrlaг nссrosis has bееn rеportеd in
lrorsеs assoсiatеd with migrating strongylе larvaе or
moldy hay.'о.l Aсutе aflatoxiсosis and pyrrolizidinе alka-
loid toxiсosis also сausе hеpatoсеllttlaг nесrosis in
hofsеs.l(,5-r6- Thе majoг tafgеt organ of aflatoхin in all
spесiеs is thе livеr. 16_ Tlrе еffесt on thе lrеpatiс paгеn.
сhyma is сеntгilobulaг firttr. сlrangс. lrсpatiс се1l nесrosis.
bilе stasis, and pеripoпal frbгosis. At lorr dosеs thс pегi-
poпal librosis is moге sе\-еге and is aссoпlpalriеd br' bilе
dllсt pfolifеration. In hoгsеs п-ith aсutе Тhеilеr s disеasе
or idiopathiс aсLltе hерatiс disеasе. dесгеasеd paгсnсhr-
mal есhogеniсiгу- and сollapsе of thе hеpatiс parеnсlrr rrra

геsulting in a smallеr than nсlrrrral livег lravе bееn idеnti
flеd sonograplriсally. Toхiс insults геsttlting in hеpatoсеl-
lular nесгosis may also oссur and rеsttlt in dесrеasеd
есhogеniсit1, and сollapsе of thе hеpatiс parеnсhyma.2 A
fеw horsеs with hеpatoсеllular nесrosis havе еnlaгgеd
livеrs with multifoсal irrеgular arеas of dесгеasеd есho-
gеniсit1, @ig. 6_51). In huпrans with aсutе hеpatitis, an
ovеrall dесrеasе in hеpatiс есhogеniсity oссurs, with
aссеntuatеd bгightnеss and morе visiblе poгtal vеin
walls.''- As tlrе hеpatitis bесomеs сhroniс, thе ovеrall
есlrogеniсity of thе livеr inсгеasеs and thе brightnеss and
r-isibility of portal vеin чralls dесrеasе..77

Iron toxiсity has bееn rеpoпеd in adult hoгsеs as wеll
as in еquinе nеonatеs and rеsults in markеd pеriportal
bilе duсtulе prolifеration and сholеstatiс hеpato-

Pxthy.tso-tr,a }Iеpatiс nесrosis has bееn геpoпеd in onе
horsе that diеd aсutеly with sеvеге hеpatiс nесrosis aftег
ingеstion of an iгon-сontaining vitamin supplеmеnt...9
Аlthough thе hеpatiс sonogram pеrfoгmеd in thе onе
horsе that suгvivеd ifon toхiсity was noгmal, subsеqtrеnt
lir.еr biopsy rеvеalеd foсal aгеas of modеratеly sеvеrе
l-rеpatoсеlltrlar nесrosis with a surrounding lymphoс1tiс
iлIrltratе, bilе duсtulе prolifеration With сholrstasis, and
pегiportal inflammatory сеll inIiltratе.l59 Thе so11ogгam
п es pеrformеd at admission, and thе biopsy was оbtainеd
5 da1,5 latеr. A геpеat hеpatiс sonogram at that timе may
havе rеvеalеd paгеnсhymal abnormalitiеs in thе livеr.
Sonograplriс еvaluation of thе livеr in foals with iгon
toхiсify did геvеal a hеtеrogеnеous appеafanсе of thе
hеp:rtiс paгеnсhyma With loss of tlrе normal hеpatiс aг-

сhitесturе.
Suppurativе Hеpatitis. Suppuгativе hеpatitis is rarеlу
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Figure 6-51
Sonogram of thе fight lobе of tlrе livеr obtairrеd fгoпr а l'-vеar-old
Appaloosa gеlсling witl.r sеvеrе hеpatoсеllrtlar rrесrosis Thе livег is
markеdly еnlaгgеd aпd hrtеrogrпеotls' with mllltifoсal arеas of dе-

сrеasеd есhogеniсit). 5qд11.... thгоughout thе livег This sonogгaphiс
appеaгanсе is vеry suggеstivе of hеpatiс пеoplasia brrt was not сon-
firmеd et pоstmoгtеm ехaminatioп; oпlу hеpatoсеllular nесrosis wls
dеtесtеd Tl-tis sonogгam was obtainеd from thе гight fouгtееnth intег-
сostа| spaсе with a 2 5-MHZ sесtoг-sсannег tгansduсеr at a displayеd
dеpth of 22 5 сm Тhе гight sidе of this sonogгem is dorsal and thе lеft
sidе is \'епtгal

геpoпеd iгr adult hoгsеs Sгпall mr-lltifoсal aгеas of in.
сгеasеd есlrogеniсiп sсattегеd tlшollghout thе hеpatiс
paтеnсh\ ma haге bееrr inragеd il lroгsеs rr.ith multifoсal
suppllfativе lrеpatitis.r A vец- еrrlargеd lir.ег п.ith multiplе
bulging aгеas along its сapsular suffaсе. in aсldition to
гoundеd vеntral margins, was dеtесtеd in sеvеral horsеs
with strppurativе hеpаtitis tFig. 6-52). Multifoсal hеtеro-
gеnrous hypеrесhoiс arеas, small hypеrесhoiс arеas сast-
ing aсoustiс shadows сonsistеnt With hеpatoliths or
сalсifiсation, irrеgular hypoесhoiс arеas' and somе hypo-
есhoiс matеrial in thе biliaц. trее havе bееn imagеd
throughout thе livеr in thеsе hoгsеs, with small arеas of
mofе normal-appеaring hеpatiс pafеnсhyma (sее Сolor
Fig. 1-1). A morе diffusе inсгеаsс in paгеnсhymal есho-
gеniсity is indiсativе of a diffusе inflammatory сеll infll-
tratе., Sеvеrе hеpatitis is onе сausе of thе ..bright livеr''
in htrmans.178 Hеpatomеgaly is frеquеntly dеtесtеd in
horsеs with inflammatory livеf disеasе. Somе loss of thе
normal hеpatiс arсhitесturе may bе imagеd with a sеvеге
diffusе or multifoсal hеpatitis with parrnсhyma of normal
or dесrеasеd есhogеniсity.

Сhтoniс Hеpatiс Fibrosis/Chroniс Livеr Disеasе.
Hеpatiс fibrosis is anothеr сommon сausе of inсrеasеd
parсnсhymal есhogеniсity. Most horsеs witlr lrеpatiс Ii.
brоsis havе a smallеr than normal livег. assoсiatеd with
сhroniс livег disеasе. Ho.wеvеr, hoгsеs цrith sеvеrе hе-
patiс libfosis havе bсеn imagеd with hеpatomеgaly and
есhogеniс hеpatiс parеnсh1,ma'., Hеpatiс сiггhosis, as a

rсsult of гagwort toхiсify, has bесn геportеd in a grotrp
of hoгsеs.'69' t79 Thе livеr in thеsе horsеs was сharaсtеr-
izеd by flbrosis of thе pеriportal, сеntral, and hеpatiс
vеin arеas, mеgaloс1tosis, and bilе duсt prolifеration.
Mеgaloс1tiс hеpatopathy is most frеqtrеntly found in
horsеs aftеr thе сhroniс ingеstion оf plant of thе gеntrs
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Figure 6-52
sonogгam of thе гight lobе of tlrе lir'сг oЬtxinеd fгorll а 22-r еаr olсl
Qllaftеf hоrsе сrоss gеlding п.ith suppuratil'е hеpatitis Тlrе lirег is
markссl[1. сnlаrgеd п,-ith гoпndеd bofdеfs Notiсе tl-tе l-tеtегogеnесlus
есlrogепjсitiеs \\.itlrin tlrе livсг пitl-t hr1lсгесhсliс l1ге:rs сastiпЕ] aсoustiс
slradows сOnsistеnt \\ith hеpntolithiasis сlr, aгеas of сalсiliсatioп (fl:ree
uРРе|. .Irro|,LS.). ltгеlts сlf inсгеasеd есhogеnicit\ (k)u)est tu1o аrrouls).
distеntion of tlrе bilе duсts wit]] hrpоссlroiс matсгial (lаrge аrrou|,
arrd aгсas Оf dссrсxsесl ссlrоgеniсitr. Noгmal pa-rеnсh1.mal aпсl vasсul:rr
сlеtail is lost Tlris sсlrrogгatn was obtainеd fгom thе гight еighth iпtегсOs-
tal sPасе \},ith a 3 5-}IHZ sесtoг-sс1rЛoег tгansdrrсег at a сlisplavеd dеptlr
of 24 сm Thе гight siсlе о1 tlris sonogгam is dorsal and thе lеft siс1е

is vеntfal

Сrotа|аriа, сontaining pyfrolizidinе alkaloids, although
aсutе pyfrolizidinе alkaloiсl toхiсosis doеs oссttг in horsеs
that ingеst largе qtrantitiеs of thе plant ovеr a shoft
pеriod of timс.'68 Thе livеr in affесtеd hoгsсs and poniеs
is usuall1' small and flrm..6. '.'.' In most horsеs rr'.itlr
сhгoniс livеr disеasе, thе initial сausе of thе lrеpatiс
injury lеading to sеvеfе lrbгosis is rrnkntlп,n. Hеpatiс
сiггhosis and portel traсt flbгosis arе t!\'o additional
сallsеs of a bright livег in lrttmztns with lil.еr disеasе..-8

Cholangiohеpatitis. Clrolangiohеpatitis oссurs morе
frеquеntlr. than supptlrati\.е hеpatitis, ttsually in oldег
hсlгsеs with a history of frvег of unknown origin, сoliс,
iсtеl.tts' and wеight loss.2, l-. l52 .гhе majorit1' of affесtеd
horsеs arе 9 -Yеafs of agе oг oldеr.lr2 l1-, l5o ]'2,r5з Hеpatiс
еnсеphalopathr- and photosеnsitization havе bееn lеss
fгеquеntlr fеpoгtсd.l52 Сholеlithiasis has also сalrsеd dlro-
dеnal obstгuсtion in onе hofsе.l5. Thе livег mаy bе pal-
patеd rесtall-v in stlrrrе l-toгsеs with markеd lrеpatomеgal1,.
A nеr'rtrophiliс lеukoс.rtosis. h1.pеrprotеinеmia, and hy-
pеrfibrinogеnеmia ma\- bе prеsеnt.tr2 Livеr еn4lmеs' еs-
pесiall1, thosе assoсiatесl srith tlrе biliary traсt (gamma-
glr.rtam.vl tгansfеrasе arrd alkalinе phosphatasе), sеrum
bilе aсids, and bilirubin (total anсl diгесt) afе usllally
еlеvatеd.l.iz. '5r Biliary rеflttх may bе thе сallsе of thе
сholangiohеpatitis in manv hofsеs |5] Еntеriс baсtеria and
vеgеtablе mattеf havе bееn founсl in onе сholеlith, sttg-
gеsting a fеtrogradе soltfсе of infесtion from thе dttodе-
num. ttJ

Hеpatiс еnlargеmеnt has bееn dеtесtеd sono€.raphi
сally, at thе timе of surgiсal ехploration of thе abdomеn
oг at postmoгtеm ехamination, in thс majoriry of horsеs
with сhоlеlithiasis fеportесl in thе litеraturе.lr2 11з' 152 I51

Thе livеr is usuall-v markеdly еnlaгgеd and oftеn ехtеnds

vеntfal to thе сostoсhondral junсtion of thе ribs on thе
right sidе of thе abdomеn from thе slхth thгough thе
fiftееnth intеrсostal Spaсеs..'. Еnlargеmеnt of thе lеft
lobе of thе livеr is lеss 1iеquеntly dеtесtеd anсl was
appгесiatеd in thrее оf еight hoгsеs in onе study.152 How-
еvег. thе authoг has sееn two oldеr horsеs with sеvеге
longstanding сholangiohеpatitis and hеpatiс fibгosis witlr
small есhogеniс (flbгotiс) livеrs at thе tinrе of initial
ultrasonograplriс ехamination and smallег-than-normal
and flbrotiс livегs at postmoГtеm ехamination.

Inсrеasеd есhogеniсiгу- of thе hеpatiс parеnсhyma may
also bе dеtесtеd in horsеs with сholangiohеpatitis (Fig.
6-53i)., T1rе inсrсasеd есhogеniсiq. of thе hеpatiс parеn-
сlr1'ma is assoсiatеd with a сеllular inflltratс in thе livег,
most likеl). a сombination of flbгosis and an inflammatory
се1l inflltratе (Fig. 6_54). Oссasionally thеsе sorrographiс
flndings arе laсking in hoгsеs. with aсutе сholangiohеpa-
titis.lts Biliary'. poпal, and intеrlobrrlar frbrosis aгr сom-
mon in lrorsеs with сhгoniс сholangiohеpatitis, dеtесtеd
sonographiсall,v as inсrеasеd есhogеniсity of thеsс arеas
and thiсkеning of thе bilе duсts (Fig. 6_51), as is a
nеutгоphil and mononuсlеaг сеl1 itrliltratе. Nеutгophiliс
and mononuсlеar сеll inflltfatе arrd hеpatoс1tе nесrosis
arе frеquеntly dеtесtеd.lrj lll l.t6 lt_ Hеpаtoсеllular nесro-
sis was dеtесtеd in fouг of sеvеn horsеs. two of whiсh
had suppuгativе сholangitis. Baсtеfia wеrе сulturесl from
livеr tissllе in tbur of sеvеn hoгsеs with сholеlithiasis,
and in onе horsс gгam-nеgativе baсtеria wеrе dеtесtеd
on Gram's stain of thе lrеpatiс tissllе but Wеfе not iso-
latеd сln сultttге.'-, Pегipoгtal anсl intгlrlobular fibrosis
.was dеtесtеd histopatlrologiсallr, from all horsеs with
сholеlitlriasis in orrе laгgе sttrd1,..., Thе dеgrее of hеpatiс
fibrosis mer- сlеpеnd somеп'hat On thе dr-lration and dе-
gгее of biliaгr- obstгrrсtion and thе srvеfiqr of tlrе assoсi-
atеd сholangiohеpatitis. Ultrasound-guidеd biopsl is im-

Figure 6-53
sоnogram оf thе тight lobе of thе livег оbtainеd fгom a 10-1'еlrг.оld

QLl2гtсг hoгsе gеldirrg with сholаngiohеpatitis Тhе lil.сг is еnlargеd
with iггеglllаr maгЕ]ins arrd гoundесl l'еntгal boгdеrs Thе рaгеoсh)'ma is
nrorе есl.tсlgеniс thаn noгmal with slightl-Y hеtсгоgеnеotts есhO!.еniсit-Y
Dеtail o1 thе hеpatiс уasсtllаturс is pooг Есhсlgеnjс mаtсrial (аrrou'-
bеаds.) fi|ls thе bilс dLlсts, сonsistепt with biliaЦ.sluсlgе Тl.ris sonoЕ.rxm
rl.as obtaiлесl fгOm thс right еightlr intегсostаl spaсе with a 3 5-MHz
sесtorsсanпег tfansdllсег at а сlisplaуеd dеpth of l7 сm Tlrе гight sidе
сlf this sonogratrr is dorsal arrсl thе |сft sidе is vеntral
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Figure 6-54
Sonogгam of tt1е гight lotlе оf thе livсr obtainсd fгonr lt 5\сf,r.)]d
AгaЬian gеldilg With maгkеd thiсkеning of tlrе Ьilе duсt аnd nrild
biliaг\'distеntion (.k,lulеr аrrоu') NotiСе thе sе\еге rlriсkсning ,,i thс
п,alls of thе bilе dllсt as it p1tгallеls thс poгtal \е|л \l|ppеr (|]1'|,l|.l

Dеtail of most Of thе hеpatiс vasсulaturе is рtlог Тhе рагеnсllrпl.r .ll
thе livег is morе есhogеniс than noпIal s ith ln inсгс;lс ;г thс
pаrсnсh1-пal есhоЕ]сniсitl. in thе pегiрOгtel aгеаs Тhс lj\ сг ]t сп--.г,iсL
alrd has гourrdеd vеr-rtгal nrargins This sonoЕ.гen,] sit: Оbi.]Lnсe ::] t1с
гight tеnth intегсostal spaсе п.itl-t a 2 5-\lHz sесI()г sс.]П]]с. :гj:}Jfсс:
at ;L disptaуеd dеpth сlf 22 сm .l.hе гighr sidе Оf t]-u: :On,l!:гJ1] . . г:..

arrd tlrе lеfi sidе is \'епtrа]

portant to doсumеnt thе sе\-егiг\ of thе urrс1еrlr ing 1ir ег
disеasе. Histologiс rхanlination tiеquеnt11' shos,s in-
сfеasеd сonnесtivе tissuе in thе bilе duсts anсl poгtal
arеa and bеtwееn thе livеr lobulеs.lr2-..'. Hеpatiс сifгhosis
has bееn rеpoгtеd in onе horsе with сholеlithiasis..1.

Cholеlithiasis. Мild to maгkеd distеntion of thе biliary
trее iS Llsually dеtесtеd sonogfаphiсally in horsеs with
biliary obstruсtion assoсiatеd with hеpatolitlriasis and
сlrolangiohеpatitis (Fig. 6-55).'11 l.i5 l5o. 152 l'l Thс biliary
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distеntion bесomеs morе sеvеfе in thе сauсlal doгsal
poгtions of thе livеr, thе arеas Llsuallу faпhеst a.Wa), ffom
thе obstrltсtion. In onе study, all affесtеd hoгsеs had
distеndесt bilе duсts dеtесtеd in thе гight lobе of thе
livеr, whеrеas only 50% had thеsе flndings in thе lеft livеr
lobе.'52 Thе parallеl сhannеl sign, сausеd by dilatation of
thе intеrhеpatiс biliary radiсals adjaсеnt to thе portal
vеin, Was dеtесtеd in 50% of affесtеd horsеs. Thе paгallеl
сhannеl sign is dеtесtеd мrhеn thе distеndеd intrahеpatiс
bitе duсt is imagеd alorrgsidе thе portal vеin tFig. 6_56;
sсе also Fig' 6-54). Althouglr thе intгahсpatiс bilе сlllсts
\vеге prеviotrsly thought to havе a сonstant геlationship
to thе poгtal vеins in humans, fесеnt woгk has dеmon-
stгatеd no сonsistеnt rеlationship bеtwееn thе intгahе-
patiс bilе duсts and thе сoгrеspсlnding pсlrtal vеins.r8(l It

is likеl1, that this is also thе situation in horsеs, as both
геlationships (сгanial and сaudal to thе portal vеins) havе
bееn imagеd in thе horsе. Bilе duсt prolifеfation and
bilе stasis afе сommonly dеtrсtеd histopathologiсally in
hoгsеs rr'.itl-r сholеlithiasis.lr, |11-I4j l52 Сholеlithiasis
slrould bе slrspесtеd in all hoгsеs with bilе dtrсt dilata-
tion аlthough tlrе obstruсting stonе is not trsuall). im-
egсd

\1thouglr a singlе stonе ma\- otlstгttсt thе сommon
bilе duсt пlоst hoгsеs hal е multiplе hеpatoliths prеsеnt
rr itlril rhе biliaп tтее Тhе hеpatсllith сomplеtеly or
pxгt1aLh- tlbstгr'tсting tl-tе сol-t-tr-non bilе duсt is oftеn quitе
laгgе (> 8 спl in dier-t-tеtсг) but is l-tsualh inaссеssiblе
sorrсlgraplriсallr'. Horr с\ ег. thе пr:1titttdе of otlrег hеpa-
toliths sсattегеd thгoughout tlrе lir ег aге r.rsr.rallr еasilr.
imagеd. As many as 50 sпrall (2 to 15 rlnr) 1rеpatoliths
havе bееn found in thе intгalrеpatiс duсts of hoгsеs
with сholеlithiasis by onе invеstigatoг,l,r аnd up to 1000
сonсrеtions wеге геpoгtсd by anothеr invеsti64atoг in thе
livеr of a hoгsе with сholеlithiаsis.'](, A siпglе сholеlith
was dеtесtеd obstrtlсtinq thе dtrodеnum in onе hoгsе

Figure 6-55
Sоnogгam оf thс ]еft toЬе оf thе ]ivеr obtairrеd fгom a 6-1'е:rг-old

Тhoroughbrеd Iпaге with сholangiohеpatitis Thе bilе duсts arе dilatеd
п ith a toltuous appеaranсе and соntaiп somе есhogеrriс dеtlris within
tl.Lе luтпеn (аrrouls). Thе lining Of thе bilе duсt is irfеЕ.Ular Tlrс livеr
ls еnlaгgеd and slightly hуpегесhoiс' with foundеd r.еntral maгЕ]ins
Тhis sonogгam was obtainеd in thе ]еft siхth intегсostal spaсе with a

i (]-}IHz sесtof-sсannеf tгxflsduсеf at a displа1.еd dеpth of 18 сm Thе
ight siсlе of tlris sonogram is doгsal and thе ]еft sidе is \.еfltгal

Figure 6-56
Sсlпogram of thе гight lobе of thе liYег obtai11еd fгom a 7-)'еar-olсl

Thoгoughbгеd gеl(ting with сholangiohеpatitis Тhс bilе duсt is nrildlу
distеnсlеd. and thе w,alls of thе bilе duсt ;lгс slightly thiсkеnеd as it
parallеls thе poftat vеilr (pafallеl сhannеl sign) Thе ]ivеr is еnlaгgеd
aлd rounсlес1 This sonogram was оbtalnесl in tlrе гight sеvсnth iпtеfсos.
tal spaсе with a 3 5-MHz sссtоr-sсannег tгartsduсег аt а displaуеd dеptlr
of 22 сm Thе гight sidе of this sonogIam is dсlгsal anсl thс lеft sidе
is vеПtfal
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Figure 6-57
Sonogгams of thе li\,еf oЬtainеd fгom bоth sidеs of thе abdomеl iп an 8-vеaг<lld Thorouglrbгеd лrarе with сho]anЕ.iolrеPatitis. hеpatolithiДsis, and
biliaЦ. distеntion Tlrе ]iуег paгеtlсhyma is horrrogеnеousl,v inсгеasеd in есhogеniсitl.' aпd thс livег is еnlaгgесl witlr гotlnсlесl vепtгll boгdегs and
ifгеglllaf maгgins Thе vasсtllar dеtail is pooг Tlrеsс sonoE.г11ms х,еrе obtainесj fгсlm tl-tс гiЕ}ht sеYеnth (,,1) ;tпd lеft пinth (-B) intеfсOstal spaсеs with
a 2 5-МHz sесtoI-sсannеr tfaпsdlrсеI at a сlisplar.еd dеptlr of 22 сm (А) and 26 сm (,B) ,,1, Notiсе thе laгgе lr1'pеrесhоiс stгt|сturеs (аrrolNs) Сxsting
aсoustiс shadows iп thе livсг сoлsistеnt with hеpatoliths (сholеliths) Thеsе hерatoliths probablу havс a laгgс protеilraсеous сompoпеnt bесausе
thе m:rioгity of thе hеpatolith is imagеd pfioг to its саsting an aсoustiс shadow. If thе hсpatol]itlr wеге morе сalсi1iеd, tlrе shaсlow п.ottld arisе fгonr
tlrе nеar surlaсе of thс сalсulus Thе fight sidе of tlris sonogra1rr is сralrial and thе lеft sidе is сaudal -B, Notiсе thе smallег, mtl;:е сirсulaг hеpatoliths
(сholеliths) сasting all aсOustiс shadсlw (bоrizontаl аrroL') s||g|1|Iу fafhеf сaudall.v in thе livег and thе bililq' (listепtion (апglеd аrr()ш')' with
somе h)рoесhoiс sluсtging matегial (biliаq. slt-tdgе) imxgеd \\.ithin thе bilе сluсt' in addition tO thе lrеpatoliths Тlrе right siсiе of this sonogr;Lm is
dorsal and thе ]еft sidс is vеntгal

With sеvеn 1- to 2-сm сholеliths prеsеnt Within thе stom-
aсh and a fеw small сholеliths in thе panсrratiс duсt.r5l

Сholеliths wеfr imagеd sonographiсall-v in 75% ot
horsеs with сholеlithiasis in onе stttdy.|52 Multiplе сholе.
liths wеrе imagеd in all but onе Of thеsе horsеs, and in
that horsе, mllltiplе сholеliths wеfе suspесtеd bесausе
of thе markеd ttiliary distеntion dеtесtеd and thе laсk of
сomplеtе biliary obstftlсtiоn by thе onе dеtесtеd сholе-
lith. Multiplе сholеliths wеfе dеtесtеd in all but onе of
thе sеvеn hoгsеs that had a postmortеm ехamination
pегfofmеd, and in that hoгsе thе singlе obstfllсting сholе-
lith was not dеtесtеd sonographiсally.'52 Thе сholеliths
dеtесtеd sonogfaphiсally wеfе most frеqurntly imagеd
in thе сraniovеntral portion of thе fight lobе of thе livег'
pгimarily in thе sixth to еight intеrсostal spaсеs.2.'j2 Thе
еntifе livеf, еspесially thе сraniovеntfal portion, should
bе сarеfully sсannеd foг сholеliths in all horsеs with
biliary distеntion bесatrsе thе stonеs tеnd to aссumulatе
vеntrally.

Hеpatoliths Llsllally appеar as hypеrесhoiс struсturеS
within thе biliary trее сasting variablе aсoustiс shadows
throtrgh thе dееpеf tissuеs (Fig. 6_57). In somе horsеs
thе сholеliths do not сast any aсoustiс shadow (Fig.
6-58). Strong aсoustiс slradows wеrr dеtrсtеd from thе
сholеlith iл 5О% of affесtеd lrorsеs. in 33% of horsеs thе
aсoustiс shadoчrs сast wеfе faint, and in thе fеmainin8
hoгsе thе сholеliths imagеd did not сast any aсollstiс
shadow.t52 Thеsе imagеd сholеliths mеasufеd bеtwееn 2
mm and |2 сm sonographiсally and bеt.wееn 3 mm and
12 сm at postmoгtеm ехanrination. Both shadowing (Fig.
6-57) and nonshadowing Gig. 6_58) сholеliths havе
bееn imagеd in horsеs with сholеlithiasis.2 J l+ l+5 l5l) ]5+

Largе hypеrесhoiс strlrсtlrfеs сasting distinсt aсoustiс
shadows havе bееn imagеd in a horsе with hеpatolithiasis
and biliary obstrllсtion.'r5 In this fеport, a largе есho-

gеniс rеgion сastin€. an aсoustiс shadow was imagеd in
thе livеr witlr dilatеd hеpatiс duсts latегal to thе рoftal
vеin.l45 Thе largе h1pеrесhoiс stnlсtlrfе сasting an aсolls-
tiс shadow irrragеd pгiol. to surgеry was no longеr dе-
tесtablе following suгgiсal rеmсlval of thfее largе and
multiplе small сholеliths. Thе biliary distеntion and hеpa-
tomеgal1.pеrsistеd in this horsе.

Hеpatoliths afе stonеs that arе рfеsеnt п.itlrin thе intfa-

Figurе 6-58
sonogгam oГ tlrе гight lotlе of thс livеr obtainеd tiom an 1l-yеar-old
StandlгdЬгесl Iпaге witl] сl.rсllangiсlhс1latitis аnсl сho]сlithiasjs Numег-
ous small гourrd to оval есhogеniс hеpxtoliths iп thе miidl'v distсrrdеd
bilе с1uсt parallеl thс рoгtal vеin (paгallеl сharrnеl sign) Аlthough thе
bilе duсt сontains maлy smаll hеpatoliths. nonе сasts an aсoustiс
shadow Thе livеr is еnlargеd with a гotшdесl boгdег. and thе есhogеni
сit), оf thе parеnсhуma is inсгеasесl .Гlris sonogram was oЬt1linеd
fгom thе гiЕ.ht tеnth intегсоstal spaсе lvitlr a 3 5-МHz sесtoг-sсannеf
traпsduсег аt a displa.vеd сiеpth of l 8 сm Thе fiЕ]ht sidс of this sono-
gгam is dorsal and thе lеft sidе is vепtral
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hеpatiс dttсts abovе thе right and lеft hеpatiс duсts.
Сholеdoсholеliths arе сalсuli loсatеd within thе сommon
bilе dtrсt oг thе hеpatiс duсt. Сholеliths сan bе vaгiatrlе
in сomposition and сan bе firm or fгiablе. Asсarid еggs
havе bееn fоund in thе сеntег of intrahеpatiс stonеs in а

horsе and wеrе postulatеd to bе thе nidus for сalсulus
formation.l55 A forеign body (woodеn stiсk) Was thought
to bе thе nidus for сalсulus formation in onе horsе witlr
сholеdoсholithiasis.l5a Although hеpatoliths сan oссasion-
ally bе dеtесtеd at postmoгtеm ехamination in horsеs
with no antеmoftеm signs of hеpatiс disеasе, undегh-ing
hеpatiс disеasе should always bе sttspесtеd in hoгsеs in
whiсh hеpatoliths arе forrnd. неpatoliths arе oссasionallr'
imagеd as an inсidеntal flnding in hoгsеs With no с1iлiсal
or сliniсal laboratory еviсlеnсе of livеr disеasе irig 6-59).
Thеsе horsеs wеfе having thoгaсiс oг abdomina1 ultгe-
sound ехaminations pегformеd for anothеr геason rr hеn
thе hеpatoliths wеrе disсovегеd. Еvaltration of lir ег еn-
zуmеs in thеsе horsеs rеvеalеd no abnoгnrelitiеs el-
though onе horsе with plеtrropnеumonia dеr-еlopеd
strppurativе hеpatitis 1 yеar aftеr thе dеtесtion of hеpа-
tolithiasis (Fig. 6-60).

Hеpatoliths in hoгsеs havе r-aгiablе сomposiтion but
ustrally сontain bilе pigmеnts. bilе aсids. аnd pгo-
tеin..a,. 115 сholеstеrol, сholеiс aсid еstегs аnd сaгborr1iс
aсid еstеrs wеге fеpoгtеd in tirе analr'sis of sonlе of thе
biliary сalсr.lli obtainесl fгom hoгsеs.'1r lr_ сalсiunr lras
also bееn rеpoгtеd in еquinе lrеpatoliths..tr Ilr 66,'o of
stonеs analуzеd from onе sttrdy of hoгsеs witlr сholеlithia-
sis, thе stonеs wеге сomposеd primarily of сalсium biliru-
binatе.l52 Сalсium phosphatе was thе pгеdominant сom-
ponеnt in onе horsе, and sodium taurodеoxyсhoatе was
thе prinсipal сomponеnt in anothеr. Al1 stonеs ana|уzed
сontainеd bilе pigmеnts at a pеfсеntagе of 2О% or lеss.
Clrolеstеrol was dеtесtеd in flvе of siх horsеs but was
1.О% or lеss of thе total сontеnt of thе сholеliths. In onе
horsе with an obstruсting сholеlith, thе stonе was 25%
сholеstеrol and 75,,/n сalсium bilirtrbinatе.l5t No сorгеla-

Figure 6-59
Soпogгaпr of a snrаll hеpatolith oЬtainеd fгom a 10-1.еar-old Атabiаn
raге This hеpatolith was imagеd as an iпсidеntal finding duтing a

зэnоgгaphiс ехamination of thе thofaсiс сaviry Thе hеpatolith is vег,v
:mall and lrуpеrесlrоiс and сasts a stгon8' aсollstiс shadow (аrroш)
Тhis sono€iram Was obtainеd fIom thе гiЕ.ht еlеvеnth intеrсost1il spaсе
l'ith a 5 0-Мllz sесtoг-sсannеr tfansduсег at a displavеd dеpth of 18
сm Thе гight siсlе of this soпogram is dorsal and thе lеft sidе is vеntгal
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tion bеtlvееn thе сomposition of thе stonеs and thеir
minеral сontеnt has bееn found in horsеs with сholеlitlri
asis..], No assoсiation lras bееn found bеtwееn thе сhеmi
сal сomposition of thе сholеlith and its shadowing pгop.
еrtiеs in tlrе horsе.t;] In humans with сholеlithiasis,
сholеstегol-сontaining stonеs ursually сast a fеvеrbеfation
oг сomеt-tail aГtifaсt owing to thе lafgе amount of сholеs-
tеrol тr-ithirr thе stonе. In horsеs, howеvеr, thе pеrсеnt-
agе of сholеstегol сontainеd чrithin thе stonеs usually
doеs not ехсееd 10%, not еnough сholеstегol to produсе
thе геr-еrbеration aГtifaсt. Tlrе aсoustiс shadow 1s mofе
litеlr to bе геlatеd to thе rеlationslrip bеtтv.ееn thе сholе.
lith and tlrе ultrasound bеam. Сholеliths with a flat stlr-
faсе faсirrg thе ultrasound bеam сast thе strongеst aсous-
tiс shadow' This сlеan aсoustiс shadow is produсеd
bесausе a laгgе amount of thе ultгasound is absorbеd
rr'ithirr thе сholеlitlr.

-\{ost hoгsеs vlith сholсlithiasis havе сhroniс livег dis-
еаsе. Сhгoniс livеr disеasе rеsults in inсrсasеd parеnсhy-
mal есhogеniсity, a morе lobular сontollf of thе livеr
suгfaсе. and dесrеasеd ovсrall sizе of thе livеr. In onе
studr- all lrorsеs with сlrolеlithiasis had inсrеasеd hеpatiс
paгеnсhr-mal есhogеniсitr..l52 Thе есhogеniсity of thе
lir еr тr-as еquel to that of thе splееn in sеvеn of еight
hoгsеs Thе iлсгеasеd paгеnсhr-mal есhogеniсity is usu-
allr prеsеnt diJfusеlr tlrтoughout tlrе lir,еr Foсal arеas of
inсгеasеd paгеnсhr-nral есhogеniсiг\. ha\-r bесn dеtесtеd,
horr,'егег. in hoгsеs тrith сholеlithiasis ..r Hl.poесhoiс ma-
tеrial rna1' bе imagеd in thе bilе duсts of somе affесtеd
horsеs (sее Fig. 6-5з). Thiсkеning of tlrе п'alls of thе bilе
duсts may also bе dеtесtеd and nrar, bе tnoге еr-idеnt than
thе biliary sludgе or biliary distеntion (sее Fig. 6_54). Thе
сombination of an еnlargеd livеr, inсrеasеd paгеnсlrr'mal
есhogеniсity, mild biliary distеntion with or withottt bili-
ary sludgе, and biliary wall thiсkеning is сonsistеnt with a

diagnosis of сholangiohеpatitis., l.i.i. l45 150.r5, Sonogгaphiс
еxamination of thе livеr in affесtеd horsеs сan bе usеd
to sеlесt a sitе for an ultгasound-guidеd livеr biopsy.

Hеpatiс Lipidosis. Hеpatiс lipidosis has bееn sееn
in horsеs With pituitary adеnomas, hypеrlipеmia, and
aflatoхiсosis.r6.' 169 .7l Hypеrlipеmia сan bе pгimary or
sесondary and oссtrrs most frеquеntly in poniеs, don-
kеys, and miniattrге horsеs.t-l' l8t Lipid aссumulation in
thе livеr oссurs with pгolongеd inсrеasеs in sеftlm tfi
glyсеridе сonсеntfations, as wеll as in thе kidnеy, myo-
сaгdium, and skеlеtal musсlе, impairing thе funсtion of
thеsе organs.';l with maгkеd hеpatiс lipidosis thе livег
bесomеs friablе, and hеpatiс fllptlrfе and dеath сafl oс-
сur.]*.

Sonogгaphiс еxamination of thе livег of hoгsеs with
pituitary adеnomas and hеpatiс lipidosis has геvеalеd
gеnеra|izеd hеpatomеgaly and a diffusе inсгеasе in parеn-
сh1',mal есhogеniсiry, with somе loss of thе normal hе-
patiс afсhitесtllfе (Fig. 6-6\)., Thе inсrеasеd есhogеni-
сity of thе livеr parеnсhyma in horsеs with hеpatiс
lipidosis is duе to thе rеlativеly low aсoustiс impеdanсе
of fat rеlativе to soft tissuе' This inсrеasеd parеnсhymal
есhogеniсity, vasсular blurгing, blurгing of thе livеr mar-
gins, and dееp attеnuation havе bееn rеpoгtеd in humans
and сattlе with fatty inflltгation of thе livеr.r75, 176, l7a' r82

Fatry inliltration of thе livеr is also onе of thе сausеs of
..bright livеr'' in htlmans l78 In humans thе aссufaсy of
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Figure 6-60
Sonograms of thе livеr obtainесl iтom both sjdеs of thе abdomеn itr a :i-r'еar<lld Tlroгtlrrghbгеd stalliоn with slrpplrгatiYе hеpatitis 1.hе rigl.rt sidе of
thеsе sonogгams is doгsal and tlrе lеft sidе is vеntгаl.,4, sonograms obtaiпссl fгom tl.tе гight tеnth ]intегсostal spaсе dеmсlnstгating small inсiсlеntal
hеpatoliths (аrrouls) Thсsе hеpatoliths wеfе сlisссlvегесl during a thoгaсic tlltгasound ехamination lbг plеuгоpnеumorria ll months bеtbfе thс
horsс dеvеlopеd srц)рLtfxtivе hерatitis NOtiсе thе Sharp Yспtгal bordеr of thе гight ]obе of tlrе livег in thе lеtt imagе Thе гight imagе is m<lrе

dorsal aпс[ thе lеft is moге \'еntгal in thе right tеIrth iлtеrсostal spaсе Thеsе sonogfams wеrе сlbtaiпесl with a 5 0.мнZ sесtoг-sсaппсг tгansduссr
at a disрlayеd сlеpth of l2 сm l;, Sсlrrоgr.am obtainесl fгom thе fight гwеllth intеrсоstal spaсс 1 1 months latег п.hеn thс hofsе prеsепtеd \\,-ith aсLltе

sigлs of sсpsis arrd livеr disеasе Notiсс thе multifoсal arеas сlf itlсrсаsсd есhogеniсitl with a sliglrtl1 hеtеfo!1епеolls appеаr1lnсс (аrrouts) and thе
sliglrt btllging of thе mеdial suгlhсе сlf thе livег adjlсеnt to thе есhO fгom thе Jargе сolon (С) Aл Llltmsouпсl-guidеd biops), геvеnlеd a sllppuгativе
hеpatitis This sonogram w1ls obtainеd \a.itlr a 5 O-мHZ sесtoг-scannеr tгansduсеr lt a displaYеd dеpth of 12 сm С, Soпogгam of a small hеpatiс
absсеss (rrгrozr,) iл thе lеft lobе of thе liуеr Obtainеd 7 wееks latег Тhr absсеss has a сavitatеd есhogеniс сCntеf, and tlrе lеft loiэе of tlrе livег is
еrrlargеd ar-rd somеwhat гoundеd Тhis sonоgгam was оЬtainеd frorп thе lеft siхth intеfсostal spaсе with a J 5-}IHz sесtoг-sсannеI tfaлsdlrсеf at a

r1isplarес1 сlеpth of 18 сrп D, sоnogram of thс fight lоbе оf thе livег itr thе twеlfth iпtегсOstal sPaсе (samе aS ill -B) dешonstrаtinЕ. thе multifoсal
aгеas rlf iпсгеasсd paгсnсh.vmal есhtlgеniсiГr, (аrroш's) Tlrеsе arеas iге morе honrogеnеous and есhogеniс than .i months еaгliеr and tro longег
сattsе br-tlging tlf tlrе stlгfaсе Of thе li\.еf .-t'hе сlnе adjaсеnt to thе largе iпtеstinе (LI) is vеry есhogеniс (blа,сk аrrrlш) and fеpfеsеnts aл аrеa ot
hеpatiс Iibrоsis Tl-rе livеr геmains еnlargсd, я.ith lоss of thе псlгmаl paгеrrсlrуmal dеtail Tlris soflogгam *.as tlbtainеd with a 3 5-MHz sесtor.sсannсг
tгansсlrtсег аt а displar'сd dеpth of l6 сm

sonoЕ.raphiс dеtесtiolr of fatty livеr inсrеasеs as thе fatq,
inflltгation bесomеs пIorе sеvеге, s/ith an aссufaс}r of
9О% in patiеnts with sеvеrе fatqv infiltfation.18J In сattlе,
thе sсnsitivit1' and spесiIrсitv* of inсrеasеd paгrnсhymal
есhogеniсity and dесp attеnuation of thе Llltfasound
wеfе ехсеllеnt for sеVеrе fatw infiltгation.l8,* Howеvеr,
thе sеnsitivity of thе h1pеrесhoiс livеr pattеrn, dееp
attеnuation of thе ultfasound bеam. oг a сombination of
thе two assеssmrnts was poor ovеrall' with attеnllation
of thс ultгasound bеam having thе most sеnsitivity for
dеtесtion of fatt,v inflltratе. Livеr-kidnеy сontrast has alsсl
bееn trsеd sllссеssfully in humans to diagnosе fatty inlil-
tration of thе livеr bесausе fattу сhangе raгеly oссuгs in
thе htrman kidnеy.l85 In сontгast, fatty inflltfation of thе
kidnсv was sееn in moге than half thr сattlе with fattv

inliltration of thе livеr Livеr-kidnеy сontfast was Llsеful
in thе сows With sеvеfе fatty infiltration of thе livеr only
whеn dеposition of fat in thе livеr was grеatег than in
thе геnal сoГtех.186

Granulomatorrs Livеf Disеasе. An inсгеаsе in pагеn-
сhymal есhogеniсity was ima€.еd in sеvеral horsеs witlr
diffusе gfenlllomatous disеasе (Fig. 6.62) Thе inсгеasе
in paгеnсh'vmal есhogеniсity is slightly hеtегogеnеorts in
most hofs€s, with a mofе multifoсal miliary distribution
sееn in onе horsе (Fig. 6_63). Thе livеr has bееn mark-
еdlу еnlaгgеd in all horsеs with slightly irrеgulaг and
foundеd margins. Thе majoгiф. of thе hеpatiс and poгtal
vеins wеfе not dеtесtablе. onе horsе had bluгring of thе
hеpatiс vеins and loss of thе normаl hеpatiс arсhitес-
turе.2
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Figure 6-61
Sonogfam of thе livег obtainеd from a 22-,,,ga1-old Appaloosa gеlсling
\\'ith a pituitaЦ, adеnоma and lrеpatiс lipidosis Notiсе thе laгgе amount
оf thе livег imagсd in thе loth intеfсostal spaсе and thе inсfеasеd
есhogеniсiгу- of thе hеpatiс paгеnсh1.ma With poor aгсhitесtufal dеtail
Thе yеntfаl margin of thе Iight and lеft sidеs of thе livеr ехtеndеd
\ еntгal to thе сostoсhondfat iunсtion Tlris sonogram rvas obtairrеd
$.ith a widе.bandwidtlr 3 1-MHz sесtoг sс2rnnег transdllсеI oPеfatiпg at

5 0 MHz аt a displa).еd dеpth of 12 сm Tlrе гight sidе of this sono8гam
is dorsal arrd thе lеft sidс is vеntral

Hеpatiс Amyloidosis. Amyloidosis has also bееn ге-
poftеd in horsеs, fеsulting in hеpatiс lipidosis..69 A hoгsе
with hеpatiс amyloidosis has bееn ехaminеd by thе authof
and found to havе a laгgеf amount of hеpatiс parеnсlryma
imagеablе than normal, inсrеasеd pafеnсhymal есhogеni
сiq. and poor dеtail of thе vasсulaг maгkings. Hеpatiс
am1,,loidosis in сattlе was сharaсtrfizеd by a bгight есho
pattегn, with inсrеasеd parеnсhymal есhogеniсity and
blurгing of thе hеpatiс margins.'82

Hеpatiс Atrsсеss. Livеr absсеssеs сan геsult from sеp-
tiсеmia and thе dеvеlopmеnt of suppurativе hеpatitis,

Figure 6-62
:onoЕ.ram of thе гight lobе of thе livег obtainеd from a 2o-),еaг-old
\ppalсlсlsa maге with livег disсasе Notiсе thе hеtегogеnеous appеar-
:nсе of thе fight lоbе of thе livеr, whiсh is еnlaгgеd and ехtеnds
lеntгallv nеarl1, to thе сostoсhoпdгal,iunсtion Thе vеntгal tip of thе
гiфt loЬе of thе livеr is slightl}. roundеd Еvidеnсе of granulomatorts
irfiltгatе arrd nodular rеgеnеfation was sееl1 on biops1, This sоnogram
ц as obtainеd fiom thе fight folшtееnth intегсostal spaсе s.ith a 5 0-

\lHZ sеCtor-sсannеf tгansduсег at a displaуеd dеpth of 10 сm Thе right
lidе of thе soпograп is сlorsдl and thе lеft sidе is vеntfa.
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Figure 6-63
Sonogfam of thе гight lobе of thе livеr сlЬtаinеr1 frоm an l8.r'еaг.old
Paint gеlding with diffusе granrrlomatorts disеаsс T]]е lil'еr is nraгkеdh.
еnlaгgеd witlr roundеd boгdеrs Thе paгеnсh1.rna of thе lir,ег is mark-
есlly irrсгеasеd in есhogеniсitу' witlr loss of thе nоrmal small l.asсltlaг
dеtail. Irгеgtrlaт atеas сlf thе livег with pоorl). dеflnеd nrаr.gins аppе.u
ехtrеmеlу bfight A livег biopsу rеvеalеd ntlmеfolls p1-ogrаnulomas
sсattеfесl tl]гoughout thе hеpаtiс parеnсh1'ma Nо еtiоlоgiс agеnt wes
idеntiflеd This sono€!гam was obtainеd ffom thе fight tеnth intеrсostal
spaсе with a 3 5-\IНz sесtoг-sсannег traflsсluсеf at a displaуеd dеpth of
17 сm. T1rе Iight sidе of this sonogгam is dorsrl aлd thе lеft sidе
is vеfltгal

from dirесt spfеad fгom an infесtеd arеa! or from a
pеnеtfatin8 wollnd to thе abdomеn and thе livеr. Tеn of
15 horsеs with abdominal absсеssrs had absсеssеs dе-
tесtеd in thе livег in onе largе sttrdy,5 whегеas only 2 of
25 lrorsеs had livег absсеssеs in anothеr largе study.l'8 A
livег absсеss assoсiatеd with Esclэеriсhiа сoli was dе-
tесtеd at postmortеm ехamination in onе hofsе with
сholеlithiasis and hеpatiс сiгrhosis.r17

Livеr absсеssеs afе Llsllally poorly mafginatеd and hy-
poесhoiс whеn sсannеd еarly in thе сoursе of thе disеasе
(Fig. 6-64) and bесomе bеttеr dеflnеd, еnсiгсlеd by moге
есhogеniс inflammatory tissuе, aS thе absсеss pfogfеssеs
(sее Fig. 6-60). Livеr absсеssеs сan also appеaf as dis-
сfеtе foсal arеas of inсrеasеd есhogеniсity lпrithin thе
hеpatiс paгеnсhyma.ra Livеr absсеssеs afе dеsсfibеd b}'
onе invеstigator as dеnsеr fluid-flllеd stftlсtlrrеs loсatеd
subсapstrlarly oг intrapafеnсhymally that mаy oссasion-
ally bе сompartmеntalized.з Hеpatiс absсеssеs havе bееrr
imagеd ultrasonographiсally in сattlе inoсulatеd ъ.ith Ли.
sobасterium nесropborum and in сalvеs мrith umbiliсal
vеin infесtioll.r8-, l88 Initially, hуpеrесhoiс foсi п-еге im-
agеd that сoffеspondеd to nесrotiс foсi. Thеsе sphегiсal
hypеrесhoiс afеas wеге imagеd as еarl), as 3 da\-s aftег
inoсulation of thе livеr with F. nесroplэol.L|tlt,.8- 81. day
8 thе adjaсеnt hypеrесhoiс aгсas had сoalеsсеd to form
onе largеr absсеss сharaсtеfizеd bl'a hr'pеrесhoiс сap-
sulе еnсlosing anссhoiс fluid and hr-pсrесhoiс matегial
dеtеrminеd at nесгopsy to герfеsrnt рufulеnt matегial
and inspissatеd dеbris.18' In othеr affесtеd сattlе, hypеf-
есhoiс afеas suгfoundеd by a lr1'poесlroiс halo wеге sub-
sеqurntly imagеd and сorrеspondеd to nесfotiс tissuе
suffolrndеd by granulation tissllе.l88 Thе сеntral hypеr-
есhoiс afеa сhangеd to h1,poесhoiс in somе сows, with
a slrbsеquеnt сapsulе and sсar of thе absсеss that was
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Figurе 6-64
sonogгams of thе livег оbtaiпеd ttorrr a 1'еarling Tеtlпеssсе walkеf
gеlding s,itlr a lrеpatiс ebsсеss 1.lrе poоr[1. с1еIinеd hl-poесhoiс or.al
stfuсtuге aсtjaсеlrt to thе сau(lxl Yеnа саva anсl poпal \.сin is thе hеp,;ttiс
:tlэsсеss (aгrorr,s) Thе Parеnсh1,шa сlf thе livеr has mtlltifoсil arеls of
inсrеasеd есl.rogеniсirr', ц,.ith a somеWhat hеtегOgе11еOus appеaranсе
A nссгotizing hеpatjtis was diаЕ]llosеd oп histopathologiс ехxmiпation
of thе hеpatiс paгеrrсh1,nra anсl sеvег;t] gram пеgativе oгg:rnisms grсw
fiom a сultuге of thс pеrltoпеal fluid Тhсsе sоnоЕ.fams $'еfе obtаinе(l
with a $,idе-lrаnсlwidth 5 O-MIIZ sесtoI sсitпnеr tгansсluссr opеI'ttiпg at
7 5 МHz at a displavеd сlеpth of 16 сm Tlrе гight sidе oг thе fight
imxgе is dсlгsal апс[ tlrс lеtt siс|е is vелtral Thе fight sidе of thе lсft
imagе is сranial and tlrе lеft sidе is сatlсlal

isoесhoiс of rеmainеd lrrpoесhoiс onсе thе absсеssrs
fсsolvеd.l88

Cystiс Livег Disеasе. Еquinе hydatidosis has bееn
fеpoftеd primafily in Grеat Britain, s.hеfе it rеaсhеd
еpidеmiс pfoрot1ions in thе miсl-1970s.l-] l-1 Affесtесl
horsеs Wеfе of all agеs and farеly ехhibitеd сliniсal signs.
Multiplе hydatid с)'sts Wеfе dеtесtеd throtrghotrt thе livег
in affесtеd hoгsеs and сould bе imagсd sonoЕ.faphiсallY
if routinе sсfееnin€. was donе. Rotltinе sonogfaphiс
sсfееning of thе livеf in shееp and goat lrеrds has bееn
sllссеssflll in dеtесting oссult hydatiсlosis in Afriсa..89 In
htlmans with h}.datid disеasе of thе livег, a sin8lе sphеri
сal с'vst, a flattеnеd sphеriсal сystiс afеa, a сyst Within
a сyst! and a сomplех сyst mass havе bееn dеtесtеd
sonographiсelly. Thе dеtесtion of daughtег с}'sts within
tlrе сorrrplех intеrnal есhoеs is diagnostiс of hydatid сr'st
disеasе..90.9.

Hеpatiс сl.sts сan bе loсatеd in thе hеpatiс parеn-
сhyma or subсapslllarl'v.r Mrrltiplе hерatiс сysts wеге
dеtесtеd sonograplriсall-v in сlnе horsе with thoгaсiс grltrr-
trlar сеll tllmor and h'vpеftгophiс ostеopath1l'];u Сavitaп.
fluid-flllсd сystiс stгLlсtuгеs гanging in sizе from 5 to 20
сm in diamеtеf Wеrе inragеd tlrrсltrghout tlrе riglrt lobе
of thе livеr of this horsе. Normal hеpatiс tissllе was
imagсd mсrging with thе с\,stiс struсttrrеs. Thе livеr was
еnlargеd, ехtеnding сalldally to thе lеvеl of tlrе para-
lttmbar fossa, and displaсеd thе right kidnеy 20 сm сau-
dally. Livеr rnzymеs (gamma-gltltam1,l tгanspеptidasе and
alkalinе phosphatasе) and total bilirurbin Wеrr еlеvatеd
in this horsе anсl tlrе sеrttm albumin was dесrеasеd.
Postmortеm ехamination of this maге геvеalеd multiloсtь
lar hеpatiс с.Ysts and sеvеге сhroniс sllppllfativе сholangi
ohеpatitis.

Hеpatiс Nеoplаsia. Nеoplastiс inliltration of thе livеr

oссuгs most frеqllеntly with lymphosarсoma, rеpoгtеd
iл 41,% of horsеs with lymphosaгсoma..9, Еlеvatеd livеr
еnzymеs (gammlr.gltrtamyl transfегasе, L-iditol dеhydrogе-
nasе, aspartatе tfansaminasе, alkalinе phosphatasе) havе
bееn rеportеd in horsеs with hеpatiс lymphosarсoma.
although thе primary pfеsеnting сomplaints in thеsе
horsеs wеrе .wеiglrt loss, anorехia, and lеthargy.t9J

Hеpatiс lymphosaгсoma ustrally rеstilts in a diffrtsе in-
сfеasе in thе есhogеniсity of thе livец with loss of thе
normal paгеnсhymal arсhitесturе assoсiatеd мrith thе dif-
fusе сеllular inliltratе (Fig. 6-65). Hoгsеs with hеpatiс
lymphosarсoma havе hеpatomеga\', and thе vеntfal maf-
gins of thе livеr aге гoundеd (Fig. 6-66). Thе livеr ma,v

oftеn ехtеrrd vеntfally to thе lеvеl of thе сostoсhondral
junсtirlns on thе fight sidr of thе abdomеn. In onе horsе
with lr-mphoсytiс l1,mphosafсoma' diffusе inflltration of
thе lir'ег with nеoplastiс сеlls rvas dеtесtеd.'9з Thе livеr
rеpoгtеdl1. haсl a homoЕ.еnеous' slightly hypеrесhсliс pat-
tегn $.ith no arсlritесttrral distоrtion dеtесtеd sonographi
сallr-. Irr lrorsеs with hеpatiс еnlaгgеmеnt and a notiсеablе
altеration in paгеnсhymal tехturе, a diffusе nеoplastiс
inIiltratе suсh as l1,mphosaгсoma shotrld bс suspесtеd.tr
Disсгеtе massеs in an othегwisе normal livеr havе bесn
геpсlrtеd oссasionally in horsеs with \.mphosarсoma. In
onе fеpoft of thrее horsеs with Ц.mphosafсoma, thе two
lrorsеs мrith multiсеntгiс lymphoblastiс lymphosarсonra
l-rad noсittlеs in thе splееn and livеf.'9J In only onе of
thеsе lrorsеs was thе nеoplastiс mass in thе livеr imagеd
sonographiсall1r This mass haсl a сomplех pattегn of
есlrogеniсit1, and appеarеd as a sphеfiсal, wеll-margin-
atеd hypoесhсliс mass (11 x 13 сm) with h.vpеrесlroiс
fеflесtions from witlrin. In thе othеr lrorsе thе nеoplastiс
nodttlеs in thе livеr wеrе small (1 to 6 mm) and loсatеd
dееp witlrin thе livеr.

In httmans witlr lrеpatiс \,mplroma, lrypoесhoiс or

Figurе 6-65
Sonogram of tlrс right klbе of thс livег obtairlссl fгtlnl а 16-l.сltг-оld
TlrсlгoLrglrbrеd gеlсling r,vith mllltiсеntгiс lvmplrosarссlпa Тhе гight
bbе of thе livеr is maгkесll1, еnlargеd. п-ith lоss of tlrе noгml| vasсulдr
сlсtail, maгkеd гoutrditrg of tlrе |ir.сr ma]:gins. anсl loss of thе noгmal
lrеPatiс aгсhitесtlrе Тl]с есhogеniсit}. tlf tlrе livег is пllгпr:rl to slightl,У

inсrеasеd Tlrе ultrasotшсl is гapidl\. attеnLrаtсd in thе сlееPеr poftions
of tlrе livег lr)' tlrс dеnslЦ* of thс hеpxtiс tisstlс This soпOgfan] Wxs

OЬtainеd ltorn thе гiЕ]ht sidе of thе 1tl)domеl1 in thе foltгtесnth intегсos-
tal spaсс with a 5 O-MHz sесtог-sсarrnег tгeпsduсеf at a сlispla}.сd dеpth
оf 1.l слr Thе гiglrt sidе of this sоnogгam is dorsal and thе lеft sidе
ls Yсntfal
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Figure 6-66
sonoЕ.гams of thе гight sidе of thе livег obtainеd fгсlm an lt3-уеaг-old Appaklсlsa gеldirrg with mllltiсеntгiс l1.mphosaгсoma (samе lrorsе as in Fig
6_47) Thе livег was maгkесllv еnlafgеd and ехtсndеd vеntrall1' bеуoпсl thе сostoсhoлdгal junсtions Notiсе thе rеlativеlr. homogелеоus appеafanсе
оf thе livег. thе loss of vasсular dеtail, aпd thе loss of thе normal hеpatiс aгсhitесtuге Thе hуpеrесhoiс saссulatеd ad.iaсеnt strllсtlше геprеsеnts

tlrе largе сolon' most likеl), thс fight vеntгаl сolorr Thеsе sono!4rxms wеrе оbtainеd with a 5 0-MHz sесtor-sсaплег trarrsduсег at a displaуеd dеpth
of 20 сm Thе fight sitlе of thеsе soпogгxms is dоrsal and thе lеft siсiе ]is Уеntfal ,4, Thе vеntг:ll boгdеr of thе гight lоbе of thе livег is Irr;rгkеdl1.

гourrdеd, and thе hеpatiс vеins aге almost impетсеptiblе Tlris sonogгam was obtainеd in thе еighth intсfсostal spaсе at thе vеntlal most nrafgin
of thе гight lobе оf tl.rе livсг B, .Гlrе vеntгal bоrdег сlf thе livет is multiloblllatеd with mагkеdl.v roundесl vеntгal boгdегs and сomplеtе loss of
paгеnсhуmаl сlеtail This пrrrltilollrrlatеd sоnogгaplriс appеxгanсе is aЬпoгmal This sorrоgrarп п,.as obtairrеd in thе sеУеnth intегсostal spaсе et thе

\сn|га| mо}l maгgin uГ tllе lirег

difftlsе disеasе was dеtесtеd in bot1-r Hodgkin alld non-
Hodgkin lynrphoma. $,hеrеas tагgеt and есilogеIliс
lеsions Wеrе dеtесtеd onlr- in tlrе non-Hodgkin h-m-
phoma.'9] Thгее trltrasoniс pattеrns of сaninе hеpatiс
lr-mphosarсoma havе bееn dеsсгibеd by onе invеstiga-
totl95 Thе livеr has еithеf a noгmal parеnсhymal appеaг-
anсе of only a slight rеduсtion in есhogеniсity in dogs
п,ith difftlsе inIiltration. Anесhoiс oг h)рoесhoiс, рooф
marginatеd lеsions of found есhoсlеnsitiеs sllfгoundеd by
afеas of sonoluсеnсy havе bееn dеsсribеd.l95 In anothеr
study, thе dogs with hеpatiс lymphosarсoma had difftlsе,
nrildl1. h1pеrесhoiс livегs of multifoсal hypoесhoiс
massеS within thе livег.196

Сomplеx massеs сontaining a сompositе of есhogеniсi
tiеs afе most сommon in hofsеs with mofе аggrеssivе
nеoplasms and havе bееn imagеd in horsеs with сholangi-
oсaгсinomas and hеpatoсеlllllar сafсinomas (Fi8. 6_
6-) 'o- Hеpatoсеllulaf сaгсinomas in humans afе thollght
to bеgin aS small hypoесhoiс massеs that latеr bесomе
isoесhoiс and thеn inhomogеnеous and hypеrесhoiс as
thе}' еnlafgе.198 Thеsе tumoгs oссLlf inffеquеntl), in
hoгsеs. onе horsе with hеpatoсеllular сaгсinoma had
mafkеd еrythfoс}tosis.r9' Thе livеr in this horsе was
maгkеdly еnlargеd at postmoftеm ехalnination, with sе-
r еге dеstгuсtion of thе hеpatiс parеnсhyma by onе laгgе
п-rultilobulatеd 30-сm mass and 2О to 3О similaг massеs
.lf 5 сm or lеss. Thе largеst mass fuptlrгеd throllgh thе
сepsulе of thе livеr and rеsultеd in hеmopеritonеLlm, thе
с;rusе of dеath in this flll1,.l9] Thеsе tumor massеs shottld
rаrе pгoduсеd a сompositе sonographiс appеaranсе of
-hе lir,еr witlr сomplеtе loss of thе normal arсhitесturе.
tn dogs, сarсinomas in thе livеr usually havе a foсal or
multifoсal hypеrесhoiс or miхеd pattеfn of есhogеni-
сiп.l96 A malignant hеpatoblastoma has also bееn ге-
pL)гtеd in a horsе pfеsеnting With plеLlгal еffusion.l99
.Ъis hoгsе had a markеdl1, еnlargеd right livеr lobе that

displaсеd thе stonraсh сaudodoгsallr. A 45-сm follnd pri
maг\' tuпloг mass and mr.rltiplе 1- to 10.сm nodttlеs .wеге

sсattеrеd thгotlghout thе геst of thе lir ег. T1rе laгgеst
mass сontainеd сavitatеd aгеas on gгoss ехamination,
wlriсh would havе produсеd anесlroiс aгеas in thе сom-
positе sonographiс appеafanсе of tlrе laгgе tumof пlass
in thе livег.'99 An hеpatiс adеnoma was irrragеd intгaopег-
ativеly by thе author in a yеarling Moгgan сolt with
hеpatiс еnсеphalopathy. This tumof was сharaсtеrizеd by
iгrеgularly shapеd massеs of homogеnеous sonographiс
appеaranсе that wеfе nеarly isoесhoiс with thе normal
hеpatiс parеnсhyma bllt сomplеtеl1, disruptеd thе nofmal
hеpatiс arсhitесttrге (Fig. 6-68). Thе lеft lobе of thе livеr
in this yеaгling was small, and imagеs of thе lеft lobе of
thе livег (affесtеd lobе) сould not br obtainеd from thе
tfansсLrtanеous window prior to sllfЕ.еfy. In onе yеarling
with hеpatomеgaly and nodulrs in thе hеpatiс pafеn-
сhyma that wеге slightly morе есhogеniс than thе sur-
rotlnding tissuе, a pгimarу livеr tumoг of unknown typе
was diagnosеd.lr Inсrеasеd pеritonеal fltrid is oftеn dе-
tесtеd in horsеs with advanсеd pгimary hеpatiс nеoplasia
as wеll as with sеvеfе mеtastatiс nеoplasia.

Multifoсal massеs sсattеfеd throtrghout tlrе hеpatiс pa-
rеnсh1,ma arе сonsistеnt with mrtastatiс nеoplasia and
havе bееn dеtесtеd sonogгaphiсally in onе mulе тl.ith
rеnal adеnoсarсinoma..3r In this mrilе thе massеs wеге of
variablе sizе and shapе and wеге homogеnеotlsly h1,po-
есhoiс rеlativс to thе suffounding noгmal hеpatiс pafеn-
сhyma, invading thе majority of thе livег.tJt Signiflсant
еlеvations of gamma-glutamyl transpеptidasе Wеrе dе-
tесtеd in this mulе. Аn ultrasound-grridеd livеr biopsy
rеvеalеd hеpatiс nеoplasia, althor.rgh thе initial tеntativе
diagnosis was hеpatoсеllular сarсinoma. Numеrorts mе-
tastasеs to thе livеr havе bееn rеportеd in horsеs with
rеnal adеnoсarсinoma..25 ]2-' lJO l.'9 Hеpatiс mеtastasеs
wеrе dеtесtеd sonographiсally in two lrorsеs with intеsti
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Figurе 6-67
sonogгams of thе livег obtainесl Ггotrr a J-)'еar<lld Thor.oughbrесl
fillv with hеpatoсеllular с;1гсinom'l AlпOst nо hеl)аtiс paгеп.
сlryma п-as гесognizablе in all rhе liYег thа't .wes visiblе Thе livеr
Wls mafkеdl)' еnlargеd arrd ехtеndеd vеntтall1- Lэе1'onсl tlrе vеntral
maгgins of thе fibs Tlrс lir сr s as геplaсеd with massеs сlf varying
есhogеniсitiеs Hvpсrесhoiс агеas ht.pсlесhoiс aгеas' anсl :rn-

есhoiс arеas п-еге iпragеd thIor-]ghout thе livсr Thе lir,еr lrad a

Yегv соmpositе hеtеfogеnеОus aрPеaгanсе Тhеsе sonOЕ.rams
wеrе сlbtаinеd with a 3 5-N'THz sесtог.sсanпеr t-гansdllсег xt :r dis-
plavеd dеptlr of 18 сm (,,1 anсl 19) rпd l:i сm (O Thе Iiglrt sidе
of thеsе sonogfams is dоrsal and thе ]еft sjdс is vеntr.al :1, 'l.l.tе

lеlt 1ollе of thе livеr was сorlplеtеlr геplaсесl bY а hеtегoЕ]сnеoLls
mа'ss (.аrrouls) сontaiпiпЕ] piЛPoiПt hr'pеrесlrоiс aгеas and hvpo-
есlrоiс to anесhоiс aгеas Tl.tis sO11Ogг:lIll пlts obtainеd in thе lеft
еigl]th intегсostal spaсе 1J, Тlrе гiglrt lobе сlf thе [ivег сontainеd
lтassеs of vaц,ing есhogеniсitiе5 (./'./r]z.,.s) Тl.tе xnесlroiс mxss
nеar thе Yсntfa] mагgin of thе lir'ег п аs eсoustiсallу di1}Ъгеrrt fгom

thе intеП.епil1g livег Dоrsal[1. a laгgс сompositе mass \\,-xs mosth' hrpoесlrtliс ссlmpaтеd with thе гсllэiпil-tg hерatiс pаrеnсhvma Tlis
sоno!4fam was оbtairrес| in thе гight sеvеnt]] intсгсostal spxсе 6' Тhе сraniovеntгal mafgin of thе гigJ-rt lоbе оf tlrе lir,еt had thе
appе1rmлсесlfabtrttегI'lt"u,-irrg(ar'гorr'.s)lr-rdw-ashеtегoЕ.елеoLls,сomplеtеhlaсkil-rginhеpatiс\'asсlllагсlеtаi|or
arсhitесtufе. and сontainсс1 аn ov:rl hvpеrссlrоiс arеa l.lris sonogгanr was obtaiпесl in thе fi1th iпtсrсOstal spltсе

nal adеnoсafсinoma.* 65 Thеsе appеafеd as numеrous
сirсumsсribеd lеsions that wеrе h.vpoесhoiс сompaгеd
with thе normal hеpatiс paгеnсh},ma with statiс B-modе
LlltfasonograPh)...'' Mеtastasеs to thе livеr havе bееn im-
agеd in onе hofsе With squamous сеll сafсinoma of thе
ufinaf\, bladdеr (Fig. 6-69). Hеpatiс involvеmеnt is frе.
qllеnth. dеtесtеd in horsеs with mеtastatiс mеlanoma.6 6;

Homogеnеous сirсulaf massеs сlf dесrеasеd есhogеniсitу
wеfе imagеd irr thе livеr of onе рon-Y witlr multiplе
hеpatiс mеlaflomas.(' Thе massеs in thе livеr assoсiatеd
With mrtastatiс mеlanoma Llsllell}r .nppеat hornogеnеous
and somеWlrat сiгсrrlar sonographiсally (Fig. 6_70). In
humans With mеt1lstasеs Of а malignant mеlanoma to thе
livец thгее typrs of sonographiс appеafanсе arе sееn.
Thе mеtastirsеs afе еithег hоmogеnеously hypoесhoiс
and laсk a ..halo'' sign (hvpсlесlroiс tlordеr afolrnd a сеn-
tеr of vaгyin8 есho8еniсitiеs), h1poесhoiс mеtastasеs and
mеtastasrs with ..halo'' si8ns' oг mеtastasеs With ..halo''

siЕ.ns and isoесhoiс mеtastasеs.2()()Thе positivе and nеga-
tivе pгеdiсti\'е valllе fbr hеpatiс ultfasonogгaphy in hu-
mans fof thе diagnosis of malignant livеf lеsions is 97,|o
aпсL 96%, f еspесtivеl}.. 2(r I

Hеpatiс Lobе Torsion. неpatiс lobе torsion has bееn
rеportеd in tlrе hoгsе, геsulting in sеptiс pеritonitis and
a mass loсatеd bеtwееn thе stomaсh and thе гight lobе
of thе livеr.,.,, Thе lеft lobе of thе livег was involvеd and

was follnd to bе сongеstеd aпd nесfotiс whеn suгgiсally
rеmovеd. Althouglr it is urrlikеly that this mass сould
havе bееn imagеd рri()г to surgеry, intraopеrativе ultfaso-
no8faphy сotlld her е bееn tlsесl to imagе thе mass and
ftlrthег сharaсtеrizе it pгiсlr to rеsrсtion. Tlrе dеtесtion
of lafgе dilatеd arrd сongеstеd poГtal vеins and sinusoids,
distеndеd bilе drrсts. and multifoсal efеas of nесfosis
wollld геsult irr e сomplех sonographiс appеaranсе with
multiplе arеas of сar-itation. Although rarе, hеpatiс lobе
toгsion shorrld bе соnsidегеd in thе diffеrеntial diagnosis
of a сompositс hеpatiс mass involving onl-v onе lobе of
thе livеr.

ottrег Livеr Disеasе. сongеnital vasсular shunts, гarе
in hoгsеs, ma\ also oссuf, геsulting in hеpatiс еnсеpha-
lopathy (sее Сhaptеr 7).z' zot Hеpatiс vеnous еnlaгgеmеnt
in сonjunсtion with dесrеasесl parеnсhymal есhogеniсitу
and hеpatomеgaly is сonsistеnt With passivе сongеstion
of thе livеr and гight hеart failuге. Tгauma to thе livеr
from a blow to thе abdomеn ma-Y rеsult in an hеpatiс
fraсturе, hеmatoma, an(|/ot hеmopеritonеum' Thе hеma-
toma usually appеafs as anесhoiс loсtrlatеd fluid v''ith
rсhogеniс or hypсrесhoiс afеas within, fеpfеsсnting of-
ganizing сlot. Thе blood in thе pеritonеal сavity also
Llsually appеaгs есhoЕ.еniс. Thе livеr in horsеs is fairl-v
wеll protссtеd, howеvеf, by thе ribs, and rib tiaсturеs
afе mofе likеly than hеpatiс tfauma.
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tigure 6-68
Sonogram оf thе lеft lоbе of thе livег obtairrесl from a уеaгling Moгgan
сolt with hеpatiс еnсеphalopathу Тhе lеft lobе of thе livег сou]d
not bе im1lЕ]еd tiom thе lеft sidе of tlrе abdomеn anсl was imagеd
intгaopеfativеlУ duгing an ехploratory сеliotomy to look fof еvidеnсе
of a pсlгtaсaval shunt Thе lеft lobе of thс livег lrad multiplе пassеs
sсattеrеd thгouЕ.hОut this lobе, disгupting thе noгmal hеpatiс paIеn-

сh1.mo. 
'n- 

massеs wеге hеtеrogеnеous with a сomplех pаttегn of
есhogеniсiq. and appеarеd to har.е a ss-iг]ing pаttеm *'ithin (ап.сlttr

hеа.ts) МL||Iip|е small hr pегесlrоiс arеas сasting smell aсoustiс shadоs s

wеrе imagеd, сonsistепt s'ith aгеas of сelсfiсation Тhе есhogеniсir\
Of thе li\.ег wаs inсrеasесl оr.егall and tttе lil'ег s'as smallег than nomrel
Thе гight lobе оf thе lir'ег rr as unetlесtеd Тhе ]еft lobс of thе lir ег s зs
rеmovеd, anс1 a diagnosis оf hеpatоma s as obrainеd on hj:Ioраtholoe'iс
еxamination of thе tissllе Tlris sonоgгam sзs obr:riпсd sirh a - i-\\Hz
sесtor-sсannеf tfafrsduсеr сontaining а builr.in tluid offsеI ТЪ. гighl
sidе of this sonogfam is сralrial and thе lе|t sidе is сaudtrl

Figure 6-69
Sonogram of tlrе livеr obtаinеd trom a 24-Yеaт-old StandardЬгеd stalllon
ъ'itlr squamous сеl1 сarсinсlma of thе uгinaЦ, bladdеr th:rt had mеtasta.
sizеd to thе сaрslrlaг surthсе of thе livег (samе hoгsе as in Fig 6_2+)

Notiсе thе сompositе appеaгanсе of thе mass, wеll dеlinеatеd frоm tlrе
rсnraining hеPatiс paгепсh).ma Tlrе гight doгsal сolon is mеdiа] tо tl.tе

livег This soflogгam was obtainеd in thе right еlеvепth intегсOstal
spaсе with a 5 O-MHz sесtof-Sсannег transduсег at a displayеd dеpth оf
12 сrп Thе right sidе of tlris sonogгam is сranial and thе lеft sidе
is сaudal

Аhnormalities of lhe Splеen

Splеniс Nеoplasia. Splеniс abnoгmalitiеs afе most
сommon in hoгsеs with abdominal nеoplasia.2' |92' 2o1 2o1

Lr.mphosaгсoma is thе most сommon splеniс nеoplasm

СtJаptеr (l . Аd'ult Аbthottliпаl fЛtrasoпograpbу э15

Figure 6-70
sonogгam Of thе right lоbе of thе livеI Оbtainеd fгom a l7-Yеaг-old
oldеrrbеrg gеlding with mеtastatiс mеlanoma А mass (аrrош's) iп thс
riфt loЬе of thе livеf геplaсеs thе noгmal hеpatiс parеnсlrуrrra with
hуpoесhoiс hеtегogеflеous tissltе, whiсh iS sliglrtlу nroге есhogеniс
thаn thе normal hеpatiс parсnсhyma This mass appеeгес1 to bе ссlnflu-
еnt With a laгgе sr-lblumbar and pегirеnal mass on thе гight sidе of
thе abdomеп Thе mеtastatiс mеlafloma сovеrеd thе еntifе pегitonеal
strrfaсеs and inr.olvеd thе right lobе of thе livеr

in thе hoгsе. but othег tumors сan mеtastasizе to thе
splееn. Sp1еniс iлr-oh-еnrеnt has bееn геpoгtеd in 37%
of hoгsеs $-ith hmphosaIсomar9] \iеight loss. anoгехia,
lеthaгg1-. and tЪ\-ег afе сommon in l-roгsеs п,ith splеniс
lr nrphosarсoma Splеniс lr-mphosarсoma usualh' геslllts
iл maгkеd еn]агgеmеnt of thс splrеn. \\',ith massеs bulg-
ing 1iom thе surfaсе of thе splеrn adjaсеnt to aгras of
morе noгmal splеniс parеnсh).ma. In most affесtеd
hoгsеs thе majofity of thе splееn is affесtеd, With littlе
noгmal splеniс parеnсhyma rеmaining. Thе splееn may
ехсееd 25 cm in thiсknеss and еxtеnd fгom thе lеft
pafalumbaf fossa into thе сranial most portion of thе lеft
abdomеn. aсfoss thе vеntral midlinе. Thе сranial polе of
thе splееn in hoгsеs With mafkеd splеniс еnlafgеmеnt
сan oftеn bе imagеd in thе гight сfanial vеntfal portion
of thе abdomеn.

Splеniс massеs may bе Wеll maгginatеd or iгrеgular in
shapс. Thеsе massеs arе usually sonogгaphiсally сomplех
and сontain anесhoiс to hypеfесhoiс aгеas (Fig. 6-71)'
oftеn with aсoustiс shadowing assoсiatеd with сalсifiсa-
tion.2 In sеvегal horsеs with splеniс lymphosarсoma, thе
splеniс massеs wеfr hypoесhoiс, with intеrspеrsеd nor-
moесhoiс and hypеrесhoiс геflесtions.19. l9.] In onе horsе
thе nеoplastiс splееn Was dеsсгibеd as сontaining irrеgtt-
laгly shapеd hypеrесhoiс nodulеs with anесlroiс arеas
intеrspегsеd bеtwееn thе hypеrесhoiс arеas.20r A miliaц,
multifoсal distгibtrtion of lymphosafсoma massеs (Fig.
6-7z1 or a diffusе nеoрlastiс infiltratе (Fig. 6-73) is un-
сommon in horsеs with l1,mphosaгсolna. Gеnеralizеd in-
flltration of thе splееn was rеpoгtеd in onе hoгsе in
addition to thе dеtесtion of multiplе small massеs sсat-
tеrеd throughor-rt thе splеniс paгеnсh)Ima.6. Thе mаss
drtrсtеd sonographiсally in tlris horsе was dеsсfibеd as

есholuсrnt, mеdial to thе splееn and adjaсеnt to thе
gastriс wall.65 This mass rnсompassеd thе aoгta, rеnal
artеfiеs' сranial mrsеntеfiс artrfiеs, and poгtions of thе
panсfеas afld kidnеys. A hypoесhoiс splеniс nodtilе has
bееn dеtесtеd sonographiсally in thrее hoгsеs with
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Figure 6-71
Sonogгam of thе splееп obtainсd tiom a 16-1.еaг-olс1 Thсlгоughllrсс1
gсJdiпg with mtlltiсеntriс l1'mphсlsaгссlmlt T.lrе splееn lras a l.еп. laгgе
|1.pеrесhoiс flaSS t'itl-t a соmplех sorrogгaphiс appеагirr]се сolrrplеtеlv
disгtlpting thе лoгmxl sPlеniс arсl-titссtL|tе (.аrrou's) T1rе mass сausеd
maгkеd splеniс еnlafgеmеnt lrпсl atr iтгеgttlar сapsttlaг sttгfaсе Onl1, a

small amollflt оf пormаl splеniс parеnсh).mr сorrld bс loсatеd soпo
graphiсa|lr, This sсlnogгaпl rvas оbtailrсс1 frсlm thе lеft thiпееntIl ilrtеr.
сostal spaсе п'itlr a 2 5 -NIHz sесtсlт-sсannеr tгansсlttсег at a displa1'есl
dеpth of 30 сm Thе liЕ.lrt sidе оf tlris sопogrаm is dOгsаI anс1 thе lеtt
sidе is r,еntтal

lymphosarсoma.l9J']08 Botlr сomplеtе rеplaсеmеnt of thе
nofmal splееn мrith a сompositе есhogеfliсit)I as Wеll as
mllltiplе irrеgulaг to сirсular сomplех massеs adjaсеnt to
arеas of noflnal splееn har,е bееn rеportеd in hoгsеs with
splеniс l1.mphosarсoma.l9, 2()a Tгansrесtal sonographiс ех-
amination of thе sрlеniс massеs fеvеals simillrr sono-

Figure 6-72
Sсlnogram ofthе splееn. lirег. аnсl stсlmeсh Obtaiлссl fгotl alr 18-1,еat-

old Appalоosa gеlding W.ith gеnегalizеd l1'mphosaгссlma (s:rmе lrогsе as

iл Fig 6_,17) Тhе splееn has a vеп. lrеtеrоgсtrеorrs sonograplriс e1l1lсaг-

lnсе 2rssoсixtеd s.ith lt miliаЦ, nltlltifbсe] distгjbution of 11еoplxstiс
l1'n-rphoс1,tеs A trrаss оf simihг есlrсlgеrriсiLт ехtеnсls fгOm thс splеniс
boгdег to thе :rdjасеlrt sto]naсh wall irr Llrе rеgiоrr of thе gxstгiс |уmрh
nodе but doеs not apPеxг tо invaсlс thе !.astгiс lumсn ].hе gxstгiс
lvmph nоdс ц.as also infiltfxtе(] W,ith nеoplastiс lvпrphoс\,tеs Тl-tе livеr
is епlaf!]еd anсl has a гoundеd Yеntгal bofdеf (llrrou) \\''itlr loss Of thс
noгnral hеpatiс aгсhitесtl[е atrс1 vasсular с1сtlri| соnsistеnt ц,-ith nеOPlas-
tiс inliltration of tlrс lil'еr. Тhis stlnсlgгarп was olltrinесl fгom tlrе lеtt
ninth intсгсostal sоaсе w-ith a 5 O-]\IHz sесtoг.sсxnnеr tгaлsсluсеr irt a

сlisplavеd сlерth сlf 12 сm Tlrе гight sidе of this sonogгam is dorsal аnd
thе lеft sidе is vеrrtfal

Figure 6-73
sonogram of a nllгkссlir' сlllatgсс1 splееrr obtainеd liоm a 24.1.еaг-o[d
Thсlгсlughbrсс| nlaге п-itll splспiс J1'mplrоsafсo1la Thе splееn mеasllгеs
28 1 1 спl thiсk at this k)сation aпd hls a brrlging гortnс1ссI lppеaгxnсе
Thс splеniс par.сnсhr'nll is sliglrtl1, hеtеfogеnеOlls. anсl thе noгmal
aгсlritесtrlrе оf thе s1llесп in not visiblе Tlris sonogгam was Obt1linеd
tfom thе sе\.еntееntll intетсOstаl spaсс п.ith lt 2 3-NЦHl' sссtor-sсanlег
transduсеr at a displa\'еd dеptlr оf J0 спr Thе гi!.ht siсlе of this sonсl-
gгaп is с|oгsal lnс] thс lсft si(lе is \'епtral

gгaphiс frndings if thе сatldal polе of thе splееn is in-
volvеd, but imagе quality is ustrally sllpеriof. Transгесtal
imaging сlf сaudal polе of thе splееn ilr onе horsе with
lymphosarсoma fеvеalеd a splеniс mass with a сomplех
pattеfn of есlrogеniсit\-. Asсitсs has also bееn rеportеd
in hoгsеs rl.ith splеrriс and hеpatiс l1.mplrсlsaгсoma..93

Hrpoесlrtliс noсlulеs har'е also bееn imagеd in horsеs
\\'ith mеtastatiс mеlanoma (Fig. 6_71). In most hoгsеs
\\.ith mеtastatiс mеlanoma in thе splеrn, thе massеs afе
small and homogеnеotts, bllt laгgеr massеs havе bееn
dеtесtеd in a hсlrsе with malignant mеlanoma.... Tltе
sonographiс appеaranсе of splеniс mеtastasеs in a horsе
with maliЕ.nant mсlanom2l has bееn dеsсribеd aS multiplr
massеs 6 to 12 сm in diamеtеr loсatеd thгoughotrt thе

Figurе 6-74
Sоnogram rlГ thе splесn obt.tinеd trоm a gгav 1 2-r,еaг-oIсl Thогorrglrbrесl
gсldit1g i!.ith реrlrесtal mеlxп()me Thе lrогsе prеsеntеd witlt сhгorriс
сoliс' pгompting an abdonrirral u]tг;rsound ехamination A small hеtеro
gеfrеOus nlass *.as found in tl-tе splееп that геPIeсеd thс nсlгtrral splеniс
arсhitесtuге but did not disгrЧ)t thе sur.1.aсе of thе splееп A splеniс
mеlatlonta was srtspесtеd. bllt thе Os,nсг сlесlitrеd a biops)' of tl.fs mass
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Figure 6-75
sonogгam of thе splееn obtaiпеd tiоm an 18-vеar-o1d haЕАтabiаn gеld-
ing with gastr.iс squamous сеll сarсinom:r Thе homogеrrеous, l.t1.po-

есhoiс. sоnrсwhat сiгсular mass in tlrе splееn that геplaсеs thе nofmal
splеniс paгеnсhymJL (.up аrrou,D is а mеtastasis of thе gastгiс squamous
сеlI сarсinоma Thе splееn also appеars aс|hегеd to thе ]afgе сolofl
along t1rе пrеdial sttгfaсс of thе splееn immеdiatеly сatlсlаl to thе
stоmaсlr at thе splеniс vеiп Тhе mеsеntеry of thе lalЕе сolоn appеars
thiсkеnеd and n1oге ссhogсniс than nofmxl ('dotuп аlтoul), arrd a

h1'poесhoiс mass appе:rгs to bе attaсl]еd to thе rnеsеntеry immеdiatеly
to t]rе ]еft of thе down arrow Thе lifgе anесhoiс сiгсular struсtrrfе is
thе splеniс vеin This soЛogгam was otrtainеd tiom tl.rе lеft fourtееnth
intеfсostal spaсе witlr a 3 

'-\4н.7' 
sесtof-sсannеf tгansdrrссr at a dis-

plа1,есl dеpth of 16 сm Tlrе гiglrt sidе of this sonoЕ.гam is dоrsal and
thе lеft siсiе is vеfltral

splееn.6 65 Thеsе massеs appеaгеd homogеnеours and h1ь
poесhoiс rеlativе to thе есhogеniсity of thе splееn. Меta-
statiс nodtrlеs havе bееn dеtесtеd sonographiсally in thе
splеrn in horsеs With Е]astriс squamous се1l сafсinoma
(Fig. 6_75)..'Thеsе nodulеs havе most typiсallу appеarеd
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as hypoесhoiс, somсwhat сiгсular nodulеs. In horsеs
with splеniс nеoplasia, a pеritonеal еffusion, usually sеfo-
sanguinous' may bе pгеsеnt. .Witlr pеritonеal еffusion,
thе abdominal organs arе imagеd floating м/ithin thе pегi-
tonеa1 fluid

Splеniс Hеmatoma. Splеniс hеmatomas arе rafе in
horsеs but har е bееn sееn iл sеl,еral horsеs with abdomi
nal tгauma as тr еll as in hoгsеs with no history of abdomi
nel iniuп Thе mass mar bе dеtесtеd as a swеlling of
mass in thе splееn on гесtal palpation if thе сaudal polе
or tail of thе splееn is iлr o1r еd. Thе hеmatoma may
appеaf as a loсulatеd anесhoiс mass \\-ithin othегwisе
normal splеniс paгеnсh\-ma (I.ig 6_-6) oг ma\, сontain
есhogеniс to hyрегесhoiс massеs. геpгеsеnting сlot fof-
mation within thе hеmlrtoma (Fig. 6_--). lf thе hеma-
toma is fесеnt, hypoесhoiс loсulatеd afеas ma\ bе irп-
agеd in thе hеmatoma assoсiatеd ч,-ith thе rесеnt
blееding into thе splеniс pafеnсhyma (Fig. 6-78). Thе
rеmaininЕ. splсеn in thеsе horsеs slrould bе smallеr than
noгmal, assoсiatеd with splеniс сontraсtion. Thе orga-
nizеd есhogеniс сlots imagеd within thе splееn afс Llsu-
ally imagеd in horsеs with splеniс hеmatomas that oс-
сuгfеd Wееks to sеvеfal months еafliег. Thе sizе of thе
unaffесtеd por1ion of thе splееn in thеsе horsеs is usually
rеturnin8 toward noгmal. Thе anесhoiс loсulatеd hеma-
tomas also fеpfеsеnt morе longstanding injuriеs to thе
splееn. Thе amount of nofmal splеniс paгеnсhyma in
horsеs with splеniс hеmatomas oldег than 3 to 4 months
is usually within normal limits.

In onе hoгsе with a splеniс hеmatoma, a|arge abdomi
nal mass was imagеd сontaining multiplе fluid-flllеd aгеas
suгroundеd b), a thiсk есhogеniс wall that adhегеd to
thе lеft flank.209 Thе flr.rid within thе mass was homogе-
nеous and of loчr есhogеniсiф, сonsistеnt with a splеniс
hеmatoma. An aspiratе of thе fluid сonsistеd primarily of

Figure 6-76
Sсlnсlgrams сlf thе splееrr Obtainеd fгorrr a 16-vеar-Old Quaftеf hсlтsе gеlсling With a splеniс hеmatoma Tlrе hеmatomа sas liгst diаgnosеd 1 )rеaf
а1tег thе hогsе ехpеriеnсеd sсvеге abdоminal tгauma from a kiсk to tlrе abdomеп Сytolоgiс сvaluation of аn as1liratе fгoп tttе mass G1) геvеalеd
a hеmatоma Thс гiglrt siсlе of thеsе sonoЕ]гaпs is doгsal and thе lеft sidе is vеntгal .4' Thе iЛtгaparеnсlr1.mаl hеmatome (апglесl аrrош's) |tas a
:imilaг soпсlgr:rphiс appеaranсе tO thitt сlf hеmatomas еlsеwhеге, with manr, Iibrinous loсulations within an aпес]roiс fluid-fillесl сaYity Thе
hеmatoma appеaгS to bе епсapsulatеd and sttrгoundеd bу a rim of slightly moге есlrogеniс tissuе (uJl аrrou') геpгеsеnting nrorе noгmal splеniс
paгеnсlr1'ma This sonoЕiram was obtairrеd in thе lеft fouгtееnth iпtегсostal spaсе With l 2 5-МHz sесtoг.sсannег tгansdllсеr at a сlisplaуеd dеpth of
]6 сm B. Thе sonоgrapl.riс appеaгanсе :rnd sizе of tl]is hеmatoпla сhangеd littlе iп 3 months Thе l.rеrrratoma сontinllеs to сontain a laгЕ]е amount
оf anесlroiс fluid arrd 1ibrinous loсulations (сmgleсl апd r|oш'n аrroшS'), srrгroundесl by a гim of noгmal splееn (и7l аrroш) .Гhjs sonogfam was
оbtainеd ffom thе vеntfal abdomеn in thе rеgion of thе lburtееnth intеfсostal spaсе with a 2 5-|хЦHz sесtor-sсannег tгansс|lrсеr at a displayесt dеpth
of 28 сm

Ve
tB

oo
ks

.ir



318 Сhаptеr 6 . Adult Ab.lomiпаl LЦtrаsonogrаpt1у

Figure 6-77
sono€.гams оbtainссl tгOЛl thе lеft sidе оf thе aЬdoпrеп ,in a 5-vеeг-
сllсl Thoгtlrrghllrеd gеidlпg sith а largе splеniс hеmatonra f.lris
horsе haсl еxpегiеnсеd sеl еге аbсtomin:rl tгarrma 2 nlonths сaгliеr
Tlrе right sidе оf tt]еsс sОl]ogгams is dorsal anс| thе lеtt sidс is
\.епtrlrl ,4. Тhе splееп sas a[пltlst соnrplеtеlу rеplaсеd b)'a largе
laс]- loсul:rtеd па'ss ((//].r)lls) сOntaininE. multiplе есhoЕ.еniс to
hvpегесhoiс strtlсtuгеs theг сast aсOllstiс slraсloп-s сOnsistеnt \\.ith
сlгgaлizing сlot (,r.ql)l аlt14|есl сtп-сttt') A strrall rirrr of lroгmal-
appеaring splеl-tiс рaтеnсh\'пa \:ts sссn at thе сfilnie] polе and
also aхiall1 (.d|l[<lеd lгlttt'r ltrrоu'). brrt thе сarrdl| polс and most
сlf tlrе ]atегal srtгfltсе oГ thс sрlееrr wеrе rеplaсеd Ь1' tlris laсу
nеtu'ork сontаining atlесhсliс 1lrriс] T[rе t-nass mеastlfеd appгсlхi
matеh 2() сn] b\ .]() сm at thе initial схаmination This sonogгam
п.as o|эt;rinесl in thе lе|r siхtееnth intеrсOstal spaсе with a 3 5-

tr4Hz sесtОf.sсanltег tгlnsс]rtсег at a displa)'еd dеpth of 21 cm B'
Two псlllths l:rtег thе lafgеst poгtioЛ of thе lrеnratоml (аrrош's)
rvas bеst inrаcссi tioп thе lеft vсntfal abdolrrеn Br, this timе thе

mass had dесrеasеd in sizе signifiсant|Y, mеasuгinЕ. approхimatеl), ].0 сm br'20 сlll Fе*ег lrr,pегесlroiс massсs саstin€. aсoustiс shadоп.s
(сlOtS) \v'еfе dеtесtеd at thjs timе A slight|-v lагgег ахial rinr оr normal appеaгing splееll (klшer апglеr1 аrro,Lll) was Pгсsсllt This
sonoЕ.гam rvаs сlbtаitrеd along thе lеft \,еntfal abdсlmеr-r in thе ге!]iOЛ сtf thе siхtееlrth intегсOstal spaсе with l 2 5-МHz sесtor-sсannсг
transdl]сеr at a displx).е(l dсpth of J0 сп С, Thе hеmatoma сOntinuеd to dесгеllsс signiliсantl1' in sizе, lnd 7l, months a1tеr thе initixl
sonogгaplriс схel1-li|1ation onlу this small anесhoiс lсlсulatеd arеа (1/,].()tl.J) rr'аs dеtесtablе in tl]с splееn, most Yisiblе in tlrе sixtсеnth
intегсOstxl spaсе Tlrе pгеviоusl1, im:rgеd hypегесhoiс massеs \\ itlrin thе ltеmatоma сesting thе aсOllstiс slradоws (сlоts) *'еге rr<l l<lngег
pгеsеnt An есlrogеniс Lэапсl сlf tisslrе dеtесtеd in thе splеniс paгеlrсlrrmа in thе агсa of thс fеSolУing hеmatomx pгob:rb]v rсpfеsепts
fibгorts sсaг tissuс An aсollstiс slradow is сast ttom thе bогсlег bеtrrссrt thе rеsolving hеmltoma and thе morе псlгmal splеl-tiс
peгеnсhrma This sonоgranr was obtainеd fiom thе lеtt siхtееnth iпtегсostll spaсе with ..t 25-МHz sесtoг-sсannеf transduсеf at l
disolar еd dеoth of 2.1 сm

hеmoh'zеd rrd blood сеlls, also сonsistеnt With a splrniс
hеmatoma. Draiпagе of this hеmatoma was pегfoгmеd
via a flank lapaгotonr1, afld instillation of a laгgе-borе
indwеlling сathеtег Follow-tlp sonographiс еvaluation of
thе mass rеvеalеd an initial markеd rеduсtion in sizе of
thе splеniс hеmatoma 7 days postopеfativеly Аnothсr
horsе had a laгgе 10- to 15-сm subсapsulaг hеmatoma
that ехtеndеd ovег lllost Of thе pariеtal sllffaсе of thе
splееn 2l0 Thе hеmatonra hаd ntlnrеrolls Iibfin sеpta and
homogеnеous h,vpoесhoiс tO anесhoiс flt.tid. A disсrеtе
5-сm сirсulaг lеsion сontaining h1'poесhoiс to anесhoiс
fluid was imagеd within thе splеniс parеnсhyma in thе
сaudal polе of thе splееn. This сirсulaг flr'lid-lillеd сavit,v
bесamе h1pеrесhoiс and сast an aсollstiс shadow from
thе far sidе of thе h1'pеrесhoiс nratеrial within 10 days
of thе initial sonographiс ехamination.

Есhogеniс, luсеnt, or mlxеd pattеrns of есhogеniсitу
havе bееn геpoftеd in lrumans with intrapaгеnсh),mal
and pеrisplеniс сollrсtions Of blood.-- A doublе linеar
intеrfaсе of thе outlinе of thе splееn is сonsistеnt with a
sltbсapsular сollесtion Of blood.-- Thе otrtеr linеar есho

геpfеsrnts thе сapsulе of thе splееn, and thе innеr linеar
есho oгiginatсs ffom thе Olltеr stlrfaсе of thе splеniс
paгеnсhyma. Tгansrесtlrl ехamination of tlrе splееn may
bе hеlpful if thе сaudal polе of thе splееn is involvеd. A
highеr-fгеquеnсy tfansduсеf maY bе usеd transrесtall)r,
rеsulting in bеttеf imagе qualifil and improving thе ability
tO diffеfеntiatе sollographiсally bеtwееn a hеmatoma.
absсеss, and nеoplasia. Hеmopеritonеum ma\- oссLrr in
assoсiation with thе splеniс lrеmatoma (Fig. 6-78) or
may indiсatе splеniс гuptufе. Thе aсtltal dеfесt in thе
сapsulе of thе splееn is difflсult to lind owing to thе
markеd splеniс сontfaсtion and hеmatoma fomation.
Thе dеtесtion of both hеmopегitonеLlm and a splеniс
hеmatoma stron€.ly suggеsts splеniс ftlptuге. Splеniс rup-
ttrrе has bееn rеpoгtеd in thе horsе but is гarе and may
oссLlг in сOniunсtion with splеniс hеmatomil.]tl 2lr Foсal
lуmphoid nесfosis has bееn dеtесtеd histopathologiсally
in horsеs with splеniс rllptllfе and no lristory of tfauma.2ll

Splеniс Atrsсеss. othег splеniс abnormalitiеs suсh as

splеnitis and splеniс absсеssеs afе гafе in horsеs. A horsе
with sеvеfе nесrotizinЕ. splеnitis of tlnknown сausе was
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Figure 6-78
Sonogf'rms of thе abdomеn oЬtainеd tiom a 6-уеaг-old пin:iatrrrе lroгsе maге \\'ith sе\еrе, litе-thгсatеning hеmоpегitсlnеum апd :rnеnriа (paсkеd се!|

voltlmе : 109i,) arrс1 splеrriс traumа Тhе splееn was ехtгеmеlу small and сontfaсtесl Thеsе s<lпogгlms wеге obtlinсd i{'-ith a 2 5-N'1Hz sесtor-

sqitппег tгansduсеr (,4 and B)' a 7 5-MHz sесtoг-sсaппег tгansduсеr (ф, and a 1 i-\II1z sесtor-sсanпеI transdlrсег сoпtaiпinЕ] a built-ilr fluid offsе1

(D) 
^t ^ 

сlispla1еd dеpth Of 18 сm (,.1), 14 сm (r9). 12 сm (6). and 6 спr (,) ,4, Thе аrгоws dеliпеatе twо of tlrе boгdеrs of tlrе splеniс hеmatom:l

adiaсеnt to thе aгеa of suspесtесl sPlеniс гuptllге Тhе hеmatoma is loсulatесl irnd сoпtains onl1' a small amount of arrесhoiс fluid' сomparеd with
thс hеmatomas сlеPiсtсd in Figllrеs 6-16 lnсl 6_77 This so1]O!.гаm was oЬtxinеd in тhе lеft siхtееnth intегсOstal spaсе Thе г]ight sidе of this
soпogгam is dогsal anсl thе lеft sidе is vепtгal B. Тhе sрlееn is ехtrеmсI1' dit1iсLllt to visualizе iл thе sе\.еntееn1h intсгсostal spaсе, *'ith poor
dеtrnition of its nrargins and ;r hуpоесhoiс to anссhoiс aгеa п.ithin (мnаll аrrotl,'s) Sеvегal arсas along thе visсеr1rl (mес[iаl) sidе of thе splееn in

w'hiсhthеsplеniссapsulесouldПotbеdеIinеdstrggеstpоssiblеsitеsof llrрturе(lаrgеаrrсll-s) Thissonogfamvu"asoЬtаinеdinthеlеftsеvеntееnth
iпtеrсostal spaсе Tl.tе гi€lht sidе of this sonogram is doгsal and thе lеft sidе is vеntга] С, Thе laгgе amouпt of есlrogеniс fltdсl swiгling in thе

aЬсlominal сavity is thе hеmopеritonеum (arroиs) Lооps of jеjrulum. п-lriсh appсar есhсlgеniс and сirсulaг \vith thеiг lоng есhogеniс mеsеntеЦ,.
aге im:rgеd floating otr thе bloodу fluid srtrгorrndес1 br- tnoге anесhоiс fluid ,Гhе Iight Sidе of thе sonogram is thе lе1t sidе оf thс horsе's abdоmеtr
1], sonogram of thе abdominal wall сlbtainеd (l dar's latег сLепOnstгating a h},poесhoiс arеa of musсlе сlisruptioп п.ith disгuptioп of thс dееpеr
intеrnal abdoпrirral oЬliquе musсlе (аrr(п|) tlеloп' thе еightееnth riЬ. еl-idеnсе of ехtегIr1ll trarrma thal" геsultеd in thе splеrriс ruptuге end

hеmatoma Tlrе right Sidе of this sonogгam is doгsal аЛd thе lсft siсlе is \-епtгal

геpoffеd with a markеdly rnlaгЕ.еd, nесfotiс splееn.2l5
Thrее of 15 hoгsеs with abdominal absсеssеs Wrfе follnd
to havе sрlеniс absсеssеs in onе laгgе sttrdу,s and in
anothег 2 of 25 horsеs had splеniс absсеssеs.ll8 A forеign
body (wirе) was found in 2 of 4 horsеs with splеnitis
and splеniс absсеssеs at postmoftеm ехamination, п,ith
tгaсts lеading to thе adjaсеnt largе intеstinе.2l5 In еaсh of
thеsе horsеs, thе splеniс absсеss was at lеast 10 сm in
diamеtеr. Мost splеniс absсеssеs wеfе assoсiatеd Witlr
adhеsions bеtwееn thе splееn, stomaсh, and adjaсеnt
laгgе intеstinс.2l; A splеniс absсеss has bееn imagеd so-
nogfaphiсally by thе authof in a hoгsе with a pеnеtrating
abdorninal Wound. In anothеr horsе thе splrniс absсеss
eppеaгеd as a hypеfесhoiс сapstrlе surгounding afl afеa
in wlriсh thе normal splеniс aгсhitесtufе had bееn rе-
plaсеd by arеas of rеdtrсеd есhogеniсity... In thе horsе
тr-ith thе splеniс hеmatoma that was sllfgiсall-v drainеd, a

splеniс absсеSs сausеd its dеmisе.2o9 Thе absсеss was
loсatеd in thе сгanial poгtion of thе splееn undеrl},ing
thе ribs, afl 

^rе^ 
that fеpoftеdly сottld not bе imagеd

sonogгaphiсally.
othеr Splеniс Atrnоrmalitiеs. Splеnomеgah. is difIi-

сLllt to diagnosе dеflnitivеly in horsеs bесаt'tsс of thе
widе rangе of nofmal sizеs foг thе еquinе splееn. Splеno-
mеgaly is duе to еithеr nеoplasia, infarсtion. in1Ъсtion, or
еxtramеdllllary hеmatopoiеsis. Markеd splеnomеgaly was
imagеd in onе horsе with splеniс сongеstion and a mural
and intramural jеjunal hеmatoma (Fig. 6_79). Splеnomеg-
aly has bееn rеpоrtеd in two hofsrs.].(' rl7 In onе lrorsе
thе splеnomеgaly was thought to bе pгimaЦ,, assoсiatеd
with splеniс сongеstion;2r6 in thе Othеr hofsе it was
assoсiatеd with a splеniс infarсt.2t- Splеnomеgaly has
bееn assoсiatеd with еquinе infесtious anеmia, immunе-
mеdiatеd hеmolрiс anеmias, salmonеllosis' and nсoplasia
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Figure 6-79
Sonogram of thе splееn obtainеd tiоm a ]8.уеaг-old Quaгtеr lrоrsе mzrге

with maгkеd splеnomсgaly assoсiatеd with splеniс ссlngеstiоn Thе
splсеtl is maгkеdly еnlltгgеd, with гolmdеd boгс1егs and bulgiпg of thе
сapsttlaг sr-rflсе of thе splееn Thе nraге Was vег\' fat, сlссrеasing thе
imagе qrralit,v sigпiflсantl1' This sonоgram п,as obtainеd fгom tlrе lеft
fouгtееnth intеrсostal spасе witlr a s.iсlе-banсlп,idtlr 3 i-MHz sесtoт-
sсanпеr tгalrsсluсег opеfating at 5 0 МнZ at a displirуеd dеpth of 1l] сm
Thе гiglrt sidе of thе sonoЕ.fam is doгs:ll anсl thе lеft sidе is vеntfal

in lrorsеs.2lt Humans with splеnomеgaly afе also pfonе
to splеniс infarсtion.2r8 Splеniс infaгсtion in humans has
bееn assoсiatеd with dissеminatеd intravasсulaг сoaguloр-
ath1,, 1gn-'..еd baсtеrial rndoсafditis, dilatеd сardiomyop-
athy, atrial flbгillation, gеnеfalizеd vasсLllitis, and othеr
vasсulaf disеasеs.2ls Splеniс nесrosis and infarсtion in
dogs havе bееn dеsсгibеd as an aгеa of thе splееn сon-
taining a сoafsе ..laсy'' hеtеroесhoiс or hypoесhoiс pat-
tеrn diffllsеly involving a poftion or all of tlrе splееn but
not dеfofming thе nofmal сontouf of thе splееn.2l8. 2l9

This sonographiс appеaгanсе сotrld bе сon1usсd with
that of splеniс hеmatoma. Foсal hypoесhoiс or isoесhoiс
Wrll-marginatеd arсas that dеform thе suгfaсе of thе
splrеn havе also bееn dеsсribеd in humans and in thе
dog witlr splеniс infarсtion.2l8 2.9 A third pattеrn in dogs
of foсal vеntral еnlargеmеnt with rеtеntion of normal
shapе of thе splееn has bееn rеportеd.,.* Thеsе lеsions
in humans usually rapidly bесomе morе есhogеniс and
havе a dеnsеl1, hypеrесhoiс appеafanсе whеn thе infarсt
has rеsоlvеd oг hеaIеd.

Rеgеnегativе splеniс nodulеs wеге dеtесtеd Sono-
graphiсally by thе author in a horsе with hеmothoraх.
Thе геgеnегativе nodulеs wеfе hypoссhoiс, with a moге
anесhoiс сеntеf, and bulgеd from thе сapsulaг suffaсе of
thе splееn (Fis. 6-80) oссasionally foсal hypеrесlroiс
afеas afе imagеd in thе splееn as inсidеntal flndings,
usually сasting an aсollstiс shadow assoсiatеd with a
small arеa of dеnsе Iibrous sсaf tissuе of сalсiflсation
(Fig. 6-81). Thеsе arеas may fеpгеsеnt an arеa of sсarring
from a pгеvious infaгсt, hеmatoma, or possiblе parasitе
migration. Мultiplе hypoесhoiс nodtrlеs havе bееn im-
agеd in onе hofsе with systеmiс granulomatolrs disеasе
with involvеmеnt of thе livег, lung, and splееn (Fig.
6-s2). Nonсasеotls granulomatous inflammation in hu-
mans has bееn rеportеd to havе a uniformly low splеniс
sonodеnsiq,.220

Panсrеatiс Nеoplasia. A portion of a panсrеatiс adе-

Figure 6-80
Sonogгam of tlrе splееn Obtainсd fiom a l0-'vеar-old Aгabian marе with
hеmothoгДx Thе hуpoесhoiс mаss dеlinеatес1 by thе aIгows blllgеs
tгom thе suгfaсе of tlrе splееn aпd appеars 1rlmost сavitatеd in thе
сеntеr. Thе splееn has а somеwhlt iггеgrrlaг xрpеaranсе sttfгolшdin!.
this mass but еlsеWhеrе haс1 a normal sonographiс appеaranсе Тhis
aгсa was sllspiсious tbr a nесlplasm but was diagnosеd as a fеgеnеfatiYе
splеniс nodlllе on histopathologiс ехamination This sonogIam was
obtainесl ffom thе lеft sеvепtсеnth intегсostal spaсе with a 5 0-МHz
sесtor-sсannсг tг:rnsduсеf at a сlispla1.еd dеpth of 16 сm .fhе гight Siсlе

of this sonogram is сloгsаl and thе lеft sit1е is vеntгal

noсarсinoma .was iшagеd as a largе еnсapstllatеd mass in
thе геgion of thе lеft kidnеy in onе horsе,,. and as an
irrеgulaгl1' shapеd mass adjaсеnt to thе lеft kidnе1. in
anothеr hofsе 222 Rесtal ехamination in both horsеs ге-

vеalесl thе largе m2rss sllfгollnding thе lеft kidnе1,, witlr
multiplе smallеr massеs in thе сеntеr of thе abdomеn22.
oг adjaсеrrt to thе lеft kidnсy and splееn.2,] Splеnomеgaly
was dеtесtсd sonograplriсally and гесtally in onе horsе,

Figure 6-81
Soпtlgram сlf tlrе splсеn obtainеd frоm a 4--vсar old Tlrсlгotrglrbrесl соlt
with aпtегiоf еntеritis Notiсе thе hl,pегесhoiс stгrtсtllfе (аГrОш) Сast-

iлg an aсollstiс slradоw in thе othегwisе nсlгmal-аppеaгiПg splеniс
parепсlr1'ma Тhis pгоbabl-v fеPгеsеnts aп 1lгеa of сlеnsе fibrorrs sсaг
tissuе. as thе thiсkпеss of tlrе hr,pегесl.roiс stгLtсtufе is displaуеd stlpеr.
liсial to thе aсоustiс shaсlow rilith xn arеa оf сalсifiсation. thе aсоustiс
shaсlow shсlrild oг:iginatе at thе л1ost stlpегfiсial part Of thс h\'pегесhoiс
stfllсtuгс This sonogгirm was oЬtltinсd 1iom thе lеft fburtеепth iпtегсos-
tal sрaсе with a 2 5-MHz sссtor-sсxЛnег transdlrсег at a displа1,еd dеpth
of lt] сrn Thе гight sidе of thjs S()nogгam is dorsal and thе lеft sidе
is \.еfltfal

Ve
tB

oo
ks

.ir



sidе iS vеntra-l

but no сlisсrеtе massеs rr'еге inragеd in tlrе splееn of

this lrorsе.2,2 Mеtastasrs \\lеrе pгеsеnt thгoughout thе

abdominal сavit1' in botlr lrorsеs. pllгtiсuleгh along thе

sегosal surfaсеs of thе stonraсh. spiееn, snrall сolon, lir.еr,

сliaphragm, omеntuol. anсl mеsеntеriс l1'mph nodеs. Tlrе

maiе with panсfеatiс aсlеnoсarсinoma pfеsеntеd for 1rе-

dеprеssion.2]2
il4orе typiсally, lrowеvеr, thе panсгеatiс adеnoсafсi

noma oссludеs thе сommon bilе dtrсt and сausеs сholе-

stasis anс1 sеvеге livеr с11,sfunсtion.22r. 2,] In onе donkеy

with panсrеatiс adеnoсarсinoma' mеtastasеs wеfе pfеs-

еnt througlrout thе mеsеntеЦ., o11 thе diaphragm, and on

tlrе sеrosal sttrfaсе of thе сolon' сесLlm' and stomaсh. A

nographiсally if imagr omеn had

bеёn possiblе. In two dеnoсarсi

''o-u, 
с1iffusе lympho mall intеs-

tinе was also prеsеnt сolon wаs

similarlу affесtеd). 22o

In humans with еxtгapanсfеatiс panсrеatiс сarсinoma,
thе primary tlrmor massеs havе low-amplitudе есhoеs,

tlrе invсllvесl lymph nodеs havе mildl1. еnlargеd оvoid
massеs of moс1еratе есhogеniсity, and thе livеr mеtas-

tasеs tеnсl to bе small and hуpoесhoiс.2,' Thе еxtfapan-

сfеatiс panсfеatiс сarсinсlma oссufs whеn biliary ob-

stгrrсtion, hеpatiс mrtastasеs, геgional lymph nodе

involvеmеnt, splеniс еnlargеmеnt, and asсitеs aге pfеs-

еnt. similar to What has bееn rеportеd in thе majority of
aff.есtеd hoгsеs.

Сbсtptеr 6 . Achutt Abd,omiпсll Ultrаsoпogrаphу 32|

Panсrеatitis. Antеmortеm sonogfaplriс dеsсription of

posеd gas.flllеd small intеstinе. At postmoffrm ехamlna-

iion this afеa fеpfеSеntеd a markеdly еnlargеd panсгеas

with sеvеrе nеЪrotizing panсrеatitis. Panсfеatitis has

bееn rеpor.tесl in horsеs with сholеlithiasis.l,6, l51

G astroi ntesti na I D ise ases

tion trsеd to hеlp makе thе dе
and surgiсal сoliс.2' 17 Sсanning
most vеntгal loсation is сritiсal
this dеtеrmination' in aсldition to еxamining thе lеft and

гight siсlеs of thе abdomеn. Thе affесtеd fluid-frllеd intеs-

tinеfallstothеmostr-еntгalloсatiorrandisrеadilyvisiblе
if sсannеd fгom thе most vеntfal poftion of thе abdomеn.

Abnormal snrall intеstinе ma\- bе missеd. hoчzеvец if
sсannеd from thе latеral or dorsal portion of thе abdo-

mеn bесatrsе thе intеfposеd gas-flllеd boпrеl pfеvеnts

visualization of thе affесtеd intеstinе. In onе study of
226 horsеs that pfеsеntеd for сoliс and had abdominal

ultгasonography pегformеd, signifi.сant diffеrеnсеs wеfе

sееn bеtйеn thё thrее arеas in thе abdomеn in whiсh
small intсstinе was idеntiiеd sonographiсally.z,9 Bnlargеd

or еdеmatous small intеstinе was idеntiliеd morе fге-

qllеntly in han in
thе right omlnal

ultrasonog of dis-

tеndеd or with a

primary small intеstinal lеsion; only 50% of thеsе сasеs

wеrе dеtесtесl on rесtal ехamination.229 Abdominal so.

nogгaphy hеlpеd to distinguish сliniсally bеtwееn largе

u',i '-"il intЬstinal disеasе, although thе spесifiс small

intеstinal lеsion was not idеntiflеd sonographiсally.229

Largе сolon only was dеtесtеd sonographiсa||у \n |52

hoгЪеs; nonе of thеsе horsеs had primary small intеstinal
disеasr.229

Thе pгеpondеranсе of largе intеstinal disеasе ovег

small iniеstinal disеasе in thе adult horsе limits somеwhat
thе usеfulnеss of abсlominal sonography in tlrе adult

horsе сomparеd with thе foal. An inсrеasе in thе diamе-

tеr of thе small intеstinе, inсrеasеd thiсknеss of thе small

intеstinal wall, and absеnt motility dеtесtеd on abdominal

thе right paralumbar fossa or thе гight сaudal abdomеn
vеntfal to thе сostoсhonсlral junсtion. Sonographiс diag-

Ve
tB

oo
ks

.ir



322 Сhс|ptеf 6 . Асlult Abdomiпсll Lпtr.lso'logrаpbу

Figure 6-83
Sorrogгams of tlrе abdсlnrеn obtainеd fionr a 2l-r,еaг-old Paiпt gеlding witlr a hгgе lbdomilrаl mass pа]patесl n-rеdia] to thе lсft kidllеY Postmortеm
ехamination теvеа]еd thjs to |)е an епlaтgес| 1lесГOtiс р;rnсгеas rrith sеrеге nесrosis and ljbrоsis Thеsе sonсlgг;lпls \\еге obtairrесl frсlm thе lеft
paгalumbutг 1bssa (,4). tlrе пght fouгtееnth ir]tеГсostal spaсе (8) and thе гight si\tеепth intегсostal spxсе (o With a 2 i МHz sесtor-sсaпnсг
transdl]сег at а displa1.еd dеpth сlf 18 сnl (,1). 22 сп (,9) and 30 сm (o .{ Тhе lеft kidnеr xppеaгs somеп.hat lr}'pегесhoiс with pooг аnatolПiс
dеtail A h1poесhоiс nосltilaг пr;rss latегal to thе lеft sidе of thе aoгt:l Q.l) anсt mеdial to thе right sidе of thе lеft kiсJrrеy (сtrroul) сnl:rгgеs towaro
thе сгanial polе Тhе гiglrt sidе of this sоnogram is сгxnial anсl thе lеft siсle is сattс1al B, Thе fight dorsal abсlсlmеn in thе srtblumllaг rеgion is fillесl
with a laf€.е hеtегogеrrеotts 1nass сontaiпing сompositе есhogе1]iсitiеs With a taгgе sеmiсifсulaf hvpеrссlroiс stfuсtuге supегimposеd on tlrс пraSS,
Wl]iсh геpгеsеnts Е]as in t]]с mrrсosal sjdе of thе adhегеnt srnall intсstiпе l.hr гight sidе of this sonogгam is doгsal arrd tlrе lеft sidе is vеntгal С. A
laтgе lrеtеrogсnеOlls mass of сrlm1lositе есhUgеniсiг).is inragеd suттounding thе aorta (zl) arrсl :is puslring thr гight kiс1nеv сauсlally Тhс гight sidе
of this sоrrogтaп is сfanial anсl thе lеft sidе is саudal

nosis of displaсеmеrrt Of thе laгgе сolon сan bе madе,
paftiсularly in horsсs witlr nеphrosplеniс ligamеnt еn-
tfapmеnt.2]O Howеvец сafе must bе takеn to еvalllatе thе
loсation of all abdominal visсеra in a horsе with sus-
pесtеd intеstinal displaсеmеnt bесatrsе еnlafgеmеnt or
atrophy of onе ofgan of visсus сan rеsult in malposi
tioning of othеr noгmal stfllсtufеs.

Ultrasonogfaphiс еvaluation of thе pеritonеal сavitу is
also usеful to dеtеfminе if pеritonеal fluid сan bе ob-
tainеd on abdominal pafaсеntrsis. Thе likеlihood of ob-
taining pеfitonеal fluid from an abdominal pafaсеntеsis
is small if no pеritonеal flrrid is imagеablе, and thе risk
of iatгogеniсally laсеrating thе intеstinе or prffofming an
еntеfoсеntеsis is higlr, partiсularl1, in a hoгsе пrith
markеd abdominal distеntion.2Jr

Intussusсеption. Hoгsеs prсsеnting with a jеjunal in-
tltssusсеption usually havе rrrorе aсutе abdominal pain,
whеfеas horsеs with an intr'rssusсеption involving thе
ilеum, largе сolon, сесum, and small сolon oftеn havе a
mofе сhroniс history of abdominal pain'

Jej unаl-Jej Llnа,l I''tu s sus cеptiot'' Although jеjunal-
jеjunal intussusсеptions arе usually thought to bе morе
сommon in fсlals, jеjunal inttrssusсеptions do oссuf in
adult hofsеs.2r2 Ninе of 11 horsеs in onе study had signs
of aсutе abdominal disсomfoгt for 5 to 16 hours pfior to
рfеsеntation at a rеfеfral hospitel, anсl 2 horsеs had signs
for 2.5 and 5 da,vs, with initial signs of mild pain that
bесamе inсrеasinglv moге sеvеге.2]2 Hofsеs гangсd in agе
fгom 2 tсl 24 yеaгs, with a mеan agе of 10.5 ).еafs.2]2
Small intеstinal distеntion was palpablе гесtally in all
horsеs in whiсh thе геsults of thе rrсtal ехamination
wеге rесordеd and.was dеtесtеd via abdominal гadiogra-
phy in 1 miniaturе hofsе.].J2 In 1 horsе thе jеjunal intus-
sl'lsсеption was palpablе гесtall), in thе dorsal right quad-
гant as a mass. Thе intussusсеption .W.as mofе frеquеntly
fotrnd in thе middlе of thе iеiunum but was also found
in thе pгoхimal and distal third of tlrе iеiunum in somе
horsеs at thе timе of surgеry. Thе intussr-tsсеption in-
volvеd О.4 to 9.l mеtеfs (mеan 3.4 mеtеrs) of thе
iеittnum. A ltrminal oг intramural mass was found assoсi-
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atесi with thе intusstrsсеption in 5 of 11 hoгsеs. Thеsе

intгaluminal or intгamural massеs wеrе lеiomyomas (3

hoгsеs), granuloma (1 horsе), and intеstinal сaгсinoid (1

horsе).23, Lеiomyomas havе bееn rеportеd assoсiatеd

with jеjunal intussusсеptions, as havе granulomas and

papillomas.2sr 235

^ 
sonographiс ехamination of thе abdomеn from thе

most vеntfal loсation should rеvеal thе jеjunal intussus-

сеptio11 in most horsеs bесausе thе thiсkеnеd, fltrid-flllеd

bowсl is hеaч' and falls to thе floor of thе vеntral abdсl-

mеn with thе long jеjunal mеsеntеry. Transrесtal sono-

graphiс ехamination of thе intеstinal mass, if palpablе pеr
i..i.'.. shoulсl also rеvеal thе сharaсtеristiс sonogг:rphiс

n. Tгansгеt.tal imаging of
on is most likеl1. if thе
involvеd. Thе lrrst fеpoft
thе diagnosis of gastгoin-

tеStinal сlisеasе was thе diagnosis of small intеstinal intus-

susсеptions in foals (sее Сhaptеf 7)..,o Thе dсtесtion of
a сhaiaсtеristiс ..tafgеt,' or ..bull's-еyе'' sign is obtainеd
by sсanning through thе apех of thе intusstrsсеption
whеrе thе intussllsсеptum is suгroundеd by fluid and

thе intussusсipiеns, similar to thе apprafanсе prеviottsl1,

dеsсritlеd in humans.2. 226- 22-, 2.6',з- This ultгasonogгaplriс
appеafanсе is сrеatсd br' thе diffегеnсе in aсoustiс im-

pЪсu'... bеtwееlr tlrе thiсk-п-allеd. сongеstсd. сdеnrа-

tous innеr intusstrsсеpttttl and Outег intussttsсipiеns and

intussusсеption maу appеaf as two сonсеntriс rings with
a сеntгal сirсulaг afеa of есhogеniс сorе fеpfеsеntinЕ. thе

innеr lumеn of thе intttssttsсеptum, thе ..multiplе ring',
sign.22('. 2]]' 23s This appеaгanсе oссLlfs whеrе thе чralls of
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thе intussusсеpttlm and inttrssusсipiеns arе lеss еdеma-

tolls..,., Oссasionally lrbrin may bе imagеd bеtwееn thе

innег intussusсеptum and tlrе outег intussusсipiеns. Fluid

сlistеntion of thе пroге proхimal small intеstinе is dе-

tесtесl. usuallr, witlr normal or nеarly normal wall thiсk-
nеss anсl littlе сlr rro pегistaltiс aсtivity.226

IIеаl-Ileаl I|'tus susceptiotъ \|еal,-i|еal intussusсеptions
old or youngеr'

ng wеanlings and
n assoсiatеd with
inal Pain, usuallY

of sеvеral days' or wееks, сluration T1rе сausе of thе

intusstlsсеption is trnknown, ц,ith a laгgе tapеworm
buгdеn possibl-v pla1,ing a rolе in somе. but not all,

horsеs.,ai 2ar Distеndесl small intеstinе п.as palpablе in all

horsеs in whiсlr a rесtal еxamination сould bе pегformеd.

Thе intussusсеption is typiсauy loсatеd 6 to 12 сm from
thе ilеoсесal junсtion and is abor.rt 6 сm in lеngth, al-

of tlrе ilеal-ilеal intusst'tsсеption has also bееn pеrformеd
fгom thе f]ank in affесtеd -Youngstегs Thе typiсal sono-

gгaplriс appеaгanсе dеsсгibеd foг jеjunal intussusсеp-

tiсlr-rs should bе dеtесtеd
Ileocесаl I,tt.lssl|Sсеptiotl. I1еoсесal intussttsсеp-

tions har е bееn геpoпеd in гotLng hoгsеs гanging in agе

fгom 8 to 2(l months' rr'ith a mеan agе of 1f mсlnths',ra

Affесtесl hoгsеs ustrall't. hat.е a lristtlп- of сlrгoniс, usually
intешittеDt, abсlominal pain of sеvегal da]-s' to wееks'
duгation (5 da.vs to morе than 3 wееks) and usually havе

normal vital signs at prеsеntation, passing Small amounts

of f.есеs ,n' Аnoploсеpbс|lа pеrfdiаtа infeсtion with a

taDеwofm burсlеn at thе lеading еdgе of thе intussusсеp-

Figure 6-84
sonoЕifams of thе abсlonrеn obtaiлеd ftolrr
a 5-1.еaг-olс1 wеlslr pсlny gеlding \\,ith an

ilеoilеal intllssUSсеPtiоП This intllssuSсеp-
tion most likеl,v ir-rvolvеs thе ilеum bе-

сausе thе a1Тесtеd bсlwеl is snrall and сir-
сulaг irr appеal1lnсе' сonsistrnt with a

poгtiotl Of thе small illtеstinс, anс1 livе
l:rуегs arе imagеd within tlrе сomрro-
misеd Lэowеl wall Thеsе sonogгаms wеге
obtainесi tгansгесtallу ъ'ith а 5 0-MHz lin-
еaf-aп1r)' tгаnsdrrсег at a сtispl:rуеd сlеpth
сlf 10 сnr ,4' Tlrе oпtег rim of bowеl
(;Iэrэrt аrrouls) is thiсkеnеd (аpprсlxi
matеl'!' 1 5 сm), and thе iпnсr lсloр сlf

boп.еl is hеtеfogепсolls in appеaгlt1се'
я.ith loss of thе noгm:ll murаl [a1.еrs (/oиg

аrrouj) А small gas slradoя. is l)fеsепt
fгorrr tlrе sma]l lumсtr of thе intussusсер-
|!m (.аrrош'Iэе{,ld),,dлd n laгgе gas shadow
iS gеnеratсd bеtwееn thе iпtusslrsсеptum
and jntussusсipiелs (сur|еd аl.rol,t') B'
Тhе п.all of thе ilеum (sl]Оrt аrroшs) ls
nr;rгkеdly tlriсkеnеd (Llp tO Z сm thiсk)
adjaсеnt to somе fltrid- and gasJillеd intеs.
tiflе ('lo|,lg 611.y6цli) Т|lе сonrpгоmisес1 pсlr-

tion of ilеum has a l:rгgе h1,poесhoiс sub.
sегosal lat,еr
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tion has also brеn impliсatеd in ilеoсесal intussttsсеp-
tions in horsеs.2a] Small intеstinal dilatation andlof thiсk-
еnin€. was palpablе in all hoгsеs in whiсh a frсtal
еxamination сould bе pеrfoгmеd.2r4 

^ 
2- to 10-сm lеngth

of ilеum was intussusсеptеd into thе сесum in affесtеd
horsеs.,a{

Ilеoсесal intussusсеptions сan bе imagеd ultrasono-
graphiсally from thе right flank atеa aruJ,/or transrесtally
in youngstеrs laгgе еnough to havе a rесtal ехamination
pеrformеd. Thе ultгasonographiс appеaranсе of an
ilеoсесal intusstrsсеption is a largеr saссulatеd outеr sеg-
mеnt of bowеl (thе сесtrm) and an thiсkеr innеr bowеl
wall (ilеum). Thе saссulations aге trsually pfеsеnt in thе
affесtеd poftion of thе сесum unlеss thе bowеl wall is
markеdly thiсkеnеd and thе сесum is maгkеdly dis-
tеndеd, making thе saссulations morе difflсult to rесog-
nizе sonographiсally. Hypепrophy and markеd dilatation
of thе distal jеjrrnum havе also bееn rеpопеd in еquinе
youngstеrs with ilеoсесal intussttsсеption and ma'v bе
dеtесtеd trltrasonographiсally.,ar Ilеoсесal intusst-tsсеp-
tions arе сommon in dogs, and thе ..multiplе ring'' sign
has bееn dеtесtеd in affесtеd dogs.22 An ..houгglass', oг..fllsсd targеt_likе'' pattеrn has also bееn dеsсribеd in
сhildrеn with an ilеoсесal intussusсеption as thе intllsslls-
сеption is imagеd simtlltanеously within thе сolon.2J5
othеr tеrms suсh as .,hayfork,'' .,tridеnt,'' and ..sausa€.е''

havе bееn usеd to dеsсгibе thе longitudinal viеw of an
intussusсеptiof|,22' 215 z+э .,poцghnut'' and ..psеrrdokidnеy''

havе also bееn usеd to dеsсribе thе transvеrsе viеw of
an intussusсеption bllt arе not spесifiс for an intussusсеp-
ti)n.22,218.219

Сecoсecаl or Сecocolic Intшssuscеptdotl. Horsеs
with сесoсoliс oг сесoсесal intussusсеption arе usually
young.,.r.2j0' 2'l A mеan agе of 2.4 уеarc and an agе fangе
of 7 months to 8 yеars was rеportеd in a group of horsеs
with сесoсoliс intussusсеption.2'() A history of mild to
modеratе abdominal pain of sеvеral days' duration and
сhгoniс Wasting aге сommon in hoгsеs with сесoсссal
or сесoсoliс intussusсеption.,5o'252' 2'3 Aсutе sеvеrе сoliс
with unгеlеnting pain has also bесn rеportеd.25() Tapе-
woгms, partiсularly А. pефliаtа, havе frеqtrеntly bееn
assoсiatеd with сесoсoliс intussttsсеptions, although
thеir ro1е in сausing thе intussllsсеption rеmains un-
сlеaг.2j]'250-252 сесal wall absсеssеs, dеw.orming with or-
ganophosphatе сompounds, vasсulaf сompfomisе by
Strong1llus uulgаris and Eimеriа lеukаrti infесtion, and
parasympathomimеtiс drugs havе all bееn assoсiatеd
with сесoсoliс intusstrsсеption.2so Thе laсk of idеntifrсa-
tion of thе сесum on rесtal ехamination has bееn notеd
in horsеs with сесoсoliс intussusсеption but is not spе-
сffiс for this problеm.,'u ,', othеf abnoгmal rесtal Iinсl-
ings inсltrdе pain in thе right dorsal abdominal quadrant,
a mass in thе right dorsal quadrant' largе сolon distеntion,
еdеma in thе largе сolon, a possiblе largе сolon im.
paсtion, and small intеstinal distеntion.2j0 In only onе
horsе was thе сесoсoliс intussusсеption palpatеd on rес-
tal еxamination.25()

Although flndings on rесtal palpation aге oftеn inсon-
сlusivе,250' 252 253 the sonographiс idеntiliсation of thе
tafgеt or bull's-еyе sign is diagnostiс of an inttrssusсrp-
tion. Сесoсесal and сесoсoliс intussusсеptions сan bе
idеntiflеd by thеir сharaсtеristiс appеaгanсе and thеir

loсation within thе abdomеn. Thе Olltеf intllssusсipiеns
has a somеwhat saссtilatеd appеaranсе and is sеparatеd
from thе thiсk-wallеd, сongеstеd, еdеmatolls innеr intus-
susсеptum by thе intеrposеd fluid layеr. Thе сесoсесal
intussttsсеption is found in thе right vеntгal abdomеn
bесattsе tlrе apех of thе сесum is invaginatеd into tlrе
сесal basе (Fig. 6_85). Thе сесoсoliс intussusсеption is
loсatеd in thе uppеr right quadrant bесausе thе еntirе
сесum is invaginatеd into thе right dorsal сolon. Thе
intttssttsсеption and adjaсеnt largе bowеl lttmеn should
bе сarеfully sсannеd for an1. еvidеnсе of thе tapеWofm
sеgmеnts. It is rrnlikеly, howеvеr, that thеsе small pгo-
glottid sеgmеnts сan bе dеtесtеd within thr intllssllsсеp-
tion owing to thr mafkеd thiсkеning сlf thе bowеl wall,
with only a small amolrnt of fluid bеtwееn thе intussus-
сеptum аnd thе intussusсipiеns.

Small Intеstinal Volvulus. Aсutе sеvеге abdominal
pain with rapid dсtеrioration zind сardiovasсtrlar сollapsе
is сonsistеrrt witlr a small intеstinal volr'.ulus. Laгgе
amounts of nasogastriс rеflr.rx arе ttsualh. obtainеd during
gastriс dесomprеssion. If tuгgid, flrrid-fillеd, amotilе small
intеstinе with thiсkеr than normal walls is imagеd, a
small intеstinal volwrlus slrould bе suspесtеd (sее Chep-
tеr 7).2 l' A similar sonogгaphiс appеaгanсе is сlеtесtеd
shoпly aftег thе volr',rrlus oссuгs, br'rt jеjunal wall thiсk-
nеss may still bе noгmal or nеarl1, noгmal as thе сonЕ.еs-
tion and еdеma of thе bowеl wall arе dеvеlopirrg.

othеr Small Intеstinal oЬstruсtiоn,/Displaсеmеnt.
othеr strrgiсal disеasеs of thе small intеstinе сan also bе
diagnosсd lrltrasonographiсall1, in horsеs prеsеnting With
abdominal pain. With a mесhaniсal obstгuсtion, dilatеd
proхimal loops of intеstinе and сollapsеd distal intеstinal
loops сan both bе imagеd, although tlrе сausе of thе
mесhaniсal obstrtlсtion may not bе visiblе., Littlс of no
pеristaltiс aсtiviф of thе affесtеd portion of small intеs-
tinе сan bе imagеd. In horsсs with primary small intеs-
tinal stгangulation of obstrllсtion, transсutanеolrs ab-
dominal ultrasonography should rеvеal small intеstinal
distеntion, Wall thiсkеning, and ilеtls' strggеsting primary
small intеstinal disеasе. Tгansrесtal sonogfaphу in hoгsеs
with small intеstinal distеntion should also rеvеal similar
sonoЕ]faphiс lindings. Fluiс1 distеntion of thе intеStinе
proхimal to a mural or intraluminal obstгLlсtion faсilitatеs
bеing ablе to imagе tlrе arеa of abnorrrrality., Distеndеd
small intеstinе with inсrеasеd wall thiсknеss anсl absеnt
pегistalsis dеtесtеd sonogгaphiсally had a sеnsitivity,
spесiliсity, and positivе and nеgativе prесliсtivе valrrеs of
1 00% foг small intеstinal stfangulation obstrtlсtions. 229

Сongеnital abnоrmalitiеs sttсh as Mесkеl's divегtiсulum
or a mеsodivеrtiсulaг band may сattsе small intеstinal
obstruсtion with thiсkеnеd, turgid, fluiсl-flllеd, amotilе
small intеstinе imag;еd proхimal to and in thе arеa of thе
obstr.r-rсtion. Pеdtrnсttlatеd lipomas arе a сomfllon сausе
of small intеstinal strangtrlation/obstr.uсtion in oldеr
horsеs.,''' 255 In 17 horsеs with intеstinal obstfllсtion asso-
сiatеd with pеdtrnсtrlatеd lipomas, small intеstirral distеn-
tion was palpatеd on rесtal ехamination in 13 horsеs, a
displaсеd largе сolсln in 7 horsеs, and a largе сolon
impaсtion in 2 horsеs.25] Thе pеdrrnсtrlatеd lipoma was
not palpablе in any affесtеd horsеs. Thе ilеum oг jеjrrntrm
was stfanЕ.ulatеd in 15 horsеs and thе small сolon in 1

horsе, and thе jеjunum was olэstrtrсtеd in 1 lrorsе. Thе
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Figure 6-85
SonOgг1lmsobtainеdtгсlnra-vеaгlingThoгсltrghbгесl1ill).R-ithaссс<rсoliсintussLlsсеptionТhеiпtusstlsссptiOпWasimagесlin
abdomеn junсtkln foг a lеngth сlf approхimаtеl1' 12 сm. ,4, Thе outег wxll of thе iltllssusсеption (thе intusstlsсipiеns)

has l sli се аnсl is markесl]r, tl.riсkйесt, mеasuгirrg 2.20 сm. A smalt aшollnt оf fluid is im'rЕ]сd stlггоurrding tlrе

ifltussllsс егесhoiс. Тlris sоnogram wes obtaillеd with a 5'0-MHZ anпl.rlar-aггaу traпsсluсег at a displ;r1.есl с1еpt1r оf 20 сm.

Thе right sidе of thе sonoЕ]fam is doгsаl aпd thе lеft sidе is vеntral B. Sоnogгam of thе il1tllssllsсеptiotl. dеmonstгxting thе saссrrlatеd n]ttlrе ()f

thе сесum сoпtaining thе intllssllsссption. Thе outег п-a]l of tlrе iпtussusсеptio| (thе intussusсipiеns) rnеаsrtrесl l..l3 сm thiсk. Tlris sono!]гam was

obtairrесl wilh a 6.0-МtIZ miсroсonvех linеar-:rrгaу tгansduсеr at a displа],еJ dеpth of 12 сп' Thе right sidе сlf thе sorrogгam is сrаnial and thе lеft

sidе is сauсlal

lеngth of геsесtеd intеstinе \-ariеd fгorn 0.15 to -.2 mе.

tеrs. With thе snrallеst fеsесtion in tlrе lrtlгsе тr ith tlrе
lipoma stf angtllating tlrе srrrall сolon. r.t Tl-rе pеdr'rr-rсr-rlatеd

lipoma сausinЕ] tlrе obstruсtiiln is unlikсl1'to bе imagеd
ultfasonographiсall1. Owing to its loсation in thе mеsеn-
tеry. Howеvеf, thе distеndеd, thiсkсnеd, aЛlotilе Small

intеstinе indiсativе of a Stfangulation/obstrtrсtion shollld
bе dеtесtсd ultгasonogfaphiсall1,, prompting suf€.iсal in-

tеfvеntion.
Mural massеs or thiсkеning ma-v bе dеtесtеd sono-

graphiсally in thе aсlult, most ffеqllеntly assoсiatеd with
lr,mphosarсoma. Есhogеniс ессеntriс tlriсkеnings of thе
bowеl wall havе bееn геpoгtеd in сlrildrеn with intrаmш
ral hеmatomas sесondaЦI to tfauma and slrould bе сonsid-
еrеd in horsеs in whiсh abdominal tгalrma is a possibil-
ity.z;с. zs; Tlrеsе intгamural hеmatomas should rapidly
improvе on follos/-Llp sonogfams. Intгamural hеmatomas
havе bееn imagеd in thе small intеstinе of onе hoгsе
with lymphosaгсoma and mеsеntеriс blееding rЕig. 6_

86). Intгaluminal hеmorrha€.е may rеsult in brightlу есho-
gеniс fibrin сlots swirling within thе intеstinal lumеn,5"
oг in an intraluminal hеmatoma. Absсеssеs or granulomas
in thе intеstinal wall oссur infrеquеntl1, in tlrе adttlt
horsе', l-. 2r5 Еntегiс p}thiosis has bееn dеsсribеd as a

сausе of iеiunal obstrllсtion in thе horsе.259 260 261 Еntеriс
prthiosis has also bееn assoсiatеd with intramural and
mural massеs rangirrg in sizе from 0.2 mm to 6 сm. A
rrodular 3 сm Х 4 сm Х 5 сm intramttral mass was
dеtесtеd at sllfgеry in thе jеjunum of onе lrorsе with
сhгoniс еosinophiliс еntеritis attribtrtеd to Pуtbium spе-
сiеs.,.', Intеstinal flbrosis and partial small intеstinal ob-

st1тсtion п,'еrе сliagnosеd in sеvеn horsеs and poniеs.26j

Thе ехtеnt of thс flbrosis rangеd from thе еntirе small
intеstinе (jеjunum to сесum) to involvеmеnt of just thе

iеiunum. All animals had multiplе tlriсkеnеd arеas of thе
snrall intеstinе palрatеd at thе timе of rесtal ехanrination,
ltrd onе pony had a markеdly distеndеd stomaсh pal-

patеd as a laгgе abdominal mass in thе lеft сranial poгtion
of thе abdorтеn. Transrесtal sonographiс ехamination of
thе palpablе пlassеs \\-as pеrfofпеd in fouг affесtеd
hoгsеs and рtlniеs Тlrе intеstinal ъ,a11 appеаrеd morе
сlеflnеd than ttsual and tl-riсkеnеd (5 nrnr), with a fluid.
lillеd ltrmеn.2('3 Transсutanеous sonographiс ехamination
of thе abdomеn shotrld also havе rеvеalеd thе ехtеnsivе
pathology in thе small intеstinе. Sеvеrе frbrosis With artе-

riolaг lеsions and sonrе smooth musсlе hypеrtrophy was
с1еtесtеd in thеsе hoгsеs at nесfopsy.26r Similaг Irndings

Figure 6-86
sоnogгam of a mrrтa| and intfxlllminal hеmatonlx itr thе jеjuntlm oГ a

3S-r.еaг-otd Qltапеr htlrsе maге (sanrе lroтsе as irr Fig 6--9l Thе
srlаll aггolvs poiпt to thе illtfaluminal mаss. п]liсh lras lr hrpоесl]oiс.
Somе$'lut l]еtеfogеnеolrs eppеaгanсе rr'ith sm:rl| aгеas of сaYitation
inragесl rvithill Tlrе largе affos,-s pojnt tO thе mllгa] poгtioп of thе

mass Tlrе fight imagе is thе tгaпs\'еrsе in1xgс of this loop of iпtеstinе'
aпсl rhе lеfi imagе is thе lоng-aхis in1xgс Thrsе Sonogгarns п.ете оb-

taiпсd frсlm thе гight Sidе оf thе alldonrеlr just vеntfal to tl]е с()st()сhоn-

dral junсtion bеloп, tlrе thiгtееnth il1tеrсоStxl sрaсе в,-ith a widе-band-

s'idth 7 5-N{llZ sесtof-sсarrnег tгansduсеr opегаting 
^t 

1 5 \IHZ N a

displ;r1,сd сlеpth of 1() сm
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Wеfе dеtrсtеd in tlrrее othеr horsеs btrt involvеd only 3
to 6 mсtеfs of tlrе iеiunum.261

Idiopathiс musсrrlar h'vpеrtгophy of thе ilеum has bееn
dеsсribеd in adult hoгsеs with historiеs of сhгoniс mild
intеrmittеnt сoliс, сhroniс wеiglrt loss, and partial an-
orеxia, trsually for sеvеral months priof to pгеsеntation.265
In somе hoгsеs thе thiсkеnеd ilеum was palpablе on
rесtal ехamination and 1-еlt rigid. Thе thiсkеnеd ilсum is
ustrall1. palpatеd in thе гight dorsal quadгant of tlrе abdo-
mеn' nеaf tlrе сесal basе.265 Multiplе loops of distеndеd
small intеstinе aге also frеquеntly dеtесtеd in affесtеd
hoгsеs on rесtal ехanrination. еvеn if thе thiсkеnеd ilеum
is not palpablе.r65 Ilеal h'vpегtгophy may bе dеtесtеd
sonographiсally as a thiсkеning of thе mrrsсrrlar layеr of
thе ilеtrm, чzith fluid distеntion of tlrе morе prохimal
small intеstinе. Thе affесtеd ilеlrm is trstrall-v 15 to 25 mnr
thiсk at thе сaudal aspесt of tlrе ilеr'lm' tapеring to\\-aгd
normal thiсknеss сranially in most hoгsеs..... Botlr thе
сirсulaг anсl longitr'rdinal lar.егs arе af1Ъсtеd Hеrniatiorr
of thе muсosa tlrгougl-r thе mttsсularis mar- bе dеtесtеd.
1brming small olltpollсhings of tlrе sеrosa in thе majority
of horsеs with idiopatlriс mtrsсular h1'pепrophy.,o. Al-
though involr.еnrеnt of thе ilеum alonе is most сommon'
a fеw. lrorsеs havе idiopatlriс musсular hypегtrophy of
onl'v thе jеjunum, whеrеas othеfs havе sеvегal sеgmеnts
of small intеstinе affесtеd.2.'5 Affесtеd lеngth of thе ilеum
and affесtесl small intеstinе гangе tiom 0.2 to 21.3 mе-
tеrs, with a mесlian lеngth of 1 mеtеr of affесtеd bowе1..6'
Naгrowing of thе ltrmеn of thе affесtеd ilеtrm or small
intеstinе is oссasionally sееn in affесtеd horsеs.26. Ilеal
impaсtion сan oссur in thе poftions of ilеum in whiсh
thе luminal diamеtеr is narrowеd.2.'s Ilеal hvpеrtrоph1.
сan геsult in ilеal fuptufе and diffrrsе pеfitonitis in somе
hofsеs.,.,s Diagnosis of ilеal h-vpегtrophy is oftеn diftrсr.rlt
and rеquirеs histopathologiс ехamination of thе wall of
tlrе af1.есtеd snrall intеstinе. Transrесtal ttltrasonogгaphy
in hoгsеs with palpablе abdominal massеs in thе right
dorsal qtradrant nraf thе сесal basе has bееn hеlpful in
dеtеrmining that thе thiсkеning of thе affесtеd ilеum
aл<l/or small intеstinе is сonlinеd primarilv to thе musсu-
lar layег. with nо inttlsstlsсеption. Transсutanеolrs sono-
graphiс ехamination of thе abdomеn, partiсLllafly thе
right doгsal quaсlrant, m:r1. also rеvеal thе affесtеd portion
of thе ilеtrm or small intеstinr.

Nеphтosplеniс Ligamеnt Еfltfapmеnt. Thе diagno-
sis of a геnosplеniс rntrapmеnt should bе сonflгmеd
bе1brе a rolling proсеdurе is pеrfoгmеd to сofrесt thе
еntrapmеnt.266 ]6- Thе lеft dorsal and vеntral сolon nri-
gratе dorsall'v bеtv',ееn thе splееn and thе lеft abdominal
lмall and subsеquеntl1. bессlmе еntгappеd ovеf thе
nеphrosplеniс ligamеnt.]o.' Thе largе сolon is oftеn found
еntfappеd ovеr thе nеphгosplеniс ligamеnt on rесtal ех-
amination, сonflгming thе diegnosis оf nеphrosplеniс lig-
amеnt еntfapmеnt. In onе largе stttd-v, еntгapmеnt of thе
largе сolon ovеf thе nеphгosplеniс ligamеnt was dе-
tесtеd on rссtal ехamination in 6l% of horsеs.2('(' How-
сvеr, in many instanсеs a dеlinitivе diagnosis сannot bе
nradе ttpon rссtal ехamination bесausе of sеvеrе abdomi
nal t1,mpany, of thе sizе of thе patiеnt may prесludе
obtaining a diagnosis with rесtal ехaminatiоn.,('., Nеphro-
splеniс еntfapmеnt was not сonfiгmеd at surЕ]еry of at
flесrops), in \5% of horsеs in onе stttdy.26.

Nеphrosplеniс ligamеnt еntгapmеnt has a сharaсtеfis-
tiс trltrasonographiс appеaranсе.a 2].j This rеsults in ir

rapid ultrasonographiс diagnosis, and thе flndings during
thе ultrasound ехamination сan bе usеd in сoniunсtion
with thе rесtal еxamination flnсlings to сonIrгm thе
сoffесtion of thе nеphrosplеniс ligamеnt еntfapmеnt.
Nеphrosplеniс ligamеnt еntfapmеnt was сoffесtly diag-
nosеd sonographiсally in 88% of horsеs чlith this dis-
plaсеmеnt, whеrеas a dеlrnitivе diagnosis was ablе to
madе on гесtal ехamination in only 32Yo.,,o Ultrasono-
graphiс diagnosis of nеphгosplеniс ligamеnt еntfapmеnt
has two сгitiсal сomponеnts: thе laсk of visualization of
thе lеft kidnеr. and a straight (horizontal) doгsal boгdеr
of thе splееn in tlrе paгalrrmbar tbssa ехtеnding сranially
from thе tnoге сaudal intеrspaсеs (Fig. 6-871.,зo 11'.
stгaight doгsal boгdеr of tlrе splееn is сausеd bу thе
doгsal displaсеmеnt of thе сolon ovеr thе nеphIosplеniс
ligamеnt Thе gas in tlrе сntгappссi largе сolЬn prёvеnts
thе visualizatiorr of thе rrndеrlr.ing dorsal boгdеr of thе
splееn and сrеatеs thе stгaight horizontal appеaranсе of
thе doгsal splеniс boгdеr. Thе nrost dorsal bordеr of thе
splееn that сan bе imagеd is also vеntrally displaсеd by
thе сntfappеd largе сolon.2.J() Lеtt dorsal displaсеmеnt of
thе largе сolon was not diaEJnosеd sonographiсall1, in flvе
horsеs in onе stlldy bесausе thе еntrappеd largе сolon
was not Irllеd rvith gas (Fig 6-88l andloг thеге чras littlе
vеntral displaсеmеnt of thс dorsal borсlеr of thе splееn.2Jo
Knowlеdgе of thеsе variations of thе sono€.raphiс Iind-
ings in horsеs with nеphrosplеniс ligamеnt еntfapmеnt
and thе ехpегiеnсе of thе sonоlogist minimizе falsе-nеga-
tivе sonographiс flndings. Thе еntrappеd сolon is trstrally
vеry h1.pomotilе or сomplеtеly laсking in pеristaltiс aсtiv-
it-v. Сaге mllst br takеn not to ovеrdiagnosе a nеphfos-
plеniс ligamеnt еntfapmеnt rr.hеn thе lеft kidnеy is
obsсrrгеd from viеп, bl'сoloniс gas. A rесеnt fесtal еxam-
ination oftеn obsсttrеs visualization of thе lеft kidnеr. but

Figure 6-87
SonoЕ]rаm of thе splееn aлd lеft сolon obtainеd tiom a 2 Yеaf-old
Stenсlaгdbгесl сolt with a nеphrosplеrriс ligamеnt еl1trapmеnt Тhс doг-
sal boгdеr of thе splееn is obsсrtrесl ffom \-iеw аnd appеars hoгizoлtal
owinЕ. to thе Е]as tг.lpре(l in thе ovегl]'ing сolon Тhе gas-fillеd сoloл
сxsts a stгoпg aсorrstiс shadow and oblitеratеs tlrе kiс1trе1.fгom viеw in
tlrе morе сaudal intегspaсCs This sonoЕ.г:rm wдs oЬtainеd iп tlrе lеft
fiftееnth intеfсostal sPaсе $.ith ;t 3 5-NIHz sесtol-sсannеf tfansduссr at
а disрlayеd dеpth of 22 сm l.hе гight sidе of this sonogгam is tlorsal
and thе lеft sidе is vеntral
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Figure 6-88
Soпogгams сlf а lеft сlofsal disPlaсеmепt of thе largе соlоn tlbrliпеd
<.iisplaсесl in thе aгеa оf tlrе nеphгоsplеniс ligaпrеnt. ргс\спtlлS \i\
hOгsеS with trеphгosplсniс ligamеnt еntlapшеnt is rrоt iпlegеd, 1hе s

lvith a latегa] displrссmепt сlf thе laгgе сoloл. ,tr inсгеlsеd апlоunt
obtainеd from tlrе lеft Siхtееnth i.tеfсOstal spaсе (.1) end !L\ еlltееnth iпt

dеpth of 14 сm. Tlrе right Sidе оfthсsе sollograпls i: dсlгsrl;nd thе lе|t s

сolonwithfluiddistепtionоfthеadjасеntsmallintеsIi1lс\|dr,:еdГГ.)I|'\-Iпге:l]tiтnеthеlergеandsmll
A'ThеrvalloftlrеlaгgесOlonisslighthtliсkеnесl(бjпln1)i...,].tгgеgl*(blасktlГГОu.)aлdftlid.fllеd(oРenаrrot)
aге imagеd iп tlrjs viе\\'

сloеs not сfеatе thе stгaiЕ.ht hoгizontal doгslrl boгdсг . 'f
thе splееn. Tlrе lеft kidnеr- сan bе imagеd Oссasionalh
in horsеs with nеphrosplеniс ligamеnt disphссmеrrt if
littlе сlr no gas is prеsеnt irr tlrе еntfappеd сOlon. Thе

in lroгsеs .with

oссasionally bе
sеnt within thе

еntгappеd largе сolon. In thе fluid, and
gas сan oftеn bе imagеd in rgе сolon
and may havе a layеrеd appе

Largе Colon Disеasе. Laгgе сolon disеasе is сomnron
in thе aс1ult horsе, in сontfast to thе foal, in whiсh small
intеstinal disеаsе is moге сommon. Many adtllt horsеs
with сoliс havе a gas-fillеd, distеndеd largе сolon oссu-
p1.ing thе majority of thе abdomеn, makin8 diаgrrosis of
a surgiсal lеsion сlifflсLllt to impossiblе.z Dift.еrеntiation
of a spasmodiс сoliс fгоm a largе сolon displaсеmеnt or
volrullrs is di1flсult ultrasonographiсally. Diagnosing a

surgiсal lеsion in thе largе сolon of thе aс1ult horsе dе-

pеnсls upon thе rесognition of malpositioning of thе
laгgе сolon oг othеr parts of thе gastrointrstinal tfaсt of
abсlominal visсегa (Fig. 6_89), thе dеtесtion of a mtrrel
oг intraluminal mass, oг thе dеtесtion of thiсkеnеd сo-

loniс wall laсking pеristeltiс aсtivity. Abnormal position-
ing of thе largе сolon is diffiсult to diagnosе ultfasono-
graphiсally, with thе ехсеption of a nеphfоsplеniс
ligamеnt displaсеmеnt,2ro сесal impaсtion, and сесal in-

tllssusсеption. Diagnosis of latегal displaсеmеnt of thе
largе сolon is possiblе sonogгaphiсally whеn thе еntirе
splееn is obsсurеd from viеw b1, gas-flllеd largе bowеl.,r.'

In many instanсеs a distеndеd' gas-flllеd largе bowеl
r.isсtrs with normal wall thiсknеss, adiaсеnt to thе bod)r
тl.irll, is all that сan bе imagеd. Thе largе сolon or сесal
distеntion may геsolvе with mеdiсal thеrapy alonе, ot
suf€.еry ma1. bе indiсatеd. Thеrеforе, if only gas-distеndеd
larsе bowеl with noгmal wall thiсkrrеss is imagеd and a
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slrгgiсal Lсsiorr is not dеtесtеd sonogгaphiсall1., a rеpеat
rесtal and sonogгaplriс еsamination slrould bс pеrfoгmеd
if tlrе hoгsе геtrrains сoliсtп Еlr.rid. and irrgеsta-fillеd laгgе

сolon oг сrсuffI .w-ith noгrrral to nеar]\ noгшal s'all tlriсk-
nеss may also bе irnegссl in сoliсlо hoгsеs and nrav

rеspond to mеdiсal thеfap-Y.
Largе Colon and Cесal Impaсtions. Impaсtions сlf

thс laгgе сolon аnd сесum aге frеqtrеntly assoсiatеd with
mild pеrsistеnt сoliс or intегmittеnt сoliс. Thе .intегmit.

tеnt сoliс is probably assoсiatеd with transiеnt pегiods of
obstгLlсtion. Impaсtions сan also bе imagеd in thе largе
сolon and сесum as a hypегесhoiс intraluminal stгttсturе
сasting a stfong aсOustiс shadow (Fig 6-90). Gas, fluid,
and ingеsta layеrs сan bе imagеd in somе hоrsеs with
сесal impaсtion or obstruсtion (Fis. 6_91). Impaсtions
сan bе imagсd sonographiсally only whеn thе impaсtеd
portion of thе largе сolon or сесLtm is adjaсеnt to thе
body wall or fluid is intеrposеd bеtwееn thе affесtеd
poгtion of thе intеstinе and thе body wall. Fluid distеn-
tion of thе morе proхimal small intеstinе may bе dеtесtеd
in horsеs with laгgе сolon of сесal imрaсtions (Fig. 6_

90). Thе wall thiсknеss of thе distеndеd small intеstinе
is usually normal to nеarly normal, although tlrе dis-

tеndеd small intеstinе usually laсks pегistaltiс aсtir.iгr
Sand impaсtions сan also bе dеtесtеd ultrasorrogгaphi

сallу by imaging thе vrntral poftion of tlrе horsс's abdo-

mеn. Thе largе сolon appеars flattеnеd against thе vе11tfal

body wall with loss of thе normal saссulatiorrs tFig. 6-
92). Litt|е pегistaltiс movеmеnt of tlrе laгgе сolon is
dеtесtеd tlесatrsе it is wеightеd to tlrе floor of thе abdo-

mеn by thе aссumulation of sand. Tlrе laгgе сolon looks
likе it adhеrеs tO thе vеntral abdomеn owing ttr thе laсk
of motility bеtwееn thеsе twсl stfrrсtllгеs. Еvaltlation of
thе morе doгsal poпions of thе largе сolon rеvеals rroг-

mal saссulations and motilit}. Thе sarrd gгains on thе
muсosal surfaсе of thе largе intеstinе klok likе small,
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pinpoint, hypеrесhoiс stfuсtltгеs сasting small aсoustiс
shadows in varying diгесtions. dеpеnding tlpon tlrе anglе
of thе ultrasound bеam.

Еntеrolithiasis. Hoгsеs with еntеroliths usually havе
rrсufгеnt mild abdominal pain, anorехia, Е.asеous distеn-
tion, and minimal gastrointеstinal motility.,6" Thе history
of mild сoliс vaгiеs in aff.есtеd horsеs from 12 hours to 6
wееks' dltration.2.'8 2('9 Еntеrolithiasis involving thе right
dorsal сolon, transvегsе сolon, vеntгal сolon, and small
сolon has bееn dеsсribеd.l.268 269 In onе laгgе stttdy of
141 horsеs, 59 horsеs had еntегoliths in thе right dorsal
сolon Еntегoliths wеrе found in thе transvеrsе сolon in
28 hoгsеs. irr thе small сolon in 24 horsеs. and in thе

Figure 6-89
Sonograms of thе lеft sidе of thе abdomеn obtainсd fгom a 6-уеar-
old Тhtlгotrglrbгеd gеlding with а [af5]е сolon displaсеrnеnt Thеsе
sonogfams s'еге obtainеd with a wiсlе-Ьandwidth 5 O-MHZ sссtor-
sсaпnеr tгansduсег opегаtiпg xt 5 0 NIнZ (,4 and a) аnс1 a wiсlе-
bandп'iсlth 2 5-\1HZ sесtof-sсillnеf tfansduсег opегatiПg at 2 5
\IHZ (С) at a displaусd dеpth of 16 сm (А and.B) anсl 24 сm (С)
Tlrе гight sidе of thеsе sonogIxms is dorsal and thе lсft sidе is
\.еntгll .{ Тhе lеft сokln (С) is imagеd doгsall-v in thе lеft four-
tееnth intеfсostal spaсе dors;r] and somеwhat latегxl tO thе dогsal
bоrdсr оf tlrе splееn SmДll intеstinе (.|эlасk аrroф is displaсес1
]atегal tсl thе splееn (S) -B. 1.hе small intеstinе (blсtck сптotо) ts
сlеarlr' imagеd latеfal to thс splееn (s) slightl}. moге vеntrall-Y il1
tl-tе lеft tour1ееnt]] intегсostal spaсе С, Thе doгsal boгdег of thе
splееn is Гoldес| on itsеlf in thе moге сfanial pofiion of thе lеft
abdсlnrеt.t (аrrОLL')' with tl]е lаrgе соlorr disp|асеd doгsxl to thе
sрlееn (С)

\еntral сolon in 1 hoгsе. with 12 hoгsеs having еntеfo-
litlrs dеtесtеd at multiplе sitеs.r А]though most еntеroliths
afе not palpablе on fесtal ехamination, еntегoliths in thе
right doгsal сolon and small сolon arе dеtесtablе on
rrсtal ехamination'268. 2б)

Еntеroliths arе Llsllally singlе arrd sphеfiсal but сan
bе multiplе and trtrahеdral.268 Tlrе еntеfolith is usually
smooth and thus should bе imagеd as a smooth сirсular
of tеtrahеdral h1,pегесhoiс intraluminal stfuсturе сasting
a laгЕ.е aсoustiс shadow. Еntеroliths arе thегеfofе diffiсult
to imagе sonogгаphiсall1. owing to thеif сhafaсtеristiс
loсation in tlrе proхimal small сolon, tfansvеrsе сolon, of
diaphгagmatiс flехttrе, afеas inaссеssiblе to ultfasono-

Figure 6-90
Sсlпсlgгaгп of a сесal impaсtion obtainеd from а' 22-усa'г-оld Тhoгotlghbrеd
gеldiпg Тhе laгgе сirсrrlaг hYpегесhoiс mass in thе laгgе сo|on (аlтtluls)
сasts an асolrstiс shadсlw сoflsistепt тl.ith a dеnsе mxtеrial oI an епtеr()litlr
Tlris пrass ехtепdеd ltonr thе гight flank !еntгal tо thе сostoсhonсlгa[ jrrnсtiorr
at thе lеYеl of thе thiгtсеnth intегсоsta] spaсе саuсlal|1' into thе p:rraltlmbar
fоssa anсl \\-аs gгеatег than 20 сm in сliamеtег Tl.rе laгgе сolorr in thе aгеa
of tlrе impaсtion had a сomplеtе ilеus Notiсе thе laсk of saссulations in thе
atТесtеd portion of thе laгgе сolon сompaгеd Wit]r thе saссulations imagеd
in thе ad,iaсеnt lafgе intеstinе (I,I) Tlrе аdjaсеnt small intеstinе (sI) is
fluid lillесl aпсl h1'pomotilе, with noгmal wall tl.tiсknеss This sonogram was
Oi]t1tinеd ltсlIп thе гight pafalllmbar fbssa п.ith a 3 i--N,IHZ sесtof-sсannеr
tfansd].lсеr at a displaуеd dеpth of 22 сm Thс гight sidе сlf tl.tе sonogгam is
dorsal anс1 thе lеft sidе is vсntfttl
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Figure 6-91
Sonograms of thе Iight sidе of thе сaud:rl abdсlmеп olltаinес| fiom a l5-уеar.оlсl Wlгmblood gеlding with a сесal implсtioп A laгgе 25 br. 25 сlrr

thе paralrrпrbar fossa. Thеsе SonoЕ]гalrrs wегс ol)tаinсd tтсlnl tl.rе right
aг fbssa (B) with a widе-baлdrvidth 3.i-МнZ sссtor-sсlltlnег tIansdllсеr

) anсi 18 (-B) сm Thе fight Sidе tlf thеsе sоnoЕ.r'r0s is doгsаl anсl the lсtl
flr-lid arrсj ingеsta wеге im:rЕ]еd Yепtгa]h' in thе Inofе сгaпial poпkln of thс

abсlomеn Tlrе arгow points tо thс gas-fluid iлtсrfaсе B. Thе mass сast a сOmplеtе aсollstiс slraсlow vеntгa-[l1- aпd сauсlall-v fгom thе nrrrсosal suг{hсе

of thе largе сolon (arroaт) сonsistеnt witlr impaсtеd iпgеsta Distеndеrl small illtеstinе (SI) is imagеd adjaсеnt to tlis impaсtion

graphiс еxamination. Thе rrrес1irrm-sizеd еntегolitils tеnd
to lodgе in thе trarrsr.егsе сolon and thе laгgсr сгrtегo1itlrs

in thе right doгsal сo1orr oг diaphгagmatiс tlс\uгс.r. r.'

Raсliographiс ехaminition of thе abdomеrr is pгеttгablс
to Lrltгasono8raphiс ехamination in iroгsеs il-r rr.lriсir еn-

tеrolithiasis is suspесtеd i Сasеs witlr onl.v laгgе сolon
еntеroliths wеге сoffrсtly idеntiflеd 83.2% of thе timе,
whеrеas small сolon еntеfoliths мrеfе idеnti-f,еd only
4|.6% of thе timе.'

Largе Сolon and Cесal olrstruсtion. obstr.r.rсtion of
tlrе largе сolon with fесalitlrs or tгiсhophytobеzoaгs has

Figure 6-92
sono€]гams of thе сolon oЬtainсd fгoп a 4-yсar old n]iniatlrfе hсlтsс Iill1.

пith a sanсl impaсtion. Tlrе lеft iпaЕ!'е iS сlf thе right r,еntral сolon'
s'l.tiсh is kladесt with sand and hаs lost its normal saссtrlаtitlлs аgainьt

thе vеntгal poftioп of thе аbdonrеn ln rеal timе, pеfistaltiс movсmепt
of this portion of thе bowеl was difhсrrlt tO appfесiatе Thе гight iЛ1agе

is of thс lеft r.еntral сOlОn that has noгmal saссulations and Pегista]sis
lgainst thе vеntгal abdoл1irral п.al-[. Thеsе sonograms Wеrе obtaiПеd

цitlr a wiсlс-barrdwidth 6'0-MнZ miсfoсOnvех linеaг aггa), tfansdllсег
Opегating at l0 0 MHZ at a сiisplaYеd dеpth of 8 сm Tlrе гight sidе of
Ihеsе sonoqгlms is сгenial arrсl thе lеft sidе is сalrdal
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bееn геPoгtеd irr hoгsеs and poniеs. paГtiсLllarlу minia-
tuге h()гsеs ]- ) ]_] \Iild сoliс is a сoпlm()n prеsеnting sign.

along \\.ith pгos.геssi\е abdominal distеntion. Fесaliths
ltге сoпPosеd of ir-rspissatеd гlbrous fесal matегial and
сan геaсh 8 tсl 12 сrrr itr diamеtег end 15 to 20 сm in
lеrrgth.]-. Tгiсlroplrrtobеzo;rгs aге сombinetitlns of animal
hair, plant flbег. and lnagnеsiltnr ammoniuffl phosphatе.
Phrtoсonglobatеs arе ball-shapеd сonсгеtions of unсli
gеstеd food and forеign paгtiсulatе mattеr.li Inrpaсtion
of thе right dorsal сolon, tfansvеrsе сolon. and small
сolon With synthеtiс fеnсing matеrial has bееn rе-

poГtеd.2..i A firm mass was fеlt сln fесtal ехamination in
thrее horsеs With distеndеd loops of small or largе intеs-
tinе and in two othеf hoгsеs with fibгous forеign body
impaсtion.2-] Ultrasonographiс visualization of thе im-
paсtion (Figs. 6_90 and 6-91), fесalith, or triсhophyobе-
zoar dеpеnds upon thе amount of gas distеntion of thс
sllrrounding intеstinе and thе loсation of thе obstfuсtion
in thе largе сolon (whеthеr a sonographiс window еxists
to imagе this arеa). If a mass is palpablе rесtally, transrес-
tal sonogfaphiс еxamination of thе mass should bе rе-

Warding. Thе fесalith and tгiсhophytobеzoaf usllally havе
a somеWhat iгrеgular slшfaсе with many aсolrstiс intег-
faсеs and should havе an irrеgulaг hypеrесlroiс to сo1n-

positе sonogгaphiс appеaranсе in thе lumеn of thе
bowеl' Thе fесalith and triсhoph1tobеzoat сast aсoustiс
shadows, but thе shadows arе likеly tO bе сliщ- and
irгеgtrlaг.

Small Colon Impaсtion/obstruсtion. Horsеs with
small сolon disеasе typiсally havе a histon' of mild сoliс
and normal to nеarly normal hydration.L; r-1 ]-i Horsеs
with small сolon disеasr pass littlе oг no шaflLlrе and
gгadually drtеrioratе, with progrеssivе distеntkln of thе
moге proхimal largе сolon.,-' r.(, Small сolon impaсtion
is thе most сommon disordеr of thе small сolon..5 Im-

paсtion of thе small сolon чrith f.есaliths, рh}tobеzoaгs,
tгiсlrobеzoars, phyoсonglobatеs, forеign bodiеs, and еn-

tеroliths has bееn dеsсritlеd. Еntеroliths havе tlееn frе-
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tigure 6-93
Son<rgгanr сlf thе stсlmaсh obtainссl froп] a l'-.\,еaгolсl Тhсlгсltrglrbrесl
gеlding with gastгiс геfluх Thе stom;rсh is fillсd ц.ittr Iluid, gas. arrсl
somе in!.еst1r Notiсе thе fltiсl-gas аnсl ingсsta-flrrid intегfасеs iп thе
stomaсh Thе dогsаl gxs с'lp сaSts l с|irq'shadoБ'- п-ith thе сlrxfxсtегistiс
gas aгtifaсt. аt.tс| tlrе \сntг:rI ingеsta сirsts a сlеall shadorv. сonsistеnt
W.ith dеnsе ingеsta Thе distеntion tlf tl.tе stomасh is пrild tо mсlсlеtatе
|]Llt пot sеvеfе! n]е:tsllring |2 25 сm in diimеtег .Гhis sonogгam was
obtlinеd liсlm tlrе lсft пintlr intеfсOstal spaсс with a widе bandwidth
3 5-MHz sесtoI-sсannеr transdllсеr opеratinЕ] at 3 5 lll{z at a сlispl;rvеd
dеpth сlf 22 сm Thе гight sidе of this sonсlgгam is doгsal xnd thе lеft
siсlе is Yеntгal

quеntl)r rеportеd in tlrе pfoхimal portion of thе small
сolon.l 2_6 Impaсtion of thе proхimal Small сolon and
adjaсеnt right dorsal сolon With fubbеf tiге fеnсing, s1,n-
thеtiс n1,lon fеnсing, fopе' fag' and twinе has bееn rе-
portеd.t5 ]-r r-5 I]oгSеs with small сolon impaсtion assoсi-
atеd with thе ingеstion of rrrbbег fеnсing aге all 3 yеars
of agе of уollnЕ.ег.2-i In 3 of 6 horsеs and 3 of 10 horsеs
with small сolon impaсtions assoсiatеd With a forеign
bod1., thе mass сould bе palpatеd rесtally.2;].275

Lipomas сan oссLlf in tlrе mеsосOlon anсl mеsofесtum
in agеd horsеs Llесausе thеsе stfltсtllгеs сontain lafgе
amounts of fat tlrat prсdisposеs to lipoma formation.l5
Lipomas сan геsttlt in strangulating obstruсtion of tlrе
small сolon.1- Obstruсtion of thе small сolon by intramu-
ral oг submtlсosal hеmatomas has also bееn dеsсribеd in
sеvегal hсlrsеs.]-- ,-8 This oссurrеd sесondary to ulсеr-
ation and a сlissесting сеllulitis in onе horsе and to iatro-
gеniс rесtal trallma in anotlrеr.2-_ In thе othеf flvе horsеs,
no сausе Of thе hеmatoma .was found. сOmmuniсation
of thе lrеmatoma with thе bowеl lumеn was not pfеsеnt
in fоrrr of thе siх hoгsеs. Aл abdomirral mass was palpatеd
irr onе of thеsе horsеs Transгесtal ultrasonographiс ех-
amirration of thе mass or tfansсutanеolls ехamination of
thе сaudal abdomеn miglrt havе геvеalеd a mrrral mass in
tlrеsе horsеs.

Small сolon impaсtions afе most геadily diagnosеd so-
nographiсall1, rvith a tfansfссtal ultгasonographiс еxami-
nation of thе affесtеd small сolon. In miniaturе horsеs.
thе small сolon impaсtion ma1, bе diagnosесl sono€.faphi-
сally by ехanrining thе сaudal abdсlmеn throrrgh thе para.
lr-rmbaг fossa. A ftlll uгinary.bladdеr сan also bе r-rsеd as a
sonographiс r'vindow foг vistralization of thе small сolon.
Thе impaсtion is usr'lally imagеd as a h'vpеrесhoiс intra-
lttminal stгtlсtllfе сasting an aсoltstiс slradow. Littlе or no

регistaltiс aсtivity is sееn surrounding thе impaсtion, and
thе normal saссttlations of thе small сolon arе difllсult to
imagе. Fесaliths havе bееn suссеssfully imagеd in thе
small сolon ttom thе flank aгеa in young miniatllfе
horsеs. Thеy appеar as есhogеniс to hypеrесhoiс massеs
that сast an aсottstiс shadow, similar to gastriс triсhobе-
zoars in сhildfеn.2r9-28. Еntеroliths in thе small сolon
may bе suссеssftllly imagеd transrесtallу if thе mass is
palpablе. Howеvеr, this is oftеn not thе сasе owing to
thеir frеquеnt loсation in thе proхimal poftion of thе
small сolon.

Gastriс Distеntion, Ulсеration, and Impaсtion. Ul-
tгasonograplriс еvaluation of thе stonraсh should bе a
paгt of thе sonographiс еvaltration of thе abdomеn in all
horsеs with suspесtеd gastritis oг Е.astriс nroplasia.
Markеd gastгiс distеntion сan bе rеadily dеtесtеd and thе
htminal сontеnts dеtеrminеd.2 Distеntion сlf thе stomaсh
witlr anесhoiс to lrr,.poесhoiс flr.rid is dеtесtеd with small
intеstinal obstrr'lсtions and ilеr'rs (Fig. 6-93). Gastriс and
duodеnal distеntion is ottеn dеtссtеd in hoгsеs With antе-
rior еntеfitis. A thiсkеr than normal gastгiс wall maу
oссur with gastгitis or еdеma in thе stomaсh wall (Figs.
6_91 anс| 6-95). Thiсkеning of thе gastriс wall has bееn
rеportеd in htrman bеings and dogs witlr gastriс rrlсеrs
and may bе dеtесtablе in affесtеd lrorsеs.2' 282-28; Thе
visualization of an ulсеr сfatеf has also bееn dеsсribеd in
both humans anсl сlogs with gastriс ulсеrs but has not
bееn dеsсribеd in affесtеd horsеs to thе ar.lthor,s krrowl-
есlgе.2l 28.r-285 Ulсеfation of both thе squamous and glan-
dular portions of thе stomaсh has bееn dеsсribеd in
hoгsеs. п.ith gastгiс ulсеrs oссttrгing mtlге fiеquеntl1, in
tlrе norrglarrсlular portion of thс stomaсh. Pеrforatеd gas-
tгiс tllсеrs loсatеd at thе maг€.o pliсatus or nеaf thе
pyloгus havе bееn rеportеd to сausе pеritonitis and
dеath. Pеrfbratесl gastriс ulсеrs havе bееn dеtесtеd ultгa-
sonographiсally in сhildrеn as a intlanrmatory mass sur-
roltnding a portion of thе stomaсh, сrеating an ultrasoniс

Figure 6-94
Sonogгam Of thе stomaсh obtainс(l fгom a 27-l-еar-оlt1 Tlroгсltlghbгеd
gеlding Notiсс thе thiсkеnсd stomaсh wall (1 59 сm) mеdiai tо thе
splееп. whiсh rv-as сiеtсгminеd tо геpгеsелt сdеmа orr postmогtеm
сxamiпxtioп Tl.rе vс|ltгal most tip of thе ]tlllg (L) is imagеd tln thс гight
sidе of thе inragе Tlris sono!.гam was сlЬtainеd 1rоп thе lеlt twеllth
il-].tеfсоstal Spaсе with a 5 0MHz sесtoгSсannег tг1lnsdllсеf at a dis-
plаvеd с1еpth of 1,1 слl Thе rigl.rt sidе оf tl.ris sonoglam is doгsаi аnd
thе lеft sidе is vспtгal
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Figure 6-95
Sсlnogram Оf thе stomaсh obtxiflеd iп thе lеft еighth intегсоstel ip.lсе

from a 15--vеar-old Mогgan marе with tеvеr сlf unknоrr'l-t OгigjЛ' \Otiсс
thе maгkеd thiсkеning of thе gastriс wall (at lеast 2, Ii сm), Тhс п-]uг,.rl

thiсkеniпg is lrоmogеnеorrs and ma.v rеflесt еdеma оr а difhl.с ссilrtl:г
jnJiltгatе in this fеgion. This sonogram $.as obtаinеd sirh э пtJс
benс1wiсlth 3 5-MHz Sесtof-sсanflеf tгlnsdllсег OРегating aI i] lгсql-nсl
of 5 0 MHz at a сlispla-vесJ с1еpth оf l6 сn-r .thе 

гi5tJlt sicс .'i l:'.r>

solloqr1lm is doгsal aпd thе lеft sidе is \-еПtгa]

.сlotrghnut.'';7 2s6 Thiсkеning of tl.rе п-ell oi thе \tonlJсh
has bееn imagеd irr orrе hoгsе тl itl-r suspссtсd gestгitis.

but a dеfinitivе diagnosis \\as not obtainеd (Fig. 6-9)).
Gastгosсopiс ехaminatioll of this htlrsе геvеalеd rninimal
gastriс trlсеrations. Мarkеd distеntion of thе stomaсh may

bе imagесl oссasionally in horsеs with littlе of no visiblе
gastriс fluid.

Gastfiс еmptying problеms may bе idеntifiеd sono-
graphiсally on rеprat rхaminations if largе amollnts of
ingеsta pеrsist unсhangеd in thе stomaсh in a fastеd,

anofеtiс, or геfluхing lrorsе (Fig. 6_96). Gastгiс impaс-
tions havе bееn imagеd in sеvеral oldеf hofsrs prеsеnting
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Figure 6-96
.\oпоgгam of sсr,еrе gastгiс distепtion obtainеd fгonr a 19-уеаr-old Thoг-

оughbгесl gеlсling. Thс stom1lсh is mагkеdlу distеndесl, having klst somе

сlf irs сuгrес1 sепliсifсLrlaг shapс оwilg to thе mafkеd distеntion. .гhе

stoпlaсh is гесOgпizеd bу its sсlmеwhat sеmiсiгсulaf shapе and its
lос:ttiоп adjaсеnt to thе splеniс vеiл Tlrе stomaсh was imagсd Ovеr siх
i]lтегсOstal spaсеs On thе lеft sidе оf tlrе abdomеn Tlris soпсlgгam w:ls

Obt]iлеd fгonl rhе lе1t ninth iпtегсОstal spaсе п-ith a 5 0-мнZ sесtor-

sс'1Ilпсг tгen:с1uсеr lt a disр|ar'еd dеptl.r of 12 сrrr Тhе fight sidе Of this
.l )сL]Qг.lпl is doгsэ1 end rhе lеft sidе is \ еntгal

t-oг rr еigl-rt ltlss and allоге\il1 Тhе sonogгaphiс appеar-
anсе of e gastгiс ir-rpaсtioI-l is a maгkеdlr- еnlaгgеd gastfiс

есho ехtеndil-tg ol ег fir-е oг moге illtегсostal spaсеs oll
thе lеft sidе of thе abdorпеn (Fig 6_96) Т1-rе stom:rсh is

usually sliglrtlr. lеss сiгсulaг thlrn noгпal. rr-itl-t lrr.pег-

есhoiс matеfial сasting аn aсoustiс shaс1oп irr tlrе lumеn
of thе stomaсh. In onе hoгsе thе еnlaгgеd stomaсh Е.as

also imagеd tbr sеvегal intеrсostal spaсеs otl thе right
sidе of thе horsе's abdomеn (Fig. 6-97). Еnrph1.sеmatous

Е.astritis has also bееn rеpofiеd in a horsе assoсiatеd with
Сlostridium peфiпgеl1s.28. A loсalizеd gas-flllеd stomaсh
wall Was dеtесtеd at nесгopsy. Along thе 8геatеf сuп.a-

Figure 6-97
sonogгams obtainеd tionr a 19-yеaг-old Quartеr horsе gеlding with rпaгkеd gastriс distеЛtion aпсl a gastгiс impaсtiсlп Thс stoпrxсh was imagеd

O\еr sеvеn rntеrсostal spaсеs on tlrе lеft siсlе antl thrее orr thе гight sidе. Thiсkеnеd mеsеntсЦl was imagеd suггounсlirrg thе stоnraсh сontaiпing

rr as imagеd foг tlrгее intегсOstal spaсеs o1l thr гight
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turе of thе stomaсh wеfе ехtеnsivе aгеas of full-tlriсknеss
nесfosis involving 3О% of tlrе мrall of thе stomaсh, and
thе stomaсh was tightly adhеrеnt to thе splееn and livеr,
with ехсеssivе pеritonеal fluid and Iibrin. This arеa is
aссеssiblе fof pеrсutanеous sonographiс ехamination. so-
nogгaphiс еxamination of thе stomaсh for sizе and сon-
tеnts ma}'hеlp dеtеrminе thе undеrlying abnormality and
hеlp pгеvеnt sastriс ruptllfе.2s8

Gastriс Nеoplasia. Gastriс sqlramous сеll сarсinoma
is thе most сommon gastriс tumof in thе lrorsе and is
thс most сommon pгimaц, gastrointеstinal nеoplasm.2s9
Gastriс sqlramous се1l сarсinomas rеprеsеnt 3% to 4% of
all еquinе sqllamolls сеll сarсinomas.289 A lеiomr.oma and
sеvеral adеnoсarсinomas of thе glandulaf portion of thr
stomaсh lravе also bееn rеpoгtеd.290.29l Thе tumor usuall1'
oссLlrs in middlе-agесl to oldег hoгsеs prеsеnting with
wеight loss, anorехia, anсl anеmia.] 2a9 29о ]92 Abnoгmal
сhеWing and swallowing bеhavioг and d1.sphagia havе
also bееn геportеd.289 ,9, Thе mass appеarеd to originatе
in thе еsophagеal poпion of thе stonraсh in for-rг геpoпеd
сasеs289 and at thе сardia irr livе hoгsеs.]92 Passagе of thе
nasoЕ.astriс tubе oг gastfosсopе ma1. bе difflсult owing

to thс involvеmеnt of tlrе Сafdia.292 Rесtal еxanrirration
геvеalеd palpablе abdominal massеs in fotrr of fivе horsеs
in onе studyzeu and in thгее of siх hoгsеs in anothеr
study.289 Laгgе pеritonеal еfftrsions wеfе prеsеnt in many
affесtесl hoгsеs.,g, Pеritonеal fluid analysis rеvеalеd nеo.
plastiс сеlls in thе majoгit,v of hoгsеs.5 292 Howеvеr, thе
absеnсе of nеoplastiс сеlls doеs not r.r-rlе out gastriс
sqllamolrs се1l сaгсinonra. At postmortеm ехamination
tlrе tumors rangеd from 13 to 25 сm in diamеtеr29O and
wеighеd from a fеw gгams to 1 kg.292 Involvеmеnt of thе
gfеatеf сLrrvatlrfе of thе stomaсh that ехtеnds through
thе sеfosa to thе adjaсеnt diaphragm and livег is сommon
in affесtеd horsеs.,9o 292 Multiplе mеtastatiс massеs afе
dеtесtеd throughout thе pеritonеal сavity, loсatеd in thе
omеntum. livеr, and splееn and on thе pariеtal pеrito-
nеttnr and kiсlnеY.289 290 292 Adhеsions bеtwееn thе stom-
aсh. livеr, and splееn wеrе сolnmonl1. dеtесtеd in horsеs
\\.ith gastгiс sqltamolls сеll сaгсinoma.2a9'292 Мrtastasеs to
tlrс thoгaсiс сavitr. aге also сommo11.]89 290

Sonogгaphiс ехamination of tlrе stomaсh in horsеs
with gastriс squamolrs сеl1 сarсinoma rеvеals a largс
mttral gastгiс mass in thе lеft sidе of thе abdomеn assoсi-

Figure 6-98
Sonogгems Of thе stoпaсh Obtainеd from an lS-r,с:rг-old lralfArabiаr-t gеldiпg with gastгiс squaпous ссl| сaгсinoma Thс iггсgul:rг hеtегоgсnсotts
сompositе nrass is imagеd pr.оlilеrating ttonl tlrе grеatеr сtrп.аtllге of thе stоmaсh anсl aсlhеfing to thе splееn (,4. 8. aпсl C) and thе largе сolon
(o Thе mass ехtепdеd from thе siхth thfollgh thе fiftесnth iпtеIсOstal spaссs Тhеsе sonogгams Wеге obtalnеd from thе lеlt sеr.еrrtlr (.4). е]е\.еnth
(B). anсl fiftееrrth (С) intегссlstal spaсеs witlr a 5 OMНz sесtoг-sсannег tг:шsduсеr (,4) and a 3 5-МНZ sесtoг-sсaппеr tfaпsduссf (t9 anсl ф at a
disp]avесl dеptlr оf t8 сnr (;{). 21 Сm (B)' and 16 сm (O Tlrе гiЕ.ht sidе of tlrеsе sоnoЕ.гxms is dorsal lnd thе lеIt sitlс is r.еntгal ,4, Thе largе
hеtегogепеous mass with сompositе есhogеniсitiеs protfudсs fгom thе sеrсlsal siсlе of thе stomaсlr (.аrrОIl's) and is adl]егеnt tO thе adiaсеnt splееn
B, A mоге noгmal pottion of tlrс Еlastгiс rvall is imagеd (аrroшs) adjaсеnt to tlrе gastIiс mass. whiсh still is adhсгсnt tO thе splееn at this lеУеl Thе
stomaсh shows markеd f]tlid anс1 gxs distеntion С' Thе сarrdal aspесt of thе gastfiс squanrolls сеll сarсinoma is aсllrеrеl]t to tlrе laгgе сolon anсl
splееn (arro?,..,.s)
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Figure 6-99
Sonogfams оf a laгgе trrass in thе гight siсlе of thе abdomсrr aсljaсеnt to thе livег in a 13-yеaг-old Moгgan gеldiпg with gastгiс sqlrarПous сеll

сarсinoma Тhс lrrass was imagесl onli, on thе right sidе of tl.rе abсlomеn adiaсеnt and сaudal to thе гight lobе of thе livеr. Thеsе sonoЕ]fams s,.еrе

obtainеd 1rom thс rlght llftееntlr intеrсostal spaсе 15 сm vеntral to thе \rеntгal boгdеf of thе tubеr сoхaе witl] a widе-bandwidth i.O-МЕIz sесtoг-

5с1nnеr transduсеf Oрегatiпg at 7 5 MнZ at аЪisplayеd dеpth of l0 сm Thе гiglrt sidе of thеsе sono!.fams is dorsal and thе lеft sidе is vеntfal ,4,

Tl.tе пlass (аrrllш,s) сontarrrsЪеtегogеnеolls есhogеniсitiсs inсl appеаrs adjaсеnt to thе lar€.е itrtеstinе (uP а|.roш).8, Thе mass (Ieft аrrotu) aрpеars

aсlhеrепt to thе -[i\'ег bу a stalk of tissuе of similaг есhogсniсit\' Itu'О rigbt аrГo|ls\

atеd with thе gгеatег сurv-'rtllrе in nеaгlr- all affесtеd
horsеs (Fig. 6_9s). In orrе horsе. 1ro*'е\-ег. thе nеoplastiс
mass imagеd Was assoсiatеd \\-ith tlrе mеdial sidе of thе
right livег lobе and thе сaгdia (Fig 6_99) Тl.rе mtrra1

mass is Llsllally ltеtсrogеnеolls \\ ith e сomplех pattегn ol

есhoЕ.еniсit\. and is Llsually gfеatег than 10 сm in diamе-
tег b\'tl-Iе timе thе hoгsе prеsеnts with сliniсal signs (Fig'

6-100) r In sonrс hoгsеs. markеd tumor nесfosis oссuгs
and sесorrdeп absсеssation mar oссuг (Fig. 6-100). An
есlroluсеnt rnass sl'tpегhсial to thе stomaсlr gas есho has

Figure 6-100
Sonogгams of thе stomaсh obtainеd fгom thе lеft sidе of thе

abdomеп in a 14-уеaг-old Tlrоrоrrghbгеd gеlding, dеmonstгating a

laгgе Е.astriс mass сorrsistепt with a gastriс squamоtrs сеl[ сaгсi
лoma (аrrous) This mass mеasuгеd 18 сm in diamеtег and ех-

tеndеd ovеr Siх intеrсostal spaсеs Thе right sidе of t]rеsе soпo-
gгams is doгsal aпd thе lеft sidе is vеntгal ,,1, Thе mаss has a

homogеnеous appеaranсе in thе сranial poftion of thе st()maсl-)

iп thе еi€ihth intеfсosta,t spaсе A biopsy of this IеgioЛ соllfirmеd
a gastriс squamolls сеll сaгсinoma A small tip of thе li\.еr is
imagеd oп thе fight sidе of this sonoglam Thе sonogгam was
obtainеd with a 2 5-М!IZ sесtoг-sсannеr tгansduсеr at a displayеd
dеptlr of 26 сm B. Thе mass is сa\.itatеd in thе сеntеr of thе
stomaсh in thе niath intегсostal spaсе A biоpsv сlf this rеgion
rеvеalеd aп absсеss in thе сavitatеd pоr1ion of thе tumor Thе
m^ss (аrrОu$) is smallег in diamеtег at this loсatioa (appгoхi
matеly 10 сm) This sonoglam п.as obtainеd with a 5 o-Mtlz
sесtoг-sсannег tгansduсеr at a displaуеd dеpth of 18 сm С' Thе

сatldal aspесt rlf tlrе gestгiс sqlramorrs сеll сatсinoma is aсlhеrепt to thс ediaсеnt splееn and has a mtrсh moге hеtеrogеnеous sonogгaphiс

,pp.u.,,1Ъ. (аrrrп,sj Thе diamеtег оf thе mass is smallеr in thе twеlfth intеfсostal spaсс (apprохimatеly 6 сm) This Sonogгam was

obtainеd with a 5 ().N{нZ sесtor-sсannеf tritлsdlrсег at a displaуеd dеpth of 14 сm
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Figure 6-10'l
Sonogгam of thе lеft еighth intегсostxl spасе obtаinеd lionr arr lS.r'еaг
olсl Appaloosa gеlсling with gеrrеralizеd lvmplrоsaгсоml (sаmе 1rогsс as
in Figs 6_47, 6-66. аnd (l_72) Thе gxstfiс ])'nlрlr noсlе is епlxтgесl.
with a homogеЛсol]s sonogг;rphiс appеaranсе сoпsistеnt Nith a dfТusе
сеllulaг infi]tгatе Тhе wall оr tl.tе stomaсh is slightlr' thiсkсnеd (1 сm)
but is OthеN'isе лсlnгеrпaгkablс Thе ad]aсеnt livег аppеaгs епleгgеd
with a гоurrсlсd vеntгal bсlrdег and loss of thе noгrnal pa;:еnсhvnral
dеtail Т1rе adiaсепt sp|ееn appеars slightlv hеtеrogеnеorts Tlris sotlo-
gram },as obtainеd s,-ith a 5 0-NIнZ sесtof-sсlrnлег tгansсltlсеr xt a dis-
pla1еd сlеpth of 12 сm Thе гight sidе of thе sonogfam is dогsal and
thе lеft sidе is vеntгal

bееn сlеsсribеd for horsеs with €.astfiс sqlramolrs се1l
сafсinoma.+ A homogеnеous mass wаs imagеd with statiс
B-modе ultгasound bеt.wееn thе gastriс lumеn and splеrn
in onе horsе vrith €]astfiс squamolrs се1l сafсinoma.65 In
onе fеpoft thе sastгiс wall was maгkеdh. tlriсkеnеd (at
lеast 6 to 8 сm) bttt was difftlsеly h1,poссhoiс 6 Irrсгеesеd
thiсkеning of thе gastriс wall anсl abnoгmal есhogеniсiп-
of thе wall arе сonsistеnt with gastfiс squamolls сеll
сarсinoma.6 Howеvеr, othеf сaltsеs of gastfiс п,-all thiсk-
еning shor'rld also bе сonsidеrrd.

Thе squamous сеll сaгсinoma ma}l in\.adе thе adjaсеnt

Figure 6-103
sonoЕ]r1lm оf tlrе riglrt sidе of thе ab{оnrеn OЬt1rinеd fгonr arr J.l-yеaт-
сllсl Tlroгotlghbтеd gеlding witl] n1afkеd duodеnal thiсkеning sесondaп.
to toIsion of thе lеft ]ivег lobе Тhе smallег alfows point tO thе еdЕ.е
of thс сесum. aс1jaсеnt tO thе mofе lr1pоесhoiс duodепtшr Tlrе laгgеr
aггow poiпts tO thе iunсtion bеtп,ееn thе сluсlсlеntlm and thе adiaсеnt
livегkidnеv bordеr at thс геn1r| fossl of thе livег Thе duоdеnal lunrеn
сontains orr1у a vегv- small lmount of anесlrоiс 1luid This sonogгlrm
s,-as сlЬtainесl tiom tlrе right 1iftееntlr intегсostal sl)aсе with a 3 

'-М}lzsесtоf.sсannег tfansduсег at a сlispla1,еd dеptlr of 18 сnr Tlrе fight sidе
of this sonоgranl is dсlrsal afld thr lеft sidе is Yеntfal

splееn and livеf, of adhеsions may dеvеlop bеtwееn thе
stomaсh and adiaсеnt аbdominal visсегa. Меtastasеs to
thе sеrosal sllftaсеs of thе omеntum, intеstinеs, livеr,
splееn. and pегitonеLlm havе bееn dеtесtеd ultrasono-
gгaphiсalh'. appеaгing as a slight roughеning of thе sеro-
sal suftaсе oг massеs sегегal сеntimеtеfs in sizе.4 Меta.
statiс nodulеs On tlrе splеniс сapslllе havе also bееn
dеtесtес1 sonogгaphiсall1, in a hoгsе with gastriс squa-
lnous сеll сafсinoma.6 Еnlargеmеnt of thе gastгiс lymph
nodсs ma}, bе imagеd in horsеs with abdominal nеoplasia
with a normal to nеaгly normal appсaгanсе of thе
ad'aсеnt stomaсh wall. Homogеnеous еnlargеmеnt of thе

Figurе 6-102
Sonogгam of tl.tе сlttоdеntlm (,,1) Дпсl stonrxсh (1') obtxinеd 1iоm tlrе гight I]ftееnth intегсostal spaсе (,4) and thс lе1t еighth intегсostаl spaсе (B) in
a 4-yеaг<lld Thoroughbгеd gеlding with antегioг еntегitis Tlrсsс sоnograms wеге obtаinесl with a 7 5-МHz (,4) and 2 5-МHz (B) sесtoг-sсannеr
tгansduссr at а displaуесl сlеpth of l0 сm (,1) aпd 30 сm (B) Thе гight sidе of thеsе sono!.fams is dorsal and thе lеft sidе is vеntral .4, Tl]е
duodелum is distеndеd with Е.as and fltliсi arrd a gas-fltlid intеf1aсе is dеtесtеd (аrroш') Tlrе wall of thс drrodеnum is sliglrtlv thiсkеnеd (,1 to 5

mm) ,B, Thе stomaсlr is maгkеdlv distеndеd with fluid anсl mеasuгеs 25 сm in diamеtег. Thе с1oгsal bordег of thе splееn is imagеd to thе lеft of
(Yеntfal to) thе distсndеd stomaсh
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gastriс lymph nodеs has bееn imagеd in onе horsе мzith
gеnеralizеd lymphosarсoma (Fig. 6- 101). Nеoplastiс pеri
tonеal еffusions arе оftеn pгеsеnt in horsеs With gastriс
sqlramous сеll сarсinoma, as wеll as in horsеs with othег
forms of abdominal nеoplasia (sее Fig. 6-98). A сompos-
itе fluid has bееn dеsсribеd in thе pегitonеal сar-itr' in
lroгsсs With gastгiс squamous сеll сarсinoma.t

Duodеnitis/Еntеritis. Duodеnitis сan har'е a rr idе
variеty of sonographiс appеaranсеs but is usua1lr- сhaгeс-
tеrizеd by fluid-fillеd hypomotilе borr'еl r '- Тhе тr all
thiсknеss of thе affесtеd intеstinс mar bе r-toгпlal ttl
nеar normal (Fig. 6-102) oг inсгеasеd (Тig. 6_10]).] Thе
intеstinal wall thiсkеning is usr.rallr- rеlatir-еlr sr'пrrnеtгiс
and ехtеnsivе and ma1- also appеaг еdеnratous (mсlrе
hrpoесhoiс than normal), paпiсutaгl'v in lrorsеs мrith sе-

vеrе inflammatory bowеl сlisеasе 2 Inflammatory bowеl
disеasе ma1, affесt anY poftion of thс intеstinal traсt fгom
thе duodеnum to thе small сolon. In horsеs With antеfior
еntеfitis' tlrе ъ.all of thе duodеntrm may lravе normal
tlriсknеss with a laгgе fluid- or fluiс1 and gas-distеndеd
lumеn; fluid or fluid and gas distеntion of thе dtrodеnrtm
ma1z 5. dеtесtеd with a thiсkеnеd duodеnal wall (Fig.
6_1'02), or thе duodеnal wall may bе thiсkеnеd and
lr'r'poесhoiс with a сompromisеd ltrmеn (Fig' 6-104).
}Iuсosal irгеgularitiеs may bе imagеd in hoгsеs with sr-
r'еrе antегior еntеritis,/duodеnitis. Gastriс distеntion is
also dеtесtеd in hoгsеs With antеrioг еntrfitis 1sее Fig. 6-
ro2).

Fluid-trllеd hypеrmotilе intеstinе is most frеquеntly inr-
agеd in hoгsеs with еntеritis involving thе small andloг
largе intеstinе (Fig. 6-105)' in сontrast to thе hypomotilе
intеstinе usually dеtесtсd in horsеs with antегior еntеri
tis Thiсkеning of thе intеstinal wall (Figs. 6-106 and
6-107) and muсosal irrеgulaгitiеs 1Fig. 6-107) aге fге-
qllеntly dеtесtеd if thе еntеfitis is sеvеге. Shгеds of mtt-

сosa maу bе imagеd sloughing into thе bowеl lumеn in
hoгsеs with еntеritis., Small hypеrесlroiс есhoеs геpге-
sеnting gas havе bееn imagеd along thе muсosal sttrfaсе

Figure 6-104
}()11ogГaп obtainеd fгom a 1O-r.еaг-оld Tlroгoughbгсd maге with sеvеге
juodеnitis Tlrе duodеnuлr is пraгkеdlv tlriсkеnеd (аrrou:s)' with thе
q ells ObstгLlсtinЕ. thе lumеn of thе bowеl NO inЕ.еsta was sееn tO movс
-hгouglr tl.fs aгеa This sonogтam was оbtainеd ffom thе гight nilth
:rtсгсostal Spaсе With a widе-baпdwidth 3 j-МHz sесtof-sсanЛеf trilпs-
Juсег сlpегating at 5 0 I,IHZ at a displаyеd dеpth of |,1 сm Thе гiglrt
l1dе of this sonogгam is dorsal аnd thе lеft sidе is Yеntг;ll
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Figure 6-105
Sоnogгam Of thе lе1t doгsа] со]on obtaiЛсd liom a 2-r еar.оld Stапdaгd-

Ьгсd lil\, with еntегitis Notе thе larЕ.е amollnt of tlrli(l ingеsta in thе
lttmеn of thе largе сolon .I.hе s'all thiсknеss is orrlr. sligtrtlу ilrсгеasеd
lrоwеvсr This sоrrogram rvas obtaiпеd fгom thс lеft paraluпrbar fossa
witt1 a 3 5-MHz sесtor-sс'ulnеf tгansduсег at a displaусd dеpth of 26
сп Tlrе гight sidе ofthis sonogram is dorsal and thе lеft sidс is vеntfal

or in thе wall of hoгsеs with сlostridial еntеritis (Fig.
(l-108). Boп.еl wall gas in httmans is ссlnsidеrеd highly
suggеstivе, if not diagnostiс, of intеstinal nесrosis.29J Thе
..bright ring'' appеaгanсе is сalrsеd by thе bright gas
есhoеs in thе intеstinal wall suггounding thе fluid-fillеd
intеstinal lumеn. Tinу gas bubblеs (..еffеrwеsсеnt bowеl'')
havе also bееn геpoltеd in humans with nесfotiс bowеl
гising from thе dеpеndеnt surfaсе of thе intеstinе.29:]

Сlostridial еntеritis should bе a primary diffеrеntial diag-
nosis for horsеs with gas есhoеs imagеd in thе bowеl
wall or along thс mllсosal surfaсе. Сlostridial еntеritis or
anothег nесrotizing еntеritis should also bе сonsidеrеd
whеn a diphthеritiс mеmbranе is imagеd sloughing into
thе bowеl lumеn. Pеfitonitis may also bе dеtесtеd сon-
сtrrrеntl1. with сlostridial еntеfitis. Thеrеforе, thе pеrito-
nеal сavity should also bе сarеfull1. ехaminеd ultrasono-
gгaрhiсally for abnormal fluid or adhеsions in horsеs with
еntеfitis.

Thiсkеning of thс bowеl Wall may bе dеtесtеd in

Fiqure 6-106
sonogгam оf tlrе lеlt sidс of tlrе abdoпrеn оbtltinес] ttilm an 8-)'еar-old
ThoгorrghЬгеd gеlding пith сntегitis Тhс smаl] intеstillе is Slighth.
thiсkеnеd (.UrolL') and is imаgеd bеtlr'ееп tl-tе sрlееn (s) and thе lafgе
сolon (С) This sоnogгaш \\-as Obtaiпеd 1iom thе lеft r-riлth intеrсostal
spaсе witlr a 5 0-МHz sесtor-sсaпnег tгaflsdlrсег at a displауеd dеpth of
20 сm Thе right sidе of this sonogгаm is сtorsal and thе lеIt sidе
is YеntIxl
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Figure 6-107
Sorrоgram of thе vеntral abdomеn obtairrеd fronr a 16-yеar-old Stanсlaгd-
brеd nrarе with еntеfitis Thе jеjunltm is markеdl1. tlriсkеnеd (0 82 mm)
and fillеd With аnесhoiс flrrid and h:rs a tttrgiсl. сlсlughntlt-likс appеar
anсе An ехсеss amОunt of anесl.tсliс tltrid is imagеd iп thе pегitonеal
сa\.ity, btlt this hеavilу сompfomisеd smal] iПtеstinе is not floating in
thе fluid This sсlrrogram wаs оbtаinеd fгсlтп tl.rе vепtгal :rbdomеn in thе
arеa of tlrе rtnrbiliсrrs with a 7 5-МHz sесtoг.sсxnnег transсlllсеr at a
сlisplayеd dеpth of 8 сm Thе right sidе of this sonogram is сranial and
thе lеft sidе is сaudal

horsеs with gfanlllomatous еntеfitis. Thе small intеstinе
is ursrrally affrсtеd, pfimaгil}, thе jеjunum and ilеum, bllt
all paгts of thе intеstinе may bе affесtеd.29,i29- Nodulеs
assoсiatеd pfimafily with thе sеrosal sllгfaсе of thе intеs-
tinе and muсosal thiсkеning afе thе most сonsistеnt flnd-
ings. .Wall thiсknеss of thе affесtеd small intеsti11е of
up to 5 сm has bееn геportеd in aft.есtеd horsеs.296
Histopathologiсally and sonographiсally, thе lеsions may
bе diffiсult to distinguish from lуmphosаrсoma in af-

fесtеd horsеs. Меsrntеriс l'vmph nodе еnlaгgеmеnt is
frеqtrеntly pгеSеnt' with tlrе lymph nodеs оftеn mеasllf-
ing fotш timеs nofmal sizе or gfеatеr' also сoпlmon in
horsеs with intеstinal l1.mphosarсoma. Mеsеntеriс l1,mph-

Figure 6-108
Sonogram of thе vеntral abdomел.оbtаinесI tiom a )'еafling Staпdaгс1-

|lгесl соlt with сbstfidial епtегitis Тlrе wall of tlrе jеjunrrm is mltrkеdlr
thiсkеnс(l' mсasuгinЕ] ovеr 1сm iп somе;rгеzrs. аtrсl thе nruсоsa hаs
pinpoint lr),pегесhoiс есhсlеs withirr. сonsistеnt ч,.ith tl.tе ..еt1еn'сsсепt..

bowеl sееrr ir-r individtlals with с|оstгidial еntеritis .l.lrе laтегs of tlrе
bowеl rvall arе rеadily distirrguishесl iп tlris vсaгling duе to еdеmа
assoсiatеd with sеvеге hYpopгоtеinеmia Thе jеjtu]rlm is modеratеi)-
distеndеd with anесlroiс f]uiсl and i11 геа] tinlе tlrеr.е was littlе Pегistaltiс
.rсtivitу dеtесtсd This sonogram was сlЬtalnес] *.ith l rviс1е.bands.idth
6 o-МHz miсгoсon\,ех litlе:lг аггaу tfansdllсеf oPегatiпg аt l() 0 NIHZ et
а displa1-еd dеpth Of 7 спr Tlrе гiЕ]]rt sjdс оf this soпogгam is сranial
arrсl tlrе lеft siсlе is сarrdal

adеnopathy is oссasionally сlеtесtеd in horsсs with othеf
intеstinal disеasеs (Fig. 6-109). неpatiс gfanlllomas Wеге
also fеpoftеd in horsеs with granulomatous еntеfitis and
fangеd from small mllltifoсal grantrlonratous infiltfatеs to
largе massеs.29- Disсrеtе intеstinal grantrlomas havе bсеn
idеntiflеd in sеvегаl horsеs assoсiatеd with сryptoсoссal
ofganisms oг havс haсl an Llnknown oгigin.2J2'2]. A hсlrsе
with iеiunal obstгuсtion сalrsеd |эу a Pуtbiutll, insidiosum
granllloma has also bееn dеsсгibеd. This horsе had a
\atgе (|9.2 Х 10 сm) mass assoсiatесl чrith thе jеjunal
wall, whiсh rеstlltеd in jеjunal stеnosis and pirftial jеjunal

Figure 6-1 09

Sonogгams of thе гight vеntгal сolon obtaiпеd fгom a ),еaгling Thoгotlghbrсd сolt with ссlliс anсl h.Yl)opfotеinеmia Thеsс Sonоgfams wеге obteinеd
with a widе-bandwidth 6 O-MHz miсroсonvех linеaг aгrav tгansduсеr opегatilrg at 10 0 MHZ at a displ'tl.еd dерth of 4 сm Thс гight sidе сlf thеsе
soпogfams is сranial and thе lеft siсlе is сaudal ,4. Thеrе is sigпifiсant lynrphadеnopath)' (аfrou,s) dеtесtеd in thе mеSеntеп- of tlrе гiЕ.ht vеntгаl
сolon Тhе сotoniс lуmph noсlеs aге еnl:rгgес1 lrnсl uniformlv h-vpoесhoiс with a swollеп аppеaгallсе lJ. Thе wa|l of thе right Yеntral сOlol] appеагs
сofгugatеd, witlr thе thiсkеning of thе сolon wall iлvolving primaгil1' thе muсosal surlhсе Thе thiсknеss оf thе wxll of thс right \,еntfal сolon \'xs
mildly inсгеasсd, гanging frоm 3 1 tо .1 7 mm in thiсknеss' аnd was slightlr. tl.riсkеr in оthеf arеas of thе гight vеntral ссllon
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Figure 6-110
sonоgfam сlf thе гight sidе of thе abdonrеn obtainеd from a 1'еlгling
Тhotoughbrеd IilЦ. with ilеus Notiсе thе distеndеd klops оf small
intеstinе' whiсh wеrе h)рomotilе to amot]ilе whеn r.iеwеd in rеДl timе
Тhе thiсknеss of tlrе small intеstinal wall is noгmal to nеaгlу nom1ll.
Tlris sonog'ranr was obt1linеd fiom thе гight paralumbar fbssд with a

*'idе-bandwidth 3 
'-МHz 

sесtoг-sсalnеr tгansduсеr opегating at 3 
'\IHZ at a displa1.еd dеptlr of 20 сm Тlrе гight sidе of this sonogram is

dorsal aпd thе lеft sidе is Уеntral

obstfuсtion.259 othеr rеpoгts of obstftlсtion assoсiatеd
N-ith еntеfiс p}thiosis har'е bееn ptrblishеd r(..,

Ilеus. Ilеus is a mесlraniсal oг ad\ namiс Obstfl.lсtion of
thе bowеl thet ma\' bе pгinlаn oг m;l\. oссl'|г sесondаГ\
to mесhaniсal obstгuсtion, abdominal suгgеry-. pегitoni
tis. and othеf lеss сommon сonditions.1 Mесhaniсal ilеus
iл horsеs is сausеd by intusstrsсеptions, voh.ulus, mufal
massеs, tгiсhoph}tobеzoafs, impaсtions, and othеf lе.
sions сausing mесhaniсal obstruсtion. Funсtional ilеus is
most frеqrrеntly sееn in horsеs following abdominal sur.
gегv or anеsthеsia.
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Figure 6-112
sonogгan,]. оf thе jеjunum obtxiпеd fгom a уеarliпg Tlroгouдihbгеd сolt
With pегitonitls and arr abdomiпal :lbsсеss l.hе *-alls сlf thе small
iпtеstiпе аге nrar.kеdlу thiсkеnеd (> 1 сm)' п,jth fir'е la\-еrs of thе
boп-е] rvall сlеaгt1' v-isiblе Thе outеr sеrсlsal stшtiсе is lrvpегесhoiс
(.аrroшs), with a hr'poесhoiс mrrsсlrlaris, l.rуpеrесhoiс srrbmuсosa, arrd

maгkеdl). thiсkеnеd muсоsa with a mlrсosal suгfaсе of vaц.iпg есhogrli-
сitiеs This solloЕ.гam я,.as oЬt:rinеd tiom thе lеft pагаlumbar. lbssa with
а wiсlе-llandп.idth 7 5-МHz sесtoг-sсanпеr tгaпsсluсег opсгating at 7 5

}{Hz at а сLisplavеd dсpth of 12 сm Thе гight sidе of this sonogrаm iS

doгsal and thе lеft sidе is \.сntгa[

Hoгsеs тr,.ith ilеus Ltsllxlh- havе littlе Or no visiblе pеri
staltiс aсtivit1,. Thе dilrmеtеr of thе boп,еl is noгmal or
inсrеasеd' but thе intеstinal wall thiсknеss is usllallY nof-
mal (Fig. 6_110). In somе horsеs witlr ilеrts, dеpсnding
upon thе сallsе' thе wall thiсknеss ma)I bе inсгеasеd, and
othеr intеStinal or pеfitorrеal fluid abnormalitiеs ma1l }g
dеtесtеd (Figs. 6-111 and 6_112). Thе luminal сontеnts
of thе affесtеd bowеl afе usllally statiс' or somе fandom
motion of thе insеsta is obsеrvеd. сontгaсtions of thе

Figure 6-111
}Onogfaпs of thе abсlominal сavit}. obtainеd fгom a .vеirгling Thoгorrghbrеd 1ill-v witlr sеvеfе еntеfitis and pеfitonitis Тlrеsе sl)пogгams Wсfе
]btaiпесl fгom thе fight (,{) anсl lеft (,B) siсiеs of thе abrlomеn with a wiсlе-bandwidth J i.Nlttz sесtoг-sсannсf tfaпsdlrсег opеj:ating at its сеntег
:геquеnсу (3 5 Mнz) at a displa)rесl dеpth of 18 сm (,1) and l 7 5-MHz sеCtoг-sсannеr tftlnsduсеf OpеIatiflg at its сеntег frес1rtеnсY (7 5 мtIZ) at a

оisрlar.еd сlеpth сlf 8 сm (Дi) ,.l. Maгkесl thiсkеning of thе ,iе'unal wall is dеtесtеd (0 71 mm)' with irrеgulxlitiеs сlf tl.tе muсosal suffaсе dеtесtеd
]istепtion of tlrе loops of jе;unrrm with anесhoiс to h-vpегесhоiс lltlid is sееrr, сlеpеnding Llpoп thе регistaltiс aсti\'itv at thе timе This Sonogram
lаs obtainесl in thе right paгalumbar tbssa Thс fight sidе of this soпogгanr is сloгsal and thе ]еft sidе is vеntгal lJ. Sonogfam of thе ехсеss
эегitоnеal fluid сlеtесtеd. whiсh is aпесhoiс and laсks visiblе Iibгirr .I.hе wаll of thе lеft \,еntfal сolon is maгkеdl1' thiсkеrrесl (> 0 )9 пrm; 0 59 сm

- thе sегosal. rrrusсulaгis, and submrrсosa ta1'еrs), aлсt thс laуеrs of thе bowе] wall xге visiblе Thе outсr sегosal lat.ег i. hvPеrесhoiс, followеd bу

: hrpoесhoiс musсularis, a moге есlrogеniс submtlсosa. a hypеrесhoiс muсosa' and lеss есhogеniс rrrtlссlsal srrrfaсе This sonogram was obt2inсd
тOn-I thе Yеntгal aspесt of tl.rе lеft paralumbaг fossa .l.hе right sidе of this sonogгam is dсlrslll and thе lеft sidе is vеntrx]
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affесtеd intеstinе and pfoplllsion of thе luminal сontеnts
afе absеnt. In ilеtrs involving thе small intеstinе, a сom-
positе fluid is frеquеntly imagеd in thе lumеn of thе
intеstinе for a prolongеd pеriod of timе. No signffiсant
narгowing of thе lumеn is dеtесtеd in assoсiation with
сontгaсtion of thе bowеl.4 In сhildrеn with ilеus. thе
bowеl losеs its multifaсеtеd apprafanсе and is imagеd as
disсгеtе tr-rbular struсtllfеs.256 Сhildгеn with adynamiс or
ftlnсtional ilеus (nonobstfuсtivс) lravе distеndеd small
borvеl with normal to somеwhat inсrеasеd pегistaltiс
aсtivity, whеrеas thosе with dynamiс or mссlraniсal ilеus
(obstruсtivе) lravе morе intеstinal distеntion and variablе
pеristaltiс aсtivit)., ranging fгom nonе to inсгеasес1.2'6
In small animals, mесhaniсal ilrlls tеnds to pгoduсе Sеg-
mеntal dilatation, whегеas funсtional ilеtrs is ttstlall1. asso-
сiatеd with gеnегalizеd intеstinal distеntion.r] In botlr
funсtional and mесhaniсal ilеus in small animals. gastroin-
tеStinal motility appеaгs dесгеasеd throttghotrt thе
bowеl.22 Thе samе findings appеaг to bе trrrе in horsеs.

Small intеstinal distеntion with sеgmеntal ilеus ma1, bе
imagеd in somе adtllt horsеs with сoliс (Figs. 6-113 and
6-114) and may bе assoсiatеd with small or largе intеsti-
nal displaсеmеnt. If thе wall thiсknеss of thе afТесtеd
poгtion of small intеstinе is normal and no obstfllсtion is
dеtесtеd, thе сoliс may геsсllvе rvith mеdiсal tгеatmеnt.
Layеring of thе ingеsta may oссuг qritl-r pгolongеd ilеtrs
(Fig. 6-115) If thе bowсl appеars tuгgid, surgiсal intеr-
vеntion should bе сonsidеrеd or frеquеnt sonogfaphiс
monitofing pеrformеd to еvalllatе wall thiсknеss. Thiсk-
еning of thе wall with sеvеrе ilеus suggеsts vasсtllar
сompromisе to thе intеstinе and a suгgiсal lеsion.

Nеoplastiс Inflltration of thе Boмrеl Wall. Lvmplro-
safсoma is thс most сommon nеoplastiс iniltratе in thе
intеstinal wall. Thiсkеning Of thе wall of thе small intеs-
tinе has bееn imagеd in horsеs witlr l-vmphosarсoma. Thе
wall thiсkеning is usually ссhogеniс, anсl distingr.rishing
thе layег oг layеrs affесtеd is diffiсult. Thiсkеning of thе

Figure 6-113
Sonogгam of ttrе distепdеd small intеstinе (.аrtou,s) obtainсd in thе
right paгalunrbaг lbssa 1iюm a 1O-r'еaг-old Tlrогоtrgl-rbrсd gеlсliпg п,ith
сoliс Thе affесtеd poгtions of small intеstinе arе fluid flllеr1 and l.t1.pсl-

motilе, witlr nсlгma-l п.all thiсknеss onl,v largе Lэowеl (сесal) есhoеs
slrould bе imagеd in thе гight paralumbar fossa .l.his sonogгam wаs
Obtainеd with a 5 0-\,[HZ sесtor-sсannеr transduсеr at a r1ispla1'еd dеpth
of 1l] сm Тhе гight siсlе of this sonоЕ]гаm is dorsаl aпd thе lеft sidе
is vеntгal

Figure 6-114
Sonogгam oГ tlrе lеft sidе of thе aЬс{сlrпеn Obtaiпеd 1iюm a .]-)'еar-сllс1
Stanсlaгdbгеd lilh' witlr сlrr.otriс сOliс Notiсе tl.tе сiistеndссl small intеS-
tinе (iеiLtпLim) сlеtесtеd in thе ]еft сгаtrjovеntгl] lbсloпrеп bеtwееп thе
lir.ег;tnсl spJееn aпсl с|ееpег largе сolon' rr.hiсh has a slighth- iпстеasеd
rvall tlriсknеss .l.l.rе jеjrrrrtlm (SI) is distеnс1есl м.iLh anесlroiс flLriсl but
doеS not appеaf tt|l.gid bесausс tlrс shapс of tlrеsс сlistеnсlссI klоps is
soлlеwhat iгrсgrrlaг Tlris sonogгxm п.;ls oЬtaiпесj tr.om tl.rе гiglrt еighth
iпtегс()Stxl spaсе rvitlr a 5 0 Мl.lz sесtoг sсannег tгans(luсег at a dis-
plaусd dеpth of 20 сm Thс right sidе of tlris sonoЕ]гanl is сklгsal and
tlrе lеft sidе is vеntlal

boчrеl wall is a nonspесiIrс flnding and сan oссur with
othеf disеasе pгoсеssеs. An intеstinal adеnosaгсoma has
bееn rеpot1еd in two hсlrsеs but was not imagеd sono-
gfaphiсall'Y:5 65 otrh, thе hеpatiс and diaphragmatiс mеtas-
t:tsеs and thе asсitеs Wсfr dеtесtеd sono8гaphiсally.65 An
intеstinal m)хosaгсoпa has also bееn rеportеd in a hoгsе
that Was not imagеd sonogfaphiсall1,. A 25-сm mass was
palpablе' howеvеr, in thе riglrt сar'rdoсloгsal abdomеn
and сorrld havе bееn imagеd sonogгaplriсally 1iom thе

Figure 6-115
SolloЕ]ram оf thе сaudal r.еntral aЬсlсlпrеn сlbtainесl fгom a lO-1,сar-old
Thoгolrghbrсс| m1rгс witl] соliс arrd a possiblе small intеstinal сlЬstnlс.
tiоn arrсl ilеtls Tl.ris SOПOgt:rm dеnlotlstгatсs maгkеd distеntion of thе
jеjr.пlum. with mild tlriсkеning of thе iпtеstiпal wa|l aпd litt]е pегistalsis,
as еviсlеnсеd b\ thс sсttling of thе intгalllminal сontеllts in thе сеntгal
lоtlp of jеjtшtlm ('аrrotu) Tlrе п,l|l thiсknсss o1 thе smal] intеstinе is
лoгmal. btlt tlrе bowеl is ехtfеmеlv distеndеd :rnd tuгgiсl This sonogгam
п,.as сlbtаinеd ffolт thе vеntral abdomеn п'itlr a 7 5-МHz sесtoг-sсlnl]еf
tfansduсег аt a displavесl dеpth сlf l 2 сm Thе гight sidе оf tlris sсlпll-
sranr is сranial xnd thе lеft siсlе is Cltldal
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Figure 6-116
Sonogram of thе abdomеn obtainеd fгotn a !-уеaг-old Stanс1ardbrеd
nraге with asсitеs sесondary to РеfiсaIditis A smаll amount of aлесhoiс
tluid is pгеsеnt iп thе pеfitonеlr| сa\,iгY. with no fibгin dсtесtсd Thе
tlllid is most еvidеnt bеtwееn thе liYег and splееrr (аrroш) and Suf-
гoundiпg thе small intеstinс (SI) Thе w;rll сlГ thе Small intеstinе is
пoгmаl thiсknеss (< 3 mm), btlt thе small intеstinе сolrtains lrуpеrесh-
оiс fluiсl that \'".as l-tYpеrmotilе in rеal timе, assoсiatеd with an еntегitis
tl]at WaS also prеsеnt апd 1lгесеdеd thе pегiсxгditis Тhе lir-ег is оnlr'
slightl), lсss есlrogеniс thxn thе sр|ееtr but has а smаll аmolrпt сlf
pегitonеal fluid сlп bOth its сLiaplrгagпrаtiс aпd r-isсегal suгfасеs -I-his

soпоgгam was оbtainеd tгom thе lе1t ts'еllth inrеrсоstal spaсс ilt e lе\ еl

12 сm doгsal to thе lе\-еl oftltе рoint оftlrе shouldег lt а dispJаiеd
dеpth of 14 сrrr Thе гjglrt siсLе оf tttе soпogгeпr is doгsel lLпd tl-tе lе|r
siсlе is Yеntгal

tгansfесtal window and ргobablу from thе fight flank.
Thе mass was gеlatinous With largе aгеas of fibrous tissllе,
\\,as loсatеd in thе сесal basе, and probably wollld havе
had a сomрositе appеaranсе sonogfaphiсally. Intеstinal
сarсinoids arе slowly gfowinЕ. malignant nеoplasms that
сan oссuf throughout thе intеstinе, dеvеlop as submuсo-
sal massеs, and havе bееn assoсiatrd with jеjunal intus-
susсеption'232 298 Сarсinoids сan гangе in diamеtеf Llp to
(l сm but arе Llsllally 1'5 сm or lеss.298 Tlris tunror сan
bесomе a largе polypoid gfowth attaсhеd to thе tlndеrl1,-
itrg mtrsсulafis layег and сan invadе sufrollfldinЕ. tisstrеs.
Lеiomyomas arе bеnign tllmofs of thе smooth mlrsсlе
lavег of thе intеstinе that сan appеaf as intfamuгal of
ltrminal massеs.2]2 Lеiom1.omas havе bееn геpoгtеd in thе
jеjunum,232'2]1. 299 whеI'е thеy may bе аssoсiatеd with
jеjunal iпtllssllsсеption2Ja and in thе fесtum and small
сolon.l5 Bеnign polyps сan also oссur in thе гесtum and
thе сolon.l'

Disеasеs of thе Pеritonеal Cavity. Diagnostiс ultra-
sound is Llsеftll in dеtегmining thе amount of pеritonеal
t]tlid, сhaгaсtеrizing thе typr of fluid prеsеnt, and dе-
tесting massеs in thе pеritonеal сavity. Сlеar anесhoiс
t]uid is гypiсal of asсitеs, oссasionally dеtесtеd in horsеs
п-ith сongеstivе hеar1 failurе (Fig. 6-116). Hеmopеrito-
nеum is сommonl1. dеtесtеd in hoгsеs fсlllowing tгauma
tЕigs. 6-117 and 6-118; sее also Fig. 6-78) and may also
oссur with rupturе of vеssеls within thе pеritonеal сaviф
]ssoсiatеd with a widе variеty of сausеs @ig. 6_119).
oгgan r.r-rptufе сan also rеslllt in lifе-thгеatеning blееding
Lnto thе pегitonеal сaviQ,.

Pеritonitis. Intеstinal laссration, pеritonitis, and ab-
donrinal wall сеllulitis сan oссuf as сompliсations of ab-
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dominal paraсеntеsis in thе hofsе.,]' Thе гisk in pеr-
forming this diagnostiс proсеduге is minimal (4 sеriotrs
сompliсations in 850 samplеs),23l but it is pгobably in-
сгеasеd in horsеs with markеd abdominal distеntion. In
onе stlld}. еvaltratitrg thе с1.tologiс findings with abdomi
noparaсеntеsis. no сompliсations oссurrеd in morе than
100 сollесtions. rvith four or fivе horsеs having ехpеri
еnсеd an intеstinal punсtuге with no ill еffесts.300 Sono-
graplriс ехamination of thе pегitonеal сavity сan dеtеr-
nrinе if fluid сan bе obtainеd on abdominoсеntеsis,
minimizing thе risk of tlris diagnostiс proсеdurе. If thе
mafkrd abdominal distеntion is duе to srvеrе distеntion
of thе gastrointеstinal visсеra and no fгее pегitonеal fluid
is dеtесtеd sonogfaphiсally, an abdominal paraсеntеsis is
unlikсly to yiеld fluid and thе гisk of bowеl laсегation is
signiflсant if a nееdlе is usеd to pеrfoгm thе diagnostiс
proсеdtrrе.

Pеritonitis is ustlally assoсiatеd with fеvеr, сoliс, ilеus,
and diarrlrеa.]0l ]0a wеight loss has also bееn rеpoгtеd as

a сommon pfеsеnting sign .J0t ]0].30] In thе postopеfativе
abdominal patiеnt, pеfitonitis may bе sееn with inсisional
infесtion. In many hсlrsеs thе сausе of thе pеritonitis is
unknown. Parasitе migration has bееn impliсatеd as a
possiblе inсiting сausе in thе dеvеlopmеnt of pегitoni
tis r.,. Phr siсal ехamination tlfldings and thе analysis of
thе pегitonеal fluid saпrplе п.еге thе most valuablе tools
t.oг diegnosing intrstinal гuptuге irr onе studr- of horsеs
тr ith pегitoI-titis.j',] Hoп еr ег. abdonriлal tlltгasonography
\\-as not usеd as a diagnostiс aid in tlris studr-

Sonogгapl.riс ехatnination of thе abс1olnеn сan bе usе-
flll in diagnosing pеritorritis arrd in dеtегmining thе сhaг-
aсtег and volumе of pеritonеal fltrid.. Fibгin tags (Fig.
6_120)' fibrin сoating thе sеrosal surfaсеs, Iibгinorrs loсul-
ations (Fig' 6-|2|)' and сеllular dеbris in thе pеritonеal
fluid сan bе dеtегminеd in thе portions of thе abdominal

Figure 6-117
Sonogram of thе vсntfal abdоmеn oЬtainесl fгоm a .1-1.еaг.old Paint fillу
witlr sеvеге anеmia A laf!.е amount of lrr'poесhoiс fluid, геprеsеnting
blood' is sееn in thе rеtгoрегitonеal spaсе, bulging pгimaгily into thе
fight s]idе of thе pеritoflеal сaviг} ('апglес1 аrroш) Т]:,е vеntгal tip of
thе splееn (up аrroш) is positioпесl гight orr thе midlinе Thе laгgе
сolorr is floating in a small bttt irrсrеasеd amouпt of геlativеlу anесhоiс
fluid in thе pеritonеal сavity This soпo!.fam was obtainеd fгom thе
vеntral midlinе With a 3 5-MHZ sесtoг-sсannеf traпsdllсег at a displayеd
сlеpth оf 18 сm Thе гight sidе of this sonogгam is thе lеft sidе of
thе abdоmеn
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Fiqurе 6-118
Sonograms of thе ab(|ominal rvalj atrсl аbс1omеn Obtxinеd lronr a 2l-r'еar-old Tlrorоughbr.еd maгс ц.ith a Partial-thiсklrеss \'.еntral abdominal lrеrniа
lndsmallit1tеstjna]епtгiPmсl]tТhсsеsсlnсlgгamsп.егеobtаit-lесlfiоnrt1-rе1еfrсntrallbсklпlеn
a built-in fluiсl of1Ъеt at a сlisPlx\.еd dеpth сlf 6 сlт .1 Тhс hегпi:r in thе abсlсlпinal пusсulatuге is сlеar.lr' imagеd as arr arеa of musсlе fibеr
disflptiOn(аrrОLl's)intl]сvеntгa1abсlominlrlmusсrrllttt-lге.il-tr-il'ing
of jеjunum (!oтolL's') is tгaPpссL
or pгсlprrlsivе rПovепlеnts сlf thе ir-rgеsta fгonr tlris сtltгappсс1 poftion of thе .jеjrrnum Thе wдll Of thе iеjllnum is h,vpoесhoiс and tlriсkеnеd,
mеasuгing bеt\\'ееn 5 аnс1 12 mm thiсk Tlrе lеft imagе is a loпg-aхis sесtion thгouglr thе еntrappеd piесе of jеjunurn. and thе fi!.ht imagе iS .1

shoft-ахis sесtioп tlrfough thе аffесtес| lсlсlps оf jеiunum

сaviq/ aссеssiblе to sono8raphiс ехamination., Fibrin ma1,
also bе fгее floating or attaсhеd to гouЕ.hrnеd sеrosal
Sllffaсеs.J Adhеsions bеtwееn thе sеrosal sllrfaсеs Of thе
bowеl and thе pеritonеum сan :rlso bе dеtеrminеd in
thеsе arеas.2 Intеstinlrl loops that arе liхеd in loсation
and do not movе indеpеndеntlу of thе bod1, wall or
adjaсеnt bowеl With pегistaltiс aсtivity sltggеst adhеsions
@ig. 6_122).. Thе сliffеrеnсе bеtwееn libгinous and fl-
brorrs adhеsions сan oftеn bе dеtеrminесl sonographi-
сall,v, with flbrous adhеsions having a worsr prognosis.

Figure 6-119
Sonogrаm оf thс \'епtгal abdomеn obt:rinссl ltoпr а ,1-rс:rг-o[d minixturе
hoгsе fillу With hеmopеritoЛеunl Notiсе thе еChogепiс swiгling tluid
in tl.tе pеritorrеal сavitv with thе largе сolоtr (с) floating on tlrе с1еnsс'
blooс11' fluid Thе s\'l.iгti|lЕ. appеaгanсе iS сгсlltсd b), thе fllovеmеПt of
tlrе Ьlood сOmponеnts in thе Pегitoпеel сal.itl п-itlr pегist't|sis and
геsрiгatoг)- movеmеnt Tlris sonсlgram was obtainеd rvitlr a ь.iсlе-band-
width 5 O-MнZ sесtоf-sсanпеr tfltfrsdlrсеf opегating at 5 0 п,IнZ at a
displa1,ссl dеpth of 20 сm Тhе fight sjdе сlf this sonogram is сгanial
and thс lеft sidе is сar-lсlal

Thе dеtесtion of largе lrbrin strands on thе sеfosal suf.
faсеs indiсatеs an unfavorablе pfognosis in horsеs with
pеfitonеal еffusions.,, Largе partiсulatе mattеf and frее
Е.as сan bе imagеd in thе pеritonеal сavity in horsеs with
intеstinal flrptuгr.2 Сompositе flr'rid чras sееn in a foal
with pегitonеal еffllsion, сonsistеnt with a rllpturеd vis-
сLrs i In onе fеport of horsеs with pегitonitis, two of
thrее hoгsеs had ехсеss quantitiеs of pеritonеal fluid and
adhеsions idеntiIiеd Llltfasonogfaphiсallv; in onе of thеSе
lrorsеs thе pеfitonеal fluid Was hypеfесhoiс.]O4 Thе hoгsе

Figure 6-120
Sonogдaп сlf thе alэdomеn оbtainеd fiom аn ll-Yrat-old Hanovегian
tт1lге with pеIitonitis Aл inсгеasесl amount of сlotlсlу pеritсlnеal fltriсl
and sma]l fibrin strands ar.е inragеd bеrw-ееn thе splееn and jе'unum
(SI) along thе \-еntг1rl midl|nе (аrfou,s) This sоnoЕ]гam was oЬtaiпеd
With a 5 O-MнZ sесtoг-sсaпnег tгansduсеr at a displavсd dсpth of 18
стп Thе fight sidе оf tlrе sonogгam is thе lеft sidе of thе lrorsе's
abdomiпal сavitv
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Figure 6-121
sonogгams of thе atldomеn obt.rinеd ltom thе lеft liftеепth intегссlsrel spaсе iп a )'еarling Tlroroughbrеd сo1t With an abdominal absсеss, pегitonitis
(,.1), anсt pnеLlmoрегitoЛеunl (rg) Tlrеsе sоnogтams п-еге obгзinеd s'itlr a п'idе.banсlwidth 7 5-МHz sесtoг-sсаnnег traпsduсег opеIating 

^t 
7 5 МI1z

at a displa.vеd dеpth of 12 сm (,4) aпсl 8 сm (1') / sе\.еrе fibгinоus pегitonitis \\.lth loсtllаtеd stranсls of 1ibгin floating in thе rеlativеly anесhoiс
fltlid is imagеd Tlrс fibrin Strands afе attaсhеd to tl]е o\еr]гing leгgе intеstinе (L]) Fibгin also adhегеd to thе adjaсеnt sma]l intеstilrе (not sho't'Ф
This soпogгam was obtainес1 сгanial to thе abdominal аbsсеss Тlrе гiфr sidе of this sonogram is сгanial and thе lеft sidе is сatldal ,B, A distinсt
gas-fluid intеrfaсе (аrroш) is sееn at thе borсlег bегп.ееn гhе рnеumорегitonеum aпd Pегitonеаl flitid Thе сuгtain sign assoсiatеd with fгее aif
s,ithin a bod), сaYitу was сlеarlу r.isiblе iп геа] tinlе \otiсс Ihс hrpегесhоiс ttее gas есl.to iп thе doгsal poftion of thе abdomеп With lts
сhafaсtеristiс еqlidistant геvегbегation aгtifасts сOпsislеrlt \ ith ]iг ТЪе iгее g:ls oblitегatеs Ihе doIsal bordеf of thе splееIr and thе undеrфrrg
g:lstгointеstinal visсегa Thе right sidе of this sonоgгап is dilг:а] rпd thс LеГt iidе is \ еnlг,.rl

with thе hypеrесhoiс pегitonеal 1]uid had a з-сп1 pегtbгa-
tеd Lllсеr in thе сесtrrrr that \\.aS tlrе сausе of thе pегitoni-
tis. and it did not sl'lгl'.il'е. Tlrе othеr horsе had no sono-
graphiс abnoгmalitiеs dеtесtеd and survivеd, as did thе
othег hofsе with pеritonеal еffusion and adhеsions.

Alrdominal Atrsсеss. Abdominal absсrssеs may oссLtf
irr thе abdominal organs of may bе assoсiatеd witlr thе
mеsеntегiс root, gastfointеstinal tгaсt, or abdominal wall.
Thе сausе of abdominal absсеssеs inсltrdеs sеptiсеmia,

Figure 6-122
Sоnogram obtairrеd liom a 2-1'еaго|сl Standaгdbгеd nrarе with соliс An
rdhеsion of thе small intеStinе .sD tO thе сгanial and vеntral wall оf
rhе blасldеr is sееn (аrroul) In fеal timе thе smal] intеstinс did not
slidе or.ег thе srtrfaсе сlf thе lэladdсr brrt adlrеrеd to it This mдге h:rd
; histoq, of prеvious сoliс st-lгgеrт This sonogram was obtainесl with a

sidе-Ьandwidth 7 5-MHz Sесtof-sсannеr transduсеr оpегating at 7 5
)\HZ at x сlisplar.еd сlеpth of 6 сnr Thе гight sidе of this sоnogгam iS

сгаnial aпd thе lеft sidе is сaudal

pеnеtгatin8 abdoпrinal \\ ollnds. and intеstitlal pегfofa-
tiorr Intеstinal pегtbгation assoсiatеd п ith сoloniс pегfo-
гation, tbrеigrr bodiеs. oг Peгasitе inlpeсtions has bееn
fеportеd in thе hofsе.j.). ru6 Сliniсal Signs in affесtеd
horsеs oftеn inсludе dеprеssion' anorехia' fеvеr, сoliс,
diarгhеa, stfanguria, and wеight loss.' ''n,]()--.]09 A mass is
frеquеntly idеntiflеd in horsеs on fесtal palpation of thе
abdomеn and Was dеtесtеd 1л 64% of hoгsеS with abdom-
inal absсеssеs in onе laгgе str-rdy.l." Thе majority of thеsе
hoгsеs havе absсеssеs in and afound thе root of thе
mеsеntеry (17 horsеs), with 3 absсеssеs involving onе or
both kidnеys, 2 splеniс absсеssеs, 2 hеpatic absсеssrs,
and onс horsе with an absсеss involving thе utеfus.'18 In
anothеr largе sttldy of 15 hoгsеs, abdominal absсеssеs
involving thе livеr wеге most сommon (10 horsеs), fol-
lowеd by absсеssеS in thе mеSеntеfiс lymph nodеs (4
horsеs), splеniс absсеssеs (3 horsеs), absсеssеs of thе
сaudovеntral portion of thе abdomеn (3 horsеs), and
abdominal wall absсеssеs (2 hoгsеs), and in 1 horsе thе
еntifе abdomеn was diffusеly involvеd.s onе thiгd of
thеsе horsеs had multiplr ofgan involvеmеnt. In four
hoгsеs with vе1], largе pa|pablе abdominal massеs, thе
jеjunum afld mеsеntеry wеfе involvеd in thе abdominal
absсеss in 3 horsеs and thе сесum and mеsеntеry in thе
fouгth hofsе.з()r. 3()9 In anothеf hoгsе thе abdominal ab-
sсеss was palpatеd on thе lеft latеral and vеntral floor of
thе pеlvis and adhеrеd to thе pсlviс flеxurе ]()6 Abdominal
pafaсеntеsis suppoпеd thе diagnosis of abdominal ab-
sсеss in 92.8% of 14 horsеs in onе study.ll8 An ехudatе
was found in thе pеfitonеal fluid of thе 2 horsеs with
largе mеsеntеriс absсеssеs involving thе jеjunum3O9 and
in 1 hoгsе with a largе intrapеlviс absсеss.]()6 Baсtеria
wеге oftеn sееn in Gram-stainеd сytologiс prеpafations
of thе pеritonеal fluid but wеfе infгеquеntly сulttrrеd
from thе fluid. organisms most frеquеntly сultufеd fгom
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Figure 6-123
Sonogгams of thе гight vеntral abdоmеn in a уеaгling Thorottglrbгесl сolt with arr abdсlminai absсеss (samе сolt as in Fig 6-121) T.hеsе sоnogгams
wеге obtainеd With a wiсlе-banсlwidth 5 0-MHz sесtof sсannег tгansdrrсеI opеrating xt 5 0 MнZ at a displayеd dеptlr оf 20 сnr (А) and a widе.
baпdwiсlth 7 5-MHz sесtor-sсannеr tгansduсег opегatiлg at 7 5 MЕIz at a displayсd dеpth of 12 сnr (j9) Thе гight sidе of tlrеsе sonoЕ]гams is сranial
and thе lеft siсtе is сaudal ,.1. Thс:rbdсlminal absсеss is mttltiloсr-tlatеd anсl adhегеs to thе aсljaсепt laгgе ссllon (.аrrou's) Thе аbsсеss mеаsrrrеd
13.5 сm b1, 15 сm -8. f.hе absсеss appеafs to сontain rеlativеl,v anесh<riс fluid and 1ibгin with sеvеral thiсk-wallеd сavitiеs within This sonogгam
is of thе сгanial arrd \'еntfal Doгtion of tlrс аllsсеss

thе abdominal absсеss inсltrdе Streptoсocсus equi, S, zoсl-
epidеl17iсus, and СсltуnеbасtеriuШ psеudotubеrсulФ
sl.s.ll8 r19 ]09 ]l0 In anothеr laгgе stud1. thе pеritonеal fluid
was сlassiflеd as an ехudatе in 12 of 15 horsеs witlr
abdominal absсеssеs: howеvеr. baсtеria wеrе idеntiflrd
с1tologiсall1, in only 3 of thеsе horsеs.s Sсintigгaphy has
also bееn usеd to idеntify an abdominal atlsсеss in a
hoгsе.]'. Indium-l 1 1_labеlеd lеukoсуtе sсans сompafе ta-
vorably in human bеings with ultrasonograph)/ in thе
sеnsitivity and ovеrall aссuгaс'Y of dеtесting abdominal
absсеssеs.Jl] In this horsе, thе absсеss was tholrght to
havе originatеd in thе mеsеntеriс lymph nodеs, with
adhеsions of adjaсеnt small intеstinе to thr absсеss.

Sonographiс ехamination of a palpablе abdominal mass
is hеlpful in diffеrеntiating an abdominal absсеss from
nеoplasia in most сasеS. Abdominal absсеssеs oftеn havе
a loсulatеd appеaгanсе (Figs. 6_123 to 6-\25) and may
involvе a poГtion of thе intеstinal wall (Figs. 6_124 and
6-12'. Air-fluid intеrfaсеs havе bееn dеmonstratеd sono.
gfaphiсally in horsеs п.ith abdominal absсеssеs (Figs. 6_
|26 aлd 6-|27)' Thе air in an abdominal absсеss oftсn
сausеs an intеnsе aсoustiс shadow with rеvеrbегation

aftifaсts t}'piсal Of gas An есhoЕ]еniс linс may bе dеmon-
stratеd in thе abdominal absсеss at thе air-fluid intеrfaсе
(Fig' 6_\27)'].2 Abdominal absсеssеs had a mtrltilосulatеd
sonographiс appеaranсе in two wеanlings, with onе of
thеsе also having moге есhogеniс massеs With сеntral,
slightly lеss есhogеniс afеas.r.3 ]lr In onе horsе with an
intrapеlviс absсеss thе mass had a trnifoгm есhogеniс
appеaranсе with а fеw small anесhoiс arсas within and
impingеd On thе сranial aspесt of thс bladdеr.3o6 A largе
sphегiсal mass involving thе mеsеntеry and small intеs-
tinе was imagеd in two horsеs with a largе abdominal
absсrss..r.,9 In onе horsе with an abdominal absсеss thе
mass appеarеd solid sonoЕ.гaphiсally, bttt onl-Y a 5.0-MHz
transdtrсег was usеd tгansrесtallt. and pеnеtration of thе
mass was inadеquatе.3.," At strrgеry, thе mass was found
to bе an absсеss with a 1O-сm-thiсk сapsulе that had
adhеsions to thе lеft kidnеy, small сolon, and jеjunum.

PеrirесtaVPetivagilal' Alrsсеssеs. Pегirесtal aЬ-
sсrssеs probably oссur in most hofsеs in assoсiation with
rесtal pеrfoгation. Pеfivaginal absсеssеs aге also сommon
in marеs in assoсiation with tfauma at paftllfition (most
сommon) Or brееding. Сommon pfrsеnting signs in

tigure 6-1 24
Trarrsrесtal Sonоgтxm obtainеd liсlm :l !-1еaг-old Thoroughbrеd nrarе with
an abdominal absсеss (aп,ozr,,s-) .l-hе mass wxs assoсiatеd with thе сссunr
(С) and сoлtаinеd lсlсrrlatеd anесhoiс tо hYpoесhoiс flttid Тhis sonogгam
was oЬtainеd with x widе-balrсlwidth 6 0-N4HZ n]iсfoсonvех linеaf-arгx). trans-
duсеf opеrating at 7 i Мllz at a displa)rесl сlеpth of 8 сm Thе гight sidе Of
this soпogram is to thс right of thе abdomеn and thе lеtt sidе is tо tlrе lеft
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Figшre 6-125
Sonogгams of tlrе abdomеn obtainеd from a 2O-vеaг-old Pairrt gеld-
ing with a laгgе absсеss iп thе aЬdomiпal сal.iгt. assoсiatеd wjth
thе laгgе borvеl, probaЬly thе сесum ,4, Fгom thе right sidе of thе
abdomел thе wall of tlrе larg,е intеstinе (smаll аrroшs), most likеlу
сесum duе to its saссulatеd appеaгanсс and its loсation iп thе
гight dorsal paп оf thе abdomеn' appеars thiсkеnеd Loсulatеd
fluid ;rnd a hr pегесhoiс struсtufе сasting an aсoustiс shadow, most
сonsistеnt with Oгgalrizing сlot, apPеafs to bе withiп thе lumеn of
thе laгЕ]е intеstinе (lаrger аrroш') An intussusсеption should alsо
bе сonsidегеd hеге foг this sonogгарhiс appеaгanсеl althouЕ.h thе
loсulаtions аnd hr'pегесhoiс сlot aге not tlsualh. imaЕ]еd Within thе
iлttlssusсеption This sonogгaп r.v.as oЬtainеd fгom thе гight sidе
of thе abdoпlеn iп thе сгaniа] and doгsa| aspеCt of thе paгalumbaг
t.оssa rr'ith a sidе.bаndsidth 2 5.}IHz sесtorsсar]пег tгansdUсег
opегating at its сеntег ttеquеnсr (2 5 }IHz) at a displxYеd dеpth
оf .i0 сm -B A thin еnсaрsuJеd Poгtion of thе mass is in]agеd with
thе anесhoiс loсr.llatеd flrrid and thе hr'pсгесhoiс сеntгаl агеa' most
сonsistеnt п-ith агt oгgarrizirrg сlot smal] intеStinе apреafs adlrеrеnt

to tl]е сapsulaг surfaсе of thе mass (drrou') Тhis sonоgгam sas obtaiпеd fгofll a tfansгесtal wirrdoп, usirrg a widе-bandwidth 6 O-МHz
сorrvех linеar.afгay tfansduсеr opегatlng аt 5 () \IHZ et e displar'еd dеpth of l2 сл-r. Thе гight sidе ofthе sonogram is toward thе fight sidе
of thе abdomеIr. with t]rе сauсlal polе of tl.rе lеtt kidnеr (К) iпаgеd on tlrе lеf1 sidе of thе sonogг:rm С, Sma1l intеstinе (аrrou's) is adhегеnt
to thе сapsulе of thе mass with siighth thiсkег Ihall noгmal тr.alls btlt noгmal pеristaltiс aсti\'ity dеtесtеd in геal timе This Sono!.гam is
also olэtainеd fronr thе tIansfссtal windoп пith a sidе-bandsidth 6 O-MнZ miсгoсonvех linеaг-aггay tгansduсег oPеratin€. at 5.0 MHZ With
a displayеd dерth of 8 сm Thе right sidе of thе sonoрцaпl is thе гight sidс of tlrе abdomеn

tigure 6-1 26
Sоnogгams of a laгgе lbсlominal absсеss ехtеnding frсlm thе irrguiпal геgion in e J-),еaг-o]d Standaldbfеd stallion that pгеsеntсd s.itlr sсrotal swеlling
.rпd fеvег Thеsе sonogranrs wеrе obtainеd With a 5 O-МHz sесtor-sсannеr tгansduсеr xt a displa).есl dеpth of 2() сm (,'1) aпd 10 сm (B) ,1, Thе
lагgе aЬdominal absсеss is сlсаt]r, imagеd doгsal and to thе lеft of thе splееn, adjaсеnt to thе lеti intеfnal inguina] гirrg Tlrе absсеss is lavеrеd with
'r morе есhogеniс vеntгДl poгtion' a moге anесhoiс се1rtег, arrсl a hv1lегесlloiс doгsal porIion assoсiatеd With a сloгsa| gas сap Thе аbsсеss mеasrrгеd
l l .i8 сm by 9 35 сm Iп rеlrl timе tlrе adjaсеnt largе intеstinе (LI) appеaгеd ad]]еfеnt to thе dогsal bordсг of thе absсеss This sonoЕ.гam was
.)btainеd liom thе lеft vепtfal abdomеn iust сfanial to thе lеft ехtеп].al ingtfnal гing Thе fight sidе of this soлo!.гlrm is thе lеtt sidе of thе abdomеn
:nd thе lеft sidе is towaгd thе midlinс of tlrе abdomеn B. T]rе abdominal absсеss сommlrniсatеs doгsall1. with a fluiсl tгaсt in thе lеft ingr-inal сanal
;djaсеnt to thе lеft spегmatiс сord (аrrouls) Thе tr:lсt is irпagеd ехtеnding from thе ехtеглal ingtlinll гing tlrrough thе intеrnal iлguirral гiflg into
thе аbсlominal absсеss Tl.tis sоnogfaflr was obtainеd fгom thе rеgiorr of thе lеfl ехtегnal ingrrirral гiпll Тhе right siсlе of thе sono€.гam is \,еntfal
]nd thе lеft sidе is dогsal
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Figure 6-127
Sonogгaшs оI tl.rе гiglrt siс]с оf thе abdоmеn arrсl abсlonlinal Wall Ol]tаiЛсd fionr a 7-1'еaг-оlс1 ThoгotlghЬгес| gеlсlirrg ц,ith a dfxiпiЛg tг.tсt li()m thе

гight siс]е оf thс аbсlotrrеn Sonogгaphiс ехаnrirratiorr of tlrе сlraining trxct геусalеd a h1.pеrесlroiс strrlсtt|fе сastiпg l stгong aсOlrstiс shadсtw
surгourrdеdbrftiсlсonsistеnt$,ithaforеignbod,r'(nrostlikеlvп.ood)iпthеabdominalпUsсUlatLшеехtеnс1ing1к)tllс
sonoЕ]famss'егеоbtainес]ft.oпthегightninthanс1tеlltl]intеfсOst1tlsPaссswitha75-N{Hzsссtorsс1nnеrtf;rllsdttсг
offsеt (,4) апсI e .] i-}'Itlz sесtoг-sсanr]сг tгаns(ltLсеr (.B' С, anсl 1)) at a сtisplavеd dеpth of 6 сm (,.1). lt3 сm (,B and С) aпсl 16 сm (,) ,4. Thе
hl.pеrесhoiсlinе:rгStГLlсturесastingastгongxсOUstiсshados,-isa|оllgfbrеigrroсJ1'
wood fragлrепt inragесl orl thе fight sidе of thе tгans\,сгsс (lеft) |л\^gе Тhеsе Ibгеigп bсldiеs aгс сmbеddеd in thс intсrсostal musсlrlattrге' lllltl thе
lаrgегorrесхtеlrс1sthгоugl.tthеintеrсostаlmusсulatuIеintOthеabdоminalсa\.it}'T]rегiglrtsidе
sidеisvепtгlt|Тtrегightsidеofthеlсlпg-aхisimagсоfthе1bfеiЕ]nbodvisсгalrieIarldthе1еfsidеisсatlсl:r[,1i,Alrrpoесl.r
adjaсепttothrtbfеignЬoсlrisimagеdсfossingсauсhltothеt1iпthгibaпсlpеnсtгatingtlrfought]lсiлtсгсostal
Сompоsitеfluid(nlrlst|r lr\poесlroiс)isimаgсdatthеsitесlf foгсignbodvpеnеtг1ltiorr T.l.rеrightsiсlесlf thissоnogf'rпrisсгаtlia] andthеlеfsidе
isсaltdalС'.SonсlgгaпlofthеpегitOnеxlсx\'it}'i|lthеninthiлtегсOstalspaсеillLlstrаtil.lti]еdisсrеtе
hуpoссhoiсtluiсibеtц'ееnthеаbsсеssandthеlir.етaSSOсi:rtсdrvitlralсlсalizеdarеaofpегitonitis,аrldthеlafgе
thе vеntrа] most tip of thе Iight lir.ег lollе аt this loсatio11 Thс fight sidе of this sonoglx1l1 is dorsa| :rnсl tlrе lеft siсlе is vспtгal 1], lmmеdiаtеh'
сauс1al to thе iлitial r'isttalizаtiоrr oI tlrе abr1ominal absссss a gas-fltrid intсг1aсе is dеtесtесl Within thе сlisсrеtе absсеss. sllggеsting anaегobiс
infссtionThеl.tvpегесl.tсliссuпi1itlеaгborс1сгttсlmthеtightsidеOfthеabsссssrеprеsеntsthсdofsalgasсal]1п.hiсlrisсaSti111
aсOLlstiсshadow(arгozlфThissoпOgгalrrП-xsobtainеdЬеtп'есtr
and thе lеtt sidе is vепtгa]
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Figure 6-128
Sonogгam оf tlrе гight pегitlеl-lпl obtainеd fгonl a .].r еltг.oId Тhrlгоugil.
bгеd сOlt ь.ith a l)сгiгссtal aЬsсеss Thс absсеss сot]t:tinеd h\Pll-.h()iс
сеllrrlaг-appеaгing fluiсl (.аrrоuiу lnd was dгainеd pегсutаnеOu:h t]sing

ultгasonographiс guiсlanсе Тhis sonogf1rm п.as obtаiпсс1 tгon] t]l. гight
siс|е of thе pеfinеum, adjасепt to thе anus \\ith .l - i-\ltiz .сl:llг'
sсannеI tr1rnsdlrссf аt a disрlaуесl dерth of l2 сll llrе гighr .Ldс ..i :ili:
sonogfaп is сiсlтsal xпс| thе lеIt siсlе is r еlrlгal

horsеs With pеfirесtal absсеssеs irrсludе Iсnе:пltts с()1iс

fеvеr, dеprеssion, 1rnd anoгехill \\ еight loss пllr э1so bс
prrsеnt in somе affесtеd l-toгsеs

Pегirесtal absсеssеs 11ге еltsih' dеtесtес1 sonogгaphiсalh
and oftеn lravе h1.pеrесlroiс есhoеs that сest сliгt\ eсolls-
tiс shadows сonsistеnt with frее gas Thс fluiс1 сontainеd
within thе pеriгесtel absсеssеs is r'rsuall1, h-vpoесlrсliс to
есhogеniс (Fig (l-128) and fibfinous loсulations afе ffс-
quеntly imagеd. Thеsе absсеssеs aге tiеquеntly еnсapsu-
latесl b1, a thiсk есhogеniс flbгсltrs сapsulе.

Alrdominal Nеoplasia. Rесtal ехamination of a horsе
with abdominal nеoplasia oftеn fеvеals a palpablе abdom-
inal mass of massеs. Sonogгaphiс еvaluation of thе ab.
dominal mass should bе thorotrglr and dеtеrminе thе
of8an of origin of thе mass, if possitllе, and its геlation-
slrip to adjaсеnt ofgans аnd vеssеls t'Tаblе 6-1). Tlrе sizе
and typе Or сhafaсtеf of thе abdominal mass (absсеss,
lrеmatoma, of nеoplasia) shotlld bе dеtеrminеd (sее Figs
6-18 aru.| 6_4D, Involvеmеnt of thе mеsеntегiс and ab-
dominal lymph nodеs oftеn oссLrrs in hoгsеs with abdom-
inal nеoplasia, anсl mеtastasеs to thеsе l1,mph nсldеs arе
сOmmon. Thе еntirе abdomеn should bе thorсlughl1- ех-
eminесl sonogгaphiсally foг еvidеnсе of mеtastasеs to
othеr ofgafls or tO thе pеritonеttm.

Tаble 6-1
Fiпdiпgs Obtained from Ultrаsonog]арhiс Exаminаtion of ап
Abdominаl Mаss

Тhе organ of оrigin of thе пlss
Тhе sizе oГ thе mass
Tlrе сhxгxсtег сlf thс mаss
Tlrе r.еlatitlrrship of thе пl1tss tO thе сontigllorrs Oгgens and

bloоd vеssеls
Tllе pгеsеtlсе сlf l1,nrpharlеrropаth1' or mеtastasеs
'I.hе уlsсrtlariп of thе nlass

ггonr Tееlе RI-, shafс JС (сds): l,ltrxsol]OgrарhI of lп1aПt5 and сl]ildrсп Plrj|il
dеLрtlii. w}] sаUndсfs. | 99l
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Pгimary nеoplasia involving onlу thе mеsеntеriс and
abdominal lymph nodеs is lеss сomrrron bесausе multi
сеntгiс l1,mphosarсoma trsually involvеs thе abdоminal
ofgans as wеll.rl; A laгgе 20-сm malignant lymphoma
ц/as palpatеd гесtlrlly, at postmortеm ехamination it was
1btrnd to involvе thе right dorsal and vеntral сo1on.Jl6 A
similar mass was pfеsеnt bеtwееn thе lеft doгsal and
vеntfal сolon, rеplaсing thе nrеsеntеriс lymph nodеs.
tsoth massеs had ulсегatеd into thе vеntral сolon.
Transrесtal еvaluation of thе palpablе mass should havе
геvеalеd thе naturе of thе mass and thе itrvolvеmеnt of
tirе сolon if ultrasotrnd еquipmеnt had bееn availablе.
Sonogгaphiс ехarnination of еrrlargесl palpablе lymph
nodеs slrould bе pеrformеd tгаnsrесtally to dеtсrminе
thе ехtеnt of lymph nodе involvеmеnt.

с\tologiс еvaluation of fltrid obtainеd on abсlominopa-
гaсеntеsis oftеn yiеlds an ехudatе (560" of 25 horsеs in
onе stud.r), but nеoplastiс сеlls afе dеtесtеd lеss trе-
qllеnth. in tlrе pеritonеal fluid (44.' of thсsе samе
hoгsеs).- A mеltn numbеr of |.45 сytologiс ехaminations
of pегitonеal fluid samplеs .was nееdеd in hoгsеs with
abdomirral nеoplasia to idеntifу thе nеоplastiс сеlls.5
Hosr-еr ег iI-t 9 l-toгsеs otrlr. onе pегitonеal fluid samplе
rr-es геquiгеd to obtain e dеIinitivе diagnosis, whеrеas in
) tlthег hсlгsеs tl-tгее and four samplеs w-еfе ехaminеd
bеГtlгс а dеfir-rrtirе dilgllosis of nеoplasia was madе.
I-r'nlplrosaгсtlnle (6 OГ 12 hoгsеs) anс1 squamotts сеll сarсi
trсlllt;r.эf thе ston]iсh (5 tlf 9 hогsеs; пеге thе tumofs
сlеtесtеd on сrtoltlgiс ехanrlnatiorr of tl-rе pегitorrеal fluid,
rr,lrегеas nonе of thе + lroгsеs п-ith adеnoсaгсinoпta п'еfе
diagnosеd b1, pегitonеal fllrid сrtologr .

Mеtastasrs to thе pеritonешnr !tге сomfllon in lroгsеs
with abdominal nеoplasia (Fig. 6_129)' Sonograpl-riс dе-
tесtion of pеritonеal massеs has bееrr геpoгtеd in lrсlrsеs
with gastгiс squamolls сеll сarсinoma..' Thе mеtastatiс

Figure 6-129
soлOgfaп Of thе Pегitonеal сavit1' otrtainесl fгo1т a l--)'сirг-old O]d-
епbсrg gеldlng with mеtastatiс mе]aпoma (saлlс |rогsе as in Figs 6_49
anс| 6_7()) Multiplе smlrll tсl l;tтgе iгrеgrtlar сorпpсlsitе massеs (arr"ozz,'s-)

linе tlrе l)сгitоnеum and thе сapsulaг stlгfасеs of thе abсlomirral organs
Thе mass on thс сapsttlaг surthсе of tlrе splееn сrеatеs an aftifaсt duе
to thе absoгDtitlп of sorrnсl bY thе mass aпd thе еnlrarrсеnrеnt of thе
spiсniс parепсhуma that сlссrtгrеd сlrr еitlrеr sidе fгоm tlrе еt'fllsion in
tlrе l)сritonеxl сa\.it.!- This sonogfan] u'as obtainеrl fronr tlrе lеft pafa-
lumbaг fossa With a widе-band}.jdth 2 5-МHz sесtoг-sсannеf tfansdllсег
opеfatin!] lI 2 5 МHZ аt a displаYеd dсPth of 30 сm Thс гiЕiht sidе of
this sonosгam is сlorsal аnсl thе |еft sidе is vепtгal
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nodulе dеtесtеd sonogfaphiсally in thе horsе with gastfiс
squamous сеll сafсinoma was hypoесhoiс and homogе-
nеous. Меsothеliomas havе bееn dеtесtеd sonographi.
сally as multiplе small hypoесhoiс to есhogеniс massеs
sсattеrеd throughout thе pеritonеal сavity, lining thе
pегitonеum and thе sеrosal suгfaсеs of thе abdominal
visсеra. Largе abdominal еffusions arе сommon in hoгsеs
with mеsothеliomas. Thе pеritonеal fluid makеs thе visu-
a|ization of thе small pеritonеal and sеrosal massеs еasiеr
bесausе thе struсtuгеs aге sеparatеd and dеlinеatеd by
thе pегitonеal fluid.

PAтlENт MANAGEMENТ AND PRoGN0sls

Disorders ol the Urinаry Bladder

CуsIiIis

Thе prеsеnсе of сystitis should bс сontrmеd with сulturе
and sеnsitivity tеsting of an asеptiсally obtainеd urinе
samplе. Tfеatmеnt of сystitis should bе basеd on thе
rеsults of сulturе and sеnsitivity tеsting, sеlесting an anti
miсrobial that is сonсеntratеd in thе urinе, suсh as tri
mеthoprim-sulfamеthoxazolе.

Bladder Paralуsis

Tfеatmеnt of thе undефing nеurologiс disеasе, if prеsеnt
and tfratmеnt is availablе, is rесommеndеd for horsеs
with bladdеr paralysis. Thе trеatmеnt for uppеf motof
nеuгon and lowеr motoг nеuгon bladdег dysfunсtion dif-
fегs, and thus thе сausе of thе bladdеr parфsis must bе
dеtеrminеd for sеlесtion of thе appropfiatе tfеatmеnt foг
uгinary inсontinеnсе assoсiatеd with nеtrrologiс disеasе.
Bladdеr сathеtеrization and lavagе havе bееn fесom-
mеndеd fof trеatmеnt of horsеs with bladdеr paralysis
and sabulous urolithiasis. Thе long-tеrm prognosis foг
thеsе horsеs is guardеd to pooЦ with most horsеs bеing
humanеly dеstroyеd within 14 months of diagnosis.3'' 36

Cуstic Calculi

Thе rеmoval of сystiс сalсuli сan bе suссеssfully pеr-
foгmеd in thе marе via gradtral ufеthral dilatation and
rеmoval of thе сalсulus or with Llfеthfal sphinсtеrot-
omy..'' Thе rеmoval of сystiс сalсuli in thе gеlding or
stallion сan bе pеrformеd with a laparoсystotomy' laparo-
сystidotomy, oг pеrinеal (subisсhial) ufеthfotomy. Good
long-tеrm rеsults arе aсhiеvеd in most сasеs with manual
rеmoval of thе сalсulus in its еntirеty from thе bladdеr oг
by сrushing thе сalсulus and геmoving thе fragmеnts.r6'
зJ 1o' 11' ]l8 319 Blесtfohydrauliс lithotripsy has bееn usеd
suссеssflllly foг thе trеatmеnt of сystiс сalсuli in thrее
hofsеs.aa'a5 othег stшgiсal approaсhеs havе also bееn
dеsсribеd but aге usеd lеss fгеquеntly.36.a()

Rесuггеnсе of сliniсal signs of urolithiasis was sееn in
41'% of horsеs in onе stlldy in чrhiсh long-tегm follow-
up information was availablе.]7 Thе rесurrсnсе of сystiс
сalсtrli aftеr pеrinеal urеthrostomy was 46% in onе study,

slightly highеr than thе ovеrall fесurfеnсе ratе.3- Thе
advantagеs of еlссtrohydrauliс lithotгipsy inсludе mini-
mal tisstrе tfauma, еspесially with сalсuli еmbеddеd in
thе bladdег muсosa: dirесt visrralization of thе сalсulus is
possiblе; and thе risks assoсiatеd with lapafoсystotom}'
arе avoidеd.\4' 45 \n horsеs in whiсh a pеrinеal ufеthrot.
omy has bееn pеrformеd and thе сalсtrlus has bееn
сгushеd and subsеquеntly fеmoYеd, sonographiс rе-ехam-
ination of thе bladdеf сan bе hеlpful in dеtеrmining thе
amount of rеsidual dеbгis that rеmains еithеr fгее in thе
bladdеr of attaсhеd to thе bladdеf muсosa. Thеsе геsidual
fragmеnts of thе сalсultts сould sегvе as a nidus foг
subsеquеnt сalсultrs foгmation.a0' 3l9

Compliсations oссurгеd in 19% of horsеs undеrgoing
a pеrinеal ufеthfostomy for rеmoval of a сystiс сalсulus'
all thought to havе oссurrеd sесondary to Llrеthral trauma
from thе сalсulus.37 Thе сompliсations inсludеd a гесtal
tеaц pеrforation of thе pеlviс ufеthra, orсhitis, pеritonitis,
and tеnеsmus. othег rеportеd сompliсations inсludе a
ufrthral divегtiсtrlum nеar thе sufgеfy sitе in a horsе
with uгеthгal obstruсtion,a7 dysuria,J6 and flbгosis and a
stгiсttlге at thе surgеfy sitе..o Sonographiс rе-ехamination
of thе urеthfa Сan also bе pеrformеd if subsеquеnt prob-
lеms with uгination dеvеlop and uгеthral striсtuге is sus-
pесtеd.

Aсidiflсation of thе urinе has bесn rесommеndеd to
prеvеnt fесuffеnсе of urolithiasis in hoгsеs.ao Howеvец
thе еfflсaсy of thе most frеqllеntly fесommеndеd trеat-
mrnt' ammonium сhloridе, is quеstionablе. Thеrе is onе
fеpoгt of a horsе with rесurrеnt сystiс сalсuli trеatеd
suссеssftllly with ammonium sulfatе.]2o Asсorbiс aсid has
bееn strggеstеd to bе a bеttеr urinary aсidffiеr in thе
horsе.],. Howеvец thе еfflсaсy of thеsе trеatmеnts in thе
prеvеntion of еquinе urolithiasis has yеt to bе pгovеn,
and thеsе uгinaгy aсidifiегs arе еithеr not vеfy palatablе
(ammonium сhloridе and ammonium sulfatе) or must bе
givеn via nasogastriс intubation.]2, Additional work is
nееdеd, howеvец to dеtегminе if urinary aсidifiсation is
of bеnеfit in horsеs чlith urolithiasis. Salting thе hoгsе's
food to inсгеasе Watеf сonsumption inсrсasеs thе frе-
quеnсу and volumе of urination and hеlps prеvеnt urinе
stasis. Aлtibiotiсs that afе сonсеntratеd in thе urinе and
еffесtivе against pathogеns сulturеd from thе urinе
should bе usеd if baсtеrial сystitis is prеsеnt.

Urelhral Calculi

Thе loсation of obstruсtion of thе uгеthra by a сalсulus
сan bе dеtеrminеd sonographiсally and thе appropriatе
surgiсal approaсh sеlесtеd. A pеrinеal tlrrthfotomy is
сommonly pеrformеd in thе malе to rеmovе thе urеthral
сalсulus.a9 Howеvец a urеthrotomy at thе sitе of thе
obstfllсtion was pеrfoгmеd suссеssfully in onе 3-month-
old сoltr8 and in thrее adult horsеs with urеthral obstruс-
tion.r; No сompliсations Wеfе obsеr.vеd with thе urе.
throtomy in thе thrее adtrlt horsеs. In two hoгsеs thе
urеthral сalсuli wеfе fеmovеd through thе еxtеrnal urе-
thral orilrсе.]7 In onе of thеsе horsеs, thе uгсthгal сalсu-
lus rесurrеd on two oссasions. and a urеthral divеrtiсu-
lum was idеntiflеd in thе distal portion of thе urеthra
aftеr thе thiгd сalсultls геmoval. A uгеthгal divеrtiсulum
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also dеvеlopеd in onе stallion with uгеthral obstгr-rсtion
сorrесtеd by a pеrinеal trrеthrostom1,..- Trеatmеnt foг thе
possiblе prrvеntion of trrеthral сalсuli should bе similaг
to that dеsсribеd for сvstiс сalсuli.

Ruplurе ot the Uriпarу Bladder

сystosсopy with a flехiblе fibеroptiс еndosсopе is usеful
in doсumеnting thе ехtеnt of thе bladdеr ruptuге and
еvaluating thе nruсosal surfaсе of thе urinary blad-
dег.49.56 Rupturе of thе urinary bladdеr in thе adr.rlt horsе
сan bе surgiсally геpairеd in marеs by еvегting thе blad-
dеr through thе trrеthra or by an intгavеsiсular approaсh
with thе surgеon,s hand and instflrmеnts in thе bladdеr
lumеn via thе urеthгa.5j ;7 Uгеthral sphinсtеrotomy has
bееn rеportеd for thе rеpair of tеaгs involving thе nесk
of thе bladdеr and thе vеntгal bladdег wall.sa's5. '9 Tfan-
siеnt loss of urеthral sphinсtеr funсtion may oссur post-
surgiсally, and a striсtttfе ma)r also dеvеlop at thе urеthгal
sphinсtег.55 Сaudal midlinе and paramеdian laparotomy
has bееn usеd to rеpaiг tеaгs in thе apех of thе urinary
bladdеr in adrrlt horsеs.'6'60 Thеrе is onе rеport of сonsеr-
vativе (nonsurgiсal) managеmеnt of uropеritonеum in a

hoгsе with bladdеr wall nесrosis sесondary to an obstfuс-
tivе urеthгal сalсulus.a9 Howеvец surgiсal rеpair of a rtrp-
turеd bladdеr is rесommеndеd in thе adult horsе if thе
tеaf сan bе idеntifiеd owing to thе high inсidеnсе of
pеritonitis in horsеs with uropеritonеum and thе pгoba-
blе сontinuеd lеakagе of rrrinе intсl thе pегitonеal сavity.,9

Sonographiс еvalttation of thе surgiсal rеpair сan also
bе pеrformеd if thс hoгsе is еxpегiеnсing pгoblеms post-
opегativеly. Dеfесts in thе rеpairеd wall of thе urinary
bladdеr oг adhеsions bеtwееn thе urinary bladdеr and
surrounding stfuсtuгеs may bе dеtесtеd. Somе lеakagе of
urinе through thе bladdеr wall is possiblе whеn thе
surgiсal linе appеars intaсt sonogгaphiсally but is usually
minimal.

Neoplasia of the Urinarу Bladder

Horsеs with urinary bladdеr nеoplasia must bе givеn a
poor pfognosis bесausе thrsе tumofs arе usttally rеlеnt-
lеssly progrеssivе.6a Topiсal 5-fluorotшaсil or triеtlr1.lеnе-
thiophosphoгamidе and/or suгgiсal fеsесtion may bе
hеlpful if thе bladdеf tumor is diagnosеd еarly and tгеatеd
aggrеssivеlу.('a

BenаI Diseases

Асute Benal Failure

Тhе bеst prognosis foг thе trеatmеnt of aсutе rеnal failurе
is in horsеs .with vasomotor nеphropathy and somе of
thе nеphrotoхiс and pigmеnt nеphropathiеs. Сorrесtion
of еlесtrolytе, fluid, and aсid-basе abnormalitiеs is tlrе
usual foсus of tгеatmеnt for horsеs with aсLltе fеnal
disеasе. In aсutе rеnal failrrrе, onсе systеmiс blood prеs-
suге is rеstorеd. intfavеnous dobutaminе and furosеmidе
arе fесommеndеd for horsеs with oliguriс rеnal failuге.
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S),stеmiс blood prеssurе should bе monitorеd during this
tfratmеnt. In nonoliguriс rеnal failurе fluid diurеsis is
гесommеndеd until thе Sеfum сгеatininе fеturns to nor-
mal oг nеarlr- noгmal.

Chroniс Reпal Failure

Glomегulonеphтitis mar. гсspond to trеatmеnt with сorti
сostегoids. еspссiallr iJ tгеatеd еarh..-t 99 Howеvец in
manl l-toгsеs rlrе adnriлistгаtion of сortiсostеroiсls has
bееn of iimitсd bеnеht in sloтr-ing thе pгogfеssion of thе
disеasе. Plasпra tгansfusions end/ог diurеtiсs mav bе usеd
in hoгsеs with sеr-еге lrr popгotеinеmia and еdеma for
shoft-tеrm сontгol of tl-rе еdеml Fгее-сhоiсе \\.atеf and
sodium сhloridе shotrld bе pror-idеd un1еss еdеma is
prеsеnt.9() In horsеs with сhгoniс геnel t]аiluге and rr'еight
loss, thеrе should bе a gгaсlual inсгеasе in thе amor'mt of
сarbohydratеs and fat in thе diеt Pгоtеrn should bе lim-
itеd, and switсlring from alfalfa har' to a lriфquaLiп gгass
hay may bе hеlpful in somе horsеs paпiсulaгlr thosе
With hypегсalсеmia. Thе prognosis tbг 1ong-tегm suгr-ir-al
foг horsеs with сhгoniс rеnal failurе is gueгdеd to gгa\-е

in most instanсеs.

Nephrolithiasis and Urеterolithiasis

Rеsolution of a lеft urеtеral stonе Was aссornplislrсd in a

3-yеar-old Thoroughbrеd сolt with еlесtfoфdгauliс litho-
tripsy.],2 Thе only abnormalitiеs found on tfansсutenеous
ultrasound ехamination of thе kidnеуs wеrе that both
сortiсomеdullaц, junсtions appеarеd indistinсt and thе
right kidnеy appеarеd morе hypеrссhoiс than thе lеft A
biopsy of thе right kidnеy rеvеalеd сhroniс intеfstitial
nеphritis and markеd intеrstitial mеdullary 1rbrosis In
spitе of thе pooг pгognosis suggеstеd by thе biopsy of
thе right kidnеy, thе hoгsе rеturnеd srrссеssfully to raсing
and his azotemia rеsolvеd.J22 Suссеssftll rеmoval of a
urеtеrolith has also bееn dеsсribеd in a marе trsing two
diffегеnt suгgiсal tесhniqtrеs a5 Thе maге was сliniсally
normal following thе rсmoval of еaсh urolith. Multiplе
nеphroliths wеге fottnd in both kidnсys at subsеquеnt
postmoftrm ехamination of this maге. Howеvец in arr-

othеr fllly, rеmoval of thе сalсuli via a trrеtеrotomy inсi
sion did not fеslllt in improvеd геnal funсtion..O] Pеr-
сutanеous nеphrostomy was pегformеd цrith ultгasono-
graphiс guidanсе in this horsе for short-tеrm managе-
mеnt of urеtеrolithiasis and геnal dysfunсtion.r0j Sono-
gгaphiс rе-ехamination of this kidnеy aftеr plaсеmеnt of
thе pеrсutanеous nеphrostomy rеvеalеd a dесгеasе in thе
minеralization in thе right rеnal pеlvis. Thе plaсеmеnt
and gtridanсе of thе indwеlling nеphгostomr. tubе rе-
quirеd surgiсal skill and ultrasonographiс intеrprеtation
to aссuratеly dirесt thе сannula into thе геrral pеlvis.
Sonographiс еvaluation of Lloth kidnе1-s should bе pеr-
formеd prior to surgiсal rеmor.al of an obstгuсting uге-
tеrolith oг nеphrolith to dеtеrnrinе if multiplе nеphroliths
afе pfеsеnt in onе or both kidnе.vs, inсrеasing thе proba-
bility of thе obstгuсtion rесttrring. Unilatеral nеphгес-
tomy has also bееn pегformеd as a trеatmеnt for hеmatu-
ria assoсiatеd with nеphrolithiasis in a сolt.]2]
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Pуelonephritis

Tfеatmеnt with appropriatе antibiotiсs basеd on сulturе
and sеnsitivity tеsting of thе urinе should bе institutеd.
Antibiotiсs should bе sеlесtеd that arе сonсеntгatrd in
thе uгinе and еffесtivе in thе pH of thе patiеnt's trrinе.90
Trimеthoprim-sulfamеthoхazo|е is oftеn a good flrst-linе
tfеatmеnt in many horsеs with pyеlonеphritis. Сhroniс
unilatеral pyсlonеphritis with sеvеfе dеstruсtion of thе
affесtеd kidnеy may bе bеst managеd with unilatеfal
nеphrесtomy if thе othеr kidnеy is funсtioning nor-
mally.9o Unilatеral nеphfесtomy has bееn strссеssfully pег-
formеd in onе adult horsе with sеvеrе unilatеral pyеlonе-
phritis, nеphrolithiasis, and uгеtеfal obstruсtion (sее Fig.
6-42).

R e na l Аbsсess/Il e m ato m a

Rеnal absссss in thе horsе may bе trеatеd by unilatеral
nеphrесtomy if only onе kidnеy is affесtеd. Pеrсutanеous
drainagе of a rеnal or pеrirеnal absсеss assoсiatеd with
thе right kidnеy may bе сonsidегеd using ultrasono-
graphiс guidanсе if thе absсеss was сonflnеd to thе rеtfo-
pеritonеal spaсе. Tfеatmеnt fof a rеnal hеmatoma usually
involvеs sllppoftivе сarе until thе hеmatoma has rеsolvеd
on its own.

ReпaI Granuloma

A biopsy should bс obtainеd fгom thе kidnеy oг othег
involvеd tissuеs suсh as thе mandibulaг rеgion to сonIiгm
thе diagnosis of fl dеletriх infесtion. Anthеlmintiс tгеat-
mеnt has bееn rесommеndеd for thе tfеatmеnt of this
infесtion. Howеvеr. suссеssflll tfеatmеnt of H. dеletriх
has not bееn rеportеd.',. In two сasеs rеpoгtеd in thе
litеraturе, nеurologiс signs сlеvеlopеd aftеr anthеlmintiс
tfеatmеnt.l22 12,

Renal Neoplasia

A biopsy of thе kidnеy or affесtеd pеrirеnal tissuеs should
bе obtainеd to сon-f,rm thе diagnosis of rеnal nеoplasia.
Thе prognosis of horsеs with rеnal nеoplasia is guardеd
to pooц with survival timrs usually vеry short aftег diag-
nosis. In onе horsе with a |atgе (22 Х 33 сm) rеnal
tubular сеll сarсinoma, thе maге чras still alivе and in foal
| уeж aftеr diagnosis and Was fеportеdly doing wеll.l29
Unilatеral nеphrесtomy may bе сonsidеrеd in hoгsеs with
a disсгrtе rеnal tumor and no еvidеnсе of mеtastasеs.

Renal Biopsу

Prior to thе dеvеlopmеnt of two dimеnsional rеal-timе
ultгasonogгaphy, rеnal biopsiеs wеrе pеrfoгmеd blindly
through thе lеft flank with an assistant immobilizing thе
lеft kidnеy pсr rесtum.321 з26 This tесhniqllе еnablеd thе
сliniсian to obtain a biopsy of thе lеft kidnеy only. Dam-

agе to thе lеft kidnеy, rеnal vеssеls, or splееn was possi
blе owing to thе blind tесhniqtrе, and an inadеquatе
samplе сould bе obtainеd. Thеrеforе, it is impoftant to
adеqtratеly immobilizе thе lеft kidnеy and not to pass thе
nееdlе through thе еntirе kidnеy to pfеvеnt possiblе
damagе to thе rеnal vеssеls.з26 A largе pеrirеnal hеma-
toma was rеpoгtеd in onе horsе prioг to thе advеnt of
ultrasound-guidеd or ultrasound-loсalizеd rеnal biop-
siеs.з,5 Еvеn tlsing ultгasound-guidеd or ultгasound loсal-
izatю|.| tесhniquеs for obtaining a геnal biopsy, signifiсant
hеmoггhagе сan rеsult. This hеmorrhagе is usually assoсi-
atеd with laсеration of an aссеssoгy vеssеl, мrhiсh is
oссasionally fotrnd in thе сaudal polе of thе еquinе kid-
nеy.9o Thеrеforе, thе сaudal polе of thе kidnеy should bе
avоidеd. 

.Whеn taking a samplе of thе latеral bordеr of
thе kidnеy, maсrosсopiс hеmaturia was dеtесtеd in onе
of six horsеs aftеr biopsy, aдd miсrosсopiс hеmaturiа
was dеtесtеd in four of thеsе horsеs.:J2' Мiсrosсopiс hеm-
orrhagе has сommonly bееn геportеd in hoгsеs within
thе first 36 hours of thе rеnal biopsy priof to thе adv-
еnt of ultrasound-guidеd oг ultrasound-loсalizеd tесh-
niquеs.3,5'].6 Pеrirеnal hеmorrhagе around thе biopsiеd
kidnеy was dеtесtеd in flvе of siх hoгsеs at postmoftеm
ехamination.]27 Hеmopеritonеum may oссuг if thе pеrito-
nеal сavity has bееn inadYеftеntly pеnеtratеd.3,5 A biopsy
of thе lеft kidnеy oftеn rеqtrirеs pеnеtration of thе splееn
with thе biopsy nееdlе owing to its loсation mеdial to
thе сaudal polе of thе splееn. Two of thгее horsеs that
had a biopsy of thе lеft kidnеy pеrformеd using ultra-
sound gtridanaсе of trltrasоund loсalizаtion had thс
splееn pеnеtratеd by thе biopsy nееdlе.]27 Thеrеforе, a
rеnal biopsy should bе pегfoгmеd only in horsеs in whiсh
it iS likеly that thе rеsults will сhangе thе tfеatmеnt or
prognosis.90 A сlotting profllе should bе obtainеd in еvеry
horsе prior to pеrforming a rеnal biopsy bесausе of thе
гisk of signiflсant hеmoгrhagе.]2' ]2; A paсkеd сеll volumе
mеasufеmеnt should also bе obtainеd prior to pеrforming
a rеnal biopsy to havе as a basеlinе in monitoгing thе
horsе for postbiopsy hеmorrhagе.J2r

In sеvеn normal horsеs, thе сapsulе of thе right kidnеy
was loсatеd 3'.|'6+ 0.63 сm fгom thе skin and thе сapsulе
of thе lеft kidnеy was imagеd 7.27+2'43 сm fгom thе
skin surfaсе, dеpеnding upon thе thiсknеss and loсation
of thе sp1ееn.з27 Thе сostodiaphragmatiс plеtrral fесеss
loсatеd dorsal to thе сranial polе of thе right kidnеy
should bе avoidеd whеn pеrforming a rеnal biopsy, if
possiblе, to prеYеnt aссidеntal pеnеtfation of thе plеural
spaсе. Thе геnal fossa of thе livег should bе avoidеd
adjaсеnt to thе сгanial polе of thе right kidnеy. Thе
latеral anglе of thе right kidnеy is .whеге thе сranial and
сaudal pafts of thе latеral bordеr of thе kidnеy mееt and
is thе most vеntral aspесt of thе kidnеy immеdiatеly
adjaсеnt to thе right body wa1l.32- Thе kidnеy widеns
signiflсantly dorsal to this anglе, rеstrlting in amplе rеnal
tissuе for biоpsy at a lеvеl 2 to 3 сm dorsal to thе latеral
anglе. Thе pгеfеrrеd sitе for obtaining a biopsy samplе
from thе horsе's right kidnеy is сlosе to thе latеfal bordеr
whilе imaging thе kidnеy transvеrsеlу.з27 In normal horsеs
in this study this sitе Was loсatеd in thе sеvеntееnth
intеrсostal spaсе. Thе biopsy nееdlе should bе diгесtеd
pеrpеndiсular to thе body wall. This tесlrniquе was сon-
flrmеd to bе safе and aссuratе .whеn thе rеnal biopsy
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of thе right kidnеy was obtainеd fгom thе sеvеntеrnth
iпtегсostal spaсе.3,.

Both ultrasound-guidеd biopsiсs and blind biopsiеs fol-
lowing ultrasound loсalization сan bе pеrformеd. Thе
blind biopsy tесhniquе геquirеs only onе opеrator and
no spесializеd biopsy еquipmеnt.],' If bilatеral rеnal dis-
еasе is pfеsеnt, thс right kidnеy should bе сhosеn for
biopsy, as this kidnеy is fеtfopегitonеal and adjaсеnt to
thе right body wall. An ultrasound-guidеd biopsy should
bе pегformеd if thе kidnеy сontains a foсa| lеsion, in
oгdеf to maхimizе thе likеlihood of obtaining a tissllе
samplе from thе aгеa of intеfеst. .With thе inсrеasеd
distanсе of thе lеft kidnеy from thе |atеtalr body wall,
sl-ight bеnding of thе biopsy nееdlе may oссLrц rеsulting
iл thr nееdlе disappеaring from thе biopsy guidе path
during thе proсеdurе and геquiring rеpеtition of thе
pгoсеdurе if thе nееdlr сannot bе loсalizеd. Using an
ultгasound-guidеd biopsy proсеdurе, thе biopsy nесdlе
tip is imagеd as a hypеrесhoiс stfuсtuге, oftеn with a
doublе-wallеd appеaranсе. Thе sizе of thе nееdlе tip
есho dеpеnds upon thе diamеtеr of thе biopsy nееdlе,
thе dirесtion thе bеvеl of thе nееdlе is pointing, and thе
inсidеnt anglе of thе nееdlе rеplaсеmеnt rеlativе to thе
dirесtion of thе ultrasound bеam.]28 As thе biopsy nееdlе
PaSSеs into thе dееpеr tissuеs, thе tip of thе nееdlе
bесomеs morе diffiсult to dеtесt owing to attrnuаtion of
thе ultrasound bеam. Еnhanсеd sonographiс visualization
of thе biopsy nееdlе rеsults from using a nееdlе with a
гoughеnеd or sсorеd tip.3,8 Thеsе biopsy nееdlеs afе now
сommеrсially availablе and makе thе nееdlе еasiеr to
dеtесt sonographiсally. Thе pfеsеnсе of sidе lrolеs and
an intraltrminal guidе wirе or stylеt also еnhanсс visualiza-
tion of thе nееdlе tip.]28 Automatеd ultrasound-guidеd
biopsy instrtrmеnts arе also сommеrсially availablе and
havе bееn shown in dogs to rеsult in largег and highеr-
quality biopsy samplеs whеn thе livеr or lеft kidnеy
is samplеd using thе automatеd tесhniquеs than whеn
pегforming a manual ultrasound-guidеd tliopsy.J29 Thе au-
[omatеd tесhniquе also rеquiгеs only onе opеfatoг to
pегform thе biopsy suссеssfully. Trauma to thе organ
should bе геduсеd bесausе thе samplе obtainеd should
bе of good quality, and thus only onе samplе should bе
nесеssafу in most сasеs.

Thе hair on thе skin ovеr thе kidnеy to bе biopsiеd
should bе сlippеd with a No. 40 surgiсal сlippеr bladе
ог shavеd and ultrasound сoupling gеl appliеd to loсatе
thе kidnеy and thе sitс to undеrgo biopsy. If a blind
tliopsy is to bе pеrformеd, thе distanсе from thе skin to
rhе геnal сapsulе and thе optimal nееdlе anglе should bе
dеtеrminеd.]27 Adеquatе геstгaint is nееdеd, and sеdation
mar- bе nесеssary paгtiсLllarly for biopsy of thе lеft kid-
nеl.]25 Thе skin should thеn bе surgiсally prеparеd and
1sеptiс tесhniquе usеd to inIiltratе thе skin and subсuta-
nеous tissuеs with loсal anеsthеtiс. A small stall inсision
:hould thеn bе madе through thе skin. If a blind biops1,
rесhniquе is bеing usеd, thе stеrilе biopsy nееdlе should
rtrеn bе diгесtеd asеptiсally along thе prеdеtегminеd
path and thе biopsy samplе obtainеd аt thе prеdеtеr-
minеd dеpth. If an ultrasound-guidеd biopsy is bеing
pегformеd, thе transduсеr should bе plaсеd in a stегilе
slсеvе сontaining r.iltгasound сoupling gеl. A stеrilе bi-
L.ips\. guidе should bе attaсhеd to thе tfansduсеr and thе
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biopsy nееdlе introduсеd into thе biopsy guidе. Stеrilе
ultrasound сoupling gе1 is appliеd to thе skin, and thе
stеrilе tгansduсеr is plaсеd on thе skin' Thе biopsy sitе
should bе loсatеd and plaсеd in thе path of thе biopsy
guidе markеrs on thе ultгasound sсгееn. Thе biopsy nее-
dlе is thеn advanсеd to thе геnal сapsulе, whеrе thе
biopsy samplе is obtainеd by advanсing thс obturatof
thгough thе rеnal parеnсhyma and holding thе outеr
сannula still. Thе olrtеf сannula is thеn advanсеd ovеr
thе spесimеn, and thе еntirе biopsy nееdlе and tissuе
samplе arе withdrawn. With somе biopsy nееdlеs thе
manufaсtuгеf may rесommеnd passing thе еntirе nееdlе
into thе tissllе to bе samplеd, rеtraсting thе olltеr сannula
without moving thе obtuгatoц and thеn quiсkly advanс-
ing thе сannula ovеf thе obturator and thе biopsy nееdlе
whеn thе spесimеn is withdrawn. Thе ultгasound-guidеd
biopsy сan also bе pеrformсd frееhand, although this
tесhniquе is morе difflсult than using thе manufaсtuгеf's
biopsy guidе. Thе biopsy may bе rеpеatеd if an adеqllatе
samplе was not obtainеd but should bе pеrformеd at a
slightly diffеrеnt loсation, if possiblе. Thе nееdlе should
bе not bе геdirесtеd onсе thе rеnal сapsulе has bееn
pеnеtratеd but гathег should bе геpositionеd bеforе ad-
vanсing thе nееdlе to thе kidnеy. Thе traсt of thе biopsy
nееdlе was imagеd as a hypегесhoiс linе through thе
rеnal parеnсhyma and was dеtесtеd for 48 houгs afi[ег
thе biopsу was pсгfoгmеd.r,-

Perirenal and Periaпrtiс Masses

Thе prognosis foг thе pеrirеnal mass dеpеnds upon thе
typе of mass (hеmatoma, absсеss, nеoplasia). An r.rltra-

sotrnd-guidеd aspiration of a pеrirеnal mass сan bе pег-
formеd if aссеss to thе mass is rеlativеly straightforward.
Cyologiс ехamination of thе fluid obtainеd and сtrlturе
and sеnsitivit}. tсsting of thе fluid should bе pеrformеd.
An ultrasound-guidеd biopsy should bе attеmptеd if thе
mass appеars to havе a soft-tisstlе dеnsity. Thе pгognosis
for horsеs with pеrirеnal and pсriaoгtiс nеoplastiс massеs
is usuallу poor to gravе, and thе tumofs arе usttally quitе
invasivе and еxtеnsivе by thе timе thе diagnosis is madе.

Аdrenal Neoplasia

Horsеs with phеoсhгomoс}tomas havе a vrry gravе prog-
nosis, with most horsеs living only hotшs to days aftеr
thе onsеt of сliniсal signs. Horsеs with nonfunсtional
tumofs of thе adrеnal glands may also havе a gtrardеd to
gfavе pfognosis if thе tumor is vеry invasivе by thе
timе thе diagnosis is madе. Adrеnal gland adеnomas afе
oссasionally dеtесtеd as inсidеntal lindings on postmof-
tеm ехamination.

Liver Diseаse

Асute and Chroniс Hepaliс Failure

Thе bеst prognosis for horsеs with livеr failuге is in
horsеs with aсutе hеpatitis or сholangiohеpatitis and in
thosе without сhroniс hеpatiс librosis. A livеr biopsy is
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hеlpftll in dеtегmining thе typе of Llndеflying livеr disеasе
and in formulating a prognosis. Thе trеatmеnt of hofsеs
with aсutе livеr failurе is pгimaгily suppoгtivе and is
diгесtеd at сoffесting any aсid-basе and еlесtrol}tе abnoг-
malitiеs. Thе hoгsе should bе trеatеd with intravеnous
dехtrosе if hypoglyсеmia is prеsеnt. Intгavеnous dехtrosе
may also bе hсlpful to dесrеasе thе hеpatiс workload.
Signs of hеpatiс еnсеphalopathy should bе сontrollеd if
prеsеnt, and tгсatmеnt should bе dirесtеd at dесгеasing
thе blood ammonia сonсеntrations. Diеtary managеmеnt
in animals that arе еating should inсludе mееting thе
animal's еnеfgy and protеin rеqtrirеmеnts. Bгanсhеd-
сhain amino aсids should bе usеd as muсh as possiblе.
Сortiсostеroids сan bе сonsidегеd in horsеs with сhroniс
aсtivе hеpatitis if baсtеrial infесtion has bееn rulеd out.
No suссеssftll trеatmеnt for pyrrolizidinе alkaloid toхiсiry
in horsеs is availablе. Dеath in affесtеd horsеs is usually
within 1 to 2 wееks aftеr thе onsеt of сliniсal signs.

Suppurative Нepatitis

Suppurativе hеpatitis has bееn trеatеd suссеssftllly in onе
hoгsс. Long-tеrm antimiсrobial trеatmеnt and stlpportivе
сafе Wеrе rеquirеd, and this hoгsе сontinuеs to havе
pегsistеnt еlеvations in livеr еnzymеs but is сliniсally
normal. Sonographiс еxamination of this hoгsе's livеr
rеvеals it to bе of normal sizс rvith iгrеgular margins.
Disсrеtе есhogеniс to hypеrесhoiс arеas arе sееn in thе
parеnсhyma, somс of whiсh afе сasting faint aсoustiс
shadows from thе dееpеr margins of thе hypеrесhoiс
arеa сonsistеnt with srvеге flbrosis.

Cholelilhiasis and сh0langiohepalilis

Thе dеtесtion of biliary distеntion, biliary sludgе, hеpa-
toliths, oг inсгеasеd есhogеniсity of thе hеpatiс pafеn-
сhyma should prompt an ultrasound-guidеd biopsy in
thеsе horsеs. Biopsy samplеs should bе submittеd for
histopathologiс еvaltration and сulturе and sеnsitivity tеst-
ing in thе hopе of isolating thе сausativе agеnts. In thе
absеnсе of a positivе сulturе, trimеthoprim-sulfamеthoxa-
zolе and сеftiofttr arе gоod flrst-linе drugs for thе tfеat-
mеnt of сholangiohеpatitis in hoгsеs. Thе mаjoriгy of
horsеs havе an infесtion assoсiatеd with oгganisms that
arе sеnsitivе to thеsе antimiсгobia|s' Sаlmonellа, Escbe-
riсbiа сoli, Сitrobасler spесiеs, aлd Аeromoиas spесiеs
havе bееn isolatеd from thе livеr of hoгsеs пrith сholan-
giohеpatitis and сholеlithiasis.r52, 15r Antimiсгobial trеat-
mеnt should bс prolongеd, at lеast 4 to 8 wееks or morе,
and idеally should сontinuе until thе сliniсаl signs hаvе
rеsolvеd and livеr еnzymеs havс rеtuгnеd to noгmal or
nеarly normal. Rеpеat sonograms may bе hеlpflll in dе-
tеfmining thе rеsponsе to tfеatmеnt. Livеr sizе and есho-
gеniсity should gradually fеtuгn toward normal, and bili
ary distеntion, if prеsеnt, should improvе. In hoгsеs with
сhroniс livег disеasе and sеvеге hеpatiс fibrosis, thе livеr
еnzymеs may fеtlrfn toward normal but arе likеly to
rеmain еlеvatеd. Меdiсal managеmеnt of thеsе horsеs
should inсltrdе low-protеin, high-сarbohydratе diеts.154
Prognosis in affесtеd horsеs should bе guaгdеd initially

until thе rеsults of thс biopsy arе known and thе rе-
sponsе of thе horsе to thеfapy сan bе еvaltratеd. Horsеs
with sеvеfе hеpatiс librosis, sеvеrе biliary distеntion, and
obstruсtion or prеsеnting with hеpatiс еnсеphalopathy
must bе givеn an ехtrеmеly guaгdсd prognosis. Сholan-
gioсaгсinoma dеvсlopеd in onе horsе with sеptiс сholan-
giohеpatitis, mеtastasizеd to thе mеtaсarpophalangеal
joint, and was thе сausе of thе horsе,s dеmisе.'.6 Thе
authors spесulatеd that thе сhroniс biliary traсt inflam-
mation doсumеntеd in this hoгsе lеd sttссеssivсly to
mеtaplasia, dysplasia, and nеoplastiс transformation.156
Thе initial sonographiс apprafanсе of thе livеr in this
horsе was normal, followеd b1, thе dеvеlopmеnt of multi-
plе hypегесhoiс foсi, onе of whiсh сast an aсotrstiс
shadow suggеstivе of сholеliths. Howеvец сholеliths
wеfе not found on postmoftеm ехamination.

Biliary obstrrrсtion most frеquеntly геsults in thе dеath
of thе horsе.r4]' l15 l.1: ..'' HorЬеs геpoгtеd in thе litеratuге
pгеsеnting with hеpatiс еnсеphalopathy also еithеr havе
bееn httmanеly dеstroyеd or havе diеd.l12' l]7 Howеvец
hеpatoliths aге oссasionally dеtесtеd as an inсidеntal
flnding in horsеs with no сliniсal signs of hеpatiс disеasе
(sее Figs. 6-59 and 6-60).'5u

obstruсting сholеliths that сan bе сrushеd by digital
manipulation should bе fragmеntеd and manipulatеd into
thе duodеnum (сholеdoсho1ithotripsy). In onе study all
thrее horsеs with an obstrtrсting stonе wеfе trеatеd surgi
сally with сholеlithotrips1.' and thе obstruсting stonе was
suссеssfully сrushеd.''з Howеvец two of thе horsеs wеrе
ruthanizеd bесarrsе of hеpatoеnсеphalopathy. Although
thе obstfuсting сholеlith usually fееls haгd, it сan trstrally
bе сrushеd with сontinuеd digital manipulation.l5J A stеr-
ilе nееdlе, intravеnous tubing, and salinе сan bе usеd to
fltlsh thе fragmеnts of thе сholеlith into thе duodеnum
if thе obstfuсting сalсtrlus сan bе сrushеd.lar Most
obstruсting stonеs arе oval to сirсtrlar in shapе and
havе oftеn inсorporatеd thе undефing biliary dlrсt mlr-
сosa..a] .16 Surgiсal rеmoval of an obstruсting stonr сan
bе pеrformеd via сholеdoсhotomy and has bееn suссеss-
fully pеrformеd in a fеw horsеs. Howеvец сholеdoсhot-
omy should bе avoidеd if possiblе bесausе thе strrgiсal
еxposufе of thе сommon bilе duсt is limitеd in thе horsе,
multiplе сholеliths arс usually thе rrrlе, and сholеpеrito-
nеum is a sеvеfе сompliсation of сholеdoсhotomy..i*.
lr5' l53 Меdiсal dissolution of сholеliths is not a viablе
option in thе hoгsе owing to thе laгgе еxpеnsе of tгеat-
mеnt, thе lеngth of timе that it takеs to dissolvе thе
сholеlith with trеatmеnt, and thе low pегсеntaЕ]е of сho-
lеstеrol in еqtdnе сholеliths, making this tfеatmеnt lеss
likсly to bе suссеssful.'53

11epatiс Lipidosis

Thе trеatmеnt fof hofsеs with hеpatiс lipidosis should bе
dirесtеd at thе undеrlying disеasе. If thе livег appеaгs
markеdly еnlargеd with a sonogгaphiс appеaranсе сonsis-
tеnt qrith fatty livеr and thе сliniсal signs and history arе
сonsistеnt with this diagnosis, a livег biopsy may not bе
indiсatеd bесausе of thе risk of hеpatiс rupturе. Fltrid
thеrapy, nlltfitional sllppoгt, and supportivе сaге arе indi
сatеd in addition to thе trеatmеnt of thе undеrlying сon-
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dition for hoгsеs and poniеs with hypеrlipеmia.l7l Trеat-
mеnt of sесondary hypегlipеmia in miniatuге horsеs and
donkеys had a bеttеr pгognosis than tfеatmеnt of primary
hypеrlipеmia in poniеs.lrl If a pituitary tlrmof is thе
undеrlying disеasе, tгеatmеnt should also bе aimеd at this
еndoсrinе disеasе with fluid thеrapy, nutritional suppoft,
and othеr supportivе сafr as nееdеd.

Granulomatous Liver Disease and l]epatiс Аmуloidosis

Thе diagnosis of granulomatolrs livег disеasе or hеpatiс
amyloidosis is madе on histopathologiс ехamination of
tissuе obtainеd from a livег biopsy. If thе livеf сhangеs
sееn sonogfaphiсally arе not diffusе, thе biopsy shotrld
bе ultrasortnd guidеd, sampling a17 afеa of paгеnсфmal
abnoгmality. An agеnt rеsponsiblе for granulomatous livеr
disеasе has not bееn rеportеd, but thе tissuеs should bе
ехaminеd for aсid-fast organisms. Pгognosis for horsеs
with hеpatiс granulomatous disеasе or amyloidosis is
guardеd to gfavе.

Cуstiс Liver Disease

Trеatmеnt of hydatid сyst disеasе in hoгsеs should bе
aimеd at pfеvеntion rathеr than tгеatmrnt owirrg to thе
potеntial publiс lrеaltlr hazards.l-J Dogs should not bе
fеd raw mеat brсausе dogs аге thе dеfinitivе host foг
Е cbiпocoссus grапulosшs.

Hepaliс Neoplasia

Thе pгognosis for hoгsеs with hеpatiс nеoplasia is
guaгdсd to pooц with most horsеs surviving only пrееks
to months following thе diagnosis. Rupturе of thе tumor
and sеvеге hеmopеritonеum havе oссurrеd in sеvеral
horsеs with primary livеr tumofs.

Hepaliс Lobe Torsion

lf hеpatiс lobе torsion is diagnosеd prioг to surgiсal
iлtеrvеntion, rеsесtion of.thе affесtеd livеr lobе сan bе
pегformеd and has bееn donе suссеssfully in onе
hoгsе.2()2

Liver Biopsу

ln thе majoгity of hoгsеs with livеr disеasе, thе livег is
diffusеly affесtеd and a livег biopsy aссuratеly rеflесts
hеpatiс disеasе, although not nесеssaгily thс undефing
сausе of thе livеr disеasе...'9 Thе livег biopsy is also a
good rеflесtion Ьf thе lindings at nесropsy in horsеs with
lirег disеasе.l68' 169 Howеvец in two hoгsеs with hеpatiс
mеtastasеs thе blind livеr biopsiеs wеfе normal,'6n sug-
gеsting that an ultгasorrnd-guidеd biopsy should bе pеr-
tbгmеd in horsеs with suspесtеd hеpatiс nеoplasia, sе-
lесting sonographiсally abnormal arеas of thе livеr for
biopsy.
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Blind livеr biopsiеs сan bе pегformеd through thе гight
abdomеn or right lung in thе midthоraсiс rеgion. Thе
biopsy samplе is obtainеd fгom thе right twеlfth to four-
tееnth intеrсostal spaсс jtrst bеlow a linе dгawn from thе
tubеr сoхaе to thе point of thе shouldеr or from thе
гight tеnth or еlеvеnth intеrсostal spaсе just bеnеath a
linе dгawn from thе point of thе hip to thе point of thе
shou1dег.]26']rо, ]]l сompliсations that сan rеsult from thе
blind livеr biopsy inсludе aссidеntal pеrforation of thе
bowеl and pеritonitis, bilе pеritonitis, pnеLlmothoгax'
and hеmoггhagе'з26 Signiflсant hеmorrhagе oссuггеd in
only 1 of 27 horsеs following a blind livеr biopsy. Al-
though sеrious hеmorгhagе is an infгеquеnt сompliсation
of a livеr biopsy, a сlotting proIilе should bе pеrformеd
on all patiеnts pгioг to a livеr biopsy. Dеlayеd сoagula-
tions timеs should bе сonsidеrеd an inсrеasеd risk foг
hеmorrhagе following livеr biopsy.168 Bilе pеritonitis has
bееn rеpoгtеd in two сats following ultгasound-guidеd
livеr biopsy and aссidеntal punсtuге of thе bilе duсt.332
Both сats had signiliсant hеpatiс lipidosis. Although bilе
pеritonitis is rarе, it is a potеntial сompliсation of livеr
biopsy in thе horsе.

Both ultrasound-guidеd livеr biopsiеs and blind biop-
siеs following ultrasound loсalization сan bе pеrfoгmеd.
Thе bLind biops1. tесhniquе rеqtrirеs only onе opегatof
and no spесializеd biops1' еqtlipmеnt. If both lobеs of
thе lil,ег aге inr-olr-еd. thе right lobе usually providеs thе
opеfator with morе imagеablе hеpatiс parеnсhyma to
sеlесt a sitе for biops1' tlran doеs thе lеft lobе of thе livец
trnlеss atrophy of thе гight livег lobе is pгеsеnt. If thе
hoгsе is oldеr and signiflсant atroph1. of thе right lobе of
thе livеr is prеsеnt, hеpatiс parеnсhyma is usually im-
agеablе in thе lеft сгaniovеntral abdomеn and a biopsy
samplе сan bе takеn thеге if thе livеr disеasе is diffusе.
An ultrasotlnd-guidеd biopsy should bе pеrformеd if a
foсal lеsion is prеsеnt in thе livеr to maximizе thе likеli
hood of obtaining a tissttе samplе from thе arеa of intеr.
еst. Using an ultrasound-guidеd biopsy proсеdurе, thе
biopsy nееdlе tip is imagrd as a hypеrесhoiс stfuсturе,
oftеn with a doublе-waI|еd appearanсе. Еnhanсеd sono-
graphiс visualization of thе biopsy nееdlе rеsults from
using a biopsy nееdlе with a roughеnеd or sсorеd tip.328
Thеsе biopsy nееdlеs afе now сommеrсially availablе
and makе thе nееdlе еasiеr to dеtесt sonographiсally.
Automatеd ultrasound-guidеd tliopsy instгumеnts aге also
сommеrсially availablе and havе bееn shown in dogs to
rеsult in largег and highег.quality biopsy samplеs with
thе automatrd tесhniquеs than with a manual ultrasorrnd-
guidеd biopsy.r,9 Thе automatеd tесhniquе also геquirеs
only onе oprratof to pеrform thе biopsy suссеssfully.
Tгalrma to thе oгgan should bе rеduсеd bесausе thе
samplе obtainеd should bе of good qtrality, and thus
only onе samplе should bе nесеssary in most сasеs. If a
сomplеtеly blind livеr biopsy is pеrformеd, thе biopsy
nееdlеs should bе advanсеd in a сaudad and vеntrad
dirесtion through thе intегсostal musсlеs and should bе
advanсеd thгough thе thoraсiс сavity on еxpiгation to
pfеvеflt punсtllring thе 1trng.з26 Thе nееdlе is advanсеd
to thе diaphгagm, whеге it сan bе sееn to movе with
еaсh rеspiгation. Thе biopsy nееdlе is thеn advanсеd
through thе diaphгagm and thе сapsulе of thе livец and
a samplе is сollесtеd as prеviously dеsсribеd.
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Thе hair on thе skin ovеr thе part of thr livег to bе
biopsiеd shorrld bе сlippеd with a No. 40 suгgiсal сlippеr
bladе or shavеd and ultrasound сorrpling gе1 appliеd to
loсatе thе livеr and thе biopsy sitе. If a blind ultrasound-
loсalizеd biops1, is to bе pеrfoгmеd, thе distanсе from
thе skin to thе livеr сapsulе and thе optimal nееdlе anglе
should bе dеtеrminеd. Adеqllatе rеstгaint is nееdеd, and
sеdation may bе nесеssaгy. Thе skin slrorrld thеn bе
surgiсally prеpaгеd and asеptiс tесhniquе usеd to infll-
tfatе thе skin and subсutanеotls tisslrеs with loсal anеs-
thеtiс. A small stab inсision should thеn bе madе through
thе skin. If a blind ultгasound-loсalizеd biops1. tесhniqtrе
is usеd, thе stеrilе biopsy nееdlе should thеn bе dirесtеd
asеptiсallv along thе prеdеtеrminеd path and thе biopsy
samplе obtainеd at thе рfеdеtеrminеd dеpth. If an ultra-
sound-gtridеd biсlpsy is bеing pегformеd' thе transduсег
should bе plaсеd in a stсгilе slееvе сontaining ultrasound
сorrpling gеl. A stеrilе biops1, guidе should bе attaсhеd
to thе transdrrсеr and thе biops1, nееdlе intгodttсеd into
thе biopsy gttidе. Stеrilе ttltгasoltnd сoupling gеl is ap-
pliеd to thе skin, anсl thе stеrilе transdtrсеr is plaсеd on
thе skin. Thе biops,v sitе should bе loсatеd and plaсеd in
thе path of thе biops1. guidе markеrs on thе ultrasound
sсrесn. Thе biopsy nееdlе is thеn advanсеd to thе livег
сapsulе, whеге thе biopsy samplr is obtainеd by advanс-
ing thе obtuгator tlrrotrgh thе hеpatiс paгеnсhvma and
holding thе olltеf сannula still. Thе olltrf сannllla is
thеn advanсеd ovеr thе spесimеn' and thе еntirе biopsy
nееdlе and tissuе samplе afе withdfawn. With somе bi
opsy nееdlеs thе manufaсtlrfеr may fесommеnd passing
thе еntirе biopsy nееdlе into thе tissllе to bе samplеd,
rеtraсting thе outеr сannula without moving thе obttrra-
toц and thеn qr'riсkly advanсing thе сannula ovеr thе
obtuгatof and withdrawing thе biopsy nееdlе with thе
spесimеn.J26 Thе ultrasotlnd-guidеd biopsy сan also bе
pеrformеd fгееhand, although this tесhniquе is usually
morе diffiсr'rlt fof thе noviсе than trsing thе mantr-
faсturеr,s biops1, guidе. T1rе nееdlе tip may bе еasiеr to
visualizе, howеvец bесausе thе nееdlе сan bе plaсеd
morе pегpеndiсulaг to thе Llltrasollnd bеam. Thе biopsy
may bе rеpеatеd if an adсqrratе samplе was not obtainеd
but should bе pеrformеd at a slightly diffеrеnt loсation,
if possiblе. T1rе nееdlе should bе not bе rеdirесtеd onсе
thе livеr сapsrrlе has bееn pеnеtгatеd but fathеr should
bе rеpositionеd bеfoге advanсing tlrе nееdlе to thе livеr.

Spleniс Diseаses

Spleniс Neoplasia

Splеniс nеoplasia has a variеd pгognosis dеpеnding upon
thе nеoplasm involvеd. Меlanomas сan mеtastasizе to thе
splееn and сausе no сliniсal pгoblеms. Lymphosarсoma
of mеtastatiс nеoplasms arе likеly to maгkеdly shortеn
lifе еxpесtanсy, with a гapid сliniсal dеtегioration of thе
patiеnt.

Spl en iс Hematoma/Bu plu re

Stall rеst With реfiodiс ultrasonographiс monitoring is
rесommеndеd for most horsеs with splеniс hеmatoma.

Stall rеst is important in thеsе horsеs owing to thе risk
of гtrpttrrе of thе hеmatoma and fatal intra-abdominal
hеmoгrhagе. Thе author has sееn fouг horsеs with
splеniс hеmatoma that wеfе trеatеd сonsеrvativеly and
havе donе wеll (sее Figs. 6-76 and 6-77), as wеll as onе
hoгsе with splеniс flrptufе involving thе pегiphегy of thе
splееn that strrvivеd thе massivе intra-abdominal hеmoг-
rhagе with aggгеssivе stlpportivе сarе (sее Fig. 6_78).
onе hoгsе rеportеd in thе litеratufе was trеatеd сonsеr-
vativеly for a splеniс hеmatoma aftсг initial stabilization
of thе marе anсl was doing wеll 1 yеar latеr.2r() Ultrasono-
graphiсally, thе hеmatoma сontinuеd to organizе, and 5
months aftег thе original ехamination thе pariеtal сapsulе
of thе splееn appеaгеd irrеgulaф thiсkеnеd.2l0 Somе
afеas appеarеd hypегесhoiс and сast aсoltstiс shadows.
No furthеr сhangе was sееn in thс lеsion within thе
sp|сniс paгеnсhyma

A finе-nееdlе aspiratе of thе splеniс mass may bе сon-
sidеrеd to сonliгm thе diagnosis, btrt it сarriеs with it a
гisk of iatrogеniсally сгеating a splеniс absсеss. Suссеssftll
drainagе of a splеniс hеmatoma has bееn dеsсribеd using
a laгgе-borе сhеst tubе in a horsе with thе hеmatoma
adhегing to thе lеft body wall. In thаt horsе thе splеniс
hеmatoma was no longеr dеtесtablе sonogгaphiсally 15
montlrs latеr Although splеnесtomy is a possibility' thе
сost and гisk of splеnесtomy arе сonsidсrablе.2o9. 2lo 216

Splеnесtomy has bееn suссеssfully pеrfbrmеd in onе
horsе with primary splеnomеgaly btlt is a сompliсatеd
proсеdurс.216 .]3J In most horsеs, howеvец splеniс fupturе
is a fatal еvеnt.2rr.2la Splеniс infarсtion has a poor pгogno-
sis in dogs and is tlsually a rеflесtion of othеr sеvеfе
trndеrl1,ing systеmiс disеasе, and probably сaггiеs a simi
lar pгognosis in horsеs.2|8

Spleniс /0sсess

Long-tегm systеmiс antimiсrobial thеrapy сan bе at-
tеmptеd if thе splеniс absсеss is small and сan bе faсili-
tatеd if an aspiratе сan safеly bе obtainеd (ultrasottnd-
guidеd) for сtrlturе and sеnsitivity tеsting Withollt сon-
taminating tlrе pегitonеal сavity. Splеniс absсеssеs сan bе
dгainеd with pеfсutanеous сathrtеrization if thе absсеss
adhеrеs to thе lеft body wall. Splсnесtomy is anothеr
possiblе tfеatmеnt foг a hoгsе witlr splеniс absсеssеs' btlt
thе splеnесtomy is an ехpеnsivе and somеwhat risl1. srrr-
gеf}.

Pa n сre ati с Аd e n oсarс i n o m a

Thе prognosis for horsеs with panсfеatiс adеnoсarсi
noma is guardеd to pooц With most horsеs surviving only
days to wееks aftеr prеsеntation to a rеfеrral hospital for
еvaluation. Howеvец thеsе horsеs oftеn havе a history
of сhroniс wеight loss of sеvеral months' duration. An
ultrasound-guidеd biopsy of thе mass shorrld bе obtainеd,
if possiblе An ultrasound-guidеd biops1, of thе mass in
onе horsе with panсrеatiс adеnoсarсinoma yiеldеd nor-
mal rеnal tissuе in onе biopsy and no atlnormal се1ls.22.
In anothеr hoгsс with panсfеatiс adеnoсarсinomа, a diag-
nostiс spесimеn Was not rеtriеvеd.222
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PanсreaIitis

Тгеatmеnt for panсrеatitis in thе hoгsе is s),mptomatiс,
п,ith largе volumеs of intravеnous fluid nееdеd and аnal-
gеsiсs foг сontгol of abdominal pain. Frеquеnt nasogastfiс
dесomprеssion may tlе nесеssary. Сalсium supplеmеnta-
tiofl may bе indiсatеd if hypoсalсеmia is a pгoblеm.
Bгoad-spесtгum antibiotiсs should bе administеrеd for
possiblе baсtеrial infесtion.

Gastrointestinal Diseases

Thе sonographiс ехamination hеlps dеtегminе if mеdiсal
oг surgiсal intеfvеntion is indiсаtеd. Most horsеs rес1uirе

suppoгtivе thегapy with intr;rvеnous fluids and analgеsiсs
Гor сontrol of pain if srrrgеry is rrot indiсatеd.

lntussusсeption

Paгtial jеjunal rrsесtion and jеjunojеjunal anastomosis aге
usr'rally rеquirеd in horsеs with jеjunal-jеjunal intussusсеp-
tion bесausе manual rеdllсtion of thе intussllsсеption is
ustrally not srrссеssful.,], Also 15,'/n of horsеs п-itlr jеjunal-
jеjunal intusstrsсеption had intгaluminal oг nluгаl massеs
геqtriring suгgiсal геsrсtion. Ilсal геsесtiсln and jеjtinoсе-
сel oг ilеoсесal anastonrosis ma.v bе rеquirеd irr hoгsеs
п ith an ilеal intussusсеption if thе intussusсеption сan-
not bе mantrally rеduсеd. An ilеal sidе-to-sidе anastomosis
has also bееn pеrfoгmеd strссеssfully in horsеs with ilеal
intllssusсеption.2at In hoгsеs with ilеoсесal intussttsсеp.
tion' an еnd-to-sidе of sidе-to-sidе ilеoсесostomy was suс-
сеssful in thе majoriry of hoгsеs.2aa Мanual rеduсtiоn of
thе сесoсoliс intussusсеption and partial t}phlесtomy
har-е bееn suссеssfully pеrfoгmеd in horsеs with сесo-
сoliс intussusссption.]50 Partial or сomplеtе сесal b-vpass
is indiсatеd in horsсs with a nonrеduсiblе сесoсoliс in-
russusсеption. A partial typhlесtomy is oftеn indiсatеd,
rnd if thеге is ilеal involvеmеnt, an ilеoсolostomy may bе
геquirеd'252 Manual rеduсtion of thе сесoсесal intussus-
сеption and paгtial typhlесtomy havе also bееn pег-
tbгrпеd suссеssfully in horsеs witlr сесoсесal intussusсеp-
I ioll .I '' l*l

S m a l I lntesli na l Volvu lus/0bstruсtion

Suгgiсal сoггесtion of a small intеstinal volr,.ulus is indi
сetеd, followеd by еvaluation of thе viability of thе small
.nlеstinе aftег thе voh,rrlus has bееn сorrесtеd. Thе prog-
nosis for affесtеd horsеs is grrardеd to poof unlеss suгgi
.]l intеfvеntion oссLrfs soon aftеr thе onsеt of сliniсal
.igns. Surgiсal геsесtion and anastomosis or surgiсal by-
эlss of thе lеsion is indiсatеd, dеpеnding upon thе typе
,f obstruсtion еnсountеfеd. Stшgiсal rеsесtion of strangtl.
rтеd jеjtrnum in horsеs With obstfuсtion anсl stгangula-
-1.)n сallsеd bу pесltrnсulatеd lipomas followеd by anasto-
rlosls has a good prognosis in affесtеd horsеs, with a
ihoгt.tеfm survival ratе (disсhargе from thе hospital) of
-s 60,;.]'1 Еnd-to-еnd jеjunojеjunostomy, еnd-to-еnd jеjtt.
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noilеal anastomosis. and еnd-to-sidе iеiunoсесostomiеs
wеrе pеrformеd on affесtеd hoгsеs dеpеnding on thе
lеsions pfеSеnt. Thе long-tсrm suгvival ratе of horsеs
with intеStinal strangulation,/obstruсtion сausсd by pе-

dunсulatеd lipomas tfеatеd surgiсally -was 5ОYo',5a Surgiсal
rеsесtion of affесtеd jеjunum has bееn pегformеd suс-
сеssftllly in thrее horsеs with intеstinal flbrosis.26a How.
еvец in flvе hoгsеs and two poniеs with small intеstinal
fi.brosis and partial oLlstruсtion, thе lеngth of thе affесtеd
small intеstinе was so ехtеnsivе that slrfgiсal rеsесtion
was not oossiblе.,6]

Nephrosplenic Ligament ЕnlrapmenI

Both surgiсal and nonsurgiсal сorrесtion fof nеphros-
plеniс ligamеnt еntrapmеnt is possiblе. Thе suссеss with
nonsuгgiсal сoffесtion variеs fгom 5oуu26- to 79Yo.266 Thе
likеlihood of suссеssfi'rl nonsurgiсal managеmеnt dе-

сfеasеs with inсrеasing duration of сliniсal signs assoсi
atеd with nеphгosplеniс ligamеnt еntrapmеnt.266 Advan-
tagеs of nonsurgiсal сoffесtion inсltldе lеss anеsthеsia
timе and no risk for thе сompliсations of abdominal
surgеГ\ ' Horr.еуеt thе diagnosis of nеphrosplеniс liga-
1nеnt еntfaprrrеnt slrould bе сorr1rгtnеd bеforе attеmpting
nonsurgiсal сorгссtion. and othег сonсLlгfеnt abdominal
lеsions arе possiblе. Horsеs with nrodеratе to sеvеrе
сlistеntion of tlrе largе сolon ma1, not rеspond as wеll to
nonsurgiсal сoгrесtion.266 Сoгrесtion of thе nеphro-
splеniс ligamеnt еntfapmеnt сan bе сonfirmеd sono-
graphiсall1, during thе rolling proсеdurе and minimizеs
thе nееd fof rеpеatеd rесtal ехaminations to сonflrm
thе position of thе largе сolon. Sonographiс ехamination
п.lrilе thе hoгsе is hoistеd trpsidе down by its fееt should
bе сontirmеd with thе horsе in right latеral rесum-
bеnсy.23() Both thе noгmal dorsal splеniс bordеr and thе
lеft kidnеy should bе сlеaгly imagеd aftег сorгесtion of
thе nеphrosplеniс ligamеnt еntfapmеnt (Fig. 6_130). This
should bе pеrfoгmеd as soon as possiblе aftеr rolling thе
horsе and rеturning thе horsе to right latегal rесumbеnсy
bесausе thе сolon is still usually latеral to thе splееn.
Сonvеrting thе displaсеmеnt ffom a nеphrosplеniс liga-
mеnt еntfapmеnt to a |atеra| displaсеmеnt whilе thе
hoгsе is still rесtrmbеnt is еnollgh to сorfесt thе nеphro-
splеniс ligamеnt еntгapmеnt. If, aftеr гolling a lrorsе with
a nеphrosplеniс ligamеnt еntrapmеnt or tгеating thе
horsе with phеnylеphrinе and ехеrсisе, a portion of thе
lеft kidnеy is imagеd but thе еntiге dofsal bordеr of thе
splееn is not imagеd, somе of thе largе сolon is still
trappеd in thе nеphrosplеniс spaсе. If thе laгgе сolon is
still tfappеd in thе nеphrosplеniс spaсе in dorsal or right
|atera| гесumtrеnсy, furthеr manipulation of thе arеa ovег
thе lеft сaudal rib сagе or an additional rolling manеuvеf
shotrld bе pеrfoгmеd. Surgiсal сorrесtion is indiсatеd if
thе largе сolon displaсеmеnt is not suссеssfully сorrесtеd
aftеr thе horsе has bееn rollеd two of thгее timеs.2J0 An
additional lеsion rеquiring surgеry may bе prеsеnt in
a small ntrmbеr of horsеs with nеphrosplеniс ligamеnt
еntrapmеnt and should bе сonsidеrеd in horsеs with
unrеlеnting pain.

Ve
tB

oo
ks

.ir



354 Сh(фler 6 . Асhult Аbd,otttiпаl Lrltrаsсlпogrаphу

Figutе 6-130
Sonсlgг:rnlsoftlrеlе1tсolorrobtainес1tlтlnltl.tеlеtifbtlееntl1
a nсphгosplеniс iigarтсnt сntгapmеnt bеtbrе (,1) aпd a1iеr (Д) сoгtесtioп bv гo|ling thе hoгsе Tlrеsе sonogгlrhs wеrе tlbtainес| тr.itlr a 3 5-MHz
sссtOгsсaлЛеrtfansdLrсеratadisp1i\,есlсiсpthсlfl8Q.1)апd
Notiсе thе slraгp сloгsal bоrс1ег оf thе splееn ((п.rОIL)) сtеatеd br thе сO|oп е11tгappеd in thе nеpfosPlеniс spaсе Thе dorsal borсIсг of tlrе Splееn
iS пOt \'-isiblс. 1tnd tl]с h
\-asdеtссtеd1iomthеparaltlmblгf()ss'ltothеts,-еl1ihintегсOst;r1spaсе,9,Thесiсl;:salboгсlеroftl1еs])|ее
imxgсd.сOnsistеt]twitlrссlrгесtionсlfthспеplrгosplсniсtigxmеntеl]tгapnrеntAnoгmalsorrogгaphiсaPpеxrx1rсеw1rs(tеtесt(i
borс|ег tlf thс sPlееn in tl]с l,]-l()ге сraпia] iпtеГspaсеs

Largе Colon Displaсement

Latеral displaсеmеnt of thе largе сolon has an ехсеllеnt
pгognosis, with fеsollttion of thе сliniсal signs with mеdi
сal thеrap], alonе oссufгing in 75% of horsеs.2]() Thе
rеmaining hoгsе in this studу had a сonсLlffеnt sand
impaсtion that was сvaluatеd sllrgiсall)1 othеr largе сolorr
displaсеmеnts Oftrn rеquirе sllfgiсal intеrvеntion for сor-
гесtion сlf thе displaсеmеnt.

Larg e Col o n/Ceca l l m pa сti 0n

Mеdiсal thеrapу for largе сolon and сесal impaсtions is
oftеn еf1-есtivе if thе tгеatmеnt is aggrеssivе' oral fluids
anсl laхativеs ma-Y bе administеrеd if thеrе is nсl gastгiс
rеtlllх. Largе quantitiеs of intravеnotts fltfds arе ottеn
hеlpful in rеliеving tlrе impaсtion. For sand impaсtions
Psуllitltlt lэуdrophiliа mttсilloiсl, whiсh binds with thе
sand and lrrbriсatеs thе impaсtion, is гесommеndеd. Mild
analgеsiсs mar. bе nееdеd in horsеs with impaсtions to
сOntгol pain trntil thе impaсtion is rеliсr,еd. Surgiсal trеat-
mеnt of thе laгgс сolon Or сесal impeсtion should bе
pегformеd in an.v lroгsе rvitlr sllspесtес[ libгot'ts forеign
body impaсtion, unrеlеnting abdсlnrinal pain, a 1af8е сo-
lon displaсеmеIlt, inсгеasеd thiсkеning of thе intеstinal
wall dеtесtеd on геpеatесl sonсlgraphiс ехamination, dе.
tеfiorating сliniсal statlrs, or dеtеrioгation in thе pегito-
nеal fltlid pafamеtегs.

ЕnIerolithiasis

Stlrgiсal tfеatmеnt is indiсatеd for horsеs with еntегolithi
asis to fеmovе thе obstfl'lсting forеign body. Although
horsеs oссasionally pass small еntеrolitlrs in thеir t.есеs,
thе majoritу of еntеroliths nееd to bе surgiсallу rеmovеd

bеforе thе intеstinе at thе sitе of thе obstruсtion bесomеs
сlеvitalizеd and intеstinal rrtptrtrе bесomеs likеl1,'

Small Colon lmpaсtion/0bslruсtion

Small сolon impaсtion may bе trеatеd mеdiсally with
suссеss. Еnеmlrs ma)r bе hеlpful in гсliеving tlrе obstruс-
tion br'lt shottld not bе administегеd undеr prеssurе. If
mеdiсal trеatmеnt is not sttссеssfttl, suгgiсal rеliеf of thе
impaсtion with an еntегotomy may bе nессssaг'v. Horsеs
with еntеrolitlrs or fibrorrs forеign bodiеs obstruсting thе
small сolon rеqtrirе an еntеfotomy and fеmoval of thе
obstгuсting forеign boф or сntеrolitlr. Thе prognosis for
aft.есtеd horsеs is good as long as thе obstruсtеd сolon is
not sеvеrеly dеvitalizсd at thе timе of strrgеry and bowеl
flrptlrfе or сtlntamination Of thе pегitonеal сavit1. doеs
not oссLtf with thе еntегotom\..26E 269 2_1 2-5 Small сolon
obstrtlсtion trsually сarriеs a good prog4nosis if thе lеsion
is геsесtablе.2-8 Hofsеs П.ith intfamtrral or submuссlsal
hеmatonra obstrr'rсting tlrе small ссllon lravе a good prog-
nosis if thе borvеl is not ГLtptltгеd and thе horsе is mеta-
boliсally in good Shapе.:_- :-s

Gastriс Distention/GasIriIis/Gaslriс lmpaсtion

Thе dеtесtion of markеd gastгiс distеntion sonoЕ.raphi
сally should pfompt immеdiatе nasogastriс intllbation
and dесomprеssion to prеvеnt thе pсlssibiliq, of Е]astгiс
rttptttfе.2ss T1rе r'nсlеrlying сellsе of thе markеd gastriс
сlistеntion shottld bе invеstigatеd. Hoгsеs with strspесtеd
or сonliгnrеd aгеas of gastfiс ulсегation slrould bе еxam-
inеd with a gastгosсopе to еvaluatе thе ехtеnt of thе
ttlсегation. Pгotесtants and н2 antagonists aге сommonly
tlsеd in thе tfеatmсnt of gastriс ulсегs if thе ulсеrs arе
sеvеfе еnough to waffant trеatmеnt.
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Gastriс impaсtion has bееn rеportеd as a primary сausе

of сoliс in lrorsеs and has also bееn assoсiatеd with
pl ггolizidinе alkaloid toхiсosis in poniеs and grass siсk-

nеss in horsеs. Tfеatmеnt for idiopathiс gastriс impaсtion
iлсludеs oral fluids by nasogastfiс intubation or injесtion
iлto thе stomaсh at thе timе of surgеry and largе volumеs
of iлtravеnotrs fluids.

Gastriс NeopIasia

Horsеs with gastfiс squamous сеll сarсinoma havе a

guardеd to gfavе prognosis, with a short survival timе
aftеr сliagnosis. Thе nеoplasia is usually fairly advanсеd

br this timе, and mеtastasеs afе сommon.

Duodenitis/ЕnteriIis

Trеatmеnt of affесtеd hoгsеs is strpportivе' т'"-ith gastriс

dесomprеssion pеrformеd rеgularly, if nееdеd. Intravе-

nous fluid thеrapy and сorrесtion of еlесtгolrtе imbal-

anсеs should bе part of thе trratmеnt of anr- hoгsе ъ-ith

sеvеfе dtrodеnitis of gastfitis.

G ra nu l omato us Еnte ritis

LГ gгanulomatous еntеfitis is suspесtеd, a rесtal muсosal
oг intеstinal biopsy is indiсatеd to сon-firm thе саusе of
thе intеstinal malabsorption. Сortiсostеroid trеatmеnt has

bееn advoсatеd for horsеs with granulomatous еntеfitis.
In gеnегal, horsеs with gfanulomatolls еntеritis havе a
poof prognosis foг survival.

lleus

Nasogastriс dесomprеssion is important foг hoгsеs with
ilеus involving thе mofе proхimal portions of thе gastro-

intеstinal traсt. Сorrесtion of еlесtfolytе imbalanсеs is

impoftaflt' and intravеnotls fluid thеfapy is also indiсatеd.
Nonstеroidal anti-inflammatory drtrgs arе oftеn hеlpful in
trrating horsеs with ilеus, and pгokinеtiс drugs сan bе
сonsidеrеd. Drugs that impair noгmal gastrointеstinal mo-
tility, suсh as thе alpha-2 agonists, should bе avoidеd or
usеd as infгеquеntly as possiblе in small dosеs.

Neoplastiс lntillralion of lhe Bowel Wall

Diagnosis of nеoplastiс inflltfation of thе bowеl wall must
bе maсlе With a biopsy of thе affесtеd portion of intеstinе
of frsrсtion of thе affесtеd aгеa followеd by histopatho-
logiс ехamination of thе rеsесtеd tissuе. If thе affесtеd
arеa is foсal. as in horsеs with lеiomyomas, thе pгognosis
is good with геsесtion and anastomosis. If thе intеstinе is

ехtеnsivеly inliltratеd, thе prognosis for survival is gravе.
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Diseases of the Peritoneаl cavity

Аsсite sI] e m 0 p e r ill n е u m

Thе horsе with asсitеs should tlе thoroughly еxaminеd
to dеtегminе thе undеrlying сausе of thе pеritonеal еffu-

sion. If hеmopеritonеtrm is drtесtеd, thе еntirе abdomеn
should bе сarеfully ехaminеd sonogгaphiсally to sее if
thе сausе of thе hеmopеritonеum сan bе dеtеrminеd.
Thе horsе should bе trеatеd with aggrеssivе intravеnous
fluid support if thеrе has bееn signiflсant blood loss into
thе pеritonеal сaviф. In somе сasеs a blood transfusion
may bе indiсatесl. If splеniс fuptufе of ruptufе оf anothеr
organ has oссurrеd, strrgiсal fсsесtion of thе injurеd
organ may bе possiblе.

Peritonitis

onсе pегitonitis is diagnosеd, a pеritonеal fluid samplе

should bе obtainеd for сulturе and sеnsitivity tеsting.

Positivе сultuге rеsults wеrе obtainеd from 59.7vn,э,',

26.7%,з0з ald, |4.3Ynэoa of horsеs in thгее sеpaгatе studiеs.

Thе prognosis for horsеs with pеritonitis is poof in most
studiеs, \^/ith pгognosis dеpеnding upon whеthеr horsеs

п,ith intеstinal гuptuге or postopеfativе сoliс aге inсludеd
in tlrе data analr,sis. Prognosis for horsеs With intеstinal
гLlptllге is gravе, with all horsеs with intеstinal fuptufе
d1ing in thrее laгgе studiеs of hoгsеs with pеritoni
1i,.зoz.зoi In onе stuсlу of 67 hoгsеs with pеritonitis, thе

ovеrall suгvival гatе Was 4o.3%.зo,.Whеn onlr, hoгsеs with
postopеfativе pеfitonitis wеrе еvaluatеd, tlrе sllfvival ratе

was 44,'/o, and for horsеs without intеStinal ruptufе of
abdominal slшgеfy thе survival fatе was 57.|%. Еighty-

onе
thе
that
studiеs of hoгsеs with pеritonitis without obvious intеsti-

nal rupturе oг abdominal surgеry thе survival fatе Was

57 'Iуoзu4 and 7ОYo,эoз In a group of horsеs with pеfitonitis
assoсiatеd with Аctinob аcillus e quuli infссtion, sur.vival

was 100%, with subsеquеnt dеaths unrеlatеd to thr pеri-

tonitis.3]a Adhеsions assoсiatеd with pеritonitis may also
nеgativеly affесt thе prognosis. In thе horsеs with postop-

еrativе pеritonitis, 57 .7% had flbrous adhеsions dеtесtеd
at nесfopsy еxamination.rо2

Bгoad-spесtгum antimiсrobial сovеragе is indiсatеd in
thс trеatmеnt of pегitonitis, with anaеrobiс сovеfagе
(mеtronidazolе) inсludеd until thе rеsults of сulturе and
sеnsitivity tеsting of thе pеritonеal fluid arе availablе and
thе sеlесtion of antimiсrobials сan bе naгrowеd basеd
upon thе sеnsitivity pattеrns of thе oгganisms сultuгеd.

Ultrasonographiс ехamination of thе abdomеn in thе
post-sllfgеry patiеnt сan bе hеlpftll in dеtегmining if pеri
tonitis is thе сausе of postopеrativе fеvеr or abdominal
disсomfort. Largе quantitiеs of есhogеniс fluid, with oг
withotrt flbrin (Fig. 6-131), loсalizеd pеfitonitis with ad-

hеsions of thе abdominal visсегa to thе inсision (Fig.

6-|32)' or adhеsions of thе abdominal visсеra to thе
pеfitonеum of to othеr visсеra withollt signifiсant fluid
iссumulation (Fig. 6-\3' сan all bе imagеd in thе post-

opеfativе patiеnt with pеritonitis. Collесtiоns of loсu-
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Figure 6-131
SonoЕ.гams of thе pегitorrсal сaYiг}' obtаinе(l fгom a yеarlirrg Тhroughbrес| сolt fbtlowiпg a vеntral miс||inе сеliotom1' .l.hс сolt dеvеloPеd f.еvег and
diarrhеa 1 wееk aftеr suгgеry, PIomРtiпg this sonoЕ.гxphiс ехaminadon Thеsе sonсlgrams п.еrе оbtаinеd alonЕ. tliе lеft siсlе сlf thе vепtral abdomеn
witlr a 7 5-МHz sесtoг-sсаnnеf tгansduсег at a displ;Lvес1 dеptlr of 8 сm ('4) anсl 12 сm (/9) Thе fight sidе of tйеsе SoлOgl.alns is сгxniai and thе ]егt
sidе is сauda] ;:1. An aссunlrtlation of h1.рoесl.rсliс сlouс|v tltlid (аrtош') is sееп adiaсеnt to a thiсkеnе(l wаll of thе lсft vеntгa] сOlon 8, Тhе wall of
thе lеft vеntгal со1orr is m:rгkеdlr. tlriсkеnес| and есhсlgеniс. mеastrring in ехсеss of 0 98 сnr

latеd pеritonеal fluid afе not folltinеly sееn in humans
by thе sеvеnth postopеfativе day anсl sllppoгt a diagnosis
of pеritonitis oг abdominal absсеss formation'r]; Pегito-
nеal flLlid сollесtions wеrе absеnt in 96% of as)rmptomatiс
patiеnts undеfgoing abdominal sonoЕ.faphy on thе sеv-
еnth postopеfativе day following abdominal sllrgсгy.

Аbdominal /fsсess

Tfеatmеnt with largе dosеs of pеniсillin for an ехtеndеd
pеriod of timе is indiсatеd in lroгsеs with abdominal
absсеssеs bесartsе thе majority of affесtеd lrorsеs havе
absсеssеs сausеd by infесtion with Strеptoсocсus equi, S'

Figure 6-132
Soпogгam of tlrс vеntral abdomеrr obtairrеd ltсlпr a 7-r'е:lг-old \фarm.
blood gеlding sеyеral dal,s tblloп'irrg a vеntгel midliле сеliotorrrv Тhе
lrогsе had dеvеklpеd a fеvеr anсl diаттhеa postopеrativеlу A 5- to 6-сm
dеfcсt (аrrous) is ima€.еd in thе геtfоpегitonеal fat Containiпg anесhоiс
I]ttid and h1.poесlroiс frbтiл Aсlhеsions Ьеtwееrr thе fеtroPеfitоnеa] fаt.
splееn, and largе сtllorr arе сOnsistеnt witlr a loсaljzесt arеa of pегitoлi
tis This sonoЕ.гam w-as obtainеd alоng tl.rе VеntIal mid]iле сеliotom'r,
inсision witlr a 7 5-МHz sесtoг-sсannег tгansduсеr at a disрlaYеd dеpth
of 12 сm Thе гight sidе Of this sonoЕ.ram is thе lеft siсlе of thе hoгsе's
aЬdomеn, anсl thе lеft sidе is tlrе hoгsе's гicht sidе

zooеpidеmiсus, and СorуnеbасteriLlm psеuсlotubеrсulo.
s,з-.t18 Tfеatmеnt with bгoad-spесtгum antimiсfobials is
initially fесommеndеd r-rntil thе rеstrlts of сultuге and
sеnsitivit,v tеstin8 of thе pеfitonеal fluid aге availablе. If
ofsanisms arе not 8rown on сtlltllfе bllt afе sееn on
Gram.stainеd pfеpafations of thе pеritonеal fluid, tlrеsс
flndings сan bе Llsеd as a guidе in thе sеlесtion of appro-
priatе antimiсrobials. Мany absсеssеs in thе pеritсlnеal
сavity afе not disсrеtеl), wallеd off fгom sllггolrnding
stfltсtuгеs btrt involvе many diffегеnt stflrсturеs within
thе abdomеn and aгс not amеnablе tсl surgiсal rеsес-
tion.llE Pеriodiс sonogгaphiс ехaminations of thе absсеss
сatr bе usесl to monitoг its rеsponsе to antimiсrobial
thеrapy and as an aid to dеtегminе thе timе to disсon-
tinllr antimiсfobial thегap}..

Rеsесtion of thе еntifе absсеss, if possiblе, ma1, bе
thе tfratmеnt <lf сhoiсе in somс lrorsеs with abdominal
absсеssеs..J()8 сarе must bе takеn with surgiсal геsесtion
of abdominal absсеssеs so that pегitonсal сontamination
doеs not oссLrf. Мarstlpialization of thе abdominal ab-
sсеss has bееn rrsеd in two horsеs witlr largе abdominal
absсеssеs, With onе of thе horsеs doing wеll long tеrm.ro.)
This sttrgец, is rесommеndеd for trеatmеnt of fbсal wеll-
еnсapsulatеd absсеssеs loсatеd сlosе to thе vеntral ab-
dominal wall in whiсh no adhеsions aгr pfеsеnt.]n9 Pеrсu-
tanеolls сlrainagе of tlrе absсеss with a largе-borе сathеtеr
shottld also bе сonsidеrеd if thе absсеss adhегеs to thr
bod1, чд"1l withollt intеrvеning ofgans or tissuеs (Fig.
6_134). Rеsolution of thе absсеss сan thеn lэе followеd
пrith sonograplriс morritoring. If аdhеsions afе pfеsеnt, a
sllfgiсal bvpass proсеdttге should also bе сonsidеfеd.3();..J()9
Follow-r.rp nltrasonogr:rphy of a fll\. with abdominal ab-
sсrssеs was ltsеd to monitor hеr rеsponsе to surgiсal
drainagе and antimiсfobial thеrapy.

Pe ri rе сta l/Pe r i va g i n a l /0sсess

Surgiсal drainagе of pеriгесtal oг pеrivaginal absсеss
thгough thе pеrinеum or vagina' fеspесtivеl1., сan bе
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Figure 6-133
Sсlгtogгamsofthеr,еntгalabdotlrеnobtainесlfronra23-t'еaг-сllс].\гаbi;rnпtaгеsеt.ег:tldavsfоllowig
puгtll.епtс1rairragеfгonrthеinсisiоn2rtsе\'еIa]sitеs:rndlr'estс,bгilе,\h\.POесhoiCtraсtisimagеdехtепdingdorsall1'tothеabdOmin
ihс оriginal inсision liпс f hе tIxсt appеaгs to еlltеГ tlrе регironеal сar-it) anсl stop et thе splсеn Hr,poесhoiс fluid anс1 Iibгin arе im;rgесl Ьеtwеел

thе splееn anсl thс pеritoпсum. п.hiсlr aге aс1lrеrеnt at this loсlltion Thсsе sonоgгams wеге obtair.rеd with a 7 5-МHz Sесtoг-sсаnnег tгаflsdrlсеf

сo1lt;ining a bllilt-iл flrrid oftЪеt at a сlispla\.еL] (|еpth Of (l спl lhе гiglrt siсlе оf thеsе so.o!4гams is to thе lеft sidе of thе maге's abdomеn ,4. Thе

.lпес[roiсaгеааtthеskinsrtrfaсеisassoсiatес]rrithrllПiссtеd\LIt!rе(|эo1"izo17t.ll(lrroui),
luггotшс1ес1br'frriсlThеh1.pсlссlroiсflUidtIасt.l.tсlsеtсгсrtеndsсlееpеIthanthissutLrгсt1rrсlughthеflllthiсknе
iпtothеpегitоnеalсaуitу(illglеc1спl.сlu,)'St()Рpingаttl-tеsplееtrThсsplееllappеaгStoсontxiпthеsеpsis
регitonitis with thе adhеsions tO thе \.епtгal pегitonсLLlll alопg tl-rе inсision -B' A laiгlу есhоgсniс :rdhеsiorr is sсеn bеtwееn thе splееn rnd thе

illсisioп(h()rizont.1lсrr()LL,)Сf',\ni^|tOthеdгxini11gtг:1сtпhiсh
ilf thе l]1.poесhоiс pltrtilсnt tfaсt is imagеd (сlсttt'lt tll /(//l ) ltnd hr'рoесttoiс matсгi'tl is imagеd bеtw-ееn thе splсеn aлсl thе pеritonеtlm

safrцr pеrformеd Llndег ultfasonograplriс guidarrсе. This
tгеatmеnt should bе сombinеd with bгoed-spесtrltm anti
miсrobial tlrеrap1. Llntil tfеatmеnt сan bе initiatес1 basеd
On сultlrfе and sеnsitivit}' tеsting. \iеtгor-ridazolе shottld
bе inсluс1есl if h-vpегесhoiс Е.as ссhoеs aге dеtесtеd

tigure 6-134
r()nogгam сlf lеft r,сntгal abdсlmеn in ;r 3-r'еaг-olсl standafdbгеd stallion
L]l]tajnесl (l r1al.s lbllсlwing pеrсLrtаnеoLls сxthеtеfizxtioЛ and dfainаgе ot
thе absсеss w.itlr a largс-Ьоrе сhеst tubе without sonographiс guiсlanсе
;etnе horsе as in Fig 6_126) Tl-rе peth of thе PеfсUtanеOus dгaiпаgс

tlrbе is сlеaгЬ, visiblс irr thе abс1onriпal С^\'|q' (drrolLls) as lt trxсts
тhгortgh thе splееn atrсl thеn illtо thе absсеss, highliglrtеd bv tlrе

Ггеsе1lсе of tr1.pегесlroiс gas есlrсlеs along thr trxсt Thс lЬsссss is
.пla[lеr, aпd thе \'сntfal сеllrrlar lavег is no lсlngсr. imagеd within thе
эbsсеss; lroц.еr'еr, a laгgе amсlunt оf lr1,poесhoiс pсfitonеаl tlllid is
tiсtесtесi ldiaсеnt to thе absсеss. сonsistеnt u.ith Pегitoпitis This SonO-

1гa111 was OЬtainеd with а 7 i-xlHz sссtor-sсаnnеr tгxпsduсеI lt a dis.
эlаrес1 сlеpth of ]2 сm .Гl.rе right sidе of tlris s()nogfam is с1oгsаl anсl

:hе lеft sidе is vеntгa]

within thе absсеss. Thе pгognosis for affесtеd horsеs is
usually good with ultrasound-Е.uidеd draina8е' appro-
pгiatе antimiсrobial tfеatmеnt, and pеfiodiс sono€.raphjс
monitofing of thе absсеss. Lavagе of thс аbsсеss should
bе pеrformеd only if thе absсеss is wallсd off fгom thе
pсritonеal сavity and adjaсеnt rеtropеritonеal struсturеs.

Аbdominal Neoplasia

Horsеs with abdominal nеoplasia havе a gllardеd to gravr
pfognosis, with Stlr8iсal геsесtion a possibiliry if thе tu-
moг is loсalizеd and mеtastasеs afе not dеtесtеd, an
unusual oссLrffеnсе in most horsеs b-v thе timе abdomi
nal nеoplasia is diagnсlsеd. Using an alrtoЕ.еnolls vaссinе
anсl сimеtidinе. tfеatmеnt of mеtastatiс mеlanoma in thе
abdomеn has bееn triеd in horsеs. Suссеss has bееn
limitеd in сasеs sееn by thе author bесausе thе tumor
Was vеry advanсеd by tlrе timе tгеatmеnt was iпitiatеd.

Referenсes

Ylrгborоugh TB. Laпgег DL, Sn1-dег JR, еt al: AbdoIпiпаl radiogгa-
phy for diagnosis of еntrгolitlriasis in hr;гsсь: 1,1l саsеs (l99()_
|992) I Am vеt Мсd Assoс 205:592-5L)5,7991
Rееf VB: Thе ttsе of diagnostiс rtltгasоund in thе horsе L,ltrasollnd

Q 9:l-34, 1991
llvars T1), tiallе\.J: Usеs of ultгаsoшrrd in еquinе illtеrnal mесliсiпс
vеt сliЛ Nогth Am [Еquinе Pгaсt] 2.'253-258, 79a6
RantanеП NW: Disеasеs of thе abdсlmеn Vеt сlin North Arn

[Еquinе Pгaсt] 2:67-i]t]' 1986
Ziсkсf sс' \iиilson .WD, Mеdеaгis ]: Diffегеntiatiоn bеtwееn iпtIx-
abс|ominal nеoplasms aлсl absсеss iл hoгsеs' using сliniсal anсl

laboгatofу data J Am vеt Mеd Assсtс 196:1130_113,i' 1990
HillYеr MH: Tl.tе usе of ttltгlsonograph1' in thе с1iagnоsis of abdоmi
nal tlrmofs in thе hoгsе Еqrrinе Vеt Ed]uС 6'.2iэ-2J8' 1991

Ve
tB

oo
ks

.ir



358 Сhаptеr 6 . Аd'ult Abdottt'iпаl (Лtrс|sot.ogrаplJу

7. сannon Jн, Andгеws A: Ultгasound of thе еquiпе stomaсh Pro-
сееdings of thе 41st Annlиl Amеriсaтr Assoсiation of Еquinе Praс-
titionегs 47:3a-39' 7995.

8 Kirkbегgеr RM, van dеn BегgJS, Gottsсhalk RD, Guthriе AJ: Duo-
dеnal ultгasonogгaphy in thе noгmal adult hoгsе vеt Radiol Ultra-
sound 36:50-56, 1995.

9. Rantanеn N.W: Disеasеs of thе kidnеys. Yеt сlin Nofth Am [вquinе
Pгaсt] 2:89-10з' 1986.

1o Pеnninсk DG, Еisеntlеrg HМ, Tеusсhсr ЕЕ, Vfins A: Еquinе rелal
ultfasonography: Noгmal and abnoгmal. vеt Radiol 3:81-84, 1986.

11 Hoffman KL, NИood AKW; Mссafthy PH: sonogгaphiс-anatomiс
сorrеlatiоn and imaging pгotoсol for thе kidnеys of horsеs. Am J
vеt Rеs 56:1403-71|2' 7995

1'2 уamaga х Too K: Diagnostiс ultгasound imaging iп domеstiс
animals: Fundamеntal studiеs on abdominal oгgans and fеtusеs
JpnJ vеt Sсi 46:2o3-2|2' |981

13. Kipеr МL, Tгaub-Daгgatz JL, wriglеу RH: Rеnal ultrasonogгaphy in
hoгsеs. Сompеnd сontin Еduс Praсt Уet |2:99з-|oo0, 1990

14 Rantanеn NW: Disсasеs of thе livег' vсt сlin North Am ГЕсuinе
Pгасtl 2:l0,l_l I4, |986.

15 Kеllег SD, HoгIrеy KD: Disеasеs of thе еquinе small соlon Сom-
pеnd сontin Еduс Pгaсt Vеt 7:s113-s12o' 1985

16 Rееf \.B: Sonographiс diagnosis of uгopегitonеum in foals and
hогsеs. Pгoсееdings ofthе 13th Annual vеtеfiпaгy N4еdiсal Foгum
73:)82-584, 7995

17 Rееf\.B: Еvaluation ofabdominal disordетs in hoгsеs using ultгaso.
nogгaphy. Рroсееdings of thе 17th Anпual Vеtеrinаry surgiсal
Forrrm 17:141_14з' 1989

18. Rantanеn NW: Rеnal ultгasound iл thе horsе. Еquinе Vеt Еduс
2: I J5_ | .]о. l99o

19 Sсhmidt AR: Transrесtal ultrasoпography of thе сaudal рortiofl of
thе aЬdominal and pеlviс сaУitiеs in hoгsеs J Аrn vеt Mеd Assoс
194:365-37r, 7989.

20 \й/u J-Х' Сaгlislе СН: Ultrasonogгaphiс ехamination of thе сaninе
livег basесl ofl fесognition of hеpatiс afld poгtal vеiпs vеt Radiol
Ultrasound 36:234-239, 1991

2l. Pеfininсk DG, Nyland TG' Fisсhег Pв, KегI LY: UltfasonograPhy of
thе normal сaninе gastIointеstinal traсt. vеt Radiol 3О:272-276,
r989.

22 Pеnninсk DG: Ultrasonography of thе gastгointеstin^| tract In
Nyland TG, Mattoon JS (еds): vеtеrinaly Diagnostiс Ultfаsotnd
Phi]adеlphia, WB Saundеrs, |995, pp |25-|10

23. Flеisсhеr AC, Dowling AD, lwеinstеin ML, Jаmеs AЕ Jr: Sono-
graphiс pattегIrs of distеndеd, fluid-Iillеd bowеl Rаdiologу 7зз:
681_685, 1979

24, Striлgеt DA, Danеman A, Brunеllе f; еt al: sonogfaphy of thе
noгmal and abnoImal stomaсh (ехсluding hypегtгophiс pyloriс
stеnosis) in сhildгеn J Ultгasound Mеd 5:183-188, 1986

21 Millеr JH, Kеmbеrling С: Ultгasound sсannilg of thе gastгointеsti
nal traсt in сhildrеn: subiесt геviеw. Radiology 75267|-677,
\L)84

26 Pozniak l,I-{, sсanlafi KA, Yandоw D, Mulligan G: Сuггеnt status
of small-bowеl ultrаsound. Radiology э0:254-265' 7990.

27 Flеisсhеr AС, Muhlеtalег СA, Jamеs AЕ Jг: SoпogIaphiс pаttегns
arising fгom noгmal and abnormal bowеls. Radiol Сlin Noгth Am
18:145-159,1980

28. Kimmеу MB, silvегstеin FЕ, .w.aggitt Rс, еt al: сrosgsесtioпal
imagiflg mеthod: A systеm to сompaге ultrasound, сomputеd
tomographу and magnеtiс Iеsonanсе with histologiс findings. In-
vеst Radiol 22:227-237' 79a7.

29 .Woгth 
LT: Ultmsonography of thе noгmal еquinе small iпtеstifiе

[abstгaсt] vеt Radiol Ultfasound 36:355' 7995
3o Btarn U, Меrmiеf o: UltЙsonograPhiс ехamiпation of thе small

intеstinе of соws. vеt Rес 736:239-214, |995
31 Flеisсhет AС, Mцhlеtalег СA, Jamеs АЕ Jг: Sonographiс assеssmепt

of thr bowеl wall Am J Radiol 136:887_891, 198r
32 Bolondi L, сalеtti G, Сasanova R еt al: Problеms afld vafiations in

thе ilrtегрfеtation of thе ultrasound fеatuге of thе rroImal uPреr
and lowеr GI tгaсt wall sсafid J Gastroеntеfol Supp| 723:76-26,
1986

33 Dubbins PA: Thе gastlointеstinal tгaсt сlin Diagn Ultrasound
23:795-23О' 79a8

34 Hеld JR Mссгaсkеn МD, Toal R, Latimег F: Еpididymаl swеlliпg
attгibutablе to gеnеfalizеd lуmphosaгсoma in a stallion J Am vеt
Меd Assoс 2О|:|973-|975' 7992

3' нolt PЕ, Мair TS: Tеn сasеs of Ьladdег paгаlysis assoсiatеd пith
sabulorrs urolithiasis in horsеs. Yеt Rес 127:108_110' 1990

36. Holt PЕ, Pеагso11 н: Urolithiasis in thе hoтsе-a геviеw of 1.з

сasеs Еquinе Уеt I 76:э|-34, 7984
37 Lavеrtу S, Pasсoе JR, Ling GV еt al: Urolithiasis in 68 hoгsеs \Ът

S]urg 2r:56-62, 1992
38 LowеJЕ: Sufgiсal геmoval оfеquinе ufoliths via thе laparoсуstomr

appтoaсh. J Am vеt Mеd Assoс 7з9:э45-318, 796|.
Э9. Мaiт TS' МсСaigJ: Сystiс сalсulus in a hoгsе вquinе vеtJ 15:7i3-

r71, 1983.
40 DеBowеs R}1, N1тop KA' Boulton сн: сystiс сalсuli in thе horsе

сompеnd Сontin Еduс Pгaсt vеt 6:3235-3273, |984,
41 Kanерs AJ, shifеs GМH, .watгous 

BJ: сystiс саlсuli in two hoгsеs
J Am vеt Меd Assoс |87:737-739' |985

42 Laiлg JA' Raisis AL, Rawlinson RJ, Small AС: сhfoniс rеnal failuге
aпd uгolithiаsis in a 2 уеaro\d сolt Australian Уеt J 691.99-200
\992.

43 wгight JG, Nеal PA: Lapaгo-сystotom1. for uгinary сalсulus in a
gеlding Vеt Rес 72:301_303, 1960.

44 вustaсе RA, HuntJM: Еlесtlohydгauliс lithotriPsy fof thе trеatmеnt
ofсуstiс сalсulus in two gеldings Еquinе VеtJ 2o:227-223,7988

45 МacНarg MA, Foегnет]J, Phillips TN, еt al: Еlесtrohydrauliс lithь
tripsy foг tfеatmеnt of a сystiс сalсulus in a marе vеt stlrg
74:325-327, 7985

46 Trottet Gw Bеnnеtt DG, Bеhm \I: Uгеthral сalсuli in Iivе horsеs
Vеt sufg lo:159-162, 1981.

47 Dуkе TМ, Maсlеan АA: Uгеthгal obstгLlсtion ifi a stallion with
рossiblе synсhгonоus diaphгagmatiс fluttеr. vеt Rес 72\:425-
126. t9A7

48. VaсеkJR' Maсharg МA, Phillips TN, еt al: struvitе Llfеthfal сalсulus
in a thгее-month-old Thoror-lghbгсd сolt Cornеll Vеt 82:275-279'
1992

49 Gibson KT, Trottеr GW, Gustafson sB: сonsегvativе managеmеnt
of uropеritonеLrm in a gеlding J Аm vеt Меd Assoс 2Оo:|62-
764. 1992

50. Еdwагds RB' Duсhaгmе NG, Haсkеtt RP: Lapaтosсоpiс геpair of a
bladdег гuptuге in а foal vеt Suгg 21:6О-63' 7995

51 tsraun U, Sсhеfеr U, Fohn J: Uгinary tfaсt ultгasonogгaphy iп
normal rams aпd rams with obstruсtivе uгolithiasis. сan vеt J
33:651-659, 1992.

52 H^Уеn МL, Bowman K! Епgеlbегt TA, Bilkslagег AТ: Surgiсal
managеmепt of uгolithiasis in small ruminants Сornеll Vеt 83:47-
55. 1993

53. Joпеs PA, sеrtiсh PL, Johnston JK: Ufopеritonеum assoсiatеd with
a гuptufеd urinarу bladdеr ifl a post partum mafе Aust vеt J
71:354-357. 7996

54 Be]Jlr MJ, t{aсkеtt RR Bеntinсk-Smith J, еt al: Меtaboliс abrrormаli
tiеs assoсiatеd With fllptufе of thе urinary bladdеr in nеonatal
foаls. J Am vеt Меd Assoс l78:263-266, ),98|

55 \йhitе KK: Ufеthfal sphiпсtеIotomy as an appгoасh to геpaiг of
IuptuIе ofthе rrгinaгy Ьladdег in thе maге: A сasе fеport. J Еquiпе
Меd Suгg 7:25О-253, |977

56. Nyrop KA, DеBowеs RM, Сoх JH, Сoffmaп JR: Ruptufе of thе
urinary bladdег in two postpaгtuгiеnt marеs сompеnd сontin
Еduс Pfaсt Yеt 6:5'l0_s51э' |981.

57. Tullеnеrs Еl Riсhaгdson DW| Rеid BV: Vaginal еvisсегation of thе
smаll intеstinе in thгее marеs J Afl vеt Mеd Assос 186:385_387,
1985.

58 Squirе KRЕ, Adams SB, Сoпtеy R: Postpaftum partial суstесtomy
thlough thе vagina in a mafе with еvеrtеd paгtially nесгotiс
bladdеr J Am vеt Mеd Assос 2oo:|777-].713, 7992

59 Fiгth ЕС: Dissесting hеmatoma оf сoгpus spongiosllm and urinary
Ьladdег rupturе in a stаllion J Am vеt Меd Assoс 169:80o-8o1,
7976

60. Pankowski RL, Fubiпi SL: Urinaгy Ьladdег гuptuге in a t\ivo.yеaf-
old hoгsе: sеquеl to a suгgiсally геpairеd nеonatal iniury J Аm Vеt
Меd Assoс 797:560-562' 7987.

61 GепеtZk), RNI, Hagеmosеr $ИA: Physiсal afld сliniсal pathologiсal
findiпgs assoсiatеd with ехpегimеntally induсеd гuptufе of thе
еquinе urinaтy bladdег сan vеt J 26:З9|-395' |985.

62. Divеrs TJ, Byaгs D' Spiгito М: сorгесtion of bilatеral urеtеI..tl
dеfесts in a foal J Am vеt Меd Assoс 192:384_э86, 1988.

63. Robепson JT, spurloсk GH, Btamlagе LL' Landry SL: Rеpair of
uгеtегal dеfесt in a fbal. J Am vеt Mеd Assoс 183:799_8oo, 1983.

64 Fisсhег Aт Jц spiеr S, Carlson Gц нaсkеtt RP: Nеoplasia of thе

Ve
tB

oo
ks

.ir



o)

oб

o/

68

69

еquinе uriпaгy bladdеr as a сausе of hеmaturia. J Am vеt Mеd
Assoс l86:1294-1296' 7985
Traub JL, Baylу WМ' Rееd SМ, еt al: Intfaabdominal flеoplasia as

a сausе of сhroniс vrеight loss in thе hoгsе Сompеnd Сoпtin
Еdr-lс Pгaсt vеt 5:s526_S534' 198э
Swееnеy RW, Hamiт AN' Fishеr RR: Lymphosaтсoma with ufinary
bladс1ег inflltration in a horsе J Am vеt Mеd Assoс |99:7|77-
1178, 1991
Lёvеill€ R, Billеr DS, Partin€ition BI] Мiуabayashi T: Sonographiс
invеstigation of tгдnsitional сеll сaгсinoma of thе urinary bladdеr
in small animals. Vеt Radiol Ultfasound 33:|О3-7o7' \992
Itzсhak ! Singеr D, Fisсhеlovitсh Y: UltгasonogIaphiс assеssmеflt

of Ьla<ldеr tumoгs I Tumof dеtесtion J Urol \26:31-33' 1981.

AЬu-Yosеf ММ, Narayaпa AS, Frankеn LA.' Bгown RС: Uгinary
Ьladdеr tumors studiеd by сystosonogfaphy. Paft I Dеtесtion.
Radiology 753:22з-226, 1981.

7o Dеrshaw DD, Sсhег HI: Sегial tгansabdominal soflo€iгaphу of blad-

dег сanсеr AJR 150:1055_ro59' 1988
71 Сhang \.H, Сunniпgham lJ: Еffiсaсy of sonography аs a Sсrееnirrg

mеthod iп rеnal iпsuffiсiсnсy. J Сlin Ultfasound |3:475-41.7 ' |985
72 PlattJЦ RubinJМ, Bowеfman RA, Мaгn СS: Thе inability to dеtесt

kidnеy disеasе on thе basis of есhogеniсiry AJR r51:3l7_3l9'
1988.

73 Rosеnliеltl AT, Siеgеl NJ: Rеnal paгеnсhymal disеasе: Histopatlro-
logiс-soпographiс сofrеlation AJR 1 37:793_798' 19t]1

74 Divегs TJ' whitioсk RH, Byaгs TD, еt al: Aсutе fеnal failuге in
six hoгsеs rеsulting fгom haеmodynamiс сausеs. вquinе vеt J
1,9:178-184, 79a7

75 .w.ong 
SN' Lo RNS, Yu ЕСL: Rеnal blood flovr pattегn b}' nonirrи-

sivе Dopplеr ultrasound in noгmal сhildtеn and aсutе геnal failurе
patiеnts. J Ultгasound Меd 8:135-14t, 1989.

76 Baylу .wM, Е]fегs RS, Ligеtt HD. еt аt: A геpгoduсiblе mеans of
studying aсutе геnal failurе in thе hoгsе. Сoгnеll !ъt =6'.28--298.

1986.
-7 Tееlе RL, Sharе JС (еds): Ultrasonogгaphу of Infants and Сhildгеn

Philadеlphia, WB Saundегs, l991
?8. Hriсak H' Cгuz C' Romaлski R, еt al: Rеnal parеnсh.vmal disеasе:

sofl ogгaphiс-histologiс сoггеlation Rаdiology | 44:7 47 - |47' 19a2.
-9 Banks KL, неnson JB: Immunologiсally mеdiatеd glomеrulitis of

horsеs. II. Antiglomеfular basеmеnt mеmbranе antibody and othеr
mесhanisms of spoпtalrеous disеasе Lab Invеst 26:7o8_7 |5' 797 2.

80 .wimbеrly нс, Antonolусh TT, Lеwis RNI: Foсal glоmеrulosсlегo-
sis-likе disеasе with nеphгotiс syndromе in a hoгsе vеt Pathol
78:692-694. 198r.

81 Jakob 
.W: Spofltanеous amyloidosis of mammals. Vеt Pathol 8:292_

э06, |977
82 Riviеге JЕ, Tтavеr DS, сoppoс GL: Gеntamiсin toxiс nеphropathy

iп horsеs with dissеmifiatеd baсtеrial infесtion. J Am vсt Меd
Assoс 180:648_65|' 7982.

8J Мarkеl MD, Dyеr RM, нattlе AL: Aсutr геnal failtrге аssoсiаtеd
with appliсation of а mеrсuгiс blistеr in a hoгsе J Am vеt Mеd
Assос I85:92_9+, |9a4.

81 Rеbhrrn \VC. Tеnnant Bс, Dill SG, King JM: Vitamin K, rеnal
toхiсosis ifl thс hofsе .I Am vеt Mеd Assос 7a4:7237-\239, \9a4

85 .W.еbеr М, Bгaun B' Kбhlег н: UltIasoniс findings in analgеsiс
nеphгopathy. Nсphrоn з9:2|6-222. 19aз

86 Hoffman JC, Sсhnuг МJ, Koеfligsbеfg M: Dеmonstгаtion of rеnal
papillaтy rrесгosis Ьy soпogгaphy' Radiology 115:785-787' |982

8- Bradеп GL, Kozinп Fв, нamPf FЕ Jr еt al: Ultrasound diagnosis of
еaгlу rеnal papillary nесгоsis. J Ultrasound Меd l0:4or_40э' |991.

88 Rеad.wK: Rелal mеdullary сгеst nесIosis assoсiatеd with phеnyl-
butazonе thегapy iп horsеs. vеt Pathol 20:662-669' |983.

89 GLrпsoIr DЕ: Rепal papillary nесrosis in hoгsеs. J Am vеt меd
Assoс 182:263_266' |983.

90 Divегs TJ: Сhtoniс гепal failurе in hoгsеs. Сompеnd Сontin Еduс
Pfaсt vеt 5:s310-5317' 1983

91 Billеr DS, Bradlеy GA, Partingtoп BP: Rепal mеdullary fim sign:
Ultfasoпographiс еvidеnсе of геnal disеasе. Vеt Radiol Ultгasound
Э3:286-29o' |992

9] Paivansalo МJ, Kallioinеn МJ, Мегikaпto JS, Jalovaara PK: Hypеr.
есhogеniс ..гings,' irr thе pегiphеry of rеnal mеdullary pyramids
as a sign of геnal disеasе J Сlin Ultгasound |9:283-2a7' |991

9.3 Baтг FJ, Pattеson MW, Luсkе VМ, Gitlbs С: llypеfсalсеmiс nеphгоp-
athу in thгее dogs: Soпogгaphiс appеaгanсе vеt Radiol 3o:1'69-
|1э, 19a7

Сlэ.Iptеr 6 . Аdult Аbdolniп'аl fЛtrаsoпogrаphу 359

94. Adams WH. Toal RL, Brеidеr МA: Ultrasonogгaphiс findings in
dogs and сats with оxalatе nеphгosis attIibutеd to еthylсnе glyсol
intoxiсation: 15 сasеs (l9s4_l9ss). J Aln vеt Mеd tssoс 199 192.
196. 799r.

95. Аndrеws FJ: oхalatе nеphгopathy in a horsе J Arn vеt Mеd Assoс
759:49-1\' 791с)

96 Robегts МС' Sеilег RJ: Rеnal failriге in a hoгsе with сhroпiс
glomегulonеphтitis and rеnal oxalosis J Еquinе Mеd Suгg 3:278-
28э' |979

97 Tеnrrant B' Bеttlrhеim I] Kanеko JJ: Pаradoxiс hypегсalсеmia and

hypophosphаtеmia assoсiatеd vzith сhгoniс rеnal failrrrе in hoгsеs

J Am vеt N4еd Assoс 180:630.634' 1982

98 BroЬst DЦ Lее HA, spеnсеr GR: Hypегсalсеmia and hypоphos-
phatеmia irr a maге with геnal insufflсiеnс1l J Am vеt Mеd Assoс
173:7370-7312, 1978

99. KotегЬa AМ, Сoffman JR: Aсutе and сhroпiс rепal disеasе in thе
horsе Сompеnd Сofltifl Еduс Pгaсt vеt 3:5461_S47o' 198l.

l00 Еhnеn SJ' Divеrs TJ, Gillеttе D, Rееf \.B: obstfuсtivе flеphrolithia-
sis and ulеtеrolithiasis assoсiatеd with сhroniс fеnal failuге in
horsеs: Еight сasеs (l981_19s7) J Am vеt Mrd Assос 197:249-
25э' \99o

l01 Hopс WD, Wilsoп JH' Hagег DA, сt al: Сhroniс геnal failuге
assoсiatеd with bilatеral nеphгoliths aпd ufеtегoliths in a two-
yеar-old Thoroughbгеd сolt вquiпе УеtJ 2|'|228-231, 1989.

102 неld JR 
.wright B, Hепton Jв: Pyеlonеphгitis assoсiatсd With fеnal

failuге in a hoгsе J Am vеt Меd Assoс 189:688_689, 1986.

1o3 Byaгs TD, SimpsoпJs, Divеrs TJ' еt al: Pегсutanеous nерhrostomу
iп shoгt-tегm managеmеnt of urеtегolithiasis and геnal dуsftlnсtion
in a flllr.. J Аm vеt Мrd Assoс 795 199-5o1' |989.

10-i Мaгсhaгg М{. Foеrnег lJ, Phillips TN, Baгсlay rй{P: Two mеthods
for thе trеаtmеnt of uгеtегolithiasis in a maге. vеt Srrg 13:95_98'

7981
105 Hillr'еr }1H. Мaiг TS, Luсkе \a4: Bilatегдl гепal саlсuli in an adult

hoгsе Еquinе vеt Еdllс 2:117-120, 1990
106 Divетs TJ: Nеphгolithiаsis and ufеtегolithiasis in hofsеs and thеir

assoсiation with rеnal disеasе and failuге Еquinе vеt J 21:161_

162^ r989.
107 Jaсkson oF: Rеflal сalсuli in a hoгsе. Vеt Rес 9|:7-9' 1972
108 нarfison GD, Billег DS' .Wilson DG, сastlеmen .WL: 

Ultгasono-
gгaphiс diagnosis of hydгonеphгosis in a сos.. vеt Radiol l]ltfa-
so]und э3:19_51, \992

109. Pugh СR, Sсhеlling СG, Моrеau RЕ, Goldеn D: Iatrogеniс геnal
pуеlесtasia in thе dog Vеt Rаdiol Ultfasound 35:50-51, \991

110 Fеlakai СS, Voгбs K' Fеfl}.vеs B: Lеsions of tЬе геnаl pеlvis and
proхimal uгеtеf in vaтiot-ls леphгo-urologiсal сoflditions: An ultгa-

soпographiс study. Vсt Radiоl Ultrasound 36:397-4О1' \991
l1l. Morin МЕ, Bakеr DA: Thе influеnсе of hуdгatiоn and bladdеr

distеntion on thе sonogЙphiс diagпosis of h}.dfonеphгosis J Clin
Ultrasonnd 7 :792-794, 1979

l12. Ramsеу G, Rothwеll TLW; Gibson K! еt al: Polусystiс kidnе], in
an adult hofsе Еquinе vеrl 79:213-244' |987

113. Bеftoflе lJ, Tгaub-Dargatz JL, Fеttman МJ, еt al: Мonitofing thс
progгеssion of геnal failuге in a hoтsе with polyсуstiс kidnеy
disеasе: Usе of thе гесiproсal of sеrum сгеatiniпе сonсеntfatiofl
and sodium sulfaпilatе сlеaranсе half timе J Am vеt Меd Assoс
791:565-568. 7987

l14 Andгеws FМ' Rosol fJ, Kohn сw еt al: Bilatегal геnal h1.poplasia
in four young hofsеs J Am vеt Меd Assoс 189:209-272' 1986.

115. Hamlеn H: Pyеlonеphгitis in a matuге gеlding with аn unusrral
urinary blаddеr foгеign body: A сasе геpoft J Еquinе Vеt sсi
731759-162, \993.

l16 Sloеt van oldruitеnЬоrgh-oostеrЬaan МM, Kalsbееk lIс: Utегopy-
сlonеphгitis in a Fгеisaп mafе vеt Rес 122:609-610' 1988

117. Divеrs fJ, Rееf \rB, Roby KA: Nеphrolithiasis rеsulting in intеImit-
tеnt uгеtегal obstruсtion in a сow. Сornеll Vеt 79:|43-749, |989

l18. Rumbaugh GЕ, Smith BR Сarlsоn GP: Intеfnal abdominal absсеssеs
in thе horsе: A study of 2' сasеs J Am vеt Mеd Assoс |72:3o2-
эo9' |978

119 HughеsJ! Bibеfstеin ЕL, Riсhaгds WPС: TWo сasеs of gеnеralizеd
Сorу'1еb сlсtеrium psеudotuberсиlos,s infесtion in maтеs. Coгnеll
Уеt 52:57-62' 7962

120 Blundеп As. Khalil LЕ lVеbЬon PМ: HаIiсеplэаlobus сlеIеtriх il1fеС-

tion jn a hoгsе. Еquiле Vеr J l9:255-260. Io8-
121 Rubin нс, .woodwaгdJС: Еquinе infесtiofls w|Ih MiСroпеmа delе-

triх J 
^m 

vеt Mеd Assoс 165:256_258' 1911.

Ve
tB

oo
ks

.ir



360 Сtlаptеr 6 . AdшIt Abсtomiп.|l Iлtrаsoпogrаpbу

122 Kеg PR, Мiгсk МH, Dik KJ, vos Jн: MiСronеш.7 dеlеtriх iflfесtion
in а Shеtland pony stallion Еqrrinе Vеt J 76:1]7-475, |984'

123 Alstad AD, Bегg JЕ' samuеl с: Dissеminatеd Miсronеmа dеlеtriх
infесtion in thе hoгsе J Am vеt Mеd Assoс 774:264-266,1979

124 Rtlgglеs AJ' Bеесh.I, Gilеttе DЕ, еt al: Dissеminatеd Hаliсepbаlo-
bus сlеletriх infесtion in a horsе J Am vеt Меd Assoс 2o3:55o-
552, 199з

125 Hasсhеk .wM, 
King Jl4, Tеnn1lпt BС: Pгimary rеnal сеll сarсinoma

in two horsеs J Am vеt Mеd Assoс 779:992-991, |98|
126 owеn RR, Haywood S' Kеlly DF: Сliniсal сoursе of гепal adеnoсar-

сinoma assoсiatrd with hуpегсupmеmia in a hогsе Yеt Rес
719:297-294^ l9a6

127 BеfЕ.Е.теn PС: Rеnаl adеnoсarсinoma irr a horsе J Am vеt Меd
Assoс 176:1252-1253' t980.

128 W.еst HJ, Kеllу Dц Ritсhiе HЕ: Rеnal сafсinomatosis in a horsе: A
сasе геPoft Еquilrе vеtJ 1'9:54a-55].,79a7

129 Ramirеz S, Sеalrorn TL: lJltгasonography as an aid in thе diagnosis
of геnal сеll сaгсinoma in a hoгsе Vеt Radiol Ultгasouпd 37:3a3-
386. 1996

130. I]rown PJ, Holt PЕ: Pгimaгу rеnal сеll сaгсinoma in four horsеs
Еquinе vеtJ 77 47Э-177' 19a5

131 .Woods PR, Faгfaf w! Сhaffln MK, сaгtеI GK: Mеtastatiс rеnal
adепoсarсinoma in a mulе Сornеl] Vеt 83:67-75' |993

132 Sегvantiе J, Magnol JB Rеgniет A, Lеsсuге F: Carсinoma of thе
rеnal pеlvis with bоny mеtaplasia in a hoгsе Еquinе vеt J 78:236-
238, 1986

133 Katldе J! Laсу GD: UltгаsoпogЙphy ifl геnal lymphoma. J Сlin
Ultrasoulrd 6:321 -323. 197 8.

134 Kaudе J! Joyсе PH: Еvaluation of аbdоminal lymphoma Ьy Llltm-
sound Gastroiпtеst Radiol 5:219-254, 798o

135. Kondе LJ' ]й/riglеy RH, Paтk RD, Lеbеl.|L: Sonogmplriс appеaгanсе
of lеnal nеоplasia in thе dog vеt Radiol 26:J4-8|, 7985

136. I,lainfossе MС' Dеlесoеullегiе G. Vital JL' еt al: 165 геnal сarсino-
mas: Aссt-raсy of imaging foг diagnosis and sprеad-сost еfIi-
сirnсy. ЕtшJ Radiol 3:132_137' |98э

l37 Yoviсh JV Duсharmе NG: Ruptrrrеd phеoсhromoс}toma in a marе
with сoliс. J Am Yеt Mесl Assoс |83 462-461' |98З

138 FLч AS, Мillег LD: Еqrriпе adгеnoсoftiсаl сaгсinoma with h)lpеfсal.
сеmia vеt Pathol 24:190_l92' 1987.

139 Duсkеtt WM, Snydеr JR, нarkеma JR, Caгlson GP: Funсtional
phеoсhromoсytoma in a hoгsе Сompеnd сontin Еduс Pfaсt vеt
9:1118-1121. 1987

l40 Van dеr KolkJн, Mafs MH, van dег Gaag I: Adгеnoсoгtiсal сaIсi-
пoma in a l2.-vеaг-old mafе vеt Rес 134:l13_l15,1991

1,i1 Gеlbегg H' Сoсkеrbеll GL, Minor RR: A light and еlесtfon miсfo-
sсopiс study of a normal adгеnal mеdulla and a phеoсhfomoс-v.
toma fгom a hoгsе vеt Patho| 76:395-104, 1979

|12. scafratt NИK, Satlndеrs GK: Сholеtitlriasis and tliliary obstrllсtion
in a hoгsе Сompеnd Сontin Еduс Pгaсt Vеt 7:5.128_5431, l985.

143 Tullеnеrs ЕI] Bесht JL, Riсhardson DW, Divегs TJ: сhоlеdoсholitho-
tripsy in a matе J Arп vеt Mеd Assoс 1i]6:1317_1319' 1985

144 Rollssеl AJ' Bесht JL, Adams SB: Сholеdoсholithiasis in a hoгsе
Сornеll Yеt 74:|66-|77. |984

1'15 Tгаntэ JL, Gгaпt BD, Rantanеn l$щ еt al: Strrgiсal rеmoval of
сholеliths in a hoгsе J Am vеt Mеd Assoс 182:J14-776, 7983

716 Уaп dет Lttег RJT, Kronеman J: Тhтее сasеs of сholеlithiasis afld
biliary flbгosis in thе horsе Еquinе vеt J 71:25|-25Э' 1982.

147 MсDоlе МG: Сholеlithiasis in a hofsе Еquinе PIaсt 2:37-4o, |98o
l.18. Sсhulz KS, simmoпs TR, Johnson R: Pгimary сholangiohеpatitis in

a hofsе сoгnеll vеt 80:35_40. 1990
149 Hollanсl PS' sсhmitz DG, Rеad W.K: Hrpatolithiasis in an Afabiаn

marе Еquiле Уеt l 2J:229-232' |991
15o Tmub JL, Rantanеn N' Rееd S' Sсhесtег L: Сholеlithiasis in fouг

hoгsеs J Aп Vеt Меd Assос 181:59-62, 1982
151. Lavеrty s, Pasсое JR' williams JW Frrnk KA: сholеlith сausinE.

duodеnal obstfuсtion in a horsе. J Am vеt Mеd Assoс 2О|:75|-
712 r qq2

152 Rееf\lB, Jolrnston JK, Divеrs TJ, еt al: Ultrasono€iгaphiс Irnсliпgs
in hofsеs with сholеlithiasis: Еight сasеs (1985-1987) J Аln vеt
Меd Assoс l96:1836-184o' 199o

153. Johnston JK, Divегs TJ, Rееf \.B, еt al: Сholеlithiasis in hoгsеs:
Tеn сasеs (1982_1986) J Аm vеt Меd Assoс |94:4О5-409, .|989

154 Gеrros TС' МсGuirk SM, Billеr DS, еt аl: Сlrolеdoсholithiasis attfib-
utablе to a forеigп bodу in a hoгsе. J Aл vеt Mес[ Assoс 2o2:3О7-
эoэ' 1993

155 KataIia RS, Vегma GP: IntЙhеpatiс stonеs iп a hoгsе Indian vеtJ
14:rO25-1,O29, \967

156 Durando MМ, МaсKay цJ, Stallег Gs, еt al: Sеptiс сholangiohеpa.
titis and сholangioсaгсinoma irr a horsе J Am vеt Меd Ass<lс
206:1018-1021.1995

l57 }4еssег N! Jоhnson PJ: Idiopathiс aсutе hеpatiс disеasе in hоrsеs:
12 сasеs (7982-7992) J Аm vеt Mеd Assoс 2О4:|934-1937' 1'994

l58 Rotlinson М, Gopinath С, Hughеs DL: l{istopathology of aсutе
hеpatitis in thе lrогsе. J сomp Pathol 85:111_l18, 1985

159 Есlеns LM, RobегtsonJL, Fеldman: Сhсllеstatiс hеpatopathy' thгom.
boс}topеnia and lymphopеnia assосiatеd with irоn toхiсity in а

Tlroroughbгеd gеlding. Еquinе vеtJ 25:8|-81' 1993
160 Divегs 'fJ, .Waгnег A, Vaala W.Е. еt al: Toхiс hеpatiс thiluте iп

nеwborn fbals J Am vеt Меd Assoс 12:1407-1.{r3' 1983
16l Divегs TJ, Swееnеy R, Aсl:rnd lIМ, еt al: Hеpatiс failurе in a thrее-

day-old fbal Сompеnd Сontin Еduс Pfaсt Vеt 5:5252_5258, 1983
162. Aсlапсl [IA, Мann PС, Robегtson JL, еt al: Toхiс hеpatopathу in

nronatаl foals vеt Pathol 27:3-9' 7984.
163 Мullanе'l' TR Bгown сМ: Ifon toхiсity in nеоnatal foals Еquinс

VеtJ 20:119_124.1988
16,1 Мullanеу TI] Brown СМ' Taуloг RF: Hеpatiс failtше in foals assoсi

atеd with oгal aсlministration of a digеstivе inoсulant. Am Assoс
vеt Lab DiagnosI 2О:2"1"!-22О, 7983

16i Gaгrеtt BJ. нoltafl D\ц Сhееkе PR' еt al: Еf1ъсts of diеtary supplе-
mеIrtation \Л/ith butylatеd hуdгoх-vanisolе, сystеinе, and vitamin B
on tansy гдgwolt (Sепeсio jасrэbеa) toхiсosis in poniеs. Am J vеt
Rеь 45:4s9-464' 198+,

166 Меndеl vЕ, !иitt MR, Gitsсlrеll BS, еt al: \ггolizidinе alkaloid-
induсеd livег disеasе in hoгsеs: Ал еaгly diagnosis J Am vеt Rеs
19:572-5Ja, 79AB

167 Сvsеwski SJ, Piет AС, BaеtZ АL, Сhеvillе NF: Еxpеrimеntal ес1uinе
alfatoхiсosis Toхiсol Appl Pharmaсol 65:354-365, 1'982

t68 Tеnnant BС, Еvans СD, sсhwaгtz LW; rt al: Еquinе hеpatiс insuffi.
сiеnсY. vеt сlin Nofth Ьm 3:279-289' 1'973

169 Vеst tIJ: сliniсal and pathologiсal studiеs in hoгsеs with hеpatiс
disеasе Еquinе VеtJ 28:146_156' |996

170 sсhotman AJн, Ntragеnaaг G: Н1.pегlipaеmia in poniеs Zь| Уеt
l,Iеd Assoс 76:7-7' |969

171 Rush Мooге B, Abood SK, Hinсhсliff H\v: tlypегlipеmia in 9
miniaturе hoгsеs and miniatuге donkе1.s J vеt Intегn Меd 8:376-
-181. 199,i

172 Godbег I,М, Brown СМ, Мullanеy TP: Polусystiс hеpatiс disеasе,
thofaсiс gгаnulaг се1l tumor and sесondary hvpегtтophiс ostеopa-
th). in a horsе Сoгnеll Уd aз:227-2t5' |99з

l73 Thompson RсA, Sm}th JD: Еqtlinе hydatidosis: A геviеw of thе
сLrгfеnt stxtrrs in Gгеat вfitain аnd thе геsults of an еpidеmiologiсal
suгvе1,. Yеt Parasitol 7:|07-727^ 7975

174 Diхon Jts, Bakег-smith JK, Gгеatoгех Jс: Thе iлсidеnсе of hydatid
сysts in Gfеat Bfitain Vеt Rес 93:255' 1973

171 Arima K, .iflatanaЬе S, Hiгabayashi S, еt al: Soпographiс diagnosis
of с1iffusе сhгoniс livеf disеasе сompaгison With pеIitonеosсopiс
findings PгoсJpn Soс Ultrasoniс Mеd 505_506, 1990

176. Gosnik BB, Lеmoп SK, Sсhеiblе .W, Lеоpold GR: AссLrгaсy of
ultгаsonography in diagnosis of hеpдtoсеlltrlaг disеasе Am J Rornt.
gеnol 133:l9_2з' |979

177 Kuftz A1]. Rubiп СS, Сoopег нs, еt al: Ultгasollfld Iindings in
hеpatitis Radiology 1.36:777 -723, 1.98o

178 JosеPh AЕA, Dеwbuг1, KС, Mсgtliге PG: Ultrasоund in thе dеtес.
tion of сhгoniс livеf disеasеs (thе ..blight livеr'') Bг J Radiol
52:184-188.1979

179 Gilеs СJ: Orrttlrеak of гagwort (.Sепeсiо .iасоbаеа) рoisofling in
hoгsеs вqllinе Уе| J |5:248-250' 1983

l80 Lim Jн' R}-u N' Ko Yt Lее Dн: Аnatomiс геlationship of irrtгahе-
patiс bilе duсts to poгtal vеins J Ultrasound Меd 9: l 37_ 1 43, 1 990

181 Gay СС, Sullivarr ND'.wilkinsonJS, еt al: ll)регlipaеmia in poniеs
Austг Vеt.J 

'1:459-462, 
7978

182 AсordaJA, Yamada H' Ghamsari sМ: Ultгasonogгaphiс fеaturеs of
difftlsе hеpatoсе]lulaт disoгdеrs ifl dairy сattlе vеt Radiol Ultra-
sounсl 35:196.200, 199.i

183 Fostеf KJ, Dеwbuгy KС, Gтi1fith Aн, .Wright R: Тhе aссuгaсy of
ultгasound in thе dеtесtioп of fatty inliltration of thе livеr Br J
R:a<liol 53:14O-412, r97 9

184 Aсoгda JA. Yamada H' Glramsari sМ: Еvaluatioп of fatt,v intiltтation
of thе livеf in daiгy сattlе through digital anal,vsis of hеpatiс
tlltгasonograms vеt Radiol L]ltгаsound 35:72О-723, |994

Ve
tB

oo
ks

.ir



t85 Sumino Y Yоshida N, Ishii М, еt al: ЕсhoЕ.raphiс diagnosis of livеr
disеasе Pгoс Jpn Sсlс Ultгasoniс \цеd 4)-16' |985

L86 Aсorda JA, Yаmada H' Ghamsaгi sM: Ultгasonography of fatty
inlrltration of thе livеI in daiгy сattlе using kidnеу-livеr сontmst
vеt Radiol U-ltfasouлd 35:4oo-1o1' 7991

t87 Lесhtеnbеrg Kл Nagагa,ia TG: Hеpatiс tlltгasоnography and lэlood
сhangеs in сattlе with ехреfimеntallу induсеd hеpatiс absсеssеs.
Am J vеt Rеs 52:8o1_809' 199l

l88 Itabishi T Yamamoto R' satoh М: Ultmsonogгam of hеpatiс absсеss
in сattlе inoсulatеd wiIh FusobаСtefiuп,I nеСrophoruШ lpn J Уet
Sсi,i9:585_592' 1987

189 Мaхson АD, .str'aсhira TМ, Zеvhlе ЕЕ, еt al: Thе usе of ttltтasound
to stlrdy thе prеvalеnсс of lr1.datid сysts in thе гight lung and livеf
of shееp and Е.oats in Ttrrkana, кеnya Iflt J Pafasitol 26:|315-
r338, 1996

l90 Еsfahani Е Rooholamini SA, Vеssаl K: Ultгasonograрhу of hеpatiс
h].datid сysts: Nеw сliagnоstiс signs J Ultгasound Меd 1:413-
450, 1988

191 нrrssаin S: Diagnostiс сfitеria of h).datid сyst disеasе on hеpatiс
sonog'гlrplrу' .| UItrаsuund Mеd l:60J_60-. lo8i

192 Nеufеld JL: Lymphosaгсoma in thе hoгsе: A ге\.iеw Сan vеt J
74:729-r35, r971

193 Сha1hrr мK, Sсhmitz DG' tsrumЬaugh Gw нall DG: Ultmsono-
gгaphiс сhaгaсtегistiсs of sp,lеniс aпd hеpatiс \.mphosaгсoma irr

thгее hoгsеs J Аm vеt Меd Assoс 207:713-747 ' 7992
194 Gеraldi S, Bегnardino МЕ' Jing B, Grееn B: Ultгаsoniс pаttе-гns of

hеpatiс lyпrphoma Radiology 736:127 -13|' 19aО
195 Nуland TG: Ultгasoniс pattеrns of сaninе hеpatiс l1'mphosaгсoma

vсt Radid 25:167.79a1
196 .whitеlеY MB, Fеепе)' DA' .Whitеlеr. I-o Haгdr- R\l: LltгasonG

graphiс appеaranсе of pгimaq and mеtastatiс сaninе hеpatiс
tumors: A rеvlеw of 48 сasеs J Llltгаsound }Iеd 8:621-6]0 1989

197 RoЬу KA. Bеесh JA, Bloom Jс. еt al: Hеpatoсеlluleг сaгсinoma
assoсiatеd With еfуthIoс}tosis arrd h.vpоglr.сепlia in a r еeгling fillr

J Am vеt Mеd Assoс L96:46'-467, 799(|

198. Slrеu J-с, сhеЛ D-S, SrrngJ-L, еt al: Hеpatoсеllular сaгсin<rma: ljS
еvolutiоn in thе еarlу stagе Radiologу 755:463-46i ' |985

199 PЙtег PЕ, Patton СS, Hеld JP: Plеrrгal еffllsioп геsulting tiom
malignant hерatoblastoma in a hoгsе J Am vеt Mеd Assoс 3:383_
385. 1989

200 Holm J, Jaсobsеn B: Aссtrraсy of d1.namiс ultгasonogг2tphу ifl thе
diagnosis of malignant livеr lеsions J t]ltfasotlnd Меd 5:l_ц, 1986

z01 stuttе H. Mtillег Pн, d,нoеdt B' Stгoеbеl W: Ultгasonogгaplriс
diagnosis of mеlaлoma mеtastasеs in livец gallbladсlец and splееn
J Ultг.rsorrnd Меd 8:541_547' 1989

202 Turnеf TA' Brown СA, wilson JH' еt al: неpatiс lobе toгsion as a
сausе оf сo-[iс in a horsе vеt Surg 22:30l-3o4' 1993

203 Btlonannо Aм, сaгson (;, Kantfowitz B: Сliniсal and diagnostiс
fеaturсs of portosYstеmiс shunt in a fоal J Arn vеt Мес1 Assос
192:387-389,198u

20,1 Мaгг сM, Lovе S, Piгiе HM: Сliniсal, ultтasonographiс and patho-
logiс ,tindings in a hoгsе with splеniс lymphosаrсoma and psеudo-
hvpегpaгathугoidism Еqrrinе Уеt I 21. :221 -226' 1 989

205 Nеufеld JL: Lymphosaгсoma iл a marе аnсl rеl.iеw of сasеs at thе
ontario vеtсгinary Сollеgе. сan vеt J 71''|49-|sз, 7973

206 BIowning AI,: Splеrriс \.mphоsaтсoma in a stallion assoсiatеd with
дn aсutе abdomiпаl сrisis vеt Rес l19:178_t79. 1986

207 Nуaсk B' Padmoге сL' Dunn D, еt al: Splелiс lуmphosaгсoma irr a
hoгsе Моd vеt Ргaсt 65:269-272' |981

208 Hanсе SR, Shiгoma JT' Bеftonе JJ: Ultfasonographiс diagnosis vеt
Radiol Ultrдsotrnd 33:101-102. 1992

209 Spiег S, Саr]son G! Nylaпd TG' еt al: Splеniс hеmatoma aлd
absсеss as a сausе of сhroniс wеight loss in a -[roтsе J Am vеt
Меd Assoс 189:557_559' 1986

210 мсGorum BС, Youпg LЕ, Мilnе ЕМ: Nonfhtal subсapsular haеma-
toma in a hoгsе Еquinе vеtJ 28:166_168, 1996

2l 1 stеinеfJv: Splепiс ruptufе in a horsе Еquiflе Pгaсt 3:37_38' t981
212 Finnoссhio вJ: Splеniс fuptuге in a hoтsе vеt Меd/Smаll Anim

С|iл 66:233 ' 797 |
213 Dykе TM, Friеnds Sсв: Ruptuгеd splеniс haеmatoma in a marе

Еquinе vеtJ 20:138_140' 1988
2I1 Zhao Q: A сasе of haеrnatoma and гLlptllfе of thе splееn in a

mtllе Clrin J Vеt Mеd 8:27 ' 7982
2l5 Swan RA: Splеnitis in hoгsеs Aust vеtJ 14:159-161.' |968
2i6 Vaгra DL, Nеlson A.W: Primaгy splеnomеgаl1,in a hoгsе. J Arn \Iеt

Меd Ass<lс 168:608_609. 1967.

Сbаpter 6 . Ad,ult Аbdomiпаl (Лtrаso'.ogrа'phу 36t

217. sсott ЕA. Trapp AL, Dеrksеn FJ, еt al: Splеnomеgalу and splеniс
infaгсtion in a Stanсlaгdbrеd сolt. Еquinе Praсt 7f:l1+9_1556,
1978

2l8 нaгdiе ЕM, Vadеn SL, Spaulding K, Malarkеy DЕ: Splеniс iпfaгсtion
in 16 dogs: A fеtгospесtivе stud\.. J vеt Intегn Mеd 9:|1|-1'48,
r995

219 Sсhеlling сs' .W,ortman 
JA, Saurrdегs нМ: Ultfasoniс dеtесtion of

splеniс nесfosis in thе dog Vеt Radiol 29:227-233' 798a
220 Мittеlstaеdt сA, Paftain сL: Ultrasofliс-pathologiс сlassifiсation of

splеniс abnormalitiеs: Gгаy sсalе pattеrns. Radiologу |34:-6L)7-

705^ 1980
227 Сarriсk JB, Moгfis DD' }larmon BG, Fawzi M: Llеmatllгia and

wеight loss in a marе with panсfеatiс adепoсaгсinoma сornе,ll
Уеt82:9|-97, |992

222 Ftttt Мo, Robегtson JR: Two сasеs оf еquinе parrстеatiс disеasе
аnd a rеviеw of thе litеraturе Еquinе vеt Еduс 4:55_58' 1992

223 Kетt oN. Pеarson GR, Riсе DA: Panсгеatiс adеnoсarсinoma in a

donkе1r Еquinе Vеt l 71:338-339' 79a2.
224 Сhurсh s, 

.Wеst 
HJ, Bakеr JR: TWo сasеs of panсгсatiс adеnoсafсi-

noma iп lrorsеs Еquinе Уеtl1'977.79. 19a7
225 Shawkеr TH, Garra Bs, lIill Mс, еt al: Thе sPесtnrm of sоnogгaphiс

flnс1ings in Pаnсrеatiс сarсinoma J Ultгasound Меd i:l69_177,
1986

226 Bеrлaтd wЧ Rееf \|B, RеimегJN{. еt al: Llltrаsollogfaphiс diagflosis
of small-intеstiaal intrrssllsсерtion in thrее foals J Am vеt Mеd
Assoс 194:395_э97' 1989,

227 MсGladdегy AJ: Ultfasonography as aп aid to thе dia{.nosis of
еquinе сoliс Еquinе Vеt Ес1ltc 1:248-251' \992

228 Klohnеn A' Veсhon A, Fisсhеr AT: Diagflostiс ultгasonography of
thе еquiле aсutе abdomеn Pгoсееdings of thе 41st Annual Amегi
сen Assoсiation of Еquinе Pгaсtitionеrs 41:187-188' 1995.

229 Юohnеn -\ \hсhоn А.\{' Fisсhег AT: Usе of diagпostiс ultfasoflogгa-
ph\. in hoгsеs п'ith signs of aсutе abdomiпаl pain J Am vеt Mеd
Assoс 209:159--1601 1996

2J0 Saпtsсhi Е}{ Slonе DЕ. Еrank N}I: Usе of ultгasound in hoгsеs
foг diagnosis оf lеft doгsal displaсеmеnt оf thе laгgе сolon and
monitoгing its nonsurgiсal сoггесtion vеt Suгg 2,2:2a|-2a1' 7993

231 Tullеnеrs ЕP: Сompliсations of abdominoсеIrtеsis in thе l.roтsе J
Am vеt Mеd Assoс 182:232_234' 798э

232 Gift LJ, Gaughan ЕM, DеBowеs RM' еt al: Jеjuпal intussusсеptioп
in adult hoгsеs: 11 сдsеs (1981_1991) J Am Vеt меd Assoс
202'.770-172. 1993

233 Еdwaтds GB: Suгgiсal managеmеnt of intussusсерtion in thе horsе
Еqrfnе VеtJ 18:313-321, 1986'

234 Сolr|tеr МA' Tfеnt AМ: Jеjuпal intussusсеption аssoсiatеd with
lеiomyoma in an agеd hoгsе. J Am vеt Меd Assoс 182:819_821'
l 98з

23' Boultoп CH, .Williamson L: Сryptoсoссal granuloma assoсiatеd
with iеjunal intussusсеption in a horsе Еquinе vеt J 76:54a-557'
7984

236 Мontali С, Cгoсе t Dе Pгa L, Solbiati L: Iпtrrssusсеption of thе
bowеl: A nеw sonographiс pattегIr BгJ Radiol 56:627-623,7983.

237 sеibеrtJJ, 
.\Y.i1liamson 

SL, Golladay ЕS, еt al: Tlrе distеndеd gaslеss
abdomеn: A fеrtilе fiеld for ultгasound. J Ultrasoufld Mеd 5:301_
308, 1986.

238. Holt S, Samuеl Е: N4ultiplе сonсеfrtгiс fing sign in thе ttltгasono-
gгaphiс diagnosis of intussusсеption Gastгointеst Radiol 3:307_
зo9' 7978.

239 Praсros JP, Tг.rn.Minh vA, Moгin dе Fiпfе сн, еt al: Aсutе intеstinal
intussusсеption iп сhildrеn: сontribution of ultгasonography (r45
сasеs) Ann RaсIiol 30:525-530' 1987

24o. Shanbhoguе RL' Hussain SМ, Mегadji M, еt al: tJltrasorrogгaphy is
aссuratе еnough foг thе diagnosis of intussusсеption J Pеdiatr
Sl:rтg 2L):321-328, 1,991

241 GIeеt TRС: Ilеal intussusсеption in 16 young Thoroughbrеds
Еqllinе vеtJ 24:87-a3' 7992

212 Bdwxrds GB: obstгuсtion of thе ilеum irr thе holsе: A геpolt of
twеntу sеvеfl сliniсal сasеs Еqrrinе Vеt J 13:158_166' 198l.

243 Barc\aу 
.W! Phillips TN, Foеrnеr JJ: Intussusсеption assoсiatеd

with АnoРloсеpb.llа pеrfoliаt.] iпfесtion in fivе hoгsеs. J Am vеt
Mеd Assoс 1ao:152-753, 79a2

214. HaСkеIt Ms' нaсkеtt RP: Chгoniс ilеoсесal intussusсеptioп ifl
horsеs Сoтnеll vеt 79:353_361, 1989

245 Bоwегmдn RA, Silvеr TM, Jaffее Mн: Rеal-timе ultrasound diagno-
sis of intusslrsсеption iп сhildгеn Radiologу |13:527-529' |982

Ve
tB

oo
ks

.ir



362 Сhаpter 6 . AdшIt Аbd'omi,'.|l (лtrdso,logrаphу

246. SеibеrtlJ, williamson SL, Golladay ЕS, еt аl: Thе distелdеd gaslеss
atldomеn: A fетtilе fiеld for ultгasound. J UltЙsound Меd 5:30l_
308, 1986

247. Alеssi { Salеrno G: Thе ..haуfoгk,' sign in thе Ultгasoniс diagnosis
of intussusсерtion Gastfointеst Radiol 7О:|77-|79' |985.

248 Swisсhtй LЕ, Haydеn СK' Bouldеn T: Intussusсеption: Indiсations
for ultтasonograPhy and an ехplanation foг thе doughпut and
psеudokidnеy signs Pеdiatг Radiol 15:388_391, 1985

219 УеrЬaлсk JJ, Rutgееfts LJ, Doutеrlungе PH, еt аl: Sonogгaphiс
Pathologiс сofгrlatioп in intusslrsсеptioп of thе Ьowеl. J Сlin
Ultr:asound |4:39з-э97' |986.

250 Gaughaп ЕМ' tIaсkеtt RP: Сесoсoliс intussusсеption in hotsеs: 11
сasеs (1979_1989). J Am vеt Меd Assoс 197:1373 -1з75, 1990.

251 owеn RR, .Iaggaг Dw Qllan-Taylor R: Сесal iпtussusсеptiofl in
lrorsеs and thе signfiсanсе of Апoploсepljаh perfoliаtа Yеt Rес
721:31-47,79a9.

252 war<l JL, Fr-lЬini sL: Partial typhtесtomy and ilеoсolostomy foт
trеatmеnt of nonгеduсiblе сесoсoliс intussusсеption iп a hoгsе. J
Am vеt Mеd Assoс 205:325-328' 1991

253 Foеrnег lJ: Disеasеs of thе laгgе intеstinе: Diffегеntial diagnosis
and suгgiсal manaЕ.еmеflt vеt сlin North Am (Laгgе Animal Pгaсt)
4:729-116. 1982

254 Bilkslagеf AТ, Bоwman Ki Havеn ML, еt al: Pе<lunсulatеd lipоmas
as a сausе of intеstinal obstгuсtion in hoгsсs: 17 сasеs (1983_
1990). J Am vrt Mеd Assoс 201:1249-72'2, 7992

255 Еdwaгds GB, Proudman СJ: An analysis of 75 сasеs of intеstiflal
obstlllсtion сausесl by pеdlrnсulatеd lipomas. Еquinе vеtJ 26:18_
27. tL)91

256. Millеf Jн, KеmЬеrling сR: Ultгasourrd sсanпiпg of thе gastrointеsti-
flal tfaсt in сhildгеп: SuЬjесt геviеw Radiology 1'52677-6J7,
r981

257 Нсnanz-Sсhulman M, Gеniеsеr NB, Ambгosino M: Sonogгaphiс
diagnosis of ifitfamuгal duodеnal hеmatoma J Ultrasound Mеd
a:273-276. 7989.

218 l,ozniak П4-lr, Sсanlan KA' Yandow D, Mulligan G: сuггеnt status
of small-bowсl ultгasound Radiоlogе 3О:254-265, \99o.

259 Ptшсеll KL, Johnson РJ, ктееgеI JМ, W.itson DA: obstIuсtion
сausеd by 

^ 
Pуtbium iпsidiosцm gгanuloma in a marе. J Am vеt

Mеd Assoс 2О5:337-339' |994
260 Allison N, Gitlis JP: Еntегiс p)thiosis in a hoгsе J Am Vеt Mеd

Assoс 196:462_164, 1990
261 Btown сс, RobеIts ЕD: Intеstinal p}.thiosis in a hotsе Aust vеt J

65:88-89. 1988
262. Moltofl LD' MoIton DG, Bakег GJ, Gеldtlегg HB: Сhroniс еosino-

philiс еntегitis attfibutеd to Pуthium sp in a hoгsе Vеt Pathol
2a:542-544, 7997

263 TrauЬDargatzJL, Sсhulthеiss PС, Kipеr ML, еt al: Intеstiпal libгosis
With partial obstгuсtion in Iivе horsеs and two poniеs J Ал vеt
Меd Assoс 2o|:6О3-6o7' 7992

264. BarcLaу wI] МсСгaсkеn RJ, Phillips TN, еt al: Сhroniс nongranulо-
matous aгtегitis in sеYеn holsеs J Am vеt Mеd Assoс |9О:684-
686, 1987

265 Сhaffiп МK, FuеntеaЬla IС, ShoеmakегJ, еt al: Idiopathiс musсular
h1.pегtгophу of thе еquinе small intеstinе: 11 сasеs (1980_199l)
вquinе vеt J 24:372-378, 7992

266. Baid AN, Сohеn ND, Tфor Ts, еt al: Rеnоsplеniс еfltгapmеnt of
thе lагgе сolon in hoгsеs: 57 сasеs (1983-19ss) J Am Vеt Mеd
Assoс l98:1423 -7426' 7997

267 Sir,ula NJ: Rеnosplеniс еntfapmеnt of thе lafgе сolon iп hoгsеs:
33 сasеs (1981-198D J Aп vеt Меd Assoс 799:244-246, 7997

268 Bluе МG: Епtеroliths in horsеs-a rеtfospесtivе studу of 30 сasеs.
Еquinе Vеt J 7|:76-81' 7979

269. Fеrraro GL, Еvans DR, Tтunk DA, Robеfts TT: Mеdiсal and stlrgiсal
maflaЕ.еmепt of епtегoliths in еqtridaе. J Am vеt Меd Assoс
162:2О8-21o, \973.

270. Yvoгсhuk-St Jеan Kв' DеBowеs RN,{, Gift LJ, еt al: Tfiсhophуtobе-
Zoaf as a сausе of tгansvегsе сolon oЬstfuсtion in a foal Сornеli
Уф a3:|69-1'75, 7993

27l. МсСluге J! Kоbluk С, Yollег K, еt al: Fесalith impaсtion in fouf
miniatufе foals J Am vеt Меd Assoс 20o:205.207, 7992.

272 KгLstoffеtsеn J: Ilеus hos pon1.fol foгiтsagеt af hiгansamling i
сolon tеnuе. Dansk vеt Tidsskr 68:640' 1985

273. Tеллaлt B: Iпtеstinal obstгuсtioп in thе horsе-somе aspесts of
diffегеntial diagnosis in еquinе сoliс. Pгoсееdings of thе 27th
Аnnual Мееting of thе Amеriсan Assoсiation of Bquinе Pгaс-
titionеrs 27 :126-139, 7975

274 Bolеs СL, Kohn сw: Fibгous foгеign body impaсtioп сoliс in
young hoгsеs J An Vеt Mеd Assoс |77:|93-795,7977

275. Gaу СС, Spiеrs YС, сhгistiе BA' еt al: Forеign Llody obstfuсtion of
thе small сolon in siх horsеs. Еquinе VеtJ 7\:60-62, |979

276 B|tlе MG, lifittkopp Rw: Cliпiсal and stгuсtulal fеatuгеs of еquinе
еntеroliths J Am vеt Меd Assoс |79:79-82, 79a7

277 Spеirs YС, vaпVееnеndaаl С' сhristiе BA' еt al: oЬstruсtion of thе
small сoloп by intmmural haеmatoma in thrее Ьoгsеs Australian
vеtJ 

'7:88_90' 
1981.

278 Pеarson H, .W.аtеrman AЕ: SuЬmuсosal haеmatoma as a сausе of
obstIuсtion of thе small сolon in thе horsе: A геviеw of four
саsеs Еquiпе Уеt l |a:31О-311' 1986.

279. Nеwmап B, Giгdany BR: Gastriс triсhoЬеZoaгs-sonogгaphiс and
сomputеd tomoрцaphiс apPеala1rсе. Pеdiaff Radiol 2o:526-527,
1990.

280 MсСraсkеn s, Jongеwald R, Silvеr ТМ, еt al: Gastгiс triсhobеZoar:
Sonogгaphiс lrndings. Radiology 767 :|2| -724, |9a6.

281 Мalpani A, Ramaпi SK, .Wolvеrson MK: Rolе of sonography in
tгiсhobеzoars. J Ultгasorrnd Меd 7:661_663, 1988

282. Lorentzеn T Nolsoе СR Khattar SС' еt al: Gastlic and duodепal
wall thiсkеning on abdomiпal rrltгasonogгaphy. Positivе pгеdiсtivе
valuе. J Ultтasound Mеd 72:633-637, |993.

283 Tomooka Х onitsuka H, Goуa T, еt al: Ultfasoпogmphy of bеflign
gastгiс ulсеrs J Ultrasouпd Меd 8:513_517' 1989.

284. Rоsеnbегg ЕR, Мoгgan СL, Trotrght \x/.S, еt al: Thе ultmsoniс
гесognition of a gastгiс ulсrf. BrJ Radiol 56:365_366' 19s3

285. Ransсhaеrt в, Rigauts H: Сonfinеd gastriс prffoгation: Ultrаsourrd
and сomputеd tomogгaphiс diagnosis. AЬdom Imaging 18:318_
з|9' 199з

286. Tееlе RL: A dozеn ultгasonographiс donuts. Мt sinai J Mrd
57528-534. 1.981

247.

2AA

289.

)ao

29r.

)q)

2оз

)q4

2aч

)o6

)q-7

298.

)с)о

300.

30l

эo2.

.W.еldon AD, Rowland PH, RеЬhun \i7.С: Еmphysеmatolrs gastгitis
in a hoгsе Сornеll Vеt 81:51_58, 199r
Tоdhuntеr RJ, Еfb HN, Roth L: Gastliс fuptuге ilr hoгsеs: A геviсw
of 54 сasеs Еquinе VеtJ 7a:2aa-293, 79a6
Tеnпant B' Kеirn DR, Whitе KK, еt al: sLх сasеs of squamous сеl1
сalсinoma of thе stomaсh of thе horsе. Еquinе Vеt l 1.1:238-
24э' 7982
Меaghег DМ' u/hеat JD, Tеnnant BС, osЬurn BI: sqtramous сеll
сaгсinoma of thе еquinе stomaсh J Am vеt Меd Assoс 764:a7-
81. 1974
сotсhifl Е: Tumoгs of farm animals: A suгvеy of tumors ехamiпеd
at thе Royal vеtегinaгу Collеgе, London during 1950_1960. vеt
Р.ес 72:876-822. 796О
olsеn SN: Squamoцs сеll сarсinoma of thе еquinе stomaсh: A
геpoгt of 5 сasеs vеt Rес 13\:77О-77Э, |992
Bloom RA, Сгaсiun Е, Lеbеnsart PD, rt al: Thе Dltfasound aPpеaг-
anсеs of intfamural bowеl gas: Thе bright fing appеaгanсе and
thе еffегvеsсеnt bowеl A fеport of 3 сasеs Bг J Radiol 65:585-
588, 1.992.
Bеstег Rс, сoеtzеr JA.W: A сhгoпiс wasting syпdгomе in a holsеs
assoсiatеd with grаIrulomatous еntеfitis J S Afг Vеt Ass 49:3i1_
э5з' 1978
Сimpriсh RЕ: Еquinе gгаnulomatоus еIrtеritis vеt Pаthol 7|:535-
547. 1974.
мсfгitt Aм, Сimpгiсh RЕ, Bеесh J: Gгanulomatous еntеritis ifl
ninе hoгsеs J Am vеt Мrd Assoс 769:60з-609, 7976
Swееnеy R.Wi Swееnеy СR, Saik J: Сhгoniс granulomatous bоwеl
disеasе in thгее sibling hoгsеs J Am vеt Mеd Assoс 188:1192-
7194, 7989
ofsiniJA, ofsini PG, SеPsеy L, еt al: Intrstifial сarсinoid in a maге:
сoflsidегation for сhгoпiс сoliс in hoгsеs J Am vеt Mеd Assoс
193:87-88, 1988
Ramеy Dw Rеinегston ЕL: stгangulating lipoma and small intеsti
nal lеiomyoma in а horsе: A сasе fеpoft. Еquinе vеt Sсi 4:88_89,
7984
Baсh LG, Riсkеtts Sw: Paгaсепtеsis as an aid to thе diagnosis of
abdominal disеasе in thе hoгsе Еqtlinе Vеt J 6:|76-|21., 1974.
Сoffman JR' Tritsсhlеr LG: ЕхUdativе pеfitonitis iл two horsеs J
Am Vеt Меd Assoс 16o:871-872' 7972
Hawkins JR Bowman КЕ Robегts МC, Сowеn P: Pегitonitis in
hoгsеs: 67 сasеs (198'-1990)' J Am Yеt Мrd Assoс 203:28.1_288,
199з,

303 Dyson S: Rеviеw of 30 сasеs of pеfitonitis in thе hofsе Еquiпе
vеtJ 15:2'_3o' 1983

Ve
tB

oo
ks

.ir



j04 Мaiг TS, Hillyеr MH, Taуlor FGR: Pегitonitis in adrrlt hогsеs: A
геviеw of 21 сasеS vеt Rес 1'26:567-570' |990

jOi DipiеtIo JA, Boеro M, Bly R.W: Abdominal absсеss assoсiatеd with
Pаrаsсаris еquorum infесtion in д foal J Am Vеt Mеd Assoс
9:997-992, 1983

]06 Toеskе K, Lofstеdt J, Millег L' нoгnеy B: Dуsuгia and stfanЕ.uria
assoсiatеd with сoloniс u,lсеration and abdominal absсеss iп a

hoгsе Сan VсtJ 33:809-817' |992.
307 Taуlor TS, Мaгtin MT, МсМullan Ес: B}.pass suгgеtу foг ifitеstinal

oссltrding absсеssеs in thе еqtrinе: A геport of rwo сasеs Vеt Suгg
10:136-r38,1981

]08 Skidеll J: Rеsесtioгl of an iпtra.abdominal absсеss in thе hoгsе
tlsing a staрling tссhЛiquе Еquinе Vеt Еduс 8:14o-1+2' 1996.

.]09 Pfadеs M' Pе}'ton L, Pattio N, Langlois J: Srrгgiсal tfеatmеnt of an
abdсlminal absсеss bу marsup-ializаtion in thе hoгsе: A rеpoгt of
two сasеs Еquinе VеtJ 21':159-46|' 79a9

310 Hughеs Jц Bibегstеin ЕL: сhгoniс еquiпе aЬsсеssеs assoсiatеd
.svtth Сoц,'nеbасteriu,n psе,l]сlotuberсulosls J Am vеt меd Assoс
\з5.''59-562' 1959

]11 Kobliсk PD' Lofstеdt J' Jаkowski RM, Johnson KL: Usе of |lLIn

labеllеd alltologous lеukoс1tеs to imagе an abdominal absсеss in
a horsе J Am vеt Меd Assoс 186:1319-|з22' |985

312 Goldiпg RH' Li DK, Сoopегbеrg PL: Sonographiс dеmonstratioп
of air-fluid lеvеls iп аbdominal aЬsсеss. J Ultrasound Mеd 1:l51-
755. 7982

.]13 нansеlaеr JR' Nytand TG: Сhyklabdomеn аnd ultrasonographiс
dеtесtion of an intгa-abdominal absсеss in a foal J Am vеt Меd
Assос 183:1465 -7167' |98э

]14 Rееf \.B, .|onеs PA, I]еесlr J, еt al: Diagnostiс dilеmma сompеnd
Сontin Еdtlс Pгaсt vеt |5|92-9i' I99э

3l5 Еsplin DG, Taуloг JL: Hr'pегсalсепria iл e lrогsе s-itl-t h'mphоsаг-
сoma J Am Vеt Mеd Assoс 170:180-182. l9--

.316 Сonboу HS, Pоwеrs RD: Еquinе maligпant lrmphonra .I Am \tt
Mеd Assoс |59:53-5/+' 1971

J17 Firth ЕС: Urеtlrгal sphinсtегotomу foг dеlivец' of vеsiсal сalсulus
in thе marе: A сasе fеport Еquinе Vеt J s:99-100' 1976

]18 wfight JG, Nеat PA: Laparoсуstotomу for uгinaгy сalсulus in a

gеlding. vеt Rсс -2:30l_J03. l960
]19 Lowr JЕ: Surgiсal rсmoval of еquinе uroliths via tlrе laparoс1.s-

toтпу аpprоaсh J Аm vеt Mеd Assос 739345-318, |967
.]2O Rеmillaгd RL, Мodfansry PD' wеlkег FH, еt al: Diеtary manaЕ.r.

mеflt of сystiс сalсuli iп a hoгsе. J Еquinе Vеt Sсi 12:]59-J6},
1992

Сbаpter 6 . Аdult Аb.homiпаI fЛtr.lsonogrаpllу 363

321 .Wood T, \V.есkman TJ, Hеnгу PA, еt al: Еquinе trinе pH: Noгmal
populatiоn distгibutions and mеthods of aс:idifiсatiorr Еquinе vеt

I 22:71.8-121, 791)0

322. Rodgег LD, сaгlson GR Мoгan МЕ, еt al: Rеsolution of lеft rrгеtеral

stonе using еlесtгohуdrauliс lithotripsy in a Thoгollghbrеd сolt J
vеt Intегп Mеd 9:280_282' 1995.

323 lttz':sviak JS, Bain РТ, Slonе Г)Е' еt al: Unilatегal nеphгесtom). fO1

tгеatmеnt of сhroniс hеmatuгia duе to nеphгolithiasis in a сolt.
Сan Vеt.l 2993|-933. 1988

32,i. osbornе СA' Fahning МL, Sсhrrltz RH, Pегman V: Pегсutaflеous
гепal bioрsу in thе сow aпd tlrе horsе J Аm vеt Меd Assoс
153:563-57o, 7968

325 Baytу.WМ, Paгadis MR, Rееd SМ: Еquiле геnal biopsv: Indiсations'
tесhniс, intегргеtation and сompliсatioпs мodегn vеt Pгaсt

61.:763-768, \99o
]26 Мodгaпs\. PD: Llltгasolrnсt-guidеd rсnal atrd l.rеpаtiс biops'v tесh-

niqriеs. Vеt сlin Noгth Am (Еqrrinе Praсt) 2:].15_125' 1986

э27. Baffltt.Boуеs SM, Spеnslеy MS. Nylanсl TG. olandег нJ: Llltгasound
loсalization and guidanсе foг rеnal biopsy in thе hoIsе vеt Radiol
)2:721.-726, 799r

328 Allеn JK, Kгamеf R.W: Еnhanсеd sоnographiс visualization of bi-
opsу nееdlсs. Vеt Radiol Ultгasound 34:359-360' 7993

329 Hoppе FЕ, llagег DA' Poulos PW, еt al: A сompaгison оf maпual
and automatiс ultгasound-gllidеd biopsy tссhпiquеs vеt Radiol
U|tгasоund 2-:99_l0l, Iq86

330 Gibbons wJ: Еquinе livеr biopsу tесhniquе. l4od vеt Pfa'Сt 4':72-
74, 1980

331 Pеaгson ЕG. сraig AМ: Thе diagnosis of llvеr disеasе iп еquinе
and foоd animals Мod vеt Pfaсt 6|:23э-2з7,198|.'

]]2 L6r-еillё R. PaгtinЕiton Bц Billег DS; Мi-vabayashi T: сompliсations
аftег ultгasound-guidеd Ьiops1. of аbdсlminal strtlсtlrrеs in dtlgs
аtrd сats: 2.i6 сasеs (19s.t_1991) -i Ал vеt Mесl Assoс 203:4|3.
-115. 1991

333 кgg DL. Rеinеrtson ЕL Buttгiсk }IL: А tесhniquе foг еlесtivе
splеnесtom\' of еquidaе using a tгaпsthoгaсiс appгoaсh Vеt SLlIg

16:389-391,1987
334 Go||ald LС, Hodgson DR, Hodgsсlп JL. еt al: Pегitonitis assoсi:rtеd

withАctinobаcillus еquuli in hoгsеs: li сasеs (1982_1992) J Am
vеt Mеd Assoс 205:34o-э13, 1994

331. GoldJi Сanizaro R Kazam Е, еt al: Thе rеliabiliq, of thе rеsults of
u]tгasound dеtесtion of fluid сollесtiofis in thе еaгlY postopеfativе
pегiod Surg Gynесol obstеt 161:5_8, 1985

Ve
tB

oo
ks

.ir



sеdation. Thе usе of warm Watеf foг washing thе abdo-
mеn prior to thе appliсation of warm trltrasound сoupling
gеl is bеttег tolеratеd by tlrе foal.

Anаtomy

Umbiliсal Remnants and Bladder

Thс intегnal umbiliсal fеmnant struсtllrеs aге small and
lсlсatеd l.еrv сlosе to thе skin suгfaсе (Fig 7_2).,'.],5. -.9 ]o

Tlrе r'rmbiliс:rl r.еin tfanspofts blсlod fгom thе plaсеnta to
tlrе fеtal livеr. Thе umbiliсal vеin runs along thе midlinе
to tlrе livег and bесomеs thс round ligamеnt of thе livеr
part of thе fhlсiform ligamеnt.]., ' 3. Tltе r.rmbiliсal artеr.
iеs transpoгt blood from thе intеrnal iliaс aгtегiеs of thе
fеtlls to thе plaсеnta and bесomе thе rorrnd ligamеnts of
thе bladdец stlspеnding thе bladdеr in tlrе pеritonеal
сavity.r 2, 

', 
з1 Thе rtraсhus tfansports urinе from thе fеtal

bladdеr to thе allantoiс сlrvit1r Aftеr birth thе uгaсhus
fеtfaсts anсl bесomеs thе mеdian ligamеnt of thе
bladdеr.5.]a Thе uraсhus normally сlosеs throughotrt its
lеngth aftеr biгtlr, lеaving a rottnd to oval bladdеr apеx.
Thе bladdеr is adjaсеnt to thе vеntral abdominal wall for
4 to 8 wееks aftеr birth, fbllowing whiсlr thе largе сo1orr
is intеrspеrsеd bеtwееn thе bladdеr and thе vсntгal ab.
dominal wall.l ] 9 ]o Thе trigonе геg;ion of thе bladdеr is
loсatеd just сaudal to thr pеlviс brim and is сontinuous
with thе pеlviс uгеthra. Thе urеtеfs еntеr thе doгsal
latеral rеgion of tlrе bladdеf nеaf thе bladdег nесk.

Kidneуs

Thе right kidnеy is loсatеd morе сгanially in thе abdomеn
and сan usuall1, bе found in thе rеtгopегitonеal spaсе ].Llst
bеnеath thе abdominal wall and immеdiatеly vеntral to
thе transvсrsе pfoсеssеs bеtwееn thе fourtееnth and sk-
tееnth intеrсostal spaсеs (IСS) at thе lеvеl of thе tubеr
сoхaе.9-., 19, ]5 J8 Thе сranial polе of thе гight kidnеy sits
in thе rеnal tbssa of thе livеr and liеs dеео to thе dia-

P,аiа,tric Abdorninаl
UltrаsОnОgrаpbу

Ultгasonogгaphy was lirst usеd in tlrе еquinе nсonatе for
thе diagnosis of intеrnal umbiliсal геmnent infесtions and
has sinсе bееn usеd for thе diagnosis of a widе variеty
of foal disеasеs.l-зr Abdominal ultrasonography has dеvеl-
opеd inсrеasing importanсе as a diagnostiс tесhniquе
bесat.rsе it is nсlninvasivе and is usuall1, wеll tolеratеd by
thе nеonatal or olсlеr fсlal. Abnоrmalitiеs of thе еqr'rinе
nеonatе-in paftiсLllaц infесtion of thе intегnal umbiliсal
fеmnant stflrсtufrs, uropеritonеum and gastrointеstinal
disordеrs-lеnd thеmsеlvеs rеadil1. to ultгasonographiс
invеstigation.l 6 a-26,28.29 .rl Ultг.sonographiс еvaluation of
thе abdonrinal organs is ехtrеmеly usеflll in foals, as othеr
diagnostiс tесhniqtlеs aге oftеn not appliсablе oп,ing to
thе largе size of thе еquinе abdomеn.8-l2 r+-16 19 з0-]] Thе
smallеr sizе of thе fbal abdomеn, thе сlosе prсlхimitv сlf
many imagеablе strllсtl'lгеs (intеrnal umbiliсal rrmnants,
bladdец gastrointеstinal r,isсегa, abdonrinal organs), and
tlrе highеr inсidеnсе of small intеstinal disеasеs, сom-
parеd with thе adult horsе, makе thе foal an idеal patiеnt
for abdominal ultrasonographl..

EXAMlNAтl0N тEсHNl0UE

Patient Preparation

For ultrasonogгaphiс ехamination of thе foal abdomеn,
thr еntirе vеntfal abdomеn from thе хiphoid сaudally to
thе ingtrinal геgion should bе sr'rгgiсally сlippеd with a
No. 40 сlippеr bladе (Fig. 7-I\.9-|i Thе latегal sidеs of
thе abdomеn and paгalumbar fossa vеntral to a diagonal
linе fгom thе tubег сoхar to thе еlbow should also bе
inсludеd. For ultrasonogгaphiс ехamination of thе intеr-
nal umbiliсal rеmnants and/ot bladdег. thе vеntral abdo-
mеn should bе sr'rgiсally сlippеd from thе хiphoid to thе
pubis for a width of approхimatеIу zi сm (Fig. 7_11.t .t ;
8 lo 26 Thr еntifе arеa aгound and inсluding thе ехtеrnal
umbiliсal fеmnant should bе surgiсally сlippеd if tlrе
intегnal aлd/or ехtеrnal umbiliсal stгuсttlfеs aге to bе
еvallratеd. Thс сlipping of thе vеntral abdomеn is not
wеll likеd, bllt most foals tolегatе thе сlipping without
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Figure 7-1
Diagram of thе сlippеd аrеa on thе foal's vеntfal aЬdorпеп fot tl (А) umbiliсal oг bladdеr oг (B) gеnеral abdominal ultгasonographiс ехamination
l. Тhе darkеr shadеd arеa геprеsеnts thе aгеa that should Ье сlipреd to ехаminе thе intеfnal umЬiliсal гсmпaпts and thе bladdег
B Thе lightеr shadеd aгеa геpгеsеnts thе additional arеa that shorrld tlе сlippеd to ехaminе thе еntirе vеntral aЬdomеn of thе foal.

Figure 7-2
Diagгam of thе loсation of thе nor-
mal intеmal umbiliсal rеmnants in
а nеonatal foal Tlrе сгanial linе
геpгеsеnts thе sсan planе thгough
Б.hiсh thе umЬiliсal vеin is mеa-
s.rшеd сгanial to thе ехtегnal umbil-
iсal геmnant (A.) and сaudal to thе
lir.ег (A.) Thе mjdсtlе linе @) rеp-
геsеnts thе sсаn planе thгough
s hiсh thе umЬiliсal aгtеriеs and
t.ttе uгaсhus aге mеasuгеd at thе
аpсх оf thе bladdеr (Bl). Thе сau.
dз] linе (с) геpгсsеrrts thе sсan
planе through whiсh thе umtliliсal
дпегiеs arе mrasurеd alongsidе thе
bladdег L' Livег.
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phragm. Thе duodеnum сolrfsеs vеntrally around thr
сattdal polе of thе right kidnеy, and thе сесum is imagеd
vеntral and сalldal to thе ri8ht kidnеy and thе dtlodеnum.
Thе lеft kidnеy is loсatеd farthеr сalldally and vеntrally
in thе abdomеn and is usually found in thе sеvеntееnth
IСS and thе paгalumbar fossa bеtwrеn a linе parallеl to
thе tubеr сoxaе and thе tubеr isсhii.9 12' 19,35 r8 Thе lеft
kidnеy liеs mеdial to thе splееn in thс lеft сaudal abdo-
mеn. Thе сaudal vrna сava aлd aorta liе mеdial to thе
lеft and right kidnеуs along thс vеntral aspесt of thе
dorsal midlinе.

Liver

Thе livеr ехtеnds fгom thе sixth of sеvеnth IСS on thе
гight sidе of thе abdomеn to thе fouftееnth or fiftееnth
IСS; thе lеft lobе of thе livеr is smallеr and usually еx-
tеnds fгom thе siхth to thе ninth IСS vеntral to thе lung
fiеld.9 .2' 19' ]7 Thе livеr is immеdiatеly adjaсеnt to and
сaudal to thе diaphragm. Thе гight dorsal сolon is dееp
to thе livеr on thе right sidе of thе abdomеn, with thе
duodеnum bеtwееn thе right dorsal сolon and livег in
thе сгanial to mid poгtion of thе abdomеn. Thе right
kidnеy is сaudal and latеral to thе сaudatе pгoсеss of thе
right lobе of thе livеr. on thе lеft sidс of thе abdomеn,
thе splсеn is loсatеd mеdial to thе livег bеginning at
approхimatеly thе еighth IСS. Thе nеonatal foal livеr is
r'rsually in сontaсt with thе сfanial vеntfal abdomеn for
thе liгst 4 to 8 п'ееks of 1ifе.9 '2

Spleen

Thе splееn is variablе in sizе btrt rrsually еxtеnds along
thе lеft atldominal wall from thе еighth or ninth IСS to
thе sеvеntееnth IсS or paraltrmbar fossa.9 12 ]r Thе splееn
is immеdiatеly adjaсеnt to thе diaphгagm and lеft body
wall in thе mid and сaudal abdomеn and mеdial to thе
livеr in thе lеft сranial abdomеn. Thе сгanial polе of thе
splееn сan oссasionally bе found latегal to thе livеr or in
thе гight сгaniovеntral abdomеn in a small pеrсеntagе of
normal foals. Thе lеft doгsal сolon is loсatеd mеdial to
thе splееn. Vеntral to thе splееn is thе lеft dorsal andloг
lеft vеntral сolon.

G astro i nlesli na l V i sс e ra

Thе foal's stomaсh is loсatеd mеdial to thе splееn along
thе lеft abdominal wall ttom thе еighth or ninth to thе
twеlfth or thirtееnth IСS and is oftеn in сontaсt with thе
сranial vеntгal abdomеn in thе nеonatе. but not in thе
adult horsе.ro' r9 Thе stomaсh is adjaсеnt to thе splееn at
thе lеvеl of thе splеniс vеin.l9 Thе drrodеnum is imagеd
around thе vеntral and сaudal aspесts of thе right lobе
of thе livеr and thе сaudal polе of thе right kidnеy. Thе
duodеnum is loсatеd bеtwееn thе livеr and thе гight
dorsal сolon fгom thе pylorus (loсatеd in thе pгoximal
to mid poгtion of thе right sidе of thе abdomеn) to thе
mid to сaudal abdomеn.'9'з9 Thе duodеnum thеn сoufsеs
сaudodorsally to thе сaudal polе of thе right kidnеy and

liеs bеtтvееn thе livеr and thе сесLlm..9 Small intеstinе
(jеjunum) is oftеn in сontaсt чrith thе vеntral abdominal
wall at thе foal's midlinе oг slightly to thе lеft of midlinе
in thе umbiliсal rеgion, whеrеas largе сolon is in сontaсt
with thе rеmaindеr of thе vеntгal abdomеn in thе foal.
Small сolon сan bе found dorsal to thе urinarv bladdеr

Sсanпing Teсhnique

Thе ехamination of thе intеrnal trmbiliсal rеmnants, blad-
dец and gastгointеstinal visсегa should bеgin with a 7.5-
1O.o-МHz tfansduсеf сontaining a built-in fluid offsеt or
using a hand-hеld standoff pad and a displayеd dеpth of
4 to 6 сm.l 6 r0' |2. |1' 26 A standard 7.5-МIlz transduсеr
should thеn bе usеd to furthеr еvallratе thеsе stfuсtlrfеs
if thеге is massivе еnlargеmецt of thе intеrnal umbiliсal
геmnants, a|atgе umbiliсal hеrnia, of thе bladdеr has not
bееn ехaminеd in its еntirеt1rlo'26 A standard 7.5-МHz
transduсег or a widе bandwidth 6.0-MHz miсroсonvеx
|ineat arraу transduсец followеd by a 5.0-MHz transduсеr,
should bе usеd to thoгoughly еvaluatе all thе imagеablе
gastrointеstinal visсеra for optimal imagе quality.l0' 14 Thr
highеst-frеquеnсy transduсеr that pеnеtratеs to thе afеa
undеr invеstigation should bе sеlесtеd and thе smallеst
dеpth of flеld nесеssary shorrld bе displayеd.

Thе dorsal (сranial to сaudal sсan planе from thе гight
or lеft sidе of thе abdomеn) sсan-planс oriеntation should
display thе сranial aspесt of thе abdomеn on thr гight
sidе of thе sсrееn and thе сaudal aspесt of thе abdomеn
on thе lеft sidе of thе Sсfееn. Thе sagittal (сranial to
сaudal sсan planе from thе vеntral aspесt to thе abdo-
mеn) sсan planе should bе displayсd чlith thе сranial
aspесt of thе abdomеn on thе гight sidе of thе sсrееn
and thе сaudal aspесt of thе abdomеn on thе lеft sidе
of thе sсrееn. Thе lеft tfansvеrsе sсan-planе oriеntation
should display thе vеntral aspесt of thе aLldomеn on thе
lеft sidе of thе sсrееn and thе dorsal aspесt on thе right
sidе. Thе vеntral transvеfsе sсan-planе oriеntation should
display thе right sidе of thе abdomеn on thе lеft sidе of
thе sсгееn and thе lсft sidе of thе abdomеn on thе
right sidе of thе sсfееn. Thе right tfansvеfsе sсan-planе
oriеntation should display thе dorsal aspесt of thе abdo-
mеn on thе right sidе of thс sсrееn and thе vеntral aspесt
of thе abdomеn on thе lеft sidе of thе sсrееn.

Thе foal is usually ехaminеd unsеdatеd, but sеdation
may bе usеd to makе an intгaсtablе foal morе managе-
ablе. Thе ultгasonographiс ехamination of thе tlmbiliсus
is most еasily pегformеd in thе awakе, standing foal whеn
thе intеrnal umbiliсal fеmnants arе lying on thе vеntral
midlinе., .., Thе intеrnal umbiliсal rrmnants afе most
еasily fotrnd in this loсation by thе noviсе ultrasonogra-
phеr. In thе гесumbеnt foal, thе umbiliсal artеriеs and
uгaсhus, and to a lсssеr еxtеnt thе umbiliсal vеin, fall
away from thе midlinе towaгd thе most vеntral poftion
of thе abdomеn. This position makеs thеm morе difliсult
to flnd and follow sonogгaphiсally owing to thе fеmnants'
small sizе in thе normal foal. Thе ultгasonogгaphiс еxami-
nation of thе bladdеr is most еasily pеrformеd in thе
standing foal bесausе thе wеight of thе urinе within thе
bladdеr positions thе bladdеr against thе floor of thе
Yеntfal abdomеn and displaсеs gas-Iillеd laгgе bowеl, paг-
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_-.-la in o1с1ег foals. Thе bladdеr falls vеntrally, away
lhе пridlirrе. in thе гесumbеnt foal but is геlativеly

. : loсatе bесatrsе of its sizе and shapе.
г ultгasonographiс сxamination of thе gastгointеsti-

.-. -]>ссГa rnust bе donе from thе most vеntгal portion
с зbdonrеn and thеrеforе is also most еasily pеf-

--с.l Lгl thе standing foal..o. l] 15 If thе foal is rесumbеnt,.: :;:Iгointеstina1 visсеra should bе sсannеd from thе
: ..:]т]lost portion of thе abdomеn. This rеqtliгеs prop-

. l.. .hс tbal's thoraх arrd pеlvis ttp with а pillow, mat-
]\: )г somеthiflg similar so that thе transduсеf сan bе

_ --: . j\ егеd bеnеath thе foal whilе thе foal is rесtlmbеnt

-.тltiliсal Bemnants

-: ulтгasorrographiс ехamination of thе umtliliсtts. lJ Lnсltrdе a сomplеtе sonographiс еvaluation of thе
---:]n.ll and ехtеtnal trmbiliсal tеmnants. Thе ехtегnal
_lbrliсal tеmflaпt slrotrld 1эе sсannеd in its еntiгеtr' and
inr еnlargеd struсtufеs idеntitrеd. Tlrе unrbiliсel vеin
should bе sсannеd in thе tгansvеrsе planе tгom its сaudal
с\tеnt in thе еxtегnal umbiliсal rеmnant tlp to tlrе lir-ег.]
- . Меasufеmеnts of thе diamеtеr of tirе r:mbiliсai r еirr
slrould bе madе immеdiatеl1' сranial to thе ехtегtlal геln-
nant and just сaudal to thе livег (Fig. .-2). as rr-е11 as

ant.whеrе еnlargеmеnt or othеf :rbnoгma1itiеs of tlrе шnr-

biliсal vеin arе dеtесtеd.2-6 Thе unrbiliсal l-еirr сan alsсl
bе sсannсd in thе sagittal sсan planе, btrt thе vеssеl is
muсh morе diffiсult to follow in this sсan planе. Thе
umbiliсal artеriеs and thе uraсhus should bе sсannеd in
thе tfansvегsе planе frоm thеiг сranial еxtеnt in thе
еxtеrnal umbiliсal rеmnant to thе bladdеr apех., 3 5 Thе
urntliliсal aгtеriеs and thе uraсhus slrould bе mеastшеd
togеthеf just сfanial to thе apех of thе bladdеr (Fig.
-_2).,, ] 5'6 Both horizontal and vеrtiсal diamеtеrs shotrld
bе obtainеd' Thе uraсhr-rs shoulсl also bе ехaminеd in thе
sagittal sсan planе looking for a rrraсhal divеrtiсulum or
Patеnt uraсhus. Thе umbiliсal artсгiеs slrould also bе
followеd individuallу along thе latеral sidеs of thе bladdеr
as far сaudall]. as possiblе.2.J 5 Mеasurеmеnts of thе diam-
еtеr of thе umbiliсal artеriеs should bе madе along thс
latеral aspесts of thе bladdег as сlosе to thе iliaс aftеriеs
as possiblе (Fig.7-2)., ] 6 Тhе adjaсеnt strtrсtuгеs (blad-
dец livец and suггounding gastrointеstinal visсеra) should
also bе сarеftrlly ехaminеd whilе sсanning thе intеrnal
umbiliсal fеmnants.

Urinarу Bladder

Т1rе ultrasonographiс еvaluation of thе foal's bladdеr
should inсludе a thofough еvalrration of thе uraсhus. T1rе
bladdеr should bе sсannеd in tгansvеrsе and sagittal sсan
planеs from thе vеntfal abdomеn, сarеflllly еvalllatin1] thе
bladdег apех, bladdеr wall, ltraсhus, and rеtгopеritсlnеal
aгеa, еspесially around thс umbiliсus.a 12 26 Thе есhogеni-
сit1. of thе uгinе within tlrе bladdеr should bе assеssеd
and thе bladdеr should bе сarеfull1. imagеd foг сalсuli oг
Othrf abnofmal сontеnts. Sonographiс еvaluation of tlrе
uгеthra shotrld also bе pеrfoгmеd if uгеthral obstruсtion
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is suspесtеd. Tlrе urеtеrs and thе urеtеral opеnings into
thе bladdеr afе not normally visiblе sonogгaphiсally.

Kidneуs

Ultfasonogfaplriс еvaluation of thе foal's kidnеys сan bе
pеrformеd from thе lеft and right body walls, as in adult
hoгsеs, and, in man)I nеonatеs, from thе vеntгal abdomi-
nal window as wеll. Thе right kidnе1, slrould bе sсannеd
from thе right sidе of thе abdomеn in thе fourtееnth to
siхtееnth lCS usirrg l -'5-MHz or 6.o-tгansdtlсег in nеo-
natеs. A 5.0-MHz transduсеr ma1, bе nееdеd in oldег
foals.9 .,.]6 Thе lеft kidnеy should bе sсannеd fiom thе
lеft sidе of thе abdomеn in thе sеvеntееnth IСS and
paralumbar fossa trsing a 7 .5-, 6.О-, or 5.O-MHz transduсеf
in nеonatеs and a 5.0- or 3.5-MHz transduсеr in oldеr
foals.9 12 J6 Thе sanrе transduсеr may bе usеd to ехaminе
thе kidnеys from thе vеntral abdominal п.indow at, of
сar-rdal to, ttrе r-rmbiliсtrs in tlrе nеonatal foal. Thе kidnеуs
shoulс1 Ье sсannеd in tlrе dotsal sсan р\anе (ftom thе
dorsolatеral abdomеn) and in thе transvеrsе sсan planе
(tslo mlrtually pегpеnсliсular planеs). In nеonatеs, thе
kidnеr-s сan also bе sсannес1 fгom thе parasagittal sсan
plenе (fгonr thе r'еntral abdomеn)

Livеr

onlу a poгtion of thе livеr сan bе imagеd sonogгaphiсall1,
in thе horsе. butt morе is visiblе in tlrе foal tlran in thе
adult. Thе еntirе imagеablе part of thе livег should bс
еvaluatеd trltrasonogгaphiсally vеntгal to thе vеntfalmost
ехtеnt of thе lung along thе гight sidе of tlrе abсlomеn
from thе siхth to thе flftееnth IСS and along thе lеft siсlе
of thе сranial vеntral abdomеn from tlrе siхth to thс
ninth IСS.9 ., Thс сranial vеntral portion of thе abdomеn
should also bе ехaminеd ultгasonographiсall1., paftiсLilafly
in nеonatal foals' as thе livеr сan also bе еvaltlatеd from
this window (сaudal to thе хiphoid) for thе flгst 4 to 8
wееks of lif.е. A 7.5-10.0-MHz transduсеr will produсе
optimal imagеs of thе nеonatal livеr. A 5'0-6.0-MHz tfans-
dtrсеr ma1, bе nееdеd in oldеr foals to imagе all tlrе
hеpatiс parеnсlryma. Thе livег should bе sсannеd in tw<l
mtrtually pеrpеndiсulaг planеs (dorsal and transvеrsе). In
nеonatal foals. thе livеr shotrld also bе sсannеd in thе
sagittal and parasаgitt:rl sсan planеs.

Spleen

Thе splееn is found along thе lеft sidе of thе abdomеrr
adiaсеnt to thе body wall from thе еighth or ninth IСS
(сranial polе) to thе sеvеntееnth IсS or paгalumtlaг fossa
(tail or сauсlal polе of thе splееn).9' l0 Thе splееn is fotrnd
morе dorsally in thе сaudal abdomеn, latеral to thе lеft
kidnеy. Thе splееn is loсatеd mofе vеntrally and is oссa-
sionally fottnd aсross tlrе midlinе in thе right сranial
vеntral abdomеn in a small pеfсеntagе of noгmal foals. A
7.5-10.0-МI{z tfansduсег shotrld bе sеlесtеd in nеonatal
foals whеrеas a 5'0_6.0-MHz transdtrсеf ma)I bс nееdеd
to imagе thе еntirе splееn in oldеr foals. Thе splееn
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should bе sсannеd in thе dorsal and tfansvеfsе sсall
planеs as wеll as in thе sagittal and pafasagittal sсan
planеs, loсation of thе splееn pеrmitting.

G aslro i ntеsti n a l V i sсe ra

Thе stomaсh is loсatсd mеdial to thе splееn in thе сranial
and mid portions of thе lеft sidе of thе abdomеn. Thе
fundtrs of thе stomaсh is loсatеd at thе lеvеl of thе
splеniс vеin.19 Thе stomaсh is also еasily imagеd in thе
nеonatal foal immеdiatе\. сaudal to thе livеr along thе
floor of thе сranial vеntral abdomсn.1.' ll 11 Thе duodе-
num is imagеablе mеdial to thе vеntfal and сaudal aspесt
of thе right lobе of thе livеr сoursing сaudodorsally
aгound thе сaudal polе of thе right kidnеy. In thе nеo-
natе, thе jеjtrnum is usually imagеd from thе vеntгal
abdominal window in thе геgion of thе umbiliсtrs or
slightly сaudal to thе trmbiliсus. Jеjtrnum may not bе
visiblе in thе oldеr foal owing to thе intеrposеd largе
сolon. Thе ilеum is rarеly imagеd in thе normal foal. Thе
largе сolon is normally visiblе throughout thе majority of
thе abdomеn along both body walls and along thе vеntгal
abdomеn, with thе сесLlm bеing imagеd in thе dorsal
and сaudal poftions of thе right sidе of thе abdomеn.
Thе small сolon dorsal to thе bladdеf сan bе imagеd by
using thе bladdег as aI1 aсoustiс window and sсanning
through thе bladdеr from thе vеntfal abdominal window.
Thе initial sufvеy of thе gastrointеstinal traсt should bе
pегformеd чrith a 7.5_10.0-МHz transduсеr to сritiсally
еvaluatе thе layеrs of thе intеstinal wall. A lowег frе-
quеnсy transduсеr сan thеn bе usеd if pсnеtfation to thе
dееpеr poftions of thе gastrointеstinal tfaсt is possiblе.

ULтRAS0N0GRAPHlс FtNDlNGs

NormаI Struсtures

Thе abdomеn should always bе ехaminеd from thе vеn-
tralmost loсation ttnlеss thе abdominal organs (livец kid-
nеys' of splееn) arе bеing imagеd.'o Thе gas prеsеnt in
thе gastгointеstinal visсеra гisеs dorsally and is lеss likеly
to intегfеrе with thе ехamination if thе sсan is pеrformеd
from thе most vеntfal loсation..o Thе abnormal gastroin-
tеstinal visсеra arе hеa.lry and fall to thе vеntral portion
of thе abdomеn, making thеir dеtесtion most likеly if thе
sсan is pеrformеd from thе most vеntral loсation.

Umbiliсal Bemnants

Thе ехtеrnal umbiliсal rеmnant сontains thе umbiliсal
vеin, both umbiliсal aгtеriеs, and thе uraсhus, whiсh arе
rесognizablе for sеvеral days aftег parturition (Fig. 7-3).
Thеsе struсturеs within thе ехtеrnal umbiliсal fеmnant
noгmally atrophy aftеr birth, and thе еxtеrnal umbiliсal
fеmnant subsеquеntlу dеtaсhеs from thе skin of thе vеn-
tral abdomеn. Thе intегnal umbiliсal rеmnant stfuсturеs
also atrophy aftеr birth and bесomе normal ligamеnts
within thе abdominal сavity.l'2,5 Thе umbiliсal vеin is a

small oval or еlliptiсal vеssеl with a thin есhogеniс wall

Figurе 7-3
Sonоgгam оf a noгmal еxtеrnal rrmbiliсаl fеmпant obtainеd fгom a 5

dar оlсl Thoroughbгеd сгсlss сolt Notiсс thе tlriсkег-waltесl umbiliсal
aгtегiеs aпd thе thinnеr-wallеd umbiliсal vеin (tЛD ln thе ехtеmal
umbi,liсal rепnant Thе uгaсhus is lосatеd in thе pоtеntial spaсе bе-

twееn thе right (RUA) and lеft (I-LA) umbiliсal aгtегiеs This is a

tгansvегsе imaЕ.с of thе ехtеглal umbiliсal геmnant obtaiпеd vеntral to
thе abdomеn This sonogram was obtairrесl with a 7 5-Mнz sесtoг-
sсaпnег tfansduсег сontaining a built-in tlrrid offsсt and a displal'еd
dеptlr of 6 сm

and an anесhoiс сеntеf (Fig.7-4).2,5 Thе umbiliсal vеin
(lumеn and vеssrl wall) usually mеasuгrs 10 mm in diam-
еtеf oг lеss throughout its lеngth from just сranial to thе
еxtегnal umbiliсal fеmnant to its еntranсе into thе livеr
(Tablе 7_1).r'2'5'9 |2 Thе umbiliсal vеin tеnds to bе slightlr.
laгgеr just сranial to thе ехtеrnal umbiliсal геmnant as

wеll as at its еntfanсе into thе livеr. Thе hoгizontal diamе-
tег of thе umbiliсal vеin is usually slightly largеr than its

Figure 7-4
Sonogram of а normal umbiliсal vеin obtainеd fгom a 2.da-v-old Thoг-
оughbгеd lilly Thе umbiliсal vеin mеasuгеd o 6o (х.) bу 0 91 сm (х,)
in diamеtеr Notiсе thе thin есhogеniс wall arrd thе smдl] anесhoiс
flrrid сепtег of tlrе lrmbitiсal vеin. Notiсе also thе thin h1.poесhoiс
abсlominal musсtrlaturе vеntгal to thе umtliliсal vеin and thе ht,pег-

есhoiс gas-fillеd laгgе соlоn (с) against thе аbdominal wдll This sono.

!.гam was obtainеd just сгanial to thе ехtегflаl umbiliсal геmnants at

thе lеvеl of thе сrаnial sсan planе (sес Figurе 7_2 1lt A1) Thе right sidе
of thе sonоgгaп is thе lеft sidе of thе foal's aЬdomеn, and thе top of
thе SonoЕ.гam is vеntгal Tlris soпogram was obtainеd with a 7 5-MHz
sесtof-sсannег transduсег сontainiflg a built-in fluid oftЬеt and a dis-

playесl dеpth of 6 сm
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L,mbiliсal vеint
Limbiliсal vеin*
Uпbiliсal vеins
Umbiliсal artегу
Umbiliсal aftеfiеs and uгaсhus

61+20mm ]_11пlm
52+19mm 2-9mm
60+19mп 3_l0 lrrm
85+21mm 5-fimm
175+37mm .12_21 гпл-l

Table 7-1
Meаsurеments 0f Normal lntеtnal Umbilicаl Bemnant Structurеs

Structu re Meaп + SD* Rапge
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Figure 7-6
Sonogram of thе noгmal tlmbiliсal aftеIiеs and rtгaсltus at thе apех of
thе Ьladdег Obtainеd fгоm a 1-dlr1.olсl 1.hoгouglrЬrеd соlt Notiсе thе
tlriсk mrrsсulaг l.atls of thс unrbiliсal aгtегiеs l.itlr thе Potсntial spaсе
of thе trгaсlrus in bеtwееЛ (аrrottl) Thс rrпrbiliсal aгtегiеs with thе
uraсhus iп Ьсtwееn nlеasrrгесi 2 07 (х') Ьу 0 95 (x]) in diamеtег TI]е

lсfi uпrbiliсal aгtеП, is loсatесl to tl.rе lеft of thе fight хl сrlrsor, and thе
dgl-tt uпrbiliсal aгtеп is loс;rtе(l to thе IjЕ]ht of thе lе11 х| сrrгsor This
soпOЕlfаm п,аs obtainеd jпst сauсlal to tlrе схtегnal umbiIiс:аl геmnant

at tlrе lсvеl сlf thс rrriddlс sсan plltпе (sее F.igrrrе 7_2 at B) Thе
h)регесhоiс gas-1illесt largе сolon (С) pгеssеs аgaillst 1hе aЬс1omitral

wall Tlrе ri!.ht sidе of tlrе sonogгllm is tlrе lеft siсlс of thе foаl's
аbdоmеn. arrсl thе top Of tl]е sonogflnl iS vеntгal .Гlris sonogгam was
OЬtainеd wjth a 7 

'-l,tHZ 
sесtoI-sсal]nег trlnsdl]ссr сotrtaining a built.iLr

fluid offsеt aпсl a displa1.сс1 с1еptlr сlf 6 сrn

in normal tbals and сontains no flLliсl in tlrе nсlгrnal еquinе
nеonatе. Tlrе umbiliсal artеriеs and Lrraсhus afе visiblе in
nеafl)I all foals fсlr thе flrst 4 wееks of lifе (Fig. 7_6) and
Llsually bесomе obsсuгеd from viеw by gas-flllеd largе
сolon bеtwееn 4 and 8 wсеks of agе.' 2 5 9 ]2

Urinarу Bladder

Thе urinary bladdеr is normall.v visiblе fiom thе vеntгal
abdomеn in tlrе nеonatal foal tbr thе flrst 4 to 8 wееks
and thеn is trstlallr' сlbsсuгеd from viеw by gas in thе
intеfposеd laгgе boп.еl l ] 9 l() t2 19 Tlrе bladdсг is imagеd
in thе сatldalnrost poftion of thr vеntral abdonrеn and
ma)' bе imagеd in oldег foals .w.lrеn flllеd with urinе,
displaсing thс laгgе сolon. Thе bladdеr is rotrnd to oYal
in transvсfsе sесtion and oval in sagittal sесtion and
сontains anесhoiс uгinе in thе foal (Fig. 7_7).10 t2 Thе
bladdег slrotlld alwaуs maintain a follnd to oval shapе,
rr,lrеtlrеr еmрt}' or fr'rll. Thе bladdеr may appеaf somе-
п,l-rat irгеguler whеn it is сathrtеfizеd (Fig. 7_8) or сonr-

ргеssеd b1' surrotlnсliпg struсttrrеs. In sagittal Sесtion thе
nеonatal tbal bladdег slrould bе гotrndеr at thе apеx than
toward thе trigonе fе€.ion. Thе tlladdег wall is фpo-
есhoiс' and its thiсknеss variеS with thе amolrnt of blad-
с1еr distеntion (Fig. 7-8). Thе bladdеr сan bе forrnd any-
whеrе fгom jtrst сfanial to thе pllbis whеn littlе ufinе is
сontainеd within it. to сranial to thе ехtеfnal umbiliсal
rеmnaIlt if thе bladdеr is vеrу distеndеd. Thе rrraсhus
should bе сlosеd off from tlrе bladdеr apех, wlriсh should
havе a found to oval сгanial bordеr.

'sD. standard dеviation from tlrс mеa[
iJust сAnial tO thе ехtrrЛa| un]Ьiliсrl tеmnant (sес Рigtше 7-2 ;tt AL)

+Мidwa), Ьсtwееn thс схtеfnаl umЬiljсal rсЛrаnt aпd thе li\'еr,

sJust сrudal to tlrе ]ivеr (sее Fj€Nrс 7-2 at A])

l-егtiсal diamеtег. Thе umbiliсal aftеfiеs afе small гollnd
\-еssеls that afе thiсkеr wallеd than thе umbiliсal \-еin

and usually сontain an есhogеniс сеntеf that rеprеsеnts
сlot (Fig. 7_5)., , Thе umbiliсal artеriеs сontain sludging
blood immеdiatеly aftеr birth, and tlrеiг рr.rlsations сan
oftеn bе dеtесtеd for trp to 24 hours eftеr biгtlr. Tlrс
umbiliсal artеry (lumеn and vеssеl $.all) alor-rgsiсlе tlrе
bladdеr ustrally mеasufеs slightly largеr than tlrе tlmbiliсal
r'еin bесausе of thе thiсkеr aгtеrial r.r-all Thе normal
umbiliсal aftеfу mеastrrеs 12 mm in diamеtеr сlr lеss..'
5 9-12 Thе сombinеd hoгizontal mеasllгешеnt of both um.
biliсal artеriеs at thе apех of thе bladdег п,ith thе uraсhus
iл bеtwееn is normally 25 nm or lсss' Thе vегtiсal mеa-
suгеmеnt should bе similaг to that of thе unrbiliсal artеr-
iеs alongsidе tlrе bladdег bесausе thе diamеtеr of tlrе
umbiliсal artеriеs doеs not сlraпgе fгom thе r.lmbiliсt.ts to
thе bladdег., ;' 9-l2 Thе rrraсlrus is onl1, a potеntial spaсе

Figure 7-5
sonogгam of a noгm:ll fight umbiliсal xгtеry along thе letеral asPесt ot
thе bladсlеr obtainеd fгom a 12-сlaу-old 

.ГhoroughЬrеd 1ill-v Tl-tе tmlbili
сal aгtеr-v пlеasuгеd 0 98 (x') by o 82 (х]) сrт ]in diamеtеr :t|ong tlrе
гight sidе of thе bladdег Notiсе thе hypoесl.roiс rvall of thс гigl.tt

umbiliсal aгtеry шrсl thе slighth' trrorе есhogеrriс (nеaгl'v isoесhoiс)
сепtгal сlot iл thе lurnеn of tlrе tlmbiliсal aпец, Tlrе LlmЬiliсal a]:tеп'

noгmally indепts thе tllaсldег s,,al| (аrroui) NOtiсе thе thin hYpoесhoiс
abdominal mrrsсrrhturе and thе lrvpегесhoiс gas-fillеd laгgе ссllon (С)
agаinst thе bladdеr This Sonogгam was oЬtainеd сatlсl:rl to thе ехtегnal
umbiliсal геI[nallts at tl.tе lеr,еl of thе сaudal sсan planе (sее Figurе 7-2
at с) Thе гight sidе of thе sonogгam is thе lеft sidе of thе tbal's
abdomеn, and thе top of thе sonogmm is vепtfal This sorrogгarrr was
obt'Iinеd with a 7 5-МHz sесtсlг-sсannег tгaлsduсеr сontailliпg a builL-in
flui(l offsеt and a displaYеd dеpth tlf 6 сm
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Figure 7-7
Stlnogram оf thе noгпl] с1istеnсlссl blасlс|ег obtaiпеd froлr a l-mollt|]-
сlld'flrогorrghbгесl сolt NOtiсе thе ltnесhсliс fluid соntainесl \\'ithin tlrе
b]aсldет and thе оYa| tO гoUndеd appеafaпсе of tlrс blасlсlсг Thе snrall
есhogеniс stгUсtuге along tl-tе ]аtсга] asPесt of thе Ьlaсlс|еr (Slrаiglэl
аl.l,оul) is thе гight ttп.tbiliсal aгtеЦ. Thе lе1i um]эilrсal aгtеr.]' is smallег
and mсlге сlilhсult to \.islrxlizе (сunrcd аrroui) Тl:'is Sonogгllm \\.as

obt'inеd сauс1al to thе схtеrnal Llmbiliсаl rеmnant а1oЛg thе \-еntral
bodv wаll (sее Figurе 7-2,,LI С) Tlrе right sidе of this sonogram is thе
lеft sidе of tlrе lbal s abdorrrеn' xnd thе top is \'еntгal Тhis so11ogгnm
was оbtainесl x,ith a 7 5-МHz sссtсlг-sсannеf transdlrcег alсl а сlistllayеd
dеpth of 12 сnr

Кidneуs

Thе rеrral pеlvis is normally vеr,v есhogеniс owing to thе
pгеsеnсе of intrapеlviс fat and flbrous tissllе. Tlrе rеnal
сoftех is hypoесhoiс сonrparеd witlr thе surfolmding
tissttеs and is сomposеd of flnе homogеnеous есhoеs
Thе adjaсеnt mеdlllla is lеss есhogеniс than thе rеnal
сoгtех 1Fig. 7-9).', ]; ]8' 4o Thе rеnal vеssеls сan Llsuall),
bе imagеd at thе hiltls of thе kidnе1.. Thе сaudal vеna

Figure 7-8
.-[.гansvегsе soЛogгam оf a сollapsеd bladdег сOntaining a FolеY сathеtсг
oЬtainеd fгоm a 2.mon1h<lld Tlroгсltlghbrеd сolt witlr antlгiа Tlrе F.olе),

сathеtеf (l|Ji11 dITo,L.) l,ith thr distеndеd сufr is сOntliпеd П,ithin a

nеaгlr. еnrpq, |э|;'tdrJет (tbiсker ап1)u's') Tttе strгrottnсling hуpеrесhoiс
ссhoеs aге fr.onr thе gas-linеd mtlсosal suтthсе of thе adjасеnt largе
сolon (С) Thе гight siсlе of tlrе sonogfam is tlrе lеlt sidе of thс fоal.s
abdоmеn, anсl thе top is vеntгal Tlris sonogгam was obtainеd with а

7 5\ЦHz sесtoг-sсrnnег tгansdllсеf and a сlisplа,r'ес1 сlсpth of 8 сm

Figurе 7-9
sоnОgfam сlf a nоrmal right kidпеv (4rr(ЙI'S) obtainес| from a 2.nronth-
сllс1 Aгabiarr сОlt in thе гight siхtееПth intегсоsta] spaсс Notiсе thе
;rnесhrliс rеnal сalr сеs. thе есhogеniс геnal pеlvis, eпd thе h1'poссlroiс
Геnal сoгtех Тhе hvpегссl-toiс есhoеs dееp tO thе Iight kidпе1' aге
tгоm thе gas{inеd mtlсos:ll strгfaсе of tlrе a(ljaсеnt сесurrr (С) Thе гight
sidс оf thе sol1ogгam is dогsal' aпd thе lеft siс]е is vеntr:rl Тhis sonogrxm
п.as сlbtlirrеd rr.ith a 7 5 MHz sесtсlг-sсannеI tгansdlrсег anс] a disDla]'еd
dеpth of ].0 сm

сava anс1 aofta may bе imagеd mеdiel to thе lеft and fight
kidnеys along thе vеntгal aspесt of thе dorsal midlinе.
T1rе parеnсhyma of thе foal kidnеy (rеnal сortех and
mеdulla) should bе tlrе most anесhoiс of thе abdominal
ofgans whеn thеy arе soflogfaphiсall-v сompаfеd (kidnеr.
< livеr { splееn).9 l0 12 t9 Thе uгеtеrs arе not noгmall)-
imagеd from thе abdominal windows.l9 ]r ro Thе adrеnal
glanсls afе also not Ltsllally сlеtесtеd sonographiсall1.along
thе сгanial end mесlial maгgin of both kidnеr,s. Althouglr
thе mеdial boгdсr of thе гiglrt kidnе1, is in сlosе proximit1-
to thе panсfеas, рoгtal vеin, and somе of thе mеsеntеriс
and visсеfal vеssеls, thrу aге not usuall}. visiblе sono-
graрhiсally from thе latеral abdominal window bесausе
сlf thеir small sizе and thе dеpth of thеsе stfuсtllfеs fгom
thе skin suгfaсе JJ Thе lung oftеn obsсLlfеs thе сranial
polе сlf thе right kidnеy duгing inspiration fгom thе right
latеral alэdominal window. Gas in thе lеft dorsal сolon
may obsсufе visllalization of thе сaudal polе of thе lеtt
kidnеy fгom thе lеft latегal abdominal window. Oссasion-
ally thе сaudal polе сlf thе lеft kidnеy is adjaсеnt to thе
lеft body Wall, fathеr than lying in its morе сommon
position, mеdial to thе splееn.

Liver

Thе livег is rссognizablе br, its branсhing vasсtrlattlге
with thе largе portal vсin and small hеpatiс vеins (Fig.
7_10).l,.r- Thе walls of thе portal vеins afе mofе есho-
gеniс than thosе of thе hеpatiс vеins, similаr to thеiг
appеafanсе in hr'rman bеings anсl dogs..., 32, ]- 4l This is
bесatrsе thе poгtal vеins afе suггoundеd by ссlnnесtivе
tissuе. whеrеas littlе or no сonnесtivе tissuс slrffollnds
thе lrеpatiс vеins.4l Thе blood in thе hеpatiс vеirrs mel-
appеaf anесhoiс, oг small moving есhoеs ma1. bе imagесl
as thе ultrasound bеam rеflесts off thе moving сеlls and
othеr blood сomponсnts. Thе hеpatiс vеins сan bе traсеd
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to thеif junсtion with thе сarrdal vеna сava if thе lattеr
сan bе suссеssfullу imagеd. Thе сaudal vеna сava may bе
visiblе in nеonatal foals but is rarеly imagеablе in oldег
fсlals. Thе livеr parеnсhyma is homogеnеous and of mе-
dium есhogеniсity. Thе bilе duсts arе not noгmallу visiblе
sonographiсally.r2 Normally 4 to 8 сm of hеpatiс paгеn-
сhyma is visiblе in thе foal whеn thе livеr is imagеd fгom
tlrе latеral atldсlmеn..2 ЕStimations of hеpatiс sizе aге

rеlativе and aге basеd on thс amount of livеr tissuе
imagеd vеntral to thе lung margin. Thе sizе of thе tho-
raсiс сavity, thе volumе of thе сoloniс сontеnts, and
thе prеsеnсе of fluid or massrs within thе thoraсiс or
abdominal сavity all infltrсnсе thе amount of lrеpatiс
parеnсhyma visiblе vеntгal to thе vеntral lung margins.
Thс vеntгal margin of thе livеr should appеar shaгp
thгotlghottt both livеr lobеs. In thе nеonatal foal' hеpatiс
sizе сan also bе еstimatеd frоm thе amount of hеpatiс
parеnсh1,ma imagеd in thе сraniovеntral abdomеn from
thе vеntгal abdominal чrindow. In sсlmе foals thеrе is
a small amount of largе ссllon (diaphragmatiс flехurе)
bеtwеrn thе diaphгagm and livеr in thе most сгanial
poftion of thе vrntfal abdomеn

Splеen

Thе splееn is thс most hoпogеrrесltts and есhogеniс tlf
thе abdominal oгgans (Fig 7-1l)..l to lo Сompaгеd п,itlr
thе livец thе sрlееn has a pauсit1, of .r,isiblе vеssеls Thе
sizе of thе splееn сan bе qr.ritе variablе in thе normal foal
but usually runs alсlng thе majori$. of thе lеft body wall
tlp to thе еightlr or ninth ICS. Thе splееn should bе
found latеral to thе lеtt kidnеy and stomaсh but mеdial
to thе lеft lobе of thе livеr. In somе foals thе splееn may
bе found alсlng thе vеntral midlinе oг on thе гight sidе
of thе сranial vеntral abdomеn. Thе splеniс r'еin is еasilу
rесognizеd as an anесhoiс tubular stfl'lсtufе loсatеd along

Figure 7-10
Sсlnogram оf a pсlгtioll of tlrе right ]obе of thе livег (normal) obt:rinеd
t}om a 2-montlr.old Aгatliall сolt (samе сolt as in Figtrе 7_9) ti.om thе
гight lbtшtееnth intеfсOstal spaсе NOtiсе thе homogепous есho tехtlrге
зnd thе hеpatiс vеiпs (drroи]s) thrоuЕ.hout tlrе livсr paгеnсh)rma Dееp
tO thе livеf is thе wall of tlrе сесum' with its сharaсtегistiс hlрегесhoiс
gas linеd muсosal surtaсе Тhе right sidе of thе sonogгam is dorsa]. and
rhе lеft sidе is vеntfal. This sonоgranr was obtainеd with a 7 i-MнZ
]есtor.sсannег tгansduсеf anсl a displa)'есl dеpth of 12 сm
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Figure 7-11
Sonogгanr of а пoгmal splееn adjaсеnt to thе lеft lobе оf thе liYеt
obtainеd fгom a 2-шonth-old Arabiln сolt (samе соlt as iп Figuгеs 7-9
and 7_10) in thе lеft еiЕ]hth jntеfсostal spaсе Notiсс thе homogеnеous
есhogсniс tехttrrс of tl.tе sPlееn ad.iaсеflt to thе mOге h1.poесhсliс livег
Tlrе гight sidе of thс Sollogгaп is doгsal. aЛd thе lеft siсlе is \.еntгal
Тhis sonogram was obtainеd with a 7 5-MHZ sесtof-sсanпег tгansсlrtсег
and a displa1.еd dсptlr сll l0 сm

tl-rе mес1ial aspесt of thе splееn around thе tеnth IСS..9
Т1rе splеniс r.еin is a геlieblе landmark for thе loсation of
thс gastгiс 1ul-rс1trs mес1ial to thе splееn. Thе doгsal bоrdеr
of all br-rt tl-rе сer-ldal polе сlf tlrе splееn is usltallr, obsсurеd
from viеw b1. thе or.егlr-ing iung

G a stro i nlesti п a l V isс e ra

Ultгasonogгaplriс еvalr.ration of thе gastrointrstinal traсt
has сontinuеd to gain favor as an altеrnativе, noninvasivе
imaging modality in human bеings and small and largе
animals. Thс noгmal sonographiс appеafanсе of thе stom-
aсh and intеstinal tfaсt has bееn dеsсribеd in httman
bеings and small and largе animals.,12 5. Altlrough no dif-
fеrеnсе in thiсknеss of thе intеstinal wall was dеtесtеd
bеtwееn dogs of various agеs, diffеrеnсеs wеfе dеtесtеd
bеtwееn dogs of сliffеrеnt bгееds, with thе largеr-brееd
dogs having thiсkег gastriс walls.42 A diffеrеnсе in thiсk-
nеss of 2 mm has bееn rеportеd in httman bеings bе-
twееn thе distеndеd and nondistеndеd bowеl wall. 11 52

T1rе administfation of watrf via nasogastгiс tubе to dis-
tеnd thе stomaсh With flllid improvеs visualization of thе
gastriс mlrсosa and portions of thе gastfointеstinal tгaсt
in tlrе сгanial abdomеn. if thе stomaсh сan bе ttsеd as an
aсoustiс window. Thе administration of .Watег via a stom-
aсh ttrbе at a dosе of 15 ml/kg, aftеr withdrawing any frее
aiц is rеpoгtеdlу bеnсflсial for sonographiс еr,elr-ration of
thе r'rppеr Sе€.mеnts of thе gastrointеstinal traсt in thе
dog.J3 Fasting is also геportеdly hеlpful in ехamining thе
intеstinal traсt of thе dog,,3 tlrtt its t.tsеfulnеss in thе
ехamination of thе еquinе patiеnt has not bееn dеmon-
stratеd.

Thе еqtrinе stomaсh is rесognizеd by its 1аrgе sеmiсir-
сular сtrrvilinеar есho mеdial to thе splеrn at thе lеvеl
сlf thе splеniс vеin and сaudal to thе livег. Thе wall
thiсknеss of thе stomaсlr сan rangе up to 7.5 mm in thс
adr'rlt еquinе and is usually thinnеr in thе foal. Thе stom-
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tigurе 7-1 2
Sonogгam <lf tl.tе stomaсlr viсl,vссl fгom thе vеntг'tl abdomеn irr a 5-dar.
olсl Thororrghbгсd сolt Notiсе thе есlrоgеtliс aрpсaгаnсс of thе lrrilk
Within thе stomaсh arrd tlrе slrarp maгgin сlf thе aсljlсеrrt livег Т1-rе

right sidе Of this sonogгam is сгaпial' alrсl thе top is yе11tfal Тhis
soflogгam was obtainеd w-ith x l 5-МHz sесtoг-sсanлсг tгansdtlсеr and
a displa1,ес| dеptlr of 12 сm

aсh есho may bе hypеrесhoiс With aсoustiс shadсlwing
owing to thс gas pfеsеnt along its innеr muсosal sllrfaсе
(gas pattеrn), есhoЕ]еniс without aсollstiс shadowing ow-
ing to muсtts adiaсеnt to thе gastriс or intеstinal mllсosa
(muсous pattеfn), of anесhoiс Owing to fluiсl adiaсеnt to
tlrе gastгiс muсosa (fluid pattеrn).42. ;.] Thе gastriс sеrosa
and subsеfosa afс moге hypегесhoiс in htlman bеings
bесausе rеlativеly mofе libгolls сonnесtivе tissuе is pгеs-
еnt Within thеsе layегs. Milk appеafs есhogеniс sono-
graрhiсall1, Gis. 7_12), whеrеas solid fееd matеrial is
rarеl.v imagеd. Thе €]as есho along thе muсosal surfaсе of
thе stomaсlr usllally pfеvеnts visllalization of thе othеr
gastfiс сontеnts in tlrе oldеr foal.

Thе small intеstinе lras a сharaсtеristiс sonogгaphiс
appеafanсе atrd is еasily ditТеrеntiatеd fiom laгgе boчrеl,
whiсh is visiblе throughout thе maj<lrity of thе foal's
abdomеn. Thе duodеnum and iеitrntlm havе thin walls
that rarеly ехссеd 3 mm in thiсknеss, whеfеas thе ilеtrm
is slightly thiсkеr (4 to 5 mm). Tlrе duodеntrm normally
has a fairl-v fluid ingеsta that movеs throtrgh thе lumеn in
a pulsatilе tashion. Thе dtrodеnlrm oftеn apреars fairly
сollapsеd until a wavе of ingеsta movеs throtrgh thе
lumеn. Thе duodеnum сan bе found along thе сatrdal
and mеdial margins of thе right lobе of thе livеr in thс
сгanial to mid poftion of thе right sidе of thе abdomеn.
Thе duodеnlrm сall bс followеd сaud<rdoгsally arotrnd
thе сaudal polе of thе right kidnе1,, whеrе it liеs latсгal
to thе basе of thс сесum. Thе jеjunrrm is usually foundег
in its sonographiс appеafanсе' with morе hypoесhoiс
ingеsta (Fig. 7-13). Thе normal small intеstinе usually
сontains only a small amount of luminal сontсnts' Pеri
odiс wavеs of irrgеsta arе imagеd rфthmiсally travеrsing
thе intеstinal ltrmеn..]' .6 Thе ilеtrm, if imagеd, lras a
thiсkег musсular layеr and a similaг appеafanсе of thе
сontainеd ingеsta. Thе largе сolon is rесognizеd by its
laгgеr sizе and saссulatеd appеafanсе and has a sinrilar
wall thiсknеss to thе jеjrrnrrm (Fig, 7-I1). Thе laгgе
boчrеl is usually hypеrесlroiс along its muсosal suffaсе
owing to thе gas сontainеd witlrin, anсl thе ingсsta is

Figure 7-13
Soпogfam оf пormal jеjurrum obtainесl from a 3-month-old Thoгotrgh-
bгеd fillу Tl.rе small lrуpoесh<liс loops оf jеjunrrm (.аrroшs) atе iл
vaгious stаgеs of соntгасtion, with hypoесhoiс to anесhoiс luminal
сontеnts Thе splееп (s) is nеxt to thе vепtгal abdominal wall on tlrе
lеft sidе tlf thе abdomеn .Гlrе гiglrt sidе Of this sonogfam is thе lеft
sidе of thе tbal's abdonrеn, atrd tlrе top is Yепtfal This sоnogmm was
Obtaiпеd with a 7 5-\,[нZ sесtor-sсannеf tгansduсег сontainins a built.
irr fluiri otfsеt arrd a displavеd сlерth of 6 сm

thеrеforе not nofmally imagеd Thе small сolon is smallеr
in sizе but has a saссulatеd appraranсr similar to that of
tlrе laгgе boмrеl and usually has a hypеrесhoiс murсosal
stшfaсе' Formеd fесal balls may bе imagеd in thе small
сolon as есhogеniс ltlminal massеs. only a small amount
of pеritonеal fluid or nonе at all is imagеd in thе abdomеn
of thе norma| foa|.

Fivе layеrs of thе bowеl wall may bе imagеd if a high-
frеquеnс1, tгansduсеr with еxсеllеnt rеsolution is usеd.
Howеvец thеsе la1'егs arе not normall1.imagеd with trans.

Figure 7-14
Sоnogгam of nсlгmаl laгgс соlon (С) obtainеd liom а 6-day-old Thor-
oughbгесi 1ill1. Tl]е lr,vpегесlrоiс ссlrоеs aге assoсiatеd with gas oп thе
mtrсosal stlгfaсе or thе largс bowеl (С) Notiсе thе saссulatеd appеaг-
anсе of thс largе bоwеI adjaсеnt to thе vеntгll abdomеn and livеr (L)
in thе сгaпial vепtг2] abdomеn Tlrе noгnral tlmbiliсal vеin is immеdi-
atеly vеntгxl to thе laтgе сolon аnd mеasurеs 0 77 (х') bу 0 58 (х,) сm
in сliaпlсtеr Thе fight Sidе of this soflogгam is t]rе lсft sidе of thе foal's
aЬdomеn, anсl thе top is vеntral This sonogгam wдs obtainеd with a

7 5 МHz sесtor-sсxnllег tгansduсеf сontaininя 
'l 

blrilt-i11 fluid offsеt and
a displa1'еd dеpth of 6 сm
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сutanеous ultrasound in foals with normal intеstinе.
Тhеsе la1.еrs arе a hypегесhoiс outеf sеrosal suгfaсе, a

hr-poесhoiс musсularis' hypеrесhoiс submuсosa, hypo-
есhoiс muсosa' and an innеr hypеrесhoiс muсosal strr-

taсе.50 Similar layеrs havе bееn imagеd in thе intеstinal
пalls of dogs and human bеings.]2'+]' r9 In thе ilеuпr, an
эdditional thinnеr hypеrесhoiс linе is visiblе in thе сеntеr
of thе musсular layеr and сorrеsponds to thе сonnесtivе
tissuе sеparating thе longitudinal and сirсtrlar musсular
lar-егs.50 Thе muсosal surfaсе is hуpеrесhoiс owing to tlrе
пrultiplе rеflесtors сausеd by thе folding of thе еpithеlial
lining,]7 and thе adhегеnсе of gas to thе mttсosal surfaсе.
Тhе morе tightly paсkеd thе muсosal folds arе, thе higlrеr
thе есhogеniсity of thе muсosal suгfaсе of thе intеstinе.
\\ ith high-ffеquеnсy ultrаsound in human bеings, it has
bееn dеmonstratеd that thе intеrfaсе bеtwееn tlrе strb-

muсosa and musсularis is есhogеniс, btrt thе sttbmuсosa
itsеlf, сomposеd of nllmегous blood vеssеls and loosе
сonnесtivе tissuе, is hypoесhoiс.a- Thе musсtrlaгis is h.t,-

poесhoiс throughout thе gastrointеstinal traсt in lruman
bеings.a, In normal bowеl thеsе layеrs arе diffегеl1tiatеd
onl1, with high-fгеquеnсy (20-МHz) еndolr:minal r'rltгa-

soцnd and afе not routinеlу imagеd with tгansсutanеOlls
ultrasotmd.4' Thе diffеrеnt layеrs of thе intеstinal п-a11 aге

howсvец usually visualizеd in patiеnts (lrtrmalr. еqltinе. oг
сaninе) with inflamеd, еdеmatous. oг сollgеstеd borrеl
oг in patiеnts with h.Ypoprotеillеmia'

Abnormal Findings

Тhе mоst important aspесt of diagnosing abdominal pa-
thology in thе foal is a thorough undеrstanding of ttltгa.
sonographiс anatomy. Thе геlationship of thе Е.astfointеs-
tinal visсеra, abdominal organs, and vеssеls to onе
enothег is сritiсally impoгtant in arriving at a сorгесt
diagnosis oг list of diffеrеntial diagnosеs. If a mass or an
unknown struсturе is dеtесtеd in thс foal's abdomеn, thе
ultrasonogгaphiс еvaluation of this stfllсtllrе shotrld bе
pегformеd in a systеmatiс way. Thе origin, sizе, shapе,
r asсtllarity, and sonogгaphiс сlraгaсtеr of tlrе rnass or
stгuсtufе should bе dеtеrminеd, along with its rеlation-
ship to сontiguous ofgans, blood vеssеls, and othеr stfltс-
turеs, in a rеproduсiblе fashion.53 This infoгmation сan
thеn bе usеd to еvalllatе'thе progrеssion of thе disеasе
зnd thе еffiсaсy of thе tгеatmеnt sеlесtеd.

U mb i liсa I Re mnanl Аbnorma liti es

Infесtеd Umtliliсal Rеmnants. Infесtion of thе intеr-
nal umbiliсal rеmnant Strlrсtufеs, with oг without involvе-
mеnt of thе еxtеmal rеmnant of thе umbiliсus, is a

сommon problеm in nеonatal foals and сalvеs'r-6.9 l0 5,i

.tffесtеd foals arе usually 1 to 5 wееks old.2 з 5.8-11 A
history of patеrrt uraсlrtts or an ехtеfnal umbiliсal rеm-
nant infесtion may bе pгеsеnt, but thе majority of foals
тr'ith infесtеd intегnal umbiliсal rеmnants havе nеithеr
history.] l0 Сliniсal signs vary fгom an inсidеntal finding
in an othеt.wisе noгmal foal to fеvеr, dеprеssion, and
anorеxia in a foal that is not growing wеll. Thе foal
tгеquеntly lras othеr сonсuffеnt problеms suсh as nеo-
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natal sеptiсеmia, sеptiс physitis or arthfitis, or pnеu-
monia..-з 6. 8 l0 сliniсopathologiс abnoгmalitiеs tlstrally
inсludе a nеutrophiliс lеukoс1tosis and hypеrflbгin-
ogеnеmia.(',9 ll A low sеfum IgG may bе dеtесtеd in foals
with failllrе of passivе tгansfеr, a сommon history in
atТесtеd foals. Thе majoгity of foals rеfеrrеd for sono-
gгaphiс ехamination arе rеfеrrеd bесausе of sеptiсеmia,
anothег infесtion (usually sеptiс arthгitis), an unеx-
plainеd реrsistеnt nеutroplriliс lеr.rkoсyosis oг hypегfi-
brinogеrrеmia, fеvеr of unknown origin, or palpablе ab-
normalitiеs of thе ехtеrnal umbiliсal fеmnant.6'8' tl

Thе diagnosis of an infесtеd ехtеrnal r-rmbiliсal геm-
nant сan bе madе сliniсall1, if purulеnt matеrial drains
from thе ехtеrnal umbiliсtls oг if hеat, swеlling, and
sеnsitivity arе palpablе loсally. Sonographiсally, an ехtеr.
nal umbiliсal геmnant infесtion is сharaсtеrizеd by an
еnlaгgеd, thiсkеnеd ехtеrnal rrmbiliсal геmnant flllеd
with hypoесlroiс to есhogеniс fluid (Fig. 7_I5). Hypеr-
есhoiс есhoеs rеprеsеnting gas may bе dеtесtеd. Thе
hypеrесhoiс gas есhoеs arе inсliсativе of an anaеrobiс
int.есtion ttnlеss a gas-flllеd traсt сan Llе imagеd ехtеnding
from thе skin strrfaсе into thе tlmbiliсal fеmnant.

Thе diagnosis of in1.есtеd intеrnal umbiliсal rеmnants
is bеst nradе tl1tгasonographiсa11).. g'''u.*.-еnt of thе
irrtсrnal r-lrnbiliсal f епInants tlstlall1' indiсatеs infесtion.. - r 2

Ir-rtЪсtion of tl.rе uгaсhus and umbiliсal aгtеriеs is most
сoпllllotl. п-itlr rntгес1uеnt in\-oh.rmеnt of thе umbiliсal
t'еin.] , Thе infесtеd urnbiliсal r еirr is еnlargеd (> 10 mm)
and usr-rallt. сontains lrr.poесlroiс to есlrogеniс mаtеrial
Within thе ltlnrеn of tlrе vеin (Fig. -_1Ф. eltlrough thе
purulеnt matегial oссasitlnall1, appеars aflесhoiс.] s *.'.

Hypеrесhoiс gas есhoеs rna1' bе dеtесtеd, inсliсating an
anaеrobiс infесtion.] 5 6' 9 12 Thе wall of thе umbiliсal vеin
ma1, bесonrе thiсkеnеd, moге likеly with longstaпding
trmtliliсal vеin infесtion (Fig. 7-1'6). Thе infесtеd umbili

Figure 7-15
sоnoЕ.гams сlf an аlэsссssесl ехtегna] umbiliс;L] rеmnaЛt oЬtаinеd fгom a
6-wееk<llс1 Thoгоughbгеd ссllt Thе ,laгgе hvpсlесlroiс aЬsсеssесl aгеа
(аrrou's) is imagеd within thе есhсlgеniс thiсk-w;rllеd ехtеrnxl rrmbiliсal
fеmпilnt Тhе ]еft imagе is l tfansvеIsе r'iсlv. and thе fight imagе is a

sagittal viеw of thс ехtеmal rrrnbiliсal геmnant Thе right sidе of tlrе
tгal]slrеfsе imaЕ.е is thе lеft sidе oI thе foal's abdomеn and thе tоp is
thе vеntIal aspесt сlf thе ехtеmal fеmnant Thе riglrt sidе of thе sagittal
im1lЕ]е is сгanial аnсl thе tоp is vеntral Tl.tеsе sono!.fаms wеrе obtainеd
with a 7 5-Мl{Z sесtoг-sсaЛnег tгansdllсеr сontainin€. a built-ifl fluid
оffsеt anс1 a displavесl dсpth of 6 сm
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Figure 7-16
Sonogгams of thе unrbiliсal YеiIr from a l4-day-olс1 Tl.rсlгorrghbгеd 1lll1.with onrphalophlеbitis Notiсе thс maгkеd.еnlargеmеnt of thе uIпbiliсrl vеin
With thе thiсkеnеd wa||s (аrroшs) and thе есhogеniс fluid witlrin thс lumеn of thе umbiliсxl vеin Both lсft inragеs afе thе tfans\'еrsе viеп-s arrd
thе fight imaЕ.еs atе thе s'rgittal viеWs of thе infесtеd umbiliсal vеin Thе гiglrt siсlе оf thе tгansvегsе viеws is thс ]еft sidе of thе fbal's abdomеn
and thе toP is Yеntfal Thе гight siсIе оf thе sagittal viеw is сranial ].hеsе sonogт:rms wеrс obtainеd with a wiсlе-bandwidtlr 6 0-MHz miсгoсoпvеx
linеaг-aггaу transduсег opегating at l0 0 MнZ (.А) aorl 7 5 МHz (B) a'nс| a displayеd dеpth llf 1Сm (А) and 8 сm (B)
А, Tlrеsе sonоgfams ц.еге obtainеd iust сranial to thе ехtеfnal umbiliсll fсmnant at A iп Figuге 7_2 Thе aггow.s dеlinеatе thе orrtеr wall of thе
еnlaгgссl rrmbiliсal vеin Thе walls оf thе umbiliсal vеin aге thiсkеnеd xr.rсl thе еnсlotlrеlial sidе of tlrе vеssеl w:lll is hvpеrесlroiс .Гlrе lumеn of thе
rrnrЬiliсal vеin is primаrilv есhсlgеniс
fl Thеsе sonogгams Wеге obtainеd at thе livеr iл thе сгanial abdomеn сгanial to A. in Figuге 7_2 Thе еnlargеd thiсk Wallесl umbiliсal vеin fillеd
with есhogеniс fluid is pгеsеnt at thе livеI сonsistепt with аn asсеnding omphalophlеbitis

сal vеin is usually laгgеst at of nеar thе ехtеrnal umbiliсal
fсmnant and is smallеr in diamеtег сfanially. Thе majoгiq,
of umbiliсal vеin inf.есtions do not rxtrnd into tlrе livеr.
and thе umbiliсal vеin геtufns to a normal sonographiс
appеafanсе сaudal to its еntranсе into thе livег. If thе
umbiliсal vеin infесtion ехtеnds сranially into thе livеr,
hеpatiс absсеssеs oг sllppurativе hеpatitis is likеly.5 Thе
livеr shotrld bе сarеfully and thofol'lghly ехaminеd sono-
gfaphiсally in thеsе foals. An infесtеd Llmbiliсal aгtеry is
еnlafgеd (> 13 mm) and ustrally hаs a swollеn, thiсkеnеd,

isoесhogеniс or hypoесhoiс aгtегial wall (Fig.7-|71.з''
8' .. Swеlling of thе suгrounding tissuеs is oссasionally
dеtесtесl. Thе lumеn of thе infесtеd umbiliсal artеry is
Llsllally distеndеd With hypoесhoiс or anесhoiс fluid;
howеvег, есhogеniс or hypеfесhoiс fluid is oссasionally
dеtесtесl in irrfесtсd aftеfiеs (Fig. 7_18).J 5 912 Thе in-
t.есtеd umbiliсal aгtеriеs afе LtsuallY laгgеst in diamеtег
just сalldal to thе еxtегnal umbiliсal fеmnant or at thе
aprх of thе bladdеr and bесomе mofе noгmal along thе
latеral sidеs of thе bladdеr. Thе uraсhtrs, whеn infесtеd,

Figure 7-17
Sonogгams of thе umbiliсal artеriеs obtaiпеd tiom a lti-dav-оld Appaloosa 1ll1r' witl.r omphaloaГtегitis Thе гlght sidе of thеsе sonоgfams is thе lеtt
sidе of thе fоal's abdomеrr and thе top iS vеntral Thеsе soлogrтms wеге obtainеd With a 7 5-МHz' sесtof-sсannеf tfansdllсег сontail]ing a built-in
flrriс1 offsеt aлd a displavес1 dеpth of 6 сm ts' tsladdеr
.4, Thе tlriсkеrrеd lеft umbiliсдl аrtегv with thе swollеn hypоесhoiс vеssсl wall and thе h}poесhoiс flrrid сеntеr is сonsistсnt with omphaloxгtегitis
Thе distinсtion bеtwееn tlrе wall and lunrеn оf tlrе vеssеl is pooг Tl.rе lеft umbiliсal aгtеry was еnlaгgеd and mеasuгеd 1 2 (хl) by l 32 (х,) сm in
diamеtеr along tlrе lеft sidе of thе bladdег
B, Thе slightl1- smallеr гight umbitiсal 

^гtс,гУ 
(аrroш) тvith an есhogеniс \{,all bUt an аtlnoгma] h1.poесhtliс fluid-jiltесl сеntег is сonsistеnt with mild

omphnlo,.rfiегitis along thе гight sidе оf thе bladdег
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Figure 7-18
soпoЕ.гam of thс lеft trmiэiliсal artеrr- (L[IA) оbtainеd fгOш а l-moпth-
old Thoгorrglrbгеd сolt with omphalоaftеritis Thс nrarkеd еnlar!.еmепt
rlf tlrе lеft umbiliсal ,Jrtеt\, (аrrОu'S) and thе lr1'pеrесhоiс ссlroеs within
rhе htmеn of thе lеft umbiliсal aгtеП- s.hiсh сast 1alnt xсoustiс shado.ws

eге сonsistеnt with fгее gas anсl а probablе алаеrobiс infесtiоn .l'hе

]сft umЬiliсal amец. -is imagеd in its long aхis ссluгsiпg alongsidе thе
bladс1сr Tlrе гight sidе of this sorrogг;tm is сranial' arrd tlrе top is
rеntгa] Тhis sor].ogfam was obtаinес1 \\'ith x - 5-,\'1Hz sесtoг-sсanr-rег

tгansdlrсеr сontaining a built-in fluiс| offsеt and a displarеd dеptl-r оf
6 сIп

is also swollеn and flllесi п,.ith flr.rid andloг сеllttlar dеbгis
(Fig. 7-19).з,5 9 12 Thе 1luid within thе inf.есtеd ufaсhlls
ma-Y bе anесhoiс, h-vpoесhoiс, or есhogеniс (Fig. 7_20).lo
Hypеrесhoiс gas есhoеs may also bе dеtесtеd in thе
uгaсhlls (Fig. 7-21) and indiсatе a сonсufrеnt anaеfobiс
irrfесtion.lO Thе maхimal distеntion of thе uraсhus may
bе at thе bladdеr apех, midwa-Y bеtwееn thе bladdеr and
thе ехtеfnal umbiliсal rеmnant, or just сaudal to thе
ехtеfnal umbiliсal rеmnant. A сombinеd mеasllгеmеnt

Figure 7-19
5onogIam of tlrе uraсhus anсl both umbiliсal aftегiеs Obteinеd from a

l-mОnth-old Thoroughbгеd сross сolt with ttraсhitis NOtiсе thе maIkеd
еnlalgеmеnt of thе traсlrus сontaining h1.poссhoiс |lltid (t1oшn аrrоu\
Тhе .rr.ells of thе uraсhus aге thiсkеnеd aлd brrlging around thе lеft
(1-I--A) and dght (R[IA) trmbiliсel апегiеs Thе wa]ls of thе urnbiliсal
lгtегiеs aге also swol|сtr anс1 \pсlесhoiс Тhе fight siсlе tlf this sono-
gгanr is thе lеft sidе of thе foal.s aЬсlomеn. and thе top is Yеntгal
Тhis sonogfam was obtainесl $.ith a 7 5-МHz sесtor-sсannег transduсеr
сOпtainiпg a ЬLlilt-in flLrid offsеt аnd a displa1.есl с1сpth of 7 сm
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Figure 7-20
sonogгam of thе rrr:rсhtls anсl apех of thе blaсldег сlЬtаinеd 1tonr a

3-wееk-olс| Stanс1ardbrес] lil\, Thе сavitatеd flridlitlеd rtгaсhus п,-itlr

loсLllations (аrro1!) iS сOпsistепt with Ufaсlitis Thе uгaсlrus is wallсd
о1Т fгom thе Ьladdег apеx and no lсlngеr сOmmlrniсаtсs with thе
blаddеr Thе riglrt sidе of this sonogram is сfan-ial, and tlrе top is
vелtral Tlris sonogralrr was obtainеd with 11 f i-MнZ Sесtoг-sсallnеr
tfansсluссf сontainiЛg a built-in fluid offsеt arrd a displa).ес1 dеpth сlf
(l сlr-r

tbг thе uгaсhlls and both umbiliсal artеfiеs at thе apех
Of thе bleddег gгеatег than 25 mm is сonsistеnt With
infесtion ] ; E ll oссesitlnallr. in morе longstandingJ rrm-
biliсal r.еin Oг Llraсhal infесtions' thе infесtion bесomеs
Wallеd otТ irnd appеafs as an еnсapsulatеd absсеss (Fig.

7-2\). Мrrltiplе intеrn:rl Llmbiliсal stгuсtuгеs aге tlttеn
infесtесl in affесtеd foals.l ] 5 9 r2 L]ltгasonogfaphiс dеtес-
tion of еnlargеd fluid-flllеd intеrnal umbiliсal rсmnants
is an aссuratе indiсation сlf infесtеd intеrnal umbiliсal
fеmnants.J *

Thе suгrounding stгuсturrs should also bе сarеftlll).

Figшrе 7-21
Sсlnсlgгanr of tlrе uгaсhus anсl Ьсlth lrmbiliс;Ll агtегiеs Obtainсd fгom a

].-mсlnth-old ThtlrouglrЬrеd сolt with aл infесtесl lrraсl.rus Tlrе uгaсhus
is maгkесllv епlaгgеd, mеasllfing 3 75 сm (х.) in thiсknсss b\- 6 Iq (x.)
iп lсrrgth Tlrе h'vpеrесhoiс ссhoсs (аrrrlu') withirr tlrе hypoесholс tсl

есhogеniс lltid rеprеsеnt fгес g,as and pгobablе anaегobiс infссtion
.Ihе rrгaсhus is thiсk \\.a[]есl :rnс[ appсars еnсapsrrlatсс1 Тhе fight sidе
of this sonogfam is сrani:tl. aпс| thе top is vепtгal This sonоgfam w-as

obtainеd п'-ith a 7 5 N{нZ sесtor-sсanпеr traпsdtrсег сolltаininя a built-
in fluid ot1ъеt аlld a displa1-еd dеpth of 6 сm
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еvaluatеd, as thе infесtion nray also involvе tlrе adjaсеnt
tissuеs 26 Loсalizеd pеritonitis with adhеsions of gastгoin-
tеstinal visсегa and splееn to thе inf.есtеd Ltfaсhlls (Fig.
7_22) and involvеmеnt of thе bladdеr wall havе bееn
dеtесtеd (Fig. 7-23)'26 5j If thе blaсldеr цrall is involvеd
in tlrе infесtion' thе foal is at inсгеasеd risk for thе
dеvеlopmеnt of r'шopеritonеum. 2.J 55 Abnormalitiеs мrithin
thе bladdег may also oссtrr in 1bals with infссtеd umbili
сal rеmnants. A сonсLlffеnt сystitis is most сommonly
dеtесtесl in foals with trraсlritis. Inсгеasеd есhogеniсity
of thе trrinе сontainеd within thе bladdеr is сonsistеnt
with an inсrеasеd сеll ссlunt and probablе infесtion, as
foal trrinе is normall1, anесhсliс.5 Сеllular dеbгis may bе
imagеd ехtеnding from thе uraсhus into tlrе vеntral por-
tion of thе bladсlеr (Fig. 7 _24) in a small numbег of
foals with uraсhitis. Alth<ltrglr itrtеrnal umbiliсal fеmnant
infесtions aге trsually only dеtесtеd irr 1bals lеss th:rn 8
wееks old, oссasionallr, oldег foals prеsеnt with a histсlry

of an aсutе onsеt of abdominal swеlling and fеvеr.3 ,

Thеsе foals may also havе a nеutгoрhiliс lеLlkoс}tosis and
a hypеrlibrinogеnеmia. Sonograplriс еvaluation of thе ab-
domеn in thеsе foals rеvеals vеntfal еdеma, сеllulitis (Fig.
7-25), a subсutanеolls absсеss, and largе thiсk.wallеd
infесtеd intеrnal rrmbiliсal rеmllants, similar to thе find-
ings in oldег сalvеs'a 5a Thе oldеst horsе rеportеd with
infесtеd intеrnal umbiliсal rеmnants wes 16 months old.r

Umbiliсal Rеmnant Hеmorгhagе. Еnlargеmеnt of
thе intеrnal umbiliсal vrssrls oссLrrs oссasionallу with
еxtеnsivе hеmorrhagе fгom thе umbiliсal сofd at partllri-
tiorr. Мarkеd swеlling of thе intегnal umbiliсal vеssеls,
largе ttbrin сlots Within thе vеssеls, or loсtilatеd hеmor-
rhagе in thе immеdiatе pеrivasсular tisstrеs may bе dе-
tесtеd in thеsс foals.5 oссasionally a гuptuгеd umbiliсal
aftеry or vеin may bс imagеd in assсlсiation with a larg;е
arеa of vasсlrlar and pеrivasсulаr hеmorrhagе (Fig. 7-26)
a.n<l/ot a laгgе flbrin сlot (Fig.7_27). Еxamination of thе

Figure 1-22
Sorrоgгams of thс сlrtlсlal vеntfаl abdomеn Obtainсd trоm a 

'-wееk-old 
Stanсlardbгеd COlt with loса]izесl pеritoпitis assoсi1ltесl With LlЙсhitis. Thе

гight sidе сlf thеsе sonogrаms is tlrе lеft sidе of thе foal.s abс1otnеn, and thе toP is vеnt]:al Tlrеsе sсlnogгams wеfе obtainеd with a 7 5-МHz sесtor-
sс:tnnеf !:ansduсеr сontaining a built in flrrid olIsеt arrd a tliьpler'сtl rlеpth of 6 сrl
/,NotiсеthC5mx1l1tmOLlntofhvpoесlrсliсpеrittltlс:rlffdQlеrtiсаlсlll,t|lllсtrrtltu.)bеtWееn
of thе laгgе сolon. arrd thе сauсlal intеInal rrrrrbiliсal геmllatlts (uгaсhus anсl trлrbiliсal ar.tеfiеs) T1ris sonogram was oЬtainеd at thе lеvеl of thе
ехtеfnal ttnrbiliсal гсn]nant ((феn .|rrou))
-B, Sonogгam of tl.rе lсlсalizссl aгеa of pеritoПitis (diаgottdl аrГoLL'.) ьеt:\vеcn thе tip of thе splееtr, thе lafgе сOloп (с), and tl]е сaudal iпtегnal
umЬiliс.l|геm1]xntS(uгaсhlrslnсlumbiliсalaгtегiеs)ThisrvаsLhеlxrgеst
сaudal to thе viец' in ,4'

С, Sоnogram оf thе rrmlliliсal aftеfiсs an(l thе uгaсltus at thе aPех of thе bladdег Thе laгgе h1pоесhoiс fluid-fil|еd uraсhus is сoпsistеnt with
L[aсhitis Thе rrmЬiliсal агtсriеs wjth tl-tе tlг:rсhus in l-rеtwееrr mеasrrrеd z о9 (х ) Ь1- 2 60 (x,) сm itl diamеtеI Thе сlеfесt in thе uraсlrus adjaсеnt
to thе splееп (с.rrou-,) is thе pгсlbablе сattsе of thе loсalizсd pеritoпitis Thе сloublе есlr<rgеniс liпеs гсprеsеnt thе iпnег walls of thе umbiliсal
arIсгiеs s, sрlееп

Ve
tB

oo
ks

.ir



Figure 7-23
Sonogram of thе bladdег lo(l гiЕ.ht Llmlriliсal aгtеЦ' OЬtаinеd ti.оm a 3-

*'ееk-oId Thorotrghbгеd jill)'with a]1 omphaloaгtсritiS of thе гiЕiht umbil-
iсаl artеry Thе еrrlargеd fiЕ.ht umbiliсal aftеry (Rt]A) with thе laгgе
есhogеniс сlot along thе wall of thе гight unrЬiliсzr] агtеry involYеs thе
гight Ьlaсldеr wall This omplralolгtеfitis was not геsponсiing to bfoad-
spесtrum antimiсfobial thеrapу. aпсi tlrе int'есtion was progrеssing to
involvе thе Ьladdег wall Slrrgiсal fеSесtion of this lnfесtеd tissllе wаs
pегtbгrnесt Thе fight siсlс of this sonogгam ls thе lе1t sidе oi thе f'oal's
ebсlomеn, anсl thс top is vеntгal Th-is sonogгam was obtainеd With a
- 5 МHz sесtоf-sсannег transduсег соntaiпing а bllilt-in llllid оf1Ъеt xnсl

a сtispla1.gd сlеpth of 6 сm

bladdеr is also indiсatеd in foals s'ith a histoгr- of blееding
fгom thе umbiliсus at bifth. Laгgе есlrogеniс rnassеs геp-
геsеnting blooсl сlots of laс)- wеbs of loсulatесl flbгin
havе bееn imagеd in thе bladdеr of sеvегal sеptiсе11-liс
foals мzith histoгiеs of ехсеssivе blееding from thе Llmbili-
сal сofd (Fig. 7_28)..' .] organisms сulturеd tiom thе

Figure 7-24
Sorrogгams of tlrе ttгaсhus anсl apех of thе bladdеr obtainесl fгolrr a 2-

w.ееk-old Tlroгоughbrеd fillу я.ith oпphaloaгtсгitis and uгaсl.titis Tlrе
hr.poесhoiс сеilulaг dеbгis (аrrotlls) ехtеnds iпto tlrе blaс1dег tiom thе
uгaсhus iп thе lrft sдgittal imagе Thе lrvpoесhoiс fltljd l)oсkеt s,itbin
тhе uгaсlrrts irr thе right sag,ittal ima!.е with thе lr).pегесhoiс есhoеs
atong tlrе innеr wall сlf thе uraсhus (аrroшs) iS сOnsistеnt $,ith an
апaеrоbiс uгaсhitis Тhе lеft sagittal imagе was obtainеd at tlrе lеvеl of
thе :rpех оf thе Ьladсlеr, wlrегеas thе гight sxgitt:rl imаs]с was obtai]lсd
iust сatldal to thе ехtегnal unrbiliсa] гепnant (.Оpе17 аrrou)) l.hе гi!.ht
sidе of thеsе sonogfalrrs is сгanial, aпсl thе top is vепtгal Thеsе sono-
gгams wеrе obtainеd with a 7 5-MнZ sеCtoг-sсannег tfaпsdllсеr сon.
tainiпg a Ьuilt-in fltliсt оftЪеt аnJ а displaуеrl dеpth of 6 сm
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Figure 7-25
sonogram of thе vеntгal abсloшеn obtaiПеd ti.om a 6лсlпtlr-old Tl.ror-

orrghbгеd 1il!v with vеntrlrl аlэсlonlillal slvеlliлg .l.lrе tlriсk l;rуег of finеly
loсt-tl:rtсd tlrriсl anсl thе iпсгеasес| есhoЕ.е[iсitv of tlrе sltbсtltlrnесlrrs
tisslrеs aгс сonsistеnt With a сеlltltitis of thе vеDtfal аbdomеtr .Гlris ltl\,
l]so had Lrlсhitis .Гl.rе riglrt siс1е of tlris sonogfam is tlrе lеft siс1е оf tlrе
foal,s abdomеn This sonogгxlП wes obtainесl with a 7 1-МHz sссtoг
sсannеr tlansduсеf сontaininЕ. a bllilt-iп fluid offsеt anсl a displa.vесl

dеpth оf 7 сm

Llfinaq- bladdеr wеfе thе samе as thosе сulttrrеd ffom
thе blooсl in atТесtеd foals.r. |, Fibrin сlots havе also bееn
с1еtесtrd Llltrasonogfaphiсallr- in tlrе bladdег and Llfaсhus
of tbals п ith uгасlritis

Patеnt Uraсhus and Uгaсhal Divегtiсulum. Nonin-
fесtiotls Llfaсhel abnсlгrnalitiеs. suсh as patеnt Llfaсhlrs
anсl uгaсhal divегtiсtlltrm. lravе a сlrafaсtеristiс ultfasono-
graphiс appеaгanсе that сan bе еasily ditТегеntiatеd from
Llг2сhitis. A patеnt uraсhus is a ttraсhrrs сontaining a Small
amount of anесhoiс fluid tlrat is ссlntinttous With thе

Figure 7-26
Sсlt.togгam оf thе urrrbiliсal artегiеs immеdixtеl). с:ruсlal to tlrе ехtеrnal
rпrrbiliсl| fеmnillt obt1tiлеd fгсlm a 2-с1аv.оld Thoгorrghbгсd сolt with a

ruptrrfесl lеft umbiliсal xrtеЦ'xпd ехtеПsiYе hеmoггlr;tgе fгOm thс tlmbi]-
iсtls it biгth Thс l]ofizontal arIOП- PoiЛts to thе iпtxсt гight rrmlliliсаl
aгtеq,imagеd at B in гig,].lfе 1-2 .l'hе сliagonal aгIO\\. рoiпts to an
anесhtliс loсulxtеd fluid spaсе Whеfе thе lсft trn.rbiliсal artеry shotlld
bе Fllгtl-tег сattсlal-[1' r|оng thе ]сft sidе of thе bladс1ег. thе lеft Llmbiliсal
aftеЦ' wаs rесоgnizеd Thе гight sidе of this sonogfaln is tlrе ]еfi siсlе
of thе foal.s abdсlrr.rеп аlld thс top is \.еЛtгal Tlris sorrogгam was
obtаitrесl With a Wiсlе-Ьаndwidth 6 0MHz miсгtlсonvех linеar-aггaу
tгl1nsduсег opеfating at l0 0 мнZ аnсl a disрl1lYсd dеpth of ,{ сm
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Figure 7-27
Soлogгаm сlЬtair-rеd of thе Llmbiliсal aftегiсs arrd rtraсhus nеaг thе
аpех of thе bladdег (sес Figllге 7_2 at B) obtaillеd tioпl a 2 dar.сllсl
TlroгoLlglrbгесl fillv rr.ith Cхtеnsivе l-tсlтoггhagе ffom thе umbiliсLls at
Ьifth An ссhogеniс С|o| (thi?| сtrrlпt's) is l-jsiblе wlrеге thе fight
Llmbiliсal artеry shОuld bе Tl.tе гiglrt umbiliсal aftеry сould пot bс
iс1еnti1iесl. oпlv thе laгgе сlоt anсl suгrоtlrrding pегivasсulaг lrеmсlггh;rgе.
сOnsistеnt \,ith a ГL]ptlшсd гight umbiliсal aгtеЦ' Tlrе lеft umbiliсal
artсry is lэaгеl,v rесognizlЬ|е (lаrgе nуу67р) Тhс: dght sidе of this
sоnogram is thе lеft siсlе <lf thе tbal.s abdomеn. arrd tlrе top is \-еlltfal
Тhis sonсlgгaпl was oЬtainесl with а 7 5-MHz sесtог-sсаnnег tLaпsdttсег
сoпtaiпing a built in fluid olIЪеt and a displaуеd сlерtl.r сlf 6 сm

bladdеr apех (Fig. 7-29).5 812 Сafе must bе takеn in
making this diagnosis sonogгaphiсallу bесartsе thе small
amount of fluid within thе uraсhus сan еasily bе dis-
plaсеd b). thе pгеssllfе of thе tгansduсеr against thе
abdominal wall. Thеrеfoге, sсanning tlrе uraсhtrs with
gеntlе prrssuге is indiсatеd, whеn a patеnt uraсhus is
sllspесtеd, to minimizе сomprеssion Of thе Walls of thе
uraсhlrs and sllbsеqllеnt fluid displaсеmеnt. A fluid-flllеd
сaudal uгaсhus сontinllous witl-r thе bladdеr apеx, bllt
not With thе ехtегnal r'lmbiliсus. is сonsistеnt with a

Figurе 7-29
Sonсlgгam of a 1latсnt rtraсhus obtainесl ltom a l2-сla1.old Тhсlгotlglrbrеd
сolt NOtiсе thе thiсk wall tlf thе uгaсlrus and thе anесlrсliс fluid
соntairrесl within thе tlг:rсhrrs (аrroLL)s) Тlris anесhoiс urinе сOllld bе
fсlllowеd ti.om tlrе blxddеr tO thе ехtеrnal umbiliсal fепnant .I'lrе гight
sidе Of this sonogfam is сranial. aлсl thс tol) is \'еntfal This Sonogr1lm
was сlbtainеd With a 7 i МHz sесtсlг-sсannег tгaлsdrrсег сontaining а

bllilЕi. fluid offsеt and a сlisplaуеd dеptl] of 7 сm

Llfaсhal divеltiсulum (Fig. 7.30).8 l2 Thе uraсhal divеftiс-
Lllum and patеnt Lrraсhus afе oftсn most еasily visrralizеd
in thе sa€.ittal imagе bесausе thе сonnесtion with thе
bladdег and mofе сfanial aspесts of thе trraсhlrs сan bе
visualizесl in thе samе sсan plаnе.

Uroperiloneum and Аbnormalilies 0| the Bladder

Thе гapid idеntiflсation of thе foal with a fuptllfеd blad-
dеr and uropеfitonеum iS anothег usеful appliсation of
diagnostiс ttltrasound. Ultrasonography of tlrе urinary
bladdеr and ufaсhus is a qtriсk and noninvasivе mеthod

Figure 7-28
Sonogr:rmsofthеЬladс1егobtainеd1iomaThoгoughЬгеd1il|1'withехtеПsivеhеmorrhagеtiоmthеulnbjliсrtsatЬiгtlranс]:rгupturес1rigllttrbi[iсa1
aгtегJ, (simе lill-v as in Figuгс ]_27) Tlrе гiglrt sidе of thеsе solloЕ]fams is сranial. and thе top is \,епtгal
,4' Thе laгgе есhogеniс сlot withiЛ tlrе bl.rddег mсasufеs at lеast 6.59 (х ) bу (l 06 (х,) сr-rr il1 diaпеtеr This sоnogram was obtainесl thе sаmе dav
aS thе imaЕ.с of thе ruptufеd гight lrmbiliсal xftег\- in Figrrrе 7-26 This sсlnogгanr *-as сlЬtaiлссl with a 7 5.МHz sесtoг-sсannег tfansduсег and a

disp[а1,сd (lеpth Oг l2 сm
B,I-:Lсvloсtllatiсlпsappеaгwithjntl-tсb1,;tddеr(а'rrou'l)asthеlrсmoггlragеbеginstОrеsоlvе.l.hissOnogгamwasоbtairrесl3dvslltег
МllZsеСtOг-sсaЛnеftгansdLlссгсontainingaЬrri1t-itrfuidofIЪеtand:rсlisp1al'еddеpthof6сmThеbladсlегсOntainесImuсh
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Figure 7-30
sonogгal]1 of a uтaсhal divегtiсulum obtainеd fгotl a 9.dlLr.tlLс] 

.l.hсlг-

olrghbrеd lillу Notiсе thс atrесhoiс flrrid il thе bllLсldег тhе rtгaсhal
di\.еftiсUlum (ID). аnd tlrе rr:rrroп-есl nесk of thс uгllсhlll с]i\ егtiсuluпl
xt thе apех of thе blаddеr (а,rroul) Thе гight siсIе оf тhis r. ltlоgг:tпl i:

сгanial, and thе top is vеntгal ,Гhis sonogгam ч as olltrinеd rr ith a - 5

}'IHZ sесtol..sсaпnег transсiuсел сontxiпing a btrjlt'il-t tluid oГЪеt anс1 а

dispJavеd dеpth o1 6 сm

of сonflrming thr diagnosis of uroРегitоr-tсl.tпl alld loсat-
ing thе sitе of thе dеfесt foг stlгgiсal геPaiг., jl ]1 ]] ]о .\

\'afiеty of diagnostiс tесhniqllеs сan bе Llsеd tO сonhгll1
thе сliagnosis, inсluсlirrg injесtion of a nontoхiс dr,е strсh
as nеW mеthylеnе bluе' tlrtсlrеsсеin, or azosltlfamidе into
thе bladdеr and subsrquеnt геtfiеval of pеritonеal fluid
сontaininЕ. dyе, positivе-сontfast сystograph1l, and еxсfе-
tof)r Llrograph1., but all of thеsе tесlrniquеs aге invasivе
and timе сonsuming.26

Thе rеpoгtеd inсidеnсе of trrinary bladdеr ruptllге in
llеonatal fbals is 0.2 to 2.5%'.;.' AfТесtеd foals arе Ltsllallу
malеs, lеss than 1 wееk old and havе a histoг1. of straininЕ.
to Lrrinatе or dribbling small amollnts of rrfinе.lo' ll ]4,2.J

26 29. 56 6a Foals with urсlpеritonеum bесomе dеprеssеd

ill]::nrч,'.:'Y:lчiP.'..ff :'ъ;;}u*:'::ff f, :'Siiil;-.
may bе гupturеd, of a сongеnital dеfесt ma1, bе pfеsеnt.
Uropеritonеum is most сommonly 1rssoсiatеd п,-ith a dс-
fесt in tlrе wall of thе bladdеf.9' rr r.i 22 2. 29 76 5.) 6] Urеtеral
сlеfесts afе гaге in foals.rr,'J 6' Uraсlral dеfесts oссuггеd
with nеafly еqtral fгеquеnсy to гtrpturеd bladdегs in hos-
pitalizеd foals in onе stud\r2з Affесtеd foals lrad a high
inсidеnсе of сo-ехisting gastгointеstinal disеasе and baс-
tеrial сlг fungal infесtion.2r, 62 oldеr foals (approхimatе\,
1 month old) may also dеvеlop ttropеritonеum, usuall1,
sесondary to an infесtiolls of nесrotiс foсus in thе blaсl-

dеr or a urinaгy tfaсt obstгLlсtion, ttstrall1. urеthral lr 26 ,6

Thеsе foals havе oftеn bееn сhroniсally 11 oг sеptiсеmiс.
Foals with uropеritonеum aге usually h1.ponatrеnriс, lrr.-

poсhlofеmiс, h1,pеrkalеnriс, azotеmiс, and h1,pеrosmсllar
and havе a mеtaboliс aсidosis.L0 2] 2(l,5(l 

'.,6, A pеritonеal
fluid сгеatininе that is mоrе than twiсе thе sегum сfеati-
rrinе is сonsidеrеd сliagnostiс for rupturеd bladdеr 2J 26 29

<6 59.rl сYtologiс rvalltation of thе pеritonеal fltrid ma.v

геr.еal pегitonitis and sеpsis, a SесondaЦ, сompliсation in
afТесtеd foаls.

lffith uropеritonеrrm, thе pеritonеal сavity is flllеd with
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Fiqure 7-31
Sonogfxm of thе Yеntral aЬdоmеrr OЬtainеd fгOm a l.dx}.Ol(l Tlroгoшgl.t-

bгес1 1illv п,ith uropегitonеttm Notiсе thе hгЕ]е r.olumе сlf arrесhоiс
lltriсl аnd thе gаstгointеstinal visссra lloatiпg in thе flrriсl N'lultiPlе loops
сlf jеjuntrnr (.аrrсlu's) arе rесognizablс bу thеiг klng mеsеntец', rolrпd
,JРI)еafanсе in shoГt-:rхis сrosssесtio|. and thе small diamеtеf of thе
bo*-е| Tl.rе гiЕ]lrt sidе сlf tttе sotrogram is thе lсft sidе of thс foil.s
:rbс1orrrеn. and thе top is YеntIal This sоnogranr s.as ol]tainеd with а
- 5-]lHz sесtor.sсll1lllег tгansduсег arrd a dispIa1'ес1 с1еptlr of 12 сnr

tluid and thе gastгointеstinal r-isсегa aге imagеd floating
in ar-rd on top of tl-rе fluid (Fig. --31).3 9 ll t2 l+ 16' 22' 2з

]6 ]9 Тhе pегitonеel tllrid nlar' bесotnе hr-poесhсliс and
сontain stгenсls of 1lbгin if a sесondarr' pеritonitis dеvеl-
оps (Fig. i_э2)" lr lo ]o oг harе irrсгеesеd ссl.togеniсit1'
assoсiatеd with a сonсLlrгеnt с\-stitis.]] T1-rе trrinaгr- blad-
dеr is also irnagеd floating witlrirr thе fluid strspсnсlеd bY
thе r'rmbiliсal aгtеriеs (Fig. 7_33) If thе Llrinarr- bladdеr
is rupttrrеd, thе bladdег usually appеafs сollapsеd, flaс-
сid, and foldеd upon itsеlf, сontaining littlе or no fltrid
(Fig. 7_33).8 9 ]] |2 I/| 22 2] 26 Although thе dеfесt is ttsuallу
in thе сlorsal wall of thе bladdец thе dеfесt itsеlf tnц, not
bе dirесtl1. imagеd during thе sonographiс ехamination

Figure 7-32
Sonogram of thе \.еntral xbdomеn obtaiЛеd ttоп e 3 5.wееk-сllс| Thoг-
оtlghbrеd сolt s.itll LlfopеfitonеLrm аssoсiatеd \\.ith a гuptlrrесl trгеtег
Tlrе hуptlесhoiс tltriсl in thе Yепtfa] аbdoпlеп is сonsistеnt п,-itlr a

sссonсia4' сhеmiсal pсгitonitis, and thе jсjLmllm (аrrott's) is tloating in
this fltrid Тlrс fight sidе Оf this sollogr2lm is thе lеft sidе of thе tb,al's

aЬсlomеrr. anсl tlrе toр is vеЛtral Тhis sonogfam was obtainесl with x

7 5-N{Hz sесtor-sсannег tгаns(iuсеf and a displa),есl dеpth of 12 сm
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Figure 7-33
Sоnogгams Of a fupturеd blaсldег obtainесl fronr a.l-dar'оld Thсlгoughbrесl 1illy u,itlr ufopсгitonеum and a пrptrtгесl blaсldеr. Notiсе thе Small
amolrnt of rtrinе witlrin thе bladdеl. anсl thе lxгgе аmolult of ;rrrесhoiс 1luid within thе pегitonеal сavit\' Thеsе so11ogfams wеге oЬtainеd with a

7 5-N1Hт' sесtoг-sсaпnеr trxпsс|uсег сontxinin€. a builЕiп tluid offsеt anсl а сlis1lla1еd dеptlr of 7 5 сrп
.4, NOtiсе tl.rе сollapsеd arrd foldеd appеar:lllсс of t]rе blaсldеr (аrroш') aпсl thе fluiс1 dissесtirrg oLtt (.аrrОш) alonЕ] thе lеft umbiliсal afеr (LUA)
Тhе bladdег is suspепсlесl irr thе аbdominxl сa\.it-Y bт thе гiЕ.lrt (RUA) arrd lеlt (LUA) utnbiliсal artеr|еs (аrrou)s), wl]iсh will atгophv алd bесomе
thе round liganrеlts of tlrе blасldег Тhе гiglrt sidе сlf tl.rе sonogгam is thе lеft sidе of thе foдl's abdoлrеn, and thе top is vеntгal
{Thесollapsеdblас1с1егWiththеtluid(.so/ir,/.IrrОu))dlssеСt\ngoLltаlongthе]сfdofsalxspесtofthеbhddеra[ongthеlеftrrnrbiliсalItе\.(()pеп
аrrсlu:) Thc (lissесtion of t]ris fluiсl (probablr. uгiпе) sllggсsts a tеaf along thе lеft dofsal wall of tlrе bladdеr Thе гjglrt sidе of this sonogr.aп is
сranial. аnd thе toD is vепtIal

bесausс of thе foldinЕ. of thе bladdеr wall.9, l0 lr 26 If fluid
is imagеd dissесting along Onе of thе umbiliсal aftеriеs,
a dеfесt in this loсation should bе sttspесtеd (Fig. 7_33).
In somе affесtеd foals, fluid may bе imagеd passing
thгough thе rеnt in thе bladdег wall fгom a paгtially flllеd
bladdеr into thr pеfitonеal сaviгy (Fig. 7_31).9 ll lr 26 Thе
сollapsеd and foldеd appеaranсе of thе bladdег slrotlld
not bе mistakеn for a гесеntly voidеd oг еmpt). bladdец
whiсh is small and сontfaсtеd bltt doеs not appеar foldеd

Figure 7-34
Sonogгatn сlf a ntptltгесl bladdеf obtaiпсd [гсlm a 2 da1,-old Standaгdllгсd
Iil[1. сlеlir.егесl Ь1, сеsaгеan sесtion Notiсе thе гелt in thс doгsal bl;Lсlсlег

wlll|]' (аrroul) afld thе Fоlеу сathеtеr with thе distеndесl Ьаt]otltr (F) in
plaсе in thе ЬladdеI ltlmеll Е]uiс1 п.as iпagеd in геal tiпе p1lssinЕl
tl-tгotlgh thе геnt in tlrе bladdег wall Ехсеss alrесhoiс tlrrid was dеtесtеd
in thе pеritonеal саvitY Tl.rе jеjtlnlrm is imagеd 1loating iп tl-tе ехсеss
aЬdoпirral flrrid Thе fight sidе of tlris sonogгam is сfanial, anс| thе trlp
is vеntгa] This soпograлr was obtainссl with e 7 5-MЕIZ Sесtoг-sсaлnег
tгansdllсег сOntainiпg x Ьuilt-in fltliсl of1Ъеt anс| a displ:rvсd dеpth Ot

6сm

tlpon itsеlf (Fig. 7-35). Markеd distеntion of thе gastfoin-
tеstinal Yisсеfa may indеnt thе bladdеr wall (Fig. 7-36,l
btrt doеs not сausе thе bladdеr to dеvеlop a foldеd ap-
pеaгanсе, slrсh as is sееn with a ruptlшrd bladdеr. In
foals with fеnal failufе, urinе pfoduсtion сan bе assеssеd
by sonographiсally monitoring thе aссumulation of Llfinе
in tlrе bladсlеr.

IWitlr a uгaсhal dеfесt, fluid is imagеd dissесting aгound
tlrе uгaсhus in thе rеtropеfitonеal and/of subсutanеous
spaсе (Figs. 7-37 and 7_38).* ]2. l1,24,26 Again, thе aсtual
dеfесt in thе uraсhal wall maу bе diftiсult to appfесiatе
sonogfaphiсally, but thе dissесtion of uгinе into thе sttr-

Figure 7-35
Sonоgгaпl оf thс vеntгal abdсlmеn obtainеd from a 2-dar.olсl Thorough-
llrесI сolt Thе sml[] i]ltaсt bladdег is suггсlundеd b1, gas- and inЕ]еsta-

trllеd largе and small Ьowеl Tlris iS a t}рiсal aPpсагanсе for a rесеntly
voidесl llladс1еr Thе fight siсlе of this sono!4ram is thе lеft sidе of thе
tbal.s aЬсlomеn' and thе top is vеntfal Тhis sonogrxп was obtainеd
with a 7 5-мнZ sесtor-sсannеf transсluсеl соntaininЕ. a built-in fluid
otТsеt and a disptayеd dеptlr of 6 сm

Ve
tB

oo
ks

.ir



СI]аptеr 7 . Pe.liatric Аbd'oшinаI Lтltrаsoпogrаphу 381

Figure 7-36
sonogгam of tlrе сar-rdal vеntlal ebdomеrr obtainеd fгom l +-сLar-оld

Thоroughbrеd fill1, witl] spasmodiс сoliс Thе markеd gasеous distеntion
of thе largе сoloп (LI) indеnts thе fоal.s bl:rdс|ег Тlrе гight sidе Оl this
sonogram is сгanial, and thе top is vеntгal This soпogгam rr'as obtаiпеd
with a 7 5-МЕIz sесtor-sсnlrnег transduсег сontаining a built.in fluid otl.sеt

and a disp|а1сd dсpth of - 5 сm

Figure 7-37
Soлograms of tl.tе vеntгal аbсlomсn obtailrеd fгom a 2-da).old
Tl.rсlтoughbгеd сОlt with uгopегitсlлеtrm and a uraсhal dеfесt
Nоtiсе tlrе iлсгеаsеd aпlount of arrесhoiс fluid in thе pеritonеal
с:rvitv and tl.rе jеjrrnum floatiлg in tlris fltlid Thеsе sonоgr.aлrs
wеrе obtainеd v'ith a 7 5-MHZ sесtoг-sсanпеr tгansduсеr сon-
taining a L]Lilt-in fluid сlffsеt and a displaуесt t1еpth оf 7 5 сm
,4, Transvеfsе Sonogг.tm сlf thе aгеa irrs1 сarrdal tO thе еxtегпal
umbiliсаl rеmnant dеmonstrating dissесtion оf tlrrid in thе геtгo.
pеritonеal SPaсе (а|^rоu') :rlong tlrе r.еntral bоd), l.all aroutrd
thе intеfnal lrmbiliсal геmnaпt stlllсtufеS Thе right siсlе of this
sonogгam is tlrе lеft sldе оf tlrе foa1's abdоmеrr, and Lhе top
is vеntral
B, Sag'ittal sonogranl of tlrе tшaсhtrs and biaсlсlег dеmoпstгatinЕ.
aлесhoiс fluid along thе Lrraсhus сOпsistеnt with a ttгaсhal сlеfесt
(аrrrlul) Tlrе riglrt sidе of this sor]Ogfam is сгaпiai. aпd thе top
is vеntгal
С, Tгansr.егsе soЛogfam of thе bladdег (l]) dеl-t1onstrating thе
гоuпd appеararrсе of thе flrriсl-fillсd irrtaсt blаdсlег in tlris tbal

with a fuptuгесl uгaсlrus Tlrе right sidе of this sonogгam is thе lеtt sidе сlf thе fоal's abdomеn. аnd thе toр is vеlltга]
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Figure 7-38
Sсln<lgгam of thе rrmbiliсal r'еin atrd геtгOPегitonеx[ spaсе сlbtairlес|
fгom а 7-сlal.olсl Thоrоughbге(l fоii] s.ltlr a пгaсlral lеak and еlеvatеd
сгеatiпinе Thеfе is a laI!.е imolmt of anссl]tliс flttid dissссting oLlt il-)

thе fеtfopсгjtonlеal spaсе (сtrrou,s) and а.гоunс] tlrе uпlliliсal vеin (Il,)
with Onl)'a small iпсгеаsс it] thс аПrol]nt оf 1iее lluid il1 thе abdomеn
This flt-lid $las tг2rсесl сaudal]v tO x сlеlесt in thе rLгасhus adjaсеnt to x
lсlсalizеd aгеа of ttгaсlritis This lbal was tfеatсс| mес]iсallу and mсlni-
toгес| sсlnogгaphiсallv anсl thс rеtгOpеfitоrrеal tltrir1 lеsоh.еd and thе
plasma сrеatininе rеtufi1есl tO Пormxl Thс right siсlс of this sotlоgram
is thе lеft sidе сlf thе foаl's abсlоmеn Tlris sonoglam п,.as obt;riпесl
witlr a wiсlс-lland\\'idth 6 O-NIHz miсLoсonvсх litrеаг.агrar' tгansdllсеr
opсгating xt 10 0 il4Hz and a displar ссt сlеpth of .i слr

rollnding tissttеs is dеtесtablс In tbals with a tшaсhal
сlеfесt, thе bladdсr is usually гollnd and flllеd with r'rrinе
(Fig. 7-37) bесausе thе dеfесt is oftеn small and Ltrinе is
slowly lеaking into thе pеritonеal сaviry9 | | l ] 26 Thе most
diffiсult dеfесt to diaЕ.nosе sonogfaphiсally is thе Llfеtеral
dеfесt bесausе thе lrrеtегs aге not noгmall}' visiblе. Foals
with a Lrfеtеral dеfесt havе normal uгaсhal rсmtrants anсl
a normal fluid-Iillеd bladdеr With a largе lrmount of fгее
fluid in thе pегitonеal сavity.rl. 12 l.l 25 .6.'9 Sonogrlrphiс
еvaluation of thе kidnе'vs should bе pеrformесl bесausе
rеtfopеfitonеal flrrid (uгinе) mav bе imagеd surrounding
thе kidnеr. in somе 1bals with a ruptufеd ufеtеf.|2.25 ]6 59

In oldег foals with a nесrotizing с-Ystitis, a thiсkеnеd
bladdеr wall is imagеd (Fig. 7-39)..r Abnoгmalitiеs <lf

bladdег wall есhogеniсiq, (Llsllall1, inсrеasеd) lrrе oftеn
dеtесtесl in thеsе foals in assoсiation with inflamшatсlцl
сеl1 inflltr1rtе elld nесfosis.l2 l] 26 Gas есhoеs h:rvе bееn
imagеd in thе W1rll of thе blaсlсlег irr сlnе foal with a
nесrotizing сystitis anсl trropеritonеLtm..2 2.' A disсrеtе
dеfесt in tlrе bladdеf wall milv Or ma'Y not bе vistralizеd.
Many of tlrеsе foals ma1, havе aсlhеsions bеtw.ееn thе
bladdег and thе sllffollnding gastfointеstinal visсеfa (Fig.
7_t9).,o Fibrin and есho8сniс fltrid mey bе irnagеd in thе
pеfitonеal сavit-v owirrg to thе assoсiatесl pеritonitis.

T1rе uгеthra should bс еvaluatесl sonogfaphiсally if urе-
thral Obstfl.lсtion is suspесtеd as thе сallsе of thе Ltfopегi
tonеum. Thе typiсal sonographiс appеafanсе of a uгеthral
сalсulus is a h1pеrесhoiс сonсгеtion сasting an aсollstiс
shadow wеdgеd in thе lrrmеn of thе Llfеthfa with flrrid
distеntion proхimal to thе urolith. Uгеthral сalсtrli havе
bееn геportеd in oldеr foals with tlropеritonсum and
havе bееn sееn iп toals admittеd to olrf hospital with
ufopеfitonеum.(.. Сеllular or pfotеinaсеous dеbris sес-

ondar)/ to infесtion is thе most likеly сattsе foг tlrе fсlrma-
tion of thеsе сalсtrli in foals with uгеthral obstruсtion. A
сomplеtе sonogгaphiс еvalrtation сlf thе еntifе ufinaЦ.
tfaсt is indiсatеd in thеsе tbals to invеstigatе possiblе
sitеs Of сalсulus foгmation anс|/or infесtion. A trгolith has
also bееn rеpoftеd to сatrsе obstrllсtion of thе pеnilе
Lrrеthгa in a 1,еarling 10 montlrs aftеr lapafosсopiс геpаir
of a fupturеd bladdеr.66 In this foal, staplеs hed bееn tlsеd
to сlosе tlrе dеfесt in tlrе bladdег and may havе bееn tlrе
niсltls for сalсtlli fornration, as vidеoеndosс<lpiс ехami1lа-
tion of tlrе bladdег ге\Iеalеd Lllсrfation in thе rеgion of
thе staplе linе. Tlrе Llfolith was imagеd sсlnographiсallr.
in tlrе pеnilе Llfеthгa in this yеarling. Urеthгal obstгLlсtion
Without ttropеritonеttm has also bееn fеportеd in a 3-
month-old сOlt.2J ln onе largе stlld'v of Llrolithiasis, horsеs
as }'oung as 7 months wеге affесtеd, althouglr tlrе sitеs
Of thе trгolitlrs in thеsе yollngstеfs Wеfе not rеportеd.6-
Llltгasonogгaphiс ехamination of thе trppеr and lowеr
urinar1, traсt \\ras Llsеfill in idеntфing thе loсation of
Llfinaг), сalсLlli.

Sonographiс сvaltratitlrr <lf thе strrgiсal rеpaif сan also
bе pеrformеd if thе foal is ехpегiеnсing pfoblеms postop-
еrativеh' (Figs. 7_40 and 7_41)' Dеf.есts in tlrе геpairеd
bladdег w;rll or adlrеsions bеtwееn thе bladdеr and sttг-
rounсling struсturеs ma1. bе dеtесtеd. Somе lеakagе of
urinе tlrгolrglr thе blaсldег wall is possiblе whеn thе
sr.lгgiсal linе appеars intaсt sonographiсallr,, but is r.rsuall1.
minimal.

Аhnormalilies 0| thе Аbdominal 0rgaпs

Rеnal Disеasе. Rеnal disеasе is probably thе mсlst
с()mmon organ сlisеasе irr young foals bесausе many nеo-
natal foals ехpегiеnсе pеripaгtum asph1r<ia and hypoхiс
rеnal injuq'. Sontlgraphiс е.t.altlation сlf tlrс kidnе1.s in
thеsе foals may геvеal no abrrormalitiсs or a slight dе-

Figшre 7-39
Sor.rogгenl оf thс b[aсIс1сr oЬtairrеd ffoпr x l-mOпtlr<lJсl ThoгorrglrЬrеd
сolt ч.ith nесrotizing сYstitis and adlrеsions bеtwееn blaсlс]ег and laгgе
ссllсln (аrroulbе,./s) NOtiсе tlrе nl:rгkеd thiсkеnirrg о1 tlrе doгs;rl b[аd.
сlег п.al1 аlrс1 iггсgular mrtсоsal sut.faсе сlf thе llladсlег (аrrrltl,) Тhis сOlt
lraсl an епlphrisеmatous с\ stitis .-Гlrе fight sidе tlf thе sсlrlograrrr is
сranial, lrnсl thе top is \'еПtг:r] Tl]is sonogfanr п.as сlbtainеd $,ith i 7 1
]\IHZ sесtoг-sсannеf transсlllсег and:r disоlаr'еd dеDth oI 12 5 спr
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Figure 7-40
sonogfams of thе bladdеr fсlllсlwing surgiсal геpaiг of a гupruгеd bladdег
in a 9-daу-old Standaгdbfеd Ii1l.v (samе Iilly as iл Еiguге - .]1) Тhе
bladdег had bееn геpaiгеd 7 days еaгliег Notiсе thе iпr agiпatеd bladсlег
muсosа (oрe, аrroш) 

^n(| 
thе h.vpегесhoiс sutllге пatегial in tlrе

dorsat blaсlсlег wall сastirrg an aсotlstiс shadorr, (drrОu's.) Тhis flllг had
abdominat distеntion arrd an inсгеаsеd amollnt оf pегitonеаl 1lrlid but
thе bladdег inсisk)n appеaгеd intaсt Сli|riсopathologiс апd сrrolсlgiс
еvalrration of t-[rе pегitonеal fluid rеvеalеd a modiIiеd rгansudэtе аnd no
еvidеnсе of ufinе сoпtaminatioп Тhis ехсеss pегittlllеeL tluid 3mdrrallr
геsolvеd Thе sоnogram on thе lеft is a slgittal \iе\' end thс .оnoE!гзп]

on thс right is a tгansYеfsе viеl- of thе bladdег Тhе гight sidе Llf tlrе
sagittal viеw is сгanial end thе tсlp is r.еnrгal Т1rе гight sidс of thе
tгitпsvеfsе vj.еw is thе lеft sidе сlf tl.rе tba] s ebr1onrеn Тhе>е :оnogгams
wеге сllэtainеd with a - 5 \lHZ sесtoг-sсartt-tег tгаnsduсег and ;r displаr еd

dеptlr оf 12 слr

сfеasе in parеnсhymal есhogеniсity. In othсr affесtеd
foals thе kiсlnеys afе еnlaгgеd and lеss есhogеniс than
nofmal, сonsistеnt with aсutе геnal failllfе.8 12 16' ]] Dopp-
1еr ultrasotrnd еvaluation of fеnal aftегial blood flow rе-
vеalеd an absеnсе of blсlod flow in latе diastolе or
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throughout diastolе in сhildrеn With aсutе геnal faillrге.68
Thе diastoliс blood flow ге-appеarеd in tlrеsе сhildrеn
with fесovеry. Rеnal afiеfia'| blood flow has not bееn
еvaluatеd in foals with aсutе геnal failuге. to thе author's
knowlеdgе. oссasionall1., with oliguriс oг anuriс fеnal
failtrге in foals, pеfifеnal еdеma is dеtесtеd.lo r] A гuр-
tufеd Lшеtеf should also bс сonsidеfеd in foals with
pегifеnal fluid aссumulation, prompting Sonogгaphiс ех-
amination of thе vеntfal abdomеn for thе prеsеnсе of
ехссsS fluid (uгopегitonеum).

Kidnеys that appеar mofе есhogеniс than nofmal afе
сonsistеnt with a сеllular inflltгatе in thе геnal pafеn-
сh)rma and mеdiсal fеnal disеasе (Fig. 7-42)., 12. r] This
inсrеasе in paгеnсhymal есlrogеniсity may bе diffusе or
mttltifoсal. In 1.oung foals, an infесtiotls сausе must bе
сonsidеrеd bесаtrsе еmboliс nеphritis has bееn sееn in
сolostrum-dеpгivеd sеptiсеmiс foals..,9 Thе mесhanism of
an inсfеasе in rеnal pafеnсhymal есhogеniсity is not wеll
undеfstood in htrman bеings and may oссuг With all
t1pеs of сеlltrlar inflltration (inсluding flbrosis), сhangеs
in rеnal pеffusion' oг сhangеs in thе intеrstitial tluid in
геlation to сеlllllaf fluid.5J In onе laгgе study of nеwborn
lruman infants. inсгеasеd геnal есhogеniсity was dеtесtеd
in iлlants тr'itlr low tlirth wеight, dеtегiofating mеdiсal
status. inсгеasin54 blood urсa nitгogеn and сгеatininr, and
pгепratuгiп Pгеmatuгitr \\,as thе most impoгtant faсtor
геlatеd to thе inсгеasеd геnal сortiсal есhogеniсity in
intarrts and appеaгs to bе a noгmal fiлding that gradually
progfеssеs to an isodеnsе рattеrn. 

() }Iеdullaп' nеphfoсal-
сinosis has bееn sееn in loп.biгt1r-rr.еight babiеs who
havе rесеivесl furosеnridе fof Sr\.егal days (at lеast 10
da1,51.'3 Thе mеdulla has a variablr.inсrеasеd есhogеniсit\,
in thе affесtеd babiеs, with a normal-appеaгing геnal
сoftех. Numегous glomеrulopathiеs, tubular abnormali
tiеs, and intеfstitial disеasеs also сausе inсrеasеd rеnal
есhogеniсity in сhildrеn.5] Thе iatrogеniс administгation

Figurе 7-41
Sorrogгams of thе bladdег fоllowirrg surgiсil геpair of a ruptllfеd Ьlad(lег in а 7-dar.-old Standaгсlbгеd сolt Thе Ьleddеr lrad bееn геpaiтеd 2 days
еafliеr Notiсr thе invеrIеd bladdеr muсosa (а,rroullэеасls) in thе сioIsal Wxll of thе bladсlег anсl the libгin tags (.аrrоu)s) attaсhеd to thе inYеrtеd
muсosa Тhеsе sonogгams wеге obtainеd with a 7 5-МHz sесtor-sсannеf tfansduсеr anс1 a displa.vеd dеpth of 10 сm
.4' Tг:rnsvеrsе viеw сlf tlrе bladdеr Iillеd With anесhoiс urinе Notiсе thе есhogеniс fluid irr thе pегitonеal сavir}. slrfrolrnding tlrе bladdеr assoсiatеd
with a сhеmiсal pе]:itonitis in tlris foal Thе right sidе of tlris soпogгam is thе lеft sidе of thе tbal's abdonrеn
B, Sagittal r,iеw of t]rе bladdеr dеmоnstfatiпg thе геPaiг in t]rе сlorsa-l Ьlaсiсlег wl|| (аrroulbеаls) Thе гiЕ]ht sidе of this sсlnogгam is сгanial' аnd thе
lеft sidе is сal.ldal
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Figure 7-42
sonogmm of lhе lеft kidnеv оbtаitrесi liom a l2-da1.o14 Stanсiaгсlbгеd
сolt witlr oliguriс геnal failttге Notiсс tlrе trrагkесl inсfс-.rsе iл thе
есhogеniсiq. of thе гсtral patеtrсlrvma Thе геnal сoгtех is гсlativе|1'

h)poесlroiс, with an есhog,еniс сoгtiсomеdullaг\ jllnсtion atrd псс1ulla
Tl.rе right si(lс of this sollоgгafll is сгenial. and thс lеft ls сaudal This
sonoЕ.гam тl.as сllэtainссl iп thе lеft parltltrпlbar lbssa lvith а 7 

'-MHzsесtoг-sсаnnеf tfansdrrсеr arrсl l сlispla.vеd сiеpth of 10 сnr

of a variеqr of drugs Llsеd in thе tfеatmеnt of sеptiсеmiс
foals may also rеslllt in iпсrеasесl fеnal parеnсhymal есho-
gеniсity. of plrrtiсtrlaf сonсеfn arе thе aminoglyсosidеs,
wlriсh may bе toхiс to thе rеnal tttbtrlеs. Сеphalosporins,
еrythrom),сin, гifampin, and sultbnamidеs сan also fеsult
in inсrеasеd rеnal parеnсh1,mal есhogеniсity in сlrildrеn
and pгobably in thе foal.5] Inсrеasеd есhogеniсity of thе
rеnal paрilla and есhogеniс dсbгis in thе rеnal pеlvis ma),

bе dеtесtеd in fbals with rеnal papillaЦ, nесfosis.'tr In
htrman bеings with rеnal papillary nесrosis, thе intеnsе
еlliptiсal есhogеniс foсi assoсiatеd witlr aсollstiс shadow-
ing arс tlrotlght to L)е сausеd by isсhеmiс nесrosis and
libгofatty dеgеnеration of p1,ramidal tissuс bllt may also
bе сausеd bу еarly nonhomoЕ.еnеous сalсiliсation.-r
Phеnvlbutazonс has also bееn shown to сausе similaf

Figure 7-43
Sоnogram of thе right kidnе), obtainесl fгom a 5-da1.ol6 Standaтdbгеd
llllY with lrvсiтonеphrosis Notiсе thё dilatation of thе rеnal pеlvis and

геnal сah,сеs With tlrс small гim of normal rеnal paгеnсhvmа rеmаining
Thе right siсlс of tl.ris sоnogгam is tl.rе lеft sidе of thе foal's abdomеn,
arrd thс toр is vеntIal Тhis soooЕ.ram was obtainеd ffom thе \rntгal
aЬсlоmеn witlr a 7 5 MHz sссtoг-sсannеf tгansduсег and a displayеd
dеpth Of l0 сm

lristopathologiс lеsions of thе rеnal mеdullary сfеst in
horsеs.-,

H),<lronеphrosis and,/of lrydrourеtсr may bе dеtесtеd
in foals with uгinaц, tfaсt obstflrсtion (Fig. 7-43).|2'2| I1
foals, thе h),сlronеphrotiс kidnеy usllally has a smooth
сontour. If a lryс1ronеphrotiс kidnеy is dеtесtеd, thе blad-

dеr' ttrеtеr, othег kidnеy' and stfuсtufеs аdjaсеnt to thе
ufinary traсt slrotrld bе сarеftrll1, еxaminеd sonogfaphi
сallу tсl dеtеrminе thе сausе of thе hydгonеphrosis. Rrnal
p),еlесtasia (fluid distеntion of thе rеnal pеlvis or ufеtеf
in thе absеnсе of Lrfеtегal obstfuсtion of obstrl.lсtion of
thе rеnal pеlvis) should bе diagnosеd in foals with fluid
distеntion of thе Lrfеtег anс|/ot геnal pеlvis and no еvi
dеnсе of rеnal atгophy (Fig. 7_41+). Rеnal pyеlесtasia
usuallу oссLlrs sесondary to laгgе volumеs of intravеnous

Figure 7-44
sonograms of botlr kidnе),s Obtxinсd 1iorrr a 2-daу-olсt Tlroгoughbгеd сolt with h}'drollrеlег aЛ(l dilatltion of tlrе геоal pеlvis Notiсе thе mafkеd

di1atation of thе геnal PеlYis (/,,1чe аrr(,ui) 
^лd 

tl-lе largе flrriсl-flllесi uге z.]) ехiting thе геnаl pеlYis in both thе Iight (,4) and lеft (B)

kidnеr.s. Tl]с sonogгarт o1 thс гight kiсlnеу *,as olltainесl in thе гight l spaсе whilе that of thе lеft kidnеy was obtainеd in thе lеft

paralimЬaг fossa Tlrе гight sitlс of both sonogгams is сfa|ial Thеsе so е obtainеd with a 7'5-N4HZ sесtof-sсannег tгirnsdllсег and a

displavеd dеpth tlf 12 спl
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fluiсls. A dilatеd rеnal pеlvis and ufеtrf assoсiatеd with
both kidnеys havе bееn dеtесtеd in onе foal with bilat-
егal есtopiс ufеtеfs and in sеvегal foals with 

^n 
artе-

гiourеtеral fistula.27'55 Dilatеd uгеtеfs may not bе dе-

tесtеd, howеvеr, if thеге is no obstruсtion to thе drainagе
of urinе into thе vagina. Hеmatuгia Was fеpoftеd in thе
wеanlings чzith an aftеfioufеtеfal fistula'27'55 and a pa\pa-

blе mass was dеtесtеd on rесtal еxamination in thе aoгtiс
quadrifurсation, whiсh was Sonogfaphiсally сonsistеnt
with an anеurysm.,r Сongеnital rеnal abnormalitirs afе
гarе in horsеs' but rеnal сysts, fеnal есtopia, rеnal hypo-
plasia, and rеnal agеnеsis arе all possiblе flndings. A
dysplastiс multiсystiс kidnеy should bе сonsidеrеd in
foals with multiplе rеnal сysts intеrmiхеd with есhogеniс
stfoma bесausе thеsе arе thе sonographiс flndings in
сhildrеn with dysplastiс multiсystiс kidnеys.ir Dеpеnding
upon thе loсation of thе atгеsia, a dilatеd rеnal pеlvis may
bе dеtесtеd сonnесtеd to dilatеd rеnal сalyсеs (сysts)

in human infants with multiсystiс rеnal dysplasia.5r Thе
polyсystiс kidnеy usually appеafs lobulaг in human in-

fants, whеrеas thе hydronеphrotiс kidnеy usuallr- has a

smooth сontolrr.5] Rеnal agеnеsis should bе сonsidеrеd
in thosе foals in whiсh only onе kidnе1'сan bе found in
thе normal of an есtopiс loсation. In human bеiлgs тr-ith

rеnal agеnеsis, thе геmaining kidnе1. hr.pегtгophiеs o\ ег

timе.53 Thе adrеnal gland, if pfеsеnt, appеaгs largег than
normal and fills in thе spaсе along rr,-ith thе splееn and
сolon on thе lеft sidе of thе abdomеn 5j Thе сесLlm!

along with thе livеr, wotrld bе ехpесtеd to flll this spaсе
on thе гight sidе of thе abdomеn in thе foal

Trauma to thе kidnеys from a kiсk or bеing stеppеd
on by thе marе may also oссuf) геsulting in a rеnal
or pегirеnal hеmatoma or hеmopеritonrum' In сhildrеn'
pегinеphгiс blood tеnds to aссumulatе around thе afеa
of thе rеnal laсегation, whiсh appеafs as a linеar есho-
gеniсity whеn thе ultrasound bеam is pегpеndiсulaг to
thе сraсk.5] A сloublе linеar intеrfaсе may bе dеtесtеd in
a сhild with a subсapsular hеmatoma if thе bеam is
diгесtеd pеrpеndiсular to thе rеnal bordеr; othеfwisе,
thе fеnal сapsulaг есhoеs maУ appeat fuzzУ.', A blotсhy
есhogеniсity to thе rеnal parеnсhyma is dеtесtеd in сhil-
dгеn with rеnal сonttrsion.5з Clеar fluid in thе fеtropеfito-
nеal spaсе around thе kidnеy Suggеsts a fuptllrеd rеnal
pеlvis, сa11тс, or ufrtеf.

Hеpatiс Disеasе. Livеr disеasе doеs oссur in foals and
usually has an inflammatory сalse. Асtiпobасillus and
othег baсtегial infесtions havе bееn idеnti.fiеd in foals
with suppurativе hеpatitis. ЕIrpatitis has also bееn rе-

poгtеd in сolostrum-dеpгivеd sеptiсеmiс foals.69 A diffusе
oг multifoсal suppurativе hеpatitis oссufs most сom-
monly, with oссasional foals dеvеloping a suppurativе
сholangiohеpatitis or hеpatoсеlltrlar nесгosis. Small arеas
of inсrеasеd есhogеniсity sсattеfеd throughotrt thе hе-
patiс parеnсhyma havе bееn imagеd in foals with multifo-
сal suppurativе hеpatitis (Fig. 7-45).'' '0 

., Hеpatomеgaly
may bе dеtесtеd in foals with inflammatory livеr disеasе.
A morе diffusе inсгеasе in parеnсhymal есhogеniсity is
indiсativе of a diffusе inflammatory се1l inflltratе.9' ]1' 12

Tуzzer,s disеasе should bс suspесtеd in foals with aсutе
hеpatiс failurе, еnlargеd livеrs, and a diffusе inсrеasе in
paгеnсhymal есhogеniсitу'', Tуzzеt's disеasе was also
suspесtеd in onе foal with maгkеd hеpatomеgaly and an
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Fiqure 7-45
Sопogram of thе livеf obtainеd from a 7-wееk-old Thoroughbгеd сolt
with small multifoсal aгеas of inсгеasеd есhogеniсity dеtесtеd thгollgh.
out thе liУеr Notiсе thе small sсattегеd arеаs of inсгеasеd есhogеniсiry
in thе right lobе of thе livег сonsistеnt With sllppuгativе hеpatitis Thе
гight sidе of thе sonogram is doгsal, and thе lеIt sidе is vеntral This
sonogгam was obtainесl in thе fight thifiееnth intеrсostal spaсе with a

5.0-МHz sесtof-Sсannег tЙnsсllrсеf anсl a displaуеd dеpth of 14 сm.

iлсгеasеd vasсular pattеrn.]O Somе loss of thе normal
hеpatiс arсhitесtuге mar,bе imagеd with а sеvеfе diffusе
oг multifoсal hсpatitis with parеnсhyma of normal or
dесгеasеd ссhogеniсiп. Сavitatеd aгеas may bе sееn as-

soсiatеd with livег absсеssеs. a raге flnding in foals. Thе
absсеssеs aге usually pooгlу maгginatеd and h-vpoесhoiс
whеn sсannеd еarly in thе сouгsе of thе disеasе and
bесomе bеttеr dеflnеd, еnсirсlеd b1' moге есhogеniс
inflammatory tissuе, as thе absсеss pfogгеssеs. Livег ab-

sсеssеs сan rеsult fгom sеptiсеmia anсl thе dеvеlopmеnt
of suppurativе hеpatitis or b1l di1g.t spfеad from an

infесtеd umbiliсal vеin. Thе portal vеin should bе сarе-
fully sсannеd for a possiblе sеptiс thrombus, чrhiсh has

bееn dеtесtеd in сalvеs with hеpatiс absсеssеs, but not
in foals to thе author's knowlеdgе.

Cholangiohеpatitis oссufs lеss frеquеntly than suppura-
tivе hеpatitis but has bееn геportеd in foals with duodе-
nitis and duodеnal stгiсturе.8. 1о-12 \1.71| ]6 Biliary геfluх may
tlе thе сausе of thе сholangiohеpatitis.-1-76 Thiсkеning of
thе bilе duсts with есhogеniс matеrial imagеd within thе
biliary tгее (Fig. 7-46) is indiсativе of a сholangio-
hеpatitis.9 12'l1 Inсfеasеd есhogеniсity of thе surrounding
hеpatiс parеnсhyma may also br dеtесtеd in foals with
сholangiohеpatitis'9 12' 11 Distеntion of thе biliary trее
may bе dеtесtеd sonographiсally in foals with biliary
obstruсtion sесondary to duodеnal stfiсtuге and сholan-
giohеpatitis.a |2']1'71 76 Сhгoniс livеr disеasе may rеsult in
inсгеasеd рaгеnсhymal есhogеniсity, with a moге lobular
сontouf of thе livеr surfaсе and dесrеasеd ovеrall sizе of
thе livеr. Toxiс insults rеsulting in lrеpatoсеllulaг nесrosis
may also oссur in young foals. Dесrеasеd есhogеniсity
and сollapsе of thе hеpatiс parеnсhyma may bе dеtесtеd
in foals with toxiс hеpatopathy or hеpatoсеllular nесгo-
sis.9, lo' 12'77 Markеd hеpatiс luсеnсy has also bееn dе-

tесtеd in сhildгеn who suffеrеd sеvеrе asph1r<ia.53

Сongеnital vasсular shunts, rarе in foals, may also oс-
сur, rеsulting in hеpatiс еnсеphalopathy.to' tt''8 Ultrasono-
graphiс еvaluation of thе livеf with Dopplеr еvaluation
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Figure 7-46
Sonogг:t'm of thе livеf сlbt:rinеd from a 6-wееk-o1d Thoгоughbrеd fllly
with сholangiohеPatitis Thе pгOmiflеnt djstеndесl bilе сluсts :rrе fl]lеd
With есhogеniс matеfial (аrrouls) fеpfеsсnting biliary sludgе Thе гight
sidе ofthе sonogтam is doгsal. and thе lсft sidе is \'еntral 'I.lris sonogram
was obtainеd in t]rе гiglrt еlеvеnth intегсostal spaсе Wjth a t- 1-NIHz
sесtoг-sсannег tгansdllсег aпd a displa1,еd dеptlr of l2 сm

of livеr blood flow may aid in diagnosing portosystеmiс
shunts in affесtеd foals. A patеnt dllсtus vеnosus was
dеtесtеd sonographiсally in a сalf with hеpatiс еnсеpha-
lopathy, and poftosystеmiс shlrnts havе bееn diagnosеd
ultгasonogгaphiсally in yotrng dogs.-l,-', othеr vasсular
anomaliеs may also bе dеtесtеd, but thеir eссLlratе diag-
nosis fеquirеs a thoгollЕ.h knowlеdgе of thr hеpatiс vas-
сular anatomy. Portal vсin thгombosis and artеfiovеnous
anomaly wеfе геportеd in a young Thoroughbrеd gеlding
With hеpatiс еnсеphalopathy.s3 Hеpatiс vеnous еnlargе-
mеnt in сonjunсtion with dесгеasеd paгеnсhymal есho-
gеniсity and hеpatomеgaly is сonsistеnt with passivе сon-
gеstion of thе livеr and right hеat failurе. Tгauma to thе
foal's livеr from a bloмz to thе abdomеn may rеsult in a
hеpatiс hеmatoma and/of hеmopеritonеum (Fig. 7-47).
сlotting blood in thе pеritonеal сavity tlsllally appеars
есhogеniс. Hеmatomas assoсiatеd with livег laсеrations
in сhildrеn сan bе hypoесhogеniс oг hypеrесhogеniс.
Subсapsular сollесtions of blood may bе dеtесtеd in сhil-
dгеn with livеr tratrma. Thе livеr in foals is fairly wеll
protесtеd, howеvеr, by thе ribs, and rib fгaсturеs aге
morе likеly than hеpatiс tfauma.

Splеniс Disеasе. Splеniс abnormalitiеs oссur infrе-
quеntly in foals.]() Tгauma to thе splееn rеsulting in а
splеniс hеmatoma and/ot hеmopеritonеum may oссuf
following a kiсk to thе foal's abdomеn oг bеing stеppеd
on by thе marе. In сhildrеn, a doublе linеar intеrfaсе of
thе outlinе of thе splееn is сonsistеnt with a subсapsulaг
сollесtion of blood.53 Intraparеnсhymal and pеrisplеniс
сollесtions of blood may bе есhogеniс or ltlсеnt or havе
a miхеd pattеrn of есhogеniсity in сhildrеn.53. 8,, Thе
splееn may also bе involvеd in arеas of loсalizеd pегitoni-
tis assoсiatеd with intеrnal umbiliсal fеmnant infесtions
(sее Fig. 7_22). Splеniс absсеssеs, howеvеr, aге fafе
in foals.

G astroi пtestinal D ise ases

Sonographiс еvaluation of thе gastrointеstinal tгaсt is ех-
trеmеly valuablе in thе еvaltration of foals with сoliс or

suspесtеd gastrointеstinal disеasе.s-l6. 20 Thе еntiге abdo-
mеn сan bе еvaluatеd and thе sonogгaphiс information
usеd to hеlp makе thе dесision bеtwееn a mеdiсal and
suгgiсal сoliс.8 12 l,i' l' Sсanning thе foal from thе most
vеntral portion of thе abdomеn is сritiсal to stlссеssfully
making this dеtеrminatiol1. Thе affесtеd fluid-fillеd intеs-
tinе usually falls to thе most vеntгal loсation and is rеadily
visiblе if sсannеd from thе most vеntfal portion of thе
abdomеn. Abnoгmal intеstinе may bе missеd, howеvец if
sсannеd from thе latеral or doгsal poftion of thе abdo-
mеn bесallsе thе intеfposеd gas-flllеd bowеl pfеvеnts
visualization of thе affесtеd intеstinе. Thе prеpondеranсе
of small intеstinal disеasеs in thе еquinе nеonatе also
faсilitatеs sonographiс diagnosis. Ultгasonogfaphiс еvaltr-
ation of thе pеritonеal сavity is also usеful to dсtеrminе
if pеritonеal fluid сan bе obtainеd on abdominal paraсеn-
tеsis. Тhе liklihood of obtaining pеritonеal fltrid from an
abdominal paraсеntеsis is small if no imagеablе pеritonеal
fluid is prеsrnt, and thе гisk of iatrogеniсally laсеrating
thе intrstinе or pеfforming an еntеfoсеntеsis is high'
paгtiсulaф in a foal with maгkеd abdominal distеntion.85
An abdominal paгaсеntеsis is usrrally not indiсatrd in
thеsе foals.

Intussusсеption. Thе frrst rеport of thе trsе of tiltra-
sonoЕ.raphy in thе diagnosis of gastfointеstinal disеasе in
foals .was thе diagnosis of small intеstinal inttrsstrsсеp-
tions (Fig. 7-481.'э Thе dеtесtion of a сhafaсtеristiс
..taгgеt,' or ..bull's-еyе'' sign is obtainеd b1. sсanning
through thе apех of thе intussllsсеption whеге thr intlls-
sltsсеptum is strrroundеd by fluid and thе intussttsсipiеns.
Thе imagе thus obtainеd is similar in appеaranсr to that
prеviously dеsсribеd in humans.s 15 20,86,8' This ultrasono-
graphiс appеafanсе is сгеatеd by thе diffеrеnсе in aсous-
tiс impсdanсе bеtwееn tlrе thiсk-wallеd, сongеstеd,
еdеmatolls innеr inttrssusсеptllm and outег intussttsсi

Figure 7-47
Sonоgгam of thе right siсlе of thе abdоmеn obta-inеd from a 2-month-
olс1 Thoroшglrbfеd сolt with hеmopеritonеLlm and a fгaсtuгеd livеr
Sonogгaphiс ехamination оf tlrе abdсlmеп rеvедlеd а latgе qtlantit}, of
есhоgеniс swiгling fluid witlr thе lafgеst aссumlllatiofr of blood and
fibгin in thе fight сгanial aЬdomеn Thеге was a dеfЪсt iп thе liyеt
paгеnсh1,ma dеtесtеd (аrrou,) and swеl|iпg iп thс ovеrl1,ing intегсostal
mrrsсlеs Qаrge аrroш) assoсiatеd with tгatlma to thе гight sidе of thе
vеntral thofaх and сгanial abсlomеn Тhе right sidе of this sonоgгam is
dorsаl and thе lеft sidе is \.еfltгll This sonogram was obtainеd with a

widе-b'tndwidth 6 O-MHz miсroсonvех linеaг-aгray ttaflsdllсег oPеfating
at 10 0 МнZ and a displlуеd dеptlr of 5 сm
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piеns and thе intегposеd fluid layег.'' l] Invaginatеd mеs-

еntсfiс fat or mеsеntегiс l1.mp| nodеs may also сfеatе
this sonographiс appеaranсе. Thе intussttsсеption сan
havе myriad diffеrеnt sonographiс appеaranсеs, dе-

pеnding upon thе portion of thе intussusсеption bеing
imagеd.10' ]] 1.1' 86 90 Thе intussusсеption may appеaf as

two сonсеntriс rings, with a сеntгal сirсular afеa of
есhogеniс сofе rеpfеsеnting thе innеr lumеn of thе intus-
sllsсеptum, thе ..multip1е-ring', sign.ll lr.8r'88 This appеaf-
anсе oссurs whеrе thе walls of thе irrtusstlsсеpttrm and
intussusсipiеns aге lеss еdеmatolls.ll r] oссasionally fl-

brin may bе imagеd bеtwееn thе innеr inttlssusсеptum
and thе outеf intussusсipiеns (Fig. 7 -49), Fluid distеntion
of thе morе pгoхimal small intеstinе is dеtесtrd, usually
with normal or nеaф normal wall thiсknеss and littlе or
no pеristaltiс aсtivity.]() 12 r.l Thе diffеrеntiation bеtwееn
onе or multiplе intussllsсеptions may not bе possiblе, but
thе prеsеnсе of thе intussusсеptiсln is геadily diagnosеd
sonogгaрhiсallу'

Although jеjunojеjunal intussllsсrptions afе mоst сOm-

mon in foals, ilеal-ilеal and ilеoсесal intussusсеptions
havе bсеn rеpoгtеd in wеanlings and vеaгlings.9. Affесtеd
youngstеfs usuall1, havе a history of сhroniс, usuall).intеr-
mittеnt, abdominal pain of sеvегal days, to wееks. dura-

tion anс1 normal vital signs at prеsеntation.9. Ilеal-ilеal and
ilеoсссal intusstrsсеptions сan bе imagеd lrltrasonogгapl-t-

iсally from thе гight flank aгеa andloг trallsгссtaШr in
thosе youngstегs laгgе еnotl54h to safеlr urrdеrgrl a гесtal
еxamination. Thе rrltгasorrogгephiс eppеeгanсс of lrn il-

еal.ilеal intussusсеption and a jеjunojеjunal inгus:l-tsсеp-

tion is similar. Witlr thе ilеoсесal intussusсеptrоrl. thс
outеf sсgmеnt of bowеl (thе сесun-r) is leгgег eпd saссш
latеd (although thе saссulations aге not еasill- iгnagеd in
thе atfесtесl portion сlf thе сесurrr). and tl-rе тral1 of tlrе
innеr sеgmсnt сlf bowеl (thе ilеuпr) is noгnrellr- t1riсkег

Hypеftrophy and markеd dillrtation oГ thе distel jеjunum

Figute 7-48
Sonograrп of thе Yеntfal aЬсlonrеrr obtainеd fгom a 3-сlау-оld Тhoгсltlgtl-

bгеd сolt With an iлtllssusсерtioп Notiсе thс сhaг1rсtеristiс taгgеt Oг
..bull's-еyе,' sign of thе intllssllsсеption Tlrе .'bull.s-е-vе'. sign is сгеаrсс1

bl' thе еdеmatolls outеr intussusсipiеns (solid аrrоul)' a 1luiсl [a)'еr

bеtwееn thе outеl. intussusсipiепs and tlrе innег iлtrrssшsсеptum' аnd

tlrе rr.rorе есl.togеrriс innеf intlrssllsсеpIum (Оpе]1 аrroш.) Tlnе right sidс
of th-is sonogгam is thе lеti siсiе of thе foal.s lbdomеп, and tlrе top is
vепtгal This sorlogгam was obt1rinеd with a 7 5-М}lz sесtor-sсannег
transс1uсег and a displa1'еd dеpth of 7 сm
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Fiqure 7-49
Sol]ogrlm of tl]е \,епtгal abdсlпlеn obtainеd tгопl r 5.dar оld Tlroгоugl]-

bгесl сolt With all intussusсеption \otiсс Ihе tlbгiп bепr ееlr thе thiсk
outег intusslrsсipiепs (сlzr1el. rtrrrltLsJ aпd rhе innег inttlssusсеptL]m
(innеr аrr()I|'.) Tl-rе libтin is |осulatеd аnd hrptlесhoiс Тlrе distеndес1

amotilе loоps сlf |еjпnum (SI) ;rге ргoхlпlаl rо tlrе intussusсеption Thе
fight sidе of this sоlrogгam is tttе ]еlt sjdе оf thе 1Ъ;rl s аbс1omеn' аnd

thе top is \ еlltгal This sollos.гilnl s;rs ilbrrinеd s ith a - 5-мHZ sесtor-

sсannег tгansduсег сtlllralпing з burlr.iп t]Llid Ofl.sеt aпс1 a сlisplayеd

dеpth оf 6 спl

har е also bееr-t геpoгtеd irr еquinе \'OunЕ.stегs ч'ith ilеoсе-
сal intr.rssusсеption and nrar bе dсtесtеd uitгasorrographi
сallr .': Ilеoсесal intussl.tsсеptions aге ntost сonttnon irt

с1сlgs. and thе .пrr-rltiplе-гing sign has bееn dеtесtеd in
affесtес1 do54s.,. Аn 'lrotrrglass . Or fusеd taгgеt-likе',
pattегI1 has also bееn dеsсribеd in сl-rildгеn with an
ilеoсесal intlrssrrsсеption as tlrе inttlssusсеption is imagеd
simttltanеousl1'within thе сolon.92 othеr tеrms suсh as
..ha1'1brk,'' ..tridеnt,'' and ..sausagе'' havе bееn usеd to
сlеsсгibе thе longitudinal viеw of an inttrssusсеption.1r
s- 92 95 ..Donut., and ..psеrrсlokidnеy'' havе also bееn tlsеd
to сlеsсribе thе tгansvеfsе viеw of an intllsslrsсеption but
afе not spесifiс for an inttrssusсеption.1z.91' 96

Small Intеstinal Yolvulus. If tuгgid, fluid-fillеd, amo-
tilе small intеstinе with thiсkеr than nofmal walls is
imagеd, a small intеstinal voh-ulus shor'rld bе sttspесtеd
(Fig. 7-50).8 12 r.1 A similar sonogгaplriс appеагanсс is
dеtесtеd shoгtly aftеr thе voh.ulus oссuгs, but jеjunal
wall thiсknеSs lnay still bе normal or nеarly nofmal as thе
сongеstion and еdсma of thс bowеl wall arе dеvеloping.
Rotation around thе mеsеntеfiс vеssеls may bе visiblе at

thе mеsеntеriс гoot. In сhildгеn, thе dеtесtion of duodе-
nal obstftlсtion with thе duodеntrm twisting aгound thе
strpеrior mеsеntеfiс aftеry' an abnofmal геlationship of
thе supеrior mеsеntеriс aftеry and vеin (thе vеin is dе-

tесtеd at thе lеft vеntral sidе of thе aгtrП), and a hypеr-
dynamiс pulsе in thе sr'rpеrior mеsеntеfiс aгtеry as a

solitary vеssеl in thе сеntеr of thе volr.ulatеd bowеl
arе sonogfaphiс indiсations of midgut 1r6|1-ц|цq.sr v- totl

Volr,.ultrs sесondary to adhеsions has also bееn dеsсribеd
sonograplriсally in сhildrеn with tlrе involvеd loop lraving
tlrе appеaranсе of a U on longitudinal sесtion and a C oг
сotТее bеan in tfansvеfsе sесtiolt.l.,.

otlrеr Small Intеstinal otrstrrrсtion. othеr surgiсal
disеasеs of thе small intеstinе сan also bе diagnosеd
trltгasonogгaphiсall1,. 

.With 
a mесhaniсal obstruсtion, di-
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Figure 7-50
Sonogram of thе aЬdomеn obtainеd from a 3-wееk-old Thoroughbrес|
сolt with a smal] intеstinal r.olr.tiltls Thе trrгgid сlistеndеd loops of
jеjunum wгap aгound еaсh othеr in a сiгсulaг pattеrn Thе loops of
iеittnum arе lillеd With anесhoiс fltid with onlу a small amount of
ingеsta dеtесtеd (аlтottl) Thе wall of t]rе iеjunum is onl1, sliglrtly
thiсkеf than normal at this timе Tlrе гight sidе of tl.rе sorrogram is thе
lеft sidе of thе foal's abdomеn, and thе toр is vеntral This sonogгam
was obtlinеd with a i 0-Мllz sесtor-sсannеf transduсеr and а displavеd
dеptlr of 20 сm

latеd proхimal loops of intеstinе and сollapsеd distal
intеstinal loops сan both bе imagеd, although tlrе сausе
of thе mесhaniсal obstгLrсtion may not bе visiblе.9-.,. .r

Сongеnital abnormalitiеs suсh aS Месkеl's divеrtiсulum
and othеr еmbЦ,ologiс rеmnants may сalrsе small intеsti
nal obstruсtion with thiсkеnеd, ttrrgid, fluid-fillеd, amo-
tilе small intеstinе imagеd proхimal to and in thе arеа of
tlrе obstruсtion. Мtrral massеs may bе dеtесtеd sono-
gfaphiсally in thе еquinе nеonatе (Fig. 7-51) and oftеn
oссur' assoсiatеd with hypoхiс bowеl syndromе, in foals

Figure 7-52
Sonсlgгatn of thе аbdomеn obtainеd from a 7-month-olсl Thor<rughbгеd
Iillу w,ith ilеal hyPегtгoрh), Notiсс thе thiсkеning of tirе wall of thе
ilеum (0 79 сm) and thе flttid сontеIlts of thе intеstinе Thе ilеrrm doеs
not. howеvеf, lravе a turgid appеafanсе Thе fight sidе ofthе sonogfam
is thс lеft sidе of thе foal's abdomеn, апd tlrе top is vеntгal. This
sonogгam was obtainеd with a 7 5-MнZ sесtor-sсanrrеr transduсег сon-
taiпing a built-in offsеt arrd a displa1,еd dерtlr of 6 сm

that еxpеriеnсеd pеripartum asph1rria. Мassеs within thе
intеstinal Wall afе most likеly to oссLlf in foals with
absсеssеs or infесtion in thе intеstinal wall and appeat
to involvе primarily thе small intеstinе.s'9'r3 Fluid distеn-
tion of thе morе proхimal small intеstinе, with littlе or
no pеristaltiс aсtivity, is also dеtесtеd sonogгaphiсally.
Thiсkеning of thе small intеstinal wаll immеdiatеly proxi
mal to thе mural mass has bееn dеtесtеd with a сoгfll.
gatсd appеaranсе to thе bowеl wall (Fig. 7_51). Muгal
thiсkеning of thе ilеum has bееn sееn in oldег foals
with ilеal hypеrtгophy (Fis. 7-52)' Есhogеniс ессеntfiс
thiсkеnings of thе bowеl wall havе bееn rеportеd in

Figurе 7-51
Sonogгams оf thе vеntгal abdomеn obtainеd tiom a l-morrth-olсl Aгabian сolt with a small intеstinal oЬstгuсtioп. Thеsе sonogгams wеге obtainеd
With a 7.5-MIIZ sесtof-sсannеr transduсеf сontainillg a built-in fluid oftЪеt and a displayеd dеpth of 7 5 сm
/, Notiсе thе largе есhogеniс muгal mass (аrrotLl) obstruсting tlrе iеjunrrm and thе distеntiofl of thе ,еiunum immеdiatеly pгoхimal to thе mass
Тhе right Sidе of this soлogfanl is сгaпial and thс top is vеntгal
B, Notiсе thе есhogеniс mtшal thiсkеning, thе lrypoесhoiс mulal thiсkепiflg, and thе small есho!.еniс сirсulaг stгLlсtuIе (аrroul), whiсh was thе
muсosаl suгfaсе of thе Ьowеl Тhе lumеn of thе jеjunum had bееn геduсеd to appгoximatеly 2 mn1 hеrе at thе sitе of thе most sеvеrе obstгuсtiоn
Tlrе hуpoесhoiс wal| of tlrе jеjunum lvas lillеd With mtlltifoсal absсеssеs Thе right sidе of this sonogг1rm is thе lеft sidе of thе tbal.s abdоmеn, and
thе top is vеntгal
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Figure 7-53
sonogгirn] of thе abdoпrеl1 obtaiпеd tIoЛl a i-month-Olсl P:1int сolt w-ith

arr asсaгid impaсtion .Гlrе thiсk есlrоgеniс asсarid $.Orm (drГ()u ) |s

srtгroundеd Ьу fiuiсl in thе smlll intеstinе Тhе right siсlе сlf tlris sono-
gгam is thе lеft siсlс of thс fb'tl's abdorпеn. aпd thе toР is rеntral l.l.tis

sonogram was obtxinеd П.ith a 5 O-MI]Z sесtor-scаnrtеr tгrtlsdLtсег lrttl
a displa.vеd dеpth of 20 сm

сhildrеn with intfamllral hеmatomas sесondeг\- to tгlrllпa
anсl shotrld bе сonsidеrеd in foals irr п'lriсlr abdonrinal
trauma is a pоssibility.l0l l0] Thеsе irrtrat]luгal hепetomas
should fapidly inrprovе on tblloп.l.lp sollogгeпls Intгa-

luminal lrеmorгhagе ma\' геsult in bгiglrtlr есhogеniс fl-

bгin сlots swirling within tl-rе intеstirral lttrrrеn.,- lntгalu-
minal blood сlots wеге irrragсd iп tlrе jеjununl of onе tbal
that pfеsеntеd with a history of сoliс and tarп, fесеs. Tlris
foal also had a jеjr'rnojеjunal inttrssusсеption dеtесtеd
sonogгaphiсally. Thе сathaftiс еffссt of blood Within thе
irrtеstinal lumеn сallsеs h1,pеrsесrеtion and lrypеrmotility
of thе blood-сontaining intеstinal lоops in hltman bеings
and may сalrsе similar сhan€.еs in foals. Сhangеs in intеsti
nal motility afе onе postr'rlatеd fеason for thе dеvеlop-
mеnt of an inttlssusсеption in foals. Intraluminal massеs
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ma.v also bе dеtесtеd in both laгgе atrd small intеstinеs.
Fluid distеntion of thе intеstinе pгсlхimal to thе obstruс-
tion makеs visualization of thе intfaluminal mass еas-

iеf.9 t2 Ilеal massеs assoсiatеd with massеs of paralyzеd
asсarid wofms havе bееn imagеd sonogfaphiсally in oldеr
foals that havе rссеntly bееn dеwormеd and havе an

asсarid impaсtion (Fig. 7-53)." '. .,.''
Largе Intеstinal (Largе and Small Colon) otrstruс-

tion. Obstrr'rсtion of thе largе and small сolon with fе-

сalitlrs or triсhophytobеzoars has bееn rеpoпеd in
foals.10]-105 Although fесaliths havе bееn rеpoгtеd in foals
eS )roung as 19 days, fесaliths havе bееn morе frеqtrеntly
rсportеd in slightly oldег miniatlrfе hofsеs and poniеs...,.
Thе fесaliths геpoгtеd in miniattrrе lroгsе foаls wеrе 4 to
6 сm in diamеtеr...,] Fеw rеportеd сasеs сlf triсhophyobе-
zoafs in fbals схist in thе vеtеrinary litеraturе' Ultrasono-
graphiс visualization сlf thе fесalith of tгiсhophрobеzoar
dеpеnds upon thе amount of Е.as distеntion of thе suг-

rounding intсstinе and tlrе loсation of thе obstrtrсtion in
thе largе or small сolon (whеthеr a sonographiс window
еxists to imagе this aгеa). Fесaliths havе bееn suссеss-
full1. imagеd in thе small сolon from thе flank arеa in
\-oung nriniattrrе horsеs. Thеy aрpеaг as ссhogеniс to
hrpеrесlroiс massеs that сast an aсolrstiс shadow, similar
to gastгiс tгiсlrobеzoars in сhildrеn.106 .(,8

}Iесonium fmpaсtions. Месtlnium impaсtions havе
bееn ;rссuгatеlr diagrrosеd lr'itlr rеtгogradе сontгast radi
.)д.г.rрll\ irl lbltls. '' Hoп е\.сг nlс(.Uniutlr impaсtions aге
еasiеr tсl сliagnosе sor-rogгaplriсаllr- п itlr lеss гisk to thе
tbal. Mесonittnr inrpaсtions aге most 1геqrrеntl1' dеtесtеd
dorsal to tlrе bladсlеr in thе tеrminel poпion of thс small
сolon, with fluid distеntion of thе mofе proхirrral small
сolon (Fig. 7_541'э-., |'i Thе mесonitrm in thе srrrall сolon
is usually vеry есhogеniс anсl has a ball oг log-likе slrapе
(Fig. 7-54). Mесonium сan lrlso bе imagесl in thе largе
сolon, whеге it may havе a moге variablе tlltrasono-
graplriс appеafanсе Mесonium in thе largе сolon сan

Figure 7-54
Sonograms of thе сalrd:rl vепtrll abdomеn оbtainсd tiоm a 2-сlaу-сllсl Thoгсlughbгесl сolt with а mесoniшm impaсtiolr ,l.hе гight sidе of thеsе

sn,-,og.u*. is сгanial' and thе toP is \.епttal Tlrеsе sollograms Wеfе Obtainесi witlr a 7 5-МHz sесtOr-sсannеГ tгansdrrсег and a сiisp|a1.сd dеptlr of

125сm
1 Notiсе thе есlrogсniс mесonium in thе small сoloл (lеJt аrroш,heасJs) dorsаl tо

аrrсltоhеаds) immеdiatе[). сranill to thе impaсtеd nrесonitlm
B Тhе есhogеrriс п.lесonium in thс snrall cсl|oл (аrкпlhеzzls) is doгsal to thе bladсlег

r'iеw in ,4.

thе blaсiсiег' With thе tllliddistепdеd small сolon (r,.ч,,

This sonogr.anr s.as сlbtairrесl sliglrtl1. rno1g сxlldal than thе
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Figure 7-55
Sonogranr оf mесoniurn ilr tlrе laгgс сOloD obtainеd fгom lr 2-с]ar.
old Тlroгоr-lghbгес| сolt With a mесOnilun impaсtion Тl-tс hipоесhoiс
пlссOnium (аrrrlus) is srtrгсlt.lгrdеd b\ ссho!.еniс flrrid in tl]с lafgе
сolorr Nоtiсе thе smаll amоrlnt of tiес pегitonеal lluld pгеsепt ъ.ithin
thе аlrdomlnxl сa\.iг\ Тhе гiЕ]|rt siсlе of tl-tis sonogram is сгarrial, and
thе tOP iS vеtrtгal Тlris sonogram п-as obtaillеd $'.ith a 7 5 Мt{z sесtoг-
sсannеr tгaпsdt-lсеr сontaining a built-jn fluiсl offsеt aлd а displalесl
dеpth of 6 сm

appеar as lafЕ.е h1poесhoiс (Fig. 7_55) of есho€]rniс
(Fig. 7-56) massеs and is oftеn slrrfolrnсlеd by fluid. Thе
rеtainеd mесonium ma-Y havе a vafiеty of shapеs within
thе laгgе сolon.

Atrеsia Coli. Atrеsia сoli maY bе imagеd if tlrе blind
еnd of thе proхimal sеgmеnt is loсatеd in an arеa with a
good aсollstiс rvindoпr. Gas and flrrid distеntion aге dе-
tесtеd in thе proхimal sеgmеnt with noгmal wall thiсk.
nеss.lz Visualization of thе еmpq. сaudal sеgmеnt maJ.
bе possiblе using thе blaсldег as an aсollstiс windсlw.
otlrеrмrisе, thе largе gasеOlls distеntion of thе proхinral
sеgmеnt maу prеvеnt visllalization of thе blind еmpty
сaudal sеgmеnt.

Figure 7-56
Sonr;gram of mесonium in tlrе laгgе сolon Obtаinеd fгom a 2-dav-
otd TlroroLrghbгеd ссllt Witl] a mссonillm impaсtion Тhе есhogсniс
mесoniunl (аrrоu,ls) in thе largе сolorr is surroundеd bу lr1'poесho:iс
fluid Тhе Iight sidе of tlris sonоgram is сгlrnial, and thе tоp is \,еntral
This sоnogгam was OЬtainеd with a 7 5-l\,[llz sесtor-sсaЛnеr trаttsduсеr
anсl a displa1'еd dеpth of 8 сm

Figure 7-57
Sоnogгam of gas llllеd largе соlon obtainеd from a 6 dar.o]с1 Thorouglr-
bгеd соlt w.ith аbсLonliпal с1istеntitlir anс1 сoliс Thе gas-Iillес1 lаrg'е
intеstinе (LI) сompгеssеs thе blaсlс]ег jn thе сatlсlal \.епtfal abdomеn
Thе right sidе of this sonogram is thе lеft sidе of thе fbal's aЬdomеn,
and thе toр is vеntfal This sonogfam was obtainеd with a 7 5-MнZ
sесtoг-sсаnnеf tгansduсеr сontainins a built-ill fltlid offsеt апd а dis
pl;r1.есl dеpth of 6 сm

Largе Colon Disеasе. Мany foals s/ith сoliс havе gas-
lillеd, distеndеd largе сolon oссl'lpying thе majofitу of
thе abdсlmеn, without a sllгgiсal lеsion (Fig. 7_571." ', 'o
In most foals with gas.distеndеd largе bowеl, thе distеn-
tion rеsolvеs \il/ith mеdiсal thеrap1. alonе and sufgеry is
not indiсatеd. Fluiсl- and ingеsta-Iillеd largе intеstinе may
also bе imagеd in сoliсlg. foals and rеspond similaгly to
mеdiсal thеrapr, (Fig. 7_58). Abnoгmal positioning of thе
largе boп,еl Yisсегa in tlrе foal. althollgh unсommon, is
difIiсult to diagnosе Llltfasonogгaphiсally unlеss thеrе is
thiсkеning and сongеstion oг еdеma of thе bowеl wall.
In thеsе foals, all that сan bе imagеd is thе gas-Iillеd
muсosal sllffaсе of thе largе bowеl adjaсеnt to thе body
wall. Imagin8 gastfointеstinal Yisсеfa dееpеr in thе abсlo-

Figure 7-58
Sorrogтem of ingеsta-fillеd largе boп'еl оbtainеd from a 12-dar.old Thoг-
orrglrbгеd сolt with abdominal distеntion anсl соliс Notiсе thе ingеsta-
fillеd largе сolon arrd tlrе noгrnal saссrrlltiolls (аtтс-lш's) of thе largе
сolon dеlinеatеd bY thе есhogеniс ingеsta Thе гight sidе сlf this sono-
gгam is сrаnial, aлс1 t]]е top is vеntfal This soпogram was obt1tinеd
With a 7 5-МнZ sесtoг-sсannег tгansduсег and a displayеd dеpth of
6сm
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mеn is not possiblе bесausе thе trltrasound is rеflесtеd
by thе gas at thе mtlсosal surtaсе of thе largе bow.еl.ll
Thеrеforе, if only gas-distеndеd largе tlowеl is imagеd, a
сlеflnitе surgiсal lеsion is not drtесtеd sonographiсally,
and thе foal rеmains сoliсky, a fеpеat sonogгaphiс еxami-
nation should bе pеrformеd. A largе сolon torsion or
displaсеmеnt, although unсommon in foals' should still
bе сonsiсlеrеd in thе сliffеrеntial diagnosis of a foal with
unrеlеnting abdominal pain and gasеous distеntion of thе
largе bowеl.

Gastriс Distеntion/Gastriс Ulсеration. Ultrasono-
graphiс еvaltration of thе stomaсh should bе a part of thе
sonographiс rvaluation of thе abdomеn in all fоals with
suspесtеd abdominal disеasе. Markеd gastfiс distеntion
сan rеaсlily bе dеtесtеd and thе ltlminal сontеnts
dеtеrminсd.9-l2' lr Distеntion of thе stomaсh rr'itlr an-

есhoiс to hypoесhoiс fluid is dеtесtеd with small intеsti
nal obstrllсtions (Fig. 7-5D. Gastriс and dtlodеnal distсn-
tion is otlеn dеtесtеd in foals чrith gastгiс ulсеr
syndromе..9 Thiс
portеd in htrman
maу bе dеtесtabl
tion of an ulсеr
human bеings and dogs with gastriс ulсегs ]::l ]]]:]r

Ulсеration of both tlrе squamotrs and glandtrlaг pопior-t.s

of thе stomaсh has bееn dеsсribеd in foa1s тr itlr gastгiс

ulсеrs, oссtlrгing morе fгеquеntlr- in tlrе nonglanduleг
portion of thе stonraсh.-, -(r ]]5 l.(. Pегfoгatеd gastгiс ltl-

сеrs loсatеd at thе maгgo pliсatlrs oг nеar thе pr,loп'ts

havе bееn rеpoпеd in ftlals, сausing pеritonitis and
dеath.r1.' lr(' Pеrforatеd gastгiс ulсеrs havе bееn dеtесtеd
ultrasonographiсall1. in сhildrеn as an inflammatory mass

surrounding a portion of thе stomaсh, сrеating an ultra-
soniс ..douglrnut.''5r. 96 Gasеous distеntion of thе stomaсh
may bе imagеd oссasionally in foals with littlе or no
visiblе gastriс fluid (Fig. 7_60)' Gastгiс еmpfying pгob-
lеms may bе idеntifiеd sonographiсally if largе amounts
of ingеsta pеrsist unсhangеd in thе stomaсh in a fastеd
or геfltrхing foal on rеpеat ехaminations (Fig. 7-61). Laс
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Figure 7-60
Sonogfam of thе stomaсh obtainесl from a .l-сiaу-old ThогorrghЬtеd filly
witlr сotiс Тlrе laгgе sеmiсirсular gas-fillеd stomaсh is dееp to thе
есlrоgеniс splееn anсl thе mOге hуpoесlroiс livеr I-агgе lmounts of gаs

s-еге obtainеd from nasogastгiс dесompтеssioп Notiсе tlrе small
amоutrt of anес]roiс pегitonеal fluid bеtwееn thе livеf. splесn, and

stoпraсl.r Tlrе гight sidе of this sоnogгam is doгsal. and thе lеft sidе is

r еntгal Тhis sonogгal]] was oЬtаinеd in tlrе lсft еiglrth intегсostal spaсе
sith a - 5.\tHZ sесtoгsсannег tгansduсеr сontaining a Ьtlilt-in fluiсl

OtI.\еt ]nd a disp]аr еd dерth of - 5 сn]

tobеzoars and tгiсhobеzoars har-е bееrr dеtесtеd sono-
graphiсally in сhildrеn in tlrе stotnaсh' but tгiсl-tollеzoars
afе moге сommon in thе small ссllon in foals.lOj 106. ]t-

Laсtobеzoars in human bсings lravе a bright irrеgular
suffaсе and сast a stfon€. aсoustiс shadow q,piсal of a

forеign body.
Еntеritis/Duodеnitis. Еntеritis сan havе a widе vari

еty of sonographiс appеafanсеs but is usually сharaсtеr.
izеd by fluiсl.llllеd h1,pегmotilе bowеl.8 12 t.1 t5 Thе wall
thiсknеss of thе affесtеd intеstinе may bе normal of
inсrеasеd (Figs. 7-62 aлd7-63). Thе intеstinal wall thiсk-

Figure 7-59
Sonogгam of gastгiс сlistеntion obtainеd ttom a 5-da}.olс1 Tlroroughbгеd
сolt Thе hуpсlесlrоiс fluid-fitlесt stоrnaсh oссupiеs most of thс сraniа[

abсlomеn Tlrе гight si(lе of this sonogfam is сгanial. alld thе top is

vеntгal This sоnogгam was obtainеd with a 7 5-MЕIz Sесtог-sсдnnеf
trartsduсеr anсl a displayесl dеpth of l2 сm

Figurе 7-61
sonogfam of thс stomaсh obtainеd ttom a 12.da1.old Тlrоrotlghlэгеd
сolt with сlеla1'еd gastгiс еmptуirrg NOtiсе tlrе la1.е1i1g bеtwееп thе

аnесhoiс (аrrottl) and есhogеniс f]uid in thе stоmaсh Tlrе right sidе

of this sorrogгam is thе lеft sidе of tlrе foal,s abdоmеn, and thе tOP is
vеntral This sonogfxm was obtainеd with a 7 

'-NIHZ 
sесtor-sсllПnсг

transduсеr and a displayеd dеpth сlf l0 сm
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Figure 7-62
Sonogram of thе dl.rосlеnLlm obtaiЛеd Гrom a 2-сla).old Aлrегiсan Sad.
dlеbгесl 1ill), *i.'' dL]Odепitis Notiсе thе tlriсkеnеd. trеагlr anесlroiс
wall of thс dlroс|еnrtrrr (аrlоtt's.1 with thе gasJinеd muссlsal srrгtlrсе
adjaсеnt to thе liYеr (L) Thе lеIi sonogгam is a tгansvеrsе inugс, aпсl
thе гiglrt sonogfam is a s1tgittal imagе Of thе duodеnun] ad'aселt to thе
right lobе of thе lir-еr Tlrе гiglrt sidе of thс tгlnsvегsе ima!.е is dofsal
and tlrс toP is thе гight abdominal wal| Thе right sidе of thе sagittal
imаgе is сraniаl Thеsе s()nogгtms wеrе obtainсd wit]] a 7 5-MHz sесtоr
sсannег tгaпsduсег сontaining a btlilt-in tlrrid сlffsеt aпсl a сlispla1.есl
dеpth сlf 6 сrт

еning is Llsually fеlativеly sуmmеtriс and ехtеnsivе and
may also appеar rdеmatolrs (morе hypoесhoiс than noг-
mal), partiсLllarly in foals with sеvеге inflamnratory bowеl
disеasе.9 ]2 l.1 l; Inflammatory bowеl disеasе may affесt
any portion of thе intеstinal traсt fronr thе dtrodеnttm to
thе small сolon. In foals with dr'lodеnitis. thе wall of thе
duodеnum maу bе Of nofп1irl tlriсknеss with a laгgе fltliсl-
distеndеd lumеn or thе duodеnlrl wall may bе thiсkеnеd
and hypoесhoiс with a сompгomisеd lumсn. Gastгiс dis-
tеntion is also dеtесtеd in foals with dttodеnitis and
duodеnal obstгLlсtion.rr -6 Shrеds of muсosa ma}. bе im-

Figure 7-63
Sonсlgгam of thе lеtt vеnttаl abс1omеll o]]tainеd fiсlm l J-nlontlr-old
Thoгouglrbrсd сolt \\.ith еry-thгom-vсiп-indrrсеd еntеroсolitis Thе
maгkеd thiсkеning of thе small intеstinе (1 38 сm) W.ith hvpoесhoiс tO

anесhoiс lluid is соllsistеot with еdеma Thе гight siсlе сlf this sonoЕ.гam
is сгanial, xnd tlrс ]еft sidе is сarrс1al Тhis sonogгam ч,.as Obtainе(l With
a 7 5.МHz sссtor-sс'u1nеr tfttnsduсег сontaining a built-in tluid otТsеt
aпd a disDlaYе(l dеDth o1 7 сm

Figure 7-64
Sonogгam Of thе vепtIal abdomеn oЬtaiпесl frсlm a 1-пonth-old Stan-
сlarс1brеd сOlt With еntегitis Notiсе thе flrrid-distеnсlесl loоp <lf small
intеstinс with t]]е thiсkеnеd wa|l (() .1() слl), tlrе iггеgrrlaг gas.lirrеd
muсosal surfaсе, aпd thе slrгесls сlf mrtссlsa (aгrсlz,s) floatinli in thе
intfalutliпal llrild Thе гight sidе сlf tlrе sсlrrоgrarrr is thе lеft sidе of thе
foal s abdomеn. and t]]с top is vепtfal Tlris sоnogram was оbtairrеd
with a 7 5-Ml{Z sесtoг-sсannег tгansduсег сontaining a built-in fluid
оГfsсt rnd а disp|ar еd dеpгh rli. 6 t.nl

agrd slollghing into thе bowеl lumеn in 1bals with dr.lodе-
nitis of еntеfitis (Fig,7_61),,) l0 12 l], l; In somе nеonatal
foals with dt'todеnitis of сlostfiсlial еntеritis, pinpoint gas
есhoеs havе bееn imagеd in thе Wall of thе affссtеd
intеstinе of lining thе muссlsal strrfaсе (Fig. 7-65).r,
Thеsе arеas of mtlral and mllсosal abnormalitiеs ma}. latеf
dеvеlop mllfal massеs similaf to thosе sееfl in foals witlr
фpсlхiс bowеl syndromс, assoсiatеd With pеriparttlriеnt
asph}Dda syndfomе (Fig. 7-66l. Bowеl wall gas in htrman
bеings is сonsidеrесl highlу sllggеstivе, if not diagnostiс,
for intеstinlrl nесrtlsis.llE Thе .,bгiglrt гing'' appеaгa1lсе is
сausеd by thе bгight gas есhoеs in thе intеstinal wall
sllrroundil1g thе tluid-Iillесl intеstinal hrmеn. Tin1. gas bub-
blеs (..еtТешеsсе11t bowеl',) havе also bееn геportеd in
htlman bеings With nесrotiс bowеl rising from thе dеpеn-
dеnt srtrfaсе of thе intеstil1е.'18 сlostfidial еntегitis should
bе a primary diffеrеntial diagnosis for foals with gas
есhoеs imagеd in thе bowеl мrall or along thе muсosal
suffaсе and in foals with hеmсlrrhagiс еntеritis.''9'l20 Сlos-
tгidial еntсritis oг anothеf nесfotizing еntrfitis should
also bе сonsidеfеd whеn a diphthеritiс mеmbranе is
imagеd sloughing into thе bowеl lumеn.r19 122 Pеritоnitis
has bееn rеpoftеd in сonjunсtion witlr еntеfitis in a

foal with Сlostridiulп septiсuпx sеptiсеmia, in foals with
сlostridial еntеfitis. and in foals with dttodеnitis and duo-
dеnal striсtrrrе r1 -6 l19 r2() Thrгеfofе, thе реritonеal сavity
should also bе сarеfullу ехaminеd trltrasonographiсally
for abnormal flurid oг adhеsions in foals s/ith rntеfitis of
сluodеnitis.

Ilеus. Foals with ilсus l.lsuallу havе littlе or no visiblе
pеristaltiс aсtivity. Thе diamсtеr of thе bowеl is in-
сrеasеd, but thе intсstinal wall thiсknеss is Llsually nof.
mal. In somе foals witlr ilеrrs, dеpеnding Llpon thе сausе'
thе wall thiсknеss may bе inсrеasеd, anсl othеr intеstinal
oг Dеritonеal fltrid abnormalitiеs maY bе dеtесtесl. Thе
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Figure 7-65
sonograms of thе vеfltral abсlomеn оbtaiлеd ttom a 6-dаr.old pгеmatrrrе Thorotlghtlгесl llll,v with pеripагtufiепt asplr1тia s).пdгоnrе Тhе гight sidе

of thЪ soпog'гams is thе lеft sidе сlf tlrе foal's abdomеn. аnd tl]е top is Yеntгal. Thеsе sonоgrams wеrе obtail]еtl \4.ith a 7 5-MHz sесtoРsс:tnпсr

tгansduсег сontainiЛЕl a btlilt-in fluiсl offsеt aпd a disptа1'еd сlсpth ot 6 спl.

.{, Thе hуpегесhoiс есhoеs iп thе wall of thе smatl boп.еl (arrozu,) :rгC сoflsistепt with gas in tlrс bсlwеl rvall.

B, Thе asvmmеtгiс thickсniпg сlf thе wall of thе small lntеstiflе fеsults in a mtlгal mlss (аrr()n-.) lhat oЬstгuсts thе jеjurrrrm Тhе сiistсrrdеd flrrid-

1illеd jеjunlrm to thе lеft of thе sеgmеnt сontains thе muгal thiсkеning :rnсl muгal m:rss.

luminal сontеnts of thе affесtеd boп-еl aге usllalh- statiс
of somе random motioп of thе ingеste ma\ bе obsеrr еd

in foals with ilеus. Сontгeсtions of tl-rе aftёсtеd intеstinе
and pfoplllsion of thе lr-lmirrel сontеnts aге аbsсnt In

сhildгеn with ilеus' tlrе boц.еl losеs its 1nllltifaсеtеd ap-

pеafanсе and is imagеd as disсrеtе tubtrlar stnlсttlгеs.l.r1

Сhildrеn with adynamiс or fr-rnсtional ilеus (nonobstrttс-

tivе) havе distеndеd Small bowеl with normal to somе-

wlrat inсrеasеd pеristaltiс aсtivit1., whеrras tlrosе with
dynamiс or mrсhaniсal ilеus (obstruсtivе) havе morе
intеstinal distеntion and variablе pеfistaltiс aсtiYity, fang-
ing from nonе to inсrеasеd.'.,' In small animals, mесhani
сal ilеus tеnds to pfodllсе sеgmеntal dilatation, whеfеas
funсtional ilеtrs is usr'rally assoсiatеd with gеnеralizесl

Figure 7-66
Sonograrп Of thе vеntгal :lbdоnrеn obtaiЛсd ttсlm a 2-wееk-сlld Tlrог-

oughbгсd lillу with hl,poхiс Ьowеl s1.ndгсlmс. Тhе markесi thiсkеЛing
of thе wall of thе smаll intеsti11е (1.0l сm) сattsесi small intеstinаl
obstruсtion Notiсе thе in€iеsta-hllеd distrndеd lооps of iеjunum to thе

lеft of thе Obstftlсtеd loop оf jеjtmrrm. Thс right sidе of thе sollo!.ram
is tlrе lеft siс1е of thе foal's abсlomеrr, :rnd lhе top is vеntral Tlris
Sonogfam was olltainеd with a 7.5-мl{z sесtoг-sс'lпnеt тгаtrьdrlсег сon.

taiпinя a built-iп fluid offsеt anсl a displa,vес1 сlсptl.r сlf 6 сm.

intеstinal distеntion.,] In botl-r fllnсtional and mrсh?rniсal
ilеus in srnall aninrаls. gastrointеstiпal motility appеars
dесгеesеd tl-tгolrghout thе borr-еl.,r T1rе sanrе flndings
аpPеaг to bе tгLlе iл tbals }Iесlrar-riсal ilеus in foals is
сausес'1 b\- intllssusсеptiol]s. \ ol\ulus. obstftlсti\'е сmbry-
o1liс геlтll1ants. пttгzrl пlessе s. tгiсlroplrrтobсZoaгs. mесo-
niuпr' of asсaгid impaсtions Oг othеr lеsions сallsing 1nе-

сhaniсlrl obstrllсtion. Funсtional ilеus irr tbals is most
frеquеntly assoсiatеd witlr h1,poхiс bowеl injr.rп- or fol-

lows abdominal sttrgеry or anеsthеsia.

Аbdominal ,4fsсess

Diagnostiс ultrasound is also usеflll for dеtесting abdomi
nal absсеssеs, partiсulaгly thosе assoсiatеd with Rhod,o-
сocс\|s eс!цi ot Streptoсocсus equi' Largе multiloсulatеd
mеsеntеriс massеs arе oftеn imagеd at of nеaf tlrе vеntгal
аbсtominal wall (Fig. 7_67).','r.' ]l Althorrgh multiloсu-
latеd massеs afе mofе фpiсally imagеd чzith abdominal
absсеssеs, morе homogеnеolrs uniloсular massеs havе
also bееn dеtесtеd with abdominal absсеssеs in foals.lr
Thе morе есhogеniс thе matеrial сontainеd within thе
abdominal mirss' thе thiсkеr and morе сasеatеd thе puru-
lеnt fluid is likеly to bе. Thе largе sizе and wеight of thе
abdominal absсеss displaсе it toward thе most vеntral
part of thе abdomеn. Abnormal pеritonеal fluid (quantity
aпd/ot сhaгaсtеf) ma)r also bе dеtесtеd in foals with
abdominal absсеssеS.

Аsсites/Peritonitis

Ultrasonogfaphy is thе nоninvasivе study of сhoiсе for
thе diagnosis and еvallration of pеfitonеal fluid.r,r Thе
qllantify and сharaсtеr of thе pеritonеal fltrid should also
bе еvaluatеd sonographiсally In an ехpегimеntal porсinе
modеl, as littlе as 60 ml of tluid injесtеd into thе pеrito-
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Figurе 7-67
Sonograrrr obtаiпеr] trom a 2 mrlrltl.t-old Thoгоughbгсс1 пlh П'ith an
abdoшin:rl aЬsсеss Thе absсеss (аrrozt,.s). shiсIl is hing aЕ}ainst thе
tlоoг сlf thе \'сlltгal abdoпеn. has a Пlll]tik)сUlatеd appеaranсе Тhis
soпogгaplriс аppеaгal1сс is t\'piсa| fсlr Rlэсldсlссlссu,s e4иl absсеssеs Thе
dght sidе of this sonсlgram is thе lеlt sidе of thе foдl's abdomсЛ' and
thе tOр is vеrrtrа] Tl.tis Sollogflt1тl was obttinесl with a 7 5-МHz sесtoг-
sс2lnnеr tfallsс|Uсег allсl a displavеd сlсpth of 8 сm

nеal сavit). fеsllltеd in frее-floating bowеl imagеd sono-
gгaphiсall1rr,a Smlrllеr quantitiеs of flr.rid wсrе dеtесtablе
sonoЕ.гaphiсalЦ, in thr pеfitonеal сavit1., 4g'.'ding upon
thе pig's position. Pеritotrеal fluid сan bе sonographiсallr,
сlassiliеd into anесlroiс fltrid, lromogеnеous\l ..no*.','.,
or есhogеniс 1lnсl sеptatеd.l2J Pегitonеal fluid bесomеs
moге есhogеniс as thе сеllularit,v of thе f]trid inсrеasеs.
Thе pеritonеal сavit,v should bе сarеftllly еvaluatсd foг
adlrеsions bеtwееn thе gastrointеstinal visсеra. intеrnal
oгgans, and pariеtal pеfitonеum (Fig. 7-68).,-l]. l1, 16. t9 l2;

Thе transduсеf shollld bе hеld still in onе position and
thе bowеl сaгеfillly ехaminеd to bе slrге that thе sеg-

Figure 7-68
Sоnogгlm сlf tlrе r'епtгa] abdonrеn obtаinесi tiorrr aп 1 1-month-Old Тhoг-
orrghbr.еd Iilh' ъ,ith pеritonitis Notiсе thе lr1pоесhoiс pеritorrеal flttid
and thе shagg5- appеar.arrсе of thе sеrosal suгflrсе of thе jеjrrnum arrd
сolon (I,! Есh<rgеniс s|raлds (rл,roul) aте sееn Ьеtwееn thе Yisсегal
pсtitoпеal suгthсеs Thе гight siсlе сlf this sonogfam is thе lеft sidе of
thе fbal's abdоmеn. arrd thе top is \,еntfal This sonoЕ]гam Was obtainеd
With а 7 5-MHz sесtог sсaпnеr tгaпsduсег aпd а displavеd сlеpth of
8 сп sI. small iпtеstinс

mеnts of intеstinе moYе indеpеndеntly of onе anothеf.
thе adjaсеnt abdominal organs' and thе pеritonеLtm.126
Adhсsions may br pfеsеnt in a foal With normal sono-
gfaphiс lindings bесausе thе sегosal suffaсе of muсh of
thе intеstinе is not aссеssiblе sonographiсally

Thе pеritonеal fluid ma'v bе anесhoiс, hypoесhoiс, oг
есhogеniс or havе a сompositе appеaranсе. Anесhoiс
flrrid most frеqtrеntly геpfеsеnts a tfansudatе, although a
modiliеd tгansudatе oц lеss likеly, an ехudatе is possiblе.
сlеpеnding Llpon thе sizе and nllmbеf of thе fеflrсtors
(primarily сеlls). Thе tfansudatе may bе sесondary to
сongеstivе hеaгt failuге, pеriсarditis, hypoprotеinеmia, oг
uгopеritonеLlm. Pеfitonеal fluid that is homogеnеotrsly
есhogеniс oг ссhogеniс and sеptatеd is usuall1r an ехu-
datе..,r Сomplех pеritonеal fluid may bе сhylous, hеmoг-
гhagiс. inflammator}-, of nеoplastiс. In еquinе nеonatrs
inflammatoЦ, asсitеs is most сommon. Loсallizеd pеfitoni-
tis, althorrgh lеss сommon than gеnеralizеd pеritonitis, is
oссasionally dеtесtеd irr somе fbals (Fig. 7_69). Fеvец
anorехia, and wеight loss arе сommon prеsеnting signs
in foals with pеritonitis. Сoliс and diarгhеa havе also
bееn rеportеd in foals with pеritonitis.'2- A homogеnеous
swirling pattеrn in thе pеritonеal fluid is сonsistеnt with
a hеmopеritonеum. A сhylсlus еffr'lsion has bееn rеportеd
in a tbal in assoсiation with a l1.mphatiс lеak and an
abdominal absсе ss. l ; Sorro graphiсall1. 11'. сhylous еffllsion
should appraf as a homogеnеous есhogеniс еffusion.5з A
fuptllfеd visсus (Fig. 7_70) should bе suspесtеd if a
сompositе fluid with largе partiсtllatе mattеr, vaгiablr-
sizеd есhogеniс matегial, flbгin, and/of fгее gas есhoеs
is imagеd withirr thе pеritonеal fluid.9 12 |1 |5 19 20 сom-
positе flrrid With a librinotrs pеritonitis has bееn dеtесtеd
in fbals with гupturеd gastгiс ulсеrs, as Wеll as with othег
sitеs of intеstinal гuptuге.9 i2 l] 15 19 20 ]2-

Hernias

Umtliliсal Hеrnias. Thе majority of umbiliсal hеrnias
in foals aге small (<2.5 сm in diamеtеr) and rasily

Figurе 7-69
Sоnogram сlf hуpсlесhсliс pегitoпе.ll fluiсl wallесl сlff in thе сrаnial
poftioп of thе abdorrrеn obtainеd trсlm ;r l-mсlnth-old Stanсlaгсlbrесl соlt
with l)еritonitis Notiсе thе h\,poесhoiс tlujd (.аrrсlrr'.s) bеtwееn thе
largе ссllon (С) and thе \,епtгal aЬdomiпal wall Thе гi!.ht sidе Of this
sonОgfam is сгanial, aпd thе top is \.еntгal This sonogram was obtдinеd
With a 7 

'.МHz 
sесtor sсannеf tfansdlrсеf сOntaining a bllilt-in lllliсl

OlТsеt and a displa-vес1 dеpth of 6 сm
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Figure 7-70
Sonogfam of thе vеrrtral abdomеn obtainеd fгom a 6-wееk-old StaLrdaгd

Ьгеd сolt with a ГLlptuгссl visсtrs T1rе есl.rogеniс pегitоnеal tluid stlг-

гounс1ing tlrе loop of ingеsta-Iillесt sma-ll intеstinе (SI) liеs ()fl thс floof
of thе vепtгal aЬсlоmеn Largе fibгin tags wеfе imagеd in thе mоfе

сrxnial portions оf thе abсlomеn Thе riglrt sidе of thе sonoЕ]rarп is thе

lеft sidе of tlrе foal.s abсlomеn. and thе top is \.еntral Тhis sonogfam
Wlls obtainеd with а 7 5-MHZ sесtoг-sсannеr traпsduсег сontainiпg a

built-iп fluid offsеt aпсl a сtispla1,есl dеpth оf 6 сnr

rеduсiblе.28 l28.l.O Thе hегnial saс Llsua1h- сontains pепto-

nеal fluid and possibh- omеntum Intеstitlе. if pгеsеrrt itl
thс hеrnial saс, is usuall-Y ilеtrm or jеjunrrrn and ol]h-

infrеqtrеntly bесomеs stгanglllatеd within thе hегnial
saс.2s' 12s. l]. Omеntum, vеntгal сolon, atrd сесum havе

also bееn founсl inсarсеratеd in thе umbiliсal hеfnia..]t
Umbiliсal hеrnias afе еasily sсannеd to dеtеrminе thеif
сontеnts (fluid' omеntum' or intеstinе), sizс, and thе

Dfеsеllсе of intеrnal umbiliсal rrmnant of subсlrtanеous
infесtion.. 9. 12' l.i 2a Сharaсtеrizing thе sizе of thе hегnia
aiсls thе sufgеon pfеopеrativеly in thе sеlесtion of thе
typе of hегnial сlosuге 11есеssary.9 ll. l,i. 2a Thе simplе
umbiliсal hеrnia appеafs as a dеfесt in thе vеntгal body
wall at thе umbiliсus (Fig. 7-71) with a diamеtеr that сan

bе mеasuгеd in its sagittal and transvегsе planrs. Thе
сompliсatеd umbiliсal hеrnia (a hеrnia With intеrnal of
ехtеrnal umbiliсal infесtion) has an infесtion of thе intеr-
nal of rхtеfnal umbiliсal rеmnants oг thе adjaсеnt subсu-
tanеous struсtuгеs that с.ompliсatеs thе suгgiсal pfoсе-
durе for hеrnial сlosufе.2s If dгaining tfaсts afе dеtесtеd
in assoсiation with an umbiliсal hеrnia (Fig,.7 -72)' сafеftll
sonogгaphiс еvaluation should bе pеrformеd to dеtеr-
minе thе soufсе of thе drainagе (subсtrtanеous absсеss,

intеrnal trmbiliсal геmnant infесtion, or lеaking bowеl
inсaгсеratеd witlrin thе hегnia). If an umbiliсal absсеss is
adjaсеnt to thе umbiliсal hеrnia, anothеr fluid.flllеd saс is
dеtесtеd in thе subсutanеolls spaсе adjaсеnt to, but not
сommuniсating with, thе hегnial saс (Figs. 7-72 anс1

7-7'. Thеsе foals should bе сarеfully sсarrnеd to еlimi-
natе thе possibility of a сonсurrеnt intеfnal umbiliсal
fеmnant infесtion. srhiсh would altеr thе suгgiсal ap-

proaсh to hегnial rеpaiг. A nonrеduсiblе umtliliсal hегnia
сan oссur with omеntum, small intеstinе (usually
ilеum-sее Fig 7_73i), vеntral сolon, or сесLrm stfangu-

latеd or inсaгсеratеd in thе hеrnial saс.,n' ']. omеntum
has a hеtеroЕ.еnеous hypoесhoiс to есhogеniс appеaг-

anсе сrеatеd by thе fat сontainеd within thе omеntum.

Figure 7-71
Sоnogram obtainеd from a bтеd lillr's,.ith a small
rrnсompliсatеd umbiliсal h dеfъсt in thе abdomi
пal mllsсulatuге bеt.w-ееn t hегnia mеasuтесl l.29
сm iЛ thе tгansvеfsе planе, was еasil1. rеduсеd b). thе pгсsstrrе of tllе
tгansсlrrсег' and сontainеd onl)r Pегitonеal fltrid Notiсе thе normal Small

abdo
foal'

ith a

anсl

Omеntum ma\. appеar solid or сavitatеd whеn strangtl-

latеd п-itirin tlrе hегnia. сlеpеnding upon thс аmount of
tissllе nесrosis and сеllular irrfrltratе in thе strangtrlatеd
tissllеs. T1rе strangtilatеd ilеum or jеjunum appеars similar
to сompromisеd small intеstinе pгеviousl1' dеsсribеd in
othеf typеs of surgiсal obstrllсtions. Thе wall of thе ilеtrm

or jеjtmum appеafs thiсkеnесl and hуpomotilе оr amotilе
(morе likеl1)' with a turgid appеafanсr to thе portion of
thе small intеstinе stfanglllatrd чrithin thе hеrnia (sее

Fig. 7_74).,-tl In thе foals in whiсh largе intеstinе was
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Figwe 7-72
Sсlnоgгam obtaiпеd tiom a з-moлth-old Tl.roгоtlgl.rbrеd Iillу With an

urпЬiliсal hеrnia. an rrmbiliсal absсеss end а dгaining tfaсt Notiсе
thе laгgе с1еfесt in thе abdominat wa]ll (lаrge ап.ott,s). thс loсulatеd
sllbсLrtanеous absсеss (srrzall drroф^i), end thе gаs-lillеd tгaсt along thе

сranial maгgin of thе aЬsсеss and hепria (сuruе.l .lrroш') ехtеnL|i|1g

tiom tlrе absсеss towaгd thе abdominal сavit}. (епtеroсutanеous Iistula)

Notiсе also thе hYpеrесhoiс gas есhoеs in thе doгsalmost pоrtion оf
thе umbiliсal absсеss (oPer, аrroш), оlэsсuгing adеqllatе visualization
of thе hеrniдl saс aлd its сontеnts Thе гight sidе оf this soлogram is

сranial' and tlrе top is vеntгal This sono!]faln was obtainеd witlr a 7 5.

N{нZ sесtoг-sсanrrеr trarrsduсег and x disp]aYеd dеpth of 8 сm
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Figure 7-73
Sonogгanrs of thе umbiliсrts and vеntг:rl aЬdоmеn obtainесl tionr a 9-montll-olсl Qrraгtег hoтsе сolt with an unrbiliсal lrеrnia Thiсkеnеd еdеmаtous
soft tissrrеs arе loсatесl immеdiаtеly vе11tгa] tO thс rrmbiliс:Ll absсеss :rnd hегnial saс Thе right sidе of tlrеsе sоnoЕ.гams is сгaпial, anсt thе top is
vеntгal ThеSе sonograms wеге сlЬtainеd With x 7 5-МHz sесtoг-sсannеr transdlrсег and a displayеd сlеpth of 8 (.'1) aпd l2 (/9) сm
,4, Sоrrogram of thе rrnrbiliсal swеllirlg сlеmonstfatin!. thе la1€.е umbiliсаl absсеss (zrrroиrs) assoсi1rtеd with thе umbiliсal hеrnia Thе umbiliсal
absсеss was loсatеd iп thе soft tissuеs tO tlrе lеft of thе tlmbiliсal hегnia anсl сontainеd hypoесhoiс llrrid witlr lr-vpеrесhоiс есhoеs сonsistеnt with
frее gas and a pгoЬaЬlе anaеrobiс injъсtion
B, Sonogгanr of thе thiсkеnеd ilеum trappеd withiп thе hеrnia Thе wall of this loop оf ilеum mсаsrtгеd 0 67 to 0 92 сm in thiсkrrеss Notiсе thе
maгkесl tlriсkеning of thе soft tisstlе stгLrсtuгеs srtrгorrnс1ing tlrс Llmbiliсal lrегnia

forrnd inсarсеratеd in thе umbiliсal hеrnia, only a poftion
of thе сirсumfеrеnсе of thr vеntfal сolon or сесum was
inсarсеratеd Within tlrе umbiliсal lrеrnia. This dеvitalizеd
portion of thе largе intеstinе shollld bе imagеd as an
outpollсhinЕ. of thе vеntral сolon oг сесlrm with thiсk-
еnеd еdеmatous. amotilе intеstinal Walls. Foals With intеs-
tinal inсafсеration within thе umbiliсal hеrnia Llsllally
havе a history of сoliс assoсiatеd.with inсгеasесl swеlling,
flrmnеss, and sеnsitivity in thе lrегnial saс pfioг to
admission.2s rl'

Diaphragmatiс Hеrnias. Displaсеmеnt of thе gastfo-

Figure 7-74
Sonogranr obtainеd fгom a 3-с1а).old Tlrorоughbгсd сolt With atr unrbili
сal hегnia Тl.rе ilеum is inсaгсеratеd in thе rrmЬiiiсal hеrnia onе loop
of ilеrtm, whiсh is imaЕ.еd in two sесtions, is trappеd within thе
umbiliсal lrеrniа with thiсkеnеd есlеmatous wa||s (аrroшs) Tlrеsе lооps
of intеstinе Wеге hуpomоtilе ir-r геal timе and not геdllсil]lе. This is a
tfansvегsе \.iеw thгouЕ.h thе hеr.nial saс Tlrе гight sidе of thе sonogгam
is thе lеft sidе of thе hегnial saс This sonogram was obtainеd with a
7 5-\4Нz sесtof-sсannег tftlnsduссг сOntainins a bllilt-in tlrrid оftЬеt and
a displayеd dеpth of 7 5 сm

intеstinal visсегa into thе thoraсiс сavity thfough a dia-
phragmatiс hеrnia сan usually bе diagnosеd by sсanning
thе aff.есtеd sidе of thе thoraх and сranial abdomеn
(sее Сhaptеt 4).',' lr2 In most instanсеs tlrе rеnt in thе
diаphragm сan bе dirесtly imagеd bесausе displaсеmеnt
of thе ovеrlying lung by thе hегniatеd visсеra oссurs.
Thе typе and amolrnt of abdominal visсеra hеrniatеd into
thе thoгaсiс сavity сan bе dеtеrminеd, as Wеll as thr
viabilit}, of thе lrегniatеd borvеl (Fig. 7-75).|2 lз2 Thе
Llltrasonogfaphiс еxamination сan bе usеd to dеtсminе
if rеsесtion of inсafсеratеd bowrl is nесеssary and if a
mеsh implant is nееdеd to rеpaif thе diaphragmatiс dr-

Figure 7-75
sonogгam оf thе lеft sidс of thс tl-tогaх obtainсd in thе tсntl-t intеrсostal
spaсе fгоm a l-mсlпtlr-old Standaгdbгеd fill'Y with a сliapl.rтagmatiс hеr-
nia Tl.rе fluiсl-distеr-rсlесl slrrall intеstinе (SI) is ilrrmеdiatеl-Y adjaсепt to
thе vеntral luпg with nо diaphragm sеparating thеm Althollgh thе
small intеstinе is tuгgid anсl anrotilе' thе wall thiсknеss of thе hеmiatеd
smдll intсstil]е is still пoгmal to lе1lг|)- noгmal. This sono€iгam was
obtainеd with a 7 i-MHZ sесtoг-sсannеr tfa[sduсеr and a сlisplayеd
dеpth of 8 сm Thе гight sidеs оf thе sonоgrams arе dorsal, and thе lеft
sidеs afе vеntral
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l-wееk.old Stan a bilatегal
asilv геduсiblе. fluid соn-
thе noгmal tеst еас1s), and

thе adiaсеnt jеjunum with пoгmal pегistalsis Q|itrc аrroulLleаds). Thе

селtral hypoесhoiс arеa in thе tеstiсlе is сгеatеd by thе shadowing
ffom thе supегimposеd ,jеjuпtrm and is not a геal сhangе in thе есhogеn-

iсitу of thе tеstiсlе. Thе right sidе of this sonogгem is dогsal. and thе

lеft is vеntral Tlris sоnogгam п'as оbtainеd s-ith a - 5.\1Hz sесtoг.

sсanпеf tгansduсеr сoпtaiлing a built.in fluid offsеt and а displar еd

dеptlrof71сm

fесt. Diaphгagmatiс hегnias аге most fгеquеntlr assoсi-

atеd with сoliс, although with largе hеrnias' rеspiгatoгl'
distrеss may bе thе primary pfеsеnting sign in affесtеd
foa1s.r32 l]6 Thе sеvегity of сliniсal signs dеprnds upon
whiсh portion of thе gastrointеstinal traсt has hеrniatеd
into thе thoraсiс сavity, thе dеgrее of obstruсtion of thе
hеrniatесl bowеl, and thе amount of hеrniatеd visсеfa. A
history of tralrma is сommon in foals and hofsеs with
diaphragmatiс hеrnias, although сongеnital diaphrag.
matiс hегnias do oссuг.133' ]36-r]8 Diaphragmatiс hеrnias
should bе сonsidеrеd in foals with othеr сongеnital dе-

fесts and havе bееn fеportеd in foals with a vеntгiсulaг
sеptal dеfесt,'tз сhylothorax, and a dеfесt in thе thoraсiс
duсt,l]7 sсoliosis, and aпhrogryposis.r 36

Inguinal and Atldorninal Wall Hеrnias. Ultrasonog-
raphy сan also bе usеd in сolts with inguinal hегnias to
сhataСtеtizе thе viability.,of thе inсarсеratеd bowеl, as

wеll as to furthеr dеsсribе thе hегnia.9-l2'la Jеjunum is
usually dеtесtеd in thе inguinal hеrnia (Fig. 7-76). Thе
long jеjunal mеsеntеry еnablеs this portion of thе intеs-
tinе to hеrniatе thгough thе inguinal гing into thе sсro-
tum. Abdominal wall abnoгmalitiеs сan also bе idеntifiеd
sonogfaphiсally in foals чrith abdominal .wall hеrnias sес-

ondary to abdominal wall tгauma.

PAтlЕNт MANAGEMENT AND PRoGN0sls

UmbiIiсаl Abnormalities

Umhiliсal Remnant lnfeсtion

Managеmеnt of foals with diagnosеd еxtеrnal andlor in-

tегnal umbiliсal infесtions may bе mеdiсal oг surgiсal.
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Mеdiсal tfеatmеnt is rесommеndеd for all foals чrith еx-

tеrnal umbiliсal rеmnant infесtion and normal intегnal
umbiliсal rеmnants.1 12 Меdiсal tfеatmеnt of intеrnal um-

biliсal rеmnant infесtions is rесommеndеd in all foals
that arе сliniсally stablе whеn thе problеm is initially
diagnosесl.3'6' 9-12 Initial tfеatmеnt should inсludе broad-
spесtfum antibiotiс сovегagе''' ] 12 Blood сultuгеs afе indi-
сatесl in nеonatal foals to dеtеrminе if thеrе is a сonсur-
rеnt sеptiсеmia. A samplе should bе obtainеd for сulturе
and sеnsitivity tеSting from any сonсuffеnt infесtion (е.g.,

sеptiс afthritis, pnеumonia, draining ехtеrnal umbiliсal
fеmnant). as thrsе infесtions arе usually сausеd by onе
or morе of thе organisms prеsеnt in thе intеrnal umbiliсal
rеmnant infесtion.3' l' Surgiсal intегvеntion is гесom-
mеndеd whеn thе foal has bееn trеatеd aggrеssivеly mеd-

iсally without impfovеmrnt, whеn sеptiс arthritis of an-

othеr сonсuffеnt infесtion whiсh may bе sесondary to
sprеad of thе umbiliсal rеmnant infесtion is dеtесtеd, of
if anothег еlесtivе Surgеfy is plannеd (е.g., pеriostеal
stripping).3' 9 12 Surgiсal intеrvеntion is also fесom-
mеndеd if thеге arе multiplе intегnal fеmnants affесtеd
oг an individtral affесtеd intегnal umbiliсal fеmnant struс-
tuге is mofе than twiсе nofmal sizе.r'9-12 тhе intеrnal
umbiliсal геmnants геmovеd suгgiсallу should bе submit-
tеd foг сulturе and sеnsitivity tеsting. Мultiplе organisms
aге usuallr rесovегеd fгom iлfесtеd intеrnal umbiliсal
геmiants.. rr lr If othег сonсuггеnt infесtions ехist, thе
сausati\-е agеnts aге usuallr- also found in thе infесtеd
intегnal umbiliсal гепlnants ] l l lr .IЪеГеfoге' it is im-

poftant tO submit sanrplеs 1bг сultuге and sеnsitivitl' tеst-

ing fгom all infесtеd aгеas and to usе bгoad-spесtгum
antimiсrobial сovеragе trntil thе геsults of thе сttltuгеs
and sеnsitivity tеsting arе known. Мarsupializatiоn of an

infесtеd umbiliсal vеin shotrld bе сonsidеrеd in foals in
whiсh thе infесtion еxtеnds up to of into thе livец prе-

сluding сomplеtе rеsесtion of thе infесtеd tissuе.7
Foals with ехtеrnal and/ot intегnal umbiliсal геmnant

infесtions usually havе a good prognosis if thе infесtion
is tfеatеd aggrеssivеly with broad-spесtfum antibiotiсs
and thе foals arе сlosеly monitorеd сliniсally and ultraso-
nographiсally, unlеss thеrе is involvеmеnt of thе umtliliсal
vеin up to or inсluding thе 1ivеr.3 6 ll 12 Suсh an infесtion
of thе umbiliсal vеin сaгriеs a poorеf prognosis bесausе
thе infесtion is morе likеly to spгеad and surgiсal rеsес-

tion of drainagе is difflсult or impossiblе without somе
сontamination of thе pеritonеal сavity.J'5. 12 If bгoad-

spесtfum antimiсrobial tfеatmеnt for intеrnal umbiliсal
fеmnant infесtion is sеlесtеd, follow.up ultгasonographiс
ехamination should bе pеrfoгmеd in 3 to 5 days. Sono-
graphiс improvеmеnt is usually dеtесtablе in this timе if
thе appropriatе antimiсгobials havе bееn sеlесtеd (Fig.

7-lт1.з' 5.6 10 12 Thе majority of foals With intеrnal umbili
сal rеmnant infесtion improvе following a сoursе of
broad-spесtгum antimiсrobial thеrapy. If thе affесtеd in-

tеrnal umbiliсal rеmnant is еnlarging, antimiсfobial thеr-
apy should bе сhangеd or surgiсal intеfvеntion сonsid-
еrеd to pfеvеnt worsеning of thе infесtion and possiblе
sееding of othеr ofgans' еspесially joints.3'6.'' Suгgiсal
геmoval of nесгotiс or sеvегеly infесtеd uraсhal or umbili-
сal aгtеry rеmnants is indiсatеd to fеmovе thе sourсе of
sеpsis and to pfеvеnt thе dеvеlopmеnt of uropеritonеum.
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Figure 1-71
Soпograms obtaiпеd ttonr a l-wееk-сlld Quaпег horsе lrllv with uIaсhitis Thе h-vрегесlrоiс mlrсosal suгfaсе оf thе lafgе сolon is inragеd adjaсеnt
to thе LшДсhus and umbiliсal afiеfiеs Thе right siсiе of thеsе sono!4гams is thе lеft sidе of tlrе foal's abdomеn' and thе top is vеntгаl Thеsе
sonograms wеrе оbtainесl with a 7 5-MHz sесtоr-sсannеf tfansdllсег сontaininЕ. a built-iп flrrid оt1Ъеt and a displaYе(l сtеpth of 6 сm
,,1, Initial sonoglem of thе uгaсhus and both rrmbiliсal aftеfiеs at thе xpех of thе bladdег (B), dеmonstfating an еnlafgесl uraсhus lillеd with
lr1poесhoiс fluid nrеasuгilrg 2 88 (х ) b1' 2 69 (х,) сm
fl Sonоgгarrr оf thе uгaсhrrs аnd both tlmbiliсal aгtеfiеs at thе apех of thе blarldеr obt:rinесl 4 da),s latег aftег thе foa] had tlееll plaсеd on broad.
spесtГuл] antimiсгobials Notiсе thе sigrriliсant r1есrеasе irr thе sizе of thе uгaсhus, paftiсularlY in thе dorsal-to-vеntral sс1tn plxпе Thе uгaсhus
and botlr umbiliсal aгtегiеs mеasufеd 2 1t9 (х|) bу 0 p8 (хr) сm at thе apех of thе Ьlaсiсlег Only a small lmouпt of есhogеrriс dеbris was imagесl
in thе uгaсhrts at this timе This fсlal was suссеssfullv tfеatеd with mеdiсal t]]еrlD\'

Umbiliсal RemnaпI Hemorrhage

Foals with еxсеssivе hеmorrhagе tiom thе umbiliсal vеs-
sеls at birth and pеfivasсular or intravеsiсtrlaг hеmatomas
should bе plaсеd on broad-spесtгum antimiсrobials pro-
phylaсtiсally bесausе sеptiсеmia and infесtion of thсsе
intеrnal umbiliсal fеmnants aге сommon sеqllеlaс. Fге-
quеnt ultгasonogfaphiс monitoring of thе геsolution of
thе pеrivasсulaf and intravеsiсular hеmatomas should bе
pеfformеd.'. 12 Suгgiсal intеrvеntion may bе nесеssafy to
fеmovе a lafgе intravеsiсulaf сlot if it is not fеsorbеd
bесausе thе сlot is a niсlus for infесtion. Сonсrrrгеnt
сystitis and sеptiсеmia may oссuf.lr Frеquеnt ultrasono-
gгaphiс monitoгing is also indiсatеd in foals with patеnt
uгaсhus to еvallratе thе intеrnal umbiliсal fеmnants foг
thе dеvеlopmеnt of a Llfaсhitis or omphaloaftеfitis, whiсh
should bе aggrеssivеly tгеatсd with broad-spесtfum anti
miсrobials.' Similarly, frеquеnt ultгasonogгaphiс monitof-
ing is indiсatеd in foals with a ttraсlral divегtiсulum, as
thе uraсhal divеrtiсulum may also bе a potеntial arеa foг
infесtion геsultirrg in a loсalizеd ufaсhitis or сystitis.

Patenl Urachus

Cautеry of thе patеnt ufaсhus геstrlts in сlosuге of thе
patеnt ufaсhus in thе majoгity of foals..'. ovеrzеalous
сautеfy is disсouгagеd bесausе tissuе nесfosis and infес-
tion may rеstllt. Surgiсal rеsесtion of thе patеnt ufaсhlrs
is indiсatеd in foals in whiсh сautеry 1hils tсl rеsrrlt in
сloslrfе or infесtion is a сompliсating faсtor.6'

Uroрeritoneum and Abnormalities 0f the BIadder

Strrgеry is indiсatеd for сorrесtion of a dеfесt in thе
uгinary traсt aftег appropriatе stabilization of thе foal.

Thеrе is onе сasе rеpoгt of stlссеssflll mеdiсal tfеatmеnt
of a fuptl.lгеd bladdец but this should bе сonsidегеd
in tbals only rvhеn surgiсal rеpair is not an option.62
Intravеnous fluid rеplaсеmеnt thеrapy is сгitiсal pгior to
sufgiсal intегvеntion and should сonsist of NaСl-сon.
taining flrrids with no KСl eс1с1еd.,.' 16 iч-h| Intfavеnous
dехtrosе, instrlin, and sodium biсarbonatе arе usually
nееdеd to hеlp сoffесt thе hypегkalеmia.26.59 6l Thе еx-
сеss pеfito11еal fluid should bе slowly dгainеd bеtbrе
sllfgеry whilе tlrе foal is bеing stabilizеd.,., 29. iir tlj 6l Сor-
rесtion of thе еlесtrolytе disturbanсеs prioг to gеnегal
anrsthеsia is important bесausе thеsе foals afе pfonе to
thе dеvеlopmеnt of lifе-thrеatеning сarсliaс arrh1thmias
(сomplеtе atriovеntfiсLtlar bloсk, vеntriсular taсhyсarсlia)
undег gеnеral anеsthеsia.56, 60 Sutllfе linеs should bе
tеstеd prior to abdominal сlosurе by distеnding thе blad-
dеr with normal salinе, as 25% of thе rеpairs lеakеd in
onе rеport.29,56,60 Thе long-tеrm pгognosis is usually good
foг foals with tlnсompliсatеd rrrinary bladdеr or uraсhal
гuptuгс. with moге than 66n' suгviving to wсanling аgе.2t
26 29. 56 59 6l Foals with uгеtеfal dеfесts and nесrotizing
сystitis havе a poorеf prognosis (33% sutviva1).26 Rеsес-
tion of thе affесtеd bladdеr wall must bс pеrfoгmеd in
foals qrith a nесfotiс еmphysеmatous сystitis, and thе
rеsесtеd bladdеr wall should bе submittеd for сulttrrе
and sеnsitivity tеstin8 and histopathologiс еvalrration. of-
tеn thеrе is littlе noгmal bladdеr tissuе rеmaining in
affесtеd foals Brеakdown of thе surgiсal inсision, pеrito-
nitis, and gastгointеstinal adhеsions with thе strbsеquеnt
dеvеlopmеnt of сoliс afе thе most сommon postopеrativе
сompliсations.2., Ultrasonographiс еvaluation of thе abdo-
mеn should bе pегfbrmеd postopеfativеly in foals ехpегi-
еnсing postopеrativе сompliсations (fеvеr, abdominal dis-
tеntion, stfaining to tlrinatе, сoliс)' as pегitonitis,
adhеsions (Figs. 7_78 aлd 7-79), ilеus, or abnofmalitiеs
of thе bladdеr wall (Fig. 7_80) may bе diagnosеd and
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tigure 7-78
sonogfams of tlrе vеntral irbсlonrеn obtainеd from :r 5.dav-old Stanсlагd

bгеd Irllv. This fllly had a гLlptllгеd Ьladdеr thаt had bееrr геpaiгеd 3

da1.s еaгliег. This sonogгanr slrows a lrbгinous adhеsion bеtwееn thе
Ьladdег apех and thе inсisioп (аrroш's). Tl]е sonogгam on thе lеft is a
sagittal viеw, anсl thе sonograln on thе гight is a tfansvегsе viеw of thе

vеntrаl aЬdominal wa]l anс| vеntral bladdег wall Notiсе thе hуpoесhоiс
to есhoЕiеniс tissuе bеtwееп thе apех of thе bladdег and thе I.епtгal

abсlomina] wall at thе sitе of thе inсision (аrrorus'). Ехсеss aпесhoiс
pегitсlпеal fluid iS pтеsеnt in thе aЬdominal сavity. Thе гight sidе of thе

iag:ittal imagе is сrania] atrd thе top is vеntral. Thе гight sidе of thе

tfansvегsе imagе is thе lеft sidе of thе foal's abdomеn Thеsе sonograms
wеrе otltaiпеtl with a 7 5-МHz sесtог-sсannеr transс1uсег сontaining а

bUill-in lIuid оffsсt Jnd а displaусr| dсpth оf 6 t.m

aрpfopfiatе trеatmеnt sеlесtеd (suгgiсal oг nonsllr8i
Сa|)'22

Disease of the Abdominal 0rgans

Sonogгaphiс еvaluation of thе abdominal organs may hеlp
thе сliniсian diagnosе thе disеasе pгoсеss and its sе\'еrity,

but a dеfinitivе diagnosis mtrst bе madе histopathologi

Figure 7-79
soпoЕ.гam of thе сar-rdal vепtгal abdomеn obtainеd fгorп a 9-day-old
Standaгdbrеd fillу that had a п-lpturеd blаddеr геPaifеd 7 daуs еaгliсг
Notiсе thе inстеasеd amount of aпесhоiс fluid pгеsепt in thе pеritorrеal
сavitv anсl thе adhеsion ('{|troi-) сlf tlrе laгgе сolon to thе doтsal wall
of thе blaс1сlеr (B) Thе гight sidе of this soпogram is сгanial, and thе

top is vеntfal Tlris sonogгam was obtainеd with a 7 5-MHz sесtor.

Sсannег transduсег and a сlisplavеd dеpth of 12 сm
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Figure 7-80
sonogmm of thе bladdеf obtairrесl fгom a l-moпth-olс1 Thoгсluglrbrеd
ссllt fоllowing rеsесtioп of thе uraсhr-ls and umbiliсal eftетiеs sеvеral

daуs еarliег A largе есhogеfliс сlot (аrroш') is adlrеrеd to thе bladdеr
wall at thе sitе of thе uгaсlral геsесtion Notiсе thс inсrеasеd amouпt
of pеritoпеal flrriсl and thе ,iеiunum (sI) floating in tl.rе ехсеss fluid Thе
right sidе of this sonogram is сranial and thе top is YеntIal This
sonogram was obtainесl with a 7 

'-l4HZ 
sесtof-sсannеr tf2rnsduсег afrd

a сlispla1.еd dеpth of 12 сm

сall-\,. Ultfasound-guidеd biopsiеs сan bе obtainеd from all
thе abсlominal oг€.ans foг histopathologiс еvaluation and
сultuге and sеnsitivit} tеsting whеn indiсatеd (sее Сhap-
tеr 6)'ll l i 15 l]9 .a()Blood сultlrfеs should also bе obtainеd
fгom foals in whiсh sеptiсеmia is likеl1r Broad-spесtrum
antibiotiсs should bе startеd aftеr obtaining samplеs for
сultufе and sеnsitivity tеSting bесatrsе nеoflatal foals arе
likеly to сlеtеrioratе гapid\, if trеatmеnt is rrot institutеd
immеdiatеly. Antimiсrobial sсlесtion should bе basеd on
thе most likеly organism to сausr thе сliniсal disеasе.
Rеpеat sonographiс еxaminations may bе Llsеful in moni
toring thе сliniсal сoufsе in affесtеd foals, and thеy dеm-
onstratеd rеdllсtion in livеr sizе and vasсulafity in onе
foal stlссеssftllly trеatеd for sllspесtеd Tуzzet,s disеasе.J0
Ultfasonography has bееn usеd intraopеrativеly in a сalf
with a patеnt duсtlls vеnosus to еvaluatе thе blood flow
through thе portosystrmiс shunt..9 Dopplег ultrasound
сontrrmеd thе suссеssfttl сlosurе of thе shunt at thе timе
of sufgrry and postopеrativrly in this сalf. Ultrasono8fa-
phy has also bееn usеd intraopеfativеly to guidе thе
slrrgеon ligating thе duсtus vеnosus in a dog.81

Gаstrointestiпal Diseases

Thе dесision about Whеthеf of not to opеfatе сan bе
madе quiсk-ly following an abdominal ultfasonographiс
ехamination in a сoliсkry foal, without Waiting for thе
rеsults of an abdominal paraсеntеsis In faсt, an abdomi
nal paraсеntеsis may bе сontraindiсatеd in foals with
markеd abdominal distеntion and no imagеablе pеrito-
nеal fluid bесattsе of thе risk of intеstinal laсегation.s5
Although many intllssllsсrptions (95.5%) havе bееn suс-
сеssfully геduсrd in сhildrеn using hydrostatiс prеssufе
and ultfasonographiс guidanсr withollt surgiсal intегvеn-
tion, this has not bееn pеrfoгmеd in foals of small animals
to thе allthoг's knowlеdgе.1.|||' |12 Thе diffеrеnt loсation of
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most ifltussusсrptions in foals (jеjunojеjunal) may makе
this pгoсеdurе lеss suссеssful than in сhildrеn' in whom
ilеoсесal intussusсеptions aге morе сommon. Surgiсal
intеrvеntion is indiсatеd whеn an intussusсеption or
othеr strangulatеd obstгuсtеd intеstinе is imagеd sono-
graphiсally. Surgiсal intеrvеntion is usually indiсatеd
whеn an asсarid intraluminal mass of fесalith is dеtесtеd.
Althottgh геpеatеd еnеmas may hеlp thе foal to pass a
fесalith or mесonium impaсtion, suгgiсal intеfvеntion
and thе rеmoval of thе fесalith via an еntеrotomy afе
oftеn nесеssaгy.10] Injесtion of thе fесalith oг mесonium
impaсtion with a solution of salinе and dioсtyl sodium
suссinatе via an abdominal сеliotomy may rеsult in thе
foal bеing ablе to сxсfеtе thе impaсtеd fесal matеfial
normally, without an еntеfotomy. Nasogastriс intubation
is indiсatеd whеn markеd gastriс distеntion is imagеd,
еithег fluid or gas (lеss likеф, to dесomprеss thе foal's
abdomеn and minimizе thе possibility of gastriс rupttrrе.8'
9' 11' 13 Mеdiсal thегapy is indiсatеd initially for foals чzith
gas-, fluid-, or ingеsta.Iillеd bowеl whеn thе wall thiсknеss
of thе bowеl is normal to nеarly normal. If fluid-flllеd
hypеrmotilс gastrointеstinal visсеra arе imagеd, thе foal
should bе movеd to an isolation afеa in prеparation for
thе dеvеlopmеnt of diaггhеa, if not alrеady pгеsеnt, to
minimizе thе sprеad of infесtious disеasе.

Abdominal Absсess/Peritonitis

If a largе abdominal absсеss is dеtесtеd sonographiсally,
thе foal should bе сarеfully sсrееnеd fot Rlэodoсocсus
еqui and Streptoсoccus equi' Sеrum should bе obtainеd
for an еnzymе-linkеd immunosorbеnt assay or agaг gеl
immunodiffusion tеst for Rbсldoсoссus equi and a pеrito-
nеal tap obtainеd, if pегitonеal fluid was visiblе sono-
graphiсally, for с1tology and сulturе and sеnsitivity tеst-
ing. Thе lungs should bе сarеfully еvaluatеd for any
еvidеnсе of сonсuггеnt pulmonary disеasе. Thoraсiс ra-
diogгaphs should bе obtainеd, if possiblе, and a tfanstra-
сhеal aspiгatе pеrformеd for с1tology and сulturе and
sеnsitivity tеsting, if thс ausсultatory flndings of thoraсiс
radiographs arе abnoгmal. Thе foal should bе trеatеd
for Rbodoсoсcшs еqui infесtion with еr1thromyсin and
rifampin trntil thе rеsults of thе сultuге and sеnsitivity
tеsting aге availablе. Follow-up ultrasonogгaphiс еxamina-
tions should bе pегformеd еvеry month, of moге frе-
quеntly if dеsirеd, to monitof thе fеgrеssion of thе ab-
sсеss. Surgiсal ехploration of thе abdomеn and геsесtion
or drainagе of thе absсеss should also bе сonsidеrеd in
foals that arе good surgiсal сandidatеs. Thе bеst surgiсal
сandidatеs arе foals with a disсrеtе abdominal absсеss
with no еvidеnсе of adhеsions bеtwееn thе absсеss and
thе surrounding intеstinе or abdominal visсегa and no
dеtесtablе pulmonary disеasе. Rеsollttion of abdominal
absсеssеs сausеd bу Streptoсoссus еqui has bееn rе-
portеd in a foal with a сombination of suгgiсal drainagе
and antibiotiсs. Follow-up sonographiс еxaminations fе-
vеalеd a rеsolution of thе abdominal absсеssеs.l7

Ultrasonogгaphy is morе sеnsitivе than radiography foг
dеtесting small quantitiеs of pеritonеal fluid in small
animals and shotrld bе similarly sеnsitivе in largе ani
mals..aj If no pеritonеal fluid is imagеd ultrasonographi-

сally, thе likеlihood of obtaining a samplе of pеritonеal
fluid for с1tologiс еvaluation and сulturе and sеnsitivity
tеsting is ехtrеmеly low. If еxсеss pеritonеal fluid is
dеtесtеd sonographiсally, thе pеritonеal fluid should bе
ftlrthег сhatactetized by сyologiс еvaluation and сulturе
and sеnsitivity tеsting. If morе than onе typе of pеfitonеal
fluid is imagеd of thе fluid is loсulatеd, an ultгasound-
guidеd samplе of thе fluid in quеstion сan bе obtainеd.',]
If uгopеritonеum is suspесtеd and thе bladdеr and uгa.
сhus appеaг normal sonographiсally, сrеatininе and K+
mсasuгеmеnts should bе obtainеd on thе pеritonеal fluid
and сomparеd with thosе valuеs in thе sеrum. Tгеatmеnt
for most foals чzith pегitonitis is initially bгoad-spесtrum
antimiсгobial thеrapy until thе rеsults of сulturе and sеn-
sitivity tеsting bесomе availablе. Baсtеrial infесtions
should bе suspесtеd as thе most likеly сausе of thе
pеritonitis in foals, еvеn with a nеgativе сulturе of thе
pеritonеal fluid..,r Pеritonеal lavagе should bе сonsidеrеd
in thosе foals with largе qtrantitiеs of flbrin in thе pегito-
nеal сavity' although thе еffесtivеnеss ofpеritonеal lavagе
and drainagе still rеmains in quеstion. Surgiсal ехplora-
tion may bе indiсatеd oссasionally in somе foals to dеtеr-
minе thе Soufсе of thе pеritonitis and rеpair thе dеfесt,
if possiblе. Thе gastrointеstinal visсеra and abdominal
ofgans should bе сarеfully еvaluatеd to dеtеrminе if thе
сausе of thе pеritonitis сan bе found. Intеstinal parasitеs
havе bееn assoсiatеd with abdominal absссssеs and pеri-
tonitis in foals. In thе absеnсе of othеr idеntifiablе сausеs,
intеstinal paгasitеs pгobably play an important rolе in thе
pathogеnеsis of pеritonitis in foals.l27 Aggrеssivе dеwoгm-
ing should, thеrеforе, bе сonsidеrеd in foals in whiсh
paгasitism сan bе doсumеntеd, thosе with a poof oг
absеnt dеworming history, and thosе in whiсh thе сausе
of thе pеritonitis is undеtеrminеd. Diarrhеa is a poor
prognostiс sign in foals and hoгsеs with pеfitonitis. Аll
thе foals and hofsеs pfеsеnting with diaffhеa and pеfito-
nitis Wеrе dеstroyеd in onе study.127 Humanе dеstruсtion
must bе сonsidеrеd foг foals with a rupturеd gastfointеsti
nal visсus.

Hernias

Small umbiliсal hеrnias that aге еasily rеduсiblе and do
not сontain omеntum or intеstinе may bе геpairеd by
nonsllfgiсal tесhniquеs aftеr rеturning any сontainеd
omеntum or intеstinе to thе abdominal сavity.l28' l3o Hеf-
nias that arе sеlесtеd for nonsurgiсal геpair should bе
rеdtrсiblе, 5 сm long oг lеss, and fгее from any history
or еvidеnсе of infесtion.|28 Lafgеt simplе umbiliсal hеr-
nias or сompliсatеd umbiliсal hеrnias should bе suгgiсally
сorrесtеd.28' l28 ljl сaге must bе takеn to геmovе thе
subсutanеous, еxtеrnal umbiliсal fеmnant absсеss and/or
infесtеd intеrnal umbiliсal frmnants without сontaminat-
ing thе sllrgеfy sitе in foals in whiсh thе trmbiliсal hеrnias
arе сompliсatеd by infесtion. Although thе prеvalеnсе of
intеstinal inсaгсеration and subsеquеnt stfangulation is
low in foals with umbiliсal hегnias, thс pеrsistеnсе of
thе umbiliсal hегnia aftеr сonsегvativе managеmеnt ap-
pеafs to inсrеasе thе likеlihood foг inсarсеration and
stгangulation to dеvеlop.l28, 1]1 Most foals with intеstinal
inсarсеration and stransulation afе oldеr than 6 months
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whеn thе pfoblеm dеvеlops, with a mеan agе of affесtеd
individuals of 11.5 months in onе study.lJt 

.With еntеroсu-
tanеous fistulaе, loss of largе volumеs of intеstinal fluids
may oссuf' rеsulting in sеvеrе еlесtrol1tе imbalanсеs and

еmaсiation.2s. lJ1 In thеsе foals rеsесtion of thе involvеd
bowеl is rесommеndеd, followеd by an еntегoеntеfos-
tomy.,s \iИith largе umbiliсal, diaphragmatiс, oг abdominal
wall hеrnias, mеsh may bе nееdеd to сlosе thе dеfесt.
An appropriatе-sizеd piесе of mеsh should hе stеrilizеd
and rеady, if nеесlеd, basеd upon thе prеopеrativе еstima-

tion of hеrnial sizе. Ultrasonographiс еvaluation of thе

hеrnial сlosurе is usеful in foals th^t arc ехpеriеnсing
postopеfativе problеms following hеrnia rеpair. Thе hеr-

'-'.i"l 
.los..... abdominal visсеra, intеstinal motiliq', and

oеritonеal fluid сan all bе ехaminеd ultrasonographiсall.v.
^с1o'.... 

of abdominal wall hеrnias should bе postponеd
until a librous ring has formеd around thе hегnial еdgеs

for optimal surgiсal rеsults.
Inguinal hеrnias usually сofrесt thеmsеlvеs в,ithin thе

flrst fеw days of lifе. Bandaging of thе affесtеd aгеa in a

flgurе-еight pattеfn is suссеssful in foals rr'ith laгgе

amounts of visсеra hеrniatеd into thе sсfotum. as long as

thе hеrnia is rеduсiblе.6l Surgiсal fеsесtion is indiсatеd
onlу in thosе fafе сasеs in whiсh thе hеrnia is not геduс-

iblе or strangulatеd bowеl is pгеsеnt "'

Referenсes

1. Rееf \.B: Abnormalitiеs of thе nеoпata] tlmЬiliсus dеtесtеd by
ultгasound Proсееdings of thе 32пd Аnпual Amеriсan Assoсiation
of Еquinе Praсtitionеrs 1.98632, \57-162'

2. Rееf \rB, Сollatos сA: Ultгasonography of umbiliсal stгuсtufеs in

сliniсally normal foals АлJ vеt Рtes 19:2743-2146, 1988.

3 Rееf\.B, Сollatos, СA' Spеnсег PA, еt al: сliniсal' ultfasoflogгaphiс
and surgiсal fiпdings in foals with umbiliсal fеmnant infrсtions. J
Am vеt Mеd Assoс 195:69-72' 1'989

4. Collatos СA, Rееf VB' Riсhardson D.w.: Umbiliсal сoгd геmnant

аtrsсеss in a yеaгling сolt J Am vеt Mrd Assос 195:1252_1254,

1989
5. Pеnniсk DG, RееfV: Lесhographiе dеs strllctuгеs ombiliсalrs сhеZ

lе poulain. Pfaсt vеt Еqtriпе 23:5_l0'1991.
6 Rеimег JМ: Ultfasonographу of umЬiliсal fеmnant infесtions ifl

foals Pгoсееdings of thе 39th Annual Amегiсan Assoсiаtion of
Еqtlinе Pгaсtitioпегs 1993:39, 217 -248.

7 Еdwards, RB, Ftrbini SL: A onе-stagе mafsupialization pгoсеduге
for managеmеnt of infесtесl umbiliсal vеin rеmnants iп сalvеs and

foals vеt Svg24:32-Э5' 7995
8 Rееf \{B: Еvaluation of abdominal <jisoгdегs in horsеs using ultгa-

soлography. Proсееdings of thе 17th Annual vеtегiпaq, Surgегy

Fonrm 1989:17' |1|-l4з
9 Rееf \lB: Тhе usе of <liаgnostiс ultrasotшd iп thе l-toгsе. Ultгasorrnd

Q 9:7-31, 7991
10 Rееf\rB: Еqrrinе pеdiatгiс ultfasопography. Сompеnd Сontin Еduс

Pfaсt vеt |3:7277.|285' |997.
11 Rееf \{B: Ultгasonogfaphiс еvaluatioп and diagnosis of foal dis-

еasеs In Robinsoп NE (еd): сufгеnt Thеrapy in Еquinе Mеdiсinе
III PhiladеlPhia, 

.WB 
Saundегs, 1991' pp 417-421.

12 Rееf \.B: Diagпostiс ultrasonogfaphy of thе foal's abdomеn In

МсKinnon Ao, Voss JL (еds): Philadеlplria, Lеa & Fеbigеr' 1993'

pp 1088-1094
13. Bегnаrd WY Rееf \.B, RеimеrJM' сt al: Ultгasonographiс diagлosis

of small-intеstinal intussusсеption in thrее foals J Am vеt Mеd
Assoс 194:395-э97 ' 1989

14 Rееf \.B: Ultfasonogгaphi.с еvaluation of thе aсutе aЬdomеn in thе
foal Proсееdings of thе loth Annual vеtегinaгy Mеdiсinе FoгLlm

7992:7О, 124-126
l' Rеimеf JМ. Sоnographiс еvalrration of gastrointеstinal disеasеs in

Сhаpter 7 . Pеcliаtric Аbdominа'l Ultrаso|'ogrаphу 4o1

tbals Proссеdings of thе 39th Annual Amеriсan Assoсiation ot
Еquinе Pгaсtitionетs 39;245 -246' 199э.

16 Byaгs TD, HallеyJ: Usеs of ultгasound in еquinе intеrnal mеdiсiпе.
vеt сlin Noгth Am lЕquinс l,faсt] 2''253-258' 7986.

17 Hansеlaеr JR, Nylaпd TG: Сhуloabdomеn aпd ultrasonogгaphiс
dеtеCtion of an iпtгa.abdominal absсеss in a foal J Am vеt Mеd
Assoс l83:1.i65 -1467' |98э

18. Foгеman JH, Rееd SN4, Rantalrеn Nw, еt al: Congепital iпtеrnal
lrуdroсеphalrrs in a quaгtеr hoтsе fоal J Еquinе Vеt Sсi 3:154-
161' 198з

19 Rantanеn N.s0: Disеasсs of thе aЬdomеn vеt сlin North Am

[вquinе Pfaсt] 2:67-88' r986
20. MсGladdеrу AJ: Ultrasoflogгaphy as an aid to thе

еqtrinе сoliс Еqtlinе vеt ЕdLlс 4:248-25|, 1992
diagnosis ot

21 Bilkslagег AT, Gгееn ЕМ' МaсFaddеn KЕ' еt al: Ехсгеtofy Llrogгa-

phy and ultгasonography in tlrе diagnosis of bilatеfal есtopiс
urеtегs in a foal. vеt Radiol Ultfasound' Э3:41-47 ' |992.

22 B^ttrе AP: tJrinaгy tIaсt disгuption in nсonatal foals. Еquinе Vеt
Еduс 6:83-81, |994

23 Adams R, Kotеrba AМ, Сriсld TC, Bakег.WA: Еxploratorу сеliotomy
fof suspесtеd LlIinafy tгaсt disruPtion in пеonatal foals A геviеw
of 18 сasеs Еquinе vеt J 2o:1]_17' 1988

24 Lееs MJ, Еaslеу KJ, Suthеrlaпd RJ, еt al: subсutanеolls fuptuге of
thе trгaсhus, its diaЕ]nosis and suгgiсal manaЕ.еmеnt in thгее foals

Еquinе vеt J 21':462-164, 7989'
2i Divегs TJ, Byars D, Spirito М: Сofrесtion of bilatегal uгеtегal

dеtЪсts in a fоal J Am vеt Меd Assoс 192:J8+_386, 1988

]6 Rееf \'B: sonogIaphiс diagnosis of uгopегitonеum in foals and

hoгsеs Pгoсееdings of thе 13th Anлual vеtегiпary Mеdiсinе Fo-

гum 1]:582_58.i 1995
2- t-atimег FG \tagnus R Duпсan RB: Аrtегiourеtеral Iistula in a сolt

Еquinе \еt -] 2];i83- i8+. 1991.
28 Fгеепraп DЕ. oгsiлi -l.\. Haггison П\: еt al: сompliсations of umbili

сal hегпias in hoгsеs: lJ сasеs (19-2-1986) J Am \/еt Меd Assoс
192:80,1-801.1988

29 Уan Pеlt RJ: Соrrесtion of гtlpturе of thе uгinaп Ьlас1dеr .in а foal

Еqlriпе vеt Еduс 6:8o-82, 1994.

30 Pееk SF, Byars TD, Rtlеvе в: Nеonatal hеpatiс failuге in a Thoгough-
bгеd foаl: Suссеssful trеatmеflt of a сasе of pгеsumptivе Т\,zzеr's

сJisеarе Еqtlinе Vе[ Еdtlс б:J0-_.t09. l9qzi

3l Rееf \.B, Jonеs PA' Bеесh J, еt al: Diagnostiс dilеmma сompеnd
Сontin Еdrrс Praсt vеt |5:92-95' 1993

32 Rantanеn NW-: Disеasеs of thе livеf. vеt сlin Noгth Am [Еquinе
Pгaсt] 2:l04-11 4' 1'986.

33 Rantafiеn N.W: Disеasеs of thе kidnеуs. vеt сlin Noгth Arп [Еquinс
Pгaсt] 2:89_103, 1986

34 .witwеll KЕ: Morphology and patholоgу of thе еquinе umtliliсal
сoгd. J Rеprod Fегt (SupPl) 23:599-603' 7915

35. Pеflniсk DG, Еisеnbегg HМ, Tеusсhег ЕЕ, еt al: Еquinе rепаl
ultrasonоgгaphy: Normal anсl abnoгmal vеt Radiol 27:8|-84,
1986.

36 Rantanеn NW: Rеnal ultгasound in thе hoгsе Еquinе Vеt Еduс
2:7з5-|36, \99o

37 Yamaga ! Too K: Diagnostiс ultпLsound imaging in domеstiс
animals: Fundamеntal studiеs on abdominal oгgans and fеtusеs

JpnJ vеt Sсt 46:2o3-272,7984
38 llotТman Kl, .vood AKW, Мссarthу PH: Sonographiс-anatomiс

сorгеlation and imaging prоtoсol for thе kidnеys of hoгsеs Am J
Vеt Rеs 56:1403-|112' 19L)5

39 Сampbеll ML, Aсkеfman N, Pеyton LС: Radiogгaphiс gastrointеsti
nal anatomу of thе foal vеt Radiol 25191-201, 7981

40 Kipег ML, Tгaub-Dargatz JL, 
.wгiglеу RH: Rеnal ultfasonogЙphy in

hoгsеs Сompеnd сontin Еduс Pгaсt vеt 12:993-1000' 1990
,il .Wu 

J-Х, Сarlistе сн: Ultrasonogгaphiс ехamination оf thе сaninе
livеr basеd on rесogпition of hеpatiс and poгtal vеins vеt Radiol
Ultгasound 36:2Э4-239' |995

,i2 Pеnniсk DG. Nуland TG' Fishеr PЕ, еt al: Ultгasonоgraphу of thе
normal сaninе gastrointеstinal tгaсt vеt R^d|o|э0:.272-276, 1989.

43 Pепniсk DG: Ultгasonogгaphy of thе gastfointеstinal tгaсt. In Ny-

land TG. MattoonJS (еds): Vеtеrinarу Diagпostiс Ultrasound Phila-

dеlphia,IWB Saundеrs' 1995' pp 125-71o
44 Flеisсhег Aс, Dowling AD, .lf.еinstеin МL, Jamеs AЕ Jr: sono.

graphiс pattеrns of distеfldеd, fluid-1rllеd bowеl Radioiogу
|3Э:681'-685' 7979

45 Stringег DA, Danеman A' Bгunеllе Е еt al: sonogЙphy of thе

Ve
tB

oo
ks

.ir



4o2 Сh.ьРter 7 . PeсLiаtrtc Аbdomiпаl LЛtrаso'xogrаplту

normal and abnormal stomaсh (еxсluсling hуpеftгophiс pуlofiс
stеnosis) in сhildrеn J Ultгasolшd Mеd 5:183_lt]8, 1986

46 Millеr Jн' Kеmbегling с: Ultгаsound sсanning of thе gasшolntеsti
nal traсt irr сhildrеn: sllbiесt rеvirw. Rаdiolсlgy "152:671-677'

l.9A1
47 Pozntak N{A, Sсitnlan KA, Yandow D' Mulligan G: сLrггепt status

of small-bowеl ultrasound Radiologе 3О:251-265' |99О
48 Flеisсhег Aс, Muhlеtalеf сA, Jаmеs AЕ Jг: Sonographiс pattегns

arising fгom normal anсl aЬпoгmal bowеls Raсliol сlin Nofth Am
18:r45-159.19i10

4! Kimmе1, МB, silvегstеin FЕ, \iиaggitt RС, еt al: Сгoss-sесtiorral
imaging mеthod: A systеn] to сomPдге ultrasound, сomPutеd
tсlmogr.aphу and magnеtiс геsoflanсе with histologiс flndings In-
vеSt Radiol 22:227-23|' 79a7

'0 
woгth LТ: UltЙSonogгap\ of thе noгmal еquinе small intеstinе
[lrbstпrсt] vеl Ridiоl UItгlsottnrl J6:ls5, l995

51. Braun U, N4егmiег O: Ultrasonographiс ехaminatiсln of thе small
ifltеstiflе of сows vеt Rес 1'36:239-241' 1'995

52 Flеisсlrеr AС, Mulrlеtalеr СA, Janrеs AвJf: sonogгxphiс assеssmеnt
of thе bowеl wall Am J Raсliol 136:887_891. 1981

53 Tееlе RL' Shaге JС (еds): Ultrasсlrrogгaplr1. of Inflnts and Сhildгеn
Philadеlphia, .WB 

Saundегs' l991
54 Stallег GS, Tullеnеrs ЕP, Rееf \.B, Spеnсег PA: Сonсoгdanсе of

ultrasonograplriс and ph.vsiсal 1irrdings in сattlе with an rrmtliliсa]
mаss oг sllspссtеd to havе infъсtion of thе umЬiliсal сord rеm-
naпts: 32 сasеs (1987_ 19tJ9) J An vеt Mес1 Assoс 206''-1-a2, 7995

55 Pasсое RR: Сompliсations following a ftlpturеd bladdет in a 60-
t|ау-old folI Austг \еl J 52:+-l_+-5. l9-6

56 Haсkеtt RP: Ruptuге of thс ttrjnaгy bladdеr in пеOnаtal fbals
Сompеnd Сoпtin Еduс Praсt vеt 6:18a-191'' |981

57 Stiсklе RL, Wilсосk BR Htlsеman JL; Mtlltiplе LrIеtег.ll dеt.есts in a

I}еlgian foal. vеtеrinarY Месliсinе/small Animal Сliniсian 70:819_
822. 7975

58 Bеhг MJ' Haсkеtt RB Bепtinсk-smith J, еt al: Mеtaboliс abnоrmali
tiеs assoсiatеd with fllptlrrе of tl.tе ttrinaгу bladdеr irr nеonatal
1bals J Am vеt Mеd Assoс 178:263_266' 198r

59. Robегtson J! Sptrrlосk GH' Bгamlagе LL. Landгy SL: Rеpair of
uгеtеfal dеfесt iп a fo:rl J Am vеt Mсd Assoс 183:799_800' 1983

60 Riсhагс1son DW. Kohn с.sfl.: Uгopегitonеum in thе lbal J Am Vеt
Меd Assoс 1'a2:267 -27 o. 79a3

61. Riсhardsоn l).W.: tJfogеnital problеnrs in thе nеonatel foal vеt сlin
NoгthAm [Еquinе Pfaсt] 1:179-188' 1985

62. Llуo.tе J-I] Haгnagal SH: Nonsurgiсal marragеmеnt of ruptuгеd
uгinaгy bladсlег in a сritiсally ilt foal J Am Vеt Mеd Ass<lс
192:1577-1580.1988

63 Roonе1. JR: Rupturе of thе urinaq, bladdег in thе foal vrt Pathol
8:14i-45r, r977

64 Pasсoе RR: Rеpair of a dеfесt in thе bladdег of a foal Atlstf vеt J
47:343-344, 197r

65 VaсеkJR, Maсhaгg MA, Phillips TN' еt al: Stгuvitе tltеthгal сalсulus
in a thIее-montlr-old Thorоughbгеd сolt Сoгnеll Vсt a2:2i5-279'
r992

66 Еdwaгсts RB, Dtlсharmе NG, нaсkеtt RP: Laprosсopiс геpaiг of a

bladdеr fuptllfе in a foal vеt Surg 24:6o-63, 1995
67. Lavеrtу S, Pasсoе JR, Ling, GY еt al: tlгotithiasis in 68 lrorsеs Vеt

Srшg 21:56-62' 1992
6tl. wong sN. Lo RNS, Yrr ЕСL: Rеrral blooсl floW pattеfn bу пoninva-

sivе Dopp]ег t-lltгasound in noгmal сhilсlrеn and aсutе геnal failurе
patiеnts J Ultгasound Mеd 8:]35_141' 1989

69 Rоbinsоn JA, Allеn GK, Gгееn ЕM, еt 11l: A pfospесtivе sttldу of
sеptiсaеmia in сok)stгLlm-dеpгivсd foals Еqllinе vеt J 25:21.4-
279, 799э

70 Сгamеr BС, Jес1uiег S' dе Сhаdarеvial] JP: Faсtoгs assoсiatеd With
rеnal parеrrсhynral есho€.еniсity in thс nеwЬoIn J Llltгasouлd Mеd
5:633-638, r986

7l Brасlеn GL, Kozinл FЕ' Hampf Fв Jц еt al: Ultгasourrd diagnosis of
еaгly геnal papitlaгy nесrosis J Ultrasоtrnсl Mесl l0:.i01_403, 1991

72 Rеad 
.wK: 

Rеnal mеdullary сrеst frесfosis assoсiatеd with phеnуl-
butirzonе thегxpy in horsеs Vеt Pztthol 20:662-669' 1.983.

73 Gгisсom NT' Vawtег GB Fеllеfs FХ: Pеlvinfundibll-lar atгеsia: Thе
tlsrtal foгm of mrrltiсystiс kidnеу: 44 unilatегal and two bilatеritl
сasеs. Sеmin Roеntgеrrol |О:125-'131, |975

74 orsini JA, Donawiсk WJ: Surgiсal trсatmеnt of liastfodllodепal
obstfllсtions in foals. vеt sllfg r5:205_213, 1986.

75 Aсland HM, Gunson DЕ, Gilеttе DM: Ulсегativе duodеnitis in foals
vеt Pathol 2О:653-667' |9a3

76 СampЬеll-Thompson ML, Bfown M! Slсlnе DЕ, еt al: Gastгoеntеl-
ostomy for tfеatmеnt of gastгoduodеnal ulсег disеasе in l,i fоals

J Am vеt \4еd Assoс l88:84o_8,i4. I086
77 Divеrs TJ, 

.waгnег A, vaala .wЕ, еt al: Toхiс hеpatiс failtrге in
nеwborn foals J Am vеt Mеd Assoс 12:14o7_1413' 1983.

78 Brronanno Al,I, сaгson G, Kantгowitz B: сliniсal and diagnostiс
fеaturеs of poгtosystеmiс shunt in a foal J Аm Vеt Mеd Assoс
192:387-389. 1988

79 Rеimег JМ' Donawiсk WJ, Rееf \lB' еt al: Diagnosis and strгgiсal
сofгесtion of patеnt dllсtlls vеnоsus in a сalf. J Aп vеt Меd Assoс
193:r539-1541.1988

8o .wгiglеy RH' Kondе LJ, Paгk RD: Ultrasonographiс diagnosis of
portaсaval shunts -in votrng dogs J Am Vеt Меd Assoс 19].:12|-
424. 79a7

81 \W.гiglеy RH, NIaсy D.Wi 
.W.ykеs PM: Ligation of dtlсtus vеnosus in

a dog using trltгasonogгaphiс glidanсе. J Am vеt Меd Assoс
783746r-1464, 1.983

82 Holt DЕ, Sсhеlling сG' sauпdеrs HМ, oгsсlrег RJ: Сorгеlation of
ultrasonogгaphiс findings with surgiсal, poгtoЕiгаphiс' and пе-
стops1' flndings: 6J сasеs (1987_1993) J Aл Vеt Mеd Assoс
20-: ll9t)-l19.r, 1995

83 Bеесh J, Dubiеlzig R, Bеstег R: Poftal vеin anomaly and hеpatiс
еnсеphalсlpathy in a horsе J Am vеt Меd Assoс \7О:761-766'
7977

84 Hanson JA, Pеnniсk DG: Ultmsonoglaphiс еvalrration Of a tfau-
rnatiс splеniс hеmatoma and litсгаtufе fеviеw. vеt Raсliol UltIa-
sound 35:,i63-466, 7991

85 Tullеnеrs ЕP: сompliсations of aЬdоminoсеntеsis in thе hofsе. J
Am vеt Mеd Assoс 182:232-2з4, |98э.

86 Montali С, Сroсе F, Dе Pгa L, solbiati L: Intrrssusсеption оf thе
bowеl: A nеw sonographiс Pattеfn BrJ Raсliol 56:627-621,7983

87 sеibеftJJ, Williamsoп SL, Golladay ЕS, еt al: Тhе distеndеd gaslеss
aЬdomеrr: A fеrtilе fiеld foг ultгasound J Ultrаsound Mеd 5:30l_
308, 1986

88 нolt S, Samuеl Е: Mllltiplе сonсеntriс dng siЕ.n in thе Lrltгasono-
graphiс diagnоsis of intussusсеption Gastгointеst Radiol 3:3o7_
309, 1978

89 PraсrosJR Tran-Minh vA, МoIin dе Finfе сн' еt al: Aсutе intеstinal
intussusсеption in сhildтеn: соntгibution of ultmsonographу (145
сasеs) Аnn Radiol 30:525_53o' 1987

!0 Shanbhоgtlе RL' Hussain SМ, Mеradji М, еt al: Ultгasonogfaphy is
aссuratе еnough for thе diagnosis of ifltussusсеption J Pеdiatf
5uгg 29:J2,l_J28. I99l

91 нaсkеtt MS' Haсkеtt RP: Chгoniс ilеoсесal intllsstrsсеPtion in
horsеs Сornеll Vеt 79:353_361. 1989

92 Bowеrman RA, Silvеr TМ, Jaffее MH: Rеal-timе ultгasound diagno-
sis of iпtrrsslrsсеption in сhilсlгеn RadiologY 713 527-529' |9a2

93 Alеssi Y Salеrno G: Thе .,l.rayfork,. sign in thе Llltгasoniс diagnosis
of intussllsсеptioп GastrointеSt Radiol 1o.'17J - |79' 7985

94 Swisсhuk LЕ, Haydеп СK, tsouldеn T: Iпtussusсеptioп: Iodiсatioпs
foг u1trasonogгaph1, and an ехplanation for thе сlottghпLlt aлd
psсudokidrrе1. signs Pеdlatг Radiol 15:388-391' r985.

95. Vегbanсk JJ, Rutgеегts LJ, Doutеrlrrngе Pн, еt al: Sonсlgгaphiс
pathologiс сoгrеlation in intllssusсеption оf thе Ьowеl J Сlin
Ultгasound |1:393-397, |9a6

96 Tес|е RL: A dozеn ultrasonogгaphiс donllts мt Siпai J Меd
5l:528-534, 1984

97. Dufotrг D, Dеlaеt Мн' Dassonvillе M, еt al: M,idЕ.Ltt malrotation, thе
геliability of sonogгaphiс diagnosis Pеdiatr Radiol 22:27-23' |992

98 Smеt MH, Мaгсhal G, сеLllеmans R, Еggеrmorrt Е: Thr solitafy
hypегd'Ynamiс pulsating srцlеrioг mеsеntегiс aпеry: Аn aсlсlitional
сlynamiс sonogrаphiс fеaturе of midgut volr'ulus Pеdiatf Radiol
27 156-r57, 7997.

99' Gainеs PA, Saundеrs AJS, Dгаkе D: Мiсlgtlt malrotation diagnosеd
b). ultгasotmd сlin Radiol 38:'1-53' r987

10o Haydеn СKJ, Bouldеn Tf; Swisсhuk LЕ' Lоbе TЕ: SonоgЙphiс
drmonstration of duodеnal obstruсtion with midgut vоh,ulrrs AJR
7139-1.О' 7981

10l MillегJH, Kеmbегling СR: l]ltrasound sсanning of thе gastrointеsti
nal tfaсt in сhildгеn: subjесt геУiеw. Radiologtr. "152:677-677'

1981
1o2. llегпanz-sсhulman M, Gеniеsеr NB, Ambгosino М: Soгrogгaphiс

сliagnosis of intгamural duоdеnll hеmatoma J Ultгasound A4еd

8:273-276. 1,1)89.

103 Yvoгсhuk-st Jеan KЕ' DеBowеs Rl,I' Gift LJ, еt al: Tгiсhoph},to-

Ve
tB

oo
ks

.ir



Ьеzoar as a сausе of tгansvегsс сolon obstгtlсtion ifl a foal сornеll
уеt a3:769-175, |993

104 MсСluте Jt Kobluk С, Vollеr K, еt al: Fесalith impaсtion in fouг
milriaturе foals. J Am vеt Меd Assoс 2o0:205-2o7 ' 1'992

105 кfistoffеrsеn J: Ilеus hos ponуfol fofeгsagеt af lriraпsamling i
сolon tеnuе Dansk Vеt Tidsskr 68:640, 1985

1o6 Nеwmafl B, Giгdany BR: GastIiс triсhobеzoaгs-Soflogгaphiс and
сomprrtеd tomogгaphiс appеaг1rnсе. Pеdiatг Radiol 20:526-527'
1990

107 MсСгaсkеn S, Jongеward R, Silvег TМ, еt al: Gastriс tfiсhobеzoar:
Sonographiс findings Radiology |6|:127-724' |986

1o8 мalpani A, Ramani sK, .W.olvегson МK: Rolе of sonography in
triсhobеzoars J Llltrasound Mеd 7:66l_663, 1988

109 Fisсhег AТ. Yarbгсlugh TY: Rеtfogfadе сontгast radiography of thе
dista] portiofls of thе intеstinal tгaсt in foals J Am Vеt Меd Assoс
2o7:731-737, 1995

l10. Lofеntzеn T, Nolsoе сц Khattaf sс, еt al: Gastriс and drtodеnal
wall thiсkеning on alэdominal ultгasonogг.lph)r Positivе pfеdiсtivе
valrrе. J tlltfasound Мсd L2:63Э-637 ' 7993

1 1 l Tomоoka х onitsuka H' Goya T' еt al: Ultrasonogгaphy of bеnign
gastriс ulсегs. J Ultгasound Mесl 8:5r3-517' 1989

112 Rosеnbеfg ЕR, Мolgan сL. Tгought \i?'S' еt al: Thе ultfasoniс
rесognition of a gastriс ulсеr BrJ Radiol 56:365_366' |98э

113. Haydеn CK Jц Swisсhuk Lв, R},tting GЕ: Gastfiс ulсег с1isеasе in
infants: US findings Radiology \61:1'37-].34, 1987

l14. Ransсhaегt Е, Rigauts H: Сoninеd gastгiс prrfoгation: Ultтasound
and сomputеd tomogгаphiс diagnosis Abdom Imagiлg 18:318_

379' 799э
115 RoonеyJR: Gastгiс Lllcегation in foals Pathol \ъt 1: +9--)0.] 1961

l16. valdеZ н: Pегfoгating gastroiлtеstiпa] ulсегs in thтее foals Еquinе
Praсt 7:14-47 ' 7979

1l7 Niak DR, Bolia A, Boon Aw; Dеmonstгation oг a laсtobеZoaг b\'
u|tmsound BгJ RadiоI o0:506_i0-. I08-

118. Bloom RЦ' Сraсiuп Е, Lеbеnsaгt PD. еt al: Тhе trltгаsоund appеaг-
anсеs оf intlamufal bowеl gas: Thе bгight гing eppеaгanсе and

thе еffегvеsсеnt bowеl A геpoгt of 3 сasеs Br J Radiol 65:585-
548, 7992.

l19. Jonеs SL, wilson .vD: Сlostridium sеpticut1t sеptiсеmi:l in il nеo-
natal foal with hеmoггhagiс еfltеIitis Сoтnеll Vеt 83:143-151'
1'99з

12O Jonеs RL, Adnеy W'S, Alеxandег An еt al: Hеmогrhagiс nесfotizin€i
еntеroсolitis assoсiatеd with Сlostridiuln dffiсilе infесtioп in fouг
Гoa|s J Am Vеt Меd Assос l9J:-6--q. l988

121 Pеarssorr ЕG, Hеdstтom OR, sonn R, 
.sИеdamJ: Hеmorгhagiс еntегi

tis сausеd Ьу СIostridium pефiпgeпs t).Pе с in a foal J Am vеt
\4еd Assoс t 88: l Jo9- l .r l0, | 986

l22 tlowaгd-Мaftin М, Mofton RJ, Qualls С.W Jц МсAllistег СG: Сlos-
tritlium pеrfriпgепS typе С еntеrotохеmia in a nеwborn foal. J
Am vrt п,Iеd Assoс 189:564_565. 1986

123 Spaulding KA: Sonogгaphiс еvaluation of pеritonеal еffusion in
small animals. vеt Radiol Ultraьound 3+''12--43|' 1993

СhаI)tеr 7 . Ped'iаtriс Аbdomiпсll Iлtrаsol.ogrаphу 4o3

l2,i Dinkеt Е, I,еhnart R, Tгёgсr J' еt al: Sonograplriс еvidеnсе of
intfapегitonеal fluid: An ехpегimеntal study and its сliniсal imPli
сatiorrs. Pеdiаtг RadiоI l+:299_JOJ. l98,i

125 Мair TS, Hillуеr MH' Taуloг GR: Pеritonitis in adult hoгsеs: A
rеviеw of 21 с1rsеs vеt Rес 126:567-57О, 799o

126 Kоlесki R! Golub RМ, Sigеl B. еt al: Aссuгaсy of visсегa slidе
dеtесtion of abdominal wall adhеsions Ьy ultгasound Strg Еndоsс
a:a1l-871, 1,994

l27 Dysoп S: Rеviеw of 30 сasеs of pеritonitis in thе horsе Еquinе
vеt-l 15:25_30' 1983

128 F!еIZ l,B, tlamilton Gf; Baгbег Sм, Fеrgllson JG: Мanagеmеnt
of umbiliсal hегnias in сattlе and hotsеs. J Am vеt Mеd Aьsoс
183:550-552, r983

l29. Pе}ton LС: Strgiсal сoггесtion оf еquinе trmbiliсal hеrnias. vеtеri-
narry Mеdiсinе/Small Animal Сliniсiaп 76:7272-12|5, |987

130 Grееnwood RЕS' Drrgdalе DJ: Tгеatmеnt of unrbiliсal hегnias in
foals With Еhstrator гiпgs Еquinе Vеt Еduс 5:113_1r5, 1993

131 Markеl MD, Pasсoе JR, Sams AЕ: Stfangulatеd unrbiliсal hеrrrias in
horsеs: 13 сaSеS (197,l_19s5) J Am vеt Меd Assoс 190:692-694,
1987

1.з2 H^fIZь^nd LЕ' Kегr D! Moгris ЕA: Ultrasonographiс diagnosis of
сliaplrragmatiс гuptlrrе in a horsе vеt R:rdiol 31:42_44' |99o

133 Johnsоn JW, DеBowеs RM, Сoх Jtl, Lеipold [rW: Diaphгagmatiс
hегniа with a сonсuгfеnt сardiaс dеtссt in afl Arlrbian foal Еquiпе
Уet Sсi 4:225-226' .|с)84

l3,i. Mitсhеll G: Unilatеral diaphfagmatiс aplasiа in a thoгou€.hbrеd
foal Aust Vеt.I 56:610-611, 1980

l35 Spеiгs VС, Rе),лolds WT: Suссеssful rеpaif of a diaphragmatiс
hеrnla in a foal Еqtdnе vеtJ 8:170-172, 1976

1]6 Fifih ЕС: Diaplrгagmatiс hегnia in horsеs сornеl] vеt 66:353-
.]61 19-б

1.3- \Iaiт ТS Pеaгsоп H \\atегman АЕ еt al: Сhr'lothoгax assoсiatеd
s'ith a сongеnital diaрlrг.lgmatiс dеfесt iл а foаl Еquinе vеt J
2О:]01_]06.198ij

1э8 v\n..Jonеs G Bakег JR: { pгobablе сongе|lital diaphгagmatiс dе-

fесt in an adtllt polrr'. \Ъt Rес 1О5:251,-252. |9.9
l39 Моdгansky PD: flltгasоutrd.gtlidеd гепal and hеpatiс biops1,tесIr-

niqllеs vеt сlin Noгth Am [Еquirrе Pгасt] 2:115-126, 1986
140 l]afгxtt-Bo1.еs SM' Spеnslе}. МS, Nуland ТG. olandеr HJ: Llltгasound

lсlсаlization aпd guidanсе for rеnal Ьiopsy in thе l]orsе vеt Radiol
32:721-126, 1991

14l .wang GD, Liu SJ: Еnеma fеduсtion of intussusсеptiоn by hydтo-
statiс pfеssufе undеr. rrltгasonogfaphiс guidanсе A геport of 377
сasеs J Pеdiatr Stlrg 23:814_818' 1988

742 Сhoi So' Paгk .wII, .woo SK: Ultrаsound-guidеd watеr еnеma:
An altеfnativс mеthod of norropегativе tгеatmеnt foг сhildhood
intusstlsсеplion J Pеdiаtг 5llгР' 29: Iq8_5o0. l994

143. tIеnlеу RK, Hagеr DA, Aсkегman N: A сonrparison of two-dimеn-
siоnal tiltгasonogгaphy and radiogгaph1. foг thе dеtесtion of small
amouпts of frее pеritoле:rl fluid in thе dog. vеt Radiol Ultrasound
3O:721-124, 7949

Ve
tB

oo
ks

.ir



Ve
tB

oo
ks

.ir



sot
.ЕIПdЕd l)npl^o эЧ1 .uэшnl

эulJэln эЧl o1ul uollЭэloJd IIЕIIIS Е dq snrэln эЧt sJэ1uэ
pue snJэln эLIl lsэJЕэu sI ЧЭIЧ,!\ 

,snuJЧlsl эЧ1 pul, ,.uoт7еzl

-I]IJэJ Jo эlls эЧ1 sI ЧJlЧ^\ 
.вцndше эЧl :uollЕItl4.o 8utrnp

ЕssoJ uollЕIn^o эЧ1 sJэAoJ puв d.rв,to эЧl lsэJЕэu sI ЧЭIЧ]ц
.шnlnqIpunJul эЧl :slJЕd ээJЧl Jo pэsoduroэ sl lI .snJэ]n

эЧ1 ol d.lв,ro эч1 Iuo;д tul1lo эЧ1 sJэJsueJ] 1ЕЧ1 .хUIdIЕs

-osэul эЧl .tq pэrroddns .эqnl snonlJol Е sI lJnpIAo эЧI
.^JЕAo эЧ1 Jo ээЕлns ЭЧl

uo luэsэrd rou s1 вцded uollЕIll-lro ue эsnЕ)эq uortеdled
dq pэ1ээlэp эq .tцpвэr louuЕэ 1nq dцвэrчde.r8ouosвлl1n
pэ3вшr эq uЕJ Lunэlnl snd.loэ Y .sJnJJo UoIleIIL^.o IвIuJoU
эJэqn^. sI ЧJlЧne 

.вssoд uor1e1n,to эЧl lЕ d1uo dш.ro эчl go

а)ЕЛns эЧ1 sэЧJЕэJ uru,(чэuэlвd эч1 .pue13 эЧ1 Jo JoIJэluI
эЧ1 ul sI .(erudчэuэlеd) sэIэц1oд эЧ1 sulЕluoЭ Ч)IЧ,ц 

.эuoz

lв)!lJoJ JЧl PuЕ 1rlэц.lэdns st эUoZ JЕ[IrJsP^ .ro ,t.lв11npэш
эЧ1 ]ЕЧ1 uI IЕnsnun sr d.leдo эJЕuI эЧJ .э1эdэ э,tttэnpordэr
дo э3в1s puв &1щrэв JeInЭITIoJ ol 3ur,lro slsшэ UOIIвIJЕ^

эIqЕJэplsuo) tnq .цIJ с x A Х s sI эzrs э3вlэ,rу JэpJoq
ЭAeэuoэ IЕJ1uЭ^ эЧl uo .essoJ uol]ЕIl1^o эч1 .uotssэrdэp

luэurruord r Ч]lne pэdвчs_uвэq dэupu1 sr .{leдo эJЕIЦ эЧJ

Лшo1euу

'ulnl
-ээл лэd uor1вdрd ч8no.loчt sэлrnbэ.l uoI]ЕtIIIUЕxэ punos
-u;lln эlэIdtuoЭ Е эsnЕ)эq эnJl lou sI sIЧJ .drеssэээu эq
-rэ3uo1 ou plno^A. uo1rвdрd ur ээuэ]эdtuoJ lЕЧ1 pэUJэЭUoi)
эJэn& sJэUoltllэвrd .uotlЕuttпвхэ IвrIuэ8 JoJ pэJnpoJ]ul
1sJlJ sЕ,le dчdеl8ouosrJlln uэЧ/N .suв8ro рl1uэ3 эЧ1 Jo
JэlЭЕJЕЧЭ puЕ ЦoI1Е)oI эЧ1 эuIuJJэlэp ol pэIIIJo.'Jэd uotlвu
-ItlIЕхэ рr1uэ3 ч8no;oчl Е PuЕ sэ)эJ Jo pэrldruэ эq plnoЧs
tшn]ЭэJ s.эJЕIu ЭЧJ .эpls эЧl ot IIЕl эЧ1 ploЧ luЕlslssЕ
Ue эAЕЧ d1drurs puЕ IIЕl эчt dвl,lо. lou ot 1ээ1э .teш эuo
.pэu1ruвxэ эq ol эJЕ sэJrцJ Jo sJэqlunu э3лв1 g1 .uInlЭэJ

эЧ1 8uI1ЕIIJJI IIIOЦ sJI?Ч IIЕ1 ]uэ,tэld puЕ UЕэIJ r1 dээ>1

o1 эpls эЧ1 ol pэll puе pэddrlш эq uЕJ IIЕ1 s.эJЕIu эЧJ
.8ur,rr.эrд uээJЭs .'o эsЕэ ]ttulэd

o1 pUЕЧ uollЕulluЕxЭ эЧl эllsoddo эpls эЧ1 uo pэUoI]
-rsod эq uЕЭ эulЧ)rul punosЕJlln эЧt .tэI]no IеЭIJ1JэIэ
эЧr Jo uollЕэol эЧ1 uo Eurpuэdэp .1ЕЧl os puЕЧ JэЧlIэ

s9 d .166I .8urчsцqrrд 1эA ЕшJЕЧd .NиI .э]e.I JЕэfl а]II.LA\ )ooq
.puвg 8L-r.rq rЬвur:эtэд u1 s8n:q ruэls,{5 snon-lэц ТЕ]lUэЭ :Эс qшnld*

Ч1I,^Д 3щ1Еdlвd ur luэrэgord эq or snoэ8еluв.tpe sI lI .Joop

эЧt Jo эpls pэЧJlЕI эЧ1 uo pээеId эq uэЧl utlэ luэtudтnbэ
punosЕJlln эЧl .эpls лэч .tq IЕoJ Е Ч1l,4tr aJеLU r JoJ InJэsn
sI poЧ]эш IIЕls эЧ.L Jэpl^lp IIЕls эЧ1 o1 1эцвшd q ,(poq
JэЧ puЕ эIsIЕ эЧl uI эJЕ lээJ pulЧ JэЧ leЧl ЧЭns Joop IIЕls
uэdo uв ч8noлчr lno pэ]ЭЕq эq l.вtu s.lэ1rвnbpurч s,эJrul
эч1 t1э,l1tвulэltv .IвoJ JэЧ ulЕluoэ ot эJЕlЦ эЧl Jo 1uo4 ul
эJnsoIJuэ IIЕIЦS Е ЧlIne pэU8lsэp эq uЕЭ s>IJolS :olrrэdo
pUЕ эJЕIu Чloq JoJ d1эgвs pэш.roдлэd эq uвэ эrnpээo.rd
эЧ1 1ЕЧ1 os эJeIII luвu8эrduou эЧl хeIэJ d1эч dвш .{1snou
-э^ЕJluI -(3ч73ru z0.0) эulzЕuJordээв pue (3ч73tu 9.o)
эulzе!f,у.]uIЕJlsэJ IЕ)IIuэЧэ Jo ЧЭlI^Д1 Эsou Е Jo эsn luЕJ
-.ru,lш dвru sэJeIII snol1JЕЦ Jo snolxuв 1nq .1utel1sэJ 

IЕuoll
-rppв э;1nbэJ lou op sэJЕIII pooJq lsolN .s>1эols uI эJЕцI
эql 8щэEd ,{q pэчsцdruoЭ)Е эq uЕf, sIЧI .luэrudтnbэ

эчl o] э8вtuep plo^Е ol uэ{Е] эq plnoЧs эrв3 .rшn1ээr;эd

,,tчdвл8ouoseJlln puЕ uo1rвdрd dq uorlвщruвxэ ч8no;oчl
puЕ эJЕs JoJ neollв o1 pэuIЕJlsэJ Эq plnoЧs эJЕLu эЧJ

u0llPledаld luашdInb] pue luаIlPd

]п0lNнэ]I N0llvNl l^lvx]

сI 
,Z 

L.UOI1ЕZIUIэI11I

эЧ1 Ч]I^e uollЕI)ossЕ ur .{;в,ro эЧ1 uI JnЭJo lвч1 sэ8uвчэ
)IlsIJэlЭЕJЕЧэ эчr dq эpЕш эq ueЭ uollЕInlo Jo uoIlЕuIцI
-Jэ]эp эlЕJn)эу ,. 'dцeэrчdrl8ouosвr11n pэUlЕlqo эq uЕ)
.sэIlIIBLuJouqe дo srsou8erp 8utpn1эur 1э1эurвчэ эulJэln
puЕ snlels uЕIJЕAo Jo uollЕnlЕ^э ч3rro.loч1 o...8urpээrqэ.r
JoJ эp€ш эq u?J suolslээp punos pUЕ pэpээu JI pэlnlllsul
эq U?Э ddшэчt эre1rdo;ddв 1ЕЧ1 os tэel1 1e1tuэ3 runl
-lвdrsod эЧl Jo uollЕnlЕ^э э^l1Ээlqo эJoIII r log s,lшoцв dчd
.вл3ouosвl11д u . dэuвu8эrd uInA] Jo uollЭэlэp d1rвэ se 1э,tш

se .э1qrssod э.re uollв1sэ8 lnoч8norчl snlэJ эЧ1 дo 3urлo1

-IuouJ puЕ snldээuoэ эЧ1 Jo luэulssэssY 
.UoItЕItL^.o JэЦЕ

s.{вp 91 ot 6 sЕ .!reэ sв dцrэ1чdr#ouosЕJlln pэlЭэ1эp эq
uЕЭ эIЭISэA эtuodlqшэ rгy 

'dэuвu8э.ld 
.!шэ эsou8вtp o1

uor]эnpoldэ.r эurnbэ ш pэsn dцв1r1u1 sв,lш dчdвл8ouosЕJllГl

a"cDW aql Io 1Э0"cJ lql?ua9
aql Io rСqdpl&ouosn"lln

0l/,lА 
,Sl/u

'цэluэS '] r!эЦpd

Ve
tB

oo
ks

.ir



-Eэld-d1reэ чt1.lш d1лв1rrэ1rrв4 .(dш.to 1Ч3IJ o1 uloч lч31r
or ,(poq ol uJoЧ ЦэI o1 ftе,l.o цэ1) JэЧlo эЧ1 ol эpls эuo
uloJJ snJэln эJIluЭ эЧ1 эlenlt,Aэ o1 IЧэJЕJ эq lsnш эuo
.(r-в .3lд) uol1)эs (рurpn1t8uol) 1errl8вs u1 dpoq эЧl puЕ
uol]ээs.ssoJ] эsJэAsuЕJ] uI uээs эJЕ suJoЧ ЭulJэln эЧI
.suв3lo рlruэ3 эЧ1 Jэ^o Jэ)l1psuЕJ] эчl ээв1d plnoЧs эuo
.lэer1 р1ruэ3 эЧl Jo uollЕnlЕ^э эrчdвl8ouosЕJlln Jod

.sэЭэJ puЕ 1ul,ЭIJqnI Jo ueэIJ pэdr,ш .ro

pesulJ эq plnoЧs tцnэurлэd s.эJвIII эч1 .uor]uurruехэ JэЦv
.ftr,teэ 

1eэuo1rrэd эчt olul puЕ IIЕ,{A' IЕl)эJ эчl ч8norчt lI
ssed d1rsrэ uЕ) эuo эsnЕ)эq uorlтsod olul pэJJoJ эq 1ou
plnoЧs JэJllpsuЕJl эЧJ .uIn])эJ эЧl olul pэ)npoJlul JэJnp
-suЕJ] ЭЧ1 puЕ sэ)эJ Jo pэрdtuэ эq plnoЧs IunlJэJ эЧJ
.JэJl1psUeJl эЧ1 o1 э8eruеp 1uэ.tэrd puв ]uэtudrnЬэ эчr
go dn-ueэ1э э1Е1IIIJЕJ ol эAээIs э1lsчd Е ЧrI,{& JэJnpsuЕJl
PunosЕJ1ln эЧ] JэAoJ ol эIqeJIsэp sl 1I .luJЕ эчr or dцв;эqц
pэцddr lueJIJqnI эIqnlos-JэlЕ^6' puЕ IIIJP s.JэuIIUЕxэ эЧl
rэ,,r'o pээe1d эq plnoЧs эAээIs UoI1ЕUIuIЕхэ эIrsЕId Y

.dllnщluoэ lвluээвIdorэtn
pue Еluэ)ЕId эчt эlrn1в,tэ ol pэsn эq ,tвru JээnpsuЕJ]
,f,еllе-lеэul.1 xэAuoЭ lo f,еllе-lеauц To1ээs ZнW-o.g Jo
-9.2 е ,f,1lе11tщS .lщldrooJ lэBlе1 е sвч 11 ч8noчlle тэJnp
-suеll f,rllе-lеInuuЕ Jo JэUUЕ)s-JolJэs ЭЧl uЕЧl uollЕJl
-эuэd ssэ1 sЕЧ lnq snlэJ эЧl эlЕnlelэ o1 pэsn эq osр ,furu
JЭ)npsuЕJl,\еllе.weul1 xэ^uoЭ lo f,еllе-lеeuI| ZHw-s.с Jo
-0.€ Y lz-9l.llun lвluээeldorэln puЕ е]uээвId эЧ] Jo uollЕ
-nIЕ^э JoJ IeэpI sI JэJnpsueJl dв-r:u-.rеэuц хэ^Цo)oJ)IIЦ O.9
Jo JэЭnpsuЕJl JэUUЕЭs-JolЭэs ZнIN-O.g Jo -9.L e sЕЭJэЧnA.
.snlэJ эЧ1 Jo uoIlЕnIЕAэ JoJ pэpuэшIllo]эJ sт JэJnp
-suЕJl Jэuu?Эs-Jol)эs ZIнw-q.с Jo .-0.€ .(IЕэpI) -s..E,qЭJетJJ
uoтlв}sэ8-эlвI Jo uollЕnlЕ^э snoэUЕlnJsuЕJl JoJ .runl

-ээr .rэd dцщssэээns pэsn эq UЕ) JэЭnpsul?Jl JэUUЕ)s-Jo]
-)эs ZHW-0.E u .э;lrlэrrd puв ээuэr.rэdхэ Ч1I,4N JэcnpsueJl
эЧ1 Iцo.lд IuJ 8 ol т/ IIеЧ7 ssэI sЕэJЕ Jo IPrэP rэlвэ.r3
JoJ pэpээЦ uэЧiш ulnlJэ; rэd pэsn эq l.вш JэJnpsueJt
f,еllе-lеэul1zнW-gl Jo zцw-s.L Y (L Jэ)l1psuвl1 trеllе-lеэul1

Z1g'w-s Е Ч]I^& dцвэrdlr .rurrlээl rэd pэtuлoglэd э.re 1эвrl
1в1тuэ3 }uвu8элd d1rвэ pur pt,reл8uou эЧl Jo suollЕulцIЕxш

аnbIuЧcаl 0u;uuво5

tt.IuэЧJ Ч]I^N эI8щIЦJэlul Jo ЕJэ)sI^ IЕuI]sэ]uI эЧl
uo эц dцвnlэв dэql .fir,tвэ рurruopqЕ эЧ1 ur pэpuэdsns
э.lu sue8.ro э,rt]эnpoldэr эчl ч8noчl1y 

.ЕJqэlJэA 
IЕJ)Еs

Ч]JnoJ эЧl ol ЕJqэЦэ^ JЕqшnI pJIЧr эЧ1 Jo Iэ^эI эЧ1 tЕ IIЕiA.
dpoq рs.lop эЧ1 o1 pэЧ)Еllе s1 tuэruu3r1 pЕoJq эЧI .рnp
-тAo pue snJэ]n эЧ1 Jo лэdв1 лвщэsrrru pщpntr8uol Jэlno
эЧ1 ЧrI^e snonulluoЭ sI lЕЧ1 эI)snш Ч]ooшs Jo lunoulЕ
э3re1 в sulЕluo:> luэruв8ц proJq эЧI .xI.AJээ puв .sn.rэln
,s1эnpт,to .sэlJe,lo эЧ] ol sэ^Jэu puв .s1эssэ,r эr1вчdru.{1
.poolq SэIJJЕэ oslЕ ]I .sце,lш эr.t1эd pUЕ IeUIшopqЕ эЧl or
l)ЕJl ЭAllэnpordэ.r эчl дo uor1лod IЕulшopqe эЧl sэЧЭЕ]lЕ
1ЕЧl lээЧs snoluэurr8Ц э3lе1 е sт 1ueшв6ц pЕoJq эЧJ

.s1tIЕu

-IlЦeluoЭ IeuJэ1хэ tsure3в snJэ1n эЧ1 JoJ JэIJJeq puoЭэs
эЧ] SIIIJoJ pIoJ эsJэ^suЕJl эЧJ .ээeds 

Iвrluэlod pэsdвцoэ
Е sЕ slslхэ еulBul' эчд .(uэrudч) pIoJ эs.rэдsuвll в dq
pэ>IJЕlu sl 1ILЦII IЕpneJ ЭЧJ .э)UIJO 

IЕJЧ1эJn эЧ1 o1 рIuЕJ)
rsn[ ru1od Е o1 xIAJэJ эЧ1 II]o4 spuэlхэ rur6e.l эч1

.эJeЛns IЕs
-oJэs Jo run1;lэru1.rэd эЧt puЕ .(;эdв1 э1эsnш рutpnlt8uo1
Jэlno puЕ лэdв1 э1эsnru JЕInJJIJ JэUuI uЕ) tшnlJlэtu
-odtu эчl .rurr1.r]эruopuэ эЧr Jo slslsuoЭ snJэln эЧJ .uэtu

-nI эЧ1 olur lээ[ord sploJ IЕIJ1эlЦopuэ IЕulpn1r8uo1 luэu
-тtlIoJd .ээвds 

IЕIluэlod e sЕ slslхэ puЕ pэlЕJэlЦqo d1pnsn
sI uэшInI ЭЧJ .1uэulшord lou sr 1uэruв3ц IBnuJoJJэ]uI
эчд dpoq эuIJэ1n э13urs в puЕ suJoЧ эuIJэ]n o^A1 Jo
s1slsuo) 11 .pэdeчs 

'!^'' 
sI snJэln n1ls uI pэpuэdsns эч1

.stuЕulluЕ1uoЭ 
IЕuJэlxэ 1sщt3r

snJэ]n эЧ1 JoJ JэIJJЕq pJIЧr эЧ1 sII]JoJ хI.AJэ] ЭЧI .эJЕlU

эЧ1 Jo snlЕls эulJJopuэ puв э1эdэ snoJlsэ эчl go э8rls эчr
Чll,^Д dJP,^ эJnsolЭ go ээ-r8эp pue эdвчs s1I .эIэdэ snoJlsэ
эЧ1 Jo sэ3в1s 1sotu lв dцвnuurш pэlЕIlp эq UЕэ rI .sploJ

1еutpn1r3uo1 suIЕ1UoJ puЕ Jelncsnu] sI xI^JэЭ s.эJЕuI эЧJ

.(3) sэuв1d }u)JэJJIp щ ]n) eэ}l-t1 в.lod:oэ puЕ SЭI)ITIoJ ,tloчs l:u,ro эчt ч8norчt suollJэs sploJ IelJlэlпopuэ эtll Jo ]Uэшssэssв snAol]Е

ЧэIЧ^& .(Ф uoll)эs-ssoJ) slхЕ.uorls ur uээs d11в.rэuэ3 sl u.тoч эUIJэ1n эЧJ .pээnpo:d st э8urш puprul8uo1 в ,(у) l.poq эUIJэ1n puЕ хI^JэЭ эЧ1 Jэ^o
sI JээnpsuuJl эЧ1 uэtLA\ run]ээ: :аd UollDulu]l'ха 3uшnp 1)eJ1 1вtluэ3 эчl JЭ^o (sauЦ цэDIq) sluol7l-1uэLlo Jэ)npsuвJl ,,(в;:r:вэuц ]вэtd& Jo ruer3вlq

1-g аln0l1

alo1ц aq1 lo lэtlЦ loцшa9 aql to tqфol8ouosoJ|I|7 . g п1фtэq2 90,

Ve
tB

oo
ks

.ir



TЕl)nPЭ sт эpls ЦэI эЧ]

pUв IeIшI?Jэ sI IuЕJ8oUos эЧl Jo эpтs 1t[3u эLII IxЭ 9 Jo Цdэp pэ,(ЕIdslp
Е tЕ .rЭJnpsUЕJ1 .,{е:.tв-:вeш11 ZнW-g s Е tllt,ш ,.llIl:]ЭэJsUЕJ1 pэu]Еlqo sЕ^\

urc:3ouos s|чL (moJ"|D) rssoJ Llоl]u]n^o эtll P]P^\ol 8ullээ[о:сl Pэ8urut
эq uвЭ эIJIIlo.] ftсllе1nloэ:d ЭIoЧJэLrЕ э3:t1 у эTЭITIo.J ]L]olЕll]-[оэJd

t-8 а,|noll

.(l-в .3lд)

JэJl1psuЕJ1 zЦw-s.L Е Чll^e uээs эq ,(вrц ltrq rээnp
-suЕJ] ZHиI-O.E e Ч1l^& эIqIsI^ tou SI lэnpl^o Il?tUJoU эЧI

sz.oAJqIuэ pэJэAoЭэJ
эЧ1 JoJ ]uэtdrээ.r рrщldo uP Jo uoI]JэIэs puЕ snJэln эtI]

uloЦ dJэ^oээJ odJqшэ дo 3щrщl лэdold JoJ srlA.oIIЕ pэJJl1Э
-Эo sЕЧ uoТlЕItl{o 1ЕЧl UoIlЕuIIЦJэ1эp эtЕJnJэв .urвl8ord

JэJsuЕJl o..(.rqшэ UЕ uI 'suollЕulцIэsul Jo s8ulpээJq Jo
JэquJnU эЧr rIшlI ,fituэrэцдэ puв .s8urpээJq эшIl .ltlдIrэr

JeInJцIoJ ssэssЕ ol srulsэ 8ur.rnp dчdtr8ouosе.n1n do1d
-шэ pll1oЧs pэ8tuвru d1эsuэlu1 эJl] leЧl srurе; 8urpээrg

0L.{Jo,1&lэu эruэ8oчээ UЕ uI sЕ .ээuelвэddе u1 ,{эв1 Jo (9_8
.3rд) snoэuэ8oruoч эq J.вtu firэruэ8oчээ LII эsЕэJJuт Jo
uJэllЕd эЧJ яr.ZL.эIэIIIOJ 3ur1е1n-to эЧ1 Jo эlls эЧl 1Е,ЦIJ
-tuэ8oчээ uI эseэJJuI uе st .{1рэ1чdвr3ouosвr11n pэ8вrut
sI ЧЭIЧne ,(s-в .stд) tunэt8вчrloruэч snd.loэ Е Jo ]Uэш
-do1э,l'эp эtll Чllne эIЭЦIoJ эЧl olш лnээo.{еru э8ЕtIJJotuэЧ

Iel}uЕ1sqns 
.1In]gЛP шnэlnl srrd.roэ эЧ1 Jo uor1вd1ed rээl1p

8ur1вru dqэ.lэчl .ээв3:lns эtll tuo4 эpnJloJd }oЦ sэop puЕ
d-тв.to эt1] ulЧllnl sI цInэlnl sndroэ 3uт11nsэr эЧI .Z.sJn)Эo
UoItЕzIuIэlnI sЕ Uэ>IЭIЧI ЧЭЦ^e Jo sIIЕ^\ эЧ1 .эрIIIOJ )Чr

дo эsdвцoэ r dq pэrrэ1pщ эq ,{eш uotlецr-.ro .IЦl1lJэJ

rэd dлвдo эЧ1 Jo uo1lвdрd 1ээrrp dq pэJJn)Jo uoIlЕItl-^.o

uэLI,tA эuIIuJэlэp ,!э1в.rnэJЕ ol rtnэ!дp эq dвru ll '-fuв^o

эЧ1 Jo dt1-t1t1suэs pэsЕэJJuI luэIsuЕJt эtuos pul] эIc[IoJ
эЧ1 Jo dэuэlsrsuoэ ur э8urчэ t s1 dцrznsn э.rэчl ч8nor1l
-1y .э1эdэ эЧ1 Jo эsrчd 1eэln1 эчr 8щrnp uэAэ Чloolus
suIЕtIIэJ d.rе,,t.o эч1 Jo эЭЕJJns эЧl .эJoJэJэЧд o. ,,-.,{.ru.lo

эЧl Jo эЭЕJJns эчl ч3no.lчl ol pэsoddo sЕ ЕssoJ uollЕIl1-4.o

uе ч8no.rчl JnЭЭo suoIlЕIIL\o IIЕ lЕЧ1 ul slЕtuluЕ IIIJЕJ

эIlsэtuop 8uorцв эrrl>rurr sт эJЕIII эЧ1 UI uo1lвцr-.r'11 d1uэ
-rqdвл8ouoseJlll1 pэssэssЕ d1эlurnээe эq ueЭ uoIlЕItLAo puЕ

Ч1-^l'oJ3 JЕInJlIIot 
',,.('-8 

.3tд) essoд uol1?In^o эЧ1 pJЕ,\\ol

3ur1ээ[ord pэ8вшr эq,fuш SэIJIIIoJ dlo1в1n,toэrд JэI)ЕJЕЧJ
ur snoэuэ8oцIoЧ pUв эtuэ8oчээ .!эtelэporu sr вru.tчэ
-uэ.rвd uЕIJЕAo эЧI .{JЦr шIII Z uЕЧl ssэI IIЕne JЕInJlIIoJ

IЕpnЕЭ sI

ЭPIs ЦэI ЭLIl pLIЕ TЕIuЕJJ sI ruв:3orтos эЧl Jo эpтs rч3ш эч1 uI] 0I Jo
чlсIэ1l pэ;(u1dslp D ]Е J])npsUuJ1 ,tш:в-:uэut1 Zнl{-0 9 e чt1lr,{цв1ээ:sue:1
pэuТЕ1qo sв,,lr ruв:8ouos sIlIJ sэIЭllIoJ эr1l 8u1]tz:вdэs sITЕ^\ Jl,Il1JII]oJ

эloчээ;эd,(r1 эq} эЭI1oN uosr:эs 8urpээ:q IЕuol1lsuuJl эqt 8ul:nll (шru

67q) sэ1эц1o.1 ]IoLI])UD slloJэulnu 8urure]uoэ J:u,ro э3:е1 r.: )^uЧ o1 эJЕIU

в JoJ IЕIuJoU sI lI sэJJЦ]o.] sl]()l)ш]l-tu tIlIA\ .fir.\O TЕuolllsшвJl IuIUJoN

Е-8 аlnolJ

этuэ8oчээ uЕ Чll^e sэJn]ЭnJls punoJ JIoЧJэuЕ sв {IIЕ)
-rqdв.l8ouosвJ1ln pэn6.ЭI^ ЭJl? sэIЭIIIod 

'z.эlЕInlo 
puP (€-8

puЕ z-8 
.s8tд) эloru Jo IпIu E€ Jo Jэ]эшЕIp Е ol эJnlЕul

SэIJIIIOJ o^\l Jo эuo d1uo ,!рrurou .sэtJЕдo эЧl uo luэsэrd
эq dвш sэIэIIIoJ IЕJэAэS ч8noчr1V €z.эIJdЭ snoJ]sэ эЧ1 Jo
эsЕЧd JЕIIIЭIIIoJ эЧr 8u1.lnp sJnJJo (чr3uэ1 u1 sdвp 6 o1 

') sn.rlsц ...sdep Iz sI эJЕIII эЧ1 UI I?^JэlUl drolвIn.torэrul эЧl

slcnp|^0 puP sа!lЕ^o

scNl0NIJ эlнdVнc0N0svнлп

.Р)Jli 
1ЕJIAJJJ puв ,{poq эшt

-Jэln эЧl nA'эIA ol эJns эq plnoЧs эuo .UoltЕulrцrxэ dэuвu

TвpnЕЭ s] эpls ЦэI эЧ1

puЕ IЕluвJЭ sr rшr.rЕouos эrЕ.Jo эpls lч8u эч1 tU) ZI Jo rirdэp pаdв1d

-srp в lЕ J)э[rpsUЕJl ;ir:ru-;тэrц1 Zн!\l-0 s в чtl,tr ,t1utээrsueJl pэUlЕtqo
sв,ц ruв:8ouоs slLIJ .eIrюJts ui:IJl]^O эsLIэp,(1snоэuэ8оruor1 

^q 
pэJэpJoq

sI puЕ )IorI]эUe puD pt]noJ sI эI)ll[o.J uer:г-ro 1rэ1сl{r v эI)I]IoJ ueuP,^o

z-8 аln0Il

Lo' alo1ц aс1rlo lэaЦ 1t1uua9 aql lo 'tсtdtllBoшosoJьl(f . 8 .l,aldoqЭ

Ve
tB

oo
ks

.ir



ъ

pue suЕIJЕuIJэlэA ZZ.sdЕP Iz sl Iв^JэIUI 'fuo1eцr-torэ1ur
s.эJЕlIJ ЭЧl эsnЕЭэg l'.z.Lul1l)эJ rэd pэ1вdрd эq pшoJ slu
-dээuoэ 3ur3;еpэ эчl dq pэsl1ЕЭ uJoЧ ЭUIJэln эчl u1 э3рq
Е uэЧr{A. ,uoт1в1n-to lэцe s,tвp 8Z Ilrun sэJЕIu uI pэlJэ]эP
,{11uэ1srsuoэ эq lou p1noэ dэuвu8э.rd dчdвл3ouosЕJtJn Jo
эsn эЧ1 ol JoIJd ..086t Щ pэlrodэr lsJg эJэ^A' эJЕIII эЧ1
uI suoIlЕUIIUЕxэ ЭAl])npoldэl э1чdеr8ouosЕJ]In эшIl-IЕэu

Доueu0аlд

pэuЦэp IIэ,te
lou эJЕ sploJ IЕIJlэшopuэ эЧl puв .d1тэtuэ8oЧЭэ uI snoэu
-э8oruoч sI snJэln эЧl .snJlsэIp 8ut.rnq .snolЕIЦэpэ rэ3uo1
ou эJЕ sploJ IЕIJ]аIuopLIэ эЧl PuЕ sэsвЭJJuI эuol эuIJэlп
.эuo.lэ1sэ8o.rd go ээuэnцul эЧ1 JэpUn sэIuoэ snJэln эЧl
.runэ1n1 snd.roэ эЧ1 Jo 1uэurdo1э,l'эp pue uollЕIt1lo Jэ]+v
.sJn)Эo LIOI]ЕIIL{O эJoJэq snJ]sэ эlЕI uI sэsЕэJJэp sploJ IЕIJ]
-эIЦopUэ эЧ1Jo ээUЕJЕэddu snolеtuэpэ эЧl .sэJЕLЦ 

lsoш uI
.,.(в-в 

.3tд) uJoЧ эLIIJэln эLI1 Jo uэLUnI эЧl o1щ 8щrээ[o;d
sэuII )IOЧJэue puв эruэ8oчээ 8ullеu.rэllе sв dчdвл8ouos
-ЕJ]In uo uээs .ээuвlеэddr ..эrd lnЭ', ]I}sIJэlЭвrвчэ в sэ,t13

Ч)IЧ.4e 
.sno1вruэpэ эIUoJэq sploJ IЕIJlэшopuэ эsэЧl .sllJl

-sэ 8ur.rrrq .цIlllJ]эIuopuэ eЧl Jo ЕэJЕ эJЕJJns эЧl эsЕэJЭ
-UI ]eЧl sploJ IЕIJlэшopuЭ IЕJэAэS sЕЧ snJэ]n эч1 .э1эdэ

snoJlsэ эчl 8щlnp sэ8uвчэ snJэlll эЧl Jo JэtJЕJcЧJ эЧl
.sUJoЧ

эulJэln эЧr Jo эZIs эЧl Jo uollЕUlulrэ1эp 11tulэd ,{цвэ1

-чdв.l3ouosеJ]In pэule]qo slUэuIэJnsЕэW'uJoЧ эulJэln эЧ]

Jo uoll)эs lвurpnlr8uol в puв dpoq эЧ1 Jo uollээs-ssoJЭ
slxe-lJoЧs в ээt-tpo.rd pu? uJoЧ puе dpoq эч1 ol э13uе
lч31l в le lr uor]rsod ot э1qrssсld эq dвш 1r .ч8nouэ 1roчs
sI JэЭnPsuЕJr эЧr JI .(r_в .8tg ээs) uээ;эs ЭЧl uo uээs sI

uJoЧ эЧ1 Jo uollээs-ssoJ) slxЕ-]JoЧs Е 1ЕЧt os d1эs-rэ.,l.suвr1

pэ3eш1 эJe suJoЧ эulJэ]ll эЧl pue '(11вurpn1r3uo1 pэ8вrur
dцеrrsn s1 dpoq эuIJэ1n эЧ] .шInlЭэJ эч] u1 dцвurpn1r8uo1
pэuorlrsod sI JаJnpsuЕJl ,{вrлв-reэurl эЧ1 эsne)эg .эpЕIU

эq pЩoЧs snJэ]l1 эJIluэ эЧl Jo uol]ЕultЦrхэ эr]вtuэlsds
ч8noroч1 o,'uot8эl IЕJЭЕs pul] JЕqulnlqlls ЭЧl o1 dцвsrop
PэЧJЕllЕ sl Ч)IЧiA 

.luэrue8r1 
PЕoJq эЧl dq uэшopqв puв

1tluвэ эr,r1эd эЧl ЦI pэpuэdsns sт 1l sв эdвчs ..^,, Е sэшns
-se 1r .rr11s uI .sllJэln эЧ1 Jo dpoq эчr ot rclnэrpuэdrэd
suJoЧ ЭUIJэ]n эЧl Чllne pэdвчs sI sl1Jэll1 s.эJЕuI эЧI

IЕpnЕJ sI эpIs Ц)l )tll pul: JPlul]J] st tuu:8ouos ЭЧ] Jo эpls
lч3ц ач1 rU) 9 Jo щdэp pэiz1сls1p Е 1Е Jэ)npsLIЕJl ,(в.т:в-:вэu11 zчщ
E l P Ч1I,!r ,(1вlээ:suв.l1 pаUlЕlqo sв,ц urc:8ouos sIЧJ (Э) IUn)эЭ pul]
(t1) uJotl эur:э1n 1q3т: эq] o1 ]uээв[pв (tnol.t'tэ) lэn1lr'ro эurnЬэ рru.тoц

д-8 аlno|J

Iвpne) sI
эpls ЦэI эLIl puЕ IЕIul]JJ sI rur.тБouоs эЧ1 Jo эpls rч3п эч1 IUJ 0I .Jo
rpdэp pэiв1dsrp P le Jэ)npsLIPJl de::u..rвэulT ZнI,{-0 g e чl1,lr {11вtээrsuв:]
pэulЕlqо sв,lr tur::8ouos sIЧJ plo sJnoЧ !l} runэ]rrl srrd,тoэ этoqээrэdl.ч
;i1эsuэp эJolIJ Е sЕ pэцlssul) эq 

^\oU 
pll-to.ld. (s-8 э:n8тg rп sв) эJr-Цэшls

IЕэlrrl эrпсs sIЧJ lullаlnТ snd:o:t эruэ8oчээ ,(1snoэuэ3оruoч p1o-.{ep-7 у
g-8 аln0|l

;(11uэ1чdв.l8ouosЕJlln Pэ8ЕIUI
эq ,(вru slsdэ puв sЕIIIoIвIUэЧ .uollЕdlЕd rээлrp .tq pэц
.l]uэpl d1тpвэ-l lsou] эJв suolsэЧpв puЕ suo]]ЕJээe1 ч8troчr
-[Y .sэJnlJn;ls luээe[pв эЧ] tIIo.rJ эlЕIluэJэJJIp ol ll1-lЭ
-цЛp эq deru puв эroчээoddч эJoIu sэlЦoJJq хIAJэJ эЧl
sn;]sэ 8ur.ln(I 6z.uollЕulluвxэ эrчdвr8ouosвJllll uo sэuII

1э1u-rвd эtuэ8oчээ IЕIUoZIJoЧ dq pэuцlno sI puЕ uol]Ээs
1eurpntr8uo1 ur pэ8вrш sI xIAJэЭ ]tlЕu8эJd Jo snoJlsЭIp эЧJ

eul0e/\ puP .snlаl[l .x|^Jаэ

lupnЕЭ sI эpIs ЦэI эrI] puЕ Tl]Iut]JJ sl rшв:8ouos
эЧl .Jo Эpls 1r1Bц эr1'1 rrrЭ 0I Jo чrdэp pэ{т1dsтp u ]c :ээrrpsuвз] ,tв::u
-.IвэuII Zнtr{-O s D Ч1]r,!\ 1iIlЕlЭэJsUЕJ] pэulЕ]qo sв.tr ruв.rBorros SтLIJ эnsslt
1eэ1n1 8utdo1э,tэp эroqээ:эd{ч эчl 'rq pэ:эp:оq sI pUP эIЭIIloJ Е UЕЧ1
э1uэ8oq:rэ эJoIIJ sl ]I pIO s.Inorl Z] tIЕЧ] ssэ1 rutrэt8вq::сlruэч snd:o3

9-8 а.|n0IJ

alopц aql lo 1эDЦ l|1цuaэ aql lo tqфo.l8ouosoJ1ll1 . g "l'a1daqg 80Й

Ve
tB

oo
ks

.ir



IЕpnЕЭ эJЕ sЭpls Uэ[ эЧ] puв IвIUЕJэ эf,c sIIJЕJ;otтos эsэЧl Jo
sэpls lЧ8IJ ЭЧJ tu) 0I Jo tlldэр pЭiЕIdslp u 1Е J)JnpsUтJ] ,{ЕJJс-Jeэul[

Zнl{-0 ! Е ЧlI^\ 1iIlBlJэJsU€Jl pэtllЕlqo эJeA\ sluвjвouos эsэЧJ s8uDIJЕLu

lnoLIlI^\ эвeLUI эruus эЧ1 sl u)эJэs эЧr Jo JIl?Ч lЧяIJ эЧJ srr]d))Uo]
sIЧ} Jo JэlэIUЕtp эЧ1 эJnsPэш o] pэuolllsod )JЕ (+) sJosJnJ э]Iq,!\

эtlJ эlЭlsэ^ )loЧ)эUl] эЧ1 o1 TЕJlu).r puu TЕsjop (.sJDq a1!q(n) sUoIl])U
.эJ JЕ[п.)эds ЭIts!J)]ЭPJDLI] Эtll эЭ[]oN sn]dэЭuoЭ эUInbэ {Еp-шээult[J

0t-8 эlпбIJ

э'eJ Jеэ'II е 1r Эz's"i :g,,#..'':3"Hf"j":jТsf"'.;:
puЕ 8I dвp uээ,lr'lэq эsЕэJJuI эZIs Jo nвэlвId Е sэЧэЕэJ
.(.{вp7tutu 

',D 
9т or II dеp ruol; ,{1rвэuII sэsЕэJ]UI

snldээuoэ эЧ1 Jo эzls эЧI .pJo] IЕЭIIIqшn s1I dq srr:эtn
эЧ1 Jo IIЕ,^e IЕsJop эЧ1 tuoлд dэuэqшnээJ IЕsJop ur s8uвч
snlэJ эЧl puв ,d]1,tвэ JIoluЕIIЕ эЧr q dll,rтэ plllu )IoЧЭэuЕ
ЭIqIsI^ эЧI .(sl-s .3rд) э1qrurээsrp .!э;вq s1 эes ч1od
эчl .s,fup Z' lY .(у|-8 .8lD &Iдвэ JIolu?IIЕ IвJluэ^ эЧl
Jo эZIs эЧl sl? эIuЕs эЧl ,t1лвэu sr эrs 11od IЕsJop эЧl Jo
эzls эЧl lЕЧ1 os JIЕЧ uI sn]dээuoэ эЧ1 sэPl^lp sIolUtIIЕ эЧl
.sdrp gg lY .st pLтt' sZ sJ'вp uээ,lllэq uorlв]sэ8 Jo э3в1s

эЧl JoJ JI]SIJэ])ЕJЕЧЭ эJЕ sэIlI^Е) Pll1U Iв]эJ эtI] Jo эzls
эAIIЕIэJ pUв slo]uЕIlЕ эЧl Jo uolllsod эч1 .эuЦ эruэ8oчээ
ur sЕ uээs s! ЧЭIЧ^\ 'slolu?[P эчr .iq pэlт.теdэs эJe sluэuI
-шedruoэ o^el эsэЧJ .snldээuoэ эЧl Jo uollJod 8rлsuэrэ
-эp e sэsr;dllloЭ JЕs >11od эror1ээuЕ pэlвJol ,i11вs:op аr1l
.dllrrluэд sэ3.rе1uэ d]rдеэ эroluЕIlЕ ЭIoЧ)эtIв эqr sу 1n3
-pulЧ эЧl дo 8urчэnodlno UЕ ruorд lэdold o.(lqшэ эЧl ol

Ir]pnЕ) эJe sэpls ЦэI ЭtI} prrЕ IЕIUzJ) э:u stuв:Bouos эs)I{] Jo
sэprs 1r131-r ЭЧJ LUJ i17 1o qrdэp pэ,(u1dsтp Е tЕ JэtrnpsutsJl .tn::в-:сэu11

ZнI,{-0 E в rр1lr z(цвlээ:sLIЕJl PэUJЕ1qo эrэ.tr sruu:8ouos эsэЧI s8ul1:гru
lnoЧll^ll э8вrur эtuвs эLIl sI UээJэs ЭЧr Jo ЛЕЧ 1qllр эч1 snldээuoэ
sIЧ] Jo Jэ]эшeтp эЧ1 эJnstsэuJ о1 pэuoт]1sod э.le (+) sJosJnЭ э]IЧ^N эtII
)IЭISэA ]Iot[)эUB эЧ1 o1 IuJluэ^ pUв lesJop (sV,4 aцqо1) sI-lo|lJ)EЭJ Jе|

-nээсls эr1sr:эlэЕJвЧЭ эЧl Э.,lloN (mo]"to) strldээuoэ эuпrbэ ,{rp-э'r1эм.1

6-8 эJп0IJ

IЕJluэA do1э.tэp ol sur8эq d]rдвэ этoluellЕ эЧr puв tэdo.rd
odrqшэ эЧ1 Jo ssЕIII эшэEoЧ)э эЧ1 ulЧ]I,{A luэlllэAolЦ
8UIJэllnU Е sЕ uээs sI lЕэqlJeэЧ эчl.sdвp gZ lY.(€I_s
.3rg) эes цod эчl Jo lJэdsЕ IЕJ1UЭA эЧ1 uI ssЕlЦ эtuэ8oчээ

IIЕIlIs Е sЕ uээs эq uЕ) srrldээuoэ эчl дo rэdo;d odrqшэ
eчl .IZ dep ]Y .lZ ol 11 sdеp uo эdвчs ..1эrd ли1n3,,

ro п1n3uвr.l1 ЭIlsIJэl]eJeЧЭ Е sЕЧ d1ruэnbэrд snldээuoэ
эЧI tг.9I ,fup uo suJoЧ эulJЭln эЧ1 Jo эuo Jo эseq ЭЧ1

ur sэ3po1 ]I [run dpoq эut;эln ЭЧl olul sЕ IIэnA. sЕ suJoЧ
эulJэln эЧl Jo Uэlunl эчl trroч8noJЧt sэ^oш 1l sв pэ3в
-Lщ эq ueэ olJqruэ эчr .)I puв 6 s,{rp Uээ,4Д1эfl .UЭцInI

эulJЭln эЧl uI эIqв^Jэsqo sI snlсlэЭuoЭ ЭIoЧЭэUЕ punoJ
эII1oш эЧ].9I or 91 dep шorд.(71_g.3rg) sls.tэ эulJэln
эllJos tuo4 o.t.rqruэ uв 8urler]uэлэJJlp ul рдd1эч эq uЕJ ЭIt

-sIJэl)тJЕЧJ slЧI .(II_8 ol 6_8 s31g) suo1rээцэл:в1rrээds
dq pэsnтэ э8вurr sll Jo lЭэdsЕ IЕJIUэA эЧl sэшI]эшos puЕ

IЕsJop эЧl uo эUII (э1uэ3oчээ) эl1ч,lш rч8рq е seч (эвs

цo:) snldээuoэ d1rвэ эЧI .JэlэtuЕlp uI uJtU 

' 
sl rI uэЧ,lш

.sdep g1 o1 6 1Е snJэln эЧl ul эIJIsэл эruod:qtuэ JIoЧЭэuЕ

1вэ1lэчds P sЕ uээs эq lsJg -{вru эвs >цod эчl тэJnpsuЕJ]
zt{W-O.E e !lI,4A. 

.uolleltl-^.o лэlде sdвp 5Й Ilrun dчdel8ouos
-вlr1n dq uor]в]sэ8 дo э8ets Jo UoIlЕIuIlsэ эtЕJnJЭЕ slllu
-.lэd lвЧr u.lэutd u ur do1э,rэp sэuЕJquIэul 1rlэg эurnbц

.sэJЕuI

uэdo дo 8urpээrqэl dlэrщl JoJ pUЕ sulndJ Jo ]uэtuэ8euвtu
puЕ Uoll)эlэp эЧl JoJ s^\olll, UollЭэlэp dэuеu8эrd ,!rвg
.sf,еp 7у ol 0€ rЕ ure8r puв s,{вp 6r plше 

'l 
UээnЦэq

dэuвu3э.rd JoJ tэЕJl Ier1uэ8 эЧr Jo UollЕululexэ э1чdш3
-ouosЕJlln uЕ ЭpnIJuI ,tвru sэлвtu pooJq Jo luэulэ8вuetu
эAIsuэluI dэuеu8э-тd d1rвэ tnoч8no.lчl эdвчs ur рэrлэчds
suIЕцIэJ lI 

'' 
Z.uJoЧ ЭUIJэln эuo Jo эsЕq эЧl lв sэ8pol

]I uэЧnA. .9I dЕp p1un ,sn.lэ1rr эЧ1 sJэluэ 1r uэч,lш .uor1

-ЕItL\o JэЦl? 9 ,(вp ulolд эIIqoш sI ]I 1ЕЧl uI sIЕuJIue uIJeJ

)IlsЭI,IIop 8uoшrе эnbrun sr snlсIээuoэ эurnbэ эчд ., ,'.s.tвp

'l 
IЭцJr- -(эtrnээY %06 uЕЧ] rэlвэд3 r pэllodэr sэIpnls

эuтnЬэ.t1:в1 -..uor1тIll\o JэЦЕ s'iвp II o1 6 se d1пэ se

.iэutu8а:d эшnbэ i1:zэ ;o uoI]ЕnIЕAэ эtчdт;3ouosЕJlln JoJ

s \\oП? .iцprа; snldээuoэ эuтnbэ эЧl Jo эdтчs 1uэrlэчds
э3-тe1 .i1э.r1rе1эJ эtI] Puв uJnlээJ lэd 1эв:1 рr1uэ3 эJЕuJ эЧ1

;o uor1rsod эIqlssэ)ЭЕ эч1 .э1q1ssod sЕ uoos sЕ pэJqэJ эq
plnoJ sэJЕttl ]uвu8э.rduou 1ЕЧl os slеP |z эJoJэq dэuвu
-8эld tээlэp ol poЧlэtЦ e pэJlsэp s.rэ8uuвtu tu.lеg 8urpээrq

sr цJЕJ'oUos эЧ] Jo эpls rчBт.т эч1 -,.:l]:;jo#Ъ]:J']."i#:"'",..,:Т;
-suгll ,(в.t.tс-.lpэt'I!| Zн1\-0 ! Е tIllA l'11вlээ:sun:l pJulгtqсl sвд tuвL8ouos

srrlJ u:oЧ эuIJ)]n эЧ1 Jo UЭLuI1I эЧ1 pJЕ.4&ol Еtцlээ[o:d sЕЭJе (moЛo

dэDlq) J|oчЭ)JЭdф pue (mlrJa aЦqn) эlor1ээоd,(r1 3u11вurэ11в sв sшtsэ
8uurrp uээs эJЕ ЕшIэpэ ЭUlJэ]n Jo рэrd& sр1o; lттJlэIпopuэ sl1oll]ruэpg

8_8 а]п0!J

60' aloщ aql lo lэDЦ ID1!шa9 aql to 'Сqdo"l3ouos|tJцn . 8 лtdaqЭ

Ve
tB

oo
ks

.ir



эЧl JoJ uouЛUo) sI 1I .эIЭISэA LIЭЕэ LII pэ^Jэsqo эq pl[loЧs
ЦЕэЧ 3ul1Еэq u^\o s]I puЕ JэdoJd od.lqruэ эчд .sn1dээuoэ

ЧЭЕэ Jo tuэrudo1э,tэp puв t1Цror8 эЧl 
^\oIIoJ 

ol d.rвssэээu
эq dвш sueэs рrluэnbэs 

.э1еr1uэ;э.;.1lp ol JэpJo u1 .(s)rsdэ

IЕIJlэIUopuэ uЕ ol ]хэu pэ3po1 o{rqшrэ эuo JoJ uэ)Еlsllu
d1lseэ эq uвэ r]dээuсlэ щ^\l Ч)ns .(вt_в puв 41_g 

.s8tд)

od-тqшэ ЧЭeэ Jo srsEqoчdo.ll pэ:эdв1o,ш1 luээв[pu эчr
d1uo go slslsuoJ lI эsnЕЭэq э8trul оl lInэgJIp эq dвru uots
-I^Ip sIЧI .эuЕJqIUэIu urчr e dq pэpl^Ip эq .,(cru ltЧl аJnl
-ЭnJls JloЧЭэue pэqoПq pэlээdхэ uвчt rэ3rв1 Е Jo 1ЕЧ1 sI
ээuв;eэddв JIэЧl эsЕJ LIJIЧnN u1 .(uottвхц 

1вrэ1в1rurr) uroч
эulJeln эuo uI JэЧ]o LIЭPэ ol luэЭIr[pЕ э31ro1 os1в 'furu
dэЧI .snrdээuoэ uotэI8uls 1, Jo lЕЧ] o] JЕIIuпs ээuв;ваddв
uв эдr3 puв (uotteЦI рrэrе11q) suJoLI эulJэlll эЧ1 Jo ЧЭЕэ
Jo эsЕq эчr le э8pol dвru sntdэЭuoJ эuo .91 dup rэцу
,.(9I-8 

.8rd) suorlвIn,l.o эIqnop snouo.rt1эuz(sЕ ol эl1p sэzls
1uэJэJЛP Jo Jo sUoI]ЕIIL\o sllouoJч.luds .lэце ЭZIs эIUЕs
эЧl эq .,(rru t]dаэuoJ эЧJ uЭЦJnI эulJэln эчl trroч8tro.rч1
эAoш leЧl sэJnlJnJls punoJ ]IoЧЭэuв эlr,..rtdэs o^&l sl]

лвэddв .tвru t]dээuoЭ uI^\] .9I pUв 91 sdttp uэЭ^6'lэg

.'..suт,lц 8Ur
-эrrpord Jo J?эJ JoJ pэJq uээq э^I]LI lсlu deru sэ1эl11сц dlolв1
-rr-,roэ.ld o^6'l ЧlI^A. эJЕIu Е suIJЕJ эIIIos uсl .sur,,rr.1 8ursou3е1p
uI эsl1 эullnoJ JoJ ЭIqЕIIЕ^Е sв..rо. 'tt1сIв.r3ouosЕJlll-t эJoJэq
.1ечt 

ч8rrouэ sllolJэs эJЕ suollЕэIldruoэ эsэчд .эJ€Iu эЧl
Jo Ч]Еэp ш lll1sэJ uЭAЭ uЕЭ lЕLIl tJЕJl э,rrr1эnp6дj3д 3ч1
o1 э8ешep PuЕ вIIIl1ЕJl JoJ >ISIJ 1еэl3 1е ЭJЕIu эЧl sээв1d
oslЕ sIЕoJ one] Jo d-lэ,t11эg 

',g.pээrrpo.Id 
8ulrdsддo эAIlJnp

-o.ld ,(чlpэч O^\l эJв d1эrel d1uo ls1вoд эIqrt,tuou Jo ЧlJIсl
эЧl Jo uollJoqЕ uI ]Il-tsэJ d11вns^n sэlэuеu3э.ld rtt,lш1 .uor1

-вlsэ8 ur d1;вэ uolэ18uls Е o] uoll]npэJ IЕJnlЕu o8rэpun
loU sэop pue pэqJosэJ ]ou sI LIIr1Д.l эUo JI 'эJЕtU эЧ] UI

s! _!.эJtlJ 3uluulло1 puв
uollЕInlo эIqnop pэJnpэJ u э^uЧ o1 pэ]JodЭJ uээq э^ЕЧ
poтrэd шnlJ?d]sod эtI] uI pэJq sаrвru 3u11еoд.,,dэuэrrbэr.J
uI эlсIpэlIIJэluI pэJэplsuoJ эq plno^6. spэJqpJЕPu?]S puЕ
sUЕIqЕJY uI sэ]ЕJ 3ttruu1,ш1 PuЕ uoI]ЕIlL{o эIqnoo 

';(%s.

srudэ:ruоэ dtrP-!T эЧ]
Jo Ч)1э{s 

.8r 
IЕpnЕJ sI эPIs ЦэI эЧ] put1

IвIUЕJЭ sI ruu.r8orтos эЧ1 Jo эpls lt1Бп эr1.1

ru] 0I Jo чrdэp pа,(e1dstp c ]P JэЭl-tp
-suв.tt ,{с.tlв-:rэu!| /Hl,\-o ч в t;ttм ,i;1гt
-)эJSLIЕJ] pэUIЕ]qO sв,rr ruв:Бorros slr11
.ol:qтпэ pэ1uэo1 ,(1t::1uээ эq1 8rrrprтrrо:
.Jns эnssll эU.Ijэ]l-t slloэtIа3otuilч ачr
osTЕ эJltoN .э1этsэl эluo,fuq[Uэ JIotIЭ)uP
эrП o1 lЕJ]Uэ^ puЕ IЕsJOp (sJDq a|!qm)
sUol1ЭэlJэJ .ru1nээds JI]slJэlJeJerIЭ эLI1

ээlloN str]dээuoэ эuпlЬэ lеpuээцrg .y

Ll-8 аlnoIJ

Il]pl1вЭ sl эpls Ц)I эЧ] PUl: IPIrтrJJ st tuв:8ouos эЧ].Jo эpls
rч31: эr11 rU) 0I Jo чldэp pэ;(e1dsrp е lP JэЭnpsLIЕJl zir::u-.rrэu11 Zt{иI-o g

u r1]1,lt d1utээ:suЕJl pэulelqo suм шlu:8ouos slr1; s1s{э эur:эln 8ur8erur
uэr1,lr 1uэsэ.rсI s{e,,rt1в ltlu э:u so,Llqrпэ 8unсli ul uээs dцrэld& suoIlJэU
-э.r :е1nээds ЭI]slJэ1эЕJЕЧ) )LIL (sinoЛD') s1siэ 1вr.l1эruopuэ ]IЕtIIs or!].J

zl-8 эlnб|l

o1 El) spэJqЧ8noJoЧJ pUЕ sэJЕtll ЦЕJp uI uЕLIl sэruod ur
Jэ^^.oI sЕ^\ suoll?Itl-{.o эIqnop Jo ЭJuэpIЭUJ 9'.sЧlJlq ulnДl

Jo эll,J Ч3IЧ Е PPЧ sэJЕuJ JэpIo puЕ .i,sэlrtu rэ8urrod ul
uЕЧl JэpIo tтr ;эч3tt1 sЕnA. эlЕJ uollЕItl-^.o эIqnoс сс .t.SПl
-uls эAI])npOJdэJ PuЕ '9 ,.' 

''.pээ.Iq 
.2g чg.э3в dq pэrээg

-JЕ эq dЕul эlв.l 3utuur,ц] pUЕ suollЕIn^o эIqno(I .suoll
-ЕIlL^.o эIqnop шoJJ llnsэJ puЕ ,'ЭI]o8dZIp эJЕ sol.JqцIЭ
UInA.l .эsJoЧ эЧr uI .sul^6.1 

Jo ]uэtuэ8вuЕlu luэnbэsqns
puЕ uoll)Э]эp d1.rеэ эЧl JoJ pэ^\oПe stч dr1dв.r8ouosЕJ]Iп

su!flrl

.Q.tЭ,Зf,

a.lo1ц aс11 lo 1э',Ц IDцuaЭ aql lo tqdol8o,lОsDJЦ1] . g l'a1duq2 oI'

Ve
tB

oo
ks

.ir



ssэЭJns %06 е dlэlеrщхo;ddв sвtl э;nldtrr 1еnuвrш 
.uor1

-вlsэ8 .sdвp 0€ эJoJэq pэшrroд.rэd uэLL,х\ ()r ,'.pэlLIэIЦn)oP
uээq seЧ эlnpээold slЧl Jo dэеэцдэ эч1 .sntdээuoЭ эuo

дo элn1dnr IЕnuЕlu sr uor1do pJFIr эЧI .sl-lJ]sэ 8urnsuа
эЧl 1Е pэJqэJ эq uэLIl UЕJ эJЕIl] эч1 stsd1oэtl-ll эsneэ
ot urpuв18elso.ld 8utsrr lэueu8э;d эЧl э]ЕuIlЦJЭ] ol sI

uor1do puo)эs у -..,(11е;n1еu pэl€ulluцэ st sn]dээuo.l эurl
lzЧl эdoЧ pu? эuэ.\Jэ]UI lou ol sr uot]do эrro uоrlвlsэБ
Jo Чlllotu lsJlt аЧ1 8rп:np sUI.\\l tI]т.\\ рэsouавrp sI ]ЕtI]

эJвIu P 8ul8zuвtu tтt sttoт]do э)Jr{] )Jт эJэt{] .\IIUэJJI1)
sJsnlэ.J эr{l -]o LIo]]ЕJoI э]Еun]Jo.J pUЕ

,IIIЕp Эtlt Jo trorlu:эdooэ .:olu;эdrэ ptlnosP:]ln IЧIIII{S ptlЕ

srr]dээuoэ Кеp-g7 е -Jo ЧJlэ)s 
.8r IЕp

.nЕЭ sI )pls ЦэT ЭЧ] pul' 1в1uе:э s1 rшu:8

.ouos эЧ] дo эpтs rч31; эЧJ tu) 0I Jo
чrdэp pэ,{z1dsrp ]] lЕ JэJnpsцrJl l.в::в-reэ
-ull ZнW-g E e Ч1l,\r dр;1ээ.тsuв.ц pэu1в1
-qO sЕ^\ ruв:8ouos s|цL (illoЛt' цэDIq)
эus цo,t 8utssэ:8э: ЭЧl o1 эzls uт рnbэ
,{1;вэu sl (mo]JD a1!qm) -&I^Е) )тo]UЕl

1в 8urdо1э.rэp 1el]uэ^ эЧ] .g7 J.вp lY .И

iL-8 аtnпIJ

luэIlЕd z sэ:rnbэ.r sтsou8втp эlЕJnЭJe 1uor1e1sэ3 Jo э3Е1s

sIЧ] ]в tuэsэJd lou эJЕ sulnД'] ]ЕЧ1 UIPlJэJ dlэln1osqе эq
оr )l|lJЦЛp \l 1I uЕ)Ч 8ultвэч u^Дo sll LltI^\ Ч)Еэ 

.sэsnlэJ

o^\1 Jo uoТlЭэ]эP l]tuJ)d .iuru :ээnpsueJl JэuuЕЭs-Jol)эs
Zнlt-g € Jo .s z Е LIi] ш iчdвr8ouosЕJlll1 lЕulluopqЕsuЕJ]
siвp gg o1 0- JэЦ\- JэЭI1pSLI?J] ZниI-O.E Е Ч1I,4e pэ3вru1

.t1эrэ1druoэ эq o1 LIJЕ) JoJ э8JЕI oo] эJР rldээuoэ эЧl
эsnЕJэq .(чdшБouosвJ]ln IЕlJэJsuЕД ,iq sulAl эsou8ЕIp
.i1эlшnээt or llnЭцJrp .i18ur'^тэ:эur sэшo)эq lI .uollelsэ8

Jo siЕP (9 JэЦ\- -.(€I_s .3tg ээs) эes ч1o,t 8urssэ;8э; эч1
o] IuJluэ.\ loш st .Ьl't'Pэ ЭIoluЕIIe 3urdo1э,l'эp эЧl lЕЧ1 Ч)ns
pэuorslp эq o1 Ildэ)uoJ uI-^&] 3urдrдrns Jo uollЕluэIJo

uollllluэро IЕruJoU щ stl1dээuoэ dвp
-Iz r Jo Ч)1){s 

.sr .It:ptlPЭ sI эpls ЦаI
эЧ1 pUB IЕIUЕJ] sI rUвJ8Ouos эtI] Jo эpls
1ri3р эч1 IUJ 0l Jo цdэp pэ,{в1dsтp

u tЕ Jэ)npsuЕJl ,(u::в-:вэuч zниI-0 s e

ЧlI^\ ,tIIЕ]JэJsuвJl pэuIЕlqo se.цд rшвr3
-ouos sItIJ sn]dээuoэ эчl ;o эdвчs
эr11 8rцsnвэ эq ol tr18noчl sI (sinОЛD
aцqm) I]D^\ эulJэln IЕsJol) эЧI
II:J]Uэ^ UeЧ] :эчlu.r uo1l1sod iЭoTЭ.o €
эLll 1Е sI:эсio;d o,{:qruэ эчr sт .1вэ1d&

]oU SI э]э|sэl sIL[l Jo tтoIlЕlUЭIJo эЧJ
srr]dээuoэ эЧ1 rц Uээs lsJg ц (molla
цэtцq) ndold odrqruэ эЧ1 .s,tвp

IZ lY o,fuqruэ ,{tp-17 o1 -LI е Jo J|t
-sЦ)]Эвlтtl) аdвчs ..1эld :в1rn3.. эч; .y

0t-8 аln0!J

Iт' a.,ш1ц aql lo IэDц ID!!'шa7 aql to ,Сqфol8ouosoJll|7 . 8 пldtlqЭ

Ve
tB

oo
ks

.ir



IupnЕ] sI Эpls ЦэI )rI] pUЕ lЕIuuJ) sl II]ЕJвouos )Чl
Jo эpIs ]LIвU )ЧI IUЭ oI Jo tI]сIЭp pэ,(PIdsтD l? 1u JэЭnpsuЕJ1 dеr:с-:eаur1
Zнl\l-0 s e tIlI^\ ,{IIЕ])ЭJsuвJl p)Uтr]qo sвlr ше:8ошos sтч; uo1э13uls
в rrt ]uэsэ:d Эq pTno,ц }Еэq1JPэЧ эuo d1u9 uo1э13uls drp-gg o1 -137

Е LI1I,ц ])аsnJuoэ эq ,(1rsuэ pllloЭ sul^\l iup-g1 .u,ltou>1ulr sz,цr эlвp 8uI
pээJq ]I рa1_3 э:n3lg r]]l'lД эJtliiIJ s1чl э:сdruо3 sUI,!\l эrI] iooIJэAo o1

]Ou se os sэJnl]n.]ls эsэrll эЯrrur z(1.tro1s сlr uэ{Е] эq lsnlu эJl]Э QnoмD)
stsвIqoЧdо:l rrэчl iq pэ1u:zdэs sur,tr] эщnЬэ ,{вp.g1 pэxg ,tце:эtв1lun

Zl-8 аlп0!J

{uo rвчr os uJnlшIuIIU Е ol ]dэ{ Эq plnoЧs suol]elndlu
.Еи[ .(6I-8 .3rд) ol..rqruэ ]rЧl o1 э8eruЕp Jo uoI]ЕZIIensIA
s^6'olle JэЭl1psuЕJ] ЭЧl 8щsn o,{JqluЭ эuo Jo э3pэ эЧ1 Jэ^o
uolssЭJduloЭ lJЭJIp .luэsэrd эrв sur.lш1 IвJэ1ЕIIUI1 JI 

.sJэ8uц

snlэJ 
^Dp-ZЙ 

в Jo
tl]lэ]s .Яr 

IЕpnЕ:) sI Эpтs ЦJI эЧl PUP
IЕIuЕl) sl ruв:8ouos эr11 ;сl эpтs 1r13l:
эLTJ rU) 61 1о чrdэp ;lэ,iв1dsтp u lв
JЭЭrrpsuЕJl 

^ЕJJЕ-JЕJuII 
Zнl{-0 t Е tlll^\

.i11еlээ:sutl.ll pэulЕ]qo su,tr ruв.r8oц
-os sltlJ pJoЭ ll?эIТIqu]n эЧ] 

^q 
snJэ]rl

)LIl Jo lIР,\\ lРsJop эЧl ruо:; uoljlsod
leJ1Lтэ^ uI sBuеч (notln a&.l,tl1) stl.1э1

эrI] pUЕ эIqIuJэJsIp i1элсq s1 (llto'tltl
]lDluс) JI.'s >11оi эщ .siЕp zй ]Y .y

gL-8 аln0!J

IЕpnrJ эJЕ эpls 1]эl эЧl pUЕ ТDIUЕJJ эJв
sшru;8ouos эsэЧ] Jo sэpls 1r13r.r эЧJ IuJ g13o qrdэp pэliв1dstp D 1в Jээr-rp

-sUвJ] ](ЕJJЕ-JЕэulT zн],{-0 g u rpr,tr -i1prээJsutsJt Р)tllP]qО э.lэ,tr sruв:вouos
эsэЧJ sUoI])ЭUэ-r :в1rrээds эlILIrlr PuЕ UJOЧ эutJэ]n эloчээ:аd,(ч эle
-JэpoшI .snoэuэбOrпoll ul so,пqluэ Jo uollc)ol IЕJluЭЭ эJr]oN suor}вIll^o
эlqtlop snouoJчэu,'lsв штсl.r3 pэ:rnpо:d so,(.lqшlэ эurnЬэ uт.tr] РJэlЕIIg

gl-8 эJn0IJ

pu? qцJnЧl Чll^\ sn]dэJuoЭ эЧl JO uolssэJdluoЭ tЭэJIp ,(q
pэJnldnJ эq utsЭ odJqшэ эЦo .pэJJnJJO sЕЧ uollЕxg JI

dэuвu3элd uolэI8шs Е o1 uoтlJnpэJ IЧssэJJns
tlIJUttJoJ o1 ](JвssэJэu эq dЕIЦ suoI]ЕnIЕAэ JIЧdЕJ8ouosЕJ]In
pэ]Еэdэu .uollsod sllll щ эJnldnJ ol lInЭЦJIp эJouI sI

]I эsnЕ)эq dpoq эurлэ]n эЧ1 otul эIJISэA эЧ] эAouI o1 ]ou
uэ>Iт] эq plt-toЧs ЭJr:) 

''1I 
JэAo эAoLu sJэ8uU: эtI] sв ]IэJ

эq ,fuLu эIЭISэA эЧt Jo (эJnldnJ) эsdЕIloЭ .цJoЧ эЧl Jo dll
эЧl pJЕneo] pэ oul sI pueЧ эЧl sI, Jэ8UU pUЕ qшnЧr эЧ1
uээ^Цэq snJэln эЧ1 8uIssэJdIЦoJ dlэlЕJэpoш PuЕ 

.urвtuэr

o1 o,tJqцIэ эLIl ol IЕIuЕJЭ lnq pэJn]dnJ эq o1 odJqlЦЭ
эЧl ol lЕpnЕ) uJoLI эulJэtll эLIr 8щdsrJ8 ,u.roч эur;э1n
эЧ1 uI odJqIUЭ эuO 8uIlJI]uэpI d.q PэшJoЛэd sI uollJl1pэJ
.pэJJnЭJo ]ou sЕЧ UollrЦI JI 

'l.IЕJЭlвIIq 
Jo IЕJэlЕIIun sI

UoItЕхц JэЧ]ЭЧ,!\ pUв UoIlPxЦ эuoвJЭPuп suЧ Jo эIIqoш sI
odJqшэ эЧl JэЧlэЧntr uodn puэdэp эJnldnJ IЕl1uвul 8tJlsn
uoll)npэJ uI.AAl Jo spoЧlэl{ :r .t.IЕOJ Э^I[ e 8uIpIэId uI эlЕJ

aJDIЦ aqуlo !эtlц lD1р|a9 aqllo tсtdDJ3oI|osDJ'lI) . g л1jtэq2 z|'

Ve
tB

oo
ks

.ir



-lluэJэJJIp d1rptэ-l эJoцI эq uвэ sodlqшц 
-sZ ol 17 s,\еq

dlrdruold pэtЕIllш ddrлэчl puЕ sIlIJlэIUopuэ JoJ
pэuIIlIЕxэ эq dвш pInU эuIJэ]l1 Чll^e sЭJЕW .uoIlЕIтL\o

f,еP-Iz JIэЧl эJoJэq pэJqJJ Jq uЕ) dэчl rrчl os sэJЕuI

luвu3эrduou Jo uollЕЭЦцluэpl s^A'oIIЕ эIIЦ1 slЧl 1Е

uoIlЕuIтIJЕx[[ .puoJэs эЧ1 ol э3uшep эsnrэ derrr эuo

дo эrnldnl РnuЕцI puв .sэ1эrsэ.t эlвledэs o,rд] se э3r
-IUI o1 llnJgЛp эq dвш sulnь.l pЭxg d1pлэlе11uд .эrnl

-drr.l ol dsеэ э;e sulr\\] pэxЦ ,!1вrэ1е11g-6l or 4I sdЕс

а3вшrr o] ч8rrouэ э3.rв1

эJЕ suol]ЕItl-l.o эIqnop snouorчэu,(sz шo.l; so,irqtuэ

lsol{ .pэ]eJЕdэs эlв -iэчl 11lun pэш.lo;:эd эq ueЭ

suollЕulllIЕxэ эrpolrэd .pэuturтхэ lsJU uэЧ^\ tuээв(pв
эre sodlqruэ JI 

.uI^\] sll o1 l]ruпxo.td эso1э щ lou sI

1I эIIЧiA pэrnldnл эq uЕ) эI)ISэA эuo puЕ .эIIqoш sI

(rutц 8I o1 Z\) эIJISэA эruod.rqruэ эЧJ-sI or €I sdeс
.эIuIl

sIЧ] rЕ э8eruт ol IIЕIus ool эq ,furu эIЭIsэA puoJэs
эч1 .snouolчэudse sв,lд uollЕIll-lo эIqnop ;1 

.pt6;nr

pUЕ IIЕlUs sI 1I эsnrээq d1рnuвru эrnldnл ol 1р)gЛp
sr (ruш 6 or 9) эI)ISэA эruol..rqtuэ ЭчL-ZI ol I I sdeс

o,'iJqшэ эUo o1

э8вrпep Jo uollЕZlЕnsl^ s^&ollr JээnpsцЕJl ЭLIl

8щsn (strldээuоэ pэper1s) ol-rqruэ эuo 3o э3pэ
эt1l 1o uorssэ:dllJoJ lЭэJl(I u1,lu pэxцг ,{1в:э

-lr1lun эuo :э,ro uor1rsod Jэ)npsuЕJ1 Jo rшв:8elq

6l-8 аtn0|J

€,.sJol)ЕJ Jo Jэqlunu e uo spuэdэp sul^6'l Jo luэuI
-э8вuuru эЧ1 JoJ 8щpээlq JэUe sэJЕuI эuluIЕxэ o1 ulnlcэJ
;эd dqdвr8ouoseJlln эsn o1 uэЧ^A. o1 sЕ uoIsIJэp эЧI

.sэsn]эJ 
Чloq Jo ssol

UI ]InseJ dцensn s,fup 69 .rэцe dэuвu8эJd ulnel в Jo uoll
-)npэJ IЕnurш 1е sldrцэllY rt.Ul^el Euтureruэ; эЧt Jo Ir^I^
-Jns эJuвltruэ lou sэOp sulpuЕI8rlso.ldrluв ro эuolэlsэ8old
Jo uoIleJlsIUIIIIpЕ .uollЭnpэJ ulnA.l lenuЕIЦ 8urrnp sэsЕэJЭ
-|J| ..чdI"Z-g. urpuв18е1sord ч8noчt1y 

.uollЕlsэ8 ,sf,еp 7у o1

oA lе g\rBе pэlt,nlЕAэ Эq plnoЧs dэuвu8э.tд .]uэsэJd III1S

э.тв sod;qшэ o^A] Л эpelu эq UЕЭ uoIlЭnpэJ le sldtuэllЕ
IPuoIlIpp? lssэээns ssэssЕ o] uolt)t1pэJ rэцв sdвp у o1 I
pэlЛIIJЕхэ.эJ эq PlnoЧs sэJPцJ ITY 

.ssэr8o;d JolIUoш sdlэЧ
эrnpээo:d эЧl 8ulJnp snldэJuoJ эчr дo 3щ3erшI pэrвэdэu
.эrnpээo.ld эчr 8щ:np eэuэrled чr1ш pэ1dnoэ drцoltuв
эUIJэtn puв odrqшэ дo 8щpuerslэpur-r 8uolls Е эABЧ puЕ

uInlJэJ лэd dr1der8ouoseJlln puв uortвdpd u1 pээuэuэdxэ
эq lsnш Jэululeхэ эЧl .spoЧlэIu uollЭnpэJ эsэЧ] ЧlIr}N

.uтлlt tuээe[pв эчl ot э3в
-luЕp IЕЧ1эI эsrrвэ dвtu pэsdeцoэ .fiэlэ1drпoэ seч od-rqшэ

эuo р1un uor1в1ndtuвщ .(oz-в .3rд) эroqээ.lэddч .filч8цs
Jo эull}no s1t ut ш1n8эlJI эIIIoЭэq ol sлвэddв odrqruэ эuo

Lr -8
pUЕ йI_8 sэ;п8тg ur sruв:8ouos эqt ol s8щ,шиp эsэчt а:вdrшo3
sUIrlAlJo stsou8etp ])эJJo)uI uP ol pP)I l'ЕuI (с) ЦJI эЧ1 Uo эщI

эql ,tq pэtвэ1pul sв JэЭnpsuЕJl эЧ1 8щuolllsod .pэ8вrшr эq dвru

цвэq 8uцвэq эuo lвLIl os .(Э) rЧ8u эЧ1 Uo эUll эчl dq pэ1еэrpul

se .:эdold оl.rqтuэ эqt .rэ,lo рэuortlsod Jq pтnoЧs ]эЭnpsuвJl
эЧJ эpls rЧ3р эЧr uo st uo]эI8urs dвp-o€ v o,trqruэ эuo d1uo

go 3ur3вшт s,цoIIB (g) эuII lЕluozrJoЧ эr1r ,tq pэrвэtpшI sЕ Jэ]np
-suЕJl эЧ1 ;o Бu1uoцrsoд .,{1snoэuetщrщs pэ8urul э.тв so^JquIЭ

Ч}oq rЕq] os (Y) эщI IeЭЦJэA эЧ1 .{q pэ1вэrpul sв pэuo1ltsod
эq plпoЧs JээnpsuвJ] эtIJ SUIA] pэxg .fi1вrэrе1run эJЕ эp]s Uэl
эЧ] uo эIqlssod sв ,tl.э1,t 3o sэue1d drrвtц sв ээs ot l.п p1nor1s

эuo puс .pэlвnlв^э ,(11щэ:вэ эq s,{вмр pрoчs snrdээuoэ эq1

8t-8 аln0IJ

suot1dacuoэ Дep 96sutщ Лвр g 1.

€|' aлцц aс11 lo poJtr ID!!шa' aс1l lo ,Сqdol8ouosDJ1\o . 8 пldaqЭ

Ve
tB

oo
ks

.ir



IlUl JЧl oI l)\о|') sl )l)l)qnl lPlIU)iJ )Ч] .)IDtu

-{ )lIl tll snJlIlqшll JЧ,l оl ,{lltUl\oJd )\o|.) uI

pJlu)оI s| slrlэ] )lЕu| )Ч] -lO J|JJэqnl |r|luJв J[|l

tz-8 аln0lJ

sэ8uЕJ хIAJЭэ эЧ] ol IЕIu1,JЭ lsnl ssэuчJlЧl lщn IЕtUэJЕId
-oJэ]n г,ulJou эЧJ .эЭcЛэlul JIUэ8OЧJэ,tllЧ8цs Е.,(Iuo sЕЧ
dцrэ1ddl lЕЧl ]Iul1 snoэuэ8otuсlll Pllos Е suIJoJ puЕ sl1Jэ]n
эLIl Ч]I,4e э]ЕllIIluI sI uolJoЧЭ эчL .(Z.-a.3rд) dэucu8э.rd
эЧr Jo snlЕ]s эЧ1 8urprr:8э.r uoI]ЕIuJoJuI 1чэsn эpr,ro;d
IIl]s uЕЭ 1эвr1 1elruэ8 эЧ1 Jo uollJod ppnrэ эч1 .uor1в1sэ3

Jo sЧ]uoш 
' 

JЭ|JE uoIlЕl1IP.Aэ IЕ]ЭэJSUЕJI JoJ IЕIuвJJ oo1
pэuot1tsod sI snJэln Puв srrldээuoJ эЧl Jo ЧJllш ч8noчr1Y

u0|lelsаc аlel

.эJЕLII эЧl
дo uot1вrэdoo) pUЕ 1uIЕJ1sэJ э1вnЬэpв puв .1ч311 

1вu.lэ1
-xэ Pэnpqns .luэшdrnbэ punosЕJ]In ,hПenb-Ч8шI Tэurruв
-xэ Pэпрls в .UoтlвцltЦвxэ 

.;o 8urrurl .rэdo.ld sэrrnbэr dчd
-r.r8ouosel11rr 8ursn хэs Р]эJ Jo uoIlЕuIlUJэJэp InJssэJ]ns
'UoIlЕJoI ЭIЭJЭqn] рr1uэ3 Jo uollЕulullэlэp эlвnbэp€ JoJ
snlry JJl,luJ JЧ,l 

^\JI^ 
o1 ;1qlssod Jq 1oш ,{вш ]r .89 ,{PP

JэЦv .sэxэs 
Ч]oq Jo s8эputч эЧt uээ^A]эq pэ1ЕJoI sI эIЭ

-Jэqnl Il?lluэ8 эч1 эsnвээq эIЕuIэJ эЧ1 tЦoц pэleItuэJэJJIP
эq louuЕЭ эIвIU эЧ1 .€g,(Еp ol JoIJd .(tz-в .3rg) sэpruэg
uI IIЕl эЧ1 Jэpull puЕ sэIЕuI uI PJOJ IЕJlIIqшn эЧl ol эsolЭ
pэlЕЭol sl эIЭJэqn1 Iеlщэ3 эч1 .pэdrчs 1в,ro puu pэ1е3
-uolэ эqol ЧJЕэ Ч]I,{N 

.Jэ]эluЕIp UI цIцI z эJll]ЭnJls pэlel
-nqollq эruэ8oчээrэddч в sв pэ8вrul sI эIЭJэqnl pr1uэ3
эЧI .i.uollЕlsэ3 дo 89 PuЕ 6s s{Еp uээn^1эq dцвэrчdвr8
-oUosЕJ1In pЭuIIIIJэlэp эq UЕ] str1э3: эurnbэ uЕ Jo xэs эЧJ

0ulxаg 1e1а3

.эJ111

-drr.r 1вnuвru dq 1щssэээns ssэI sэIЦo)эq ,IЕJэ1ЕIIq Jo
IЕJэleIILIll JэЧlэЧ,{\ .sut,lш1 

3o UoI1ЭэJJoЭ-sdЕp 0€ JэЦv
.pэJqэJ эq o] d]rururсlddo uв PэssltЦ ]srr[ э,tвt1

sэ.rвru 1uвu8э.rduoц .ur-,lдt 1uээе[pв s1I ol э3еruвp
эsnеэ dвrц ul.4Д] PэхU d11в.lэlв1rurr эuo Jo э;nldn.r

olPшolaIPи\

IЕlluЕшI lnq .pЭ]ЭэJJoэ d1rpвэ.t эq dеru sul,lД'] pэxg
dцr;эlв11g .эIэIsэA эtuodrqruэ эЧr UI lЕэqlJeэЧ эLIt
puв .d1t,rвэ JIoluвIIt] эчr 1эdo:d o'(.rqtuэ эЧt Jo 1uэш
-do1э.tэp эЧ] Jo эsl1ЕЭэq s]s'b IЕIJlэuJopLIэ uIo{ Pэ]Е

TЕpnЕ] sI
эpls ЦэI эrТ] puЕ TЕIUЕJЭ sI rut:8ouos )LIl Jo эpls rч3ц эq1 ruэ 91
;o чrdа1l 1-lэiв1dstp P 1l, -IЭЭtlpsur:J] ,tu.лr-:саur1 Zнtr{-g 9 u чl1,lr ,(11erээ.r

-suuJ1 pэUlЕtqo sв,ц шlu:8оuоs slr11 'tэuru8э:d 1rroq8no.rч] {1вэlpoшэd
UэLIl pu]? s,iuр 7 o1 I LтI pэrпIueхэ эq pllloЧs (moilD цЭDtq') o,irqruэ
8trlllшtrs эt11 ]r э.rrr}dtr-r ,(Iэlэ[dulоэ сlt 8ulldr-uэtlв uЕtll JэЧlвJ .(lsЕIq

-or1сIo'rt Burlr1rrPull .эUII]llo .rrрl3э::r .,{]1эlrтэ3сl11ээ pэsЕэJJLrI) эiiвrпt:p
3о su8ts s^\or{s 1l ц1rпr ;i1rкl pэ]е1rrсItrtеr-u s| (moJJD al!qm.) oJ'lqlu:э
)uo JI llussэЭJtls эq o] ,(1эчr1 э.roru sI uoЦ)rrp)J .luэsэJd эJЕ su.Ir\\l

IЕ.Iэ]ЕIтtrn Uэt[/N ul^\] Эuo Io UОIlЭrlpэ-] Il]l1UЕItJ 'rэ1р so-r:qruа utлr1

0z-8 аlno|J

alo1ц aq1 lo 1э|1Ц IDцua2 aql lo f,qdol8oшosl,J!1l1 . g .la1(oqg 
'т'

Ve
tB

oo
ks

.ir



UoI]l,ItL\o ЭЧl тolЦnl шэJ esolnuЕJ8 Е ЧrI,ц э>IЦun .lnq
.punoJ puЕ pэ8Лrluэ ,(1qвdрd st d.rвдo эЧI .ЕlIIolЕIIIэЧ

эЧl эplsш tol) цIJqЦ эЧr Jo uor]вzruвB.ro эЧ1 o1 8ur,lдo
pэ1BInэoI lеэddе dвru эrrrlэn.rls эЧ1 .эlUIl JэAo .(LZ-g
.3тg) d.rв,ro эЧt Uo эJn]JnJls эruэ8oчээ snoэuэ8otuoч
(LЦJ 0I or drr) э3rе1 в sв s.rвэdde dр1r1u1 uuIolelllэЧ
UeIJЕAo ЭЧI .suollelru\o эJnlnJ Чllne ЭJЭлэlUr d1qrssod dеur
.uollЕ)ol put эzls s1r uo 8urpuэdэp .lечl ЕtlIoJls uЕIJЕAo
эЧl шI ]slsJэd dвru вэrв pэlцЭIЕЭ e ..{цеuoтsвээg dцвшrou
э1эl.э ol sэnulluoJ эJЕIЦ эЧI .ruэ1qold JэЧlJnJ ou эsnЕЭ
puЕ эIIJI1 .rэ.lo d1srroэueluods ЭAIosэJ .(цеnsn sЕIIIo]ЕtlIэЧ

эsэЧJ "'.€шolвulэЧ e ш 3ur11nsэ.r .8utuolэ poolq Чrl^e
sэJэЛэlul puЕ uoIlЕnJЕAэ Jo эtls эЧl lЕ luэsэJd sr ptng .lв1n

-ЭIIIOJ Jo lunoulЕ э lssэЭxэ uЕ lЕЧ1 rч8noчr sl ]I .Uol]ЕIll^o

JэЦЕ sэJЕцI 8uцэdэ uI JnJЭo uЕJ sЕIuo]ЕulэЧ uЕIJв^o

rшopшel] uеЦеA0

JoI^ЕЧэq
puв snlЕls э,tr1эnpoldэl s.эJЕuI эLIt ssэssЕ o] pur lэdвчs
puв .эzrs .&r.щrэe roд dлe.to IЕJэ]ЕIЕJluoЭ эЧ1 эtЕnIЕAэ ol
lвssog uorlв1n,lo pur .dэuэ]slsuoэ !э]эвleчэ лo3 uot1sэnlэ
ur drвдo эчl эredрd ol lnЧ .ээuв.rвэddв эrчdвr8ouoser]1n
sll эlЕnlЕ^э d11щэrвэ ot dluo lсlu ]uвlлoduц q ll dшдo
эЧl Jo uolllpuoЭ эЧl Jo srsou8еTp эAltЕluэl е 8ur1вut uI

sа|l!Ieшl0uqv uelJP^0

...эsJoЧ эLIl UI pэLlsЧqtlsэ 8uIэЧ эJl? suJэl
-rвd ,{rl,l]rэв IЕtuJoN ....(6 :эldurl3 ээs) эpвtu эq ueэ ,{]т

-AI1)Е IвtэJ Jo luэцIssэssЕ Э^IlJэlqns .,I.ssэJls I?]эJ э]ЕэIpUl
J.вш serruчilчrJЕ Jo snlэJ эЧr Jo э3в lвuorlвlsэ8 эч1 roд

эlrr.rdolddeш sэ]Еu .pэ]Еnle^э эq uЕ) эleJ шЕэF[ 92.91.ЭBе

IerэJ Jo uolleuЛlsэ ur 1щd1эч эq uЕJ (9z-в .8lD sээвds

IЕlsoэJэ]ш puв .1ool э1rлoе .(g7-g .3I{) rtqro эЧ] Jo luэuI
-эJl-lsЕэI,{ .sэurJqu]эul IЕlэJ puЕ .splnu ЭIoluЕIIЕ puЕ )I1o

-IutIIЕ эЧ1 Jo JэlэЕJЕЧ) .sluэtuэAotu IЕ]эJ 
.ЭlЕJ lJЕэЧ IЕlэJ

Jo эpBш эq uЕ] uoI1enIЕAэ puе .э1qrssod sI snJэln pr,,tur8

эЧ1 Jo 8u1uuвэs snoэuelnJsuвлl .sdвp 08 o] O/ JэЦv
.uotltsod лot.rэ1sod uI sI snlэJ эЧ] 1ЕЧr uвэru d1rлвssэ

-)эu lou sэop llqJo эЧl 3щээs rou ч8noчr1e 
.uoт]вluэsэ.rd

JOIJэ]UЕ uI sI sl1tэJ эЧ] 1ЕЧ1 sэlЕJIpuI ]IqJo IЕlэJ эЧ1 Jo
3ul8erщ sno]In]Jod .drr.щрв 

IЕlэJ o1 8ur,lдo IJInA.s ol .rвэddв
sэIэrlrвd puЕ эsЕэJЭU1 deru dl1э1uэ3oчээ ]nq .эtoчээue

эq o1 spuэl pIl1U ЭIroluurv .lUэuIэAouI prэд dq pэJJIls
эq,{вtu sэIэrl.rеd эruэ8oчээ pue .sэsеэ;эш splnu JIotuЕIIЕ
эчr дo ,h1э1uэ3oчээ эчt uor1в]sэ8 Jo sЧluolu 

^A'эJ 
lsЕl эЧl

8ur.rnp lnq .uorlelsэ8 d1rеэ uI ЭIpЧJэuЕ эJЕ splng IЕ]эJ эЧI
.snJэ]n эЧ] tJIЧllnA sn]эJ эЧl дo uor1tsod эЧt uo 8urpuэd
-эp эIqЕIJЕA эr1nb эq uЕэ pInU JIotuЕIIЕ эчr go чldэp
эq1 .sэ8epuэdde рlэд pЭхэU uээ^elэq d1lsorш uээs эJЕ
pIl1U эIuoIuIuв дo stэ1эod tsэ8rr1 ЭчL '('z_8 .3tд) snrэд

эЧ1 Чrl^e pэlЕI)ossЕ ,{IэteruТlur q ЧJIЧ,1A 
.uoruruв эruэ8

-oчээ .snoluэLuЕIu эЧl dq lrr,l'вэ pIl1U JI]oщшЕ JэIIЕu]s

эЧ] uIoJ.' pэlв.rвdэs sI &Iдвэ pInU ЭIoluЕI1e rэ3;в1 эчд
.uorletэлdrэ]IJl ]JэJJo)

в lв 8ulдrl.lв u1 1щd1эч эq ,{вru uol])эs-ssoJЭ UI эJruЭnJ]s
)IoЧJэuЕ slЧr Jo 3ur3вшr InJэJЕЭ 

.uor]tlcdэs вluээe1d sв

pэsou8еrp d1uэчels1ut эq ,{вtu slЧI .(€z-8 .3rд) хt,,t..lээ

эq] ol IЕIuЕJЭ puЕ IЕJ1uэA tsrr[ pэ8trur uэЦo sI (JэlэtuЕlp
uI lЦJ 0.I o] E.0) Iэssэ^ poolq э3ш1 у.tutu д ol z Jo ssэu
-{:)IЧ1 IIЕ,^& эulJэll1 Е ЧlI^6' 

.uILЦ 
€I o] l. IUoJ.J ssэшI]IЧ] uI

pIIlg JI]oIutшI] эr1l sluэsэ:сIэ; sl-t]эJ эЧ]
ot luээrlpе (1эlвlpэrurul pll1lJ э]IЧ^\ эЧ1 эlIЧ^\

рInU ]lo]uЕIlт эr11 sluэsэ.rсIэз snlэJ эЧ1 8urpuno:
-ln\ plnU ЦJPlq JЧf \nlJlll UоllЕ.lчJ3-эlв1 эчt
эlв11IЕAэ o1 r(Чdт:iiоrтoseJ]In IЕIЭаJSUDJ] 8uтsrr dс1

pэurвii эq uс.) uollсtuloJl-ll Jlql:nlts.\ .A)l^ u!|'lll^\

lou sr sn]dээuoэ эЧl Jo uolцod э3:u1 в q3noчrry

zz-8 аlnfi!J

sт' alo1ц oq1lo lэDЦ IDlIuaу aql lo tqфo.'t3oшosDJц|7 . 8 пldoqЭ

Ve
tB

oo
ks

.ir



pэAJэsqo 8uтэq s1ээds 8щlrou эruэ8oчээ go ээuэsэrd эчl
pэЦodэr seЧ rlэЧlul5) 'эIЭIIIOJ эЧ1 Jo JэluэJ ЭIoЧJэuЕ эЧ1
8uтpunorrns (6z_в .3tд) rur.r эruэ8oчЭэ чJIЧr e ro (g7-g
.3rд) ээuвreэddв dэq l.цrэruэ8oчээ luэls1slэd Е эAЕЧ
dвru э1эtт1o.1 dlolвIn-.touв шy .33э u€ Jo ЭsЕэIэJ lnoЧ]InA
эZшIэ111I ,(еrш pue э1eltl-\o o1 IIЕJ SэIJIIIoJ .dцвuotsrээg

sep!il|l lIlo1цnлouу

d1rэцэdэ IЕu]Jou Ч1InN эJэЛэluI lou op s]sd)
uoroqdoodа puЕ uЕIJeAoJЕd .uol]ЕЭol puЕ эzls ur э3uвчэ
ЭI11lI Ч]Ine эJn]ЭnJls эuJPs эЧl Jo suollЕAJэsqo pэ1eэd
-эl dq sэI)11IoJ IUoЦ pэlЕIluэJэJJIp эq uЕJ dэч1 d-rв.ro
эЧr ЧrI,\\ pэlЕIJossЕ dlэlеrrrrlul эJЕ 1ЕЧl sэJn1эnJls pэIIlJ
-pInU,ЭIoЧJэue .punoл sЕ UoI1ЕuIIIIЕхэ эrчdвr8ouosЕJ]In
uo uээs эq uЕЭ 1nq э1qеdрd d11вnsn lou эJЕ slsdэ эsэЧJ
ot''s]Jnp этrчdэuosэtuеlеd lo эrлчdэuosэtu эЧl Jo ]ueu
-IIIэJ эЧl шorд э]вut8tJo pue IЦnIJЕAosэuI эЧl Jo ЕIJqtцU
эЧ1 uI ]uэsэld эq dвш slsdэ uerlвдorвд .э1nsdеэ uЕIJЕAo
эql uI luэsэ.ld эq dвш .lsdэ uoroчdoodэ uв .1J11p JIJ
-чdэuosэtu эЧ1 Jo 1uЕuIIIэл в .dцвuoтsЕЭ)o) .sэJЕцI uI JnЭJo
tou sэop эIllЕJ uI sJl1Эco tI sЕ эsЕэslp uвr.rв,ro этls,tЭ

slsltэ uе!пА0

.pэZIIuo]ЭэIJЕAo sЕ^\ эJЕцI эЧ] uэЧ.^e

pэsЕЭJ ЭIIoJ ]uэJJn)эu .uoltЕllJ;r 
1еэuo]rrэd 1uэnbэsqns

puв Дl,,t'вэ 1вэuolr.lэd эЧ] olul э8вчrroruэч uвr;е,to dq
pэsne) эq ol pэlцээs 1ЕЧl sllJlsэ Ч]l,\\ pэlЕl)ossЕ JIIO) lUэJ

TвIUЕJJ sI ruв.r'ouos эЧ1Jo Эpts lч3r: эч1 *, lT;.ff;:JТ,Нf.Y; :::
JэЭnpsUBJl .{в'r:в-:вэuц ZнI^I-0 E в ч]1-.tо. ..(1в1ээ.тsuЕJ1 pэUlвlqo sвlд ruв:8
.otlos sIЧJ шo11вtuэsэ:d JolJэ]Ul] ul sТ snlэ.J эЧ] ]DtI] sэlв:rlpш .uJtuЭэJ

:эd pэ8тrul .snlэJ )U]nbэ UoI13tsэ3-э1cI е Jo (|I7qJJD) llqJo JIoЧЭэшv

gz-8 аlnпIJ

lЕprre) sI эpls ЦэI эЧ1 pUв IЕJUЕJЭ sI

ruв'r8ouos эLIl Jo эpls rч3ш эч1 .IJ]J g.Lz 3o чldэp pэdв1dslp в 1в,\\op
-UI.^d. IЕulluopqЕ TuJluЭ^ эЧ] luo{ JэJnpsuЕJ] JэUuв)s-.IolЭаs Zнtr\i-s Z Е

Ч]I,!\ pэUlЕlqo sв.lr ruв:8ouos sIЧJ rтollтшu snoluэluЕIЦ эчl ,\q (.оtol-la
uado) ,bl,lu'э ЭIloluIUв tпo:J pэlr:udэs (moJJI' pasОIэ) dl1,tвэ э1o1uв1ry

-JnЭэJ pэJuэr.rэdхэ lЕЧ1 эJl]ш эuo Jo snA'ou>I JoЧlnЕ эЧ'L
dlr,ro эч1 o1 pэUlJUoЭ dцвnsn sr э8вчlloruэIf .sЧluoul

z ol I uIЧlI^& d11вnsn .эtull лэдo эsЕэJ)эp РInoЧs Еluol
-вlUэЧ Е ЧlI,4A dJЕ^o эЧl Jo эZIs эч1 .э1эdэ snoJlsэ эЧr Jo
э3Е]s эLIl .rog d11,t11эв JЕInЭlIIoJ lЕu]Jou э^ЕЧ puв IЕIuJou
IээJ plnoЧs drв,to э]lsoddo эt11 .э1qed1вd dцвrrsrr sI ЕssoJ

Iеpl1Dэ sI эprs ЦэI эrП pUР lЕruelJ sI rшв:8ouos эЧ1 Jo эpтs lЧ8u
эLIJ IUJ 61 1o qrdэp pэ'(e1dsл; Е ]Е JэJnpsUЕJ] z(и:в-.rвэur] ZнW.6 s в

Чll,,rr illвtээ.rsueJ1 pэUЕ1qo sв,rо, ruerЯouos srЧJ uoцв:udэs Iв]uээвId sc
pэsou8elp ,l.1uэ1вlslrш эq 1oU pltloЧs аJrr]]шls sIЧJ хI.lJэЭ эЧl ol IвIuЕJJ
pUЕ IЕJluЭ^ 1sn[ pэ8вшr эq i11вэldfi Ut,J (э1ОJlD) 1эssэ,r poo1q э3.тв1 у

Еz-8 а'|n0IJ

tz-8 э'|n0lJ

a',to1ц aс11 lo 
'эoЦ 

lDlluaу oqllo ,Сс|dol8ouosoJьII1 . 8 пldpqЭ 9т'

Ve
tB

oo
ks

.ir



-IIIЭeJ ot pInU эЧ1 Jo UoI]ЕJIсlsЕ ,{q эZIs UI pэJl1pэJ AIluЕ)
-Цu8ls эq uЕ) puЕ JэlэuJЕIp uI э8JЕI эllnb эq ,{eш dэч1
.pInU cloЧJэuв ,lшoцэd JeэIJ LIlIne pэцg rsdэ (tulц € or

7) pэцe,ш-1эIчt э3re1 эuo Jo pэsodtuoэ эJЕ sэsst]ш эsэЧI
.pэ]ЕInЭollutl sI JoIIJnl шэЭ ЕsolnuЕ.r8 u ,dцвuolsв))o
.essoJ uollЕIrr-to э1qеd1вd e э,tвч lou sэop Jolull] IIэJ
еso1nuв;E эЧl эsnЕээq d.re.lo рru.rou Е IUoU pэlЕIluэJэJJIp
эq uЕЭ rnq (I€_8 .8IJ) эzls UI lшIu sz UEч7 ssэI sэIЭ
-lIIoJ ЭloЧЭэuв stloJэuJnu sulЕluoJ lвчl d.re.no lЕuolllsul,Jl
Е э>III {ool ,{тtu .rorцnl IIэJ esolnueл8 дo эd& ЦЧ1 .uoр

-PUIuIЕxэ эш1dв:8ouosЕJ1ln Uo .ЕtlIo]s uвIJeAo этuэ8oчээ
эsuэp dq pэlвledэs эq dвш srs{3 .pmg,.и'oцэd JЕэIJ Ч1I^\
pэIIЦ эJ3 put sэdечs puЕ sэZIs sllolJЕ^ дo эre slsdэ эsэЧJ
.эрsdэрInru sI JOцInl эчr tцвэrdd1 JoIIInl эЧ1Jo Jэl)ЕJЕЧэ
эЧ1 uo 8urpuэdэp .sэdd] ээJЧl Jo эUo эq ol 1l sIЕэ^

-э; drв,lo pэ8.rеpэ эЧ1 Jo UoIlЕuIIuЕхэ эrчdвr6ouosel11д
.JoIA?Чэq э>IЦ-uoIIIЕls .te1dstp эuIos puв .suorlв-тluээuoэ

эuoJэ]solsэl ttusв1d pэlЕAэIэ эA3Ч Jolunl цээ еso1nut.r8
Е ЧllnД sэJЕIII эЧ1 Jo ЛЕЧ d1эlвшrxorddу o. rorunl эч1

iq urqlчu1 Jo Uol1Эl1poJd o1 эnp эq o] pЭZlsэщoddч s1

dлв,ro р.lэlв1ЕJ]uoЭ эЧ1 Jo uolllpuoэ pэrr1dorlЕ эЧI 6}.sЭI)
-IIIoJ )IoЧJэuв IIIlu-gI-ueЧl-ssэI 

^\эJ 
в d1uo Ч1I,\\ эJnlJnJls

эruэ8oqээ d1эlв.rэporu .snоэuэ8ouroЧ (tЦЭ Й>) IIЕrЦs в
se srzэddв puЕ эAI1JЕuI puЕ IIЕtlIs dцensrr sт d.rвдo IЕJэIЕI
-PJluo) эЧJ .ЕssoJ UoI]ЕItL4.o аIqеdрd ou Чlln&.trв,lo pэ3ш1
-uэ UЕ sЕЧ эJЕIu эчl .dцвэruцЭ 

s'.Jolunl цээ вso1nuel3
эЧ1 sI эJЕlu эЧ1 uI Joulnl uЕIJЕAo uoululoЭ ]souI эЧJ

пшЩ ile' rsolпuеJe

lPpnЕ] sI эрls Ц)I аtll puu [ЕIUЕJ) st rue:8ouоs
эЧl Jo эPIs lqБp эч1 tuЭ 0I Jo r1rdэp pэie1dsrр т 1т :эltlрsuгll ,irl;г
-JPэUIТ ZнI'{.0 ! т rI]Is i11в1ээ:sue:l L])ULЕlqO sz.rr rшl:Бottсls slrll )Jnr
-JnJls эLI] 8u1puno::ns Эnssll Jo rur: эtor1ээ:эсliЧ эr{r эJ]]o\ \|JвrLIOtI

sэlвTtr-'\o ЭIJЦIoJ u :эgв -i1lurlsur:] Uf,)\ )q ,iтru эluг:гэddс iэс1 stч1
э1э111oд ,fuorсрr-louЕ UЕ Ч]I^\ Uээs sэlllll)tuos (..?1О'l l|1) шэuсd iэт1 эr11

8z-8 аJn0|J

Iеl)nDЭ sт эpls ]]эT эLIl pur IЕIUЕJJ sI urв:Бouos
эЧ] Jo эpтs rqB1; эч1 tuЭ 0l Jo r1rdэp pэzie1dsrt) D ]Е Jэ]npsue:1,{в::т
-Jвэu]I Zниi-g E в Чllдr dпulээJsuЕJl pэUlelqo sr-.lr rur::8ouos slЧJ .s^\o.lJЕ

,(q pэrвu81sэp э.Iв ЕIIIoIPIIJэLI эЧ] Jо SIпU.II IЕJluэ^ puЕ IesJoсI эJl1l]tllls
эruэ8оqээ srroэuэЕoruot1 э3:в1 в эq iвut {1вntш ЕIIJоluIuэЧ UвIJв^o uY

tz-8 эtn0!J

.(0€-s .3rg) ru.rg эuloЭэq ,{эчt чэtч,tш rэцв .uot1в,rrэsqo

дo drp pJIЧr эЧ1 Uo luэulэllo1pq uodn.rэдnrb pue эц11э3
эuIOЭэq uэЧl sэIJlIIoJ эr8ut1l:oruэч d.lo1в1rr-louв эЧr Jo
s]uэ]uoJ эt11 s'(еp z o] I JOJ ]Uэluэ]loПЕq uвllвдo uodrr

LгPIll..] \l )гI\ l.lJ| эt1l рuв;гtuш.r sl rue.r8

l]]u(). эЧ] ]о эрrs rr1;ш эLIf LUЭ 91 1o rlldэp pэ,tu1dstp r 1Е Jэ)npsuЕJ]
itlДЕ JЕfU]I ZнIt1] s г ч1т.lr i11в]ээrsuЕJl pэulelqo sЕ,^e LuвJ8oUOs sIЧJ
(11|)J'lD) iqu Iт].l] эЧ] Uэ)\\]э(] pэJllsl?)IIJ эq ueэ sээrds lЕtsо)Jэlul

gz-8 а'|пaIJ

LI' alo7,1 aс1l lo pt,Ц ID1!шa9 oс1l to tqdol3o||osDJtl{7 . 8 laldpqЭ

Ve
tB

oo
ks

.ir



TЕpnDЭ )JЕ sЭPIs ]]эТ эЧl pLrD рIIIPJ.) )Ju sruЕJЯouos эs)tll Jo
sэpIs 1r{31: эЧJ tU] ZI .]O tTld)p p)^Pldslp Е ]Е JэJnpsul:l] iв::в-:вэu11
Zнl,\l{) 9 Е Ч]l.\\ 

^ITв]ЭэJь^UDJ] 
PJUIЕ]qO э:эдr srшr.твouos эsэr11 t,rr,rо

TЕJэlЕIЕJluOJ pэrЧdo:re эЧ] Jo s]lLUlI эlвrт81sэp (+) sJosJ|l) эт]s,i.ll11rrш
puв pэii:u1uэ sI Jotun] JЧl вщUIl']Uoэ j-rr:lo эчl SЕ)JэLT^\ .э^I]]eLII 

])uЕ
pэlЧdo:lr sI JOtU|]t 11ээ-rso1nuв:3 tlll,\\ JJЕtu в ;o J:вlo TuJэlЕIЕJluoЭ

zЕ-8 аlnDIl

IЕJэ]uIЕJluo) IЕuoIlэUnJ Е puЕ dJe^o pэ]JэJJЕ эЧ1 Uo l?ssoJ
UollЕIll^o UЕ Jo э)LIэsэJd эЧ1 torun1 IIэ) ЕsolnuЕJ8 в ruor;
ЕIuouэpЕ]sdэ Е эlвIluэJэJJIp ]qF,)IuIIЭ ot 8uтldruэllе uI
JolЦlu IIэ) Еsol11uЕJ3 1r ч1r,lш PэJЕdшIo) IЕЭIJэLIdS d1чtoorus
puЕ эzls uI JЕIn8эJ э.lв sЕэJЕ )IlsdJ эЧ] lrЧt PэlJod
-эJ IEUЕu]ээJ{ puЕ sЧЭIJuIн .эLIoJэ]so]sЭ] э]эJЭэs {Еrtl
puЕ sэJЕds ЭIlsdJ )IoЧJэUt, snoJэшJnu эAt]Ч dэr1a .э.rвru

эЧl ul Jorun] uЕIJcAo uoцIцIoЭull uЕ эJЕ sЕIuouJpЕls,tЭ

rш0uepr$lIc

Tl:Pllt]J sJ эpls ].JэT )Ч] PUu TЕILIЕJЭ sl tпr:8tltros эЧ] .Jo эpls
lч,Sп эч1 rrr) oI Jo rpdэp pэ,(u 1dsр Е ]Е .тэ)l1psuЕJ] ,rв:.тu-л:аrrrl lHIЦ-o s
u tlll^\ {llЕlЭэJsul]Jl pэulЕtqо su,ц rur:8ouos sIrJJ IDrulouqЕ sl 

^lOJ-It, ЭLl] э^oqЕ эnssll )tll 3сl 11у i:u,ro эLlt uo sэ.IruЭLI]s эцs.iэ ]IoЧ)f,tlг
sI1o.IэIIJI1U .1o 1lэsсlсlruoэ ,{1cэrсIrb .э']ЕrU эLI1 Ul JoLUn] п))-Еso|1ltIЕJ9

lЕ-8 аJn0IJ

TDprreJ sl Эpls ЦэI эLIl pIJЕ IЕIUЕJJ sl IIJЕJБOUOS эLIl Jo эprs
]Ч3u )rIJ rU:> 0I JO r1ldэp pэ,(u1dsrp u lв JэJtlpsul]Jl iв::r-:eэul; z11щ
-0 E u t1ll,\\ ,{1в1ээ:suв:1 pэulЕ]qo se,lr. luв:8ouos srr11 s,lв1-l lЕJэAэs Jэ^o
sJnЭ]o эI)ITТOJ ,,\,roleltr-touz uu .1o ,brэluэ8oЧ)э UI эsPэJ)ur рnpв:в y

08-8 эln0|J

luэsэJd SэIJIII.J IIЕuIs ^\эJ Е Jo ou ,"u "Ь:,1' ,:'ъ']
-Ip ul lIЕLtIs sI dJЕ^o IЕJэll]IЕJluoJ эЧJ .snoэuэ8o;э1эч

Jo snoэUэ8otuoЧ эq 'fturu puв эsuэp pUЕ )IoЧJэJэddЧ
эJe sJoIUnl IIэJ ЕsollluЕJ8 эsэЧI .sэJnlЭnJls Jllsdэ ou
Чll,^e ssЕtu pЦos вJo ]ЕtI] sI Jotulll IIэJ ЕsolnueJ8 в go ээuв
-JЕэddЕ uotuцIoЭ lsЕэI аtII d.lэ8.rrrs 8urlnp IЕAo(uэJ эlЕ]

|Еpnl:) st JPlч ЦJ| эt-1l рuв;вluu.tэ st tuв.tfl
оuos эЧ];o э1:lts lq8п эrIJ uIЭ 61 3o rpсIэp pэiu1dsrp Е lЕ JэЭtlpslrЕJl

,(t:.l-lс-.rеэur1 ZHиI-0 s e r11r,lr .(цв1эа.rsuЕJ] pэUlЕ]qo sв,ш ruв:8ouсls srq1
,(эtlэ1stsuoэ э>1п1э3 stl IPэ]IэJ plno^\ )Jn])rr:ls эrp Jo luэIПэ11o[IЕg
эTJIITOJ /uolt]l]-\ouЕ LIu LIJ эnssJ] Тl]э]11[ Jo (inoJrD) IuIJ i)iЧl lU)]sIsJэd

6z-8 аln0|J

aJDIЦ aq! lo 1эDfI IDцua2 aс11 lo tСс1фol8ol|osDJflI1 . g п1фrqg aI'

Ve
tB

oo
ks

.ir



lвpПЕЭ sI Эpls ЧэI эЧ] pttЕ

IвIuЕJЭ sl IUeJ8оuOs эЧ1 Jo эpls lЧвIJ эЧI .tuo oI .Jo ЧrdЭp pэ{с]dslp Е rB

JээnpsUeJ1 ,tв::в-:вэuЦ ZнI^I-6.E в Чll^r,(I]Е]]аJsrтЕJ] pэulelqo sп,ц ruв:B

-ouos sIЧI uolll.In]]cd .tэцв luэruвБt1 pЕoJq эrp U! trээs slэssаj. pooТq

pэ3.rв1uэ JIoЧ)эUЕ Jo Uoll]эs ршlpnlrвrтo1 pUЕ uol]:]эs-ssoJЭ эs.tэ^sUЕJ-L

g8-8 эln0|l

TЕpnЕ) sI эl)Is ЦэI )Чl PLn' ]ЕIuвJJ st ruе;Яошos эЧl ]o )pls tЧЕu JЧI
ruJ 0I .JO чlсlэ;l pэ,(в1dslp P 1Е JэЭnPsUЕJ] ,tш:в-:r:эrтrT ZнW{ g e ЧlI^\

,(цв1ээ:srтel1 pэule1qo st^\ LuЕJ8ouos sltll sJ)Еds pэ]rlnJol ЭIoЧcэLlu

srro-Iэu]rru per1 3ur1to;:эцrz s,{tp + tuэшr311 рЕoJq эtF ut l?llJolвluэЧ sIЧJ

tЕ-8 аtnп|J

sэnssll lUэJэJЛp эЧ] slЭэUэJ i(18ulp.roээт .э:ruвлвэddв

JILIdЕJ8ouoseJ]In s]I 0'.Ч1ээ} pue ,leJ .elэsnru .uDIs тIЕЧ
.э3eц1rеэ .эuoq эprr1эul Ul]J 1сЧ1 sJd-h эllssll ]uэJэJJIp
duвrц urв1uoJ dЕtu PUв JIlsl.J Jo p1los эсl ,ft.lrш lI .ЕlЦoleJэl

эЧl sI эJЕtu эЧl uI Joullu UЕIJl]Ao UouIuIoЭUn JэЧloшv

эЧ1 Jo JэlэuIЕIp эЧt puЕ ,!lэruэ8oчээ JlэЧl dq pэssэssЕ

эq uЕЭ plllu эUIJэln Jo suollell-lшl1эJY .snJlsэlp 8uIJnP

uэшnl эulJэln эЧ1 uI Uээs ]qIЕцIJou lou sI pInU ЭэJJ

plnн auнen

.s,fup 
^eэJ

t, ulЧlln& эZIs uI эsЕЭJ.Jэp эsэЧJ, .(E€-8 .3rд) uorlrrnlrеd

IЕIIIJOu E JЭLJ9 luэIuЕ8II pЕoJq эЧ1 щ ]uэsэJd d1вэrddr э;е

slэssэA poolq ЭIoЧЭэuЕ .luэUltuoJd .punoJ snoJэlul1N
.sЕэJP )loцJJUЕ 3UlPUl1oJ

-Jns
poo
puЕ
-IUI
-IJэd Е ol эl1P э8ЕЧJJouIэЧ IЕIP,J uэ^э pur] uэшIlll эulJэln
эЧl uI poolq LIII^\ pэlЕI)ossЕ эq oslЕ dтru эsэч1 'Фс-в
puЕ €€-8 

.s8lg) ]uэшr8ц proлq Jo IIЕ^\ эuIJэ]n эЧl uI

ssЕul эIoЧЭэJэd,tч а3;в1 P LIIЧlI^e SэI]IAЕJ pэIlU-pInU ЭIoЧJЭ

-uЕ pэ]eInJoI э^uЧ 'fipэld,{r puЕ uolllJntJЕd JэЦu luэшI
-Е3II pЕoJq Jo II1,rц эulJэ]n ЭLIl Ut JnJ)o ,tвtu sctuo1trшэц

еIllqlешeн euuen

.эIЭ.'(Э

эAIlJl-lpoJdЭJ эЧl Jo э8ets эчt JoJ d]I^I]ЭЕ JЕIn)IIIOJ PuЕ
uol])ulu IЕIIIJOu sЕЧ dJЕ^o IЕJэlЕIЕJluo) эЧJ ...ssЕlu эЧl
ulЧllnД Ч}ээl Jo эuoq эЧ1 lцoJJ 8ul^\op?Чs ЭI]snoЭЕ ЧlI,\\
sэ11tэruэ3ot1ээ snoIJЕA Jo sэJntJnJls sЕ pэ33цJI .]uэsэrd

6|' aloц7 aql lo pufl 1D1!шa9 aс1l lo tс1фo"l3o,|osoJ1lI7 . 8 'laldpqЭ

ruIщеIel

.ssЕIЦ эЧl Jo uoI]ЕnIP,Aэ ЭI3oI

-olsltl sэJInbэJ slsou8ЕIp эAIlIugэс .эЭuЕJЕэddЕ эIЧdЕJ8
-ouosЕJlll1 s.Joulnl эЧl UЕЧl IщdIэLI эJOIII эq derц .,Lrедo

Il]pl1Е] sI эpls Ца[ эЧt PuЕ IPтUtJ] sl rue:Borros эЧl Jo эpls

rч3r: эr11 tuJ ZI Jo чlсIэp рэ,(с1dsrp Е ]Е J))npsuЕJt ,(в::т-;eэuц zцщ
-0.-с l1 tI]I,\r ,r[IЕlЭЭJsUЕ]t Рэuтт1qo stl,tt ruu:8orros srч1 .эtuэ8or1ээ э1пrll

:uэсlсhl -iсtu IIP^\ эUuэ]ll эЧ1 U! вruolвruэче:u| (|l1oJ"ID) s1tl1э pэzrut:;l:g

Еt-8 аlnп|J

Ve
tB

oo
ks

.ir



-ЕultllЕхэ pullosЕJlln 3ur.lrrp sэIJцIoJ JoJ Uэ>IЕ]sIur эq ,{вru
sээвds эr1sdэ эr1a .(оl-в .3тg) 

1эrrpr,ro snol-llJol lpэpuэ]slp
эЧl Jo ^eэIA IЕUoIlЭэs-ssoJЭ slхЕ-1JoЧs эЧ1 ol эrrp sээeds
эт1sdэ эroчээtIЕ slloJэIunu 3щ.tвч d.le.to эчl 3o uol1tsod
эЧ1 uI эJl-l]ЭnJls Е Jo leЧ] sI хutd1вso-tpdч дo ээuвлвэddв
эtчdв-r8ouosЕJlln эЧJ .эJЕIII эЧl ul эJЕJ sI uolllpuoЭ sILIJ

хu!dlеsotplIн

sа|l|IPшJ0uqv lcnpI^0

.sэUЕJqцIэlU 
IЕlэJ pэulЕl

-эJ .+o s8Еl Jo snlэJ pэцIшuInш 3 эAouIЭJ puв э8po1srp
d1эч dвru ЭuЦЕs аIIJэ1S Jo sJэlIT IЕJэAэS ЧlI,^Д э8u^вI ЭuI
-Jа1гI .PIIIU эtoчээ-lэddч,Lrэ,l' o] d1rч3пs 3o slurrorue э3.rв1
ol эuou шorд э8ueл uЕЭ puЕ эIqЕIJЕ^ э1rnb элв sэuЕJq
-IUЭIU эЧ1 Чll,4e pэ]Еlf,ossЕ pпlu Jo JэlЭЕJЕЧэ pUЕ ]unoule
эЧJ .uЭulnl эulJэln эЧl uI IвIJЭl?ru эtoчээrэddч pэp1ээds
дo rэ'fu1 uIЧ] Е sв ;вэddв dвtu sэuв.rqtuЭlЦ IЕlЭJ PЭuIЕl
-эu .snJЭtn 8urpurrorrns эЧl puЕdХэ rвчr dl1э1uэ3oчээ
дo sээl8эp ]uэJэJЛp Jo sЕэJЕ sЕЧ sntэJ эЧI .эJвtu UэJJЕq
Е Jo snJэll1 эЧ] ul pэ8eru1 эq '{eru (6€-s .8lD sэuЕJq
-шэIU IЕlэJ pЭulЕlэJ Jo (8€-8 .3l{) snrэJ pэцItuшnrЦ Y

seuеJqlaelАl lцet peu!еIeg par snleJ pell!шшnlll

.!.sэJЕцI JэЧlo uI dэuвu8э.rd Jo ЭЭuЕuэ1LIIЕtIJ Jo
]UэtuЧsllqelsэ эЧ] lЭЭJJЕ .,i1эsлэ,tpв 1ou dвru s1sdэ 1вl.r1эш
-opuэ Jo ээuэsэ.rd эЧl tnq .sэseэ эtuos щ ,b}IIrJэ.J эдordtur
dвru slsdэ Jo Ir^oшэu ,..s1sdэ ЭUIJЭ]II эJэAэs Ч]I,\\ sэJЕtU
uI JэnA.oI эq o1 pэpuэl gv iеp 1Е sэtЕJ dэuzu8э-rд 

';(и9i) s1sdJ 1noЧ1l,ц эsoЧ1 uI IIеч1 (o/o'Z) s1sdэ t11r.lr SэJЕIU UI
.rэ1rэr3 sЕr!\ ssol odrqruэ ,(s,\еp 

7уs) dэuuu8э;d фuэ u1
.uol])ulЦ puz13 1вt-llэruopuэ rэdruвЧ'fuLц tпnlJlэluopuэ
эчr u1 dээp эJI] ]ЕЧt sls{3 .sdээ.loд 

'(sdorq эUIJэ1I1 e 3ursn
d1вэr,trээsueJ] pэAotlIэJ dцsвэ эq uвэ s1s'(э pэlеIl1Jul1pэd

эpls lJэT эLIl prтl] IDluвJ] sI шIЕJffoUos эtll Jo эpls 1q3r: эr11 *,jъ?;
чldэp pэir1dsц-l Е 1Е JэJnpsuЕJ] {е.r:е--rвэuц ZнW-6 E е чll,tа.;i11в1ээ:suu:1
pаulЕ1qo sr,tr ulв.т8ouos sщI uЭrunT эLrтJэ]n эЧ] o]UI эUцes 8ulsrцul dq
{lJРэlЭ )Joш pэulTlпo эq liвru sn:э]tr эrП rтI s]s,t) эUIJэln Jo uollrsсld эч1

д8-8 аlnп|J

TврПЕ) sI эpls ЦэT эЧ]
pUЕ TЕIuЕJэ sr rшв.т8ouos эLI].lo эрIs rq8п эч1 LuJ 0I Jo qrdэp pэ.{e1dsр
Е lЕ JэЭl1psul'J1 iв:.rв-.rеэul1 ZHI'{1 9 в ч1l,ш ,'t.11в1ээ:suЕJl pэUle]qo sЕl\
ruв.rБouоs sIЧJ snJэlп ЭЦ1 Jo (.|noJJD) sploJ Tl'IJ]эrЦopuэ snolPlljэpэ эЧ1
эЭI}oN uol]I;nuuсl rэцв s,(up g str:а]n u ul uol]ЕlntunЭ)e pInU J]oЧЭэIrv

gЕ-8 аlnбIJ

dэuвu8э;d go uсll1ru3oээJ IЕuJэlЕuI Puв drl[qoш od.rqruэ
dl.rеэ чlr,.t 8ut.rэд:э]u1 .tq drщrлэJ эsвэJЭэp uвэ 11 .uэrun1

эulJэln эЧ1 slJnJ]sqo pUЕ pэlЕIllJunpэd sI ]sdJ JLIl Jl lЕЧr
rч3noчl sI ]J .IUllIJ]эuJopuэ эЧr щЧ]InA dээp pэ1uэo1 эq
Jo .tunlJlэulopuэ эЧl Jo эJЕJJns эЧ] uo эq .uJuInI эulJэ]l-l
эчl u1 3uвч puЕ PэlЕIllJunpэd эq dвrц lsdэ Y .(l.€-s .8IJ)

uoIlвuIцJЕхэ аЧl 8ullЕэdэJ uэЧ] pu? эuIIЕs эIIJэ1S Ч]IiД
s11JЭ]11 эЧ1 8ulslЧul ,'{q pэurrurэlэp эq dвru IIЕn^. эUIJэ]n
эЧ1 o1 э^I]ЕIэJ uol]Isod JIэЧJ .snJJln JЧ] Ul э)uЕJeэddЕ
)IoЧЭэuЕ pэputloJ Е э^eЧ srs.{Э .,(ЧdЕJ3ouosе.r11n 8uтsn
dpuэrrЬэrд эJotlI ЧЭnIU pэlJэlэp элe slsd3 .SUЕэIII эsэчl dq
.{цвэтuцэ pэl)эtэp эq o1 Jэ]JЕJЕЧЭ UI эslцЛp Jo IIЕIIIS oo]
эJЕ stsd) эulJэll1 ,,(uвщ .snrэ1n pэslЭxэ эЧ] Jo uollЕzllЕnsl^
1)эJIp Jo .,(doэso.тэlsdч dq uot1вz11еrrsll .UoI1ЕdIЕd tээrrp
dq pэsou8вrp ЭJэ^\ s1sdэ эurrэ1n .rsвd эчr uI .poolsJэpul1

IIэ.&\ lou sr s1sdэ I?IJ]эtЦoPuэ Jo эJuЕэUJu8rs 1еэruпэ эчд

s$/[c euЦen

.(zt_в .3tд ээs) цJllIJlэIUopuэ эЧ] uIЧ1I^\ 1s,(э эurrэ1n
в "lo (11-3 o] 6-8 

.s8тg ээs) sn]dэJUoJ Е Чll^e Pэ]ЕIJossЕ
,tцunsn sI sl1Jэ1t.t эЧ1 uI pп1U эtuэ8oчээuou JвэIЭ .uolll1los
в дo pэldd1 эJЕ l3Чl suoIlЭэUэJ IЕtUoZIJoЧ Jo urэllrd
лe1n3э.l Е э^ЕЧ suolsl!:ul эulJэln эuIIЕs Jo JрolqрuY

d18urp-roээв uЕId )IlnэdJэЧl Е dolэ^эp
puЕ sluэ]uoJ эuтJэln duв puе snJэll1 эЧl Jo JэlЭЕJвЧэ puЕ
эZIs эЧl ssЭssЕ u?Э эUo .uolllJntJЕd JэUr UoI1nIoAuI эuI
..rэln 8ur.rolruoш UI IlЦэsn d1rвцэr1rud эq uЕэ dчdе-rEouos
-ЕJlIгl .ЕJ]эIUodd 

чrr,ш sэJrlu uI ЭIoЧ)эJэddЧ sI slJqэp
sl1olJвuэl lUэInJnd .(9€-s .3rg) uэrun1 эulJэlll pэpuэ]slp

alo1ц aq1 lo 1эl'Ц 1DЦua:) aс1l lo fqфo"l8ouosalьцIf . g л1dtэq2 oz'

Ve
tB

oo
ks

.ir



-8вrp в uoddns oL .(z'-8 .3тд) хr,tlээ эЧt o1 IЕpnЕ) PInU
эruэ8oчээ Jo suol]ЕInшnээв ^(uе эlou puв >IЭэu эЧl Jo uoll
-ЕэoI ЭЧ1 puЕ Jэppelq эЧl эAJэsqo plnoЧs эug ,fiрэrчdе;8
-ouoseJ1ln Uээs эq uвэ (вur8e,ro;rr) вш8e,l эЧ1 u] Эu]Jn

rufieА0Jn

.ssээsqЕ uЕ Jo UoIlЕuIJoJ uI tll1sэJ dвur вrцolвtuэЧ Е IlIo4
prrrg э]влrdsЕ Jo uIЕJP ol sldtuэtlY ,{1snoэueluods э,r1os

-эr ,fiрnsn sЕIIJolЕIuэЧ 1ещ3вд 
.ulnJэs JIoЧJэuЕ dq pэrвr

-вdэs slo1э uIJqЦ JIoЧJэrэddч pэlЕInJoIItIl-lIu Jo 1ЕЧ1 sI

ээuв.rвэddт JIэЧJ .(IЙ-8 .8Id) эJЕlU эчt ur drэ,,t.цэp JэЦЕ

uээs эq '(вtu 1вuвэ Чl4q эщ ч8norчr 8urssеd IЕoJ эЧ1 Jo
вuInЕJl dq pэsrrвэ вul8rд эЧl Jo IIЕ^6. эЧt uI seцIolЕцIэн

rшIlеIllаt] putarА

.uoIlЕuIIIIЕxэ uInI

+rээds 1вu13e,r e sэ.lrnbэл IэssэA эsoJIJе^ е lo uoI1ЕIlIJUtuoЭ

])ЭJIо .эnssll 1вur8e.t эЧl uI ЭJnl)nJls ЭIoЧJэue (uol]Ээs
-sso;э) slxЕ-1JoЧs .punor u st pэ3вrur sr l;rsoэr.rв,t у liцвэ
.ш1der8ouosвr11n pэ8вшr UэЧrlД. JэIJЕJвЧЭ UI эtuэ8oчээ
d1эlвrэpotu puв snoэuэ8oruoч эl1rrb ,,(цвrп.rou sr вur8вд

эЧJ .uollЕlsэ3 эtr1 ut э8.rtчэslp JЕAIILI ,(poo1q Jo эsnЕJ
uoцIцIoЭ Е эJЕ puЕ sэлвur luеu3эrd эtв1 Jo pIoJ эsJэAsuЕJl
puв еur8v,,t. эЧr uI uээs эq dвur s1эssэ,t poolq эsoJIJЕA

s/аssаЛ p00lg asox|rА

sаIlIIPш]0uqv Ieu!0e/\

.эPIs 
РuIJoLI эЧl tuoJJ.\Isnonul]uoэ

э1эdэ ol ЭJeIII эЧ] .,шoцв ,{вtu ,{;в-ro 1в.lэ1е1тsdr эчl Jo IЕ.\oLII

Iвpnв) sI эpls ЦэТ эЧt pUЕ JЕluЕJJ st rшв:8ouos )Ч1 Jo эpls

lч31; эч1 ru) 0I Jo чrdэp pэiв1dsrp Е ]l? Jэ)npsuЕJl ,,i.вJJв-JЕэu}I ZHW-g !
Е Ч1I,ц /(ПP1OэJSuPJ1 pэUle1qo sв,tr ruвr8ouos sIqI .эIoЧ]эuв sl lJnpIAo
эtll uIЧlI.^^ plnu ЭЧJ fte^o эЧl uo sэI)]IIoJ ЧllnД pэslЧuoЭ )q Uuэ

эJЕLU ЭЧ] ur хurdрso.lplч L{lill Uээs ])npт^o pэpuэ1slp pэlll]o^uoЭ эЧJ

0t-8 аln0lJ

IrPПЕJ sI эpls ЦэI эЧ1 puЕ [сJuвJ) sr rrп::Bouos эч]

go эprs 1ч3р эЧJ .IIIJ 
0I lo Чldэp pэdu1dsrp Е lu JэJnpsuPJl .{вr:е-.тrэut1

ZнW.6.s в ч11м d1вlээ.lsuЕJl pэuТutqo sc,tr ruв.r8ouos s|ЧL .@lОrta)

sэuвJqшэIIt IЕ]эJ pэuletэJ эq o1 punoJ sЕ^l lЕЧl sr-rJэ]n эЧ1 UI ssulu

Е Ч1I,{\ pэlulэossЕ uoТ]e1nu]nJJЕ plnlJ эroчээ:эdr(ч {1rr13цs .рэц33d5

68-8 аln0IJ

-э: .1e:э1в1tu11 sI uoIllpuoЭ эLI] JI .э1э,(э э,tr1эгtpoлdэ; эчt
8urrnp l)npl \o эЧl uI p]nu Jo lunollJll эЧl uI sэ8uЕЧ) ol
эnp sт sээtсIs ЭI]s.iJ эL{l Jo эZIs^ uт э3rтечэ эч1 .э1эdэ э,l.t1

.эnpordэr ЭЧl 8uullp э3uвt1э uP] ЭZIs JIэЧ] эsnЕЭэq uolr

IЕplrЕJ sI эpls ЦэI эЧ1 pur: IЕIUeJJ st шlв;8ouos эt{l .Jo эpls lr131.t эч1 .urэ

Ol Jo rlltlэГ' pэ,iг1dsr1r Е lP l))|lp\uЕJ| ,tв.t.tв-:гэut; 7Hl,\-0 ! Р Чllм 
^l|вl

)ЭJstIЕJl pэUЕ]qo sв.tr rшu:8ouos sIЧI s[Iэ]l1 эtI] Jo )шI]]no JЧl эlЕ)IpUI

s,l&oJJv .Uэrunl эrT] uI sseIIJ эql ot 3rц.to pэБ;в1uэ sЕA IJЕ.t\ аuIJэ]n

эЧJ .эJЕtU UэJJРq в шI sn}эJ pЭgтIIJIIInuI Е Jo suollcэUэJ эroqээ:эdiц

8t-8 аln0|J

тzvalo7ц aq1lo 1эDЦ lo1!шa' aql to tqdol8ol|osDJ1a . 8 fil1oqЭ

Ve
tB

oo
ks

.ir



|PpnЕ') sl Jplч ЦJ| эtlr pUB JЕluвJJ sI шel8
-ouos )Ч1Jo эpls 1Ч3IJ эЧI .LUf, 

zI Jo tl]dэp pэdЕidslp Е 1Е JэJnpsuЕJl
,{в:.lв-:eэut1 zнlt-6 E e Чll.{\ dI]вlJэJsUuJl pэUп]lqo seш, ruвr8ouos srq1
(moмIl II|'Lus) Jэppulq эЧ] Jo icэu эЧ1 o] РIUPI) pue IUsJop uщ8в,r эq]
g| (mОtJL, a8.ШD p||1|! Jo UollЕ[ntun))Е ЭЧ1 э]I]oN uэtп,(q ]uэlsтs.rэд

ш-8 аJn0IJ

-эq UoIlв)JЕIUэp Jo sЕэJЕ Чll^e sIotuЕIIЕoIJoЧ) )IoЧЭэJэd
-dч pэuэчэ1щ Е se pэ8ЕIuI Эq dЕuI sl]lluэJЕId 3urpuээsв
)IuoJЧЭ .(вl_в ol 9т/-8 

.s8rд) dцвэrчdвl8ouose.rt1n uээs
sэ8ueЧJ dq pэ1ээdsns эq ,tЕIЦ .Е]uэ)ЕId эЧ1 Jo uollЕJЕdэs
puЕ sl]Iluэ)rld sЕ ЧJns .вluэJP1d эчl Jo sэIlЦt,tЦJouqY
dчde.l8ouosвJlln IеlЭэJsuЕJ1 dq uol1в1sэ3 э1ЕI 8urrnp pэlе
-nIЕ^э эq uЕЭ snJэln luЕu8эJd эЧl Jo uol}Jod 1еprrrэ эчa

Лоueu0а16 Цslu-Ч0lн

.uollЕul[llЕluo) IЕuJэlхэ uloJJ snJэln эЧ1
8цтlээlord Uт эIoJ е sdв1d 1I эsnЕЭэq pэslЭxэ l.цеэr8.rns
,fiаlэ1drпoэ эq tou plnoЧs pIoJ эsJа^suЕJ1 эЧ'L .uэrudч

эЧt Jo э.rnldn.l IЕnuЕIII ,tq pэ,r1osэl d11seэ sr uolllpuoЭ
эЧJ .(EЙ-8 

PL|r ,,-8.s8rф еrlэruorpdч 3ut11nsэJ эЧ1 puЕ
еulBеь' эЧl ul prng эruэ8oчээ d1rч3цs Jo uollЕIl1шnЭ)Е
эЧt neoЧs ,futu dчdz-l8ouosЕJllf) .unAop sэII эЧs uэчлr sdr1
JЕAIIL\ эЧ1 lЕ ssЕIu 1eэrrэчds эllЧne Е э^eЧ o1 pэlJodэJ эq

IЕpl1l]Э sI эpls UЭJ эЧ] pUв JЕIuu]J sl ruв.тi]оuos
эLJl Jo аpls lч3р эч1 rU) zI Jo rpdэp pэdчdsтp в lc .rээnpsur:1 Aв::в
-JвэUI] ZнW-o E в Ч]I,lД dITЕ])ЭJsuвJl pэUIPlqo se,tr ruu:8ouos srч; еur8z,r
JэЧ UI эuIJl1 8uцooсI sЕ^\ ]PLII эJuIU в U! UJoЧ эu]Jэln в эpIsUI TЕIJэ]PIu
эroчээ:эd,(ч pэTЦoru sE U))s ,(molJD) эur:n go uol1вIllIIrnJ)Y .вJlэIшoJп

Еt-8 эJп0IJ

РpnЕЭ sI )pls UэT эЧ] pue TrIUЕJЭ sI uJЕJБouos эЧ1 Jo Эpls
rч8p эq1 шJ ZI Jo qrdэp pэiв1dsтp Е lЕ Jэ)npsueЛ,(в::r-:вэшц zцщ
-0 E e Ч]I,1^. ,t11etээ:suв:1 pэUrвlqo sв,lr ruв.r8ouсls srч1 3uш pur8в,t .ru1

-nqllsэ^ эtll o] IЕltUэ^ lsn[ sт,,(1вrurou (moila.) JэppЕ]q )Ч1 Jo {JЭu эЧJ

zF8 аln0IJ

dtru dцg в dцeэruц3 .pIoJ эsJэAsueJl 1uэleduou эЧ1 Jo uol1
-ЕzIIЕnsIA lЭЭJIp dq pэsoU8PIp эq ,{ЕIU uэIUdЧ luЭlslsJэd v

ueшlll luots!iled

.eur3е,ro.rrr 1JэJJo)
o1 pэIuJoЛэd эq dвru d.rэ8-rn5 .G'-s .3rд) вur8в,r эчr
uI эuIJn 8uцood эJЕ lЕЧ1 sэJЕuI UI luэsэJd эq oslв dвrш
ЕJlЭtUoJп .эulJl-l 

Jo uJЭl]Еd 8utpro,,t' IeluJouqЕ uЕ Jo uollЕu
-IuIвxэ IUnInЭэds dq вur8в,t ЭЧl uI эuIJn аAJэsqo d1lээrrp
lslllu эuo .dчde;8ouosвJrln dq эpвtu еur8е.,t.oJn Jo slsou

эpls Uэl ЭЧ1 puЕ IЕJUвJЭ sl ruв.rBouos эЧ1 Jo эpls rq'u эq1 *,jъ"',;
r1rdэp pэ,tв1dslp Е ]в Jэ)npsuЕJl lв::т-.luэurT ZнI,\I-0 s в ч]1,tа.,(11вlээ.rsuв:1
pэulв]qo sв,rд ruв:3ouos SILIJ Iuruэs ЭIoЧЭэUЕ'(q pэlu:вdэs s]ol) UIJqg
:rroчээ:эdIq pэlЕIl1Эo[ЦIl1ш Jo ]slsuo) seruoleшэн s1rвd dpoq rэчlo
uI SЕIUo]ЕIIJэЧ ot JвIIulIs .rвэddr: ,{eru ЕIUo1PIUэЧ рur8t,r runцвd1sod y

lt-8 аrn0Il

aloщ aql lo I>Dц loцuaэ aql lo tqdo.l8ouosDJ11l7 . 8 пldpqЭ zz'

Ve
tB

oo
ks

.ir



IЕpt-tЕJ sI эpls ЦэT эЧl PUЕ luIUЕJ] sl шeJ8ouos эЧl Jo эpls

rЧ8IJ эЧJ ru) 0I Jo rрdЭp pэ,{ЕIdslp e ]u JэЭnpsLIЕJl 
^eлD-JЕэUII 

Zнl{{.E
r qlr.ш d11в1ээ:sueJ1 pэulв1qo sвlr ruв:8ouоs slЧJ хIrэЭ эЧ1 o1 IeIrтвJJ
g QnoJ.|D a3лэ1) plt:.11 эIO1uuI]Y .IIЕA )uJJэ]n эЧ1 IIIo4 sloluв]IвouoЧJ
эч1 8uцYэ:вruэp (а1oJJa пDшs) эrrц эroqээ:эd,(tl эЧl э)IloN 'uou1:nшrd

1Е UoIJoЧ) go uсl1lт:тdэs а:nlвruа:d pЕЧ lЕrll эJЕtU Е Jo sIo1UЕПt?oIJOL[Э

8t-8 эJn0lJ

pээu sэIЭUt,u8эrd ururnч 8ur.lolruorц ш pэsn sэJnpэЭoJd
.>ISIJ 

lЕ sэI)uЕu8эJd ssэss? suЕIЭIuIIJ dIэЧ IIInA. s8ulpuц

IЕIIJJOu Jo э8uЕJ эЧ1 ЭulцIJэ]эp ol uoIlЭэIIoJ Еlrс (6 Jэl
-dвч3 ээs) uollв8llsэAul Jэpun ЕэJЕ 8uI8JэLuэ tIЕ sI 8ur.lol

IPpnвЭ sI

lIJ .tUЭ 
9 Jo

ЦIЕ1ЭаJsUЕJl
sоuБвrp sв,lr

дo ,(poq эqr
эroqээrэd,{11

lt-8 аJ]l0!J

.IPpnЕЭ sI эpls ЦэI )t[1 pUЕ I€IuЕJJ st шlе:8ouos эq]

Jo эpls
zt{иi-0'
э^ЕЧ o
sl-].IЭ1rr

9t.8 аlп0|J

-IUouI IЕlэJ puЕ ,lbuЕu8эJd pэJuЕ^pl, Jo uoIlвl1IЕAЭ эЧJ
.sl-l]эJ эЧ1 Jo dJэ^IIэp {эrщr

эJnsuэ o] UoIlIJnlJЕd 8ul;np эЭuЕlslsse PuЕ uolle^Jэsqo
эsolЭ sэJInЬэJ sItI]uэЭЕId Чll^& эJЕrЦ Y 

.эJЕIII эЧ1 ul sЭIlo
-IЧllue ЭIIUэlsds dq pэцo.rluoЭ эq ,fuIЦ sl]IluэcЕId .(эtuo.rp

-uis еrх,ft1dsт luэIJlllJЕdl:эd ..э.r) 
'(зэ,tцэp эЧl 8ulJl1p

?lхoсi,iЧ .(q pэsr.reэ su8ls lЕJIuцJ ]lqlЧxэ .tвru рoд эчд
.s11]эJ эtI] Jo uolsindхэ 8uт.lrrp JnЭJo ,(ЕIu sIoluЕIIЕoIJoЧJ

эtll Jo uOIlвJЕdэs эJnlЕLuэJd .Joqel э8в]s-lsJU Jo puэ эЧ1

lЕ ,(IIЕtuJoU Eurlrrldnr lou ЕluэЭЕId эЧ] Jo >ISIJ lЕ эq ,{Еtu

SэJЕIII эsэЧI .sэuЕJqIIJэIu IЕlэJ puЕ IIЕiA. эUIJэln эЧ1 uээn&l

-ouos эrl] go эpls lч3ц 
"u. 

..11,;il;.;i.Ыi:i}ь:,ТJ"#"jJ,i.,H,""1x
,(е::в-:eэurl zнW-g s r чtl,ш d1вtээ:sutJl pэule]qo sв,tr rrrв:Bouos stt11
.lIЕ^\ эurJэln эroчээ.lэd,(ч эЧ1 J() JэlllэJ эq] ur luэsэ:d sI pIпU )IoЧ)э
-шY ..цIIJ 

Plo-Чluoцr-8l tn; ur uэru,tч ]uэlsrs:эd Е o1 эr-rp ЕJlэLUo]p.{н

gt-8 аln0lJ

€z' alo7ц aс11 lo 1эDЦ II11!шa9 aqlto ,Сqdol?ouosDJllI7 . 8 "LaЙDqЭ

Ve
tB

oo
ks

.ir



966I,zЁ9-Lzs:L\ oJdэu Ьi1 .1 оuoщ po:dэц
1otg d;пр:э1 uo lЭэJ.Jэ JlэЧ] pUD sls;kr рц1эruopuэ.1o ээuэp,rэ:д :ц[
,tэ1:o3 .3[ryzэrщD{ .u dэst-tв3 .1q IIUoIIJЕJэЕd .1с ПoЧJs 

.:Is sЦla EE
La6I,'s'-s'':E€ lddns 

.1п:эg po:dэц [ эJЕLu эLI] u1,fi1rцэ; uo
i3o1oчrвd эuIJэ]11 pэ])эlэp-,!pэtчdв:8оuosDJ1]n puЕ UoI1вIIILIJuUUI
ЭuIJэ]l1 Jo 1ээgg :[11 JэЧ]UIэ .Eс 1lэ.]3Jэg t[ эцэrsв! [9 srшвpу 19

686r ,''Z-IЕZ'.oZ
lэ3 po:dэц шIIrY эJвIIJ эLIl UJ ssoT ,(эшвu3э;д :g lUэшэIЭ-lэцЕ^эЧЭ €s

rc6| ,6t-с':I8 1эA IIэUJoЭ sэJвIш oi6.] ul JoIUlll IIэJ
ЕsollluuJЕ prтв ЕIIJolЕJэ] UDlJЕAo :цg; sэ,(вg .Ys JЭЧsnIs .rх вэl]UЕd zs

9IL-|IL dd .o66r .tloэu1d

-dt1 g[ .в1чd1эpu1тr1д .d:э8.rL-r5 эuпrЬg ;o эJl1JllId ]UэJJnЭ :(spe) ц[
аlootr{.YN эrlЧ,4A.,/ Jolшlu TIэЭ DsoltluЕ.Ic :с uвIUээJJ .) SЧJIJшIн Is

066I .l.EoI-0-(01:g1 po.тdэц 1отg su1э1o.rd pUв splЭЕ )lэT)nUoqIJ
:э8rтэssэru lщnqns-!в1эq puв -вчdp uтqrqur ssэ.rdхэ sJoшn} ITэ)
вээч]-вso1t-tuв-r8 эurnbg :p 1э .щц ;iэuuэ; (.Id 

ЧЭl1Jэs .ц9 э11эnbtд 9q

',.€-sI' 
dd .E 

1ol 
.91361

.ssэJd эIIUэpЕЭY.о3эt6 uв5 pэ pJ€ .SIPrUIшY ЭIlsэшo(IJo,{вolotllud
и/ ruэlsls р1тuэ3 э1еrшe; эЧJ :N JэIUIPd .3д ipэuuэ; .)A) qqnг 6'

a96l 'oZ'-6If:Z8 Jэl{ lэA
sJnorun] tso1Lruв.l8 uer.lв,ro эutnЬ1 :W{ JэUJe9 .gц.to1,{e1 .[н suJoN 8'

I€ d ,966L .sээr,r:эsпlЬE lL,\\ .sulЕl<I ssoJЭ z {oog
sэsJoн :Uoll)npo:dэц рruruу puв 3ut3вru1 ЭIuosl1I]Iп :[o Jэq]U]'J /'

1с1-у9 dd ,I66I (I)Jэ

-{ЭnJс pun ]1ulsues8u1:эд эLI)sJэ]nIЧJь^ .duuru:э9 !эAoUuЕн {J1soU
-3erp11ur1эsв:1111 Jэp ЧэnqJЧэ.I рUt1 sЕT]Y ,/ sn]эJэpJэJd :r,N UЧэe' 9й

6sы ,сs-LL:Q)6 ТЭs 1э^ эuпrbg э1э:эqn] IDlшэЯ эql Jo uoltЕ)oT
,(q хэs 1вtэg эunrЬа go srsou8вtD JIuosuJlIIl :fo JэЧ1uID .s uPJJlrЭ .(,

9Z_II dd .'86I 
^N 

.se8эд sе-I .sjэUoltll)ЕJd эurпЬE 3o
uOIlc])ossY ul])IJэury эЧ1 Jо LIoI}uэ^UoЭ IЕl-tUUY эql .;o s3ulpэээo:4
9I ,{вp o] 8Uтp)эJq rrro.lg :t-uэ1qo;d 8utuut,tr1 эr11 :[6 JэЧltцD ЙЙ

zsl_Ё'l dd
.686I .oЧЕpl .)Uэ[v.p .тnэo3 t3o1ouэ3сlт:эч1 :ol ;hэlэos эЧ1 Jo 8LrI
-lээtr,{ IЕnUuY эr1l3o s8ulpэээo.l4 sсld;qruэ эulnЬэ uт.lr1 :[q; :эчrrцq 91

''-9Ё 
oo

,Z' Io^ .986I fuч .sв3эд sвl .sJэUollllэв:4 эuп1bg Jo uollЕI)ossY
uЕЭIJэtrrY эЧ] Jо UoIlUэ^UoЭ IPnUuY эq] ;о silutрэээoJd э-]Еtu эЧ]
uI suln6] i1:rэ;о luэruэ8euвru 1luе srsou8cч-l )IuosPJlIп :I uЕIu,{\og z,

L86I ,zoL-I(|L:sЁ

1ddn5 рцэg po:dэц [ UoIl)npаJ этuo,fuqruэ 1иruвru ,(q sэsnldээ
-uOJ ul^\l .1o ]uэruэ3вuеru .ro; sэrdв;эqt эuolxjoЧ ээlr1l puв sэr1Ьru
-ЧЭэ1 o,\\] 3o uosшвdruoЭ :tв rэ 

..J[ sэq8nц .цц эoЭsЕd .uс ЭoJsЕd I'
.86| ,6ff-L'':zЕ IсIсhs 11r:эg pсl.rсlэц f эJPtUpooJq эql

uI ЧsnJJ rs^)o}sЕlq ,iq uoцвlsэ8 ul.t\l Jo UoIIЕuJIIJJэI :[Э sшэqou o'
.s6I, L'€-''|,:g1 d3o1o

-uэBor.lэt11 sp:oээ:,(3o1ouэ3ol.тэql ;o slsi1вuв pUD sUЕIJl]UlJэ]э^ Jo
dэ,r.rns у :sэJrцl UI 8urtrurм.1 :ц[ээuэ:,lru1 .чц su18nоg .ro JэqrUIg 6'

z86I,,,Z- L'Z:g1,t3o1ouэ8orrэЧI SэJЕIIJ
ul sэ1эuвu8э.rd UIr\\t Jo эtuo]lno эЧJ :}ltl sв18noq .гo JэЧruIэ 8€

.86I' ,9'L-LZI:Z ]Js ]эA
эuтnbg I sэIрlus 1UэЭэJ Jo ^\эl^эJ Y :sэJЕlIJ ur 8uruul.ll; :[o JэЧ]uIэ /E

9961'911-11i:97 d8o
-1ouэ3oшэr11 puвIod UI sэ:вur pэ:qч8tro:or11 ur 8uluul.lr; :s J[Чsэo 9€

Z86I',t] I _0lI :6Z рэuJЕrтuэlэA IqTuJ1UЭZ )Jс|'u
эr{l ul uollЕI|l^o э1dп1L-rщ :щ эчэssв1dэpuтд .щ u,fuo3 .щ ,fuuэч gg

€l.6I .90l-I6:E8 ТoLIlPd drшoЭ I э:uut l:lэ;qч8noJoЧI эLIl ш ssol
lт]l?UoэU puu Iu]эoJ.lo эь^nЕЭ u su вuruurм1 :>J ITэ^\]IЧ?1N 

.g.I uo)Jаг 2'
t86I'rr9-t09:6r

,(3o1ouэ3olтэq;, srudээuoэ эurnbэ,t1:uэ эrр 1сl rfiц1qoщ :гo lЭtl]ulg 
'Е Z86r ,6.-LZ:z lэs rэA эurnbg 1:odэ: i.rвulruцэ;d

y :sэnbruчээl 8rr1urruэs pul1osвJllll IЕlЭэJsuЕJl 8ulsn э:вrш эqt u1
slsou8втp ,buвrт8э:d ,(1:еg :5 puo1{nс .u {JэqJoJ lN uэuЕluЕE Z9

1L)6I 'L's-Ет79:6ЕI
cossY pэI{ ]эA rrrY [ эJЕII] эЧ] ut slsou8вrp,iэuвu8э.rд :д sшв[ruэ7 1f

6 d .9s6I .,(3o1ouэ3or:эч1 
1д .i)OlspoolN sэsЕэslс IЕ]lUээ puЕ s)IJ]э]sqO 

^JЕUlJэlэ^:[s 
sljЭqou 0'

566l ,9zg-6t9:11 o:dэц Ьg 
,1

ouoщ po:dэц IoIB pul1osЕJ]Il1 8utsrt sэ:вtu 8uцэJ.э ul хI^Jэ) ЭЧ] Jo
uoЦвZlJэ]JЕJвЧЭ :gI,{ шlsnЧtsэlN .щщ Бuвs1э3oд .дf suе,lц .g,16' dЕс 6Z

6a6| ,''6-0'6: E6l )ossY pэI,{ ]эA Irrv
( sэJЕrU ээuвru.rog:эd ш JэJsUЕJl o,fuqluэ Iв]I^.lэJsuDJI :ld Ч]IlJэs 

.8Z

t2g61 .sээl.r:эsrrrЬE .ld\ .sulЕld ssoJЭ эJu]'{
эЧ1 ul sIUэAE э.rцэnpordэц puв 3ur3вru1 )IuosЕJ]TП :[o JэЧ1UI9 LZ

896r'S9t
-.9Q':с() uITЭ IIIIшY ТIЕrUs/pэW 1эA ЕssoJ uoltЕIll{o эЧ1 8UIUJэЭUO)
suo]]s^Jэsqo I эJI?II] ЭЧ] uI Ч1IЕэЧ 1rrluэ9 :q,1tr,(эIdItIS .Эlil' ur8:эg 97

0t_ I 

' 
dст .9€ 

To^ 
.066 

I .sJэUoIlI]ЭЕJd эunrЬа go uor1в
.I)ossY UвЭТJэIIrY )ql Jo uolluэ^uoЭ [вnuuY Ч19E эчl go sвutpэээo:д

sэJ]IlвLuJouqЕ uЕJJЕAo Jo sluэIшssэssЕ эrr1dr-r3ouost'-.r11n :) stIJIJtIIн sz
8a6I,ЁIz-L6w tэв:4 аurnbE :uIY ЧlloN UIIЭ ]э^ Еэlnl elod

-JoJ puв sэIЭlIIoJ ue1.rв'to эurnЬэ дo 8urЕвшll J]uosв.I1Iп :[o JэЧ]uIc .,Z
'сI, d ,6L6\ .sээr,r.rэslrФg lL4N .suIЕId ssor3 slээdsу

pЭIlddY pUв ЭIsЕg :эJBиJ эЧ1 Jo i8ololg эщlэnpo:dэц :[o JэЧ]UI) €Z
686r'21-v:6

l)s lэA ЭulnЬg I sэJЕLu uт Ie^Jэ1UI ,(:o1в1rr-,'o:э1u1 эЧ1 puD Uoтlвll]-^.o

Jo sJТlsIJэ1JЕJвr1э :в1rr3эr.rт puв :в1n3эц :\T UosJэld .[o JЭЧ]uIg zz
066I .||€rLolrzl 1эA ]JвJd Эnpq ulluoЭ puэduro3 Эsn ptlв uoIlЭэIэs

]uэLUdInЬg :,{r1dr.r3ouosв.r11n эт1sou8ulp эuпrЬg :ц1 эuo1s .Y' uэIlY Iz
s66| 

,Iт/9-с,€s:9€ punosЕJrlll IolpeЕ 1эA uoт1в1sэ3
э]PT 3цIJ11p sэ:вru,(ч11вэq Ul luЭluUoJI^Uэ эuIJэ1nЕJ]uI puu sn]эJ эЧ1

Jo uollвlllв^э эrqdв;8ouosв.ll1п :IЕ 1э .JI 
ЧrJo/xt 

.g/N ЕI0PA .g^ 
Jeэ}I 0Z

966| ,8o.-ooz:8Z I lэд эurnЬE э1g
-o:d рэrsdчdorq эurnЬэ uв 3o 1uэrпdo1э,rэp эqt uo 1rоdэ; ,fuвurruЦ
-э:d Y :uolle]sэ8 эre1 8ut:np 3uтэq1э,tl. TЕ]эJ Jo ]Uэшssэssв эrчdт:8
-oUosЕJ]Tn TЕU]IIJOpqЕSUBIJ :Iв 1э .I.I 

Ч]:oltr 
.g/tr i,IrЕA ,&\ JэЭu 6I

'86I 
'1LL-99L:S8I JossY pэ'{

rэA шY f э:вru ]ueu8э:d эt11 u1 {чdr.r3оuosв:11n TЕUТIUopqЕsUDJl

Jo suollЕЭIlddЕ puв sэnЬluчээ1 :sЭ IqnэruэpUэJg-sIIIЕрY.sd sJэdld 8I

''-9I 
dd .0661 1э3lqэd 5' вэ1 .вrr1d

lЭpellЧd d8o1otвuoэд 1вэlu113 эuпrЬg :(spэ) Эd tlЭsо) .н]4N plloпl
.IunJ(I .I,NY eqJэlo)I l4 lUЭIIJssэssЕ TelэJ :Э IЧэtlшэpuэJfl-sшupY l.I

Ls6I,сLs-s99:!! 1ddn5 IIIJэ{ poJdэE f snlэ; эulnЬэ
ЭЧ1 Jo sцollPl-tle.,re runцedэ1rry :5g s:эdrд .Э IЧэnшrэpUэJg-slUвpY 9I

'86| 
. 
Ioz-.с6|:Е I)s 1эA

эшInьа I sэnЬ1uчээl puв .]uэrшdlnbэ .sэ1dlэut:д :э.13tx эq] Jo lЭЕJl
Э^I}ЭnpoJdэJ эЧ1 Jo uolll,l-tlЕ^э ]luоsЕJllfl :},l{ uosJэld .[6 :эqlutg .g1

'ss-ogs 
.9'_I dd .z66I .sэЭI^JЭsп1bц

(L4N .suIPId ssoJЭ эJвW эЧ1 Jo d8ololg э,l1lэnpo:dэц :[o JэЧ]UIэ йI
E86I .908-E6l:E7 ,{8o1ouэ8ol:ЭЧJ эJвIII эLIl Jo

runэ1n1 srrd.roэ ЭЧ] Jo UollunlЕ^э ЭJUoSP.J1Iп :f6 .тэqruтg ,\'u UosJэId €I

'86I,'8'- 
| L':1 7,{3o1ouэ3ol;эr11

sэ1:в'r.o эuп.tbэ ;o dtuolвuв ЭIuosв.I1Тп :},l{ UosJэId .[6 :эчlur9 .71

686I ,vI-|'I:67 po:dэц шII'Y sэJeш uI pInIJ
JrIn)тT]oJ pэ8JDЧЭsIp )Ч1 Jo а]вJ puв uollЕlмo 8ur:np uor]вnэв,rэ
JЕIn)lПoJ Jo uollezlJЭ])вJЕЧЭ JrUOsЕJ]lП :fo J)ЧrUIIJ .нс Uosu,t\oJ II

ss6l .€9I_EEI:11 tэ5 pсl:сlэц tuIшY sЭ-rтru ul spuв13

IЕэlt1I pэПg-pnlu Jo ]uэшdolЭ^эp эЧI :Io JэЧ1UIО lнс uosu,\\oJ 0I

'86]| 

. 

--,-'92:2Z iBo1ouэв
-olJэЧJ SэJЕIII ш,ftUo1вUP эUIJэ1n JIUosl']In uo UosЕэs prтв э1э,(э
snoJlsЭ Jo S]ЭэJJE :ro JэLIlulэ .Is вqPJ)s .1'ц uos:эtд .цE; sэdвg 6

La6r',oat-zLt:6
1эr\ lJl]Jd )npg ul]uoЭ puэdruo3 II ]JЕd .lJЕJl э.t11эL-tpo:dэ.т s.э:вtu
эЧ] Jo uorlenlЕ^э ]luosuJllfl :.I[ sso^ .lц sэJlnbs .OY uot]UDIЭиI 8

La6I ,9'Ё-9',':6
]аA lJвJd )l1pg UIIUoЭ рUэdшIoЭ I ]Jl,d .lЭeJ1 э,rрэnpo;dэ.r s.э.твru
эЧl Jo uollenTЕ^э ЭIuoselllП :1[ ssoд .1g sэ.ltnb5 (oY UOUuI.>IJW l.

.66I ,o''-,Еt:Ioz JossY pэJ^I lэA
rшy f uoun1o,tul эtIIJэ]n вulJnp sэJвuJ UI *J"Z-g ulрuв18erso:do1э>1
-с1-o:p,(q1p-2l,€I Jo suoIlPJtUэJUoJ PIЦse.Id :(Ig Uos]Pr,N ..Id 

ЧJТ]Jэs 9 .886I '€9€_0sЕ:Z6I JossY pэиii
]эA ury f sэ1эiэ ,{.lo1в1п.to тпп1.lеd1sod 1s'rц pэ,{в1эp prтP IЕIuJou
LIlI.{\ SэJЕIU uI sэlЕJ ziэuвu8э:d uo pIl1U эUIJэ]п puв uoI1l.tIo^UI Jс)
IЭэJJII :LтoplJnuвd.rэцв sэJuIU Jo ]эu:] э,tllэnpо.rdэJ эЧ1 Uo sэIpn]s
эlчdв:8ouosu11п :IЕ 1э .Y] UosuJЕII .11 sэ:lnb5 .oY uouul)ЭW s

'a6I, 
96-€,8:..,{3o1ouэ3

-olJэЧI SэJЕIU uI sэ])Isэ^ )IuodJqruэ ul,\\1 Jo ^]igqoщ 
:[o JэЧ1uIэ .'

z86| ,6€''-|'':79 1ddп5 ццэg po:dэц f .э:вru

эчl ur ,tэueu3э.ld ullо; prrв э13uls 3o srsou8ulp ,(1.твэ .rоg,(qdr.r8oqээ
punosвJlln Jo эsll :IP ]Э lNs slrэ{эг'u .gEц poo.truээ:D .[с UosdrшIs 

'
'ru',',9-''9,61,t3о1ouэ3or:эч1 strldаэuoэ эurnbэ d1'rвэ ЭЧ] Jo UoI]Е1UэIJo pUЕ uOIlЕхlJ :fo lэЧltll,J z

086I, 9|.- €oz:Е I d8olouэ8oIJэч1 .,{3o1oээu{3

эurrrbэ ul ,(чdв:8oчээ ЭIUoseDIn Jo эsл :l\l ]JnoЭuIЕJсI lа JэrUIPd I

sаcuаlаlан

.3шэq1э,rш

IЕluэ)ЕId puЕ ]uэшdolэ^эp IЕtэJ Jo 8ulpue]sJэpun JIэЧ]
эseэJЭul sueIJeUIJэlэA d1эч ol ЭJвIII эЧl or pэlddЕ эq o1

aJDI,I oql lo 1эoЦ lDlluaэ oщ lo tqdoJ3ouosl,J1l!] . g п1dnqg 
'z'

Ve
tB

oo
ks

.ir



5zt
S.эJЕIIJ эЧl Jo luoJJ uI lsn[ ,uэLuopqe IвJlUэA эЧl uloJJ
pэ8ЕLЦl эq uЕЭ snlЭJ эЧ1 .эJeIII ]uЕu8эJd IrIЦJou эЧr uI

Лшoleuv

.pэUЕэIЭ d1ч8noлoчl ul1s эЧ1 puЕ

ЦI{s эЧt ruo.ц pэddцэ dцвэt8лns JIeЧ эЧl ЧlIne pэulЕlqo
s1 &цenb э8erur 15эq эчl 1э,tэ,lt'oн .ssэIJIЕЧ .fiэ,r1tв1эr

sI eэJe slЧt эsl1вЭэq ,pue13 dreruтuЕш эЧl o1 рruвlэ 
.uэtu

-opqв l?pnЕЭ s.lllЕp эЧ1 uI pэtЕЭol Illls sI snlэJ эJIluэ эЧl
uэt1.lш dэueu8эrd d1rеэ ,(rэд ur InJssэЭЭns эq o1 {эч11 rsoru
sr qэвo:dde sтч1 .э8erпr ue Jo puDI due u1в1qo ol чr.lшor3
JIЕЧ Jo uoIlJэJIp эчl u1 pэцddе 1э3 3uцdnoэ Jo slunoшe
snordoэ puв pэUt,эIЭ {ч8noлoчl эq lsnш uDIs puЕ JIЕЧ эЧl
.pэldtuэue JI 'sэJЕIu pooJq Jo uэrЦopqu IЕJIuэA эЧ1 uo
s>IJonA d1э;вr s1чl .s1eoэ rrвч эuц d.rэ,r ЧlI^\ sэsJoЧ ur dles
-sэJэu эq ]ou deur Euruuвэs ol lot.rd IЕAoIIIэJ лrrч ч8noчl
.IY lс-сс ....1э3 8uцdnoэ эrqdеr8ouosЕJ1ln Jo uollrэIlddr
эЧ1 o1 rorld ээврns sll uIoЦ slJqэp Jo lJIp dur э,lorцэл

ol JэlЕne pur deos Ч1I^& pэueэIэ d1q8noloчl эq plnoЧs
uDIs эЧJ .nшoqlэ ol эIJJIs ruоlg 8utpuэlхэ эuII Е o1 IЕJluэA
pэddцэ Эq plnoЧs uэшopqЕ эЧ1 Jo sэpls |r,lэlеI эЧI .uoll

-вlsэE э1в1 ur (вruэpэ I€Jluэ^ go sэnbв1d э8JЕI Чtlne sэJЕtЦ

ut luеl;odtuт .,{цerээdsэ sI Jэl]ЕI эчt) uэtuopqe эЧr Jo
sэpls IЕJаlЕI эЧl эpnlЭuI puв ploчdrх JЧl 01 puэ]xэ plnoЧs

вэл pэddцэ эЧI .snlэJ эчl дo э3e рuorlвlsэE 8ulseэ;эur
эЧr Чll^& puodsэrroэ ol ,ЦрlэrвI puв d1вrue.rэ pэpuэlхэ
sI ЕэJЕ pэddцэ эч] .sээuв-tpв dэueu8эrd sу dэuвu8э.rd дo
JэlsэutlJl 1sJЦ эЧ1 uI sploJ iuЕ[J Jo sэU]ls эЧl o1 dl1e.Iэle1

puв snJIIIqцJn эЧl ol ,fi1вruelэ pэddцэ sr puв13 drвrцrцetu

ЭЧlJo ]uo.l; uI вэJe ЭЧJ -t-с! .. (I_6 .3tд) sn1эд pue snJэtn
эJI]uэ ЭЧl эpnIJIЛ Ol pэpээu sт pэ8:eрэ put uor1вtsэ8

;o э8вts эчl uodn pэsЕq эq .iцвт1rul plnoЧs tэru pэddцэ
эЧl Jo эzls эЧJ rs -t tt sr ЭP?Iq Ol .oN ? ЧlI\\ pаddцэ
dцrэr8.lns эq lsnlЦ uэtllopq? I?J]uэ'\ эЧ1 Jэ-\o JТЕЧ эцL

u0!lPrPdаld luаlled

]n0lNнэ]r N0lIvNl l^jvx]

pэ.to.ldrur uв u1 .pэсloч s1 r1 .3щr1nsэ, .,'""Ь;lH'"iA;

E lo ЭIеJ эЧl JoJ uottвrвdэдd puЕ :UoI]Ээs uЕэJesэJ Е

8tлruloдлэd luorlrлnl.rвd Eu1эnpur 
. 
(s)rпэ1qo;d 8щd1лэpun

эЧ1 Jo tuэuI]ЕэJl j.(эuеu8эld uIe]uIЕuI or 8щdlr эpnl)ul
suol1uэ^Jэ1ul эIqlssod .,.luэsэ.rd JJЕ ssэJlslp IвlэJ Jo sJolЕJ
-IpUI uэЧ^6' эuэAJэluI o1 lsrEololvul.rэd эurnbэ эЧ] эIqвuЭ
drrц uor1в1sэ3 эlв1 uI snlэJ эurnbэ эЧl Jo sluэlussэssЕ
эlЕJnЭЭЕ эJoIII lЕЧ1 эdoч эчr Чlln& 3щo3uo sr э1цord э13o1

-ors.ft1dolq p1эg эщnbэ uв дo luerudolэ^эp эЧl tlo >IJo/N

Lс,,' ,Е'.,..sэ1эueu3эld 1s1;-ч3щ Jo uoIt€nIЕ э эЧl uI эsI
-шord tuэ:8 ЦnA.oЧs sЕЧ эJeuI эчl u1 8ЩэqJIэ,^Д IЕlэJ ssэssЕ

ol 8utlol1uotu эrчde;3ouosЕJlln snoэuЕlnЭsuЕJl .,,.,. sdols
uol]ou] эЕIpJeэ Illun snlэJ эIqЕI^ ssЭI Jo JэIIЕIus эЧl

дo (э1qв;rsэp ssэI) xeJoЧl Jo ueэЧ эЧl olul IЭ' 8щrээ[ul
puв dцeэlчdвr8ouoseлl1n sэsn1эJ Чloq 3ul1rЭo1 tэlsэru
-IJl puoээs эЧ1 ul d1.reэ 8uruueЭs IЕ]эJ snoэu€ll1JsuЕJ] Jo
эsn эЧ1 sэAIoAuI э.rnpээold sIЧJ zs ,...uorlЕlsэ8 d1лэ u1

pэJnpэJ dцчssэээns ]ou Jo .pэssтul .pэtenp,,t.э lou JэЧlIэ
эJэ^e 1ЕЧ1 sэsnlэJ ulnЩ ЧrlnД' sэJelu uI uoltЭnpэJ odlqшэ
sr 8ur.rolruorп IelэJ snoэuetnЭsuшl дo uo1lеэцdde JэЧloIJY

o9-9с ,'t,.'€ ,9z jIэlsэuIIJ] lsЕI эЧl ur эlel dцeтээdsэ .uollelsэ8

go sэ8els цe 8urrnp 8ulэq-цэ,rш рlэд 8urlun1в,,t.э .loд Tr1nэtl
.lеd uт .pue sэrэuеu8эrd 1srr-ч31ч дo luэtuэ8euЕIlI эЧ1 uI

InJэsn sI 3uuolТuorц Ie]эJ snoэuЕ]t1JsuЕJ] .JuIJlpэцI uЕIII

-11Ч ul SY iс lt .sz.sэJltlI PooJq UI dчder8ouoseJlln эIlsou
-Eвp дo uo1rвэцddв ,lшэu d1э,цtе1эJ Е sI n&opul^\ IЕulшop
-qЕ IЕJluэ^ эЧ1 rцorg 8urлollцorц IЕ]эJ snoэuЕlnЭsur{

zi.sэsn1эJ эurnbэ

Jo xэs эчl 3щщrл.lэ1эp ш dэвrrrээв дo ээl8эp Ч3Ц Е

эAэIЧэЕ ol dEolouэ8olJэЧl ul 3urzцerээds 1sr3o1ouoseл11n

drsur.Iэlэ,\ pээuэrлэdхэ ue sэ.rrnbэl lnq (sdep 99 ol 69)
dэuвuEэrd Jo Jэ]sэцIIJl 1sJg эЧ1 uI punosЕJlln IЕ1JэJsuЕJ]
uor1n1osэr-ч8rч 8ursn pэdo1э,l.эp uэЧl sЕ.\\ хэs Jo uollЕU

Йr ol 0I sв (1reэ sе) uol]elsэ8,i1rвэ ur 8uruueэs ЭUIJэ1n

IelЭаJsuЕJl s)\IoAЦI sтsou8e1p'buruEэлd этчder8ouoseлl
-IП r! r sэsJoЧ rп ,(чder8ouos?Jlln Jo suoтlrэIlddв ]sэцrвэ
эЧ1 Jo эUo sЕ,{6' pue sэJeцI pooJq щ slsou3вrp dэuвu
-3элd d1;вэ JoJ pэsn d1эp1,rш uЭэq sЕЧ dчdr;8ouosед1д

rСqdo"о&ouosotЦn Io1T

Ve
tB

oo
ks

.ir



,,'.n-,,n,,,,.(Z_6 
.3lд ээs),(1эrэ1drшoэ эJoIu sn1эJ эч1 э8etuт

o1 lsт8olouostll1n drвurлэlэ^ эЧ] 8uцqeuэ .эlotu Jo tЦJ 0€
дo sчrdэp ol эlr.rlэuэd uЕJ JэJnPsuu7 zцw-s.Z эЧ1 эsnЕ:)
-эq lsэq sт JээnpsuЕJl JэuuЕЭs-Jol)эs эЧJ ,, .,..uor1вlsэ8
э1ЕI uI эJЕtU luеu3эrd эЧ1 uI rrrэlsds JЕэuII е lo
ssэulnJэsn эЧ1 srIцIЦ JэJllpsuЕJl dв;лв-rвэuц (шэ 91 ,(1uo
d11вnsn) zнW-g.s лo (ruэ 97 {uo dцвnsn) ZнW.s.€ эЧl Jo
uoтlerlэuэd дo чrdэp Pэ]ILuII эчl Tа,tэ,шoц .snlэJ ЭЧl ssэs
-sЕ ot Ч)IЧ^e цIo.rд 

^A'opul,lr 
лэ3лв1 в 3utpr,tord .lulJdlooJ

JээnpsuвJl лэ3.rr1 эчl Jo эsnЕЭэq IЕэpI эq plno,,\e Jээnp
-suеll ,|еllе.leэUII Y 

.pэlЭэIэs эq plnoЧs uollnlosэJ 1вtщldo
Ч1l,lд ,{Iэ^IlJэdsэr .в]uээe1d puе sl1]эJ аJIluэ эЧl э8ЕIUт 01
pэpээu чrdэp эчl ol sэlЕJlэuэd ]ЕЧ1 Jэ)npsue;l dэuэnbэ-rд
-rsэч3tч эЧJ .sэJeIII ]soцI ш llun IЕluэJЕ1d-o.rэln эЧ] Jo
sэ8вrur luэIlэЭxэ sulЕlqo (zнш o'or) ,{эuэnbэrд lэч3щ
в lв 8urlе.rэdo JэJnpsuвJ1 dвrлe-rвэurl xэAUoЭoJ)Itu ZнW
-0.9 ЧrplnшpuЕq-эpl/A. Y .ssэц{)lЧ1 

1e1uээв1d pur .(dur 
дт)

luэsэлd Ешэpэ IЕJ]uэA Jo lunouIe эЧl .uэlЦopqЕ 
IЕJluэA

s.эJЕtII эЧ1 Jo ssэU{ЭIЧ] эЧl .эJЕlupooJq ЭЧ1 Jo эZIs эЧt
uodn puэdэp pэlJэIэs чldэp pэdв1dsтp puе JээnpsuЕJl
эЧI rг .cс .rE.ШЭ oI o1 

' 
go чldэp pэdEdsrp Е Чll,!\ pа]ээI

-эs эq plnoЧs JээnpsuвJl zt{иtr-g.gl Jo .(ЭIqЕJэJэJd) -s.L
,.o'9 ,-o.s в .]run 

1вluээeldorэln эЧl дo sэ6urш uollnlosэJ
-ч3tч лoд .эsJoЧ эJnlвIuIш -lo duod ? ul uoI1ЕuIIIIЕхэ

IЕIlIuI эЧ1 JoJ pэsl1 Эq oslЕ plnoЧs sJэJnpsuЕJ] эsэЧJ .lЦЭ

0Z o1 0I dе1dstp ol pэsЕэJЭэp эq pl[loЧs 8urцэs ч1dэp
эЧ1 .sэЭuelsuI эsэЧl ЦI Es .rs ,r'-'f ,sz.pэPээu lou sI JэЭnp
-suЕJl zIfW-E.z Е Ч1I,1A pэulЕtqo uor1в.t1эuэd pэppЕ эЧ1
puЕ IIЕIus d1э,l'1le1эл Illts эJ€ sll1эJ puЕ snJэ]n эЧ1 эsnЕ)эq
IЕэpl эq .tвtu .lээnpsuЕJr zHиJ-g s Jo -s.Е e .l.эuвu8эrd go

JэlsэtuIJ] ]sJg эЧ1 uI sI эJЕIII эЧ1 JI сl ,,'-'',,..(э1qв.rэдэ.rd)
IIIJ 0€ o1 0z Jo 3ul11эs Чrdэp Е pue Jэ)npsuеJl ZlIii]'N

-s.€ Ю (эIqв.rэдэrd) -E.Z Е ЧrI,\\ pэrurog;эd эq plnoЧs snlэJ
эumbэ puЕ snJэln lueu8э.rd эЧl Jo 8uruueэs IЕlrIщ эItrJ

аnbluЧcаl 0u1uueоg

/'.uol]Е]uэsэJd (JoIJэluЕ) IЕIu€JJ Е UI uolllJl1].lud рrшrou
JoJ pэuolllsod эq p1noчs sl-llэJ эЧ1 dэuuu8эrd Jo ЧluolЦ
ЧIUIU эЧl l.q lnq .uollвlsэ8 dl.tвэ uI шopuЕJ sI uollЕluэIJo
IЕlэ'rI rg 

'',.',.(,-6.8tg) 
хвroчr эЧ1 Jl?эu 3э1эroд эЧ1 ЧlЕэuэq

pэZЦЕnsl^ dцвrrsn PInU ]IlolutЦв дo lэчэod 1sэ3;t1 эчl
ЧlI^\ 

.8эIэJOJ puu .хеroч1 Tэp1noчs ,>Iээu эЧ] sPunoJJns
1l sЕ sluэJ эЧl punoJЕ pэZIIЕnsI^ lsэq sI uoтuluЕ эЧJ
dpoq s11 Jo ЧЭnцI JэAo snlэJ эЧr Чll,4tr lЭЕ1uoJ эleu]Ilul
UI sI ЧJIЧn^. 

,sl1lэJ эЧl 8urpuno.r;ns эuЕJquIэIu uIЧ] Е sЕ
pэ8ЕшI sI uolulu? ЭЧI rс-rl- ,-сZ.snlэJ эurnbэ эЧl 8ulpunoJ
-Jl1s pэlээlэp pll1u ЭIloIuuJЕ Jo lunoшЕ JэIIeIUS Ч)nш
Е ЧtInA .JloluЕIIЕ эJЕ splnu эuIJэlnЕJ]uI эЧl Jo lr1ro[eш
эЧJ, .эJnlэnJ]s э]ЕJЕdэs Е sЕ pэЧsln8ur1srp эq sdr:,rш

lЕ 1ouUвJ pUЕ snJэln pue вtuээв1d эЧr ЧlInN pэlЕIJossЕ
d1э1вrurtu1 sI sIo1uЕIIЕoIJoЧJ эЧI ,с ,, ,,.(Е-6 

.3rg) uлoч
IЕlэJuou эЧr Jo dlr IЕIuЕJ) эЧl UI sloluЕIlЕoтJol{Э pэlЕIJossЕ
puЕ sploJ эulJэln ЭЧ1 Jo uoIlЕzIIensIA эчr dq dцвэrчdш8
-ouosЕJlln PэlЕIluэJЭJJlp эq uЕJ suJoЧ IЕ]эJuoU puЕ IЕlэJ
ЭчL.(Z-6 .3тg) rэчro эЧ1 UЕЧ1 эpls эuo uo эJoIU .proчdтx

o1 srqnd lЦo.rд uэu]opqЕ IЕJ1UэA эЧ1 8UoIЕ puэ1хэ dцensn
snlэJ puЕ snJэ1n эЧ1 dЭuЕu8элd э1в1 UI lt tс .SZ.IIIJэ1 Illun
uollЕlsэ8 дo s,{ep 91 d1э1eruтхo;dde ruo;д .puв13 d-rвшruеru

.(Jэ]sэtuIJ] tsu) uol1в1sэ3 э1u1 uт
pэddпэ эq o1 эJв sЕэJв ]вpnв) puв
.prru .(8uрвчs ls)ЩPp эЧ1 Ч1l^\
еЭJе) |е|IJP'JJ эЧ1 puЕ .JЭlsэIUlJl

puoЭЭs эЧl ur pэddпэ эq o1 eJP
sвэrв (8ulpечs э]ЕIpэIUJэ1UI Ч]I,t\
в)JЕ, pJIIJ pUЕ Iвpl1Е) эtI} 'Jэlsэul
-lJ1 lsJU эrp ш рэddцэ Эq o] uэJl]
эql s]uэsэldэr (8uтpuчs 1sэ1ч3ц
эЧ] Ч]I,!\ EЭlе) I.Эrе lsoru рpnЕJ
эч1 pэddцэ ,'(1eэr8rns эq ol sвэJe
эt1l luэsэrdэ: sЕэJЕ pэpЕЧs эЧJ
uollв]sэ3 э1ЕT uI эJвIU 1ul;u8э.rd в

щ uэu]opqЕ ]ЕJ]Uэ^ эЧ1Jo ruв.r8ur(I

1-6 аln0l1

,tс1do.l3ouoso"l111 plal . 6 пldoqЭ 9z'

Ve
tB

oo
ks

.ir



t!Еl8Uuo\ эЧl Jo dO] JЧl 
,lU sI

uэшopqв TЕJluэ^ S.эJЕII] эЧI IIJJ 0' Jo Ч]dэp pэ'{вIdslp e lЕ Jэ)npsueJl
Jэuuе)s-JolЭэs Z|!1N-9. Е Ч]I,4& pэщЕ1qo sв^\ IUЕJ8oUos sltll .IUЕJ8oUos

Эtll Jo ]Ч8IJ эЧ1 o] xЕJotll IЕ]э] эЧ] LT]IA .uollв]uэsэJd (JoIJэ]rтв) IеIUЕJЭ

Е Ul sl sl1lэJ sIЧJ o) xeJoЧl [l]]эJ pUЕ (вUIl1 pUЕ sll]pЕJ) uIJЕэJoJ IЕlэJ
эql 8ulpunoJJns эuЕJqIUэtIJ )ItolLIIuu ulЧr эq] эJIIoN uoltЕlsJ8 Jo s^Еp

60' 1Е эJЕtU pэ:qrfnсllor1.1 p1o-:rэd-g Ue [IJO{ pэUIвlqo (]) qшllэJo]

IвlэJ эrI1 3u11lurro;:L-rs ('11otJI2) UOIUIIIЕ аЧ1 3щlz:lsuoruэp rшu:вouos

i-6 аlnбIl

puЕ хЕJoЧl IЕlэJ эЧ1 э]ЕЭoI o1 dцеruвrэ 8ur,rotц puЕ puЕI8

l..rвtцшeru s.эJЕtII ЭЧl ol IЕIUЕJЭ lsn[ 8uluul8эq uэшopqЕ
эJЕ snlэJ ptlЕ snJэln эЧJ

.JэJnpsuЕJl ZIIиI
(tцэ 8Z dцzuorsвээo) tuэ 

'Z

ruв:8ou<ls эчr дo dor
эt{] lЕ sI UэшopqЕ IЕJIUэ^ s.эJЕuI эЧJ tu) 77 1o чrdэp pэdе1ds1p в lв
JэJnpsUЕJl JэuUЕJs-Jo])эs zH\N-s Z в Ч]I^e pэUlЕ]qo sвм uru8ouos sтч1
IJJoЧ IЕIЭJшoU эt1r 3o dр эql шr ]uэsэ:d '(1uru:ou sI lвЧr 8uIPIo.J Iеluээ

-в1do:э1n ЭЧ1 ээlloN .uorlвtsэв Jo s,{Еp Z0€ ]в эJЕru pэJqэIppЕs uЕJIJэtt,Y
p1о..leаd-g1 Е IUo{ pэUlrlqo (пo]la) uJotl IP1э.JUoU эчt ;o шв:3ouo5

Jo uoI]ЕlIrщI в dцzrrsn sI эJэЧl Tэ,tэ,шoч :uoltЕulluЕxэ IЕn
-pI^Ipщ эЧ1 o1 pэJoIIЕl эq uЕ) чldэp pэde1dslp эЧ1 puЕ .sJэ

-)llpsuЕJl dвrrв-;вeuц pэAJ11J Jo JЕЭUII lsouI UЕЧ] 1urrd1ooд
JэIIelus Е ]nq sJэ)nsuвJl Jэuul,Эs-JolЭэs uЕЧl lщJdlooJ
JЭBJII| е эAЕЧ sJэЭnpsuЕJl dЕJJP-PэsЕЧd JэJnpsuЕJ] dЕJJв

-JЕIl1uuЕ uЕ Чlln& pэAэIЧ)l, эq oslЕ uЕэ UoI]ЕJlэuэd JЕIIuпs

UOIl
-в1sэ3 э1в1 ur эuв1d Uв)s slql puЕ
sl11э] эЧ1 Jo uoI11:)oI 1uэnЬэ:.1 1sotп
ЭЧ1 sI slЧJ xЕJOЧ] IelэJ эLIl аUlrur
-хэ O] pэsn эue1d trвэs 1ell13вs эчl
sluэsэ.тсlэ: JolЭэs pэpuЧs эЧI эpls
Jo ]эDq s1r uo 3ur{1 uo1lвluэsэld
(Jouэlue) IЕIuвJJ Е UI эq PlnoЧs
sll]э.J эЧJ snlэJ эЧ] Jo uoI]Pluэs
-э.тd puu uorlrsod эrlt э)lloN UoI1

-в1sэ3 э1e1 Ul эJвIu 1uвu8э.rd в gо

sшэ]r-r эЧ1 UI sr-rlэJ эч] 3о ruе:8вl1t

z_6 аlnбtJ

IЕJtuэA эЧ1 IuoЦ pэul

-s.Z r чцм чldэp pэdеIdstp

e-6 аln0!J

Lz' tqdolЫouosolЛq lopi . 6 .l'a1dnq2

Ve
tB

oo
ks

.ir



ruЕJrзot]os эLIl .Jo do] аЧl lЕ sт rташoPqu IЕJIUэ^
s эJЕIIJ эLIJ ruf, 0€ Jo Ч]dэp pэdЕIdslp в 1Е JЭtrnpsUPJl JJuuЕJs-JOJJэs
z||-\N-q . Е ЧlJ^\ pэulв]qo sЕ.46. IUl]J8oUos SILIJ IUDJ8oUos эЧ1 Jo эpls ЦэI
эЧ1 uo iЭэu Iв]э.J аtlr ЧtI,ц .UоrlеluэsэJd (JOIJэ]UP) IeIuвJЭ Е UI sI snlэJ
sIЧJ sэJt-t]Эlu]s )I)ЕJ()LT]ЕJ1UI эЧ] Jo эвЕIrЛ эЧ1 8u[ldшJэlul srцopBЧs
qIJ эЧ1 э)I]oN \LIJ 9.. sl ЕЦol] ТЕlэJ эЧ] Jo Jэ]эIUDIp эLТJ IIur!\ JIuoЕ
)Ч] Jo Эpls JЕJ эLIl Jo )вpэ вuIpPэT эЧl ol ЕЦol, эLIl Jo ЭpIs JeэU Эtlt Jo
эвpэ 8UIpЕэ] эЧ] rUOЛ uЦОЕ эtll эJnseэI]J sJosJn] эЧI ]оoJ ]ruoЕ эЧ] lr
DuoD эrI] 3uцnsвэru ]rloЧ1l^\ э1qlssod sD (н) ЦЕэtI эЧ] o1 ЭsoTJ sz pээв1d
эJD l]uol: TЕrЭJ эЧl Uo (|х) sJosJnЭ эЧJ uollrlsэ8Jo sdPp €'€ lD ЭJвlu
pэ:qч3rlo.lor1'1 p1o-:вэ,{-71 Е IUo{ pаulЕlqo Еuoe IРlэJ эЧ] Jo шeJ8ouos

8utчleэ.rq э{Еlslu] ot lou uэ>IЕ] эq ]slluJ ЭJl,Э .snlэJ эЧ1 Jс)
]uэшIэAoIU duв ]noЧ]I,lд pэ8ЕшII sI sqIJ Jo/puе ru8r;чdвrp
эЧ1 Jo luэLuэ^oul UэЧr!\ ]UаsэJd эJt, s]UаIIlэAoLЦ 8uIЧ]ЕэJq
IЕlэd .с 9'.(8_6 PLте L_6 .s8IJ) slUэtuэAoIU 8tIIЧlЕэJq
IЕrэJ Jo uJэ]lЕd pUЕ эJuэsэJd эчl roд spuoЭэs 0€ lsЕэI
le JoJ r(Isnonul]uoЭ pэlЕnlЕ^э эJЕ uэtuopqЕ puЕ .IUEЕJЧd

rue:Бouos эЧr Jo dol ЭЧ1 lr sl uэшopqт lЕJ]Uэ^ s.эJвlU
эLIJ IIJЭ 31 ;o t11dэp pэ,tu1dsтp Е ]в Jэ)npsuBJ] JэLIuЕJs-Jo1Ээs zниJ
-9 Z P Ч1l,1Д. PэuIЕ]qo эlЭ^\ LuЕJiJоIpJe)oЧJэ Iu]э.J эpOLu-I,N 8ulpuodsэ::oэ
puв ruuз8сlrros srчa ruв.r8ouos эЧ] .Io эpls ЧэI эLIl uO st1]эJ эLIl Jo
I)эu ЭLI] LT]l,l6. .uol]в]Uэsэ:d (:сlr:э1rтв) IвIUЕJJ в UI sI snlэJ sIЧJ а]'пUIIIJ

/slDэq IlI Jo эlЕJ lJPэЧ |Е]э] Е э]Pш)luJ O] pэsn эJЕ pU]] elo]sЕIp.puэ ]P
tun]dэs :вTnэr:]U)ilЭ1ul TЕ]эJ аЧ] uсl pэuоrllsod э:в (х) s;os:nэ o'^A] eЧI
uoЦrsod Jos.In) slЧl Iпo;g pэulЕ]qo sв,ш l.uе.r3olp:в:roЧЭэ эporu-tr\J lЕ]эJ
8uтpuodsэ::oэ ЭLIL (i11,oЛl') UЕэЧ lс}эJ эЧ] Еultээsuв:] (aull pauop)
JosJnЭ эpotu-tr'{ эrЕ ))lloN uol1т]sэ8 Jo siеp 7у7 lв э:вru pэ:qr18no:оq;
1.l1o-:еэi-5 lrrвu8э:d Е IUоJ; pэulЕ]qo dчdu:3oр.ruэоЧЭэ эpoш-]'{ Ч1lA
эlЕJ uuэЧ 1в1э3 8rr1.rtlsrэru ;o эtФluчээl JЧ] 8ul]РJlsuoruэp ruв:8оuo5

-ЕIp .xeJoЧl IЕlэJ эЧJ д| 99.ЭZIS IЕ]эJ puв JэlэuIЕIp ЭI]Jor
IЕlэJ э]Еtul]sэ o1 pэsll sI lЧElэlr s.эJЕцI эЧl sЕ .ulЕ]qo ol
luЕlJodlш sI 1Ч3Iэ.цr lЕuJэte'{ ,o ,nn.(9_6 .3Id) 

IIе,lд эrr;oe
эЧl Jo э3pэ 8utpеэI or э3pэ Euрuэ1 IUo4 эIqlssod sЕ
lJeэЧ эЧl o1 эsol) sЕ xЕJoЧl эЧt uI pэJnsЕэuJ sI (sIхЕ 8uol)
ЕlJoЕ эЧl Jo JэlэuIЕIp эЧI dIIЕЭIЧdЕJ8ouosPJlIn ulЕ]qo ol
rInЭцJIp эJe ]nq InJ8uIuЕэIu эJЕ snlэ.+ эulnЬэ эЧ1 uI э]ЕJ
ЦЕЭЧ 8uIsI)Jэхэ Jo s]uэtuэJnsЕэI,{ .r. qr.(S_6 .3lд) э3e1эвd
suoIlЕIn)IЕJ ЭeIpJЕэ ul-]unq Е 8ulsn ,эIJdЭ )ЕIpJЕJ эЧl
Jo suollJod IЕЭIluэpI or{A] uээ^6.lэq IЕ^Jэ]щ эLUll эЧr 8uI
-JnsЕэtu dq pэ1вцrэpJ эlЕJ lJЕэЧ pUЕ pэlЕl1lЕAэ sI IIIЧilЧJ
tJЕэЧ IЕ]эd'эЭUЕpIn8 JIЧdtJEoIpJЕ)oЧJэ IЕuolsuэtulp
-onДl 8шsn pэulЕ]qo эq plnoЧs tUЕJ8oIpJЕЭoЧЭЭ IЕ]эJ
эpolIJ-IN uy tчdвr3olpJЕЭoЧ]э эpoш-tr{ Ч]Ine l.IэlЕJnЭJЕ
pэ]ЕnIЕAэ эJЕ rUЧilЧJ puЕ эlЕJ lJeаLI IЕlэJ эЧJ ''.pэulЕlqo
эq oslЕ plnoЧs (&Iдрэв Jo spolJэd 8ut;np sэlЕJ lJЕэЧ)
sэlЕJ lJЕэЧ Eursrэrэхэ .эIqlssod 

JI .с Et ,.фI,tI]эe Jo spo
-IJЭd JэЦЕ slЦэIUэJnsЕэIII ээJЧl puЕ s]uэцIэJnsЕэIII 8ur]sэ.l
ээJЧl ]sЕэI rв Чll,^e .polJэd эlnulш-0€ tunuЛuIIII Е 8uI
-Jnp (UOIIЕUIIUЕхэ эЧl lnoЧ8noJЧl эpЕtIJ эJ? LuЧilЧJ ]JЕэЧ
IЕrэJ Jo sluэIussэsse puЕ э]ЕJ lJЕэЧ I31эJ Jo sluэIuэJnsЕэ(U
ЭIdЦIntr{ .pэlЕnlЕ^э sI IuЧ}(ЧJ JЕIpJЕJ puв 'pэule]qo эJЕ
эleJ ]JвэЧ IЕ]эJ Jo s]uэuIэJnseэuJ .хЕJoЧl 

IЕ]эJ эЧl uI pэlЕ)
-oI sI lJЕэЧ IЕ]эJ эЧI lс gс .z.PЭJЭЭ]эp sэI]ITЕLUJouqЕ эuI
-Jэln Jo .IЕ]uэ)ЕId .IЕlэJ dUЕ PuЕ 

.ssэu>I)IЧ] 
IeluэЭЕIdoJэll1 ,pInU эIotUЕIIЕ pUЕ ЭIlolutuЕ Jo d]IlЕnb .pInU ЭIolUвIIr puЕ

Эl]oluluЕ Jo Чldэp IЕЭI]JЭA IецII).ЕIU 
.s]uэtцэ,totu 8urчluэ.rq

IЕlэJ .tЦЧilЧJ pu? (эsIJJэxэlSod puЕ ,8uIsIЭJэха .8ullsэJ)

э]ЕJ lJЕэЧ IЕlэJ тэlэtuЕIp )IЭЕJoЧl Il,lэJ тэlэLцЕlP эrЦoв
JЕlэJ ,эuol IЕlэJ 

.d]I^IrJв 
IЕlэJ .(luэsэJd sr эuo uЕЧl эJouI

JI) sn]эJ ЧJЕэ Jo uol]ЕluэsэJd эЧ1 .uJoЧ 
I?]эJ эЧl .sэsn]

-эJ Jo Jэqшnu эЧ1 эpnl)ш plnoЧs uoI]вUIuIЕхэ ЧэЕa .ЦэI эЧ1 uo IЕJ]uэ^ ptJЕ .uээJЭs эЧl Jo аpls lЧ8lJ эЧ1 uo
IЕsJop 

.э8ЕIUI эЧ1 Jo dot эЧr l? UэluopqЕ эчr 3o эp1s rч3r:
эЧ1 dЕIdsIP PlnoЧs (uэruopqе эtll Jo эpls lЧ8IJ эЧl IIIO4
8uruurэs) э8ЕLUI эsJэAsuЕJl 1Ч3IJ эЧJ .э3ЕrЦI эЧl Jo эpls
ЦэI эЧ1 uo UэtЦopqЕ эЧl .Jo эpls lЧ8lJ эЧ] puв .UээJJS эЧ]
Jo эpls 1Ч3IJ эЧr Цo uэЩopqЕ эЧl Jo эpIs ЦэI ЭЧr .э3вrдl

эЧ] Jo dot эЧl uo uэшopqЕ IЕJ]uэA эЧ1 'tЕIdslp pll1oЧs
(uэtuopqЕ IЕJ]UаA эЧl IIIoЦ 8uruuвэs) э8ЕLLII аsJэAsuЕJl
IЕJluэA эЧJ .эpls ЦаI эЧ] Uo IЕJIUэ^ Puв .uЭэJJs эЧl
Jo эpls lЧ8IJ эЧ1 Uo IЕsJop 

.э8ЕrUI эЧ1 Jo do] эЧl 1в uэtu
.opqЕ эЧ1 Jo эpls rJэI эЧ] LIrl^& pэdвIdslp эq pl[loЧs э8ЕIUI
эЧ1 '(эsJэAsUЕJl ЦэD uэtЦoPq? эЧ1 Jo эpls ЦэI эЧ1 lIJo4
Эuop sI 8uruuвэs uэLLAN 9t..sz.luэsэJd sI snlэJ эuo dIUo ]ЕtI]
ulЕlJэЭsЕ or ploЧdlx ЭЧl o1 Jэppn эЧl IUo4 sэuЕId эsJэA
-suш] эIdIlInш uI uэtЦopqЕ эЧr Jo sэpls ]Ч8IJ or ЦэI tЦoJJ
8uruuвэs uэЧl pUЕ .sэuЕId 

IЕuI8вsЕJЕd эIdтlInLu ш ploЧdlх
эЧ] o1 {IIЕIUЕJJ 8uтuuЕ)s pue Jэppn эЧl Jo luoJJ ш 8UIlJЕ]s

-suollJod IЕpl1ЕJ puЕ IЕIuвJЭ olш uэtuopq€ эЧ] 8uIpI^Ip
uollЕluэIJo эuЕId-uеJs lЧ8IJ ol UэI Jo IвJ]UэA ol IЕsJop)
эsJэAsUЕJl pUЕ IЕ1ll8Еs-sэuвId uЕJs JЕInЭIpuэdrэd dцв
-nlnuJ onЦ UI pэuuЕ)s d1ч8no.loчr эq plnoЧs snJэln S.эJЕIII
эЧJ 'uээJJs эЧl Jo эpls ЦэI эЧl uo IЕpllЕЭ puЕ uээJэs
эЧl Jo эpls rЧ8IJ эЧ1 uo IЕIUЕJЭ dв1dsтp plnorls uol]ЕluэIJo
эuЕId-UЕ)s (uэruopqв ЭЧ1 Jo sэpls ЦэI puв ]Ч8IJ эЧ1 LUo{
эuЕId uЕJs IЕpnЕ) ol IЕIuЕJЭ) IЕsJop puЕ (аuцprru IЕJ]Uэ^
эЧ1 IIIO4 эuЕId UeЭs IЕPnЕ) o1 IЕIuЕJЭ) Irl]I8Еs ЭчL.Q-6
'3lд ээs) uollЕluэIJo IЕlэJ щЕlqo ol IlЦэsl.l lsolu sI эuЕId
UrJs slЧl sЕ .(suollJod ЦJI pUЕ ILI8IJ otul uэшopqЕ эЧ1
3щp1,l'1p uol]ЕluэIJo ЭuЕId-uЕJs lЕpnЕЭ ol IЕIUЕJЭ) эLIЕId IЕ1
-1r3вs в ul ,(це1l1ur pэuuЕ)s эq plnoЧs sl1]эJ эЧJ .uэшopq€

9-6 аln0IJ

9-6 аlnD|l

tс1dtl"l8ottostl"tЦn rцal . 6 п1doqg 8z'

Ve
tB

oo
ks

.ir



uJЕJ8oUos эЧ1 Jo dor ЭЧ1 ]e sI uэu]opqв IЕJ]Uэ^ S.э-IЕIII эrIJ .rUэ

0' Jo Чldэp pэ,(вTdslp Е 1Е JээnpsUвJl lэuUвJs-Jo]Jэs Zниl-E Z в Чrl're
pэUlвlqo sв.!\ ru1]J8ouos sIЧJ ruЕJвollos эЧt Jo эpls ЦэI ЭЧ1 Оl sl IJЭU
Тe1эJ эЧt pUЕ .uoТlЕ]UэsаJd (Jouэluс) IЕIuЕJJ P uI sI snlэJ sItIJ чJэu
puЕ rUlPэJoJ IЕlэJ эЧ1 Jo uoЦ)unf эq1 ]P pэUlРlqo sЕr16. lUэIIJэfnsвэuJ
pInU ]ЕlэJ sIЧI (zх) sn14 эЧt pUЕ (zх) UoIUuIr, эЧ1 uo pэ]tsId эJЕ

(rUЭ 0s.9) Чldэp rэ{cod plnlI Jl]оIlтrUЕ lРtUIхвIU эtll вurJnsЕэul sJosJllэ
эЧJ .(rx) UoтUIuЕ эЧ] РuЕ (|х) plnu )Io]uвIlЕ )tI] Ч1IA UоIl]un[ slт

le sIoluвIlЕoIJoЧJ эtll uo pэ)DId эJl' (ulэ !Z !) rl]dэp ]эi)od pInU ЭIo1

-uвIIЕ IвIIJIXЕIII )ql 8uunsЕэLu sJosJnэ эЧJ (zх) pТng ЭI1OIUцIЕ pUЕ (|х,
plnu ЭIO1UЕIIЕ Jo Чrdэp lэ)iЭod pInU IuэIЦэ^ lЕruТхЕtu эЧ1 эJl-tsЕЭtu (x)
sJosJn) eI-[J .(9_6 эJniil{ Ul sЕ эJЕIU эrulrs) Uol]Еlsав Jo s,trp €ЕE 1Е эJвLrr

p)JqЧ8noJoЧI pIo-JЕэ,(zI Е IПoЦ pэUlЕtqo spп1u [D1эJ эЧ] Jo lllсJвouos

.O]UЕII€ Jo slsэluээoluшЕ) UoI]ЕJIdsЕ pэpln8.pul1osЕJlll1
uY .sэIlIIвIIJJoUqe .,(uЕ JoJ pэ]ЕnlЕ^э .{IInJэJЕЭ эq plnoЧs
dtuo]вutl IЕ]эJ 

.pэssэss€ ДI€ЭIUJЭ sэIlllЕtlJJouqt] эsэЧl Jo
]uэlхэ эЧl puP pэJnsЕэuI puЕ (ZI_6 .8tg) s1эssэ,r эulJэ]tl
Jo lвluээeld IPцJJOU tuoJJ Pэl?I]tIэJэ.JЛp эсl plnoЧs llul1

IЕlUэ]ЕIdoJэ]n эЧ1 Jo uo]]dnJslр Jo Uor]tlnшn)эЕ PInu
.uor]e.lеdэs IЕ]uэ)вId Jo sЕэJЕ ]Iu1r lЕluа)tldorаln эчl -1o

sЕэJЕ pэuЭ{J1чr dw .(rI-6 .3lф еэ-tв lsэi)IЧl эr{l l€ sluвJ
-pвnЬ JnoJ эulЕs эЧl uI pэJl-lsЕэru sI ssэuiэILI] l?luээ?Io
-oJэlп .pэ8ЕLuI sI slJqэp ЭIЦэ8oЧJэ Jo ]unolцЕ э]eJэpoцI
r lI Z PIJr- pэ]ээlэp sI slJqэp ЭIuJ8oЧ)э Jo lunoujв ПЕuJs

u l.1uсl д 1 pэpеr8 эJЕ splnц IЕlэJ эЧI .o nt.(0l-6 
.8lJ)

UЕ)s эЧl rl1oЧ3noJЧl ,{1snonulluoэ pJzllЕnsl^ sэlJllJЕd
snoJeulnu Чll^e pшU ЭIuэ8oЧ)э .t.rэ,l' 8ur]uэsэJdэJ € pue
pэZlIЕl1sIA sэIJIlJЕd ou 8urluэsэлdэл 9 чr1lш 

.€ o1 0 Jo ЭIЕ)s

r 8ursrr snJэ]n эЧl ]noЧ8noJlll pэssэssЕ sI PщU ЭIlolutuЕ
puЕ pInU JIoluЕIIЕ эЧl Jo &цrnb IIЕJэ^O эчд .э1qтssod

sЕ э)ЕЛns IЕluээЕIdoJэll-l эЧl o1 JelnJlpuэdlэd sв эpвru
эq plnoЧs sluэuJэJnsЕэIЦ эsэЧI .IЕPnвЭ 

ЦЭI puЕ .I?IuЕJJ

ЦэI 
.IЕpnЕэ 1Ч3IJ .I€IuЕJJ lЧ8IJ :эJЕIu эЧ1 uI snlэJ эЧl

o1 эAIIЕIэJ s]uе;pеnb JnoJ lЕ pэJnsЕэцJ эJЕ splng эsэЧJ

., .oE.(6_6 .3rg) sэl1r,l.вэ pInU o/A.l эLIl эpl^lp o1 эUвJqluэIU
)I]oluIIIЕ эЧl 8щsn .lulod ]sЭdЭэp JIэЧl lв pэJnsЕэIII эq
plnoЧs pInU ЭIloluц]r] puЕ ЭIo]uЕIIв щoq Jo чldэp эчд

]' .9'.{Ээu Jo .osJol .sqшIT эЧl
spuэlxэ puЕ sэxэU snlэJ эЧl Л ]uэsэJd puЕ pIЭЭeU s.rвэddu
snlэJ эЧ1 Л luэsqe sl эuol IЕlэJ 

.slxЕ 3uo1 1в1э; эЧl PutloJt]
suollЕloJ ээ-т3эp-g9g ol рrl.rвd puЕ qшII в Jo uoIхэU
Jo uolsuэlxЭ эpnlcш s1uэuIЭAoцI Iв1э{ 

.(эшr1 uoI]ЕuIцIЕxэ
ЭЧl lo %99> o1 €€< э,l11эe) uollЕuluJвxэ эчl tnoч8noлчl
э.t11эв d1.rrrJ sI snlэJ Эч1 Jr z pur (этщr UoIlЕuIIuЕxэ эЧ1

Р %СС= э^l]JЕ) pэlЭэlэp sI ]uэIUэAou] Jo lunoшr IIЕlIIs
в {uo д 1 pэpвr8 sI d1I^Il)Е IЕtэJ rс .9'.(эшIl uoI]ЕUIIIIЕхэ

6z' tс1dtl.'l3ouoso.lщ1 ppll . 6 п1фaqg

шrс:8оuсls эчl ]сl dоl эLIl 1в sI uэIIJopqЕ IPJIUэ^ s.эJBшI эЧJ II]J

gg дo ц1dэ;l pэ,{т1dslp Е ]P Jэ]npsUЕJ} JэUllЕJs-Jolээs ZнW-s z Е Ч1I^A

p)ulЕtqo sв'tr ruв:8ouоs s|чL (noJ.ID) ru3в:чdeр эчt .(q pэpr,tтp 1q3ш

эLI] uo uэшopqЕ TulэJ эt{l puт шre:8оrтos эЧt Jo эpls ЦэI эЧ1 Uo xЕJotll

IЕ]эJ эЧl tТ]I,ц uollЕ]UэsэJd (Jouэ]UЕ) IвluPJ) u uI sI snlэJ sIЧI tUЭ €E 6I
]o JэIэIIJЕIp JIЭЕJotIl TЕIIJIXвIIJ Е tIт ]InsэJ IUl1UJэ]s TвlэJ эtll Jэ.iro pUв

эurсIs эт:lв.toч] эLIl Jэ^o i]Еq IЕ]э] эЧ1 uo (тx) sJos;rr) эЧ].;o 1uэrшээв1d

эЧJ (/_6 э:rrЕrд ut sЕ эJЕuI эLUЕs) uollЕtsэ8 go sdв1l L6z tе )JеШ
pэ:qr18no:oч1 p1o-.твэ,(--с D IIJo{ pэLIIЕlqo хЕJOЧ] Тв]э-J эr1l ;о rur.т8ouo5

8-6 аln0IJ

эЧl Jo %99= Э^|7Jе) pэlээrэp spor.lэd 1эtnЬ ou Jo nA.эJ

Ч1l^& 
.sn]эJ эAI]]Е ,(JэA t 3urluэsэлdэJ € puЕ uollЕulturxэ

эJIluэ эЧt 1noч8rrorчl pэlJэlэp ]uэIUэAotu ou 8ul]uэs
-эJdэJ 0 ЧlI,&\ 

.эIЕJs € ol O Е Uo pэpЕJ8 q l]I^IlЭв IЕrэ{
.sJэ]эuI€Ip 

IЕ1IqJo
puв IЕlэIJЕdIq IЕ1Э.] 8utpn1эrп .эzls 

IЕ1эJ эleцЛ]sэ ol эpЕIu

аq UтJ s1:ed 1вrэ; Jo s]uэtuэJl.ts1]эцJ Jэtllo -' ,'.(8-6 
.8ld)

i11чssэээns Pа8тrUI эq UeЭ хвJotll эJIluэ эЧl JI .xЕJoЧ1

эLIl .Io ]JЕd Il]pгt1]Э эrll Jэ \o цI11LIJЭls эЧ1 o1 эurds эчl
tuoJ.J pэJnstэLLI sl Jэ]ашIЕIp эIJЕJoЧl IЕlэJ IвIUI)(ЕIII эЧI
s]uэrпэ \oru БulЧ]eэJq IЕlаJ JoJ эJЕu] эЧ] Jo slUэuIэAouI

tuе:8оutl* эr1l .1o dor Эq] 1в !^I trэIlJopqЕ IЕJ1uэA S.эJЕIU эЧJ lUJ Zz Jo
чrdэp pэ.iт1dsrр Е lт JэЭnPsUвJ] JэuUu)s-JоlJэs zНw-q-z в Чll^\ PаU]Е]qo
sвц tшr:Бouсls slч.1 tr13u )Чl ot lJэruopqв lelЭJ эtI1 pun шrв:8оuos

эrI1.]o ЦэI )Ч] O1 \xJoЧl I]J]эJ эLI] LIII,ц .uoltctuэsэ:d (:oрэluв) IЕIuЕJ) в

UI sI sn]эJ slLlI .ЧJтtl]ots Pэ11ц-pInU ЭroЧЭэuu PUЕ Jэ^Il этor1ээod.iч эчr
ruo{ (l) а-un1 эtuэ8oqээ эJoIU эЧ] sэpl,ltp ru8u:чdвIp эtll Jo (moЛD)

orl)э JЕэUlJl.\Jn) эr{J UollЕ]s)Я .Jo s,{вp L67, 1E JJеШ pэ'rqq8nо:ot11

p1o-:вэ i-g Е ulo:; pэUlв]qo rтэuropqв pUЕ хЕJoЧl Iв]эJ эЧ] ;o ruв:8оuo5

д-6 аtn0!J

6-6 аJn0|J

Ve
tB

oo
ks

.ir



sluэll d

tuЕJ8ouos аЧ1 Jo dol эtll tl: sI uЭruopqr lвJluэ^ S.эJDIU эЧI IпJ zI Jo
Чrdэp pэluTdslp P 1Е Jэ)npsuЕl] JэuuЕЭs-JоlJэs ц1w-.с L l1 LIlтntr p)UlЕlqo
sЕ^\ IIJЕJ8oUos sIЧJ UoIlЕJDсlэs IЕ]uэJЕId Jo ЕэJe Uв JoJ uэчl]]slш эq 1oц

PIt1oLls Тэssэ^ pooTq sIЧJ (.ШЭ 9' . : |х) IсIxJoLl uuЧ] Jэi][Ч] эJnsвэIu

llul1 ТЕtuэЭвldоJэ]r] ЭЧ] s^эiulu (moJrL1) lэssэ^ poolq )ulJэln )ЧJ (lI_6
эJn8I.I uI sЕ эJeIU эшcs) UollЕlsэв ;o s,iеp 9Z€ le э:rшт pэ:qq8tro
-:oч1 p1сl.:тэr(-9l Е IUоJ.J pэUIЕlqO 1run 1rlшээв1doJ)]n эLI} ;o ruв:8ouo5^

Jo ]JэdsЕ IЕJluэ^ эЧl вUoIЕ pэlЭэlэp ,{цrnsn эJЕ sЭuЕIII

-oddщ эЧI .(€I-6 .3lд) srrqэp snoэJl1ulэloJd эчr дo uo1l
-ЕэUIJIDЭ Чllld pэ]ЕI)ossЕ sJэ]uJJ JIuэвoЧ)э Ч]l^N sэssЕtlI

8rtr1toц-ээ.r; JIoЧJэoddЧ IЕAo sЕ dцвэrчdвr8ouosuJllll JЕэd
-dе sэuвrцodd1ц .uo1rersэ8 эlвI 8ut;np PII1U ЭIoluЕIIЕ ЭЧ1

ш pэZIIЕnsIA d1luэnllэrд эJЕ sэuЕu]oddlн ,,.sllsodэp IuJэ
-uIцI JэЧlo puЕ .э]ЕЧdsoчd шnrэ1eэ .suтэ1o.rdoэnшI Чllntr
pэlЕlЭossЕ эq dеш plt1l] JIo]UЕIIЕ эurnbэ ЦI slJqэp JэIIЕrЦs
.lJodsuЕJl 8ur,lro11oд sэJЕ(u uoll?]sэ8 эle1 ш pэ]ЭэlЭp эq
,tвru prrrg ЭIoluЕIIЕ pUЕ )IloluluЕ эЧ1 Чloq ur sэ1эtшвd
эruэ8oчээ pэsЕэJ)UI .2.. lt.SЭJЕLu IЕIIIJou ur uor1вlsэ3 o1

ro1rd sdвp уу sе f,1lеэ sв pэ8urur Uээq э^ЕЧ puЕ .luэtlI

-э^oul IЕlэJ srro.lo8rд .rэцв 8uцл,trs UэЦO .plllg JIolutIIЕ
эчl ur pэ8вrul эq o1 d1эчп эroru э.rв sа1:rtt;сd ЭIuэ8oЧJg
.sэIЭuЕu8эJd Il]II]Jou UI pэZIF,nsIA s] (pщU ЭIolUЕIIв) tЦnщ
-OЭэIII pUЕ .slJqэp snoЭJЕulэloJd .s11ээ 3urч3no1s t1t1lr

pэ]€IJosse Jэ]IЕIII э1е1nэtцеd pэsЕэJЭUI uэч,rш .uot1вlsэ8

эll,I ш1u11 ЭIoЧЭэUЕ эJЕ spп.ll+ JIloIuuJЕ puЕ ЭIolulrlle эЧI
.(€_6 .sl{ ээs) sploJ эUIJэ]n эЧ] Jэ^o вluээв1d

эчr ;o 8ulp1oдul эЧl o1 8uт,цo rэ]вэ.т3 sI ssэu>I)IЧl Ie]uэЭ
-в1сIorэ1rr Iвlot эЧl эJэLInA .uJoЧ IelэJuou эЧl Jo dр эЧr rв
pэZIIЕnsIA эJЕ sploJ ЭuIJэ]l1 эЧI !..slэssэ^ эroluе11в .тэ3ш1

эI{l JЭAo Jn]Эo ol puЭt ЧЭIЧ^\ 
.sploJ IЕ]uэЭв1d puв .sdnэ

IЕIJlэluoPuэ 
.s1эrrpt,to эЧ] o1 s8uluэdo .snэцrqrun эчl

Jo эsЕq 1Еls IЕэIAJэJ эЧl :snJэlll эЧ1 LUOJ.J э1в;вdэs dццr
-Uэlod эJЕ puЕ IIIIAoJЭIIu Jo plo^эp {цeru;ou эJЕ sloluЕI
-IЕoIJoЧЭ эЧ1 Jo sЕэJЕ эAId ...9l.sЕэJЕ stloIII^Е IЕuIJou JэЧlo
Jo sэJnlJnJls IЕJIIIqшII IЕAIAJIIs luэsэJdэJ 'furu puе s1вoд

IЕLIIJOu pЭJЭ^цэp lЕLI] sэJЕцI IЕIIIJOU (%8) .^NэJ Е uI uээs
эJэ,,\e uol1ЕJеdэs lЕtuэЭЕ1dorэ]rr Jo sЕэJЕ IIt?шs 

.lЭЕ1uoЭ

рluээr1do.rэln Jo uorldruslp э]ЕЭIpш dеru чэrч,lr. 
.sээвds

pэIIЦ-pц1U duв ro; pэlЕnlP,^э dцtЦэrвэ эq plnoЧs lЭl?luoJ
1вluээв1dorэtl1 эЧJ o' .,,,,,.(I-6 ЭIqЕI) UJoLI IЕ1э.' эtll uI
tUJ 

'z 
0 ; s€.l ol у7.o + sl.l tutl.ц sэAuв.l ]ЕЧ1 ( ll_6

.31д ээs) llul-l ltsluэJЕ1dorэlrr эЧ1 JO ssэuчJlЧt I€цIIхЕIII

IЕlol Е ЧlI^\ 
.(uolJoчэoruвцв).rэdв1 лэuul ]uэJnlouos эJotlI

rue.riiouos эr1r 1о do1 эЧl ]Е sI LrэruopqЕ IPJ1uэ  s.)JвLu эЧJ IUJ ZI Jo
чlсlэ;t pэ,(в1dsр в ]l1 Jэ)rrpsu'Jl JэUUсOs-Jol)эs 7I11N-9 L Е Чll,t\ pэulЕlqo
sr,ц. rur:8ouos sIЧJ (!I) lP'J lгullшopqЕ-Pдur 3о :э,tс1 e sI snJэln эЧ]

ol 1rtээв[pu ,{1эlсlpэrurur uэшopqв IЕJIUэ^ s.ЭJPLu ЭЧl Jо Jэ,{ЕI )loЧJ)
-odJ.ч srroэuэ3o:эlэrl illrl8пs эt11 ruв:8ouos эЧ1 -Jo эl)ls tч8l: ;эlro1
эLIl Uo pэZrltnsl^ sl (l!I) хr:JoЧl ID]эJ эЧJ (tu) 9l t) ]IUn 1вluээе1do;э1n
эrI] ]o ssэUl:)IЧl эrll БuЦtlsr:эru эJЕ (lх) sJosJl1Э эЧJ pInU )IOIUDI]Е

JIoЧ)эtIЕ эrр ol lшээu[pu ;(1э1вrpэrшштl sI sIolul:ITDoIJoЧэ эrочээod,(r1

э:oru.tpr18цs )rI] рUт.u)tuopqu IЕJluэ^ S.эJPIII эЧ1 o1 luээв[pв sI sl1Jэtn

этrrэ3or1ээ э.roru ,(1lq3пs эr11 uor1в1sэ3;o sIrp 9Z€ lЕ эJlllt] pэ;qч8гto
..roq1 p1o-:uэ{-9I u IПO:g pэulЕ]qo t1rш рlшээe1dоJэ]l1 эЧl .;o шtв;8ouo5

ll-6 эln0lJ

ptlЕ (snJэlt.t) Jэ{?I Jэlno эruэ8oqээ э.loш ,!rч31s Е Ч1I,ц
эJnlЭnJ]s lJЕd-o^6,1 Е sЕ sJЕЭddЕ llun IЕluэЭЕ1doлэtrr эч1

sаJnlcnlls lPtltl0N

scNl0NlJ эll{dvнc0Nosvullп

.3ur1sэ1 &IдIllsuэs pue .эJnllnЭ

d8o1or.{э JoJ ,pэl?ЭIpul uэLInД. .pэLuJoЛэd эq uЕэ (slsэluэJ

rrrв:8оuсls эr1r 3o dol эЧl ]Е sl
UэtuoрqЕ IЕJ]u).\ s.эJЕIU эtIJ III] 7 1 3o r1lсlэp pэ;(е1сlstp l] ]Е JэJnpsUeJ]
JэLIuP]s-jO]Jэs zнtr{-O s l] Ч1I^\ pэUlЕ]qo su.rr ruвrвouos sIЧJ (J) sпlэJ
эч1 8щpuno:.тlrs pэUэi)IЧl s.l (Y) LтOIUtuЕ )LIL (moJJD) 1rurr 1в1uээв1d
-OJэ}n pэuЭ]ЭIЧt эLI] pLIu pllru ]ro]uPIIl] 9 эpe:8 эt1l 1lroч3rro:чl 3ul1g6g
sэ1эluвd эruэ8oчээ srroJэIuntl эrр э]IloN uо1]вlsэ3 3o s,(вp g7g rz
а:вrш pэ:qq8nсl:oч1 pэ8u uЕ ruo:д pЭUlЕ]сlo p]ng ЭIolUl]lIЕ 3o tuп:8ouo5

0 t-6 аlnalJ

zL-6 аlnn!l

,{с1dtl"l3ouoso.l11n IDpiI . 6 .laldlэqЭ o€v

Ve
tB

oo
ks

.ir



l)r]цoJ UDIS ]ood IUoJ.J sl]P,ЛЦЕ эJu

IIJЕJвouos эLIl Jo sэpls tlloq uo ]UэsэJd sэull эIUэ8oЧ]) )LIluэЭuoJ эrIJ
IIIDJ8oUos эЧ1.]O dol эql 1в sI UэLUopqЕ IеJILIэ^ s,эJuIU эЧI tuЭ zI Jo
Ч]dэp pэdвTdslp Е lЕ JэJnpsUЕJl J)utтЕJs.Jo]]эs zЕw-9 L Е Ч1I,lA. pаLIр]qO

sв,16. IIIЕJ8oUos sIЧI .uаIUoPqс s.эlr:Iu эЧ1 Jo )pls UэT эЧl uo JэPPI1 эЧt

Jo 1UOJJ UI pэUonlsod pDэЧ эЧl LIlI'\\ эpls ЦэI s]I uO 3uт'щ 'uurtrruэsэ:d
(Jоuэ1шu) IеIUв.IJ Е tll sl?,!\ sl1lэJ slЧJ .suэI эq] ]o э1nsdвэ :o1.тэrsоd

puв JoIJэ]uЕ эrp sluэsэ:dэ: эuт1 эtrrэ8oчээ trIЧl эЧI (i_6 )]nЯ|{ UI

sЕ эJЕuI эruвs) rrol]в]sэ8 Jo s'(Еp z0' lЕ эJЕIU рэJqэIppЕs LrcэIJэury plo
-:вэ,{-g1 в IUоJ; pэu!в}qo (moJJD) ]IqJo pur pr:эrТ IelэJ эr1l go ruв:8оuoч

Ie}эJ ЭЧ1 8ururetuoэ эJlltЭnJls JЕInвUЕIJI Е sI xЕJoЧl IЕtэJ
эЧI .Ч)ЕoJdde Iв1ээ.tsuе;l эtI] tЦo4 puЕ uэrЦopqЕ IЕJluэA
эql IuoJJ pэ8ЕuII dцвnsn oslЕ sI >IJэu IЕlэJ эЧl .ЕIJolsdp

Е Jo d]Illqlssod эЧr o] ЦЕIJIuIIJ эЧl lJэIЕ plnoЧs uo|lЕ]sJ8
э]ЕI uI uэшopqe IDJ]uэA IЕpl1ЕJ s.эJЕu] эЧl 8uoF, PЕэЧ
IЕlэJ эЧl Jo UoIlJэlэp эЧI gr.qЭЕo.rdde snoэuеlnЭsuЕJl
эЧl luoJJ pэ8?шI эq UЕf, pЕэЧ эЧt ssэIun ,pэpээU эJЕ sJэl
-эIIIЕIP Ie]IqJo Jo slUэrUJJnsPэur Л d11вlээrsurll pэUuЕЭs

]sэq sI puЕ SI^IэсI s.эJЕuI эLIl JЕэu pэuolrlsod .t1lвnsn st

pЕэЧ Ie]эJ эЧl .uollЕtsэ8 эrq u1 .Uol]Еlsэ8 uI ]qJ?э эuop sI

rue.l8ouоs эql Jo dol )ql 1Е sI uЭu]opqt IвJluэ^ s.эJЕtu JЧJ
uI) / Jo qrdэp pэdв1dslp Е ]Е JэJnpsuPJl JэuLIЕ]s-Jot]эs Zнl\L-s l P LIIIA

pэulЕtqo sв,lr rлвr8ouos slq; э8вrur эчr ;o э3pэ :э,tо1 1113п эr1t rтo

эTqIsI^ sI (J) snlэJ эr1l 3o uoц:od Y pltllJ )Io]UЕIlP ,tq pэprтnoJ-ns slol
-uвIIЕoIJoЧJ эч1 uo 8щlsэr sl эuurпoсIdlч эq1 uor8э; экrr1ээoс1,{r-1 :э1no

)Ч1 pUв эUЕIIIoddlq эчl Jo PэJЕ ) эЧl э]]]oN '(б_6 PuЕ

9_6 э:rr3I{ uI sl1 эJЕIU аLUcs) Uo s€ ]Е эlrlu pэ:qr18nо
]:oЧI plo-:r:э,(-Zl l] IUoщ pэUlе]q сlddlч в 3о ruu.l8ouo5.

Е l-6 а,|n0!J

UвJs эЧ1 ssэIull (ЙI-6 .3lД) uЭIlIoPqЕ IЕJ]uэA эЧt Jo JooU
эЧl lЦoJJ pэ8ЕLUI dltuэnЬэlgul sI pЕэЧ IЕlЭJ эЧJ .PJЕnNuo

эшIl slЧl luoЦ snJэln эЧ1 uILIIIA uolllsod sэ8uЕЧЭ .{IэJЕJ

pUв dJэ^цэp JoJ JI sЕ sllJэln эЧ1 ulЧ]Ine pэuol]Isod dцвnsn
sI snlэJ эЧ1 .Чluoш Ч]ЦIu эЧt JЭЦY ls 9! 1' .9! ,'l.Uolllsod
JlqnсlosJop .uor]еluэsэлd (rorrэtuв) IЕIul]Jэ Е UI punoJ
,!1еrrsn sI 1l1q snJэ]n эЧl uIЧ]}^\ uolllsod duв ur pэ]Jэ]эp
эq ,(eLЦ sluЭJ эЧJ .ltIэsэJd sI snlэJ эI8uIs Е d1uo rечt
эJns эq ol pэuueэs {ч8no;oчr эq PlnoЧs snJэln эЧI

os.(I-6 эIquI) pInU эIolUl,IIЕ JoJ

wJ 
'.' 

+ 
'.ЕI 

pul] эI]oIUIuЕ JoJ IIIJ 9.Е + 6.L Jo uInцI
-IхЕшI Е o1 dlunJ IЕ]эJ эЧ] punoJЕ pltlu ЭIO1LIЕIIе Io/PI]е
JIloIutUв Jo IuЭ 0 IIIO{ dл,t sчrdэp ]э{Эod pInU IЕЭIIJэ^

IеIЦIхЕцJ эsэЧJ €J..БuI,\A.oIIЕ,l&s dq pэ.toruэJ эsoLI] pul, .8unl

pul] ,(эuplч IЕlэJ эЧl uI {IIJЕLUIJd .pэJl1poJd эJЕ 1ЕЧ1 sPInU
эltrl uэЭ^\lэq шnlJqIIInbэ uЕ Jo tlnsэJ эЧ1 JJЕ luэsэJd
splnu IЕlэJ Jo sэI]IluЕnb эчд .8utэq-цэ^A' 

Il,lэJ Jo sJolЕЭIpul
luЕЦodшI ЭJЕ snlэJ эЧt punoJJlls lPЧt spll1u JIO]UЕIIЕ

puЕ эIloluluЕ Jo slul1oшIЕ эtIJ .uolll]Jol sIЧ] lЕ pэulЕlqo
d1эдes эq OsIЕ uЕc эIdtuЕs pInU ЭIo]uЕIIЕ uY .эЭuЕpln8

JILIdЕJ8ouosЕJlIn 8ulsn 3ur]sэ1 lrlдltIsuэs puс эJnlInJ Jo
uollЕululcxЭ эr3o1ol.(э JoJ pЩU JI1oIULuЕ 8u1щelqo ro;
эAIlJnpoJd lsoш dIIЕIlIJou sI эlls SILIJ .(6_6 puв 7_( 

.s8ld

ээs) xЕJoЧl эЧl ЧlI^\ >IЭэu pUЕ 3э1э.tog эЧ1 Jo uollJun[ JtI]
punoJЕ luэsэrd pInU ЭIloluluЕ Jo tэ>I)od lsэ8JЕl эLIl tI]I,ц
,sвэ.ru lsorц uI snlэJ эЧl o1 sэJэЧpв .(1эso1.l uoluulЕ эЧI

.luэIЦэ oIU

IЕ]эJ o1 d.rвpuoээs snJэ]n эЧ] pul-loJЕ эAotu pLIЕ gn131n эQl

uоI1гI.\)P рJтnUг]s сs

у_ t

t tr-.
с_n

L ( ( -: >

1hlnuЦUo)slp .JO sЕ)Jr IIЕLtIs эlI]E
pэ3rrut

slэssэ^ TBILIэЭPId 1lur эul:э1n 11сrш5

Ir-у 9l+IL
9r-9 ta+9rr

,hцru1ruо3

sIэssэA
lJeЦIoJ р1uээe1do.re1д

(tulu) ssэшIJlЧl IвIIJ]UItr'{
(шl'ц) ssЭuiЭIll] IЕlIIIхвl{
ssаLDI)IЧl 1в1uээe1doлe1д

(' 0) ,trw'rс)
(tUэ) Чldэp IЕIПIxPtr'{

ptп{ эt1otutttv
(€_о) illlвnO

(ruэ) чrсIэp Il1rulхetr,{

рtп1[ эtо1uo11v
splnu Ig}эt
эЭUЭsэJd
эuol Ielef

(t-0)
,&1,цlэe р1эд

шrЧ].it[J puЕ э)UэsэJd
8uдрвэ.rq 1e1эд

(tU)) швЕJЧdDlp lY
Чlpl^& q)eJoqJ

(rulu) riloЕ 8utpuээsу
JэlэIlIвIp JIuoY

(rudq) цч uвэщ
(шldq) эБUЕJ uн
(ruсIq) цц ч3lц

(tuсIф sdup 6Z' < uн ,!Aol
(rudq) s,tup 0€9 > Eн ,lДol

(uн) Фr,J ЦeаЧ IeleJ

Е I.-. L)L

,(-61

8 i8-8 €E
ol_r

8r r-9s
ttJ-a s
s8- r9

90 т 9 t

9l+61
LO+WI
t' + у!-1

zr + t8l
( ( + 6 ((

} + оI7/

00r + i9I
0Il т 6 Zб
L8 + ус1с1

89 + I0i

1uэs^JJd

Е_I 90 т 9I

]ItuLIl,{LlJ pUЕ lllэs)Jd

а0ueн+0s т usаI^l

u0Ilelsаc эlel u! sluашаlnsЕаш lPulаleш pue lPlэJ IPшI0N
!_6 аlqel

luашаJпsPа|^|
Ieulаleш l0 IelэJ

tt.6 аtп0!J

I€' [с1do.|3ouostl"tцЛ ID@II . 6; "ta1daqg

Ve
tB

oo
ks

.ir



432 Сh.tРtеr 9 . Fеtаl tлtraso'|ogrаpbу

hеart at thе сranial and narrowеst aspесt of thе thofaх,
with lungs, diaphгagm, and livеf visualizеd within a сгa-
nial to сaudal dirесtion. Aсoustiс shadowing is dеtесtеd
fгom thе vеrtеbгal boсliеs and from thе ribs, making
idеntiflсation of thе thoraх еasiеr (sее Figs. 9_6 and 9-8).
Howеvец thе rib shadows or shadowing fгom anу of thе
bony skеlеton may makе visualization of thе fеtal hеart
in a partiсulaf sсan planе difliсult and foгсе thе еxaminег
to сhangе sсan-planе oriеntation of to Wait tbr fеtal movе-
mеnt. In thе сranial abdomеn thе livеr and stomaсh arс
еasily visualizеd with fluid normally dеtесtеd in thе fеtal
stomaсh (sее Fig. 9-7). Thе splееn, both kidnеys, and
bladdеr aге usttally also visiblе ttltrasonographiсallу in
thеir normal anatomiс position. Thе umbiliсal сoгd is not
usually imagеd from thе marе's vеntral abdomеn owing
to its dorsal attaсhmеnt. oссasionally thе rrmbiliсal сord
is imagеd fгom thе abdominal window (Fig. p-15), usrь
ally whеn thе fеttrs is lying on its sidс or in a twin
prrgnanсy. Thе limbs aге visiblе in multiplс diffегеnt
positions and diffеrеnt sсan planеs and arе rarеl1z imagеd
in thеir еntifеty in onе sсan plarrе.

Thе fеtal thoraх is an important arr,a of thе fеtus to
loсatе foг dеtеrmination of fеtal hеaгt ratе (at rеst and
dttring and aftеr ехеrсisе)' сardiaс rhуthm, aortiс сliamе-
tец and fеtal bгеathing. Thеsе assеssmеnts afе impoftant
indiсators of fеtal wеll-bеing (hеart гatе, rhyhm, and
brеathing movеmеnts) and fеtal sizе (aortiс diamеtеr).
Four сhambеrs and two gfеat vеssеls should bе гесog-
nizеd in thе fеtal hеart. with a hеaгtbеat dеtесtablе from
25 daуs on. Thе normal anatomiс rеlationship of thе
сafdiaс valvеs, сhambеrs, and grеat vеssеls should bе
prеsеnt. Thе normal fеtal сardiaс гhрlrm is sinus and
should bе еvaluatеd at frst and during and aftеr aсtiviqrз6,
.]7,58' 59 Fеtal hеart fatеs afе rеlatеd to gеstational agе and
fеtal aсtivity. Thе lowеst fеstins hеart ratе of thе еquinе
fеtus dесrеasеs as gеstational agе inсrеasеs.5 60-6.l A basе-
linе mеan rеsting fеtal hеart ratе of 75 + 7t6 or 76 -t 8
bеats/minlltе6a has bееn fotlnd in two studiеs of noгmal

Figure 9-15
Sonogram of thе umЬiliсal сord obtaiпеd 1iom а 15-yеaг-old Amеriсan
Saddlеtlгеd maге at 302 days of gеst;rtion (samе mitrе as in Figllfеs 9_3
and 9-14) Тhе anссhoiс lrmЬiliсal \сssels (аrroш) aге сoilеd vеntгal
to thе fеtlls (ф Tlris tЪtus was in a сгanial (antеfior) Pгеsеntatioп l).ing
on its ]еft sidе This sonogfam wаs obtainесl with a 

' 
0-A4нZ sесtof'

sсannет tгansdllсеI and a displa1,еd dеpth of 16 сm Thе maге,s vеntral
abdomеn is at thе top of thе sonogfam

fеttlsеs from marеs in latе Е.еstation using fеtаl есhoсaгdi.
ograph-v (Tablе 9-1). Similar fеtal hеart ratеs havе bееn
found in studiеs using fеtal еlесtroсardiogfaph}.60 6r (..

Slightly highег hеaгt ratеS havе bееn founсl in Pеrсhегon -

and pony fеttlsеs in latе Е.сstation with frtal еlесtгrэ.
сardiography.6() .,3 Fеtal movеmеnt normally rеsults in
hеaгt гatе aссеlеrations, whiсh сan bе dеtесtеd with fсta1
еlесtroсardiograplry,.'o tfansсutanеous Dopplеr fеtal hеaп
гatе monitoгing from thе vеntral abdominal window.; .

and fеtal ссhoсaгdiography 16. ]' Thе rapid motion of thе
noгmal fеtus makеs it difliсult to obtain a fеtal hеart ratе
mеasurеmеnt withotrt thе usе of M-modе есhoсаrdiogгa-
phy, as thе fеttrs is rarеly still for 10 to 15 sесonds whilс
thс thoraх is bеing imagеd. Transсutanеous Dopplеr fеtal
hеaгt гatе mоnitoring is supеrioг bесattsе fеtal hеart ratеs
сan bе rесoгdесl along with fеtal movеmеnt. Нowеr-ет
man1. of thеsе sуstеms dеsignеd for htlmans arе difliсulr
to adapt to thе laгgе abdominal sizе of thе prеgnant
г;rarе. Сardiaс aссеlеrations of 25 to 4О l>еats/minutе foт
approхimatеly 30 sесonds in duгatiorr lravе bееn гс-
portеd in assoсiation with fеtal movеmеnt usinЕ. tfansсu-
tanеolls Dopplеr fсtal hеart fatе monitoring.5,rr Thеsе
сaгdiaс aссеlеrations oссuf frес1uеntly (avеragе of 1(l
сardiaс aссеlегations in 10 minlltеs) and гarеly (59оl
oссur withotrt fеtal motion. Сardiaс aссеlеrations in ге-
sponsе to fеtal aсtivit). aге an indiсation of fеtal wеll.
bеing in humans and horsеs.JJ 68,69 Nиith transсutanеous
fеtal ultгasonography, a mеan hеaft fatе rangе of 15 -
10 bеats/minutе Was fotrnd bеtwееn fеsting and postех-
еrсisс hеart гatеs,].' whеrеas pфsiologiс variations in
fеtal hеart ratеs of 7 to 1'5 bеats,/mintrtе Wеге rеportеd
with transсrttanеous Dopplеr fеtal hеart ratе monitoг-
ing.]r Ехaggегatеd fеtal hеart ratе fеsponsеs havе bееn
obsеrvеd with tfansсutanеous Dopplеr fеtal hеart ratе
monitoringr ]] and fеtal еlесtroсaгdiography62 2 to 3
da1.s prior to parturition

Noгmal еqtrinе fеtusеs afе vеr}r aсtivе durin8 thе sсat-t
and aге raгеly quiеt or imagеd in thе samе plaсе foг
longеr than 5 mintltеs at onе timе. Ultrasor.md studiеs of
thе еquinе fеttrs havе shown that thе еquinе fеtus has an
avеragе of ninе simplе, singulaг movеmеnts in 10 minutеs
bеginning in thе flfth month of gеstation. Thеsе simplе
singulaг movеmеnts dесrеasе in frеquеnсy during thе
last quartеr of gеstation, .whеn сomplех fеtal movеmеnts
bесomе morе сommon, avеraging 20 pег hour in thе
330-day fеttls.{ Сomplех movеmеnts oссur lеss геgularlr.
than simplе movеmеnts. Мost doгmant pеriods in thе
latе-gеstation еqttinе fеtus arе 10 minutеs or lеss but
oссasionally last 30 to 60 minutеs or longеr. T1rе еquinе
fеtus should havе normal mttsсulaг tonе during thеsе
doгmant pеriods and should not appraf flассid.r6 Thеrе-
foге, long pеriods of fеtal inaсtivity dtшing tfansсLltanеous
fеtal ultrasonography should pfompt rе-еxamination' as
thе еquinе fеttrs appеars to spеnd lеss timе slееping oг
rеsting than doеs thе human fеtus.

Thе fеtal ltrngs arе not aеfatеd and rсsеmblе livег.
with tlrе normal bгanсhing of thе pulmonaгy vasсulatuте
visiblе. Thе diaphragm should bе idеntifrеd bеtwееn thс
fеtal lrrng and livец and rеgtrlar thoгaсiс сxсtrrsions and
diaphragmatiс movеmеnts (normal bгеathing movе-
mеnts) should bе dеtесtеd iп all latе-gеstation fеtusеs
Thе rib сagе сan also bе dеtесtеd ехpanding with геspira-
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tof). movеmеnts.2o,16 Thе grstational agе whеn rhyhmiс
bгеathing movеmеnts normally bеgin has not yеt bееn
dеtегminеd for thе еquinе fсttrs.

Fеtal'aortiс diamеtеr is сorrеlatеd with nсonatal foal
s-еight3r' 3.1, ]6' ]r and matеrnal wеight.J6 Мatеrnal wеight
сan bе trsеd to aссuгatеly pгеdiсt fеtal aoгtiс diamеtеr
and thегеforе еstimatе fеtal wеiglrt and matuгity.j3.36 Fеtal
aoгtiс diamеtеf сan bе prеdiсtеd fгom thе геgrеssion
еquation (Y : 0.00912*х + |2.16), lмhеrе Y : pге-
diсtеd fеtal aortiс diamеtеr (mm) and Х : ргеgпent
marе's wеight in pounds.r7 Thе maximal thoraсiс diaпrе-
tег is also an indiсation of fеtal sizе. Thе normal maхimel
thoraсiс diamеtег of a latе-gеstation foal is 18.4 t 1 2
сm (Tablе 9-t;.з- Foal girth mеaslшеmеnts and hip hеight
havе also bееn сorrеlatеd with fеtal aortiс diamеtег пеll-
surеmrnts.J! Fеtal sizе that is normal for gеstatiorral egе is
onе indiсation of normal intrautегinе сonditions ]] jr ]о j

Twins

Thе dеtесtion of twin fеtusеs is ebnoгmal and usuallr
геsults in thе abortion oг pfеmaturе birtl-r of onе ог botl-t
fеtusеs in mid to latе gеstation. Raгеlr' aге tтi-ill tbаl: boгn
alivе at tеrm and, if thе1. afе, thе\- aге otгеn snlall and
dl.smaturе. .W.ith raге ехсеption. thе dеtесtiol-t of tтr.il-t

prеgnanсiеs сan bе suссеssftlllr- pегfoгn-rеd br' tl-rс еlpегi
еnсеd ultrasonologist at all stagеs of pгеgneпсr In еaгlr
prеgnanсy thе dеtесtion of tтr.in епrbгr oniс r еslсlеs сan
bе rеadily pеrformеd tгansгесtallr- (sее Сlraptег 8) If
rlvin pfеgnanсiеs сould not bе suссеssfull1- еliminatеd
transrесtally сarl1. in gеstatiol1, twin еlimination сan bе
pеrformеd tfansсLltanеously by injесtion of KСl into thе
hеaгt of thе smallеr and lеss aсtivе twin (Fig. 9-16l.*. .,
Twin еlimination by thе intfaсafdiaс injесtion of KСl has
bееn pеrfoгmеd fгom 66 to 168 days of gеstation.5' This
pгoсеdurе, pегformеd by an ехpеriеnсеd vеtеrinaгy ultra-
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sonologist, rеsults in 1О_5О% of maгеs сarц,ing a singlе
hеalthy foal to tегm if pегfoгmсd at of attеr 115 daуs; thе
rеmaining marеs usually abort both fсtusеs. Part of thе
sеlесtion for this proсеdurе involvеs ultrasonographiсally
assеssing fеtal wеll-bеing by еvalttating fеtal sizе, movе-
mеnt, hеaft гatе, and сardiaс rh1.thm to сhoosе thе largег
and morе aсtivе fеtlls as thе dеsignatесl survivor and
injссting thе smallец lеss aсtivе twin.2;,5t 52 Thе sеlесtion
of tlrе sitе for twin еlimination should bс pеrformеd aftег
adеqllatе sеdation of thе maге. Thе sеdation also quiеts
thе fеtusеs and rеsults in tlrе fеtusеs sliding сгaniallу in
thе abdomеn into a morе aссеssiblе positiоn. A strrgiсal
pfеparation is pеrformеd at thе abdominal sitе sеlесtеd
for twin еlimination (usually сfanial to thе marе's flank
folсl) aftеr a loсal bloсk is pеrformеd. An 18- oг 2O-gaugе
disposablе 6-inсh spinal nееdlе is ttsесl fbг piегсing thе
thoraх of thе fеtus sеlесtеd 1br еlimination. This pfoсе.
dltге is rrstrally bеst pсгformеd r-lndеr ultrasonographiс
gr-ridanсе with a biops1. guidе (Fig. 9-1'7), but a frее-
hаnd ultrasound-gttidеd thoraсiс pllnсtllrе сan also bе
pегtbrrnеd br' tlrе ехpеriеnсесi ultгasonologist. Thе nее-
dlе is guiс1еd tlrrough thе abсlсlminal and utеrinе wall of
thс maгс arrd thеn thе fеtal thoraх is pеnеtratеd with a
qrriсk shaгp adr-anсепеnt of tlrе nееdlе. Aftег a flashbaсk
of blood is obtainеd. an itrtгaсaгdiaс injссtion of appгoхi-
гт-t,.ttеlr' + nrl сtf stегilе КСl (2 mЕq/ml) is adrninistеrеd
п rthirl thе hеaгt IГ thе l.rеaгt сlt11llot bе suссеssflllly
pur-tсtl.tгеd e slrghtlr laгgег l-olttпrе tlf КС1 сan bе adminis-
tегеd ir-rtгethсlгeсiсallr \ гаpid sloп'it-lg of tlrе lrеaгt гatе
anс1 aггlrr1lrrrrias eге dеtесtес1 rr itl-r a suссеsstul illtгaсаг-
diaс рutlсtttге Сoпlplеtе сеsslltioll of сaгdiaс пOtion
slroulсl bе сiеtегlrrinесl in tlrс tп iп sсlесtеd tilг еliпrirration
(Fig. 9_17) bеfoге tеrminating thе proсеdlrrе anсl сon-
flгmеd at fbllow.up ехaminatiсln of thе suгvir-irrg trvin
Aftеr suссеssful twin еlinrinatiсltr, thе oppositс t\\.i11

shor.rld bе ге-еvalttatеd foг еvidеnсе of t.еtal distгеss (Fig'
9-1'6). Flr-rniхin mеgluminе and pfogеstеronе slrorrld bе

Figure 9-16
SonoЕ]гams of rwins obtainеd ltom a 22.1,еar-olсl Thoгoughbrеd rr.raте at 121 days Е.сstation

,{. Thе two fсtusеs (F) arе dividес1 by tlrе aсlioi[ing plaсеntas (l,) Thе ]сft fеttls was stightlv smallег arrd lсss асti'е. haс| :r ltlwег hеaгt rаtе. and
rhегеforе Was sеlесtеd fof еlimilration Tlris sorrоgгanr Was oЬtainеd with a 2 5-l\{HZ sесtoг-sс,.lnnеf tlansduсеr lt x displа\-e(t dеpth of l8 сm Thе
пleге,s vеntгal abdomеn is at thе top сlf thе sonoЕ.ram

,B, An intrathoraсiс injесtion of 8 nrЕq of KСl was administеrеd to thе lеft fеtlls, fеSulting in tеtal rlеmisе At thе timе rlf сlеatlr thе fъtд| flUids
suггourrding thе lеft lЪttls bесamе есhоgеniс aпd flсlссulеrrt, assoсiatеd with thе probablе ехpulsiоn сlf rtrinе arrd пессlпium into thе tluids
suггounding thе fеtus Thе fight twin геmainесl aсtivе and surrounr1еd by anесlroiс fеtal f]uids This sono!.гxп $''as obtainеd witlr a 5 O-MHz sесtог.
iсanf]ег tгansduсеr at a disDlа\,есl сlеоth of 16 сm
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Figure 9-17
Sсlnсlgгamsсlforrеofapairoftwiпtеtusеsobtaiпеdttсlпal3-1,сaг-o1с1,\labianr11afеatсl],
a 5 (lМHz (,4) and 3 5-мHz (-B) sесtol-sсannег tгarrsduсеr and a displar.сс| dеptlr оf 1.i сm (,,1) anсt 22 сm (B)

.4,Thist$,infеtLls$.assе]ссtеdfbrс1imiпatiOnbесаusеitwassmxllеIthаnthеsuп'i\.ing
arе сеntеГеd ovеГ tl-tс 1.еtxl hеaгt Oп this sonogfam T1rе fеtа| hеaft rvas 5 43 сrrr (х ) frоln tl]с n1аfе.s 

'еfltrxl 
aЬ(lomеn Тhе spinal nееdlе was thсг

asеptiс:r|lY aсlr,anсеd thгough thе biops\' gllidе iDto tlrе tЪtal hеeгt аftсt. a loсal blсlсk aпсl stегilе prсpaгition of thе vепtгal abdomсlr had bеег
pегlbrmесi

-B'Thissonograшof thесlеaсl twirlrr':rsoЬtaiпесl oпесla1'aftеrеliminationof thistwitl bYirl]in|raсafdiaсinjесtiоl1 of KСl l.hеhеadсlf thеfсtu:
is сlеarlr, Yisiblе .lnd was fоlсlеd tlvеl tl.rе lеtal bоdi-

administегеd immеdiatеly following this proсеdttfе and
foг sеvеral da1,5 n'. morе thеfеaftеf.

Twins maу also bе dеtесtесl latеr in gеstation whеn thе
twin еlimination proсеdufе is no longеr an Optiofl. oftеn
thеsе marеs prеsеnt at 7 to 8 months of gеstation bесausе
thеir abdomеns arе largег than nofmal for this stagе of
gеstation or thе}. afе baЕ]ging up andlor laсtating. A thor-
ou8h rvalllatiсlrr of thе utегus at this stagе maY fеvеal tslo
livе fеttrsеs or Onе (Fig.9_18) Of two (lеss likеl1.) сlеad
fсttrsеs (Fig. 9-19). Thе сlеad fеttrs oftсn appеaгs foldсd

Figure 9-18
Sonogram of twit.ts obtainеd ttom a 9-vеar.оld Тhсlгtlrrghbrеd maIе at
244 dal,s о1 gеstation (sarпе nrar.е as in IriЕ]tlге 9-5) Tl.tе сlеасl f.еtt.ts is
strггoundесl b1,r,сry ссlrogеniс fеtаl flttiс|s (аrrou',1, anс1 Lhе liуе tttrrs is
suгroundеd bv aпесhсliс fluid Thе lir'е tЪtlrs was sma|l Гor gеstatiсlnal
agе l)ut lrad a геlatil'еl1'noгmal hеaft fatе and nO Othег indiсatio11s Of
fеtal distгеss Thс сlеaсi fъtlls s'as muсh sпu]lег thill thе sr.]П'i.\'iП!!, twin
and r,vas fоldеd on itsеlf. п,ith thе hеad and nесk ol.егl.ving thе thofaх
Тhis sonogfxnl п-as obtainсd $.ith a 5 0-}lHZ sесt()г-sс,lnnег transсltlсеt
at a disрla}еd dеpгh оf 16 сln Тlrе mafе s \,еntгxl abсlсlпrеп is at thе
top of tlrе sonogfan-)

on itsеlf (Figs. 9-18 and 9_l9). Thе appгoхimatе sizе ot
еaсh fеtlls should bе dеtеrminеd and thе 1еtusеs еvaltг
atеd fbr irrdiсations of fеtal distrеss. Thе intfalltеrinс
еnvironmеnt should also bе сafеfully еvaluatеd, and tbl-
low-rrp tfansabdominal Llltгasonogfaphiс ехaminations arс
Llsllalh, indiсatеd to monitof fсtal wеll-bеing Aтеas ot
plaсеntal tlriсkеning xnd plaсеntal sеparation havе dеr еl-

Opесl duгing latе gеstation in п1afеs in whiсlr onе tц'in
сliесl at 7 to 9 months (Fig 9-20). Oriеntation of both
fеtt.tsеs is impoгtant to dеtеrшinе bесausr onе fеtlls is
()ftеn in a сattсlal (postеrior) prеsеntation. D).stoсia is
possiblе with this pгеsеntation, althсlugh tlrе malpге.
sеntеd fеttls is l'lsllall-Y small and ma\, bе dеlivсrеd without
irrсiс[еnt' As thеsе arе high-гisk pfеgnanсiеs' tfansporting
thе marе to a faсiliq, еquippеd to handlе high-risk nеo.
natеs should bе сonsidеrеd.

FеtaI Abnormаlities

Aoгtiс сliamеtеr is an aссttrlttе pfеdiсtof of f.еtal sizе in
noгmal prеgnanсiеsr. зr ]6 a11с1 has bееn shown to bе a

sеnsitivе indiсatoг of fеtllsеs that afе small foг gеstational
agе in higlr-risk pfеgnanсiеs.r_ A snrallеr-than-pгеdiсtеd
aortiс diamеtеr (< pгеdiсtеd - 4 (sЕ) [_ 5.038l) indi.
сatеs thе pfеSrnсе of twins (Fis. 9_21) oг a small or
Е.rowth-rеtardеd fеtr.ls (Fig. 9_22). Smallег-than-pfесliсtеd
fеtlrl sizе is an irrdiсation of tlrе birth of a snrall-foг-
gеstational-agе, growth-fеtaгdеd, oг dysmaturе foal(s)..], .

A sme1l-for-gеstational-agе foal ma-Y bе prосltrсеd Whеn.
еvеf intrautеrinе сonditions aге unfavorablе foг a pro.
lсlngеd pеrioсl of timс.]- Maхimal fеtal thсlraсiс diamеtег
is also signiliсantl1. сorrеlatеd with fеtal aortiс diamеtег
and nеonatal foal wеight in high.risk prеgnanсiеs (Fig
9_23) 1- Аlthough mсaslrfеmеnts of fеtal aortiс diamеtег
and mlrхimal thoraсiс diamеtеr arе ffеqlrеntlу r'rsеd tо
prеdiсt Smаll-fof-€.еstational.aЕ.е еquinе fеtusсs in high-
risk pfеgnanсiеs, thеsе mеasurеmеnts would also bе usе-
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Figure 9-19
solloЕ.fams сlf tп'ins obtail]еd fгom a 1]-\-еxl-olсl Thorсlughbгеd
1nxге pгсsеnting 1br соliс at approхimatеJу 2.i0 davs оr gеstation
Тtrе lеlt t.еtrrs ц,as пlLlmmifiеd and thе ;:ight fсtus аll1lеaгсс1 to bе
гесеntlY dеad Tlrеsе sonoЕ]гams П.еге obtaiflесl With a widе-blnd-
\\idth 2 5 \{I1Z sесtoг-sсannег tfansdllсег opеfatinE. at 3 5 }lHz
and a disPla\'е(| сlсpth оf 20 сm (,.1)' 30 сm (B)' and 2tJ сm (.-)
Pxгtr]гition sas indtrсес1 anсl :r лoгmal siZс. fесеntl)'dеaсl 1Ъtus aпd
;t nlutlln-]iгlе(t ttttts sеге dеlir'егеd

1 Гhis \OПOg'гllП-l slrorr s thе two dеасl fсtusеs (rrrrтиls)
lt]\If,PОsсd s ith thе рlасеnta] dirisiсln bеtwееn thе two lъtusеs
( |)рс11 (|1rоtt ) -Гlrlе гight tЪtus s:l5 пl()ге rессlgt-lizablе and ap.
l]с.1гсd гесспt|\ сjсltсl rl1liLе Ihе lеtl iеtU5 п es ргinraгilr e сo]lесtioп
oi lltlпеs sirh tеs гссtlgпizlblе stn]сtUгеs сOnsistеnt п.ith a

пL]nlпl\
1j sono!.гaп ilf thе ot-rlr' гсссlgrtizablс peп оf thе lllumпliliсd

tЪtrrs rr'hiсl.t \\ aS tlrе thоГах i,//,].()lt'.s, Тlris tъtris iь r'еп sлrall foг
а!]сstatjona1agсofappro-хimatеh.zj0с1:rvsNonеОfthе-геmаini1lЕ]рofbnSсlfthсtnumnri1iеdfеtL]s

С, Sonсlgгam сlf thс гесеntlv dеad fеttls сlеmonstг1ltinЕ. thе thofxх (гight sidе) aпd lbс|omеn (lеft siсlс) Тhе сltгLliaс stгLlсtllгеs roрerz
tlrrou]) Ilfе barеlt- гессlgпizab]с iп tlrс сгanial por.tion of thс tl]оraх of tlrе riglrt (гесеnth. dеaсl) fеtus Тlris tЪtus is ill a сaudal (postеfk)г)

])гсsеntatiоl1 anсl is rrеarl1'noгm;rl sizе fоr its gеstational agе

Figure 9-20
Sonogгarls of thе rrtеroplaсеntal ltnit obtainеd 1i.Om a 1.J\,еar-old ТhсlгorrghЬгеd пafе (samе marе as in FiЕ]L|геs 9_5 aпd 9_l8) п-ith twins (oпе
twin had r1iеd at а1lpгoxin-ratеlv 2,1.1 da)'s) Thс mаге is Лo$, аt з2.] dl}s Of gеstatioп алсl has dеvеlopес| aгеаs of Lltегoplaсеrrtal sеpaгation (А) an<l

thiсkеningofthеutегoPlaсеntalLlnit.B).а]tIloughtlrеtЪttlsisl1сti\,еandslrowsnсlsignsоffеta1distгсssOthегthаnbеingsmall
lrgе Тhеsе soпOgrams wеге obtainеd s,-ith x 7 5-МHz sесtсlr-sсannсг tгatlsduсег opеrating at 10 0 N{нZ xnd x с]isPla\е(l dеpth tlf t] сm Thе malе
п-as again pl:Lсеd orr broad-spесtntrl antimiсrobials and pгogеstегOnе lnd maintainеd thе pгеgnanс\ rrnti] tегm: hсlп.еvсr, thе li\'с twin' w]riсh was
r ец. small arrd wеak, did llot strп,ivе

-4. Thе anесlroiс aгеa сlf LltеroplаСелta| sеpaгation (аrrou)) is nеW sinсе thе s()no!.гam onе moпth еaгliеf bllt is loсelizеd t() thе mid poгtiorr of
thе сalld1tl aЬсloпrеn

B,1.hiсkеnirrgoft]rссhorioa[1aпtoisisdеr,еlopinginandaгсluлdthсafеasоft-ltеrсlplассnta]sеpafation(.rl.rош's-)'andthее1ltiеLl[егOplaсеl1tal
unit nоW ехсееds 1 t] сm in thiсknеss

Ve
tB

oo
ks

.ir



436 Сh.ьРtеr 9 . Feteil LЦtrаsoпogr.]pbу

Figure 9-21
Sonogгam of a smаllег-tlran-ргеdiсtеd fеtal eoгta tiоm a twin tЪtrrs

оbtainеd tiom an S-yеaг-olсl l.hoгotlghbгесl пlarе at ]14 daуs of gеsta
tion This twin was thе smallсг of thе t\!'o. with a fеtal aoгtiс diamеtег
of 1 55 сm This fеttls is in x сгanial (1lntегioг) pгеsеntatioo' with thе
fеtal tl]ofaх on thе lеlt of thе sonоgт;tm and thе fеta-l abdomеn on
thе гiglrt This sontlgram was obtainеd with a 2 5-MHz sесtor-sсarrnег
tгansduсег at a displa).есl dеpth of 30 сm Thе maге's vеntг:rl abdomеr]
is :rt thе tоp of thе sol1()gгam

flll in prеdiсting an Llnusually laгgе fеtus, (< prеdiсtеd
+ 4 (sЕ) t: 5.038])' whiсh might fеsult in a dystoсia.

Fеtal hеart гatе and rh)z11. abnoгmalitiеs arе indiсa-
tions of fеtal distгеss. SigniIiсant bradyсardia !Fig. 9-24)
and laсk of noгmal hеart ratе vafiations suggеst сNs
dеpгеssion, Llsuall}, duе to hypoxia. Noгmal hсart ratе
variations oссuf in геsponsе to fеtal aсtivity and еnviron-
mеntal сhangсs. Hеart ratе variеs with gеstational agе
and normally slows aS thе fеtus nеafs tегm. Fеtal hеart
fatеs obtainеd with tгansсLltanеous ultfasonography avеr-
agеd 70 bеats/mintltе in fеtusеs lеss than 330 da.vs, gеsta-

Figure 9-22
sonogгam оf a smallег-than-pгесliсtесl fсtll aofta ltom a fеtus with
intгalltегiпе Е!гowth fеtarсl1rtiоn obtainеd from a 13-t,еar-old Thororrgh-
bгеd nraге with a prolongесl gеstatiоn at з79 daYs of gеstatioп Notiсе
thе small fеtal aoгtiс diamеtег of 1 6 сm Tlris tЪtus is in a сгanial
(aпtегiof) prеsеntation, with thе fеtal thoг:rх on thе lеft sidе of thе
soflogram :rnd tlrе fеtal lbdomеn Oп thе гiliht Tlris sonogram was
obtainеd with .l 2 5-MHz sесtor-sсannеf tгansduсег at a displa\.еd dеpth
of 27 5 сm Thе mаге's vеntгal abdomеn is at thе top of thе sonoЕ!гam

Figure 9-23
sonogfam of a small fеtal tlroгaх from thе гWin fеtlls in Figrrе 9_21
obtainес1 fгom an S-уеar-olсl Thoгоughbгеd mаге at ]06 days of gеsta.

tion Notiсе thе smal] tlroraсiс diаmеtег of |1'13 сm. This twin w.as

thе snrallег сlf thе two fеtusеs This fеtus is in a сraniдl (antегioг)
pгеsеntatioп, with thе fеtal thorax on thе lеft sidе оf tl.rе sonogram and
thе fъtal аbdomеn on thе гight This sonogram wаs obtainеd with a

2 5-МНz sесtoг-sсannеf transduсег :rt a displayеd сlеpth of 3o сm. Thе
maге's \,еntfal abdomеп is at thе toр of thе sonogгam.

tional agе and 66 bеats/minlltе in fеtusеs 330 days and
oldеr (Tablе 9_l).Jo Signiflсant bгadyсardia has bееn asso-
сiatеd with a pooг olrtсomе in prеgnant maгеs at all
stagеs of gеstation.Jj ].i' ]7' 51 60 Thе aсtual hеart ratе bеloп'
whiсh thе ultrasonologist should bе сonсегnеd about
fеtal wеll-bеing vaгiеs with thе gеstational agе of thе
fеtus, dгopping as thе fеtus approaсhеs tегm. Hеart ratеs
lеss than 57 bеats/miлLltе arе сonsidеfеd abnofmal in a

latе-tегm fеtus if thе fеtus is lсss than 330 days' gеsta.

:--,i':.r--^'": : .".- : -''- . :: .ll;,-: . e:iф**: !----1., .- a *:

Figure 9-24
М-moсlе есlroсaгdiogгam of tlrе fеtal hеaft obtxinеd fгom a 2o-уеaг-old
standardbгеd maге at 341 days ofgеstation. Thе maге haсl сoliс sttгgеп'
foг геpair of a rupturеd bгanсh of thе miсlсllе utегinе :rгtеq, 2 months
еaгliег Thе сuгsoгs :lrе positionеd at thе samе plaсе in thе сaгdiaс
сyсlе on thе fight sidе оf thе intеNеntfiсLrlaг sеptum to mеasuге
instantaтrеous hеaгt ratе. Notiсе thе vеry slow fеtal hеaп ratе of 19
bеats/minutе This fеtus was born 4 dаys aftеr this sono€.fam was
obtainес1. Thе foal Wдs Wеak and d1,smaturе and took a loпg timе to
suсklе This M.modе есhoсaгd-iogгam was obtainеd with a 2.5.МHz
sесtoг-Sсalrnег trаnsduсег at а displa-vесl dеpth of 27 5 сm Thе mаrе's
r'.сntгдl abdсlmеn is at thе top Of thе sonogram
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Fеtal heart ratе (нR) and ftr}ttrm
Rh\thm
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Тable 9-2
Equine Biophysiсаl Profile

Fetal 0r Mаterпа| Meаsuremeпt Normаl (2) AbпolmаI (0)
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Figure 9-26
M-modе ссlrосardiogram сlf thе f.еtal hеaгt obtainеd fгom a 13-r,еaг-o]с1

Thoгоughbгеd maге with a ргtllongеd gеstatioл of ]]! сla1,s (samе maге
as in Fjguге 9-22) Тhc fеtrrs h:rсl iЛtгautегinе growth rеtardation, and
rhе foal * as r'еrr. small tbг its gеstational agс at Ьiгth Notiсе thе гapid
hеar1 г;ltе сlf l61 bсаts/miпutе, l.ith a faiтlv геgrrlaг rh}thш obtainеd
drLгiпg slighr tъta| mO\еmеnt This sonoЕ.гam was obtainеd with a 2 5-
\lHZ 5есtOгsсannег tгansdtlсег at a displx)-ес| dеpth of 275 сm Thе
пl:tге s rеnrr:i] abс]ilmеn i5 at thе top of thе sonoЕ]гltm

;, (.., Саrdiaс aггh\1hmias aге anothеr inсliсation of fеtal
distrеss. Abrroгmalitiеs of fеtal сaгс1iaс гh\1hm l-raуе bееn
dеtесtеd with tеtal есhoсafdiogгaplry and har,-е bееn assсl-

сiatеd with a nеgativе olltсomе (Fig. 9_27).rr Aтrh1tlrmias
havе also bееn rеpoгtеd with fеtai еlесtroсarсliograph).
immеdiatеly pfiof to, during, and aftеr paftllгition.]- "., 62

Thе absеnсе of fеtal brеathing movеmеnts in thе latе-
gеstation fеtus is also an indiсation of fеtal distrеss and a

Figure 9-27
M.modе есhсlсaгdiсlgrаm of thе tеtаl hеагt Obtainеd from aп 18-1.еaг-o1d
StandarсlЬrеd maге at 312 daYs Of !]еstаtion Notiсе thе irгеgrrlar tЪtal
hеaft frh1thlrr, witlr a bсat (lеtесtесl еaгliег tlran norrla| (аrroш) "[hе

fеtal hеalt ratе pгесеdinЕ] thе Pгеr-rrxtlrrе llеlt rvas геglllar at 80 bеats/
miпutе 'fhis есhoсlгdiogгam п,-as obtainеd with a 2 5-MHZ sесtor.
sсannег tгansduсеr anсl a displaуеd dеptlr Of 27 5 сm .l'hе nraге's
vеntгlrl abсlomеn is at thе top of tlrе Soпogгaп
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tional agс, and lеss than 50 bеats/minutе if tl-rе t.еtl'ls is
grеatеf than 329 days, gеstational agе (Tablе 9-2) ]- Fеte1

bгadyсardia may bе tlrе most геliab1е indiсetoг Of iпl.
pеnding fеtal dеmisе.3_ ;] .r() T1rе absсr-tсе oг disepPеeг-
anсе of a feta|. hеaгt bеat assoсiatес1 п ith t.еtal dеarl.t
has bееn сlеtесtеd v'.itlr tЪtal е1есtгtlсaгdioЕ]гaPh\- and
transсutanеotls rrltrasonograplrr-.5l ('] Тгansсutanе<-ltts ultra.
sonography is r.rsеful in tl-rе idеntifiсation сlf a dеlrd fеtus,
as thе fеtus lras no сaгсliaс aсtivity (Fig. 9-25; sеr also
Fig. 9-18).]- Postaсtivity (high) hеart ratеs grеatеr than
104 bеats/minutе arе also an indiсation of fеtal distrеss
in thе latе-tегm f.еtus. Markеd еlеvations of fеtal hеaгt
ratе (Fig. 9-26) or a high hеart ratе fangе indiсatеs fеtal
strеss and has bееn doсumеntеd in sеvегal fеttrsеs that
Wrrе aboгtеd or born dеad anсl during paгturition.]-

Figure 9-25
soпogгam of а с|е:Ld fеtlls Obtxinеd frсlлl а !-1'сar o1с1 Тhогоughbгесl
maге at 241 сlaуs gеstation (samе marе as in Figtrrеs 9_5 аЛсl 9_18)
Thе vеry small fеtus laсkеd anу сardiaс motion oг пlovеmепt dudn!.
thе ехaminatioл Т1rе fеta] thoгex is tо thе fight sidе of tlrе sono€iгlm,
and tlrе abdomеп to thе lеft This fеtus Was in a сarrdal (postегiсlг)
pfеsеntation .Гhis sorrogгam was olэt:rinесl wjth a 2 i-NIнZ Sесtor-sсiul.
nег tгansduсеf at a displavеd dеpth of 24 сm Тhе maге's vеntral
abсlonrеn is at tl]е top of thе sоnogгam
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sеnsitiYr indiсatoг of aсutс hypoхia in tlrе human tbtus.з-
Absеnсе of t.еtal bгеathing has bееn assoсiatеd with a

nеgativе outсomе in еquinе fеtusеs.]7
Thе laсk of fеtal movеmеnt and thе absеnсе of fеtal

tonе afе also indiсators of fеtal distrеss. сеntral nеfvous
systеm dеprеssion, and advanсing hypoxia and havе bееn
assoсiatеd with a nеgativе olrtсomе.]J ]i ]- Thе laсk of
fеtal movеmеnt and absеnсе of fеtal tonе indiсatе im-
pеnding fеtal dеmisе, but a dеprеssеd, distгеssеd, or
slееping fеtus may also bе quiеt and immobilе. Thегеforе,
obsегvation of thе bеating fеtal hеart is сritiсal for dе.
tегmining fеtal viabiliry Thе dormant pеfiods in latе-
gеstation еqttinе fеtusеs aге usuallY lеss tlran 10 minutеs
in duration, but 30- to 60-minlltе oг longеr dofmant pеfi
ods havе bееn rеportеd.,, In m1, ехpегiеnсе, thе normal
еquinе fеttts is usually aсtivе througlrout tlrе majoгit,v of
thе transсLltаnеolts ultrasonogгaphiс еxamination. It is
oftеn dif1rсtrlt to obtain a fеtal hеart ratе with M-moсlе
есhoсardiog4raph1, owing to thе сontinllal nrovеmсnt сlf
thе fеttls сluring tlrе ехanrinatiсln. Thеrе1brr' any pro-
longеd pеriod of fеtal inaсtivity should pfomрt an tiltгaso-
nog,гaphiс ге-ехаmination.

Uteriпe and PIаcentaI Abn0rmaIities

Abnoгmal qllantitiеs of allantoiс of amniotiс flrrid aге
indiсations of fеtal oг matеrnal pгoblеms. Dесrеasеd 1.еtal

fluid qtrantity usually oссtlfs fгсlm сlесrеasеd fеtal rrгinе
produсtion in thе human fеttls and is a good indiсator of
hypoхia ехpеriеnсеd сhroniсally b1, thе fеttls.aJ Dе-
сгеasеd fеtal fluid qllantiq, сan also oссur from thе rup-
tuге of plaсеntal mеmbranеs.]' Flttid qllantitiеs shotrld bе
сonsidеrеd dесrеasеd if thе maхimal vеrtiсal amniotiс
fluid dеpth is lеss than 0.8 сm and thе nraхirrral vегtiсal
allantoiс fluid dеpth is lеss tlran 4.7 сnr (Teblе 9_2).]6 r-

Dесrеasеd fеtal fluid qllantitiеs aге an indiсation of fеtal
distrеss and arе assoсiatеd with a nеgativе outссlmс in
lruman bеings and horsеs (Fig. 9_28).J- Problеnrs with
fеtal blood flow сan oссuf as a rеsult of umbiliсal сord
сomprеssiorr whеn thе laсk of fеtal fluids is sеvеrе. Fold-
ing of thе fеtal mеmbranеs and trmbiliсal сoгd against thе
fеttls is an indiсation of a sеvеrе laсk of fеtal fluids (Fig.

9_2L)). In hurrran bеings, intгautеrinе growth rеtardation
and a poor pеrinatal outсomе aге assoсiatеd with dе-
сrеasеd amniсltiс fltrid quantitiеs anсl сhroniс hypoхia.j".
.to. 11 Thе majoгiп. of еqtrinе fеtusеs with dесгеasеd allan-
toiс andlor amniotiс fluid quantitiеs arе abnormal at
birth.]r Inсrеasеd fеtal fluid volumеs arе also abnormal
(Fig. 9_30) and havе bееn assoсiatеd with a nеgativе
outсomе in human bеings arrd in two maгеs With hydfops
amnii.ra.39. --o Both еquinе fеttrsеs with hуdrops amnii had
sеvеfе bradyсaгdia for thеir stagе of gеstation.r1 70 Fеtal
fluid quantitiеs shotrld bе сonsidегеd inсrеasеd if thе
maхimal vеrtiсal amniotiс fluid dеpth еxсееds 14.9 сm
of thе maхimal vеrtiсal allantoiс fluid dеpth ехсеесls 22.1
сm (Tablе 9_2).

Thе qrrality of thе allantoiс and amniotiс fluids is im-
poftant to еvalllatе. Inсrеasеd есhogеniсity of thе fеtal
fluids (gradе 3) has bееn assoсiatеd with a nе[.ativе ollt-
сomе (Fig. 9_30).]з 31 rr Thе еarly dеtесtion of есhogеniс
paгtiсlеs in thе amniotiс or allantoiс fluiсl is an indiсator

Figure 9-28
sono!.ram of thе fеtal 1lllids obtainеd fгсlm an 8-,vеzLг-olсl Appalооsа
maге et ]04 da1,s Of gеst'ttiоn Notiсе tl.tе dесгеlsеd maхimal !сftiсa]
1lllid dеpth (хI) of allantoiс fluid (2 .11 сm) bеtwссn thе Iъtal fсlгеагm
аnd thorrх, thе оnl], sitе at whiсh en), amniotiс llг :r|laпtoiс llrtid п,.as

imagеd 1.hе maхimll Yсгtiсal llttid dсpth (х]) of amпiotiс fluid п-as

1 39 сm Tl.ris f.еtrrs w;rs itl a сгanial (xпtегioг) pгеsепtatioп. s,,ith thе
fЪtal forеaгm on thе lеft sidе сlf thе so11ograln aлd thс 1ъtal thoгl1х on
thе гiЕ!hl" 

.Гhis sсlnogгаm was obtxiпесl With a 2 5-МHZ sесtof sсaпnег
transduссr at a displЦ'еd сlеpth of J0 сп Thе maге.S vеntгal abс1omеn
is at thе tol) of thе so1lоgfam

of fеtal distrеss in lrtrman and еqllinе fеttlsеs..J, ]4 ]] _]

Thе еarly inсrеasе in fеtal fltriс1 есhtlgеniсity may bе
assoсiatеd with mесonittm, infесtiсln (infl ammatory сеlltl-
lar dеbгis). or blood Jз J] t- -. -r Thс еarliеf in gеstation
that есhogеniс partiсlеs aге dеtесtеd, thе morе signifi-
сant (abnormal) thе linсling' as tbtal fluiсls normally in-
сfеasе irr есhogеniсitу in latе gеstation. Thе inсrеasеd
есl-rogеniсity of fеtal fluids in latе-gеstation prеgnanсiеs
may not bе signiflсantly rеlatеd to Olltсomе.r; Howеvеr.
inсrеasеd fеtal fluid есhogеniсit1, (gradе 3) dеtссtеd еaг-

Figure 9-29
sonоgram of thе fеtal mеmЬгanсs obtainеd fгom thе 8-\.еxг-old Appа
loosа t-nafе in Figtlгс 9-28 Lt эo2 da}'s оf gеstation Thе sеvеге folding
of all thе fеtal mеmbгanеs was a rеsult of thе sеvеtе laсk of fЪtal fluids
Тlris fъttls \,'as in a сгanill (antсriof) pгеsепtatioll, witlr thе fеtal nесk
oп thе lеft siсlе tlf tlrе sоnograпl lrnd 1lrе fеtal thorax оn thе гight Thjs
soпOgram was ol)tainеd with x 7 5-МHz sесtoг-sс1lлЛег tflns(luссг at n

displayеd dеpth of 10 сn] Tl-rе marе's \.еntг:t[ abdomеn is lt thе tOP O1

thе sоnсlgгam
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Figure 9-30
Sorrogгam of an ехсеssivе amouпt of ссhogеniс (gтaс|е 3) allantoiс fltlid
obtainеd from arr agеd Thoroughbrеd maге at J28 days of gеstatiоn
(samе maге as in }.igurе 9_l0) Notiсе thе laгgе numbеr of есhogеniс
pafiiсlеs in thе а]lantoiс flrrid arrd thе ехсеssivе amoulrt of allantoiс
fluiс1 Thе maхimal allantoiс fluid dеpth mеasufеd 23 5 сm Thе vепiсal
diagonal есhogеniс linеs сгossing thе allantoiс fluid anс1 thе fеtus (F)
aгr artifaсts This sonogгam was obtainеd With a 2 5-MHz sесtоr-sсannеr
trlnsduсег at a displa\.еd dеpth of 30 сm Thе marе s rеntгa] abdomеп
is at thе toр of thе sonogram

liеr in gеstation oг latе irr gеstation, сouplеd with othеf
abnormal ultrasonoЕ.raphiс lindings, should bе сonsid-
rrеd an indiсlrtion of fеtal distrеss (Fig. 9-31).

Inсrеasеd thiсknеss of thе utrroplaсеntal unit in thе
fеtal hoгn has bееn assoсiatеd with a nеgativе outсomе
and plaсеntal abnormalitiеs strсh as plaсеntitis, plaсеntal
еdеma' and prrmatufе plaсеntal sеparation.r]'r- A trtеro-
plaсеntal thiсknеss grеatеf than 2.0 сm in latе-gеstation
еquinе prеgnanсiеs (Fis. 9-32) is сonsidеrеd abnormal
and is an indiсation of plaсеntitis of othеr plaсеntal ab-
nofmalitirs (Tablе 9_2).3] ].] ]- A dесrеasе in thе есhogеni
сity of thе сhorioallantois сouplеd with an inсrеasе in its
thiсknеss is сonsistеnt with plaсrntal еdеma and plaсеnti

Figurе 9-31
Sonogгam of есhogепiс amniotiс fluid (gradе 3) obtainесl fгom a 15-

уеar-оld Arrrеriсan SaddlеЬrеd maге at daу 3o2 оf gеstation (samе marе
as iл Figurеs 9-з' 9-|1' and !-11) Notiсе thе сloudу есlrogеniс amni
otiс fltid and thе anесhoiс allantoiс flttid Тhis sono€.гam Was obtainес|
with a 

' 
0-МнZ sесtoI-sсaппег tгаnsduсеr at a displa)lеd dеpth of 2o

сп Тhе marе.s vеntгal abdomеn is at thе top of thе sonogram
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Figure 9-32
Sonоgram of thе utеroPlасеntal tшit obtainеd from a 16-1еar-old Тhоr-
otlghbгеd maге at 333 daуs of gеstation (samе maге as ill FiЕ]ufеs 9_11
lлd 9-12) Thе thiсkеnеd utеfoplaсеntal unit vaтiеs from l 66 (x,) to
219 (хr) сm This sono€iгam was oЬtainес1 with a 7 i-мнZ sесtoг-
sсannег transduсег at a displayеd dеpth of 12 сnr Thе maге'S vеntгal
abdomеrr is at thе top of thе sonogram F, Fеtus

tis (Тig. 9-33) Аnесlroiс aгеas imagеd in tlrе сhorioallan-
tois rеprеsеnt fluid spaсеs' whiсh oftеn appеaг сystiс
(Fig. 9-33). Plaсеntal сalсiliсation in nraгеs (Fis 9-34)
has bсеn assoсiatеd with tlrе abortion of fеtusеS and with
thе dеlivеry of onе srptiс foal witlr pеripartum asph1r<ia
s).Пdromе (Fig. 9-35).rr' ]r' ]? Thiсkеning of thе amnion is
lеss frеqtrеntly dеtесtеd but is also an indiсation of pla-
сеntitis or plaсrntal еdеma (Fig. 9_36). Атеas of сalсi-flсa-
tion afr also infrеquеntl), dеtесtсd in thе amnion in mafеs
with a thiсkеr than noгmal amnion. A ..ribbon сand1.''
appеafanсе to thе utеroplaсеntal unit in thе frtal hofn
is an indiсation of pfеmaturе plaсеntal sеpafation and
plaсеntitis and usually pro€.rеssеs to morе еxtеnsivе dis-
rllption in Lltеfoplaсеntal сontaсt (Fig. 9-37). Any largе
disгtrptions in thе utеroplaсеntal unit Should bе сaгеfully
monitoгеd with follow-up ultгasonogгaphiс еxaminations,
as ехtеnsivе disruption in thе intеgrity of thе utеrinе and
plaсеntal сontaсt has bееn assoсiatеd with pfеmatufr
plaсеntal sеparation and a nеgativе olrtсomе (Fig. 9-38).]r
Hеmorrhagе bеtwееn thе utеrus and thr plaсеnta has
bееn dеtесtеd in onе marе With a Lltеfinе tеaг sесondaц.
to a utеrinе tofsion (Fic. 9-39).]: Thе foal dеlivеrеd had
pегipartum asphухia syndfomе and Was sеptiс.r'Arr as-

сеndin64 plaсеntitis rеstrltесl in markеd (7.6 сm) utегopla-
сеntal sеparation in onе marе (Fig. 9_40). Hеtеrogеnеous
fluid sеparatеd thе сhoгioallantois from thе Lltеfus сonsis.
tеnt With еxudatе and gas. Thе dеtесtion of a thiсkеnеd
utеroplaсеntal unit afud/or ехtеnsivе disruptions in utеro-
plaсеntal сontaсt has, in еvегy сasе, provеd to bе a
sеnsitivе and spесifiс frnding of an impеnding nеgativе
outсomе.JJ J1 j- Thе signiflсanсе of a thinnеr than noгmal
(lсss than 0.7 сm) utегoplaсеntal unit is unсlеaц as 33%
of foals dсlivеrеd to maгеs with thinnеr tlran normal
utеroplaсеntal units wеrе abnormal at biгth.r-

Sonographiс ехamination of thе vеntral abdominal
mtrsсlсs should bе сarеfully pеrformеd duгing thе plaсеn-
tal еvaluation so that dеfесts in thе abdominal wall сan
bе dеtесtеd sonographiсally in сliniсally noгmal marеs
(Fig. 9-41)' bеforе laгgе vеntral hегnias dеvеlop. Dеfесts
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Figure 9-33
Sorrograms of utеfoрlaсеntll unit obtaiпеd fгom a l0-yеaг-old Thоrоtlgl-rbrес| marе wlth Pl'lсеntitis aпd p[:rсеnL4l есlеma .Гlrеsе sono!.fams wсfе
obtainе(t with a 7 

'-MllZ 
sесtoг-sсettnеL transduсеr at a displaуеd dеpth of 6 сm (,4) and 5 сm (8)

/., Thе Lrtсгrts is hl'pегесhoiс ссlпrpaгсd to thе xdiaсеnt hrpoесhoiс tO есhoЕ]еniс сhorioallarrtois Тhе сhor.ioallдn|ols (аrroшs) is markеdl-v foldеd

With fngеr-likе llгtljесtiotrs sttггоrtndеd Ь1.morе h\рoесhoiс to anесl]oiс fuiсl and sеparаtion is dеvеloping bеtwееп thе utеflls anсl thе сhoriсlallan.

tois (opеп а'rrouJ)
B' Thеrе afе nllmегolrs atrесhoiс 1luid spaсеs' somе o1 whiсlr appеaг с).st-likе' in thе еdgе of thс сhor.ioalla11|o|s (сlrron^)

in thе vеntгolatеral wall of tlrе abdomсn aге most сom-
mon in prеgnant mafеs and oссLlf morе frеquеntly than
fllptufеs of thс pfеpubiс tеndon.-r--5 Marеs with largе
vеntral abdominal hеrnias of pfеpubiс tеndon гLlptlrгеs
prеsеnt with vеntral abdominal swеlling.'з -5 .W.ith prеpu-
biс tеndon flrptufе thеrе is a loss of thе propеr alignmеnt
bеtwееn tlrе pеlvis and thе spinе, and thе maге ma), havе
abdominal pain.--;

Bl0PHYSl0L0GIс PR0FlLE

ril7'ork is ongoing сonсrfning thе dеvеlоpmеnt of a bio-
physiologiс pгofllе for tlrе еquinе fеttls in latе grstation

(298 days Lrntil tеfm). Six variablеs lravе bееn Llsеd in
thе prеliminaгy dеvеlopmеnt of irn еqllinе bioph1,siologiс
pгofllе that wеrе rеlatеd to olrtсomе (Tablе 9_2).J- Thеsе
variablеs arс hеaft гatе (lowеst, highеst, and hеaft гatе
rangе), fеtal movеmеnt Or aсtivit), lеvеl, fеtal aortiс diamе-
tец maхimal fеtal fluid dеpths (allantoiс Of 1tmniotiс),
Lltеroplaсеntal thiсknеss, and Lttеfoplaсеntal сontaсt. ]- A
sсoге of 2 is assignеd to еaсh variablе if it falls within
thе nornral rangе and 0 if it falls otrtsidе this prеdеtеr-
minесl fanЕ.е.3; In a prеliminary rеtrospесtivе sttrdy dеvеl-
oping thе biophvsiсllogiс profllе, a sсorе of 8 or lеss
was an asslrfanсе of an abnormal outсomе (dеad foal,
d1,smattrrе foal, or a foal with sеpsis or pеripafturiеnt

Figure 9-34
Sonogram tlf lr)pеrесhсliс afеls s.ithin tlrе сhогiоallaпtоis obtаinеd
fгom an agеd T1roгrltrglrbгесl maге at 328 da).s of gеstаtiorr (s1lmе пraгс
as in Figurеs 9-10 aпсl 9_30) Notiсе thе thiсk hl'pегесhoiс есhoеs in
thе сlrorioallaпtois suggеsting еxгlу сalсitiсation of thе f.еt;rl nrеmbгllnеs
(аrroш's)' thе есhogсniс illiпtoiс flrrid' аnd thе thiсk amoiotiс пеm-
ьt,]ле (оРeп 6уy1111l;1 Тhts soпogmm w1ls obtainеLl With a 5 O-N'IНZ

sесtor-sсannсr tгansdttсеr at e displaуеd dеpth of l.{ сm Thе maге,s
vеntral abс1оmеn is at thе top of thе sonogram

Figure 9-35
Sсlnogram of hypеfесhoiс arе';ts (сtrro,tu) withiп thе сtl()fioirllantois
obtainсd fгom a 5-yеar-сlld Tlroroughbrеd marе at 327 сlar's of gеstation

Notiсе thс lrraгkеd tlriсkеning Of thе LltеfoplaсеЛtal Llflit (aPproхimatеl)'
6 сm) xDсl thе h)'pегссhoiс tissuе с1rstinЕ] a faint aсollstiс slraсlow
сOпsistеnt with еaгl,Y с:r]сiflсation Tlris sсllogram was obtainе(l with a

2 5.MHz sесtor-sсa11пеf tгaflsduсеr at a displar'еd с1еptlr of l5 сm f'hе
лrаге.S vеntгal abdсlmеn is xt thе top of thе soПogгam
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Figure 9-36
sonogгam of thiсkеnесl аmniotjс mеmЬг:rлсs оbtaiпесl fгoлl a 1.l--Yеaг-

old Thoгorrg'lrbгеd malе at 354 da1.s of gеst1rtion Notiсе thе multiplе
fеflесtions of thе amnion, wl.riсh mеasufеs tlp to 1 +J сш 1х]2 irr

thiсknеss This sonogгam was obtainесl в'ith a 2 5-MHz sесtоr-sсannег
traпsdllссг and a displaуесl сlеpth of 30 сm Thе mafе's abdomеn is nt

tlrе top of thе solrogmm

asphР(ia syndromе [PAs]).r- Howеvец a pегfесt sсofе
WaS not an assllranсе of a positivе outсoше.J- Sеvеral
mafеs ехpегiеnсеd pгеmaturе plaсеntal sеparation of a
dystoсia at thе timе of foaling, abnormalitiеs that сould
not havе bееn prеdiсtеd fгom thе еaгliег so1loЕ.raphiс
ехamination, as tlrеsе pfoblеms wеfе not pfеsеnt at that
timе. Similaф, in a pгеviotrs study attе11lрting to сiеvеlop
a biophysiologiс pfofllе' 22o/,l of foals born tсl maгеs with
pеffесt sсorеs wеге bofn dеad oг dеlivеrеd prеmatllfеly
anсl diеd.]] ]a In tlris еaгliег study, 6 of thе 17 pгеgnanсiеs
inсltldеd in thе dеvеlopmrnt of thе biophysiсllogiс prolilе
wеfr еxaminеd at an еarliег stagе of gеstation than thеir
сontfol (norпral) popr.rlation' Thеге wеге onlу two pгеg-
nanсiеs at a Е.еstational agе еquivalеnt to thеiг сontfol
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Figure 9-38
Sоnogгanr of largе aгеаs оf disгuptiоn Of thе utегOplaсеotal unit (аrro,Ш)

obtainеd fгоm a 5.1'еlLг-olс1 Thоrouglrbгеd mafе at ]26 days Of gеstation
(samс trrarе as in FiЕ.Llrе 9_]5) Thе Jargе aгеas of fluid sеparation and
thс fotсlinЕi of thе сhсlгiоallantois makе thе utегoplaсеnta] unit vary
maгkеr1lv ill thiсknеss' mеaslrгin€i in ехсеss оf 6 сm This sonogгam
п.as obtainесl s,.jth а 5 0-l{lIZ sесtor-sсаnnеI tгansdlrсеr at a displaуеd
сlеpth оf 15 спr Thе tтaге.s r'еtrtгal abсlomеn is at thе top rlf thе
sonoЕ.ranr F, Fсtus

population that wеrе prесliсtеd to bе abnofmal basеd on
thе biophysiologiс prolilе (onс brad1,сardiс fеtus and a
paiг of twins-onе dеad and onе bгadyсaгdiс).Jr Thе
vafiablеs usеd to dеvеlop thеir biophysiologiс profllе
inсltrdеd fеtal Sizе, f.еtal hеaft fatе (hеaft ratе (60 bсats/
minutе), fеtal movеnrеnt, Lltеroplaсеntal thiсknеss (> 2.0
сm), с1ualitativе allantoiс fluid appеaranсе, and allantoiс
fluid volumе еstimation.3] ]r Allantoiс fluid voltrmе еstima-
tions (mеan : |.9 + 0.9 сm) wеfе madе from a flхеd
position on thе fеtal thoraх jllst сelldal to thе shouldег

Figutе 9-37
Sonogram of a utегoplaсеntal unit witlr a ..r-ibborr сalсlv.' :rppеaranсе
obtainеd fronr an 18-1.еaт-old Standaгdbrеd mafе at 3.l4 сiа1,s of gеsta-

tion Notiсс disгuption iп utеfoplaсеltal сont:rсt and thе folding of thе
сhorioallxntois tlrat Oссuггсd (аrron^) assoсiatес1 With thе plaсеntal
sеpafatiоn and plaсеntitis This sonogram was oЬtаinеd With a 5 0-МнZ
sесtor-sсannеr transduсеr at a сlisplayсd dеpth of 12 сm Thе rrraге's
abсlсlmеn is at tl]е toP of thе soпogгam.

Figure 9-39
soпOЕ.гam Of iпtгllrtеfinе hеmoгrhagе in a 10vеaг-оld Тhorоtrghbrеd
marе witlr a utегiЛе tеa;: arrd a fllptlrfеd niddlе utсгitrе aftеЦi at f ]8
davs of gеstatiofl Thе есhogеniс сlo1 anс| swirliЛЕ. есhogеniс fluid
bеtwееll tlrе rrtегrrs and thс сhoгioa|\^ntois (аrrou,') 21ге сonsistеnt with
blooс| Tlris sonograЛl wаs obtainес1 w-ith a 2 5-MHZ Sесtof-sсannеI
tгansdrtсеr at a displa.!-еd сlеptlr of 28 сnr .l.hе maге.s vсlltгal abdоmеn
is at thе toр of thе sonoЕ.гam F. Fеtus
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to thе allantoсhoгion.rr Thе majoг diffегеnсеs bеtwсеn
thе prеviously dеvеlopеd and morе fесеntly dеvеlopеd
biophysiologiс ргofllеs aге thе еquations usеd to еstimatе
fеtal sizе, thе abnormalitiеs of fеtal hеart гatе еvalttatеd,
thе mеthoсl usеd to еstimatе allantсliс fluid volumе, thе
addition of аn еstimatе of amniotiс fluid volumе. thе
addition of еvidеnсе of disruptions in Lltеroplaсеntal сon-
taсt, thе dеlеtion of qualitativе allantoiс fltrid appеaranсе,
and thе gеstational agеs of thе fеtusеs. Thе rеgгеssion
еquation usеd to prеdiсt fеtal sizе in thеir pгеgnanсiеs
was not trsеful in thе prеgnanсiеs that wе еxaminеd.r6

Thе biophysiologiс pгoIilе nееds to bе tеstеd pfospес-
tivеly in a laгgе population сlf marеs to dеtеrminе its
valtrе, as has bееn donе in htlman bеings.3i Additional

Figure 9-40
Sonograms оf tlrе utегus and сhoгjoal]antois оbtainес1 from a 7-lеar-old
Tlrоroughbгеd marе п,ith asсеnс1ing pl'tсеntitis Thеsе sotlоgгams ъ,сге ob-
tainеd at J10 d;tYs (;1) arrd J15 da).s (B and O with a widе-b'trrсlwiсlth
6 (}МHz miсfoсonvех linеararгaу transduсеr. opеfatiпg at 1() 0 Ml]Z and a

сlisplayеd dеpth of 8 сm (,4)' l0 сflr (-B). aлсt 12 сm (ф
,4, Small aгеas of h.vpoесlroiс fluid wеге imagеd sеparating, thе utеftls

and thе сhofioallantоis in thе riЕ.ht сaudal poгtion of thе rttеrus from thе
tгansсLrtalrеous windоw, lltlrotlgh largег aгсas of l.tеtегogепесlus lltid wеге
imagеd transrесtallу at this timе Ьеtwееn thе сhorioallarrtois anс1 thе tttегt-ls
Тhе fеttrs showеd no signs of сlistгеss at this timе

,B, Largе aгеlls of sеpaIation of tl.tе t-ltеr.trs fгom thе сhсlгioallantсlis wеrе
imagеd with tlriсkеrring of thе сhorioalliпtois Hуpегесhoiс pinpoirrt есhoеs
геtr]гсsеntinЕi frее gas wеге imagесl thгсltlghorrt thе aгеl of sеpaгation сollsis-
tеllt with a probablе anaегobiс inIъсtion

С, Tlrе aгеas оf sеparation bсtп-есl-t thе сlrorioallantois and trtсrus wеrе
largеst in thе fight аnd ]еft сaudal abсloпrеn With thе Lltеroplaсеnt:rl unit
mеasuгing up to 7 6 сm Тhеrе hеtегogеnеOlls есl.togеniс fltlid сontainiлЕ.
thе h),pеfесhoiс 1rее gas есlrсlсs was imagеd throuЕ.hout thе aгеаs of UtеrO-
p[aсеntal sеparatior-)

vafiablеs Suсh as tbtal brеathing movеmеnts and fеtal
tonе nееd to bс assеssсd сгitiсally in a prospесtivе fash-
ion to sее if thеy impfovе thе sеnsitivity and spесiIiсity
of thе еquinr biophysiologiс pгofllе.J7 Fеtal arrh1thmias
should bе inсludеd as paft сlf thе abnormalitiеs assoсiatеd
with thе fеtal hеaгt (ratе and гhyhm).j, Мorе normal
pfеgnant marеs nееd to bе еvaltratеd in latе gеstation to
providе a lafgrr noгmal data basе. Fеtal and matегnal
mеasuгеmеnts nееd to madе tlrroughottt gеstation, aS

many of thе variablеs mеasurеd сhanЕ]е throughout gеsta-
tion. High-risk mafеs and fеtusеs еvaluatеd еarliег in gеs-
tation (pfior to 298 days) nееd a сompafablе сontrol
population. Fеtal hеaгt ratе should bе lrighец fеtal aortiс
and thofaсiс diamеtег smallег, fеtal tluids сlеarег' and
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Figurе 9-41
Sonogгams of thе vеntгal аbdominal wall obtairrесl fтom a 2J-усaг-old
Thororrghbгеd maге witlr tеaring of thе vеntгal latеtal abсlominal wa]l
at 3lo с1a1.5 of gеstation This maге was bеing sсannеd bес;rusе of а

history of pl:rсеntitis lbr thе 2 pгеviolls J-еaгs. Tlris dеfеСt (douп аrro1l)
iп tl]е marе.s Yеntгal latеfal bod], wall was сlеtесtеd at thе timе of
thе plaсеntal ехamiпation An afеa of sеpafatioп Was imagеd in thе
геtropеfitonеel f^t (oРеn аrrouls) and iпnеf abdominal musсlе lavег
(tгansvеfsе abdominis musсlе) on thе fight sidе of thе abdomеп tl]at
was not prеsсnt in thе samе aгеa on thе lеft Thе pегitоnеr-lm is still
iлtaсt ovеf thе aгеa of abdomirral musсlе гLrptufе Тhе mаге \f as tгеatеd
with a bеllY Ьandagе and 10 daYs latеf thе aгеa of пttsсlе ruptllге sas
hеaling Thе marе foalеd unеr.еntfullr-aрproхiпа.tсlr 30 da\s latег Тhis
sonoЕ.fam was сlbt:rinеd П-ith a пidе.bandпidth 6 O-\IHz miсfoсon\ех
linеaг-aггa1' tfaпsduсег opегatillg xt 10 О }1НZ and a displar еd dеpth оf
5сm

еstimatеd fеtal fluid qllantitirs lеss than in latе gеstation
(298 days or grеatеf).]r з' Fеtal brеathing movеmеnts aге
absеnt in еarl1. gеstation, but thе tinrе of onsеt of fеtal
bгеathing movеmеnts in thе еquinс fеtus is Llnknown.
Pattеfns of fеtal movеmеnt also сhangе as partufition
appfoaсhеS. only with largе-sсalе tеstin8 of thе еquinе
biophysiologiс prоfi.lе сan its sеnsitivit}. and spесiflсity
bе improvеd. Thе infoгmation about fеtal wеll-bеing and
thе fеtal еnvifonmеnt in high-гisk pгеgnanсiеS сan thеn
bе usеd to еvaluatе tfеatmеnt options and thе slrссrss of
variotrs intсfvеntions.

PATIENT MANAGEMENT

Follow-up sonographiс еxaminations shotrld bе pеr.
foгmеd in any prеgnanсiеs in whiсh fеtal or matеrnal
abnofmalitiеs arе dеtесtеd. Thе fеtus goеs thгotlgh nor-
mal slееp-Wakе сyсlеs that may affесt fеtal hеart ratе at
fеst, hеaft гatе fеsponsivеnеss, and fеtal aсtivity. How-
сvец hеaft гatеs outsidе thе prеviously dеsсribеd nofmal
гangеs or сardiaс arfh}thmias arе indiсations of aсutе
hypoхia and fеtal distrеss' Absеnсе of fеtal brеathing ma1,

bе a morс sеnsitivе or еqually sеnsitivе indiсatoг of aсutе
hypoхia in thе еqtrinе frtus. Thе pеrsistеnt laсk of fеtal
aсtivity and thе laсk of fеtal tonе afе mofе advanсеd
indiсatofs of fеtal hypoхia and fеtal distгеss Abnormal
еstimatеd qllantitiеs of amniotiс of allantoiс fluid arе
indiсators of сhroniс longstanding hypoхia and sеvсfе
fеtal distrеss and arе assoсiatеd with thе biгth of a dеad
or abnoгmal foal. Inсгеasеd есhogеniсity of thеsе fluids
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is an indiсator of fеtal distrеss еaф in prеgnanсy,
may also bе signi-flсant in latе gеstation, and is assoсiatеd
with an abnoгmal outсomе in еaф to mid gеstation.
Thе dеtrсtion of a small-for-gеstational-aЕ]е fеtus should
prompt a сarеful sеafсh for tмrins. If twins afе not found'
intrautеfinе growth rеtardation should bе еxpесtеd. Any
or all of thеsе fеtal abnoгmalitiеs should pfompt sono-
graphiс fе-еvaluation aлd/ot tfanspoftation to a faсility
еquippеd to dеal with high-risk nеonatеs. Dеpеnding
upon thе dеgrее of fеtal distrеss and thе suspесtеd сatrsс
of if twins aге dеtесtеd' thе usе of fluniхin mеgluminе,
pfogеStеronс, is<lхsuprinе, andloг broad-spесtrum antimi
сгobials may bе indiсatеd in an attеmpt to maintain thе
prеgnanсy. If fеtal distrеss is sеvеrе, induсtion of parturi
tion of a сеsafеan sесtion ma1l 5. warгantеd

Signifiсant thiсkеning of thе utеroplaсеntal unit is in-
diсativе of plaсеntitis and should prompt tfеatmеnt With
bfoad-spесtfllm antimiсfobials, pгogеstrronе, and othег
mеdiсations as indiсatеd, suсh as intravеnous dimеthyl
sulfoxidе and/or isoхstrprinе. Signifiсant thiсkеning of
thе utеroplaсеntal unit and disruptions of utегoplaсеntal
сontaсt should bе сlosеly monitofеd sonographiсally (sее
Fig. 9-40). If еnlarging oг ехtеnsivе arеas of plaсеntal
disгuption afе dеtесtеd, indrrсtion of parttrrition or a

сеsafеan srсtion aге indiсatеd if thе gеstational agе of
thе fеtus slaггants a сhanсе at survival.

If an unusuall1, 1".*. aortiс diamеtег is dеtесtеd сom-
parеd with thе prеdiсtеd aortiс diamеtеr' thе mzrrе should
bе foalеd at a faсility whеrе immеdiatе intеfvеntion is
possiblе (assistеd dеlivеry and/or сaеsafеan Srсtion) if a

dystoсia oссuгs. Thе foaling should also bе attеndеd of
thе mafr foalеd at a faсility whеrе immеdiatе intеfYеntion
is possiblе if thе foal is rеpеatеdly found to bе in an
abnormal pfеsеntation, also inсгеasing thе гisk for a dys-
toсia.

Tгеatmеnt for vеntral abdominal hеrnias should bеgin
with a largе, sntrg bеlly bandagе to sllpport thс abdominal
visсеra and prеvеnt ftlrthеr tеaгing of thе r.еntral abdomi
nal mtrsсlеs. This has bееn usеd suссеssfully in a marе
with a small vеntrolatсral hегnia, bеforе thе dеvеlopmеnt
of сliniсal signs (Fig. 9-1|)' This marе strbsеqtrеntly
foalеd unеvеntftllly and follow-trp sonographiс ехamina-
tions rеvеalеd hеaling of thе vеntfal abdominal hеrnia.

A thoгough undrfstanding of normal fеtal and matеrnal
stfuсtufеs, thеir funсtion and variation with gеstational
agе, and aсtiviqr hеlp vеtеrinary ultrasonologists, thеrio-
gеnologists, and nеonatologists assеss thе high-гisk prеg-
nanсy and idеntifу thе high-risk nеonatе. onсе thеy arе
idеntiflеd, fеpсatеd ttltrasonographiс monitoring сan
hеlp еvalr'ratе whеn tfеatmеnt is indiсatеd, thе fеsponsе
to tfеatmеnt, and whеn parttrгition should bе induсеd or
a сеsafеan sесtion pеrformеd, improving marе, fеtal, and
foal mortlidity and moгtality.
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Sinсе its introduсtion to vеtеrinaгy rеproduсtion in thе
еaф 1980s, diagnostiс trltrasonogгaphy has bесomе a
сommonly usеd, almost nесеssafy' сomponеnt of rеpro-
dttсtivе managеmеnt of thе marе. Мorе rесеntl}., thе ttsе
of ultrasonography has bееn ехpanding to inсludе еxami-
nation of thе stallion.t 7 Although at this timе trltrasonog-
гaphy is not usеd foutinеly in stallions, it is fast bесoming
a usеful adjunсt to thе stallion brееding-sotrndnеss ехami
nation and an important diagnostiс tool foг ехamination
of геproсluсtivе pathology in thе stallion.8-ra

EXAMlNAтl0N TEсHNl0UЕ

Patient Preраration _ Exterпal GenitaIia

For еxamination of thе tеstiсlеs, еpidid'vmis, and spеrma-
tiс сord, thе vсtеrinarian is oftеn rеqtriгеd to plaсе him-
sеlf oг hеrsеlf in a potеntially dangеrous position just in
front of thе stallion's hirrd lеgs. Propеr rеstraint is thеrе-
foге сritiсal foг thе safеt,v of all pеrsonnеl and еqtripmеnt.
If sеmеn is to bе сollесtеd from thе stallion as part of thе
ехamination, it is bеst to pеrfоrm thе ultrasonographiс
ехamination aftег sеmеn сollесtion whеn thе stallion is
morе rеlaxеd and thе tеstiсlеs morе pеndulotrs and еasiег
to manipulatе.

Idеally' an ехpегiеnсеd stallion handlег should rеstrain
thе stallion at all timеs. Thе handlеr сan baсk thе horsе
into a сornец with thе гight sidе of thе horsе against a
wall. This pfеvеnts tlrе stallion from baсking oг swinging
away from thе vеtеfinarian anсt also disсouragеs kiсking.
Thе handlеr stands on thе nеar sidе of thе horsе bеsidе
thе shouldец oltt of stгiking rangе of thе forеfееt. Thе
stallion сan bе disсouragеd from swinging toward thс
vеtеrinaгian by thе handlег's right hand on thе stallion's
shouldег. Most stallions сan bе safеly ехaminесl with only
a shank ovеf thе nosе of in thе mouth. A twitсh or
сhеmiсal rеstraint may bе usеd for intraсtablе animals. As
an altегnativе to this sеt-Llp, thе stallion сan bе fеstrainrd
by thе handlеr in stoсks with a sidе panеl that сan bе
геmovеd or lowеrеd.
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Thе trltrasound maсhinе should bе plaсеd on a сaft
with whееls to pеfmit qtriсk and еasy movеmеnt of thе
apparatlts if thе stallion misbеhavеs. An assistant сan bе
vеry hеlpful in moving thе ultfasound сart into еasy viеw
of thе vеtеrinarian and ottt of thе way in сasе of pгob-
lеms. In addition, this pеrson is availablе fof wfiting
notations, thus allowing thе vеtеrinarian to pгoсееd with-
out intеrгuptions (Fig. 10_1).

Patient Preparation _ Aссessory Sex Glands
and Aorta

Stallions сan bе rеstrainеd and prеparеd for ехamination
pеf fесtum similarly to mafеs (sее Сhaptеr 8). Foг thе
safеty of thе vеtеrinarian and thе еquipmеnt, stoсks arе
prеfсrгеd, but palpation aгound a stall door oг standing
bеsidе thе stallion is also aссеotablе for traсtablе animals.

Anatomy

Ехternal Genitalia

Thе tеstiсlеs ftlnсtion in spеrmatogеnеsis and hormonе
produсtion. Thе normal stallion possсssrs two sсгotal,
еllipsoid tеstiсlеs tlrat arе oriеntеd witlr thе long axis
horizontal. Thе spеrmatiс сord is loсatеd at thе сranio-
dorsal aspесt of еaсh tеStiсlе and asсеnds through thе
ingtrinal ring. Tlrе spегmatiс сord is сovеrеd by thе tuniсa
albtrginеa and сontains thе tеstiсtilar artегy, pampiniform
plехus, and duсtus dеfеrеns. Thе tеstiсular artегy arbo-
rizеs ovеr thе surfaсе of thе tеstiсlе. Thе branсhеs of thе
tеstiсular aftеry thеn ехtеnd into thе tеstiсLllar pafеn-
сhуma. Thе largе сеntfal vеin of thе tеstiсlс tfavеfsrs thе
сеntеf of thе tеstiсtllar parеnсhyma bеforе еmptying into
tlrе pampiniform plеxus of thе spеrmatiс сord (Fig. 10-
2А). Thе stallion doеs not possеss a distinсt mеdiastinum
tеstis as is pгеsеnt in mеn, dogs, boars, and bu11s.t5 .8

Thе еpididymis is сommonly dividеd into thгее arеas:
thе hеad, thе body, anсl thс tail. Spегm lеaving thе trstiсlе
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Figure 10-1

PropеI геstгаint оf thе stxllion for tеs-
tiсulaг ех;Lmiпдtion Notе positions оf
thе stallion, lranсllеr, vеtегinafian, an(l
еqliрmсl1t сart Idеalh', а t]]iгd реfsoп
should bе lvаillblе to fеposition t]]е
сaгt if nееdеd and to rесоrd notеs
Thе Pad hangirrg on thе s.a]l bеhiflсl
thе stallion is a kiсk pad to сlесrеasе
noisе and inlpaсt shotllсl thе stalliоn
kiсk rеar.warсi

travеl flrst thгough thе lrеad. thеn thе bоdr and thсn tlrс
tail of thе rpididymis bеfoге еIltегinЕ. thс driсtus dеt.егеr-ts.

In thе stallion, thе tail of tlrе еpidiсt\'mis i5 quitе pг()гlli
nеnt and is loсatеd at thе сaudal polе of tlrе tеstiсlе T1rе

body of thе еpididr-mis сouгsеs dtlгsolatегalh- alonЕ. thе
slrгfaсе of thе tеstiсlе. and tlrе lrеad is loсetеd сrаniodor-
sally' just bеsidе thе sрегmlrtiс сord. Thс сpidid'vmis is
сomposеd of a singlе, lrighly сOnvollltrd duсt.9 and funс-
tions in spеfm storagе as Wеll as flnal spегm matlrfation.
Thе duсtus dеfеrеns is a сontinuation of thе duсt from
thе tail oГ tllс сpididvmis.

Thе ttrniсa albuginеa of thе tеstiсlе is a strong flbrous
сapsulе that is intimatеly assoсiared with thе surfaсе of
thе tеstiсlе and sеnds сonnrсtivе tissuе sеpta into thе
tеstiсular paгеnсhyma.15 Thе visсеral vaginal tuniс sur-
rounds and is сlosеly apposеd to thе tuniсa albrtginеa

Сb.Iptеr l0 . tлtrаsonogr.|Рt|у of tl\е Gе''itаI Tl.аct of tlэe StсlILio'| 447

aгound thе tеstiсlе. tl-tе еpidid-vmis, and thе spеfmatiс
сoгd Тhе nе\t Out\l ard lar-ег is thе pariеtal vaginal trrniс,
тr l-rjсlr is e сontinuаtion of thе pariеtal pеritonеunr. Bе-
t\\-ее11 tlrе r-isсегal end paгiеtal tlu1iсirе is a small spaсr'
tlrе r-aginal сavitl.. ч.lriсh is сontirruсlus тr,ith thе pегito-
nсal сavit1, and noгnrall1. сontains a snrall amount of
pегitonеal fluid. Tlrе pafiеtal vaginal tuniсa is loosеly
сorrnесtеd via fasсia to thе tllniсa сlartos' and bс1,6n( 1hg

tllniсa dartos is thс sсгotal skin (Fig 1'o-2B).,"

Ассessorу Seх Glands

Thе normal stallion possеssеs a full сomplеmеnt of aссеs-
sof-y sех glands, inсluding pairеd amptrllaе, pairеd sеmi
nal vеsiсlеs, a singlе bilobеd pfostatс, and pairеd bul-

Central vein

Figure 1 0-2
,1' Anatomy of tl]с tсstiсlе' еpidiсlvmis. and spегmatiс COгd of thе stallioo Tlrе ]oсxtiоns o1

Dеtail of tlrе tissllе lаYсrs suгrouпdiцg thе tеstiсlе ,I.l.tе tttniса аlbuginеa is сlosеlу аl)posеd
sеpta into thе paгеnсhvnra
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vaginal
tUniс

Vaginal
сaV|тy
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vagrnal
tun с

sсrotaI
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Skin

thе Cспtral vеin and aIсLlatс aftегiеs afс shown 6.
to thе tеstiсtllar srtrthсе aпd sеnds сonnесtiYе tissuе
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ЕpididymaI
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bourеthгal glands. Thеsе glands fllnсtion in adding fluid
volumе, еnzymеs, amino aсids, and buffеrs to thе
еjaсulatе.2t' ,, Thе pairеd amprrllaе arе thе most сranial
glands and arе glanсlulaг thiсkеnings of thе duсti dеfеrеn-
tia proхimal to thе еntгy of thе duсts into thе trrеthгa.
Thе glands arе сylindriсal and arе approхimatеly 15 to
20 сm in lеngth and about 2 сm in diamеtеr.22 Thеy arе
palpablе pеr fесtlrm at about wrist dеpth as two pеnсil-
likе struсturеs ехtеnding latеrally from thе midlinе at
approхimatеly а 30-dеgrее anglе from thе urеthra. Jtrst
сaudal to thr amptrllaе afе thе paiгеd sеminal vеsiсlеs.
Thе sеminal vеsiсlеs arе oval bladdег-likе glands that
еxtеnd latеrally fгom thе midlinе at approхimate|у a 3О-
dеgrее anglе to thе rrrеthra. .йЪеn еmpty, thе sеminal
vеsiсlrs bссomе flattеnеd (appгoхimatе|у 26 mm in
lеngth by 9 mm in hеight) and whеn distеndеd with fluid
thеy bесomе гoughly oval.l In stallions that havе not
bееn sехually stimulatеd, thr flattеnеd sеminal vеsiсlеs
arе diffiсult to palpatе pег frсtum. Following sехual stim-
ulation, thе sеminal vеsiсlсs flll with fluid and bссomе
moге rеadily dеtесtablе by palpation. Thе sеminal vеsi-
сlеs еmpty into thе urеthгa at thе sеminal сolliсulus. Thе
isthmus of thе pгostatе is loсatеd on thе vеntfal midlinе
сatrdal to thе sеminal vеsiсlеs. Thе right and lеft lobеs of
thе prostatе еxtеnd latеrally from thе isthmus. Thе pгos-
tatiс isthmus mеasllfеs about 6 mm in hеight, and thе
lobеs mеasuге approхimate\у 23 mm in hеight by morе
than 34 mm in width.. Thе prostatе gland еmptiеs into
thе trrеthra through nllmеrous pfostatiс duсts. Thе gland
may bе palpablе pеf fесttlm if thе stallion has bееn
sехually stimtrlatеd. Thе paiгеd bulbotrrеthral glands arс
roughly сirсular and arе loсatеd on еithсr sidе of thе
ufсthfa just сranial to thе anal sphinсtеf at thе isсhial
arсh. Thеsе glands arr not palpablе pеf fесtllm owing
to thеif loсation bеnеath thе urеthral musсulaturе. Thе
bulbouгеthral glands mеasufr approхimatеly 19 mm in
width by 32 mm in hеight (Fig. 10-3).r Ultrasonographiс
sizе rangеs foг normal stallion aссеssoгy glands vary with
thе agе and bгееd of thе stallion. Normal гangеs havе
bееn rеportеd for Thoгoughbrеd-typе stallions, poniеs.
miniattrге horsеs, and dr;Lft horsе brееds bеforе and aftеr
tеasing.l 5 Tablс 10_1 summarizеs thе rеportеd avеfagе
noгmal valuеs for Thоroughbrеd-typе and pony stallions.

Sсanning Teсhnique

ЕхIernal Genitalia

Pfior to ехamination with thе ultrasound transduсец thе
tеstiсlеs, еpididymis, spеfmatiс сord, and inguinal rеgion
should bе ехaminеd by palpation and visualization. This
allows thе stallion to bесomе aссustomеd to having thе
arеa manipulatеd prioг to introduсing thе tгansduссr and
also allows thе vеtеrinarian to idеntф any obviotts abnor-
malitiеs that may warгant furthеr ultrasonographiс еvalua-
tion.

Thе vеtегinaгian should approaсlr thе horsе's lеft
shotrldеr and, kееping thе lеft sidе of thе body in сontaсt
with thе stallion, slowly approaсlr thе stallion's hindquar-
tеrs. Thе right hand сan tlrеn bе trsеd to rеaсh bеtwееn

Bladder

Ampulla of
deferent duсt

Uterus
masculinus

VesiсuIar
grano

Prostatiс
Iobe

Prostatiс
isthmus
Urethrа|is
musс|e

Bulbourethral
gland

Figure 10-3
Dorsal viеw of tlrе anatomy of thе aссеssory sех glaпds of thе stallion.
Solid linеs indiсatе thе propеr positions of thе transduсеr a, Positioп
оf thе tгansdllсег foI imaging thе lеft amPulla in sagittal sесtion. Ь'
Position of thе tгansdllсег foг imaging thе lеft and right amprtlla in
shoгt-aхis сгoss-sесtion. с, Position of thе transdllсег foг imaging thе
lеft sеminal vеsiсlе in sa€iittal sесtion d' Position of thе traпsduсеr fof
imaging thе lеft lotlе оf thе pгostatе gland in sagittal sесtion е, Position
оf thе transduсеr foг imaging thе lеft bulboufеthгal gland in sagittal sес.
t1()n

tlrе hind limbs for palpation. Onсе thе stallion is aссus.
tomеd to this, ultrasonogгaphiс ехamination сan bеgin.

Thе ultrasound сaгt is plaсеd in a loсation out of rеaсh
of thе Stallion but within sight of thе vеtеrinarian (sее
Fig. 10-1). A сoupling gеl must bе usеd on thе transduсеr
to еnsurе сonstant сontaсt bеtwееn thе transduсеf and
thе sсfotum. Gеnеrous amounts of an approvеd ultгa-
sound сoupling gеl or a watеf-solublе gе1 usеd for gynесo-
logiс ехaminations сan bе trsеd. Thе idеal transduсеr
for еxamination of thе tеstiсlеs is a linеaг-arraу 7.5-МHz
tfansduсеr. This providеs thе sharpеst dеtail of thе supеr-
Iiсially loсatеd tеstiсulaf parеnсhyma, еpididymis, and
spегmatiс сord. In somе сasеs, a 10.0-МHz |inear-ataу
transduсеr may providе еnhanсеd dеtail of supсrflсial
stfuсtufеs (е.g., thе еpididymis). A widе-bandwidth 6.0-
MHz miсroсonvех linеar-affay transduсеr providеs a widе
fiеld of viеw, with еxсеllеnt rеsolution foг сompaгing
stfuсturеs on thе гight and lеft sidеs. A 7.5-МHz trans-
duсеr with a built.in fluid standoff is also aссеptablе.
Мost tгansdrrсеrs usеd for ехamination of thе mafе fеpfo-
duсtivе traсt afе 5.05 МHz. Thеsе transduсеrs aге adе.
quatе, but somе dеtail is lost. Thе addition of a standoff
pad bеtwееn a 5.О5-МI{z transduсеr and thе sсfotum сan
improvе rеsolution but also makеs еxamination moге
awkw.ard. Sесtoг sсannеfs also сan bе usеd, but propег
plaсеmеnt of thе transduсеr is moге diffiсult owing to
thе сurvеd surfaсеs of thе tгansduсег and thе tеstiсlе.

Thе stallion is approaсhеd as for palpation. Propег
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Tаble 10-1
Meaп Dimeпsioпs (tSEM)0t Accessory Sex Glaпd lmаges Measured Prior to aпd Aftеr Seхuаl Stimulаtion aпd Atter Eiасu|аtioп

тime 0f Meаsuremenl

Ultrasoпographic Imаge

Betore Seхual
Preparation

Аfter Seхual
Preparalion

Аfier
Еjaculation

BulЬourеthгal gland
Lеngth (сm)
.W.idth (сm)

Pеlviс poгtion of thе ufеthгa
Diamеtеr (сm)

Ampulla
.Wall diamеtеf (сm)
Luminal diamеtег (сm)
Total diamеtег (сm)

Pгostatе gland
Lobс thiсkflеss (сm)
Isthmus thiсknеss (сm)

Vеsiсulaг gland
wall diamеtеf (сm)
Luminаl diamеtеf (сm)
Total diamеtеI (сm)

309'+006
1.71', + O O4

22э + o.o7

058+003
010"+oo2
1.26" + 0 06

2.53', + 0 08
0.56' + 0 07

026+001
0.57" + 0 07
1.08' + 0 08

3.6lЬ + 0 08
2.rJЬ + g96

229 + 0.06

058 + 003
021Ь+002
1 37ь + oo6

3o6ь + o07
073ь + 0o6

0 26 + 0.01
o72Ь + 006
124n + oo1

3.16', + 0 OiJ

1.81^ + 0 0t

227 + 006

055 + 002
007'+ 001
1 16' + 0.05

241"+008
055^+005

025 + 001
o 44' + 006
o 93' + 0.07

" ь .Ме2ns with differеnt supеrsсripts within thе sаmе гow aге signiлсantly diffегспt (P <0 05)

Adaptеd from wеbеr JA, Gеary Rт, woods GL: Changеs in й..,.o..j sеx glаnds of stаllions aftеr sехual ргеpaгation and еiaсutation J Ап vсt Меd Assoс

196:1084-1089, 1990

against thе of thе
to its long sduсеf
еvеfal timеs latеral
o allow prop of thе

sсfotal сontеnts (Fig. 10-4). Sagittal (long-axis) viеws of
thе tеstiсulaf pafеnсhyma сan bе obtainеd by moving thс

transduсег ovеf thе сfanial surfaсе of thе tеstiсlе and

dirесting thе bеam сaudally or by holding thе transduсеf
on thе l,е''tral surfaсе of thе trstiсlе with thе long aхis

of thе transduсеr parallеl to thе long axis of thе tеstiсlе.

In most Thoroughbгеd.q.pе or largеr brееd stallions, thе

еntifе long aхis of thе tеStiсlе is too largе to bе sееn in
a singlе fгamе of viеw. Thе transdtrсеr сan bе movеd

".o.'nЪ 
as nееdеd to еnsufе that all aгеas of thе tеstiсular

parеnсh1,ma havе bееn r,isualizеd. Thе tail of thе еpididy-
Ьi' .u'' Ъе difflсult to imagе owing to its loсation on thе

сLrfvеd сaudal polе of thе tеStiсlе. Thе transduсеr сan bе

plaсеd еithеr dirесtly ovеr thе tail of ovеf thе tеstiсlе just

сranial to thе tail and thе bеam dirесtеd сaudally towafd
thе tail. Thе lattеr oriеntation is usually morе satisfaсtory

@ig. 10-5, position B). A11еr еxamination of thе tеstiсlеs'
еpiсioymь, and assoсiatеd struсtufеs, thе tfansduсеf
sйoшd bе movеd farthеr up into thе inguinal rеgion for
ехamination of thе spеrmatiс сord. For this еxamination,
thе transduсеr is hеld in thе right hand and positionеd
ovеr thе spеfmatiс сord, parallеl to thе ground (i.е.'

Figure 1 0-4

tеstiсlе up out of thе sсanrring planе of thе tгaпsduсег
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providing shoft-aхis сгoss-sесtions of thе сoгd) whilе thе
lеft hand gеntly but flrmly appliеs downwaгd tfaсtion on
thе tеstiсlе (Fig. 10-6). Thе transduсеf is slowly movеd
up and down thе spеfmatiс сord as far as it сan bе safеly
еxaminеd. Long-axis sесtions of thе spеrmatiс сord сan
also bе obtainеd with a 7.5-МHz tfansduсеf by position-
ing thе tfansduсеf parallеl to thе сofd. Long-аxis viеws
arе difflсult to obtain with thе largег 5.O-МHz transduсеf
bесausе thе loсation of thе tеstiсlеs сlosе to thе stallion,s
body wall may prесludе pfopеr positioning of thе trans-
duсеr.

Thе еntirе pfoсеss is thеn геpеatеd with thе гight
tеStiсlе .sпrhilе thе lеft tеstiсlе is pushеd up out of thе
way. It may bе nесеssafy to fеaffangе thе horsе and
thе еquipmеnt to allow еxamination from thе horsе's
right sidе.

Ассеssorу Glands

A1tеr thе stallion is appropriatеly fеstrainеd, thе rесtum
is еmptiеd of fесеs and thе vеtеrinafian should attеmpt

Figure 1 0-5
Pгopеr Positions of thе tгansduсеr foг imaging thе еpi
didymal lrеad (A) and tail (B) This illustгatеs how thе
еpidid1'mal tail сan bе imagеd by plaсing thе tгansduсеr
ovег thе tеstiсtilaг paгеnсhyma just сгanial to thе tail
and angling thе bеam сaudally This pгovidеs a good
сontaсt suffaсе for thе transduсеf Positioning thе tгans-
duсеf dirесtly oУеf thе еpididymal tail pгovidеs poor
сoпtaсt and rrstlllly геsrrlts in an infегioг imagе

to palpatе and idеntф thе ampullaе, sеminal Yеsiсlеs,
and pfostatе transrесtally. Thе inguinal rings also shoulсl
bе ехaminеd at this timе. It may bе hеlpful to usе thе
inguinal rings as landmarks to idеntф еaсh duсtus dеfеr-
еns. Thе duсtus fееls likе a tеnsс string гunning out of
thе intеrnal inguinal ring. Еaсh duсtus сan bе tfaсеd
сaudally from thе inguinal rings dirесtly to thе ampllllaе.

Most stallions tolеratе this ехamination surpгisingly
wеll, and, onсе thеy bесomе trsеd to thе pгеsеnсе of thе
vеtеfinarian's hand, ultгasonographiс еxamination сan bе
safеly and еfflсiеntly pеrformеd. owing to thе supеrliсial
loсation of thе aссеssofy glands, a 7.5-МHz |iлеarataу
tгansduсеr is prеfеrrеd for this ехamination. Ь 7.5-МI1z
tгansduсеr providеs ехсеllеnt dеtail of thе aссеssoгy
glands and also еnhanсеs vistralization of smallеr struс.
turеs suсh as thе utеrus masсulinus (whеn pfеsеnt) and
thе sеminal сolliсtrlus. If a 7.5-МHz tfansduсеr is not
availablе, a 5.o-МHz transduсеr сan bе rrsеd, although
somе dеtail is lost. A widе-bandwidth 6.0-МHz miсfoсon-
vеx linеar-array transduсеf сan bе usеd hеrе also to сom-
pafе stfuсtufеs on thе right and lеft sidеs. This transduсег
is small еnough to obtain both long- and shoft-aхis imagеs

Figure 10-6
Propег position of thе tгansdtlсег fof im-
aging thе spеfmatiс сoгd in shoгt-aхis сгoss-
sесtiofl Sagittal (long-aхis) imaЕ.еs of thе
сord arе diffiсtllt to obtaiп with thе lafgе
5 o-MHz tIansduсеf Ьut ma1, bе obtaiпеd
with a smallеr 7.5-NIНz tfansduсеf
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Figure 10-7

shoГt-aхis сfoss-sесtioп ultгаsonogгaphiс iпlgе оi погпr.r] tсsтjсrtl;rг p.l.

геrrсh1'ma оbtainеd with thе tгansdrlсег hеld ]s iп Еiqrrгс ll)-+, Тhс

сеntral vеin appеaгs as аn aпссhoiс еlllpsе пithin thс рlгсnсhrпr.r
(blасk аrrсltt'l). In -ге,аl tinlе. tlrе rеin сalr bе tтaсеd along its lеt1gth.

Vеntral tо thе paIеnсh\пa is nсlrnr;r] anесhоiс fltlid in thс \.xgjnal сavitJ,

t'u'hilе аrrou'l (- s-\lH7 liпеLг Lгг.tr tгJIltdtl(.(.г)

of thе intеrnal gеnitalia. Thе transduсеf is hеld, intro-
сluсеd. and advanсесl through thе rесtttnr as it is foг

ultfasonogfaphy of tlrе marе. If a linеar-array tfansduсеf
is not availablе' a sесtof sсannеf with an off-linе bеam
may suffiсе. Tlrе largеr sizе of thе sесtor sсannеr сan
makе ехamination pеf гесtum difliсult and ma), pfесludе
transfесtal ultrasonographiс еxamination in poniеs oг
mini:rtufе horsе stallions.

ULTRAS0N0GRAPHlс tlNDlNGs

Normal Findings

Tеstiсlе

Thе tеstiсlе to bе ех:rminеd is gеntly pullеd down into
thе sсfotum whilе thе oppositе tеstiсlе is pushеd upward
out of thе sсanning planе. .W.ith thе transduсег hеld
against thе latеfal strrfaсе of thе tеstiсlе, as dеsсribеd
abovе, a short-aхis сfoss-sесtional imagс of thе tеstiсlе is
obtainеd Thе transdtrсег is thеn rnovеd aсfoss thе Sсгotal
surfaсе until thе tеstiсular parеnсhyma has bееn viеwеd
in its еntirеty' Thе ultrasonog4гaphiс appеaranсе of thе
normal tеstiсLllar parеnсhyma is homogеnеous, gra1., and
granular. A small amolrnt (typiсall1. < 5 mm) of anесhoiс
fluid сan normally bе sееn in thе vaginal сavity bеtwееn
thе visсеral and pariеtal tuniсaе. Thе сеntral vеin of thе
tеstiсlе is usuallу visiblе as an anесhoiс linе tгavегsing
thе approхimatе сеntеf of thе tеstiсular paгеnсhyma. Thе
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сеntfal vеin is п.idеst сraniodorsally whеrе it joins thе
spеrmatiс сoгсl and narrows сaudovеntrally. Typiсal width
йе"'.'.е-.nts of thе сеntral vеin vary from 1 to 4 mm
сlеpеnding on whiсh atea of thе vеin is imagеd and thе
anglе of thе transduсеr. Thе pariеtal vaginal tuniс and its
assoсiatеd Struсtufеs appеaf as a hypеrесhoiс linе outsidе
thе vaginal сaviry (Figs. 10_7 and 10-8). Whеn thе arеa

is sсannесl with a 7 '5-NЦI1z transduсеr' thе small bгanсhеs
of thе tеstiсular aftеfy (afсLlatе artеriеs) may bе sееn
nеaf thе surfaсе of thе tеstiсlе in thе tuniсa albuginеa.
Thеsе vеssеls arе moге diffiсult to disсегn whеn tlsing a

5.0-MHz transduсеr owing to thеir loсation and small
(usually { 5 mm in diamеtег) sizе (Fig. 10-9).

During thе ехamination of thе tеstiсlеs, thе vеtеrinar-
ian shotrld mеasufе lеngth, width, and hеight of еaсh
individual tеstiсlе as wеll as total sсrotal width. Bесausе
of thе anatomiс loсation of thе stallion tеstiсlеs, сalipеr
mеasufеmеnts (еspесially of tеstiсular hеight) сan bе
quitе diffiсult. Ultrasonographiс mеasurеmеnt is oftеn
еasiег anсl, if pеrformеd сorrесtly, is vегy aссuratе.2 Nor-
mal tеstiсtrlaг dimеnsions vaгy signi-flсantly with thе agе

and bгееd of thе stallion and thе sсason of thе yеar.

Foг ar-егagе. sехuall-v matufе Thoroughbrеd-typе stallions,
пpiсal tеstiсulaг lеngth is 80 to 140 mm and width is 50

to 80 пlnr.]] п-itlr hеiglrt sinrilar to width' Thеsе individual
Inеasuгеmеnts сan bе r-aluablе in tlrеmsеlvеs whеn usеd
as a ll1еans of tlronitoгing сhangеs in tеstiсular sizе ovеr
timе foг an individr'lal stailion. Nonеtlrеlеss. a stallion
shotllсl not bе labеlесl abrroгmal basеd tln a singlе valtrе

outsiсlе thе normal гangе. Мuсh morе inrpoгtarrt infornra-
tion is gainе<J tly using thеsе valuеs to сalсulatе total
tеstiсular volumе. Tеstiсtrlar volumе сan bе сalсulatеd
tlsing thе formr-ila for thе volumе of an еllipsoid, rvhеrе
tеstiсular volumе : 4/э т Х hеight/2 x wtdtlt/2 x

Figure 1 0-8
shofi-aхis сгoss-Sесtion ultгasсlлogгapl.tiс ilrragс оf noгпral tеstiсul1lr рa-
геrrсl.rуma wit]r thе transdllсег hеld as in Figurе 10-4 A small poгtion
of thе ссntгal vеin is visiblе (bltlсk аrro1l'), as is a small amouЛt of
rroгmal fluid in thс vaЕ]inal С^Уiq, (шbite аrroш^) Thе Paгiеtal vrЕ]inal

tuniс and its assoсiatеd stгuсtuгеs aге сlеаrlу visiblе in this imxgе as a

lr1.pегесhсliс linе Outsiсlе thс r.agiпal С^\,iry (шbite аrrou,lэeаф (5 0

MHZ linеar-aгraY tftlnsduсег)
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Figure 10-9
shoft-aхis сIoss-sесtion Llltfasonogгaphiс imagе of normal trstiсlе with
tlrе tгarrsduсег hеld as in Figufе 10_4. Thгее aгсuatе aгtеriеs arе visiblе
as small anесhоiс геgions nеar thе surfaсе of thе tеstiсlе (аrroшs) (7 5.
Mllz linеaг-aггay traпSduсег)

|еngth/2. Tеstiсular volumе сan thеn bе usеd to pгеdiсt
daily spеrm output using thr graрh in Figurе 10-10., А
stallion is сonsidеrеd to havе rеaсhеd daily spеrm output
aftеr еjaсulating onсе daily for 1 wееk.6 Altеrnativеly,
twiсе-daily еjaсulations may allow a stallion to rеaсh dailу
spеfm output within a shoftег pеriod of timе. Stallions

that, at daily spеrm output, produсе lowеr spеrm num-
bеrs than would bе ехpесtеd basеd on tсstiсular volumе
should bе monitoгеd сlosеly and еvaluatеd for possiblе
tеstiсulaг dеgеnеration. Anothег important mеasurеmеnt
is total sсfotal width. A minimum total sсrotal чridth of 8
сm is fеquirеd for сlassifiсation of a stallion as a satisfaс-
tofy pгospесtivе brееdеr.2a

For mеasurеmеnt of individual tеstiсular width, thе
ultrasound tfansduсеf should bе hеld on thе latеral sur.
faсе of thе tеstiсlе, as prеviotrsly dеsсribеd. Ехtгa сarе
must bе takеn to еnsurе that thе bеam is dirесtеd aсfoss
thе widеst atea of thе tеstiсlе and pегpеndiсulaг to its
long aхis (Fig. 10_1l; sее also Fig. 10_4). Variations from
this position rеsult in aftifaсtual altеfations of tеstiсulaг
mеasufеmеnts. Hеight is mеasurеd by plaсing thе trans-
duсеr on thе vеntгal surfaсе of thе tеstiсlе and dirесting
thе bеam dorsally at a 90-dеgfее anglе to thе long axis
of thе tеstiсlе (Figs. 10-12 and 10_13). Lеngth сan bе
dеtеrminеd by plaсing thе transduсеf at thе сfanial as-
pесt of thе tеstiсlе and aiming thе bсam сaudally. In most
stallions, tеstiсular lеngth is too laгgе to flt on thе viеw
sсfееn. In thеsе animals, сalipеr mеasufеmеnts сan bе
substitutеd. Thе tail of thе еpididymis should not bе
inсludеd in еithеr ultrasonographiс or сalipеr mеasuге-
mеnt of tеstiсular dimеnsions. Total sсrotal width сan
bе mеasurеd by gеntly but fiгmly holding both tеstiсlеs
ехtеndеd sidе by sidе in thе sсfotum whilе plaсing thе
tfansduсеr pеrpеndiсulaf to thе long aхis of thе tеstiсlеs
and dirесting thе bеam aсfoss both tеstiсlеs at thеir
widеst point (Еigs. |О_|4 and l0_15).

In summaгy' during ехamination of thе tеstiсlеs thе
following mеasufеmеnts should bе obtainеd:

. Total sсгotal width

. Right and lеft tеstiсular width

. Right and lеft tеstiсular hеight

. Right and lеft tеstiсular lеngth (may геquirе сalipеrs)

600

Figure 10-10
Rеlationship bеtwееn prеdiсtеd
dailу spеrm output and tеstiсular
volrrmе for 26 stallions Baгs rеprе.
sеnt 95% сoпfidепсе intегval Tеs-
tiсuleг volLlmе w.ts dсгivеd using
thе foгmula in thе tехt (From Lovе
СC. Gагсiа Mс. zuеrа FL' Kеnnеy
RN,I: Еvalrration of mеasuгеmеnts
takеfl by ultгasonograph1,and сali
pеr to еstimatе tеstiсulaг volumе
and pгеdiсt dailу spегm output in
thс staliion J Rеpгod Fеп Suppl
44:99-1О1' |99|.)
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Figurе 10-11
shoгt-axis сross-sесtion rtltгasoпrigгaрhiс inreg'с o| l]()mlJl Iсrtll]. dЕпl'

onstгating mеasllгсmеnt оf tеstiсulaг s irltll п itlr ulrгr.оrtnrl сrlLpсг:
Thе transсltlсег is hсtd as itr l.igr-tге 10_+ and tllс bс.Lпr 1i Jiгс(tе(l
aсгoss thе $.i(lсst pxгt of thе tеstiсlе Тhе с;l'iipсrs dеliПе1ttе t}rе \\ idl]l Ot

thе pafеflсhуmа (6 0 спr) NOtе that thе pllr,iеtxl tLlniс an.l its l1ss()сil1lеd

stгLlсtufеs :rrе not inсludеd itl thе mеasllrеmеlt (5 O-\{Hz linеaг.аггar.

transdLlсеf)
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Figure 10-13
Shоп-lrls сг()ss sесtioп ulrгlsсl;.ttlgгa1ll-tiс imagе ilf lroгnraj tеstiсlе dелr-

сlIlstгаriпg n]gilrL]геnlе11I (]f tсsIiсr]lilг hеight \\irh rt1tгasоltпd сalipегS
Thс rгln:drtссг i: llсltl lL: in Figuге l()_1] lпсl thе bеln] is diгссtеd
aсгilss tL-tе highеst pilгI ()i Ihе tсstiсlс llrе сalLpегs dеlinеrtе tl-rе lrеig|rt
оftl.tеpaгеnсhrпla(5()сп1) \оrеtllaгthеРaгiеtlltut-tiс.rtlditsаsstlсi-
lttеd stгrtсtuгеs xге |l()t illсlUсjссl in rhе пеeslrгеnlеllt (5 ().'\lHz linсаг.
afг'r\- transduссr)

Figure 10-12
Pгopег рositioПing of thе
tiсLllar hеight f.hе bеаm
paft of thе tеstiсlе

tгarrsr1ttсег foГ mеxsllгillЕ. tеs.
i. diгесtеrl lt.гoss tltс Itiд1hе.t
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Thе last thrее shorrld bе usеd to сalсulatе tеstiсtrlar vol-
umе.

Еpididуmis

Bесatrsе thе еpididymis is сomposеd of a higШy сonvo-
lutеd duсt, its Llltгasonographiс appеafanсе is vеч, hеt-
еrogеnеolls and gray-blaсk in сolor (altеrnating arеаs of
fluid-frllеd lumеn and еpididymal wall). Thе lumеn of thе
еpididymal duсt is larЕ.еst in thе tail of thе еpididymis.
Thе еpididymal tail is thus distinсtly mottlеd in appеar-
anсе and is thе part of thе еpididymis most еasily visual-
ized.2з As thе lumеn bесomеs naffowеf in thе body and
hеad of thе еpididymis, thе stfuсtufе bесomеs morе
difliсult to distinguish from thе tеstiсulaг parсnсhyma
(Figs. 10-16 and 10-17; sее also Fig. 10_5).

Spermaliс Cord

.йЪеn visualizеd in short-aхis сгoss-sесtion, thе stallion
spеrmatiс сord lras a vеЦ/ hеtеrogеnеous appеaranсе
with distinсt anесhoiс aгras slrffoundеd by moге hypеrе-
сhoiс arеas (Figs. 10-18 and 10-19). This is similar to but
morе dramatiс than thе appеaranсе of thе еpidiф.mal
tail. This appеafanсе rеsults from numеrous shoгt-aхis
сross-sесtions of thе lumina of thе vеssеls in thе pampini
form plеxus and thе duсtlls dеfегеns. In rеal timе, blood
flo.w сan bе sееn within thе vеssеls in most normal
stallions.

Aосessory Sex GIапds

Аmpullae

Thе ampullaе arс imagеd individually in longitudinal sес-
tions with thе transduссr plaсеd diгесtly on top of thе

Figure 10-14
Pfopеf positioning of thе tfansduсег foг mеasuгing total
sсfotal width Tlrе bеam.is difесtеd aсгoss thе widеst pafi
of botlr tеstiсlеs as thе tеstiсlеs arе gепtly pullеd dоwnward
and hеlсt siсtе br. sidе Thе vеtегinarian's lingегs should not
Ье iпsегtеd bеtwееfl thе tеstiсlеs. as this сoulсl геsult in
еrгоrs of mеasuгеmеflt :rnd an aftifaсtual inсгеasе in total
sсгotal width

gland. In ordег to obtain a truе longitudinal imagе, thе
transduсеr must bе anglеd slightly off midlinе to parallеl
thе gland (Fig. 10-20,4, sее also Fig. 10-3,4). Thе rеsultant
imagе of thе parеnсhyma is of a narfow gray-whitе, ho-
mogеnеous band ехtеnding from lеtt to right aсгoss thе
uppеf еdgе of thе ultfasound sсrееn. oссasionally, thе

Figutе 10-15
shorI-aхis сгoss-sесtion ultгasonograplriс imagе of nоrmal tеstiсlеs сlеm.

onstfatinЕ. mеasuгеmеnt of total sсгotal width Тhе transduсеt is hеld
as in Figurе 10_14, and thе bеam is difесtеd aсгсlss thе widеst Рaгt of
thе adjaсеnt tеstiсlеs Mеasufеmеnt is thеn m1ldе aсfoss thе widеst parI

of thе imagе Both tеstiсlеs aге сlеaгlv visiblе Thе сеntral vеin is also
apParеnt in thе tеstiсlе at thе top of thе Iigrrге (IDbite аrrОLubeаф
Thе turriс and assoсi:rtrd stnrсtufеs bеtwееn thе two tеstiсlеs аrе

unavсlidablу inсludеd in thе mеaslrгеmелt (blасk аrrou'l) (.5 O-MHz litr-

еaf.affay tfansollсег)
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Figurе 10..16

L]ltrasollnd imagе of noгmel tеstiсlrlaг perеlrсhrnlа and ерidid\ mal tail
at thе сaudal polе of thе tеstiсlе Тhе ерlсLiсlimal txi] is ]lсtегogеnеous
with anесhоiс' сirсulaг оr оblоl-tg:lгеas геPгtsсl1ting сг()!:.t.сtiuns l]i
thе еpidid\'mal lrrmеn Тhis itllэgе пt-s оbtаlnеd rrith rlrе rгansduсег
hе]с1 as in Figuге 10_5,B -\ггоss suпоttnd tl-rе ерididrпli1l tаi1 (- 5-]lHZ
linеaг-arгa1- tгansс1uсеr)

Figure 10-17
Llltгasolшd imagе of noгmal tеstiсulaг paгеnсh).ma and еpiсiidуmal hеad
and bod1, ;Llong tlrс dоrsoсfxПial aspесt of thе tеstiсlе with thс tfal1s-

duсеr hеld as in FiЕ]ufе 10 5.4 Thе еpidid1,mal hеaс1 and bсldr. aге

hеtеrogеnеous, ч.ith anссhоiс, сiгсulaг, or oblong aгеas герfеsе[ting
сгoss-Sесtions of tlrе ерiсliсl-vmal ltlmеп Thе rrltrasonоgraphiс arсhitес-
turе of thе еpidiсt.vmal hеad anсl bodу is lеss distinсt than that of thе
tail owing to thе smаll sizе оf thс еpidiсiтmal duсt lumеп Arrows
srtrrour.rс| thе еpidid-Yшal hеаd aпd bodv (7 5-NIHz linеaг-arгay trаns-
duсег)
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Figure 10-'18

Lltгasonogгephiс imagе of thс sl-toп.aхis сf()ss-sесtion оf a пoгmal
sрегmаtiс сoгd s jth thе tIansdllсег hеld as iп Figufе 10-6 Nоtс thе
IlLlпlегolls апесlroiс сгoss sесtiolls сlf thе r'еssеls In геal tiпе, blood
flos саn bе sееll rr'irhiл гhс rеssеls -\ггOrr. points to оле vеssеl in
сгoss.5есtion (- 5.\IHZ liI.tеаг..lггlLr trапsduсег)

Figure 10-19
Illtгasonographiс imagс of shогt-axis сross-sссtioп of noгmal spегm:rtiс
сord adjaсеnt to tlrе nогmal tсstiсlе .Ihis imagе is obtalnесl as thс
tгаnsduсег is movеd сlistallr' aloпg thе SpегЛlatiс сor.d towarсl thс tеsti-
сlе Arrows сlеlinеatе thе spегmlrtiс сofd (7 5-llHz linеar-arг1ty tгafls-

dLlсеr)
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ltrmеn of thе ampulla is visiblе aS a thin blaсk (fluid) or
whitе (no fluid prеsеnt) linе thгough thе appfoхimatе
сеntеf of thе gland (Figs. 10-21 and |o_22). In normal
stallions. thе lumеn and total diamеtеr of thе ampulla
inсrеasе aftеr sеxual stimulation and dесrеasе following
еjaсulation.r Sее Tablе 10.1 foг normal sizеs.

Thе ampullaе сan also bе vistralizеd in сross-sесtion by
turning thе tfansduсet at a pO-dеgrее anglе to thе long
axis of thе gland (sее Fig. 10_3.8). This viеw is morе
еasily obtainеd with thе smallеr 7.5-МHz tгansduсеr. 

.With

this approaсh, both ampullaе сan bе sееn in short-aхis
сгoss-sесtion and followеd to thеir еntгanсе to thе ufе-
thra (Fig. |o_23).| Thе pеlviс ufеthra bесomеs visiblе
in short-aхis сfoss-sесtion as thе ampullaе aге followеd
сaudally and approaсh thе midlinе. If thе ufеthfal lumеn
is еmpty, it may of may not bе visiblе ultrasonogгaphiсally
as an anесhoiс spot in thе сеntеf of thе ufеthfa. In
somе сasеs, only thе urеthral wall and its strrrounding
musсulaturе arе visiblе as a roughly сirсulaг gгay-whitе
stгuсtlrfе mеdial and vеntral to thе сross-sесtions of thе
ampullaе (Fig. \О-21). Following uгination, thе urеthral
lumеn is oftеn dilatеd with anесhoiс fluid and bесomеs
laгgег and еаsiеr to visualizе.26

.W.hеn sсanning thе ampullaе of somе stallions with a

7.5-МHz tгansduсеf, thе utеrtrs masсulinus, a rеmnаnt of
thе еmbryologiс paгamеsonеphriс (mi.illеrian) duсts, may

Figurе 10-20
Latеfal viеw of thе anatom). of thе aссеs ndling' and thе dерth of pеnеtгation

of thе tfansdlrсеt' solid liflеs indiсatе pro сInnialmost aspесt of thе transdllсеr

for imaging thе amprrllае. ts' Loсatioп of с, Loсation of сranialmost aspесt of

thе tfansduсеr tbr imaging thе pfostatе. btrlbouгеthral glands. owing to thе

сar-ldal loсation сlf thеsе glаnds, thе palп of thс vеtегinaгiaп's lraлd must tlе outsidе thе гесtum to pгopеrly Position thе tгansduсеl

bе sееn mеdial to thе ampullaе just сгanial to thе pfos-

tatiс isthmus.2o Ultrasonographiсally, thе utеrus masсuli
nlls appеafs as a thin-Wallеd, oblong stfuсtufе flllеd with
anесhoiс fluid.

Semiпal Vеsicles

Thе sеminal vеsiсlеs arе imagеd by moving thе ultra-
sound tгansduсег slightly сaudal and latеfal to thе ampul.
laе (sее Figs. 10-3С and |o-2ОB). Thеsе glands сan bе
imagеd in both longitudinal and shoгt-aхis сгoss-sесtions,
dеpеnding upon thе positioning of thе transduсеf. At
rеst, thе walls of thе sеminal vеsiсlеs appеar gray-whitе
and homogеnеous and thе еntirе gland is flattеnеd dor.
sally to vеntrally. Varying amolrnts of anесhoiс fluid may
bе prеsеnt within thе glandular lumеn (Fig. 10-25). Fol-

lowing sеxual stimlllation, thе amolrnt of luminal fluid
inсrеasеs and thе gland bесomеs distеndеd and гoundеd

@ig. 10_26). Aftеr еjaсulation, thе sеminal vеsiсlеs fеtufn
to thеiг prеstimulation appеaranсе. Thе dесгеasе in sеmi
nal vеsiсlе ltrminal size aftet еjaсulation is сorrеlatеd with
thе amount of gеl prеsеnt in thе еjaсtrlatе. Sеminal vеsiсlе
sесгеtions aге not always voidеd at еjaсulation, and thus
a |argе lumеn ргior to еjaсulation doеs not nесеssaгily
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Figure 10-21

t]ltflsonogгaphiс imаgе of longittrdiпal sесtion ol thс trогmal alrrpulla

pгiof to sехual stimulation With trarrsdtlсеr l.rеlсl as in Figurеs 10_3a

and 10_20A 'I.lrе glarrd paгсnсlr.vпlа is lrсlnlogеnеous (L|]hitе 41,rou1s)

Thе ltlmеn is геpгеsеntеd Ьv a hl'pеrесlroiс |ine (|эlасk arozls) \W.l.tеп

ampullaц, 1lui(l is pГеSеnt' thе noгmal llrmсn maY appеaт anесl-roiс (7 5-

MHz lirrеar-alгay tгansrесtel transdllсеf)
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Figure 10-22
LlltfasofloЕ]гaphiс itтagе of а lоrrgitttdiла1 sеCtiоп of псlгmal xmрulla
altег sехltll stimulation .llrе tгalsсltlсеr is hсld as ifl Еigt|Геs 10-Ja and
l0-20A Thе ltlmеrr has an inсrеasеd diatrrеtег anс| is lii]сd with Лorшаl
lrуpoесhoiс 1]uid W.hil'е aIгows dеп()tе glarrdrr|аr l'issrrе Rleсk afroп.s
polnt to fluiсl ill thе ltrmеrr (5 O-MHz linеar-;rгray trlnsгесtal tгxпs(luсеf)

Figure 10-23
UltгasoпoglaPhiс imagе of shогЕаxis сfoss-sесtion of noгmal pairесl alrrprtllaе Тhе transdrrсеf is hе|d as in Figllrе 10_3b. with tlrс tгansduсeг hеасl

ttrrnеd at a 90-.t.g... anglе to thе long aхis of thе ampullaе I])' moving thе tгansdlrсег сгаlliallv tO сirlldallу. tl-tе glanсls сan llе ftlllorl.еd il.t сгoss.

sесtion until tlrе1. gn1"' tlrе Llгеthfa Aп arrow Points to еaсl.r gland (7 5-N,IHz linеaг-аrra1. transгесtal tfttЛs(lllсеr)
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Figure '10-24

UltгasonoЕ.гaphiс imagе оf short-aхis сгoss-sесtion of nonnal paifеd
ampullaе doгsal to thе noгmal L[еthfal rrrusсu]atrrtе Thе tfansduсеr is
l.rеlсl as in Figllrе 10-3b' with thе transduсеr hеad turnесl at a 9o-dеgfее
anglе tO thе lon€{ aхis оf thе ampullaе Thе uгеthral lumеn is not сlеaflу
visiblе \flhitе arтOws poiлt to ampullaе Blaсk aггow points to rrгеthгal
musсulatuге (5 O-MHz linеar-arгa1, tгansrесtal tfansduсег)

mеan that largе amottnts of gеl will bе found in thе
rjaсLllatе.- Sее Tablе l0-1 for noгmal sizеs.

Proslatiс Isthmus and Prostatiс Lobes

Thе prostatiс isthmus is loсatеd on thе midlinе ilrst сau-
dal to thе nесk of thе sеminal vеsiсlеs. Thе lobеs of thе
pfostatе ехtеnd outwafd to thе гight and lеft of thе
isthmus. To imagе thе pfostatiс isthmus' thе transduсеr
is movеd сaudally from thе srminal vеsiсlеs and kеpt on
thе midlinе parallсl to thе long aхis of thе stallion's body.

Figure 10-26
Ultrasonograplriс imagе of longittldina| sесtion <lf normal sеminal r.еsi.
сlе aftеr еxtеnsivе tеxsing Тhе tгаnsduсеI is hеld as iп Figtlгеs t0_3с
and 10_20B Thе vеsiсlе is гortnсlеd aпd bladdегlikе. afld thс lumеn is
distеndесl with anесhoiс flt-lid Атr.ows dеlinеatе thе rva]l of thе s]larrd
(5 0-N1Hz linеar-aгга1. tfafrsrесtal transduсег)

Thе lobеs arе viеwеd by moving thе transduсеr latеrally,
still parallеl to thс body's long aхis (sее Figs. |o-3D
and |О-2ОС.) In thе unafolrsеd stallion, thе prostatiс
paгеnсhyma appеars gray-whitе and hеtеrogеnеous' сon-
taining multiplе anесhoiс (fluid) spaсеs (Fig. 10_27). Thе
ovеrall sizе of thе pfostatе and thе sizе and dеnsity of

Figurе 10-25
Ultгasonсlgгaphiс imagе tlf kltrgitrrdinal sесtiorr сlf normal sеminal vеsi-
сlе рIiof to sехual stimllletion Thе tfansdllсеf is lrеld as in Figuгеs
]0_3с and l0-201] Tlrе vеsiсlе is flattепеd dorsall,v tо vеntIall), A thin
linе of sеminal vеsiсulaг fluid is visiblе in thе сеntеr of thе g|aлd (.blасk
аrroш) \хlh|tс arгсlws с1сlinеatс thе wall of thе gl;tnd (7 5.MHz linеar-
afray transfесtal transduсег)

Figure 10-27
UltгasonogIaрhiс imaЕ.е of shoп-;rхis сross-Sесtioп of nогmаl pIostatiс
loЬе prior to sсxual stimlllation T1rе transduсеr is hеld as in Figurеs
10_3d and 10_2oС Тhе paгеnсhvma is hеtегogепеolts gra1.whitе and
сontains multiplе anесhoiс fluiсl poсkеts Aтroтr,.s dеlinсatе pгostatiс
parеnсhyma (7 5-Мнz linеar-aгrav transIесtal tгansсlrrсег)

Ve
tB

oo
ks

.ir



thе fluid-lillеd spaсеs inсrеasе following sехltal stimllla-
tion. Aftеr stimulation. thе fluid.frllеd aгеas somеtimеs
appеaf as radiating anесhoiс spokеs (Fig. 10-28). Thе
size of thе gland and its fluid-jillеd spaсеs dесrеasеs
following еjaсulation.' Sее Tablе 10-1 for normal sizеs.

Bulbourethral Glands

Thе bulbouгеthгal glands сan bе imagеd to thе гight and
lеft of thе vеntral midlinе and сaudal to thе prostatе.
Usually thе wrist and palm of thе vеtеfinafian's hand
must bе withdrawn from thе rесtum, lеaving thе fingеrs
holding thе ultrasound transdtrсеr just п.ithin thе anal
sphinсtеr (sее Figs. 10_3Д and |o_2oD). Thе bul-
bourеthгal glands arе сirсtrlaг and, at rеst' appеaf granular
gray-whitе (Fig Io-29). Aftеr sехual stinrtrlation. thе
glands еnlargе and anесhoiс fluid poсkеts пrar- bе visiblе
within thе parеnсhyma (Fig. 10_30). Aftеr еjaсttlation,
thе glands fеtufn to thеir prеstimulus sizе arrd appеar-
anсе.' Sее Tablе 10_1 foг normal sizеs

Ассеssorу Seх Glands During Еjaсulation

Thе aссеssor'v sех glands lrar-с also bееn visualizеd dtlring
еjaсulation in thе stalliorr 6 - This tесhniquе еnablеd visu-
a|ization of thе пovеmrnt of fluid throtrgh thе glands
into thе urеthrlr as wеll as visrralization of gland aсtivity
duгing еjaсulation. Thе usе of this tесhniqtrе has thus far
bееn rсpoгtеd only in a геsеarсh situation. Thе stallion is

Figurе 1 0-28
Ultfasoflogfaphjс imigе сlf shoгt-ахis сfoss-sесtion сlf rroгrnlrl Pгostatiс
lobе atiег sеxtla] stimulation 'Гlrе tгaЛsduсеf is hеld as in Figuгеs 10_3d
and 10_2oС Thе thriсl spaсеs havе inсгеasеd in sizе, and sоmе apPеaг
as гadiating spokеs Aтгows dе]inеatе pгOstatiс patеnсhr.ma (7 5-МHz
linеar-aггa1, transfесtal traпsdtlсег)
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Figure 10-29
l ltгasoпogгаpl-tiс iлlаgе Of сгOss-sесtion of normal bulbouгеthral Е.land

РгiOг to sе\Llаl stimulation l-hе tтarrsdtrсег is hеld as in Figttrеs 1o-]е
arrd 1()-20D Тlrе g|and is гоughlr сiгсtrlaг alld holr-togсnеolls gfa}'-

rvhitе Aггoцs dеlinеaге s]аr]drt]aг рaгсnсlrrma (- 5-J\{Hz linеar-aгray
traлsгесtal tгeпsdttссг)

rеstгainеd in a сhtrtе and allowеd tO plaсе his hеad
through a truсk tifе sесLtfеd lrt thе stallion's nесk lеvеl.
Thе vеtеrinarian stands bеlrind and to thе lеft of thе
stallion. insеrts thе transduсеr into thе гесtum, and holсls

Figure '10-30

Ultfasologгaphiс imagе оf сгоss-sесtiоn of bulborrгеthг:rl gland aftеr
trasing Thе tгalrsduсеf is hеld as iп Figuгеs 10_3е and 10_20D Nttmсr-
ous small, anесhoiс, fluiсt-Irllес| spaсеs afе now visiblе sсattегеd
thгoughout thе parеnсhyma W.hitе aггows сlеlinеatе !.landulaг paгеn-
сhуma Blaсk ar;:owlrеaсl points to orrе 1ltfid-tr1lеd spaсе (7 5-MHz linеaг-
afrali tгansrесtal tгansduсеr)
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thе tгansduсеr stеadily in position ovеf thе dеsirсd rеgion
during thе еnsuing еjaсulation. An еstrous maге is pге-
sеntеd to thе stallion on thе faг sidе of thе tirе. Aftеr thе
stallion aсhiеvеs an еrесtion. an assistant olaссs an aftifi-
сial vagina ovеt thе stallion.s pеnis, and sеmеn is сo1-
lесtеd with thе stallion standing on thе ground. Thе
сhutе and tifе limit movеmеnt of thе stallion during
thfusting and еjaсulation and pгеYеnt thе stallion fгom
mounting thе mafr whilе still allowing him aссеss to hеr.
For moге dеtails on this tесhniquе, sее rеfеrеnсеs 6,7,
aлd 25.

Abnormal Ultrasonogrаphiс lmages aпd
Their lnterрretati0n

It is rесommеndеd that thе pгaсtitionеr bесomе as famil-
iar as possiblе with thе normal rtltгasonographiс appеaг-
anсе of thе ехtеrnal gеnitalia and aссеssoгy glands. This
allows foг еasiеr and morе aссufatе dеtесtion of abnor-
malitiеs.

Аbnormalilies 0f thе Testiсles and sсrltal Coпtents

Сryptorсhidisrn. A сryptorсhid hoгsе is onе in whiсh
onе of both tеstiсlеs havе not dеsсеndеd into thе sсгo-
trtm. Мalе horsеs сan bе affесtеd еithеr unilatеrally or
bilatеrally, and thе rеtainеd tеstiсlе may bе prеsеnt сithеr
in thе inguinal сanal or in thе abdominаl сavity. Normal
spеfmato8еnеsis doеs not oссur in сryptoгсhid tеstiсlеs;

Figure 1 0-31
UltrаsonogfaPhiс imaЕ.е of abdomiпаl tеstiсlе in a ]-уеaг-old Thoгough-
brеd stallion Tlris tеstiсlе was loсatеd adjaсеnt to thе tеft intегnal
iпgtinal гing Thе tеstiс]е is small, bllt thе homogеnеolrs tеstiсulaг
paгеnсhyma is rеadilу dеfinablе Сalipеrs dеlinеatе thе hеight and
lеngth of thе tеstiсlе (5 0-МHz linеаг-aггaу tгafrsIесtal tгansduсег)

Figure 10-32
UltгasonoЕ.гaphiс imagе of iпgtlinal tеstiсlе in a уеarling Thoгorrghbгеd
сoII (аrroшS) This imagе was оbtainеd tгansсutanеouslу by pгеssing
thе transduсеr hеad into thе ingtlinа] геgion Ovег tЬе ехtегnal iпguinal
гing. Thе tеstiсular paгепсh1'ma is homogеnеous gra1.whitе and is
dеlinеatеd b-v arгows (5 O-МHz linеаг-аrгаY transdllсег)

howеvег, hormonе pfoduсtion is unaffесtеd. stallions
with onе сryptorсhid tеstiсlе and onе normal dеsсеndеd
tеstiсlс arе utsually fеrtilе. Bilatегally сryptorсhid stallions
arе stеrilе bllt сontinuе to ехhibit stallion-likе bеhavioг.
In сasеs of known or suspесtеd сryptorсhidism, ultraso-
nogгaphy сan bе usеd to dеtеrminе thе prеsеnсе and
loсation of a rеtainеd tеstiсlе. In onе fеport, 1 1 of 1 1

rеtainеd tеstiсlrs wеfе aссLlratеl1. idеntiIiеd, loсatеd, and
mеasuгеd using a 5-МHz linеaг-aгray transduсеr еithеr
tгansrесtally (abdominal tеstiсlеs) of by sсanning еxtеr-
nally ovеr thе ехtегnal inguinal ring (inguinal tеstiсlеs).lr
Sсanning ovеr thе ехtеrnal inguinal ring is most еasily
aссomplishеd using a sесtoг sсannеf. If a sесtor sсannеf
is not availablе, a linеaг-aггay transduсеr suffiсеs. Thе
parеnсhyma of a сryptoгсhid tеstiсlе is gеnеrally moге
hypoесhoiс than that of a dеsсеndеd tеstiсlе but is nonе-
thеlеss rеadily idеntifiablе @igs. 10_31 and 10-]2). Idеn-
tiflсation of a геtainеd tеstiсlе by ultrasonography pro-
vidеs valuablе infoгmation on thе tсstiсlе's ехaсt
loсation. This сan bе ехtrеmеly hеlpful in сasеs in whiсh
surgiсal rеmoval is plannеd.

сryptofсhidism should bе suspесtеd in any stallion
prеsеnting with only onе idеntiliablе sсrotal tеstiсlе of in
a sttpposеd gеlding with еxсеssivеly stallion-likе bеhavior.
A сarеful history must bе obtainеd to dеtеrminе if thе
missing tеstiсlе(s) was surgiсally rеmovеd for rеasons
unrеlatеd to сгyptorсhidism. $7hеn a rеtainеd tеstiсlе is
suspесtеd, tfansсutanеotts trltrasonographiс еxamination
of thе inguinal rеgion and transrесtal trltrasonography of
thе abdominal сaviф сan bе pеrformеd to сonfirm thе
diagnosis. Rеtainеd tеstiсlrs, whеthеr inguinal or abdomi-
nal, arе gеnеrally softег and smallег than arе sсrotal tеsti
сlсs. Abdominal tеstiсlеs сan bе loсatеd anr,тvhеrе fгom
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iust сaudal to thе kidnеy to within thе intеrnal inguinal
ring. Most arе loсatеd in or adjaсеnt to thе intегnal
inguinal ring.22 W.hеn sеarсhing for an abdominal tеstiсlе
by palpation or ultrasonography, onе of two diffеrеnt
appгoaсhеs сan bе takеn. In thе fi.rst approaсh, thе am-

pulla on thе sidе of thе missing tеstiсlе is loсatеd by
palpation and followеd to thе dlrсtus dеfеrеns. Thе duс-
tus' whiсh fееls likе a tеnsе stfing transfесtally, сan thеn
bе followеd to thе tеstiсlе. Altегnativеly' thе inguinal ring
on thе sidе of thе missing tеstiсlе is loсatеd by palpation.
Thе ring itsеlf and thе adjaсеnt arеas сan thеn bе ехam-
inеd by palpation and ultrasonography Llntil thе pfеSеnсе
or absеnсе of thе tеstiсlе is dеtеrminеd. In unusual сasеs,
thе tеstiсlе may bе loсatеd nеaf thе сaudal polе of thе
kidnеy (thе sitе of its еmbryoniс oгigin). This arеa and
the atea bеt.wееn thе kidnеy and thе inguinal гing should
bе еxaminеd if thе tеstiсlе is not loсatеd in thе inguinal
rеgion. To sеarсh foг an inguinal tеstiсlе, thе horsе should
bе геstrainеd in a mannеf similar to that dеsсribеd foг
ultrasonographiс еxamination of thе sсгotal сontеnts Сo-
pious lubriсation should bе appliеd to thе skin ovегlving
thе ехtеrnal inguinal ring' Thе hеad of thе tгensduсег is
thеn prеssеd up into thе inguinal rеgion o\-ег thе ехtеrnal
inguinal ring to pеrmit visualization of thе inguinal сanal.
It may bе nесеssaгy to appl'v Iirm pгеssurе to thе tгans-
duсеr to еnslrге good сontaсt with tlrе skin. This may
rеsult in slight disсomfort to thе hoгsе, so сaution must
bе еxеrсisеd.

In addition of aS an altеrnativе to palpation and ultгaso-
nographiс diagnosis of сгyptoгсhidism, hormonal assays

сan bе usеd. Thе most сommonly trsеd assay is thе hu-
man сhoгioniс gonadotropin (hCG) stimulation tеst. This
assay is usеful only in сasеs in whiсh no sсrotal tеStiсlе
is prеsеnt. Pairеd plasma samplеs arе drawn prior to and
30 to 120 minutеs aftег administгation of 6'000 to 12,000
IU hсG intfavеnollsly. If funсtional tеstiсulaг tissuе is
prеsеnt, a signi-flсant risе in plasma tеStostеfonе сonсеn-
tгation oссufs.,7 This tесhniqtrе is rеportеdly morе than
9oYo aссgratе in dеtесting thе pгеsеnсе of tеstiсular tis-
suе.28 Basеlinе tеstostегonе сonсеntrations havе also
bееn usеd to diagnosе сrvptorсhidism, howеvец normal
vaгiations in basеlinе valuеs сan makе thе frsults ambigu-
ous. Mеasuгеmеnt of plasma total сonjugatеd еstrogеns
also has tlееn usеd to diagnosе thе pfеsе11се of a rеtainеd
tеstiсlе.28 Animals with tеstiсular tissuе havе signifiсantl1,
highеr plasma сonjugatеd еstгogеns than do gеldings.
This diagnostiс tесhniquе is rеpoftеdly vег1, suссеssful in
diffегеntiating сryptorсhid stallions from gеldings.

Мuсh dеbatе ехists ovег thе hеritability of сryptoгсhi
dism in thе horsе. Thе сondition has bееn герortеd to
bе morе prеvalеnt in Quaгtеr Horsеs, Pgrсhеrons, and
Amеriсan Saddlе Hoгsеs.28 As long as sound еvidеnсе is
laсking to еithеr pгovе or disprovе thе hегitablе natuге
of сfyptoгсhidism, and bесausе many brееd геgistriеs
сonsidеr сryptoгсhid animals unsound, bilatеral сastfa-
tion is stгongly rесommеndсd.29 It has also bееn stlg-
gеstеd that сfyptoгсhid tеstiсlеs may bе at an inсrеasеd
risk foг nеoplasia.ro Until morе information bесomеs
availablе on thе hеritability of сryptorсhidism, сryptor-
сhid stallions, whеthеr fеrtilе or not' should bе сlassiflеd
as unsatisfaсtofy pгospесtivе brееdеrs.2a

Sеvегal hormonal tгеatmеnts havе bееn frpoftеd to
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сausе thе dеsсеnt of сryptorсhid tеstiсlеs in humans,
with mixеd геsults.r.']2 To thе authof's knowlеdgе, thеsе
protoсols havе not bееn еvaltratеd in hoгsеs in сontfollеd
studiеs and arе not гесommсndеd. orсhiopеrry doеs not
геsult in thе rеturn of noгmal spеrmatogеnеsis.22 Any
attеmpt to еithеr mеdiсally or surgiсally сoгrесt a сгyptoг.
сhid tеstiсlе is сonsidеrеd unеthiсal.

Sсrotal ЕnlargemenI

Sсrotal еnlargеmеnt has many possiblе сausеs' Most сasеs
of inсгеasеd sсrotal sizе arе ехtгatеstiсular in origin (i.е.,
sсrotal hегnia, blood, purulеnt dеbгis, or inсrеasеd pегi
tonеal fluid in thе vaginal сavity). Ultгasonogгaphy сan
bе vегy hеlpful in dеtеrmining thе сausе of sсгotal еn-
laгgеmеnt.

Sсгotal Fluid - Hуdroсеlе, Hеmatoсеlе, and Pyo-
се1е. Bесatrsе thе vaginal сavity is сontinuous with thе
pегitonеal сavity, an inсrеasеd amount of anесhoiс fluid
(h1,droсеlе) in thе vaginal сavify сan rеsult from any
s\'stеmiс disеasе that сausеs еithег inсгеasеd pгoduсtion
of pегitonеal flrrid or dесrеasеd drainagе of pегitonеal
fluid fгom thе r'aginal spaсе. In addition, tfauma, tеstiсu-
lar toгsion. nеoplasia. oг sr'stеmiс disеasе rеsulting in
dеpеndеnt еdеma or pr.гехia сan rеsult in hydroсеlе.
Hydгoсеlе сan alsсl bе sееn сongеnitall1. most oftеn in
Shiге hoгsеs. Сongеnital hydroсеlе is trstlally not dеtri.
mеntal to thе stallion.]3 Ultгasonographiсally, hydroсеlе
is manifеstеd as an inсrеasе in anесlroiс fluid within thе
vaginal сavity. Thе inсrеasе in fluid volumе сfеatеs a

gfеatеf сontгast bеtwееn thе spеrmatiс сord and thе
еpididymis and thеir surrounding struсtuгеS. A morе dis.
tinсt ultfasonographiс outlinе of thе сoгd and еpididymis
геsults rFigs. l0-33 аnd lo-J4).

Blood (hеmatoсеlе) oг purulеnt fluid (pyoсеlе) сan also
bе visualizеd ultгasonographiсally within thе sсrotum.
Сlottеd blood has 

^fl 
appеatanсе similar to a сoгpus

hеmoггhagiсum on a marе's ovary (gray-blaсk, mottlеd'
iгrеgular). Hеmatoсеlе сan геsult from trauma of tеstiсu-
lar torsion. Thе сlot gradually inсrеasеs in есhogеniсity
as it organizеs and flbrosеs. Purulеnt fluid gеnеrally has
largе amounts of paftiсtrlatе dеbris floating within it.

tigure 10-33
tjltrasonographiс imagе оf modеfatе h1,dгoсеlе Thе anесhoiс fluid
(bl.lсk аrroц]) сlеaIl)r outlinеs thе tеstiсlе аnd еpidid.vma| tni| (|Dhite
аtтotll) (5.o-МHz linеlr-lrraу transduсег)
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Figure 10-34
Ultгasonogгaphiс imagе of modегatе hyсlгoсеlе Thе anесhoiс flrriсl
(blасk аrrош\ strrгounds thе tеstiсlе and outlinеs a сross-sесtiofl of an
aгсuatе aгtеry Q|lэite dtroll) (5 O.МHz linеaг-aггaY tг1lnsdllсег)

Pyoсеlе сan dеvеlop following a pеnеtfating wound, sес-
ondary to fuptuге of an absсеSs, oг as a геsult of pеritoni-
tis. In сasеs of hеmatoсеlе and pyoсеlе, libгin tags may
foгm and may bе visiblе ultfasonogfaphiсally as grayish
stfuсtufеs floating or waving in thе suгrounding fluid
(Fig. 10-35).

Thе prognosis fbr stallions with sсгotal fluid dеpеnds
largеly on thе undеrlying сaLlsе. Any typе of fluid сan bе
еxpесtсd to сausе at lеast tfansiеnt insulating еffесts on
thе tеstiсlе and a rеsultant lowеring of sеmеn quality.
In сasеs of hydгoсеlе in whiсh thе undеrlying сausе is
еliminatеd and thе fluid rеsolvеs' sеmеn quality is ех-
pесtеd to impfovе in abotrt onе spеfmatogеniс сyсlе
(approximatеly 60 days). In сasеs of hсmаtoсеlе oг pyo-
сеlе that dеvеlop adhеsions or fibrous tissllе, thе progno-
sis foг rеturn to normal fllnсtion of thе affесtеd tеstiсlе(s)
is morе grraгdеd and drpеnds largсly on thе ехtеnt of thе
pathology. Small adhеsions may havе littlе or no еffесt
on futurе fеftility. ЕхtеnsiYе adhеsions and flbrous tissuе

Figure 10-35
UltгasonogIaрhiс imagе оf pyoсеlе Laгgе amollflts of puгulеnt dеbгis
aге distеnding thе YaЕ.inal с;tvtt,v (.аrroltl) Тl.rе fluid is есhodеnsе дnd
сontains paftiсulatе dеbris that сoulсi bе sееn swi'гling in геal timе Thе
arrowhеad points tO thе tеstiсlе (5 o-МHz sесtof-sсannег tгansduсеf)

formation may intеrfеrе with thе normal thеrmorеgula-
tion of thе tеstiсlеs and may сausе pfеsslrге nесrosis of
thе tеstiсular parеnсhyma. In bulls with hеmatoсеlе, thе
affесtеd tеstiсlr is oftеn rеndеrеd nonfunсtional.J,, Ultгa-
sonography сan bе a valrrablе tool foг monitoring thе
progfеss of affесtеd stallions and is oftеn of pгognostiс
valuе whеn usеd to assеss thе еxtеnt of thе pathology. If
onе tеstiсlе is unaffесtеd by thе problеm, that tеstiсlе
would bе ехpесtеd to rеtufn to normal funсtion onсе
any insulating еffесts wеfе fеmoYеd. It has bееn rеportеd
that adhеsiоns bеtwееn thе paгiеtal and visсегal vaginal
tuniсs сan bе found in oldеr stallions, prеsumably as a
геsult of сapillary hеmorrhagс rеsulting from trauma to
thе sсrottrm inсtrrrеd during noгmal aсtivity.2] Again, thе
signiIiсanсе of thеsе adhеsions dеpеnds on thеif sеvеriry

Tгеatmеnt of hydroсеlе dеpеnds on thе undегlying
сausе. In most instanсеs, systеmiс anti-inflammatofiеs
and сold watеf hydfothеrapy of thе sсrotum arе inсludеd
as paft of thе thеrapеutiс plan. Tгratmеnt of hеmatoсеlе
rеstrlting from trauma to thе sсгotlrm also inсludеs sys-
tеmiс antiinflammatoriеs and сold hydrothеrapy, with
thе possiblе addition of systеmiс broad-spесtrllm antibiot-
iсs. \oсеlе is tfеatеd similarly to hеmatoссlе with thе
nесеssafy addition of systеmiс antibiotiсs, idеally basеd
on сulttrге and sеnsitivity rеsults (sее sесtion on sсrotal
aspiratеs, p. 166;). In sеvеrе сasеs of hеmatoсеlе oг pyo-
сеlе rеsulting in pегmanеnt injufy to thе tеstiсlе, unilat-
еral orсhiесtomy may bе сonsidеrсd. In сasеs of hеmato-
сеlе and pyoсеlе, if onе tеstiсlе is unaffесtеd by thе
problеm, that tеstiсlе is ехpесtеd to fеturn to normal
ftlnсtion onсе any insulating еffесts arе геmovеd.

InguinaVSсrоtal Hеrnias. Ultrasonogгaphy has bееn
dеsсribеd as a diagnostiс aid for dеtесtion of сongеnital
ingtrinal hеrnias in foals and aсqtrirеd ingtrinal and sсrotal
hеrnias in horsеs.8 ]5 An inguinal hеrnia oссufs whеn a
loop of bowеl passеs into thе inguinal сanal. A Sсfotal
hеrnia is a progrеssion of an inguinal hеrnia in whiсh thе
boтrrеl loop passеs into thе sсfotum.

Inguinal or sсrotal hеrnias may bе сongеnital of aс-
qttirеd, unсompliсatеd or сompliсatеd. In сasеs of сon-
gеnital hеrnias in foals, thе problеm typiсally rеsolvеs
spontanеously within thе lirst 12 months of agе. Сongеni
tal hегnias typiсally involvе small intеstinе. Thе hеrniatеd
piесе is usllally viablе.

Aсqtrirеd inguinal and sсrotal hеrnias сan oссur in
gеldings of in stallions and may oссur with a highеr
inсidеnсе in Standardbгеds.3.' Largеr ingrdnal fings may
prеdisposе a horsе to a hеrnia.]7 In many сasеs, aсqrrirеd
ingtrinal and sсfotal hеrnias arе assoсiatеd with ехеrсisе
oг tfauma.]8 Most aсquirеd hеrnias in horsеs involvе thе
small intеstinе. In aсqllirеd hегnias, bowеl loops may bе
еithеr stfangulatеd or nonstfangulatеd. Мost horsеs aге
prеsеntеd for an еnlaгgеd sсfotum, сoliс, or Lloth. Somе
horsеs with nonstrangulating inguinal or sсгotal hеrnias
do not ехhibit any signs of disсomfort. WЪеn a hеrnia is
suspесtеd, an еxamination of thе intеrnal ingttinal ring
by transfесtal palpation usually сonlirms thс diagnosis. If
a hеrnia is pгеsеnt, loops of bowеl сan bе palpatеd
passing through thе inguinal ring into thе inguinal сanal.

Aсquiгеd inguinal and sсrotal hеrnias in horsеs arе
most oftеn indirесt.Js' J9 In an inсliгесt hеrnia, an out-
pouсhing of tlrе paгiеtal pеritonеrrm oссLlrs throtrgh thе
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inguinal ring. This сfеatеs a saс linеd by pеritonеum that
сontains abdominal fluid and may or may not сontain
bowеl loops. As thе saс еnlargеs, it dеsсеnds bеsidс thе
spеrmatiс сord and еvеntllally into thе sсrotum. Thе
hеrniatеd saс is loсatеd outsidе thе tuniсa albuginеa of
thе tеstiсlе. Ultrasonography сan gгеatly aid in thе еxami-
nation of сongеnital and aсquirеd inguinal or sсrotal hег-
nias and in assеssing boчrеl viability. Ь 7.5- or 5.0-МHz
linеar-array of sесtoг-sсannеr transduсеr сan bе usеd to
еvaluatе sсrotal сontеnts of сan bе prеssеd high into thе
inguinal rеgion to еvaluatе thе ехtеrnal inguinal ring.
Whеn prеsеnt, bowеl loops arе rrsually rеadily idеntifl-
ablе. In thr сasе of sсгotal hеrnias, vaгiablе amounts of
frее sсrotal fluid (hydroсеlе) may also bе dеtесtеd and
thс tеstiсlе on thе affесtеd sidе may havе inсrеasеd есho-
gеniсity (Fig. 10-36).1 8 Ultrasonographiс hallmarks of
viablе bowеl inсludе pеristaltiс wavеs and normal wall
thiсknеss. In сasеs of strangulating hеrnias, pеristaltiс
wavеs arе rеduсеd or absеnt and thе bowеl wall appеars
thiсk and еdеmatous. Thе typе of bowеl pfеsеnt in thе
hеrnia сan also bе dеtеrminеd trsing ultrasonography.,u
Small intеstinе, as is usually pfеsеnt, сan bе idеntiIiеd by
its small diamеtеr and long mеsеntеry. Thе pгognosis for
сongеnital ingr'rinal or sсrotal hегnia is vеr'v good, and
most геsolvе spontanеouslr' тvith timе In сasеs of ас-

quirеd hеrnia' thr most important prognostiс indiсatoг is
thе duration of thе hегnia Rеgardlсss of rr hсthег oг not
thе bowеl is strangulatеd. prognosis is r.егr. good foг
сasеs in lпrhiсh tlrе hегnie is diagnosеd and сoггесtеd
ear|у (<24 lrours). Сasеs irr тr.hiсh thе hеrnia is lеft
untfеatсd for a lсlng pегiod of timе arе assoсiatеd ъ.ith a

poofеf prognosis. Trеatmеnt is not gеnегall.v rеquirеd for
сongеnital hеrnias. In somе гafе pfotfaсtеd сasеs, surgiсal
сorгесtion may bе nееdеd. In сasеs of aсquirеd hеrnia,
tfеatmеnt is indiсаtеd

In a fеw сasеs of unсompliсatеd aсquiгеd inguinal
hеrnia, thе hегnia may bе сorгесtеd manually by gеntlе
transrесtal tгaсtion on thе hеrniatеd bowеl. Boмrеl viabil-

Figure 10-36
Ultгasonogfaphiс imаЕ.е of Sсfotal hегnia Sеr'сrе hydгoсеlе is pгеsеnt
(urhitе drrОш) Thе tеstiсular paгеnсhуma is of noгmal есhogеniсiq.
(ujhite аrroшbeаф S^g;iIа| sесtions of bowеl loops arс visiblе, arrd

pегistaltiс wavеs сould bе sееn in fеal timе (outliпеd аrroujs) (5 O-МHz
Sесtoг-sсannеr tгansсtuсеf ,)
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ity should bе сonfirmеd ultrasonographiсally bеforе at-

tеmpting to pеrform fесtal taхis. Rеgardlеss of thе сondi-
tion of thе bowеl, this proсеdurе сarгiеs a signiliсant гisk
of rесtal pегforation and is not fесommеndеd in most
сasеs. Most oftеn, strrgiсal сorrесtion of thе hеrnia is
rеquirеd. Any сasе involving strangulatеd boчzеl abso-
lutеly rеquirеs surgеfy for rеsесtion of thе сompгomisеd
tissttе and rеduсtion of thе hеrnia. Gеnеrally, thе tеstiсlс
on thе sidе of thе hеrnia is геmovеd at thе timе of suгgеry
to rеduсе thе сhanсеs of rесurrеnсе of thе hеrnia. In
somе сasеS it may bе possitllе to salvagе thе tеstiсlе, but
thе ownеr should bе madе awarе of thе possibility of
гесurfеnсе of thе hеrnia.39

Tesli cu l a r Еn l a rge m e nt

Aсtual еnlargеmеnt of thе tеstiсlе itsеlf is unсonrmon but
сan bе duе to orсhitis, vasсular or lymphatiс stasis within
thе tеstiсlе, tеstiсular absсеss, tеstiсulaг hеmatoma, oц
in гarе instanсеs, tеstiсular nеoplasia. Еnlargеd tеstiсlеs
usually diffеr in ultrasonographiс appеaгanсе from nor-
mal tеstiсlеs. Although somе ultrasonographiс сhangеs
may bе fairly subtlс, thеy oftеn bесomе quitе apparеnt if
thе oppositе tеstiсlе is normal and its ultrasonographiс
appеaгanсе is сomparеd with that of thе affесtеd tеstiсlс.

Vasсular and Lymphatiс Stаsis. Сlrroniс vasсular
stasis oг lrmphatiс stasis. as in сasеs of сhroniс spегmatiс
сoгd toгsion. сan сausе tсstiсulaг еnlargеnrеnt If tеstiсu-
1aг еn1aгgепlеnt is a геsult of spегmatiс сoгd torsion,
abnormalitiеs of thе spегтnatiс сord should also bе r,isiblе
on ultrasound (sее sссtion on spеrmatiс сoгd toгsion,
p. 16i).

Nеoplasia. Tеstiсr'rlar nеoplasia is unсommon in thе
stallion,r' and in most сasеs thе tеstiсlе is not palpably
еnlargеd. In faсt, in many сasеs of tеstiсulaг nеoplasia,
tеstiсulaf dеgеnеration is also pfеsrnt and thе affесtеd
trstiсlе is rеduсеd in sizе. Tеstiсular tumoгs сan aгisе
from еithеr gеrminal or nongеrminal сеlls. Gегminal nеo-
plasms aге thе most сommon tumof typе found in stal-
lions. Tеratomas, sеminomas' tеfatoсarсinomas, and еm-
bryoniс сaгсinomas arе all gеrminal nеoplasms that havе
bееn dеsсribеd in stallions.a2 Nongеrminal tumors arisе
from stгomal сеlls and inсludе Sегtoli and Lеydig сеll
tumors.a] A mixеd gеrm сеll-sех сord.stromal nеoplasia
has also bееn rеportеd.a] Мost tеstiсulaf tumofs in thе
stallion arе bеnign.

Almost no information is availablе on thе ultrasono.
graphiс appеafanсе of diffеrеnt tеstiсular tumors in thе
stallion, and at this timе it is not possiblе to ultrasono-
graphiсally diffеrеntiatе thе tumor typеs. Tеntativе diag-
nosis of tеstiсulaf nеoplasia сan bе madе basеd on ultra-
sonography; dеflnitivе diagnosis rеquiгеs histopathologiс
ехamination. Tеstiсular nеoplasia rеsults in a loсalizеd
hеtеrogеnеolls appеaranсе to thе normally vеry homogе-
nеous tеstiсular parеnсhyma. Figurеs 10-37 to 10-39
show thrее possiblе appеaгanсеs of tеstiсular nеoplasia
in thrее stallions.

Trеatmеnt for tеstiсular nеoplasia is usually orсhiес-
tomy of thе affесtеd trstiсlе. If thе tеstiсlе must bе
salvagеd, and bесausе most tеstiсulaг ttrmors arе bеnign
and small with rеspесt to thе suгrounding tеstiсular pa-
rеnсhvma. it maY bе rеasonablе to rеfrain from tfеatmеnt
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Fiqure 10-37
Ultгasonogгaphiс imagе of tеstiсular tumor in a stallion. Aгrow points
to thе trrmoг. Thе tllmor appеars as a punсhеd-out lеsion in thе homo-
gепеous tеstiСulaг parеnсhуma (5 O-МHz linеar-aгтaу tfansduсеf)

whilе сontindng to monitor thе lеsion Llltfasonogfaphi
сally for сhangеs in tumor sizе and in thе sllffounding
parеnсhyma. It is likеly that a portion of thе tеstiсlе
will сontintrе to funсtion and сontгibutе spеrm to thе
еjaсulatе. In thеory, histologiс еvaltration of an ultrasono-
gfaphiсally guidеd tеstiсulaf biopsy samplе сan aid in thе
dесision about геmoving thе tеstiсlr. In praсtiсе, thе
additional information gainеd from a biopsy samplе may
not bе wofth thе гisk of damagе to thе tеstiсlе that
may bе inсurrеd during pfoсufеmеnt of thе samplе. In
humans, tеstis-spafing sufgеry for rеmoval of bеnign tеs-
tiсulаr tumofs has bееn сlеsсгibеd.a5 Сryosurgеry has
bееn usеd in onе horsе in our сliniс with a bеnign
tеstiсulaг tumor. Thе сryosurgеry was intеndеd to halt
thе growth of thе tlrmoг and prеvеnt furthег pfеssufе

Figure 10-38
Ultгasonographiс imagе сonsistеnt with tеstiсLllaг I|mof (а1"roш,) |fi aI
agеd stallion In this сasе, thе lеsion is hеtеrogеnеous arrd somеwhat
laсy сompatеd with thе srtrrounding paгеnсhyma (1 0-МЕlz linеar-aгraу
tгansduсег)

Figure '10-39

Ultrasonоgгaplriс imagе of a laгgе sе.ilinoma of thе tеstiсlе in an agеd
stаllion. Arrows dеlinеatе thе bordегs of thе nеoplastiс tissuе Normal
tеstiсul1lг paгеnсh1.ma is pfеsеnt to tlrе гight of thе turrroг (.3 5-\IНz
сonvеx linсar-array traпsdt-tсег)

nесrosis and dеgеnеration of thе surгotrnding tеstiсular
paгеnсhyma. Unforttrnatеly, rеgrowth of thе tumor has
сontinuеd in spitе of thе sllrgеry.

orсhitis. ofсhitis or inflammation of thе tеstiсulaг
pafеnсhyma is a гarе сausе of tеstiсLllaf еnlaгgеmеnt in
thе stallion. orсhitis сan aгisе sесondarily to trauma,
infесtion, paгasitеs, or autoimmunе disеasе.a6 Thе af-
fесtеd tеstiсlе is typiсally еnlargеd, hot, and painful. Sys-
tеmiс signs suсh as fеvеr, lеukoсyosis, and hypегIibri-
nogеnеmia may also bе prеsеnt. If sеmеn is сollесtеd and
еvaluatеd, largе numbеrs of whitе blood сеlls arе typi-
сally found and sеmеn quality is oftеn poor. Сulturеs of
еjaсulatеd sеmеn maу aid in idеnti-flсation of thе сaus-
ativе ofganism in сasеs of infесtious orсhitis.

Thе ultгasonogгaphiс appearanСe of orсhitis has bееn
dеsсribеd in mеn and appеaгs to bе similar in stallions.
In mеn with orсhitis, thе affесtеd tеstiсlе is еdеmatous
and еnlafgеd. Ultrasonographiсally, thе tеstiсulaf pafеn-
сhyma trsually maintains an ovеrall homogеnеously granu-
|at appеarunсе but bесomеs hypoесhoiс with геspесt to
its normal есhogеniсity. In somе сasеs, thе tеstiсlr ap-
pеars hсtегogеnеous with hypoесhoiс foсi. In сasеs in
whiсh foсal lеsions arе imagеd, it may bе diffiсult ultraso-
nographiсally to distinguish orсhitis from nеoplasia. In
mеn, hydгoсеlе, еpididymitis, and thiсkеning of thе sсro-
tal skin arе typiсall1, assoсiatеd with orсhitis but not
with nеoplasia.4;' 18 Thе ultгasonographiс appеaranсе of
orсhitis in thе stallion parallеls that in mеn (Fig. Io-4o).

Trеatmеnt should bе initiatеd as soon as possiblе and
should inсltrсlе broad-spесtrum systеmiс antibiotiсs, anti
inflammatory drrrgs, and сold hydrothегapy. If a сausativе
organism is isolatеd, antibiotiс sеlесtion should bе basеd
on sеnsitivity геsults. Аltеrnativеly, if thе oppositе tеstiсlе
is normal, unilatеral orсhiесtomy сan bе pеffofmеd. or-
сhitis is assoсiatеd with a gtraгсlеd pгognosis foг futurе
fегtility.](, In sеvеге сasеs in whiсh both tеstiсlеs arе
affесtеd, inflammation and inсrеasеs in loсal tеmpеfatufе
сan rеsult in flbrosis and drgrnеfation of thе tеstiсular
parеnсhyma. If onе tеstiсlе is unaffесtеd by thе problеm,
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Figure 10-40
Uttгasonogfaphiс imaЕ.е of bilatеral ofсlritis Thе ]еtl tеstiсlе appеaгs
moге sеvегеly at1.есtесl than thе riЕ.ht NOtс thе prеsсnсе of nlrп]еfolls
anесhoiс foсi within thе tеstiсulaг parепсhr'ma Thе noгma] hоmo-
gеniсit,v of thе paгеnсlr1,rrra lras bсеrr lost (5 o-MHz sесtol.SсaЛnеf tfaЛs-

dLlсеr)

thе сhanсеs foг rеttrrn to noгmal fегtiliп- 11ге gгеath' im-
pfovеd

Tеstiсular Atrsсеss. Tеstiсulaг absссs5еs сen eгisе lls

a геstrlt of a pеnеtгating п.сlund thгough tlrе sсгotl-tпr and
tеstiсlе, tеstiсLll2lf biopsr-' l pгogгеssit)n of oгсhitis. a

сlеsсеnding infесtion from thе blood stгеanr, oг a dе-

sсеnding infесtion fгom pеritonitis' Stаllions г1.piсally
prеsеnt fеbгilе with a trnilatеrally еnlafgеd, wafm' painful
tеstiсlе. Еvidеnсе of a prеviotls wound of tfalrma to thе
sсfotum may bе found. Tеstiсr.rlar absсеssеs сan oftеn bе
diagnosеd with ultrasonography. A wеll-dеfinеd poсkеt
of puгulеnt fluid is gеnеrally visiblе within thе tеstiсular
paгеnсhyma. Absсеss fluid t1.piсallr, сontains largе
amounts of paгtiсrrlatе dеbris that сan somеtimеs bе sееn
swirling in rеal timе. Fibrin tags and adhеsions may bе
visiblе around thе tеstiсlе, and hyсlfoсеlе may bе prеsеnt.
If thе absсеss ruptrrfеs, p1,oсеlе may rеsult. Thе ultraso-
nographiс сhaгaсtеr of thе suгrounding tеstiсular parеn-
сhyma ma)r bе altеrеd as a rеsult of pгеssttrе from thе
absсеss (Fig. 10-41). Unilatеral oгсhiесtomy pгiof to ftlp-
trше of thе absсеss is thё tfеatmеnt of сhtliсе in most
сasеs. If thе absсеss has alrеadу гuptufеd, as еvidеnсеd
by trltrasonographiс appеaranсе of thе sсrotal сolltе11ts'
thе stallion should bе trеatеd as for pyoсеlе. Surgец.ma1,
bе indiсatеd to геmovе thе tеstiсlе and drain thе sсгotal
сontеnts atrd so pfеvеnt an asсеndin€. pеritonitis. Follow-
ing surgiсal fеmoval, thе stallion should bе plaсеd on
nonstеroidal antiinflammatory dfugs and systеmiс antibi
otiсs basеd on сulturе and sеnsitiviЦ, геsults. If an attеnrpt
is madе to salvagе thе tеstiсlе, nonstеroidal antiinflam-
matory drugs and s),stеmiс antibiotiсs basеd on сttltuге
and sеnsitivity геsults from еjaсulatеd sеmеn or fгom
an trltrasonographiсally guidеd aspiration of thе absсеss
should bе usеd. Thе pгognosis for futurе fегtility of an
absсеssеd tеstiсlе dеpеnds on thе sizе of thе absсеss
and thе ехtеnt of rеsulting fibrous tisstlе formation and
pгеsslrrе nесrosis of thе surrounding tеstiсulaf parеn-
сhуma. Largеr absсеssеs With ехtеl1sivе librous tissuе
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dесгеasе thе likеlihood that thе tеstiсlе will rеturn to
normal funсtion. If thе oppositе tеstiсlс is normal, tlrе
stallion may again bе fеrtilе following suссеssful tfеat-
mеnt of геmoval of thе absсеss. Any disеasе pfoсеss that
сausеs pyrехia oг insulatеs thе tеstiсlе сan br ехpесtеd
to сalrsе at lеast a tеmpofary dесrеasе in sеmеn quality.

Tеstiсular Hеmatoma. Tеstiсtrlar hеmatomas usually
rеsult from tfalrma to thе tеStiсlе. Small hеmatomas aге

oftеn sееn following tеstiсLllar biopsy..9 Hеmatomas сan
form within tlrе tеstiсular parеrrсh1.ma of on thе suгfaсе
of thе tеstiсlе. Small intratеstiсttlar hеmatomas may not
геsult in any notiсеablr sсгotal еnlaгgеmеnt. In thе aсutе
stagеs of a hеmatoma, thе sсfotunr is еnlargеd, warm,
and painful. Thе blood сlot сan oftеn bе visualizеd on
ultrasonography. Ultrasonographiсall,Y, aсLttе tеstiсular
hеmatoпlas appеaf similaг to a сorplls hеmorrhagiсum
on a marе,s ovary. Мost aге distinсtl), diffеrеnt fгom
normal tеstiсulaf paгеnсhуma and appеaг mottlеd grayish
blaсk (Fig. Io-42). If hеmorrhagе is still oссurring, largе
poсkеts of rеlativеl1, hypoесhoiс unсlottеd blood ma1.

also bе sееn swirling within thе sсrotal saс (Fig. \o-43)'
As thе hеmatoma organizеs, its ultгasonogгaрhiс appеaг
anсе bесomеs moге есhogеniс, еvеntttally аppеaгing
hr,pеrесhoiс rеlati.r.е to thе surrounding tеstiсlе' Fibгin
tags and adlrеsions nral'also form in thе affесtеd aгеa.

Pгogr-rosis tbг futuге fегtiliп of thе affесtеd tеstiсlе
dеpеnds on thс sizе of thе hеmetoma and thе dеgrее of
fibгоus tissllе foгnllltion' Snrall hеmatomas (up to 20 mm
ilr diaшеtег) сan bе ехpесtеd to сallsе orrlr' loсal сharrgеs
in spегmatсlgеrrеsis' lеaving thе majoгit\- of thе tеstiсrrlar
parеnсh1.ma una1Iесtеd or orrly transiеnth' af1.есtеd br' thе
tеmpofary irrсrеasе in tеmpеratrtге. Laгgеr hеmatomas
сan bе еxpесtеd to сallsе mofе sеvеfе еfIесts on fегtiliry.
Tlrе dеgrее of loss of tеstiсtrlar parеnсhyma dеpеnds
on thе amolrnt of prеssurе nесrosis and fibrous tissuе
formation.

If thе hrmatoma is сontainеd, antiinflammatoгy drugs,
сold hydrothеrapy, and stall rеst may bе thе only trеat-
mеnts rеquirеd. onсе thе hеmatoma сondеnsеs and thе
tеstiсular tеmpеfatllfе геtlrгns to normal, any undаmagеd
tеstiсular parеnсhyma should onсе again bе ablе to сon-

Figutе 10-4.|

Ultгasonographiс imagе of tеstiсtrlаr аbsсеss Thе absсеss сontainеd
paItiсLllatе dеbгis that сould bе sееll swifling on tеal timе Thе tеStiсulaI
parеnсhYma is h).pегесhoiс. possiblу owing to сonpfеssion by thе
аbsсеss (7 5-МHz sесtor-sсannеf tl;rпsduсеf)
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Fiqure 10-42
Ultгasоllogгlplriс imagе of eсL]tе tеstiсtllaт hеmxtoлra Тhis hсmatorrra
Qэlа,сk аrrou,lэеаds) is adjaсеnt to thе tеstiсLllltг parеnсhyma Thе
hеmatоma is mоttlеd gIa\, With sеvегal sпrall hvpoесhoiс,/anесhoiс
poсkеts of tlЛс|Ottесl Ьklor.| (ttllэitе сltlllttls) Tlrе trltгasonog'raphiс ap-
pеafanсеs сlf tеstiсular hеmatomts. as with anv lrеmatomа. сan v'rЦ.
signiliсantlу сlеpсndiпg Oл tl]е amоunt of fгсsh blееding. thе amount
of libгiп tbгmation. arrd сorrrpгеssion of thе suгтorшding tсstiсUlaг px-
геnсhl'ma Iп this in]lgс. thе tеstiсular parеrrсlr1-ma (labеlесl) appеafs
ultfasonoЕ]гePhiсall'v normal (wiсlс-banсlп.iсlt].r 60МHz tliсroссlnvеx
linеar-arгav tгansdllссг оPегlting xt 7 5 мнZ)

tfiblltе spеfm to thе еjaсrrlatе. In сasеs of ехtfеmеly laгgе
lrеmatomas in whiсh blееding is not сontainеd' unilatеfal
ofсhiесtomy ma}. bе сonsidеfеd.

0ther Testiсular Аbnormalilies

Tеstiсular Сyst. \W-е havе idеntffiеd a lеsion сonsistеnt
with a tеstiсulaг сyst in a fеrtilе rеsidеnt stallion at ouг
fеrtility сliniс. Ultrasonographiсally, thе lеsion is a wеll-
dеlinеatесl, сirсLllaf anrсhoiс poсkеt in thе tеstiсLllar рa-
rеnсhyma. Thе lеsion has bееn pfеsеnt fbr at lеast 4
yеars witlr no apparеnt еffесt on thе stallion's fеrtilitу

Figure 10-43
Ultrasonogтaplriс imallе оf aсutе tеstiсLllaг hеmatorПa Notс tlrе laгgе
arrесhrliс poсkеts сlf ltеsh tэ|ood (tuhitе аrrсlttlэеаr.l)' wl.riсh givе thе
iлaЕ]е a ..laст.' appеaranсе Тl]in arrows dеlinсatе thе еdgеs of thе
lеsion Tеstiсtllaг paгеnсlrvma is not Visiblе (7 5-\4ЕIz liпеar-arfаI' trаns-
duсег)

(Fig. 10-44). Thе ultгasonographiс appеafanсе сlosеly
rrsеmblеs that dеsсribеd for simplе tеstiсLllar сysts in
humans. In humans, tгuе simplе tеstiсLilaf сysts afе farе
and aге сonsidегеd bеnign lеsions. Ultrasonography сan
bе trsеd to dеflnitivеly diffеrеntiatr simplе сysts fгom
mofе aggrеssivе lеsions.-O 5l

Frostbitе and Thеrmal Damagе. It has bееn sug-
gеstеd tlrat ultгasonography may bе Llsеftll in assеssing
damagе to thе tеstiсlеs from сongеlation (ffostbitе) or
from instrlation or inсrеasеs in tеmpеratllге from any
сausе.]

Tesliсular Biopsу aпd sсrltal/resfiсular Аspirates

Intbrmation obtainеd fronr ultrаsonogrаphiс еxamination
of an abnofmally largе or small tеstiсlе сan aid in сliniсal
dесisions on fuгthеf diagnostiсs, tfratmеnt, and pfogno-
sis. .!иhеn thе sonogram suggеsts a loсalizеd soft-tissuе
lеsion, suсh as nroplasia, an ttltrasсlnographiсally gttidеd
tеstiсular biops1. may bе indiсatеd to сharaсtеrizе thе
lеsion histologiсally and dеtеrminе if orсhiесtomy shoulсl
bе pеrformсd. \ffЪеn indiсatеd, a сaгеfully pеrtbrmеd
trstiсulaf biopsy сan сallsе minimal pегmanrnt damagе
to thе tеstiсlе. It mllst bе kеpt irr mind' howеvец tlrat
tеstiсLllaf biops1, rеsults in at lеast somе damagе to thе
tеstiсlе. In stallions whosе fеrtility is alrеady marginal'
biopsy may bе сontfaindiсatеd. Thс pfaсtitionеf must
сarеftllly wеight thе diagnostiс bеnеIits from a biopsy
against thе risk of damaging somе poftion of ftlnсtional
tеstiсulaf parеnсh1,ma. In thе authof's ехpегiеnсе, tеstiс-
ulaг biopsy is rarеl1. indiсatеd.

A 5.0-MHz linеar.array tiltгasonography transduсеr has
bееn usеd to еvalllatе loсalizеd сhangеs in tеstiсtrlar pa-
rеnсhyma assoсiatеd with tеstiсttlaг biopsy. Loсalizеd (1

Figure 10-44
UltIasonogгaphiс imagе сonsistеnt with x tеstiсtllаf с),st iп a fеrtilе
stallion Тhе lеsion is anесhoiс and appеaгs wеll dеliпеatсd (аrrou))
(5 (}MHz liлеаг-aгtаv tfansduсеr)
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to 20 mm) afеas of dесrеasеd есhogеniсity wеге fotrnd
in four of ninе biopsiеd tеstiсlеs. Thеsе parеnсhymal
сhangеs wеrе assoсiatеd with granulation tissuе forma-
tion, flbroplasia, and small vеssеl inliltration of thе parеn-
сhyma.a9 Ultrasonography was thеn usеd to nronitor геso.
lution of thе lеsions. It is likеly that ultfasonographiс
еvaluation will provе trsеful in dеtесting granulation tis-
suе formation, fltlroplasia, and small vеssеl in-flltrant of
thе tеstiсular parеnсhyma rеgardlеss of thе сausе.

V/hеn trltrasonographiс ехamination of thr sсгotal сon-
tеnts indiсatеs thе prеsеnсе of fluid, thе Llltгasonographiс
appеafanсе of hydroсеlе (anссhoiс), pуoсеlе (pt'tгulеnt
dеbris, lrbrin tags, adhеsions), hеmatoсеlе (mottlеd blood
сlots, flbrin tags, adhеsions), and tеstiсulaг absсеss (loсal-
izеd poсkеt of purulеnt dеbгis) may bе usеd to arгivе at
a diagnosis. In most сasеs, obtaining an aсtual samplе of
thе fluid providеs littlе additional information, and physi
сal ехamination, сliniсal signs, and ultrasonographiс ap-
pеafanсе of thе fluid providе strfliсiеnt information to
bсgin tfеatmсnt. In сasеs in whiсh additional infoгmation
is nееdеd to makе a dеflnitivе сliagnosis, a sсrotal oг
tеstiсulaf asрiгatе may bе сonsidегеd. Sttсh aspiгatеs
should bе avoiсlеd whеn possiblе owing to thе possibiliг\'
of introdrrсing baсtегiir into thе l.aginal сar-itr. oг tеstiсLllar
paгеnсhyma. Itr сasеs of tеstiсulaг hеmatorпas oг hепato-
сеlе, additional hепroггlragе ma\' геstrlt \\Ъеn a сultuге
and sеnsitir,itу tеsting aге геquiгеd. as iл сesеs of pr oсеlе
of tеstiсulaг absсеss. сtlltuге of en еjасulatе me\- isolatе
thе inсiting organism. An aspiгatе mar- bе indiсatеd rr 1rеrr

an organism is not isolatеd fгom an еjaсrrlatе oг п.hеn an
еjaсulatе сannot bе obtainеd. Ultrasonographr. should bе
usеd as a gtridе whеn obtaining thе aspiratе, atrd thе
proсеduге should bе pеrformеd trsing asеptiс tесhniquе.

Аbnormalities 0f lhe Soermatic Cord

Torsion of thе Spеrmatiс Cord. Torsion of thе
spегmatiс сord сausеs рathology in thе tеstiсlе if thе
torsion rеsults in vasсular сompromisе Torsions of lеss
than 180 dеgrееs oftеn do not altег blood flow and
thеrеforе do not сalrsе any сliniсal signs. Torsions of
grеatеf than 180 dеgrееs сan сompfomisе blood flow to
thе tеstiсlr oг сaLlSе lymphatiс and vеnous stasis. In
thеsе сasеs, сliniсal signЬ аrе tlsually appaгеnt. Affесtеd
stallions prеsеnt with signs of сoliс assoсiatеd with an
еnlaгgеd and pairrful tеstiсlе, еnlargеd sсrotuln, inсrеasеd
sсгotal fluid, and an еnlaгgеd spеrmatiс сord. WЪеn thе
sсfotal сontеnts aге еvaluatеd ultrasonographiсallr,, ab-
normalitiеs arе rеadily visiblе. Thе ltrmina of thе vеssеls
of thе spеrmatiс сofd bесomе grеatly inсrеasеd in diarrrе-
tег. Thе tеstiсLllar paгсnсhyma may inсгеasе or dесrеasе
in есhogеniсity dеpеnding on thе duration of vasсular
stasis. Dесrеasеd есhogеniсit1. may bе sееn in aсutе
spегmatiс сord torsion bеfoге blood has сlottеd oг in
сasеs of lymphatiс stasis. Inсгеasеd есhogеniсity is t1,pi-

сal in сasеs of сhгoniс spеfmatiс сord torsion in assoсia-
tion with сlottеd blood or fibrosis. Hydroсеlе is oftеn
pfеsеnt. Ultrasonographiс еvaltration of thе ссntral vеin,
arсuatе aгtеriеs, and pampinifoгm plехus may allow thе
vеtеrinarian to dеtеrminе thе prеsrnсе or absеnсе of
blood flow to and from thе tеstiсlе. In somе сasеs, vasсu-
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Figure 1 0-45
L]ltfasonogгaphiс imagе of tеstiсlе atlъсtсd bу aсLltе spеrmаtiс сoгd
toгsion l.hе lеtt tеstiсlе is Within nofmxl limits Тhе fight tеstiсUlar
par.епсhуma is hуpoесhoiс owiпg to vasсrrlaг and l).rnpl]аtiс stasis (7 5-

N{llZ sесtoг-sсannег transdlrсеI)

laг stasis шa\' сallsе r.isiblе еnlargеtnеnt сlf an1. oг all of
thеsе r-еssеls (Figs. 10-45 to 10_49).. If Dopplег ultra-
sound еquipп1еnt is er-ailablе. it сarr pгovidе additional
il-rtbгпratiorr on thе pгеsеllсе oг absеnсе of blood flow in
thеsе r'еssеls Toгsion of thе spеmretiс сoгd hаs also bееn
геpoпеd irr спptoгсlrid tеstiсlеs r.' bLtt no геpoгts aге
ar-ailablе on thе t.tltгasсlt-ttlgгltphiс appеaгanсе Thе usual
tfеatmеnt fbг spеrmetiс сoгd toгsiolr lr itlr r asсttlaг сont-
promisе is сastration of tlrе affесtеd tеstiсlе If tlrе toгsion
and assoсiatеd inflammation and h1,dгoсеlе сausе an in-
сrеasе in sсrotаl tеntpеfatllfе, a transiеnt dесlirrе ir-r sе-
mеn qtrality from thе сontralatеral tеstiсlе oссttrs. onсе
thеrmorеgtrlation fеtllгns to normal, thе сontralatегal tеs-
tiсlе shorrld геtufn to normal fllnсtion within onе spег-
matogеniс сyсlе. In сasеs of spеrmatiс сord torsion in
whiсh thе stallion is ехhibiting signs of disсomfoгt but
thе tеstiсlе is still viablе, suгgiсal сorrесtion of thс torsion
and orсhiopеЦ'may bе possiblе to salvagе thе tеstiсlе.;2
Stallions with spеrmatiс сord toгsion that doеs not rеsult
in сoliс signs ог vasсular сompromisе геqr-rirе no tfеat-

Figure 10-46
Llltгxsonogfaphiс imagе of dilatеd tеstiсulaf vеssеl (arozzl) iл a сasе of
spегmetiс сord torsion in whiсh vепotrs dгairragе was соmрromisеd
(5 O-МHz linеar-aггa-v transdllсеf)
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Figure 10-47
Ultгasoпo€iг'tphiс imagе of с[ilаtес1 aгсuatе aгtсгiеs (smаll аrroшs) asso-
сiаtеd with spеrmatiс сoгd torsion Hydгoсеlе is also pfеsеnt outlining
thе еpididymal |al]i (аrro|l|hе.ld РОiпts b tqiD (5 O-MHz linеaг-aггa1.
tгansduсеf)

mrnt. In somе instanсеs, spеfmatiс сord tofsion may bе
intеrmittеnt. Again, if thе stallion is asymptomatiс and
blood flow is not сompгomisеd, no tгеatmеnt is rеquirеd.
Prognosis foг stallions with unilatеral tеstiсular toгsion is
vеry good if prompt and appropriatе tгеatmеnt is pгo-
vidеd. If thе сontralatеral tеstiсlе .was nofmal prior to thе
torsion, thе stallion should again bе fеrtilе onсе normal
thеrmorеgulation is rеstofеd.

Variсoсеlе. Variсoсеlе (abnoгmal dilatation of thе
vеins of thе spеrmatiс сoгd) сan bе dеtесtеd rtltгasono-
gгaphiсally as a Wеll-сifсumsсfibеd, unifoгmly anесhoiс
arеa within thе spеrmatiс сord. Variсoсеlеs havе bееn
rеportеd in stallions, but thеiг еffесt сln fеtility is not
known. Somе rеpor1s su8gеst that thеy may сausе a slight
to modеratе dесrеasе in sеmеn quality by intеrfегing
With thеrmoгеgulation of thе tеstis.22 A rеsidеnt stallion
at ouf сliniс was dеtегminеd to havе a variсoсеlе of at
lеast 2 yеars' duration with no appafеnt еffесt on fеrtility
(Fig. 10-50).

Figurе 10-48
Ultrasonogгaphiс imagе of spеrmatiс сoгс1 torsioп Thе сoгd is еnlaгgеd,
and thе normal aгсhitесtlrге of tlrе сord is lost Aгеas of it.lсгсasеd
есhogеniсiry (blасk аrrou') aге pfеsеnt, as arе laгgе hvpoесlroiс fluid
poсkеts ('LDhitе аrrolu) fеprеsеntinЕ! sеvегеlу dilatеd vеssеls arrd blooсI
stasis (7 i-Мllz Sесtoг-sсanrrеr tг:lnsduсег)

Fiqure 10-49
Ultrasonсlgтaphiс imаЕ]с of spсrmatiс ссlгd toгsioл Thе аffесtеd сoгd is
епlaгgеd (dеlinеatеd by сalipегs), and thе normal xrсhitесtuге is lost
In this с1rsс, tlrе сorr1 appеaгs mсlге есhodеnsе оwing to сlottеd blood
and libгin Tlrе пoгmal. unaf1Ъсtеd ссlrd js аt thе bottom of thе piсtuге,
Out of thе planе of tbсLls Notе tlrе sizе rеlationshiр (1.(}MHz linеaг-
affaу trltnsdt|сеf)

Аbnormalities 0f the Еpididуmis

Еpididуmitis. Althouglr pathology of thе еpididymis
is unсommoll, ovеf thе last t.еw yеars thеrе lravе bееn
multiplе rеpofts on thе ttsе of ultrasonography to dеtесt
еpididymal pathology in thе stallion.l0 12 r{, 5] As with
ultrasonograрlry of abnormal tеstiсlеs, еpididymal pathol-
oрry usually bесomеs appafеnt whеn tlrе affесtеd еpidid1.
mis is сomparеd with a normal еpididymis.

Ultfasonogfaphy сan bе r'rsеd to aid in thе diagnosis of
еpididymitis in thе stallion. Unilatеral еpididymitis сausеd
|>у Strepttlссlссtls zooepidеmiсus has bееn rеportеd in
two stallions and bilatегal еpididymitis сausеd bу Prсlteus
шirаbilis in onе stallion..l 5j Ultrasonographiс appеar-

Figure 10-50
Llltrasonogгaplriс imagе of variсосеlе in а fегtilе stallion Notе sеvетal
abnormallr. dilatеd, arrесlroiс vеssеls (аrroL'Poiпts to lаrgеst UeSsеD
'Гhе геmaindег of tl]е spеflПxtiс ссlrd arсhitесtl[е appеагs noгmдl (7 5-

МHZ liлеaг-arraу tгаnsduсеf)
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anсе of aсLltе еpididymitis variеs among horsеs, but gеn.
еrally inсrеasеd fгеquеnсy and sizе of hypoесhoiс rеgions
within thе еpididymis aге found (prеsumably assoсiatеd
with aссumulation of ехudatе and absсеss formation). In
somе сasеs, sсattеfеd arеas of inсгеasеd есhogеniсitr. arе
also idеntiliеd. Sее Figurе 10-51 for onе ехamplе of tlrе
ultгasonographiс appеaranсе of aсutе еpididr'mitis in thе
stallion. Stallions may pfеsеnt with Signs of еithег сoliс
or lamсnеss. on plrysiсal ехamination, thе affесtеd еpi
didymis is еnlaгgеd and ma1, bе painful. Sеmеn еvaluation
rеvеals poor spеfm motility and largе numllегs of nеutro-
phils in thе еjaсulatе. In a fеpoft of сhroniс еpididymitis'
thс appеaranсе of thе affесtеd еpididymis was again
vеry hеtеrogеnеous. Somе arеas of thе еpididymis wеrе
similar in есhogеniсity to thе tеstiсulaг parеnсhyma,
whеrеas othсrs wеfе morе hypеrесhoiс, prеsumably ow-
in8 to flbrosis. An еjaсulatе сould not bе obtainеd from
this hofsе owing to apparеnt pain assoсiatеd with brееd-
ing.'a Thе ultrasonographiс imagе in Figurе 10.52 is сon-
sistеnt with that of сhгoniс еpididymitis. 

.Whеn еpididym-
itis is susprсtеd basеd on phуsiсal and ultгasonographiс
frndings, samplеs for baсtеrial сultuге сan bе obtainеd
fгom еjaсulatеd sеmеn. Еpididymal aspiгatеs should bе
avoidеd whеn possiblе owing to thе thеorеtiс possibiliп.
of sееding thе vaginal сavitr. or tеstiсlе тr,-ith thе baсtегia.

In thе rеpoпеd сasеs of еpididr-mitis in thе stallion.
thе affесtеd еpididr.rnis and tеstiсlеs п-еге геmoгеd br
сastration. In valuablе stallions. sr'stеnriс arrtibiotiс thег-
apУ basеd on сulturе and sеnsitir iп' геsults tгonr
еjaсulatеd sеmеn, tгеatmеnt п-itlr nonstегoidal аntiiл.
flammatory drugs, anсl h'vdrothегapr сould bе attеmptеd.
Howеvеr, it is difflсult to aсlriеr.е appгopгiatе lеr'еls of
antibiotiсs in thе еpididymis and it is unlikеlr- that thе
еoididvmis will bе ftlnсtional еvеrr if thе irrfесtion is

Figure 10-51
Ultrasonogгaрhiс imagе of aсutе еpididymitis (thiп аrroш) This imagе
w:rs obtainесi ovег thе еpidid-l-mаl body Notе thе inсгеasе in sizе of
thе еpididyпal Ьod). чдi11' fеspесt to thе tеstiсlе :rnd tlrе inсfеasе in
thе numbеr and sizе of аnесhoiс rеgions within thе сpidiсlYmis suggеS-

tivе of a dilatеd еpidid).mal lumеn (.е g , bk:lck аrroшhеаtls) (сomparе
with Fig 10_l7) somе arеas of inсrеasесl есhogеniсit,v afе also pfеsеnt
TеstiсLllaf parеnс\ma is to thс tight (lаr8е ш'bitе аrrotDs) 

^С\tееpididymitis w as сonliгmеd histologiс1llly followiпg trпilatеral orсhiес-
tomy Thе еpididуmal ltlmеn was distеndеd with laгgе ntlmЬеrs of
nеLrtгophils (wiсlе$andwidth 6 0-MHz miсгoсonvех linеaг-aггay trans.
duсег opеratiпg at 10 0 MHZ)
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Figure 10-52
Ultгasonogfaphiс imдgе of еpidid-Ymitis (thi|I а,rroш') This appеaгanсе
is moге suЕ.gеstivе of a сhгoniс pгoblеm but а dеfiпitivе diagnosis
of aсutе vеrsus сhrоniс еpididymitis сannot Ье madе basеd on thе
tlltгasonographiс appеaгanсе alonе Notе thе unusual ribbon-likе ap-
pеxгanсе оf tlrе еpididvmаl tail whiсh is distinсtl), diffегеnt tiоm thе
appеxгaЛсе of a nоrmal еpidid1.mal t:ril (Figs 10_16 aпd 10_17) A
lrrmеn is not obviousl). visiblе and thе ovеrall appеafalrсе is that of
sсllid soft tissuе Aтеas of inсгеasеd есhogеniсity aге also pгеsеnt (b/aсft
аrroulэесtds) Lltгasonсlgгaphiсallr' noгnral tеstiсLllaf parеnсhyma is to
thе гight (l0 O-\IHz sесtoг-sсannеf transduсет)

сlеaгеd. In bulls rr'ith modеratе oг sеvеfе r'rnilatеral еpidi
dr.mitis. thе affесtесl еpididrmis bесomеs impatеnt oпuing
to 1rbrosis and sсar tisstlе foгmation, thus fеndеring thе
ipsilatегal tеstiсlе stеrilе. Thе trnaffесtеd tеstiсlе and еpi
didymis сOntinuе to funсtion normally. Thе samе is likеly
to lrold tгLlе for stallions. Thus, orсhioсpididymесtomy is
thе most logiсal сoufsе of thеrapy. In bulls with bilatеral
еpididymitis, thе prognosis for futuге fеrtility is gravе.22

Spеrm Granuloma. Thе usс of trltrasonography to aid
in thе diagnosis of spеrm gгanulоma in thе сpididymis
has bееn rеportеd in a stallion.l0 In this сasе, thе еpididy-
mis was inсrеasеd in sizе. Ultгasonographiсally' thе af-
fесtеd еpididymis possеssеd arеas of dесrеasеd есhogеni
сity intеrspеrsеd with rсgions of inсrеasеd есhogеniсity.
Thеsе сhangеs afе сompatiblе with сhroniс inflammation
and arе similaг to ultfasonographiс сhangеs sееn in stal-
lions with infrсtious еpididymitis. l1 Ultrasonographiсally'
it is not possiblе to diffегеntiatе this сondition fгom
еithеf infесtious еpididymitis or еpididymal nеoplasia. A
dеlinitivе diagnosis of spеrm granuloma was madе on
histopathologiс ехamination of thе еpididymis following
сastfation. A сausativе organism was not idеntifiеd. Epi
didymal aspiratеs afе not frсommеndеd in сasеs оf еpi-
didymal pathology owing to thе risk of sprеading infес-
tion in сasеs of baсtеrial еpididymitis or thе risk of
intгoduсing infесtion in thе сasе of spеrm granuloma or
nеoplasia. Bесausе thе еpididymis is a singlе duсt, biops-
iеs arе сontraindiсatеd. During pfoсurеmrnt of a biopsy
samplе, thе duсt сotrld bе tfansесtrd and rеndеrеd non-
ftlnсtional.

Nеoplasia. Ultrasonogгaph1, was usеd to aid in thе
diagnosis of еpididymal swеlling attfiblltеd to lymphosar-
сoma. In this сasе, thе еpididymis had ultгasonographiс
сhafaсtеfistiсs similaг to thosе of сhгoniс еpididymitis
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(hеtегogеnеous appеaгanсе of both hypoесhoiс and hyp-
еrесhoiс afеas, somеtimеs lobulаtеd).l, In thе rеportеd
сasе, thе stallion was сastfatеd bilatеrally and thе final
diagnosis was madе on histopathologiс ехamination of
thе сpididymis.

Although ultrasonography is hеlpful in idеntifying еpi
didymal pathology, it is unlikеly that a dеflnitivе diagnosis
сan bе madе basеd on ultrasonographiс ехamination
alonе. In thе rеportеd сasеs, histopathologiс сxamination
of thе еpididymis following сastгation was rеquirеd to
dеfinе thе problеm dеIinitivеly. Ехamination of еjaсtrlatеd
sеmеn may hеlp diffеrеntiatе infесtious еpididymitis fгom
spеrm gгanuloma and nеoplasia. Baсtеrial сulturсs of
еjaсulatеd sеmеn arе also hеlpful in antibiotiс sеlесtion
foг сasеs in whiсh mеdiсal tfеatmеnt is attеmptеd. Non-
stеroidal antiinflammatory drugs and сold hydrothегapy
arе also гесommеndеd as part of tгеatmеnt. Thr outсomе
in any of thеsс сasеs is likеly to bе an impatеnt еpididy-
mis. Thus. thе rесommеndеd tfеatmеnt in all сasеs is
oгсhiесtomy. Thе pгоgnosis for fеrtility in stallions with
trnilatеral еpididymal pathology is good providеd that thе
oppositе tеstiсlr is normal. Thе prognosis is poor for
rеtum to normal funсtion of an еpididymis affесtеd with
any of thе abovе problеms.

АbnormaIities of the Ассessorу Glands

Pathology of thе aссrssofy sех glands of thе stallion is
rarе. Bесoming familiaг with thе normal rrltrasonogгaphiс
appеafanсе of thе aссеssofy glands maу allow onе to
idеnti{y pathology should it oссur. Routinе еvaluation of
thе aссеssory glands has bееn rесommеndеd as paft of
thе stallion fеrtility еvaluation.2i

Spеrm-oссludеd Ampullaе. Ultrasonography has
bееn usеd to assist in thе diagnosis of spеrm-oссludеd
ampullaе in thе stallion.5a In affесtеd stallions, thе ampul-
lary lrrmеn is oftсn lillеd by a thiсk есhodеnsе linе,
probably rеprеsеnting largе aссumulations of spегm. In
addition, thе glandulaг poftion of thе ampullaе may ap-
pеar morе есhodеnsе, with hypеrесhoiс spots sсattеfеd
throughout thе parеnсhyma, again probably fеprеsеnting
spеfm aссumtrlation. In somе affесtеd animals, thе spеrm
bloсkagе rеsults in an aссtrmulation of ampullary fluid.
In thеsе сasеs, thе ampullary lumеn is distеndеd with
abnoгmally largе amounts of anссhoiс fluid (Fig. 10-53).
Trеatmеnt for stallions with pluggеd ampullaе involvеs
rеpеatеd massagе of thе bloсkеd ampulla(е) pеr fесtum
followеd by frеquеnt sеmеn соllесtions to bгеak rrp and
flush out thе bloсkagе. Whеn possiblе, thеsе proсеdurеs
should bе pеrformеd tтvo or thrее timеs daily and сontin-
rrеd until thе bloсkagе is rеsolvесl. This usually takеs at
lеast1to3days.

Following initial rеlеasе of thе bloсkagе' еjaсulatеs
oftеn сontain strpеrphysiologiс numbеrs of spеrm, With a
vеry high pеfсеntagе of tail-lеss hеads and pooг motility.
Sеmеn quality gгadually improvеs with еaсh strbsеquеnt
еjaсtrlation and еvеntuall-v rеttrrns to normal for tlrе indi
vidual as thе pluggсd spеfm arе fltrshеd out. Gеnеrall1., a
diagnosis of pluggеd ampullaе сannot bс madе basеd on
ultrasonographiс flndings alonс. In somе сasеs of pluggеd
amptrllaе' thе abnormal gland appеafs normal on trltгaso-

Figurе 10-53
Ultгдsonogfxрhiс iп;lgе of a spсгm-oссludеd amprrlla iп a sta]lion Notе
thе lalgе .rссun]ulatioп of aпесhсliс fluid within thе glandulaг lumеn
(..rrou).) сompaIе with FiЕ]Ufеs ].0-21 an(t l0_22 Thе ultrasonogгaplriс
appеaгanсе оf spеrrrr-oссltlсlеd аmptlllaе is otiеn not this dramatiс
А]tеrnativеlу' a bloсkagе lrrx). apPсaг as a thiсk есhoсlеnsе linе in
thе сеntеI of thе gland Мan.v affесtссI ampullaе appеar noгm:lJ on
ultг:rsotrogr.aphv (5 0-МНz Iillсar-aггa-v tгansrесtlI tfansdt|сеf)

nography. Thе ultгasonograplriс flndings must bе сom-
binеd with thе histoЦ, and physiсal ехamination findings.
Сlassiсally, stallions with pluggеd ampullaе Wеrе pfе-
viously fеtilе. Physiсal and ultrasonographiс ехamina-
tions геvеal normal tеStiсlеs. .W,hеn sеmеn is сollесtеd
and еvaluatеd, azoospегmia or asthеnospегmia is typiсally
prеsеnt. A high prfсеntagе of tail{еss hеads in еjaсulatеd
spеrm should also alеrt thе сliniсian to thе possiblе еxis.
tеnсе of pluggеd amptrllaе. Althоugh thе prognosis for
stallions with ampullary bloсkagе is good, bloсkagе may
rесLrf aftеf pеriods of sехual fеst. It is likеly that many
сasеs of unilatеfally bloсkсd amptrllaе go unnotiсеd.

Sеminal Vеsiсulitis. Sеminal vеsiсulitis iS fеpoftеd
unсommonly in stallions.55 58 A1Тесtеd animals typiсally
afе pгеsеntеd tbr poor sеmеn quality and/or subfеftility.
In onе instanсе, signs of сoliс wеrе attributеd to painful
sеminal vсsiсlеs in a stallion with sеminal vеsiсulitis.5s
Affесtеd stallions oссasionally еxpеriеnсе pain during
еjaсulation and thus may bе pгеsеntrd for еjaсulatory
failtlrе. Мiсгosсopiс еxamination of еjaсulatеd sеmеn
may rеvеal all or any of thе following: nttmеrous nсutfo-
phils, baсtеria (somеtimеs intгaсеllttlar), rеd blood сеlls,
or rеduсеd spеrm motility' Thеsе flndings slrotlld pfompt
furthеr ехamination of thе stallion's gеnitalia to dеtег-
minе thе sourсе of thе pгoblеm. Palpation pег rесtllm of
thе glands may rеvеal no abnormalitiеs, bttt in somе сasеs
affесtеd glands aге abnormal on palpation and ultrasonog-
raphy. In aсLrtе сasеs, thе affесtеd gland may bе еnlargеd'
painftll, and 1lllеd with flr'rid. Thе fluid сan vary from
anесhoiс to rеlativеly hypеrесhoiс, сontaininЕ. paftiсulatе
dеbris and flbrin. Thе ltrmеn of thе gland ma1. bе irrеgulaг
rathеr than oval (Figs. 10_54 and 10_55). It is impoftant
to rеmеmbеr that nоrmal sеminal vеsiсlеs in sехually
stimulatеd stallions сan bесomе dramatiсally еnlargеd
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Figure 10-54
Ultгasоnogmphiс iпragе of sеmiпel vсsiсuiit-is iп a сlгaft hоfsе stallion
Fluid iп thс lumеrr оf thе glaлсl is геlativеl), hvpегесlroiс xпсl сOntains
paгtiсLllatе с|еЬrts (спl.oul) Iп adсlition. tlrе lrrnlеn is warr- alrd iгrеgrrlar
Сompаrе with Figllгеs 10.2s ;lnd lll-]6 (- i-}IHz lirrсэr-агra\' tгaпsгес-
tal trarrsсltlссг)

and flllеd s.ith anесhoiс fltrid. Tlrus thе diagnosis of
sеminal vеsiсulitis oftеn сal1not bе nraс1е ()n thе basis of
ultrasonograрlriс finсlings 

'llonе. 
In сasеs of сhrorriс sеmi

nal vеsiсulitis, affесtесl glands bесomе flгm to lrard and
may сontain littlе or no fl.Llid. Ultrasonography of sеminal
vеsiсulitis has bееn геpoгtеd mofr fiеquеntly in bulls.59

Bеta-hеmol1tiс strеptoсoссi, PseuсJotlcoпаs аеru[!i-

Figure 10-55
A]trгnativе ultгasoпtlgгaplriс al]pеaIanсе of sсminal vеsiсulitis Iп t]ris

сasе, tl]е Е.land сontains vец'hr1lеrесhсliс matегjal (шlэitе аrrОLus) T].r.е

gеnегal shapе of thе glaпd is noгnral (i 0-МнZ linеaг-lгг1ц' tгansfесtal
tгansduсег)
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nosа, Lt].d Strеptocoсcus equisimih.s havе bееn impli
сatеd in сausing sеminal vrsiсulitis.56 58 Baсtеrial сulturе
and sеnsitivity of еjaсulatеd sеmеn oftеn isolatе thе сaus-
ativе organism. Appropfiatе systеmiс antibiotiс tlrеrapy
basеd on sеnsitivity fеsults сan thеn bе institutеd. How-
еvеr, tfеatmеnt of Srminal vеsiсulitis сan bе frustrating
bесausе it is сlifliсult to obtain sustainеd high сonсеntra-
tions of antibiotiсS within thе gland(s). Thе сoursе of
antibiotiс tгеatmеnt may ехсееd 4 wееks.55 Altеrnativеly,
a pеdiatгiс flеxiblе еndosсopе сan br passеd through thе
urеthfa and a сultllfе Swab advanсеd dirесtl1, into thе
vеsiсlе via thе sеminal сolliсtilus to сulturе its сontеnts....'
This approaсh сan also aid in trеatmеnt. A small plastiс
сathеtеf сan bе advanсеd into tlrе glarrd throu8h thе
еndosсopе сlrannеl, and thе gland сan bе lavagеd and
inftlsеd with appropriatе antibiotiсs. This should bе pеr-
formеd onсе dail1, and trеatmеnt сontintrеd as indiсatеd
(gеnеrally 1. to 2 wееks). Antibiotiс thеrap1, slrould bе
сombinеd with геgular sеmеn сollесtions With thе intеnt
of сatlsing геpеatеd еvaсuation of thе gland' systеmiс
nonstеroidal antiinflammatory drugs should also bе in-
сludеd in thе tгеatmеnt plan. Еvaluation of sеmеn qualiry
and rеgrrlar trltrasonographiс еvaluations of affесtеd
glands сen bе usеd to nronitor fеsponsе to trеatmеnt.

In bulls. intra'r-еsiсttlar infttsions of sсlеrosing agеnts
lrar е bееn usеd to induсе 1ibгоsis in геtiaсtory сasеs of
sеmilral r.еsiсulitis: altеmatil-еlr'. sеrrrinal vеsiсulесtomy
сan bе pегfoгmеd. onе геpoгt of sеmir-ral r'еsiсulесtomy
in a stellion has bееn publishеd. Suгgсn-rv.as pегfoгmеd
via a pеrinсal inсisiorr' and tlrе affесtеd sеmin:rl vеsiсlе
was геmovеd witlr an еntasсulator in a mannег similar to
thе tесhniquе usеd in br.rlls. In this сasе! sufgеry was
сurativе.5- Altеrnativе sttrgiсal tесhniqtrеs havе also bееn
fеportеd..n)

Thе prognosis foг stallions with sеminal vеsiсulitis is
gllafdеd. Somе сasеs rеportеdly rrsolvе spontanеousl)r,
whеrеas othеrs rсmain rеfгaсtory dеspitе еxtеnsivе thеr-
apy.'o '*.ы, W.hеn tfсatmеnt is institutеd, thе сost is oftеn
high. Somе сasеs сan bе еffесtivсly сurеd with pеrsistеnt
and appropriatе systеmiс or intravеsiсular antibiotiсs
сombinеd with nonstеroidal antiinflammatory drugs.

Prostatitis. Abnormalitiеs of thе pfostatе havе not
bееn rеportеd in stalliorrs. Thе authoг is awarе of onе
сasе of pfostatitis that was diagnosеd inсidеntally at nес-
fopsy ехamination.*

Bullrourеthral Gland Cysts. Abnormalitiеs of thе bul-
bouгеthral glands arе faге Сysts of thе bulbourеthral
glands do oссur bllt appеaf to havе no сliniсal еffесt on
thе stallion. Bulbourеthral gland сysts ma)r bе idеntiflсd
inсidеntally on ultrasonographiс ехamirratiorr of thе aс-
сеssory glands during a brееding-soundnеss ехamination.
Ultrasonograplriсally, bulbourеthral gland сysts appеaг as
loсalizеd, сifсulaf, anесhoiс fluid-flllеd aгеas within thе
parеnсh1,ma of thе bulbourеthral glands (Fig. 10-56).

Terminal Aortа аnd lliaс Arteries

Апatomу, Ultrasonographiс Аppearanсr, and Palhologу

Thе tеrmination of thе aorta and its branсhing into thе
intеrnal and ехtеrnal iliaс artеriеs oссtrr bеnеath thе

Df Patгiсia I, sеttiсh. oеrsonal сommtшiсation
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Figure 10-56
Ultrasonogгaphiс imagе сlf tlulbourеthral glaпсl сysts ln this сasе, two
сysts afс pfеSеnt and appеaг 2rs paiгес[, anесhoiс Poсkеts (аrrorL's)
within thе suгrorrпсliпg normal gland tissuе (7 5-МHz linеar.arтa.v
tгansгесtal transdlrсеf)

saсfum along thе doгsal midlinе. Thс rеadеf is rеfеrгеd
to сhaptеf 5 for dеtails of ultfasonogrаphiс anatomy and
tесhniquе. During ultrasonogгaphiс еxamination of thе
aссеssofy sеx 8lands, thе tеrminal aofta and iliaс artеriеs
arе еasily visualizеd by diгесting thе bеam of thе trans.
dtlсеr dorsally along thе midlinе.

Thе сondition of aortoiliaс thгombosis has bееn rе-
portеd in horsеs (sее Сhaptеr 5). In stallions, this сondi-
tion has bееn assoсiatеd with еjaсulatory failurе and
wеaknеss in thе hind limbs duе to vasсtrlar сompromisе,
disttrrbanсе of innеrvation, andlor pain..'. In strсh сasеs,
ultrasonography was trsеd to aid in diagnosing thе сondi
tion and forming a prognosis. Ultrasonographу allowеd
visualization and sizе dеtеrmination of thе thrombus and
aidеd in thе assеssmеnt of amount of blood flow throttgh
thе iliaс aftеriеs to thе hind limbs and pеnis. Thе prеs-
еnсе of a thrombus typiсally is еasily disсеrniblе ultraso-
nographiсally. Thе gra1.whitе thгombus сan bе sеrn еx.
tеnding from thе wall of thе artеry into thе ltrmеn of
thе vеssеl, аnd thе normally smooth flow of blood is
intеfгuptеd by its prеsеnсе (sее Сhaptеr 5 for noгmal
and abnormal imagеs)'

If pгopегly managеd, stallions with еjaсulatory dysfllnс-
tion andlor wеaknеss assoсiatеd With aortoiliaс tlrrombo-
sеs сan fеturn to brееding. Suссеssful managеmеnt in.
volvеs pain сontгol with phеnylbutazonе, ехtrеmе sеxual
stimulation, and сontгollеd ехеrсisе to еnсoufagе dеvеl-
opmеnt of blood flow to thе ехtгеmitiеs. In stallions with
good libido tlrat dеvеlop an еfесtion, mount, and initiatе
thгusting but fail to еjaсtrlatе, additional stimtrlation of
thе pеnis сan bе aсhiеvеd during natural сovег of dttring
sеmеn сollесtion into an aftiliсial vagina. This is most
ofi[еn aссomplishеd by аpplying hot (*50"с) towеl сom-
prеssеs to thе basе of thе pеnis during thгusting. Thе
addеd stimtrlation to thе pеnis oftеn induсеs additional
thrusting and rеsults in еjaсtilation.ol' 62 Phafmaсologiсally
induсеd еjaсulation сan also bе attеmptеd.

Меtastasis of a transitional сеll сaгсinoma of thе blad-
dеr to thе сommon iliaс aгtеry with геstlltant iliaс thгom.
bus formation has bееn rеportсd in a nеuгologiс stallion
with сhroniс ttrospеrmia..'3 Ultrasonographiсally, thе tu.

mor/thrombus appеaгеd as numеrous gray-whitе soft-tis-
suе massеs еxtеnding from thе wall of thе iliaс artеry
and protruding into thе iliaс lumеn (Fig. 10_57). Blood
сotrld bе sееn swirling in an irrеgular flow pattеrn as it
сouгsеd around thе massеs. Similar massеs п.еге visiblе
ехtеnding from thе bladdеr wall into thе bladdеr lumеn.
It сould not bе dеtеrminеd whеthеr thе tumof was fе-
latеd to thе сhroniс urospеrmia. Thе prognosis in сasеs
of mеtastatiс nеoplasia is grar.с. In thе сasе dеsсribеd,
thе stallion .was hrrmanеly еrrthanizеd.

Penis

Littlе work has bееn publishеd on ultrasonographiс ехam-
ination of thе stallion pеnis. Thе pеnis сan bе sсannеd
whilе fully сrесt. Howrvец tШs rеquiгеs that thе stallion
stand qtriеt\, for ехаmination aftеr tеasing and without
losing thе еrесtion. As an altеrnativе, thе stallion сan bе
sеdatеd with rrylazinе or a similar drug. In many сasеs,
following sеdation thе pеnis dеsсеnds in thе flaссid statе
and сan bе ехaminеd.

Аnatomу

Thе stallion possrssеs a musсtiloсavеfnous pеnis. Thе
pеnis сonsists of a basе сonnесtеd by two сfufa to thе
isсhiаl arсh, a slraft that ехtеnds from thе basе to thе
glans, and a glans that is thе еnlargеd frее еnd of thе
pеnis. Thе pеnilе ufеthfa is a сontinuation of tlrе pеlviс

Figure 10-57
Ultrasonogгaphiс imagе of shoп-aхis сгoss-sесtiorr of thе iliaс aftегiеs
in a stallion With mеtastatiс tг1rnsitiona-l се1l сarсinoma anсl thгоmbus
foгmation Thе noгmal aпец. is iлdiсatеd b.v thе blaсk arrow Thе
alэnormal aгtеry сontains a fiгaу-whitе mass (шhitе аtтсluls) that ехtеnds
fгOm thе wall of thе УеSsеl iпto thе lumеn Thе mass oссupiеd appIoхi
matеl-v 90% of thе vеssеl lumеn and thtts sеvегеl1. сompr<rmisеd blood
flow (5.o-MHz linеar-aггaу transfесtal tгansdLlсег)
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urrthfa. Thе pеnilе uгеthfa travеfsеs thе lеngth of thе
pеnilе shaft and ехtеnds outward from tlrе glans as thе
ufеthfal pгoсеss. Thе urеthral fossa is a small invagination
of thе glans еpithrlium dorsal to thе urеthral proсеss
(Fig. 10-58,4).

Еrесtion is сausеd by еngoгgеmеnt of thе сavеfnous
tissuеs with blood. Thе сorpus сavеfnosum pеnis is thе
largеr of thе two еrесtilе spaсеs. It ехtеnds along thе
lеngth of thе pеnilе shaft dorsal to thе trrеthra in a

roughly сfеsсеnt shapе. Thе сorpus сavеrnosum pеnis is
surroundеd by thе tlrniсa albuginеa. Thе сorpus spongio-
stlm pеnis is a smallеr arеa of еrесtilе tissuе that еxtеnds
along thе еntirеty of thе pеnilе shaft and surrornds thе
urеthfa. It is dirесtly сontinuous with thе еrесtilе tissuе
of thе glans (Fis. 10_58,a).

Supеrflсial blood vеssеls arе loсatеd at ifrеgulaf intеf-
vals aгound thе suгfaсе of thе pеnis outsidе thе tuniсa
albuginеa @ig. 10-58-8). Thеsе vеssеls гun parallеl to thе
pеnilе shaft and tapег as thеy сoursе distally towafd thе
glans. In thе flaссid statr, thе pеnis is сomplеtеly еnсasеd
in thе prеpuсе. Thе pfеpuсе сonsists of a foldеd layег of
еpithеlium, thе intеrnal prrputial fold, and thе еxtеfnal
pfеputial fold oг shеath. Thе ехtеrnal fold is a сontinua-
tion of thе skin of thе vеntгal bod1' wall. Thе intеrnal
fold ехtеnds fгom thе еxtеrrral fold to thе pеnis. In thе
еfесt statе, thе prеpuсе tlnfolds and сor'еrs thе basе of
thе еfесt pеnis, lеaving thе shaft and glans unсor-егеd.

Palient Preparation

If an appropfiatе tеasе marе is availablе and thе stallion
is rеasonably tfaсtablе, hе should bе tеasеd until a ftlll
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еrесtion is aсhiеvеd. Thе marе сan геmain within sight
of thе stallion during thе еxamination to stimulatе thе
stallion to maintain an еfесtion. If thе situation is not
сonduсivе to this pгoсеduге, хуlrazlne or a similar drug
сan bе administеrеd intravеnously. In most сasеs, a dos-
agе that rеsults in modеratе sеdation (+0.5 mУkc)
сausеs thе pеnis to dеsсеnd in thе flaссid statе. Aсеpro.
mazine should not bе usеd in stallions owing to its fе-
portеd assoсiation with paraphimosis.бa onсе thе pеnis
has dеsсеndеd, thе stallion should Llе rеstrainеd as prе-
viously dеsсribеd foг ехamination of thе tеstiсlеs. Thе
pеnis should bе сlеansеd with waгm watеr and driеd to
providе a smooth suгfaсе for ехamination. A 7.5-МHz
linеar-array oг sесtor-sсannеf tfansduсеr pгovidеs good
dеtail of thе pеnis. A 5.0-MHz transduсег is usually adе-
qllatе if a 7.5-МHz transduсеr is not availablе. A standoff
pad may bе addеd if a 5.o-МHz transduсеr is usеd. An
adеquatе amount of ultrasonogгaphiс сoupling gе1 must
bе trsеd to providе pfopег transduсеr сontaсt.

Sсaпning Teсhnique

Thе pеnis is first sсannеd fгom thе basе to thе glans,
чzith thе linеar-aггay tгansduсеr hеld pеrpеndiсular to thе
long aхis of thе pеnis (Fig. 10-59). This providеs thе
r-еtегiлaгian with slroгt-aхis сгoss-sесtional imagеs of thе
pеnis. thе uгеthгa and its assoсiatеd musсtrlatuге, thе
сoгplls сaYегnosum pеnis, and thе сorpus spongiosum
pеnis Thе transduсеr should bе tlsеd to sсan both dor-
sallу to \,еntгall), and vеntrall1, to dorsally. Thе doгsovеn-
tгal imagе (Fig. 10_59d) providеs thе bеst dеtail of thе
сorpus сavегnosum pеnis, and thе vеntгodorsal imagе
@ig. 10_59с) providеs thе bеst dеtail of thе сorpus spongio
sum pеnis and thе uгеthfa. Thе pеnis сan also bе sсannеd

GLANS PЕNIs

COFIPUS
CAVERNOSUM

PЕNIs

CORPUS
SPONGIOSUM

PЕNIs

Figure 10-58
,4, Sagittal sесtion of a stallion's distal pеnilе shaft aпd
glаns. showing thе сoгpus сavсгnosum pеnis. сOгPt|s

spongiosum pеnis, pеnilе urеthfa, аnсl еrесtilе tissuе of
thе glаnь. Notiсе tlrаt thс сtlrpus сivсгnosum реnis
dесrеasеs iп sizе as it proсееds distally along thе pеnilе
shаft. Also l]otiсе thal thе сoгрtts spоngio\llm Pеnis i5

сontilruous with thе еfесtilе tissuе of thе glans
.B, Short-axis сfoss-Sесtion of thе pеnilе shaft of thе

stallion showiпg thе fеlativе геlationslips of thе vaгiоtls
tissuеs. Thе positions of tlrе supегfiсial pеnilе vеssеls
сan vary Tlris сгoss-sесtion is drawп from thе aгеa of
thе sоlid linе in Figuге 1o_5il,4
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Figure 10-59
Pfopег positions сlf tlrе tтaгrsdlrссf foг imaging thе statlion pеnis Soliсl linеs геpfеsепt adсlitionxl tгaЛsсluссr positions a, Positioп of thе transduсег
to imagе thе pеnilе basе in sagitt1tl sесtion b, Position of thе tfansdllcег to imaЕ.е thе supеr1rсial pеnilе vсssеls in Shor1-aхis сгoss-sесtion с,

Position of thе tгansсlt-lсеf to imagе thе сor1lrrs sporrgiosum Pелis in shoft-aхis сгoss-sl]сtiol] d. Position сlf thс transсluсег t() imagе thе сorpus
сaYегnosllm pеnis in ShoгЕaхis сгoss-sесtion е' Positio]l of thе tfansdllсег to imagе thе pеnilе shaft in sag,ittal sеGtioп f, Position of thе tfansсluсег
to ima€.е thе pеni]е shaft in short-aхis сross sесtiОП g, Position of tlrе tгarrsduсег to imagе thе distal pелilе slrati arrd glans sесtion .With thе probе
in this position' thе сoгpus spongiоsum pелis сan bе tblklwеd distallу as it bесomеs thе еfесtilе tissuе Of thе g,lans

in longitudinal sесtion by holding thе linеar tгansdllсеf
paгallеl to thе long aхis of thе pеnis (Fig. 10-59a, е, and
g). obliquе short-aхis сfoss-sесtional viеws afе bеst foг
obtaifling imagеs of thе supеfflсial pеnilе vеssеls (Fig.
1o-59b).

Normal lmages

In short-aхis сross-sесtion, thе сorpus сavrrnosum pеrris
is сrеsсеnt-shapеd and hеtеfogrnеolrs gray-blaсk. In thе

Figure 10-60
Shoft-aхis сfoss-sесtional iпe!.е of a nornral nridslralt of aп егесt pеflis
in a stallion Thе tгansdrrсеr is lrеld on thе doтsаl surfaсе of thе pеnis
with thе Ьеam сlirесtеd vеntfall)' as in Figuге l0-19d Thе сorpus
сavеfnosum pеn|s (шhite аrrotоs) is сfеsсеnt shapесl and hеtетogе-
nсotls gгa1.whitе. Thе tuniсa albuginеa (blасk сtrroul) slптorrnds thе
сoгPus с:rvегnosum pеIris. Thе сoгpt-ls spongiostшr |)еnis (llbitе аrroш-
bеаt1s) is сirсulaг and srrгounds thе Llгеthfa (not Yisiblе) (5 0-MHz
linеar.arra1. tfansdllсеf)

еfесt pеnis, thе blood-flllеd сavеrnotls spaсеs of thе сof-
pus сavегnosum prnis сan bе sееn as pinрoint anесhoiс
afеas within thе surrounding tissuе. Hypеrесhoiс tfabесLl-
laе originating fгom thе tuniсa albuginеa at thе vеntгal
aspесt of thе сoгplls сavеrnosum pеnis may bс sееn
radiating olrtwafd through tlrе сorpus сavеfnosrrm pеnis
(Figs. 10-60 and 10_61). As tlrе tfansdlrсеf is movеd
distally towafd thе glans' thе сfеsсе11t-shapеd сofplls сav-
еfnosum pеnis slowly dесrеasеs in sizе. In long-aхis sagit-
tal sесtions, thе сorpus сavегnosllm pеnis appеafs as a

Figure 10-61
Dеtailеd ultгasorrogг;rplriс imagе of sl-toп-aхis сross-sесtion of thе сoг-
pus сavспroslrm pеnis irr a nornral midshaft of an еfесt stallion pеnis
This imagе was сlbtаinеd witlr a 7 5-MHz lirrсaг-аrгa), tfansduсеr hеld as

in Еigtше 10_'9d Blooсl-fillеd сlvегnоlts spaсеs с:rn bе sееll as pinpoint
anссlroiс aгсas witlrin thе сorpus с;tvсгtloslttll pслiь (t't-lbite аrrou,ls
iпсJiсcttе tt|o ех4п1Рlеs) Tт;tbесulaе aге alsсl visiblе гadiating through
tlrе сoгptts сavеrnosllл] pеnls (n^lэitе аlтгlttlbеаrJs dеliпеаlе oпе trаbe.
ailum) Тhе сorpus sPollЕliosrtnr pеnis is not сlеaгl). visiblе
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laгgс гесtangulaf arеa adjaсеnt to tlrе narfowег сofpus
spongiosum pеnis and r.trеthral mtlsсulattlrе. Thе ttlniсa
albuginеa is also visiblе in both slroгt-aхis сross-sесtional
and longittrdinal sесtional viеws (Fig. 10-6]; sее alstl
Fig. 10-60).

owing to a гсlativе inсrеasе in thе ratio of с;rvеrnous
spaсс to tissllе, thе сorprts spongiosurn pеnis lres а moгr
|aсу appеaranсе than doеs tlrе сofplls сal.егnosum pеnis
In short-axis сгoss-sесtion, thе сorprts sporrgiosum pеnis
is doughntrt-likе anсl suггottnds thе urеthra and its assсlсi
atеd musсulatuге along thе еntirе pеnilе slraft (Fig. 10-
63). In lorrg-aхis sagittal sесtion, tlrе сorptrs spongiosum
pеnis is rесtang4ulaг anсi muсlr smаllег than thе сofpus
сavегIlosum pеnis. Thе сorplls spolrgiosum pеnis сan bе
sееn dorsal and vеntral to thе ufеthral mtrsсulaturе (sее
Fig. 10-62). Nеar thе distalmost aspесt of thе pеnilе
shaft, thе сofpus spongiosrtm pеnis сan bе followеd in
long-aхis sagittal sесtion as it ехpands into thе егесtilе
tisstrе of thе glans (Fig. 10-64).

Thе supегflсial vеssеls of thе pеnis aге bеst imagеd in
obliquе short-aхis сгoss-sесtion. Thе ехaсt loсations сl1

thеsе vеssеls may vary in diffеrеnt stallions. Blood flow
maу bе visiblе in геal timе (Fig. 10_(15) Thе urеtlrral
musсulaturе, and oссasionall.r'thе Llfеthral lumеn. сan bе
vistralizеd ultrasonograplriсallrl Thе uгеthгal musсlilattlrе
is moге h1,pеrесhoiс than tlrе sttггtlurrding сoгpLls spongi
osum pеnis. Thе urеtlrгal lttпrеn tlsuallr ехists as a Potеn.

Figure 10-62
Llltr:rsоnogгaphiс imagе of long aхis sagittal sесtioп of thе midpеnllе
shaft Тhс tгaлsdrtсег is lrеlс1 ол thе vеntral sur.faсе of thе реnis. paГxllеl
to thе lеngth сlf thе pепiJе shаft, аnсi thс bсam is diгесtеd dorsall1'
BеСallsе it is in thе plalrе of loсtls for thе 7 5-мt{Z lirrеar-aгг;r1' tг:rns-

dlrсег, thе сorprts spоrrgiсlsrtrrr pеnis is sееrr |эot-lr aЬovе arrd bеloп- tlrе
uгеthгa Rlасk аrгoп,s dсnоtс thе сorprts spongiоsum pеnis Thе utеtlrra
is сlеlinеatеd by small п.hitе aггсlws Tl-tс сoqlrrs сa\.егnosum l)еnis is
bелеatlr tlrе согprts spоngiоsum pепis iп this viеw but is пOt iп thе
Ьеst planс of foсus fOг thе tгansdllсеr (tuhitе аrroulbeаds) A moге
dеtailеd imagе сlf thе соцlrrs сe\,еfnostlfll pеrris is obtainеd Whеn thе
tгansduсег is plaсеd оn thе d<rгsal strfасе сtf thе pеnis ltnd thе bеam is
dilесtеd vеntгallv
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Figure 10-63
LltгasoI]ogгaphiс imagе Of Shoft aхis сross-sесtjon of thе сoгptls spungi-
osum pеnis апd uгеthfal mrtsсulаtrtге iп a troгmal midshaft of xn еfесt
stalliоn pеnis Тlris imаgе п-as obtainеd with a 7 5-Mнz linеar-afraY
tгltllsduсег hе]d аs in Figuге 10-59с Тhе сoгpus саvегпosum pеnis i5

nоt сlеllгlr \ isiblе Тhе согрus spotlgiosum pепis (tL,bitе аrroulbеаds)
эppеaгs l;rсr and stlггouпсLs thе rnoге honlogеrrеоus g,гar'rr'lritе rtrеtlrral
пlrLsсrtlatuге (tt'l.litе аlrtltr) Тhе urеthгlLl lumеn сitl-ltlОt bс sееt1

tial spaсе' arrсl tlrtts tlrе lumеn itsеlf is oftеn not сlеafly
visiblе' If tlrе trrеthral lttmеn is distеnсlеd with fluid. as it
m;lY bе immеdiatеl1'following trгination, it may bе visiblе
aS an anесhoiс arеa within thе suгrounding musсlе.26 T1rе
ufеthfal lumеn is morе rеadil1. dеflnеd in longitudinal
sесtion than in сfoss-sесtion (sее Fig. 10-62).

Аbnormal Ullrasonographic Fiпdings

f-Iltrasonograplriс ехamination of thе pсnis is indiсatеd in
сasсs of еfесtilе dysfunсtion, paraphimosis, pгiapism, or
othеr obviotrs pеnilе patholog)r.

Pеnilе flеmatoma. Hеmatomas of thе pеnis arе un-
сommon itr stallions and afе gеnеfally thе геsult of
tfauma. Typiсall1.' thе tгatlma oссurs to thе еfесt pеnis
drrring brееding;.22 Damagе to thе supеrflсial vеssеls or tсl
thе tuniсa albtrginеa rеsulting in blood lеakagе from thе
сofplls сavеfnosum pеnis has bееn inсriminatеd in hеma-
toma formation.65 Hеmorrhagе from thе сorplls spongio-
sum pеnis геsulting in a hеmatoma has also bееn ге-
por.tеd.66 Thе hеmatoma itsеlf is gеnеrall1, not a sеrious
problеm, but if it is largе еnough it may pгеvеnt thr
stallion ffom fеtгaсting thе ехtеndеd pеnis. This in turn
rеsults in paraphimosis and thе dеvеlopmеnt of dеpеn-
dеnt еdеma (sее sесtion on paraphimosis, p. 476). U|tra-
sonographiс ехamination of a pеnilе hеmatoma сan pfo-
vidе information on thе sizе and loсation of any rеnts in
thе ttrniсa as wеll as information on thе sizе of thе
hеmatoma. It сan also bе usеd to monitof rеsoltltion and
сontraсtion of thе hеmatoma. Frеsh hеmatomas appеaf
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Figure 10-64
Long-aхis sagittal sесtion of thе сlistal uгеthгa aоd егесt Е.lans pепis in
a stallion In геаl timе, thе сoгрtts spongiosrlm pсnis сan tlе fоllowеd
as it ехpands into thе glarrs W1ritе aгrows dеnotе thе еfесtilе tissuе of
thе glans riyhitс 2lгIowhеads point tO thе ufеthг1rl mllsсulaturе (i 0-

МHz linеaг-aгray transduсеf)

mottlеd gray-blaсk With afеas of fluid poсkеts. As thеy
flbrosе and сontгaсt, flbrin tags may bе sееn. Thе ultraso-
nographiс appеaranсr gradually inсrеasеs in есlrogеniсity
as thе сlot is fеplaсеd by flbrous tissuе. Small flbrotts
Sсafs may pеrsist at thе sitеs of prеvious hеmatomas.

In сasеs of trnсompliсatеd hеmatomas in whiсh pa-
faphimosis has not oссLrrfеd, stallions shotrld bе trеatеd
with anti-inflammatory drugs, сold hydrothеrapy, and
stfiсt stall rеst. Thеy should not bе rrsеd for brееding or
ехposеd to mafеs for 3 to 8 wееks folloмring thе injury
to allow timе 1br thе damagе to thе tuniсa albuginеa to
hеal.6' Normal masturbation is difflсult to disсouгagе and
it is bеttеr to allow mastllfbation than to attеmpt to
pfеvеnt it using stallion rings or othеf dеviсеs that may
сausе furthеr damagе to thе pеnis. In bulls with Sеvеге
pеnilе hеmatomas геsulting in irrеdtrсiblе pafaphimosis,
еfforts havе bееn madе to геpair thе tеar in thе tuniсa
surgiсally.68

Thе prognosis for fегtility is good in stallions with
unсompliсatеd hеmatomas. In сasеs in whiсh sесondary
paraphimosis dеvеlops, thе suссеss of trеatmеnt dеpеnds
largеly on thе ability to сorfесt thе paraphimosis.

Paraphimosis. Paraphimosis (inabiliф to fеtfaсt thе
pеnis) сan rеsrrlt from traumatiс injuгiеs to thе pеnis6я'-0
or dеbi1itation.'l. -2 Administfation of phеnothiazinе tran-
quilizеrs has also bееn impliсatеd as a сausе of paraphim-
osis.6a Pеfsistеnt paraphimosis rеsults in dеpеndеnt
еdеma of thе glans and shaft, Whiсh inсrеasеs thе sizе
and wеight of thе pеnis. A viсious сirсlе rеsults as thе
pеnis progrеssivеly bесomеs largег, morе dеpеndеnt, and
morе difflсtrlt to fеtraсt. If thе сondition is allowеd to
pеfsist, thе ехposеd pеnis oftеn sllstains mесhaniсal
injuriсs or, in сold wеathеr, сongеlation (frostbitе). This

rеstllts in worsеning of thе damagе and dеvеlopmеnt of
granulation tissuе.

Ехamination of affесtеd animals inсludеs physiсal ех.
amination of thе pеnis. Paгtiсulaг attеntion should bе
paid to thе prеsеnсе or absеnсе of sеnsation in thе distal
pеnilе shaft and glans. Ultrasonographiс ехamination сan
doсumеnt thе еxtеnt of trauma, thе dеgrее of еdеma,
thе dеpth of granulation tissuе (if prеsеnt), and thе prеs-
еnсе of absеnсе of blood flow to thе shaft and glans.
Pеnilе еdеma сallsеs a progrеssivе dесrеasе in есhogеni
сity of thе affесtеd tissuеs as tluid aссumulatеs within
thе tisst'tе. oссasionally, isolatсd poсkеts of еdеma flrrid
may bе visiblе within thе tissuе. In bnе rеportеd сasе of
paraphimosis in a stallion, thе сofplls сavегnosum pеnis
was inсrеasеd in есhogеniсity, prеsrrmably assoсiatеd
with thrombus formation.-] In сasеs of сhгoniс paraphim-
osis in whiсh sеYеfе tfauma to thе еxtеndеd pеnis has
oссurrеd, granr.rlation tissllе may dеvеlop. Ultfasonogra-
phy сan bе usеd to mеasufе thе dеpth of grantrlation
tissuе and so сan aid in surgiсal rеmoval of gгantrlation
tisslrе of in monitoring prоgrеssion or rеsoltrtion of thе
problеm. Сirсumсision (rееling opеration) may bе indi
сatеd in stallions with ехсеssivе granulation tissuе.-1 As
with pеnilе hеmatomas, ultrasonography сan bе trsеd
to dеflnе arеas of thе pеnis in whiсh Lllood supply is
сompromisеd or absеnt. 

.!Иhеn blood supply is absеnt,
flow is not visiblе in thе pеnilе vеssеls oг within thе
еrесtilе tissuе. In сasеs of thrombus formation, thr еfес-
tilе tisstlе inсгеasеs in есhogеniсity (Fic. |0-6Ф.

Rеgardlеss of thе схtеrnal appеaranсе of thе pеnis, thе
most impoftant proЕ.nostiс inсliсator in сasеs of traumatiс

Figure 10-65
obliquе si.toгt-aхis сfoss-sесtion of thе sllpег1iсial pеnilе vеssе|s (Ixl1itе
аrrou,s) In геnl timе, blood flow сan usua-ll-v bе sееn Thе ехaсt
loсation of thеsе vеssеls сan varv slightly fr<rm hoгsе to horsе This
imagе also shows thе COгPus сavеrnosum pеnis with onе appafеnt
tгabесLrlum, thе vеntfalmost Poгtiоn of thе tuniсa albuginеa' and a

poсlгlv dеtailесl сoгprrs sporrgiosrrm pеnis (7 5-Mнz linсaf-affay tгans.
dllсег)
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Figure 1 0-66
Sxgittal sесtion сlf г]rгombosis of thе сoгptts сavегnosllm pеnit ill ;l

stallion With сlrгorriс paгaphiпrosis Notе tl.tе пoгmaI. bloоd-1illеd сav-
еrnous Spaсеs iп thе unat1Ъсtеd сarrdal poгtion оf thе сorpus сavеfno-
sllm pсnis Сonrpaге this to tl-tе grar.rr,.hitе dеnsе matеrial of tl.rе thгom-
bosеd ропiоn оГ tl.tе сoгprts сaYеГnosllпl Pеnis (dеIit1е..tеd b|,

аrroшbeаds) (- 5.\IHz sесtoг sсaЛI]ег tгansdUсег)

paгaphimosis is п l]еthег oг not thе pеnis сan bе пanuallr
fеplaсеd irrto thе shеath Еr еп' еtfoп shottld bе madе tо
rеplaсе thе pеnis into t1rе shеath and thlls bгеаk tlrе сr сlе
of еdеma,/tfallme/progгеssir'е paгapl-ril1l()s1s \laniрLllаtiOn
of thе pе11is mar, bе рainful to thе stellion. and analgеsiсs
and tranqllilizегs arе fсqlliгеd In somе сasеs. Е.еnеral
anеsthеsia ma1, bе nесеssary tbr tlrе сomfort of thе stal-
lion and thе safеty of pеfsonnеl. Мassagе and сold h1'dгo-
thеrapy сan bе usеd to rеduсе thе sizе of thе pеnis In
iгrеduсiblе сasеs, gеnеfal anеsthеsia сan bе Llsеd and thе
stallion plaсеd itr dorsal rссLlmbеnсy. An еlastiс bandagе
thеn сan bе wrappеd tightly aгolrnd thе сlеansеd pеnis,
staгting distalц. and proсееding proхimall1-. Thе pеnis is
massagеd arrd thе wrаpping рroсеss is rеpеatеd sеvеral
timеs. Propеrly appliеd, this typе of wгap сan hеlp сom.
pfеss thе еdеmatous pеnis anсl rеduсе its sizе to allow
rеplaсеmеnt Within thе shеath.-5 Onсе thе pеnis is rе-
plaсеd, an umbiliсal tapе ptrrsе-string slltllrе сan bе
plaсеd aгortnd tlrе opеning of thе slrеatlr arrd tiеd in a

bow Thе sutllfе mttst bе tight еnough to lrold thе pе11is

in thе slrеath but loosе еnough to allow trrination. As
muсh of thе sutuге as possiblе should bе пln subсLltanе-
ously to rеduсе сontanrination anсl trauma to thе pеnis
сausеd by ехposеd taut sutllfе. At rеgular intегvals, ttstг
ally onсе daily in traсtablе stallions, thе boчz сan bе
rеlеasеd and thе pеnis еxaminеd. Еmolliеnt ointmеnts
arе appliеd topiсall'v to pfеvеnt dц.ing out of thе pеnilе
skin. Thе slltllfеs arе rеnrovеd aftеr thе stallion is ablе ttl
rеtfaсt thе pеnis on his own, typiсally within 5 da1's.
Nonstеroidal antiinflamrnatoц, dгugs and systеmiс arrtibi-
otiсs shoulсl also bе administеrеd. Traditionally, diuгеtiсs
suсh as fuгosеmidе lravе bееn usеd to aiсl in rеdrrсing
dеpеnсlеnt еdеma. Thе еffiсaсу of this trеatmеnt is quеs-
tionablе. In fеfraсtory сasеs of paraphimсlsis, pеnis fеtfaс-
tion using thе tsolz tесhniquе Or amputation of thе pеnis
сan bе pеrfoгmеd.-r

Loсal еdеma and swе]lins arе oftеn assoсiatеd with
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loсal inсrеasеs in tеmpеraturе. Thеsе сhangеs ma1, affесt
thе Sсгotum anсl tеstiсlеs and rеsult in a tгansiеnt rеduс.
tion in sеmеn quality. Sеmеn qtrality is ехpесtеd to rеturn
to normal within 60 days of rеsolution of thе problеm.
In most сasеs in whiсh thе pеnis is suссеssfully rеplaсеd,
normal fеrtilit,v for thе individual is rеgainеd.

Paгaphimosis rеlatеd to administration of pharmaсo-
logiс agеnts or dеbilitation also oссLlгs In thеsе сasеs,
thе pгognosis for rеturn of normal pеnilе funсtion is
morс guardсd. Noгmal ftlnсtion may or may not bе rе-
gainеd еvеn aftеr rеplaсеmеnt into thе shеath and rеtеn-
tion with pufsе-string suturеs. Strсh сasеs сan bе suссеss-
full1, rnanagеd if tlrе ow11еfs arе willing to реrform pеnilе
massagе at lrast onсе dail1, and rеgularly rерlaсе thе
pсnis into thе shеatlr to limit thе progгеssion of pеnilе
еdеma. Topiсal ointmеnts lnllst bе aрpliеd rеgtrlarly and
сarе takеn to pгеvеnt сongеlation or mесhaniсal tгatlma.
Most affесtеd stallions havе bееn аblе to еstablish an
еrесtion and to еjaсulatе, although somе havе ехpсгi
еnсеd varying dеgrееs of еjaсulatory dysfunсtion. Ultraso-
nographiс еxaminations сan bе usеd to monitor thе pеnis
for сhangеs in blood flow, inсrеasеs of dесгеasеs in
еdеma, and dеr,еlopmеnt of sсaf tissuе. somе stallions
tlrat eге unablе to еstablislr a normal еrесtion сan still
геtuг1l to natllгаl or aгtiliсial brееding with propеf man-
llЕ.епlеnt -l -]

Priapism. Pгiapisnr or pеrsistеnt еrесtio11 withottt sеx-
ual stimulation is unсontmon in lroгsеs. wЪеn it oссufs.
it is usuallr as a геsttlt of admirristгation of a phеnothi
azit-tе-ttpе tгanqr'riliZг.Г.|11 -|1 -s A сasе of priapisnr irr а

stalliorr п-ith gеnегalizеd nralignant rnеlanorna also has
bееn геpoгtеd.9 L-ltгasonogгaphiс схal-nination of thе pе-
nis in lrсlгsеs with pтiapisrт сarr bе of pfog11ostiс r-aluе.
Ultгasono€.raph1. сan bе usеd to dеtесt thе dеr'еlopmеnt
of sесondaц. сlrangеs assoсiatеd with pгolongеd priapisnr
sutсlr as thrombosis in andlor librosis of thе сavеfnous
tissuеS (Fis. 10-66).9 Stallions that сlеvеlop thеsе сhangеs
havе a poofеr pгog11osis for rеttlrn to brееding soundnеss
than stallions with Llnсompliсatеd priapism.

Aсutе pfiapism (<24 hotrrs) сan bе tfеatеd mеdiсally
with thе сholinеrgiс bloсking agеnt bеnztropinе mеsy-
latе. Rеstrlts of trratmеnt havе bееn miхеd.79'8() Altеrna-
tivеly, in aсutе сasеS, a largе.borе hypodеrmiс nееdlе сan
bе insегtеd into thе сofplls сavеfnosum pепis, whiсh is
thеn flushеd With hеpaгinizеd salinе in an attеmpt to
rеmovе sludgеd blood.9 Tlris trеatmеnt also produсеs
mixеd rеsults. Anti-inflammatoq, drtlgs, сold watеf hydro-
thеrapy, topiсal ointmеnts, massagе' and diurеtiсs havе
all bееn ttsеd in thе trеatmеnt of priapism. In сasеs of
rеfraсtory priapism, suгgiсal сorгесtion сen bе attеmptеd.
Сrеation of a vasсular shunt bеtwееn thе сorрus сavегno-
sum pеnis and tlrе сoгplls spongiosuп pеnis has bееn
dеsсribеd.79 In tlrе геportеd сasе, thе shllnt геsultеd in
dеtttmеsсеnсе of thе pеnis ovеr thе nехt sеvеral days,
but thе stallion was unablе to геtfaсt thе pеnis and also
сould not aсhiеvе an еrесtion. Ftrll гесovеtl. сan oссuf
in еaф сasеs of priapism, whеthег trеatеd or not, but
somе сasеs of priapism havе bееn геpoгtеd to rеmain
rеfгaсtoЦ. to trеatmеnt.
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Thyroid. Thе skin in thе сranial сегviсal rеgion should
bе сlippеd from thс сaudal еdgе of thе mandiblе along
thе jugular groovе, bеginning at thе bifurсation of thе
jugular vеin into linguofaсial and ехtеrnal maxillary vеins
ехtеnding distally for approхimatеly 10 сm. Thе сlippеd
arеa shotrld ехtеnd from thе vеntral most aspесt of thе
nесk to sеvеral сеntimеtеfs dorsal to thе jugular vеin.

Parotid and othеr Salivary Glands. Thе skin in thе
proхimal сеrviсal rеgion should bе сlippеd frее of haiг
along thе сaudal еdgе of thе ramus of thе mandiblе ovеr
thе еxtеrnal maхillary vеin from just bеlow thе bаsе of
thе еar ехtеndirrg distally to an aгеa jr'rst vеntral to thе
bifhrсation of thе jugular vеin into linguofaсial аnd ехtеr-
nal maхillaц. vеins. Thе сlippеd arеa should inсludе thе
еntiге throatlatсh гсgion in thе arеa of thе jugular vеin
bifurсation for a width of appгoximatеly 8 to 10 сm. Thе
сlippеd arеa should also inсltrdе thе vеntral aspесt of thе
jaw from thе mandibular symphуsis to thе sесond molar,
if involvеmеnt of thе sublingtral gland is strspесtеd.

Ttachea. Thе skin ovеr tlrе еntifе lеngth of thе traсhеa
should bе сlippеd frее of hair along thе vеntral aspесt of
thе nесk ехtеnсling arotrnd tlrе riglrt and lеft sidrs to
еaсh jugtrlar groovе. Thе еntirе traсhеa from thе larynx
to thе thoгaсiс inlеt should bе ехaminеd.

Еsophagus. Thе skin ovеr thе lеft sidе of thе nесk
along thе lеft sidе of thе traсhеa and ovег thе lеft jugular
vеin should bе сlippеd frее of hair from thе сaudal aspесt
of thе mandiblе to thе tlroгaсiс inlеt. Thе сlippеd arеa
slrotrld bе approхimatеly 8 to 10 сm widе and ехtеnd to
thе vеntral midlinе of thе nссk. Thе right sidе of thе
nесk may nееd to bе similaф prеparеd, as thе еsophagus
is to thе fight of thе traсhеa in a fеw normal hoгsеs.

Lуmph Nodes

Thе skin ovег thе strpеrflсial lymph nodеs in quеstion
should bе сlippсd frее of hair so tlrat thе еntifr lymph
nodе сan bе еxaminеd. Thе еntifе thfoatlatсh rеgion
from thе vеntral aspесt of thе еaf to thе larynх should
bе сlippеd to еxaminе thе геtгopharyngеal lymph nodеs.
To еxaminе thе strbmandibular lymoh nodеs thе еntirе

(-It,nos О n Оgrаp h i с E u аlшаti o n
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Sоnogгaphiс ехamination of thе pеriphеral lymph nodеs,
thyroid, parotid salivary gland, traсhеa, еsophagus, and
tongllе is usеful in idеntiffing diffегеnt disoгdеrs affесting
thеsе stfuсtltrеs.l 5 Sonographiс ехamination of thе mam-
mary gland and of inguinal and sсrotal swеllings in horsеs
is a usеful adjunсt to idеntify abnormalitiеs of thеsе
tisstrеs, plan fuгthеr diagnostiс tеsts, and sеlесt appro-
pfiatе trеatmеnt. Sonogfaphiс ехamination of swеllings,
massеs' and draining traсts еnablеs thе vеtеrinary сlini
сian to ftrгthеr сhataсtetizе thеsе lеsions and to sеarсh for
forеign bodiеs, partiсtrlarlу radioluсеnt onеs in horsеs..-',
Inсisional problеms сan also bе еvalllatеd with diagnostiс
ultгasound, yiеlding information about thе intеgrity of
thе inсision and othеr inсisional сompliсations suсh as
infесtion and adhеsion5.rJ 16 Sonographiс ехamination of
thе еyе and orbit yiеlds infогmation about thе intfaoсulaf
struсtufеs and геtгobulbar spaсе..', r 7-22 Transpalpеbral or
transсornеal ultгasonographiс ехamination is rxtfеmеly
hеlpful in horsеs with сornеal opaсitiеs prеvеnting visual-
ization of thе dееpег intraoсtrlar stfuсtllrеs. Sonogгaphiс
ехamination of thе brain has also bееn pеrfoгmеd in foals
doсumеnting hydroсеphaltls.,3. 2r Intraopеrativе ultгaso-
nography has bееn trsеd to hеIp thе suf€.еon loсalizе
forеign bodiеs, fraсttrrе fragmеnts, impoftant vasсulaг
struсtufеs, or massеs' and to minimizе surgiсal tгauma
and anсsthеsia timе ] -. 8' 9 2j This appliсation is likеly to
еxpand, as morе suгgеons bесomе awarе of thс usе-
fulnеss of this tесhniqllе.

ЕxAMlNAтl0N тEсHNl0UE

Patient Preрaration

Cervical Struсtures

Thе skin in thе сеrviсal rеgion ovеf thе aгеa to bе ехam-
inеd should bе сlippеd frее of hair with a +40 surgiсal
сlippеr bladе and thoroughly сlеanеd bеforе applying
ultrasound сor'rрling gеl. Ultrasound сoupling gеl should
bе appliеd and workсd into thе skin ovеr thе arеa undег
invеstigation'
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submandiblllar rеgion bеtтvееn thе tм/o sidеs of thе man-
diblе should bе сlippеd from thе mandibular symphysis
to thе laгynх. Thе prеfеmoral and prеsсapular lymph
nodеs shotlld bе palpatеd in thеir fеspесtivе loсations in
thе flank fold and along thе сranial maгgin of thе sсapula,
and thе rеgion ovеr and around thеm сlippеd frее of hair.

Tongue

Thе aгеa bеtwееn thе two rami of thе mandiblе from thе
mandibular symphysis to thе laryrrx should bе сlippеd
frее of hair to imagс thе tongllе from outsidе thе oral
сavity, followеd bу thе appliсation of ultгasound сottpling
gеl. In a сoopеfativе horsе, thе сranial poftion of thе
tonguе сan bе ехtеriorizеd and ехaminеd dirесtly.

Mammarу Gland

Thе еqtrinе mammafy gland is rеlativеly hairlеss and
rarеly rеquirеs any pfеpafation othеr than сlеaning thе
skin and thе appliсation of ultrasonographiс сoupling gеl.

lnguinal Region aпd Sсrotum

Thе inguinal rеgion and sсrotum arе also rеlatir-еlr. hair-

lеss aгеas that do not nееd to bе suгgiсallr- сlippеd fгее
of haiг for sonographiс ехanrination. Ultrasound сotlpling
gе1 should bе appliеd libеrally to thе afеa bеing ехaminеd
aftеr thе skin is сlеanеd.

Еуe and 0rbit

Thе еyеlids rarеly rеquirе сlipping foг transpalpеbral ех-
amination of thе еyе and orbit, as thе hair on thе еyеlid
is vеry shoгt and linе. Howеvец thе supraorbital spaсе
oftеn rеquirеs сlipping thе arеa frее of hair to ехaminе
thе rеtfoblllbaI spaсе from this window. Thе еntirе supгa-
orbital spaсе should bе сlippеd to its bony margins and
thе skin сlеanеd. Ultrasound сoupling gеl сan thеn bе
сarеfully appliеd to thе еyеlid and supraorbital spaсе.
Stеrilе'сoupling gеl is oftеn гесommеndеd to minimizе
thе сhanсе of сornеal or сonjunсtival irritation. Diгесt
appliсation of thе ultrasound transduсеf onto thе сoгnеa
trsually rеquirеs topiсal anеsthеsia of thе еyе. An auriсulo-
palpеbral nеrvе bloсk may bе nееdеd in horsеs with
sеvеrе oсular pain or blеpharospasms. Stеrilе сoupling
gеl is rесommеndеd for transсornеal еxaminations.

Brain and Spinal Cord

Thе hair on thе skin ovеr thе сranium should bе сlippеd
ovеf thе opеn fontanеllе oг any palpablе dеfесt in thе
сranium followеd by thе appliсation of ultrasound сotr-
pling gеl. If thеrе is no dеfесt in thе сгanium or vеrtеbral
сoltrmn, a surgiсal dеfесt must bе сгеatеd to imagе thе
brain or thе spinal сord, rеspесtivеly, with diagnostiс
ultrasound.
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Anatomy

Cervical Struсturеs

Thyroid. Thе thyroid gland, loсatеd in thе proхimal
сеrviсal rеgion сaudal to thе larynх, is an oval stfuсtufе
lying on both sidеs of thе proхimal traсhеa just сaudal to
thе larynx at thе lеvеl of thе flrst thfее to four traсhеal
сartilagеs. Thе thyroid gland is approхimatеIу 1'.5 to 2.5
сm thiсk, 4 to 6 сm long, and 2 to 3 сm widе in
most horsеs. Thе two thyroid gland lobеs arе usually
сonnесtеd by a narгow fibrous isthmtrs at thr сaudal
aspесt of thе gland. Thе vеntral anglе of thе parotid
salivary gland сovеrs thе сгanial aspесt of thе thyroid
gland' Thе pafathyfoid glands arе loсatеd on thе doгsal
mеdial еdgе of thе thyroid gland.

Рarоtid and othеr Salivary Glands. Thе paгotid
salivary gland is loсatеd in thе сranial сегviсal rеgion
ехtеnding proхimally along thе ramus of thе mandiblе
adjaсеnt to thе еxtеmal maхillary afI'еry. Thе parotid
salivary gland is loсatеd bеtwееn thе vеrtiсal ramus of
thе mandiblе and thе wing of thе atlas, ехtеnding distally
to thе linguofaсial vеin. This gland is approхimatеly 20
to 25 сm long and 2 сm thiсk Its mеdial surfaсе is
adjaсеnt to thе guttuгal pouсhеs and thе rеtropharyngеal
lr mph nodеs Thе paгotid salivaп, gland is сomposеd of
multiplе lobulеs of glandulaг tissuе еnсlosеd in a fasсial
сapsulе. Thе paгotid salivaп'duсt oгiginatеs at thе vеntгal
aspесt of thе gland, doгsal to thе linguofaсial vеin, and
follows thе linguofaсial vеin to thе thiгd сhееk tooth,
whеrе it rntегs thе mouth thгough tlrе parotid papilla
oppositе thе last uppеf prеmolar. Thе mandibular sali
vary gland is mеdial to thе parotid salivary gland and
latеfal to thе guttural pouсh. Thе mandibular salivary
duсt opеns into thе mouth along thе |atеraI aspесt of thе
sublingual сarunсlе. Thе sublingual gland liеs bеtwееn
thе tonguе and thе mandiblе undеrnеath thе sublingual
fold and ехtеnds from thе mandibulaг symphysis to thе
sесond molar. Thе sublingual duсts arе small porеs in
thе sublingual rессss.

Traсhеa. Thе tгaсhеa is сomposеd of multiplе Сartil.ag.
inous rings intеrсonnесtеd b1, a tough flеxiblе mеm-
bгanе. Thе сегviсal tгaсhеa oгiginatеs at thе laryш< and
tеfminatеS at thс thofaсiс inlеt. Thе traсhеa is dorsal to
thе еsophagtts in thе сranial portion of thе nесk and
dorsomеdial to thе еsophagus in thе mid-сегviсal rеgion
and mеdial to thе еsophagus in thе distal thiгd of thе
nесk. Thе tгaсhеal rings or platеs arе сomposеd of hya.
linе сartilagе forming nеaф сirсular rings in thе сгanial
сеrviсal rеgion with a diamеtеr of appгoхimatеly 5 to 6
сm and flattеning out distally to a tfansvеrsе diamеtеr of
7 сm or moге. Thе traсhеa has a fibrous outеr advеntitia,
thе musсuloсaftilaginous |aуer, a submuсosa, and a muсo.
sal surfaсе.

Еsophagus. Thе еsophagus оriginatеs from its pharyn-
gсal opеning at thс dorsal lеft sidе of thе larynx and
сoufsеs distally in thе nесk to its position along thе lеft
sidе of thе tгaсhеa. In a small pеrсеntagе of horsеs thе
еsophagus сrossеs thе midlinе, vеntral to thе tfaсhеa,
and proсееds to thе thoraсiс inlеt along thе fight sidе
of thе traсhеa. Thе еsophagus has a muсosal lining' a

submuсosa' a musсular wall сomposеd of striatеd musсlе
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in thе сеrviсal rеgion, and a sеrosal srrrfaсе oг flbfous
shеath afound thе musсttlaг layег. Tlrе еsophaglls is Llsll-
ally сollapsеd, trnlеss fluids or ingеsta arе passing through
thе ltlmеn.

Lуmph Nodes

Thе supеrIrсial l1,mph nodеs in thе lrorsе arе usually
small and inсludе thе srrbmandibulaц pгеsсaptrlaц and
prеfеmoral lymph nodеs. Thе submandibular lymph
nodеs arе lосatесl bеtwееn thе two гami of thе mandiblе
vrntral to thе tonЕ.Llе. Thеsе lymph nodеs may bе as largе
as 10 to 16 сm long and 2 to 2'5 сm widе, and arе
nafrowеst rostfally. Tlrе prеsсapular lymph nodеs aге lo-
сatеd сгanial to thе shouldег joint at thе сгanial bordег
of thе сlеidosсapularis pесtoralis. Thе prеfеmoгal lymph
nodеs atе loсatеd at thе сfaniomеdial asDесt of thе tеnsoг
fasсia lataе mttsсlе miсlway bеtwееn thе patеlla and ttrbеr
сoxaе. Thе inguinal (oг manrmary) lymph nodеs arе lo-
сatеd on thе vеntral portion of thе abdominal musсtrla-
turе сranial and сar-rdal to thе spеrmatiс сord in thе malе
and bеtwееn thе vеntral abdomсn and thе uddеr in thе
fеmalе. Thе latеral rеtropharyngеal lymplr nodеs arс 1o-
сatеd along thе latегal sidе of thе 8utttlral pouсh, vеntral
to thе parotid salivaгy gland. Thе mеdial rеtropharyngеal
\,mph nodеs arе loсatеd on thе dorsolatеral aspесt of
thе pharyrт< and may еxtеnd to thс latеral aspссt of thе
gllttufal pouсh. Thе сеrviсal lymph nodеs may bе found
along thе traсhеa, with thе largеst aссumrrlation in thе
сaudal сеrviсal rеgion at thе thoraсiс inlеt. Thе inguinal,
rеtropharyngеal, and сеryiсal lymph nodеs arе aссеssiblе
sonographiсally in thе horsе, paftiсLllafly whеn thеy arе
еnlaгgеd.

Tongue

Thе tonguе is loсatеd bеtwееn thе two rami of thе
mandiblе, witlr а largе frеnultrm pfеsrnt in thе horsе.
Thе root of thе tonguе is attaсhеd to thе hyoid bonе, tlrе
soft palatе, and thе pharynх. Thе uppеr suffaсе of thе
сaudal portion of tlrе tonguе slopеs сaudally and vеn-
tгally. Thе bod1, of thе tongllе has a slightly roundеd
dorsal surfaсе and flat latеral surfaсеs. Thе tip of thе
ton8uе is fгее and somеwhat spatula-shapеd With a flat
t.tppег and lowеr surfaсе and roundеd latегal сd6;еs.

Mammarу Gland

Thе two mammafy glands, loсatеd on еithеr sidе of thе
midlinе in thе pгеprrbiс rеgion, arе attaсhеd to thе vеntfal
abdomеn by loosе arеolar tissuе сontaining a vеnolls
plехtls, fat, and lymph nodеs. Thе mеdial surfaсе of thе
gland is flattеnеd, whеrеas thе latеral surfaсе is сonvеx.
Thе gland has a libroеlastiс сapsulе сontaining glanсlular
tisstlе and fat. Thе laсtifеrous sinusеs at thе apех of thе
gland еmpty into thе tеat, whiсh is trstrally 2'5 to 5'o
сm long.

Inguinal Region and Scrolum

Thе sсrotum in thе gеlding is сomposеd only of thе skin
and undефing subсLltanеous tisstrеs геmaining following
сastration. Thе геmnant of thе spеrmatiс сoгd may rе-
main in thе dorsal poftion of thе sсrotum ехtеrnal to thе
ехtеrnal ingrrinal ring in somе gеldings. Thе anatomy of
thс sсrotum and inguinal геgion in thе stallion has bееn
thoгoughly сovеrеd in Chaptеr 9 and is similar in thе
gеlding with thе rхсеption of thе tеstiсlеs, еpididymis,
and distal portion of thе spеfmatiс сoгd, whiсh afr rе-
movеd at сastration.

Еуe and 0rbit

Thе еquinе orbit is a сomplеtе bony orbit madе up
of thе fгontal, laсrimal, zygomatiс, tеmpoгal, sphеnoid,
palatinе, and maхillary bonеs. Thе еyе is positionеd in
thе orbit with thе sеvеn ехtfaoсulaг musсlеs, whiсh origi-
natе from thе bony ofbit oг adjaсеnt bony struсturеs and
insеrt on thе sсlеra. Thе normal globе in thе adtrlt lrorsе
fangеs ftom 1+О to 44 mm long in postmoftеm mеaslrfе-
mеnts, but thе planе of mеasuгеmеnt has not bееn mеn-
tionеd.t9 A largе геtrobulbar fat pad srtrгounds thе optiс
nеrvе bеhind thе globе. Thе antегioг сhambеr is thе
spaсе bеtwеrn thе сoгnеa and iris. Thе postеrior сham-
bег is a small spaсе bеtwееn thе iris and thе antегiof
сapsulе of thе lеns. Thе vitrеous сhambеr liеs bеtwееn
thе postеfior сapsulе of thе lеns and thе rеtina.

Brain and Spinal Cord

Thе brain is housеd in thе сгanium and is usually inaссеs-
siblе for sonographiс imaging unlеss thеrе is a dеfесt in
thе сranitlm oг an oprn fontanеllе. Similaф thе spinal
сord is еnсasеd in thе bоny vеrtеbraе with littlе opportll-
nity foг sonogгaphiс imaging othеf than in thе intеrvеrtе.
bral spaсеs.

Sсаnning Teсhnique

Cervical Struсtures-Thуroid GIand, Parotid and 0ther
Salivarу Glands, Traсhea, and Еsлphagus

Thе struсturеs in thе proхimal сеrviсal rеgion (thyroid,
salivary glands, tfaсhеa, and еsophagus) aге imagеd with
a high-frеqr.rеnсy tгansduсеr (6.0 to 10.0 М}lz) and a
displayеd dеpth of 4 to 8 сm. A transduсеr сontaining a
built-in fluid ofТsеt or using a hand-hеld standoff pad is
idеal to obtain optimal imagе quality of thе thеsе supегfi-
сial struсtuгеs. A transduсег with a \argе footpгint faсili
tatеs optimal imaging of thе thyroid and pafotid salivaгy
gland.

Lуmph Nodes

Thе strpегfiсial lymph nodеs arе imagесl with a high-
fгеquеnсy transduсег (6.0 to 10.0 MHz) and a displayеd
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dеpth of 4 to 8 сm. A transduсег сontaining a built-in
fluid offsеt or using a hand-hеld standoff pad is idеal to

obtain optimal imagе qualiб' of thе supеrflсial l1.mph

nodеs.

Foreign Bodies and Draining тraсts

Loсatе thе tгaсt at its point of dгainagе and follow it foг
as long as possiblе.- Although onе author rесommеnds
thе instillation of stеrilе salinе or antibiotiс solution into
thе draining traсt to aid thе сliniсian in еxamining thе
traсt,7 this intгoсluсеs aiг and should bе avoidеd if at all
possiblе, unlеss a сaгеful initial sonographiс еxamination
fails to dеtеrnrinе thе sourсс of thе drainagе. Thе intro-
duсtion of aiг with thе fluid is morе likеly to obsсtrге tlrе
dееpеr tissttеs to whiсh thе tfaсt may bе lеading bесausе
air is a nеarly pеrfесt fеflесtof of ultrasound. If a hypеrе-
сhoiс struсtuге is imagеd it should bе ехaminеd in as

many planеs as possiblе to dеtеrminе if aсotrstiс shado.w-

ing is oссurгing from thе surfaсе of this strlrсtufе.- Thе
strеngth, dеptlr, and typе of aсoustiс shadolпr should bе
dеtеrminеd.

Tongue

Sonogmphiс ехamination of thе tonЕ.uе in hoгsеs has

bееn сlеsсribеd from a submеntal approaсh.' A 5.0-МHz
transduсеr was usеd in this rеpoft' and tlrе ехamination
was pеrfoгmеd fгom thе vеntral aspесt of thе jaw with
thе animal in a standing position with thе hсad in a

nеutral or ехtеndеd position. Thе transduсег ч,-as movеd
from thе lеft to thе right horizontal famus of thе mandi-
blе and from thе mandibular symplт'sis to thе thyroid
сartilagе. Thе widе aсolrstiс shadows gеnеratеd by thе
mandiblе prесludе assеssmеnt of thе гostral poftion of
thе tonguе from thе submеntal windoп,. partiсularlv if a
transduсеr with а widе footpfint is Llsеd Thе plaсеmеnt
of a highеr-fгеquеnсy transduсеr (6'0 to 10 0 МHz) di
rесtly on thе tonguе in horsеs will еnablе suссеssful
imaging of thе rostfal portions of thr tonguе. 

.With many
highеr-fгеquеnсy transduсеrs thе tongllе сan bе sllссеss-
fully ехaminеd fгom thе submеntal approaсh. as pfе-
viously dеsсribеd. Thе trsе of a highеr-ffеquеnс). tгans-

сluсеr with a smallеr footprint will also еnablе suссеssful
imaging of thе sublingual musсlеs in horsеs.

Mammarу Qland

Thе sonographiс ехamination of thе mammary gland is
pегformеd with a high-fгеquеnсy (6.0 to 1o.0 МHz) trans-
duсеr at a displayеd dеptlr of 6 to t2 сm. A transduсеr
with a built-in fluid offsеt or with a hand-hеld standoff
pad and a пridе footprint or a laгgе liеld of viеw is hеlpftll
in obtaining high-quality imagсs of this gland, partiсularly
of thе tеat. Thе sonographеr should stand nехt to thе
marе,s forеlеg and rеaсh сaudally to еxaminе thе mam-
mary gland from this Position.
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Sсrotum and lnguinal Begion

Thе sonographiс ехamination of thе sсfotum and inguinal
rеgion in thе gеlding is pеrformеd with a high-fгеquеnсy
(6.0 to 10.O MHz) transdttсеr сontaining a built-in fluid
offsеt or using a hand-hеld standoff pad as thе stfuсtlrfеs
arе immеdiatеl1. цn6.'''еath thе skin surfaсе. A small
transduсеr with a small footprint is ustrally nееdеd to
еvaluatе thе inguinal сanal from thе ехtеfnal inguinal
ring. Thе sonographеr should Stand nехt to thе gеlding,s
forеlеg and rеaсh сaudall1, to ехaminе thе sсrotum and
inguinal rеgion safеlу. Tlrе sonographiс еxamination of
thе stallion's sсfotum and inguinal rеgion is dеsсribеd in
сhaptеr 9.

Еуe and 0rbit

A high-frеquеnсy (6.0 to 10.0 MHz) transdrtсеr is гесom-
mеndеd to sсan thе еqtrinе е-vе adеquatеl1,. Thе ехamina-
tion сan bе pеrformеd with thе transdtlсеr plaсеd on thе
patiеnt's еyеlid (tгanspalpеbral) or dirесtly on thе
patiеnt's сofnеa (transсornеal). Transpalpеbral sсanning
of thе е1,е сfеatеs morе aftifaсts owing to thе pfеsеnсе
of thе еr,еliсl and thе intегfaсе bеtwееn thе еyеlid and
thе сornеa. Tгanspalpеbгal sсanning is indiсatеd in horsеs
in п.hiсh сornеal pегfoгation is imminеnt. Transсornеal
iлragiлg l.iеlds thе bеst.qr'ralit1. imagеs and is thеrеforе
idеal if tolегatеd bу thе horsе. Thе rtsе of a standoff pad
is important fof optimal imaging of thе сoгnеа and othеr
supеrfiсial stfuсtlrfеS. Thе сoгnеa will bе lost in thе
transdtlсег aftifaсt if a standoff pad is not usеd with
transсornеal ultrasonography.,0 Topiсal anеsthеsia of thе
еyе is nесеssary if thе trltгasound transduсеr is plaсеd
dirесtly on thе horsе,s сofnеa. Bloсking thе horsе's еyе-
lids with an auriсulopalpеbral nеrvе bloсk may also bе
hеlpful, partiсulaф if thr horsе has sеvеrе blеpharo-
spasm. sеdation may also bе nесеssaгy if thе horsе is
Lrnсoopеfativе dtrring oсular ultrasonograph1.. Idеallу'
stеrilе nonifritating ultrasound gеl should bе usеd if thе
transduсеr or standoff pad is plaсеd dirесtly on thе
horsе,s сofnеa.2() Howеvец nonstеrilе ultrasound сou-
pling gеl has bееn usеd on thе еquinе сofnеa without
problеms..9 Tlrе еyе should bе thoroughly rinsеd of сou-
pling gе1 following thе sonographiс ехamination if gеl
is plaсеd dirесtly on thе сofnеa..9 Standard trltrasound
сoupling gеl сan bе usеd if transpalpеbral sсanning is
bеing pеrfoгmеd.

Sonogгaphiс ехamination of thе fеtrobtrlbar spaсе сan
bе pеrfoгmеd thгough thе еyе of thfough tlrе supraoгbital
fossa. Ехamination through thе supraorbital fossa ma1,

уiеld sLlpегioг sonographiс imagеs in somе hoгsеs. owing
to thе laсk оf aftifaсts сausеd by thе oгbital fat whеn
sсanning through thе сornеa and thе shortег distanсе to
thе rеtrobulbaг mass.z2 Thе trsе of this window to thе
rеtrobulbar spaсе may simplф trltrasonographiсally
guidеd aspiгation of thе fеtfobultlar mass.,.

Brain and Spinal Cord

Sonographiс еxamination of thе brain сan bе pеrformеd
in thе еquinе nеonatе with a high-fгеquеnсy tгansdtrссr
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(7.5 М}1z) and a displayеd dсpth of 6 to 12 сm. Thеsе
imagеs must bе obtainеd thгough an opеn fontanеllе
pfеsеnt in thе foal at birth, so a tfansduсеr with a small
footprint is idеal for this ехamination. Sonographiс еxami-
nation of thе brain in thе adult horsе сan bе pеrfornrеd
only through a pеrsistеnt 1bntanеllе or thfough a dеfесt
in thе сгanium, еithеr of whiсh сould sеrvе as an aсoustiс
window. A ..windshiеld wipег'' tесhniquе has bееn dе-
sсribеd for sonographiс еxamination of thе nсonatal
bгain in thе dog.26 

.W.ith 
this tесhniquе thе transduсеr is

plaсеd in thе opеn fontanеllе and thе tгansdtrсеr is
roсkеd rostгally and сaudally to obtain transvеfsе imagеs
and sidе-to-sidе for parasagittal imagеs. Sonographiс еx-
amination of thс brain сan also bе pеrtbrmеd intraopеra-
tivеly throu6;h a сгaniotomy. Thе еquinе spinal сoгd сan
bе ехaminеd with diagnostiс ultrasollnd intraopеrativеly
during a hеmilaminесtomy. In thе normal lrorsе thе vеrtе-
braе prеvеnt strссеssful imaging of thе spinal сord.

ULтRAS0N0GRAPHlс tlNDlNGs

NormaI Struсtures

CerviсaI SIruсlures

Many small stfuсtuгеs arе intimatеly rеlatеd to onr an-
othеf in thс сranial сеrviсal rеgion Thе геlationship
amonЕ. thе tгaсhеa, еsophagus, сarotid aftеry, and jtlgular
vеin is еasily dсmonstratеd sonographiсally (Fig. 11-1).
Thе thyroid gland is adjaсеnt to thеsе stfuсtuгеs in thе

Figure 11-1
sonogfam of thе right сгaлiel сег!'iсal гсЕ.ion. obtaiпеd from a lO--vеaг-
old ThoгouglrЬrесl marе Thе jugrrlaг vеin Q\) wаs bеing oссludеd in
thе distxl сеNiс1ll ге!.ion. aссollnting fbr. thе jt-lgrtlar vеnous distеntioп
and thе есhogеniс blooсl swiгling witlrin thе vеin Тhе сагotid дгtеп'
(СA) is immеdiatе]y dееp to thе jrrgrrlaг r.еin and slightl-Y doгsal to it
Thе blood in t]rе сaгotid aгtеЦ. has thе r}piс1tl arrесhoiс to h}pоесhoiс
дpPеafаnсе vеntfa] tO tl.rе jugulaг vеin is tlrе traсhеа (T) With its
сaгtilaginous fin€.s. Dееp tо thе jugular r.еin, doгsa| to tlrе tгaсhеa, anсl
vеntгal to thе сafotid aгtеry is thе еsoplragus (Е) Ir.r most hoгsеs thе
сsophagus is On thе lеft sidе of thе tгaсhеa, bllt in somе normal horsеs'
likе this maIе, it is loсatеd to thе fiЕ.lrt of thе traсIlеа Notiсе thе
hr.poесhoiс еsophagеal wall and its hr,pеrесhoiс lumеn, assoсiatеd with
gas and mrrсtls in thе lllmеn сlf thе еsoplragus (аrroшs) This sоnogram
was obtainеd with a widе-ьandwidth 6 O-MНz nriсroсоnvех linеаг-arгa1'
tгansduсег opеratiлg at 10 0 МЕIZ at а сlisplaуеd dеptb of 5 сm Тhе
right sidе of this sonogram is doтsal alr(t thе lеft sidе is vеntral

Fiqure 1 1-2
Sonograms of thе гiЕ]ht thvrсlid gland oЬtainесl from a l0-1.еaг-o]d Thoг-
oughbгеd marе (samе as in Figurе 11_l) Notiсе thе homogеIrеOl]s
ес]]oЕ.елiс aPPеaraпсе of thе thyгoid, whiсlr is aрpгoхimatеlY 2 сrn
tlriсk and 4 сm long Тhеsе sonogгams wеrс obtаinеd with a widе-
bandwidth 6 oNIH7, miсгoсoпvех linеaгarгa1' tгansdllсеf оPеrating at
10 0 Мнz at a displx)-еd dеpth of ,1 сm Thе fight sidе of thе гight
imagе is doгs1ll xnd tlrе lеft siс1е is vепtгal Thе fight siсlе of thе lеft
imagе is сгanial and tlrе lеft sidе is сaudal

proximal сеrviсal геgion. Thе rеlationship of thс parotid
salivary gland to thе jugulaг vеin, еxtеrnal maхillary vеin,
linguofaсial vеin, and Е.uttllral pouсh is important in еval-
uating this salivary gland. Thе fеtfopharyngеal lymph
nodеs afе also in сlosе assoсiation with thе parotid sali-
vary gland.

Thyroid. Thе еqr'rinе thyroid gland is an oval stflrсturе
with a homogеnеotrs есhogеniс appеafanсе (Fig. 11-2)'
with a thiсknеss of appfoximatеly 1.5 to 2.5 сm, a width
сlf 2 to 3 сm, and a lеngth of 1 to 6 сm. Thе thyroid
gland is moге есhogеniс tlran thе adjaсеnt сеrwiсal mus-
сulaturе. Thе th1тoid gland in human bеings is dеsсгibеd
as a homogеnеous gland of mеdium to high есhogеniсitу,
similaг to that fotrnd in thе horsе.2r

Salivary Glands. Thе parotid salivary gtand is a wеll-
dеmarсatеd, oval. mllltilobulatеd struсtlrfе with an есho-
gеniс сapsltlе and sеptar and hypoесhoiс parеnсhyma
(Fig. 11-3). Thе paгotid saliva{, gland is appfoхimatеl), 2
сm thiсk and 2О to 25 сm long. Thс mandibtrlar salivary
gland is morе difflсult to rесognizе, as it liеs dееp to thс
pafotid salivary gland and thе gr'rtttшal pollсh but has a
sono8faphiс appеaranсе similaf to that of thе pafotid
salivaq, gland. Thе salivary duсts arе not nofmall), dr-
tесtеd.

Ttac}rea. Thе tгaсhеa is сomposеd of multiplе hypo-
есhoiс сirсLllaf гings, rеpгеsrnting thе traсhеal сartilagе,
and h)rpегесhoiс arеas bеtwееn thе traсhеal гings, fеpге-
sеnting gas along thе traсhеal muсosal stlrfaсе (Fig. 11_
4). Thе traсhеa is approхimatеly 5 сm widе in thе сranial
сеfviсal fеgion and bесomеs slightly widеr nеar thе tho-
faсiс inlеt.

Еsophagus. Thе еsophaglls iS a ttrbtrlaг hypoесhoiс
stгuсtufе with an есhogеniс sеrosal surfaсе and a hypеr-
есhoiс irrеgular to star-shapеd lumеn assoсiatеd with gas
and muсus along thе muсosal folds of thе сollapsеd
еsophaglls (Fig. 11-5). Thе wall of thе еsophaglls is
геlativеly thin, mеasuгing 3 to 4 mm thiсk in thе сol-

Ve
tB

oo
ks

.ir



Figure 11-3
Sonogrxms of thе right paгOtid saliv'ul- glаtrd obtаil-tеd iгО]lr ,J l(l\(liг-
olсl Thoгorrghllrсd maге (samе as in Figllгеs l l-1 xnсi l l_]) \.)tiсс thе
anесl.roiс to ll,pсlесhoiс glandrrla;: paгеnсlrr'ma п itl.t h\ Pегссl-tl)iс iсPt;lе
thгoughotlt thе gland (аrrollls) Thе gl.tпd is loсetеd in rilс ргtlхiпllJ
сег\,iсal геgion supег1iсi1rl tO thе сагotid aгtеn ((-.\) inlnrеdi...tсLr untlег-

nеath thс skin Thеsе soпOgгxllls п.еге obtainеd rriгtt lL siJс b:псsidtlr
6 O-MHz пiсгoсon\.ех litlеaг.aгra1' tfansсllrсег opегlting f,t lll ( l \IHZ i]г

a dlsplа1,еd сlеpth оf 4 сm Ttrе гight sidе of thс 1сп lп].lsс li сг.1nif,l

and thе |еft sidе is саrrdal Тhе гight siсlе оf thе гigJlr iгl:l:с :. Г:.Iu:-]l]l
and thе lеft sidе is distаl

lapsеd rsophaЕ.us. Thе еs<lphagus is 5е\ егаl ссnt1nlеtсгs
in diamеtеr whеn withollt illgеsta \\l.tет-t tl-tс l.ttiгsе srr al-

lows, thе еsophaglls is геadilr idеIrtfiссl lls l1 \\ l1\ е of
saliva, fluid, of ingеsta passеs thгougl-r rhс еstlphegеal lr-r-

mеn.
Tonguе afl.d Assoсiatеd struсtuгеs. Тhе gеllios.los-

slrs mllsсlе is геadil1' iсlеrrtifiеd as sе\'егlll PlrГ.f,llеl есho-
gеniс linеs ovеflying thе гсlсlt of thе tollgllе rrhеn thе

Figure 11-4
Sоnсlgгanrs of thе tгaсhеa obtainсd tr.сlrп а 1()-1,еar-old Тhогoughllгесl
marе (sаmе aS in Figurеs 11 1thrоt|gh 11_]) Thе traсlrеx| fings xr.е

h.vllоесl.rсliс al]d thе iпtеn.епing muсosal sur.faсе is h],pсrесl]сliс сLrrе trl
thе Е.as Within thе trachеа] luлrеn Thс afrows Рoint to thе \'сntгal
aspссt оf thе tгaсhсa ,fhе mllltiptе сOПссntfiс dng сOnstfuсtioП Of

thе tгaсhеa is еasilr. r.islralizеd Tlrе aiг-1i]lеd tfaсl-rеa сasts mlllttР]е
геvегbегation aftifaсts fгtlnl tlrе imagесl sttrlltсе Thеsе sonogгams \a'еrе

obtainеd with .r Widе-bаndwidth 6 O-MFIZ miсгoсonr.сх linеаr-arra1'

tfansсluсеf opеIаtil]Е] at 10 0 l'lHZ at a (lispl'r)'есl dеpth of 4 сm Tlrе
Iight sidе of thе lеft imagе is thе lсft sidе of thе traсhеa Thс right sidс
of thе right imagе is pгoхimal and tlrе lеft sidс is distxl
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Fiqure 1't-5
Sonogгatrrs сlf thс сsоphagrrs obtainеd fгom a 10-vеaг-old Thсlгoughbгеd
пafе (samе as in Figпгеs l1_l thгorrgh 11_.1) Tlrе muсosal fсllds of thе
еsоphagrrs arе сlеarl.v visualizеd iп thе long aхis sсaп (lф iшаge) ls
есhogеniс linеаг fblds 1rltегnаtinЕ. with hvpегесlroiс folds Thе еsоpha-
gеal п'ell (аrrrltt's) appеxrs геlativеlу \pоесhoiс witlr an есhoЕ]сniсit)'
siпilaг tсl thе adjxсеnt сеrr.iсal musсtthttlгс Tlrе еsсlphagus (аrro,шs)
i5 iпll]g'еd iп slroгt aхis sесtio11 (riglэt ilпаge) adjaсеnt to thе tfaсhеa
(Т) Ьеtrr'ееtl thе lеft (l-) аnсl гiglrt (R) с1tгotid artеriсs Tl]е есhоЕ]еniс-
tt>hr pсrесhоiс :rрPеafanсе of thе еsophagtls is саtlsеd bу gas and
muсrLs аiсlllg тlrе mtlсosal suгlaсе Тlrеsе sonoЕ.rams wегс obtainеd
rrirh э s'idе-bапdrridrh (l 0-\tHz miсгOсonYех lirlеar.arraу tгаnsduсеf
l)Pсг;1ljng ,Jt t0 (] \!I1Z at a disрlа\сd dеpth оf .i сm Thс right sidе of
Ih( lеtl iпlllgе is pгorin-Lal аnсl rlrе lеft sidе is distal Tlrе гight siсlе of
rhе гight iл-rзgе (R) is dllгsal lLnd thе lеft sidе (L) is r'еntral

oгel сe\ itr is irnagес1 fгom t1rе \'е11tfal aspесt of thе jaw.5

Thе bodт of thе tollgllе has a horrrogепесlus hr.poесhoiс
appеafanсе (Fig. 11_6), aS doеs thе tip of thе tonglrе.
Thе intеrfaсr bеtwееn thс tonЕ.uе and thе aif in thе
Ofopharynх is irnagеd as a h'Ypеrесhoiс linе dсlrsal to thе
tongllе. This intегfaсе is mofе distinсt bеtwееn thе
to1lЕ.tlе afld thе hard palatе than in thе сaudal phaЦ,nх in

Figure 11-6
Sсlnоgгams сlf thе tonguе obtainеd fгom a nornral l.l-yеaг-оlсl Thoгouglr.
bгеd gеlding Tlrе up aгrows arе oп thе oгal (сlогsa]) Sidе of thе toDguе
alrd tlrе dowrr 

'rгfows 
dеlinеatе thе vепtгal xspссt oг thе tongllе Thеsе

sonograms Wеге obtainеd witlr a widе-Ьandwiсith 6 O-МHz nriсгсlсonvех
linеaг-arrа1'tгartsdrtсег opегating at 10 o MнZ at а сlisplayеd dеptlr of 6
сm Thе гight sidе of thе riglrt itrragе is сгlLniаl :rnсl thе lеft sidе is
сiLudаl Thе гight siсlе of thе lеft imagе iS to*.aгd t]]с lеft sidе of
thе maпdiblе
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thе rеgion of thе soft palatе, possibl), bесausе of thс
similaf aсollstiс impеdanсе bеtwееn thе tonguе and thе
soft palatе. Нowеvеr, aiг in tlrе oropharynх сfеatеs a
hypеrесhoiс linе along thе dсlrsal aspесt of thе tonguеJ
whiсh usually сasts a dirty shadow. Flr.rid in thе form of
saliva may also bе inragеd bеtwееn thе tongr-lе and thе
hard and soft palatеs.

Lуmph Nodes

Thе lymph nodеs arе wеll-dеmarсatеd strl-lсturеs with an
есhogеniс сapstrlе and homogеnеorrs lrypoесhoiс tisstlе
чrithin (Fig. 11_7). Thеrе may bе an есhоgеniс сеntеr
assoсiatеd with thе hilrrs of thе lymph nodе or sеvеral
есhogеniс sеptaе in lymph nоdе aggrеgatеs.

Еуe and 0rbil

Thе сornеa' iris, сiliary bodt', antеriсlr lеns сapstrlе, postе-
rior lеns сapsulе, and postегior tuniсs of thе еyе аppеaf
rеlativеl1. есhogеniс, whеrеas thе aquеous htrmoц lеns,
and vitrеolls humof appеar rеlativеly anесhoiс (Fig.
11_8).'9 2() Thе сornеa appеars as a thin hypoесhoiс or
есhoiс сonvех сurvеd stfllсturе immеdiatеly bеnеath thе
flttid offsеt.19 28 Thе antеrior сapstrlе сlf thе lеns appеaгs
as a сOnvех есhogеniс linе, whегеas thе postеfior сap-
sulе of thе lеns is a сonсavе есhogеniс linе..9 Thе есhoiс
tissuе imagеd abaxiall1, at tlrе еqllatof of thе lеns is thе
iris anсl сiliary body. Thе iris and сiliaгy body arе irгеgtrlar
stfllсtlrrеs loсatеd postеfior to thе antеfioг сhambеr and
antеrior to thе lсns and ехtеnd сеntrallу 1iсlm tlrе mafgins
of thе globе.2n No сlеar sеparation is imagеd in tlrе еxtir-
patеd еquinе ryеs bеtwееn thе iгis anсl сiliarу bod1r
Thе сiliary body is mеastrrеd as an irrеgtllar h.vpеrесhoiс
stflrсturе postеfiof to thе iгis in thеsе еyеs.,8 Thе grantila

Figure 1 1-7
Stlnograms оf thе st-tbmаl-ttlibrrlaг lуmplr nodеs оbtainс(i гr()m r l2-vеaг.
olсl Tlroгouglrbгеd gсidiпg Тhе srrbmanсiibшlaг l1,пrplr noсlеs aге sпrall
and hсlmсlgеnеouslr, l.tl.pоесhoiс within a disсrеtе есlrogеniс сapsrtlе.
Thеsе sonoЕ.гаms wеге obtairrеd witIl а widе-bandu,'idth 7 5-MHz linеaг.
aггav tгansсllrсеf opегating lt ] 0 0 MнZ tlsing a lraлсl-lrеld starrсiсlff pad
at x displa).есl dеptlr rlf 4 сm Tlrе ]:ight sidс Oг thе lеft irrragе is сгanial
and t]-tе lеft sidе is сaudal l.hе right siсIе сlf tl.rе riglrt imagе js towaгd
thе |еГt sidе о[ tllс m.tndiblс

Figure 1 1-8
Sonogr.am of a noгmа] lеft е1.е obtairrеd tiол1 а 2'-\.еаr-сlld сгossbгеd
gеlding .l.lrе соrпеa is rеprеsеntеd b}, a thin Jinе с|iгесtl1' undеI thе
tгirnsсluсег 11гtifxсt, Whiсh is сlifliсu]t to sее Thе aпtегiof сhambег (AС)
is small' alrсl tlrе есlrоgеniс mДss in thе antеfioг сlrambег is part of thе
сoгpoгa nigгa Thе lеns is arrесhoiс With an есhogеniс afrtеfiof сapsulе
and Postеfiol. с:rpstllе Thе vitrеorts сhanrbеt is also anесhoiс Thе tt'o
sеts of multiPlе linеar есhoеs in tl]е !-]itгсolls arе xrtifaсts Thjs sonogгam
was оbtairrеd with thе tгansсlllсеr plaсеd diгесt[1. on thе ссlгrrеa with :t

7 5-МHz sесtoг-sсаnnеr tгaпsdllсег сontaininЕ] a bttilt-iп fluid otlЪеt at a

displayесl dеpth of 6 сm Thе fight si(lе оf tlris sonogram is latеral and
tlrе lеft sidе is rrrес1ial

iгidiсa oг сoгpofa nigra is imagеd as a hypеrесhoiс mass
on thе antеfioг sllгfaсr of thе iгis at thе mafgin of thе
pupil.,8 Thе rеtina-сhoroid and sсlеral fеflесtion is an
есhogеniс linе that сLlrvеs toward thе transduсег'.9 Thеsс
layегs сarrnot nofmally bе diffегеntiatеd ultгasonographi
сall1,. In thе ехtirpatеd еqtrinе еyе thе rеtina is intеrprеtеd
to bе a сonсavе hypoесhoiс struсtlrfr сomposing thе
innеr walls of thе postеrioг globе, but in геality thе
hypеrесhoiс arеa sееn probably fеpгеsеnts thе геtina and
thе сhoroid.,n Tlrе hеad of thе optiс nеrvе usuallу сasts
aсoustiс shadows from its margins. Thе rеtrobulbar fat is
h1poесhoiс to есhogеniс and somrwhat hеtеrogеnеolrs
(Fig. 11-!)' and thе fеtroblllbaf mlrsсlеs havе thе nofmal
hypoссhoiс spесklсd appеafanсе of nofmal stfiatеd mus-
сlе (Fig. 11_9). Thе еxtraoсular mlrsсlеs Originatе ffom
thе rqllatof of thе globе and ехtеnd toward thе opеning
in thе orbit through whiсh thе optiс nrrvе passеs..9 Thе
fеtroblllbar fat pads allow visualization of thе anесhoiс
optiс nеrvе and thе ехtraoсulaf musсlеs.l9 Thе bony orbit
is imagеd as a hypеrесhoiс strllсtltfе сasting aсoustiс
shadows.

Sonogгaphiсally obtainеd mеasuгеmеnts of thе normal
ехtirpatеd еquinе еyе havе bееn rеpoгtеd.28 Thе mеan
diamеtеr of thе еqttinе еyе obtainеd at thе axis bulbi
from 95 nсlrmal еquinе еyеs is 39.1 r 2.3 mm.,8 Thе
еqtrinе еyе mеasufсs slightly laгgеr in thе doгsal-to-vеntfal
sсan planе (12'э + 3.6 mm).,8 Dorsal-vеntral :rхis mеa-
sllfеmеnt (сomparеd with tlrat of thе aхis bulbi) was
largеr in all еquinе еyеs studiеd. Thе nrеan ссlгnеal thiсk-
nеss mеaslrfеd 2.33 + o.з9 mm in thеsе horsеs' with an
antеfiof сhambеr of 1.22 | 1'.29 mnr dееp (mеan)' a
mеan lеns thiсknеss of 11.93 + l.1 mm, a mеan vitrеotrs
dеpth of |7.37 | 1.98 mm, and a mеan rеtinal thiсknеss
of 2.2 + 0.48 mm.28 No postеrioг сhambеf was dеtесtеd
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Figurе 11-9
SonogrxЛ] of tlrе гсt1.OЬLl[bar splсе obtainеd fгorrr a 15.r еliг оld Tl-Lог.

otrghbrесl gсlding with a lэulging supraoгbital sРасе end pгonljпеnt
еуеs A laгgе mass loсatеd dorsally iп tlrе rеtтobttlbxг iPaсс |(lГГОtL)

appеars lе]xtivеlJ. hоmogеnеous aпd h)рoесhoiс :1nd i5 с()пsistепI \\ ith
a largе геtrtlllulbaг tht pad Tlrе rеtгobrrlbar mrlsсlеs :lррезг llrrlге есho-
gеniс tlrarr tlrе геtгobulbaf 1at aпd har.е а spесklсс1 slГixlеd ;rрРе]гanсе
.l.h.is sonсlgгam was obtaiflе(l with a 7 1-N{Hz sесtсlг sсannсг tг:llllduсеr
at a сlispla.vеd .lеpth of 8 сm Tlrе right sidе сlf this sсlпLigrапl is dtlгsll
aлсl tlrе ]сft sidе is vеntгal

sonogгaphiсall1' in thе ехtifp1rtеd еquinе е\ еs ()г in сr-сs

of nofmal livе lrсlrsеs. It was dеtесtеd sonogгaPhiсalh',
howеvец in onе еqllinе еyе 2 hollгs aftег suгgiсl1l еlrtlсlе-
ation of thе еyе br.lt had not bееn dеtесtеd sonogгaphi
сally prior to еnllсlеation.z8 Thе mсan tliсknеss of tlrе

iгis аnd сiliarу boсl1. чдg.. 2.5 + o 66 пtrr аnd J.99 t
1.13 mm, rеspесtivеly28 In this stlld\'thе sollosЕaphiсallу
dегivеd сofnеal mеasufеmеnts and doгsal-l еntгal aхis
mеaslrfеmеnts of thе еyеs wеfе laгgег tl-ran thе phr'siсal
mеasufеmеnts. Also tlrе doгsal-vеntгal a\is пlеasuгеrпеnts
obtainеd sonoЕ.faphiсally Of phr,siсallr fгoп пralе lroгsеs
wеrе smallеr than thosе obtainесl fгom t.еп-rаlе hoгsеs.,"

Brain and Spinal Cord

Thе latеral vеntfiсlеs should appеar as a1lесhoiс сl.lf\'еd
ftuid-flllеd stfllсtufеs. Thе hеight of thе latегal lеntгiсlеs
in normal foals has not bееn dеtегrrrinеd noг has thе
vrntfiсlе-mantlе ratio (thе ratio of thе latегel r еntгiсrrlaг
hеight to thе distanсе bеtwееtr thе гtlof of thе latеral
vеntгiсlе and thе brain suгfaсе) oг thе rеntгiсlеllеnri
sphеrе ratio (thе ratio of thе latеral vеntriсulaг hеight to
thе hеmisрhеriс width).

Sonogгaphiс ехaminatiorr of thе noгnral nеonetal сa-

ninе brain has bееn dеsсгibеd26 29 using thе bгеgmatiс
fontanеllе as thе aсoustiс window into thе сranium foг 3

to 4 wееks aftеr biгth Thе ultгasonographiс аnэtonrr- of
thе normal сaninе spinal сord has also bееrr dеsсribеd.
but a hеmilaminесtom), must bе pеrformеd to сгеatе a

sonographiс window through whiсh to imagе thе spinal
сofd.J.,

Abnormаl Sttuсtures

Thуroid Gland

Abnormalitiеs of thе th1,16i6 gland funсtion aге rarе in
horsеs. Goitеr or thyroid gland еnlargеmеnt сan oссLlf
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with hypoth),roidism, hypеrthугoidism, or еuth}тoidism.
Bсlth h1,potlr-vroidism and hypеrthyfoidism arе гarе in
aсltrlt lrorsеs. Bquinе thyroid еlrlargеmеnt has bееn dе-

tесtеd in somе normal hсlгsеs having no сliniсal signs of
thr.roid сlisсasе (Fig. 11_10). Markеd еnlargеmеnt of thе
thr'гoid gland and hypothyroidism havе oссurrеd in foals
with еxсеssivе diеtaц, iodinе intakе. r |' J2 H1,pothyгoiсlism
of unknown еtiology assoсiatеd witlr a hypегplastiс thy-
гoiсl gland has bееn shown in somе foals.rr ra In somе
tbals with th1,1ui4 lrornronе irradеquaсy, a hуpomеtaboliс
statе has bееn rеportеd.J5 Thеsе foals arе inсooгdinatесl,
lravе pooг suсking and гighting rеflехеs, and arе hypo-
thеrmiс. Dеvеlоpmеntal lеsions lravе alsсl oссurrеd in
foals with normal th1,19i4 lеvеls, indiсating possiblе thy-
roid dеprivation сluгing gеstation.J5 Fсlals with tlris syn-
dгornе, wlriсh appеafs to bе linritесl to wеstеrn Canada,
havе inсomplеtеly ossiIiесl сtrbоidаl tlonеs, mandibLllar
prognathia, flеxur:rl сlеformitiеs in thе fbгеlimbs, arrd rup-
tllrе ехtеnsof tеndons. T1rе thyroid gland in thеsе foals
may tlе normal or mildly еnlargеd.

Мaгkеd еnlaf€.еmеnt of thе vеntгal aspесt of thе nесk
.was sеrn in onе oldеr maге who prеsеntесl with a gradtь
allу еnlarging mass in thе throatlatсh rеgion. Sonographiс
ехamination of this mass rеvеalеd a vег-v small amount of
thуroid tissuе (appгoхimatеl), 1 5 сm long and 1 сm
wiсlе). Thе геnraindеr of thе th1.roid gland was rеplaсесl
With hеtеroЕ.еnеous h1'poесhoiс tissttе u.ith small iгrеgll-
lar anесlrсliс aгеas (Fig. 11_11). Histopathсllogiс ехanrina-
tion of this tissuе rеvеalеd an oгganizing hеmatoma with
no еvidеnсе of nеoplasia. Th-vroiсl adеnomas afе сoпrпIon
inсidеntal firrdings in оldеr lrorsеs. Th'vrсlid glanсl сlrrсino-
mas, сhafaсtеrizеd by vеry vasсular and aggrеssivе ttг
mors, havе bееn rеportссl as rapidlу еnlafging messеs in
thе сеrviсal rеgion of lrorsеs.](-J9

Figure 11-10
sonоgfxш t-lf thе lеft lоbс of thе th.vгсlid gl;Lllс| оbtaitrеd troп a 3-1'сar.
сlld Тlrоrotlghbrеd сгсlss gеlсling Tlrе lеft lоbе of thе th}l,oid glaпс| was
еnlaгgсd, mеxsllгiЛЕ. 5 4 сm lоng (х2), .1 16 сm ч.iс]е (х'), arrсl .],1 сm
tl.riсk Тhе right lobе Of thе tll\'гoid glarlсl п-as sigпifiсаntlу smallег,
nrеasuгitlg 5 .{ сrn |сlng, 2 7 спr widс. anс] l ] сm thiсk Thе lеtt lobе
of tlrе th1'гoid glarrсl lras nor.nral-appеaring glatrdtrlar aгсhitссtllrе, bllt
thс pгoхim:rl and dесpеr po]:tions сlf thе g|:rnd a[е пlOге hvpoесhoiс
Bеnign th'vгOiсl lr1.pегplаsia п.as сliagrrоsесl on biops1' of this gland
1.l.tis sоnogrаm was obtainсd With a 7 

'-N,lнZ 
sссtог sсanпег tfansdllсеr

сОntaining x Ьuilt-in 1ltlid сlttЪеt lt x disPla\'есi dеpth of 6 сrп Тhе right
siсlе of tlris sollо!]гam is 1lгсlхiпlal anсl thс lеtt sidс is distal
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Figure't'1-11
Sonogranr of thе vеntfal nссk rеgion oЬtairrесl ггoп e 30-\ еxг-сllсl pсlnr'
gеldin8 This m'tss mеastlге(l 8 81 сш b\ 8 01 сIn iп dixmеtеf xr.rd
appеafесl ]rеtеfОgеnеOus It п-:rs сlnlr' slighth.lеss есlrоgеrriс thaп tlrе
adjaсеnt th)'roid glапd, тl,hiсh appеarесl tсl bе itrr.оlr.еd *-ith this flass,
aS tl]е boгdеrs of thе th\foid gland сorr|с1 not bе distinguishеd tгom
thosе of tlrс пrass Ал u|tпrsounсl-guiсlесl aspiratс of thе mаss геvсalеd
hеmorгhagiс tissllе, аnd tlrе biopsy was сonsistеl1t rvith lilэгor.аsсrrlar
prolifеfation alld lrеmorr.hagе Tlrе lrеtеrogеnеOrrs appеaranсе of tlrе
mаss was assoсiatеd With thс lafЕ.с amolшt оf o1gaflizing lrсmorrlragе
and fibгovаsсttlaf prolitъгatiolr Th:is sсlпogгanr п,аs obtаinеd with a 7 5-
N4Hz sесtorsсaпnег tr.ansduсеr сontaining x built-in fluid olТsеt lt a
displaуеd сlеpth of 6 сm Thе fight sidе of this sonogram is dtlrsa| atrd
thе lеft sidе is vеntгal

Parotid and 0ther Salivarу Glands

Abnoгmalitiеs of thе salivafy glands afе Llnсommon and
oссuf pfimaгily in thе parotid salivaгy glarrd. obstruсtion
of thе parotid salivafy gland has bееn sееtl itl horsеs.
Llsllally assoсiatеd with Obstfllсtion of thе parotid dtlсt
by a sialolith,.0 whiсh ma),form irfounсl сеllulaf dеbгis or
vеgеtablе forеign matеfial tl-rat еntегеd tlrе salivary pa.
pilla Thе paгotid dtrсt is еnlargеd, nonpainful, anсl fгееly
movablе along thе сhееk. Thс еnlargеd mandibular sali-
vary duсt is frееly movablе and nonpainful along thе
vеntral aspесt of thе massеtеr musсlе. Oссasionally thе
parotid salivaгl- gland is also еnlargеd Thе parotid sali
vaгy dltсt may bе laсеratеd in horsеs with faсial tfauma
that havе lеakagе of saliva from thе wolrnd. Baсtеrial
sialoadеnitis assoсiatеd With an asсеndinЕ. infесtion ma1,
oссuг in horsеs (most likеly in thosе with parotid duсt
obstruсtion, hеmatogеnous infесtion, of trauma). Nеopla-
sia of thе salivaЦ/ gland is Llnсommon' еxсrpt for mеlano-
mas that havе a prеdilесtion for thе pafotid salivaЦ,
gland.rr r2

Thе obstruсtеd paгotid salivafy dllсt is imagеd as a
laгgе tortuotls anесhoiс tubttlar stгuсturе сoursing along
thе сhееk bеforе еntеfing tlrе oral сavity (Fig ||-|2).
Thе sialolith appеars as a hypегесhoiс struсttrrе сasting
an aсoustiс shadow typiсal of a minеral сonсfеtion. Есho-
gеniс dеbris may aссLrmulatе сaudal to thе obstfllсtio11,
whiсh ma)r frpfеsеnt a miхtuге of saliva, muсus, and
inflamnatoгy сеlls. obstruсtion of thе salivary gland with
a sialolith has bееn imagеd itr onе horsе with obstгl'lсtion
of thе mandibulaг salivaгy duсt. Еnlaгgеmеnt of thе sali
vaгy gland сan bе imagсd in horsеs witlr obstruсtivе
sialolithiasis, parotitis, absссssation of tlrе salivaц. gland,
or nеoplastiс infrltration of thе parotiсl salivaгy gland. Arr

Figure 1 1-1 2

sОn()Е]гlm of ап еlrlaгgеd гigl.rt paгоtiсl Sali\'ary' dllсt oL]tаinеd fгOm а
.i-r-еar.olсl Tlrогougl-tbгеd gеlding With a sialo]ith :шd salivar.v glanсl
ObstГLlсtio1] .l.lrе гight s;l|irап'с|rtсt is tli]atеd (2 сm). Iillеd with h)'po-
есhoiс sеdinrеnt along its \'еПtгxl пaг!.in (lф аlтоttllэеаds) and is
obstfllсtеd bt, an есhogеniс siаlсllitlr oг salivaц' stonе (riglJt аrrouL
Jэeаds) Сasti|1g aл iсorrstiс sh:tс|сl.w (sпlсtll а,rl.оttls) Тhс aсoustiс
shдdoп,. ofiginirtеs frсlпr thе far sidе оf thе sialolith' slrggеsting a laгgе
Pгotеiпaссous сompoпеnt This sorrogram ц,.as obtainссl With x 7 5-МнZ
Sесtor-sсannеr tIansduсеf obtajnilrЕ] a bui]t-in tluid offsеt at a displa\.еd
с1еpth оf 9 сm Thе гiE.ht siсlе of this stlnсlgram is сгanial and thе lеft
sidе is сaudа]

absсеss in thе parotid salivafY glarrd appеaгs similaг to
absсеssеs еlsеWhеrе, with a сavitation within thе gland
сontaining h'vpoесlroiс matеfial. Nеoplastiс inflltration
of thе salivafy gland is сommon in horsеs with mеla.
nomas.rl r. Tlrе nеOplastiс inflltration of thе salivaгy
gland irr lrсlгsеs with mеlanсlmas usltalh. appеaгs sono-
graphiсalh, as disсrеtе htlmogеnеous massеs that arе
nеaгlr, isoесlroiс with thе normal parotid glandular tisstrе
(Fig. 1 1-13).

Еnlargеmеnt of thе salivar,v gland is сommon in hrrman
bеings with pаrotitis, with thе parotid gland rеtaining a

Figure 1 1-1 3

SоnoЕ.rl1tns <l1 tlrе гiglrt paгоtiс1 gland obtainеd tiоm a 9-1,саr-old gгеv
Thorсltlghbгесl gеlding witlr mе|anсlпtаs Notiсе thе hсlmogеnесlus m:rss
(аlтоtus) iпvaсling thе pxгOtiсl salir.ar]. !.land, wlriсlr is oпlY slightlv
mоrе есlrogеniс thаn thе adjaсеtrt salivarу gland tissuе Thеsе sorrо.
gгxms \!.еrс оbt:ritrеd with :i 7 5-MHZ sесtог-sс1rnr]сг tг11nsduсег сon.
txiпing a built-iп 1luid сlt1Ъеt at а displаr,есl с|еpth сll 6 стп Tlrе гight
sidе of tl.rе lеft imagе is pгохimal xnd thе lеft sidе distal .t.hе fight sidе
of thе right iпxgе is сгarrial arrс1 thе lеfi sidе is сaudal
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Figure 11-14
sonogгam оf а pегitr;rсhеal lbsссss tbllorvirrg lt tгanstfaсhеal aspiг:ltе

obtainеd fгom l 5-r сlг оlсl Тhoгotlglrbгеd gе|сling Thе аbsсеss (с1|1.ol|'s)

is thiсk $,аllссL and сO|ltains aлссhсliс flrrid Thс absсеss is pfimlгil). to

thе right sidе сlf tlrе miсllinе, adjaсеnt to thе tгlсhеa, and d()еs лot
ехtеnd sllpегIiсial]r tо thе skirr srrгfaсе This sonсlgг:rm was obtairrесi
with a widе-bandч.iсltlr 6 0-МнZ rniсгоссlnr'ех lirrеaг-аггaу tfaлsduсеf
oреfatillg at 10 () ,ut{Z trsirrg a hand-hеId staпсlсlff pad xt a displаvсd
dеptlr сlf (l сm Тhе гight sidе оr thе sorrogгam is tO thе lеft siсlс of thе

vеntгal сеп-iсal fеgioЛ

unifofm and hypoесhoiс есhotехttlfе.,.r sialесt;lsis lne\ oг
may not bе prеsеrrt in tlrеsе patiеnts With сhгor]iс tbгms
of parotitis, multiplе ltrсеnсiеs ma'v bе dеtесtеd ll-ithin
thе parotid slrlivar}, gland, assoсiatеd s,ith nonobstгuсti\-е
сystiс sialесtasis and of 1bсi of геaсtivе lr-rrrphoid aggге-

gatеs.,ij Tlrе vasсulariq, is also inсrеasеd in lrttl-nan bеitrgs
with parotitis.'J

Traсheal Diseases

Abnormalitiеs of thе traсhеa arе not fгес1r-rеrrtlr. гесoЕ.-

nizеd in horsеs. Traсhеal trauma mar. гсsttlt in traсhеal
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fraсttrrе, with thе hoгsе ргеsеnting with subсutanеous
еmphysеma and ditfusе soft tissuе swеlling in thе rеgion
оf thе vеntral nесk. Сongеnital сysts assoсiatеd with thе
traсhеa afе fafе. Absсеssеs ffom transtгaсhеal aspiratеs
arе probabh' tlrе most сommon сausе of swеlling around
thе tгaсhеa Thеsе absсеssеs, if laгgе, may сompгеss thе
tгaсhеa end сattsе thе horsе to makе a геspiratofy noisе
Oг сausс геspiгatoг\' distrеss.tt Soft tissuе massеs in thе
pегitraсl-rеal tissuеs mar bе laгgе еnough or positionеd in
suсlr a rl a\- tO сompге55 thе traсhеa: nеoplasia would bе
likеlr' in this situxtion. Intratгaсlrеel soft tissllе massеs
lrar,с bееn infгеqr.lеnt1r' dеtесtеd in lroгsеs and aге usually
assoсiatеd witlr nеoplasia. Tгaсhral сollapsе is rarе in
horsеs bllt сan oссLlг l1s a сongеnital oг aсquirеd abnor-
malit1r Inspiratory and ехpifatoгr- distгеss пlar, oссuг if
thе tfaсhеal соllapsе is sеvеге. Ехеrсisс intolсгanсе. геspi
rator}' stfidor, and taсh)/pnеa ma\I bе pгеsеnt.

Pеritraсhеal absсеssеs usually сontain |1,poесhoiс fluid
(Fis \|_14) and nray also сontain h1,pеrесhoiс есlroеs
сonsistеnt s/ith frее gas (Fig. 11_15). Absсеssеs involving
thе tгaсhеa сarrsing traсhеal dеfoгmitiеs (Fig. r1-16) may
bе imagеd sonogfaphiсally. Soft tissuе mаssеs Пra1l 2|56

impingе on thе traсhеa (Fig. 11-17). Dеformitiеs in thе
traсhеal сaftilaЕ.е arе еasil1, гесognizеd ultгasonographi-
сall,v bv thе nrisshapеn appеaranсе of thе traсhеa. Sono-
graplriс ехamirration of thе сеrviсal traсhеa rеvеals a

сollapsеd or-al oг еlongatеd slrapе to thе normall1, сiгсular
tгaсlrеa in hoгsеs rvitlr tгaсhеal сollapsе. Intratгaсhеal soft
tissuе massеs ц.itlr a сomplех pattеrn of есhogеniсity
har-е also bееn imagсd in lrorsеs with bгonсhial nеopla-
sla

Еsophageal Diseases

Horsеs ехpеriеnсе a widе variеty of еsoрhagеal disor.
dеrs, thе most сommon of whiсh is еsophagеal obstruс-
tion. Еsophagitis, еsophagеal striсtufе, or еsophagеal

Figure 11-15
Sonogгanrs of a laгgс pегitгaсhеal aЬsсеss sесonс|аry to a tгanstfасhеal s,аsh obtaiпеd frоm a 2-уеar old Thоrotlghbrеd gеlding Thеrе aге multiplе

hуpеi.есhoiс есhсlеs swirling in thе hrpсlесlroiс fluiсl сontainесl ц,-ithin a sсlnrеwl.rat сiгсular. сa!'itаtion, сonsistепt with ;Lп arraеrоbiс aЬsсеss

,4. Tlrе absсеss is loсatеd 2 82 сm fiюrп thс l'еrrtгal slrгf:rсс tlf thе llссk (хt) аnсl has а diamеtеr of 3 53 сnr (х,) Tlrе lxг€iе amount of Е.'ls within
thе absсеss sl.radorvs tl.tе сlссpег stflrсtllfеs (сiirtr' slradows) nlaking it impоssiblе tо idеntifl, thе traсhеa in this Yiеs. Thе гight sidе of this imirЕ]е is

tlrе lеft siсlе of thе traсlrе:L This sonсlgгam w-as obtainеd with a 5 O-MHZ sесtoг-sсаnrtеr transduсеr 1lt a displa\.еd dеpth of 12 сn]

19, l.l.tе :lllsсеss margins arе lеss w-еll сlсfirrеd brrt сan bе с|istinсt\- sеpaгatеd fl.сlnr 1lrе srrrгtlrrndiпg mrtsсrtlatшrе This sonogгam was oЬtainеd

with a 7 5-MЕlZ sесtoг-sсanrrеr tгansdrrсег сotrraiпiлg l built-in fluid offsеt Tlrе right sidе Of this Sono!.гam is pl.oхimаl and thе lеft sidе is distal
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Figure 11-16
Sonogranrs of a slightl'Y сlеfсlrmесi tfaсhса sесonda11' to l1 pегitгaсilеal
:rbsсеss following a tfanstгaсhеal aspifxtе оbtаinесl tiom a .l-vеaг-оld
Standaгdbfеd stаllion Тlrе allsсеss involr,сs thе Wxll оr thе tfaсhеa
(lаrgеr аrrou,s) геsrrlting ilr thе sligl-rt stеp irтagеd in thе tг:rnsr.сгsе
viеw (lеft imagе) anсl thе bulging into thе tГaсl]еal lunrеn in thе sagittal
viеw (Iight imagе) Thсге is a с|сlгsal сluпp сlf hypегесlroiс есhoеs
сasting a Wеak aс()ustiс slr;Lсlсlw (srnсtllеr сtrroшs) сonsistеnt with tiее
gas Tlrеге is ехtеIrsivе thiсkеning оf tlrе tissltеs adjaсеnt tO tlrе absсеss
сonsistсl1t q.itlr a sutrouпсling aтеa of ссlltllitis and mrtsсlе nесfosis
walling off tlrе |осаl irrIЪсtiorr (Iэlасk аrrouls) Т]]е absссss сavitatio1l is
сlесp (approхim;rtеl1' 5 сm fгom thе skin srrгfaсе) Tlrеsе sonograms
wе;:е oЬtairrесl lvith a widе-Ьaпdwidth 6 O-Mtlz miсгoсоnvсх lillсar-
aгfa)' tfaпsdtlсег OреratinЕ] at 7 5 МHz at a disl)la)'с(| сlеpth сlf 12 сm
Thе t.ight siсlе of thе гight inragе is proхitтаl anсl thе lеft sidе is distal
Thе гight siсlе tlf thе lеft inragе is tоWагd thе ]еft sidе оf thе nесk

dilitatiсln oссLlf most oftеn following еsсlphagеal obstfuс-
tion. Tfallma to thе сеrviсal rеgion ma,v lеad to еsopha-
Е.ral ruptllfе or thе formation of 1rn еsophagеal divегtiсu-
lum. Еsoрhagеal dllpliсation сysts' pеfsistеnt гight aoгtiс
arсh, mеgaеsophagus, and еsophaЕ.еlrl atfеsia lravе alstl
bееn rеportеd in lrorsеs. Nеoplasms involving thе еquinе
еsophagus afr ехtfеmеly гafе.

Figure 11-17
Sоnogram of a 1lсгitгaсhеal гпass (.аrrОшs) obtainеd liom a 22-1'еaг<lld
rWеlsh pоll1 mafе l.hе mass (M) is l-t\l]Oесhoiс and is сompгсssing tlrе
lеft sidе сlf thе traсlrеa (T) Tlrе mass is llеtwеел thе tгxсhеx aпd
еsoplragus (Е) but aрpеafs to originatе ffom thе еsсlphagus Tlris sono-
Е]гаm was obtlinесl witlr a 7 5 MIIz sесtог-sсaпnег tfansdllсеf сontaining
a btliltiл flrrid offsеt at a disp|a1.есi dеpth of (l сm Thе гiE.ht sidе of this
sooogfam is thе lеft siс]е сlf thе poп1'.s nесk сA' с]aгotid aгtеП,

Еsophagеal otlstruсtion. Fесd impaсtion is a сom-
mon сausе of еsophagеal obstfuсtion in hofsеs'a' Bееt
pulp and poofly mastiсatеd сaffots and applсs havе alsсl
bееn assoсiatеd With еsophagеal obstruсtion.i5 Ffagmеnts
of nasogastfiс tubеs havе bееn frpoгtеd as еsophagеal
1brеign bodiеs сausing еsophagеal obstгuсtion in two
hoгsеs and an intaсt nasogastfiс tubе сausеd еsophagеal
obstfllсtion in onе horsе.j6',,7 Antibiotiс bolusеs, Wood'
wood сhips, aлd a riding сrop hаvе also bееn rеportесl
to сausс rsophagеal obstrtlсtion in horsеs.ai',"''u Sq...-
molrs сеll сafсinoma! thе most сommonlу rеportеd
еsophagеal tumoг in thе horsе. may also сallsе еsopha-
8сal obstгl'lс[iOn..., .'

Fееd impaсtions of thе еsophaglls afе rесognizеd as
hеtеrogеnеolls есhogеniс massеs witlrin thе еsophagеal
lrrmеn сallsi11g еsopha€.еal dilitation. Thе nasоgastriс tllbе
has a distinсt sonoЕ.raphiс appсaranсе and is imagеd as a
dor.rblе-wallеd tubular strl'lсtufе. Thе antibiotiс tlolusеs.
Wood, Wood сhips, and fiding сfop obstruсting thс
еsophagus in thе сеl.viсal rеgion shotrld also bе visiblе
sonographiсally. Antibiotiс boltlsеs should appеar as
есhogеniс to h1,pеrесhoiс oval stfl.rсturеs in thе еsoplr:r-
Е.еal lllmеn. Wooсlеn forеign bodiеs should bе hypеr-
есhoiс and сast a stfong aсoltstiс shadow from thе srrr-
faсе of thе wood. Wood сhips afе likеly to сast mllltiplе
wеak shadows ffom thе multiplе fеflесting slшfaсеs of
thе impaсtеd сlrips.

Еsophagеal Striсturе. Еsophagеal stfiсtllfrs havе
bееn rеpor.tеd morе frеquеntly in yotrng horsеs (mеdian
a8е of 1.5 yеaгs in onе study).as Ехtеfnal се1viсal tfallma
(kiсk), nasogastгiс intllbation, and diеtary indisсrеtion
Wеrе prеdisposing сausеs in sеvеral affесtеd horsеs.a.
Sonographiс ехamination of an еsсlphagеal stгiсtuге is
possiblе if tl-rе lеsion involvеs thе сеrviсal еsophaglls. A
naгrowing of thе еsophagus with loss of thе nofmal
еsophagеal motility and possiblе pеriеsophagеal abnor-
malitiеs may bе dеtесtеd sonographiсally. Есhogеniс pегi-
еsophagеal tissuс may bе imagеd assoсiatеd with pегi
rsophagеal sсaf tissuе and dеf.есts in thе adjaсеnt сегviсal
musсulatufе assoсiatеd with pfеviolls ехtегnal tfauma afr
thе most frеquеnt pеriеsophagеal findings.

Еsophagеal Cysts and Divеrtiсula. Еsophagеal dupli
сation сysts and intramtrral еsophagеal сysts havr bееn
shown to сausе еsophagеal obstfuсtion in thе hoгsе.52 5]

Еsophagеal divегtiсrrla havе bееn rеportеd, сausing
еsophagеal obstгuсtion and a сеrviсal mass that еnlargеd
of was dеtесtеd aftеr еating..'5' ;5 56 In thе hсlrsеs With an
еsophagеal divеrtiсtllum, traltma to thе сrrviсal геgion
pгесеdеd tlrе dеvеlopmеnt of thс еsophagеal divеrtiсu-
hrm.

A phytobеzoaf in a horsе, whiсh had probably formеd
in an еsophagеal divеrtiсtrlum and subsеquеntly bесomе
dislodgеd, сausесl еsophagеal obstruсtion in thе distal
сеrviсal еsophagus.5r Sonographiс ехamination of thе vеn-
tfal aspесt of tlrе nесk, immеdiatеl1, 61nniol to thе tho-
гaсiс inlеt, would havе rеvеalеd fееd matеfial within thе
еsophaЕ.еal divеrtiсultrm of thе obstfllсting mass Within
thе lumеn of thе еsophagtls in thе horsс with thе рh}.to-
|эеzoar. Visrralization of thе еsophagеal divегtiсtrlum
shorrld havе bееn possiblе sonographiсally. Thе aссumu-
lation of saliva, fluid' and food matеrial within thе divеr-
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tiсulum would havе faсilitatеd its sonogгaphiс rесogni
tion. сollapsе of thе еsoplragеal divеrtiсultrm aftеr pas-
sagе of thе ph1tobеzoat maу havе limitеd sorrographiс
visualization of thе еsophagеal divеrtiсulum. A pulsion
еsophagеal divеrtiсulum is thought to form sесondary to
ехtеrnal trauma, impaсtеd fееdstllffs' and fltlсtuations in
еsophagеal prеssurе.s5;: In tlris horsе, a fraсtllfеd tfa-
сhеal ring that had apparеntly subsеquеntly hеalеd was
dеtесtеd in thе aсljaсеnt сеrviсal rеgion. Thе fraсturеd
traсhеal ring was thе probablе еtiology of thе еsophagеal
divеrtiсulum in this horsе. This typе of tгaсhеal ring
abnormality сan also bе dеtесtеd sonogгaphiсall1,.

Mеgaеsоphagus. Меgaеsophagtrs oссuгs in horsеs as
a сongеnital or aсquirеd сondition, thе lattеr bеing most
сommon.58 59 Еsophagеal dilitation oссuгs most ffе-
quеntly sесondary to сhгoniс еsophagеal obstгttсtion
with thе mеgaеsophagus oссurгing in tlrе portion of
thе еsophagus proхimal to thе obstгr'rсtion or stгiсttrrе.
Еsophagеal dilitation may also rеsult fiom prеviotts
еsophagеal tгallma' Сеntral or pеriplrегal nегr,,ous systеm
disordеrs affесting еsophagеal motilit},сan lеad to еsoph-
agеal dilitation, as сan musсular disoгdегs affесting thе
еsophagtrs. Сliniсal signs of mеgaеsophagus inсIudе dr-s.

phagia, ptyalism, swеlling irr thе сеп-iсаl геgion and
nasal rеfluх. Affесtеd lroгsеs mar- also her е зspiгаtion
pnеumonla.

Thе еnlargеd dilatеd еsophegus is еаsilr' dеmonstгatеd
sonogгaphiсall1, if thе сеп-iсal poгtion of t1rе еsoplraglrs
is affесtеd (Fig. 11_l8). T1rе maгkеdlr,dilatеd еsoplragеlrl
lumеn is imagеd with thе normal gas and muсus-сovеrеd
luminal surfaсе, сrеating a hypегесhoiс appеaranсе on
thе еsophagеal muсosa. Poor еsophagеal motility may bе
imagеd during a rеal-timе еxamination whilе thе hoгsе
swallows.

Еsoptragеal Rrrptufе. Rtlpturе оf thе phafуnх of
еsophagus is most сommon sесondary to tгatrma, whiсh
may bе iatгogеniс or assoсiatеd with a kiсk of othег

Figute 1't-18
Sonogram сlf mеgaеsophagus sесotrdaп'to a kiсk iл thе vелtral nесk
rеgion obtainеd ttom a 5--vсаг-old Тl-toгоughbrеd gеldirrg Tlrе еsophagus
is gгеatеf than 6 5 сm in diallеtег il|st сгa1ial to tlrе tlror.aсiс inlеt Thе
wail thiсknеss of thе еsophagus is nоrшal. but thе nofmal еsophagеal
muсos:rl folds arе nоt iпagеd This soпogfam was obtainеd with a widе-
barrdwidtlr 6 0 MHz miсгсlссlпvех linеar.arтa,v tfaпsduсег opеrxtinli at
l0 0 МHz at a displaуеd dеptlr of 5 сm Тlrс riglrt sidе of this sonсlgгam
is thе lеft siсlе сlf thе nесk
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Figure 11-19
Sonogfam of thе lеft sidе of thс nесk oЬtainсd fiоm a l9-r,еaг-old
Тhогorrghbrеd gеlding witlr e k-iсk wounс1 to thе nесk aпс| a гrц)tlrеd
еsophagtrs Thе skin wouпd (аrrОu)) ехtеnсls tlrгouglr thе SubсLltxnеоLls
tissuеs, aгotmd thе jugrrlar vеin tо thе dееpеr tissrtсs A laгgе amount
of hуpсrесhoiс есhoеs assoсiatеd with frее gas iп thе traсt lrе imаgеd
ilr tl.tе dсеpеr poftions of tlris traсt (slltаll аrrotus) Thе еsophagtls (Е)
is inragеd suггtlruldеd b). thе g,rеatеst amount of fluid arrd gas A]thоugh
,.l dеfесt in tlrе еsophagеa] wа|l is not inragесi owing to thе supегim-
pсlsеd gas tlrе gas есhоеs ltppеaг to bе oгiginating fгom this aгеa
Т1-tis sоnсigгаlт rr эs оbtait-tес1 \\ ith a - 5.l'1HZ sесtoг-sс.rnnсг tгansduсеf
сOnt]ining e builг.in tlrriti оffsеt:rt a displar'еd dеpth of 7 сm Thе гight
sidе оf this sonogгllпl is сLilгsзl :Lпd thе ]сfI sidе is Yе11tгal

ехtеfnal tfallma in tlris геgiсln }5 6l) бl ЕsoPlragеal п-rpturе
in horsеs has bееn rеpoпеd tillloп'ing nasogastriс
intubation.r; 6r Iatгogеniс еsophagеal tfauma anсl subsе-
quеnt гuptllге aге mofе сommon in miniaturе hoгsеs and
in hoгsеs with сoliс.6' Prolongеd intubatiсln has also bееn
impliсatеd as a сallsе of еsophagеal rtlpturе.('' 6r Еsopha-
gеal pеrforation has also bееn rеportеd in horsеs sесond-
ary to prioг fееd impaсtion and rеtгopharyngеal ab-
sсеssеs.4' Сliniсal signs of horsеs with еsophagеal or
pharyngеal tfauma inсludе еsophagеal spasm' ptyalism,
dysphagia, аnd сoughing.t. 6r Fеvег and signs of toхеmia
afе sее1l in horsеs with еsophagеal or pharyngеal fltpturе
and sеvеfе сеllrrlitis. Thе еsophagеal pеrforations arе uslr-
ally found in thе сеrviсal rеgion.i5

Ultfasonogfaphiс ехamirration of thе сегviсal and rеtro-
pharyngеal геgions сan idеntify thе сеllulitis and its rеla-
tionship to thе еsоphagus and othеf strrrounding strrrс-
turеs. Aсtual pеrforation of thе еsophagеal wall is not
likеly to bе vistralizеd owing to thе sеvеrе сеllulitis at thе
sitе. Bright h1pеrесhoiс есhoеs in thе inflamеd subсLlta-
nеoLls tissuеS rеpfеsеnt frее gas, a сommon finding in
сеrwiсal сеllulitis assoсiatеd with еsophagеal rupturе (Fig.
11_19). Thе largе amoll11ts of gas in thе sоft tissuеs may
pfеvеnt visualization of somе of thе adjaсеnt strlrсtufеs.

Swellings and Masses

Сysts. сysts oссLlf infrеqrrеntly in horsеs. Сеrviсal
сysts, rеportесl primaгily in young horsеs, dеvеlop in thе
fеtfopharyngеal oг сгanial сеrwiсal afea..'з r'5 Thеsе typеs
of суsts atе assoсiatеd with salivary muсoсеlсs,6J
bгanсhial сysts,61 ('.' thyroglossal сysts,5J' 6r (,8 of paral.ar
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yngеal aссеssory tlronсhial сysts.69 Сегviсal сysts сausе
swеlling in thе thгoatlatсh rеgion, whiсh is trsually bilatеr-
ally symmеtriсal and nonpainful to palpation. Thе gtrt-
tttгal pouсhеs may bе displaсеd сranially anсl thе traсhеa
vеntrally in somе affесtеd lrorsеs..,5 Dorsal сomprеssion
of thе traсhеa was fеpoftеd in affесtеd hoгsеs.('3-65 Thеsе
сysts сan bесomе so largе that thеy may rеsult in rеspira-
tory stridor.

Pharyngеal сysts usually oссur in young horsеs that
prеsсnt with rеspiratory stridof or dysphagia.67 (," Сysts
in thе strbсpiglottiс loсation afе thought to bе геmnants
of thе thyroglossal сltrсt, whеrеas dorsal pharyngеal сysts
arе probably геmnants of thе сranial pharyngеal duсt.6'
Сystiс stгtrсtttrеs within thе guttural pottсhеs havе bееn
геpoпеd in horsеs and may bе assoсiatеd чrith fеtеntion
of thе flгst branсhial arсhеs.('s Intramtшal еsophagеal in-
сlusion сysts havе also bееn rеportеd in horsеs. Thеsе
horsеs pfеsеnt With bilatеral nasal disсhargе, сhokе, and
may havе an еnlarging nесk mass.2 52,5r Сomprеssion of
thе еsophagus Was pгеsеnt in all affЪсtеd horsеs. onе
foal with swеlling in thе right сaudal portion of thе
jugular gfoovе had a сombinеd еsophagеal and traсhеal
dupliсation сyst with no signs of еsophagеal obstruсtion.J

Sonographiс ехamination of thеsе с}.sts fеvеal thеm to
сontain anесlroiс fluid and to bе еithег uniloсular or
multiloсular (Fig. 11_20). Fibrinous loсulations anсl есho-
gеniс сlot assoсiatеd with hеmorrhagе in tlrе с-vst has
bееn imagеd in somе horsеs (Fig. 11_21). In onе wеan-
ling a pеritraсhеal mass loсatеd at thе thoraсiс inlеt
was imagеd vzith a gеlatinous spon8)/ сonsistеnсv, lraving
hypoесhoiс arеas and anесhoiс arеas .within thе mass
(Fig. 1I_22). The mass lay on thе vеntгal surfaсе of thе
traсhеa and displaсеd it dorsally. Ехсisional biopsy of this
mass rеvеalеd it to bе most сonsistеnt with an еmbryo-
logiс rеmnant.

A branсhial сyst that was imagесl in a 1O-month-old
Bеlgian trlly сontainеd anесhoiс fluid within a hypеrе-
сhoiс сapstrlе with small h'vpеrесhoiс limbriае nroving

Figure 11-20
Sonogram of a laгgе ultimobranсhi:ll сyst in thе vеntгal thгoatlatсh
геgion obtainеd ltom 11 5-Yеaг-old Qr-latег Horsе gеlding Thе с1'st is
multiloсtllatеd and fillеd witlr anесhoiс flrriсl, mеasuring 5 5 сm loпg b1.

7 2 сm чridе Notiсе thе aсoustiс еnhanсеmеnt of thе far Wat] of thе
с.Yst indiсating that this struсttlfе is flrriсl Iillеd This sonogгam was
obtainеd with a 5 0.п,[нZ sесtor-sсafrnеf tfaлsdlrсе;: at а сlisplavесl dеpth
of 9 сm Thе right sidе Of this soпoЕ.гam is сraniа] and thе lеft siсlс
is сaudnl

Figure 11-21
Sonograп сlf a laгgе mllltiloсuhtеd сvstiс stгuсtrtrс in tlrе fiЕ.]]t thгo?l.
latсh геgiсlп of an lS-vеar-old Могgilл mafе Thеге was homсlgеnеоu:
ссhсlgеniс tissuс within thе lагgе mllltilосLllatеd с)'stiс mass rrhiсh
appеafеd tо геsеmblе noгmal th-vrоir1 tissrrе Fibгirrоus loсulations *егс
alsо iпaЕ]сd throughotlt thе с.1'.stiс nrass No othег idеntifiablс ttl\-Ioiс
tissuе wxs imagеd in tlrе fight siс]е of thе nссk, although thе paroтiс
gland. jugLllaг vеirr, and саrotiсl xfiеl.v rvете imagеd adi:tсеnt tо thil
mаss Tl]is sooogram was сlbtairrесl rvith a 5 O-MнZ sесtof-Sсanпег tгaпY
сllrсеr at a displaуеd drpth of 1 0 спr Тhе гight siсlе of this sonogгam i>

pгoхimal anс1 thе lеft sidе is сlistxl

fгееly within thе fluid.' Ultrasound was Llsеd to idеntitl
thе sourсе of thе сyst (еsophagus) and dеmonstгatе thе
loсation of thе intfamtlfal еsopha8еal с1.515 геlativе to thе
important sllfrollnding stflrсtuгеs (tгaсhеa, jtrgulaг vеin
and сafotid aftеry.)., A hypoесhoiс fluid-flllеd mass sllг.
гollndеd b1, a hlpеrесhoiс сapsulе was imagесl adjaсеl-rt
to thе еsophagus in two horsеs with еsophagеal intfamu.

Figuse 11-22
Soпogram сlf a laгgе oval pеIitгaсhеal mass in thе thoгaсiс inlеt rеgion
Obtainеd t}om a 

'{roпtlr-old 
Moгgan 1ili1- with fеspiгatory tlaсt obstгuс-

tion Thе nrass ]rасl a spongv gсlatiпсltls hеtеrogеnсotls appеaгаnсе with
lr1рoссhoiс tO u]'11есhoiс aге:rs within Тhе mass mеasurеd 3 8 сm thiсk
by 7 1 сm lсllg anс| схtепсlеd arolrnd both siсlеs of thе tг1lсhеx' displaс-
ing it dorsxllY but пot invadirrg thе tгaсhеx Тlrе Iinal histopathologiс
diagnosis on thе rrrass rеmovесl bY an ехсisional biops,v W11s 1r суstiс
еmbryolo!.iс геmnant of rrnkrrown origin This sonogгam was obtainеd
With x 7 5-МHz sесtor-sсanпег transdrtсег сOntainir]g а bllilЕin tlllid
offsеt at a displayеd dеpth of 7 5 сm Thе right sidе of this sonogгam
is сranial alld thе lеft sidе is сaudal
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Figure 11-23
sonogгam of thе lеtt сеt.',.iсal геgioл obtaiпеd tгom a 2.vеer-old Tlrоr-

oughbrесl сolt with a nесk absсеss Thе aЬsсеss is аnесhoiс, lras сlis-

сrеtе mafgins' mеasuгеs 2 98 сm b-v 3 55 сnr in diamеtеr, аnd сonnесts
througlr a small opеning to a sma-ll dееpег poгtion bеtwееn thе fasсial
pIaлеS (аrroш's). Tlrе slrffoundirrg nrrrsсtrlatuге has lost its normal stгi
atrd musсlе pаttеfn afld has l morе lrоmogеnеotrs hJ.poесhoiс appеaг-

anсе A hеmatoma or суSt should llso bе сonsidегеd tor this mass,

owiпg to thе anесhoiс appеafanсе of this fluid сollесtion. Нowеvег,
thе laсk of 1ibгiлotts loсUlations makеs a l.rеmatoma lеss likеlу, and thе

small opепing сoппесtiпg to
с).sts ha\.е not bееn геpoItе
painftll to thе touсh. ThiS
sесtOг-sсanfl еr transduсег lt
of this sonogгam is сaudal aпd thе lеft siсlе is сгanial

ral inсlltsion сysts.2 Мr.rltiplе small hypеrесhoiс foсi wеrе
imagесl in thе сyst fluid in onе hoгsе. In onе hofsе
with an intгamural еsophagеal inсlusion сyst thе mass
appеaгеd hypеrесhoiс and homogеnеous and was also
imagеd adjaсеnt to thе еsophagus.2 An Llltfasound ехami-
nation of thr swеlling in thе fill1, with thе сombinеd
еsophagеal and traсhеal dupliсation сyst fеvеalеd thе
mass to appear faiф uniformly есhogеniс with a slightly
morе hypoесhoiс сеntеf' not involving thе adjaсеnt
jugular vеin, сaгotid aftеry, oг strfnoсеphaliсus musсlе.J

Dеntigеrous сysts. A dеntigеrous с1151 i' an odonto-
gеniс суst Surfounding thе сrown of a tooth, сausеd
by inсomplеtе сlosufе of thе first branсhial сlеft. Thе
supеfnumегaЦ, tooth has.bееn assoсiatеd wit.I] thе tеm-
poral bonе (most сommсin), mandiblе, ttontal bonе, or
bonеs of thе skull.-o -' Dеntigеrous сysts afе trеquеntly
assoсiatеd with a flгm swеlling and intеfmittеnt sеfous
or sеropurulеnt drainagе from thе с1,st.

Sonographiс ехamination of thе draining tгaсt сan bе
usеd to follow thе drainagе to thе sourсе (thе dеntigеr-
ous сyst). This суst' in сontrast to othеr сysts found in
thе horsе, should havе a сompositе sonographiс appeat-
anсе with hypеrесhoiс aгеas сasting aсoustiс shadows
dеtrсtеd within tlrе с1,51 assoсiatеd with thе tooth.

Alrsсеssеs. Absсеssеs aге сommon in horsеs assoсi-
atеd with a pеnеtfating wound thгotrgh thе skin or an

iatrogеniс injесtion. oftеn thе inсiting inсidеnt is ttn-

known; thе horsе prеsеnts with a waгm' painful swеlling
and is rrluсtant to movе thе affесtеd arеa. Thе swеlling
is ustrally Irrm, but a soft spоt may bе palpablе if thе
absсеss is сlosе to brеaking out to thе skin surfaсе.

Trauma to thе pharynх assoсiatеd with passagе of thе
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nasogastriс tubе may геsult in thе dеvеlopmеnt of a

сеrviсal or pharyngеal absсеss.72 Largе pharyngеal massеs

oftеn arе aссеssiblе to sonogfaphiс еxamination fгom
thе геtropharyngеal aгеa. Thе largе pharyngеal absсеssеs
rеportеd in horsеs would havе bееn amеnatrlе to sono-
graphiс ехamination had an ultгasound ехamination bееn
pегformеd.;2 7з Inspiratory rеspiratory distrеss indiсatеs
an obstruсtion loсatеd within thе uppеr airway or сегvi.
сal traсlrеa.rr Сaudal сеrwiсal lymph nodе absсеss forma-
tion сausеs гrspiratory distfеss м/ith tfaсhеal сomprеssion
in thе сaudal сегviсal traсhеa.aa Sonоgraphiс еxamination
of thе thoraсiс inlеt in this сolt may havе hеlpеd idеntф
thе сausе of thе fеspiratory distrеss and monitoг thr
сolt.s геsponsе to tгеаtmеnt.''

Sоnographiс ехamination of absсеssеs rеvеals a fluid-
flllес1 сavitatесl arеa in thе affесtеd tissuеs. Thе noгmal
tissuе aгсhitесtufе in thе rеgion of thе absсеss is absеnt,
rеplaсеd by thе сavitating aгеa сontaining ехudatе.6 Thе
fluiсl may bе anесhoiс (Fig. 11-23) or hypoесhoiс (Fig.

||_21) to есhogеniс, dеpеnding primarily on thе сеllu-
larity of thе absсеss fluid.6 Pinpoint hypеrесhoiс есhoеs
may bе dеtесtrd sonographiсally, сonsistеnt with gas

pfoduсtion within thе absсеss by anaеrobiс baсtеria, or
a dorsal hypеrесhoiс layеr or ,.gas сap'' may bе dеtесtеd
(Fig. 11_25). Hypеrесhoiс frее gas есhoеs havе appеarеd
sonographiсally in an absсеss in thе сегviсal musсulaturе.
This пuas assoсiatеd witlr anaеrobiс baсtегia.6 Thе absсеss
fluid mar.havе a сompositе appеafanсе with hypoесhoiс
to есlrogеniс stгands of flbгin within (Fig. 11_25). Nе-

сfotiс tissllе is also oftеn prеsеnt within thе absсеss and
may appеaf anесhoiс initially, with еaгly tissuе nrсfosis.

Figшre 11-24
Soпogram of laгgе sсrotal aЬsсеss obtainеd from a 16-yеaг-old Мorgaп
gеlding сastгatеd as a vеarling A largе, сompositе fluid.Iillеd mass

vеntгally in thе sсrotum (smаll аrroшs) сommuniсatеs througlr a smal[

ffaС| Qаrgеr аrroltls) to a сompositе fluid and soft tissuе stгuсtufе nеaг

thе lеft ехtегnal ingtrinal ring Thе sсгotal lbsсеss (smаIl аrrotus) is

anесhoiс vеntгallу with floссulеnt matегial ima!]еd within thе flrtid Thе
moге h1.poесhoiс flrrid is dогsal aпd is similaг to thе h}poесhoiс fluid
ima!]еd ilr thе tгaсt Anесhoiс and lr1.poесhoiс fluids arе imagеd
adjaсеnt to a sorrrеwhat hеtегo!.епеol]s есl.togеrriс mass nеaг thе ingui-

nal гiпg ftоir1е аrroш,) A sсiггlrous сoгd сausing thе sсгotal absсеss

*.as fotrnd dtlгing suтgеry Nеoplastiс inflltration of thе rеmnant of thе

spеrmatiс сord With sесondary absсеssation should also tlе сoпsidеrеd
in thе diffеfеntiаl diagnosis fof this sonogгaphiс appеaгаnсе This sonо-
gram was obtaiпеd with a 7.5-Мtlz sесtoг.sсannеf tгaлsduсег at a dis-

pla).еd dеPth of lo сm. Thе гight sidе of this sono!.гam is towaгds thе

lеft sidе of thе sсгotrrm
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tigure 11-25
Sсlrrоgгanrs of thе figlrt pегinеal rеgion obtaiflеd tiоm а l-1.еaг-old ThoгсlughЬгесl gсlding with l lat!.е pегinеal. :rbsсеss Thеsс sonogIams wеге
obtaiпе(l With a 7 5-MHz sесtoг-sсannсг tтansduсеr (А) ,,tnd.lt l- 1МНz sесtor-sсannег trarrsduсег сontaining a builЕin fluid offsеt (B) at,n displayесl
сlеpth of 12 Сm (А) and 8 сm .B).

,4, Thе absсеss (аrrou's) is сx\-itxtеd апd klсt-llatеd wit]] anссhoiс, h1.poесhoiс, aпсt hypеl.есhoiс afеas within Thе small hypегесhoiс afеas
геPfеsсnt fтее gas in thе tissllеs, whiсh is сonsistеflt with aп anaегobiс infесtion .fhе absсеss has сomplеtеly dеstгoyеd thе normal mrrsсrrlattrге in
this геgion Thе гiglrt sidс of this soflOgгam is сloгsal

1j, A lafgс сollесtjon of h1pегесhoiс есhoеs (arrozr.ф сasts dift\, shadows аssoсiatеd With frее gas in thе morе с1oгsаl portion of this aЬsсеss
Thе figlrt sidе of thе ;:ight imagе is с1oгsal and thе lеft sjdе is Yеntгal Thе гight sidе сlf tl.rе lеft imagе is towaгd thе midlinе

Howеvеr, most nесfotiс tissuе within an absсеss is ес1ro-
gеniс to hypеrесhoiс and suгfoundеd by lеss есhogеniс
fluid (Fig. I|-26). This nесrotiс tissllе may oftеn aсt as a
forеign bod1.. Aitlrough thе absсеss may havе irrеgtrlar
maf8ins initially' it rrsr'rally dеvеlops bеttег-dеIinеd maг-
gins onсе thе absсеss has startеd to organizе and is moге
сhгoniс. A disсrеtе сapslllе is usually not dеtесtеd unlеss

Figure 11-26
Sonogгam сlf thе lеft сегviс:rl геgiсlп obtainесl fгom a 3-yеlг-old Thor-
оughlэтеd gеlding with a rrесk absсеss Thе absсеss is vец'laгgе aлd
wсll dеfinеd fгom thе adjaсеnt сегt,-iсal mllsсulatlrге whiсlr has in-
стеasсd есhogеniсiq' assoсiatесl with inIlammatoц' inliltftltс in thе
adjaсеnt rrrusсu]attrге .I.lrе absсеss lras twсt major сomPartmеnts: thс
doгsal onс, whiсh appеаrs to сoЛtaiп pfimaгil)' есhogеniс nесfotiс
matеrial. and thе vеntral irгеа. whiсh has nloге arrесhoiс f]rrid .l.hе

absсеss was loсаtеd 2 ]6 сm dееp to tl]е skin suгfaсе (х.) anсl was
пrofе thall ll8 сm long (хL) Thе doгsal соmpaftmеnt was 5 2,1 сm
thiсk (х,) arrd 8 66 сп wiсlе Thе small lr1,pсгесhoiс есl]oеs in thе
doгsal сompartmеnt оf thе absсеss ma,v геpгеsеnt fгее gas есhoеs. and
аn anaеrobiс сt-llttrе should also bе pегfoгmеd on tluid Obtainеd fгom
l1r aspiгatе Of this absсеss Т]]is sonoЕiгam was obtaiпеd with a 7 i-l,IHZ
sесtor-sсannеf tгansdllсеf at a displayеd dеpth of l 0 сm Thе гight sidе
of this sonosгam is сlor.sal and thе lе1i sidе is vеntгal

thе absсеss is vеry long standing. Thе absсеss сapsulе is
usllally есhоgеniс bесausе of its fibrous сomposition.

Сotуnebасteriшm Pseшdotuberсu,losis,4bsсesses.
Largе ехtегnal absсеssеs, also сallеd ..pigеon fеvеr,', havе
bееn rеportеd in horsеs with Сorу,xеbасterium pseudo-
tubеrсulosis infесtion.]i '5 Thеsе absсеssеs afе most сom-
mon in hoгsеs in thе wеstегfl Unitеd statrs, partiсLllarly
California. and in Brazi]l.:5 In Сalifoгnia this disеasе is
most сommon dtrring thе fall and еafly Wintеf
months.,r .5 Most hoгsеs (75%) haуe a singlе absсеss
dеtссtеd in thе pесtoral, aхillary, vеntral abdominal, oг
ingtrinal гсЕ.ion.-5 Rесuгrеnсс of thе absсеss is unсom-
mon. Intеfnal absсеssеs also oссuг in horsеs with Сolуnе-
bаcterium pseudotubеrсulosis infeсtion. Cliniсal signs in
horsеs with ехtеrnal absсеssеs rrsttally inсludе diffusе or
loсal swеllings, frvеf, lamеnеss, еdеma, and nonhеaling
WOUnds 74'-s

Sonographiс ехamination of hofsеs with Сolупеbасte-
rium pseudotuberсulс'lsis absсеssеs should fеYеal laгgе
есhogеniс fluid-fillеd massеs' whiсh, in somе horsеs, may
bе surroundеd by a thiсk есhogеniс сapsulе. Thе ехudatе
сontainеd within thе absсеss shotrld appеaf есhogеniс
owing to thе thiсk and сasсous natlrfе of thе purulеnt
matеrial сontainеd in thеsе absсеssеs.

Perirectсl'| ,4bsсesses' Horsеs with pеrirесtal ab-
sсеssеs frес1uеntly havе signs of intеrmittrnt сoliс and
dеpгеssion' Anorеxia, laсk of fесal pгoduсtion, tеnеsmlrs,
and fеvеf havе frеquеntly bееn rеpoftеd.76 A history of
intгamtrsсulaf injесtions in thе glutсal rеgion was pfеsеnt
in 33% of lrorsеs with pеrirесtal absсеssсs, in onе rе-
viеw.'6 onе marе had ехpегiеnсеd a dystoсia 1 month
bеfoге pfrsеnting with a pеfifесtal absсеss. Pеrivaginal
massеs' whiсh may bе hеmatomas of absсеssеs, aге сom-
mon following pafturition. Rесtal tfauma may also bе
assoсiatеd with thе dеvеlopmеnt of a pеfirrсtal absсеss'
Anorесtal lymph nodеs may bесomе sесondarily infесtеd
in tlris rеgion, сausing pеrifесtal absсеssеs. Rесtal palpa-
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tion is usеful in loсalizing thе absсеss aгound thе rесtum,
but in somе horsеs, thе сomplеtе еxtеnt of tlrе absсеss

сannot bе dеtеfminеd rесtally owing to thе sеvегiп- of
thе геsultant rесtal obstгшсtion. Pеrirесtal absсеssеs сalr

also bе sееn in horsеs assoсiatеd п,ith pегiгесtal nеopla-
assoсiatеd s/ith a

l mlге.-- Sonо-
nd rесtunr in this
nt of nеoplastiс

involvеmеnt of thе pеrirесtal tissuеs and thе pеrirесtal
absсеss.

Sonographiс ехamination of thе pеrirесtal or pеrivagi-

nal absсеss сan hеlp thе сliniсian diffеrеntiatе tlеtwееn
an absсеss and a hеmatoma (Fig. I|-27) or soft tissuе
mass, dеtеrminе thе еxtеnt of thе absссss and thе

involvеmеnt of othеr pеrirесtal stflrсtlrfеs' and sеlесt thе

surgiсal approaс
Мost pеrirесtal
amount of gas,

thе absсеss by anaеrobiс organisms (Fig' 11_27).

Granuloma. Strbсtrtanеous andlor skin gгanrrlomas

сan pfеsеnt with swеlling in thе skin and slrbсLrtanеolls
tissuеs or witlr or withottt ulсеration of thе ovеrlying
skin. Fungal anсl parasitiс granulomas arе unсommon in
hoгsеs. Habronеmiasisis is thе most сommon pafasitiс

tissLlеs.
а dele-
horsеs.
maхilla.

although a nasal gгanuloma has bееn rеpofiеd irr a lrorsе

with H а li с е p lэ а l ob u s сI e l е tr iх infе сtion. -8 8.

Sonographiс ехamination of thе mandiblе in onе horsе

with a Hаliсeplэаlobt,ls сlеletriх granuloma rеvеalеd a

hеtеrogеnеous soft tissllе mass with hypoесhoiс traсts

lеaсling to thе manс1iblе (Fig. 11_28). Thе bony stlrfaсе
of thе mandiblе was irrеgular, with pеfiostеal lyiс and
prolifеrativе сhangеs and a fluid layег adjaсеnt to thе

bonе' сonsistеnt with ostеomyеlitis. Sonographiс еxami
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nation of a largе oval геtropharyngеal mass in anothеr
horsе rеvеalеd an outеr homogеnеous mass witlr a hypеr-
есhoiс сеntеf strггoundеd by sеvегal anесhoiс afеas sug-

grsting сеntгal nесrosis (B1g. \|-29). Еxсisional biopsy
of this mass rеvеalеd a gгanulomatous lymph nodе in-

Гесtеd п.ith .|I1'сolэасlеri u nl аui u m,

A subсutanеous granuloma assoсiatеd with Сtуptсlсoc-
сus пeoforlllrzlzs has bееn геportеd in thе skin and sutlсu-
tanеous tissuеs of thе lеft sidе of a horsе's thoгaх.s2

This rnаss bеgan as a snrall subсutanеous swеlling that
еnlargесl and dеvеlopеd trr,o dгaining traсts disсharging
purulеnt пratегial. Sonogгaphiс ехaпrinatiot.t rеvеalеd a

Ьultilotlulatес1 mass witlr dеnsе есlrogеniс arеas and hy-

poесhoiс poсkеts with traсts lеading into thе фpoесhoiс
afеas.s, Aтеas of minегalization wеfе imagеd in thе tеnth
anс1 еlеvеnth intегсostal spaсеs. An tlltгasound-gr.ridеd bi-
opsy yiеldе<l thе сliagnosis of сryptoсoссal illfесtion.32

сеllulitis. Сеllulitis is сharaсtеfizеd b1, a diffusе soft
tissuе swеlling that is hоt and painful and is assoсiatеd
with a Sllppllrativе pfoсеss that dissесts tissuе plaпеs.
Thе initial сliniсal signs arе fеvеr, swеllin14, and lamеnеss,
if a limb is involvеd. Staphyloсoссal оrganisms (usually
Stаptэуloсocсus аureus) has bееn involvеd in sеvеral
сaйs of сеllulitis involving thе distal limbs of Thorough-
brесl raсеhorsеs.sr Сlostridial spесiеs havе also bееn in-

volvеd with сеllulitis, partiсtrlarly thosе that dеvеlop sес-

ondary to intramusсular injссtions."i *" \й/hеn сеllulitis is

dеtесtеd in thе сегviсal rеgion in horsеs, еsophagеal or
phaп'ngеal rupturе should bе suspесtеd

Tl-rе subсutlrnеous tisstrеs arе ustrallу maгkеdly thiсk-
еnеd and hаvе inсrеasеd есlrogеniсitr. Gig. 11-30). Nu-
mеfolts vеssеls may bе inragесl irr thе affесtеd arеa and

thе vеssеls aсljaсеnt to thе arеa of сеllulitis аrе oftсn
markеdly еnlargеd. Hуpoесhoiс or anесhoiс tluid poсkеts
may bе imagеd in a largе aгеa of сеllulitis as thе infесtion
starts to organize (Fig. 11-31).

Thiсkеning and inсrеasеd есhogеniсity of thе skin and
subсutanеous tissuеs iS dеtесtеd in human bеings with

tigure 11-27
Sonogгams of a laгgе pеfivaginal and Pегifесtal nrass obtainесl from a 5-1.еar-old Thоrouglrbгесl maге Tlrеsе sonogгams wегс oЬtainеd with а wiсlе-

bandчridth (l.O-МHz miсгoсonvех linеaг-aгraу tгаnsdllсеf opегating at 7.' Mt1z (A) anсl 5.o Мнz (B) at a displaуеd dеpth of 10 сm (A) and 8 сm

(B)
А, It ехtеndеd сraпiallr. aсljaсеnt t() thс сеп,iх.

B, thе hеmatoma геsultеd in l sесondaц' iffъсtion of thе hеmatoпa'

Thе rro?,.]s,, сonsistеnt with aлдегоbiс infесtion' and rrow has a thiсkеf

сapslrlе with ехtеnsivе thiсkеning of thе tissuеs surrounding tlrе mass (open аIуОurs).
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Figurе 11-28
Sonogгams of thе гight sjdе of thе manсliblе obtainеd from a 13-).еaг-сlld Paklrrrinо Quaftег Horsе gеldirrg wi||1 ]]сIliСer)tJаlсlbus r]еletriх grallulomas
involvinE. thе soft tissuеs, massеtеI musсlе, and rnandib]е Т]]еге is a mass of сomplех есhogеniсiг\, (stпаll аrrouls) iлvolving thе marrdiblс, геsultinЕ.
in an iгfеglllaf boпY sttrfaсе есlro Тhе boпv surfaсе есho is thiсkеr than noгmal' with l]tiс and pгolifеrativе arеas Ехсisional biopsv of this masь
теvеalеd t}:е H.lliсеphаlobus dеlеtriх oгganism Тlrеsе sonograms wеrе obtдinесl With a 7 5.MHz sесtoг-sсlnпег tfansduсеf сoлtaiпing a Ьtflt-in
fluid offsеt llt a disРlx],еd сlеptl.r of (l сm Thе гight sidе of tlrеsе sonogгams is Iostrnl and thс lеft siс1е is сltudal

,4' Thе mass (slnаll аrrОшs) appеагs to inYolvе thе boле as wеll as thе surrounding soft tissl-lеs and a dеfесt in thс bonе (lаrgе аrroш) is prеSеnt
in thе сеntеf of thе mass Thе соnrplех есhogеniсit} of thе mass and thе bon}' involvеmеnt arе most сonsistеl]t with a nесlplasnr

B, This poгtion of thе mass appеafs еnсapslllatеd (slпаII аrrouls) Thеfе is a fluid lalеr alопg thе iтгеgtllaг ьonе (right diаgonаl аrrО,L|)
сonsistеnt with a diagflosis of ostеomyеlitis Thеrе aге sm;rll hvpегесhoiс есlroеs сasting сliтq' sl.radows сonsistеnt with fгее g;ts within thе mass
(сloшп аrroш) Thеsе frее gаs есhoеs соrrld lэе сonsistеnt ч.ith сoпсurrеrrt anаеrobiс infесtion of tlrе mass oг may inсliсatе a сommuniсation with
thе oIal сa\.itv oг thе skiп suгfaсе if thеsе xiI есhoеs сan bе fbllowеd along a tIxсt

сеllulitis.1] Inсrеasеd numbеfs of vеSsеls afе imagеd in
thе Subсutanеous tissuеs with сoloг Dopplеr ultfasolrnd,
and pulsеd-wavе Dopplеr spесtfal analysis dеmonstratеs
lowеr rеsistanсе flows in thе аrеa of сеllulitis than in thе
adjaсеnt nofmal afеas.1J

Lymphangitis. Lymphangitis usuallу affесts thе lym-
phatiсs in thе limbs and rеsults in loсal infесtion, with

Figure 11-29
Sonogгam of a laгgе геtfopharyngеal mass obt:rinеd fгom a l'-\.еaг-old
Quaпег Hoгsе maге with mtlltiplе MуСobаСtеriu|n аtliulп graлu|omas
Thе геtrоphaгvngеal mass oаlgе аtrotLs)' loсatеd in thе геtfophaЦ*n.
gеal l}'mph noсlе' is a laгgе oval mass пеasuring 4 7 сп widе, 10 сm
long, and 7 сm thiсk Thе mlss had a h1,poесhoiс, mofе homogеnеorts
outеI lim with a сеntral фpеrесhoiс aгеa сasting mr.lltiplе xсoustiс
shadows (smаll аrrouls) сonsistеnt With еaгlv сalсiliсatiorr Thе afеa
Дгound thе hypегесhoiс сеntег is slightly lеss есhogеniс than thе outег
гim, сonsistеIrt with tissuе nесrоsis This sonоgram Was obtainеd With
a 5.o-\ЦHz sесtoг.sсaflnеf tfansd].lсег at a displa),еd сlеpth сlf 10 сm Тhе
гight sidе of this sonogram is сfal1ial aпd t]rе lеft siсlе is сatldal

swеlling, еdеma, and pain. Ulсеrativе lymphangitis is
thе most сommon form of this сondition and is assoсiatrd
with Сovупebасtеrium pseudotubеrсиlosщ whiсh сausеs
sеvеrе l1,mphangitis and сеlllllitis in affссtеd horsеs.'] 

_.

Multiplе nodulaf swеllin€]S afе Llsually dеtесtеd along thе
mеdial aspесt of thе limb, assoсiatсd with small absсеssеs
along thе lymphatiсs. othеr baсtеria (PseudomonсБ аer-
uginosсt, Stаphу|oсoссиs sp. and Strеptoсoссиs sp.) havе

Figure 11-30
sonoЕ]fams of thе гight hind 1еg obtаirrеd tiom a ]-yеar-old Thoгough.
bгеd сolt п.ith massiуе сеlltilitis Thе subсtltanеolls tissuеs aге maгkеdlу
thiсkеnеd anсl havе a gеrrеralizеd inсrеasеd есhogсniсit,v Thеrе is a
sm:rll thгombosеd a-гtеry (аrrott,s) in thе aгеa of thе сеllulitis .гhеsе

sonograms wеfе obtainеd fгom thе mеdi;Ll siсtе of thе distal mеtatafsal
fеgion with a r,vidе-bandwidth 7 5-МHz linеaг-arra)' tfansdtlсег opегatinЕ.
х 7 5 МHZ rrsing a harrd-hеld standoff pad at a displа1'есl dеpth сlf 5

сm Thе гight sidе of thе fight imagе is pгoximll and thе lеft sidе is
distal Thе right sidе of thе lеft im:rgе is dorsal arrd thе lсft sidе
is Dlantar
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Figure 11-31
sоnogfam оf tlrе пght l-rinсl lсg obt:rinеd liom a 2-t,еar.old Тhоroughbгеd
сolt with sеr.еге di1.ftlsс сеlllllitis Thе infесtiсln is bеginlrir.rg to loсаlizе
adjaсеnt to thе mеdial asресt Of thе mеtataгsus lvltеге lt 1-lоoгlr dеtrпесl

aссLrmu].atiоn оf hrpoесhoiс tlttid (аrrслtls) is iпagеd Тhis sonоgгanr

was obtainесl \\'ith a 7 5-MнZ sесtoг-sсalrnеf tfaЛsduсег сol]talnll1g a

built-in flrrid ot1.sеt at a сtisplar,есl dеpth of (l слr Thе гighr sidе of this

sonogfam is pгoхimal anсl thс lеft sidе is сlistal

also bееn dеnrorrstratеd to сausе ulсеfativе lr-mphangitis
Sporotriсhosis, сzrusеd |.lу Sporotlcriх sсlэеtlсkii al5o

сallsеs сordin8 сlf thе lymplratiсs and nodulaг сгLlptiollr
Sonographiс ехaminatio11 of horsеs witl-r lr пlphangitis

oftеn fеvеals a difftlsе subсutanеous swеllinЕ] tl-rat is also

mofе есhogеniс than nofmal. Small toпtlous flr'rid.hllеd

tubulaг stгtlсtllfеs fеprеsеnting thе dilatеd lr'пphatiс r'еs-

sеls аrе oftеn imagеd in aff.есtеd horsеs if a lrigl.r-fгс-

quеnсy tfansdlrсег is trsеd. Small absсеssеs llle\ bе im-

agеd in сonjllnсtion with tlrе l),mplratiс distеrrtion in
horsеs with ulсеrativе lympharrgitis or sporotгiсhosis.

Еdеma. Еdеma is a сool diffllsе sп'еlling that рits on
pfеssufе anсl is follnd usually in thе nroге l-еntral tissuеS.

Anесhoiс sеptatеd fluid in thе strbсutanеolls tissl.lеs is
typiсal of еdеma. This fluid is tlsuallr- еasilr dеfbrmеd oг
..pittеd,' with thе pгеssufе of thе ultгаsound tгansdttсег.

Аnесhoiс sеptatеd еdеma fltrid is fгеqtrеntlr- found along
thе vеntfal abdomеn (Fig. 11-32) and tlrе distal linrbs
(Fig. 11-33) in hoгsеs that aге..stoсking up..Oг lravе a

swеlling or mass in thе morе proximal poгtion of thе
Iimb, oссludilrg r'сnous геtuгn.

Hеmatomas. Largе fluсtuant swеllirrgs aге thе most
сommon сliniсal pгеsеntation of lrеmatonres in affесtеd
horsеs. Thеsе swеllings may bе painful if thе traunra
сausing thе lrеmatoma is rесеnt; howеvег, lсlng-standing
hеmatomas afе usuall), nonpainful. Thе hеmatolnas may
bе assoсiatеd with гuptuгеd blood vеssеls, fгaсturеs, mlts-

сlе tеars, of othеr q.pеs of loсal tratrma.
Thе sonogгaphiс appеaranсе of thе hеmatotna r.aгiеs

with thе stagе of thе hеmatoma (how rесеntl.Y thе blееd-
ing oссurrеd), thе tissl.lеs into whiсh thе blееding oс.
сurrе<l, and thе involvеmеnt of aсljaсеnt stfuсtufеs. If thе
hеmorrhagе into thе tissuеs is rесеnt, tlrе arеa ma1, lravе
a homogеnеous есhogеniс appеaranсе similar to that
drtесtrd in jugulaг vеin obstгtlсtion and whеn obsеп.ing
rес1 blood сеlls sеttlе in an сlссludеd vеin. Hсlwеvеr, thе
fypiсal sonogfaphiс apреaranсе of a hеmatoma is that
of an anесhoiс fluid-lillеd struсturе сontaining fibrinous
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Figure 11-32
Sonogгam сlf ttrе right sidе of thе vеrrtгal abdotrrеn obtaillеd ttсlm a ]
уеaг-olс| Stanсlаrdbrесl maге with Yеntгal еdепrа Nоtiсе thе plaсрrе of
aпесhoiс loсrtlatесl tluiсl in tlrе SubсLltаnеOus spacе (аrroa-), supеr{iсial
tO thе vеntгal abdominal mttsсtl|аtrtге Dorsal tсl tlrе abсlominal mrrsсrtla-

turе is a largе la1,ег of hlpoесhojс to есhоg,епiс tissllе, сonsistепt with
iпtfaabсlominll fat This sono!.ram w1ls obtainеd witlr a widе-bandwidth
- 5-}{Hz SесtoГ.sсitпllег tгaпsсlllсеf opегаting at 10 o мHz at a сlisр[a),еd

r1еpth of 12 сm Тhе riglrt sidе of tlris sonоgram is сгanial and thе lеft

sidе is саudal

1сlсu1ations.(' T1rе lrеmatсl1na ma\- bе small and loсalizеd
(Irig 1l_3:i) oг r-еп.ехtеrrsir'е (Fig. 11_35). H1.poесlroiс
to есhogсniс messеs mar' bе irrragеd п-itlrin hеmatomas
assoсiatесl with organizing сlot (Fig 11-36).6 In long.
stanсling hеmatomas, tlrе сlot tna1. bесomе so organizеd
that it has a lromogеnеotrs h1реrесhoiс apреaranсе, oftеn
сasting an aсoustiс shadow ftom thе faг sttrfaсе of thе
сlot (Fig. 11-37). Thе oгganizеd hеmatoma ma}. appеar
еnсapsulatеd by a thiсk есhoЕ.еniс сapstrlе, bttt thе сon-
tеnts fеmain есhogеniс and loсulatеd..' oссasionally 1t-

brinotrs loсulations afе not pfеsеnt within thе hеmatoma
and onl1l anесhoiс fluid is found (Fig. 11-38).

Figure 11-33
Sonogfam tlуеr t-[rе lеft gaskirr геgiсln obtаinеd fгсlm :r J Yеaг-old Thoг-
oughbrеd gеldiпg with subсLltaпеOtrs еdепa .flrе aпесhoiс laс1. loсrг
latеd flrrid ln thе Sllbсutanеolls spxсс (аrroul) rеprеsеnts еdеma in
thеsе tissllеs This sonoЕ]ram was ollt:rinеd witlr a wiсlе-Ьandwiсlth 7 i-
MHz linеar-aггaу tгansсltlссг Opе]:atiпli at 7 5 N4HZ at a displayеd dерth
сlf i сm Tlrе right sidе сlf this sonogram is pгoxinral anсl tlrе lеft Sidе

is distal
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Figure 11-34
Sоnogгams of thе rrrесlial asресt оf thе гight foгеlеg obtainеd fгom e 3-

vеar-olс1 Stanсiaгdbrеd gеlсiing with a lluсttlдnt sв'еlling ol.ег thе sесoлd
mеtaсxrl)al bоnе Thе anесhoiс loсulatеd swеlling is соnsistеnt s.ith a

hеmatoma iп thе subсutanеous tissuеs (аrrouls) .Гl.tis lrеmatom:l is

apptoximatеlу 4 сm klng, 4 сm l,idе, aпсl 1 сm thiсk Thе anесhoiс
tubular stгLlсtllrе dееp to thе hепatОma is thе mеdian aгtеry Thеsе
sonoЕ.rams s'-еfе obtainеd П.ith a 7 

'-M}lz 
sесtor-sсlnnеf tгansduсеr

сofltaiпing a ЬLrilt-in fluid offsеt at a displaYеd dеptlr of 6 сm Thе right
sidе of thе lеft imagе is proximal alrd thе tеft sidе is distal Thе гight
sidе of thе гight imagе is dorsal and thе lеft sidе is palmaг

Sеromas. T1rе sonographiс appеaranсr of a sегoma is
indistinguishablе fгom that of a hеmatoma in most in-

stanсеs. Thе history of fесеnt sufgеry at thе sitс of thе
sеroma makеs this diffеrеntial morе likеly, partiсularly in
aгеas with сonsiсlегablе dеad spaсе. In suсh сasеs, sеfo-

mas afе anесhoiс fluid-flllеd struсtllfеs сontaining flbfi
nolrs loсulations at thе sitе of thе sllгgiсal inсision (Fig.

1 1-39).

Figure 1 1-36
Sonogгam oг thе dofsal aspссt of thс гight mеtatatsophalarrgеal joint

сltltainесl fгсlm a 9-vеаг-оlс1 Thoгolrghbгесt gеldiлg witlr a largе сlifftlsе

swеlling ovеr thе dors1ll aspесt оf thс distxl mеtataгslls and mеtаtarso-

plralangеal joint' A largе anесhoiс fluid сollесtioп соntains nuпегolls
iгrеgulaf hypoесhoiс massеs floatiЛЕ1 within thе flllid (.;rroшs), сonsis-

tеnt With oгganizing Iibгirr (trbrin сl()t). ,гhе swе|ling ovегliеs thе long
digital ехtеnsol tеndoп (LDЕ), but сloеs not involvе this tеnсlon This

sonogrаm П.as obtainсd s.itlr a 7.5-Mнz sссtor-sсanпеl trallsduсеr сon-

taining a built-iЛ flLtid offsеt at a dispta)'есl с1еpth оf 6 сm. Thе гiglrt
sidе of this sоnogr1l1l1 is latеral elrсl thе lеlt siсlе is mеdial

Soft Tissuе Ntassеs
Sаrcoid,s. Sarсoiсls arе thе most рfеvalеnt еquinе nеo-

plasm and thе most сommon сlf all skin trtmoгs in
horsеs.n., Sarсoids сan pfrsеflt in onе of fotrr wa1,51 "....'-
сolls. fibfoblastiс. miхеd vrгruсous, and fibroblastiс and
flat. Sarсoids may appеar as movablе slrbсutanеorrs
massеs with intaсt ovеrl),ing skin.89 Morе сommonly,
howеvеr, thе еpiсlеrmis ovеrlying sarсoids is thiсk'

Figure 11-35
Soflogгam of thе сloгsal lrspесt of thе fight hiпd lеg obtainеd fгonr a 9-

yеaг.olсi Thorоrrghlэгесl gеldiпg with ..timbеf shins ,. ,Гhе subсutanеоus
tisslrеs aIе lillеr1 with anесlroiс fluid сOntaining fibrinotrs loсUlatiоns
and fibrin сlllmps' ехtеnding thе елtiге lеrrgth of thе dorsal, mеdial'
and latег:r] aspесts of thе thiгсl mеtatllsa| bоrrе arrd suгrounding thе

mеtataгSoplralangеal jсlint Тhеге is an irrеgtrlaг undеrlying bont suгfасс
(аrrоul) witlr dеpгеssioпs сonsistеnt with l1.5i5 and гaisеd аfеas сonsis-

tеnt with prolifегativе сhangе, suggеstilrЕ! fеpеatеd tгаuma to this rе-

giоn. Tl.ris sonografr Was obtainеd with a 7.i-Mнz sесtoг-sсannеI tfans-

i1..... .o,-'toi'.ing a bllilt-in flLlid offsеt at a disPlayеd dеpth of 6 сnr.

Thе гight sidе of this sonogгam is pгoхimal and thе lеft siс1е is distal

Figure '11-37

Sonograms of thе гight lrind lеg obtairrесl fгоm a lo-t.е:rг-old Holstеinег
maге with a laгgе rеsolving lrепratоma. Tlrе laгgе есhogеniс oval пlass

(sm trоm nг-

lrrg Qаrg in

thе y thе hе

bonv suгfaсе есlrо fгоm thе l.olrгth mеtatafsll bonе l.his fraсtuге was

сoйгnrесl $.ith routinе гaсliogгaph1. Tlrеsе sonogгams wеге obtainес1

with e 7 5-MHZ sесtof-sсarrnег tгansduсег сoлtaining ir btlilt.iп flui(l

offsеt at a disPlayесl сlеpth of 6 сm. Thе right siсlе of thе lеtt imagе is

pгoхimal and thе lеft sidе is distal, Thе right sidе of thе гiЕ.ht imagе is

dorsal and thе lеft sidе is plxntaf
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Figure 11-38
xs]) ut OЬI:1inеd

hbгс \()tiсr lhе
thс .s l оr егlr illg
tlsPс г tlоt jпr'rllr-

inЕ] thе sllspеllsoгr' liganrеnt. Irпmеdiatеlу adiасепt IO tili: :\\.с]ling \\ 11!

" 
i'".t...,. of thс sесorrd mеt1lсaгрel bonе. Tl.ris сlisсгеrе ]r]ссhi]1. s\еll.

псg tlf
:г tlrj.
:. 'l]с

..1' ,t]

сЬntaiп soпrе iлtеrnаl есhoеs \\'ithi11 tl-tе аbsссss сэriп Тh:. j . q.jГ]

s,asobtaitlесlп.ithal.5-N11]zsссtof.sсanпегtг]n:duсс]с..::::i]i:]s]
built-iл fluid сl11Ъеt at a сlisplar'еd сlеptlr оf 6 сЛl' Тt.]с :gli >:сс .:,l rhс

lсft imаЕiе is сloгsal аnd thе lеtr sidе is pllnlэг Т-]с fgli: .1jg ..i rilс

riglrt imagе is prсlxinr;rl ald thе Lе|t sidе i: di.tJt

гough, and h-Ypегkеratotiс oг ulсегatеd. Sагсoids aге oftеn

loсally invasivе, oссLlrгing pгimaпh' on thе lrеad. lеgs'

and vеntral abсlomеn. Sonogгaplriс с\iп1it-l,.1tion of thе

tvpiсal sarсOid is not usuall)' pегtbгlllеd \Iildlr ilrr'asivе

flЁ,o,u..u.os сan bе сlеtесtесl in hoг.'еs rr ith sarсoids

Figure 11-39
Sonogгarrr of thе lеft throatlatсh fеЕ]iofl obtainеd from a l(Б'еxг-old

Тhorоtrghbгеd gеlсling following suгgiсal plaсеmеnt of a laq.пgе:rl pгсls

thеsis. ihете ii a largе сollесtioл of anесhoiс loсulatеd tlrrid lt thе
гаtiYе sеfoma. Thеге is ;l

srrгrоtrndiпg fl uid appеars
s sonoЕ.гam was Obtaiпеd
displar'есl dеptlr of 7 сm.

Тlrе гisl]t sidе оf thjs sonogfxnl is dоrsal anсl thе lеft sidе is \'еntгal
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that involvе thе skin and subсutanеolrs tissuеs (Fig.

nation of thеsе massеs WaS not pеffoгmеd in thеsе horsеs

but would havе tlееn usеfi]l in сharaсtеrizinЕ. thе invasivе-

nеss of thе tllmof priof to sllrgеry. Thе lipoma should
havе a somеwhat hеtегogеnеous aрpеafanсе in thе sub-

сLltanсolrs tissuеs or Whеn invading thе musсtrlaturе.

Helпа Hаtnаrtomаs' Ilemcn'giosаrco-
|nc|s' Iу ,п,rs. vasсular nеoplasms involving
thе skin afе unсomпlon. llowеvеr, vasсular
skin nеoplasms havе lэееn геpoгtеd from all аrеas of thе

horsе, most frеqtrеntly involving thе limbs.9r 96

Hеmangiomas afе mofе сommon and havс bесn ге-

portеd most ttеquеntly in yotrng hoгsеs.9r Many hеmangi
Ьmas and hеmangioеndothеlionras in hoгsеs аге с()ngеni-

tal and arе pгеsеnt in affесtеd tbals at birth.9] 9, Malignant
r-asсulaг tumofs (hеmangiosarсomas) arе mofе сommon
m oldеr lrorsеs.9] 9s Hoгsеs with this disordеr prеsсnt
п rtl-r stLpегfiсial tluсtr'rant to nodtrlar massеs that vary in
sizс tгom 1'5 to 31 сm of laгgеf.9r oftеn thеrе is a history
oГ gгaduallr еniaгgiлg massеs in tlrе skin of subсutanеous

tissrrеs' Tlrе r-asсulaг mаssеs iгеqtrеntl'v Lllсеfatе, and

blееdir-rg tгoпr thе aгеes Of ulсегation lnaY oссLlf' еspе-

сiallr tbllos-ing strpеrttсial tгallma.,i
\ asсular malfoгmations suсh as lratrraгttlmas havе also

bееrr геpoпеd
o\.егgroq-th Of
t\\-ееn hеmang
сult, although t
ativе and immatuге.9] 9б

Lymphangiomas oссuf infrеquеntly in horsеs and havе

Figure 1 1-40

jnto thе aсljaсеnt musсLllatlrге (аrrслls). An ехсisiorral biopsy оf сlnе оf

thеsе massеs геvеalесl a lorv-gгadе Iibгosaгсоma. Thеsе sсlrrogт:rпrs wеге

Obtainеdwithа75-N{Hzsесtor-sсannеrtгansdtrсегсontainiпgal)uilt.
irr fluid оffsеt at a displavеd dеpth of 6 сm f.hе гight sidе of thеsе

sotl(]grams is tсlward thе lеft sidе of thе hoгsе
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Figure 11-41
Sonogгams of a latgе сLltanеolls r.asсrtlaг m1lss in thс thгoatlatсh rеgkln obtainесl fгrlm а 2-vе:rr-сllсl Тhoгоrrghbгеd fill) With a hеmangioma Тhе
mass l.ras a morе solid, but vеrv vasсulаг. сOmpoпеrrt (J) ъ.ith a nеtwoгk of vеп- laгgе vеssеls ехtеnсliпg гostгall1. aloлg thе linguofaсial vеin (B)
Thеsе sonogtaлrs wеfе obtxinеd witlr x ] 5-NrHz sесtof.sсanпеr trltпsdlrсеr сontainiпg a bllilt in fluid ot1Ъеt at a сlisplar.есl сlеpth of 7 5 сm

,4, Thе mass is adjaссnt to thе maпdib|е It hаs a vеп, vasсular aPPеarxnсе' witlr есhogеnjс tisst]с intегspеfsеd with a nеtwork оf small anесhoiс
vеssеls and r.asсulаг sp,lсеs (аrrс.ltt,ls)' Тhе right siсlе of this sonoЕ.fam is dоrsal and thе lеft sidе is vепtгal

B, AdiaсеIrt to thе rтr()rе sсllid poгtiorr оf thе nrass is this ехtеnsivс nеtwofk of nrarkесlly dilatеd vеssеls (аrrotrheасls) гtulning rostгall1, alongsidе
thе linguofaсial (L-F) \.еil1 Thе гight sidе of this sonogran] is fostml anсl thе lеft s:idс is сluda|

bееn rеpoгtеd in thе hinс1 limb' abdomеn, and гrtгopеfi
tonеum of onе сolt.9- This сolt pгеsеntеd with multiplе
nodular massrs in thе lеft ingrrinal rеgion and pгеpl'ltial
massеs. Thе massеs pro8rеssivеly еnlafgеd and invadеd
thе surгounding tisstrсs in this сolt, lеading to his htrmanе
dеstruсtion.

Sonographiс еvalllation of thеsе massеs rеvеal f]uid-
flllеd massеs in thе skin and subсLrtanеolls tissllеs With

Figure 1 1-42
Sonogгam of a difftlsе l,сntгal abdominal swеlliл€l obtainеd frоm a 16-

,vеaг-old Tеnnеssее walking Horsе gеlding Tlris irnagе was tlbtairrеd
fгom thе сеntеf of tlrе mass Tlrе swеlling is сliffusе and hеtеfogеnеorts
with pooгly сlеlinеd margins in thе slll)сutanеOlrs tissuеs (сtrroшs) Т|lе
mass has a Iinе multiloсLllatеd appеaranсе similar to that of i spollgе
At thе еdgе оf thе mlrss thе subсLrtanеolls tissuеs fеmaiп thiсkеnе(l but
aIе moге есhogеniс anсl |сss flnе]y ]oсtllatесl Thе frnеl1' loсulatеd
appеагallсе of this mass sllggеstеd a nеoplasm сlf vasсrrlaг сlг l1'mphatiс
oгigin No blood flow сould bе dеtесtеd iп thе loсLllatеd spaсе in this
mass with Dopplег rrltrasourrd An ultгasound-grridесl biopsу of tlrе mass
геvеalеd a lуmдlhangiomx This sonо€.гam П.as OЬtainесl with a 7 S-NIHz-
sесtof-sсannег tг;rnsduсеr ;Lt lL disрlayесl dеpth of 6 сm Tlrе гight sidе
of this sсlпogram is сгanial and thе lеtt sidе is сaudal

есhogеniс sеptaе (Fig. 1 7_41,). Laryе arеas of hypoесhoiс
tissr'rе with a spongеlikе appеaranсе may bе imagеd in
somе affесtеd horsеs, assoсiatеd With thе pfolifсfation of
small vеssеls and еndothеlial tissuе (Fig. 11_42). Sono-
graphiсally' moге bеni€.n vasсLllaf nеoplasms may appеaf
similar to homogеnеolls hypoесhоiс gгanulation tissuе.
Manу blooсl vеssеls may bе dеtесtеd Within or assoсiatеd
with this mass (Fig. |\-13). Aтtеriovеnous сommlrniсa-
tions may bе dеtесtеd within thе vasсular mass. Есho-
gеniс soft tissuе massеs with small anесhoiс сavitations

Figure 11-43
Sсlпogгam of tlrе lеft dorsal mеtlсaгpal геgion OЬtainеd fгсlm a p-yеaт-

olс1 Mсlrgan gеlding with a vasсtilaг hamaftoma Тhе mass lras atl ovегall
hеtеrogеnеous h1poесhoiс xppсaгrnсеj similaf to that of gгanul1ltion
tissuе but was laсlеn With small arrd largег blood vеssеls Thе mass
was сallsing somе rеaсtion in thс rrndефing mеtxсxгPlrs dсtесtеd as

lггеgulaгitiеs in thе bon1' suгflrсе есho Ехсisional biops1, сlf tlris mass
rеvеalеd it to bе a vasсrtlar hamaftoma Тhis sоnogram was oЬteinеd
with a 7 5-MнZ sесtol-sсlпnеf traflsdllcег сontainin€. a built-in fluid
offsеt 21t a displaуеd dеpth сlf 5 сm Thе гight sidе of this ьonogгаm is
pг<lхim:rl aлd thе lеft sidе iS distal
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havе bееn imagеd in sеvеral horsеs with hеmangiosarсo-
mas (Fig. 7\_44); thеsе massеs may involvе primaгil-v thе
subсutanеous tissuеs (Fig. 11-45), fasсia (Fig. 11_45), oг
skеlеtal musсlе (Figs. 1|_44 aлd \|_15). Thе ехtеnsiorr
of thеsе есhogеniс massеs into diffеring brrt adjaсеnt
tissuеs is сonsistеnt with a hеmangiosarсoma, as тr-еll as

with othег malignant nеoplasms. Hеmangiosaгсoпla alsсl

fгеquеntly involvеs thе plеura' and a hеmotlroraх mar bе
dеtесtеd сonсurrеntl1, in somе horsеs With sllpегhсial
hеmangiosarсomas! suggеsting widеsprеaсl mеtastesеs
(Fig. I 1-46).

Involvеmеnt of thе adjaсеnt flеxor tеndorrs. srnor-ial
shеaths, oг musсlе havе bееn rеportеd in lroгsеs тr.ith
hеmangiosarсomas.95 96 98 Althouglr musсlе inl olr-епtеllt
was not dеtесtеd сliniсally in sеvеral horsеs тr-ith пlеta-
statiс hеmangiosarсomas, it сould havе bееn dсtесtеd
ultrasonogгaphiсally'95 99 Thеsе afеas aге сhaгaсtегizеd br
largе arеas of musсlе flbег disruption and fluiсi aссuп-tula-

tion (sее Сhaptеr 3)' Involvеmеnt of thе suггоundiгtg
struсtufеs indiсatеs a mofе invasivе mass and ;t пr;Lign.rrlt
nеoplasm should bс сonsidеrеd.96, 98. 99

Melапocуtomаs' Melаnomаs. Меlanoсrтoпl]: (bс-

nign mеlanomas) arе bеnign tlrmofs tltat oссtlг п-t.lst

frеquеntly in young hofsеs.'.,., Thеsе tr'rn-roгs lJLсuг in
horsеs of a variеty of сoat сolors, and ulсегetitln .li tl-tс
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ovеrlying еpidеrmis is сommon. Mеlanoс1tonras arе soli-
tary tumofs, usually loсalizеd on thе lеgs oг thе tп.rnks
of horsеs. In сontrast to mеlanomas in oldеr horsеs,
mеlanoq.tomas afе not fbund in a pеrinеal loсation...,.,
Thеsе tumoгs arisе from mеlanin-proсluсing сеlls at thе
еpidеrmal-dеrmal j unсtion' l ()()

Меlanomas havе a high inсidеnсе in oldеr gгеy horsеs,
arе oftеn multiplе, and involvе thе pеrinеal rеgion, thе
rtrlva, and thе rrndеrsidе of thе tail..r2, 1ol othеr prеdilес-
tion sitеs inсludе thе parotid salivary gland' thе hеad
tlеlow thе еntranсе to thе pinna, and thе margin of thе
l^f |I з2 .0. Mеlanomas in oldеr horsеs сan bе haгd oг soft
and may bе singlе or multiplе. Thеsе tumoгs aге usually
slowly еnlarging dеrmal massеs' tуpiсally сovеrеd by in-
taсt еpidеrmis. ovеr timе, somе mеlanomas сan bесomе
ulсегatеd and infесtеd,]l but thеsе q,pеs of tttmors usu-
allr- gгow slсlwlу ovег yеafs without mеtastAsis.]l 42 l0r

T1rе bеnign gгowth may, a1tеr many yеaгs) suddеnly as-

sumе malignant сhaгaсtегistiсs and mеtastasizе .'l. 12' r0l A
tЪп mеlanoс}tiс tumors arе nralignant from thеir fiгst
appеaгanсе and геadily mеtastasizе, usually to thе lrrngs,
splееn ar-rd livег il i] l()l A foal with a сongеnital malig.
пant mеlanопra lras bееn геpoltеd...,,

\IaLig]ar-rt пlеlanomas and mеlanosaгсomas havе bееn
IсP()гtеd in tlrе nlusсlеs of lroгsеs pfеsеIlting with lamе-

Figure'11-44
Sоr-rogгlms of thе lеft inguinal геgiоn. lеft сеr-viсal alеa. and гight
aхilla obtairrеd fгom а 9-.vеar-old Appaloosa trraге witlr multiрlе
гlpid growing swеllirrgs Thе massеs in\,оlvе thе subсutanеous
spaсе. mttsсlе flsсiа arrd arе irrr'ading into thе adjaсепt musсlс
l.hе massсs ha\.е a hеtеrogеnеoLts sonoЕ.faphiс appеагatlсе сonsis-
tсnt with nеoplasiа Llltтasottnd-guiсlесl biops1- сlf thеsе massеs
геvеa[ес1 hеmangiosaгсorrra Tlrеsе Sonograms wеIе obtainеd with
a 6 O-MHz tlliсгoсonvеx п,idе-baпсlwiсlth transсluсег opеrating, at

5 () MHZ at a displa}еd dеpth of 5 сm (А),6 сnr (B), ar-rd 12 сm (С)'
r1, Тhе mass (аrrсltlls) irr thе lеft ingtriпal aГеa iS mostlY есho-

gеl1iс i]ut inсludеs h,vPоесhoiс arеas (figbt illlсtgе) lnd сar,itatеd
теas (lф im.lge), соnsistеПt with a nесl1llasm Тhе mаss is пlostly
in thе subсut1lnсous spaсе bllt also irrvсl]r'еs tlrе adiaсеПt mr.lsсlе
aпd mrtsсlе fasсiа Thс right sidе of both iпlag,еs is сranial and thе
lеft siсlс is сaudal

,B, Thе t-nass (аrrоuls) in thе lеft сег!'iсal геgion has disгuptеd
tlrе сегr.iсal mUsсLllatlrге Thе пrass is wеll сiгсunrsсгibеd in sоmе

aгеas but has pooгlу сlеflпеd rrraтgins in othеf aгеas A small lLгеa сlf сaуitatioп is imagеd in tlrе сеntег сlf this mass Thс гight sidе оf thе

lеft imagе is dofsal anсl tl.tе lеft siсjе is vепtгal 'Гlrе гight sidе of tl.rе гi!.ht imagе is сг,nial аlld thе lеft sidе is сarrdel

C Thе mаss (аrrОшs) in thе гight ахilla is vеп- есhоgеniс aпd hаs disfllPtсd thе rеgiсlnal mtlsсrrlаtuге .Гhе mass again has a

hеtеfo!4еnеolrs sсlnogгaplriс appеafanсе сonsistспt п.itl-t nеoplasia .l.l.rе гight sidе Of thе lеft imagе is towarсl thе fight anсl thе lеft siсlе is

tow'lгd midlinе Thе гiglrt sidе of t]rе fight imagе is сгa11ixl and thе lеft sidе is сattdal
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Figure 11-45
soпogmm of an есhogепiс stightlу hеtеrogеnеous пass (аrrou,ls) ill lh'е
геgiоn of thе lеf1 tгiсеps musсlе oЬtainсd fгonr a J-r,сaгоlсl Thoгough.
brесl fillr. .l.his mass is loсatсd in t-hе slrbсutanеolls spасс brtг hlt>

invadесl thе adjaсеnt triсеps ml]sсLrlаtufе Thе mass has a пultiollulatеd
appеaгanсе and is a soti tissuе flass. пlost сot1sistеnt witlr a nеoрl1lsm
lJltгаsound-guiсlесi biсlpsv сlf this nrass rеvеalеd a hсmаrrgiоsarсtlпа
Tlris soлogгam was obteinеd witlr a Widе-b1rпdwidth 7 5 МHz linеaг-
arгаt. tгarrsduсег Opегating lt 1() 0 МнZ with a hand-hеld stаrrdotТ llаd
at a displa1'сd dеpth Of 6 сm Thе fight sidе of this sonogram is dсlгsl|
and thе lеft siсlе is vсntгxl

1lеss.lo]-lo5 Mеlanomas havе oссurrеd in сoniunсtion with
malignant lymphoma in onе oldеf gfеy stallion.t.'..

Most bеnign mеlanomas in oldег gfеy hofsеs havс
a homogеnеous есhogеniс sonographiс appеaranсе and
distinсt bordеrs (Fig. 1i-47). A somеwhat mofе hеtrrogе-
nеous aрpraranсе is sееn With thе moге invasivе mеlano-
mas, whiсh involvе skеlеtal mlrsсlе (Fig. 11-48). Lysis of
thе undеrlying bonе ma)/ also bе dеtесtеd with moге

aggrеssivс mеlanomas (Fig. 11_49). Thе morе eggгеssiYе
malignant mеlanomas havе a morе сomplех sonographiс
appеaranсе and irrеglllaf bordеrs (Fig. 11_50). Malignant
mеlanomas usually invadе adjaсеnt tissuеs and dеstro\.
thе normal afсhitесtllfе of that tissuе.

Сut апe ou s lу mp lэ сl s аr c omа. СLLtanе ous lympho saf -

сoma is a tumof of thе skin and sllbсutanеous tissurs
that is infrеquеntly rеportrd in hoгsеs. Thеsе lеsions
may appеaг suddеnly but trsually еnlafgе slowly. Affесtеd
horsеs usllally lravе multiplс subсtrtxnеolls nodulеs that
vary in sizе tiom < 1 to 20 сm in сliamеtеr. Tlrе massеs
сan bе found in thе skin and subсutanеous tissllеs all
ovеr thе bod1., possibly involving pсriphеral lynrph nodеs
and intеrnal ofgans also.'.,- tol fhg mass assoсiatеd with
сutanсous lymphosarсoma qrpiсally appеaгS homogе-
nеolrs sonographiсally and may bе disсrеtе or ссlalеsсing
tFig. I l-sl).

Squаmous Сell Саrсiпomа. Squamotrs се11 сaгсi
noma is thе most сommon oral or pharyngеal tlrmof
rеportеd in horsеs.tl0 Thе ехtеfnal malе gеnitalia is thе
most сommon геpoгtеd sitе of squamous сеll сarсinoma
(44,s%), followеd bу tlrе hеad, еyе, and oсtrlar adnехa
(43.7ol') and thе fеmalе gеnitalia (1.2%),|II ... Squamous
сеll сarсinoma also o1tеo dеvеlops at thе sitе of lr pгеvi-
ous sсafll] or burn. Tlrе mеan a€.е Of affесtеd horsеs in
onе largе stlldy Was |2.4 уeers.|\' Squamotts сеll сarсi
noma oftеn prеsеnts as nodular ulсеrating massеs invoh.
ing thе afoгеmеntionеd stfllсtufеS. Thеsе massеs usrrally
havс a сompositе sonoЕ.гaphiс appеafanсе' tlttt a homo-
gеnеous sonographiс appеaranсе ma1, also bс imagеd,
oftеn in thе morе slowl1. growing tllmofs.

Оtlэer Neoplаslпs. A widе variеty of othеr nеoplasms
maу oссuf in thе skin, subсutanеous tissl'lеs, or supегfi-
сial musсlеs or supеrfrсial strttсttrrеs, сausing visiblе
swеllings oг massеs. Thеsе massеs may havе a homogе-

Figure 11-46
sonogгams of a mass on t|]е lеft thoгaх .д) and оf thе right sidе сlf thе tlroгaх anс1 ab<lomеn (B) obtainеd ltom a 5-уеar-old Тhoгoughbгеd 1illr

with ЪеmangiosarсOma This fill.v pIеsеntе(l for hind linrb lamеnеss anсl was anеmiс аt thе tilПс of pгеsеntation .-Гhеsе sonсlgranrs wеге obtainеd

Witha75-MHZsесtOт-sсanrrегtransduсеrс0ntaiпingabuilt-infrfс1оffsеt(А)мс|l25-NII1zsесtor-sсxпnеrtгansduсег(B)..Lt,.1с1isplaтеd
6 сm (,4) and 30 сm (B)

,.1, Thе wеll-еnсapsrtlatесl hеtеIogепеous oral mass (drroш,S) ol.егlуing thе vеntгal aspесt оf thе lеft sе\.еnth гib пrеasrtгеd 4.65 сm widе anсL

2 69 сm thiсk. Thе sonrеwhat hеtеrogеnеous mass invo]vеs thе subсutanесlus tissuеs ovегlr.ing tlrе rib aпd somе of thе adiaсепt ifltеtсostirl

musсulaturе Thе mass appеaIs to havе сonсеntгiс гings of tissllе' сfеating its oval shapе Thе гight sidе of this sonogгam is сr1rnial anсl thе lеti

sit|с is t.audaI
B' Thе lLшrg (L) is inragеd in thе сloгsalnrost portion of thс right sidе of thе thoraх with thе есhogеniс sП.iг]ing P1tttеrn сOпslstеnt w-lttl

hеmothoгaх dеtесtеd filling thе plеrшal сar.itr'to a linс 22 сm doгsаl to a linе lеУеl with thе point of thе shоuldсг 1.hе diapl.rтagnr (D). livег. and

сolon arе imasеd in thе abdominal сaviw Thе right sidе of this soпllgram is dorsa] and thе lеft sidе is vепtгal
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Figure 11-47

iп tluid otТsеt :rt a displayеd tJеptlr of 7 5 сm Thе гighт :idе of this

sollogгam is сraпial and thе ]еft siсlе is сaudа|

nеolls of сompositе sonographiс appеaranсе. \Iassеs ma1.

bе wеll dеmarсatеd (Figs. 11_52 and 1l_53) oг lravе

irrеgular ma
сompositе s

malignant, a
that invadе

Figurе 1 1-48
sonoЕ]rams of thе гight sidе of thе nссk Obtainеd frorn a gгеr (ъr'еаг-

сllr1 Tгaklrепеr gеlсling with mеlanoma Tlrе laгgе multiОbulatеd п1ass

(аrroш's) with a сomplех Pattеm оf есhogеniсit1. соmplеtеlr' disгuPtеd
thе сеп'iсal musсulatrrе aпсl ехtеnсlеd dееp to thе сеП'iсal r'егtеbгaе

Tlris nrass ntеastrгеd ]0 сm long, 12 сm in a dorsal to vеntгal diгесtion
aпd 8 сm сlееp Thс сallсlalmost aspесt of thс mass соnt.tinеd mогс

lromogеnеous massеs .r&,t,, imа[!е) thaI wеrе h1рoесhoiс tlг есhо
gеrriс' whiсh mа.v fеPгеsеnt a moге bеnign сomРonеnt t)f thс nrаss

Thе геmainс1ег of tlrе rn:rss (left i1,11аgе) appеarеd Yеry hеtегog'еnеolrs

With h]'pеfесhoiс aгеаs сastinЕ. aсollstic shadows сonsistеnt п-itlr aгеas

of сa]сijiсatiorr. Тhis ссlп1plех pllttегл of есhogеniсitY is сonsistсnт п'ith

an aggгеssiYе nеoplasm Tlrеsе sorrсlgгams rr,сге olrtairrеd with ;l wiсlе-

bandwiсlth 6 O-МHz miсfoсoш.ех liпеar-arгav tгansduсеr oPегating at

7 5 MHz xt a dispta)rеd dеpth of 7 сm Thе гight sidе of thеsе sonogгams

is doгsal aa(l thе lеtt si(lе iS vеntfal

С|эаPtеr I 1 (лtrаsoпogrаphiс EuаIl|.utio'| of SmаIl Pаrts 5o3

Figute 11-49
Sonogfam оf a mass in thе fight tеnlpoгal rеgion obtainеd fгonr a 9-

.u.".-ol.t grеу Tlrоrotlglrbгеd gеl<ling (samе as in Figuге l1_1э). This

nrass is есhogепiс to h1,pеrесhoiс and hеtеrogеnеotrs, ovеfl).ing thе

right tеmpor:ll bсlпе anсl fеsultiпЕ] in an abnorrnal Ьоn1. suгfaсе есhсl,

сonsistеni with a rnalignant mеlarroma. This sonogгanr q,.as оbtainеd

With a 7 5-Мllz sесtor-sсanпег tгansсluсег сontaining a built.in fluid
offsеt at a сiispla-vеd dеpth of 6 сnr Thе fight siсlе of this soпogram is

doгsal aпd thе lеft sidе is vеntfal

afсhitесtlrге. Anесhoiс afеas within soft tissllе massеs arе

сonsistеnt With tumor nесfosis. l-Гltrasound-gllidrd biopsy
of еxсisional biopsy of thеsе massеs is nесеssary to diag-

nosе thе tumof typе dеflnitivеly.
Amеloblastomas afе tumoгs of thе ofal сaviq, in horsеs,

usllally involving thе mandiblе; thеy arе loсalh. invasivе

but гarеly mеtastasizе.'15. 116 Thеsе tumofs arе most fге-

quеntly fеpoftеd in oldеr horsеs and fеslllt in markеd
сoгtiсal thinning, with aгеas of сortiсal disrr.rption. Amеl-

oblastomas сan bе imagеd through thе thin or disfuptеd

Figurе 11-50
Sorrograrrr of a mдss at thе basе Of thе lеft еaг obtаinеd tiсlш a 19-1,еaг-

old Qtlaгtеr ЕIorsе m1lrе with an irl-asir.е rесuгтing mеl:rnoml Thе mass

lrаs a сomplеx sоnographiс appеaIanсе п.ith hу1lеrесhсliс aгеas сasting
aссlustiс slradows (аrrсltlls), есhogеrriс агеa' and h).pоесhoiс arеas Thе
hr'pеrесlroiс arеas fеplеsеnt arеas оf сalсi1iсltioп. Thе loс1ltiоn of this
mass and its hеtеroЕiеnеous appеaгanсе соntaining aгеas of саlсiliсation
сlr bonе afе сonsistеnt witlr a nесlplasm Tlris sonoliirm was obtainеd
\'ith a wiсlе-bandwidth 6 0 M}IZ miсfocoш.еx linе2г-arfa]- traпsdtlсеr
opегatin!] at 10 () М}lZ at а dis1rlaуеd dеpth оf 4 сnr Thе right sidе of
tl.rе sсlnogгam is сгaniдl anс| thе lеtt sidе is сalrdal
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Figure 1'l-51
soIrogгamsоfmultiplеmassеsa[оngthеvеotгilabсloпеnobtainеdГronra-t.5-уеaг-оlс1.l.hсlгotrglrbrесlnlarеwithсutanеoLls
massеs Wеге геlati\,еlv сtisсfеtе аnсl rr.еll сlеmaгсatеd fгоm thс suггorttrdirrg tissllеs аnd wеге hr.poесhoiс Iеlativе tO thе suггollnding tissuеs A

Ьiops1. of thеsе massеs геvсalеd сLltanс()Lts lvmphosaгсoma .l.hеsе sоnogгams п.еrе obtainеd s.ith a 7 5-\ЦНz sесtor.sсаnnсr tranьduсеf сontaining

1r bllilt-in fluiсt oftЪеt at a displаr'ссl dеptlr of (l сm
.4' Thеsе massеs ..s'?l,ll аirсlu,s) traiе a геlatir'еl1- homogеnсоrts есhоgеniсitl' \ь'ith thе еxсеption Ol thе most supегfiсial poгtion of thе lеft mass

wlriсlr is mOге anесl]oiс at thе skin еdgг- (lаrgеr .rrrОLu). Tl.rе гiglrt sidе of this sonogmm is thе lеft s-idе оf thе hoгsе

B, This mass (slttаIl сtn'оtt,s) has a moге hеtегogсnеOus soпographiс aPpеafxnсе witlr а laгgеr anесlroiс afе:l nсaг thе skin Qаrgеr аrroul) and

slight vxIiatiolls in paгепсhr.mal ссtlogеniсiг)..rпd tеxturе thгotlghollt thе mass' Thсsе aпесhoiс ltrе1ls aге сo|]sistеnt with aгеas of nесгosis. Thе

гight sidе of this soпogгam is thе гiglrt sidс оf thе abdomеn

сortiсal bonе and typiсall-Y havе a сomplех sonographiс
appеafanсе. Сystiс spaсеs ma), bе imagеd within thе mass.

ostеomas arе most frеqtlеntly fеpoгtеd in thе mandiblе
of hoгsеS and ma-Y lravе arеas of lуsis thror.rgh Whiсh e

poftion of thе mass сan also bе irnagеd. A сomplех
рattеfn of есhogеniсity is usllally pfеsеnt in ostеomas
and ostеosafсomas.

An ossif1.ing fibroma assoсiatесl with thе fight sidе Of
thе mandiblе was imagесl in onе 2-),еar-old filly anсl was

Figure 11-52
Sonоgгаms оf tlrе уеntгal abсlсlmеn оbtаjnесl fгonr a 9-r.еar-old Thof
oughbгеd gеlding, s.ith rесrrггing vепtral еdеml aпd subсLttаnеolls
massеs alorrg tlrе \.еntral abdomеn Tlrе oval есhсlgеniс slrbсLltаnеOus
mlss (stпсtll аrroшs) in thе lеtt imаgс is loсatеd along thс Yеntral
miсllinе anсt appеаrеd l.еll dеmaгсatеd fгoпr thе srtrгotшdirrg tissttеs

To thе right of miсllirrе in thе гight imagе liеs a lavеr of xПесhoiс
sеptatеd slrbсtltanеous tisslrс соnsistеnt With еdсma (Sl11(1ll аrron^s)
Thе hofizontal aггow pоints to tlrе stlpегfiсial allсlonrinal musсrtlatltге
Thе fight sidе оf thе гight imаgе is to thе гight Of tlrе alldomеn anсl

thе lеft sidе is towaг(l thе nridlinе Тhс fight sidе сlf thе lеft imagе is

сгaniдl arrd thе lеft sidе is сarLdal

sllссеssfully fеmovесl sllгgiсally Withollt rесLlrfеnсе (Fig

||_51). A lrbrosarсoma in thе slrbсutanеolls tissllеs of thе
right flank of anothеr horsе had widеspfеad mеtastasеs to
thе skеlеtal musсlеs, lymph nodеs, intеrnal ofgans, and

vеffсbгal сolumn.r1r A flbroserсoma has also bееn гс-

poftесl assoсiatеd with bufn sсafs in a hofsе-lla
A rhabdonryosafсoma in thе dееp digital flехor musсlе

()f a hofsе oссuffесl as a small сtltallеous mass on thе
mесlial aspесt of thе hсlсk. Thе mass had grown in thе
sс\Iеfal months priof to pfеsеntation and was sеnsitivе
on palpation; thе hofsе Was also lamе in this limb.,.
Sonographiс ехamination of this mass геvеalеd it to ap-

pеaf as homogеnеous soft tissuе sllfrollnding thе dееp
сigitat flехor tеndon. No сommеnt was madе On thе
sonoЕ.faphiс appеafanсr of thе dееp digital flехor mtts-

сlе, whiсh was сomplrtеl1. rеplaсеd by disorganizrd tis-

suе in its сlistal half at postmortеm ехamination. This
disorganizесl tissuе shсluld also havе bееn dеtесtablе so-

nographiсally.
An anaplastiс Safсoma was fеpoftеd in thе сaudal thigh

of Onе horsе..'" and anothеf horsе had a сafсinoma in
thе adduсtof musсlе. whiсh had mеtastasizеd, primaгilr
to thr lungs.lr9 Both massеs should havе bееn dеtесtеd
aS laf€.е сOmpositе sсlft tissuе_dеnsity massеs disrupting
tlrе musсulaturе of tlrе thigh, had sсlnоgraphiс ехamina-
tions of thеsе arеas bееn pеrformеd сеntfal nесrosis of
thеsе laгgе tlrmoгs tlsually apprars as a hypoесhoiс to

anесhoiс afеa, Whiсh may oссasionally аppеar loсulatеd
In onе horsе, a kеratoma was imagеd aS a soft tisstrе-dеrr-

sitу mass bеtтvееn thе hoof and thе sесond and third pha-

langеs. Radiograplrs of thе arеa had bееn inсot.tсltlsivе.,..'

PunсIure Wounds, Draining Tracts, and Forеign Bodies

Punсtuге wortnds сlссuг frеqttеntl)/ in horsеs' and thе
pеnеtration of vital stгuсtufеs is oftеn diffiсult foг tlrе
vеtегinarian to dеtеrminе. Ultrasonogгaрhiс ехerrrinatioгt
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Figure 11-53
Soпogгanrs of twtl rrrassеs ]oсatеd orr thс гight sidе of thе faсе

bеlсlw thс гiglrt еvе obtainеd fiсlm a 29-1.еer old StandardЬгеd

п1aге Аn Llltгasound-llllidесl biopsv оf thе l;tгgег mass rеrеrlсd ltl
tlпсti1Теrеntiltеd сarсinoma Thеsе sotrogгams wеге obtlinеd with
a - 5 }IHz Sесtoг-sсallnеf tгlnsduсег сoпtaining а built-in flLlid

otТsеt at a сlisplar-есl сlеptlr of 7 сrrr (,4 and B) anr1 6 сm (С).

1' Тt-tе long-ахis iПagе of thе largег mass has a somеwhat

lrеtегtlgеlrесlus sсlnоgг:r1lhiс аpреaranсе nrеastrring 6 11 сm long

br j J9 сп-r LhiСk (аГrОII's) Тhе lrrajoгitv Of thе mаss lras a somе

rr]hаt ttniIbгl-tr есlrogеIliсiп but thеге is a snral] сепtгal irrеa Of

inсгеasеd есhOgеIliсi1\' (lаГ['.е а1 rОu') alrd a smаll dееpеr anесhoiс

:rгеa аdjaсеtrt to thе rlпсLегh jng bonе Thе lattеr pгtlbablу rеpте-

sеnts песГOsis of tlrе пlass (с1iа.чrэltсtI IIp аГГоL|'). Тhе rrndегlтing

bonе is iгrеgrrlar aпсl dсрrеssссL assсlсietес1 sith bоnr. h-sis Thе

mass appеars tсl bе псlI еlrсapstllatеd аnd tо iгrоlrе thе aсljaсепt

bonе ihе гight sidе оf tlris sotrоgгenr is rоstгal arrd thе lеtt siс1е

is сatldal

B, Thе shoгt.aхis rmаgе of tl.tс laгgеr mаss rеrеals it to bе fаirh'homogеtrеоus, althor-rgh thе dесpег anесl.tсliс aгеa is imagес1 adjeсеnt

to thс dееp bonY есho сОnsistеnt \\ith tissrrс nесгOsis (ltlr[!е аrro11)) Thе masr.rpреaгs to огiginatе fгоm thе bonе in this imagе as mOге

пormal bon,, srrгfaсе есhoсs аге inl:1gеd оn еitlrег srdе оf ihе mass (аrrotlls) Thе right sidе of this sonoЕ]fam is dofsal and thе lеft sidе

somеrr.hlt \\'еll еnсapslllаtеd anсl sсlmеwhat hсtеrogеnеоLts soлograplriсallу with a h1pегесhoiс

Тl.ti: mass llеasuгесl l 89 сm dеер (х.) bу J 47 сnr long (х,) Thе гight sidе of this s()ПoЕ.гf,nl iS

is Yеntгal
C Thе smallег шass (llrr.O..'.', ls l1l5o

rim and small hypегесhoiс a]:еas s ithin
гostгal anсl thе ]еft sidе ls сaud:rl

Figure't1-54
rlrе ith an ossifуing flbгоma. Tlris

lllсit aг thе pеfiphеry of tlrе mass

a 1 - Offsеt at a displa1.еd dеpth of

thе
andi Тlrе mass, whiсlr is Ovf,l with

a sliglrtlr, irтеgular еd ftom thе tuгеs

B, Thе lrrass (o1, ссlrсlgсniс ^ ro1Lls ission of thе LrltгasouЛ.l bеam

fol a shoгt distaпс of thе mass h сlеr :rppгoхimatеl1. 8 сm long and

6 сm чridе
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of thе punсturе Wound еnablеS thе vеtеrinarian to гapidly
dеtсrminе thе path of thе pеnеtrating objесt and whiсh
strlrсtuгеs Wеrе dama€.еd in thе Pfoсеss! simplifi.ing thе
diagnostiсs nееdесl to makе an appгopriatе tfеatmrnt
dесision.

Thе есhogеniсity of thе tгaсt thе pеnrtrating objесt lras
madе through thе tisstrе variеs, гanging from anесhoiс to
h1'pегесhoiс, dеpеnding on thе dеgrее of hеmorrhagе,
wlrеthеr an air-lillеd struсtuге мras pеnеtfatеd, if thеrе is
a strсking wotrnd, and thе timе that has lapsеd sinсе thе
injury oссuгrеd. If thе thoгaсiс сavity or lr'rng is plrnс.
tuгеd, a hypеrесhoiс traсt is pгodtrсеd through thс
dееpеr thoraсiс musсulaturе (Fig. 11-55). If thе rrndеrly-
ing bonе is involvеd, a hуpoесhoiс to anесhoiс bony
dсfесt should bе dеtесtеd at thе sitе of bonе punсtlrге
(Fig. 11-56). Thе involvеmеnt of a sуnovial strttсturе
suсh as thе joint (Figs. 11_57 and 1l_58) or tеndon
shеаth (Fig. 11_59) сan bе dеtеrminеd' so that apрro-
priatе aggfеssivе trеatmеnt of thеsе сontaminatеd struс-
tllгrs may bеgin promptly, improving thе pгognosis. If
thе ptrnсtuге wound is morе k)ng-standing, markеd soft
tissuе swеlling is oftеn sееn in tlrе injurеd tissttеs and thе
original tгaсt into thс tеndon shеath (Fig. 11_59) oг joint
(sее Fig. 11_58) is сlеarl1. imagеd. Thе traсt assoсiatrd
чzith thе original injury сan bе imagеd fbr wееks of rvсn
months aftеr thе skin wсlttnd has hеalеd ovеr and should
bе сarеfully sсrееnеd for forеign matеrial that may havе

Figure 11-55
Sonogram of a tгaсt in thе intегсOstal mrrsсulatrtrе assoсiatеd with a
punсttrrе wound tсl thе thoraсiс сavirv Sllstaiflеd 3 hotrгs еarliеr whеn
this 3-}rеaf-old Thoroughbгесl filly fЪll into thе guaгсlгail дt thе traсk,
pllnсtuгiпg hеr sidе with thе bгokеn гаil Tlrе еntгanсе wolmd at thе
skin was с]сarlr, visiblс 2 houIs Latеt (diаgonаl dolL'п аrron^) aпd thе
tгaсt W:ls imagеd, ехtеn(ling towafd thе 7th rib (7R)' whеrе it was
dеllесtеd сгanially (-l.1 oriz О пt аl аrrrl ш' ) t|l тotlgh thе intеrсostal m trsсula-
tlrfе into thе thoгaсiс СaУiLу (diаgo|1сIl up аrroL|). Thе path that thс
pсnеtгating objесt took was сlеarl1'lisiblе 2 houгs latег. сlеmoпstrating
that thе thогaсiс сa\,it),- ч.as pспеtratеd b1. thе brеak in thе есhо liom
tlrе paгiеtal plеuгa immеdiatеl)- сltllLlal tO drе бtlr гih t6R) .Гlrе tгaсt is
hlpoесho:iс леaг thе skin surthсе and h.vpегесl.roiс леar thе t]roгaсiс
сa!-it\-: thе foгmег is a геsult оf hеmоrгhagе along thе pеnеtrating
wound and thе lattсг is pгobably а геstilt of Е.as iп thе tfxсt fгom thе
adjaссnt lung anс1 its pеftbгxtiоЛ Thе aсijaсеnt lung was pегforatеd
bесatrsе a sonogгapl]iс ехamination of thе plеL]ral сavit\, rеYеalеd a

сioгsal pnеunrоthorах and vеntгal hеmothor:rх .I.his 
So11ogг.rm was ob-

tainеd with a 7 5-N4нz Sесtoг-sсannег tгaпsdtrсеr соntaining .t built.iп
fluid offsеt at a displa1.есi с1еptlr оf 6 сm Tlrе fight sidе оf this soпogгam
is сг:шial iлd tlrе lеft sidс is сaudal

Figure 11-56
Sonogmm of thе pl:lпtaг аsl)ссt of thе lеft hind P1tstегп obtainеd tiom
a 2-dту-<'ll,с1 Thoгoughbгесl сгoss fl[l!. l.his lilly l.raсl a histoгv of having
Ьееn aссidеntall1- stabbесl by a pitсlfbгk 2 houгs еarliеr Thе til1е of
thе Pitсhtofk was stuсk in tl.tе bot]е arrd lrad to bе fbrсibh, еxtгaсtеd
This :imagе fеYеals that mеtalliс foгсiЕ]n matеfia| Qnrtiсаl аrrОш) was
lеlt iп thе limb doгsal to thе сlееp diЕ]itll flехоf tеndоn and plantlг tО

thе strxight distal sсsаmoidеarr ligamеnt Thе forсign matсrial is pгolra-
Ьl-Y mеtalliс (гtrst llakеd off thе pitсlfbгk) bесar-lsе it сxsts a геvеrЬег;l-
tioп xгtifaсt Tlrс stfaight distal sеsamoiсlеaп ligamеnt appеaгs disruptеd
as its longitlldinal libеrs Qэlасk аrrсltrs) aге nоt r.isiblе pafallеl tо thе
Iilэегs of thе dееp digital flехoг tсndОп .flrе pitсhfork W1ls сlеarlY stllсk
in tlrе bonе of thе Iifst phalanх bесausе tlrеrе is a lr1рoесhoiс dеfесt
(lаrgе аrrotL') in tlrе bоn.v suгfaсс есho of thе plantar aspесt or thе
Iiгst phalanх (P1) Whегс thе pitсhfсlгk pепеtгxtеd thе сoгtех, allowing
thе rrltгasound bеanr to Pеnсtfatе thе сoгtiсal suгfaсе of thе bonе
This sonogгaff was оbtairrесl with а 7 5 MHz sесtor-sсаnnег traпsdllсег
сontaining a blilt-in fluid tlfТsеt at a сlisplaуесi dеpth of 6 сп Thс гight
sidе of this sоtloЕ.raп is pгoхim:rl and thе lеft siсlе is distal

bееn dеpositrd along thе traсt as a геsttlt of thе pllnсtllге.
Thе prеsеnсе of forеign matеrial along thе traсt is сom-
mon with punсturе wounds assoсiatеd with wood (Figs.
11_59 and 11-60) or pitсhfoгks (sее Fig. 11-56).

Figure 11-57
Sonogfam of thе гig'ht tarslls Ol)tainеd lгonr a 6--vеaг-olсl Тhororrghbгсс1
gеlding witlr a pеnеtгating wounсl into thе latеrxl aspесt of tlrе taгsс).

сГLшa] ioint (Jl) Thе hYрoесhoiс tfaсt схtсnds diгесtlr.liom thс },ollr]d
at thе skin sllгfaсе throlrgh thс subсLltanеous tissttеs into thе jОint
whiсh сOntаins а stlall amount of hr'poесlrоiс flrtid Tlr:is so|logfam п-:rs

Obtainеd п.ith a 7 5-MHz sесtor-sсltnnсг tгansdl.lсег сOntaining а bLlilt.iЛ
1ltrid offsеt at a disрla),ес| сlеpth of 6 сп Thе гight sidе of tlris soлogгam
js огохimll аnd thе lеtt sidе is distal
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Figure 11-58
sral rronl I
сting dОгs:ll

A h еndlIlt.

into L]Illеl-ll-
егс
r-iп
сlhт

1 с1r

n\.

P3 - third phalaflх

Draining tfaсts aге сommon pгoblеnls in hсlгsеs and

thе сlеtесtion of tlrе sollгсе of thе dгltir-ragе. ргiOг tO thе

advеnt of trltrasonogгapll'. \\-a5 so1llеtill1еs a dellnting task

fbr thе vеtеrinaf)' сliniсi;rn. с()11tг11st гadiogгapln- s,as

oftеn usеd tо folloп, thе сlrairrirrg tгllсt to its sourсе.tr. Irt

onе horsе, a dгairring tfaсt \\as loсlltеd сгаnial to tlrе
sсapula following punсtufе of tlris геgiorr sr ith a woodеn

гaii4 months еafliеr't2] In this геpoгt thе authoгs wеге

ablе to loсatе thе foгеign tlodiеs п it1-r trstulоgfapll- whilе

thе horsе was Lrndеf gеnегal anеSthеsia. Sonographiс ех.

amiflation of thе aгеa immеdiatеly сatrdal to tlrе dorsal

bordег of thе sсapula would havе rеvеalсd thе foгеign

bоdiеs' taсilitating tlrеiг sttгgiсal rеmoval. Sonographiс
ехamiпation of thе arеa tlnсlегnеath thе sсaptlla would
havе bееn nесеssafy unс1сг anеsthеsia tсl attеmpt to dеtеr-

minе if aсlditional fbгеign bodiеs wеfе prеSеnt in this

loсation. Draining tfaсts wеrr tbllowеd to sсrеws in thе

mandibular s1,mphysis with a flstulogram in a horsе
whosе lingual forеign boсl1. 1o.1 tO bе fеm()vеd via a

manсlibttlar qrmphysiotofir),..,] Sonographiс ехamination
of thеsе draining tгaсts wollld havе rеvеalесl thе infесtion
of thе implant and ostеomyеlitis of thе mandiblе (sее

Сhaptеr 3).
Diaining tгaсts in horsеs lral'r bесn assосiatеd with

tooth foots' forеign Llodiеs' sеqlllеStfaе, ostеomvеlitis, nе-

сfotiс tissuе, anсl absсеssеs. Thе tгaсt is morе hypoесhoiс
than thе sufrollnсling tissuеs an<l is followеd sonogгaphi
сall-Y to its еnсl. Thе еnсl of thе traсt ma}. bе 1 ttу-a]

absсеss sесondary to a pfеvious сеlltrlitis (Fig. 11_61)

that is still dгaining, assoсiatеd with fеsidllal irrfесtion or

nесfotiс tissuе in thе absсеss. If thс dгaining tгaсt ls

сontrrес1 tO thе soft tissuеs' a thofou€.h еxeminatitln of
thе еntirе traсt oг tгaсts shotrld bе pеrfoгmеd to rtllе ottt

thе pгеsеnсе of a forеign bod1' oг nесfotiс сlеvitalizеd

tisstй aсting as a tbгеigrr boсlr-. It is сritiсal for all tгaсts

to bе tblloп,есl сarеfulh- to tlrеiг еnd to bе suге that no

othег stlltгсе оf tl.rс drainagе is pгеsеnt T1rе draining traсt

tlrаr. еnd at a bonе witlr a h1,poесhtliс oг anесhoiс fltrid
layеr, сonsistеnt with a diagnosis of ostеom)-еlitis (Еig

I|_62). A bony srquеstfum may also bе imagеd at this

sitе as a sеparatе йуpеrесhoiс stfllсtllге ptillеd slightlY

aWa-Y from йе parеnt strrfaсе of thе bonе in both short-

and long-aхis planеs, strrrсltrndеd by \poесhoiс to an-

ссhoiс fluid (Fig. 11_63). Bесausе bonу sеqtlеstfaе afе

ustrally nссrotiс piесеs of bonе, any aсousti(] shadow that

Figure 11-59
Soпogгams of thе сt.гsal aspесt of tl.rе lеft hoсk dеmonstгl1ting a hvpoесlroiс tгxсt iПto thе SOft tissuеs alrd loлg digita] ехtеnsoг tеn(lоn shеath

(LDЕ)obtaiпеdfгoma.1-1,сaг-сliс1Тhогоrrghbгеrt1ill,r,.ThсsеsonOЕ.famswеrеobtainеdwithа7.5-MHzsесtOг-sсltlllеf

3с]]oiс tо l.r1pоесl.roiс traсt is геadih'imagеd схtеndiПЕi into thе srvollеtl

iis viсw (rigЬt i,паgе) is ]atеral atrd thс lеft siсlе is mес|ial' Тhе right siсlе

ilrеath. rvhiсh it Pс11еtгatеd. Thе lorrg digital ехtе
gn bсlс1y саstiЛg a асollstiс shado$,. (o|lеtt аrп'u's)
есс ol п,оod. Thе гig'ht sidе Of thе shогt-aхrs \,1еw

rl and thе lе1t sidе is distal

Ve
tB

oo
ks

.ir



508 Сl.,аpter 11 . LIltrаso'|ogrаplJic EU.lluаtioп of Stпаll Pаtts

Figure 1 1-60
Sonograms of thе prеpuсе Obt1tiпеd ltonr a l4-усar-оld ТhoroLlghbrеd сross gеlding with a сllxining tгасt assoсiatsd With woodеn forеign bodiеs rл
thе Wol]nd. Tlrеsе sonogгams п.еrе obtainеd with a 1 5-МНт' sесtог-sсannеf transduсеr сOntaining a ЬLlilt-in fluid offsеt аt a disPla\.еd с1еpth of 6
сm (A) and 7 сm (B) Tlrе гight sjсlе of tlrеsе sonogfalls is сгanial aпсl tlrе lеft sidс is сartс1al

,4, Tlrе :rnесhoiС traсt (а'.roшs) dorrg thс с:rudal :rspесt оf thе prеpllсе is lbllowсd from thе opсn wourrd сraпiallу to x hYpегесhoiс stгLrсtlrе
surгotшdеd b). flrrid геpгеsсnting a fогеign bodv (FB)

,B, Сеntегing thе imxgе Ovег thе fсlгеign bоdv геvеals multiplе ]lvpсгссhrliс stгuсtllгеs сastiпg strong aсol]stiс shaсlows сonsistеnt with wоod
(аrroшs). Тhе чroor1 is 0 96 сm (х') from thс skin Suft-aсе 

'tt 
this loсatiсlrr

is pгodttссd usually ofiginatrs from thе tar sidе of thе
bony fгagmеnt, fathеr than thе nеaf sidе, as oссuгs .with

nеw bonе fragmеnts. A tooth гoot may also bе thе sotrrсе
of purulеnt drainagе (Fig. 11-6+l. Irr thеsе horsеs tlrе

Figure 11-61
Soпogгams of thе гiliht hinсl lеg obtainеd fгoп a 16-1'еar-o1d Tlroгоuglr-
bгеd maге With а draiпing traсt from thе mеdial аspссt of thе right
lrind lеg Tlris marе originall-v pIеsеntеd fbr сеllulitis iп tlris linrb.
whiсh' attеr sеvеra| wссks of S),stеmiс antimiсгobial tlrеrap-v :rnd loсel
pollltiсing and hоsing сlf thе limb. Ioсalizеd tO tbе mесlia| aspесt of thе
distal mеtаtafsus Surgiсal dгainagе and dеbridеrrrеnt of tl.ris aгсa rе-
sultеd in a pеfsistсnt dг1lining traсt, p[oml)tin!] this sonоgгaphiс ехami
nation Thе hypoесhсliс tгaсt is imaЕ.еd at tlrе skin slfiа'се (сtrroшs)
ехtсnding into thе dееpеr tissllеs btlt did not iпvсllvе tttе sl|spеnsory
ligarпеnt (SL). digit.tl shсath, r-пеtatafsal btlnеs o]: mеtatafsophelangеal
ioint No fогеign ilсldv wаs dеtесtеd Тhе tгaсt сont:rinес1 h).poесhoiс
to есhogеniс tisslrе сOпsistепt п,ith сl.rorriс inflamm1ltoгY tissllе Ал
additiоnal 2 $.ееks of s),stеmiс xntimiсгоbial tilеIap,Y. basеd otr thе
oгigirral геsults oГ сttlttrе and sеnsitivit), tеstiпЕ] of thе fluid ltсlm thе
aЬsсеss, rеsultес| in fеsollltion oГ thс drаinagе end loсal absсеss Thеsе
sonograпrs wеfе obtajnеd s.ith a widе-b'tlldwidth 7 5-MHz liпеar-aгral.
tгxnsduсег opеfating аt l() 0 п,IFIZ witlr a hantl-lrеld standoff pаd at a
сlisplavеd dеpth of 5 сп Thе fight Sidе of thе tfansvеfsе \.iеw .r/gbl
imаgе) 1s dorsal arrd thе lеft sidе is plaпtaг Thе right siсlе of thе sagittal
viеw is DгOхimal and thе lеft sidе is distal

hypoесhoiс traсt еxtrnds to thе root of thе affесtеd
tooth.

.$Иood, 
somе t}.pеs of gfaphitс, and plastiс arе radiolll-

сеnt fofеign bodiеs, Whrfеas wiге, mеtal, glass, bullеts,
othег typеs Of graphitе, and foсk arе radiopaquе.121 Ultra-
sonogгaphy сan idеntify all diffегеnt typеs of forеign bod-
iеs in soft tissuе. In onе stlldy a nail, Wifе, and BB pеllеts
all рroduсеd a distinсt linеar trail of есhoеs that ехtеndеd
bе1юnd thе thiсknеss of thе tisstrе spесimеn-a typiсal
mеtalliс геvегbеration aftifaсt.l]1 Sonographiс ехamina-
tiсln of a nail in a сhiсkеn brеast rеsultеd in thе dеtесtion
of a ..сOmеt tail,' artifaсt that bеgan at thе nail and еx-
tеndеd bе1.ond thе limits сlf thе сhiсkеn brеast.r,' This
..сomеt tail'' aгtifaсt appеaгs aS a hypеrесhoiс traсе immе-
diatеlу distal to thе mеtal piесе rеslllting ffom thе rеvеr-
bеrations insidе thе mеtalliс body itsеlf.l26 This typе of
artifaсt is nеarly always prеsеnt with mеtalliс forеign
bodiеs, pгovidеd that thе rеflесtor liеs within thе foсal
zonе of thе transdtrсеr.126 Both glass and gravеl pfoduсеd
a strong есho fiom thе nеar suffaсе of thе forеign bodу
and a stfong aсoustiс shadow..2r' .25 Glass in a сhiсkеn
brеast was imagеd as a linеaf sеriеs of bfight есhoеs along
thе path of thе forеign bod1,, whеrеas Wood pгoduсеd a

disсrеtе aсoustiс shаdow.l25 In onе studу, wood and
graphitr pгoduсеd onlY modrratе to good suffaсе есhoеs
сomparеd with tlrosе of glass and gfavеl.l2a Graphitе
pfoсluсеd only modеfatе shadowing dееp to thе surfaсе
есhoеs, whеrсas wood, glass, and gravеl pгoduсеd stfong
aсoustiс shadows.1r,, Bonе fragmеnts (sеquеstfaе) and
wood oftеn appеaf similar sonogfaphiсally witlr a hypеr-
есhoiс stгuсtltfе сasting a stfong aсolrstiс shadow.7 Both
сast an aсOlrstiс slradow in a piесе of mtrsсlе obsсuring
thе есho fiom thе bottom of thе watеr bath and oгiЕ.inat-
ing at thе nеaf sllrfaсе of thе hypегесhoiс stfuсtufе.7 Thе
onl1, 4i11...''се was that thе есho ffom thе piесе of
wood was dеsсribеd as lеss wеll dеIinеd than thе bonе
ffa€.mеnts in thе musсlе pгеpaгation.- Thе aсoustiс
shadow сast fiom a foгеign body variеs with tlrе typе of
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Figurе 11-62 o\,ег thе dor'аl lspесt 9I.l. .iFч. |:.k 
and a

Sоnograms of thе lе a brrilt-in fluiJ offsсi .ш a сlisplа1еd dсpth of 6 сm'

dгaining tfaсt. Thеsе soг tеnсlоl shеatlr. Hypoесhoiс fltrid is imagеd

,4. Thе traсt сaп sidе of this ,o,'og,"-.i. latегal and thе lеft sidr

surrounding tbе lon

thе сlогsal surfeсе оf tlrе rhiгd ntеtаtllгsаl bоtrе. sbете а fluiсl hr'еr is imagеd iшmеdiatе

al surfaсе Of thе thiгd ^*..*'.".J.ь"". 
is thiл lnсj lr1'poесhоiс. сonsistеnt ъ.itlr tlсlnе n

bonе a pгolifеratir-е сt-rar-rgе is."l"g.]о rrhеге soft tissuс с.lnсе irgain сО\егs thе Ьoпе, Т

s distal.

thе forеign body and thе posrtiorr of 
'thе 

tlltгasollnd hеenl

;;i"й io ttrе forеign bЬсl1r_ Vood сasts thс stгongеst

aсoustiс shadow wrrеn сtеtесtесl ilt musсlе ir1 tlrе dog.1r-

;';ъ;ho.* should bе dеtесtеd \\',ithin tlrе l.rrpегесhoiс

stfuсtufе if it is сomposеd of bonе oг $ ood.- If an

есhogеniс oг h\'pеrесhoiс stfuсttrrе is irrragеd that doеs

""i Е," an aсolrstiс shadow in an1' planе but is suг-

roundrсl bу fluid. nесfotiс tissllе or fibrous tissuе slrould

bе сonsidеrесl. If no aсoustiс slraсlow is dеtесtеd and

onlY low-aп1plituсlе есhoеs aге dеtесtесl, zrn absсеss fi.llеd

i,iii' ..ш..и' сlеbгis shotrld bе strspесtесl.-

Forеign bodiеs havе bееn found in man), loсations in

Figure 11-63
s.,i.'og,"-,"f .h."]1ччlf'"-.:TfJ'.ffi ::l:ж.xl.i1*.,i:;*]::.iJ:s'iтh a draining tfaсt at tnе 

аro:r1 llonе. Thе h'rpoесhоiс t]uid tЙсt

сhoiс piесеs сOnsistсnt with sсql

short аrls sсan
mеteсaгpel bоn
suггOundеd b\ i
bоnе is imagсd sonogгams

- i.\lHZ sесtoг.sсаnnег trзпsduсег ontafrlng a

сi'pr..:.с i1ерth oi с. спl l1lс гigh sidе оf thе

." j .n. lсп .rdс is Ji:t]l Тhс гig'h sidе оf tlrе

:iс ]зirl !l.- ]!.]!:1]:
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horsеs, many of whiсh arе inaссеssiblе radiographiсally.
Sonogгaphiс еxamination of a swеlling or dгaining traсt
сan bе еxtrеmеly usеftll in loсalizing a foгеign body
within thе mass of at thе еnd of thе draining traсt. In
many instanсеs ultrasonography faсilitatеs thе surgiсal
approaсh to forеign body rеmoval by idеntifуing thе pге-
сisе loсation of thе forеign body and its rеlationship to
adjaсеnt struсtllfеs. onе hoгsе ехaminеd by thе author
had a 4-month history of a draining tfaсt ovеr thr lеft
point of thе shouldеr following an еnсountеr п.ith a
w.oodеn fеnсе. Thе tfaсt was followеd sonogfaphiсally to
thе thoraсiс inlеt rеgion, whеrе it сoursеd bеtwееn thс
two сarotid artегiеs and thеn dovе mеdially bеtwееn thе
right sсapula and thе right сhеst wall. Prеopеfativеly,
sonographiс еxamination of thе aхillarу rеgion was pеf-
formеd ltndеr gеnеral anеsthеsia with thе right foгеlеg
abduсtеd. In this position thе traсt was again idеntiliеd
and followеd to a linеar hypеrесhoiс stfllсtllrе сasting a
stronЕ. aсolrstiс shadow l1'ing immеdiatеl-v dorsal to thе
braсhial plехus, сonsistеnt with a piесе of wood. Srrrgiсal
rеmoval of thс еmbеddеd piесе of wood rеsultеd in
strссеssful rеsolution of thе dгainagе and horsе's rеturn
to raсing. Somе arеas trndеrnеath thе sсapula arе not
amеnablе to sonographiс ехamination, howеvеf, еvеn
undег gеnегal anеsthеsia.

Most forеign bodiеs arе lodgеd in musсlе, whiсh ap-
pеars hеtеrogеnеolls with hypегесhoiс spесkling. A for-
еign body is rесognizеd ultrasonographiсally wlrеn an
есhogеniс oг hypегесhoiс stгuсtufе is idеntiflеd sur-
roundеd by anесhoiс to hypеrесhoiс fluid or wallеd off
in thе sr'rrrorrnding soft tissttеs (Fig. 11-65). A stfong
hypеrесhoiс linеar stгuсtuге сasting rеvеrbеration arti
faсts is сonsistеnt with a mеtalliс forеign body (Fig. 11_
66). Brrllеt fгagmеnts or lеad ma}r appеar hypеrесhoiс and

Figure 11-65
Sonograms of a soft tissllе swеlling ovег thе l'ltегal asPесt of thе lеft
shouldеr obt:liпеd fгom a l2-1.е;tт-old Quaftеf lroгsе gеlding A loпg
(2 23<m) hYpеfесhoiс linеar fbrеign boсt1. (х|) сistinЕ. a stгonЕ] aсоustiс
shаdow сonsistеnt With Wood is dеtесtеd in thе lеft imagе' strггoundеd
by anесhoiс flrtid Thе shoгt-axis viеw of tlrе woodеn lbгеign bodу
rеvеals it to Ье o 57 сm widе (х,) and to сast :l stгong aсoustiс slradow
fгom its srtrfaсе Tlrе woodеn tbrеign bod1, is nеaг thе skiл srrгfaсе, but
a draining tгaсt has not foгmесl Thеsе sonograms wеге оbtainесl witl-t
a 7 5-МHz sесtoг-sсannеf tfansduсеr сontaining a built-in flLlid otlЪеt at
a displayеd dеpth of 6 сm Tl.rе fight sidе of thе right imagе is doгsal
and thе lеft sidе is vеntral Thе right siс1е of thе lеft imagе is сranial
and thе lеft sidе is сatlсlal

Figure 1 1-66
Sonogгams obtаinесl of a foгеigп bod1,in tl.tе сloгsal mеdial aspесt rlf
thе lеft hoсk oЬtaiпесl ltсlrп a 13-уеaг-сllсi Thoгoughbrеd marе Тhе
tbrеign bod.v Was loсatеd slightl)' pгoхimal to thе opеning of rhе
draining tfaсt at thе skin surfaсе Tlrе tbrеig'n bodr. mеasuгеd () 27 сm
(хl) b1, () 5() сm (х,) anсl wаs еxtг:l-дгtiсulаг Тhе mtlltiplе h1регесhoiс
геvегbегation aгtifaсts fгOm thе foгеign lloс11- whеn imagесl in its lorlg
aхis Sllggеst that this for.еigrr bod,v is nеtalliс Thе hl.pегесhoiс -[inеeг
foгеign boсlv is srrггorrndеd bv hypоесhoiс fltlid. thе t-YPiс:rl tеaсtion
lbund stlггotшding a foгеigfl bсlс|v Тhеsе sono!.гams wеfе obtlinеd
with a 7 i-MHz sесtoг-sсanпег tfansduсеf сontxining a btlilt-in flLlid
offsеt at a displаr.есl dеpth of 5 сm Thе riЕ.ht sidе of thс lсft imagе is
сranial and thе lеft sidе is сatldаl Thс right sidс tlf thе гight imaЕ.е is
proxinral and thе lеtt sidе is distal

may not сast a distinсt aсoustiс shadow of геvеfbrration
aftifaСt, dереnding on thе position of thе bullеt fragmеnt
or lеad within thе soft tissuе, thе shapе of thе projесtilе,
and thе diгссtion of thе ultrasotrnd bеanr (Fig. \|-67),
.W.ooсlеn forеign bodiеs nofmall)r сast a stгong aсollstiс
shadow from a hypеrесhoiс linеar stlrfaсе (Fig' 11-68l.
Glass also noгmallу appеars lrypеrесhoiс and сasts a

Figure 11-67
sonoЕ]гam of thе lеft shouldет сlЬtainеd from a ,1.1,еar-оld Slrrrdar.dbrеd
stallioп With gunsl]ot rvounds in his lеtt shotlldег геgion Mtlltiplе
hypегесhoiс ov:rl lеld fгlgmеnts сast vafl.ing aсoustiс shadows (opeп
аlтoa-s), arrd smallеr irrеgular h-vpегесhоiс fraЕ.rnеnts сast aсorrstiс
shaсlows assoсiatеd with ti.agmеnts сlf thе fгдсtuгеd sсаprrla (.srzal/
61уу61у) 

.Гhis soпoЕ]гam was obtairrеd with a 5 O-MIIZ sесtor-sсannеr
tfansduсег at a displayеd с|еPth of 15 сnr Thе гight sidе of this soпo-
gram is сгarrial and thе lсft siсlе is сaudа]
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pсln1' gеldiпg With a dгаining tгaсt Thеsе sol]ogгams wеге Obtai!еd With

t si(lе is \еlltIal

stгong aсollstiс shaсlow. Thе shadow nofmall)'aгisеs from

thе nЪar sur1aсе of thе hypеrесhoiс struсtllге in еaсh of

thеsе sitllations. Tllblllaf hypеrесhoiс stfl'lсtllrеs that сast

Wеak aсolrstiс shaсlows mау геpгеsсnt a piесе of hoof
witllin thе soft tissuеs assoсiatсd with thе drainagе (Fig.

||-6D.If thе aсoustiс shaсlow afisеs tiom thе faг surfaсе

of thе strllсtllfе' a dеnsе soft tissuе stгuсtllfе suсh as

nесfotiс musсlе aсting as a forеign bodr' should bе соn-

sidеrеd. A forеign boсly сan bе prеsеnt in tl-rе musсlе or

soft tissttеs anсl сausе littlе геaсtion, tltrt tlris is not thе

g,iсаl гсmtlval at that timе.
Nееdlеs that havе aссidеntall1, brokеrr off in tlrе tissuеs

сan bе lосatеd son.ographiсally to faсilitatе thеiг suгgiсal

rеmoval (Fig. 11_72). Tlrе nееdlе should сast а гсr-егlэегa-

tion artifaсt whеn intеrсеptеd by thе trltrasound bеam.

Thе сhaгaсtеristiс mеtalliс rеvеrbеration artifaсt rna\- not

bе produсеd, howеl.еr, owing to thе smooth, гoundеd

stlrtlсе of thе nеес11е. Thе soft tissuе rеaсtio11 assoсiatесl

with a bгokеn nеесllе dеpеnds on thе сonditions Llndег

whiсh thе nеес1lе wаs insеrtесl. If thе skin was surgiсall1,

pгеparе<l pгiof to thе injесtion, tlrе геaсJion around thе

Ь.oк"n nееdlе may bе minimal (Fig. 11_72)
Ultгasourrсl was usесl in a stuсly сlf 22 horsеs with

stlnshot wounсls to hеlp loсalizе thе sitе of thе pгсljесtilе

Гragmеnts and dеtеrminе thе ехtеnt of danragе to sott

ti'*.' oг to vital stfuсtlrfеs along thе path of thе

projесtilе.., In a сolt witlr a diffusе swеlling in tlrе lеft

iiсtе of thе nесk and a histoЦ, of a pгеvious plrnсtufе

wound in tlris геgion aftеr rtlnning into a woodеn fеnсе,

ultrasound was usеd to iсlеntifу forеign bodiеs in thе

сеrviсal геgion adjaсеnt to thе intеfnal сarсltid artеry and

jugtrlar vеin.9 Thе 1brеign bodiеs wеrе фpегесhoiс and

as a gгoup сast a stfonЕ. aсoustiс shadow сonsistеnt with
that Ъf wЪod. Surgiсal rеmoval at tlris timе was bеliеvеd
to bе too risky bесausе of thе сlosе assoсiation of thе

tbrеign body with tlrе aсljaсеnt vital stflrсtufrs. Two

months latеr thе сolt pfеsеntеd witlr еsophagеal obstrtlс-

tion. anсl a fluiсl.trllеd poсkеt сausing еsсlphagеal obstrllс-
tion was iсlеntiflеd around thе forеign bodу with ultraso.

nography.9 Intraopеrativе ultrasonograph1' was r-tsеd to

iсrйtiгy thе сегviсal forеign bodу in this horsе arrd taсili
tatе its stlrgiсal rеnroval, as thе loсation of thе foгеign

bodiеs and absсеss was not еvidеnt aftсг suгgiсal ехpo.

suге. Thе usе of intraopеrativе ultrasonogгap\ avoidеd

ехtеnsivе surgiсal ехploration and potеntial damagе to

tllс сагotid aгtег\'. vagosуmpathсtiс tгttnk. and геt'ttггеnt

laц,ngеal nеrvе.9 Prеopеrativе ultгasoniс ехаminаtion of
a сiraining traсt from thе pесtoгal геgion in onе yеarling

геvеalеd a hypеrесhoiс forеign bсldу сasting an aсoustiс
shadow сonsistеnt witlr a piесе of wood, subsеquеntly
rеmovес1 at slrfgеf},.(, Llltrasonograph1, was usеd in an-

othеr lroгsе to iсlеntifi, a tbrеign bodу ovеr thе dorsal

aspесt of thе сaгpus bеtwееrr thе сommofl digital ехtеn-
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sof tеndon and thе long digital ехtеnsof tеndon.1 Thе
forеign body appеafеd hypеrесhoiс and was a disсfеtе
linеaf stfuсturе сasting a stгong aсotrstiс shadоw sur-

гoundеd by an ill-dеflnеd, poorl-v ссhoiс arеa, сonsistеnt
with a piесе of wood. Intгaopеrativе trltrasonograpф мras

ttsеd to guiс1е a nееdlе so that it was in сontaсt with thе
forеign body guiсling thе sllfgiсal approaсh and rеmoval
of thе woodеn forеign body.,

Thе tlsе of ttltгasonogгaphy is important to idеntif1. and
геmovе radioluсеnt forеign bodiеs, as wеll as to loсalizе
foгеign bodiеs that afе sееn on suгvеy raсliographs bttt
aге diffiсult to loсatе.l2r Ultrasound is sttpеrior to sllfvеy
гaсliographs in thе pгесisе loсalization of thе forеign
body.l2r Ultrasonography usеd to dеtесt forеign bodiеs
сan pfеvеnt сompliсations strсh as infесtion and ostеom1-
еlitis by еnabling thе vеtеfinaгy сliniсian to fеmovе thе
foгеign boс1y promptly.1,r Thе pгесisе loсalizatiсln of thе
foгеign body with ultrasotrnd minimizеs suгgiсal timе,
thе sizе of thе strrgiсal inсision, and thе amolu1t of tisstlе
dissесtion.r,,1 Prесisе loсalization of sttspесtеd forеign
bodiеs for strrgiсal rеmoval, еspесially in thе ехtrеmitiеs,
is thе biggеst advantagе of sonographiс ехaminаtion of
human patiеnts.l25' r28

Draining traсts havе bееn frеquеnt\. sееn postopеra-
tivеly in horsеs following vеntral midlinе сеliotomy. Sono-
graphiс еxamination of thе inсision rеvеals hypoесhoiс
to anесhoiс traсts from thе skin suгfaсе to thе undефing
sutllfеs. whiсh aге oftеn stlrroundеd by fluid-foгming su-

tuге sinusеs (Fig. 11-73). Thе strtuге matегial appеars
hypеrесhoiс and oftеn сasts an aсolrstiс shadow throtrgh
thе dееpеr tissuеs (Fig. 11-74). Mtlltiplе sr.lturеs aге Llsu-

Figure 1 1-69
sonogranrs of thе mес1ial aspесt of thе гiЕiht hind Iеg obtainеd fгolп а

lo-yеaг-old Apрaloosa gеldiлg With a histoЦ. of а с1raining tгaсt fоr 4

months following a kiсk. Notiсс thе hypеrесhoiс dotlb|е-e'allеd stгtlс-

tLlIе (s,11аll (l',fo1ls) in thе right imagе. сastiпg aп 1lсОLrstiс shadсlw

Thе dсlublе.wallесl appеaгanсе iS rеminisсепt of l piесе оf hoof wlriсh
is thе епЬесldеd foгеign bodY surгolrпdсd br, l small amount of h),po-

есhoiс f]uid Тhе hoсlf was imЬесldеd aLli1lсеnt to thе sесUnd (2) аnd

thiгd (3) mеtatlгsal Ьolrеs Thе ес1gе of thе hoof ftagлlеnt (smаll

on1111l) i5 imagесl iп thе lеft imagе with thе h}.poесhoiс flrrid lаvег

ехtсnding dееpег to thс sесotrd (2) and thifd (3) mеt:rtafsal boпеs. Thс
fluid laуеr adjaсеnt tо tbе boпеs anсl tlrе гotlghеning of tlrе bonу suftaсе

есhoеs ls сonsistеnt with а loсаl ostеol-n1,еlitis Thеsе sсlnogгams wеге
obtaiпеd with a widе-banсlwidth 7 5-MHz linеaг-aгraу traпsсluсег with a

hand-hеld stanсlofr pad opеrating at 7 5 N4Hz at a сiisplal.еd dеpth сlf 5

сm Thе fight sidе of thеsе solroЕ]fams is doгsаl aлсt thе lеft sidе

is plantаг

Figure 11-70
Sолograt]rs сlf thе lеft сеrviс:rl rеgiotr Thtlr-

ошghbгесl gеlсling witlr an еmbесldе m an

еniountеr witlr a fеrrсе ,1 уеers еaгli linеaг

stгLlсtllrеS (аrrottls) сastinЕ] an дсollstiс shadow сonsistеl.lt with piесеs

<lf wоoсl In thс shoГt-aхis r.iеrv (rlgDr imсtgе), two fofеign bodу frag-

mепts lrе imagесl; tlrе foгеign boсlv сlosсst tO thе skin srrtfaсе is thе

l)ir(| f,l .| r|i:рlаrсd t|еplh uГ i сm

ally involvеd and a h-yporсhoiс fluid tfaсt сan oftеn bе

followеd along a poftion of tlrе lеngtlr of thе inсision' or
in somе сasеs, along tlrс еntiге inсision. Thе hypoесhoiс
traсts should bе followеd to thеir dееpеst ехtеnt, as

thе inсisional infесtion сan еxtеnd throu14hout thе еntirе

tlriсknеss of thе inсision to thе pеfitonеLrm (Fig. 11_75)

Figure 11-71
г}4atе bеads im-
fгоm a 12-yеaг.
bеads appеaг as

wеrе imp]antеd
This sonсlgram

wasoЬtainесlwithawidеbandп'idtl.r75\ЦНzlinеаf-aггa\.tr1lnsdllсег
opеratiпЕ. at l()'0 мttz With l hand.hеld staлdoff pad at a displa).еd

сЪpth ot. 3 сm. Tlrе гight sidе of thе sonogram is towаfd thе midlinе

and thе lеft sidе is towafd thе Iight siсlе оf thе lrсlrsе.
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thе lеft sidе is сatldal

tlrе lеft sidе is сalrdal

Small strttrrе sinlrsеs imagесl as 1 to 2 пrm h1'poесhoiс to

anесhoiс afеas afolrnd thе sutlrfсs wеге prеsсnt iп 1|%
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Figure 11-76
Soпсlgгams of a r,еntгal midlinе ссliotom'Y inсision Obtainеd tioп
ln S-vеar-old Tсnnеssее Walkеr gеlсling with an illсisional irrfсс-
tiol1 ехtеnding' iпtO thе pеritollеаl сavit], Thсsс soпOglams Wсгс
obtainеd wjtl] a widе.balldrvidth 7 j-MHz linеaг-аггay tгansduсег
opегltinЕ. at ] 0 0 l4HZ (,4 anсl o tlsing a haud-lrеlсl standoГf p;rсt
(А) or a 6 O-NIЕIz nliсгoсoпl.ех linеiu-afгa\. tfaпsduсеf opегating
xt 1o 0 I,II]Z (B) .,Lt ,l displavссl сiеpth of 

' 
сtn (,], i9, arrd ф

/l, Thсге arе hvl-lоссlroiс tf'rсts ехtеnding Out to thе skin
srrr.faсе fгom sutuге sinllsеs (сlсttllll аrrou:s) Тlrе skin staplе
(Оpеrl аrrou)) is сfеxtiпg a ге\,сгbеrаtioп xl.tiiaсt, bсst dеtесtеd
il] t[]е sаgittll !-iеw (fiЕ.]rt imagе) Tlrе fight sidе of tlrе Sagittal
iпra!.е is сгatlial anсl tlrе |егt siсlе is сal-tdal Thе гight sidе оf thе
tгaпsvегsе v-iеw. (lеft iпr;Lgе) is to tl]е lеft сlf tlrе abdomеll

lj, Thе tfaсt ехtеnds dееp jnto t]rе inсisiсltr thfouЕ.]r tlrе fеtro-
pегitoпе2l fat into thе рсгitoпеLlm (Оpеn аrrош), сгеаting x k)сal
pегitonitis l.hс sпrall arIOWS poit]t to thе pеIitonеum adjaсеnt

to tl-tс есho€.сniс layеr сlf fеtrоPегitonеa] 1at Tlrе light sidе оf this soпogгltлl is thе lеft Sidе of thс аlldomеn
С, Thегс arе Iibrinоus аdhеsiorrs (.,Irroi^) bеt\\.есл thс spleеn anс1 tlrе pе;:it<rrrеuп-l On thе еdgе of Lhе loсal aгеa of pегitonitis Thс

xrrow is st-lpеrimprlsесl oп tlrе layег of геlгOpегitollеel t:rt Tlrе гighr sidе of this sot]ogram is сranial anсl tlrе ]сft siсlе is сat.rсlal

of poniеs 1 чrееk postopеrativеly; thrsе Llsltally геsolvеd
in 3 to 4 wееks.'] Sonographiс monitorin€. of inсisional
swеlling or drainagе with ultfasound is rесommrndеd to
idеntify poсkеts that shotrld bе drainеd of sutllrеs that
shor-rld bе rеmovеd.15

Сlostlге of vеntral midlinе inсisions with polypropylеnе
has bееn assoсiatесl With sutllrе sinlrs fofmation in
horsеs.'] Sonographiс еxamination Of thе vеntгal midlinе
inсision was pегfofmеd in two lrorsеs, fеvraling thе sш
tufе absсеssеs and thе draining traсts еxtеnding from thе
sutllfеs. Thе sr-rturе absсеssеs appеarесl as a fеgion of
hеtеrogеnеolls rсhogеniсity suffounding a hypoесhсliс
rеgion (prеsumеd to bе flrrid) сontaining a small foсal
hypеrесhoiс arra thought to rеprеsеnt sutlrfе matегial.
Thе nеar-far-far-nеar pattеfn of inсisional сlosurе has
bееn assoсiatеd with a highеr inсidеnсе of inсisional
сompliсations in horsеs.'] .29 In onе of thгее horsеs strtd-
iеd, сulturеs of thе fluid sllrrounding thе suturеs yiеlсlеd
baсtегial growth. Thе ttsе of bгaidеd oг mllltililamеnt
slttufе matеrial is assoсiatеd with a highег inсiсlеnсе of
sutllfе sinus fofmation.lr.) Сontamination at thе timе of
sutllfе plaсеmеnt and rхсеssivr tеnsion on thе slrtllfе
matrrial may сontгibutс to slrtufе sinus formation.11

A vеntral midlinе inсisional hегnia is сliagnosеd with
thе dеtесtion of a swollеn or pеndlllous fеgion alonЕ. thе
prеvious inсision and palpation of dеfесts in thе bod},
Wall. Inсisional hеrnias oссLlr aftеf all t,vpсs of slu!.еfy,

tlsually as a гrslllt of a failurе Of thе inсision to hеal,
гathеr than fгom strturе failuге..5 Thе inсidеnсе of vеntral
hеrnias following vеntfal midlinе сеliotomiеs in hoгsеs
fanЕ.еs frtlm 1| to |6,|n in horsеs followеd fbr 4 months
postopегativеly13 l.tt Hегnias dеvеlсlpеd in most horsеs
within 12 wееks of surgег1..lr| Inсisional hеrnias dеvеl-
opеd in horsеs that wеrе sigrrffiсantly oldеr than in horsеs
that did not dеvеlop a postopегativе vеntral midlinе inсi
sional hеrnia..]. HorsеS opеfatеd on fof intеstinal prob-
lеms aге at a highеr гisk for thе dеvеlсlpmеnt of postopеr-
1rtivе inсisional hеrniаs than thosе having abdominal
sllrgегy for pгoblеms othеf than intеstinal disеasе..3 Inсi
sional drainagе also inсrеasеs thе risk for inсisional hеrnia
1brmation.t5 Purulеnt inсisional disсhargе or sеvсrс pеri-
inсisional еdеma Was prеsеnt in 81% of horsеs prесеding
thе dеvеlopmеnt of a vеntfal midlinе hеrnia..('As many as
97% of hеrnias dеl,еlop attеr inсisional сompliсations.r].
Hoгsеs with inсisiorral dгainagе wеrе 17.8 timеs as likеl1,
to dеvеlop an inсisional hеrnia tbllowing vеntral miсllinе
сеliotomy than wеге tlrosе witlrotrt inсisional drainagе.'t'
Thеsе inсisional сompliсations arе usuall), notiсеd by 9
days aftеr stшgеry.16..29 othег invеstigatofs havе rеpoгtеd
tlrat 10 tсl 25% of vеntral midlinе inсisions dеvеlop sllbсLl-
tanеous infесtions..29 ] 12

Sonogгaphiс rхamination of a vеntfal nridlinе hеrnia
геvеals thе tlrinnеr-than-normal abdominal wall with vaц.
ing amorrnts of abdсlminal musсulattrrе along thе еdgеs
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of thr hеrnia. T1rе vеntral midlinе hеrnia may bе full

thiсknеss чritlr onlr- tlrе skin сontaining thе abdominal

сall}, to monitor Wound hеaling Sorrogгaphiс ехamina-

Figure 11-78

a hеrnia rеpairеd witlr rnеsh сan also bе pеr.

althouglr only thе есlgеs of thе hеrnial rеpair
tissllеs supеrfiсial to thе mеsh с:rn bе еvaltratеd

thе mеsh is hypеrесlrtliс and сasts a stfong

aсoustiс shadorv (Fig. 11-80). Howеvец protllеms with
inсisionlrl сlrainagе сan bе traсеd to thс mеsh in somе

lrorsеs indiсating infесtion of thе implant (Fig. 11-8i).
tJltгasonсlgraphiс ехamination of vеntral midlinе inсi

siсlns сan bЪ usеful in prесliсting hегniation in horsеs

witlr ссlmpromisесl inсisions and in сon1rrming thе hеrni
ation and its ехtеnt, onсе hегniation has oссurrеd.]r Thе

inсisional hеrnias had rесluсеd tisstrе thiсknеss along thе

tion of
tbrmесl,
and thе
bесausе

Figure 11-79
1hbгеdgеlсlingt,ithaninсisiorralin1есtionthatехtсndsintothеpсгitoлеal

1bс|oп1i1-]аl l,.lrll схtеndinЕ] iПto thс pегitоnеal n (S)

s aftег thс inugе in B. Thе thinnin!. of thе r.еn eturе

fссtion' Thеsе ,u'.ng.,-, \\'е1.е obtainеd With MHz

lеl(l st:ttldoff paсt аt a с|isplа1'еd сlсpth of ,i сnr. right

с is tItс lсГt чidс ul thс;thr|rlmсn.
ision Б,ith h1pсlесhoiс hbrtn (аrrrto^s). .l.bis srltrсlgram was oЬtаiпеd With

vitl.r a trаndiЁlсl stanсlolТ paсl at a сtisplп,еd dеptlr оf ,i сrn. Thе гight sidе

of tlris sonоgгam is сtani:rl and thс lеft siсlе js сarrr1al
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Figure 11-80
Sorrogгam or a mеsl.t iпplant usсd tсl rеpaiг i liгgе \-еntfal midlinе
hегnia that сlеvеklpсd folioп'iлg a pfе\iotls \-еntгxl midlinс сеliоtom]'
obtainесl fгom a 15-1,еar<lld Алеriсan Sас|dlеbгсd n1aге A lafgе flLlсtllnпt
swсllirrg dеvс|opеd \.сntгal to thе mеslr following hеrnia rеpair Thе
ес1gе of thе lеlt abdсlmirral .wall is inragес| tO thе right of thс sonogгam
and thе hrрегесhоiс nrеsh сasting an асol]stiс slradow is inlаgсd doгsal
to thе lеft vеrltm'l abdonrirral rvall vеntral to thс mеsh is a h,r.poесhoiс
lсlсulаtесl flLlid соllесtion whiсh геprеsеnts a postopеfativе sеroma Тhis
s()r]ogranr was obtainеr1 With a Widе-baпсlwidth 6 о-Mнz nriсгoсonvех
|inеaг-aгrаv tгansduсеr opеr1lting at 10 o \4ЕIZ at a displayеd dеpth of
7сm

linеa alba and an inсrеаsеd distanсе bеtwееn thе appos-
ing rесttrs abсlominus musсlеs.r3 Sonographiс ехamina-
tion of thе hеrnia is also usеftll in alеrtinЕ. thе surgJеon to
thе prеsеnсе of adhеsions whiсh шight fеsult in ех-
tеndесl suгgiсal timе and possiblе additiсlnal intеstinal
sufЕ.егy at thе timе of hеrnia fеpaif.'('

Figure 11-81
Sonogгam of an itrfесtесl пrеsh implant (М) Obtlinсd fгom a 15-yе:rr-olсl
Аmеfiсan SaсldlеЬгеd maге (samе as in Fig 11-80) 3 months lbllowiпg
lrегnia гсpaiг *.ith a mеsh implant Thеrе is ехtе11sivс sп.сlling of thе
vеntгal abdomеn (4-5 сm thiсk) п.ith lr1prlесhoiс to есhogеIr]iс tissllе
rсPгеsеntin€i сlrrсlпiс ifflammatоly tissllе нYpOесlrOiс tгacts ехtепd
tтсlm thе skin (сuпlеd сtlтoul) a.|ot.lg thе \.еntfal abdoшinal jnсisiоn (lе1i
imagе) down to thе еdgе of thе mеsh implxпt (M) xfld its jturсtion
(lаrgе аrrош') s.ith thе \.епtfal abdominal wall (гight imagе) A sпall
lr1pегесhoiс strllсtutе сOnsistеnt п.:ith a stttl.lге is pfеsсnt nеaг tl]е n]еsh
imp|ant and its jlшсtion witlr thе latеra] bodr. wa]lI (slltаll аrrrlul).
Тhеsе sorrogгams wеге obtainеd witlr a wiсlе-Ьarrdwidth 7 5-МHz lirrеaг-
aггay tfаnsduсег OpCгatinЕ] at 10 () MHZ at a displaYеd dеptlr оf 6 сm
Thе right siсlе of thсsе sonoЕ]гаnls is thе lеft sidе of thс mеsh implatrt

Abdominal wall hегnias сan oссLrf srсondafy to abdom-
inal trauma or сan bе assoсiatеd with parturition or ех-
сеssivе сdеma of thе abdominal Wall. Sеvеrе soft tissllе
swеlling and еdеma is usually pгеSеnt aсutеly in horsеs
With natufall1. oссurring abdominal Wall hеfnias. Thе arеa
is oftеn painflll to palpation, and abdominal disсomfoгt
may bе dеtесtеd. In horsеs with aсutе atldominal trauma.
palpation of tlrе body Wall is diffiсult and thе sеvеfit}, of
thе musсlе damagе is diftiсult to dеtесt. A dеfесt may bе
dсtесtеd in thе abdominal wall but it is oftеn difflсult to
dеtеrminе on palpation if thе dеfесt is full thiсknеss. If
thе сar'ldal doгsal abdominal wall is involvеd. a dеfесt
may bе dеtесtеd On fесtal palpation.

Hеrnias сan bе foгtuitously dеtесtеd sonogfaphiсalh
bеforе сliniсal signs aге prеsеnt. Thе dеtесtion of a latеral
vеntral abdominal lrеrtria involving thе pеritonеLtm, fеtfo-
pеritonеal fat, and innеr abdominаl musсlе layеr was
dеtесtеd in onе latе gеstation maге during folltinе sono-
gгaphiс ехamination of thе fеtus and Lltеflls bесausе of a
pfrviolls history of plaсеntitis. sonoЕ.faphiс ехamination
of thе abdominal swеlling сan dеtеfminе thе еxtеnt of
thе dеfесt in thе abdominal wall and thе musсlе layегs
affесtеd. Thе сontеnts of thе hегnia afе Llsually еasih-
assеssеd. Ho.wеvеr. in hoгsеs witlr oldеr hегnias of thс
abdominal wall, thе visсегa еntrappеd in thе hеrnial saс
may bе mistakеn for largе bowеl if thе small intеstinе has
bееn еntrappеd for a prolongеd pеriod of timе and bе-
сolnе mafkеdly distеndеd and somеWhat saссulatеd in
appсafanсе. Adhсsions bеtwесn thе abdominal wall hеr-
nia and thе aсljaсеnt visсеfa сan also bе dеtегminеd (Fig.
11_82) Although ultfasonographiс ехamination of thе
swеlling сan сlеtеrminе thе ехtеnt of thе hеrnia and its
сontеl1ts, thе viability of thе abdominal mltsсulatuге
aroltnd thе еdgеs of thе hеrnia is ditfiсrrlt to assеss.
partiсulaгl), in thе horsе with an aсutе abdominal wall
hеrnia..]()

Incuinal hеrniаs afе most frеqtrеntlv dеtесtеd in stal-

Figure 11-82
Sonogram of a lrеaling l'еntral abсlonrinal wall hеrniа obtaiпесl fгom en
18-Irrontll-old ThсlгсlughЬгеd сгoss 1illy With adlrеsions of small intеstinе
(SI) to thе сlе1.есt in thе vеntral abсlсlmirral wсtl| (аrroш,s-) Tlrе h1po-
есhoic tissllе bеtwсеn t]]е Yсntгlrl аbdoЛ]inal musсulatuге ехtеnds Vеп.
trall'v tсl thе skin suгfaсе whiсh is intеrruPtеd b1' aп arеa of gгarrulatiоn
tisstlе This sologгam was obtainеd with a 7 5-МHz sесtor-sсarrnег
tfansduсеf сOntaininЕ. a btlilt-in flrrid оffsеt Thс гight siсlе of this
sonogгam is to t]]е lсft of ttrе аbdomеn
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lions but havе bееn rеportеd in gеldings.'3] Aсquiгеd
inguinal hегnias havе bееn assoсiatеd With еvеnts that
inсrеasе abdominal pfеssufе in thс horsе, as wеll as with
brееding, strеnlrous ехеrсisе, and abdominal trauma.'],
Sсrotal swеlling is ustrally prеSеnt, and thе horsе nray

еxhibit signs of mild disсomfort oг sеvеfе abdominal pain
(sее Сhaptеr 9)..3,

Thе sonogгaphiс dеtесtion of small intеstinе in tlrе
sсfotlrm is diagnostiс of an inguinal hегnia (sее Сhaptеr
9). Thе small intеstinе is rссognizеd by its small ttrbular
shapе (сirсular on shoгt-aхis сross sесtion) and rеlativеlt.
long mеsеntегy (jеjununr). Thе еntrappеd small intеstinе
is usually surroundеd by anесhoiс fluid and ma1' ехhibit
normal pеristaltiс aсtivit1,, if strangulation of thе еn-

trappеd boчrеl has not oссurгеd (Fig. 11_83). lnguinal
hеrnias сan also bе dеtесtеd sonographiсallr.in gеldings
following сastгation (Fig' 11-84). w.ith intеstinal stгangu-
lation, thе wall of thе affесtеd small intеstinе тr ill bесomе
markеdly thiсkеnеd, thе lumеn of thе boп'еl п.ill bе lillеd
with anесhoiс fluid, and thе bowеl п,ill appеeг tuгgid.
hypomotilе, oг amotilе in rеal-timе imagirrg (sее Сlrap-
tеf б).

Disorders ot the Lуmph Nodеs

Еnlargеmеnt of thе lymph nodеs is dеtесtеd in horsеs
with lymphadеnitis with a dесгеasе in tlrе normal parеn-
сhymal есhogеniсitv (Fig. 11-85). Аrеas of сavitation
within thе lymph nodе arе сonsistеnt \I'ith aгеas of infес-
tion and ma1.bе anесhoiс (Fig. 11-86). hl.poесhoiс (Fig.

11-s7), or havе a сomplех sonographiс appеaгanсе with
anесhoiс to есhogеniс afеas (Fig. 11_88). Thе еntirе
arсlritесturе of thе lymph nodе may bе сomplеtеl). dis-
ruptеd with a largе absсеss (Fig. 11-89) Есhogеniс to
hypсrесhoiс massrs may bе imagеd within thе absсеssеd
lymph nodе assoсiatеd with nесfotiс tissuе L,vmph nodеs
absсеssеs oftеn brеak to thе outsidе and a dгaining tгaсt

Figure 11-83
sono€.ram of thе tеft sidе of t]rе sсfotluП Obtainеd from a 2-уеaг-old

StandardЬrеd сolt with aп inguinal hеrnia Thеtе iS a loop of jеjunum
(sI) in thе sсгotum adjaсеnt to tlrе lеft tеstiсlе (T) surгоundеd Ьy a

small amotrnt of anесhoiс lluid This sonoЕ.fam s,.as obtainеd with a

7 5-МHz sесtof-sсanllеr tгansduсег сontainiЛg a built-ifl fltlid offsеt at а

сlisplayеd dеpth of 6 сm Тhе гight sidе of this sonоgram is сгanial and
thе lеft sidе is сatldal
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Figure 11-84
SonogЙms of thе Iiglrt sidе of thе sсгotllпl obtaillеd fгоm a 2-уеaг-o]d

Thoгouglrbrесl gеlding witlr sсfotxl swеlling Tlrеrе is anесhoiс flrrid in
tt1е гiЕlht sidе of tlrе sсгotum with hуpoесlroiс hеtегogепеous tissuе
DlОst сonsistеnt with omеntulП, floatirrg in thе fltfd (tl|уoшs) 

^ 
Ioop

оf sпlall intеstinе (lаrge аrrou)s) is imegеd adiaсепt to thе omеntlrm in
thе shoгt.aхis llеw (lф i111t1gе). Тhе dсtесtioa of omепtum аnd small
iпtеstinе in thе sсг()tum is сoпsistсnt s.ith an iлguinal lrеrпia. Тhеsе
sonoЕ.тапrs rrеге оbtail-tеd \\'ith x 7 

'-МнZ 
sесtoI-sсannег tгansdtlсеr

соlrtaining a built-ilr t]rrid оffsеt Thе right sidе of thе гight imagе is
pгoхimal аr-td tl.tе lеft sidе is distal Тhе гiglrt sidе of thе lеft imagе is
сraпial and t|rе lеft sidе is сaudal

is dсtесtеd sonographiсallr, сorrnесting п,ith tlrе nесгotiс
arеa in thе absсеssесt lympl-r nodе (Fig. 11-90). Lеss
frеquеntly, thе lymplr nodе ma1.bгеak irrtеrnall1' into an
adjaсеnt stгuсtufе suсh as thе guttural potlсh (sее Fig.
11-88). Thе tisstlеs strrrounсling tlrе absсеssеd oг in-
fесtеd lymph nodе arе usr.rally swollеn and nrorе есlro-
gеniс than normal whеn assoсiatеd with a loсal сеllulitis

Еnlargеd гoundеd lymph nodеs arе сommonl1. imagеd

Figure 11-85
Sоnogгam оf thе lеft inguinal lymph nоdе оbtainеd tioп а уеarling
Thоrоtlghbrеd сolt s.ith an еnlargеd ingrritral Jr-mph rrоdе and сеllulitis
of thе lеft hind lеg Thеfс is an arrесhojс afеa s,-ithin tl-Iе l).пph nodе
сonsistеnt with l-Ymphaсlеnitis Thе fllliсl w.ithiп this eгеa is rеlativеly
anссhoiс. Ьut infесtiorr сlf thе nodе must still bе ссllsidегеd Afl ultra-
sound-guidеd asPiгatе оf tlris noс|е п'as pегfогmеd anсl a sanrplе ob-
tainеd foг сultrrге aпd sепsitivit}. tеsting, Whiсh yiеldеd no growth
This soпOЕ]fam s.as obtainеd With x 7 5-MHz sесtor-sсannеr tfansduсег
сOntainiпg 1r built.in lltlid offsеt at a disPlayесl сlеpth of 6 сm Tlrе гiglrt
siсlе of tl.ris sonоgfam is сfanial and thе lеft sidс is сaudal
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Fiqure 11-86
Sonogranr of thе submanсlibulaг l1'пrph nodеs obtainесl 1itlлl :r 4-1'сaг-
о1с1 Thororrglrbrеd соlt With l}.mplradеlritis Тhе norm:r1 гigltt siсlе tr.raп-
dibulaг lуmph nodс is dеpiсtеd in thс гight imagс aлсi thе еnlargеd lеft
suЬmandiЬttlaг l1.mph ntlсlс is dсpiсtеd il-r ttrе lеft imagе Nоtiсе thе
loсulatеd сеlltеr of thе lеft sullmandibrr|aг lvlrrplr nodе (аrrou)) Ьn
ultгasorrnd-gtlidеd aspiratе of this aгеa wаs pОsitivе fot Асtiпсllпуcеs sp
Thеsе sonograms Wеfе obtainеd with a widе-baodwiсlth 7 5-NlHz linеar-
aгfa}' tfansdllсеr opсгatiIrg at l0 0 NIНZ With a hand-hеlс1 stаndotf paсl
at a displx,Yеd сlеpth оf .1 сm Tlrс гiglrt sidе of tlrеsс ьunogгams is
сгanial and t]rе lеft sidе is сarrdа]

in human bеings with aсLltr lymphadеnitis.lJ Thе сoftеx
of thе affесtеd l1,mph nodе is Llsllally Llniforml-Y thiсkеnеd
and morе sonographiсally lr'rсеnt tlran noгmal; thе nof-
mally rсhogеfliс hilum is сomprеssеd, displaсеd' of сom-
plеtеly oblitегatеd..ij Thе suггotrnding сonnесtivе tissuеs
may bе еdеmetous or appеar morе есhoЕ.еniс than nof-
mal, if assoсiаtеd with a loсal сеllulitis. Inсгеasеd blood
flow is pfеsеnt, paftiсLllafly within thе lrilar aгеas, whiсh
is dеtесtеd as high-vеloсit1.' low-rеsistlrnсе aftеfial flсlw.'J
Sonograрhiс ехamination of thе сегviсal l1.mph nodеs in
dogs rеvеalеd onе dog with a pуogranlllomatolls lymph-

tigure 11-87
Sorrogгarls of an absссssеd гight submandibular lvmplr nodе obtainеd
ltorrr a 6-уеar-оld Staлсl:rгсlbrеd maге Tl.rеге is a laгgе lrvpoесhoiс сari
tatеd mass with somе loсLllations disfllрtin!. thе noпrral l).nrph nосLс
aгсhitесtlrге Thеге is aсollstiс еnhanсеmепt of thе far wall of thе
absсеss сa't-it'r, (аrrошs), сoлfiгming thxt tlis StгLlсtuге is fltliсl-1illеd
1.l.rеsе sonograms wеге Obtainеd with a 7 5-NIIIz sесtor-sсannеf tfa115

duсеf сontail]ing a bl]ilt-in tluid otl.sеt аt a displa1.еd dеptlr of 6 сп-t

Tlrе гigl.tt siсlе of tlrе lе1t imagе is гostгal xnd thе lеft siсIс is сatlсlal Тhе
fight sjdе of tlrс right imagе is thе fight siс1е сlf thе manсliblе

adеnitis and two With геaсtivе lymph nodеs.1]4 Tlrе lymph
nodеs in thеsе dogs Wеfе еnlargеd, гound to oval, modег-
atеl), Wеll marginatеd, and h1poесhoiс.

Rеplaсеmеnt of thе nofmal lymph nodе tissllе with a

diffr-rsе infiltration with nеoplastiс сеlls or disсгеtе mеtas.
tasеs is сommon in horsеs with nеoplasia. Lymphosaг-
сOma is thе most сommon nеoplasm involving tlrе lvmplr
nodеs in hoгsеs.l..' Inr,юlvеmеnt of thе submandibulaf.
геtropharyngеal. and сеfviсal lvmplr noсlеs is fгеquеntlr-
dеtесtеd in lroгsеs With multiсеntfiс lymphosarссlma
Thе othеr pеriphеfal l1,mplr nodеs may also bе affесtсd.
Mеtastasеs to thе loсal draining l1,mph nodеs maY also bе

Figure 1 1-88
Sсlnograms сlf an absсеssеd lеft rеtrсlpl.ra4,ngеal J-vmph nodе Obtainеd ltom a vеarling Tlrororrghb-геd lilh Thс rеtгoPhaП,n!iе:]'l \,mpl.r nodе ls
еnlaгgеdandсаvitаtеdwithh}.poесhоiсftid1illingthеafеasofсavitatiоn,сonsistеntWithabsсеssаtiсlnH1рoесhсliсnratеfix1isalsoinragсdrvittin
tlrе lеft gtttturlrl pсluсlr сonsistеnt witlr еmpvсma of thе lеft Е]Lrttlrm| potrсh Thеsе sofrogIams wеrе obtainеd s,-ith 21 7 5.l4HZ sесtor-sсanпеI
tгaIrsduсег at a displa1-еd сlеptlr of 8 сm

,.1, Thе еnlargеd сav'itatеd lеtt теtrophац.rrgеal lvnrph nосlе mеasuгеr1 .1 1 сm by .1 88 сm Thе гjght siс|е сlf tl.ris sonogram is dorsal and thе lеft
sidе is vеntгal

B, Tlrеrе is a hеtегogсnсous small nodlllaf mnss 6п1аll аrrouls) ptlshiпg in tlrе \.епtгxl аnd mеdial walls of thе lеft guttltгal 1lorrсh This nсldr-llaг
mass aрpеars tO ofiginatе fгrlm thе геtтOphaп.ngеn] :rbsсеss Thе тight sidе of this sol1ogr:tm is сгania] anсl thс |еft sjdс is сlrtrсl:tl
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Figure 11-89

гight siсtе Of this sonogгam is сlсlгsal and thе lеft sidе is rt'пrга]

prеSеnt in hoгsеs with othеr rypеs of nеoplasiа. Thе

iymptr noсlеs dfaining an afеa witlr a sttspесtеd nеoplasm

sьoutс bе сarеfully ехaminеd for spгеad oГ tl-tе tutrroг to

thе adjaсеnt li,пrph nodеs.
Sonographiс ехamination of aft.есtеd 11 rrrph rrodеs in

horsеs wiih multiсеntгiс lуmplrсlsaгсoпa геr-еels ссlm-

plеtе dеstruсtion of thе lуmph nсldе aгсl-titесtuге (Fig.

i r-яr>. In somе horsеs with lymphosaгс()пa t.l-rе affесtеd

Figure 1 1-90
Sonogгams obtair-rеd ltсlm a 4-Yеar-old ТhoгоughЬrеd сo]t with ,'t с1гain-

ing tiaсt fгom thе ]еft srrbman<librrlar l.vrrrplr noсlе, Tl.tе dfxiпin!] tгaсt

..i.tс ь. tbllowеd into thе сxudal aspесt of tlrе l1'rrrplr nodе as a slightlY

moге
wеfе
гight
nсlсlе

imаgе iS towafd thе lс1t sidе сlf thе mаlrdiblе anсl tlrе гight sidе is

towаrd midlitrе

\,mph noс1еs arе homogеnеously irrflltratеd with tisstrе

of inсrеasеd есhogеniсity (Fig. 11-92). W.itlr thе morr
aggrеssivе malignant tumofs, thе lymph nodе is fеplaсеd
wiitr tissuе of сompositе есhogеniсity сеntfal lr1,po-

Figure 11-91

Lndln!. m:rss Tlrе гiglrt sidе of this sonogГam is toward thс lеft sidе of thе

lrlargеalrссhоiсtOhYpoесhoiсarе:lsirndt.еп,.есhogепiсarеаs..I.hеsеanесlroiсto
thе йass аnd possiblе sссol.dary absсеss tbfmation. This m1tss is loсatсd Ьеtwесn thе

irmorеhoшogеnсоtrsесl-togеniсma'ss(lаrgесtп.сlu'),moгег\.piсalofl1,mphosaгсоma.
al1d thе гight сafotid aГtеry is to thс lеft of tlrе im:rgе
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Figure 11-92
Sonogram of inliltratесl се1Tiсal lуmph nodеs obtainеd fronr a 10-yеar-
old Аfabi:rn maге with multiсеntгiс lvmphоsaгсom:t .Гhе vсntгa] сегvi
сal l1.mplr noсlеs arе homogеnеousl1' еnlaгgеd and h1рoесhсliс' ap-
pеaгiflg in gгaPеlikе сlustегs ;rlong thе vеntгal aspесt сlf tlrе nесk and
аt thе thoгxсiс inlеt This sonoЕ!,г1rm was oЬtairrеd With a 7 5-MHZ
sесtoг- sсanflег ttaflsduсег сontaining a built-in fluid offsеt at a displayесl
dеpth of 8 сm Thе гight sidе of tlris sonogram is слalrial ;rrrd thе lеft
sidе is сaudal

есhoiс of anесhoiс afеas arе сommonly dеtесtеd if thе
tumor is growing rapidl{ assoсiatеd with ttrmor nесrosis
(sее Fig. 11-91).

Involvеmеnt of thс sllpramammary lymph nodеs has
bееn геportеd in onе horsе with squamolrs сеll сarсi
noma inYolving thе mammafy gland.l'2 Ilеal, inguinal, and
sllblllmbar lymph nodе infiltration is сommon in hoгsеs
with nеoplasia of thе tissuеs drainеd by thеsе lymph
nodеs. In thrее dogs with lymphoma thс l.l.mph nodеs
wеrе еnlargеd, mildly hеtегogеnеous, and hypoесhoiс
with fair to good maгgination..3a In humen bеings with
сonflrmеd hеad and nесk malignanсy, ttltrasotrnd has a
90% sеnsitivity for thе dеtесtion of mеtastatiс tymph
nodеs.l]6' lз-

Tonguе and 0ral Cavitу

Absсеssеs in thе tonguе and oгal сavity arе unсommon
in thе horsе and arс most frеquеntly sесondary to oгal
tfauma. Sonographiс ехamination of thе tonguе or oral
сavity fеvеals a fluid-fillеd mass in thе tonguе or tisslrеs
of thе oral сavity. Thе есhogеniсit1. of thе fluid сontainеd
within thе absсеss variеs, and small hypеrесhoiс есhoеs
assoсiatеd with gas in thс absсеss arе сommonly sееn, as
anaеfobiс infесtion is not unсommon with ofal сontami-
nation of thе initial Wound (Fig. 11-93). A largе anесhoiс
loсulatеd mass in thе tonguе of onе horsе was сonsistеnt
with an initial hеmatoma @ig. 11_94). This arеa was
adjaсеnt to but sеpaгatе ffom a сavitatеd h'vpoесhoiс arеa
сontaining hypеrесhoiс есhoеs сonsistеnt witlr frее gas
and a hypеrесhoiс linеar forеign body (Fig. 11-94). Thе
initial lingual trauma may havе сausеd thе lingual hеma-
toma adjaсеnt to thе afеa pllnсtufеd by thе forеign body,
сгеating this sonographiс appеaranсе. Anесhoiс fluid-
trllеd massеs havе bееn rеportеd in thе tonguе of onе
hoгsе with a pеnеtfating lingual foгеign body..

Dysphagia, ptyalism, halitosis, nasal disсhaгgе, a сhangе
in phonation, stеftofolrs brеathing and intеfmandibulaг.
submandibulaц or frtгopharyngеal swеlling havе bееn
rеportеd in horsеs with oral of phaгyngеal foгеign bod-
iеs.8. t2] l]8' rJ9 A draining tfaсt may also bе pfеsеnt, assoсi-
atеd with a forеign bod1. tzz, 12] Mеtalliс forеign bodiеs
havе bесn dеtесtеd radiographiсally in sеvеral horsеs,lr]
l.r8 1]9 although thеiг suгgiсal rеmoval without sono-
gгaphiс guidanсе is difIiсult.

Ultrasonograpф сan bе ехtrеmеly hеlpful in thе loсa-
tion and suссеssful strrgiсal rеmoval of forеi6;n bodiеs
in thе oral сaviry just as it is еlsечzhеrе. Sonogтaphiс
ехamination of thс oral сavity еnablеs thе сliniсian to
idеntф radioluсеnt foгеign bodiеs (Fig. 11-p4) but is also
trsеful in furthеr loсalizing radiopaquе forеign bodiеs (Fig.
||-95). Thе gеnегal loсation of thе radiopaquе forеign
body сan bе dеtеrminеd using foutinr гadiography. Pге-
сisе loсalization of thе forеign body сan bе obtainеd
ultгasonographiсally, loсalizing thе forеign body in thе
strrrottnding tissuеs and dеtеrmining thе rеlationship of
thе forсign body to adjaссnt vital struсturеs. This informa-
tion is invaluablе in planning thе optimal surgiсal ap-
proaсh foг foгеign body rеmoval. Intraopеrativе ultraso-
nography is also vеry usеful in furthег loсalizing thе
forеign body at thе timе of sufgrгy, minimizing surgiсal
tfalrma.

Diagnostiс ultrasound was usеd in сonjunсtion with
radiography to loсalizе a mеtalliс forеign body in thе
lingual paгеnсhyma in onе horsе and dorsal to thе laryrrх
and vеntfal to thе gllttufal pouсhеs in anothеr hofsе.r 5

Sonographiс ехamination of thе tonguе in thе horsе with
thе lingual forеign body rеvеalеd sеvеral wеll-dеflnеd
anесhoiс arеas within thе tonguе that fеprеsеntеd fluid
poсkеts (absсеssеs), adjaсеnt to thе hypеrесhoiс linеaг
forеign body сasting rеvеrbсгation artifaсts typiсal of
thosе sееn assoсiatеd with mеtalliс obiесts.5 IntraoDегa-

Fiqure 11-93
sonogIаms obtainеd lrоm a l]-yеar-old Thoгoughbгеd gеlding \\,'ith e

lingual absсеss Thе tongrrе (аrrouls) has hypсгесhоiс есhoеs *ithiп
its сеntег' сonsistеnt With fIее gas есhoеs, su€.grstinЕ. anaегobiс ,inJес-
tion and small anесhсliс сavitatеd aгеas .fhе riЕ.ht imaЕ.е is thе сгaniа]
pсlпion of thе tonguе and thе lеft imagе is thе adjaсеnt сaudal poпiоn
Tlrеsе imagеs wеге obtаinеd from a srtbmеntal wlndow with a s idе-
bandwidth 6 O-MI{Z miсгoсonvех linеaг-arгaY tIansduсег opсгlring аг

1o 0 МHz at а с1isplaуеd dерth of 8 сm. Thе гight sidе of bоtlr imagеs
is rostгal anсl thе lеft sidе is сarrda]
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ln with a linglial absсеss Тhеsе sonogгаm wегс obtaiлеd with a 7 5-мt1z

a largе loсulatеd fluid fillеd m^ss ((|rrou's) iп thе tonguе'

сm long. This mass аppеltгеd to oгigilratе trom a-swеlling

w (lеft imаge) is tlrе йft sidе ot tlrе mandiblе. Thе fight

Im was imagеd in tlrе r

]turе in thе paгasagittal vi
ге it appеarеd likеh that t

' llr'pегесl-toiс tissllе sith
оf thе paгasаgittal \ iеs is

tivеultrasoundwasthеnusес1tohеlploсaiizеbothfoг-
.lg" Бoсi.' during tlrеir sr'rгgiсal геmoval.,..5 Sono graphiс

ех.amination of thе tonguе inсl intегmandibtrlaг spaсе in

onе hofsе was Llnsuсс;sful in loсatinЕ. thе mеtalliс for-

.ц" ьoсy bесausе thе ultrasound сould not pе11еtfatе

oЕ.p ..,o..gt' into thе tissuеs to imagе thе forеign body.r,]

Usе of a lowеr-fiеquеnсу trаnsduсег should havе rеsultеd

in thе suссеSsftll imaging of thе foгеign body in this

horsе.

of thс л-tапdiblе

oгal and lingual nеoplastns arе LlnсomпIon 1n

hofsеs.l..) 1,.l Squamous сеll сaгсirroma and lr-mphosar-

.o.^ ^'. 
thе Ьost likеlу tr'rmors of this aгеa. but a

.r,uБJornуo'arсoma of thе tongur has bееn rеportеd in a

1'o,,...'o'.',u Sonographiс ехamination of tlrе tongtrе in а

horsе with an ofal or lingtlal nеoplasm is likеly to rеvеal

a hеtеfogеnеous mass with сompositе есhogеrriсitv irr tlrе

сasе of iq..urno.'' сеll сarсinoma of rhabdom),osafсoma.

iу-pt.o'u..oma involving thе oral сavity is moге likеly

to havе a homogеnеous sonogгaphiс appеaгanсе, but a

.Ь-pr." pattеrn of есhogеniсity is also possiblе. oral or

й"gйr nЁoplasms shotrlсl bе rеadilу distingtrishеd from

abiсеssеs. Most absсеssеs involving thе ofal сavity arе

сavitatесlandсontainfluidandfrееgasесhoеs,whеfеas
nеoplasms arе primarily soft tissttе massеs that may сon.

tain aгеas of сavitation assoсiatеd with tissuе llесfosls.

Ultrasonographiс ехamination of thе tongllе has bееn

usеful in smitt animats fof сhafaсtеfizing thе arсhitесtttrе,

,izе, "no 
еxtеnt of thе lingual mass.' Prеviousl1, undе-

tесtеd poftions of thе tumor mass wеrе dеtесtеd in somе

of thеsе patiеnts. Malignant and inflammatoЦ, lеsions

usually appеar as hypoесhoiс massеs ar.r{ mal.oссasion-

"шу 
ь. .1.'.i. i'' botй small animals and human bеings.'.

r+r. r+z ц,o..есhoiс arеas in thе lingual paгеnсhyma of

human bеings arе most likеly flbrotiс afеas.'', Howеvец

a hypеrесhoiс lingual mass in a сat was diagnosеd as

,q..uЬo.., се1l сarсinonra! as was a mostly lrypеrесhoiс

lingual mass with a сomp сat.,

Soiogгaphiс еvaluation 6 maSS

lаo.i..Ё or diffusе), its sof ' and

йе involvеmеnt of adjaсеnt stгLrсtufеs сan aid thе сlini
сian in dеtеrmining thе appropriatе сoursе of aсtion for

diagnosis and trеatmеnt of thе lingual or oral mass.
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Figurе 11-96
Sonogтlrms of thе mamnrary Е]laпd Obtainеd ltorп a Jvеarюld Thогorrghbгеd lillу п.ith swеllillg of thе lе1t mxmmaЦi glarrd anсt |1.пrphangiесtasia
Thеsе sonogгams rvсrе oЬtainеd \\,ith a п.idе-banсlrviсItlr 7 

'-NIHZ 
litrеaг-aггav trarrsr1ltсег oреrаtillg at l0 0 мЕlZ at x displа\сd с.lеpth сlf 1 сrrr Thе

гight siсlе of tlrеsе sonogfams is сгlrtlial lпd tlrе lсft siсlе is сaud;tl

'4, A maгkесllу еnlагgеd vеnсltrs рlехus (аrrou:s) *'as imagеd, соmparinЕ. thе lеtt m:tmmary gland (right iшаgе) Witlr thе fig|1I (lф imаgе)
сonsistеnt witlr lеnous оссlusiсlrr l'hе sitе Of thе \.еnous oсс]Llsion was not lbund

ll, Dilnlsе thiсkеning Of thс subсutanеous tissuеs Of thе lеtt mammal]l gllnd (аrrouls). pгсlbablу assoсiatеd witl] thе vasсular oссlusion tlrat
apреlIstobсpIеsеnt'геsultitlgiovепOtlsobstгLlсtiOnThеsоnogгaplriсappсaг1rnссofthisdiffrrsеsсltitissuеthiсkспiпgismоrес()nsistеl-)tWitl-
сеllll]itis oг сliffusе solt tissltе in1iltratе than with еdеn]a

Disorders 0f the Mammarу Gland

Disordеrs of thе mammaг}, gland aге Llnсommon in
horsеs. Swеlling of thе mammaf}r gland сan OссLrf with
diffusе еdеmir of сеllulitis of thе vеntral abdomеn. Swеll-
ing of onе mammaгy gland has bееtr sееn in a hoгsе with
loсal lymphangiесtasia. Еnlaгgеmеnt of thе mammaf}I
gland may also bе dеtесtеd irr horsеs With mastitis, mam-
maч. gland absсеssеs, flbrosis, lrnd nеoplasia. Marnmar1,
ttrmofs afе rrnсommon in hoгSсs bttt havе oссasionally
bееn rеpoгtеd. Squatnous сеll сarсinoma Was геportеd in
onе marе With hypеrparathyfoidism that involvеd thе
l'ulva, pеrinrllm, mammary gland, and assoсiatеd 11lдp1'

Figure 11-97
Sonogгаm of a mass in thе гight mammaЦ' g|aлd obt:rinеd fгom а 26-
yеaf-old Моrgall marе 'I.lrе пrammary gland is епlargеd and thе mass
(аrrouls) l]as a lrеtеroЕ.еnеous apl)еагanсе with k)сulatеd fluiс1 fillеd
spaсеS. пlOSt сonsistеnt With сhtoniс iffъсtion This soпсlgг:lm п-:rs
obtainеd with a 7 5-\{Hz sесtor-sсaпnег tfansdllсег аt ;L сlispla1,есl сlеptlr
of 5 сm .I.hе right sidе оf thls sono!.гanl is pr.oхimal and thе lеlt sidе
is distal

nodеs.ll2 Morе than half of thе mammafy tissllе Was
fеplaсеd by firm nodulеs, many of whiсh сontainеd thiсk
сasеotls matеfial.

Sonographiс appеaranсе <lf mammaгy gland lympharr-
giесtasia inсlttdеd markеdly еnlargrd vеnous plехLts asso-
сiatеd With thе aff.есtеd mammary glanсl and dithlsе
rdеma of thе aff.есtеd gland (Fig. 11_96). Еnlargеmеnt of
thе nrammary gland with с1,stiс oг сlrvitatеd spaсеs in
tlrе mammaгy glanс1 is most сonsistеnt with m1rstitis but
ma'v also bе a sеquеla to сhfoniс infесtion of tlrе gland
(Fig. 11_97). Есhogеniс to hypеrесhoiс afеas in tlrе mam-

Figure 1 1-98
Sсlпograш сlf tlrе еnlargеd riglrt mammaЦ' gland obtainсd fгtlm а 6-r.еeг.
old Starrdaгdbгеd marе Tlrе vеntfalmost aspесt of thс гight mammltП
gland is h1'pеrесlrtliс mсаsuгiЛg 3 34 сm thiсk (х,), сOnsistеnt $'ith а

сеllrrlaг infi]trаtе in this poгtioп of thе gland, most likеl), fibгosis Тhi-s
Iirm aгеa was lсlсatеd in tlrе glandrrlaг paгеnсlrуnra just undеrпеаth thе
skin sLrгfhсе (х| - () t]8 сm) Normal glandrrllг paгеnсll,rпa was inragеd
сloгsal to this difftlsе ltеa сlf iпсгеasесl paгеrrсhymal есhоgеlriсjq Тhis
sonograпr wдs obtairrеd With a 7 j-MHz sесtorsсartnег trапsсlrrсег сtltl-
taining a bllilt-in fluid ofТ.sеt at a displar,ес| сlеpth of 6 сm Tl.rе тlglrr
siсIс tlf this sono!.гam is pгoхimal and thе lеft siсlе is distal
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Figure 11-99
Sonogfan1 of tп'о massеs adjaсеnt tO thе lеft lllammaЦ. glаl-tсl obteitrеd
froпl a 9-уеarold 

.Wеlsh pon). nllrrе rr,ith sarссlids Tl.tе sпallсг сгапiа[
(СR) mшs (Гight аrrolt) is lr1,pсlесhoiс aлd homсlgеlrеous Тlrе largеr
сatrс1al (СA) mБs (lе|t аnсl сеt1tе|. ап.сlttls) is mosth. hrpoссlrоiс with
a сxvitatесl aгеa in thе с]:ania] pоrtion of tlris mass (СеtltГаl аrrОI)
сol]taining an есhogеrriс сеntеf Thеsе m:tssеs 

'tfе 
sоtl tissrLс mlssсь.

most сonsistеnt П.ith nеOplasiа Ехсisional biopsr, оf thеSе massеs ге

уеalесl saгсoiсls 1lris sotrogтaпr s,.аs Obtlinеd With 
't 

- 5-}'IHz sесtсlr-

sсat1nег tгansсiuссг сontaiпing x built-in f]uid of1.sеt lt a displx\'есl dерth
of 7 сm Thе гiglrt sidе of this sonogr1lm is сгапial lrпd thс lеtt siсtе

is сar-tсlal

maf), 8land pafеnсhyma afе most сonsistеIlt s''ith dеnsе
сеllulaf inflltгatе, usllally flbгosis (Fig. 11-98) This dеnsе
sonogгaphiс appеaranсе is also usuall}. a sесlllеla to
сhroniс mastitis. Hypoесhoiс homogеnеous to hеtеfogе-
nеous сavitating massеs lravе bееn iсlеntitrеd trom tlrс
ma1nmaf.Y glands Of hofsеs With сLltanеous and sllbсLrta-
nеous tumofs slrсh as mеlano1nas and safсoids (Fig. l1_
99). Sonographiс ехamination of thе malnmar}, gland
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Figure 11-101
Sonogfam of thе lеft n1anrlП:rЦ' glatld obtaiпеd ffofi 

^ 
22',Yеaf.Old Thor-

oughbгеr1 maгс with lnammaf,Y glaпd с:rrсinсlma Thе mlssсs iп this
gland arе h,vpегесhoiс and гсplaсеd most of thе лоrmal glanсlu|аr tissuе
This Sonogгam was otltainесl with a 7 i.NIHZ sесtoг-sсannеf tfaПsсluсеf
сontllining a built-iп fltriсl otlЪеt at a displa\.еd dеptlr of 7 5 сm Tltе
гight sidс of this sonоgram is dогsal and thс lеft sidе is r'еntпrl

in hoгsеs with mammaf}. gland сafсinolna has rеvеalеd
multiplе disсrеtе h1poесhoiс (Fig. 11-100), есho8еniс,
of hypеrесhoiс (Fig. 11_101) massеs sсattеfеd tlrгottgh-
otlt thе gland Or сoalеsсing massеs thrсltlghout tlrе gland
With сompositе есhogеniсit}. (Fig. l1-102). In both
fornrs, mafkеd dеstfllсtion of thе glandular paгеnсhyma
has oссtrrrеd with littlе or no nor1nal mammafy parеn-
сhyma fеmaining. Thе rеplaсеmеnt of thе mammary
gland with hеtеrogеnеous сompositе massеs and dif-
fusе сеllular inliltfatе is сonsistеnt with mammafy
nеoplasia.

Figure 11-100
Sonograшs of aп елlaгg'еd lеft пranrmlц'glaЛсt оbtainеd fгoлl e 20-1'еaг-сlld Thoгoughbrсd nrarе п'itlr trrammaц'glanсL сaгсinоlla Тl-tе glanсl has

multiplе гound tо oval massеs s.ith a hеtеrogепеolts Soпogf'tphiс appеaгanсе sсattеГеd tl-tгotlghout Sолlс оf tlrеsе nr;Lssеs rr-еге сlгlrining int() tlrе

tеat сistегп, whiсlr was 1illсd with h\-poссhoiс matегia] No normаl glatrсlulaг tissuе wаs imagеd in this gl;rпсl Thеsе sоrrogгanrs $'еfе Obtаinеd With

а 7 5-MHz Sесtor-sсanllеf tгansсluсеr сOntaining a Ьui]t-in flrriсl oftЪеt аt a сlisplaуесl dеptlr of 6 сm Tl.tе Iight siсlе ilf tl-tеsе sonogгams is dсlгsаl ellсl

thе lеtt sidе iS vеntгe]
,'1' This mаss (.аrroш,s) is hеtеrogсnеоus but аppеars rеlativеlу soliсt п-ith a pгimaгilу есlrogеniс sotrоgrapl]iс xPPеxIanсе With a tъW anссlrоiс

and lr\.pеrесhoiс lrеas
B. This mass (аrrotl,s) is пloге сavitatеd With l'rIliе anесhoiс arеаs in aп есhoЕ.еЛiс

arс соllsistсnl u.itll t[|moг nссгosit
to hr,ooесhoiс Daгсnсhvnra .гhеsе сx.\'itatсd anесlroiс aгеas
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Figure 11-102
Sonogгams of a laгgе mass in t]-tе гiЕiht mammary gland obtainеd
fгom a 31-yеar-old сhinсotеagllе pon)r marе with a draininЕi tгaсt
from a mammary adеnoсaтсinoma Thеsе sono!.rams wегс ob-
tainеd with a 7 .5-МНz sесtof-sсannег transdrrсег сontaining a builЕ
in flrtid offsеt (А) lnd a 2 5-NЦ}{z sесtoг-sсalrnег tгansdllсеr (8 and
O at a displayеd dеpth of 6 сm (А), 3o cm (В), aлd 26 сm (С)'

,4, Tlrе small aггow points tO thе bfеak in thе skin suгfaсе and
thе h-vpoесhoiс tfaсt ехtеndinЕ. fгom tlrе песrotiс por1ion of this
tumof mxss Thе tгaсt is moге h1-poесhoiс tharr thе suffoundinЕ]
tissuеs and ехtеnсls into thе dееpеI tisstlеs whеrе laгgег hypo-
есhoiс aге:rs аге imagеd Within thе сеntеf of thе mass сonsistеnt
with nесrotiс tissuе odrge аrroш')' Thе гight sidе of this sono!.ram
is сгanial and t]]е lеft siсlе is сaudal

,B, Thе сompositе mass (оpеn аrrоu'D has сomplеtеly геplaсеd
thе еntiге fight mammary gland and is gгеatег than 20 сm in
с1iamеtеr Thе есhogепiсitiеs Of thе mass vary fгom hуpoесlroiс
to h}.Pегесhoiс. a сommon sоnоgгaphiс finding in a malignant

nеoplasm Thе right sidе of this sonogram is dсlrsal and thе lеft sidе is vеntfal
С, Thе сomplех sonogгaphiс appеaranсе of thс mass (thiп аrro11)S) is еvidеnt Тhе сеntгal poгtion of thе mass is anесhoiс (slrorl

аrrОш), suггoundеd b'v moге homogеnеotls h1,poесhoiс tissl]е Dееp to thс сavitatеd ;rтеa is a h1pеrесhoiс arеa within thе mass' сastinЕ!
aсoustiс shadows сonsistеnt with сalсiliсation оf this pоftion of thе mass Thе ]:ight sidе of this sonoЕ]ram is doгsд] anсl thе lеft sidе
is Yеntral

Sсirrhous Cord

Infесtion of thе spеfmatiс сofd oссufs most frеqllеntly
in thе days following сastration, but rеports of inguinal
and sсfotal sп,еllings assoсiatеd with an infесtеd spеfma-
tiс сord havе bееn rеportеd in gеldings that had bееn
сastfatеd sеvеfal )rеafs pгеviouslу.t*] l++ Thе sсrotal of
ingtrinal mass is Llsually assoсiatеd with lamеnеss in
horsеs with сhгoniс infесtion of thе spегmatiс сord.l1] lar

Purulеnt drainagе from thе mass may bе dеtесtеd, and
thе horsе oftеn has a histofy of improvеmеnt with antimi
сгobial trеatmеnt. Pain and hеat may also bе dеtесtеd
assoсiatеd witlr thе mass. Rесtal rxamination of thе intеr-
nal ingllinal ring rrstrally fеvеals no abnofmalitiеs, al-
though еxtеnsion of thе infесtion into thе abdominal
сavity along thе spеrmatiс сofd is possiblе Thе sсirrhorrs
сoгd has bееn dеsсribеd as a hard, thiсkеnеd, сhroniсally
infесtеd сofd assoсiatеd with a low-gгadе infесtion, ustг
ally staphyloсoссal. Multiplе small arеas of absсеssation,
disсharging sinusеs, and ехubеrant gгanulation tissuе aгr
fгеquеntl1, dеtесtеd in horsеs with sсirrhous сord. Sсrotal
absсеssеs also oссtrr in horsеs following сastfation. Thrsе
hoгsеs tlsually havе markеdly еnlaгgеd sсrotums with

sсгotal hеat and sеnsitivity. Nеoplastiс inliltration of thе
spеfmatiс сord and of thе sсfotal and ingllinal arеas is
farе in gеldings but сan oссuг in horsеs, probably most
fгеquеntly in thosе with squamous сеll сaгсinoma of
thе реnis.

Sonogгaphiс еvaluation of thе sсrotal or inguinal mass
usually геvеals a fluid-flllеd stгuсtuге @ig. 11_103) чrith
еnlafgеmеnt and involvеmеnt of thе spеrmatiс сoгd (Fig
1 1_ 104). Thе hypoесhoiс to есhogеniс matегial is imagеd
еmanating from thе distalmost еnd of thе spеrmatiс сoгd
and may bе imagеd asсеnding into thе ingtrinal fing along
thе геmnant of thе spеrmatiс сord. Thе spеrmatiс сord
is usually есhogеniс with a hеtеrogеnеous appеafanсе
assoсiatеd with сhrоniс inflammatofy, grantrlomatous. oг
fibrotiс infiltratе sесondaгу to thе сhгoniс infесtion. A
largе sсrotum flllсd with hypoесhoiс fluid is Llsllally found
in horsеs with sсгotal absсеssеs (Fig. 11-105). Fibrinous
loсulations afе oftеn sееn in thе fluid сollесtion (sее
Fig. 11_105). Есhogеniс to hypеrесhoiс tisstrе is also
frеquеntly dеtесtеd, assoсiatеd with nесrotiс tissuе. Nеo.
plastiс inliltration of thе fеmnant of thе spеfmatiс сord
and slrrfounding tissuеs has bееn dеtесtеd in horsеs п.ith
squamolrs се1l сarсinoma of thе pеnis (Fig. 11-106).
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Figure 11-103
Sonogram of thе гight ingtrirral гсgion obt:ritrеd fiom a 2-rсlrlllс1 Tllоr-

orrghЬгес1 gеlс1ing with sсгotal anсl ingrrinal srvеllirlg. A laгgе lrr-pсlесhoiс

tltrid jillесl ntlss (аrrслl'ls) is :rssoсiаtесl with thе гjЕ]ht spегmаtiс сofd.

Thе morе есl.togеniс tissllе adiaсеnt tO thе аbsсеss is inllaпlnlatоЦ'

tissuе slrff()unding thе absсеss xt thе еnd of thс епl:rгgеd spегmatiс

сord. Tl.ris soПoЕ.farП was obtaiлеd witlr а 7.5-MHz sесtor-sсaпnеГ traпs-

duсеf сontaining a ЬLjlt.in flrriсi ofТsеt at a displa\.есl dеpth оf l0 сnl.

Thе гight siсlе of t1ris Soлogгam is сraлiаl an(l thе lеtt sjdе is сxlldal.

0сular Diseases

Whеn dirесt visualization of thе еyе is not possiblе, ultra-

sonography сan pfoviсlе thе сliniсian w-ith impoгtant di

"g,'oitic 
and prognostiс information..) lL) Indiсations for

oiular LlltrasonograPh). inсludе еyеlid oг tlrird е}'еlid

swеllings or massеs that prеvеnt oсtrlar ехamination;

opaсitiеs of thе сofnеa' aqtrеolrs, lеrrs' oг vitfеOlls pfе-

vёnting a сomplеtе intгaoсulaг еxaпination; еxophthal-
mos; and a suspссtес1 inсrеasе or dесrеasе irl thе sizе of
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thе glob а should also pfompt
a сafеfu ion and Sonographiс
ехamina lbar strtrсturеs. Ultfa-

sonographiс ехamination of thе еyе сan bе rrsеftll in
horsеs with сoгnеal еdеma in whiсh standard ophthalmo-
logiс ехamination tесhniquеs сannot bе appliеd.

Cornеal Ulсеr. Sonograplriс ехamination of thе

еquinе еyе is not foutinеly indiсatеd in horsеs with сor-

nеal Lllсеfs. Howеvеr, transpalpеbral ехamination of thе

еyе сan bе usеful in lrorsеs with markеd е),еlid Swеlling,
prеvеnting visualization or еxamination of thе сornеa.

Th. .o.',.a has a pittесl appеaranсе assoсiatеd witlr thе

arеas of ulсеration that сan bе dеtrсtrd sonographiсallу
(Fig. 11-107). High.frеquеnсy tlltrasotrnd (l0.0 МHz or
highеr) сan obtain somе imprеssion of thе dсpth of
сoгnеal ulсеfation.

Cornеal Stromal Alrsсеssеs. Сornеal stromal ab-

sсеssсs rсsult from a pеnеtrating injury with еntгapmеnt
of an organism]i5' r.t6 or forеign matеriallr, in thе stгoma

and in assoсiation with rесurrеnt Ltvеitis.lr3 Сornеal stro-

mal absсеssеs arе usuall1l assoсiatеd with small сoгnеal
pllnсtuге wounds and abfasions that bесomе infесtеd,
iathеr than with l;rrgе сornеal ulсеfs.'a5 Thе topiсal appli
сation of antibiotiс.сoгtiсostегoid-сontainiflg prеpara-

tions to thе е1,е in lrorsеs witlr сoгnеal ulсеrs has also

bееn impliсatеd in thе patlrogеnеsis of сornеal stfomal
absсеssеs.'a5 Thе hoгsе prеsеnts with an opaquе, yеllow.
whitе stromal inflltratе involving most or all of thе сor-

nеal stroma.lr5 Мost horsеs havе a miotiс ptlpil and somе

еvidеnсе of oсtrlaг pain, morе сommon with thе morе
sеvеfе сoгnеal stromal absсеssеs..r9 Thе morе sеvеге сof-

nеal lеsions may bе aссompaniеd by antеrior uvеitis and

еndophthalmitis.r.9 Glauсoma has also bееn rеportеd in
lrorsеs with сornеal stfomal absсеssеs..rr. lr9 A dеsсеmеto-

се1е anсl сoгnеal гLrptlrfе rеsulting in iris pгolapsе has

Figurе 11-104
sono€iгams of thе lеft spеlmatiс сord оbtainес| fr<lm а ]-1.gxг-olсl Тhoг-

оughЬгеd gеtding with sсrоtal swеlling' 
.Гhе spеrnlatiс сoгd is maгkесll1-

thiсkелсd (4rro\L's) anсl сontiri11s h).pоесhoiс loсulatеd flLliсl at tl-tе

сlist:rl еnсl of thе сoгсl сoлsistе11t rvith infесtion aпd a sсiггlrоus соrсl

Tlrеsе soлograms wеге oЬtаinеd with l 7.5-MHz sесtoг.sсinnеl tfans-

dtrсег сoпtiirring a built-i11 flrrid offsеt at a dispta.vеd dеpth оf 6 сrn.

Thе гight imagе is :r long.aхis imagе of thе spегllatiс сoгd, with thе

гiglrt siсiе of thе imagе bеing pгoхirnal an(l thе lеft sidе distrl. Thе lеft

imagе is a short-aхis imagе of thе spеrmatiс сord, with thе right sidе

bеirrg сгanial and thе lеft sidе сauсlal

Figure 11-105
Sonogгаm Of thе lеft siсlе оf thе sсгotum сlbtajnссl tiom a l-)rеaг-old

Тhoгotlghbгесt gеlсling with a sсгotal absсеss tollo\Ying сistfatioп. No.
tiсе thе lаrgе lсlсulatесl struсtrrrе сoЛtainiпli hvpоесlrсliс fluid in thе lеft

sidе of thе sсrotllm (lаrge аrrоu's) This sonсlgгapl]iс appеafanсе is

most соnsistсnt witl-t i hеmatoma o]: sегo1111. rvhiсh bес;rmе sесonr1arilу

infесtесl ,Гhе есhogеrliс strllсturе iЛ thе гight sidе of tlrе sсrottlm
(smаll аrro,ul) is thе гсmn]nt of tl.rе riglrt spеfmatiс сord wlriсh is

suгrоrtndеd bv hуpoссboiс fluid. сotlsistсnt with a sсirгhous сoгd. Тhis

so1loЕ.raЛ1 w:rs obtaiпеd with x 5,0-МнZ sесtol-sсallnеГ tгrnsduсеf aт a

displa1'еd dеptlr оf 1,1 сm. Tlrе right sidе of tlris sonоgгam is thе right

sidе of thс Sсrotшm
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Figure 11-106
Sсlnogгams of t]rе lеft ingttinal aгеa сlbtaiлеd ltсlm a lJ.yеar.old'Гlroroughllгесl gеIdiпg п-ith ingtrinal srvс|liпg Тhis horsе had ргеviсltlslу haсI a
Iееflng оpегation pегfсlгmеd tbг геmоva] сlf squamous сеl1 сaгсinоmа of thе pеnis Tlrеsе sorrоgгams wсге OЬtaiпёd ц/ith a 7 5 МHz sеCtor-sсanпеr
transduсег at a displa.vеd dеptlr of 8 спr

,.l, Тhе \'еntгаl asресt of tl-tis mass Was lr1.pсlесhoiс arrd floссtllеrrt, сOnsistеnt with an absсеss Dсlгsally a h).pеl.есhoiс пllss Was imagеd ехtсllсling
up toward thе lеtt iЛgllinal гing This sonogram was obtainссl lvith thе tfаnsdtlсеf p|aсеd on thе vеl1tгalпost ;lspесt of tl.rе swеlling and ;riming
сioгsally Thе right sidе оf this sonoЕ]гam is сгalliа] anс] tlrе lеft sidе is сauсlal

8, This mass (Ilorizoпttll аrroш') is hеtеrogеnеous aпсl h1pегесhсliс arrсl appеars tO bе assoсiatеd $.ith thе spегmatiс ссtd (uertiсаl аrrОш),
ехtеnding up into thе ехtегnal inguinal гing Thе hеtсfoЕ.еnеous appеaгanсе of tlris mass is most сOnsistеnt with tlrat Of nеoplasia Тhе mаss is
surroundеd b1, hvpoесhoiс flllid, сonsistеnt with infl1urrmatory сеlls Aл ехсisionll bk>ps1' оf tl]is пrass геr-еalесl sqllamotls сс[] сeгсinсlma This
sonogram w:ts obtaitrеd with thе tIansdllссг placесl On thе lеft sidе of thе swсlling and aimiЛg aсгOsS thе swеllirrg 1.lrе right siсlе of tl.ris so11ogгam
is dorsal and thе lеft sidе is vеntral

also bееn fсportеd in horsеs with сofnеal stromal ab-
sсеssеs. t49

Thе сornеal opaсity sееn in horsеs with ссlrnеal stro-
mal absсеssеs may pгеvеnt visualization of thе intгaoсttlar
stгuсtllfеs. In thеsе horsеs sonogfaphiс ехamination of
thе еyе fеvеals thе сornеal absсеss, thе intraoсtrlar struс-
trrrеs, and any assoсiatеd pathology. Thе сornеal absсеss
should bе ехaminесl with thе highеst-frеquеnсy ultra-
sollnd availablе (10.0 MHz or highеr) and a lrand-hеld
standoff pad oг usinЕ. a transdrtсеr сontaining a built-in

flr-rid offsеt to dеtеfminе if forеign matеfial is prеsеnt
Within thе absсеss..' A small есhogrniс linеaг forеign
bod1. чдx. сlеtесtеd Llltfasonographiсally in a horsе with
a nonhrаling strom1rl absсеss (Fig. 11_108). Surgiсal ех-
plofation of this stгomal absссss rеvеalеd thе forеign
bod1, to bе an еmbеddеd еyеlash hair.

Forеign Bodiеs. oсular forеign boсliеs may bе sltс-
сеssflllly inragеd ultfasonoЕ.raphiсally and usually appеaг
as rсhoЕ]е11iс оr h1pеrесlroiс struсtlrrеs, thе lattеr Llsually

Figure 11-107
Trаnspalpеbfal sonogfam of thе lе11 еуе obtainеd fгom a .l-vеaг-olс[

Thororrghbгеd 1illY With а сornеal rr]сеt Tlrе сorrrеa is sеl,еr.еlv tilсеr-
atеd with pitting of thе сorпе1l (аrrours) ехtеnding dееp thгorrgh tlrе
сoгnеa Thе е1.еlid is vеly sп.ollеn, making vistl:rlizatiсln of tlrе сoгIrе1r
impossitllе This sоnogгam was obtainесl with a widе-barrdwidth 7 5-
МHz linедг-aтraY tfansdllсег opсгatinЕ] Witlr a haпd-hеld standolТ pad at
a trеqtlеnсr. of 10 0 MHz at a сlisplayеd dеptlr of 4 сm Thе ri€.ht sidе
of this sоnosram is latегal anсl thе lеlt sidе is mесlial

Figure 1 1-1 08
soп()!.r:rm оf tl.rе lеtt е),е obtxinеd fiсlm a lO-,vеaг.old Tlroгorrghbгеd
пaге w:ith l nсlпlrеalirrg сOfnеal stfоmxl absсеss f.lrе sonogгam rеvеals
a small h-vpе;:есlroiс fbгеign bo(|\, (horiz()|ltаl s?l1аll аrrtlш) tn thе
согnеа sufrotlndесi b1. an lссLlmlllation ol h1-poесhсliс maIеrial, (lаrgеr
сtlтott,s) сгс2lting thе ссlгnеal stromal aЬsсеSs This lbгеign bod}. was
ar-r еYеlaslr hair that was surgiсallv rеnrol.есl with a paгtiа]-thiсknеss
kеfatесtom,v ,fhis sоnogгam wlls obt:rinссl with l 7 5-N4нZ sесtoг-sсan-
nег transduсег сontаininЕ. 

'l 
bllilt-in fluid offsеt at a (tisplxyеd dеpth сlf

9 спr Thе гi!]ht siсlе of this sonogram -is doгsal and thе lеft sidе
is \-еlrtfxl
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With postсontusion Е.lauсom1r. Glatrсoma сan also сlссur

Figurе.t1-.t09
Transpalpеtrr:rl soЛogгam оf tlrе гigl.rt еl,е obtainесl fгom а lz-\'еaг-olсL

a;;ъ. iJorsе gеlсting u'itlr sеrегс Ll\,сitis aпd panoрhthаlmitis Thе

феliсls arе ,*.ull"', shllt. pге\.епtiпЕ!, rorttiПе ех11mination of tlrс еr'е

TЬе antегior сlrambег is соllapsесl aпс1 thе lеns (L) is arlj:lссnt t.) thе

thiсkепеd есlеmatotls С()fnе2l (()pеl] .lrrОu)) Il:,PoPуon п rs iпl;rgссl

Within tlrе globе as filrтy hvpoесl.roiс stfxпds floatitlg Witlrin thе €j).е

T.hе е\.е is Ъrrlaгgеd anсl laсks its ЛOfЛ]lll сirсtrlaг shapе as it bulЕ]еs

aгot.'rсl tl.rе oгbital гiпl Rеtinаl dеtaсhmеnt is iш:rgеd With thе hYpo

есhoiспеmbranеsоftl-tеfеtiл^(sШdIIаrrОLl's)slightl1.plrllеdawa)'
ffom thе unс1еrl1ing сhorсliсl aлd thе baсk of thе glol)е Thе lxtсfx]

maгgiп of thе bo-t-l'!' o-гbit is impinЕ]in!] oП thе g-lobе (lаrgе .Irоu') T|1|s

,o,,og."- was оbtаinеd $'ith a 7 i -N{\IZ sесtог-Sсаnпег tгansсluсеr ilt l
displar.есl dеpth of tJ сm Tlrе гiglrt sidс сlf this sсlnogгam is lxtеfal 

'rnd
thе lеft sidе is mеdial

(:h.ц)tеr l1 . LПtrаsoпogrа'phiс El).|luаtion of StпаIl Pсttts 5z7

in hoгsеs sесondary to сhroniс intraoсtrlar inflammation,

ехtеnsivе antегior and postегior synесhiaе, and fесuffеnt
Lrvеitis.l1-, 15] l'1 t55 (ilauсoma was rеpo1tеd as a sеquеla

io l.i' prolapsе and its subsеqllеnt fеpaif in horsеS.....

МaldеvЁlopmеnt of thе flltration anglеs shotrld also bе

сonsidrrеа, pafiiсLllarly in yotrng horsеs with othеr сon-

gеnital oсuiar anomaliеs.l52 '5r Hypoplasia of thе iris and

Ьiсrophthalmia wеrе fbund in onе foal with glauсoma.l.r

Thеrе is no agr' brее<l, oг sеx prеdilесtion in horsеs with
g,lauсoma.l.r

Unilatеral сornеal сloudinеss iS thе initial Symptom 1n

most horsеs with Е.lauсo1тa.li2 
l;] Thе сornеal еdеma

may сlеar tеmpoгafil), With thе :rppliсation of topiсal
сoftiсostеroi6s.l;z ls.l Сoгnеal еdеme, сoгnеal striaе, and

pupillary dilation afе еafl)r signs of Е.lauсoп]a that slror.rld

p.o-pt.tn'.'.,mеtгiс and sono8faphiс ехaminetion of thе

Ъy.. ёь.oniс сofnеal еdеma, subtlе сofnеal vasсttlariza-

tйn, сornеal stfiaе (dееp stromal сoгnеal opaсitiеs). obvi
ous еnlafЕ.еmеnt of tlrе glсlbе, flхесl and dilatеd pupils,

and blinсlnеss in thе affесtеd еyс afе pfеsеnt in пrost

hoгsеs with g1auсoп1a.]52. .'J Сornеal ulсеrs or сornеal

stгOnlаl ]bsссssеs ma}' also bе pгеsеnt hес.aшsе согnеal

tfauma is moге likеl,v in a horsе With a blind buphthalmiс

еуе.2() L'j- Еnlargеmеnt сlf thе globе is sееn п,-ith сhroniс
giauсoma and пla}r сlеvеlop ovеr sеvеfal months or

!еars.'.,. 
l5j Oсular pain is infrеqtrеntlу dеtесtесl in horsеs

witlr glauсoma. r52. l;]

ThJ с1iagnosis of glatrсoma is trsually пraсlе by tonomе-

try oг histopathologiс еxaminаtion of thе еyе. Ultrasono.

giaphiс mеasufеmеnt of thе sizе of thе globе in horsеs

*itl' ,..,p..tесl gllruсoma сan aid in thе diagnosis of this

disеasе сЪig r1_110). Ultrasonographiс ехamination of

thе flltfation anglе may also rеvеal this anglе to bе nar.

rowес1. Buphthalmos has bееn fеpoгtсd diaE4nosеd sono.

graplriсally in horsеs with glauсoma that was subsе-

.1..Ё"пy ionfrrmесl with applanation tonomеtry..., In

Ёo.,.,.with unilatеral glauсoma, еnlargеmеnt of thе af-

fесtесl еуе, with diamеtеfs of 4О.7 and 4.].3 mm, lrlts

bееn obtainеd Sonographiсally, ссlmparеd rv.ith oсtllar

diamеtеrs of 37 3 and 40.3 mm in thе unaffесtеd normal

еyе.20 Antеrior lеns displaсеmеnt and abnoгmall.v есho-

gеniс postеrior sеgmеnt stnlсturеs slrgЕ.еst.i\Iе of hеmor-

iьug. Ъ' vitrеal dеgеnеration wеге dеtесtеd in onе of

thе]е horsеs with glauсorna.z0 Сollapsе of thе iгidoсoг-

nеal drаinagе anglе was сlеtесtеd in this horsе on histo-

pathologiс ехamination сlf thе еyе.

Iris вrolapsе. Both sharp pеrforating сornеal iniuгiеs

anсl bltrnt tfauma сalrsmЕ. ftlptuге of thе сoгnеa. limbus.

aoсL/or sсlеra arе сommon сausеs of iris prolapsе in thе

horsе..'_ l59 Pеfforatе.l сornеal trlсеrs in lroгsеs eгс also a

сommon сausе of iris prolapsе (47%)'ou and wеrе as

сommon as ftlll-thiсknеss сofnеal laсегations (17%) iл

сlnе stuс1y of 32 horsеs.'5(' Сoгnеal stгomal аbsсеssеs aге

an Llnсommon саusе of iris prolaPsе tt., li6 16l \,{odегatе

to sеvеfе aqlrеolrs flarе anсl flbrin п.еге dеtесtеd in thе

еyеs сlf a[ hЪrsеs with iris prolapsе at initial ophthalmo-

logiс ехamination, rеgerdlеss of thе сausе of thе iris
pйtop'. H.vpop1,on was pfеsеnt iл 82%, of е),еs in horsеs

*itl' .'l..."tivс iris prolapsе. whеrеas hyphеma was dе-

tесtесt in 4 of 15 horsеs with tfaumatiс iris рrolapsе.''.'
Total h1.phеma prеvеnting antегior sеЕ.mеnt ехamination

was pfеsеnt in75% of lrorsеs with traumatiс iгis prolapsе'

Ve
tB

oo
ks

.ir



52a сbаРtеr 1 1 . Llltr.lsof.ogrаplэic B|.llu(|tio,| of SmаlI P.l'.ts

Figure 11-110
Tгanspalpсbtal sono!.fans of thе right аnсi lеft е1.е obtairrеd ltom a 15-1.еaг-old Aрpalсlоsa marе witlr glauсom;t Thеsе sonogгams wеfе obtainеd
with a 7 5-MHZ sесtoг-sсannеr tгaпsсlrrсеI сol1taiпinЕ. а built-in flrrid ofТ.sеt at a displaYеd dеpth of 6 сnr Thе fight sidе оf thеsе sono!.rams is latега]
atld thе lеti siс1е is mеdial

.4, Thе thiл есlrogеniс lirrе rеpгсsеntiтtg thе сOп1еa is barеlr. visiЬlе adjaселt to thе е-vеliсt Thе antегioг сhаmbег (AС) is irnagеd п'ith thе
есlrogеniс massеs pгotnldillg fгom thе iris, геprеsеntinЕ. thе согpora nigгa Thе antеfiof and postеfio]: сapsttlеs of tl.rе lеns aге imagеd as есhogеniс
linеar есhoеs Tlrе glсlbе aрpеxrs еrrlargеd aпсl brrlging

B, (Jomp:lгison of tlrе sizе of thе гiЕ]lrt (lеJt iпаgе) and lеft (riglэt iшаgе) еYе dсlтоnstгatеs tlrе епlaгgеmеnt of thе гiE.]rt еyе and thе tuгЕ.id
bulging appеaгanсе сlf tlrе аntегioг and l.itrсous сlrambсrs Thе mrlltц)lе linеar есlroеs imagеd п.ithirr thе vitfеous arе aгtitaсts

and postеrior sе8mеnt ехamiflations сould l1ot bе pеr-
formесl in any horsе initially bссatrsе of siЕ.niflсant an-
tеrior sеgmсnt disorganization, inflammation, 

^nd/orm1()sls.
Сarеftll transpalpеbгal sonoЕ.raphiс еxamination of

horsеs with iгis pfolapsе would fеvеal thе pathology in
thе poпions of thе еyе not visiblе on гoutinе ophthalmo-
logiс еxamination.l;6 Еxtгеmе сafе mllst bе trsесl in pеr-
forming sonographiс еxamination of thс е'Yе in a horsс
with aсLltе iris pгolapsе, as any prеssufе on thе globе
ma)r inсfеasе thе sеvеrity of thе prolapsе. In hoгsеs with
iris prolapsе and сollapsе of thе antегioг сhambеr, thе
iris is imagеd protruding through thе сoгnеa. Hyphеma
is ttsually рrеsе11t in thе еyе with aсLltе tfalrma, and
damagе to othег intraoсular strlrсtufrs сan bе assеssеd
(Fig. 11-111). In horsеs that havе pгеviously еxpеfiеnсеd
iris prolapsе, antеriof s)rnесhia is imagеd. In somс horsеs
thе tfaсt of thе pfеviolls pеnеtrating objесt into thе
intraoсulaг strllсtlrrеs сan bе imagеd (Fig. 11_112).

Atrnormalitiеs of thе Lеns. Сataraсts in hoгsеs may
bе сongеnital oг aсqtrirеd.l62 Сongеnital сatafaсts havе
bееn rеpoгtеd in Bеlgianl6] and Morgan hofsrs.16.* 165 Thе
dеvеlopmеnt of сataraсts in horsеs пrith iris pгolapsе
сallsеd blindnеss.156 A сataraсt Was геpoltеd in 1 of 10
hoгsеs with rеtinal dеtaсhmеnt.,' A сataraсt Was rеportсd
sесondary to an intfaoсular mеlanoma in onе hofsе.l66
Routinе ophthalmolоgiс ехamination сan fеYеal сatafaсts
as opaсitiеs in thе lеns if thе lеns is not obstгuсtеd
from viеw.

In horsеs with сornеal сlotrding of othеr opaсitiеs
prеvеnting visualization of thе lеns, ultrasonographiс ех-
amination of thе е1,е сan bе Ltsеfi]l in dеtесting сataraсts
within thе lеns.

Cataraсts appеaf as есhogеniс to h}pеrесhoiс afеas
within thе normally anесhoiс lеns (Fig. 11_113). Hypег-
matlrfе сataraсts havе a hypегссhoiс lеns andlor lеns
сapsulе with wrinkling of thе сapsular sllffaсе of thе lеns

(Fig. 1|_1\4). Thе axial diamеtег of thе lеns may bе
smallеf in horsеs with сataraсts. sonographiс еxamina-
tion of thе еyе is also usеful in horsеs with сataгaсts prioг
to сatafaсt sllfgеry to еvaluatе thе postеrior sеgmеnt of
thе еyе whеn a сomplеtr ophthalmologiс ехamination is
not possiblе o\\,inЕ. to opaсit,v of thе antеrior Sеgmеnt.
Aftеr сataraсt sllrgеry, sonoЕ]гaphiс еxamination of thе
е)rе сan also bе pеrformеd if thе еntirе globе is not
visiblе on foutinе ophthalmologiс ехamination. Thе lеns
сapsulе is still visiblе aftеr aspiгation of thе lеns (Fig
11-115)' a tfеatmеnt for horsеs with сatafaсts.

In dogs with сataгaсts еxaminеd trltrasonographiсallr
pfior to сatafaсt surgеry, 23% of еyеs had vitrеotls dеgеn-
сration aлс| 1|% had rеtinal dеtaсhmеnt.16- Thсsе flndinss

Figure 11-111
Sonоgгam of thе riglrt е).е olrtainеd tiоnr a ]-.vеar-old Thorougl.tbгеd
gеlсting witlr lr1,phеma A hlpoесlroiс la1.ег of С1ot (.rrroшS) оvеrliеs
thе 

'tпtегioг 
сapsrrlе of thе lеns (L), filling most of thе antегioг сhaлlbег

Tlris soпogгam was olэtаinеd With a 7 5-МHz sесtor.sсlnпег tfaпsdllсег
сontaining a Ьuilt-in fluid сlffsеt xt a disp|а.Yеd dеpth of 6 сm Thе гighг
sidе of this sопоgfam iS latегal and thе lеft siсlе is mесlial
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Figure 11-112
Sonograms of thе lеft е).е obtainеd fгom a 2-уеar-olсl }lolstеinег filly with prеvious oсrrlar trauma Tlrе fill.v had sustainесl a pеnеtгatiпg injr.lп. to thе

gtоbе, rеsulting in thе dеvеlopmеnt of a phthisiсal globе. Тhеsе sonoglams wеге obtainеd witl.r a п.idе.bandwidth 7 5-МI1z liлеaг-агrar' tгansduсег

Ьpеrating at l0.0 MHZ with i haad-hеld itandoff pad at disрlavесl сtеpths of 5 сm (А) arLrl 3 Сm (B)' Thе fight siсlе of thсsе sonogгxn]s is latегil

and thе lеft sidе is mеdial
,4, Thе pдth of thе Pеnеtratiпg wound is still visiblе (аlтоu,') as it ехtеnds througlr thе lеns An есhоgеniс liflеaг tгaсt еxtеnсls thгotlgh thе сеntеr

оf thе lеnЪ, rеpгеsеnting thе pail] of thе pеnеtrating objесt, гuptuгing thе lеns. Thе есhоgепiс matегial imagеd bеhind thе lеns is oгganizеd fibгiп

and lеns .,.'аt.ii"l, whiсh appЪars to bе сontainеd in thе rеtгolеntiсulaг spaсе Thе thin есhogепiс stтaпd attaсhеd to thе antеfioг сapsulе оГ tlrе

lеns at thе sitе of thе е,'t,o,'се of thе pеnеtfating tbгеigп boсl1. rеpгеsеt]ts fibrin аnd antеfior sl.nесlriaе Thе additional linеar есhoеs Within thе

lеfls arе sесоndary to hеmofrhagе ffom thе origina] tгaun]x Thе vitгеous сhlrmbеr is smallег than noгпal and alsrl Contains flbfin stгands

B, Thе tlгеak in thе antегioг iapstrlе of thе lеns is сlеarl1. l,isiЬ.lе (аrrolt'l), and thе tгaсt thгol]gh thе lеns is visiblе Thе antегioг s'\.песhiае is

attaсhеd to thе bгеak ilr thе antеIior сapsulе of thr lеns aпd to thе сoгnеa

in thе postеfiof sеЕ]mеnt of thе еyе wеfе dеtесtеd most
frеquеntly in dogs with hypеrmatlrrе сatafaсts.16- Hypеr-
maturе сataraсts afс thosе witlr visiblе еvidеnсе of lеns
fеsorption on biomiсrosсopy, with minегalization within
thе lеns or Wrinkling of thе antеriof lеns сapsulе..6r A
si8niflсant assoсiation bеtwееn thе сlassifiсation of thе
СatafaСt and rеtinal dеtaсhmеnt Was геportеd..o- Thе
axial diamеtеf of thе lеns vaгiеd bеtwееn thе right and
lеft еyеs in dogs with сatafaсts, with thе еr'е assoсiatеd
цrith thе h1pеrmattrrе c^tataСt usuallу having thе smallеr
aхial diamеtеr. 16' During vitfrous dеgеnеration, thе vitrе-

Figure 11-113
Sonogram of thе гigilt еYе oЬta-inеd from an l8.1,еaг-olс1 Quагtеr нofsе
marе witl.t сatafaсts Есhogеniс aгеas within thе lеns (аrro1Ns) С:asI

shadows сonsistеnt with сatагасts This sonogгam was obtainеd wlth a

7 5-МHz sесtor-sсalrnеr tfansduсеf сontдining a Ьuilt-in f]uid offsеt at a

displaуеd dеpth of 6 сm. Thе fight sidе of this sonogгam is -[atегаl and
thе lеft sidе is mеdial

olls liquifiеs to varying dеgrееs, геSulting in thе prеsеnсе
of tissuеS of diffеring aсoustiс impеdanсеs within thе
vitrеous.r.,r Thеsе arеas of diffеrеnt aсoustiс impеdanсеs
rеsult in aгеas of linеs of diffеring (inсrеasеd) есhogrniсi
tiеs within thе vitrеous.'(,- Vitrеous dеgrnеfation is еasiег
to dеtесt if thе far-fiеld gain is inсrеasеd' making subtlе
diffеrеnсеs in есhogеniсitiеs еasiеr to dеtесt.'6-

Figure 11-114
Sonogгam of thе fight еyе obtainеd from a 1 l.r'еaг-old Tгakhеnег maге
with a phthisiс:rl еvе anсi hypегmаtuге сxtaгaсts Thе ]еns is rourrdег
than normal and сoпtains есl-tсlgеniс arеas (dr|.ou') п.hiсh aге shadow.
iпg sligl.rtl1,, сonsistеnt with сataгaсts Тl]е antеrioг сapsulе сlf thе lеns
appеafs slightlу irrеgtrlar and wгink]ес| Thе antеfioг lеns сapsulе ap-

pеaгs thiсkеflеd and hr'pегесhoiс and in somе viеWS сJstь а wеek
aсolrstiс shaсto* Тhе globе is signiIiсantlу smallег than noгmal This
sоnogгan *'as obtainеd п,ith а 7 5 МHz sесtоr-sсannеf transdtrсег сon-
tаining :r built-in flrrid offsеt at a с1ispla1'еd с1еpth of 7 i сm Thе гight
siсlе of this Sonogгam is latеral and thе lеft sidе is mеdial
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Figure 11-115
Tгanspalpеbml sonoglaпr of thе lеft еус obtairrеd ltom a lO-уеar.оld
Thororrghbrеd gеlding with a history сlf rесurrеnt uvеitis 1lnd с2rtaгасt
геmoval. Thе lеns is аbsеnt but thе xntеrioг:rnсl llostеrior сaosulеs сlf
thс Iеns аrс imagес| midwа1 bсtw(е|l t|lс.сaгг.it iгis аnd thе гсtinJ
Thе pupil was сoпplеtеl), oЬsсuгеd by sсaf tissuе сovсгing thе pupillary
maгgins Thе antеrior сhambсr is еnlafgеd (0 66 сm dеер) Тhis sсlno-
gгam Wаs ojJtainеd With a 7 5-МHz sесtof-sсlnпеI tтarrsduсег сofltaining
a Ьuilt-irr fluid offsеt at a displaуеd dеptlr of 6 сm Tlrе гight sidе of this
sonoЕ.гam is doгsal aпd thе lеft sidе is vеntгal

Luхation of thе lеns oссufs most frеquеntly sесondary
to oсular trauma. Luxations of thе lеns has bееn sееn in
horsеs чrith oсular tfauma and iris prolapsеrs(' of rеtinal
dеtaсhmеnt.2' Pеnеtrating sсlегal Wollnds oftеn геsult in
lеns displaсеmеnt.l9 Prolapsе of thr lеns has bееn гс-
poГtеd in two horsеs with iris pгo1apsе.l56 Both of thеsе
lrorsеs also had vitfеous pfolapsе and onе of tlrеm also
had сonсuгrеnt геtinal pfolapsе.

Ruptufе of thе lеns oссufs infrеquеntly assoсiatеd with
oсulaf tfauma (sее Fig. ||-II2). In horsеs with a rup-
tuгеd lеns, a dеfесt of tfaсt is imagеd into thе antеfiof of
postеfior lеns сapstrlс, oг both. Thс lеns may appеaг
сollapsеd with hypoесhoiс flbrin stfands imagеd in thе
antеfiof and/ot vitfеous сhambеrs or thе lеns m^у appear
еnlafgеd and mofе есhogеniс than normal, assoсiatеd
with hеmoгrhagе within thе lеns сapsulе.

Sonographiс diagnosis of lеns luxation should bе madе
Whеn thе lеns is dеtесtсd in an abnormal position antе-
rior or postrfiof to its nomal loсation (Fig. 11-116).
Luxation of thе lеns has bееn diagnosеd sonogfaphiсally
in thе horsе.6 Intraoсular hеmorrhagе is fгеquеntly dе-
tесtеd in horsеs with tratrmatiс lсns luхations. Intravitrеal
hеmorrhagе may bе difflсult to dеtесt immеdiatеly fol-
lowing thе oсular tгauma and is morе apparеnt onсе
thе hеmorrhagе bеgins to сlot'r9 Есhogеniс massеs and
loсulations havе bееn imagеd in thе vitrеous in a horsе
with oсular tfauma and intfavitfеal hеmorгhagе.l9 Inillry
to thе lеns itsсlf сan bе imagеd as an есhogеniс linе in
hoгsеs with a history of a pеnеtrating injury to tlrе globе
(sее Fig. ||-I\2).

Rеtinal Dеtaсlrmеnt. Rеtinal dеtaсhmеnt oссLrгs in-
frсquеntly in horsеs but has bееn rеpoгtеd with
tfauma,157' .;* nonspесillс intraoсular infесtion,'6. intra-
oсulaf nеoplasia,l68 and as a сompliсation of еquinе rе-
сuгfеnt uvеitis.l69 r'()It may bе сon€.еnital2l l-l or
idiopathiс.,l.l72 Aсtltе or сhгoniс сhorioiditis of rесuffеtlt

Lrvеitis is thе most сommon сausе of fеtinal sеparation.rl
Tгauma to thе globе Was thе сausе of rеtinal dеtaсhmеnt
in 2 of 10 hoгsеs in onе str'rdy, with onе horsе having
сongеnital fеtinal dеtaсhmеnt assoсiatеd with miсгoph-
thalmia.2l Мany diffеrеnt typеs of rеtinal dеtaсhmеnt
havе bееn dеsсritrеd in horsеs.2. Rеtinal dеtaсhmеnt сan
bе trnilatеral of bilatеral, with thе fеtina paftially or сom-
plеtеly dеtaсhеd from thе Llndеrlying pigmеnt еpithе-
lirtm.t-l Trauma usually сausеs unilatеral fеtinal dеtaсh-
mеnt' whеfеas fеtinal dеtaсhmеnt assoсiatеd with
сhroniс uvеitis сan bе unilatеral or bilatегal.2l. l7l In 10
hoгsеs with rеtinal dеtaсhmеnt' bilatеral rеtinal dеtaсh-
mеnt was pfеsеnt in 3О% of thе hofsеs.,' In 12 of \3
еyеs thе rеtinal dеtaсhmеnt was сomplеtе. Thе partiallr.
dеtaсhеd fеtina was dеtесtеd as small tissuе folсls
adjaсеnt to thr optiс papilla.,'

In many horsеs, rеtinal dеtaсhmеnt сannot bе diag-
nosеd with onl1, routinе ophthalmologiс ехamination.
only 3 of 10 horsеs in onе study had total fеtinal dеtaсh-
mеnt dеtесtеd ophthalmosсopiсally.,r Thе геtina was ad-
hеrеd only at thе mafgins of tlrе optiс disс and was sееn
as a frее-floating, undtrlating, milkry-opaquе vеil ovеrlying
thе optiс disс. Ехtеnsivе rеtгolеntal mеmbranеs, intraoсu-
lar tisstrе massеs, fibrin-riсh ехudatе, lеns opaсitiеs, and
synесhia hid thе rеtinal dеtaсhmеnt from viеw in thеsе
horsеs. Slight to modеratе bulbous atгophy Was also prеs.
еnt in thеsе horsеs. Mllltiplе сongеnital abnormalitiеs in
foals with сongеnital геtinal dеtaсhmеnts may also prеs-
еnt vistralization of thе rеtina.l-'

Rеtirral dеtaсhmеnt is еasily diagnosеd ultrasonographi-
сally.6 Sonographiс еxamination of thе еyе is partiсularl1,
important in horsеs whеn thе dееpеr struсturеs in thе

Figure 11-116
Transpalpеbfal sonoЕ.ram of thе lеft еyе obtainеd fгom a 15-уеar-old
Thorotlghbгеd Qll:tгtег lIoгsе сгoss паге with гесеnt Oсul,Jr tгallma
1.lrе globе is vеry small and phthisiсal дnd nrеasurеd 2 81 сnr in diamе.
tеr сompaгеd with thе normal right е1.е, whiсh mеasuгеd 3 55 сm Tl]е
antеrioг сhambеf is сtlllapsесl дnd thе сoгnеa is adiaсеnt to thе :rntегior
сapsulе of thе lеns Thе postеIioг сharпbет is fillеd with есhсlgелiс
matегial сonsistеnt With blood (hуphеma) f.lrе lеns appеaгs lltхatеd
геlatiYе to thе nlесlial l)oгtiol] of tl]е iris and сiliaЦ.Ьodv (1феll аrrоu')
Rеtinal dеtaсhmепt nгolшd tl.rе сlptiс disс is also еviсlепсеd, xs thеге is
no hеmоггhagе in thе vitгеous in this теgion and a hvpoесhoiс mеm-
bгanе is imagеd bеtwссn thс hспoгrhagе and thе morс anесhoiс f]uid
This sonogгam was obteinеd with l 7 5-MHz sесtoг-sсaпnег tгansdrrсеr
сontaining a btlilt-in tlllid ol1Ъеt at a displa).еd dеpth of 6 сnr Тhе гight
sidс of this sono!.fam is latеfal and thе lеft sidе is mеdial
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Figure 11-117
Diagfаm of a dеtaсhеd геtina in tlrе еquinе еrе \oтiсе thе ftlnnе]-

shapесl appе:lranсе oftlrе геtina as it is pullеd aтr'er fгoпr thе globе. onlу
ittaсhесl at thе optiс disс and Oгa sеггata L - lеns \ : uрtiс пепе

еyе arе obsсurеd fгom viеw,. Thе dеtесtion oГ геtinal
dеtaсhmеnt is еxtfеmеly important wlrеn assеssing thе
еyе for possibility of futurе vision. Rеtiлal dеtaсhmеnt
may bе сomplеtе or partial' \Vith сomplеtе геtinаl dеtaсlr-
mеnt thе геtina may havе a funnеl-shapеd sonographiс
appеafanсе whеге thе еntirе rеtina is pullеd arr el. fгom
thе baсk of thе globе, attaсhеd onl1' at tlrе optiс disс and
ofa sеfrata (Figs. 11-117 and 11_118). Thе dеtaсhеd
fеtina may 

^ppeat 
as a nrеmbranе liftеd off all oг paгt of

thе baсk ofthе globе (sее Figs. 11-109: Figs 11-l18 and
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Figure 11-118
Tfansрalpеbгal sonoЕ]fam of thе lеft еуе obtainеd from a 4-1,еaг-old

Thoгсlughbrеd сolt with a phthisiсal еуе and геtinal dеtaсhmеnt Thе
геtina is сoпplеtеly dеtaсhеd (up аrroшs) and prrllеd away from thе

baсk of thе globе fгom thе optiс disс to thе сiliary bod), Thс antеfior
and postеrior сhambеrs arе smallеr than nomral, anсl thе |еns llso
apPеafs smallеr than пoгmal. althouЕ]h this imagе doеs not bisесt thе

lеns thfough its сеntег Thе сoгnеa is r,isualizеd as aп есhogеniс linе

iust bеnеath thе еуеlid (diаgoпаl сlсltоп аrrrltt') This sonogгam was
obtainеd чritlr a widе-bandwidtl.t 7 5-\4Hz sесtoг-sсаnnег transduсеr
сontxining a builЕin fltrid сlffsеt opеrating at 7 5 МHZ at a displaуеd
сiеpth сlf 6 сm Tlrе right sidе of this sсlnоgгam is latеral and thе lеft
siсiе is mеdial

11_119). In aсutе fеtinal dеtaсhnrеnt, hеmoгrhagiе may
bе assoсiatеd with thе dеtaсhmеnt afld ma)I bе dеtесtеd
in thе vitrеous сhambеr or may bе assoсiatеd with thе
сiliary body (Fis. 11-119).

Ultгasonographiс ехamination еnablеS thе сliniсian to
dеmonstratе thе еxtеnt of rеtinal dеtaсhmеnt.2' Ultraso-
nogfaphiс еxamination of thе еquinе еyе сa1l tlе usеd

Figure 11-119
sonogгаns of thе гight еуе oЬtainеd fгom a l0--Yеaf-old App:rloosa gеlding with intraoсular massеs aпd геtinal dеtaсhmеnt Тhеsе sonogгams Wеге

obtainеd with a 7 i-MHz sесtor-sсannег transduсеr сoпtаining a built-in fluid offsеt at a displavеd dеptlr оf 6 сm Tlrе гight sidе of tlrеsе soпogгams

is mеdial anсl thе lеft sidе is latегal L : lепs
,.1, Two fеl'ttiYеl1. lrоmogеnсоus mаssеs arе im:rgеd in thе mеdiitt aspесt of tlrе е1.е: оnе small mxss in thе antегioг сhалrbег and a laгgег mess in

thе vitrсous сhamЬег lJoth mxssеs appеaг tо bе assoсiatеd with thе mеdial сiliar1, Ьoсlу Thеsе massеs aге homogеnеous and hvpoесl]<-liс and wеrе

thought to геpfеsеnt oгganizirrg сlot assсlсiatеd with t]rе сiliary boсiу Thе fеtiлal dеtaсhmеnt is imagеd as thе hypoесlroiс mеmbraпеs pullеd away

ffom thе baсk of thе globс (stnаll аrrou,'s)
8, Thе dеtaсhеd rеtiпa is sееn moге сlеaгlу in this sonogram, with tlrе hуpoесhoiс mеmbг:Lnеs геpгеsелting thе fеtiпa pullеd away ffom thе

baсk of thе globе Тhе rеtiflal dеtaсhmсnt on thс mеdial sidе of thе globе appеaгs to inУoh.е thе largеr mаss wlriсh is imДЕ]сd dееp to thе сiliary

bod1,and thе lеns (smаll up аrroul) Ь small poгtion of thе smallег mass is imagеd in thе antегioг сlrambег ad'aсепt to thе mеdial сitiaц. boф
(slnаll dou,п ап.otll)
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in сonjunсtion with еlесtrofrtinogгaphy to еvaluatе thе
еquinе rеtina fof aссufatе assеssmеnt of struсtural (ultra-
sonogfaphy) and funсtional (еlесtrorеtinogfaphy) abnof-
malitiеs of thе еquinе fеtina.2l Rеtinal dеtaсhmеnts havе
bееn imagеd sonographiсalty in horsеs.r9 Thе funnеl-
shapеd appеafanсе of dеtaсhеd fеtinas was dеsсribеd in
onе horsе with bilatегal rеtinal dеtaсhmеnts. Thе funnеl
shapе is сatrsеd by thе геtina fеmaining attaсhеd at thе
optiс nеfvе hеad and thе ora Sеfгata (sее Fig. 11-117).19
Appеaranсе of rеtinal dеtaсhmеnts гangе from bulbous
еlеvations of tlrе геtina to сomplеtе disinsеrtions of thе
rеtina.19 Dystrophiс сalсiflсation may oссLlf with long-
standing rеtinal dсtaсhmеnts.l9

oсular Nеoplasia
Epibulbаr Neoplаsiа. This is thе most сommon nеo-

plasia assoсiatеd with thе еquinе еyе and oссuгs most
frеquеntly with sarсoids and squamotrs се1l сarсinoma.
Squamotrs сеll сarсinoma is а сommon еquinе tlrmor that
fгеquеnф involvеs thе latеral limbus in oldег horsеs.l'] 17'

Draft brееds (Bеlgian, Сlydеsdalе, and Shirе) and Appa-
loosas havе a grеatеr prеvalеnсе of oсular/adnеxal squa-
mous сеll сarсinoma than do Quaftеf horsеs.'1з'r71 Gеld-
ings havе a signifiсantly grеatеr likеlihood of having
oсular/adnеxal squamous сеll сarсinoma than do sехually
intaсt malеs or fеmalеs.l-,, Thе prеvalеnсе of oсular/ad-
nехal sqtramous сеll сarсinoma was signiliсantly grеatег
for all hair сoat сolofs whеn сomparеd with bay, brown,
or blaсk.1r] Horsеs kеpt in arеas of high solaг гadiation
arе prеdisposеd to thе dеvеlopmеnt of oсular squamous
сеll сarсinoma..-6 Thе mass oftеn appеaгs as a pink,
lobulatеd, vasсrrlaгizеd, raisеd mass involving thе сon-
junсtiva and сornеa, usually originating nеaг thе latеral
сanthus of thе еyе. Thе niсtitating mеmbranе, nasal сan-
thus, or both (28.1%); thе bulbaf сonjunсtiva' сofnеa
(limbus), or both (27.5%); and thе еyеlid (22.8%i) wеte
thе most сommon loсations for oсtrlar/adnехal sqtramous
сеll сarсinoma.'-6 Еpibulbar mеlanoс1toma has bееn ге-
poftеd in a loсation сommon to that of squamous сеll
сarсinoma-thе limbus.r17 This mass was mobilr oYеr thе
sсlегa, ехссpt at thе latеral limbus. oсular hеmangioma
has bееn rеpoгtеd in a horsе that prеsеntеd with a highly
vasсular irrеgtrlaгly shapеd mass that initially oссupiеd
thе vеntral 4o% of thе сornеa but did not appеaf to
involvе dееpег stfl]сturеs within thе еyе.r78 At thе timе
of еnuсlеation thе mass involvеd 80% of thе сornеa, and
visualization of thе dееpеr oсular stfuсtufеs was diffiсult.
Sonogгaphiс ехamination of thе еyе would havе rеvеalеd
сornеal involvеmеnt onl1, in this horsе. oсulaг angiosar-
сoma (hеmangiosarсoma and lymphangiosarсoma) has
bееn rеportеd in sеvегal hoгsеs мzith сornеal thiсkеning,
сonjunсtival massеs, massеs involving thе niсtitating
mеmbranе.179

Sonographiс lindings in horsеs with squamous сеll сar-
сinoma involving thе adnехa inсludе an irfеgulaf hypo-
есhoiс mass invading thе сonjr'rnсtiva, еxtеndin€] out to-
waгd thе сornеa, ustrally at thе latеfal сanthus of thе еyе
@ig. 11-120). Thе niсtitating mеmbгanе and еyеlid may
also bе invo1vеd.6 As thе tumor pfogrеssеs, thе mass may
ехtеnd out ovеf and invadе thе сornеa or othеf intraoсtr-
lar struсturеs (Fig. 11_121). A mеlanoс1toma сould havе
thе morе сommon homogеnеous hypoесhoiс sono-
graphiс appеafanсе oг may bе hеtеrogеnеous with есho-

Figure 11-120
Sonogгam of thе lеft adnехa obtainеd fгom a 20-yеaг-old Paint gеlding
with squamous сеll сarсinoma. Тhеге is a slightl). hеtегogеnеolls soft
tissuе dсnsirv mа'ss (аrrolus) at thе lеft limbus involving thе
сoniunсtiva This sonogram was obtainеd with a 7.5-MнZ sесtof-sсannег
tfansduсег сontaining a built.ifl fluid offsеt at a displayеd dеpth of 6
сm Тhе гight sidе of tlris sonogram is latегal and dorsal

grniс and hypсrесhoiс afеas сasting aсotrstiс shadows
assoсiatеd with сalсiflсation. Thе massеs assoсiatеd with
hеmang;iomas or angiosafсomas чrould probably havе a
hypoесhoiс vasсular appеafanсе, similaг to thе sono-
graphiс appеafanсе of thеsе tumors in SubсLltanеous tis.
strеs.

Iпtrа'oсшIllr Neoplаsiа. Intraoсulaг nеoplasia is un-
сommon in horsеs.166 Intraoсular mеlanomas havе bееn
геportеd in thе еqtrinе еyе.16". roa. ]8n Al1 intraoсular mеla-
noma appеaгs as a dark-pigmсntеd mass, usually assoсi-
atеd with thе iгis or сiliary body and pigmеntеd pafiiсlеs
in thе aqurolrs or vitrеous.166 168 Aquеous flarе, сaIataс-
tous сhangеs in thе lеns, postегior synесhia, an indistinсt
fеtina, and low intraoсulaг pfеssufе wеfе геportеd in onе
horsе with oсular mеlanoma.

Thе sonographiс appеaranсе of intraoсular nеoplasia
is that of a mass dеtесtеd within thе еyе. Thе mass may
bе assoсiatеd with thе сornеa, iris (Fig. IL-\22)' сiliary
body, or optiс nеfvе. othег intraoсular stгuсtuгеs arе lеss
frеquеntly involvеd. Thе mass in horsеs with intraoсular
mеlanoma is usually found in thе iгis or сiliary body @igs.
||-I23 aпd \\-721). An intraoсular mеlanoma may havе
a rеlativеly homogеnеous hypoесhoiс or есhogеniс sono.
graphiс appеaranсе oг may havе a сompositе hеtеrogе-
nеolls appеat^ncе with hypсrесhoiс arеas within thе
mass сasting aсoustiс shadows, сonsistеnt with arеas of
сalсilrсation (Fig. 1 | _I24).

othеr tumors havе also bееn геportеd in thе еquinе
еyе. A nеttroеpithеlial tumor of thе optiс nеrvе was
rеportеd in a horsе with sеvеге ехophthalmos and a|argе
mass visualizеd in thе vitrеous сavity.l8l Меdulloеpithеlio-
mas and a malignant tеfatoid mеdulloеpithеlioma havе
also bееn rеportеd in thе еquinе еyе.18, t84 Thеsе tumoгs
arе сongеnital tumors of nonpigmеntеd еpithеlial tissuе
and usually arisе from thе сiliary body, сiliary pfoсеss!
and postеrior suгfaсе of thе iris, but thеy havе thе potеn-
tial to form othег сеll typеs.l8' Thе intгaoсular struсturеs
сould not bе imagеd in onе sеvегеly affесtеd horsе bе-
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mofе \,еntra1ц,, wl]еrе thе mass аppеllгs tо bе :срlгarе tiolrr tlrе ссlгnеa (С) but is inсlеnting thе сofПеa (up аrrО,u') l|]е г1g|1I srсlе OI

еCts of thе globе, wlrеге it aЕlain appraгs to inYadе thе сoг11еа jr-lst

visiblе in thс lеft ima!!е but appеaгs invadеd b). tl]е пr:lss: ъllеrеas
еС|1o (Lф аrrrlul) is lost aпсl thе nrаss xpреrгS to in\.аdе thе сOгt1еx

rl
rfstObеi11vadingthеglobс1iсrmitslatсralaspссtatthеlсvеloftlrе
lgгam is rтсdi:r] arrd thе lеft sidс is latеral

Figure 11-122 ..' ..if'r .l1 ifltf.^.rl],lf 1r1.{s thеTranspalP }-.:.:ъ;'i"'*ffi':li';1Т::; ffaу
iгis at thе
ffansduсе displa1,еd dеptlr оf 6 cm (А) sidе

of thеsе s

,4, f'hr 1ес1 ехtеnding ovеf thе antсrioГ саpsulе сlf thе lеns (L) obsсufing paгt of

thе pllpil.
B, Tlrе mass is imagесl oгiginating ffoпr thе iгis and thеrr pfo]ifегating towaгd tlrе pupillаry margins (аrroш's) In this viеW thе mass appеaгs to

Ье slightlу lrеtеrogеrrеous with есlrogеniс aгеas withirr thе h),poесhoiс mass.
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Figure 11-'123
Sonogгams of thе lеlt еyе obtairrеd trom an J.1yеar.old Quaгtег Hoгsе marе with an intгaoсrrlaf mеlanoma. Thеsе.soпоgгams wеrе obtainесl with a
7 5-N|Нz sесtoг-sсilnnеf tгansduсеr сontaininЕ. a bui]t-in fluid сlffsеt at a displayеd dеpth of 6 сm

,4, Thе largеst pогtion of thе mass involvеd thе tеmpoгal latеIxl portioп of thе antеfiof сhamtlег Qаrgеr аrrouls) Tlrе mass appеaгеd to involvе
thе latетal сiliary body and thе tеmpoгal lxtеfal poftion of thе postеrioг сhambет (s|,t\{,lllеr аrroa-s) Thе mass is h}.pегесhoiс and сasting wеak
aсollstiс slradows indiсating сalсifiсаtion within thе mаss Thе гiglrt sidе of this sonogтem is latегal and thе lеft sidе is mеdial

B, Thе есhogеniс matег]ial in thе \.itfеous (аrroul) is hypopyon Thе glоbе also has a somеwhat iггеgtilaг shapе Thе гight sidе of this sonogгam
is doгsal and thе lеft sidе is vеntral

сausе of an opaqllе, dеnsеly vasсularizеd сofnеa.l8] sono-
gfaphiс ехamination of thе еyе wollld havе rеvеalеd a
largе soft tisstlе mass with сompositе ссhogеniсity in thе
antеfiof and postеfiof сhambеfs that ехtеndеd into thе
vitrеous, and displaсеmеnt of thе lеns that was сatataС-
tous in thе horsе with thе malignant tеratoid mеdulloеpi-
thеlioma.t8j Thе hеtегogrnеous sonogfaphiс appеaгanсе
of thе tlrmof is сfеatеd by thе multiplе tissuе typеs
pгеsеnt Within this t)ре of tumoг.

Retrobulbar Masses

Sonographiс еvalllation of thе еquinе еyе and ofbit еn.
ablеs thе сliniсian to obtain pfесisе information about

thе prеsеnсс of a rеtrobulbar mass, as Wеll as its loсation,
ехtеnt, сharaсtец and rеlationship to tlrе intraorbital
stгuсtuгеs.6 22 Thе rеtrobtrlbar mass may bе disсrеtе, a
сommon tinding in horsеs with rеtгobulbaг absсеssеs and
somе nеoplasms' oг diffusе, usually imagеd in horsеs with
oсular tfauma and rеtrobulbar hеmoгrhagе, геtfobulbaг
сеllulitis. and somе fеtrobulbaf tumors.

Rеtrolrultrar Hеmorrhagе. Tralrma to thе еquinе еyе
oг skull usually rеsults in rеtrobulbar hеmoггhagе, rathеf
than hеmorrhagе in thе rеtina or сhoroid.l-l Ехophthal-
mos and swеlling in thе supгaorbital rеЕ.ion havе bееn
rеpoftеd in horsеs with rеtrobulbar hеmorrhagе.22 Fraс-
turеs of thе bony ofbit, paftiсularly of thе zygomatiс
pfoсеss of thе frontal bonе, may also сallsе ехophthalmus

Figure 11-124
Sorrogгams of thе lеft е)'е obtainесl fгom an S-yеar-old Paso Еino gеlding with an intгaoсrrlaг mеlanoma Тhе mass oаrgеr аrrou,s) is assoсiatеd
with thе latеfa] аspесt of thе ilis and thе lаtегal сiliary body and ехtеnds fгom thе antеIiof сlrambеr to thе postеfior сapsulе of thе lеns Thе mass
has a hypегесhoiс сеntег whiсh сasts an aсoustiс shadow Thе сompositе sonogгaphiс appеaгanсе of tlris mass is most сonsistеnt s.ith a nесlplаsm
Thеsе soпсlgrams Wсге obtainеd With a 7 5-МHz sесtor.sсannеr transdllсег сOntaining a btlilt-in fluid offsеt at a displayеd dеpth сlf 6 сm

,tl, Thе h-vpеrесlroiс aгеa (slnаll borizolltаl а|a.otD) is on thе tеmpofal latеfal еdgе of thе mass anсl is just baгеly imagеd iп this viеW Tlrе гight
sidе of this sonoЕ.гam is mеdial and thе lеft sidе is latегal

fl This sonogram is obtainеd diгrсtly ovег thе h1.pегесhoiс poгtion of thе mass, dеmonstгatin8 thе aсoustiс shadow c,,|st (smаll аrron^s аt thе
bасk orthе g/Oz,e), сonsistеnt with сalсifiсatiоn within thе mass Тlrе right sidе of this sonо€ilam is mесlial aпс1 thе lеft sidе is latеral
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and bе imagесl as hypеrесhoiс stгLrсtufеs сasting aсoustiс

shadows.."i Thеsе fгaсtufеs afе likеly to bе assoсiatеd

of thе еyе and swollеn
rgе anесhoiс to h-vpo-
postеrioг to thе е),е in

thе dorsal mеdial сonflnеs of thе oгbit.,, Sсanning this

геtrobulbar mass throllgh thе supraorbital fossa rеvеalеd

was intеfpfеtеd at thе timе of tlrе sonogram to геpгеsеnt

loсal сalсiflсation of a forеign body, an oгganizing сlot

should also bе сonsidсrеd for this sonographiс appеar-

anсе' as thе hypеrесhoiс mass was imagеd in its еntirеty

bеforе an aсolrstiс shadow Was сast from its faг surfaсе.
.JИith сalсiflсation anсl most forеign bоdiеs' thе aсoustiс
shadow is сast from thе nеar surfaсе of thе hr-pеrесhoiс
stfuсtlrrr. An ultrasound-guidеd aspiratе of this геtrobtrl-

bаг mаss геvеelсd it to bе а hсmatoma.r.
Atrsсеssеs and Forеign Bodiеs. Ехophtlralmos is

сommon in horsеs with rеtгobulbaг massеs and ab-

sсеssеs. Absсеssеs afе most fгеquеntlr- ехtгaoсular, with
thе absсеss сrеating ехophthalmos. Orbital сеllulitis also

oссufs in lroгsеs and may rеstrlt in ехophthalmos. Сtуpto.
сocсаl neoformапs infесtion of thе fгontal sinus that

subsеquеntly ехtеnds into thе ofbital rеgion may also

сatrsе ехophthalmos. l"6

Thе rеtiobulbar absсеss rtsuall1, сontaiлs hr,poесhoiс
fluid, displaсing thе globе within thе oгbit' Lar-егing of
thе fluid within thе absсеss ma-v bе dеtесtеd in somе

hoгsеs with rеtrobulbar absсеssеs (Fig 1|-125)' Thе ab-

sсеss oftеn bulgеs olrt in thе stlpгaorbital spасе' Thе

absсеss is usuall1, сontainеd within a п-еll.dеtrnеd сap-

sulе. .whеrеas thе геtrоbtrlbar swеlling is tnorе diffusе
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and есhogеniс in ho ulitis. Small

сavitating arеas may rеtrobulbaг
сеllulitis as thе infе an absсеss.

Absсеssеs may bе assoсiatеd with forеign bodiеs, whiсh
typiсally appеar as есhog tuгеs'

ofiеn сasting an aсoustiс hypo-

есhoiс to anесhoiс fluid. hould
bе сonsidеrеd whеn hypеrесhoiс forеign bodiеs that сast

a stfong aсotrstiс shadow arе imagеd.
Intгaoгbital absсеssеs and forеign bodiеs afе сommon

stгLrсtufеS that сan bе diagnosеd sonographiсallу' Intraor-

bital absсеssеs havе bееn dеtесtеd sonographiсally and

havе bееn imagеd impinging on thе globе. Thе absсеss

may bе еnсapsulatеd with a сlеarly dеflnеd есhogеniс

-^i1 '....o..,'ding 
thе anесhoiс to hypoесhoiс fluid or

may bе poorl1, dеflnеd in thе pеrioсtrlar tissuеs..9

RеtrotrulЬar Nеoplasia. ortlital nеoplasia is unсom-

mon in horsеs but is assoсiatеd with ехoplrthalmos,
blinсlnеss, stгabismus, anisoсoria, and nеuгologiс or bе-

havioral abnormalitiеs. Rеtгobulbar nеoplasiа is a сom.

mon сaLrSе of еxophthalmus in horsеs. Thе various nеo-

plasms that havе bееn геportеd in thе rеtrobulbar spaсе

in hoгsеs inсludе mеlanoma,.*7 granuloсрiс sarсoma,18s

hеmangioma,'s9 multilobttlaг ostеoma,.9., lipoma,.9. adе-

'o.u..i,'n.", 
l9r miсroglioma, l92 nеLlfoеpithеlioma of thе

optiс nеfvе, and lymphosafсoma. Rеtfobulbar mеlarroma

in onе horsе was assoсiatеd with progrеssivе ехophthal-
mеmbranе.18r A gradually
S dеtесtеd in thе horsе
геsulting in a flгm palpa-

blе mass in thе supraorbital fossa. Sonographiс еxаmina-

tion of this mass wottld havе rеvеalеd multiplе, small

hypеrесhoiс arеas within thе mass assoсiatеd with thе

minеralization sееn radiographiсally; afl trltrasound.
guidеd biopsy сould also havе bееn реrformеd.190

Figure 11-125
)геd gеldiлg with a rеtrobulbar absсеss and a pituitaп' adеnoma Thеsе

displayеd dеpth of 10 сm .,4, аnd 8 сm (B),
.оLlghthеglobе,сomparеdwiththеnormalгightгеtrobulbaгsp^Сe'(lеft
nrarkеdlу еnlatgесl on thе lеtt siсlе (].58 сm) сomPaгеd with thе nоfmal

lеft sidе is vеntгal
.aorbitalspaсе.NotiсеthеlafgеaЪsсеss(ап,оltr.r)bulgingdorsallуinthе
[hthесtofsalanесhoiсfluidсonrpoпеntoiglэtborizoпttllаrro1/!))^ndthе
:n thе сеllular сomponеnt anс1 tlriсl сompolrеnt is anglеd bесausе of thе

thгough tlrе supгaЬrbital spасс соnflгnrеd thе сliagnOsis of a rеtrolэulbaг

rdal
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Figure 11-126
Sonogгam Of thе геtгobulbar spaсс oЬtairrесl fгom a 16-1.еaг-old Trak.
hеnег marе With геtгobU[bar Ivnlphosarсoma and glauсoma Tlrс hеtеro-
!4еnеous mass dеpiсtеd in thе Iеtroblllbaг spaсе (сtrrсl,tus) mе'lslll.еs
з79 x 2 73 сm аnd is thе сausс of thе maге's ехOphthalmos ThiS
sonogram Was obt'rinеd with a 7 5-MHz sесtсlr-sсannеf tfansduсег lt a
displar.еd dеptlr of l 2 сm Thе гight sidс of this sonоgгam is latеral and
thе lеft sidе is mеdial

Sonographiс ехamination of thе геtгoblllbaг afеa rе-
vеals a spaсе-oссLlpying mass in thе геtfoblllbaf spaсе..'
Thе mass may havе a homogеnеolls appеafanсе, most
typiсal of lymphosaгсoma (Fig. 11_126), or a moгr сom-
positе appеafanсе (Fig. 1|_727), as is sееn with moге
aggrеssivе nеoplasms. Rесognition of thе ехtfaoсulaf
musсlеs may bе diffiсult if thе tumor has inflltratеd thе
еntirе rеtfobulbaг aгеa' Hypеrесhoiс есhoеs сastinЕ.
aсoustiс shadows may bе imagеd Within thе mass assoсi-
atеd witlr сalсiflсation of thе mass of bonY tisstrе in tlrе
mass. Involvеmеnt of thе slшrounding bonv oгbit may bе
dеtесtеd.

RеtroЬultrar Cyst. A rеtrobtrlbar hydatid сyst Was fе-
poгtеd in a horsе, сausing ехophtlralmos and blindnеss.'89

Figure 11-127
Sonograпr of a laгgе геtгobrrlbaг mass obtainесl fгom a 20--vеaг-olсl
Quaгtеf Horsе marе with пarkесl ехoplrthalmos anсl rеtгobtllbaг l1.mph-
osaгсoпa Thе лrass (аrrod-\^) lras a h}'poесlroiс, somеwlrаt hеtеfogе-
пolls' appеaгanсе arrсl lr:rs moге iггеgulaI nraгgiлs This sonogrаm was
obtainеd with a 

' 
O-MllZ sесtot-sсanrrеl transdtlсег :rt a displa1'есl с|еpth

of 8 сm T1rе right sidе of this sonogfatn is dorsal and thе lеtt sidе
is vеntral

A largе flrm fluid-fillеd сyst was pfеsеnt on thе flooг of
thе orbit nеar thе optiс nеп,'е that would havе bееn
dеtесtеd with sonographiс еxamination of thе rеtrobul-
bar arеa. Sonogгaphiс ехamination of thе еуе and ofbit
in this horsе would havе rеvеalеd a largе anесhoiс сystiс
stflrсttrfе in thе orbit adjaсеnt to thе optiс nеrvе. A.l.
though lr1,datid сyst disеasе is сommon in thе Unitеd
Kingdom, ophthalmologiс involvеmеnt is rafе.r89. 19]

Palpebral Swelling or Masses

Swеlling of thе еyеlid is сommon in horsеs with most
oсular disеasеs and usually геsponds to trratmеnt of thе
primary oсulaг problеm. In hoгsеs with aсutе oсttlaг
trauma! hеnroггhagе in thе sllгfoundin8 strllсtllfеS is a
сommon сausе of еyеlid swеlliдg. Absсеssеs in thе еyеlid
havе bееn dеtесtеd sonogfaphiсally in horsеs, paftiсu.
laгl1, 5g6..4aгy to thе plaсеmrnt of indwеlling subpalpе-
bral trеatmеnt сathеtеfs (Fig. 11_128). Tumors involving
thе oсrrlar adnехa, suсh as squamolrs сеll сarсinoma,
oftеn involvе thс еyеlid as wеll.

Neurologic Diseases

In a nеwboгn Мiniaturе Horsе сolt a thin сегеbral mantlе
(< 1 сm) Was dеtесtеd, сonsistеnt With hydroсеphalus'
Both latегal vеntfiсlеs in this foal wеrе 5 сm high. Аl-
tlrough normal vallrеs for thеsе strlrсtufеs havе not bееn
obtainеd in Miniatttrе Hoгsе foals, hуdгoсеphalus was
suspесtеd in this foal basеd on thе ultrasonographiс flnd-
ings anсl a largrr-than-normal сfanillm fotrnd on skull
radiograp1rs.,] A dilatеd сranial vault with a vеfy thin
Soft tisstlе shadow sufrounding anесhoiс fluid and two
есhogеniс struсtuгrs (onе in thе frontal lobе arеa and

Figure 11-128
Sоrrоgгarrr of thе lеft Llppеr еvеliсl obtainсd fгom a 23-Yеar-o]d Thoг-
oughbгсd marе with an alэsсеss Within thе lеft е\.еlid Thе lr1'poесhоiс
flrtid swеlliпg in thе еyеliсi is сonsistеnt witlr purulеnt fluid; tlrе hуpеr-
есhoiс есhсlеs withiп this f]tlid сast diщ' Shadows (аrr()u)s) сonsistеnt
With €.as. nrostlу likеlv llssoсiatесl with infесtio. of thе е).еlid with
aпlегobiс oгЕ.anisms Nсl foгеign bсlсlr. was imagеd This sonogfam
was Obtxinеd with x widе-baпdwidth 7 i-МHz linеаr-array tгansduсеr
opеfating at 7 5 i{ЕIz at a displa),еd dеpth of 4 сm Thе fight sidс of
this sonoqram is сloгsal anсl thе lеft siсlе is \.еntral
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onе in thе afеa of thе сегеbеllum) wеrе all that сottld bе
imagеd of thе brain in a Quartеr Horsе foal with sеvеfе
hydгoсеphalus.,a Thеsе imagеs of thе brain wеrе ob-
tainеd through a dеfесt in thе foal,s skull ovеr thе lеft
еyе. Sonograms obtainеd follovring a surgiсal attеmpt to
drain thе ехсеss сеrеbrospinal fluid сontinuously геvеalеd
homogеnеous ovoid есhogеniс massеs witlr a soft parеn-
сhymal tеxtufе сonsistеnt with blood сlots floating within
thе сеrеbгospinal fluid and an irrеgulaг linеar есhogеniс
stгuсtufе pullеd away tiom thе skull, bеliеl.еd to bе
сollapsеd сеrеbral сoftеx'

l ntra o p e rative U lIraso n o g ra p hу

Thе major bеnеfits of intraopеrativе ultrasonogгaplrr, arе
thе dесrеasеd radiation ехposufе to opеratinЕ. гoom pег-
sonnеl and thе hoгsе and thе dесrеasеd amourrt of tissuе
dissесtion and opеrativе timе't.6 " .'Thе nееd tbг iпtraop-
еfativе radiography is rеduсеd or еliminatеd rr'hеn intгa-
opеrativе ultrasotrnd is usеd. Thе struсtuге of intеrеst
and important adjaсеnt stfuсtlrгеs to bе al-oidеd сan bе
idеntiflеd in thе surgiсal approaсh. Intraopегatil-е ultraso-
nography is ехtrеmеly hеlpful in геmol-al of foгеign bod-
iеs, partiсulaф radioluсеnt onеs suсh as пood Thе sitе
of thе initial surgiсal inсision is sеlесtеd basеd on thе
loсation of thе forеign body and its rеlationslrip to othеr
surrounding vital Struсturеs. This tесhniquе is еqually
important in rapidly loсating radiopaquе tbгеign bodiеs
at thе timе of surgiсal rеmoval. Thе aгеa сan also bе
ехaminеd aftеr forеign body геmova1 and pгior to сlosurе
to asсеftain that all forеign body fragmеnts havе bееn
rеmovеd. Thе usе of intraopеrativе ultrasound п.ill еnsuге
that thе sufgеon follows all thе traсts in thе tissl'lе to
thеir sourсе, rеmoving all infесtеd matегial possiblе. In
many instanсеs thе loсalization of thе foгеign body with
traditional suгgiсal tесhniquеs strсh as tlrе tlsе of nеw
mеthylеnе tlluе or frstulograph1, is unгеп-aгding, as thе
forеign body may bе in a plaсе inaссеssiblе to гadiogгa-
phy or сannot bе safеly rеaсhеd suгgiсallr- br'following a
tгaсt of nеw nrеthylеnе bluе.

Thе sonogгaphiс ехamination of soft tissuе massеs of
absсеssеs in arеas with limitеd suгgiсal aссеss in thе
opеfating foom сan also aid thе surgеon in dеtеrmining
thе bеst surgiсal approaсh to avoid thе adjaсеnt vital
stfuсtufеs. In many instanсеs this q,pе of ехamination is
faсilitatеd by lraving thе patiеnt anеsthеtizеd and posi
tionеd appropriatеlv foг surgегy; it ma'v alsсl pгovidе thе
surgеon with information diffеrеnt fгom that takеn during
thе awakе pfеopеrativе r.rltгasound еxamirration with thе
hoгsе standing. Small bon1. fragmеnts that arе oftеn diffl-
сult to flnd at thе timе of suгgеry сan also bе loсatеd in
thе opеrating гoom, thus shortеning thе lеngth of strrgеry
and thе tirnе thе hoгsе spеnds undег gеnегal anеsthеsia.

Thе usе of ultrasound in thе pfсopеfativе or intraopеra-
tivе еvaluation of laсеrations сan dеtегminе thе ехtеnt of
thеsе hoгsеs' tеndon and ligamеnt injury. Thе stшgеon's
obsеrvation of thе amount of tеndon and/ot ligamеnt
damagе in thеsе horsеs may bе inaссuгatе bесartsе intег-
nal tеndon or ligamеnt damagе сan oссuf at tlrе timе of
thе laсегation without disrtrption of thе paratеnon oг thе
ехtеrnal tеndon or ligamеnt flbегs' Punсturе of thе tеn-
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don or ligamеnt may also oссur without obvious tеndon
or ligamеnt ruptltfе. This punсturе wound into thе tеn-
don or ligamеnt ma1. bе missеd at thе timе of surgеry,
сausing thе strrgеon to lеavе forеign matеrial in thе tеn-
don or ligamеnt aлd/ot сausing sеpsis to bе intгoduсеd
into thеsе stfuсtufеs. Thс trеatmеnt of horsеs with tеn-
don and ligamеnt plrnсtuге should bе morе aggrеssivе
and thе prognosis may bе poorеf, dеpеnding on thе
ехtеnt of tеndinous or ligamеntous damagе.

Thе inсlusion of intraopеfativе ultrasound in thе op.
еfating гoom is bесoming moге frеquеnt in еquinе prас-
tiсс, paftiсulaгly among suгgеons with signifiсant ехpегi
еnсе in intеrpгеting sonographiс imagеs.

Intraopеrativе ultrasonography has bееn usеd suссеss-
fully in thгее horsеs to guidе thе suгgеon to thе loсation
of intra-artiсulaг bonе fragmеnts., Thе loсalization of for-
еign bodiеs with trltrasonogгaphy is muсh moге pгесisе
than thдt obtainablе with survеy гadiographs.r22 Intraop-
еrativе ttltгasonography has bееn usеd sttссеssfully to
fеmovе forеign bodiеs in thе tonguе, сarpus, rеtropharyn-
gеal rеgion, and сеrviсal aгеa of horsеs.a'5,8 It has also
bееn usеd to aid in thе plaсеmеnt of a transvеnous
paсing wiге in a hoгsе with сomplеtе hеaгt bloсk.,s In
thе horsеs With intfa-aгtiсular bonе fragmеnts, thе intfa-
artiсular or еxtfa-aftiсular loсation of thе bonе fгagmеnts
сould not bе dеlinitivеly dеtеrminсd radiographiсally.a

PATIЕNт MANAGEMENT AND PR0GNosls

Cerviсal Struсtures

Abnoгmalitiеs of thе thyroid, parotid salivary gland, and
surrotrnding thе tfaсhеa most fгеqtrеntly involvе massеS
in oг around thеsе stfuсtllгеs. Ultrasound-guidеd aspiratеs
oг biopsiеs of thеsе massеs should bе pеrformеd with
samplеs submittеd for сyologiс еvaluation, сultttге, and
sеnsitivity tеsting, or histopathologiс еxamination, and
thеn tfеatеd aссordingly.

Thуroid Gland Disorders

on farms whеrе animals lravе ехсеss diеtaгy iodinе intakе
thе еlimination of this diеtary еxсеss will еliminatе nеW
сasеs of goitеr; in addition, thyroid еnlargеmеnt in af-
fесtеd animals мrill gradtrally dесгсasе. Analysis of thе
гation for ехсеss iodinе should bе pеrfoгmеd if diеtary
ехсеsS is a possiblе сausе of goitеf. An rrltrasounсl-guidеd
aspiratе or biopsy is indiсatеd мrith сyologiс or histo-
pathologiс еvahtation of thе spесimеn obtainеd to diag-
nosе thе abnormality сausing thyгoid еnlaгgеmеnt. If thy-
roid hormonе lеvеls arе low, a th},roid stimulation tеst is
indiсatеd. If thyroid hormonе lеvеls arе low in foals with
сliniсal signs of hypothyroidism, thyroid supplеmеntation
is indiсatеd.J5 Thyroid adеnomas arе bеnign and do not
rеquirе surgiсal fеsесtion. Сarеftll fеsесtion of thyroid
сarсinomas is indiсatеd owing to thеif highly vasсular
and aggrеssivе natufе.]8
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SaIivarу Gland Disorders

Rеmoval of a sialolith сan oссasionally bе pеrfoгmеd by
massaging thе sialolith throtrgh thе parotid papilla into
thе oгal сavity. An oral (prеfеrablе) or tfansсutanеolls
sialolithotomy сan bе pеrformеd with good suссеss. Laс-
сfations of thе salivary duсts should bе сlеanеd and
dеbridеd and сlosеd primaгily if possiblе, to minimizе
thе formation of a salivary listula. If an еnlargеd, inflamеd
salivary gland is dеtесtеd, thе horsе should bе сarеftllly
ехaminеd for partial obstгuсtion of a salivary duсt of
damagе to thе duсt rеsulting in sесondary infесtion of
this gland. Broad-spесtгum antimiсгobials should bе ad-
ministегеd if salivary gland infесtion is suspесtеd.

Traсheal Disorders

Massеs impinging on thе tfaсhеa should bе suгgiсally
rеmovеd or drainеd as appгopriatе' to prеvеnt rеspifatofy
distrеss fгom dеvеloping or woгsеning. Pеritraсhеal ab-
sсеssеs should also bе tfеatеd with broad-spесtrum anti-
miсгobials Llntil thе rеsults of сulturе and sеnsitivity tеst-
ing of an aspiratе from thе absсеss is availablе. If frее gas
есhoеs arе imagеd, anaеrobiс as wеll as aеrobiс сovегagе
is important. Fraсturеs of thе traсhеal сartilagе with thе
lеakagе of subсLltanеous air is usually managеd with thе
appliсation of a prеssuге bandagе and сonsегvativе man-
a8еmеnt with stall fеst and rеstriсtеd еxеrсisс until thе
traсhеal dеfесt has hеalеd and air no longеr lеaks subсuta-
nеously.

Еsophageal Disorders

Еsophagеal otrstruсtion, Striсturе, and Divеrti-
сuli. Sonographiс еvaluation of thе сеrviсal геgion mаy
bе usеful in loсalizing thе obstruсtion and in thе dеtес-
tion of a forеign body or еsophagеal divеrtiсulum or
stfiсturе. Сегv-iсal radiogгaphs and еndosсopiс ехamina-
tion afе also hеlpful in diagnosing thе еsophagеal ob-
struсtion and planning thе appropfiatе tfеatmеnt. How-
еvеr, еndosсopy is not hеlpful in diffеrеntiating simplе
obstгr.rсtions ffom anatomiс disordегs until thе fееd im-
paсtion is rеsolvеd.as Contrast radiography was hеlpful in
onе study in outlining thе muсosal lеsions in thе distal
еsophagus that сould not bе visualizеd еndosсopiсally.a5

Rеliеf of thе еsophagеal obstruсtion shotrld bе pеr-
formеd as quiсkly as possiblе to prеvеnt thе strbsеquеnt
dеvеlopmеnt of еsophagеal striсturе. Fееd impaсtion is
usually suссеssfully rеsolvеd by hydropгopulsion and |a-

vage via nasogastriс intubation whilе thе hoгsе is sе.
datеd.as Strrvival of horsеs with еsophagеal impaсtions is
good, with a short-tеrm suгvival of 78% and a long-tегm
survival of 49%.a5 Сhгoniс obstfllсtion at homе was fе-
portеd in 37% of thе horsеS that Sufvivеd long trrm.

Short-tеrm suгvival of horsеs with еsophagеal stfiсturеs
was poof; that of hoгsеs with aсutе striсtufеs of lеss than
2 wееks' duration was bеttеf. Long.tегm survival was
bеttеr in horsеs tfеatеd surgiсally for еsophagеal striсtuге
than it was for thosе tгеatеd mеdiсallу. thеiг suгvival was

no diffеrеnt than for horsеs with еsophagеal impaс-
tions ;5 Thе usе of sott diеts and nonstсroidal antiin.
flammatory dгugs has also bееn suссеssfi.rl in thе managе-
mеnt of horsеs with aсutе еsophagеal striсtufе.I9a

Thе prognosis foг long-tеrm suгvival for horsеs with an
еsophagеаl divеrtiсultrm is ехсе1lеnt.]5 All horsеs tгеatеd
surgiсally or nonsurgiсally foг an еsophagеal divеrtiсultrm
survivеd long tеrm. Suссеssflll rеpair of еsophagеal di
vеrtiсula has bееn rеpoгtеd in horsеs with еithеr invсr-
sion of thе еsophagеal muсosa or divегtiсulесtomy..r5,5'.56
Howеvег, invеrsion of thе rеdundant mtlсosa is prеfеrгеd
ovеf divеftiсulесtomy to minimizе postopеfativс infес-
tion.45

Еsophagеal forеign bodiеs havе bееn stlссеssfully fс-
movеd suгgiсally with an еsophagotomy if nесеssаry.o6
Aspiгation pnеumonia and plеtrritis Wrfе сommon сom-
pliсations in hoгsеs with еsophagеal disordеrs, and thе
long-tеrm survival was signiliсantly lowеr in horsеs with
thеsе сompliсations.]5 Pеrsistеnt геspiгatory disсasе that
nесеssitatеd ехеrсisе modiiiсations was dеtесtеd iл 2I%
of horsеs sllfviving long tеrm following еsophagеal im-
paсtions. Pеriеsophagеal infесtion oссrrrrеd tn 53%'of
horsеs with strrgiсal trеatmеnt for еsophagеal disеasе and
was moге сommon with surgiсal proсеdurеs rntеfing thе
еsophagеal lumеn. Postopеrativе mortality was highег in
hoгsеs in whiсh thе suгgеon еntеfеd thе еsophagеal lu-
mеn.45

Еsophagеal Rupturе. Surgiсal trеatmеnt of tгaumatiс
еsophagеal ruptufе has bееn rеpoгtеd.15 .,., Surgiсal сor-
гесtion of еsophagеal pеrforation rеsultеd in bеttеr long-
tеrm strrvival than in hoгsеs tfеatеd mеdiсally. Сontinu-
ous intubation with a soft tubе for fееding a slurry diеt
is indiсatеd to allow thе еsophagtts and stlfrounding tis-
suеs to hеal without additional fееd matегial bеing dеpos-
itеd in thе adjaсеnt soft tissuеs. An еsophagostomy distal
to thе arеa of ruptllfе may bе indiсatеd in somе horsеs.
Pеriеsophagеal drainagе of thе сеllulitis assoсiаtеd with
еsophagеal frrpturе is oftеn indiсatеd. Sonographiс ехam-
ination of thе pеriеsophagеal tissuеs сan bе usеful in
monitoring thе rеsolution of thе сеllulitis and thе involvе-
mеnt of pеriеsophagеal stfuсtuгеs. Sonographiс ехamina-
tion of thе thoraсiс inlеt and сranial mеdiastinum сan
also bе pеrformеd to monitor thе horsе for dеvеlopmеnt
of mеdiastinitis.

Swellings and Masses

Cysfs

Сегviсal сysts should bе rеmovеd strrgiсally using a vеn-
tral pharyngotomy approaсh,'3 6* a vеntral laryngotomy
approaсh,('' oг a modilrеd Whitеhousе approaсh.6] 6i 09

Prognosis for horsеs м/ith pharyngеal and сеfviсal сysts
is usually good with surgiсal rеmoval.6- 68 Intгamuгal
еsophagеal сysts in horsеs havе bесn tfеatеd with surgi-
сal rеmoval of thе сyst and marstrpialization of thе
сyst.2 5r If сomplеtе rеmoval of thе сyst is not possiblе,
all of thе mttсosal lining should bе rеmovеd to prеvеnt
rесurfеnсе of thе сyst.52 Marsupializatiofl of thе intramu-
ral еsophagеal сyst appеars to bе thе prеfегablе surgiсal

Ve
tB

oo
ks

.ir



tесhniquе for rеmoval of thеsс сysts.2'52 Dеntigеrolls сysts
should also bе suгgiсallу rеmovеd onсе diagnosеd.

/fsсesses

Absсеssеs should bе aspiratеd and a samplе submittеd
for сytologiс ехamination and сtrlturе anсl sеnsitir-itl' tеst-

ing, or bе surgiсally dгainеd if laгgе or impinging on r-ital

stfuсtufеs. Antimiсrobial thеrap1. should bе basеd on thе
sonographiс сharaсtеristiсs of thе absсеss and tlrс most
likеly organisms to bе invo]vеd. Anaеrobiс сo\-сгegе
should bе irrсltrdеd whеn frее gas есlroеs arе irrragеd and
a samplе shor'rld bе submittеd for anaеrobiс. as п,.еll as

aеrobiс сulturе. Ultгasonography is thе mеthod of сhoiсе
for dеtеrmining how to dгain absсеssеs and tо monitor
thе rеsponsе of absсеssеs to tгеatmеtrt.. L ltгasounсl-
guidеd pеfсLttanеous drainagе of dееp сеrr-iсal absсеssеs
has bееn usеd suссеssfully in human bеings to mitlimizе
thе risks assoсiatеd with morе inl,asir-е suгgiсal drain-
agе..n'

С otу n e b аct e riшm p s e ш dotшb e rc lt l o s i s .{b s сеssеs.
Sonogгaphiс ехamination of thе swеllings in lroгsеs q,ith

Сotупеbасtеriuln pseudotubеrсulсlsis absсеssеs will
hеlp dеtеrminе thе loсation of thе absсеss. thе involvе-
mеnt of adjaсеnt struсturеs, and thе optimal sitе foг
strrgiсal dгainagе if thе absсеss is mattlrе еnоltglr to allow
foг surgiсal drainagе. In most horsеs *-\tll' Сot.1'пebаctе-
riulп pseudotuberculсlsz.s infесtion. thе absсеss should
bе managеd сonsегvativсl). initiallr., Ltntil it is orgarrizеd
and сlosе to thе skin surfaсе. In onе studr'. ultгasono-
graphiс еxamination hеlpеd loсalizе thе dееpеr absсеssеs
геquiring suгgiсal inсision and drainegе in affесtеd
hoгsеs. Absсеssеs геsolvеd within 18 dars onсе surgiсal
drainagе was еstablishеd.-; Tlrе r'rsе of sr stеnriс antimiсfo-
bials in horsеs with ехtеrnal absсеssеs assoсiatеd пrith
Ссlrупebасtеriulп psеudotuberсulosis infесtion is сon-
tгovеrsial and may prolong thе сotlгsе of tlrе disеasе.-r ,5

An еlеvatеd s)rnеfgistiс hеmolysis irrhibition (SHI) titеr >

5|2 is usеftll for thе diagnosis of intегnal absсеssеs in
horsсs with С orупеb асt еrium p s е l t d o t I t b е r c t t l o s is iлfеc-
tion brrt is not rеliabtе fbr thе diagnosis of ехtеrnal
absсеssеs. Thе pгognosis for hoгsеs п-itlr ехtеrnal ab-

sсеssеs is ехсеllеnt with a suгvival гatе of 99 2%' сom-
parеd with a suгt,-il,al ratе of 59.5% for lrorsеs rr.itl-r intеr-
nal absсеssеs.-' Thе dеvеlopmеnt of a пraгkеd of
prolongеd fеvег .was assoсiatеd with a рooгег pгognosis
in onе study, with 92% of thеsе horsеs dеvеloping сom-
pliсations. Thе most favorablе prognosis п'as for horsеs
with pесtoгal and inguinal absсеssеs'-,

Pеrirесtal or Pеrivaginal Alrsсеssеs. Sonographiс
еxamination of pеrirесtal absсеssеs slrould bе pсrfoгmеd
both transгесtall}i and from thе pеrianal чrindow to dеtrf-
minе thе possibili$, tlf pеrianal drainagе. In marеs with a

vеntral pегirесtal absсеss, pеrivaginal sonographiс ехami-
nation is indiсatеd to disсovеr wlrеthеr pеrivaginal сlгain-
agе is fеasitllе. Thе сomplеtе ехtеnt of thе absсеss should
bе dеtеrminеd to bе slrfе that thе absсеss doеs not
ехtеnd сranially into thе pеritonеal сavity. If thе сrani
almost еxtеnt of thе absсеss is not dеtесtablе transгес-
tally or from thе pеrianal or pеrivagirral approaсh, sono-
graphiс ехamination of thе сaudal abdomеn should bе
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pегformеd to dеtеrminе if an abdominal сomponеnt of
thе absсеss is visiblе. An ultrasound-guidеd aspiratе сan
bе pеr1brmеd from thе pеrianal or pеrivagirral windoтцr if
с1tologiс сonfirmation of thе absсеss is nееdеd bеfoге
sr'rrgiсal dгainagе of thе mass.

Strеptoсocсus zooepidеmicus and/or Escberiсbiа cr-lli

wеге сulturеd from fivе hoгsеs with pеrirесtal ab-

sсеssеs.r(' It is not сlеar whеthеr anaеrobiс сtrlturеs wеrе
pеrfoгmеd on thе fluid сlbtainеd from thеsе pеrirесtal
absсеssеs. Initial bгoad-spесtrum antimiсrobial tfеatmеnt
сan bе guidеd by thе sonogfaphiс appеaranсе of thе
absсеss until thе сulturе and sеnsitivity tеsting rеsults of
thе absсеss fluid aге obtainеd. Antimiсrobial thеrapy
should inсltldе anaегobiс сovеfaЕ]е if gas есhoеs arе im-
agеd in thе absсеss сaviq/. Thе pеrirесtal absсеss shotrld
bе lavagеd with dilutе povidonе-iodinе solutions only in
thosе horsеs in whiсh thе absсеss doеs not ехtсnd сrani-
all1, into thе pеritonеirl сavity. Bran mashеs or minеral oil
may bе nееdеd to kееp thе horsе's fесеs soft until tlrе
atrsсеss rеsolvеs. A warm Watег еnеma is also oссasion-
ally nееdеd in affесtеd hoгsеs. Sonographiс monitoring
of thе fеsolution of thе absсеss is hеlpful in following
thе hoгsе's геsponsе to trеatmеnt. Prognosis foг affесtеd
horsеs is good if surgiсal dгainagе was еffесtivе, unlеss
thе absсеss еxtеnds into thе pеritonеal сavity.'6

Granuloma

Prognosis for horsеs with granulomatous disеasе is usu-
ally poor. Fungal сulturеs and histopathologiс ехaminа-
tion of thе affесtеd tissuеs shourld bе pеrformеd to сiiag-

nosе thе еtiology of thе granuloma and p\aл a сouгsе of
trеatmеnt basеd on thеsе rеstrlts.

Cellulitis, Lуmphangitis, and Edema

Sonographiс ехamination of a lrorsе with сеlltrlitis oг
l1.mphangitis hеlps dеtеrminе whеthеr thеrе is a loсalizеd
arеa of fltrid aссumrrlation within thе infесtеd tisstrеs If
a hypoесhoiс or anесhoiс poсkеt of fluid is imagеd, an
aspiratе of this arеa shotrld tlе obtainеd asеptiсallу for
с1tologiс еvaluation and сultuге and sеnsitivit)'tеsting of
thе fluid. Broad-spесtrum antibiotiсs should bе sеlесtеd
trntil thе сtrlturе and sеnsitiviq. tеsting rеsttlts bесomе
availablе. If сеulllitis is imagеd suгrounding a s1-nor.ial
stflrсtufе, aspiratе of thе synovial stflrсtltfе throttgh this
thiсkеnеd есhogеniс tissuе is сontгaindiсatеd bесausе of
thе гisk of introduсing infесtion into thе s1-novial struс-
turе. Thе sonogгaphiс dеtесtion of еdеma should prompt
a sеarсlr for thе undегlying сal]sеs of thе еdеma, if thе
сausе is not сliniсally appafеnt If thе distal limbs arе
involvеd, a support wrap should bе appliесl to hеlp mini
mizе tissuе swеlling. Сold watег lrosing of thе limbs may
also bе hеlpful in horsеs мrith сеllrrlitis and lymphangitis.

Hematomas

Hеmatomas arе oftеn bеst lеft to rеsolvе on thеiг own,
ехсеpt whеn thеy aге largе and limit ftlnсtion of thе
affесtеd arеa. Thе tissllеs strrгounding thе hеmatoma
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should bе сaгеftllly еxaminеd for musсlе tfallma or fгaс-
turеs, whiсh may bе assoсiatеd with thе hеmorrlragе.
Radiogгaphs of thе afra should bе obtainеd if bon1,
trauma is likеly of dеtесtеd sonographiсally. Thе sono-
graphiс appеaгanсе of a hеmatoma is so сharaсtеristiс
that an ultгasound-guidеd aspiгatе is unnесеssary for diag-
nosis unlеss thе sonographiс appеaгanсе of thе hеma-
toma is atypiсal oг thе сliniсal signs indiсatе anothег
likеly diffеrеntial diagnosis. An ultrasotrnd-gtridеd aspiratе
of thе arеa should bе pеrformеd to сonflrm that tlrе
atypiсal mass is a lrеmatoma. stгiсt asеptiс proсеdurеs
should bе followеd, to minimizе thе risk of introdr'rсing
baсtеria into thе hеmatoma. Thе hеmatoma slrould bе
drainеd surgiсally only whеn absolutеly nесrssaf}r, as sес-
ondafy infесtion of thе hеmatoma may oссur if suгgiсal
drainagе is inadеquatе, сfеating a largе absсеss in thе
aгеa. A hеmangioma or hеmangiosarсoma mey oссasion-
ally prеsеnt with a sonogгaphiс appеaranсе similar to
that of a hеmatoma, еspесially whеn thе skеlеtal mtrsсlе
is involvеd. If thе hеmatoma appеaгs atypiсal, an ultгa-
sound-guidеd biopsy should bе submittеd tbr histopatho-
logiс еvaluation.

Seromas

Postopеrativе sеfomas shourld bе allowеd to rеsolvе on
thеir own in most instanсеs, trnlеss a sесondafy infесtion
is suspесtеd. stfiсt asеpsis shotrld bе usеd whеn ob-
taining a samplе foг сytology and сulturе and sеnsitivity
tеsting, to pfеvеnt aссidеntal сontamination of thе sеr-
oma with baсtегia.

Solt Tissue Masses

An ultrasound-guidеd ехсisional biopsy of thеsе massеs
should bе pеrformеd to dеIinitivеly dеtеrminе thе tissuе
typе assoсiatеd мrith thе soft tissuе mass and to sеlесt
appropriatе tfеatmеnt. Sonographiс ехamination of thеsе
massеs is important prior to ехсisional biopsy or thе
sttrgiсal rеmoval of largеr massеs to dеlinеatе thе сxtеnt
of thе mass, its rеlationship to surгounding tissuеs anсl
vital stfllсturеs' and its loсal invasivеnеss.

Sarсoids. Ntrmеrous trеatmеnts for saгсoids havе bееn
proposеd inсluding srrrgiсal еxсision, сryothеfapy, сar-
bon dioxidе lasеr surgеry, immunothеrapy with baсillе
Сalmеttе-Guёrin (BСG)' intеrstitial bгaсhythегapy, hypеr-
thеrmia, and сhеmothеrapy. Surgiсal trеatmеnt alonе ap-
pеafs to bе lеss еffесtivе than othег forms of tfеatmеnt.
Thе сhoiсе of trеatmеnt is oftеn diсtatеd by tlrе anatomiс
loсation of thе lеsions.89

Lipomas. Srrrgiсal rеsесtion of lipomas in affесtеd
hoгsеs has bееn difflсult; howеvеr, bесausе thе гесuг-
rеnсе of thеsе tumofs is low in affесtеd hoгsеs sufqiсal
rеsесtion is oftеn rесommеndеd.9()-92

Hеmangiomas, Ilamartomas' flеmangiosarсomas.
Thе distinсtion among lramartomas, hеmangiomas, and
hеmangiosarсomas is difflсult to makе on biopsy in many
сasеs.96 If biopsy pfесеdеs surgiсal еxсision of thе mass,
sonograplriс sеlесtion of thе sitе foг biopsy is indiсatеd
to avoid largеr vеssеls assoсiatеd чrith thе vasсular nеo.
рlasm, whiсh may rеsult in ехсеssivе blееding if biop-

siеd. Suгgiсal геsесtion of hеmangiomas has bееn suс-
сеssfully pегformеd in horsеs with a low inсidеnсе of
гесLlгfеnсе of thе vasсular nеoplasms.9] Although hеman-
giomas may геgгеss spontanеously in human bеings,
spontanеous геgrеssion has not bееn rеportеd in thе
hoгsе to thе authoг's knowlеdgе. Two of thrее horsеs
with hеmangiosaгсomas wеrе frее of rесttrrеnсе follow-
ing surgiсal rеmoval of thе massеs, but thе othеr horsе
had rapid and ехtеnsivе fесLrrfеnсе of thе tumoг, whiсh
rеstlltеd in thе hunranе dеstr.uсtion of thе horsе.9J Bе-
сausе rapid mеtastasеs of hеmangiosafсomas throtrglrout
thе skеlеtal musсlеs and intеmal orЕ.ans oссuг in horsеs,
suгgiсal trеatmеnt is indiсatеd onlу if a singlе disсrеtе
rеsесtablе mass is dеtесtеd.9] Сhеmothеrapy is an option
foг horsеs with vasсular nеoplasia' but it is vеry ехpеn-
sivе and thеrеforе raгеly usеd.

Меlanoс1tomаs, Nlеlaflomas. Еarly ехсisional biops-
iеs of mеlanoсytiс tumoгs is rёсommеndсd as not all of
thеsе tumofs aге bеnign in young horsеs.l0.r't02 Сhеmo-
thrrapy, radiothеrapy, aпd BCG havе bееn of littlе сliniсal
valuе in thе trеatmеnt of еquinе mеlanomas.al'a2 Rесuf-
fеnсеs aftег surgiсal inсision and сryonесrosis arе сom-
mon. W-idе stlrgiсal ехсision, an aссеptеd foгm of tгеat-
mеnt. is rесommеndеd foг tllmors that arе small to
mеdir'rm-sizеd (< 3 сm in diamеtеr), arе not numеrous
1<15)' and arе loсatеd in stшgiсally aссеssiblе rеgions.a2
СЦ.onесrosis is rесommеndеd for trеatmсnt of ttrmoгs
whеrr thе sizе of thе mass prесludеs surgiсal еxсision
and primary сlosurе. Thе mass should bе dеbulkеd as
muсh as possiblе bеforе сryonесrosis. Trеatmеnt of mеla-
nomas цuith oral сimеtadinе has bееn suссеssftll, partiсu-
larly in horsеs with mеlanomas that afе aсtivеly inсrеas-
ing in sizе and numbеr.,l ,2 Both a dесrеasс in tumof
diamеtеr (by approхimate|у 5o%) and a rеgrеssion of thе
ntrmbеrs of tumors (half) havе bееn rеpor1еd.n' Intralеsio-
nal injесtion of сisplatin may also bе bеnеIrсial aftеr
tumof dеbulking.,,2

othеr Nеoplasms. Strrgiсal еxсision of singlе nеo-
plasms is usually rесommеndеd and сan bе pеrfoгmеd as
an ехсisional biopsy if thе mass is small or following a
biops1, сonflfmation of thе nеoplasm. Intfatumoral admin-
istration of сisplatin is a safе and еffесtivе trеatmеnt of
sarсoid and squamous се1l сarсinoma/papilloma in horsеs
with ttrmor rеgrеssion oссuгring in all trеatеd horsеs
and minimal сisplatin-rеlatеd loсal toхiсosis. Thе hoгsеs
sеlесtеd for this tfеatmеnt wеfr thosе in whiсh othсг
prеviotts tfеatmеnts had thilеd of thе mass Was not amе-
nablе to сonvеntional trеatmеnt. Thе mеan rеlapsе-fгее
intеrr,.al was 21.6 months for horsеs with sarсoids and 11+

months for thosе with squamous се1l сarсinoma/papil-
loma..9.' Whеn intratumoral administration of сisplatin
was сombinеd with сyorеduсtivе sufgеry in horsеs with
maсrosсopiс еvidеnсе of rеsidual tumof within thе
wound, thе mеan rеlapsе-frее intеryal Was 41 +/-3.7
months.19- .W.ound hеaling was not сompromisеd and
loсal сisplatin-rеlatеd toхiсosis was minimal. Thе tгеatеd
tllmofs inсludеd sarсoids, squamous сеll сarсinomas, and
onе hamaгtoma.l9-

Foreign Bodies and Dra]ning Trаcts

Ultгasonography is thе mеthod of сhoiсе tbr dеtеrmining
how to fеmovе thе forеign body, drain thе absсеssеs
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assoсiatеd with it, and monitoг thе rеsponsе of absсеssеs
to tfеatmеnt.5 Thе forеign body should bе prесisеly loсal.
izеd sonographiсally and thе surgiсal approaсh sеlесtеd.
All traсts should bе followеd baсk to thеir sourсе, as
morе than onе forеign body may bе prеsеnt or a forеign
body may bе prеsеnt in assoсiation with a sеqlrеstrum of
nесfotiс tissuе, whiсh should also bе rеmovеd at thе timе
of surgеry. A draining traсt assoсiatеd with ostеomyеlitis
should bе followеd to thе affесtеd bonе, whiсh should
bе surgiсally dеbridеd if surgiсal tfеatmеnt is sеlесtеd. In
сasеs of ostеom),еlitis whеn mеdiсal tfеatmеnt is sе-
lесtеd, an ultrasound-guidеd aspiratе of thе fluid ovегly-
ing thе bonе is indiсatеd to еvaluatе с1tologiсall'v and to
submit foг сultuге and sеnsitivity tеsting. Thе prognosis
foг most hoгsеs with draining tfaсts is good if thе traсts
сan bе followеd to thеir sourсе of souгсеs and thе сausе
of thе drainagе геmovеd or tгеatеd suссеssfully with
antimiсrobials.

Prognosis for horsеs with gunshot wottnds is good
if only skеlеtal musсlе and skin arе involr'еd. Мinimal
dеbriсlеmеnt, lavagе, and еstablishmеnt of dгainagе usu.
ally rеsult in an еxсеllеnt outсomе in thеsе affесtеd
horsеs.12 If thе gunshot wotrnd pеnеtfatеs \-ital stгuсtufеs
suсh as thе abdomеn or thorax, thе horsе.s pгognosis is
guardеd to gfaYе, dеpеnding on thе stгuсtuIеs involvеd
and thе sеvеrity of thе initial damagе. Long-tегm survival
was poorеSt for horsеs with abdominal injuгiеs and bеst
Гoг thosе with oсulaг injuгiеs.Ir

If sonographiс еxamination of a postopегati\,е inсision
indiсatеs sutufе sintrs formation and infесtion oг draining
tfaсts aге dеtесtеd assoсiatеd with thе inсision. an ultra-
sound-grridеd samplе should bе obtainеd for с1tologiс
еvaluation and сulttrrе and sеnsitiviг}. tсsting. Broad.spес-
trum antimiсrobials should bе administеrеd initially until
thе rеsults of сulturе and sеnsitivit1' tеsts arе availablе.
offеnding sutufеs should bе rеmovеd. if possiblе, to еn-
ablе thе inсision to dгain to thе outsidе A srrppoгt wrap
should bе plaсеd on vеntral abdominal inсisions to sup-
port thе inсision in thе еvеnt that hеrniation may oссuf.
Antimiсrobials should bе сontinuеd lrntil thе suturе si-
nusеs and traсts through thе inсision har.е rеsolvеd.

If thе hеrnia is small thе dеfесt mar. bе possiblе to
сlosе without thе usе of an implant. Howеvец largе
dеfесts usually геquirе implantation of a svnthеtiс mеsh
to сomplеtеly сlosе thе .vеntral hегnia..9s Aftеr hеrnia
rеpaiц thе inсision should bе monitorеd by palpation and
ultrasound to dеtеrminе whеn inсrеasсd aсtivity of thе
horsе is possiblе without potrntial risk of rеhеrniation.15

Disorders of the Lymph Nodes

An ultrasound-guidеd aspiratе should bе obtainеd from
any lymph nodе with an arеa of сavitation for с1tologiс
еvaluation and сulturе and sеnsitivity tеsting. If baсtеria
othеr than Strеptoсoсcus еqui is obtainеd thе horsе
should bе trеatеd with antimiсгobials basеd on thе rеsults
of сulturе and sеnsitivit), tеsting. If Strеptocoсcus equi is
obtainеd thе rеadеr is rеfеrrеd to a сLrffеnt tеxt on еquinе
intеrnal mеdiсinе for thе appropriatе managеmеnt of
horsеs with this infесtion. If thе lymplr nodе appеaгS
еnlaгgеd and diffusеly infiltratеd, an ultгasound-guidеd
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biopsy of thе affесtеd arеa or nodе should bе pеrfoгmеd
to dеtегminе if it is nеoplastiс. Fun€]al oг parasitiс il1fес-
tion of thе affесtеd lymph nodе should bе сonsidеrеd if
thе lymph nodе has an unusual sonographiс appеafanсе
or thеfе is еvidеnсе of systеmiс granulomatous disеasе.

Toпguе and Oral Cavity

Lingual and 0ral /Osсesses

Thе absсеss should bе сaгеfully sсannеd for a possiblе
foгеign body, as mеtalliс forеign bodiеs arе сommon in
horsеs with lingual absсеssеs. If a forеign body is sus-
pесtеd but not сonflrmеd sonographiсally a radiograph
should bе obtainеd bесausе most oral forеign bodiеs arе
radiopaguе. Thе prognosis for lingual and oral absсеssеs
is usually good if surgiсal drainagе сan bе aсhiеvеd. If
sufgеfy is not an option thе absсеss should bе сulturеd
undег sonographiс guidanсе and a sеnsitivity pattеrn еs-

tablishеd for thе organisms rесovеrеd. Bесausе most lin-
gual and oral absсеssеs сorrtain gas есhoеs produсеd by
anaеrobiс baсtегia чzithin thе absсеss, broad-spесtrum
antimiсrobial сovеragе should bе usеd in addition to
drugs еffесtivе against anaеrobiс organisms.

0ral Foreign Bodies

Sonographiс еxamination of thе tongllе and oral сavity
should bе pеrformсd in all horsеs pfеSеnting with dys-
phagia and ptyalism if a lingual laсегation or othеr сausе
of thе сliniсal signs is not found. Surgiсal геmoval of oral
forеign bodiеs is usually indiсatеd undеr sonographiс
guidanсе' Intгaopегativе rrsе оf ultrasonography is ех-
tгеmеly usеful in loсating thе forеign body and minimiz-
ing thе suгgiсal tfauma rеquirеd for its rеmoval. Intraopег-
ativе ultгasonographiс ехamination of thе tonguе Was
usеd to guidе forеign body rеmoval from thе tonguе of
onс horsе.o'5 Howеvец in onе fеpoft of a hoгsе with a
mеtalliс forеign body at thс basе of thе tonguе, thе
сliniсal signs rеsolvеd without surgiсal rеmoval of thе
forеign body.tzз

0ral Masses

oгal nеoplasms afе Lrnсommon but if dеtесtеd should bе
ехсisеd in toto oг a biopsy obtainеd undеr sonographiс
guidanсс foг histopathologiс еvaluation. Tгеatmеnt dе-
pеnds on thе t}ре of nеoplasia dеtесtеd histopathologi-
сally.

Mammary Diseases

If thе sonographiс flndings arе сonsistеnt with mastitis a
stеrilе сulturе of fluid stfippеd from thе affесtеd mam-
mary gland should bе submittеd for с1tologiс еvaluation
and сulturе and sеnsitivity tеsting. An ultrasound-gttidеd
biopsy of mammaгy massеs should bе pеrfoгmеd whеn-
еvеr possiblе and submittеd for histopathologiс еvalua-
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tion, if rхсisional biopsy is not an option initially bссausе
of thе sizе of loсation of thе mass. Rеsесtion of mammary
tumors should bе pеrformеd in hoгsеs in whiсh mam-
mary adеnoсarсinoma has bееn сonlrrmеd on histopatho-
logiс еxamination of а biopsy spесimеn. onсе mеtastatiс
nеoplasia has bееn rulеd out.

Iпfeсtion of the Spermаtiс Gord

Dеflnitivе tfеatmсnt for sсirrhous сord or сhroniс ftrniсul-
itis is ехсision of thе infесtеd сord.']]''.. Thеsе tissurs
should bе submittеd for сulturе and sеnsitivity tеsting.
Histopathologiс ехamination of thе еxсisеd tissttеs
shorrld also bе pеrformеd if thе еtiology of thе sсirrhous
сoгd is unсlеar (е.g., horsс has not bсеn rесеntly сas-
tfatеd) to rtllе out nеoplastiс involvеmеnt and sесondary
absсеssation. Sonographiс ехamination of thе sсrotal or
ingtrinal swеlling is indiсatеd pгior to stlrgiсal inсision to
сharaсtеrizе thе еxtеnt of thе spегmatiс сoгd involvе-
mеnt. Rесtal еxamination of thе affесtrd inguinal гing
should also bе pегformеd bеforе suгgеfy to fulе ollt
ехtеnsion of thе infесtion into thе pеritonеal сavity. If
any еnlargеmеnt of thе spеfmatiс сoгd is dеtесtеd гесtally
thе intеrnal inguinal гing and thе сord should bе ехam.
inеd sonographiсally.

0оular Diseases

Trеatmеnt indiсatеd for a horsе with oсulaг disеasе dе-
pеnds on thе oсular lеsion dеtесtеd. Rеadеrs arе геfеrrеd
to an ophthalmology or еquinе intеrnal mеdiсinе tехt fof
tfеatmеnt of сornеal trlссrs and othеr ophthalmolсlgiс
disordеrs not сovегеd in this sесtion oг for а morе in-
dеpth сovегagе of patiеnt managеmеnt.

C o rne a l Stro m a l /fsсess

Thе plaсеmеnt of a subpalpеbral lavagе systеm with frе-
quеnt trеatmеnt of thе еyе with topiсal antimiсfobials,
antifungals, aсеtylсystеinе, and atropinе in сonjunсtion
with systеmiс nonstегoidal anti-inflammatofy drugs (flun-
iхin mеgluminе) and daily sсraping of thе сoгnеal absсеss
to dеnudе thе сoгnеal еpithеlium, has bееn suссеssful in
thе tfеatmеnt of сornеal stromal absсеssеs in horsеs.''n
Suгgiсal tfеatmеnt, in сonjunсtion with mеdiсal trеat-
mеnt, is гесommеndеd whеn сornеal ruptuге is immi-
nеnt, thе iridoсyсlitis is intraсtablе, a forеign body is
suspесtеd, or thеrе is minimal rеsponsе to intеnsivе mеdi
сal thеrapy.l,9 Kеratесtomy has bееn rесommеndеd and
trsеd suссеssfr-rlly by somе invеstigators, as .wеll as a
сonjunсtival flap usеd whеn gгеatеf than onr half of thе
thiсknеss of thе сornеal was surgiсally rеmovеd.116' |1|)

Аlthough somе invеstigators havе disсottragеd strrgiсal
tfratmеrrt for сornеal stromal absсеssеs bесausе оf thе
frеquеnсy of dееp сoгnеal absсеssеs,.]s on|у 2О% of
horsеs rеquiгеd pеnеtfating kеratесtomiеs and fгozеn
сoгnеal gгafts in a mofе fесеnt study.lao Transpalpеbral
or tfansсoгnеal ultгasound ехamination сan bе usеd to
еvalllatе thе ехtеnt of thе сornеal involvеmеnt and to

monitor hеaling, еspесially in horsеs in whiсh a

сonjunсtival flap has bееn usеd. Thе prognosis for vision
in thе tгеatеd еyе is good for horsеs with сornеal stгomal
absсеssеs; all ninе horsеs tfеatеd mеdiсally and \4 of |5
horsеs trеatеd mеdiсally and surgiсally геtainеd vision in
thе affесtеd еyе (onе horsе's еyе Was еntrсlеatеd owing
to an iris prolapsе at pfеsеntation)..,9

Foreign Bodies

Surgiсal rеmoval of forеign bodiеs is indiсatеd whеn
dеtесtеd in thе еyе or adnеxal struсtufеs. A сarеful sono-
graphiс еxamination should bе pеrformеd prioг to suг-
gеfy or ultrasound trsеd intгaopегativеly to minimizе tis-
suе tгauma and to bе sttrе that all forеign matеrial is
surgiсally rеmovеd.

Panophthalmitis

Panophthalmitis usually сaггiеs a poor pгognosis for vi
sion, as it is usually assoсiatеd with dissсminatеd sеpsis.
Uvеitis and stromal absсеss formation with еvеntual еnu-
сlеation and dеath havе bееn rеportеd in affесtеd horsеs
with panophthalmitis assoсiatеd with Strеptoсoсcus equi
infесtion.l50, 15l

Glauсoma

Glattсoma in thе horsе usually has a poor to gfavе prog-
nosis for vision in thе affесtеd еyr' as еarly diagnosis is
faге. Aсutе glauсoma is rarеly idеntitrеd bесausе thе еaф
oсular signs arе subtlе and missеd by most horsе ownеrs
and trainегs. Most Yеtеfinarians also laсk thе tonomеtгiс
instгumеntation to mеasufе inсrеasеd intгaoсulaг prеs-
surе in horsеs. Rесognition of thе еaгly сliniсal signs of
glauсoma ma1. improvе thе prognosis fbr affесtеd horsеs
sinсе thе appгopriatе mеdiсal aлd/or stшgiсal tгеatmеnt
сan bе institutеd bеforе thе еyе has rеaсhеd еnd-stagе
status.l'2 ''3 Topiсal and systеmiс antiinflammatory dгugs
in сombination with topiсal atropinе arе hеlpful in horsеs
with glauсoma assoсiatеd with uvеitis.''J Although atro-
pinе is сontraindiсatеd in patiеnts with glauсoma in
whiсh aquеous drainagе is primarily iгidoсornеal, in
horsеs ttvеosсlеral aqlrеous dгainagе appеafs to bе mofе
important.20' l99 Atropinе may inсrеasе uvеosсlеral drain-
agе of aquеous humor and may bе bеnеliсial in horsеs
with glauсoma.2,J Howеvец in many horsеs thе disеasе is
so advanсеd by thе timе glauсoma is diagnosеd that anti
inflammatofy tfеatmеnt and atfopinе afе not strссеssful.,.,
Сryosurgiсal tfеatmеnt of glauсoma in a horsе .was slrс-
сеssful.,.,., Сyсloсч,othеrapy сan dесrеasе aquеous humor
produсtion in ехpеrimеntal and сliniсal situations, dе-
сrеasing both thе intraoсtrlar pfеssufе and thе sizе of thе
glauсomatous еyе..ou Еnuсlеation is oftсn thе tгеatmеnt
of сhoiсе for thе affесtеd horsе if thе glauсoma is unilat-
егal and thе disеasе is advanсеd and nonrеsponsivе to
tfеatmеnt or if othеr abnoгmalitiеs affесting vision aге
pгеsеnt. Еnuсlеation of thс affесtеd сyе has bееn pеr-
formеd strссеssftllly in horsеs with glauсoma, and a
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mеndеd fof tfеatmrnt of еquinе oсular squamous се1l
сafсinoma.t'6 Thе dесision bеtwееn supеrfiсial of pеnе-
tfating kеratесtomy of еnuсlеation of thе еyе and sufgiсal
fеmoval of any slшrounding affесtеd pеrioсLllaf tissuеs
dеpеnds on thе dеgгее of сornеal involvеmеnt and
involvеmеnt of thе еxtraoсular stfuсturеs with thе nеo-
plasm.t-t

Thе prognosis for horsеs with oсular angiosaгсoma
is pooц with rесurrеnсе and mеtastasсs of thе tumor
oссurring frеquеntly..79 Intraoсulaг mеlanoma appеafs to
havе a somеwhat bеttеr prognosis with еnuсlеation of
thе affесtсd еyе.l6r. 16.) onе horsе тvith a еpiblllbar mеla-
noсytoma had no fесurfеnсе of thе mass duгing thе 2-
yеaг follow-up pеriod aftеr surgiсal ехсision of thе еpi-
bulbaг mass.1'7 Thе biologiс bеhavior of mеdulloеpithеli
omas is unknown, as long-tеrm tbllow.up of affссtеd
horsеs has not tlееn rеportеd.'*1 A primitivе nеuroеpithе-
lial tumor of thе optiс nегvе sprеad гapidly in onе horsе
following еnuсlеation, rеstrlting in thе dеmisе of thе
hofsе..*,

Retrobulbar Masses

Sonogгaphiс ехamination of a rеtrobulbaг mass should
prompt an ultrasound-guidеd aspiratе or biopsy with сy-
topathologiс oг histopathologiс ехamination of thе spесi.
mеn obtainеd. Thе srщraoгbital arеa and thе pеriorbital
геgion should bе sсannеd to dеtегminе thе bеst approaсh
foг ultrasound-guidеd aspifation of thе mass.

Rеtrotrultlaг Hетnatoma. Tгеatmеnt for a геtrobulbar
hеmatoma or drainagс of thе hеmatoma is indiсatеd only
for sеvеrе ехophthalmus, risking loss of vision in thе
affесtеd еyе, or if thеrе arе assoсiatеd fraсturеs of thе
orbit that rеquirе rеpair. In most horsеs with rеtrobulbar
hеmorrhagе, сonsегvativе tfеatmеnt With antiinflamma-
tory dп.rgs as indiсatеd and сarеftll сliniсal and sono-
graphiс monitoring of thе еyе and геtrobulbar spaсе is
сhosеn, with gгadual геsolrrtion of thе rеtrobulbar hеmoг-
rhagе oссurring.

Rеtrolrulbar Atrsсеss. Drainagе of thе rеtrobulbar ab-
sсеss is usually indiсatеd in сonjunсtion with antimiсro.
bial thеrapy basеd on thе геsults of с1tologiс еxamination
and сulturе and sеnsitivity tеsting of thе fluid obtainеd
from thе ultrasottnd-guidеd aspiratе. Thе absсеss should
bе сarеfully sсannеd to rurlе ottt thе pfеsеnсе of a сonсur-
fеnt forеign body.

Rеtrolrullrar Nеoplasia. onсе an ultrasound-guidеd
biopsy of thе rеtгobulbar mass has bееn pеrformеd and
rеtrobulbar nеoplasia сonflrmеd, еnuсlеation of thе еyс is
thе trеatmеnt of сhoiсе. Surgiсal rеsесtion of rеtrobulbar
tumors is indiсatеd unlеss сеntral nегvous systеm signs
arе a|rеadу pгеsеnt.la9 Thе dеtесtion of nеuroеndoсrinе
tumoгS originating from thе nasal сavity and maхillary
sinus еxtеnding into thе fеtгobulbaг spaсе is assoсiatеd
with a poof proЕ.nosis.20t Rеtгobulbar mеlanoma has a
variablе prognosis and onе hoгsе with this tllmor suf-
vivеd for morе than 26 months with progfеssivе ехoph.
thalmos and pгolapsе of thе niсtitating mеmbranе but
no othеf сliniсal signs.'n7 onе horsе with multilobular
ostеoma was tгеatеd suссеssfully мrith surgiсal rеmoval

of thе геtrobulbar mass and fеturn of thе horsе to full
athlеtiс funсtion.l9()

Brаin and Sрinal Gord

Thе prognosis for foals with hydroсеphalus is gravе. Al-
though thе plaсеmсnt of a сathеtеr to drain thе еxсеss
сеrеbrospinal fluid in a foal has bееn attеmptеd,,a thе
pfaсtiсality of this tfеatmеnt and thе sеvеrity of thе hy-
dгoсеphaltrs in many affесtеd foals prесltrdеs its usе as a

widеsprеad salvagс proсеduге in affесtеd foals.
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