


Abortion, Equine Infectious

BASIC INFORMATION
DEFINITION

Pregnancy loss after placental develop-
ment around 40 to 45 days (may be more
correctly termed “stillbirth” in term preg-
nancies after 320 days). Causes include
bacterial, fungal, and viral organisms.

EPIDEMIOLOGY

RISK FACTORS

Risk factors vary by inciting cause:

e Viral abortions, including equine
herpes virus (EHV) and equine arteri-
tis virus (EAV), may occur sporadically
or as “abortion storms.” Contact with
aborting animals and negative vaccine
status are important risk factors for
viral abortions.

e Environmental conditions, such as
standing water in pastures, and contact
with wildlife are known risk factors for
leptospiral abortions.

e Poor perineal conformation and
trauma to the reproductive tract may
be risk factors for bacterial or fungal
placentitis. Other sources of vaginal
or cervical contamination, including
iatrogenic contamination during repro-
ductive examination, may also repre-
sent risk factors.

CONTAGION AND ZOONOSIS

e Direct contact with infected, viremic
animals or with aborted tissue is the
primary mechanism of transmission
for viral diseases. Additionally, EAV
may be transmitted by aerosol across
short distances. Leptospiral organisms
may be transmitted in urine or via the
abortus; however, most leptospiral
abortions are sporadic. Bacterial abor-
tions are not known to be contagious.

e The zoonotic potential for equine viral
or bacterial abortificants (or abortifa-
cients) is low; however, appropriate
personal protection should be used
when handling fetal or placental tissue
of aborted animals.

e [eptospira spp. are known to be zoo-
notic and cause human disease. Trans-
mission from horses to humans has
not been documented to the author’s
knowledge.

GEOGRAPHY AND SEASONALITY

e Viral abortions occur worldwide.

e Abortions caused by nocardioform
organisms are most commonly seen in
Kentucky but have also been reported
in Florida, Europe, and South Africa.

e Abortions are more common in mid to
late gestation (2044 weeks), generally
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coinciding with the winter months;
however, no direct seasonal influences
have been identified.

e Leptospiral abortions are more preva-
lent in locations or seasons with heavy
rainfall and standing water.

ASSOCIATED CONDITIONS

AND DISORDERS

e Placentitis (ascending bacterial placen-
titis or nocardioform placentitis)

e Respiratory disease (EHV)

e Dystocia

e Retained fetal membranes

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Bacterial

e Viral

e Fungal

HISTORY, CHIEF COMPLAINT

e Acute abortion or stillbirth

e Precocious mammary development

e Vulvar discharge

e Premature separation of fetal mem-
branes at birth

PHYSICAL EXAM FINDINGS

e Blood-tinged perineal area; protruding
membranes from vulvar area or in
vagina.

e Physical parameters of mares are gen-
erally within normal limits.

e The fetus may be fresh or autolyzed.

ETIOLOGY AND PATHOPHYSIOLOGY

e The pathophysiology of the disease is
poorly understood for most causative
organisms.

e Abortion may be associated with clin-
ical disease in the mare (EAV, EIA) or
in the absence of clinical disease.

e Ascending placentitis is generally
induced by opportunistic organisms
ascending from the vagina though the
cervix. The bacteria colonize the fetal
membranes and penetrate to the allan-
toic and amniotic fluids, gaining access
to the foal either by fetal swallowing
and respiratory movements or by
umbilical penetration. Bacterial inva-
sion initiates a cascade of hormonal
and physical changes that precipitate
premature parturition. At the time of
parturition, the fetus may be prema-
ture, precociously mature, or septic.

e It has not been established how nocar-
dioform organisms reach the uterus,
but they are characteristically found at
the most ventral aspect of the uterus.
Nocardioform placentitis results in dis-
ruption of placental function and fetal
hypoxia but is not known to cause
fetal sepsis.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Ascending bacterial placentitis: Strep-
tococcus equi subsp. zooepidemicus,
Escherichia coli, Pseudomonas aerugi-
nosa, Klebsiella pneumoniae associ-
ated with placentitis, funisitis, and
fetal sepsis; the fetus may be fresh or
autolyzed.

e Nocardioform placentitis:  Crosiella
equi, Lentzea kentuckyensis, Amycola-
topsis spp., and Cellulosimicrobium
cellulans cause chronic placentitis and
placental insufficiency without fetal
sepsis; foals may be born alive but
underdeveloped and emaciated.

e Leptospiral abortion: Leptospira ken-
newick (formerly Leptospira pomona),
Leptospira  grippotyphosa, Leptospira
bratislava (host adapted to equines);
associated with abortion of autolyzed
fetal tissue, mild diffuse placentitis,
and funisitis; the fetus may be icteric.

e Viral abortion: EHV, EAV, rarely EIA;
fetuses may be fresh (EHV) or auto-
lytic (EAV).

e Fungal abortion: Aspergillus spp.,
Mucor spp., Candida spp. associated
with placental insufficiency or fetal
infection; Histoplasma spp. are a rare
cause of abortion.

e Mare reproductive loss syndrome
results in fetal death and abortion or
mummification early in pregnancy
(day 45-60) and rarely in late-term
abortion. The syndrome is associated
with ingestion of Eastern tent caterpil-
lars. The cetae (hairs) of tent caterpil-
lars are capable of penetrating the
intestinal tract and serving as vectors
for opportunistic intestinal organisms.

e Other infectious causes of abortion:
Taylorella equigenitalis (contagious
equine metritis), Neorickettsia risticii
(Potomac horse fever), Salmonella
abortus equi.

e Noninfectious causes of abortion:
Twin pregnancy, umbilical torsion,
fetal malformation.

INITIAL DATABASE

e Complete blood count and chemistry
panel are usually normal but may be
indicated to determine other organ
involvement.

e Electrolyte content of milk may be
useful to predict timing to parturition
in mares with precocious mammary
development and milk production.
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e A progesterone (estimating total pro-
gestagens) or estrogen assay may be
useful to predict timing to parturition
or severity of disease in some cases.

e Transrectal palpation and ultrasonog-
raphy should be performed to confirm
the presence of a fetus if premonitory
signs are noted or to confirm the com-
plete evacuation of the uterus in a
mare that presents after abortion.

e A thorough genital examination,
including a culture swab of the uterus
and a speculum examination of the
caudal genital tract, may guide post-
abortion treatment.

ADVANCED OR CONFIRMATORY
TESTING

e Serologic tests for EHV, EAV, Lepto-
spira spp., and Neorickettsia on mater-
nal serum are available and may aid in
the diagnosis of etiology after abortion.

e Necropsy of the fetus and fetal mem-
branes represents the highest chance
of achieving a diagnosis.

TREATMENT
THERAPEUTIC GOAL(S)

e Maintaining pregnancy to term (if pre-
monitory signs are noted)

e Maximizing fertility of subsequent
breeding attempts

e Preventing transmission of contagious
organism to susceptible animals

ACUTE GENERAL TREATMENT

e See “Parturition, Premature Signs of”
in this section for treatment of preg-
nant mares with suspected placentitis.

e Isolation of mares after abortion and
removal of fetal tissues and fluids
from the presence of other pregnant
mares may reduce the risk of multiple
abortions.

e Large-volume uterine lavage (30-40 L
of nonsterile saline) may be warranted

to evacuate retained fetal membranes
or fetal tissues or to enhance bacterial
clearance from the uterus.

e Antibiotic or antiinflammatory therapy
may be warranted based on examina-
tion findings.

POSSIBLE COMPLICATIONS

e Dystocia

e Retained fetal membranes

e Retention of a dead fetus is a rare
complication but warrants examina-
tion. A retained fetus that is unde-
tected may result in mummification or
maceration, which is associated with
metritis and severe maternal disease or
chronic infertility.

RECOMMENDED MONITORING

e Mares and abortuses, including the
fetal membranes, should be examined
carefully at the time of abortion to
achieve an accurate diagnosis.

e Mares should receive regular nursing
care, including monitoring of the rectal
temperature to enhance diagnosis
of secondary complications, such as
retained fetal membranes and metritis.

e If clinically normal, mares should be
examined by transrectal ultrasonogra-
phy 5 to 8 days after abortion to
monitor uterine involution.

e A complete breeding soundness
examination may be warranted before
subsequent breeding attempts.

PROGNOSIS AND
OUTCOME

e Prognosis for survival of the
mare is good.

e Prognosis for future fertility is good in
the absence of predisposing anatomic
conditions or secondary complications
(eg, dystocia with ensuing damage to
the reproductive tract, retained fetal
membranes).

Abscess, Perirectal

e Infection does not result in protective
antibody formation for future pregnan-
cies in most cases (except EAV).

PEARLS &
CONSIDERATIONS

PREVENTION

e Vaccination of pregnant mares at 5, 7,
and 9 months of gestation prevents
abortion storms caused by EHV.

e Vaccination of at-risk horses reduces
the transmission of EAV.

e Pregnant animals should be separated
from young animals and competition
animals to avoid transmission of
disease.

CLIENT EDUCATION

Although there are no known strategies
to prevent bacterial placentitis, client
education regarding the importance of
premonitory signs, including vaginal dis-
charge and precocious mammary devel-
opment, as well as routine diagnostic
ultrasonography of late-pregnant mares
may lead to a reduction in the incidence
of abortion.

SUGGESTED READING

Donahue JM, Williams NM: Emergent causes
of placentitis and abortion. Vet Clin North
Am Equine 16(3):443, 2000.

Holyoak GR: Equine viral arteritis: current
status and prevention. 7heriogenology 70:
403414, 2008.

Macpherson ML, Bailey CS; A clinical approach
to managing the mare with placentitis. 7he-
riogenology 70:435—440, 2008.

Sebastian MM, Bernard WV, Riddle TW, et al:
Mare reproductive loss syndrome. Vet
Pathol 45(5):710-722, 2008.

AUTHOR: C. SCOTT BAILEY
EDITOR: JUAN C. SAMPER



Abscess, Perirectal

BASIC INFORMATION
DEFINITION

Abscessation around the aboral rectum
and the anus

EPIDEMIOLOGY

RISK FACTORS Anorectal lymphade-
nopathy can progress to abscessation.
Anorectal lymphadenopathy is more
common in horses 3 to 15 months of age.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES The ab-
scesses can be located anywhere circum-
ferentially around the rectum and anus.
HISTORY, CHIEF COMPLAINT

Mild colic signs

Depression

Inappetence

Decreased fecal output

Tenesmus

Dyschezia

Dysuria

PHYSICAL EXAM FINDINGS

e Temperature is variable depending on
the severity of the lesion; it is often
elevated.

e Heart rate may be normal or may be
elevated.

e Mucous membranes are variable
depending on severity of compromise;
they are often pale pink and moist.

e Colic signs are variable.

ETIOLOGY AND PATHOPHYSIOLOGY

e Progression of anorectal lymphade-
nopathy
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e Rectal puncture

e Rectal tears, especially those in the
aboral nonperitoneal rectum

e Rectal inflammation

e Migration of an abscess after an intra-
muscular gluteal injection

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

Anorectal lymphadenopathy

Small colon impaction

Rectal tear

Nonstrangulating small colon or rectal
obstruction

Rectal neoplasia

e Rectal hematoma

e Urinary tract infection

INITIAL DATABASE

e Complete blood count: Leukopenia
and leukocytosis are common; occa-
sionally normal.

e Rectal evaluation: The firm abscess
may be palpated in the perianal area
or under the submucosa of the rectum.

e Ultrasonography: May see a well-cir-
cumscribed subcutaneous or submu-
cosal mass.

ADVANCED OR CONFIRMATORY
TESTING

e Perirectal abscess aspiration: This
can be performed percutaneously or
transrectally.

e Submit any aspirated fluid for cytol-
ogy, culture, and sensitivity.

e Escherichia coli and Streptococcus
equi  subsp.  zooepidemicus are
commonly isolated.

TREATMENT
THERAPEUTIC GOAL(S)

e Systemic and local
antiinflammatories

analgesia and

e Abscess drainage

e Laxative diet

e Antibiotics
sensitivity

ACUTE GENERAL TREATMENT

e Occasionally  abscessed  anorectal
lymph nodes in young horses can be
treated with antibiotics, antiinflamma-
tories, and laxative diets alone.
e Anorectal abscesses refractory to
medical management or those in older
horses frequently require surgical
drainage.
o Perform caudal epidural anesthesia
with lidocaine (0.22 mg/kg)
o Drain abscess
= Lateral abscesses can be drained
lateral to the anus.

= Dorsal abscesses can be drained
into the rectum.

= Ventral abscesses can be drained
into the vagina in mares or
ventral to the anus in males.

o Administer nonsteroidal antiinflam-
matory drugs (flunixin meglumine,
1.1 mg/kg).

o Depending on the invasiveness
of surgery, consider administering
broad-spectrum antibiotics while
awaiting the results of culture and
sensitivity.

o Feed a laxative diet and administer
mineral oil via nasogastric tube.

o Occasionally, abscesses extend into
the abdominal cavity; these may
require exploratory celiotomy and
marsupialization or drainage into
the vagina or rectum.

CHRONIC TREATMENT

Analgesia and antiinflammatories
Antibiotics

Laxative diet and mineral oil

Lavage daily with dilute antiseptic
solution to open abscesses

based on culture and

Actinobacillosis
]

POSSIBLE COMPLICATIONS

e Peritonitis

Endotoxemia

Laminitis

Adhesions

Colic

Stricture formation
Jugular thrombophlebitis
Recurrence of abscess
Perianal fistula

e Rectovaginal fistula

RECOMMENDED MONITORING

e Pain

e Fecal output and consistency and any
blood on feces

e Signs of endotoxemia

e Colic

PROGNOSIS AND
OUTCOME

e Prognosis  for  abscesses
without abdominal involve-
ment is favorable.

e Abdominal involvement reduces the
prognosis as there is a higher risk of
complications.

SUGGESTED READING

Freeman D: Rectum and anus. In Auer JA,
Stick JA, editors: Equine surgery, ed 3. St
Louis, 2006, Saunders Elsevier, pp 479-491.

Magee AA, Ragle CA, Hines MT, et al: Ano-
rectal lymphadenopathy causing colic, peri-
toneal abscesses or both in five young
horses. | Am Vet Med Assoc 210:804-807,
1997.

Schumacher J: Disease of the small colon and
rectum. In Mair TS, Divers T, Ducharme N,
editors: Manual of equine gastroenterology.
St Louis, 2002, WB Saunders, pp 299-315.

AUTHOR: CERI SHERLOCK
EDITORS: TIM MAIR and CERI SHERLOCK



Actinobacillosis

BASIC INFORMATION
DEFINITION

e Actinobacillus spp. is a gram-negative
group of bacteria that causes a variety
of clinical syndromes in horses.

e Actinobacillus equuli subsp. equuili

e Actinobacillus equuli subsp. haemoly-
ticus

EPIDEMIOLOGY
SPECIES, AGE, SEX All species of
horses are susceptible. A. equuli is

associated with sepsis of foals and is a
common bacteria isolated from abortions
caused by the eastern tent caterpillar

(ETO).
RISK FACTORS
e ETC  (Malacosoma  americanuim)

ingestion and intoxication

e Failure of passive transfer of immuno-
globulin in foals

GEOGRAPHY AND SEASONALITY ETC
infestation of the environment may
fluctuate from vyear to year and is
associated with fruiting trees, hatching in
the spring.

ASSOCIATED CONDITIONS AND
DISORDERS Mare reproductive loss
syndrome (MRLS)
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CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Opportunistic infections of many
organs and body systems of adults

e Septicemia of foals

HISTORY, CHIEF COMPLAINT

e Adults: History and chief complaint
referable to the affected system:
MRLS—abortion, pericarditis

e Neonates: Neonatal sepsis within the
first 2 weeks of life

PHYSICAL EXAM FINDINGS

e Adults: Examination referable to the
organ system affected consisting of
abortion, metritis, mastitis, septicemia,
arthritis, endocarditis, meningitis, pneu-
monia, and pleuritis

e Foals: Weakness, failure to suckle,
hypothermia, and congested mucous
membranes. If overwhelming liver
infection is present, the foal may be
icteric. Often fatal in foals.

ETIOLOGY AND PATHOPHYSIOLOGY

e A. equuli subsp. equuli: Causative
agent of highly fatal septicemia in
foals.

e A. equuli subsp. baemolyticus: Associ-
ated with opportunistic infections
causing various diseases.

e Both subspecies are associated with
abortion and pericarditis of mares with
MRLS.

e Common commensal of the equine
oral, pharyngeal, and intestine mucous
membranes.

e Invasion of body cavities.

e With MRLS, it is hypothesized that
ingestion of the ETC results in mucosal
absorption of the exoskeleton and
setae of the caterpillar. This allows
concomitant bacterial infection of the
pericardium and placenta.

e Neonatal sepsis likely occurs through
ascending vaginal infections before
and after foaling through the umbilical
structures and respiratory and alimen-
tary tracts.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

Other bacterial and viral infections that
cause primary syndromes

INITIAL DATABASE

e Complete blood count: Leukopenia,
hyperfibrinogenemia

e Serum biochemical analysis: Changes
are a reflection of the organ system
affected

ADVANCED OR CONFIRMATORY
TESTING

e Aerobic culture and identification of
body fluids or tissues from the affected
site

e Blood culture of both adults and foals

TREATMENT
THERAPEUTIC GOAL(S)

e Antimicrobial treatment
e Supportive care depending on the
body system affected

ACUTE GENERAL TREATMENT

e Broad-spectrum parenteral antibiotics
pending culture and sensitivity

e Potassium penicillin G (22,000 TU/kg
IV q6h) or procaine penicillin
(22,000 IU/kg IM ql2h) combined
with appropriate aminoglycoside de-
pending on the age of the horse. Many
A. equuli isolates are susceptible to
these antibiotics.

e Nonsteroidal antiinflammatory therapy:
Flunixin meglumine (0.25-0.50 mg/kg
IV q6-8h)

e Fluid and nutritional
needed

CHRONIC TREATMENT

e As indicated by type of infection
e See “Pericarditis” in this section for
treatment of pericardial effusion.

POSSIBLE COMPLICATIONS

A. equuli has several toxins in addition
to the lipopolysaccharide components of
the gram-negative cell wall that mediate
signs of cardiovascular collapse, organ
necrosis, and sudden death.

RECOMMENDED MONITORING

e Impending abortion of pasture mates,
early foalings with weak foals

support  as

e Cardiovascular status
e Joints for bacterial infection in foals
with sepsis

PROGNOSIS AND
OUTCOME

e Prognosis and outcome in
adults depend on the clinical
syndrome.

o Peritonitis is highly responsive if
treated in the acute stage.

o The prognosis for recovery from
pericarditis and pleuritis is highly
guarded.

e Prognosis for recovery of foals with A.
equuli infection is guarded; the condi-
tion often is rapidly fatal.

e Prognosis for recovery of foals with
localized infection such as joint sepsis
is good to guarded.

PEARLS &
CONSIDERATIONS

COMMENTS

Early recognition and treatment with
penicillin combined with gram-negative
antimicrobial therapy are essential.

PREVENTION

Preventative measures for MRLS are asso-
ciated with control of ETC.

CLIENT EDUCATION

e Mare and foal care
e Farm hygiene
e Preventive measures for MRLS

SUGGESTED READING

Christensen H, Bisgaard M: Revised definition
of Actinobacillus sensu stricto isolated from
animals. A review with special emphasis on
diagnosis. Vet Microbiol 99:13, 2004.

Donahue JM, Sells SF, Bolin DC: Classification
of Actinobacillus spp isolates from horses
involved in mare reproductive loss syn-
drome. Am J Vet Res 67:1426-1432, 2006.

AUTHOR: MAUREEN T. LONG

EDITORS: DEBRA C. SELLON and
MAUREEN T. LONG



Adenovirus

Adenovirus

BASIC INFORMATION
DEFINITION

A virus causing respiratory disease and
occasionally diarrhea primarily in Arabian
foals with severe combined immunode-
ficiency syndrome (SCID)

EPIDEMIOLOGY

SPECIES, AGE, SEX

e Primarily affects Arabian foals with
SCID, infecting the respiratory tract,
gastrointestinal (GI) tract, liver, pan-
creas, and bladder.

e SCID foals are generally clinically
affected by adenovirus at 1 to 3 months
of age.

e Immunosuppression may predispose
other foals to susceptibility to ade-
novirus, and adenovirus may contri-
bute to development of bacterial
pneumonia.

e There is a possible role in respiratory
disease in adult horses.

e Coinfection with equine herpesvirus-1
or -4 or equine rhinitis virus may result
in clinical respiratory disease in normal
foals.

e Concurrent infection with rotavirus is
often observed in foals affected with
diarrhea.

e About 70% of yearlings and 2-year-old
horses are seropositive.

e This is not a zoonotic disease.

CLINICAL PRESENTATION

PHYSICAL EXAM FINDINGS

e Infection is wusually subclinical in
normal foals and adult horses.

o Affected foals demonstrate signs of
acute respiratory infection, includ-
ing nasal discharge, conjunctivitis,
and eventually bronchopneumonia
(Figure 1).

e Thoracic auscultation is likely ab-
normal.

e The horse may
depressed.

e Infection of the GI tract results in low-
grade diarrhea unless concurrent rota-
virus infection is present, which then
leads to severe diarrhea.

ETIOLOGY AND PATHOPHYSIOLOGY

e Two isolates have been identified:
EAdV1 (associated with respiratory
disease) and EAdV2 (associated with
diarrhea).

e Transmitted by close-contact aerosol-
ization or physical interaction.

e The virus replicates in respiratory epi-
thelial cells, resulting in sloughing of
cells and a hyperplastic response.

DIAGNOSIS

DIFFERENTIAL
DIAGNOSIS

o Streptococcus equi
demicus

be febrile and

subsp.  zooepi-

Pasteurella spp.

Bordetella bronchiseptica
Rbodococcus equi
Actinobacillus equuli
Klebsiella pneumoniae
Aberrant parasite migration
Equine influenza

Equine herpesvirus

Equine viral arteritis

INITIAL DATABASE

e Diagnosis primarily focuses on diag-
nosing SCID (characteristic signalment
coupled with diagnostic test results).

e Foals with SCID have severe
lymphopenia.

e Thoracic radiographs are consistent
with pneumonia.

ADVANCED OR CONFIRMATORY

TESTING

Diagnosis of SCID:

e Definitive diagnosis by genetic testing

e Persistent lymphopenia (<1000/uL)

e After 4 weeks of age, serial radial
immunodiffusion may be performed
to evaluate for the presence of immu-
noglobulin M (IgM) in the blood-
stream.

e Hypoplasia of lymphoid tissue at
necropsy

e If diagnosed with adenovirus, a lack
of antibody response, as indicated by
convalescent adenoviral titers to ade-
novirus, indicates SCID.

FIGURE 1 A, Nasal discharge in a 9-week-old specific-pathogen-free (SPF) foal 6 days after experimental intranasal/intraocular infection
with EAdVI. B, Conjunctivitis in the same foal 6 days after infection. (From Sellon DC, Long MT: Equine infectious diseases. St Louis,

Saunders Elsevier, 2007.)
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Diagnosis of adenovirus:

e Detect adenovirus in feces by electron
microscopy with negative staining.

e Viral isolation may be performed with
variable results from nasopharyngeal,
conjunctival, or rectal swabs.

e A possible polymerase chain reaction
test is in development.

e Antibody response can be evalu-
ated with hemagglutination inhibition
assays, and the virus can be typed
based on serum neutralization assays.

e Immune precipitation and comple-
ment fixation tests have also been
used for diagnosis.

e Histopathology: may be evaluated

antemortem in nasal or conjunc-
tival tissue; intranuclear inclusions
observed.

TREATMENT

THERAPEUTIC GOAL(S)

Supportive treatment for non-SCID foals

ACUTE GENERAL TREATMENT

¢ No specific treatment is directed at the
adenovirus itself.

e Foals with SCID will die despite any
treatment.

e Foals without SCID should be placed
on broad-spectrum  antimicrobials
because of the association with bacte-
rial pneumonia.

e Foals without SCID with diarrhea may
require supportive treatment consist-
ing of IV fluids, plasma therapy,
and possibly parenteral nutritional
support.

POSSIBLE COMPLICATIONS

Foals without SCID may be predisposed
by adenovirus infection to developing
bacterial pneumonia.

PROGNOSIS AND
OUTCOME

e Foals with SCID invariably
die from their inability to
respond to pathogens.

e Foals without SCID generally recover
with appropriate treatment.

Adhesions, Abdominal

PEARLS &
CONSIDERATIONS

PREVENTION

e Avoid breeding SCID foals. A genetic
test is available to identify carriers of
the SCID gene. One in four foals born
to two carriers of the gene will be
affected by SCID, and two of four will
be genetic carriers.

e Ensure adequate passive transfer in
foals without SCID.

e No vaccine is available.

SUGGESTED READING

Studdert MJ: Miscellaneous viral respiratory
diseases. In Sellon DC, Long MT, editors:
Equine infectious diseases. St Louis, 2000,
Saunders Elsevier, pp 313-316.

Wilkins PA: Adenovirus. In Brown CM,
Bertone JJ, editors: The 5-minute veterinary
consult equine. Baltimore, 2009, Lippincott
Williams & Wilkins, pp 56-57.

AUTHOR: SIDDRA HINES

EDITORS: MAUREEN LONG and
DEBRA SELLON



Adhesions, Abdominal

BASIC INFORMATION
DEFINITION

Fibrous connection between intraabdom-
inal organs or intraabdominal organs and
the body wall

EPIDEMIOLOGY

SPECIES, AGE, SEX Foals are pre-
disposed; however, adhesions are also
seen in adult horses.

GENETICS AND BREED PREDISPOSI-
TION Anecdotally, miniature horses are
predisposed.

RISK FACTORS

e Foals

Peritoneal inflammation

Ischemic bowel

Distended bowel

Surgical manipulation

Drying of the bowel during surgery
Abrasion of the bowel during surgery
Hemorrhage

Peritonitis

Presence of foreign material

Bowel puncture

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT
e Horses with adhesions may be
asymptomatic.

e Horses with adhesions may also pre-
sent with inappetence, lethargy, and
signs of colic.

e A high index of suspicion is necessary
if the horse has a history of explor-
atory celiotomy.

PHYSICAL EXAM FINDINGS

e The heart rate is variable depending
on the severity of the colic signs.

e The temperature is generally normal.

e Borborygmi are often reduced.

e The mucous membranes are generally
pink and moist, but they may become
tacky.

e Hydration is variable depending on
the severity of colic.

ETIOLOGY AND PATHOPHYSIOLOGY

e Damage to the parietal or visceral peri-
toneum increases adhesion formation
in two ways:

o Increase in fibrin formation and
deposition
o Decrease in fibrinolytic activity

e Mechanism: disruption of the meso-
thelial cells leads to exposure of
underlying connective tissue, blood
vessels, collagen, lymphocytes, fibro-
blasts, mast cells, macrophages, and
plasma cells.

o Release of vasoactive substances
(prostaglandin E2, serotonin, brady-
kinin, and histamine) from the

exposed submesothelial tissue leads

to increased vascular permeability

and extravasation of a fibrinogen-

rich inflammatory exudate.

= Release of thromboplastin (tissue
factor) and exposure of suben-
dothelial collagen activate the
intrinsic and extrinsic clotting
cascade, leading to thrombin-
mediated conversion of fibrino-
gen to fibrin.

o Normally, fibrin tags are lysed
by plasmin in 2 to 5 days and
the mesothelial layer repairs,
but inadequate fibrinolysis
allows fibroblasts to produce
collagen by day 4, leading to
fibrous adhesions.

o Increased production of plas-
minogen activator inhibitor
reduces the conversion of
plasminogen to plasmin.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Nonstrangulating small intestinal le-
sions:
o Impaction at an anastomosis site
o Postoperative ileus
o Stricture formation
o Ileal impaction



Adhesions, Abdominal
[

FIGURE 1 Fibrinous adhesions associated with septic peritonitis

(appearance at exploratory laparotomy).

e Very occasionally, adhesions cause
strangulating lesions (ie, of the small
intestine).

INITIAL DATABASE

e Complete blood count:
normal

e Peritoneal fluid: frequently normal;
occasionally, mild increases in total
protein and nucleated cell counts; very
rarely, serosanguineous

e Rectal palpation: adhesions are rarely
palpable but their consequences
are often felt (ie, distended small
intestine)

e Reflux production: variable

e Transabdominal ultrasonography: oc-
casionally reveals a fixed segment of
intestine with adjacent hyperechoic
material; however, most frequently just
reveals the consequences of the adhe-
sions (ie, small intestinal distension)

TREATMENT

THERAPEUTIC GOAL(S)

e Stabilize the patient.
e Facilitate passage of food past the area
obstructed by the adhesion.
o Frequently attempted medically
with a low-residue diet.
o Repeat exploratory laparotomy or
laparoscopy if the patient is nonre-
sponsive to medical management.

ACUTE GENERAL TREATMENT
e Medical management
o Withhold feed and administer IV
balanced polyionic fluid therapy.
o Administer flunixin = meglumine
(1.1 mg/kg).
o Decompress the stomach every 3
hours.

Frequently

FIGURE 2 Mature fibrous adhesions, secondary to previous colic

surgery, causing adherence and kinking of adjacent segments of
jejunum (appearance at exploratory laparotomy; horse presented

with recurrent colic).

e If unresponsive, surgical intervention
may be necessary.
o Repeat exploratory celiotomy to
break down adhesions and aggres-
sive prevention of recurrence.
= Atraumatic tissue handling
= 1% carboxymethylcellulose gel
application during bowel
manipulations

= Use of a bioresorbable hyalu-
ronic acid—carboxymethylcellose
membrane

= Heparin (40 1U/kg) intraperito-
neally, TV, or SC

= Perioperative antibiotics and anti-
inflammatory drugs

= Dimethyl sulfoxide (200 mg/kg)
in a 10% solution IV

= Peritoneal lavage

o Laparoscopic adhesiolysis and ag-
gressive prevention of recurrence

CHRONIC TREATMENT

e Medical management
o Low-residue diet (ie, no hay)
= Grass diet only
= Pelleted complete food diet only

POSSIBLE COMPLICATIONS

e Repeat adhesion formation
Incisional infection

Ileus

Peritonitis

Endotoxemia
Reobstruction

Jugular thrombophlebitis
Diarrhea

Pyrexia

e Recurrent colic

RECOMMENDED MONITORING

e Abdominal pain
e Incisional swelling, pain, or discharge

e Mentation
e Fecal output

PROGNOSIS AND
OUTCOME

e Adhesions have been impli-
cated as a cause of postopera-
tive pain or colic in 22% of horses
undergoing small-intestine surgery.

e The long-term survival rate after repeat
celiotomy is poor.

PEARLS &
CONSIDERATIONS

e One of the most common
complications  after  colic
surgery

e Second most common reason for
repeat exploratory celiotomy in horses
with colic

e More common after small intestinal
surgery

SUGGESTED READING

Fubini SL: Abdominal adhesions. In Mair TS,
Divers T, Ducharme N, editors: Manual of
equine gastroenterology. St Louis, 2002,
Saunders, pp 209-211.

Haupt JL, McAndrews AG, Chaney KP, et al:
Surgical treatment of colic in the miniature
horse: a retrospective study of 57 cases
(1993-20006). Equine Vet J 40:363-367, 2008.

Stick JA: Abdominal surgery. In Auer JA,
Stick JA, editors: Equine surgery. St Louis,
20006, Saunders Elsevier, pp 506-507.

AUTHOR: CERI SHERLOCK
EDITORS: TIM MAIR and CERI SHERLOCK
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BASIC INFORMATION

DEFINITION

Relative adrenal insufficiency (RAD is a
condition in which the adrenal gland,
notably the adrenal cortex, is unable to
respond (ie, secrete cortisol) to an appro-
priate level given the stimulus. RAI is
often observed in patients with critical
illness such as sepsis, in which adrenal
hypofunction is considered part of the
multiple organ dysfunction complex.

SYNONYM(S)

e Adrenal exhaustion
e Adrenal hypofunction

SPECIES, AGE, SEX

Premature foals have been shown
to have hypofunctional hypothalamic-
pituitary-adrenal axis (HPAA) responses,
possibly due to underdevelopment;
however, foals with sepsis or severe
stress may have RAI, with a reported
incidence of up to 52%.

RISK FACTORS

e Critical illness such as systemic inflam-
matory response syndrome (SIRS),
sepsis, septic shock, endotoxemia, and
trauma

e Long-term administration of anabolic
steroids

e Prematurity

ASSOCIATED CONDITIONS
AND DISORDERS

e SIRS

e Sepsis

e Septic shock

Chronic stress responses
Prematurity

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT Vari-
able, based on the primary disease or
disorder that causes RAI

PHYSICAL EXAM FINDINGS

e Referable to the primary illness: SIRS,
sepsis, endotoxemia, or prematurity.

e Neurologic impairment, seizures, col-
lapse, or other findings may be related
to specific electrolyte abnormalities.

ETIOLOGY AND PATHOPHYSIOLOGY

e Prolonged or severe systemic illness
leads to HPAA stimulation to yield
increased cortisol concentrations.

e Diseases causing systemic inflamma-
tion and hypotension significantly
increase HPAA responses.

e Excessive stimulation of the adrenal
cortex (notably the zona fasciculata)
results in an inability to secrete cortisol

Adrenal Insufficiency, Relative

at an appropriate concentration for
the stimulus (eg, adrenocorticotropin
[ACTHD

e HPAA underdevelopment associated
with neonatal prematurity may result
in similar findings.

e In humans, subnormal cortisol res-
ponses have been associated with
refractory hypotension and correlated
with nonsurvival in certain patient
populations (eg, septic shock).

= A minimum twofold increase in
cortisol concentration is expected.
= Subnormal responses are diag-
nostic for RAL.
= Reportedly, there is no difference
in the 30-minute cortisol concen-
tration response in normal foals
with a 10 or 100 pg/51 kg dosing
regimen.
o Cosyntropin may also be dosed
based on weight: 0.2 to 2 ug/kg IV.

DIAGNOSIS TREATMENT

DIFFERENTIAL DIAGNOSIS THERAPEUTIC GOAL(S)

Absolute adrenal insufficiency (true e Limited information exists regarding
hypoadrenocorticism;  Addison’s  dis- the treatment of RAI in sick horses.

ease), in which signs of mineralocorti-
coid deficiency exist, such as clinically
relevant hyponatremia

INITIAL DATABASE

e Accurate diagnosis of the primary
illness
o Blood culture
o Complete blood count
o Serum chemistry
o Fibrinogen concentration
o Immunoglobulin G concentration in
neonates
e Endogenous
concentrations
o Highly variable values
© An increased ACTH concentration
with a concomitantly decreased or
normal cortisol concentration may
be suggestive of RAI
¢ Endogenous aldosterone concentration
°o Low concentrations are suggestive
of mineralocorticoid  deficiency,
especially if concurrent  with
expected electrolyte derangements
e Hyponatremia, hyperkalemia, hypo-
chloremia, and a sodium/potassium
ratio <27 may be suggestive of miner-
alocorticoid deficiency
o This is very unspecific because con-
ditions such as uroperitoneum often
have similar changes in electrolyte
profiles

ADVANCED OR CONFIRMATORY
TESTING

e ACTH stimulation test: Test of adreno-
cortical function
o Administer ~ exogenous  ACTH
(cosyntropin) and measure serial
cortisol concentrations
o In foals: 10 to 100 pg/51 kg body
weight IV at time 0.
= Serum cortisol measurements
should be obtained at baseline
and 30 minutes after injection.

ACTH and cortisol

e Treating the primary disease is integral
to a successful outcome (eg, in neo-
natal sepsis).

e Corticosteroid replacement is contro-
versial due to lack of controlled
studies.

ACUTE GENERAL TREATMENT

¢ Glucocorticoid treatment:

o Prednisolone 0.5 to 1.0 mg/kg,
ql2-24h IV/PO, then lowered to
every other day based on follow-
up laboratory data (electrolyte
concentrations).

o If the RAI is reversible, gradual
reduction in steroid administration
is recommended over a period of
weeks.

o Follow-up ACTH stimulation testing
should be performed at the end of
therapy to assess adrenocortical
function.

e Mineralocorticoid treatment:

o Fludrocortisone administration may
be beneficial.

o Fludrocortisone effects have not
been assessed extensively in
horses.

Suggested dose rate based on case

reports in horses and for the treat-

ment of canine hypoadrenocortical

crisis is 15 to 25 pg/kg/day as

needed.

e Treatment indicated in life-threatening
hyperkalemia

o Calcium gluconate IV

o IV sodium chloride (0.9% solution)

o IV dextrose (2.5% to 5% solution)

o Insulin

o IV sodium bicarbonate
e Treatment of hyponatremia:

o Hypertonic saline solutions (0.9%,

3%, 7.2%)

= Aim to increase the serum sodium
concentration by up to 15 mEq/L/
day (0.5 mEq/L/h maximum)

[}
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= Excessively fast sodium replace-
ment has been reported to cause
demyelinating central nervous
system disorders in hyponatremic
humans (central pontine myelin-
olysis)

CHRONIC TREATMENT

Ensure adequate sodium in the diet

RECOMMENDED MONITORING

e Serum  electrolyte  concentrations
(sodium, potassium, chloride) should
be monitored frequently (q6-12h),
especially if the patient has received
corticosteroids.

e ACTH stimulation testing should be
reassessed at the end of corticosteroid
therapy to confirm adequate adreno-
cortical function.

o At least 12 to 24 hours after the
last administration of prednisolone
because it may interfere with test
accuracy

PROGNOSIS AND
OUTCOME

e RAT has been poorly described
in horses.

e Based on preliminary work, foals with
severe septicemia are more likely to
have HPAA dysregulation, including
RAL
o These foals are also more likely to

die.

e RAI has been correlated to nonsurvival
in critically ill humans, notably patients
who do not respond to exogenous
corticosteroid therapy.

e The prognosis in horses must be in
part based on the primary illness (eg,
sepsis or prematurity).

PEARLS &
CONSIDERATIONS

e RAI is not well described in
the equine literature.

e For the moment, treatment is largely
empirical until further studies provide

Aflatoxin Toxicosis 11
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treatment guidelines for this condition
in horses.

RAI should be considered in critically
ill horses with persistent catechol-
amine-resistant hypotension or unex-
plainable electrolyte derangements.

SUGGESTED READING

Couetil LL, Hoffman AM: Adrenal insufficiency

in a neonatal foal. J Am Vet Med Assoc
212:1594, 1998.

Hart KA, Ferguson DC, Heusner GL, et al:

Synthetic  adrenocorticotropic  hormone
stimulation test in healthy neonatal foals.
J Vet Intern Med 21:314-321, 2007.

Hurcombe SDA, Toribio RE, Slovis N, et al:

Blood arginine vasopressin, adrenocortico-
tropin hormone, and cortisol concentrations
at admission in septic and critically ill foals
and their association with survival. J Vet
Intern Med 22:639-647, 2008.

Hart KA, Slovis NM, Barton MH, et al: Hypo-

thalamic-pituitary-adrenal axis dysfunction
in hospitalized neonatal foals. J Vet Intern
Med 23:901-912, 2009.

AUTHOR: SAMUEL D.A. HURCOMBE

EDITORS: R. REID HANSON and
AMELIA MUNSTERMAN



Aflatoxin Toxicosis

BASIC INFORMATION

DEFINITION

Aflatoxins are hepatotoxic mycotoxins
(mold toxins) produced by various
Aspergillus spp. and other fungi, most
commonly A. flavus and A. parasiticus.
Aflatoxin can contaminate a wide variety
of nutritious feedstuffs, including but not
limited to corn, peanuts, sorghum, wheat,
rice, cottonseed, sweet potatoes, and
potatoes. The four major forms of afla-
toxin in feedstuffs are aflatoxin B1, B2,
G1, and G2. Aflatoxicosis has been
reported in numerous species, including
humans, dogs, cattle, swine, poultry, and
fish, but there have been relatively few
cases reported in horses.

SYNONYM(S)
Synonyms for aflatoxin poisoning are
aflatoxicosis, hepatitis X (dogs), and X
disease (turkeys).

EPIDEMIOLOGY

SPECIES, AGE, SEX Neonates may be
more sensitive.

RISK FACTORS A protein-deficient diet
may enhance the hepatotoxic effects of
aflatoxins. Dietary vitamin A, carotene,
selenium, and antioxidants decrease the
effects.

GEOGRAPHY AND SEASONALITY Pre-
harvest contamination occurs in tropical
and temperate climates. Contamination
of stored grain occurs worldwide.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Chronic aflatoxin poisoning is the
most common form in large animals.

e Acute aflatoxicosis may occur if high
concentrations of aflatoxins are present
in the feed.

HISTORY, CHIEF COMPLAINT

e Affected horses usually have a history
of grain in the diet, most commonly
corn.

e Clinical signs of chronic aflatoxicosis
may be subtle at first, including
decreased weight gain or weight loss
and poor haircoat. Signs may progress
to anorexia, depression, icterus, and
hepatic encephalopathy.

e Acute clinical aflatoxicosis is associ-
ated with anorexia, depression, diar-
rhea, gastrointestinal hemorrhage, and
icterus.

PHYSICAL EXAM FINDINGS

e Chronic
o General unthriftiness
o Icterus

e Acute
o Coagulopathy
o Icterus

ETIOLOGY AND PATHOPHYSIOLOGY
Aflatoxin is metabolized in the liver to an
active compound that binds with cellular
components such as nucleic acids,
proteins, and subcellular organelles,
disrupting cellular function.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Other hepatotoxins cause similar clini-
cal signs and lesions
o Pyrrolizidine alkaloids
o Carboxyatractyloside from Xan-
thium spp. (cockleburs)
o Lantana spp.
o Cyanobacterial toxins (microcystin)
o Mushroom toxins (amanitin)
o Phenolics and coal tar derivatives
o Iron overdose
e Other causes
o Theiler’s disease
o Inflammatory hepatitis

INITIAL DATABASE

Serum chemistry:
e Elevated gamma-glutamyl transpep-
tidase early with low doses
e Elevated alanine transaminase with
higher doses
e Increased serum bilirubin
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e Activated prothrombin time may be
increased

ADVANCED OR CONFIRMATORY
TESTING

e Analysis for aflatoxin
o Feed analysis

e Black-light analysis is used to check
for the presence of Aspergillus spp.
The absence of fluorescence does not
guarantee that aflatoxin is absent nor
does the presence of fluorescence
guarantee the presence of aflatoxin.

e Commercially available bench-top
enzyme-linked immunosorbent assays
(ELISAs) for aflatoxin.

e Gas chromatography/mass spectrom-
etry (GC/MS) and liquid chromatogra-
phy/mass spectrometry (LC/MS) are
the definitive quantitative analysis for
aflatoxin in tissues.

e GC/MS or LC/MS is used to detect
aflatoxin in blood, liver, or milk.

e False-negative results are common.

e Pathology:

o Hepatocellular degeneration and
necrosis, megalocytosis, and hepatic
fibrosis and bile duct proliferation
have been reported on histology.

Hemorrhagic enteritis has been
reported.
o Cerebral edema has been reported.
TREATMENT

THERAPEUTIC GOAL(S)

e FEarly detoxification

e Symptomatic and supportive care

e Hepatoprotectants and supplement
glutathione scavenging

ACUTE TREATMENT

e Farly detoxification for large inges-
tions of feed highly contaminated by
aflatoxin
o Activated charcoal

e Symptomatic and supportive
o Maintain blood volume and electro-

lyte balance

o Vitamin K1 for coagulopathy
o Gastroprotection

e Hepatoprotectants and
glutathione scavenging
o N-acetylcysteine
o Sadenosyl-L-methionine
o Milk thistle

CHRONIC TREATMENT

Maintain the patient on a high-quality
diet.

POSSIBLE COMPLICATIONS

Long-term liver damage may occur.

RECOMMENDED MONITORING

e Liver enzymes
¢ Bilirubin
e Activated prothrombin time

PROGNOSIS AND
OUTCOME

supplement

The prognosis depends on the
concentration of aflatoxin in the

feed and the duration of exposure.
Severe liver damage and death are pos-
sible outcomes.

PEARLS &
CONSIDERATIONS

COMMENTS

e Toxic dose of aflatoxin:

o Aflatoxin was lethal to ponies dosed
with 2 mg/kg once.

o Approximately 3.8 ppm in the diet
was lethal to some ponies after 37
to 39 days.

o Clinical signs have been reported
with dietary aflatoxin concentra-
tions of 500 ppb (0.50 ppm).

e Although the United States Food and
Drug Administration (FDA), which
regulates mycotoxins in foods and
feeds, does not give a specific limit for
the concentration of aflatoxin that may
be present in horse feed, the limit is
20 ppb (0.02 ppm) for human and

African Horse Sickness

animal feeds that are not covered by
other FDA recommendations.

PREVENTION

e Keep horses on a high-quality nutri-
tionally balanced diet.

e Avoid feeding poor-quality or visibly
moldy feeds.

e Screen feeds for aflatoxins.

CLIENT EDUCATION

e Horses with clinical aflatoxicosis typi-
cally have a guarded to poor progno-
sis depending on the concentration of
aflatoxin in the feed and the amount
ingested over time.

e Tt is often difficult to diagnose aflatoxi-
cosis based on aflatoxin concentra-
tions in the feed because:

o Aflatoxin is not evenly distributed
within the feed, and sampling error
may occur.

o The contaminated feed may be
completely consumed before the
clinical signs are apparent.

e Tt is difficult to diagnose aflatoxicosis
from biologic (non-feed) samples
because of the extremely low concen-
trations that remain in tissues. False-
negative test results are common.

e It is best to prevent aflatoxicosis.

SUGGESTED READING

Committee on Nutrient Requirements of
Horses, National Research Council: Nutrient
requirements of the horse, 6th rev ed.
Washington, DC, National Academies Press,
2007, p 62.

Food and Drug Administration: Action levels
Jfor poisonous or deleterious substances in
buman food and animal feed. Available at
http://www.cfsan.fda.gov/~Ird/fdaact.html
#afla.

Meerdink GL: Aflatoxins. In Plumlee KH,
editor:  Clinical veterinary toxicology. St
Louis, 2003, Mosby Elsevier, pp 231-3065.

Osweiler GD: Mycotoxins, Vet Clin North Am
Eq Pract 17:547-566, 2001.

AUTHOR: KARYN BISCHOFF
EDITOR: CYNTHIA L. GASKILL
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African Horse Sickness

BASIC INFORMATION

DEFINITION

African horse sickness (AHS) is caused
by a double-stranded, nonenveloped
RNA virus that affects members of the
family Equidae and is transmitted by
midges (Culicoides spp.). Horses and
mules are the most severely affected.

e There are nine distinct serotypes,
with types 5 and 9 most commonly
occurring outside of the endemic sub-
Saharan Africa. Four major forms of the
disease exist: peracute or pulmonary
(95% mortality rate), subacute or
cardiac (50% mortality rate), mixed
(70% mortality rate), and horse sick-
ness fever (recovery). The onset of
disease in the severe forms is charac-

terized by a high fever followed by
respiratory failure with a frothy to sero-
sanguineous nasal discharge or nonde-
pendent edema of the head and neck
with petechiations of the conjunctiva.
There is no effective treatment.

A polyvalent vaccine exists that pro-
vides protection for all serotypes.
Quarantine, constant monitoring, and
vector control are necessary. This



African Horse Sickness

disease has not been documented
in North America and is a World
Organisation for Animal Health (OIE)—
reportable disease.

EPIDEMIOLOGY

SPECIES, AGE, SEX

e Horses are most susceptible to infec-
tion, with a mortality rate of 70% to
95% depending on the form of the
disease.

e Mules are slightly less susceptible,
with a mortality rate of 50% to 70%.

e Donkeys and zebras develop subclini-
cal disease.

e There does not appear to be an age
predilection. Foals born to immune
mares may receive passive immunity
that disappears at age 4 to 6 months.

e There is no sex predilection.

GENETICS AND BREED PREDISPOSI-

TION Horses indigenous to certain

areas of North and West Africa appear to

have acquired resistance to infection
with AHS. There is no breed disposition.

CONTAGION AND ZOONOSIS The

only known incident of humans contract-

ing AHS occurred in a laboratory setting.

AHS is not considered a zoonotic disease

in the natural setting; however, veterinar-

ians dealing with suspected cases of AHS
should still follow universal precautions.

GEOGRAPHY AND SEASONALITY

e AHS is considered to be enzoonotic
in eastern and central Africa, with
yearly incursions of the disease into
southern Africa. Documented and
confirmed epidemics have occurred in
North Africa, the Middle East, Turkey,
Afghanistan, Pakistan, India, Spain,
and Portugal. To date, the virus has
never been documented in North
America.

e Transmission
o AHS is biologically transmitted by

midges of the Culicoides genera.
Culicoides imicola and Culicoides
bolitinos appear to be the most
important vectors in Africa. Other
vectors, including ticks and mosqui-
toes, have been shown to transmit
AHS under experimental condi-
tions; however, they have never
been shown to transmit the virus
under natural conditions. Mechani-
cal transmission of the virus may
occur through biting flies and
iatrogenic incidents. In the United
States, Culicoides sonorensis and
Culicoides variipennis (which are
responsible for blue-tongue virus
transmission) have been shown to
transmit AHS under experimental
conditions.

o Transmission of AHS corresponds
with peak vector activity. In Africa,
this depends on climatic conditions,
in which heavy rains followed by
warm, dry periods favor the survival

of  Culicoides individuals. Cold
weather and frosts kill Culicoides
spp. and thus decrease or stop AHS
transmission. This effect of climate
on AHS transmission is especially
evident in AHS epidemics, when
the virus makes incursions into
South Africa. The wet, warm months
of February, March, and April have
the highest case rates of AHS, with
cases of AHS disappearing after the
first frosts in April or May. Epidem-
ics also occur when individuals
having a high viral load are trans-
ported to countries with Culicoides
vectors capable of transmitting the
virus. Epidemics have also been
reported with the windborne spread
of infected vectors.

e Maintenance of AHS in the environ-

ment.

o The exact mechanism of the main-
tenance of AHS in the environment
is uncertain. The short incubation
period accompanied by the high
mortality rate in horses and mules
make it unlikely that these animals
can serve as effective reservoirs for
maintaining the virus.

o Continuous transmission between
zebras and Culicoides midges was
demonstrated in South Africa in
Kruger National Park. Thus large
populations of zebras and donkeys
are likely to be one of the major
reservoirs of AHS.

o Dogs have been shown to be sus-
ceptible to AHS when fed raw horse
meat infected with AHS. Other pop-
ulations of animals have yet to be
investigated for their possible role
in the maintenance of AHS.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Pulmonary (“dunkop”): Peracute form

e Cardiac (“dikkop”): Subacute form

e Mixed: Most common form

e Horse sickness fever: Mildest form

HISTORY, CHIEF COMPLAINT Horses

may present with a variety of clinical

signs depending on the form of disease.

These include a fever of 102° to 106° F,

depression, supraorbital edema, and

respiratory distress.

PHYSICAL EXAM FINDINGS

e Pulmonary/dunkop form: The per-
acute form of AHS appears in naive
animals and is the most severe form
of AHS, with a 95% mortality rate. The
incubation period is 3 to 4 days. There
is a sudden onset of a high fever
(104°-106° F) with tachypnea (>50
beats/min) and dyspnea marked by
expiratory distress and a heave line.
Profuse sweating, coughing, and
recumbency usually follow with a
frothy to serosanguineous nasal dis-
charge. The onset of dyspnea is

usually followed by death within a

few hours. The clinical course of this

form of the disease lasts only a few
days.

e Cardiac/dikkop form: The subacute
form of AHS has a 50% mortality rate
with an incubation period of 5 to 7
days. A fever (102°~106° F) that per-
sists for 3 to 4 days first appears. After
the fever begins to subside, supraor-
bital edema appears and is quickly
followed by nondependent edema of
the head and neck. Dyspnea and cya-
nosis may occur as a result of the
edema. Signs of colic may be present.
Petechiations (conjunctiva and ventral
tongue) are a poor sign, and death
usually follows. The clinical course of
this form of the disease lasts 3 to 8
days.

e Mixed form: This is the most common
form of AHS and has a 70% average
mortality rate. A fever (102°-106° F)
develops that persists for 1 to 4 days.
Two courses of the disease may then
develop. In the first, mild pulmonary
signs are followed by edema and
cardiac failure. In the second, edema
and subclinical cardiac disease are fol-
lowed by the sudden onset of dyspnea,
nasal discharge, and death. The clini-
cal course of this form of the disease
lasts 3 to 6 days.

e Horse sickness fever: This is the
mildest form of AHS and the form that
usually appears in zebras and donkeys,
with an incubation period of 5 to 9
days. There is a gradual increase in
temperature to 104° F over 4 days and
then a return to normal. Mild clinical
signs of the cardiac and pulmonary
forms may occur.

ETIOLOGY AND PATHOPHYSIOLOGY

e AHS is a double-stranded, nonenvel-
oped RNA virus in the genus Orbivi-
rus, family Reoviridae.

e Closely related to blue-tongue virus
and equine encephalosis virus.

e Has seven structural (VP1-7) and three
nonstructural (NS1-3) proteins.
© VP2 is responsible for antigenic

variation.

© VP7 and NS3 are
vaccination.

e Nine serotypes have been identified.
o Most types are restricted to sub-

Saharan Africa.

o Types 4 and 9 are responsible for
most outbreaks outside sub-Saharan
Africa.

o Types 5 and 9 are neurotropic.

o Cross-protection occurs between
serotypes.

e Initial infection occurs through the bite
of an infected Culicoides.

o Replication occurs in the
lymph nodes.

o A primary viremia occurs, leading
to the dissemination of the virus to

important in

local
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target organs (lungs, spleen, lym-
phoid tissue, cecum, pharynx,
choroid plexus).

o Replication of AHS then occurs in
the endothelial cells of the target
organs, leading to edema and
effusions.

o A secondary viremia then occurs
with fever and clinical signs.

Horses have an average viremia of 4

to 8 days (£21 days) with a TCIDs, of

10> PFU/mL.

Zebras have an average viremia of 21

days (<40 days) with a TCIDs, of

10° PFU/mL.

Gross pathologic changes include:

© Heavy, noncollapsible lungs

o Yellow, gelatinous edema of the
subcutaneous and intramuscular
tissue

Especially the nuchal ligament: Edema

Lungs, supraorbital fossae, head, neck,

thorax

o Hydrothorax

o Hydropericardium

o Diffuse hemorrhage and petechia-
tion

o Lymphadenomegaly

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

Equine encephalosis: Foreign animal
disease not yet documented in North
America

Equine infectious anemia (EIA)
Streptococcus equi subsp. equi: Stran-
gles, bastard strangles, purpura hemor-
rhagica

Piroplasmosis

Equine viral arteritis
Influenza

Equine herpesviruses
EHV-4)

Bacterial pneumonia
Pleuropneumonia
Interstitial pneumonia
Infectious heart disease: endocarditis,
myocarditis, pericarditis

Congestive heart failure

(EHV-1 and

INITIAL DATABASE

Complete blood count

o Leukopenia

o Thrombocytopenia

o Increased packed cell volume
Clotting tests

o Increased fibrin degradation pro-
ducts

Prolonged prothrombin

Prolonged activated partial throm-
boplastin

Prolonged thrombin

[ole}
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ADVANCED OR CONFIRMATORY
TESTING

e Viral isolation:
o Cell culture
o Intracerebral inoculation of suckling
mice
e Serotyping of virus:
o Virus neutralization
o Complement fixation
o Agar gel immunodiffusion
o Indirect fluorescence antibody
o Enzyme-linked immunosorbent as-
say (ELISA)
o Polymerase chain
PCR)
e Antibody testing: ELISA
e Antigen testing:
o ELISA
o RT-PCR

TREATMENT
THERAPEUTIC GOAL(S)

Supportive care

ACUTE GENERAL TREATMENT

e Treatment should be aimed at making
the horse comfortable with appropri-
ate supportive care.

e It is extremely important that all
affected equids are rested because
exertion can lead to death. This rest
should continue for at least 1 month
after the cessation of clinical signs.

PROGNOSIS AND
OUTCOME

reaction (RT-

e The prognosis for recovery
from infection from AHS
depends on the form that the equine
contracts. In general, donkeys, horses,
and mules from endemic areas have a
much better prognosis for survival.
Naive horses and mules have a moder-
ate to poor prognosis depending on
the form of AHS contracted.

e For the pulmonary or peracute form,
there is a 5% chance of survival; for
the cardiac or subacute form, there is
a 50% chance of survival; and for the
mixed form, there is a 30% chance of
survival.

PEARLS &
CONSIDERATIONS

COMMENTS

AHS is an OIE-reportable disease. Any
suspect case in North America should be
immediately reported to the United States
Department of Agriculture (USDA).

PREVENTION
e Vaccination

© Annually in endemic areas

o Onderstepoort Laboratories (attenu-
ated) in two components that should
be administered 3 weeks apart
= Trivalent: Serotypes 1, 3, and 4
= Quadrivalent: Serotypes 2, 6, 7,

and 8 (cross-protection for sero-
types 5 and 9)

e Vector control

o Stable 1 hour before dusk to 1 hour

after dawn

Move only during daylight

Cover with day sheets

Apply insect repellant daily

Take rectal temperatures twice a

day

o Stable in insect-free stalls

e Decontamination:

o Effective disinfectants: Virkon, ace-
tic acid, bleach, formalin, B-pro-
piolactone, acetyl-ethyleneimine
derivatives

o Susceptible to radiation

e Quarantine and import regulations by
the USDA: All equids from AHSV
endemic countries must have:

o Resided in the country of interest
for 60+ days

o During this time found to be free of
disease

o Not been vaccinated in the 14 days
before export

o Not been on premises where AHSV
has occurred in the 60 days preced-
ing export

e Upon shipment to the United States,
equines from countries with endemic

AHSV  must be quarantined for

60 days and watched for signs of

illness.

SUGGESTED READING

Guthrie A: African horse sickness. In Sellon D,
Long M, editors: Equine infectious diseases.
St Louis, 2007, Saunders Elsevier, pp
164-171.

Mellor P, Hamblin C: African horse sickness.
Vet Res 35(4):445-466, 2004.

World Organisation for Animal Health: African
horse sickness. Available at http://www.oie.
int/eng/maladies/fiches/a_A110.htm.

o O O O

AUTHOR: MELISSA BOURGEOIS

EDITORS: DEBRA C. SELLON and
MAUREEN T. LONG
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Aggressive Stallion Behavior

Aggressive Stallion Behavior

BASIC INFORMATION
DEFINITION

e Aggressive behavior is defined as the
overt display of dangerous reactions
that may endanger people or other
animals.

e Aggressive behavior by the stallion
toward itself is possible and is dis-
cussed under self-mutilation.

SYNONYM(S)

Unruly stallions, rowdy stallions

EPIDEMIOLOGY

RISK FACTORS

e Poor training or handling

e Housing conditions (proximity to
other breeding stallions)

e Lack of exercise

e Conditions associated with high
testosterone

e Proximity to other stallions or estrous
mares

GEOGRAPHY AND SEASONALITY Ag-

gressive behavior may be exacerbated

during the breeding season.

ASSOCIATED CONDITIONS AND

DISORDERS Cryptorchidism, interstitial

cell tumors (increased testosterone

secretion)

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT

e History of recent introduction to the
breeding shed

e History of abusive treatment

e Most common complaints:

o Biting, kicking, or striking at the
handler or mare

o Rushing or charging the mare or
dummy

ETIOLOGY AND PATHOPHYSIOLOGY

e The cause is often multifactorial.

e The pathophysiology is often consid-
ered to involve either a high level
of testosterone or a complex chain
of behavioral responses to specific
conditions.

e Most of these cases are exacerbated by
inadequate training.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Progressively worsening or sudden
development of aggressive behavior in
stallions may reflect a painful condi-

tion associated with the genital tract
such as abdominal or inguinal testi-
cles, painful erection, or pelvic or back
pain during breeding.

INITIAL DATABASE

e Detailed examination of the genital
system.

e Measurement of serum testosterone
levels may be helpful.

TREATMENT

THERAPEUTIC GOAL(S)

e Reduce the behavior through
stallion and handler training.

e Reduce the urge to rush.

e Reduce the testosterone level.

ACUTE GENERAL TREATMENT

e Adequate training of the handler and
stallion
o Avoid explosive punishment if the

stallion displays overt reactions,
kicks, or rears.

o Use calm estrous mares during
training.

o Work in several short sessions with
the stallion.

o Use appropriate negative reinforce-
ment (verbal reprimands, shank
chain pressure, occasional slaps on
the shoulders).

o Use positive reinforcement.

o Keep terms, cues, and the environ-
ment consistent.

e Reduce the desire to rush.

o Provide exercise.

o Allow several breedings in rapid
succession.

e Medical treatment is aimed at reducing
testosterone or the libido and may be
useful in nonbreeding stallions.

o Immunization against gonadotro-
pin-releasing  hormone:  Equity
(Pfizer Animal Health; not available
in the United States)

o Progestogen: Altrenogest (0.088 mg/
kg PO q24h)

POSSIBLE COMPLICATIONS

Stallions may become extremely danger-
ous if the situation is not handled

properly.
RECOMMENDED MONITORING

Avoid changes in handlers and breeding
routine.

PROGNOSIS AND
OUTCOME

Very good in the majority of
stallions

PEARLS &
CONSIDERATIONS

COMMENTS

e Most of these problems are created by
handlers.

e Knowledge of normal behavior of
stallions in free mating as well as in-
hand mating situations is paramount
in understanding sexual behavioral
alterations.

e Judicious use of disciplinary action is
very important, particularly in stallions
that are used for breeding and are still
performing.

PREVENTION

Proper handling and socialization at a
young age

CLIENT EDUCATION

e Stallion handling is a skill that requires
a thorough understanding of stallion
behavior and proper use of dis-
cipline.

e Avoid rough or excessive discipline of
stallions during performance.

e Use judicious behavioral modification
techniques to train stallions.

SUGGESTED READING

McDonnell SM: Stallion sexual behavior. In
Samper JC, editor: Equine breeding man-
agement and artificial insemination. St
Louis, 2009, Saunders Elsevier, pp 41-46.

McDonnell SM, Diehl NK, Oristaglio Turner
RM, et al: Modification of unruly breeding
behavior in stallions. Compend Contin Ed
Pract Vet 17:411, 1994.

Stout TAE: Modulating reproductive activity in
stallions: a review. Anim Reprod Sci 89:93,
2005.

Tibary A: Stallion reproductive behavior. In
Samper JC, Pycock, JF, McKinnon AO,
editors: Current therapy in equine repro-
duction. St Louis, 2007, Saunders Elsevier,
pp 174-184.

AUTHORS: LISA K. PEARSON, JACOBO S.
RODRIGUEZ, and AHMED TIBARY

EDITOR: JUAN C. SAMPER
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Airway Obstruction, Recurrent

BASIC INFORMATION
DEFINITION

e A respiratory disease more frequently
seen in middle-aged to older adult
horses that is characterized clinically
by recurrent episodes of airway
obstruction when horses are exposed
to organic dust or other particulate
matter.

e Horses exhibit severe coughing and
exaggerated respiratory effort that is
more evident on expiration than inspi-
ration. These attacks are initiated by
an influx of neutrophils into the
airways and by bronchoconstriction
associated with excessive mucus and
airway smooth muscle. At least in the
initial stages, attacks of airway obstruc-
tion can be reversed by environmental
remediation.

SYNONYMS

Chronic obstructive pulmonary disease
(COPD), heaves, chronic bronchiolitis,
bronchitis

EPIDEMIOLOGY

Middle-aged to older Equids

GENETICS AND BREED PREDISPOSI-

TION There is evidence for a familial

basis in Lipizaners and Warmbloods for

recurrent airway obstruction (RAO),
although the precise mode of inheritance
is unknown.

RISK FACTORS Living in barns, expo-

sure to organic dusts or moldy hay

GEOGRAPHY AND SEASONALITY

e Typically affects animals that have
spent most of their lives in barns
eating hay and housed in dusty
environments.

e It is also seen in summer months
when pastures are very dry or when
there is excessive mold bloom in the
pastures.

ASSOCIATED CONDITIONS AND DIS-

ORDERS Horses with RAO are predis-

posed to pulmonary hypertension.

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT

e Typically presents initially with a sea-
sonal cough that worsens over a
period of years.

e As the disease progresses, the cough
is accompanied by tachypnea and
evident respiratory distress.

e During an exacerbation of more severe
disease, the horse will have flared nos-
trils and evident abdominal press seen
more in expiration but also evident on
inspiration.

e Hypertrophy of the expiratory muscles
may result in a “heaves line.”

e A marked nasal discharge is usually
seen, ranging from serous to mucopu-
rulent.

e Horses in advance stages of disease
may be cachectic because their work
of breathing exceeds their ability
to eat.

e There is no history of fever.

PHYSICAL EXAM FINDINGS

e Physical examination findings usually
are concordant with the above history.
A moderate tachycardia may also be
auscultated.

e Thoracic auscultation may reveal
either loud bronchovesicular sounds
or widely dispersed crackles and
wheezes.

e In very severe cases, the lungs may be
strangely silent because of the very
small amount of airflow that the animal
is able to achieve. In these cases, aus-
cultation of the trachea is compatible
with the presence of mucus.

e Lung fields are often enlarged because
of air trapping, so percussion will
reveal larger than normal lung fields.

ETIOLOGY AND PATHOPHYSIOLOGY

e RAO is akin to environmentally
induced asthma in humans in that it is
caused by chronic exposure to organic
and inorganic dusts.

e Organic dusts are replete with endo-
toxin, P-glucans from mold, and
various  allergens. This exposure
results in an outpouring of neutrophils
into the horse’s airways.

o With acute exposure, there is endo-
scopically visible edema in the
airways.

o With chronic exposure, there is
increased mucus production and
poorer mucus clearance as well
as airway wall remodeling, with
smooth muscle hyperplasia and
hypertrophy, peribronchial inflam-
mation, and fibrosis. The combina-
tion of airway wall remodeling and
increased responsiveness of the
airway smooth muscle to various
stimuli results in bronchoconstric-
tion. It is unclear to what extent an
allergic response is involved.

e Cytokine profiles in horses with RAO
are not consistent, with some associ-
ated with a Th1 and others with a Th2
(allergic) response. The most likely
explanation is that this is a very
complex disease that develops differ-
ently in horses with differing genetic
backgrounds and levels of exposure to
particulates.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

Septic bronchitis

Pneumonia

Chronic interstitial diseases

Toxicoses, including inhaled toxins

(silicosis, various gases) as well as sys-

temically ingested substances such as

perilla mint

e Neoplastic disease, including primary
tumors of the respiratory tract or, more
commonly, distant metastases

INITIAL DATABASE

e Complete blood count and serum
chemistry profile usually demonstrate
no abnormalities.

e Arterial blood gas analysis reveals
hypoxemia  during  exacerbation.
Depending on the severity of the
disease, PaCO, may be normal or ele-
vated. The abnormalities in blood gas
will be commensurate with the sever-
ity of the disease.

e Airway sampling is best done by bron-
choalveolar lavage. Normal horses
have no more than 10% neutrophils in
the bronchoalveolar (BAL) fluid, and
the ratio of alveolar macrophages to
lymphOLytes is approximately 60:40.

Neutrophils commonly comprise
50% to 100% of the BAL fluid cytol-
ogy. The neutrophils are generally
nondegenerate, and there is no evi-
dence of bacterial infection.

> Mucus is often prominent and fibril-
lar. Large amounts of neutrophils
are commonly trapped within the
mucus.

o Although a transtracheal aspirate
may also be performed to evaluate
the airways, it does not reliably
reflect the lower airways.

e Lung function testing reveals increased
pleural pressures, reflecting the ele-
vated work of breathing, as well as
increased pulmonary and respiratory
resistance and dynamic compliance.
Lung function testing is not necessary
for making a diagnosis in an exacerba-
tion of RAO.
© Noninvasive methods of lung func-

tion testing, such as open plethys-
mography or forced oscillatory
maneuvers, can be very useful in
determining whether the horse has
a normal response to broncho-
dilators.

o In horses in remission, lung func-
tion testing is used in conjunction
with histamine bronchoprovocation
to probe the status of the small
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airways. In this procedure, small
amounts of histamine are given
while lung function is measured.
Horses in remission are difficult to
distinguish from normal horses on
the basis of resting tests; however,
horses in remission respond to
much lower doses of histamine with
a rapid increase in respiratory
resistance.

ADVANCED OR CONFIRMATORY

TESTING

e Radiography can be very helpful in
determining whether disease is com-
plicated (eg, whether there is coexist-
ing bronchiolitis or pneumothorax
caused by a ruptured bulla).

e Lung biopsy or bronchial biopsy
reveals typical changes such as goblet
cell and airway smooth muscle hyper-
plasia, as well as peribronchial fibro-
sis. Although a diagnostic sample is
not always obtained with bronchial
biopsy, it is associated with less risk
than lung biopsy (eg, hemorrhage,
pneumothorax).

TREATMENT

THERAPEUTIC GOALS

Treatment of RAO is three-pronged:
effect bronchodilation, reduce inflamma-
tion, and remediate the environment.

ACUTE GENERAL TREATMENT

e The immediate goal of treatment in the
face of RAO exacerbation is broncho-
dilation. This is best achieved by using
a quickly acting B-adrenergic drug
such as albuterol (5 puffs) via inhaler
using a device such as the Aero-
Hippus. If albuterol is not available,
atropine may also be given IV (0.01-
0.02 mg/kg); however, this treatment
may induce ileus.

e Bronchodilation alone does not
address the underlying problem,
which is the reduction of inflamma-
tion. Therefore treatment with a corti-
costeroid should be initiated. Most
horses in exacerbation require paren-

teral use of corticosteroids initially fol-

lowed by inhaled corticosteroid
therapy.
o Multiple different glucocorticoids

have been used for treatment of
horses with RAO. The most com-
monly used are dexamethasone PO,
IV, or IM (0.1 mg/kg) once daily for
5 to 7 days with a gradual reduction
over 2 to 4 weeks and prednisolone
(0.8 mg/kg) PO twice daily for 1
week, tapering gradually over 4
weeks.

° The most commonly used inhaled
glucocorticoids include fluticasone
(Flovent 220) beginning with 9 to
12 puffs twice daily or QVAR (8 to
10 puffs twice daily) using the Aero-
Hippus, with a gradual reduction
over 2 to 3 weeks. A reasonable aim
is to have the horse on an every
other day treatment within 4 weeks.
Inhaled glucocorticoids are expen-
sive and not within the financial
realm of all owners.

CHRONIC TREATMENT

Longer term goals involve reduction of
inflammation  through environmental
remediation.

e This involves turnout in a nondusty
paddock or if the horse cannot be
turned out, reducing the dust in
bedding and feed.

e Useful approaches include using a pel-
leted diet, ensiled hay (haylage),
dengie (baked hay), or if this is not
possible, soaking the hay for at least
1 hour.

e Although clean, bright straw has been
shown to be low in organic dusts, it
is very difficult to find.

e Pelleted bedding and shredded card-
board or paper are the lowest in dusts.

e Dust in the air is highest when there
is a lot of human activity, especially
during cleaning and feeding times, so
ideally, horses are removed from the
stable at that time.

e The first approach to dust is to dampen
or sprinkle the aisleways with water
before watering, and make sure that
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indoor and outdoor arenas are kept
moist to reduce dust.

RECOMMENDED MONITORING
BAL and lung function testing 1 month
after initiating treatment with corticoste-
roid is valuable in monitoring progress
and response to drugs and environmen-
tal remediation.

PROGNOSIS AND
OUTCOME

e Prognosis for uncomplicated
RAO is good provided that
vigorous efforts at environmental
remediation are made and there is
good compliance with the treatment
plan.

e In long-standing disease, it is unlikely
that chronic remodeling of the airways
will ever be reversed; these horses

may have respiratory compromise
even in the face of appropriate
management.

PEARLS &

CONSIDERATIONS

Interstitial pneumonia of

donkeys has recently been

linked to asinine herpesvirus-2 and -5.
The exact role of <y-herpesviridae in
Equids is still unclear.

SUGGESTED READING

DeLuca L, Erb HN, Young JC, et al: The effect
of adding oral dexamethasone to feed alter-
ations on the airway cell inflammatory gene
expression in stabled horses affected with
recurrent airway obstruction. J Vet Intern
Med 22(2):427-435, 2008.

Miskovic M, Couetil LL, Thompson CA: Lung
function and airway cytologic profiles in
horses with recurrent airway obstruction
maintained in low-dust environments. J Ver
Intern Med 21(5):1060-1066, 2007.

AUTHORS: MELISSA R. MAZAN and IAN
TIZARD

EDITOR: MELISSA R. MAZAN



Oral Soft Tissue Trauma: Lips and Cheeks

BASIC INFORMATION

TREATMENT

DEFINITION

Traumatic injuries to the lips and cheeks
associated with wire, bit, or other foreign
bodies. Additionally, direct trauma in the
form of a kick or bite may also cause
significant damage.

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT Trauma
evidenced by bleeding, dysphagia, or
protrusion of the tongue. In some cases,
the traumatic episode was witnessed by
the owner or caretaker; in most cases,
however, it is not.

PHYSICAL EXAM FINDINGS Areas of
partial- or full-thickness mucosal ulcer-
ation with underlying damage to muscu-
lature, vasculature, and in some cases
osseous pathology

DIAGNOSIS

INITIAL DATABASE

e Complete oral examination

e Radiographs to determine whether
there is a fracture of the underlying
bone (including intraoral projections)

ADVANCED OR CONFIRMATORY
TESTING

Sialogram if there is a possibility of

involvement of the parotid duct or other
salivary structure

THERAPEUTIC GOAL(S)

To reoppose damaged tissue to effect
healing

ACUTE GENERAL TREATMENT

e Sedation and appropriate nerve blocks
to desensitize the region

e Close examination and debridement of
gross debris and blood clots

e Determine if suturing is necessary or
if the wound will heal satisfactorily by
second intention

e Suture in three layers if possible (oral
mucosa, muscle and fascial tissue, and
skin)

POSSIBLE COMPLICATIONS

Wound breakdown in the face of infec-
tion (oral cavity) and continual bathing
of the region by saliva

RECOMMENDED MONITORING

Recheck in 2 weeks

PROGNOSIS AND
OUTCOME

Usually good. The relatively
high blood supply to the face
and oral cavity make surgical interven-

tion relatively uncommon (assuming that
gross anatomic distortion and injury have
not occurred).

PEARLS &
CONSIDERATIONS

COMMENTS

Sutured lips (especially at the commis-
sure of the mouth) have to withstand
significant tension and the forces of pre-
hension and mastication. The placement
of stented tension sutures (near-far-far-
near or vertical mattress) can improve the
likelihood of surgical success.

CLIENT EDUCATION

Horses with lip injuries should not be
bitted for 2 to 3 weeks after surgical
intervention, especially in cases with
commissure wounds where the presence
of the bit will irritate the sutures and
underlying healing tissue. Failure may
ensue.

SUGGESTED READING

Greet TRC: The management of oral trauma.
In Baker GJ, Easley ] (eds). Equine
dentistry, ed 2, New York, 2005, Saunders
Elsevier, pp 79-86.

AUTHOR & EDITOR: JAMES L. CARMALT



Algal Toxicosis

BASIC INFORMATION SYNONYM(S) EPIDEMIOLOGY

e Microcystin toxicosis RISK FACTORS
DEFINITION e Anatoxin-a toxicosis e Algal bloom prevalence is increased
Acute intoxication of the liver (micro- ¢ Blue-green algae intoxication with elevated water temperature and
cystin)  or central nervous  system e Cyanobacteria toxicosis nutrient concentrations in the water.
(anatoxins) subsequent to algal toxin e Steady winds that propel toxic blooms
exposure to shore allow ingestion by drinking

animals.
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GEOGRAPHY AND SEASONALITY
More common in the summer and fall
when water temperature is increased

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Acute hepatotoxicosis subsequent to
microcystin exposure

e Acute onset of neurologic signs subse-
quent to anatoxin-a exposure

e Rapid onset of excessive salivation
and neurologic signs subsequent to
anatoxin-a(s) exposure

HISTORY, CHIEF COMPLAINT

e Microcystins: diarrhea and weakness
within hours of exposure to water

e Anatoxin-a: rapid onset of muscle
rigidity, muscle tremors, and convul-
sions within minutes to a few hours of
exposure to water

e Anatoxin-a(s): rapid onset of excessive
salivation, diarrhea, tremors, and con-
vulsions within minutes of exposure
to water

PHYSICAL EXAM FINDINGS

e Microcystins: microcystin intoxication
should be suspected in cases of acute
hepatotoxicosis with clinical signs of
diarrhea, nasogastric reflux, weakness,
pale mucous membranes, and shock.
Although most animals die within a
few hours of exposure, some animals
may live for several hours and develop
hyperkalemia, hypoglycemia, nervous-
ness, recumbency, and convulsions.
Animals that survive the acute intoxi-
cation may develop hepatogenous
photosensitization.

e Anatoxin-a: clinical signs of anatoxin-a
poisoning include a rapid onset of
rigidity and muscle tremors followed
by paralysis, cyanosis, and death.
Death usually occurs within minutes
to a few hours. In most cases, the
animal is found dead.

e Anatoxin-a(s): animals poisoned with
anatoxin-a(s) show a rapid onset of
excessive salivation (“s” stands for
salivation), lacrimation, diarrhea, and
urination. Nicotinic overstimulation
results in tremors, incoordination, con-
vulsions, recumbency, and respiratory
arrest. Animals often die within 30
minutes of exposure and thus are
often found dead.

ETIOLOGY AND PATHOPHYSIOLOGY

e Microcystins are cyclic heptapeptides
that inhibit protein phosphatases,
which leads to hepatocyte necrosis.
There are more than 80 different
microcystins worldwide produced by
various genera of cyanobacteria, such
as Microcystis, Anabaena, Plankto-
thrix, Nostoc, Oscillatoria, and Ana-
baenopsis.

e Anatoxin-a is a potent cholinergic
agonist at nicotinic acetylcholine rec-
eptors in neurons and at the neuro-

muscular junctions. Anatoxin-a is
produced worldwide by cyanobacteria
genera such as Anabaena, Plantko-
thrix, Oscillatoria, Microcystis, Apha-
nizomenon, Cylindorspermum, and
Phormidium.

e Anatoxin-a(s) is a naturally occurring
irreversible acetylcholinesterase in-
hibitor produced by cyanobacteria
species such as Anabena flosaquae,
Anabena lemmermannii, and Ana-
bena spiroides.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Microcystins: other causes of acute
liver failure such as iron, amanitins,
aflatoxins, cocklebur, alsike clover,
Theiler’s disease, and Tyzzer’s disease

e Anatoxin-a: cyanide, yew, oleander,
poison hemlock, insecticides, iono-
phore antibiotics, intestinal compro-
mise (eg, torsion)

e Anatoxin-a(s): organophosphorus and
carbamate insecticides, slaframine

INITIAL DATABASE

e Microcystins: elevated serum gamma-
glutamyl transpeptidase, aspartate
aminotransferase, bile acids, alkaline
phosphatase; hypoglycemia; hyperka-
lemia

e Anatoxin-a and a(s): no abnormalities

ADVANCED OR CONFIRMATORY
TESTING

Confirmatory testing is needed to
reach an accurate diagnosis of algal
intoxication.

e Identification of the algae in the
suspect water source or stomach con-
tents. However, positive identification
does not confirm intoxication because
the toxicity of the cyanobacteria is
strain specific, and morphologic obser-
vations alone cannot predict the
hazard level.

e Detection of microcystins and ana-
toxin-a in water and gastric contents
is provided by select veterinary toxi-
cology laboratories.

e Detection of anatoxin-a(s) in water
and gastric contents can also be
provided by select laboratories. In
addition, determination of blood acet-
ylcholinesterase activity can aid in the
diagnostic workup.

TREATMENT
THERAPEUTIC GOAL(S)

There is no specific antidote for algal
toxins. Despite the evaluation of numer-
ous treatment options, no specific therapy
has been proven to be effective.

ACUTE GENERAL TREATMENT

e Provide symptomatic and supportive
care to treat hypovolemia and electro-
lyte imbalances.

e Although no studies have evaluated
the efficacy of specific decontamina-
tion procedures, administration of
activated charcoal has been recom-
mended.

e Microcystins: because microcystins
can enhance oxidative stress, antioxi-
dants such as vitamin E and selenium
appear to be beneficial.

e Anatoxin-a: seizure
benzodiazepine,
pentobarbital.

e Anatoxin-a(s): atropine should be
given. Determine its efficacy in animals
with life-threatening clinical signs with
an initial test dose. After the test dose,
atropine can be given repeatedly until
cessation of salivation.

CHRONIC TREATMENT

Protect from sun exposure if hepato-
genous  photosensitization — develops
subsequent to microcystin intoxication.

POSSIBLE COMPLICATIONS

In many cases, the rapid onset of acute
intoxication does not allow timely thera-
peutic intervention, and mortality rates
are high.

RECOMMENDED MONITORING

Close monitoring of serum electrolytes,
liver function, body temperature, and
central nervous system signs

PROGNOSIS AND
OUTCOME

control  with
phenobarbital, or

e Prognosis is poor. Animals
with algal toxin intoxication
are often found dead.

e Animals that survive acute micro-
cystin  intoxication may develop
photosensitization.

PEARLS &
CONSIDERATIONS

COMMENTS

e Algal toxin exposure in horses is rarely
reported but may result in acute liver
disease or neurologic signs. Mortality
rates are high.

e Proper diagnostic workup of suspect
blue-green algae poisoning cases
is necessary to prevent additional
exposures.

e Therapeutic measures are limited, so
it is prudent to take measures for
avoiding exposure to algal toxins.

e Worldwide, the frequency and inten-
sity of harmful cyanobacterial blooms
appear to be increasing, and it is likely
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that blue-green algae poisonings will
become more common in animals as
a result of accidental exposure.

PREVENTION

e Deny horses access to water with
visible algal bloom.

e Reduce fertilizer run-off and applica-
tions in fields surrounding ponds used
for drinking water.

CLIENT EDUCATION

e The increased incidence of blue-green
algal blooms is partly a consequence
of nutrient pollution.

e Inform clients that prognosis is poor
for animals exposed to algal toxins.

SUGGESTED READING

Puschner B, Galey FD, Johnson B, et al: Blue-
green algae toxicosis in cattle. J Am Vet Med
Assoc 13:1605-1607, 1998.
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Puschner B, Hoff B, Tor ER, et al: Diagnosis
of anatoxin-a poisoning in dogs from North
America. J Vet Diagn Invest 20:89-92, 2008.

Puschner B, Humbert J-F: Cyanobacterial
(blue-green algae) toxins. In Gupta RC,
editor:  Veterinary toxicology—nbasic and
clinical ~ principles. San  Diego, 2007,
Academic Press, pp 714-724.

AUTHOR: BIRGIT PUSCHNER
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Alopecia Areata

BASIC INFORMATION

DEFINITION

A cell-mediated autoimmune disorder
resulting in round patches of hair loss

EPIDEMIOLOGY

GENETICS AND BREED PREDISPOSI-
TION A hereditary factor has been sug-
gested.

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT Acute

or insidious onset of patches of hair loss

PHYSICAL EXAM FINDINGS

e Focal or multifocal, noninflammatory,
well-circumscribed, annular areas of
hair loss. Areas of hair regrowth may
be lighter than normal.

e Thinning of the mane and tail.

e The animal is otherwise healthy.
ETIOLOGY AND PATHOPHYSIOLOGY
T-lymphocyte disruption of the hair
matrix, root sheath, and epithelium of the
hair follicles

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Dermatophytosis

e Dermatophilosis

e Anagen defluxion

e Occult sarcoid

ADVANCED OR CONFIRMATORY
TESTING

Histopathologic examination of skin
biopsy shows accumulation of lymph-
ocytes around the hair bulbs, the pres-

ence of “miniature” hair follicles, and
possibly defective keratinization (chronic
lesions).

PROGNOSIS AND
OUTCOME

Spontaneous recovery has been
recorded.

SUGGESTED READING

Pascoe RRR, Knottenbelt DC: Immune-
mediated/allergic diseases. In Pascoe RRR,
Knottenbelt DC, editors: Manual of equine
dermatology. London, 1999, WB Saunders,
pp 168-169.

AUTHOR: JENNIFER TAINTOR
EDITOR: DAVID A. WILSON



Alphaviruses

BASIC INFORMATION
DEFINITION

The Togaviridae include the major causes
of infectious arthropod-borne equine
encephalitides and are divided into two
main groups: the Alphaviridae—includ-
ing Eastern equine encephalitis (EEE),
Western equine encephalitis (WEE), and
Venezuelan equine encephalitis (VEE)—
and the Flaviviridae, including West Nile
virus (WNV).

SYNONYM(S)

EEE, WEE, and VEE viruses are members
of the Alphavirus genus of the family
Togaviridae and were formerly referred
to as Arbovirus group A of the
Togaviridae.

EPIDEMIOLOGY

SPECIES, AGE, SEX Generally any age

or breed and either sex. Disease is

uncommon in suckling foals younger
than 3 months.

RISK FACTORS

e Lack of protective vaccination. Wide-
spread vaccination programs in North
America have markedly reduced inci-
dence of EEE and WEE.

e Disease is limited to the summer in
temperate regions but is year-round in
subtropical to tropical areas.

CONTAGION AND ZOONOSIS

e Although these viruses cause similar
clinical syndromes in horses, the con-
sequences of the infections they cause
in humans differ.

e EEE is the most severe of the arboviral
encephalitides, with case fatality rates

of 50% to 70% and neurologic sequelae
common in survivors.

e WEE virus appears to be less neuroin-
vasive but has pathology similar to
EEE in patients with encephalitis.

e In adults, the VEE virus usually causes
an acute, febrile, incapacitating disease
with prolonged convalescence. In chil-
dren, severe encephalitis may result
from VEE.

GEOGRAPHY AND SEASONALITY

e As with most of the alphaviruses, EEE,
WEE, and VEE are transmitted by mos-
quitoes and maintained in cycles with
various vertebrate hosts. Environmen-
tal factors that affect the interactions
of the relevant mosquito and reservoir
host populations control the natural
epidemiology of these viruses. Some
overlap of geographic extent exists.
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e Outbreaks of EEE virus have occurred
in most eastern states and in south-
eastern Canada but have been con-
centrated along the eastern and Gulf
coasts.

e Outbreaks of WEE have been reported
in the western and north-central
United States, as well as Saskatchewan
and Manitoba in Canada. Predomi-
nates west of the Mississippi River.

e VEE was originally reported in Vene-
zuela, Colombia, Peru, and Ecuador
before spreading to all of Central
America and subsequently continuing
north to Mexico and into Texas.
Between active epizootics, it is not
possible to isolate the equine virulent
viruses with several attenuated, anti-
genically different VEE strains isolated
instead. These enzootic strains can be
differentiated among themselves and
from the epizootic strains.

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT

e EEE, WEE, and VEE present with
similar clinical signs, including an inap-
parent, generalized febrile response.

e Encephalomyelitis may occur singly or
in combination.

e Horses may present with colic or vague
signs of diffuse brain involvement.

PHYSICAL EXAM FINDINGS

e Clinical signs not pathognomonic

e Fever associated with viremia in major-
ity of infected horses

e Initial hyperexcitability, progressing to

depression and recumbency

Blindness

Head pressing

Ataxia

Compulsive walking, circling

Seizure activity

Permanent neurologic deficits may

occur in survivors

e FEarly neurologic signs reflect diffuse,
multifocal cortical disease

e Mortality ranges from 75% to 90% for
EEE, 19% to 50% for WEE, and 40% to
90% for VEE

ETIOLOGY AND PATHOPHYSIOLOGY

e Birds are the primary reservoir for
EEE, WEE, and VEE. Transfer of infec-
tion depends on an interplay between
migratory bird patterns and vector
seasonal population fluctuations. EEE
may be found year-round in the south-
eastern United States. Small rodents
can harbor VEE.

e Virus replication occurs within arthro-
pod vector (mosquitoes Culex, Aedes,
Anopbheles, and Culiseta).

e After inoculation into the equine
host, local replication occurs in the
subcutaneous tissue at the site of
inoculation.

e Lymphatic spread to the spleen and
liver.

e Short-lived viremia ensues in the
majority of infected animals. Viremia
of EEE and WEE is too low to infect
vectors, so the horse is a dead-end
host. However, VEE titers are sufficient
to infect vectors.

e In a small number of infected horses,
the blood-brain barrier is crossed and
encephalomyelitis results.

e Infected EEE and WEE horses do not
cause direct or indirect lateral spread.

e Widespread neuronal necrosis through-
out the central nervous system, es-
pecially the cerebrum.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

Bacterial encephalomyelitis

Hepatic encephalopathy

Equine protozoal myeloencephalitis
Rabies

WNV

Verminous encephalomyelitis
Diffuse brain trauma

INITIAL DATABASE

e Cerebrospinal fluid: Neutrophilic pleo-
cytosis, increased protein; may be
xanthochromic

e Antibodies: Detection of IgM or IgG in
serum. May already have high levels
in acute sera, complicating diagnosis
by a fourfold increase between acute
and convalescent sera.

ADVANCED OR CONFIRMATORY
TESTING

e Histology

o EEE: Neutrophilic-endothelial cuff-
ing

o WEE: lymphocytic-plasmocytic
o VEE: Lymphocytic-neutrophilic

e Gross pathology: Cerebral malacia,
patchy hemorrhage, swelling

e Brain: Viral culture, antigen and anti-
body detection

TREATMENT

THERAPEUTIC GOAL(S)

Treatment for the alphavirus encephaliti-
des is centered on the control of central
nervous system inflammation and sup-
portive therapies.

ACUTE GENERAL TREATMENT

e Antiinflammatories: Nonsteroidal anti-
inflammatory drugs are preferred over
corticosteroids by some veterinarians.

e Dimethyl sulfoxide: 1 g/kg IV as 10%
solution

e Seizure control: Benzodiazepines

e Intensive supportive therapies: IV
fluids, nutrition, general nursing

e Antimicrobial therapy for secondary
bacterial infections (if present)

CHRONIC TREATMENT

e Management of secondary complica-
tions: Recumbency, aspiration pneu-
monia, decubital ulcers

e Avoidance of self-trauma during
encephalitic phase or as a result of
residual deficits

POSSIBLE COMPLICATIONS

Decubital ulceration
Self-mutilation

Aspiration pneumonia
Residual neurologic deficits:
depression

PROGNOSIS AND
OUTCOME

Ataxia,

e Unvaccinated horses — are
likely to succumb to infec-
tion.

e Prognosis is poor with the onset of
encephalitic signs.

e Grave prognosis for EEE and VEE. Sur-
vival in EEE is reported with previous
but insufficient vaccine exposure,
resulting in a modified disease with
slow progression and spinal cord or
brainstem lesions.

e WEE survival is occasionally reported
with permanent neurologic deficits
(depressed mentation, spinal ataxia).

PEARLS &
CONSIDERATIONS

COMMENTS

e Vaccinate horses in the face of out-
break: Antibody increase noted 3 days
after vaccination

e If VEE vaccination is required, use tri-
valent vaccine because the response is
poorer in horses previously vaccinated
against EEE and WEE.

PREVENTION

e Inactivated vaccines are available and
highly efficacious. The duration of
immunity is short (4—6 months), which
may be less than vector season;
repeated vaccinations are therefore
necessary. Four monthly vaccinations
may be necessary in areas where
disease is common.

e Vaccinate in early spring and summer.
Time the program to precede the
encephalitis season by several months.

e Vaccinate pregnant mares 1 month
before foaling to boost colostral pro-
tection of the foal; antibody persists
up to 6 months.

e Vaccination can begin at any age;
must repeat after 6 months of age.

e Vector control: Removal of mosquito
breeding areas (stagnant water).
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Amanitin Toxicosis

BASIC INFORMATION
DEFINITION

Acute hepatotoxicity subsequent to
amanitin-containing mushroom exposure

SYNONYM(S)

e Amanita toxicosis

Death cap intoxication

Amatoxin poisoning

Hepatotoxic mushroom poisoning
Amanitin poisoning

EPIDEMIOLOGY

GEOGRAPHY AND SEASONALITY
Amanita phalloides mushrooms are
found throughout North America, com-
monly in association with oaks and birch.
The large fruiting bodies appear in the
summer and fall. Local mycologic societ-
ies can provide detailed information on
the occurrence of toxic mushrooms in
certain regions.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Severe gastrointestinal (GI) signs such
as colic and diarrhea

e Acute hepatotoxicosis

e Fulminant multiorgan failure

HISTORY, CHIEF COMPLAINT

e Colic and diarrhea within 24 hours
of amanitin-containing mushroom
exposure

e Lethargy, icterus, ataxia, seizures, and
coma approximately 36 to 48 hours
after exposure to amanitins

PHYSICAL EXAM FINDINGS

e The clinical course of amanitin expo-
sure can be divided into four phases.

Physical examination findings are dif-

ferent for each phase.

o The initial phase is a latency period
of approximately 8 to 12 hours
without any clinical signs after
ingestion of amanitin-containing
mushrooms.

o During the second phase (6 to 24
hours after mushroom ingestion),
the animal develops severe GI signs
such as colic and diarrhea.

o The third phase is a period of
several hours to a few days during
which the animal appears to have
recovered. During this phase, close

monitoring of liver and kidney
function is essential to prevent
misdiagnosis.

o The final stage begins approxi-
mately 36 to 84 hours after exposure
to amanitins. In this stage, fulminant
liver, renal, and multiorgan failure
may occur, and affected animals
may be icteric, lethargic, and ataxic
and have seizures or coma. If large
amounts of amanitin-containing
mushrooms were ingested, it is fea-
sible that the animal will die acutely
within 24 hours and may simply be
found dead.

ETIOLOGY AND PATHOPHYSIOLOGY

e Amanitins (o, B-, ¥-, and €-amanitins)
are bicyclic octapeptides and are
found in three different mushroom
genera:  Amanita, Galerina, and
Lepiota spp.

e The most toxic cylopeptide-containing
mushrooms are A. phalloides, the
ubiquitous “death cap” or “death
angel,” and Galerina sulpices. A. phal-
loides is found throughout North
America, commonly in association
with oaks and birch. G. sulpices is
most commonly found in Europe.

e Amanitins inhibit nuclear RNA polym-
erase II, ultimately leading to decreased
protein synthesis and cell death.

e Cells with a high metabolic rate, such
as hepatocytes, crypt cells, and proxi-
mal convoluted tubules of the kidneys,
are most commonly affected.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Other causes of acute liver failure:
iron, microcystins, aflatoxins, cockle-
bur, alsike clover, Theiler’s disease,
and Tyzzer’s disease

e Other causes of gastroenteritis

INITIAL DATABASE

Approximately 24 hours after exposure:
Elevated serum gamma-glutamyl trans-
peptidase, aspartate aminotransferase,
bile acids, alkaline phosphatase, total
bilirubin; hypoglycemia; prolonged pro-
thrombin time, and partial thromboplas-
tin time.

ADVANCED OR CONFIRMATORY
TESTING

Confirmatory testing is needed to reach
an accurate diagnosis of amanitin
intoxication:

e Identification of mushroom pieces in
gastric contents. Accurate mushroom
identification requires consultation
with an experienced mycologist and
may include DNA sequencing.

e Detection of amanitins in the serum,
urine, gastric contents, liver, or kidney:
This testing is provided by select vet-
erinary toxicology laboratories. In live
symptomatic animals, urine is likely
to be of superior diagnostic use to
serum. Postmortem, the kidney
contains higher concentrations than
the liver and is considered the sample
of choice.

TREATMENT
THERAPEUTIC GOAL(S)

e Close monitoring, fluid replacement,
and supportive care are essential
treatment components in amanitin
poisoning.

e Even with supportive measures, the
reported mortality rate from Amanita
poisoning in humans is 20% to 40%.
No data on horses are available, but
amanitin intoxication requires prompt
and aggressive treatment measures to
improve prognosis.

ACUTE GENERAL TREATMENT

e Close monitoring and fluid replace-
ment. There is no specific antidote
for amanitins. Despite the evaluation
of numerous treatment options, no
specific therapy has proven to be
effective.

e As part of vigorous supportive care, IV
fluids, correction of hypoglycemia and
electrolyte imbalances, vitamin K1,
and plasma transfusions should be
considered, depending on the severity
of the clinical presentation.

e There is controversy about the efficacy
of activated charcoal.

e Silibinin (the main component of milk
thistle) may be beneficial, but con-
trolled studies are lacking.
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e MN-acetylcysteine,  cimetidine, and
ascorbic acid may be given as anti-
oxidants.

CHRONIC TREATMENT

If the animal survives all four phases of
amanitin intoxication, close monitoring
of liver and kidney function is
necessary.

POSSIBLE COMPLICATIONS

e In many cases, the rapid onset of
severe hepatotoxicosis does not allow
for timely therapeutic intervention.

e Amanitin-containing mushrooms may
initially cause GI signs followed by an
apparent recovery. Therefore any
animal presenting with GI signs after
a suspected or known history of
mushroom ingestion must be evalu-
ated carefully and treated promptly.

RECOMMENDED MONITORING
Close monitoring of serum electrolytes,
liver and kidney function, body tempera-
ture, and central nervous system signs

PROGNOSIS AND
OUTCOME

Prognosis is poor. Animals with
amanitin intoxication are often
presented when severe liver damage has
already occurred.

PEARLS &
CONSIDERATIONS

COMMENTS

e Hepatotoxic mushroom ingestion in
horses is rarely reported but may
result in severe liver disease.

e Proper diagnostic workup of suspect
amanitin poisonings is necessary to
prevent additional exposures and to
rule out other causes of acute liver
disease.

e Therapeutic measures are limited, so
it is essential to take measures to avoid
exposing horses to toxic mushrooms.

PREVENTION
Deny horses access to areas where toxic
mushrooms grow.

Aminoglycoside Toxicosis

CLIENT EDUCATION

Inform clients that the prognosis is poor
for animals exposed to toxic mushrooms.
Inform clients that an accurate diagnostic
workup is needed to confirm suspected
amanitin exposure. Advise clients to
contact local mycologic societies for
occurrence of toxic mushrooms to
prevent exposures.

SUGGESTED READING

Enjalbert F, Rapior S, Nouguier-Soulé J, et al:
Treatment of amatoxin poisoning: 20-year
retrospective analysis. J Toxicol Clin Toxicol
40:715-757, 2002.

Filigenzi MS, Poppenga RH, Tiwary AK, et al:
The determination of alpha-amanitin in
serum and liver by multistage linear ion trap
mass spectrometry. [ Agric Food Chem
55:2784-2790, 2007.

Puschner B: Mushroom toxins. In Gupta RC,
editor:  Veterinary toxicology-basic and
clinical ~ principles. San  Diego, 2007,
Academic Press, pp 915-925.
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Aminoglycoside Toxicosis

BASIC INFORMATION
DEFINITION

The aminoglycosides are large molecules
with numerous amino acid groups,
making them basic polycations that are
highly ionized at physiologic pHs. These
physical properties are important in
their known toxicities: nephrotoxicity,
ototoxicity, and neuromuscular blockade.

EPIDEMIOLOGY

SPECIES, AGE, SEX All ages and sexes

are affected, but neonates and geriatrics

are more at risk because of their reduced
renal function.

RISK FACTORS

e Prolonged aminoglycoside
(>7-10 days)

e Acidosis and electrolyte disturbances
(hypokalemia, hyponatremia)

e Volume depletion (shock,
toxemia)

e Concurrent therapy with nephrotoxic
drug (eg, nonsteroidal antiinflamma-
tory drugs [NSAIDs)) or diuretics

e Preexisting renal disease

e FElevated plasma trough
trations

therapy

endo-

concen-

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT

e Nonoliguric renal failure

e Hearing loss

e Neuromuscular blockade

PHYSICAL EXAM FINDINGS Usually

related to the original disease for which

the aminoglycoside was being adminis-
tered

ETIOLOGY AND PATHOPHYSIOLOGY

Nephrotoxicity is caused by accumula-

tion of the drug in the renal tubular epi-

thelial cells.

e Aminoglycosides enter the renal
tubule after filtration through the
glomerulus.

e Cationic aminoglycoside molecules
bind to anionic phospholipids on the
proximal tubular cells.

e The aminoglycoside is taken into the
cell by carrier-mediated pinocytosis
and translocated into cytoplasmic vac-
uoles, which fuse with lysosomes.

e With additional pinocytosis, drug
continues to accumulate within the
lysosomes.

e The accumulated aminoglycoside
interferes with normal lysosomal func-
tion, and the overloaded lysosomes
eventually swell and rupture.

e Lysosomal enzymes, phospholipids,
and the aminoglycoside are released

into the cytosol of the proximal tubular
cell, disrupting other organelles and
causing cell death.

e Neomycin is the most nephrotoxic,
and streptomycin and dihydrostrepto-
mycin are the least nephrotoxic.

e Amikacin is often recommended in
critical  patients over  gentamicin
because it is considered less
nephrotoxic.

Ototoxicity:

e Occurs by the same mechanisms as
nephrotoxicity
o Not typically diagnosed in horses

because of failure to identify partial
hearing losses
e Toxicity varies with the drug
o Vestibular damage (balance): Strep-
tomycin, gentamicin

> Cochlear damage (hearing): Amika-
cin, kanamycin, neomycin

o Both: Tobramycin

Neuromuscular blockade:

e Rapid IV administration causes brady-
cardia, reduced cardiac output, and
hypotension through an effect on
calcium metabolism. These effects are
of minor significance.

e Paralysis of skeletal muscles
o A rare effect
o From blockade of acetylcholine at

the nicotinic cholinergic receptor
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o Most often seen when anesthetic
agents are administered concur-
rently

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

NSAID-induced and other drug-induced
renal failure

INITIAL DATABASE

e Serum chemistries

o Increased serum urea nitrogen and
creatinine (Cr) confirm nephrotox-
icity but are not seen for 7 days
after significant renal damage has
occurred.

e Urine gamma glutamyl

(GGT) and Cr

o The urine GGT and urine GGT/
urine Cr ratio increase.

o The urine GGT/urine Cr ratio may
increase to two to three times base-
line within 3 days of a nephrotoxic
dose.

e Urinalysis

o Proteinuria is the next best indicator
of nephrotoxicity after the urine
GGT/urine Cr ratio and is easily
determined in a practice setting
with urine dipstick tests.

o Hyposthenuria, polyuria, hematu-
ria, and cylindruria (presence of
casts in the urine) may also be seen.

ADVANCED OR CONFIRMATORY
TESTING

Histopathology of renal biopsy or post-
mortem samples: lesions of acute tubular
necrosis

TREATMENT
THERAPEUTIC GOAL(S)

Aminoglycoside nephrotoxicity is best
prevented by appropriate dosing and a
high-protein, high-calcium diet.

ACUTE GENERAL TREATMENT

e Discontinuation of aminoglycoside
therapy
e Nephrotoxicity

o Diuresis with balanced IV fluids and
correction of metabolic acidosis and
electrolyte abnormalities.

o Although peritoneal dialysis is
useful in lowering Cr and serum
urea nitrogen, it may not be effec-
tive in significantly increasing the
elimination of the accumulating
aminoglycoside.

e Neuromuscular blockade

o Prompt treatment with parenteral
calcium chloride at 10 to 20 mg/kg
IV or calcium gluconate at 30 to
60 mg/kg IV or neostigmine given
slowly IV at 100 to 200 pg/kg

transferase

to reverse dyspnea from muscle
response depression.

o Edrophonium at 0.5 mg/kg IV will
also reverse neuromuscular block-
ing effects.

DRUG INTERACTIONS

e Aminoglycosides are inactivated if
combined in vitro with other drugs
because of pH incompatibilities.

e The aminoglycosides are synergistic
against  streptococci, Pseudomonas
spp., and other gram-negative bacteria
if combined with B-lactam antibiotics
because of disruption of the bacterial
cell wall by the B-lactam antibiotic.

e Halothane anesthesia causes signifi-
cant changes in the pharmacokinetics
of gentamicin in horses: total body
clearance and volume of distribution
decrease, and half-life of elimination
increases. A longer gentamicin dosing
interval after anesthesia may help
correct the changes, but serious con-
sideration should be given to choice
of another antimicrobial.

e Neuromuscular blocking agents or
drugs with neuromuscular blocking
activity should not be used concur-
rently with aminoglycosides because
they may increase the risk of neuro-
muscular blockade, particularly during
anesthesia.

e Other nephrotoxic drugs and diuretics
should be avoided when possible
during aminoglycoside therapy.

e Concurrent administration of phenyl-
butazone with gentamicin decreases
the elimination half-life of gentamicin
by 23% and decreases the volume
of distribution by 26%; the pharmaco-
kinetics of phenylbutazone is not
altered.

POSSIBLE COMPLICATIONS

e Chronic renal failure
e Death

RECOMMENDED MONITORING

e Individual horses differ widely in
the serum concentrations produced
from the same aminoglycoside dosage
regimen.

o There is a tendency to underdose
neonatal patients, especially those
that are receiving aggressive fluid
therapy.

e Therapeutic drug monitoring may
reduce toxicity and confirm therapeu-
tic concentrations.

o To allow for the distribution phase,
blood sampling for the peak con-
centration is done at 0.5 to 1 hour
after administration, and the trough
sample is usually taken before the
next dose.

o The peak and trough concentra-
tions can then be used to estimate

the elimination half-life for the indi-
vidual patient.

o If using a once-daily regimen, a
blood sample just before the next
dose will be well below the recom-
mended trough concentrations and
may even be below the limit of
detection of the assay. For these
patients, an 8-hour postdose sample
will provide a more accurate esti-
mate of the elimination half-life.

o Serum concentrations of drug
should be 0.5 to 2.0 pg/mL before
the next dose (gentamicin, tobramy-
cin) or less than 6 pg/mL for
amikacin.

o An increase in the elimination half-
life during therapy with increasing
trough concentrations is a very
sensitive indicator of early tubular
insult.

PROGNOSIS AND
OUTCOME

e Recovery depends on the
total dose exposure and the
amount of healthy renal tissue remain-
ing to compensate.

e Progression to oliguric or anuric renal
failure is infrequent, and most horses
recover.

PEARLS &
CONSIDERATIONS

COMMENTS

e Uptake and accumulation of amino-
glycosides into renal tubular epithe-
lium demonstrate saturable kinetics.

e Because nephrotoxicity is related to
aminoglycoside accumulation in the
renal proximal tubular cells, it is
logical that peak concentrations are
not related to toxicity and that longer
dose intervals result in less total drug
exposure to the renal brush border
membrane.

e High-dose, once-daily dosing of
aminoglycosides has now become
common in human and veterinary
medicine. This dosing regimen takes
advantage of the concentration-
dependent killing and long postantibi-
otic effect of these drugs, and avoids
first exposure adaptive resistance and
toxicity.

PREVENTION

e Calcium supplementation reduces the
risk of nephrotoxicity.

e The risk of nephrotoxicity can also be
decreased by feeding a high-protein,
high-calcium diet such as alfalfa
because protein and calcium cations
compete with aminoglycoside cations

23
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for binding to renal tubular epithelial
cells. High dietary protein also
increases the glomerular filtration rate
and renal blood flow, reducing amino-
glycoside accumulation.

SUGGESTED READING

Bucki EP, Giguere S, Macpherson M, et al:
Pharmacokinetics of once-daily amikacin in

healthy foals and therapeutic drug monitor-
ing in hospitalized equine neonates. J Vet
Intern Med 18:728-733, 2004.

Riviere JE, Coppoc GL, Hinsman EJ, et al:
Species dependent gentamicin pharmaco-
kinetics and nephrotoxicity in the young
horse. Fundam Appl Toxicol 3:448-457,
1983.

Schumacher J, Wilson RC, Spano JS, et al:
Effect of diet on gentamicin-induced neph-

Amyloidosis

rotoxicosis in horses. Am J Vet Res 52:1274—
1278, 1991.

van der Harst MR, Bull S, Laffont CM, et al:
Gentamicin nephrotoxicity—a comparison
of in vitro findings with in vivo experiments
in equines. Vet Res Commun 29:247-261,
2005.
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Amyloidosis

BASIC INFORMATION
DEFINITION

Progressive  systemic ~or cutaneous
disease resulting from excessive deposi-
tion of insoluble protein polymers known
as amyloid in various organs, especially
the kidneys. This leads to progressive
organ failure.

EPIDEMIOLOGY

SPECIES, AGE, SEX

e An uncommon disease that develops
in older horses

e No sex or breed predilections

RISK FACTORS

e Visceral amyloidosis develops second-
ary to chronic infections, severe strong-
ylid parasitism, or excessive immune
stimulation. It is a significant problem
in horses used in the commercial pro-
duction of hyperimmune serum.

e Cutaneous amyloidosis is not associ-
ated with chronic inflammation but
possibly with the presence of malig-
nant histiocytic lymphoma.

ASSOCIATED CONDITIONS

AND DISORDERS

e Renal failure

e Protein-losing nephropathy

e Specific organ failure depends on the
location of amyloid deposits

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Most visceral cases are detected inci-
dentally at necropsy.

e Protein-losing nephropathy and renal
failure secondary to deposition of
amyloid within glomeruli present as
nephritic syndrome with massive
proteinuria.

e Rarely involves the upper respiratory
tract, including the nasal cavity,
pharynx, larynx, guttural pouch, and
associated lymph nodes.

e Cutaneous disease is associated with
development of tumorlike amyloid
nodules; papules and plaques; and

subcutaneous amyloid deposits pres-
ent on the head, neck, and chest.

HISTORY, CHIEF COMPLAINT

e Disease of gradual insidious onset

e Secondary amyloidosis develops gra-
dually in response to chronic inflam-
mation in osteomyelitis, abscesses,
traumatic pericarditis, or tuberculosis.

e Insidious signs of progressive liver and
kidney failure

e Chronic weight loss
emaciation

e In renal failure, the animal is uremic
and becomes comatose

e Amyloidosis of the gut wall may result
in diarrhea

e Cutaneous amyloidosis is a nodular
disease of the skin

PHYSICAL EXAM FINDINGS

e Visceral: Depends on the organs
affected; may include mild spleno-
megaly or hepatomegaly, ascites or
edema secondary to renal failure
(see “Renal Failure, Chronic” in this
section), or severe weight loss

e Cutaneous: Firm, nonpainful, nonpru-
ritic swellings with normal overlying
skin

ETIOLOGY AND PATHOPHYSIOLOGY

e Serum amyloid A is an acute-phase
protein produced in large amounts in
chronic inflammation.

e Misfolded serum amyloid A forms
B-pleated sheets. B-pleated sheets are
highly insoluble and are deposited in
organs as AA amyloid.

e Deposition of AA amyloid in glomeruli
leads to loss of glomerular function
and progressive renal failure.

e Deposition of AA amyloid in the
liver and spleen leads to organ
enlargement.

e Very rarely, excessive immunoglobu-
lin light chain production in myelomas
or other monoclonal gammopathies
may lead to deposition of AL amyloid.
AL amyloid is a degradation product
of immunoglobulin light chains.

leading to

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

Systemic

e Protein-losing nephropathy
e Nephritic syndrome

e Renal failure

e Pyelonephritis

Cutaneous

e Nodular necrobiosis

e Cutaneous lymphosarcoma

INITIAL DATABASE

e Hematology: Unremarkable

e Chemistry profile: Evidence of renal
failure

e Urinalysis: Massive proteinuria if
amyloid is deposited in glomeruli

e Imaging: Often unremarkable

TREATMENT
THERAPEUTIC GOAL(S)

e Visceral: Identification and removal of
the underlying inflammatory cause
e Treatment of renal failure

ACUTE GENERAL TREATMENT

e Stabilization and treatment of any
urinary crisis

e Treatment of protein-losing nephro-
pathy

e Stop hyperimmunization

CHRONIC TREATMENT

e Management of concurrent inflamma-
tory disease or neoplasm

e Maintenance of renal function

e Cutaneous: No effective treatment

RECOMMENDED MONITORING

Urine protein/creatinine ratio, urinalysis,
serum albumin, and creatinine levels
should be measured every 3 months after
the patient is stabilized.
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PROGNOSIS AND PEARLS &
OUTCOME CONSIDERATIONS
e Poor to bad COMMENTS

e Largely determined by the
degree of renal damage

e Elimination of the source of inflamma-
tion will reduce the rate of disease
progression and improve prognosis.

Some amyloidosis is present in all elderly
horses. This may have no detectable
effect on renal function.

PREVENTION

Prevent the development of persistent
inflammatory foci such as abscesses and
chronic osteomyelitis.
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SUGGESTED READING

Buxbaum J: The genetics of the amyloidoses:
interactions with immunity and inflamma-
tion. Genes Immun 7:439-449, 20006.

Gliatto JM, Alroy J: Cutaneous amyloidosis in
a horse with lymphoma. Vet Rec 137:
68-69, 1995.

Hawthorne TB, Bolon B, Meyer DJ: Systemic
amyloidosis in a mare. J Am Vet Med Assoc
196:323-325, 1990.

Kim DY, Taylor HW, Eades SC, et al: Systemic
AL amyloidosis associated with multiple
myeloma in a horse. Vet Pathol 42:81-84,
2005.

van Andel AC, Gruys E, et al: Amyloid in the
horse: a report of nine cases. Equine Vet |
20:277-285, 1988.

AUTHOR & EDITOR: JAN TIZARD



Anagen/Telogen Defluxion

BASIC INFORMATION
DEFINITION

e Telogen defluxion is hair loss associ-
ated with the telogen phase (resting
phase) of hair growth.

e Anagen defluxion is the loss of hair
during the anagen phase (active
phase) of hair growth.

EPIDEMIOLOGY

RISK FACTORS

e Telogen defluxion: Stressors such as
pregnancy, illness, and shock

e Anagen defluxion: Stressors such as
antimitotic drugs, malnutrition, and
metabolic and endocrine disorders

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT

e Telogen defluxion: History of stressor

e Anagen defluxion: History of stressor,
administration or antimitotic drug,
malnutrition, or metabolic or endo-
crine disorder

PHYSICAL EXAM FINDINGS Acute hair

loss

ETIOLOGY AND PATHOPHYSIOLOGY

¢ In telogen defluxion, there is a prema-
ture cessation of hair growth as a
result of a stress, such as pregnancy,

high fever, severe illness, or shock,
that leads to synchronous shedding of
telogen hairs 2 to 3 months later.

e Anagen defluxion is a result of similar
stresses as telogen defluxion plus the
use of antimitotic drugs, malnutrition,
and endocrine and metabolic disor-
ders that interfere with the anagen
phase of hair growth. This interference
leads to hair loss and breaking of
anagen phase hairs at the epidermal
surface.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

Seasonal molting
Dermatophilosis
Dermatophytosis
Sarcoidosis
Pemphigus foliaceus
Alopecia areata
Mercurial poisoning
Anbhidrosis

Selenium poisoning

ADVANCED OR CONFIRMATORY

TESTING

e Microscopic examination of hairs is
needed to confirm the diagnosis.

e Telogen hairs are characterized by a
uniform shaft diameter; clubbed, non-

pigmented root ends; and a lack of
root sheaths.

e Anagen hairs are characterized by an
irregular shaft diameter, deformity of
the shaft, and ragged points or ends
that easily break.

TREATMENT

ACUTE GENERAL

TREATMENT

Resolves after removal or treatment of
underlying cause

PROGNOSIS AND
OUTCOME

Good

SUGGESTED READING

Milne E, Rowland AC: Anagen defluxion in
two horses. Vet Dermatol 3:139-143, 1992.

Pascoe RRR, Knottenbelt DC: latrogenic and
idiopathic  disorders. In Pascoe RRR,
Knottenbelt DC, editors: Manual of equine
dermatology. London, 1999, WB Saunders,
pp 199-200.

AUTHOR: JENNIFER TAINTOR

EDITOR: DAVID A. WILSON
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Anaphylaxis

BASIC INFORMATION

DEFINITION

A life-threatening acute immediate hyper-
sensitivity reaction occurring as a result
of the rapid release of inflammatory
mediators from mast cells. Affected
horses may develop acute respiratory

distress, cardiovascular collapse, and
death.
SYNONYM(S)

e Anaphylactic shock
e Acute anaphylaxis
e Type I hypersensitivity

EPIDEMIOLOGY

RISK FACTORS

e Previous exposure and sensitization to
antigens suspected to cause allergies
increases the risk, but this is not
always recognized.

e May be triggered by antigens in
vaccines, hormones, antibiotics, or
antiparasitic agents.

e IV penicillin may
anaphylaxis in horses.

e Geography and seasonality: Insect-
related anaphylaxis may be a summer
disease.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Anaphylactoid reactions: Under some
circumstances, mast cell degranulation
may occur in the absence of immuno-
globulin E (IgE) antibodies and
without prior sensitization. Thus these
reactions do not require previous
exposure to antigens.

e Anaphylactic reactions: Occur when
an antigen (allergen) binds to IgE mol-
ecules located on the mast cell surface.
These IgE molecules are induced by
prior exposure to allergens.

HISTORY, CHIEF COMPLAINT

trigger acute

e Recent exposure to an inciting
allergen

e Severe pruritus with urticaria

e Severe respiratory distress

e Excitement and ataxia

e Collapse

L]

Angioneurotic edema and laminitis
may also develop

PHYSICAL EXAM FINDINGS
Generalized wheals

Weakness

Poor pulse quality

Tachycardia

Severe dyspnea

Collapse and coma

ETIOLOGY AND PATHOPHYSIOLOGY

Anaphylactic reactions

e Initial exposure to an allergen results
in a Th2 response and the production
of IgE antibodies. These antibodies
bind to Fc receptors on the surface of
mast cells and basophils.

e Subsequent exposure of the primed
animal to the antigen results in antigen
binding to the bound IgE and signal-
ing to the mast cells and basophils,
resulting in their rapid degranulation.

e Granules release the primary media-
tors, notably histamine and heparin.

e Degranulated cells synthesize second-
ary mediators, namely prostaglandins
and leukotrienes, through the arachi-
donic acid cascade.

e Within a few hours, degranulated cells
synthesize multiple cytokines, notably
interleukin (IL)-4 and IL-13.

e The initial stages include acute hypo-
tension combined with pulmonary
arterial hypertension coinciding with
histamine release. In a second phase,
beginning about 3 minutes after expo-
sure, venous blood pressure increases,
coinciding with serotonin release.
About 8 to 12 minutes after exposure,
a third phase begins characterized by
a reflex increase in blood pressure
and alternating apnea and dyspnea.
Subsequently, prostaglandin and leu-
kotriene release lead to a phase of
prolonged hypotension.

e The changes in vascular tone, increased
vascular permeability, and broncho-
spasm lead to pulmonary congestion,
edema, emphysema, and eventual
death from hypoxia.

Anaphylactoid reactions

e Exposure to antigen leads to activation
of the complement system, leading to
the production of the peptides C3a
and C5a.

e These peptides trigger mast cell and
basophil degranulation and the release
of mediator molecules.

e Mediator molecules, especially hista-
mine, cause rapid smooth muscle con-
traction, especially in the respiratory
and digestive tracts.

e Bronchoconstriction causes dyspnea,
suffocation, collapse, and death.

e Severe rapid constriction of gastroin-
testinal smooth muscle leads to acute
abdominal discomfort and colic.

e Heparin may prevent blood coagul-
ation and lead to subsequent
hemorrhage.

e Mast cell release of mediators within
the skin may lead to localized swell-
ing, urticaria, and pruritus.

DIAGNOSIS

e Diagnosis is based on history
and physical examination
findings.

e Anaphylaxis may cause severe
dyspnea, distress, recumbency, and
convulsions.

e Death may occur in less than 10
minutes but more commonly takes
about 1 hour. Time is of the essence.

DIFFERENTIAL DIAGNOSIS

e Shock

e Pulmonary edema
e Heart disease

e Acute colic

INITIAL DATABASE

The complete blood count may show an
increase in packed cell volume and neu-
tropenia. Serum electrolytes may show
high potassium.

TREATMENT
THERAPEUTIC GOAL(S)

e Remove the offending allergen.

e Provide respiratory and cardiovascular
support.

e Antagonize allergic mediators.

ACUTE GENERAL TREATMENT

e Initiate treatment immediately. Delay
may be fatal.

e Epinephrine (0.1 mg/kg) to treat
hypotension and bronchoconstriction.
Give IM or one-fifth of the dose IV.
This often works very rapidly, and the
effect persists for 1 to 3 hours.

e Corticosteroids may potentiate the
effects of epinephrine.

e Establish an airway in horses with
upper airway obstruction or laryngeal
edema.

e Give oxygen therapy.

e Bronchodilation if dyspnea persists
after epinephrine administration: Ami-
nophylline (15 mg/kg PO twice daily).

CHRONIC TREATMENT

e If the patient shows only mild signs of
dyspnea or skin lesions, treatment
may include:

o Glucocorticoid therapy: Dexameth-
asone sodium phosphate

o Antihistamine therapy (of question-
able utility)

POSSIBLE COMPLICATION

Cardiac arrhythmias
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RECOMMENDED MONITORING

e Monitor frequently for 24 hours after
reaction.

e Monitor heart rate, respiratory rate and
effort, pulse rate and quality, and
mucous membrane color.

PROGNOSIS AND
OUTCOME

Immediate  recognition and
prompt epinephrine therapy are
critical to success. Death may occur
within minutes in severe cases.

PEARLS &
CONSIDERATIONS

PREVENTION

Administer all TV medications slowly.
Be aware that many therapeutic
agents, especially those containing
proteins such as vaccines, may cause
anaphylaxis.

It is best not to administer potential
allergens to patients with a history of
allergic reactions to an agent.
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CLIENT EDUCATION

After an animal is sensitized, allergen
avoidance is the only sure method of
prevention.

SUGGESTED READING

Eyre P: Preliminary studies of pharmacological
antagonism of anaphylaxis in the horse.
Can ] Comp Med 40:149-152, 1976.

Hanna CJ, Eyre P, Wells PW, et al: Equine
immunology 2: immunopharmacology—
biochemical basis of hypersensitivity.
Equine Vet J 14:16-24, 1982.

Nielsen IL, Jacobs KA, Huntington PJ, et al:
Adverse reaction to procaine penicillin G in
horses. Aust Vet ] 65:181-185, 1988.

AUTHOR & EDITOR: IAN TIZARD



Anemia, Equine Infectious

BASIC INFORMATION
DEFINITION

Equine infectious anemia (EIA) A viral
infection of Equids caused by a lentivirus
and characterized by inapparent infec-
tions and occasional clinical disease with
recurrent episodes of fever, lethargy,

inappetence, thrombocytopenia, and
anemia
SYNONYM(S)

e Swamp fever
e Coggins disease
e EIA

EPIDEMIOLOGY

SPECIES, AGE, SEX

e No known age, gender, or breed
predisposition

e Affects horses,
mules, and zebras

CONTAGION AND ZOONOSIS

e Spread by transfer of blood or body

fluids

> Most

large

deerflies.

o Stable flies may also be involved in
transmission.

o Insects are mechanical vectors, and
the virus lives only a limited amount
of time on vector mouthparts.

o Jatrogenic infections are common
through use of common needles or
contaminated equipment.

o A recent outbreak in Ireland
suggests the possibility of direct or
indirect horse-to-horse transmission
without vectors or iatrogenic
infection.

e Not zoonotic

ponies, donkeys,

o commonly

biting

transmitted by
horseflies  and

GEOGRAPHY AND SEASONALITY

e Present worldwide

e Prevalence highest in regions with
warm climates and large numbers of
potential vector insects

e In the United States, most common in
Gulf Coast states

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Acute disease causes fever, lethargy,
and inappetence with mild thrombo-
cytopenia.

e Inapparent infection with no recogniz-
able clinical signs is most common.

e Chronic disease is associated with
recurrent episodes of fever with weight
loss, ventral edema, and petechial
hemorrhages.

HISTORY, CHIEF COMPLAINT

e Fever, weight loss, petechial hemor-
rhages

e Inapparent carriers often identified at
time of routine surveillance testing

PHYSICAL EXAM FINDINGS

e Acute disease: Fever, lethargy

e Inapparent carrier: Minimal recogniz-
able clinical signs

e Chronic disease: Fever, ventral non-
painful pitting edema, petechial hem-
orrhages, poor body condition

ETIOLOGY AND PATHOPHYSIOLOGY

e EIA virus is a member of the lentivirus
genus of the Retroviridae family.

e Establishes persistent, lifelong infec-
tion in Equids.

e The virus undergoes antigenic varia-
tion with resultant recurring episodes
of fever and viremia.

e The immune system ultimately con-
trols viral replication in most horses,
resulting in inapparent carriers with
minimal signs of disease.

e Uncontrolled viral replication results
in signs of chronic disease.

e Anemia and thrombocytopenia
probably result from immune- and
non—-immune-mediated peripheral
destruction of erythrocytes and plate-
lets as well as impaired bone marrow
production of new cells.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Any chronic infectious or inflamma-
tory disease

e Purpura hemorrhagica

e Equine viral arteritis

e African horse sickness

INITIAL DATABASE

e Acute disease: Thrombocytopenia
most common; possibly mild anemia

e Inapparent carriers: Minimal abnor-
malities on routine bloodwork; possi-
ble mild hyperglobulinemia

e Chronic disease: Evidence of chronic
infection, inflammation
© Anemia
o Leukocytosis

neutrophilia

o Hyperfibrinogenemia
o Hyperglobulinemia
©  Monocytosis
o Thrombocytosis

ADVANCED OR CONFIRMATORY
TESTING

e In the United States, all testing must
be done at diagnostic laboratories
approved by the U.S. Department of
Agriculture (USDA).

e A positive serologic infection confirms
infection in adult horses. Foals from

caused by mature
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seropositive mares may be seroposi-

tive from passive antibody transfer for

up to 12 months.
e Serologic assays must be approved by
the USDA for diagnosis.

o Agar gel immunodiffusion (AGID or
Coggins’ test): Rare false-negative
results

° Enzyme-linked immunosorbent
assay (ELISA): Occasional false-
positive results

© Western immunoblot: May be used
as a confirmatory test for horses
with equivocal AGID or ELISA
results

TREATMENT

THERAPEUTIC GOAL(S)

e Supportive and symptomatic care may
be considered during febrile, viremic
episodes.

e Most seropositive, infected horses are
euthanized.

ACUTE GENERAL TREATMENT

e No effective antiviral therapy is avail-
able.

e General, supportive care depending
on the severity of clinical signs should
be provided.

PROGNOSIS AND
OUTCOME

e All seropositive horses are
considered infected for life.

e Most seropositive horses show minimal
clinical signs and may live a normal
life span with the infection.

e In the United States, federal and state
laws dictate the response to a positive
serologic test.

o Seropositive horses must be placed
under quarantine within 24 hours
after the positive test results are
known.

o The quarantine area must provide
at least 200 yards of separation from
all other Equids.

° A confirmatory test is performed.

o Seropositive reactor horses must be
permanently identified using the

National Uniform Tag code number
assigned by the USDA to the state
in which the reactor was tested fol-
lowed by the letter A. This identifi-
cation may take the form of a hot
brand, chemical brand, freeze
marking, or lip tattoo and must be
applied by a USDA representative.

o Reactor horses must be separated
and removed from the herd by
euthanasia, slaughter, or quarantine
at the premises of origin.

o Reactor horses may only move
interstate under official permit to a
federally inspected slaughter facil-
ity, to a federally approved diagnos-
tic or research facility, or to return
to the premises of origin.

o After a reactor is detected in a herd
and removed, testing for the disease
must be performed on all horses on
the premises and repeated until all
remaining Equids on the premises
test negative. These horses must be
retested at 30- to 60-day intervals
until no new cases are found.

© Quarantine on the premises is
released when test results for the
entire herd have been negative at
least 60 days after the reactor Equids
have been removed.

PEARLS &
CONSIDERATIONS

PREVENTION

e There is no effective vaccine to prevent
EIA.

e The United States has an established
federal and state prevention plan
based on serosurveillance:

o All Equids being moved interstate
must have been tested for EIA with
a negative result within 12 months
before movement.

o All Equids sold, traded, or donated
within a state must have been tested
negative for EIA no more than 12
months before a change in owner-
ship and, preferably, no more than
60 to 90 days.

o All Equids entering horse auctions
or sales markets are required to
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have a negative test result before
sale or the horse must be held in
quarantine within the state until the
test results are known.

e It is recommended that horse owners
implement the following EIA control
measures.

o Test all horses at least every 12
months as part of a routine health
program. More frequent testing may
be indicated in some areas with a
high incidence.

o Owners of Equids entering exhibi-
tions or competitive events should
present proof to event officials of a
negative EIA test result.

o All new Equids introduced into a
herd should have a negative EIA
test result before entry or be iso-
lated on the farm while test results
are pending.

o Vector control practices, including
application of insecticides and
repellants and environmental insect
control, should be implemented.

°o Good hygiene and disinfection
principles should be maintained
to prevent iatrogenic infection of
horses with contaminated needles,
syringes, or equipment.

CLIENT EDUCATION

All horse owners should be advised of
the importance of maintaining an EIA
prevention program as described above
and encouraged to test all horses at least
annually.

SUGGESTED READING

Mealey RH: Equine infectious anemia. In
Sellon DC, Long MT, editors: Equine infec-
tious diseases, St Louis, 2007, Elsevier,
pp 396—404.

United States Department of Agriculture,
Animal and Plant Health Inspection Service:
Equine infectious anemia: uniform methods
and rules. Available at http://www.aphis.
usda.gov/vs/nahss/equine/eia/eia_umr_
jan_10_2007.pdf.

AUTHOR: DEBRA C. SELLON

EDITORS: DEBRA C. SELLON and
MAUREEN T. LONG
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Anemia, Immune-Mediated

BASIC INFORMATION SYNONYM(S) EPIDEMIOLOGY
e Autoimmune hemolytic anemia e Acute anemia resulting from auto-
DEFINITION e Immune-mediated hemolytic anemia immune attack by antibodies directed
(IMHA) against erythrocyte membrane anti-

Anemia resulting from a loss of erythro-
cytes caused by increased destruction by
autoantibodies and complement.

gens.
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e May be triggered by infection with
Streptococcus fecalis. In these cases,
immunoglobulin M (IgM) cold agglu-
tinins clump red blood cells (RBCs)
from normal horses when chilled.

o May occur in horses with lympho-
sarcoma and melanoma

ASSOCIATED CONDITIONS AND

DISORDERS Thrombocytopenia  (see

“Thrombocytopenia, Immune-Mediated”

in this section)

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT

e Pallor, weakness, depression, anorexia

e Anemia, lethargy, weakness

e Inappetence and anorexia

* Icterus

e Discolored urine (hemoglobinuria)

PHYSICAL EXAM FINDINGS

Weakness and depression

Pale mucous membranes

Icterus

Tachycardia

Tachypnea or dyspnea

Chronic anemia may result in cardiac

dilation and development of a hemic

murmur

e Pyrexia

e Splenomegaly

e Hemoglobinuria

ETIOLOGY AND PATHOPHYSIOLOGY

e Most cases are the result of apparently
spontaneous  production of anti-
erythrocyte  autoantibodies.  These
autoantibodies bind to erythrocytes
and trigger their destruction.

e Some cases may be associated with
infections or the presence of lymphoid
neoplasia.

e Antibodies may target erythrocyte
antigens directly (primary IMHA).

e Alternatively, antibodies may target
modified erythrocyte membranes.
These membranes may be modified by
drugs or other infectious agents (sec-
ondary IMHA).

e Extravascular hemolysis may result in
splenomegaly.

e Intravascular
occur.

e Liver and other organ damage may
result from ischemia.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Blood loss for other reasons
¢ Bleeding disorder

hemolysis may also

Bone marrow failure
Anemia of chronic disease
Hepatitis

Biliary obstruction
Hemolytic toxins

INITIAL DATABASE

e Complete blood count with packed
cell volume (PCV), erythrocyte
number, hemoglobin content, and
RBC morphology. Reticulocyte counts
are not usually informative.

e Check for autoagglutination, sphero-
cytosis, polychromasia, anisocytosis,
reticulocytosis, and increased erythro-
cyte fragility.

e Serum may be discolored because of
hemoglobinemia.

e Serum chemistry profile with total
protein, baseline bilirubin, serum elec-
trolytes, and serum liver and kidney
enzymes.

e Urinalysis as
function.

e Coagulation panel.

ADVANCED OR CONFIRMATORY
TESTING

Direct antibody test (Coomb’s test) or
flow cytometry

TREATMENT

THERAPEUTIC GOAL(S)

e Maintenance  of
capacity

e Prevention of additional RBC loss

e Replacement of lost RBCs

e Immunosuppression

ACUTE GENERAL TREATMENT

e Packed RBC transfusion
is severe (tachycardia,
weakness)

e Dexamethasone sodium phosphate
solution (0.08 mg/kg) PO once daily.
After a response is obtained, progres-
sively decrease to 0.02 mg/kg/day.

e Alternatively, 1 mg/kg/day PO predni-
solone

e IV crystalloids

CHRONIC TREATMENT

Continued  immunosuppression  with
dexamethasone and tapering doses if
hematocrit remains stable

a measure of renal

oxygen-carrying

if anemia
tachypnea,

POSSIBLE COMPLICATIONS

e Adverse drug side-effects.

e Steroid-induced laminitis.

e In extreme cases of anemia, irrevers-
ible renal damage may prevent com-
plete recovery.

RECOMMENDED MONITORING

e During acute crisis, PCV should be
assessed two to three times daily.

e After the patient is stabilized, PCV
should be monitored weekly for at
least 1 month.

PROGNOSIS AND
OUTCOME

Animals generally respond well,
so the prognosis is good,;
however, relapses are common.

PEARLS &
CONSIDERATIONS

Clients should be counseled to
watch for signs of relapse.

SUGGESTED READING

Davis EG, Wilkerson MJ, Rush BR: Flow
cytometry: clinical applications in equine
medicine. J Ver Intern Med 16:404—410,
2002.

McConnico RS, Roberts MC, Tompkins M:
Penicillin-induced immune-mediated hemo-
lytic anemia in a horse. J Am Vet Med Assoc
201:1402-1403, 1992.

Robbins RL, Wallace SS, Brunner CJ, et al:
Immune-mediated hemolytic disease after
penicillin therapy in a horse. Equine Vet |
25:462-405, 1993.

Thomas HL, Livesey MA: Immune-mediated
hemolytic anemia associated with trime-
thoprim-sulphamethoxazole administration
in a horse. Can Vet J 39:171-173, 1998.

Weiss DJ, Moritz A: Equine immune-mediated
hemolytic anemia associated with Clostrid-
ium perfringens infection. Vet Clin Pathol
32:22-26, 2003.

Wilkerson M]J, Davis E, Shuman W, et al:
Isotype-specific antibodies in horses and
dogs with immune-mediated hemolytic
anemia. J Vet Intern Med 14:190-196, 2000.

AUTHOR & EDITOR: JAN TIZARD
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Angular Limb Deformity

BASIC INFORMATION

DEFINITION

Angular limb deformities (ALDs) result in
a limb deviation in the frontal plane
either toward (varus) or away (valgus)
from the body. They are often bilateral
and are usually associated with growth
centers, especially the epiphysis, but they
can be diaphyseal. Not all ALDs are
abnormal.

SYNONYM(S)

e Knock knees
e Cow hocks
e Toeing in or toeing out

EPIDEMIOLOGY

GENETICS AND BREED

PREDISPOSITION

e Anecdotal evidence suggests ALD is
genetic, but this is unproven.

e ALDs are most common in light-breed
horses with fast growth rates such as
Thoroughbreds and Quarter Horses,
but they may occur in any breed.

RISK FACTORS

e Prematurity or dysmaturity, ligamen-
tous laxity.

e For “windswept” foals, small uterine
size in the mother and a lack of fetal
activity are considered possible causes.

ASSOCIATED CONDITIONS AND DIS-
ORDERS Some degree of limb rotation
is often associated with ALD. Inward
rotation is usually associated with varus
and outward rotation with valgus.
Although most ALDs are bilaterally sym-
metrical, an uncommon manifestation of
congenital ALD is windswept foals, in
which paired limbs are deviated in one
direction. Rarely, ALDs are the result of
severe congenital developmental bone
disorders.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e The most common congenital ALD is
carpal valgus followed by fetlock
valgus and varus.

e Much rarer is tibial valgus followed by
varus.

HISTORY, CHIEF COMPLAINT

e Congenital ALD may worsen during
the first week of life because of
the effects of gravity and asymmetric
weight bearing.

e Severely affected foals may have dif-
ficulty nursing and ambulating.

PHYSICAL EXAM FINDINGS Uncom-

plicated ALD in a neonate should not

result in lameness or periarticular swell-

ing. If caused by epiphyseal or physeal

dysplasia, the limb examination results

are normal but the deviation cannot be

corrected manually. If caused by epiphy-
seal ligamentous laxity, the deviation can
be corrected manually.

ETIOLOGY AND PATHOPHYSIOLOGY

e Most congenital ALDs are caused by
some degree of immaturity of soft and
hard tissues of limbs and possibly in
utero positioning.

e The impact of genetics is more likely
the result of breed influence for
slender limbs and fast growth rather
than an individual parent’s impact.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Uncomplicated limb deviations

ALD caused by severe laxity

e ALD caused by prematurity or
dysmaturity

e Congenital limb malformation

INITIAL DATABASE

The limbs should be checked for liga-
mentous laxity and foot balance. Radio-
graphs should be obtained of severe
deviations or in foals in which cuboidal
bone hypoplasia is suspected.

ADVANCED OR CONFIRMATORY
TESTING

Computed tomography or magnetic reso-
nance imaging can be used to character-
ize deviations in cross-sectional anatomy
but is rarely necessary.

TREATMENT

THERAPEUTIC GOAL(S)

e Most ALDs improve as the foal matures,
as long as there is no persistent uneven
limb loading. Allowing appropriate
exercise is the most important man-
agement strategy in the treatment of
ALDs (Figure 1).

e Foals with severe ligamentous laxity
should have splints or casts applied to
properly align the limb and protect the
lax ligaments from additional stretch-
ing. Coaptation will also protect bones
from asymmetric loading that may
result in added stretching and bone
crushing (Figure 2).

ACUTE GENERAL TREATMENT

e Balance the foot.

e Provide enough exercise to promote
musculoskeletal development but not
enough to result in excessive asym-
metric weight bearing and further

FIGURE 1 Six-week-old foal with significant bilateral carpal valgus deformity; right worse
than left with outward rotation deviations. Full evaluation of these deviations requires

radiography. (Courtesy Dr. Joanne Kramer.)
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FIGURE 2 Dorsopalmar radiograph of both forelimbs of the foal in Figure 1. Abnor-
malities apparent include greater than 20 degrees of carpal valgus and mild crushing of
the lateral aspect of the epiphysis and the lateral styloid process of the right forelimb and
approximately 10 degrees of carpal valgus in the left forelimb. (Courtesy Dr. Joanne

Kramer.)

bone damage. Foals with hypoplastic
carpal bones should have exercise
limited to a large stall and may require
external coaptation if immaturity is
severe to protect the delicate cartilage
model for the mature bone.

e For fetlock inward deviations, the
addition of lateral hoof augmentation
to promote central foot breakover and
to limit lateral hoof wall wear can be
curative if applied early enough.

e Foals with ligamentous laxity require
splints or casts to protect the limb and
require stall confinement.

CHRONIC TREATMENT

e Surgical therapy may be helpful later
in life for some congenital ALDs.

e If maturation and exercise restriction
are not sufficient to correct the limb

deviation, either periosteal elevation
(PE) or transphyseal bridging (TB)
may be used to correct limb devia-
tions. PE can be done at any age and
may have some mild corrective effect.
TB is done usually no sooner than 14
days of age because the bone must
mature enough to hold the implants.
The efficacy of both procedures relies
on remaining growth potential in the
growth plate, which is greater in
younger foals. For distal metacarpal
or metatarsal deformities, procedures
should be done at less than 60 days.
For distal radial deformities, correction
can be obtained as late as 12 months,
although moderate to severe deformi-
ties require earlier intervention.
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POSSIBLE COMPLICATIONS

The most severe complication of ALD is
permanent deformation of the bones of
the limb, which will result in lifelong
lameness and abnormal locomotion.

RECOMMENDED MONITORING
No specific monitoring besides visual
examination is necessary for most foals
with ALD. However, if limb deviations
do not improve, radiographic examina-
tion is warranted.

PROGNOSIS AND
OUTCOME

e The vast majority of carpal
valgus in foals will correct as
the foals mature. Fetlock and carpal
varus deviations are more problematic
and may require more aggressive
intervention.

e Foals with hypoplastic bones or liga-
mentous laxity must be treated early
and carefully to avoid permanent limb
deformity.

PEARLS &
CONSIDERATIONS

COMMENTS

ALDs are very common in young foals,
and most self-correct. Intervention is
only necessary in a small number of
cases.

CLIENT EDUCATION

All foals should have a veterinary exami-
nation within 24 hours of birth to asses
their overall health and determine appro-
priate passive transfer. Also important is
a musculoskeletal examination to deter-
mine the foals’ suitability for exercise.

SUGGESTED READING

Santschi EM, Leibsle SR, Morehead JP, et al:
Carpal and fetlock conformation of the
juvenile Thoroughbred from birth to
yearling auction. Eq Vet J 38:604-609, 2006.

AUTHOR: ELIZABETH M. SANTSCHI

EDITORS: PHOEBE A. SMITH and
ELIZABETH M. SANTSCHI



Anthrax

BASIC INFORMATION
DEFINITION

Anthrax is an infectious disease caused
by ingestion of spores of a bacterium that

multiplies upon inoculation or ingestion
and secretes lethal toxins. A spore is
a refractile or stainable structure of a
microorganism formed as a hypobiotic
stage in the organism’s life cycle that

allows survival in environmental ex-
tremes. The vegetative form is a structure
of a microorganism that develops when
environmental conditions allow asexual
reproduction or multiplication.
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SYNONYM(S)

Wool sorter’s
splenic fever

EPIDEMIOLOGY

SPECIES, AGE, SEX No predilection.
Susceptibility to disease is greatest for
cattle followed by sheep and then horses
and goats. Pigs frequently develop
clinical anthrax after exposure to Bacillus
anthracis but are the only species that
may spontaneously recover (many still
die).

RISK FACTORS Geography, soil, water

conditions

CONTAGION AND ZOONOSIS

e The zoonotic risk of B. anthracis
cannot be minimized, and the occupa-
tional risk of infection of veterinarians
is very high compared with the risk
of intentional human-to-human trans-
mission. Personal protection when
handling anthrax-suspected animals
should be complete, including gloves,
boots, protective suits, and respiratory
and eye protection. This protection
must be maintained throughout all
environmental and equipment de-
contamination processes. Complete
bathing is recommended after hand-
ling any tissues or animals.

e In some situations, prophylactic anti-
biotic therapy is recommended if
exposure is thought to be high or
inadvertent through improper atten-
tion to personal protection. Animal
hide, hair, and wool can contain
spores, and people at occupational
risk should seek immediate medical
attention if skin or respiratory signs
occur.

GEOGRAPHY AND SEASONALITY

e Climatic stressors allow reliable pre-
diction of anthrax outbreaks. With
climatic change, outbreaks of anthrax
occur in infection cycles. A harbinger
of infection or primary infection cycle
occurs with the sudden death of one
or two animals that have been recently
introduced into an area. These infected
carcasses contaminate the soil with
B. anthracis. The secondary infection
cycle involves multiple animals that
develop anthrax after exposure to
contaminated soil or carcasses from
the primary infection cycle.

e Anthrax in local cattle is usually
observed within the same time period.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Cutaneous

e Respiratory

e Septicemic

e Sudden death

HISTORY, CHIEF COMPLAINT Sudden
death in an appropriate geographic
location

disease, carbon fever,

PHYSICAL EXAM FINDINGS

e Although not as frequently diagnosed
with B. anthracis infection as cattle,
horses do develop disease and die
from anthrax. After an incubation
period of about 3 to 7 days (can be as
short as 1 day or as long as 7 days),
horses usually develop the acute form
of anthrax, although sudden death
may occur. Initial clinical signs fre-
quently include colic with presenting
signs that may resemble those of acute
enteritis. These horses rapidly pro-
gress to high fever with dyspnea. Sub-
cutaneous edema of the ventral neck,
thorax, and abdomen may be seen,
especially with mediastinal involve-
ment. Ventral edema involving the
prepuce and mammary gland is pos-
tulated to be secondary to local trans-
mission from insects.

e If an animal dies of disease consistent
with anthrax in an endemic area, it is
best not to open the carcass. Not only
is this important for human safety, but
it is also exceptionally important for
long-term control by minimizing envi-
ronmental contamination. Collection
of blood in a closed system or a
splenic aspirate obtained percutane-
ously is recommended to facilitate
confirmation of the diagnosis. Blood
clots poorly in affected animals, so
a sample may be obtained for an
extended time after death.

e Postmortem analysis is not recom-
mended. The pathologic hallmark of
anthrax is the absence of rigor mortis,
with passage of blood from body
orifices. Petechiae and ecchymoses
are widespread, with large quantities
of blood-stained serous fluid within
body cavities. Severe mediastinal
edema, enteritis, and splenomegaly
are common. In particular, the spleen
has a “blackberry jam” appearance.

ETIOLOGY AND PATHOPHYSIOLOGY

e B. anthracis infection

e Evasion of the immune system, rapid
vegetative proliferation, and elabora-
tion of toxin are critical steps in the
pathogenesis of anthrax.

e The mammalian incubation period is
1 to 7 days for respiratory and gastro-
intestinal anthrax.

e Ingestion is likely the primary route
of inoculation, with a break in the
mucous membranes important.

e There is an initial round of primary

replication in the regional lymph
nodes.
e The organism enters the blood-

stream through lymphatic drainage,
with resultant bacteremia, septicemia,
toxemia, and dissemination to all
major organs.

e Anthrax toxin has three components:
Protective antigen (PA), lethal factor
(LF), and edema factor (EF).

o PA molecule binds to the «cell

surface and is the target of
antiserum.

o LF mediates the fatal effect of B.
anthracis.

o EF causes extravasation of intercel-
lular fluids into subcutaneous and
peritoneal compartments and inter-
stitial spaces.

o A combination of PA and LF must
be present for lethality.

o Complexing of EF and PA produces
edema.

o When all three toxin components
are present, the organism causes
necrosis of cells with edema and is
lethal.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Sudden death

e Sepsis

e Systemic inflammatory response syn-
drome (SIRS) or endotoxemia

INITIAL DATABASE

e With sudden death or a short course
of fatal disease in suspect cases, a
blood smear is safest.

e New methylene blue stain shows
chains of large, square, gram-positive
rods.

ADVANCED OR CONFIRMATORY
TESTING

e If a sample for culture is obtained,
initial identification of B. anthracis is
through the basic microbiologic fea-
tures discussed.

e Much safer for laboratory personnel is
the inoculation of guinea pigs for
lethality or fluorescent antibody testing
of smears of froth, blood, or splenic
aspirate.

e Serologic and molecular-based tech-
niques are important for identification
of the specific strain of B. anthracis.

e Strain typing to determine the origin
of exposure in humans is a priority
when bioterrorism is suspected.

e Molecular-based  techniques  have
been developed for environmental
monitoring and likely pose an alterna-
tive to inadvertent culture of body
fluids.

TREATMENT

THERAPEUTIC GOAL(S)
Prevent death

ACUTE GENERAL TREATMENT

e Anthrax is rapidly fatal in horses, and
it is unlikely that there would be an
opportunity for therapy of an animal
showing clinical signs at diagnosis.
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e Careful examination of other exposed
animals for disease should be per-
formed. Close monitoring of any
exposed horses may result in timely
administration of antimicrobial agents.

e Antimicrobials recommended for pre-
vention and treatment of anthrax
include penicillin, tetracyclines, and
fluoroquinolones.

e Recent outbreaks in humans support
the use of fluoroquinolones as a
first-line antimicrobial in suspected
B. antbracis infection.

e IV administration is highly recom-
mended. Single or short-duration
administration of prophylactic antibi-
otics is recommended for exposed
humans and is an option for horses.

e Supportive care is essential and con-
sists of cardiovascular support in the
form of fluid and oncotic therapy.
Intranasal oxygen may alleviate signs
of dyspnea.

RECOMMENDED MONITORING

e Limit access to body fluids.

e Limit access to hemolymphatic system.
e Do not perform a necropsy.

PROGNOSIS AND
OUTCOME

Extremely poor

PEARLS &
CONSIDERATIONS

PREVENTION

Vaccines are available for the preven-
tion of anthrax in cattle in some coun-
tries outside the United States.
Cattle vaccines in horses are not rec-
ommended in the guidelines of the
American Association of Equine Prac-
titioners. Injection site reactions and
severe edema after vaccination have
been described.
If B. antbracis is identified or sus-
pected in horses, implement methods
to prevent additional disease in horses
and to minimize risk of human disease.
Animals should have all external
debris removed by thorough bathing
with soap and water.
o May use a 0.5%
solution.

hypochlorite
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o Move animals away from sites that
have been exposed to anthrax-
laden carcasses.

o The World Health Organization
recommends incineration of closed
carcasses as the best method of

disposal.

o Ensure complete incineration,
including the ventral parts of the
carcass.

o The soil from the site can be burned
separately from the carcass or actu-
ally torched.

CLIENT EDUCATION

e Education regarding veterinarian eval-
uation of animals that die inexplicably
and suddenly

e Education on zoonoses for persons
living in endemic areas

SUGGESTED READING

American Veterinary Medical Association:
Anthrax Facts. Available at http://www.
avma.org/public_health/biosecurity/
anthrax_facts.asp.

AUTHOR: MAUREEN T. LONG

EDITORS: DEBRA C. SELLON and
MAUREEN T. LONG


http://www.avma.org/public_health/biosecurity/anthrax_facts.asp
http://www.avma.org/public_health/biosecurity/anthrax_facts.asp
http://www.avma.org/public_health/biosecurity/anthrax_facts.asp

Aortic Aneurysm

BASIC INFORMATION
DEFINITION

Localized abnormal dilation of the aorta
that can be congenital or acquired. May
occur at the aortic sinus or in the thoracic
or abdominal aorta.

EPIDEMIOLOGY

SPECIES, AGE, SEX More common in
males than females

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Intact aneurysm: May not cause clini-
cal signs.

e Ruptured aneurysms: Clinical signs
vary depending on the location (intra-
cardiac, thoracic, or abdominal).

HISTORY, CHIEF COMPLAINT

e Depends on the location and
etiopathology:

o Sinus of Valsalva: Condition is
asymptomatic until the aneurysm
ruptures (see “Aortocardiac Fistula”
in this section)

o Intrathoracic: Signs of right-sided
congestive heart failure, recum-
bency, shortness of breath, distress,

collapse, cardiovascular collapse, or
sudden death
o Intraabdominal: Colic, lameness, or
sudden death
PHYSICAL EXAM FINDINGS
e Intact aneurysm: may be found
incidentally; may or may not have a
murmur
e Clinical signs depend on the site of
rupture:
o Intracardiac
= Acute onset of right-sided heart
failure: Ventral edema, jugular
vein distension, jugular pulses,
congested mucous membranes,
decreased capillary refill time,
weak arterial pulses
= Ventricular arrhythmias: Result
of disruption of the conduction
system
= Sudden death
o Intrathoracic
= Signs of right-sided heart failure:
Ventral edema, jugular vein dis-
tension, jugular pulses, congested
mucous membranes, decreased
capillary refill time, weak arterial
pulses
= Sudden death

o Intraabdominal
= Hindlimb lameness and colic
= Sudden death

ETIOLOGY AND PATHOPHYSIOLOGY
e Sinus of Valsalva aneurysms are con-
genital defects in the media of the wall
of the aorta at the right sinus of

Valsalva.

e The pathogenesis of equine aortic
aneurysms is unknown.

o Damage to the aortic wall (degen-
eration of the media followed by
degeneration of the elastic tissue)
secondary to septic thrombosis,
parasitic migration, trauma, arterio-
sclerosis, bacterial or mycotic infec-
tions, cystic or laminar medial
necrosis, or a dissecting aneurysm
have all been suggested.

e Tears in the aorta may occur at any
level.

o Intracardiac rupture produces an
aortocardiac fistula.

o Rupture within the pericardium pro-
duces acute cardiac tamponade and
sudden death.

o Rupture of the extrapericardial
aorta leads to fatal hemorrhage or
a systemic-to-pulmonary shunt.
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FIGURE 1 Right parasternal echocardiograms of the left ventricular outflow tract. A, Long-axis view. Note the thin membranous sac
protruding from the sinus of Valsalva into the right atrium (arrow) and the dissection of blood along the left ventricular side of the
interventricular septum (arrowhead). B, Short-axis view. Note the thin membranous sac protruding from the sinus of Valsalva into the

right atrium (arrows).

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Heart failure from other causes
e Abdominal pain

INITIAL DATABASE

Radiology: May detect enlargement of a
dilated aortic aneurysm in the aortic arch

ADVANCED OR CONFIRMATORY

TESTING

e Echocardiography: Used to detect
sinus of Valsalva aneurysm, which is
visualized as a thin membranous sac
protruding from the sinus of Valsalva
at the junction of the membranous
septum and the aortic root (Figure 1).
Aneurysms of the ascending aorta may
be detected with echocardiography.

e Transesophageal echocardiography:
May detect aneurysms in the aortic
arch and descending aorta.

e Aneurysms in the thoracic or abdomi-
nal aorta are usually a postmortem
diagnosis.

TREATMENT
THERAPEUTIC GOAL(S)

e There is no treatment for intact aneur-
ysms; horses are not safe to ride.

ACUTE GENERAL TREATMENT

Only symptomatic treatment for intracar-
diac rupture of a sinus of Valsalva aneu-
rysm (see “Aortocardiac Fistula” in this
section)

RECOMMENDED MONITORING

Horses with documented aortic aneur-
ysms should have their attitude, appetite,
and vital signs (heart rate and rhythm,
respiratory rate and rhythm, and pulse
quality) regularly monitored by their
owners. In addition, these horses should
be periodically auscultated for the pres-
ence of new murmurs or a change in
character of existing murmurs. Any
changes should prompt a complete
cardiac workup, including echocardio-
graphy and electrocardiography, by a
veterinarian.

PROGNOSIS AND
OUTCOME

e Extremely grave
e Grave prognosis after identification of
an aneurysm because of the high risk
of sudden death
e Grave prognosis after rupture of the
aneurysm
o If the aorta ruptures into the tho-
racic or abdominal cavities, death

occurs  from

shock.

o If the aorta ruptures into the
pericardial sac, hemopericardium,
cardiac tamponade, and death
occur.

e Horses with intact aneurysms may live
for years; however, they are not safe
to use as performance horses because
of risk of rupture and sudden death.

PEARLS &
CONSIDERATIONS

rapid hypovolemic

A horse with an aortic aneur-

ysm, regardless of the location,

should not be used for riding because of
the high risk of sudden death.

SUGGESTED READING

Okamoto M, Kamitani M, Tunoda N, et al:
Mycotic aneurysm in the aortic arch of a
horse associated with invasive aspergillosis.
Vet Rec 160:268-270, 2007.

Reef VB: Cardiovascular ultrasonography. In
Reef VB, editor: Equine diagnostic ultra-
sound, Philadelphia, 1998, WB Saunders,
pp 215-272.

Shirai W, Momotani E, Sato T, et al: Dissecting
aortic aneurysm in a horse. J Comp Path
120:307-311, 1999.

AUTHOR: OLGA SECO DIAZ
EDITOR: MARY M. DURANDO



Aortic/Pulmonic Regurgitation, Acquired

Aortic/Pulmonic Regurgitation, Acquired

BASIC INFORMATION
DEFINITION

e Aortic regurgitation is common in
older horses, and the aortic valve is
the most common valve diagnosed
with  pathologic changes (usually
nodular or general fibrous thickening
of the valve leaflets).

e Pulmonic regurgitation is extremely
rarely diagnosed by auscultation; it
seldom results in an audible murmur
because the pressure difference
between the pulmonary circulation
and the right ventricle in diastole is too
low to produce significant turbulence
that will cause a murmur. In addition,
only rarely are clinical signs associated
with pulmonic regurgitation in horses.
Therefore most pulmonic regurgitation
is of no relevance for clinicians unless
it is severe or associated with bacterial
endocarditis. This entry focuses pri-
marily on aortic regurgitation.

e For both the pulmonic and the aortic
valve, mild regurgitation detected by
Doppler echocardiography occurs in a
high proportion of Standardbred and
Thoroughbred racehorses (Figure 1).
Training-induced myocardial hyper-
trophy is the most likely reason for this
minor regurgitation.

SYNONYM(S)

e Aortic or pulmonic insufficiency

e Aortic or pulmonic valve disease

e Semilunar valve insufficiency or regur-
gitation

EPIDEMIOLOGY

SPECIES, AGE, SEX Aortic regurgitation
occurs commonly in older horses.
GENETICS AND BREED PREDISPOSI-
TION There is no genetic predisposi-
tion, but the prevalence of very mild
regurgitation is higher in Standardbreds
and Thoroughbreds compared with the
general horse population.

RISK FACTORS Aortic regurgitation:
fenestrations of the aortic valves, mem-
branous ventricular septal defect (VSD),
and endocarditis

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Aortic regurgitation incidentally diag-
nosed in clinically normal horses (eg,
during a pre-purchase examination)

e Aortic regurgitation causing clinical
signs of heart failure, ataxia, or col-
lapse during strenuous exercise in
severe cases

HISTORY, CHIEF COMPLAINT

e Aortic regurgitation seldom causes
reduced performance or other clinical
changes that the owner will notice.

e However, if more severe, exercise
intolerance may be reported.

PHYSICAL EXAM FINDINGS

e Diastolic cardiac murmur with the
point of maximal intensity (PMI) over
the aortic valve at the basal area of the
left hemithorax: Because the aortic
valve is located centrally in the heart,
the murmur is often also heard over
the right hemithorax and may radiate
over the entire thorax. The murmur is

FIGURE 1 Long-axis color-flow Doppler echocardiogram of the aorta obtained from the
left cardiac window showing mild aortic regurgitation (arrow). AO, Aorta; LV, left ven-

tricle; RA, right atrium; RV, right ventricle.

often holosystolic or pansystolic with
a decrescendo musical quality and is
relatively easy to diagnose in these
cases. A fenestration or vibrating
portion of the leaflet is usually respon-
sible for the musical quality, which is
easily heard. However, the murmur
may be harsh or blowing, and if the
heart sounds are engulfed by the
murmur, it may be difficult to differ-
entiate from a systolic murmur. In
these cases, simultaneous palpation of
the peripheral pulse is helpful. The
intensity of the murmur does not
always correlate with the severity of
the disease.

e Depending on the severity, one or
more of the following signs may also
be observed:

o Systolic murmur on the left hemi-
thorax over the mitral valve area is
indicative of mitral regurgitation.

o Palpation of the facial artery may
reveal a bounding (“water hammer”)
pulse caused by a large difference
between the systolic and the low
diastolic pressure. This indicates
more hemodynamically significant
disease with an enlarged left
ventricle.

o Cardiac arrhythmias

o Rarely, signs of heart failure may be
observed, including one or more of
the following: resting tachycardia
and tachypnea, distension of the
jugular veins, dependent edema,
increased respiratory sounds caused
by pulmonary edema, prolonged
capillary refill time, or weight loss.

ETIOLOGY AND PATHOPHYSIOLOGY

e Most commonly, wvalvular changes
arise because of normal progressive
degeneration from aging. The condi-
tion is likely to deteriorate with time,
but the rate of progression in indi-
vidual horses is impossible to predict.
For older horses, however, this seldom
results in clinical signs of poor perfor-
mance, and the eventual cause of
death or euthanasia is seldom because
of cardiac disease.

e When aortic regurgitation is diagnosed
in younger horses (<10 years), it indi-
cates premature aortic valve disease
that may be caused by either compli-
cating factors predisposing to develop-
ment of aortic regurgitation or valvular
malformations. In these situations, a
VSD is often present and the right
coronary cusp of the aortic valve pro-
lapses into the septal defect, leading
to aortic regurgitation. Because the
aortic valve seals the septal defect, the



typical murmur associated with a VSD
may not be heard.

e Progression of aortic regurgitation
leads to volume overload of the left
ventricle and dilation and eccentric
ventricular hypertrophy with a subse-
quent increasing myocardial oxygen
demand. Blood supply for the myocar-
dium is delivered during diastole
via the coronary arteries just above
the aortic valve, and as a result of
the rapid decrease of diastolic blood
pressure, coronary  perfusion is
reduced. Ischemia of the ventricles
may lead to potentially fatal ventricu-
lar arrhythmias.

e Secondary to volume overload of the
left ventricle, dilation of the mitral
valve annulus may occur, leading to
mitral valve regurgitation. If this
becomes severe, pulmonary hyperten-
sion and right heart failure may
develop.

e The aortic valve, along with the mitral
valve, is the most common location
of endocarditis (see “Endocarditis,
Infective” in this section); however,
the disease is not commonly
encountered.

e Murmurs of aortic, mitral, and tricus-
pid regurgitation are often detected in
Standardbred and Thoroughbred race-
horses. These murmurs may develop
in response to training, and their
prevalence increases with age and
training. However, the regurgitations
are generally mild, the severity remains
unchanged over time, and no negative
effect on racing performance has been
documented.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Functional murmur (flow murmur,
ejection murmur). The rapid filling of
the ventricles may result in an early
diastolic filling murmur, especially in
young horses, and has been described
as a “2-year-old squeak.” These are of
no clinical significance.

e Endocarditis

INITIAL DATABASE

e Definitive diagnosis of aortic or pul-
monic regurgitation requires echocar-
diographic examination with the
regurgitant jet visualized with Doppler
echocardiography (see Figure 1).

e The severity of the disease must
be assessed by echocardiography.
Nodular thickening of the valve is not
necessarily related to severity. The
most important echocardiographic
variables to measure are degree of left
ventricular dilation, contractility of the
left ventricle, and severity of mitral
regurgitation. If mitral regurgitation is
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severe, left atrial enlargement is impor-
tant to note. The size and severity of
the regurgitant jet can be estimated by
Doppler echocardiography.

e Electrocardiography (ECG) at rest
and during exercise is recommended
if the horse is used for riding
purposes.

e Complete blood count and serum bio-
chemistry are usually unremarkable.

ADVANCED OR CONFIRMATORY
TESTING

e Direct or indirect blood pressure mea-
surements should be performed.

e Cardiac output monitoring provides
information on the effect of regurgita-
tion and cardiac function on hemody-
namic status.

TREATMENT
THERAPEUTIC GOAL(S)

e In most equine patients with aortic
or pulmonic valve disease, specific
therapy is not indicated, and manage-
ment is aimed at periodic monitoring
of the disease progression and cardiac
function and providing client informa-
tion. Because there is a potential risk
of developing arrhythmias in associa-
tion with significant aortic regurgita-
tion, serial echocardiography and
exercising ECG are indicated.

e Heart failure rarely develops because
of aortic regurgitation, but if it does,
supportive therapy may be consid-
ered. In general, because of the poor
prognosis, treatment of horses in heart
failure is often not considered. But for
some valuable breeding horses or
horses in which the owner has senti-
mental attachment, treatment can be
tried.

ACUTE GENERAL TREATMENT

Supportive treatment of patients in heart
failure includes diuretics to reduce con-
gestion (furosemide 1-2 mg/kg IV q12h)
in combination with a vasodilator such
as an angiotensin-converting enzyme
(ACE) inhibitor (enalapril 0.5 mg/kg
IV q24h or quinapril 0.25 mg/kg PO
q24h). ACE inhibitors have not been
extensively studied in horses, although
quinapril has been shown to be effective
in horses with mitral regurgitation. If
severe tachycardia is present, rate control
with digoxin can be used at a dose of
0.0022 mg/kg IV ql2h or 0.011 mg/kg
PO @24h. For more detail on treatment
regimens, see “Cardiac Failure” in this
section.

CHRONIC TREATMENT

Similar to acute treatment, with drugs
and dosages tailored to the individual.

Oral treatment regimens are preferred, if
possible (see “Cardiac Failure” in this
section).

POSSIBLE COMPLICATIONS

e Reoccurrence of heart failure or no
effect of treatment

e Ventricular arrhythmia

e Atrial fibrillation

e Sudden cardiac death

RECOMMENDED MONITORING

e Clinical examination findings such as
attitude, appetite, weight, respiratory
rate and effort, heart rate, and exercise
tolerance should be monitored by the
owner regularly. Any changes should
prompt a veterinary reexamination.

e Periodic echocardiography to assess
progression of regurgitation or heart
failure.

e Periodic exercising ECG to determine
safety for use as a riding horse.

PROGNOSIS AND
OUTCOME

e In older horses, the prognosis
is generally good because
progression occurs gradually over
several years, and the condition rarely
affects performance or life span.

e For young and middle-aged horses,
the prognosis is more difficult to deter-
mine, but if no volume overload or
mitral regurgitation is present and the
progression during subsequent exami-
nations is slow, the prognosis is con-
sidered good.

PEARLS &
CONSIDERATIONS

CLIENT EDUCATION

e Regular echocardiographic monitoring
and exercising ECG are recommended
for horses with aortic regurgitation
that are used for riding purposes; the
horse should be retired from work
when severe left ventricular dilation
develops or ventricular arrhythmias
occur during exercise.

e Most insurance companies insert a
proviso in case of aortic valve regur-
gitation in young horses. In addition,
resale may be considered more risky
than for horses without regurgitation.
Therefore the sale prices are often
reduced in horses with valvular regur-
gitation greater than mild.

SUGGESTED READING

Buhl R, Ersbell AK, Eriksen L, et al: Use of
color Doppler echocardiography to assess
the development of valvular regurgitation in
Standardbred Trotters. J Am Vet Med Assoc
227:1630-1635, 2005.
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Aortocardiac Fistula

BASIC INFORMATION

DEFINITION

An aortocardiac fistula is a defect in
the wall of the aorta at the right aortic
sinus. The defect can take the form of a
tract dissecting through the aortic ring to
the right ventricle (RV), right atrium (RA),
or interventricular septum (IVS), or it
may occur from aneurysmal dilation of
the right aortic sinus (or more rarely in
the noncoronary portion of the sinus)
rupturing in the RA or RV or creating
tracts dissecting through the myocardial
septum.

SYNONYM(S)

e Aortic root rupture
e Ruptured aortic sinus aneurysm
e Tear of the aortic root

EPIDEMIOLOGY

SPECIES, AGE, SEX More common in
middle-aged and older stallions, although
it may affect geldings and mares as well
DISEASE FORMS/SUBTYPES
e Acute rupture
o Sudden death
o Distress, ventricular tachycardia,
and right-sided murmur
e Subacute or chronic: Right-sided con-
tinuous murmur
o Fistula opening in the RV or RA:
Severe RA and RV volume overload
leading to right-sided heart failure
o Fistula dissecting down into the TVS:
Form subendocardial tract along
the septum that may rupture into
RV, LV, or both, causing RV or LV
volume overload
HISTORY, CHIEF COMPLAINT
e Acute distress sometimes mistaken for
abdominal pain: Restlessness, sweat-
ing, and recumbency
e Exercise intolerance
e A murmur detected during routine
examination
e Sudden death
PHYSICAL EXAM FINDINGS
e Extreme distress
e Right-sided, loud, continuous murmur
e Tachycardia
e Rapid, weak arterial pulses with pulse
deficits
Bounding arterial pulses
Jugular venous pulses
e Tachypnea

ETIOLOGY AND PATHOPHYSIOLOGY

e May be congenital or acquired
o A congenital sinus of Valsalva

aneurysm is the underlying defect
that precedes aortic rupture in some
cases. The defect is believed to
be an absence of the tunica media
of the aorta in the area of the
right sinus of Valsalva (see “Aortic
Aneurysm” in this section).

> May be an acquired lesion caused
by increased intraaortic pressure
that occurs during strenuous exer-
cise such as racing or breeding
in stallions that could be coupled
with preexisting degeneration of
the aortic media.

o Degenerative aortic medionecrosis
may predispose to aortic ring
rupture.

e Aortic rupture into the right side of the
heart usually causes severe right heart
overload, leading to right heart failure.

e Aortic rupture dissecting through the
ventricular septum causes widespread
damage to the cardiac conduction
system, resulting in rhythm distur-
bances (usually monomorphic ven-
tricular tachycardia).

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Abdominal pain

e Other congenital or acquired cardiac
anomalies

INITIAL DATABASE

e Auscultation: Tachycardia and loud
right-sided continuous murmur

e Electrocardiography: Sustained mono-
morphic ventricular tachycardia with
heart rate (HR) of 120 to 240 beats/
min in horses presented soon after
rupture

ADVANCED OR CONFIRMATORY
TESTING

e Echocardiography: Defect in the aortic
wall usually affecting the right aortic
sinus or ruptured aneurysmal dilation
of the aortic wall at this site. The rup-
tured aneurysm is visualized as a thin
membrane fluttering into the RA or RV
as blood shunts through the defect
(Figure 1). Fistulas may extend to
the RV, RA, or LV or dissect along
the septal myocardium, appearing as
anechoic blood between the septal
endocardium and myocardium (Figure
2). The ventricles may appear enlarged
from biventricular volume overload.

e Color-flow, pulsed, and continuous-
wave Doppler echocardiography:
High-velocity continuous blood flow
through the aortocardiac fistula into
the RA or RV

e Contrast echocardiography: Negative
contrast jet from the left side into the
right cardiac chambers that otherwise
appears echogenic after the injection
of the contrast solution into the jugular
vein

FIGURE 1 Right parasternal long-axis echocardiogram of the left ventricular outflow
tract. Note the defect in the wall of the aorta at the right aortic sinus (arrow) that appears
as a tract dissecting through the aortic ring to the right ventricle.
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FIGURE 2 Right parasternal short-axis echocardiogram of the left ventricle. Note the
dissection of blood between the endocardium (arrow) and myocardium along the left

ventricular side of the interventricular septum.

TREATMENT
THERAPEUTIC GOAL(S)

e Stabilize the patient in the acute
phase.
e Treatment is only symptomatic.

ACUTE GENERAL TREATMENT

Antiarrhythmic drugs to treat ventricular
tachycardia when present (sometimes it
resolves spontaneously): Treat if the HR
is greater than 100 to 120 beats/min,
clinical signs of cardiovascular collapse
are present, or multiform or R on T phe-
nomenon is present (see “Antiarrhythmic
Drugs” in Section VD).

CHRONIC TREATMENT

No specific treatment
e If heart failure develops (for detailed
therapy recommendations, see “Cardiac

Failure” in this section):

o Diuretic therapy, such as furose-
mide: 1-2 mg/kg as needed IM or
v

o Digoxin: 0.011-0.0175 mg/kg PO
ql2h

° Angiotensin-converting enzyme
inhibitor therapy such as enalapril:
0.5 mg/kg PO ql12h

o Hydralazine: 0.5-1.5 mg/kg PO
ql2h

POSSIBLE COMPLICATIONS

e RV and LV overload and myocardial
dysfunction or failure leading to devel-
opment of congestive heart failure

e Sudden death from cardiac arrhyth-
mias

e Aortic regurgitation from loss of aortic
root support from the aneurysm or
after the aneurismal rupture, leading
to further LV volume overload

RECOMMENDED MONITORING

e Acute event

o Clinical signs pertaining to the car-
diovascular system (HR, respiratory
rate, arterial pulse quality, jugular
pulses, or distension)

o Telemetric electrocardiography to
monitor heart rhythm

e Chronic monitoring

o HR and rhythm, respiratory rate and
effort, change in existing murmurs,
attitude, and appetite should be
monitored by owner. Any changes
could signify a deterioration of
status and should prompt a veteri-
nary reexamination.

o Periodic echocardiography (every
6-12 months) to monitor for prog-
ression of disease or sooner if any
of the above clinical signs any
noted.

PROGNOSIS AND
OUTCOME

e Guarded to grave prognosis
o Death wusually occurs acutely or
soon after vessel rupture.
Some horses survive the acute
event. The majority of these survive
weeks to months (depending on
the site and size of the rupture),
although some horses survive for
years after the acute rupture without
developing congestive heart failure.
e The prognosis for performance is poor
because these horses are not safe to
ride or use.

PEARLS &
CONSIDERATIONS

COMMENTS

e Aortic root rupture should be sus-
pected in any horse presenting with
acute distress; tachycardia with a HR
greater than 80 beats/min; and a loud,
continuous heart murmur.

e Horses with aortocardiac fistulas are
not safe to ride for any kind of perfor-
mance because they have a high risk
of sudden death.

CLIENT EDUCATION

e Regular cardiac auscultation should be
performed in middle-aged stallions,
and if a continuous heart murmur is
detected, a cardiac examination should
be performed.

e Horses with aortocardiac fistulas are
unsafe to use because of a high risk
of sudden death.

SUGGESTED READING

Marr CM, Reef VB, Brazil TJ, et al: Aorto-
cardiac fistulas in seven horses. Vet Radiol
Ultrasound 39:22-31, 1998.

Piercy RJ, Marr CM: Collapse. In Marr CM,
editor: Cardiology of the horse. Philadelphia,
1999, WB Saunders, pp 268-288.

Reef VB: Cardiovascular ultrasonography. In
Reef VB, editor: Equine diagnostic ultra-
sound. Philadelphia, 1998, Saunders, pp
215-272.

Sleeper MM, Durando MM, Miller M, et al:
Aortic root disease in four horses. ] Am Vet
Med Assoc 219(4):491-496, 2001.
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Aortoiliac Thrombosis

BASIC INFORMATION
DEFINITION

Total or partial occlusion of the terminal
portion of the aorta or the internal or
external iliac arteries by masses of well-
organized and vascularized fibrous tissue
containing hemorrhagic, necrotic, and
sometimes calcified areas with large
thrombi around them. Often these masses
also affect the popliteal and femoral
arteries or other branches of the iliac
arteries.

SYNONYM(S)

e Vascular obstruction of the hindlimbs
e Aortoiliac obstruction
e Aortoiliac-femoral thrombosis

EPIDEMIOLOGY

SPECIES, AGE, SEX

e All ages reported

e Both sexes (although there is greater
incidence of clinical disease in
males because collateral circulation is
thought to be more efficient in females)

GENETICS AND BREED

PREDISPOSITION

e A hereditary predisposition has been
suggested in one report, but there is
little evidence to support it.

e Light breeds appear to be more com-
monly affected than heavy breeds.

CLINICAL PRESENTATION

DISEASE  FORMS/SUBTYPES Clinical

signs vary depending on the size, loca-

tion of the thrombus, and amount of

occlusion of the blood vessel.

HISTORY, CHIEF COMPLAINT

e Poor performance

e Chronic progressive hindlimb lame-
ness that worsens with exercise

e Sexual dysfunction in stallions

e May be subclinical in nonathletic
horses

PHYSICAL EXAM FINDINGS

e Lameness that becomes evident during
exercise, is aggravated by work, and
resolves after a brief rest

e May show weakness in the pelvic
limbs, ataxia, collapse after strenuous
work in advanced cases, reluctance to
put a hind leg down, or tendency to
cow-kick after exercise

e Absence of sweating in the affected
limb with profuse sweating of the
remainder of the body and respiratory
distress after exercise

e May have reduced skin temperature of
the affected distal hind limb after
exercise

e May have reduced pulse in the femoral
or plantar digital arteries after exercise

e May have prolonged medial saphe-
nous vein filling time in the affected
limb shortly after work; the veins in
the affected leg are indistinct

e May have gluteal atrophy on the
affected side

e Failure to ejaculate in stallions

ETIOLOGY AND PATHOPHYSIOLOGY

e Unknown

e Possible causes:

o Organization of thromboembolisms
caused by migrating forms of
Strongylus vulgaris with incorpora-
tion of the thrombi into the arterial
wall and centripetal development of
progressive thrombosis

o Damage to the arterial endothelium
at points of turbulence or branching
leading to plaque formation and
overlying thrombosis

o Spontaneous degenerative vascular
disease at the aortic quadrification
that may result in thrombosis and
thromboembolism

o Secondary to coagulopathies

o Secondary to bacterial infection

o Direct trauma attributable to falling
or parturition

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Postexercise myopathy

e Cervical vertebral malformation

e Spinal or pelvic trauma
disorders)

e Musculoskeletal lameness

INITIAL DATABASE

e Plasma and serum muscle enzymes
are usually normal before and after
exercise, although creatine kinase may
be increased in severe cases with
marked muscle damage.

(back

e Rectal palpation: May feel a firm area
of the aorta or iliac arteries with
reduced pulsations and enlargement
of the iliac arteries. The rectal exami-
nation may also be unremarkable.

ADVANCED OR CONFIRMATORY
TESTING

e Transrectal ultrasound examination:
Heterogeneous mass in the terminal
aorta or iliac arteries (or both)
(Figure 1)

e Arteriography: Invasive and techni-
cally difficult; unnecessary since the
advent of rectal ultrasonography

e Nuclear angiography: Marked reduc-
tion or absence of blood flow through
the affected iliac arteries

TREATMENT
THERAPEUTIC GOAL(S)

e Improve collateral circulation

e Prevent additional thrombus formation
e Encourage thrombolysis

e Provide analgesia

ACUTE GENERAL TREATMENT

e No drugs are effective to eliminate a
formed thrombus; treatment is based
on pain relief and antiinflammatory
drugs, platelet inhibitors, antihelmin-
tics, fibrinolytic agents, and anticoagu-
lant drugs. Some of the medical
treatments reported include phenylbu-
tazone, aspirin, isoxsuprine, IV sodium
gluconate, and ivermectin.

e Intraluminal arterial thrombectomy for
total or partial removal of the throm-
bus may improve clinical signs if a
portion of the thrombus is removed;
however, recurrence is high.

FIGURE 1 Transverse ultrasound of the terminal aorta using a rectal approach. A large
heterogeneous mass is seen within the lumen of the aorta (arrows).
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CHRONIC TREATMENT

Continued exercise to encourage and
maintain collateral circulation

POSSIBLE COMPLICATIONS

e Progressive lameness unresponsive to
analgesia.

e Acute thrombosis of one of the exter-
nal iliac arteries may result in necrosis
of the muscles in the affected limb.

e Progressive occlusion of the major
arterial branches and embolism of the
peripheral hind limb vessels that may
cause initial mild lameness or large
areas of muscle ischemia.

e Death from spontaneous rupture
of an ischemic rectum has been
reported.

e Reduced fertility in stallions.

e Death.

PROGNOSIS AND
OUTCOME

e Guarded to poor, particularly
in cases with bilateral involve-

ment. No treatment consistently
improves outcome. Successful treat-
ment is based on development of
collateral circulation.

e Poor prognosis for return to previous
levels of athletic performance.

PEARLS &
CONSIDERATIONS

e Rectal ultrasonography is the
best diagnostic technique for
a definitive diagnosis of this disorder.

e The severity of clinical signs depends
on the degree of vascular occlusion.
Complete vascular occlusion of the
arteries may result in death caused by
ischemic necrosis.

e Serum muscle enzymes, neurologic
examination, and diagnostic regional
anesthesia may rule out other dis-
orders.

e Any improvement in clinical signs is
most likely attributable to development
of effective collateral circulation.

Arsenic Toxicosis

SUGGESTED READING

Dyson SJ: Pelvic injuries in the non-racehorse.
In Ross MW, Dyson SJ, editors: Diagnosis
and management of lameness in the horse.
St Louis, 2003, Saunders Elsevier, pp 497-
498.

Hilton H, Aleman M, et al: Ultrasound-guided
balloon thrombectomy for treatment of
aorto-iliac-femoral thrombosis in a horse.
J Vet Intern Med 22:679—-683, 2008.

MacLeay JM: Diseases of the musculoskeletal
system. In Reed SM, Bayly WM, Sellon DC,
editors: Equine internal medicine. St Louis,
2004, Saunders Elsevier, pp 505-507.

Maxie MG, Physick-Sheard PW: Aorto-iliac
thrombosis in horses. Vet Pathol 22:238—
249, 1985.

Ross MW, Maxson AD, Stacy VS, et al: First-
pass radionuclide angiography in the diag-
nosis of aortoiliac thrombosis in a horse. Ver
Radiol Ultrasound 38(3):226-230, 1997.
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Arsenic Toxicosis

BASIC INFORMATION
DEFINITION

Arsenic toxicosis is the syndrome caused
by exposure to injurious amounts of
inorganic  arsenic  (trivalent arsenic,
pentavalent arsenate) or organic arsenic
(aliphatic, aromatic, and phenylarsenic
compounds). Exposure can be by inges-
tion or by dermal contact. Possible
sources of arsenic include older formula-
tion of some insecticides, rodenticides,
herbicides, fungicides, and defoliants or
desiccants; ashes from arsenic-treated
lumber; contaminated water and soil
sources; and feed additives for poultry
and swine. Arsenic can also be found in
mine tailings and ores, old paints and
other industrial chemicals, and some
drugs. Arsenic is naturally found in soil,
rocks, and some water sources.

EPIDEMIOLOGY

SPECIES, AGE, SEX

e Debilitated animals and young animals
are more sensitive.

e The phenylarsonic feed additives are
less likely to be a problem in horses
and cause problems mainly in swine
and pigs.

RISK FACTORS

e Access to old barns or sheds that may
contain older pesticides or chemicals

e Access to dump or burn piles contain-
ing burned lumber

e Proximity to mining and manufactur-
ing operations that may contribute to
ground and water contamination

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Peracute or acute toxicosis: Single
toxic dose

e Subacute toxicosis: Lower repeated
doses over a longer period

e Phenylarsonic toxicosis: Mainly seen
in swine and poultry, not horses

HISTORY, CHIEF COMPLAINT

e Exposure to arsenic-containing pro-
duct

e Peracute death (no premonitory clini-
cal signs)

e Acute: Severe gastrointestinal (GD
signs, colic, ataxia, recumbency, shock,
and death

e Subacute: Persistent watery diarrhea
and signs of renal dysfunction

e Phenylarsonics: Peripheral neuropathy
with low mortality rate

PHYSICAL EXAM FINDINGS Acute

toxicosis:

e High morbidity and mortality rates

e Drooling

e Trembling

e GI pain or stasis

e Colic (sudden onset)

e Diarrhea (green to black and severe)

e Dehydration

e Weak pulse

e Recumbency

Subacute toxicosis:

e Persistent GI signs (watery diarrhea)

e Depression

e Anorexia

Signs associated with severe shock:

Dehydration

Oliguria, polyuria, anuria

Weakness

Ataxia

Metabolic acidosis

Hyperemic mucous membranes

Tachycardia

ETIOLOGY AND PATHOPHYSIOLOGY

e Arsenic reacts with sulfhydryl groups
in cells. As a result, sulthydryl enzyme
systems essential to cellular metabo-
lism are impaired. The net effect is the
blocking of fat and carbohydrate
metabolism and cellular respiration.

e Tissues most affected are those rich
in oxidative enzymes (GI tract,
endothelium, lung, kidney, liver, and
epidermis).

e Disruption of capillary integrity is the
effect on the GI tract, resulting in
necrosis and hemorrhagic enteritis.

e Endothelial damage with fluid loss
into interstitium, hypovolemia, hypo-
tension, and pulmonary edema.



Arsenic Toxicosis

e Hepatic and renal damage from direct
effect of arsenic or secondary to hypo-
volemia and organ hypoperfusion.

e Toxicity varies with physical form,
solubility, and valence.

e Inorganic arsenic (eg, arsenic trioxide)
is more toxic than organic forms (eg,
arsanilic acid).

e Trivalent arsenic (arsenite) is more
toxic than pentavalent forms (arsenate).

e Highly soluble forms (arsenic acid) are
more toxic than insoluble forms.

e Single lethal dose of sodium arsenite
=1 to 25 mg/kg of body weight

e Arsenic trioxide is three to 10 times
less toxic than sodium arsenite.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Other heavy metal toxicosis (eg, lead,
mercury)

Poisonous plants

Salmonellosis

Caustic agents

Zinc phosphide toxicosis

INITIAL DATABASE

If the horse survives the acute phase:
Azotemia

Hypokalemia

Hyponatremia

Hypochloremia

Hyperglycemia

Hyperbilirubinemia

Increased glutamate dehydrogenase
and lactate dehydrogenase

ADVANCED OR CONFIRMATORY
TESTING

e Normal renal and hepatic arsenic con-
centrations are less than 1 ppm; defin-
itive diagnosis of arsenic toxicosis is
based on liver and kidney arsenic con-
centrations greater than 10 ppm (wet
weight).

e Antemortem urine arsenic concentra-
tions greater than 10 mg/L indicate
excessive exposure.

e Postmortem lesions include general-
ized or localized redness, edema,
and necrosis of gastric and intestinal
mucosa with massive accumulation of
fluid in dilated and atonic intestine.

e Organic arsenicals target the nervous
system with edema and necrosis.

TREATMENT
THERAPEUTIC GOAL(S)

Control life-threatening signs.
Prevent systemic absorption.
Provide chelation therapy.

e Manage GI effects.

ACUTE GENERAL TREATMENT

e Provide decontamination with acti-
vated charcoal if no clinical signs are
present.

e Provide aggressive fluid therapy.

e Administer sodium thiosulfate orally to
bind unabsorbed arsenic.

e Administer arsenic chelators such as
dimercaprol or D-penicillamine (mar-
ginally usefuD).

e Provide other sources of sulfthydryl
groups (cysteine, acetylcysteine).

e Give antibiotics for secondary bacte-
rial infection.

e Monitor renal and hepatic function.

CHRONIC TREATMENT

e Provide general supportive care

e Manage renal insufficiency as needed

e Provide supportive care for possible
hepatic dysfunction

POSSIBLE COMPLICATIONS

Renal failure

RECOMMENDED MONITORING
e Hydration and electrolyte status

e Hematocrit, total solids

e Acid-base status
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e Biochemical profile, especially renal
values

PROGNOSIS AND
OUTCOME

Most horses die within 12 to 24

hours of ingestion of lethal
doses.

PEARLS &
CONSIDERATIONS
COMMENTS

e Toxicosis is less common now because
of decreased use of arsenic-containing
products, but occasional cases are still
seen.

e Horses with extensive damage to the
GI mucosa are unlikely to recover
fully.

e The destruction of crypt cells may
prevent regeneration of the mucosa

needed for proper absorption of
nutrients.

PREVENTION

e Avoid arsenic-containing products

where horses are kept.

e Ensure ashes from arsenic-treated
wood are not disposed of where
horses are kept.

SUGGESTED READING

Gwaltney-Brant SM: Arsenic toxicosis. In Coté
E, editor: Clinical veterinary advisor: dogs
and cats. St. Louis, 2007, Mosby Elsevier,
pp 81-82.

Pace LW, Turnquist SE, Casteel SW, et al:
Acute arsenic toxicosis in five horses. Vet
Pathol 34:160-164, 1997.

Plumlee KH: Pesticide toxicosis in the horse.
Vet Clin North Am Equine Pract 17(3):
491-500, vii, 2001.
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Arteritis, Equine Viral

BASIC INFORMATION
DEFINITION

Equine viral arteritis (EVA) is a conta-
gious arterivirus disease of horses named
for the characteristic vascular lesions that
develop.

EPIDEMIOLOGY

SPECIES, AGE, SEX
e Disease of horses, but antibodies have
been found in donkeys

e Disease depends on age and sex

e Inapparent infection, especially in
mares

e Persistent infection only in stallions
(testosterone dependent)

GENETICS AND BREED

PREDISPOSITION

e Seroprevalence varies by country,
breed, and age. EVA is endemic in
Standardbreds (75%-80% seropositive)
but has a low prevalence in Thorough-

breds, with a 1% to 5% seropositive
rate. Many European Warmblood stal-
lions are seropositive.

e Genetic differences conferring resis-
tance to infection may be a factor but
have not been proven.

RISK FACTORS

e Stallions may be inapparent carriers
and can shed virus in the semen for
years. Cooled or frozen serum can still
retain infective virus.
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e Infected mares and/or vaccinated
mares bred to infected stallions can
become infected and shed the virus.

CONTAGION AND ZOONOSIS

e EVA is an arterivirus in the family of
Arteriviridae. The first Bucyrus strain
was isolated in 1953. Virulence is vari-
able in terms of clinical disease and
abortion of viral isolates, but all strains
are neutralized by polyclonal anti-
serum from the highly virulent Bucyrus
strain.

e There is no known zoonotic po-
tential.

GEOGRAPHY AND SEASONALITY

Worldwide except for Iceland and Japan

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT

e Anorexia, depression, edema (ventral
limbs, preputial [male], mammary
[mare]), abortion storms, urticaria.

e Most infections are subclinical or
inapparent.

PHYSICAL EXAM FINDINGS

e Variable clinical signs (depend on age,
condition of horse, viral strain, envi-
ronmental conditions)

e Usually inapparent infection, particu-
larly in mares

e Systemic disease: Fever (105°-106° F),
anorexia, depression, edema (ventrum,
periorbital, distal limbs, prepuce,
mammary), urticaria, conjunctivitis,
rhinitis, cough/dyspnea

e Less common: Icterus, photophobia,

corneal opacity, abdominal pain,
diarrhea, ataxia, petechiation, lympha-
denopathy

e Abortion (3-10 months’ gestation)
with no premonitory signs

e Neonates: Fulminant severe inter-

stitial pneumonia or fibrinonecrotic
enteritis

e Stallions:  Temporary  subfertility,
decreased libido, decreased sperm
motility, concentration, and morphol-
ogy up to 7 weeks

e Stallions with persistent infection: No
change in semen quality after acute
recovery

ETIOLOGY AND PATHOPHYSIOLOGY

e Transmission is primarily by inhalation
of aerosolized virus from respiratory
secretions and contact with venereal
secretions, urine, or exposure to
aborted fetus or placenta. Indirect
transmission of the virus with fomites
is possible.

e Incubation is 3 to 14 days; the virus
then spreads to the lungs and bron-
chial lymph nodes.

e The circulatory system spreads it
through rest of body, with infection
and replication of virus occurring in
the endothelial cells.

e Increased vascular permeability, hem-
orrhage, and edema with degeneration

and necrosis of the tunica media of
small arteries (>1 mm).

e Mares remain infective for up to 2
weeks after infection, with shedding
of the virus in nasal secretions.

e Transplacental infection of the fetus is
possible if the mare is infected in late
pregnancy.

e Virus is not isolated from horses after
28 days except for stallions.

e Persistent infection in stallions
o Unknown mechanism, testosterone

dependent
o Virus lives in the accessory sex
glands of stallions, with the highest
titers found in the ampulla of the
vas deferens
o Variable duration
= Short term: A few weeks after
acute infection
= Intermediate: 3 to 7 months
= Long term (30%-35% of stal-
lions): Lifelong, continual shed-
ders or may spontaneously stop
shedding

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

Equine herpesvirus-1 and -4
Influenza

Equine rhinitis A and B viruses
Equine adenovirus

Equine infectious anemia
Purpura hemorrhagica
Urticaria

Leptospirosis

African horse sickness

Hoary alyssum toxicosis

INITIAL DATABASE

e Leukopenia
e Thrombocytopenia

ADVANCED OR CONFIRMATORY
TESTING

e Virus isolation using whole blood
(ethylenediamine tetraacetic acid or
citrate only; heparin will inhibit the
virus), nasopharyngeal or conjunctival
swabs, placental or fetal tissues/fluid,
vaginal secretions, semen.

o Virus cannot be isolated after 28
days of infection except in semen
or carrier stallions.

o Virus is detected in the nasophar-
ynx (2-14 days), buffy coat (2-19
days), or serum or plasma (7-9
days).

e Paired (acute and convalescent) serol-
ogy using serum taken 3 to 4 weeks
apart with four-fold increase; this is
the gold standard set by the World
Organisation for Animal Health.

e Antigen detection:  Immunohisto-
chemistry.

e Polymerase chain reaction (PCR) (real-
time PCR, nested) is still being vali-

dated and standardized.

e Diagnosis of carrier stallions: (1) Test
breed to two seronegative mares and
monitor for seroconversion; (2) isolate
virus from sperm-rich fraction of
semen.

TREATMENT

THERAPEUTIC GOAL(S)

e Symptomatic and
to  maintain
well-being.

e Decrease distal edema.

e Prevent or treat secondary bacterial
infections.

ACUTE GENERAL TREATMENT

e Symptomatic treatment (rest, anti-
pyretics) as for other viral respiratory
infections

e Symptomatic treatment for distal
edema (diuretics, support wraps)

e No effective treatment for foals with
EVA-induced interstitial pneumonia or
enteritis; antibiotics for secondary bac-
terial infection

e Only way to eliminate persistent infec-
tion in stallions is by castration

PROGNOSIS AND
OUTCOME

supportive  care
general health and

e Majority of EVA infections are
subclinical or inapparent.
Mortality is rare in adult horses.

e Fatal interstitial pneumonia may occur
in neonates.

PEARLS &
CONSIDERATIONS

COMMENTS

EVA is an important disease in terms
of its economic impact on the equine
industry from abortion losses, export
restrictions of seropositive horses, and
performance-related losses.

PREVENTION

e No domestic program for EVA preven-
tion or control exists, but the U.S.
Department of Agriculture and Animal
and Plant Health Inspection Services
have guidelines and standards outlin-
ing preventative vaccination and
control measures.

e Modified live virus vaccine is available
in the United States.

e Vaccinate foals before puberty (at 6
months of age), then annually.

e Vaccinate seronegative stallions 28
days before breeding season and
isolate after vaccination. Stallions
should be screened before primary
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immunization. Neutralization titer of
1:4 or greater is positive for EVA.
Nonvaccinated seropositive  stallions
should be tested for virus shedding by
virus isolation every 12 months or by
test breeding with two seronegative
mares monitored for seroconversion at
14 and 28 days after breeding.
Pony/outrider horses or any horses
with potential contact with multiple
horses should be vaccinated annually
for EVA.

Carrier stallions and confirmed semen
shedders should be isolated, collected
separately, and bred to mares that are
seropositive or vaccinated at least 3
weeks before breeding.

Mares bred to shedding stallions or
inseminated with infective semen
should be isolated for 3 weeks from
seronegative or nonvaccinated horses.
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Mares should be vaccinated 3 weeks
before breeding to shedding stallions.

CLIENT EDUCATION

e The increasing number of outbreaks
and apparent global dissemination of
EVA likely reflect the rapid national
and international movement of horses
for competition and breeding as well
as increased recognition of the impor-
tance of EVA infection.

e Prevention of outbreaks of EVA relies
on raising the awareness of the disease
in owners, identification of persistently
infected stallions, and institution of
management practices (eg, vaccines,
biosecurity).

e If an outbreak of EVA is suspected:

o Notify the state veterinarian.

o Institute quarantine of premises by
isolating affected and in-contact
horses, stopping traffic movement

on and off the farm, vaccinating
at-risk horses, and stopping breed-
ing activity.

o Confirm diagnosis of EVA with lab-
oratory testing.

o Properly disinfect affected premises.

o End the quarantine when no more
clinical cases of EVA or serologic
evidence of infection is observed
for 3 consecutive weeks.

SUGGESTED READING

Holyoak GR, et al: Equine viral arteritis:
current status and prevention. Theriogenol-
ogy 70:403-414, 2008.

USDA Animal and Plant Health Inspection
Services (APHIS): Equine viral arteritis.
Available at http://www-mirror.aphis.usda.
gov/animal_health/animal_diseases/eva/.

AUTHOR: KATHY K. SEINO

EDITORS: MAUREEN T. LONG and
DEBRA C. SELLON


http://www-mirror.aphis.usda.gov/animal_health/animal_diseases/eva/
http://www-mirror.aphis.usda.gov/animal_health/animal_diseases/eva/

Arytenoid Chondritis and Chondropathy

BASIC INFORMATION

DEFINITION

A progressive, acute or chronic, predomi-
nately infectious process resulting in
exercise intolerance or upper airway
noise caused by thickening of the aryte-
noid cartilage, the surrounding soft
tissue, or both

SYNONYM(S)

e Arytenoid granuloma is a granulating
mass and may be a component of the
lesion.

e Arytenoid chondroma is a term used
previously for granuloma.

e Neoplasia is uncommon and not part
of this disease.

EPIDEMIOLOGY

SPECIES, AGE, SEX

e Racing breeds during active training

e Former race horses, including brood-
mares

e A milder, predominately self-limiting
form observed in yearlings

e Less frequently affects horses of any
breed or occupation

RISK FACTORS

e Mucosal surface trauma caused by
contact of arytenoid cartilages during
exercise
o Laryngeal hemiplegia
o Enlargement of the opposite aryte-

noid cartilage

e Mucosal disruption has been experi-
mentally demonstrated to cause the
disease

CONTAGION AND ZOONOSIS Not

considered contagious

GEOGRAPHY AND SEASONALITY

e The incidence can be variably higher
from particular regions or racetracks
within a region.

o Racing surface, air quality, and
training ~ methods  must  be
considered.

o Arytenoid chondritis is very uncom-
mon where racing is predominately
on turf.

ASSOCIATED CONDITIONS

AND DISORDERS

e May be observed concurrently with
laryngeal  hemiplegia, presumably
because of mucosal surface trauma
from collapse of the paretic cartilage.

e Either or both cartilages may be
affected.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES
e Acute or chronic progression of:

o Arytenoid mucosal ulceration
Arytenoid axial surface granulation
Arytenoid full- or partial-thickness
intracartilaginous septic tracts
o Intracartilaginous or pericartilagi-

nous abscessation: The arytenoid
cartilage may be axially displaced
by abaxial extracartilaginous absces-
sation, producing airway obstruc-
tion without actual invasion of the
arytenoid cartilage.

o O

o Arytenoid cartilage enlargement or
distortion

HISTORY, CHIEF COMPLAINT

e Variable exercise intolerance

e Variable upper respiratory noise

e Occasionally presents as a respiratory
emergency caused by airway obstruc-
tion at rest because of abscessation or
granulation tissue masses

e Often becomes more severe in non-
athletes because it remains undetected
until the obstruction is complete

PHYSICAL EXAM FINDINGS

e Generally outwardly normal horse

e Physical examination usually normal;
possible exceptions:

o Upper airway inspiratory stertor at
rest in severe cases; however, with
persistent stenosis, the stertor is
audible on expiration as well.

o Dysphagia is uncommon but may
be associated with severe perilaryn-
geal or pharyngeal inflammation.

ETIOLOGY AND PATHOPHYSIOLOGY

e Most often presumed to be mucosal
disruption leading to deeper infection
or inflammation, causing thickening of
the arytenoid cartilage or swelling of
the surrounding tissue.

e Arytenoid abduction is mechanically
prevented by cartilage distortion or
adjacent soft tissue swelling.

e Arytenoid distortion or axial com-
pression of the arytenoid may be
observed without a visible mucosal
disruption.

e Hematogenous seeding of infection
must be considered a possibility,



although a previously undetected
mucosal lesion could have healed.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS
e Laryngeal hemiplegia
o There should be no thickening or
mucosal lesion with left laryngeal
hemiplegia
o May occur concurrently
e Retropharyngeal abscess
e Ventricular mucocele
Has been observed after ventricular
ablation without resection
e Neoplasia

INITIAL DATABASE

e External laryngeal palpation is most
commonly normal.

e Arytenoid chondritis may occur con-
currently with laryngeal hemiplegia,
so cricoarytenoideus dorsalis muscle
atrophy may be palpable.

ADVANCED OR CONFIRMATORY

TESTING

e Nasopharyngeal endoscopy provides
the diagnosis for almost all cases.

o Affected arytenoid cartilage(s) will
be thickened with or without
mucosal swelling. Both may be
subtle.

There is often a contact (kissing)
lesion on the contralateral cartilage
from contact with the enlarged car-
tilage or a granulation tissue mass
from the affected cartilage (Figure
1. Arytenoid chondritis may be
bilateral.
o Retroflexion of the scope within the
trachea allows detection of thicken-

e}

FIGURE 1 Left arytenoid chondropathy.
The right arytenoid is fully abducted, but
the left is not. The left corniculate is abnor-
mally shaped and has a mucosal lesion on
its medial surface. All are consistent with a
left arytenoid chondropathy.
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ing of the caudal arytenoid body
or changes in mobility, particularly
during swallowing.
e Ultrasonography may demonstrate:
o Cartilage thickening or abscessation
o Extracartilaginous abscess or muco-
cele
e Magnetic resonance imaging: Demon-
strative but not likely to be necessary

TREATMENT

THERAPEUTIC GOAL(S)

e Restoration of normal upper airway
function

e Restoration of an airway to save the
life of the horse

ACUTE GENERAL TREATMENT

e Provide an airway for emergency
situations.
o Tracheotomy
o More likely during warm weather or
when the horse is stressed
e Medical therapy may be successful in
horses without arytenoid deformity or
airway compromise.
o Broad-spectrum or specific anti-
bacterial therapy: Duration, 10 to
30 days depending on severity and
chronicity
o Local and systemic antiinflamma-
tory therapy
= Topical antiinflammatory throat
spray

= Systemic nonsteroidal antiinflam-
matory drug therapy

= Systemic steroid therapy unless
acute infection is too active

e Horses with permanent arytenoid
deformity or adjacent thickening that
compromises the airway must undergo
a partial arytenoidectomy (removing
all but the muscular process of the
arytenoid cartilage).

o Acute inflammation should be
relieved with medical therapy as
much as possible before surgery.
The applicable procedure or the
need for any surgery at all may
change after medical therapy.

o Successful partial arytenoidectomy
can be performed with or without
mucosal closure.

e Horses with less-affected arytenoid
cartilages or resolvable adjacent soft
tissue lesions may undergo success-
ful (standing) debridement of the
affected areas accompanied by
medical therapy.

o The lesion is accessed through a
trocar placed in the cricothyroid
membrane and performed with a
laser and conventional instruments.
Culture of the lesion is recom-
mended.

o Debridement may lead to drainage
of arytenoid or adjacent abscesses,

thereby
deformity.
o Case selection is critical for success

because the potential for arytenoid

abduction must be present after the

inflammation has resolved.

= Evaluation of cartilage morphol-
ogy and mobility can be improved
by digital palpation through a
standing laryngotomy.

= The caudal margin, mid-body
through the lateral ventricle and
rostral body abaxial and caudal
to the corniculate process should
be palpated.

e Horses with only surface granulomas
may respond favorably to standing
removal of the mass followed by local
and systemic antiinflammatory and
antibacterial therapy.

e The author’s opinion is that all but the
most obviously superficial lesions
should be probed for deeper tracts
that may be debrided or drained
before permanent arytenoid deformity
occurs.

POSSIBLE COMPLICATIONS

e Partial arytenoidectomy may be fol-
lowed by a variable degree of aspira-
tion of food into the trachea, causing
mild or serious aspiration pneumonia,
although this seems to be less
common.

e Horses undergoing bilateral partial
arytenoidectomy do not commonly
remain functional athletes.

e The most serious complication of ary-
tenoid debridement is failure to restore
function and a subsequent need for
partial arytenoidectomy.

PROGNOSIS AND
OUTCOME

rapidly = reducing the

e Partial arytenoidectomy has
been reported in the older
literature to fail to return horses to
their previous athletic ability.

e More recent experience and reports
have been more favorable.

e Success of arytenoid debridement
in appropriate cases has been quite
favorable.

PEARLS &
CONSIDERATIONS

COMMENTS

e When the arytenoid cartilage is affected
in an area containing a medullary
cavity, the axial and abaxial laminae
of the cartilage may be split apart.
The axial lamina may separate during
partial arytenoidectomy, leaving an
incomplete removal. The surgeon
should watch for this situation.
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e Subtotal arytenoidectomy (leaving
the corniculate and muscular process)
has been reported in older literature
but has been shown to be insufficient
for return to substantial athletic
performance.

SUGGESTED READING

Barnes AJ, Slone DE, Lynch TM: Performance
after partial arytenoidectomy  without

mucosal closure in 27 Thoroughbred
racehorses. Vet Surg 33:398, 2004.

Goodall CLM, Birks EK, Sullins KE: Prosthetic
laryngoplasty or partial arytenoidectomy for
the treatment of laryngeal hemiplegia in
horses. Vet Surg 37:E14, 2008.

Parente EJ: Arytenoid chondropathy. In
McGorum B, Dixon P, Robinson NE, et al,
editors: Equine respiratory medicine and
surgery. Philadelphia, 2007, Elsevier, p 515.

Radcliffe CH, Woodie JB, Hackett RP, et al: A
comparison of laryngoplasty and modified
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partial arytenoidectomy as treatments for
laryngeal hemiplegia in exercising horses.
Vet Surg 35:643, 20006.

Wereszka M, Sullins K: Evaluation of standing
minimally invasive laser-assisted and/or
simple debridement technique for treatment
of equine arytenoid chondritis in 27 horses.
Vet Surg 36:E28, 2007.

AUTHOR: KENNETH E. SULLINS
EDITOR: ERIC J. PARENTE



Ascariasis

BASIC INFORMATION
DEFINITION

Mange caused by a variety of mites,
including the chorioptic (leg mange) and
psoroptic families

SYNONYM(S)
Mange

EPIDEMIOLOGY

GENETICS AND BREED PREDISPOSI-
TION Chorioptic mange typically affects
draft breeds with heavy feathering in
their legs but may occasionally affect
light breeds with thin hair coats. Psorop-
tic mange typically affects young horses
of any breed.

RISK FACTORS

Young, stabled horses are at increased
risk of being affected by psoroptic
mange. When introduced into a new
barn, they can transmit the disease to
older horses. Horses affected by choriop-
tic mange can be asymptomatic carriers.
CONTAGION AND ZOONOSIS Neither
psoroptic nor chorioptic mange is con-
sidered a zoonotic disease. Both psorop-
tic and chorioptic mange are reportable
diseases in the United States.
GEOGRAPHY AND SEASONALITY
Both chorioptic and psoroptic mange are
more frequently seen in the cooler
months of the year. Psoroptic mange has
been eradicated from horses in the
United States but is still present in other
areas.

ASSOCIATED CONDITIONS AND DIS-
ORDERS Psoroptic mange has been
associated with tail rubbing and otic irri-
tation, which may lead to head shaking.
Chorioptic mange may cause weight
loss, irritability, and decreased exercise
tolerance.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES Psoroptic
and chorioptic mange

HISTORY, CHIEF COMPLAINT

e Psoroptic mange is characterized by
severe pruritus, head shaking, and tail
rubbing. Papules, crusts, and alopecia
are frequently seen at the base of the
mane, tail, ears, and submandibular
area, and it may then spread to the
rest of the body.

e Chorioptic mange lesions are typically
seen in the pastern area, but in severe
cases, the infection may spread to the
ventral abdomen or even become gen-
eralized. Pruritus in chorioptic mange
is variable, and severe thickening
of the skin with secondary bacterial
infection may result from self-trauma.

PHYSICAL EXAM FINDINGS Moderate

to severe pruritic dermatitis in the ears,

mane, body, and tail head (“rat tail”
appearance), head shaking, and irritabil-
ity are characteristic of psoroptic mange.

Irritation, moderate pruritus with signifi-

cant discomfort of the legs characterized

by foot stamping and biting at the lower
legs, patchy alopecia, and scaling are
also common in chorioptic mange.

ETIOLOGY AND PATHOPHYSIOLOGY

e Mites Psoroptes equi and Chorioptes
equi, both of which are relatively host
specific, live on the surface of the
epidermis.

e Both P. equi and C. equi normally
have a 2-week lifespan.

e If there are favorable conditions of
temperature, moisture, and humidity
in the environment, P. equi can live
away from its host for up to 3 weeks,
but C. equi can live away from its host
for just a few days.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS
e Dermatophilosis
e Dermatophytosis
e Trombiculidiasis

Lice infestation

Culicoides hypersensitivity
Parasitic dermatitis
Pastern dermatitis

INITIAL DATABASE

e P. equi: Demonstration of mites in skin
scrapings and ear swabs from affected
animals; round, elongated bodies with
segmented pedicles

e C. equi: Demonstration of mites in
skin scrapings from the pastern area
and plantar or palmar area of the
cannon bone

TREATMENT

THERAPEUTIC GOAL(S)

e Eliminate both eggs and adults of the
parasites

e Decrease the risk of contamination of
other animals in the barn

ACUTE GENERAL TREATMENT

e Psoroptic mange: Topical insecticides,
including deltamethrin, coumaphos,
diazinon, malathion, toxaphene, and
lime sulphur, should be used. Iver-
mectin has also been used, but it does
not always eliminate live mites from
all animals. The contaminated envi-
ronment also needs to be treated to
prevent infection of other animals. It
is important to continue treatment for
at least 1 month.

e C. equi: Lime sulfur or fipronil applied
once a week for at least 1 month is
recommended. Lesions should be
clipped and scabs removed before the
affected areas are scrubbed with insec-
ticidal shampoo or powder. Oral iver-
mectin given twice at 2-week intervals
may be effective.

CHRONIC TREATMENT

Ascariasis may be difficult to eradicate
after it becomes established in a stable.
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PROGNOSIS AND
OUTCOME

e If diagnosed and appropri-
ately treated early in the
course of the disease, the prognosis is
favorable.

e After it has been established in the
barn, the disease may be difficult to
eradicate.

PEARLS &
CONSIDERATIONS

Not zoonotic diseases, but re-
portable

Ascites

SUGGESTED READING

White SD: Parasitic skin diseases. In Smith BP,
editor: Large animal internal medicine.
St Louis, 2009, Mosby Elsevier, pp 1321-
1322.

AUTHOR: ALFREDO SANCHEZ LONDONO
EDITOR: DAVID A. WILSON



Ascites

BASIC INFORMATION
DEFINITION

Accumulation of peritoneal fluid (transu-
dative effusion) in the peritoneal cavity

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT

e Abdominal distension

e Inappetence, mild colic, and lethargy
are frequently reported.

PHYSICAL EXAM FINDINGS

e Ventral abdominal or distal limb
edema is often present.

e Other clinical signs are variable and
depend on the cause of ascites.

o Poor body condition and signs of
abdominal pain are often present
if ascites occurs with abdominal
neoplasia.

o Jugular vein distension and pulsa-
tion, exercise intolerance, tachy-
cardia, and a heart murmur may be
present if right heart failure is the
inciting cause.

e Rectal examination may be abnormal,
with organ enlargement, intestinal dis-
tension, or palpable masses if intraab-
dominal neoplasia is the cause.

ETIOLOGY AND PATHOPHYSIOLOGY

e Abdominal neoplasia may result in
obstruction of abdominal lymphatics
or production of excess peritoneal
fluid (especially with mesothelioma)
and may result in ascites.

e Right-sided heart failure causes con-
gestion of the venous circulation
and increases capillary hydrostatic
pressure, resulting in a transudative
abdominal effusion.

e Hypoproteinemia may result from
protein-losing enteropathy or protein-
losing nephropathy, causing a decrease
in colloid oncotic pressure that results
in loss of fluid from the vascular space.

e However, clinically apparent ascites is
uncommonly seen with right heart
failure or hypoproteinemia in horses
because of the large capacity of the
equine peritoneal cavity.

e Also, in contrast to other species,
ascites rarely accompanies hepatic
disease in horses.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Hydroallantois or hydramnios (in a
broodmare)

e Chronic peritonitis

e Uroperitoneum

e Hemoperitoneum

INITIAL DATABASE

e Complete blood count: Variable; may
be normal or may show evidence of
chronic inflammation (mild anemia,
leukocytosis, hyperfibrinogenemia) or
abnormal leukocyte distribution or
morphology if neoplasia is the inciting
cause.

e Serum biochemistry profile: Variable;
may be normal or hypoproteinemia or
hypoalbuminemia may be present.

e Urinalysis: Should be performed in
hypoproteinemic patients to rule out
protein-losing nephropathy. Signifi-
cant proteinuria should warrant further
evaluation for glomerular disease.

e Transabdominal ultrasonography.

o A large amount of hypoechoic free
peritoneal fluid is visible in the
ventral abdomen.

o Evidence of intestinal disease
(eg, inflammatory bowel disease
causing protein-losing enteropathy)
or intraabdominal neoplasia with
intestinal thickening or intraabdom-
inal masses may be apparent.

e Peritoneal fluid analysis.

o Fluid is typically clear and watery
but is occasionally cloudy or red-
tinged if abdominal neoplasia is the
cause.

o The nucleated cell count and total
protein concentration are usually
within reference intervals (<10,000
cells/uL and 1.5 mg/dL, respec-
tively). Occasionally, the fluid is

more consistent with a modified
transudate (ie, mildly increased cell
count and total protein concentra-
tion) in neoplastic disease.

o Cytologic evaluation of the perito-
neal fluid may be within normal
limits or neoplastic cells may be
seen.

o Measurement of peritoneal fluid
creatinine concentration may be
performed to help rule out uroperi-
toneum. In ascites, peritoneal fluid
creatinine is comparable to or lower
than plasma creatinine.

e Cardiac ultrasonography should be
performed if clinical evidence of
right heart failure is present or if an
alternative cause of ascites cannot be
identified.

TREATMENT
THERAPEUTIC GOAL(S)

e Manage or treat primary disease if
possible.
e Remove accumulated fluid.

ACUTE GENERAL TREATMENT

e Management of primary disease

o Right heart failure may be managed
with diuretics and positive inotro-
pes (see “Cardiac Failure” in this
section).

o Plasma transfusion or administration
of synthetic colloids may be indi-
cated in hypoproteinemic patients.

o Specific therapy for disseminated
abdominal neoplasia resulting in
ascites is usually palliative in horses.
Dexamethasone (0.05-0.10 mg/kg
IV or IM 24h) may result in transient
clinical improvement in some neo-
plasias, especially lymphosarcoma.

e Drainage of accumulated peritoneal
fluid

o Not indicated unless large volume
accumulation and associated clini-
cal signs (abdominal pain, colic) are
present.




Ascites

FIGURE 1 Drainage of peritoneal fluid
with a chest drain from the abdomen
of a yearling with ascites secondary to
neoplasia.

o May be performed with a teat
cannula as for an abdominocentesis
or chest drain, but fluid removal
should be done slowly and an
equivalent volume of IV fluids
administered  simultaneously  to
avoid hypovolemic shock.

PROGNOSIS AND
OUTCOME

Guarded to poor because the
inciting causes of ascites in

horses are usually difficult to impossible
to treat

PEARLS &
CONSIDERATIONS

Because ascites is uncommon in
horses, it is vital to rule out uro-
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peritoneum in horses with abdominal
distension and a large volume of free
hypoechoic peritoneal fluid. The concur-
rent presence of azotemia or electrolyte
derangements, such as hyponatremia or
hyperkalemia, should warrant a compre-
hensive evaluation of the urogenital tract.

SUGGESTED READING

Mair T: Abdominal distension in the adult
horse. In Mair T, Divers T, Ducharme N,
editors: Manual of equine gastroenterology.
London, 2002, WB Saunders, pp 317-322.

AUTHOR: KELSEY A. HART
EDITOR: TIM MAIR



Atonic/Hypotonic Bladder

BASIC INFORMATION

DEFINITION

Dysuria or incontinence caused by
sensory and motor deficits of the nervous
system

SYNONYM(S)

Atonic or paralytic bladder, lower motor
neuron bladder, spastic bladder, upper
motor neuron bladder

EPIDEMIOLOGY

RISK FACTORS

e Feeding or exposure to sorghum or
sudan grass

e Illicit tail blocking

CONTAGION AND ZOONOSIS Infec-

tious agents incriminated  include

equine herpesvirus-1 (EHV-1), Sarcocys-

tis neurona, and Neospora bughesi.

ASSOCIATED CONDITIONS

AND DISORDERS

e Affected animals have a history or sus-
picion of a congenital disorder, spinal
cord trauma, sacral trauma, or evi-
dence of a concurrent inflammatory or
degenerative neurologic disorder.

e Sabulous urolithiasis.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Upper motor neuron or spastic
bladder: Lack of descending inhibi-
tion, turgid bladder, increased urethral
sphincter tone, periodic uncontrolled
high-pressure urine production, and
incomplete bladder emptying. The
bladder is difficult to express by
transrectal compression. The urethra
is difficult to catheterize because of
increased tone.

e Lower motor neuron or paralytic
bladder: Loss of sensory fibers signal-
ing bladder wall stretching that nor-
mally initiates urination. Detrusor
muscle innervation and contractility
are lost. The bladder fills to capacity
and then passively overflows. The
bladder is easily compressed per
rectum, allowing urine voiding.

e Automatic bladder: Spinal cord damage
cranial to the sacrum. Bladder filling
and uncontrolled reflex emptying
caused by loss of upper motor
neuron influence. Higher sensation of
bladder fill is lost, and emptying is
incomplete.

HISTORY, CHIEF COMPLAINT

e Urinary incontinence

e May have concurrent
disease

neurologic

PHYSICAL EXAM FINDINGS

e Urine scalding over the perineum and
between the hind legs.

e Frequent attempts to urinate or uncon-
trolled voiding.

e Perineal analgesia, loss of tail tone,
loss of anal tone, fecal incontinence.

e Abnormalities of pelvic limb gait and
regional muscle wasting may occur.

e Signs referable to more widespread

neurologic  dysfunction may be
present.

ETIOLOGY AND
PATHOPHYSIOLOGY

e Sympathetic, parasympathetic, and
somatic branches of the central

nervous system are required to coor-

dinate bladder function.

o Sympathetic innervation: Hypogas-
tric nerve (L1-L4) via the caudal
mesenteric ganglion. Postganglionic
fibers innervate the bladder wall (B,
receptors) and proximal urethra (o
with some o, receptors).

o Parasympathetic innervation: The

pelvic nerve (sacral segments)
innervates the detrusor smooth
muscle.

o Somatic innervation: The pudendal
nerve (S1-S2) supplies the striated
musculature of the urethra.
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e Normal bladder function consists of
bladder filling, urine storage, and
evacuation. Extrapolation from other
species is used to model bladder
function in horses.

o Duringbladder filling, tone increases
in the external (pudendal nerve)
and internal (sympathetic) urethral
sphincters to hold urine. The
detrusor muscle relaxes because of
o-receptor—mediated inhibition of
pelvic nerve afferent input and
smooth muscle B,-receptor stimula-
tion caused by stretch receptors
in the bladder wall acting on pelvic
nerve afferents stimulating the
hypogastric nerve. This allows an
increased volume of urine storage
in the bladder without a corre-
sponding increase in pressure.

o Evacuation of the bladder results
from pelvic nerve afferent impulses
transmitted to higher (intracranial)
control centers in response to detru-
sor muscle stretch. Detrusor con-
traction is initiated by pelvic nerve
impulses, spreading throughout the
smooth muscle of the bladder and
allowing coordinated contraction.
Inhibition of pudendal and hypo-
gastric nerve input also occurs,
allowing more complete detrusor
muscle contraction and urethral
sphincter relaxation. Bladder emp-
tying ceases when stretch receptors
sense the bladder is no longer full.
Pudendal and hypogastric nerve
activity is then no longer inhibited,
allowing detrusor muscle relaxation
and increased urethral sphincter
tone.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Congenital anomaly: Ectopic ureter

e Cystolithiasis

Cystitis

Sabulous urolithiasis

Nonneurogenic or myogenic bladder:

Degenerative detrusor muscle changes

e Idiopathic incontinence of geldings

e Parturient urethral trauma of mares:
Physical trauma to the pelvic urethra
and pelvic nerves

e Musculoskeletal disorders: Pain pre-
venting posturing to urinate

INITIAL DATABASE

e Complete blood count with fibrinogen
concentration

e Serum chemistries

e Rectal palpation: Bladder size and
tone, ease of manual expression

e Transrectal ultrasonography: Bladder
size and content

e Urethral catheterization: May be diffi-
cult with increased urethral tone
(upper motor neuron bladder)

e Cystoscopy, urethroscopy: To rule out
nonneurogenic problems

ADVANCED OR CONFIRMATORY

TESTING

e Suspected meningitis: Cerebrospinal
fluid analysis * culture

e Suspected viral infection: EHV-1
polymerase chain reaction, serology

e Suspected pelvic or sacral fracture
(pain,  compressive  myelopathy):
Radiography, scintigraphy, ultrasonog-
raphy

e Suspected degenerative conditions
(equine  degenerative myelopathy,
equine motor neuron disease): Vitamin
E levels, muscle or peripheral nerve
biopsy

TREATMENT
THERAPEUTIC GOAL(S)

e Management of primary neurologic
disorder

e Management of bladder distension
and urolithiasis

e Management of urine scalding from
chronic overflow

e Management of cystitis and ascending
infection of kidneys, if present

ACUTE GENERAL TREATMENT

e Drainage of urine by catheterization

e Appropriate antimicrobial therapy if
cystitis is present

e Management of secondary complica-
tions: Urine scald

e Management of concurrent neurologic
or musculoskeletal disorders

CHRONIC TREATMENT

e Long-term bladder catheterization

e Long-term antimicrobial or antiinflam-
matory therapy for appropriate cases

e Management of underlying neurologic
or musculoskeletal disorder may be
necessary

e Prevention and treatment of dermatitis
secondary to urine scald

PROGNOSIS AND
OUTCOME

e Prognosis is favorable for
horses  with  incontinence
occurring during the onset of acute
neurologic disease that responds to
treatment, provided bladder atony and
distension are managed effectively
and quickly.

e Prognosis is poor for horses with
urinary incontinence resulting from
chronic bladder dysfunction caused
by a persistence of underlying neu-
rologic factors or onset of sabulous
urolithiasis.

e Chronically overdistended bladders
are unlikely to respond to treatment.

PEARLS &
CONSIDERATIONS

COMMENTS

e Prognosis depends on the anatomic
location of any neurogenic cause of
dysfunction.

e Treatment options are limited and
similar, regardless of the origin of the
problem.

e Secondary changes (cystitis, detrusor
muscle degeneration) may be irrevers-
ible in advanced cases.

CLIENT EDUCATION

Neurologic bladder
not resolve and
management.

SUGGESTED READING

Bayly WM: Urinary incontinence and bladder
dysfunction. In Reed S, Bayly WM, Sellon
DC, editors: Equine internal medicine, ed 2.
St Louis, 2004, Saunders Elsevier, pp 1290—
1294.

Furr M, Sampieri F: Differential diagnosis of
urinary incontinence and cauda equine
syndrome. In Furr M, Reed S, editors:
Equine neurology. Ames, 1A, 2008, Black-
well Publishing, pp 119-126.

Mayhew 1G: Urinary bladder distension,
dilated rectum and anus, and atonic tail:
cauda equine syndrome. In Mayhew IG,
editor: Large animal neurology, ed 2. Ames,
IA, 2009, Wiley Blackwell, pp 163-166.

dysfunction may
requires long-term
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Atrial Fibrillation

Atrial Fibrillation

BASIC INFORMATION
DEFINITION

Supraventricular arrhythmia character-
ized by very rapid and chaotic, self-
sustaining atrial electrical activity with an
irregularly irregular ventricular response.

SYNONYM(S)

Auricular fibrillation

EPIDEMIOLOGY

SPECIES, AGE, SEX

e Large breeds are more susceptible
than small breeds.

e Rarely occurs in ponies unless severe
cardiac pathology is present.

RISK FACTORS

e Underlying cardiovascular pathology
leading to:

o Atrial dilation: Chronic valvular
regurgitation (eg, mitral regurgita-
tion), congenital heart disease (eg,
ventricular septal defect)

o Structural lesions of the atrial myo-
cardium (eg, fibrosis caused by
heart failure or pressure overload)

e Frequent occurrence of atrial prema-
ture beats (eg, caused by electrolyte
disturbances, structural lesions, viral
disease, myocardial stretch [exercise])

e Electrolyte disturbances

e High vagal tone (leads to disper-
sion in refractoriness of the atrial
myocardium)

ASSOCIATED CONDITIONS

AND DISORDERS

e Epistaxis during vigorous exercise

e Occasionally associated with ventricu-
lar ectopy

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES
e Regarding etiology:

o Primary or “lone” atrial fibrillation
(AF): No underlying cardiac pathol-
ogy. This form is much more
common in horses than in other
species.

o Secondary AF: Underlying cardiac
or noncardiac disease.

e Regarding duration:

o Persistent (sustained) AF: Can only
convert to sinus rhythm with treat-
ment (most frequently in horses).

o Paroxysmal AF (terminates spon-
taneously). Occasionally seen in
racehorses (Thoroughbreds, Stan-
dardbreds) during (sub)maximal
exercise. Within minutes, hours, or
days, spontaneous conversion to
sinus rhythm occurs.

HISTORY, CHIEF COMPLAINT
e Obvious signs of performance loss in
horses working at maximal speed:

Pulling up during race with signs of

respiratory distress, ataxia, or even

collapse

e Less pronounced signs of decreased
performance in jumping and dressage
horses or horses working at lower
levels

e May be an incidental finding in plea-
sure horses, breeding horses, or horses
at rest

e Epistaxis during exercise

e Signs of heart failure in horses with
severe underlying cardiac disease and
secondary AF

PHYSICAL EXAM FINDINGS

e Trregular pulse with pulse deficits

e Auscultation

o Irregularly irregular rhythm

o No atrial sound; loud first heart
sound

o Normal heart rate at rest or tachy-
cardia in case of cardiac failure

e Signs of underlying cardiac disease

o Cardiac murmur

o Signs of heart failure (edema,
jugular pulsation, tachypnea, weight
loss)

ETIOLOGY AND PATHOPHYSIOLOGY
e Mechanism

o During AF, depolarization waves
spread continuously and in a rapid
and chaotic manner over the atrial
myocardium (usually 350-450/min).
These depolarization waves origi-
nate from reentry or from rapidly
firing foci and result in a continuous
source of electrical activity indepen-
dent of the sinoatrial node.

o During AF, a (reversible) loss of
atrial contractile function occurs.

o At rest and when no severe under-
lying cardiac disease is present,
high vagal tone causes the atrioven-
tricular (AV) node to block most of
the electrical pulses, thereby main-
taining a normal heart rate. Conduc-
tion toward the ventricle occurs
randomly resulting in an irregularly
irregular cardiac rhythm.

o Decreases in vagal tone (stress,
exercise, heart failure, colic) results
in an exacerbated increase in heart
rate.

e FEtiology

o To be sustained, AF depends on a
trigger to start the arrhythmia (atrial
premature beat or rapidly firing
focus) and a substrate to maintain
it (atrial myocardium). Factors in
favor of AF are:

= A high trigger burden, that is, a
high number of atrial premature
beats: induced by stretch (eg,
high atrial pressure during exer-
cise), myocardial lesions, or elec-
trolyte disturbances.

= A suitable substrate, that is, the
atrial myocardium: large atrial
size, high vagal tone, short refrac-
toriness of the myocardium and
structural lesions.

o In general, once initiated, AF rapidly
(hours to days) becomes perma-
nent, that is, it will never convert to
sinus rhythm without therapy. In
particular, during the first weeks to
months the arrhythmia becomes
increasingly stable.

o Occasionally paroxysmal AF occurs
during exercise, most commonly in
racehorses. A potential cause is a
high trigger burden during (sub)
maximal exercise, while the myo-
cardium is not suited to maintain
the arrhythmia for a prolonged
period (due to its size, electrophy-
siologic properties). Spontaneous
conversion generally occurs within
the first 72 hours.

e Impact:

o In horses with lone AF:

= At rest: no impairment of
cardiac function (long diastolic
time renders ventricular filling
sufficient).

= During exercise: impaired cardiac
function occurs because  of
impaired ventricular filling as a
result of (1) an absent atrial con-
tractile function and (2) a dispro-
portionate increase in heart rate.
Some horses may present with
epistaxis because of effects on
pulmonary vascular pressures.

o In horses with severe underlying
cardiac disease: exacerbation of
clinical signs because of a further
decrease in cardiac function.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Second-degree AV block: regularly
irregular on auscultation with pres-
ence of the atrial sound (S4).

e Frequently and irregularly occurring
atrial and/or ventricular premature
beats.

INITIAL DATABASE

e AF may be strongly suspected on
auscultation: an irregularly irregular
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rhythm, a loud first heart sound, and

absence of the atrial sound.

Final diagnosis is made with an

electrocardiogram (ECG) by the typical

characteristics (Figures 1 and 2):

o No P waves

o Presence of f (fibrillation) waves.
Changes between coarse (clearly
undulating baseline) and fine
(minor deflections of the baseline)
fibrillation waves frequently occur
on the same ECG.

o TIrregular RR interval (less obvious
at high heart rates)
QRS morphology is normal but
often shows minor alterations
because of superposition with the
f waves. The T wave may change
after short RR intervals.

Assess for signs of underlying cardiac

disease such as a cardiac murmur,

ventral edema, jugular pulsations, and

tachycardia.

ADVANCED OR CONFIRMATORY
TESTING

e Cardiac ultrasonography is essential to
distinguish between lone and second-
ary AF (eg, atrial dilation, valvular
regurgitation, congenital heart disease,
congestive heart failure).

e Electrolyte imbalance (serum and frac-
tional excretions) especially for recent-
onset AF.

e Myocardial markers (cardiac troponin
D when myocardial damage is
suspected.

e ECG (long-term telemetric or 24-hour
Holter monitoring) to monitor for con-
current ventricular premature beats
(Figure 3).

TREATMENT

e Do not treat for the first 72
hours after onset of AF
because spontaneous conversion may
occur (especially in racehorses).

e Check electrolyte before

treatment.

status

THERAPEUTIC GOAL(S)

e Lone AF: Medical or electrical conver-
sion to sinus rhythm; no treatment in
horses at rest.

e Secondary AF: Medical therapy to
improve cardiac function, reduce
ventricular response rate (furose-
mide, digoxin, angiotensin-converting
enzyme inhibitors).  Cardioversion
should not be attempted in horses
with heart failure.

ACUTE GENERAL TREATMENT

e Medical treatment: Perform in a quiet
environment and have IV access avail-
able. Continuous ECG monitoring is
necessary.
© Quinidine sulphate via nasogastric

tube: 22 mg/kg q2h until:
= Conversion to sinus rhythm: Ter-
minate treatment.

S

:::#

FIGURE 1 Atrial fibrillation (AF). During AF, P waves are absent and replaced by (coarse and fine) fibrillation waves (f waves). QRS
complexes have a normal morphology, but RR intervals are irregularly irregular.

He

FIGURE 2 Transvenous electrical cardioversion (TVEC). Surface electrocardiogram during TVEC of a horse with atrial fibrillation (AF) of
10 weeks’ duration. A 150-J biphasic shock (arrow), synchronized with the R wave (arrowheads), converts AF (f waves) instantaneously to
sinus rhythm (P waves).
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FIGURE 3 Atrial fibrillation with ventricular tachycardia. During exercise, rhythm remains irregular, although differences in RR intervals
are smaller and less obvious because of the high heart rate. The horse presents with a run of wide QRS complexes (arrows) and shows
the R-on-T phenomenon. The abnormal QRS complexes are caused by ventricular ectopy or aberrant conduction.
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= Maximal daily dose of 132 mg/
kg: Continue the same treatment
for the second (or third) day.

= Mild toxic signs occur such as
tachycardia below 100 beats/
min, depression, anorexia, nasal
edema, mild discomfort: Increase
the interval between treatments

(q3-4h) or administer qoh (half-

life of quinidine).

= Severe toxic signs such as a
ventricular rate in excess of

100 beats/min, QRS duration

increased by 25%, colic, diarrhea,

laminitis, hypotension, collapse:

Terminate quinidine treatment.

o Administer isotonic sodium
bicarbonate (1 mEq/kg IV) to
increase protein binding.

o If tachycardia is supraven-
tricular:  Digoxin (2.2 ug/kg
IV) (because of protein
binding, the risk for adverse
effects might be increased)
or propranolol (0.03 mg/kg
IV) or if no severe signs of
hypotension are present, an
IV o,-agonist (eg, detomi-
dine 5.0-7.5 pg/kg). Diltiazem
may prove useful for ventricu-
lar rate control but has not
been proven in horses with
AF.

o If tachycardia is ventricular:
Magnesium sulphate v
(4 mg/kg @2min up to a
total of 50 mg/kg). Treat
life-threatening ventricular
tachycardia with lidocaine IV
(0.25-0.5 mg/kg g5min to a
total dose of 2—4 mg/kg) or
procainamide (1 mg/kg/min
IV; maximal dose, 20 mg/kg).

o In case of hypotension:
Crystalloids and phenyleph-
rine IV (0.1-0.2 g/kg/min up
to 0.01 mg/kg)

= If quinidine plasma levels can be
monitored: Therapeutic plasma
concentration is 2 to 5 pg/mL.

= If cardioversion is not achieved,

a second treatment might be

attempted after 1 week. Combine

treatment with digoxin if treat-
ment failure occurred because of
tachycardia.

© Quinidine gluconate IV: 1.0 to

1.5 mg/kg q10min until conversion,

toxic side effects occur, or a total

dose of 12 mg/kg

= Particularly useful for recent-
onset AF

= Increased risk of side effects

Amiodarone IV: 5 mg/kg adminis-

tered over 1 hour followed by con-

tinuous infusion of 0.83 to 1.90 mg/

kg/min over 1 to 3 days

= Side effects include diarrhea and
hindlimb weakness.

= Lower efficacy than oral quini-
dine sulphate.

= Especially useful in horses when
therapeutic  quinidine  levels
cannot be achieved because of
toxic side effects.

Flecainide 1V at 0.2 mg/kg/min

over 10 minutes. Should not be

used because of low efficacy and

high risk for life-threatening ven-

tricular arrhythmias.

e Transvenous electrical cardioversion
o Requires general anesthesia, spe-

(o]

cialized equipment, and expertise
A biphasic synchronized direct-
current shock is delivered via
two transvenously inserted cardio-
version catheters (with a large
surface area electrode).

= Preparation in the standing horse

o Check and correct electrolyte
disorders.

o Insert and position catheters
under ultrasonographic guid-
ance.

e Position one cardioversion
catheter in the left branch of
the pulmonary artery.

e Position one cardioversion
catheter in the right atrium.

o An additional pacing catheter
may be inserted into the right
ventricular apex.

o Administration of an antiar-
rhythmic drug may decrease
the risk for immediate recur-
rence of AF after cardiover-

sion.
= After induction of general
anesthesia

o Take precautions to avoid

injury because of the horse’s
limb movement during shock
delivery.

o Avoid any direct or indirect
(urine, table) contact between
individuals and the horse
during shock delivery.

o Check catheter position by
ultrasongraphy or radiography
and correct if necessary.

o Connect both catheters and a
surface ECG (avoid alcohol as
a coupling agent) to the
defibrillator.

o Carefully check R-wave detec-
tion by the defibrillator. In
case of T-wave detection,
always  reposition  surface
electrodes to avoid T-wave
detection. There is no unique
electrode position that avoids
T-wave detection.

o Deliver biphasic synchronized
shocks (simultaneous with the
R wave of the surface ECG)
at incremental energy levels
(125-360 J with 50-] steps).
Cardioversion usually occurs

between 150 and 250 J (see
Figure 3).

o In case of temporary asystole,
ventricular pacing is per-
formed via the right ventricular
pacing electrode.

o In case of conversion failure,
cardioversion catheters should
be repositioned to repeat the
cardioversion procedure. Sim-
ultaneous administration of
antiarrhythmic drugs (eg, IV
amiodarone) may increase the
success rate.

o After successful cardioversion,
wait for 10 minutes before
gentle retraction of the cathe-
ters. Atrial premature beats
might easily reinduce AF.

DRUG INTERACTIONS

Quinidine and digoxin are both highly
protein bound with narrow therapeutic
windows. Their concurrent use increases
effective plasma levels of both drugs,
increasing the risk of adverse effects.

POSSIBLE COMPLICATIONS
e Quinidine sulphate complications

]

Laminitis, diarrhea, hypotension,
collapse, sudden death (ventricular
proarrhythmia).

Permanent venous access and per-
manent ECG monitoring should be
available during treatment.

e Amiodarone complications

o]

Hindlimb weakness, weight shift-
ing, and diarrhea.

Terminate amiodarone treatment;
treat with 6000 IU of vitamin E PO.
Symptoms of weight shifting resolve
within a few hours.

Diarrhea may last for about 1 to 10
days. Treat with supportive therapy.

e Transvenous electrical cardioversion

]

]

complications
Related to anesthesia
Related to catheterization (pre-
mature  beats, embolism, and
thrombosis)

Related to shock delivery

= T wave on the surface ECG is
detected as an R wave. Shock
delivery on a T wave holds a
very high risk for induction of
ventricular  fibrillation  (fataD).
Reposition surface electrodes (no
standard location) so that the T
wave is no longer detected by
the defibrillator.

= Atrial or ventricular ectopy: Mini-
mize risk by shock synchroniza-
tion with R wave and by using
lowest energy levels.

= Temporary asystole: Perform tem-
porary right ventricular pacing
via the temporary pacing catheter
(inserted before induction of
anesthesia).

51
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= Myocardial damage: Keep
applied energy to a minimum.
o Related to catheter withdrawal:
Atrial or ventricular premature
beats, which might result in imme-
diate recurrence of AF.
= Wait for 10 minutes after cardio-
version before withdrawing ca-
theters.

= Simultaneous use of antiarrhyth-
mic drugs during electrical car-
dioversion reduces the risk for
immediate recurrence or may
lower the cardioversion thresh-
old.

RECOMMENDED MONITORING

e In case of successful cardioversion
o Wait at least 5 days after cardio-
version to perform 24-hour ECG
monitoring.
= Presence of frequently occurring
atrial premature beats might
increase the risk for AF re-
currence.

= Presence of ventricular prema-
ture beats
o Rest period:
= (Sub)acute AF (days to weeks):
May rest similar to the duration
of AF

= If AF duration is more than 2
months: May rest for 1 to 2
months

o Check heart rhythm before return-
ing to work.

o Teach the owner to palpate apex
beat or auscultate with a stetho-
scope. Check every 3 to 6 months
or when recurrence is suspected.

e In case of cardioversion failure

© Horse at rest: No further monitoring
unless underlying cardiac disease is
present.

o Horses intended for exercise: An
exercise ECG during a thorough
exercise test, compatible with
the level of work the horse will be
used for, is strongly recommended.
Horses presenting with extremely
high ventricular rates with abnormal
QRS morphology (R-on-T) should

not be used for intense work
because of an increased risk for
collapse or sudden death and an
inability to perform that work level.
o Horses with AF cannot perform
strenuous exercise such as racing.

PROGNOSIS AND
OUTCOME

e Lone AF: Good prognosis if
sinus rhythm can be restored,
particularly if present for a short
duration before conversion attempts.
Horses return to previous level of
performance when sinus rhythm is
restored. The recurrence rate of AF is
approximately 15% to 20%.

e Lone AF with concurrent ventricular
ectopy: Guarded as long as ventricular
premature beats persist.

e Secondary AF: Poor prognosis;
depends on the underlying cardiac
disease.

PEARLS &
CONSIDERATIONS

COMMENTS

e Inform owners about the possible
risk of the treatment, especially
medical treatment (all antiarrhythmic
drugs have the potential to be
proarrhythmic).

e AF is very well tolerated when horses
are not put into work and may be
well tolerated if the work is not
strenuous.

e Paroxysmal AF may be difficult to dis-
cover when it only occurs during
maximal exercise. ECG monitoring
during exercise is necessary and may
show extremely high rates (commonly
>250 beats/min). At such high rates,
the irregularity in RR interval becomes
difficult to detect.

PREVENTION

There is no prevention for AF. However,
there may be some benefit to being
extremely cautious if using diuretics in

Atrial Flutter

racehorses that have had a prior episode
of AF because electrolyte disturbances
arising from diuretic use may potentiate
AF.

CLIENT EDUCATION

For successfully converted horses, the
owner should be trained how to palpate
the apex beat or auscultate with a stetho-
scope. A change in exercise tolerance
should also prompt a recheck evaluation
by a veterinarian.

SUGGESTED READING
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fibrillation. Equine Vet J 39:344-349, 2007.

De Clercq D, van Loon G, Baert K, et al:
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et al: Transvenous electrical cardioversion
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custom made cardioversion catheters. Vet J
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DG, et al: Transvenous electrical cardiover-
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DG: Transvenous electrical cardioversion of
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BASIC INFORMATION
DEFINITION

Supraventricular arrhythmia character-
ized by rapid, regular atrial depolariza-
tions that are caused by a self-sustaining,

single-circuit reentry mechanism. The
atrial rate is approximately 180 to 250
contractions per minute with an irregular
ventricular response.

SYNONYM(S)

Auricular flutter

EPIDEMIOLOGY

SPECIES, AGE, SEX

e Large breeds are more susceptible
than small breeds.

e Rarely occurs in ponies.



Atrial Flutter
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FIGURE 1 Atrial flutter is characterized by continuous, rapid, regular, sawtooth flutter waves (F waves). The ventricular rate at rest is
normal, but the ventricular rhythm is irregular. Slight changes in QRS and T-wave morphology occur because of superposition of the

flutter waves.

RISK FACTORS

e Similar to atrial fibrillation (AF)

e Underlying cardiovascular pathology
leading to atrial dilation or atrial myo-
cardial structural lesions

e Atrial premature contractions

e Electrolyte disturbances

e High vagal tone

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Spontaneous, sustained atrial flutter
occurs on rare occasions in horses. In
most animals, the arrhythmia quickly
turns into AF.

o Atrial flutter is frequently encountered
during quinidine treatment in horses,
as an intermediate rthythm between AF
and sinus rhythm.

HISTORY, CHIEF COMPLAINT

e Performance loss

e Occurs during quinidine treatment

PHYSICAL EXAM FINDINGS

e Irregular pulse

e Auscultation
o Irregular rhythm (normal rate at

rest)

o Rapid atrial sounds rarely detected
ETIOLOGY AND PATHOPHYSIOLOGY
e A single-circuit reentry is induced by

atrial premature beats and results in a

regular, rapid atrial rate independent

of the sinus node.

e Irregular conduction of the atrial
impulses through the atrioventricular
(AV) node results in an irregular
ventricular response.

e Chronic atrial flutter leads to a loss of
atrial contractile function caused by
tachycardiomyopathy.

e Generally, no or only mild underlying
cardiac pathology is present. Horses
with severe cardiac disease gene-
rally do not develop atrial flutter but
rather AF.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Atrial tachycardia: Generally produces
a slower or irregular atrial rate (or
both). However, regular atrial tachy-
cardia at a high rate may be impossi-
ble to differentiate from atrial flutter.

e AF: Fibrillation waves are found on the
surface electrocardiogram (ECG).

e Advanced second-degree AV block: At
rest, P waves occur at a rate of 24
to 120/min; isoelectric segments are
present; normal QRS morphology with
(inregular RR intervals.

e Third-degree AV block: At rest,
the surface ECG presents P waves
(24-120/min); isoelectric segments are
present; normal or abnormal QRS mor-
phology with (irregular RR intervals.

INITIAL DATABASE

e Auscultation:  TIrregularly  irregular
rhythm

e ECG:
o Typical sawtooth flutter waves

replace the P waves and isoelectric
segments

o TIrregular RR intervals

°© QRS morphology is supraven-
tricular but shows small alterations
because of superposition with the
flutter waves

e Evaluate for
cardiac disease

ADVANCED OR CONFIRMATORY
TESTING

e Cardiac ultrasonography
e Electrolyte status
e Myocardial markers

TREATMENT
THERAPEUTIC GOAL(S)

Conversion of sustained atrial flutter to
sinus rhythm

signs of underlying

ACUTE GENERAL TREATMENT

e Similar treatment as for AF.
e Atrial burst pacing in standing horses
has been described.

o A temporary pacing catheter is
placed in the right atrium and con-
nected to a pacing device.

o Burst pacing (pulses of 5.0-7.5V
and 0.5-1.0 ms) at a rate slightly
faster than the flutter rate is per-
formed to entrain and terminate the
reentry mechanism.

RECOMMENDED MONITORING
Similar to AF

PROGNOSIS AND
OUTCOME

Good prognosis if sinus rhythm
is restored

SUGGESTED READING

Bonagura JD, Reef VB, Schwarzwald CC: Car-
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Atrial Premature Complexes and Atrial Tachycardia

BASIC INFORMATION

DEFINITION

Atrial premature complex (APC): A
premature depolarization that origi-
nates from the atrial myocardium,
resulting in a P” wave on the surface
electrocardiogram (ECG) (Figure 1).
Atrial tachycardia (AT): Three or more
consecutive atrial premature beats,
usually with regular P’P” intervals.
Depending on their prematurity, the
premature beats may or may not be
conducted to the ventricles.

SYNONYM(S)

Atrial premature contractions
Atrial premature beats

Atrial premature depolarizations
Atrial extrasystoles

Atrial ectopy

EPIDEMIOLOGY
RISK FACTORS

Atrial dilation

Atrial myocardial disease

Electrolyte and metabolic disturbances
Hypoxia, anemia

Fever

High sympathetic tone or administra-
tion of sympathomimetics

CLINICAL PRESENTATION
DISEASE FORMS/SUBTYPES

Isolated atrial premature contractions
versus AT

Paroxysmal (short, self-terminating
bout) versus sustained (continuous)
AT

HISTORY, CHIEF COMPLAINT

Usually no complaints; incidental
finding during auscultation or ECG
Occasionally, poor performance
Complaints related to underlying
disease (eg, respiratory or gastrointes-
tinal disease, atrial dilation caused by
mitral regurgitation)

Drug administration

e Previous episodes of atrial fibrillation
(paroxysmal AF or successfully con-
verted AF)

PHYSICAL EXAM FINDINGS

e APCs
o Generally result in an irregular

cardiac thythm on auscultation; the
intensity of the first heart sound is
usually normal or decreased.

o Nonconducted, interlaced APCs
may produce a soft atrial sound or
may not be heard on auscultation
at all.

e AT
© May result in a fast but regular ven-

tricular response when 1:1 or 2:1
atrioventricular conduction occurs

o May result in an irregular ventricular
response because of irregular atrio-
ventricular conduction

e Pulse deficits or weak pulses may be
palpated.

e Signs of underlying disease that pro-
duces hypoxia, electrolyte imbalance,
atrial dilation (eg, heart murmur, heart
failure)

ETIOLOGY AND PATHOPHYSIOLOGY

Atrial dilation

Atrial myocardial lesions

Electrolyte and metabolic disturbances

Hypoxia, anemia

Fever

Drug administration (halothane, dobu-

tamine)

Endocarditis, pericarditis

e Tatrogenic during cardiac catheteri-
zation

e An electrical impulse is generated in
the atrial myocardium and depolarizes
both atria.

e Hemodynamic effects of isolated
APCs, especially nonconducted APCs,
are minimal. Frequent occurrence of
conducted APCs, bouts of AT, or sus-
tained AT reduce cardiac output and
affect performance.

e APCs may increase, decrease, or dis-
appear altogether during exercise.

Huf

FIGURE 1 An atrial premature contraction presents as a P” wave that occurs too early. In
this case, the P” wave has a different morphology. The QRS complex that follows has a

n

ormal morphology and duration.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

Sinus tachycardia: Regularly occurring
P waves (>50-00/min) because of
stress, exercise, pain, drugs, or under-
lying disease.

Atrial flutter: Regularly occurring saw-
tooth flutter waves at about 180 to
250/min.

Atrial fibrillation: Fibrillation waves
replace P waves.

Ventricular premature contractions
(VPCs): Depending on the prematurity
of a VPC, the intensity of the first heart
sound may be normal or reduced
(indistinguishable ~ from APC) or
increased (in contrast to an APC). ECG
is needed for the final diagnosis.
Ventricular tachycardia: (Inregular RR
intervals, QRS complexes with abnor-
mal duration and morphology, and
not associated with a preceding P
wave

INITIAL DATABASE

Ambulatory ECG
o APC:
= P’ occurs earlier than expected
(premature) but may be buried in
the preceding QRS or T.
= P’ morphology may be normal or
abnormal.
= If conducted to the ventricles,

QRS morphology is normal;

T-wave  morphology  might

change with a shortened RR

interval (for a short RR interval,
the T wave becomes opposite to
the QRS complex).

= The P’Q interval may be slightly
different.

= P s

o Usually followed by a non-
compensatory pause (the RR
interval of three consecutive
sinus complexes [normal-
normal-normal] is longer than
that of the normal-premature—
normal complexes because of
resetting of the sinus node by
the APO).

o Occasionally followed by a
compensatory pause (the RR
interval of three consecutive
sinus complexes is equal to
that of the normal-premature—

normal complexes because
resetting of the sinus node did
not occur)

o Occasionally interlaced (P is
not conducted to the ventri-
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cles, does not reset the sinus
node, and therefore does not
disturb the underlying rhythm)
o AT:
= Three or more consecutive APCs,
usually with a fairly regular P’P’
interval, and a rate of £50 to 160/
min.
= P’ waves that conduct to the
ventricles result in a normal
QRS morphology (abnormal QRS
morphology caused by bundle
branch block is probably rare in
horses).
= Paroxysmal (self-terminating) or
sustained.
= Intermittent conduction (2:1 or
3:1) or irregular conduction
results in a normal or moderately
elevated ventricular rate or an
irregular ventricular rate.
= When every P’ is conducted (1:1
conduction), the ventricular rate
is high and regular. Because of
their high wvagal tone, horses
rarely present with a high (>120
beats/min) ventricular response
rate and 1:1 conduction at rest
except when sympathetic tone is
increased (stress, exercise, hypo-
tension, heart failure, hypoxia).

e Exercise ECG is needed (unless the
condition of the horse precludes an
exercise test) to look at the response
of APC or AT during exercise and
to find out if paroxysmal atrial fibrilla-
tion develops during (sub)maximal
exercise.

e Echocardiography to identify atrial
structural lesions or predisposing
cardiac disease.

e Electrolyte status (serum, fractional
excretion).

e Complete blood cell count and
biochemistry to look for underlying
disease.

ADVANCED OR CONFIRMATORY

TESTING

e Arterial blood gas analysis.

e Vitamin E and selenium levels.

e Myocardial markers (cardiac troponin
I, CK-MB).

e Long-term ambulatory ECG recordings
(24-hour Holter monitor) should be

made to monitor the frequency of APC
or AT.

e Repeated monitoring of electrolyte
status to look for a correlation with the
arrhythmia.

e Right atrial myocardial biopsies may
be taken, especially when generalized
myocardial disease is suspected (not
commonly performed in horses).

TREATMENT

THERAPEUTIC GOAL(S)

e No treatment in case of occasional and
asymptomatic APCs

e Rest

e Treatment of underlying, predisposing
disorders

e Antiinflammatory drugs in case of sus-
pected myocardial disease

ACUTE GENERAL TREATMENT

e No treatment is required if APCs are
infrequent and asymptomatic and dis-
appear during exercise.

e Treat electrolyte imbalances.

e Terminate drug administration (eg,
dobutamine).

e If APCs occur only during exercise or
if APCs are frequent at rest and exer-
cise and there is exercise intolerance,
rest for 4 to 8 weeks. If no response,
the rest period can be combined with
prednisolone therapy when there is no
indication of infection (1 mg/kg PO
SID for 1 week; 0.5 mg/kg PO SID for
1 week; 0.5 mg/kg SID every other
day for 1 week).

e If AT with normal ventricular rate: Rest
for 4 to 8 weeks (may be combined
with steroids)

e If AT with persistent high ventricular
response rate at rest (rare): Treat with
propranolol, diltiazem, or digoxin.

e Repeated resting ECGs, 24-hour Holter
monitoring, and exercise ECG need to
be performed before the horse returns
to full exercise.

RECOMMENDED MONITORING

Telemetric ECG monitoring during treat-
ment with propranolol, diltiazem, or
digoxin (rarely indicated)
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PROGNOSIS AND
OUTCOME

e APCs and AT are a possible
trigger for induction of atrial
fibrillation, although the exact preva-
lence is unknown.

e Horses with occasional and asymp-
tomatic APCs have a fairly good
Prognosis.

e Occasional APCs at rest that disappear
during exercise are not likely to be
associated with poor performance and
carry a fairly good prognosis.

e If APCs occur frequently during exer-
cise, APCs are frequent at rest and
exercise, or the APCs are related to
paroxysmal AF during exercise:

o Prognosis is guarded until repeated
ECG monitoring shows improve-
ment of the condition.

o Prognosis is guarded in case of
myocardial disease (fibrosis, calcifi-
cation, neoplasia), endocarditis, and
pericarditis.

e Prognosis depends on the underlying
cause (hypoxia, anemia, renal dis-
orders).

PEARLS &
CONSIDERATIONS

APCs or AT represent a risk
factor for development of sus-
tained or paroxysmal atrial fibrillation
(generally during [sub]maximal exercise).

SUGGESTED READING

Martin BB Jr, Reef VB, Parente EJ, Sage AD:
Causes of poor performance of horses
during training, racing, or showing: 348
cases (1992-1996). | Am Vet Med Assoc
216:554-558, 2000.

Reef VB: Arrhythmias. In Marr CM, editor:
Cardiology of the horse. London, 1999, WB
Saunders, pp 179-209.

Schwarzwald CC, Hamlin RL, Bonagura JD,
et al: Atrial, SA nodal, and AV nodal elec-
trophysiology in standing horses: normal
findings and electrophysiologic effects of
quinidine and diltiazem. J Vet Intern Med
21:166-175, 2007.

AUTHOR: GUNTHER VAN LOON
EDITOR: MARY M. DURANDO



Atrioventricular Block, First Degree

BASIC INFORMATION
DEFINITION

Delayed conduction of the supraventric-
ular impulse at the level of the atrioven-

tricular (AV) node, resulting in a
prolonged PQ interval.

SYNONYM(S)

First-degree AV block, first-degree heart
block

EPIDEMIOLOGY

GENETICS AND BREED PREDISPOSI-
TION More common in horses than in
ponies
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Atrioventricular Block, Second Degree

FIGURE 1 First-degree atrioventricular (AV) block. During first-degree AV block, conduction of the atrial impulse (P wave) through the
AV node is delayed, resulting in an increased PQ interval (>500 ms).

RISK FACTORS

e High vagal tone

e Drug administration (eg, o, agonists,
digoxin)

ASSOCIATED CONDITIONS AND DIS-

ORDERS Other vagally induced arrhyth-

mias such as sinus arrhythmia, sinus

block, second-degree AV block

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT

e Usually no complaints

e Drug administration

PHYSICAL EXAM FINDINGS Auscul-

tation: Normal or slow heart rate. The

atrial sound is clearly separated from the

first heart sound.

ETIOLOGY AND PATHOPHYSIOLOGY

e High vagal tone

e Drug administration (eg, o, agonists
such as detomidine or xylazine or

calcium channel blockers such as
verapamil or digoxin)
e Electrolyte disorders

DIAGNOSIS

INITIAL DATABASE
e Electrocardiography (Figure 1):

o Prolonged PQ interval (>500 ms).
The duration of the PQ interval
often increases and decreases.

o Normal P wave and QRS
morphology.

o Pwave is followed by QRS complex.

o Disappears upon decreased vagal
tone (eg, stress, physical activity,
atropine administration).

ADVANCED OR CONFIRMATORY
TESTING

Ultrasound: The M-mode of the mitral
valve often shows a presystolic opening.

SUGGESTED READING

Holmes JR: Cardiac rhythm irregularities in the
horse. Equine Pract 2:15-25, 1980.

Kojouri GA, Rezakhani A, Torki E: The effects
of verapamil hydrochloride on electrocar-
diographic (ECG) parameters of domestic
donkey (Equus asinus). | Equine Vet Sci
27:499-503, 2007.

Wagner AE, Muir WW, Hinchclifft KW:
Cardiovascular effects of xylazine and deto-
midine in horses. Am J Vet Res 52:651-657,
1991.

AUTHOR: GUNTHER VAN LOON
EDITOR: MARY M. DURANDO
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Atrioventricular Block, Second Degree

BASIC INFORMATION
DEFINITION

The supraventricular impulse is intermit-
tently blocked at the level of the atrio-
ventricular (AV) node, resulting in a
“missed” ventricular beat. At rest, this
arrhythmia occurs in about 45% of
healthy horses.

SYNONYM(S)

e Second-degree AV block

e Second-degree heart block

e The term high-grade or bigh-degree
AV block is used for both advanced
second- and third-degree AV block.

EPIDEMIOLOGY

RISK FACTORS

e High vagal tone

e Drug administration (eg, o, agonists)
ASSOCIATED CONDITIONS AND DIS-
ORDERS Other vagally induced arrhyth-

mias such as sinus arrhythmia, sinus
block, first-degree AV block

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Physiologic second-degree AV block
(most common arrhythmia in healthy
horses)

o Mobitz type I (Wenckebach): The
PQ interval progressively prolongs
until a P wave is blocked. Variations
in pp intervals are often present.

o Mobitz type II: Constant PQ interval
with an intermittently blocked P
wave.

e Advanced (high-grade or high-degree)
second-degree AV block (pathologic):
Three or more consecutive P waves
are blocked, resulting in a large differ-
ence between atrial and ventricular
rate. AV conduction is still present.

HISTORY, CHIEF COMPLAINT

e Usually no complaints

e Drug administration

e For advanced second-degree AV
block: Exercise intolerance, weakness,
and occasionally syncope

PHYSICAL EXAM FINDINGS

e Heart rate normal or decreased

e Pulse deficit (missing pulse)

e Auscultation
o A dropped beat: Beat-to-beat inter-

val is double the preceding
intervals.

o An atrial sound (84) is often heard
during the pause.

o The irregularity often appears at
regular intervals (eg, every 4 or 5
beats).

o The irregularity abolishes with
stress, exercise, or vagolytic agents.

e In case of advanced second-degree AV
block: Slow or normal heart rate.
Weakness or exercise intolerance may
be present. Multiple dropped beats in
a row that may not disappear with
exercise or vagolytic agents may
occur.
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ETIOLOGY AND PATHOPHYSIOLOGY

Caused by high vagal tone: This is a
regulatory mechanism at rest whereby
a beat-to-beat increase in blood pres-
sure leads to a blocked beat to
maintain a stable blood pressure.
Drug administration: o, agonists (deto-
midine, xylazine) or calcium channel
blockers (verapamil).

Electrolyte imbalance.

e Toxicity (digitalis, injection of iron

preparations).

Structural lesions of the AV node
(degeneration, inflammation, fibrosis).
In these cases, advanced second-
degree AV block may progress to
third-degree AV block.

Immediately after delivery of an intra-
cardiac direct current electrical shock
(eg, treatment of atrial fibrillation
[AF]), advanced second-degree AV
block may occur temporarily.

e Idiopathic.

Second-degree AV block does not
produce any clinical signs unless it
results in a very slow heart rate (ie,
advanced second-degree AV block).

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

Sinus block: Missing beat without a P
wave

Sinus arrest: Longer pause without the
presence of a P wave

AF: Trregularly irregular RR intervals,
absence of P waves, presence of fibril-
lation waves

Third-degree AV block: No relation-
ship between P waves and QRS
complexes; QRS morphology often
abnormal; RR intervals often irregular

INITIAL DATABASE

e Auscultation: A dropped beat with the
presence of an atrial sound (this
cannot always be heard)

e Electrocardiography (ECG)

o Intermittently, the P wave is blocked
at the AV node and therefore
not followed by a QRS complex
(Figure 1).

o In between the blocked beats, the
underlying rhythm is regular.

o The PQ interval can progressively
prolong until it is blocked (Mobitz
D or can be fixed (Mobitz ID).

°© QRS complexes are preceded by a
P wave, have a normal (or slightly
prolonged) PQ interval, and have a
normal morphology.

o Advanced  second-degree = AV
block: Three or more consecutively
blocked P waves (Figure 2).

e ECG during stress or exercise or after
administration of vagolytic drugs (eg,
atropine or glycopyrrolate):

o The arrhythmia is usually physio-
logic and disappears.

o Persistence of the arrhythmia is
pathologic.

e Electrolyte status

ADVANCED OR CONFIRMATORY
TESTING

e Echocardiography to look for struc-
tural lesions:

o It is normal to detect a brief regur-
gitant flow at the AV valves after a
blocked P wave.

o It is normal to detect a small amount
of regurgitation at the semilunar
valves at the end of diastole after a
blocked P wave.

e Myocardial markers (eg,
troponins)

cardiac
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TREATMENT

THERAPEUTIC GOAL(S)

e No treatment is required for physio-
logic second-degree AV block

e Advanced second-degree AV block
o Reduce inflammation
o Increase heart rate

ACUTE GENERAL TREATMENT

e Physiologic second-degree AV block:
No treatment is required.
e Advanced second-degree AV block:
o Complete rest
o Correction of electrolyte status
o Antiinflammatory treatment. Corti-
costeroids are generally used (if no
infection is present): Dexametha-
sone (0.05-0.2 mg/kg TV followed
by longer term oral prednisolone)
o Signs of weakness or syncope
= Vagolytic drugs such as atropine
or glycopyrrolate at 0.001 to
0.01 mg/kg to determine if an
increase in AV node conduction
can occur (treatment may induce
colic)
= Jsoproterenol at 0.05 to 0.2 ug/
kg/min: Should be used with
care because it may induce ven-
tricular tachyarrhythmias
= Temporary pacing or permanent
pacemaker implantation

CHRONIC TREATMENT

e Advanced second-degree AV block
o Prolonged oral prednisolone treat-
ment
© Response
to increase
unrewarding

treatment
rate  often

to medical
heart

FIGURE 1 Second-degree atrioventricular (AV) block. During second-degree AV block, the atrial impulse is intermittently blocked at the
AV node; the P wave (arrow) is not followed by a QRS complex.
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FIGURE 2 Advanced second-degree atrioventricular (AV) block. The term advanced second-degree AV block is used when three or more
consecutive P waves are blocked at the AV node while AV conduction is still present. The latter implies that QRS complexes are preceded
by conducted P waves and that the PQ interval is fixed.
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o Pacemaker implantation (see “Atrio-
ventricular Block, Third Degree” in
this section)

POSSIBLE COMPLICATIONS

Advanced second-degree AV block, even
with  no clinical signs at rest,
may suddenly deteriorate to third-degree
AV block with severe signs of syncope.

RECOMMENDED MONITORING

e Advanced second-degree AV block
o Monitor heart rate
© Monitor exercise tolerance
© Monitor ECG to assess response to
medical treatment

PROGNOSIS AND OUTCOME

e Excellent for physiologic
degree AV block

second-

e Guarded to severe for advanced
second-degree AV block that does not
respond to steroid therapy

PEARLS &
CONSIDERATIONS

For advanced second-degree AV

block, the client should be

aware of the risk of syncope or collapse.
These animals should not be ridden
because the risk to the rider is significant.
The horse’s environment should be
adjusted to minimize trauma in case
Syncope Occurs.

SUGGESTED READING

Holmes JR: Cardiac rhythm irregularities in the
horse. Equine Pract 2:15-25, 1980.

Kiryu K, Kaneko M, Satoh H: Cardiopatho-
logical observations on histopathogenesis of

Atrioventricular Block, Third Degree

incomplete atrioventricular block in horses.
Nippon Juigaku Zasshi 39:425-436, 1977.

Kojouri GA, Rezakhani A, Torki E: The effects
of verapamil hydrochloride on electrocar-
diographic (ECG) parameters of domestic
donkey (Equus asinus). | Equine Vet Sci
27:499-503, 2007.

Schwarzwald CC, Hamlin RL, Bonagura JD,
et al: Atrial, SA nodal, and AV nodal
electrophysiology in standing horses:
Normal findings and electrophysiologic
effects of quinidine and diltiazem. /J Vet
Intern Med 21:166-175, 2007.

Wagner AE, Muir WW, Hinchcliff KW: Cardio-
vascular effects of xylazine and detomidine
in horses. Am J Vet Res 52:651-657, 1991.

Yamaya Y, Kubo K, Amada A, Sato K: Intrin-
sic atrioventricular conductive function in
horses with a second degree atrioventricular
block. J Vet Med Sci 59:149-151, 1997.

AUTHOR: GUNTHER VAN LOON
EDITOR: MARY M. DURANDO
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BASIC INFORMATION

DEFINITION

Total dissociation between the atrial (P
waves) and ventricular (QRS complexes)
rhythm because there is no conduction
through the atrioventricular (AV) node.
The ventricles depend on their own
(slow) escape rhythm.

SYNONYM(S)

e Third-degree AV block

e Third-degree heart block

e Complete heart block

e The term high-grade or high-degree
AV block is used for both advanced
second- and third-degree AV block.

EPIDEMIOLOGY

RISK FACTORS Anesthetized foals with
uroperitoneum

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT
e Marked exercise intolerance
e Weakness
e Syncope or collapse
PHYSICAL EXAM FINDINGS
e Progressive filling of the jugular vein
during long diastolic pauses with
visible pulsation secondary to right
atrial contractions.
e Auscultation
o Bradycardia
o Regular or irregular rhythm
o Loud first heart sound
o Soft atrial sounds can often be
heard, usually at an increased rate
(>60/min)

e Signs of congestive heart failure may
be found.
e Intermittent syncope or presyncope

caused by long diastolic pauses.
Immediately before syncope, the
horse briefly shows an increased

respiratory effort. Horses usually fall

backward, sideways, or both.

e Lifting the head of a bradycardic horse
may induce syncope.

e Syncopal episodes are usually short
(seconds) and, after a few moments,
the horse is able to stand again and
looks relatively normal.

ETIOLOGY AND PATHOPHYSIOLOGY

e Etiology
o Structural lesions of the AV node

(fibrosis, inflammation, degenera-
tion) that may be associated with
endocarditis, myocarditis, or infiltra-
tive processes

o Severe hyperkalemia

o Intoxication (rattlesnake enveno-
mation)

o Immediately after delivery of an
intracardiac direct current electrical
shock (eg, treatment of atrial fibril-
lation), a temporary high-degree AV
block may occur

o Idiopathic

e Pathophysiology
o Clinical signs of weakness and

intermittent syncope are related to
the ability of the ventricles to gener-
ate their own (slow) escape rhythm.

o The escape rhythm may emanate
from pacemaker cells from the
distal AV node, His bundle, or
ventricle.

o Bradycardia results in low blood
pressure and a reflex increase in the
atrial rate (commonly 60-120/min).

o Lifting the horse’s head seems to
further decrease blood flow to the
brain and may elicit syncope.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Causes of fainting or collapse
o Other cardiovascular causes such as
tachyarrhythmias, structural cardio-
vascular disease (congenital defects,
aortocardiac fistula, cardiomyopa-
thy), severe pulmonary hyper-
tension, systemic hypertension,
embolism, intracardiac neoplasia.
o Intracranial disease.
o Narcolepsy (cataplexy): A narcol-
eptic episode usually starts with
lowering the head and buckling at
the knees and may progress to
collapse.
o Vasovagal syncope.
o Metabolic (eg, hypoglycemia).
e Causes of bradycardia

o Sinus bradycardia: Slow rate of P
waves, normal AV conduction.
Sinus arrest: Pause without P wave
or QRS complex; AV conduction is
normal.
Advanced second-degree AV block:
Three or more consecutive P waves
are blocked at the AV node; AV
conduction is still present.
e FElectrocardiographic (ECG) features:

Atrial flutter (or high-rate atrial tachy-

]

]
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cardia). The PQ interval may vary;
there are more P waves than QRS
complexes and a clear relation
between atrial and ventricular com-
plexes is not present. However, the
atrial rate (=180-250/min) is much
higher than in horses with third-degree
AV block (=60-120/min).

INITIAL DATABASE

e A good history: Knowing the manner
in which the horse collapses and other
associated events and timing of col-
lapse helps to differentiate between
the different causes of collapse.

e ECG to confirm the diagnosis

(Figure 1)

o P waves generally occur at an
increased rate (>60/min) and have
no relationship to the QRS com-
plexes. PQ intervals have a variable
duration.

o Ventricular rate is slow (brady-
cardia).

° QRS complexes have a normal (AV
nodal or His bundle origin) or
abnormal (ventricular origin) mor-
phology and duration and occur at
a slow rate.

© RR intervals are regular (usually
monomorphic  QRS,  idionodal
rhythm) or irregular (monomorphic
or polymorphic QRS, idioventricu-
lar rhythm).

e Echocardiography: To look for struc-
tural cardiovascular disease.

ADVANCED OR CONFIRMATORY
TESTING

e Myocardial
troponin D).

e Complete blood count, serum bio-
chemistry. These are usually normal.
Congestive heart failure may result in
increased y-glutamyltransferase, creati-
nine, or lactate concentrations.

TREATMENT
THERAPEUTIC GOAL(S)

e Increase heart rate
e Increase blood pressure
e Reduce inflammation

ACUTE GENERAL TREATMENT

e Medical treatment:
most cases

o Vagolytic drugs such as atropine or
glycopyrrolate IV (0.01 mg/kg):
Usually no effect (risk for colic).

o Corticosteroids (if no infectious
underlying process): Dexametha-
sone IV (0.05-0.2 mg/kg) followed
by oral prednisolone.

o Isoproterenol at 0.05 to 0.2 ug/kg/
min to stimulate ectopy should be
used with care because it may induce
ventricular tachyarrhythmias.

markers (eg, cardiac

Unrewarding in

o Some horses regain AV conduction
but still have advanced second-
degree AV block. These animals are
at risk for recurrence of third-degree
AV block because part of their
conductive tissue might remain
nonfunctional.

e Temporary pacing until a permanent
pacemaker can be implanted

o Insert the temporary pacing catheter
in the lower jugular vein and
position the catheter tip in right
ventricular apex under ultrasound
guidance.

o Connect electrodes to a temporary
pacing device fixed to the horse’s
back.

o Start ventricular pacing at two or
three times the threshold at a rate
of about 40 beats/min.

o Prepare for permanent pacemaker
implantation.

e Permanent pacemaker implantation.

CHRONIC TREATMENT

e Permanent pacemaker implantation
can be performed in the standing
horse. Temporary pacing is performed
during the procedure to prevent bra-
dycardia and syncope.

o Depending on the pacemaker type,
one or two pacemaker leads are
inserted via the cephalic vein or the
jugular vein.

o The lead tip is positioned in the
right atrium, right ventricle, or both
under ultrasound guidance.

o A fixation mechanism at the lead tip
preserves endomyocardial contact.
Fixation of the atrial lead is the most
difficult part of the procedure
because it more easily dislodges
and is more difficult to visualize on
ultrasonography.

o The leads are connected to a pace-
maker that is implanted in a subcu-
taneous pocket at the chest.

o Via the electrode(s), the pacemaker
is able to sense intrinsic activity of
the myocardium and to stimulate
the myocardium by delivering an
electrical pulse.

e Pacemaker types (in order of com-
plexity)

o Ventricular (single-chamber) pace-
maker: One lead is implanted in the
right ventricle. The pacemaker pre-
vents bradycardia by maintaining a
minimal ventricular rate.

© Ventricular  rate-adaptive  pace-
maker: Ventricular pacemaker with
an activity sensor. When physical
activity is detected, the paced heart
rate progressively increases and
decreases.

o Dual-chamber pacemaker (Figure
2): One lead is implanted in the
right ventricle, and one lead is
implanted in the right atrium. Both

chambers can be sensed and paced.
The pacemaker is programmed to
stimulate the ventricle each time
an atrial depolarization is sensed,
which results in a physiologic adap-
tation of heart rate. This type of
pacemaker provides the best result
with third-degree AV block.

o Dual-chamber rate-adaptive pace-
maker: Dual-chamber pacemaker is
able to adapt heart rate when it
senses physical activity of the horse.
This type is indicated more for
sinus bradycardia and sick sinus
syndrome.

POSSIBLE COMPLICATIONS

e Complications associated with syn-
cope, such as trauma

e Complications associated with tempo-
rary pacing: Embolism, lead dislodge-
ment, loss of capture, infection

e Complications associated with pace-
maker implantation: Lead dislodge-
ment, loss of capture (fibrosis around
lead tip), infection

RECOMMENDED MONITORING

e Periodic monitoring of heart rate,
exercise tolerance, and ECG for horses
with third-degree AV block that reverts
to second-degree AV block

PROGNOSIS AND
OUTCOME

e Fair to good with permanent
pacemaker implantation.

e Fair to good for horses in which third-
degree AV block reverts to normal
conduction. In some horses, recur-
rence of third-degree AV block may
occur.

e Grave when third-degree AV block
persists and when a pacemaker cannot
be implanted. The condition leads to
congestive heart failure and death.

PEARLS &
CONSIDERATIONS

Inform the client of the risk of

a collapsing horse. These horses

should never be ridden because of the
danger to the rider.

SUGGESTED READING

Reef VB, Clark ES, Oliver JA, Donawick WJ:
Implantation of a permanent transvenous
pacing catheter in a horse with complete
heart block and syncope. J Am Vet Med
Assoc 189:449—452, 1986.

Hamir AN, Reef VB: Complications of a per-
manent transvenous pacing catheter in a
horse. J Comp Pathol 101:317-326, 1989.

Lawler JB, Frye MA, Bera MM, et al: Third-
degree atrioventricular block in a horse
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FIGURE 1 Third-degree atrioventricular (AV) block. AV conduction is completely absent during third-degree AV block, resulting in dis-
sociation between atrial and ventricular rhythm. The atrial and ventricular rates were 65 and 23 beats/min, respectively.
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FIGURE 2 Pacemaker. Surface electrocardiogram (upper trace) and marker channel (lower trace) of a horse with a dual-chamber pace-
maker. The pacemaker is programmed to pace the ventricle after each sensed atrial depolarization; each spontaneous P wave is sensed
and triggers a ventricular pace (VP), which results in a QRS’ complex. Because ventricular pacing is performed in the right ventricular apex,
the QRS’ complex has an abnormal morphology and duration. AS, Atrial sense.

secondary to rattlesnake envenomation.
J Ver Intern Med 22:486—490, 2008.

Sugiyama A, Takeuchi T, Morita T, et al: Medi-
astinal lymphoma with complete atrioven-
tricular block in a horse. J Vet Med Sci
70:1101-1105, 2008.

van Loon G, De Clercq D, Tavernier R, et al:
Transient complete atrioventricular block
following transvenous electrical cardiover-

sion of atrial fibrillation in a horse. Ver J
170:124-127, 2005.

van Loon G, Fonteyne W, Rottiers H, et al:
Dual chamber pacemaker implantation via
the cephalic vein in healthy equids. J Ver
Intern Med 15:564-571, 2001.

van Loon G, Fonteyne W, Rottiers H, et al:
Implantation of a dual-chamber, rate-
adaptive pacemaker in a horse with sus-

pected sick sinus syndrome. Vet Rec 151:
541-545, 2002.

van Loon G, Laevens H, Deprez P: Temporary
transvenous atrial pacing in horses: thresh-
old determination. Equine Vet J33: 290-295,
2001.

AUTHOR: GUNTHER VAN LOON
EDITOR: MARY M. DURANDO



Back Pain (Thoracolumbar Dysfunction)

BASIC INFORMATION

DEFINITION

Abnormal function of the thoracolumbar
region caused by pain, muscle hyperto-
nicity, or stiffness. Severe cases include
neurologic deficits.

SYNONYM(S)

e Thoracolumbar hyperesthesia
e Thoracolumbar hyperpathia
e Cold back syndrome

EPIDEMIOLOGY

SPECIES, AGE, SEX Congenital verte-

bral malformations are more likely to be

observed in young horses.

GENETICS AND BREED

PREDISPOSITION

e Hyperkalemic  periodic
(HyPP) in Quarter Horses

e Hereditary equine regional dermal
asthenia (HERDA) or hyperelastosis
cutis in Quarter Horses

e Polysaccharide storage myopathy
(PSSM) in  Quarter Horse-related
breeds, Warmbloods, and draft horses

e Breed predisposition for dorsal spinous
process impingement or overriding

paralysis

in Thoroughbreds and lordosis in
Saddlebreds

RISK FACTORS

e Vertebral column malformations

e Trauma or flipping over backward

e Exercise-induced myopathies

e Poor musculoskeletal conditioning or

overuse

Pelvic limb lameness

e Improper or poorly fitting saddle,
saddle pads, or harness

e Unskilled or overweight riders

CONTAGION AND ZOONOSIS Supra-

spinous bursitis (fistulous withers) has a

zoonotic potential caused by Brucella

abortus infection.

ASSOCIATED CONDITIONS

AND DISORDERS

e Poor performance

e Lameness or altered gait

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Congenital: Vertebral malformations,
ankylosis

e Degenerative: Osteoarthritis, spondy-
losis

e Acquired: Dorsal spinous process im-
pingement

e Traumatic: Pressure sores from ill-
fitting tack, spinous process or
vertebral body fractures

¢ Infectious: Equine protozoal myeloen-
cephalitis (EPM), equine herpesvirus
type 1 (EHV-1) myeloencephalitis

e Metabolic: PSSM

e Jatrogenic: Improper or ill-fitting
saddle, saddle pads, or harness

HISTORY, CHIEF COMPLAINT

e Skin lesions or bumps in the saddle
region

e Asymmetric sweat marks on the back
or dirt patterns on the saddle pad

e Painful or stiff back

e Change in spinal posture or soft tissue
swelling

e Resentment to grooming, saddle place-
ment, or tightening of the girth or
cinch

e History of flipping over backward

e Bucking and rearing when mounted
or ridden

e Pins ears or swishes tail when mounted
or ridden

e Poor performance and vague gait
abnormalities

e Difficulty with collection

e Reluctance to jump
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PHYSICAL EXAM FINDINGS

Dermatitis or skin lesions

Alopecia or white hairs in the region
of saddle or harness

Increased heat or palpable swelling
Pain elicited on palpation of the
thoracolumbar soft tissues or dorsal
spinous processes

Thoracic lordosis, lumbar kyphosis, or
scoliosis

Flattened and widened dorsal contour
of the withers

Dorsally prominent or laterally devi-
ated dorsal spinous process

Reduced active and passive range of
spinal motion in lateral bending or
extension

Generalized lack of muscle develop-
ment or local muscle atrophy

Epaxial muscle hypertonicity or
fasciculations

Exaggerated cutaneous trunci reflex
or spinal reflexes
Ataxia, spasticity,
pelvic limbs only)
Reduced dorsoventral spinal mobility
at the walk, trot, or canter

Poor pelvic limb engagement and pro-
pulsion during the canter
Precipitated or aggravated back
problem only when ridden

or weakness (in

ETIOLOGY AND PATHOPHYSIOLOGY
Numerous tissues may be the source of
back pain or stiffness:

e}

Soft tissue

o Trauma: Poorly fitting saddle,
muscle strain, postanesthetic
myopathy

o Inflammation: Supraspinous liga-
ment  desmitis,  thoracolumbar
fasciitis

o Infection: Dermatitis (bacterial or
fungal)

o Metabolic: PSSM

o Endocrine: Hyperadrenocorticism

o Genetic: HERDA or hyperelastosis
cutis, PSSM, HyPP

o Nutritional: Vitamin E and selenium
deficiency (nutritional myodegen-
eration or white muscle disease,
equine rhabdomyolysis)

Vertebral column

o Congenital: Hemivertebrae or block
vertebrae

o Degeneration: Osteoarthritis, spon-
dylosis

o Trauma: Dorsal spinous process or

vertebral body fractures

Infection: Vertebral osteomyelitis,

discospondylitis

Neurologic

o Trauma: Thoracolumbar spinal cord
compression

o Infection: EPM, EHV-1 myeloen-
cephalitis

o Neoplasia (space-occupying mass):
Malignant melanoma

Nutritional: ~ Vitamin E deficiency

(equine degenerative myeloencepha-

e}

lopathy (EDM), equine motor neuron
disease (EMND)

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

Back pain or dysfunction is a nonspecific
clinical sign and is a diagnostic challenge
for practitioners. Diagnosis is based on a
diagnosis of exclusion of soft tissue,
orthopedic, and neurologic disorders of
the thoracolumbar region. For specific
differential diagnoses, see “Etiology and
Pathophysiology” above.

INITIAL DATABASE

Inspection of trunk conformation,
posture, muscle symmetry, and
development

Gait evaluation to assess limb lame-
ness, propulsion, and dorsoventral
spinal mobility

Saddle fit assessment

Evaluation of ridden exercise or ath-
letic activity

Neurologic examination

Soft tissue and bony palpation

Active and passive joint range of
motion in flexion-extension and lateral
bending

Spinal and cutaneous trunci reflexes
Rectal examination

Thoracolumbar spinal radiography
Microbial culture and sensitivity of any
draining wounds

Serum vitamin E and selenium levels
Serum potassium levels

Urinalysis to assess myoglobinuria

ADVANCED OR CONFIRMATORY
TESTING

Diagnostic local anesthesia of dorsal
spinous processes, articular facets, or
intertransverse joints

Nuclear scintigraphy

Ultrasonography of supraspinous liga-
ment, dorsal spinous processes, or
articular processes

Transrectal ultrasonography to assess
the lumbosacral joint and interverte-
bral disc space

Serum creatine kinase and aspartate
aminotransferase levels before and
after exercise

Muscle biopsies for histologic and his-
tochemical analysis

Pressure algometry to assess mechani-
cal nociceptive thresholds
Therapeutic trial with high dosage of
nonsteroidal antiinflammatory drugs
(NSAIDs) for 7 to 10 days
Cerebrospinal fluid analysis
Electromyography
Thermography

Serology and virus isolation
Genetic testing: HyPP, PSSM,
HERDA

and

TREATMENT

THERAPEUTIC GOALS

Eliminate or reduce pain so that
affected horses can resume regular
training programs

Reduce muscle hypertonicity
Promote full joint range of thoraco-
lumbar motion in flexion-extension
and lateral bending

Eliminate any sources of infection
Establish proper saddle fit and ridden
exercise

Develop effective therapeutic exercise
and training programs

Increase muscle mass and symmetry
Restore athletic and performance
capabilities

ACUTE GENERAL TREATMENT

Stall confinement or exercise restric-
tion, only as needed

Controlled hand walking

Slow and prolonged warmup period
Temporary reduction in intensity,
duration, or frequency of exercise or
training program

Passive thoracolumbar mobilization
Cryotherapy to reduce heat, swelling,
or pain

Antiinflammatory drugs: NSAIDs, cor-
ticosteroids, dimethyl sulfoxide
Muscle relaxants

Periarticular or interspinous space cor-
ticosteroid injections

Low-level light or laser therapy
Electroacupuncture and mesotherapy
Electric muscle stimulation

Surgical exploration or debridement of
puncture wounds or draining tracts
Tiludronate

CHRONIC TREATMENT

Active and passive thoracolumbar
range of motion and stretching ex-
ercises

Core stabilization and strengthening
exercises

Moist heat therapy

Acupuncture

Chiropractic treatment to reduce pain
and muscle hypertonicity, increase
spinal mobility, and restore symmetric
spinal motion
Daily physical
bilitation
Massage therapy
Electromagnetic stimulation
Extracorporeal shock-wave therapy
Antioxidant supplementation with vita-
min E

Surgical resection of refractory im-
pinged dorsal spinous processes
Warmup or flexibility exercises: “long
and low,” circles, figure-8, serpentine
Ground poles, cavalletti, and incline
work

Maintain proper body conditioning

therapy and reha-
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DRUG INTERACTIONS

e Complications associated with exces-
sive dosages or long-term phenyl-
butazone use in horses include
gastrointestinal ulceration, renal med-
ullary crest necrosis leading to acute
or chronic renal failure, and ulceration
of the right dorsal colon.

e NSAIDs should not be used in con-
junction with corticosteroids.

POSSIBLE COMPLICATIONS

e Worsening or recurrence of clinical
signs

e Adverse reaction to antiinflammatory
medications

e Development of behavioral
related to chronic pain

issues

RECOMMENDED MONITORING

e Monitor signs of pain, muscle tone,
and flexibility daily.

e Repeat physical and chiropractic
examination to assess response to
therapy or rehabilitation.

e Periodically modify and increase
therapeutic exercise and training
programs.

e Repeat saddle fit assessment during
changes in body condition and muscle
development.

PROGNOSIS AND
OUTCOME

e Highly variable depending on
the specific cause and the

severity of the underlying disease
process

e Dependent on the type, severity, and
number of concurrent spinal lesions
present

e Dependent on the rider’s ability to cor-
rectly use the horse and to engage its
back

PEARLS &
CONSIDERATIONS

COMMENTS

e Long-term rest or pasture turnout
without active rehabilitation is often
contraindicated.

e Localization of pain to affected struc-
tures requires detailed physical and
chiropractic examinations.

e Active and passive trunk range of
motion is useful for identifying affected
vertebral levels and laterality of the
thoracolumbar dysfunction.

PREVENTION

Turnout as much as possible

e Establish proper saddle fit and saddle
pad use

e Importance of maintaining trunk flex-
ibility and range of motion exercises

e Nutritional management with a high-
fat, low-carbohydrate diet

e DNA testing and selective breeding to
noncarriers of genetic-based diseases
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CLIENT EDUCATION

e Owner should monitor recurrence
of signs that warrant repeat ex-
amination.

e Avoid riding exercise in any horse
with neurologic deficits.

e Proper saddle fit is difficult in horses
with fractured withers and displaced
dorsal spinous processes.

e If an appropriate therapeutic response
is not noted with conservative care,
then additional diagnostics and
advanced imaging techniques are
warranted.

SUGGESTED READING

Denoix JM, Dyson SJ: Thoracolumbar spine.
In Ross MW, Dyson §J, editor: Diagnosis
and management of lameness in the horse.
St Louis, 2003, Elsevier, pp 509-521.

Haussler KK, Stover SM, Willits NH, et al:
Pathologic changes in the lumbosacral ver-
tebrae and pelvis in Thoroughbred race-
horses. Am J Vet Res 1999;60:143-153, 1999.

Jeffcott LB: Disorders of the thoracolumbar
spine of the horse—a survey of 443 cases.
Equine Vet ] 1980;12:197-210, 1980.

Landman MAAM, de Blaauw JA, van Weeren
PR, et al: Field study of the prevalence of
lameness in horses with back problems. Vet
Rec 2004;155:165-168, 2004.

Sullivan KA, Hill AE, Haussler KK, et al: The
effects of chiropractic, massage and phen-
ylbutazone on spinal mechanical nocicep-
tive thresholds in horses without clinical
signs of back pain. Equine Vet J 2008;40:
14-20, 2008.

AUTHOR: KEVIN K. HAUSSLER
EDITOR: ANDRIS J. KANEPS



Biliary Atresia

BASIC INFORMATION
DEFINITION

In horses, biliary atresia is a rare congeni-
tal absence of the common bile duct.

EPIDEMIOLOGY

SPECIES, AGE, SEX Considered a con-

genital disease; the signalment is a

newborn to 1-month-old foal.

ASSOCIATED CONDITIONS

AND DISORDERS

e Clinical signs of biliary atresia are
associated with hepatic insufficiency
and are generally nonspecific.

e Differential diagnoses for hepatic
disease, gastrointestinal disease, or
septicemia should be excluded.

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT Non-
specific clinical signs include lethargy,
decreased appetite, failure to thrive,
colic, icterus, fever, polydipsia, and
polyuria.

PHYSICAL EXAM FINDINGS Physical
examination findings are nonspecific
and include fever, icterus, poor body
condition, abdominal pain, and lethargy.
ETIOLOGY AND PATHOPHYSIOL-
OGY Extrahepatic biliary atresia is a
congenital absence of the entrance to
common bile duct or absence of the duct
itself in neonatal foals, resulting in intra-
hepatic biliary hypertrophy that displaces
hepatocytes and causes periportal or
perilobular hepatocellular damage, fibro-
sis, and ultimately liver failure.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Portosystemic shunt
e Biliary obstruction secondary to duo-
denal stricture

INITIAL DATABASE

e Complete Blood count with fibrino-
gen: Normal or consistent with acute
or chronic inflammation

e Sorbitol dehydrogenase (SDH) activ-
ity: Normal to mildly increased

e Gamma glutamyltransferase (GGT):
Markedly increased

e Serum conjugated bilirubin concentra-
tion: Increased

e Serum bile acids concentration: Mark-
edly increased
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—
ADVANCED OR CONFIRMATORY TREATMENT SUGGESTED READING
TESTING van der Luer RJ: Biliary atresia in a foal.
e Ultrasound examination of the liver Therapeutic options are not cur- Equine Vet J 14:91, 1982.

and abdomen rently available for congenital Witzelben CL, Buck BE, Schnaufer L, Brzosko
e Liver biopsy reveals extensive  biliary atresia in horses. WJ: Studies on the pathogenesis of biliary

biliary proliferation with absence of atresia. Lab Invest 38:525, 1978.

lﬁ)llie, ‘.degenerdtlve hepatocytes, and PROGNOSIS AND AUTHOR: BRIN S CROOVER

rosis 0 - OUTCOME

e Nuclear hepatobiliary scintigraphy EDITOR: MICHELLE HENRY BARTON

(see “Diagnostic Imaging of the Liver”

in Section 1) Biliary atresia is accompanied

by a fatal prognosis.



Biliary Obstruction

BASIC INFORMATION
DEFINITION

Large colon displacement and chole-
lithiasis are the most common causes of
acute biliary obstruction in adult horses.
Rarely, foals may develop biliary obstruc-
tion secondary to duodenal stricture.

EPIDEMIOLOGY

SPECIES, AGE, SEX

e Middle-aged to older horses

e Neonatal foals secondary to duodenal
stricture

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT

e Depression, anorexia, and colic.

e Bruxism and salivation may be present
in foals.

PHYSICAL EXAM FINDINGS

e Fever, variable icterus, and colic.

e Clinical signs of hepatoencephalopa-
thy and photosensitization may also
be present.

e Clinical signs may be intermittent if a
partial obstruction is present.

e Foals with duodenal stricture may
have excessive gastric reflux.

ETIOLOGY AND PATHOPHYSIOLOGY

e Obstruction of the biliary tract in a
mature horse may be attributable to
cholelithiasis, right dorsal colon dis-
placement, neoplasia, hepatic torsion,
or portal vein thrombosis. Duodenal
stricture in foals may be secondary to
duodenal ulceration.

e Acute biliary obstruction causes cho-
lestasis, biliary distension, and vari-
able pain.

e Chronic biliary obstruction results in
hepatic fibrosis, originating around the
obstructed biliary branch(es).

e Rectal examination may be helpful in
the diagnosis of a right dorsal colon
displacement.

e Evidence of delayed gastric emptying
in foals is supportive evidence for
duodenal stricture.

DIAGNOSIS TREATMENT

DIFFERENTIAL DIAGNOSIS THERAPEUTIC GOAL(S)

e Cholelithiasis Treatment should be directed to the
e Pyrrolizidine alkaloid toxicity underlying cause.

e Chronic active hepatitis

. ACUTE GENERAL TREATMENT

Biliary atresia in foals

INITIAL DATABASE

e The diagnosis of obstruction of the
common bile duct in horses is difficult.
Exploratory celiotomy may be neces-
sary to identify the possible location
or cause of the obstruction.

e The presence of concentric fibrosis
around intrahepatic bile ducts on his-
topathology supports obstruction of
the common bile duct.

ADVANCED OR CONFIRMATORY

TESTING

e Hepatic ultrasonography may reveal
hepatomegaly, increased echogenicity
of the liver parenchyma, and bile duct
dilation.

e The visualization of well-defined hyper-
echoic foci with acoustic shadows
within dilated bile ducts confirms the
diagnosis of biliary obstruction caused
by the presence of choleliths.

General and supportive care with IV bal-
anced fluids.

PROGNOSIS AND
OUTCOME

The prognosis depends on the

extent of liver involvement,

severity of clinical signs, degree of sec-
ondary hepatic fibrosis, and number and
location of the biliary obstruction.

SUGGESTED READING

Gardner RB, Nydam DV, Mohammed HO,
et al: Serum gamma glutamyl transferase
activity in horses with right or left dorsal
displacements of the large colon. J Ver
Intern Med 19:761-764, 2005.

Peek SF, Divers TJ: Medical treatment of chol-
angiohepatitis and cholelithiasis in mature
horses: 9 cases (1991-1998). Equine Vet |
32:301, 2000.

AUTHOR: MONICA DIAS FIGUEIREDO
EDITOR: MICHELLE HENRY BARTON



Black Walnut Toxicosis

Black Walnut Toxicosis

BASIC INFORMATION

DEFINITION

e Black walnut trees are large (50-100
feet) deciduous forest trees often
planted as ornamentals.

e The demand for black walnut lumber
has increased, and the wood shavings
are sold for animal bedding. Shavings
that contain even a small percentage
of black walnut can cause laminitis
when used as bedding for horses.
Colic and respiratory distress have
been reported in horses after they
have chewed on black walnut bark.

SYNONYM(S)
Walnut family, including English walnut,
butternuts, hickories, and pecans

EPIDEMIOLOGY

SPECIES, AGE, SEX Foals and yearling

horses are often unaffected or recover

quickly.

RISK FACTORS

e Horses that are bedded on more than
5% to 20% walnut shavings may
develop laminitis (Figures 1 and 2).

e Not all black walnut trees have natur-
ally occurring toxicity.

GEOGRAPHY AND SEASONALITY

Black walnut (Juglans nigra) is a

common hardwood species that ranges

from the Great Plains to the east coast of

North America. The species has been

widely planted outside of its natural

range and can be found all over North

America. Laminitis may occur any time

of the year, whenever walnut bedding is

used.

ASSOCIATED CONDITIONS AND DIS-

ORDERS Consumption of the shavings

or bark may cause laminitis as well as

FIGURE 1 Pine and spruce wood shavings (right) and walnut

wood shavings (left).

mild colic. Horses on pasture may show
mild respiratory signs from chewing on
bark, pollen, or fallen leaves.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Laminitis

e Limb edema

e Respiratory distress

e Colic

HISTORY, CHIEF COMPLAINT

e History of new bedding material intro-
duced with dark-colored shavings.

e Horses (often several animals in a
stable) with clinical signs of laminitis.

e Signs usually develop within 8 to 18
hours of contact.

e Affected horses become unwilling to
move or have their feet picked up, are
often depressed, and may have limb
edema.

PHYSICAL EXAM FINDINGS

e Laminitis

e Edema of the legs (“stocking up”)

e Anorexia and depression

e Increased heart rate, respiratory rate,
body temperature, and coronary band
and hoof temperature

e Pounding digital pulse

ETIOLOGY AND PATHOPHYSIOLOGY

e The toxic principle is not known.
Juglone was once believed to be
involved because it was found in high
concentrations in the hull of the nut.
However, aqueous extracts of black
walnut heartwood, which contain no
juglone, consistently induce laminitis.

e The toxin appears to be absorbed
through the coronary band and skin.

e The pathogenesis is not completely
understood but is believed to be
similar to other causes of acute
laminitis.

shavings.

e Black walnut shavings or aqueous
extract induce alterations in the hemo-
dynamics of blood flow to the hoof.

e Overall, blood flow to the foot is
increased, and perfusion to the hoof
is decreased.

e The toxin appears to act by causing a
sensitization of vessels of the foot to
the effects of adrenergic agonists,
leading to an acute reduction in the
functional blood flow to the foot that
reaches the dorsal laminae.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Other causes of acute laminitis.

e If the hind legs are involved, affected
horses have a gait that resembles
“tying up,” or myositis.

INITIAL DATABASE

e The complete blood count reveals a
transient neutropenia in horses given
an aqueous extract of black walnut
orally at approximately 4 hours before
the onset of the initial stages of
laminitis.

e A sustained increase in plasma cortisol
levels.

ADVANCED OR CONFIRMATORY
TESTING

e Severity of the laminitis can be deter-
mined by radiography of the feet.

e Identification of shavings should be
performed by a specialist in wood
science.

e Histopathology is typical of acute
laminitis, with necrosis of the dorsal
laminae followed by mitotic activity in
an effort to repair the damage.

FIGURE 2 Pine shavings contaminated with walnut wood
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TREATMENT

THERAPEUTIC GOAL(S)

e Begin treatment immediately.

e Remove all horses from the bedding
and remove the bedding.

e Treatment is symptomatic and sup-
portive; no specific antidote exists.

ACUTE GENERAL TREATMENT

e Wash the legs with mild detergent to
remove any remaining residues.

e Conduct gastrointestinal decontami-
nation with mineral oil or activated
charcoal.

e Provide symptomatic therapy to
control pain (eg, phenylbutazone
administration).

e Give acepromazine or a more specific
a-blocker to restore circulation to the
dorsal laminae.

e Heparin may be used to prevent
microthrombi formation.

e Refer to “Laminitis, Acute” and “Lami-
nitis, Chronic” in this section for more
information on therapy.

CHRONIC TREATMENT

e Place affected animals in sand stalls for
relief of pain.

e Consider removing the shoes.

POSSIBLE COMPLICATIONS

Rotation of the third phalanx through the
sole with permanent damage and slough-
ing of the hoof.

RECOMMENDED MONITORING
Radiography of the hoof

PROGNOSIS AND
OUTCOME

e Animals removed from the
bedding and given supportive
care usually have a good prognosis.

e Symptoms usually disappear within
a few days after the shavings are
removed.

e Horses with severe laminitis and
rotation of P3 have a very guarded
prognosis.

PEARLS &
CONSIDERATIONS

COMMENTS

e Horses on pasture may show mild
respiratory signs from chewing on
bark, pollen, or fallen leaves.

e Remember that the other members of
the walnut family may also be a
problem for horses.

Black Widow Spider Toxicosis

PREVENTION

Do not use fresh shavings from black
walnut trees or any of the walnut family
for bedding.

CLIENT EDUCATION

Bedding from a hardwood mill or a fur-
niture factory may contain black walnut
shavings that can be very harmful to
horses. If you are not sure, contact an
expert with a sample of the shavings.

SUGGESTED READING

Black walnut (Juglans nigra). In Knight AP,
Walter RG, editors: A guide to plant poison-
ing of animals in North America. Jackson,
WY, 2001, Teton NewMedia, pp 301-302.

Galey FD: Black walnut. In Plumlee KH,
editor: Clinical veterinary toxicology. St
Louis, 2003, Mosby Elsevier, pp 425-427.

MacDaniels LH: Perspective on the black
walnut toxicity problem—apparent allergies
to man and horse. Cornell Vet 73:204-207,
1983.

Uhlinger C: Black walnut toxicosis in ten
horses. | Am Vet Med Assoc 195:343-344,
1989.

AUTHOR: BRENT HOFF
EDITOR: CYNTHIA GASKILL



BASIC INFORMATION
DEFINITION

The female black widow spider, Latro-
dectus spp., is recognized by its charac-
teristic red hourglass marking on the
adult ventral abdomen. Only the bite
of the female spider is of toxicologic
importance.

SYNONYM(S)

e Brown widow,
hourglass spider

EPIDEMIOLOGY

SPECIES, AGE, SEX Although cases are
not well documented in horses, all are
potentially susceptible.

RISK FACTORS

GEOGRAPHY AND SEASONALITY
Distributed throughout North America,
found in barns and other structures and
outdoor wood and brush piles.

red-legged spider,

Black Widow Spider Toxicosis

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT Black
widow spider envenomation generally
results in neuromuscular signs.
PHYSICAL EXAM FINDINGS Muscle
fasciculations and rigidity, ataxia, and
flaccid paralysis can progress to an
ascending paralysis. The muscles of res-
piration may eventually become involved,
leading to dyspnea and other breathing
abnormalities. Restlessness, pain, abdom-
inal rigidity, and cramping of the large
muscle masses may also be observed.
ETIOLOGY AND PATHOPHYSIOL-
OGY The most important toxin in black
widow spider venom is o-latrotoxin, a
biologically active protein neurotoxin.
Both calcium-dependent and -indepen-
dent mechanisms lead to the release of
numerous neurotransmitters  because
of increased movement of synaptic
vesicles to the presynaptic neuronal
membranes.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

Colic, tying up, botulism, tetanus

INITIAL DATABASE

Elevated creatine kinase and aspartate
transaminase levels may be detected.

ADVANCED OR CONFIRMATORY
TESTING

Identification of the spider (if found)

TREATMENT

THERAPEUTIC GOAL(S)
e Respiratory and cardiac monitoring
e Pain management

ACUTE GENERAL TREATMENT

Administration of a 10% calcium gluco-
nate solution is recommended in most
veterinary references for the reversal of
muscle fasciculations and weakness,




Black Widow Spider Toxicosis

although its efficacy appears to be incon-
sistent in humans. Initial symptomatic
treatment for human patients instead

typically consists of morphine and
diazepam.

PROGNOSIS AND

OUTCOME

Most animals completely recover
within days to weeks with
symptomatic and supportive care.

PEARLS &
CONSIDERATIONS

Several antivenin products have

been developed and may be

extremely useful for patients that do not
adequately respond to symptomatic care
alone and are commonly administered to
severely affected humans either IV or IM.
The newer antivenins have fewer human
allergic reactions because of a lack of
protein impurities. The efficacy and
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adverse effects of these products in
horses have not been documented.

SUGGESTED READING

Peterson ME: Toxic exotics. Vet Clin North Am
Exot Anim Pract 11:375-287, 2008.

Roder JD: Spiders. In Plumlee KH, editor:
Clinical wveterinary toxicology. St Louis,
2004, Mosby Elsevier, pp 112-113.

AUTHOR: LISA A. MURPHY
EDITOR: CYNTHIA L. GASKILL



Blister Beetle Toxicosis

BASIC INFORMATION
DEFINITION

Blister beetles (Epicauta spp.) are insects
that contain the toxin cantharidin, a
potent vesicating agent that is readily
absorbed from the gastrointestinal (GD
tract and skin. Cantharidin is a direct
irritant that can cause shock and death
within 4 hours after a massive dose or
affect various organ systems, depending
on the dose.

SYNONYM(S)

e Cantharidin toxicosis
e Cantharidiasis

EPIDEMIOLOGY

RISK FACTORS Feeding hay, pellets, or

cubes that contain alfalfa, particularly

after it has been crimped

GEOGRAPHY AND SEASONALITY

e Beetles can be a variety of colors,
depending on their location (eg, black,
gray with black spots, orange with
black spots). Striped blister beetles,
Epicauta lemniscata, are often found
in alfalfa hay in the southwestern
United States (Figure D).

e Most blister beetles live in the South.

e Most cases occur in the winter when
more hay is fed.

e Cases can occur year round if contami-
nated alfalfa products are fed.

e Cases can occur anywhere contami-
nated alfalfa is shipped.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Acute: Massive dose

e Subacute: Lower dose

HISTORY, CHIEF COMPLAINT

e Sudden death: The horse is found
dead in the morning after appearing
normal when fed the previous night

e Depressed

e Anorectic

e Any clinical signs associated with colic

e Playing in water with muzzle

e Client’s observation that animal is “not
acting right”

PHYSICAL EXAM FINDINGS

Not all horses exhibit all the following

clinical signs:

Increased pulse

Increased respiratory rate

Diaphragmatic flutter

Muscle fasciculations

Tachycardia

Sweating

Frequent painful urination

Depression

Colic

Diarrhea

Oral lesions

Salivation

Restlessness

Congested mucous membranes

Increased capillary refill time

Stiff gait

Hematuria

Fever

ETIOLOGY AND PATHOPHYSIOLOGY

e Cantharidin is a powerful vesicant.

e Concentration depends on the species,
sex, and whether the insects have
mated.

e Found in the hemolymph of male
blister beetles.

e Transferred to females during mating.

e Affects  mitochondrial ~ membrane
permeability.

e Has a direct irritant effect on entire GI
tract.

e Rapidly absorbed from the GI tract.

e Excreted unchanged in the kidney and
may cause irritation of the urinary
system.

e May cause myocardial necrosis.

e Four grams of dried beetles may be
lethal to a horse, with approximately
0.5 to 0.1 mg of cantharidin per
kilogram of body weight being the
estimated lethal dose.

FIGURE 1 Blister beetles in alfalfa hay.
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DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Other types of colic
e Ionophore toxicosis

INITIAL DATABASE

e Decreased serum calcium
e Decreased serum magnesium

ADVANCED OR CONFIRMATORY
TESTING

e Examination of alfalfa hay for the pres-
ence of beetles.

e Detection of cantharidin in urine by
gas chromatography/mass spectro-
metry (GC/MS) or high-performance
liquid chromatography (HPLC).

e Possible detection of cantharidin in
serum, GI content, liver, or kidney,
but these are not the specimens of
choice.

e Cantharidin has been detected in pel-
leted feed and hay cubes.

e Postmortem lesions range from none
to severe irritation and ulceration from
the mouth throughout the entire GI
tract and wurinary bladder. White
streaks have been observed on the
heart. Gastroenteritis, nephrosis, cysti-
tis, urethritis, and myocarditis have
been seen microscopically.

TREATMENT
THERAPEUTIC GOAL(S)

e Reduce the absorption and enhance
elimination of the toxin.

e Control pain.

e Control diarrhea.

e Reinoculate the gut.

ACUTE GENERAL TREATMENT

Aggressive therapy (day 1):

e Fluids

e Calcium in the form of calcium gluco-
nate 23% solution 0.1 mL/kg/h IV

(large amounts in fluids until levels
become normal)

e Magnesium in the form of magnesium
sulfate 50 mg/kg IV diluted in 1L
of fluids for the first hour followed
by continuous-rate infusion of 25 mg/
kg/h

e Activated charcoal

e Nonsteroidal antiinflammatory drugs
(NSAIDs)

CHRONIC TREATMENT
Days 2 to 5:

NSAIDs

Fluids

Calcium, magnesium
Diatomaceous earth
Omeprazole

Probiotics

POSSIBLE COMPLICATIONS

e Nephrosis
e Cardiac dysfunction

RECOMMENDED MONITORING

Serum calcium and magnesium

PROGNOSIS AND

OUTCOME

e Prognosis is good if recog-
nized early and treated
aggressively.

e Prognosis is guarded to poor if high
dose, the animal is not diagnosed
early, or therapy is not aggressive.

PEARLS &
CONSIDERATIONS

COMMENTS

e The owner’s observation that horse
that has been eating alfalfa is “just not
right,” low serum calcium, diaphrag-
matic flutter, and playing in the water
should initiate aggressive therapy.

Borna Disease

e Diagnostic confirmation can be done
in 4 to 24 hours.

e Cantharidin is very stable in hay and
hay products.

e Contamination can occur even if
blister beetles have not been observed.
It is not practical to check every inch
of hay.

PREVENTION

e Do not feed alfalfa hay, pellets, or
cubes.

e Purchase hay that has not been
crimped before baling and that has
been baled before bloom stage or after
a frost to decrease the incidence of
beetle contamination.

CLIENT EDUCATION

e Clients can learn to identify blister
beetles.

e Beetles tend to swarm, so multiple
beetles generally can be observed in
individual flakes of hay.

SUGGESTED READING

Helman RG, Edwards WC: Clinical features
of blister beetle poisoning in equids: 70
cases (1983-1996). | Am Vet Med Assoc
211(8):1018-1021, 1997.

Gwaltney-Brandt S, Dunayer EK, Youssef HY:
Terrestrial zootoxins. In Gupta RC, editor:
Veterinary toxicology. New York, 2007,
Elsevier, pp 791-793.

Stair EL, Plumlee KH: Blister beetles. In
Plumlee KH, editor: Clinical veterinary
toxicology. St Louis, 2004, Mosby Elsevier,
pp 101-103.

Toribio RE: Disorders of calcium and phos-
phorus. In Reed SM, Bayly WM, Sellon DC,
editors: Equine internal medicine, ed 3. St
Louis, 2010, Saunders Elsevier, pp 1277-
1291.

Toribio RE: Magnesium and disease. In Reed
SM, Bayly WM, Sellon DC, editors: Equine
internal medicine, ed 3. St Louis, 2010,
Saunders Elsevier, pp 1291-1295.

AUTHOR: SANDRA E. MORGAN
EDITOR: CYNTHIA GASKILL
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Borna Disease

BASIC INFORMATION

DEFINITION

Borna disease virus (BDV) is an
enveloped, single-stranded RNA virus
that causes polioencephalomyelitis in
horses.

Transmission most likely —occurs
through contact with infected nasal,
lacrimal, or salivary secretions with
viral ascent through the olfactory (and

possibly trigeminal) nerve. The incu-
bation period is extended, and infec-
tion appears to be restricted to the
central nervous system (CNS).
Affected horses present with altera-
tions in behavior, sensorium, and
consciousness that may progress to
cranial nerve abnormalities, spinal
cord abnormalities, and death. There
is no effective treatment or vaccine.
The prevalence and incidence of the
disease worldwide are unknown.

SYNONYM(S)

Hot-headed disease, brain fever, sub-
acute meningoencephalitis, hypersomnia
of horses

EPIDEMIOLOGY

SPECIES, AGE, SEX

e There is no
predilection.

e Age may be a factor in clinical disease
because there is a high rate of sero-

species  or = sex
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prevalence but a low rate of disease
in endemic areas.

GENETICS AND BREED PREDISPOSI-

TION Genetics may be a factor in clini-

cal disease because there is a high rate

of seroprevalence but a low rate of
disease in endemic areas.

RISK FACTORS Exposure to affected

horses

CONTAGION AND ZOONOSIS

e The route of transmission of BDV is
unknown. The virus has been detected
in nasal, lacrimal, and salivary secre-
tions of affected animals, so it is pos-
tulated that direct and indirect contact
with infected horses can spread the
virus.

e Whether BDV is a zoonotic agent that
causes overt illness in humans is
unknown. It does appear that humans
can be affected by either the Borna
virus or a Borna-like virus. Seropreva-
lence studies have revealed BDV anti-
bodies in humans with psychiatric
disorders and in humans without
disease (similar to horses). However,
the exact pathology of the virus in
humans, whether it is transmitted to
humans from horses, and whether it is
a causative agent of disease in people,
is unknown at this time.

e Veterinarians should take universal
precautions when handling and per-
forming necropsies on horses with any
neurologic disease.

GEOGRAPHY AND SEASONALITY

e Clinical BDV has been recognized
in horses in Germany, Switzerland,
Liechtenstein, and Austria. Seropreva-
lence studies in Germany reveal that
there is a large discrepancy between
the incidence of disease (low) and the
prevalence of BDV-specific antibodies
(11%—-20% normally; 55% during out-
breaks). New occurrences of disease
may occur anywhere from 2 months
to several years after the initial out-
break. There is no seasonal trend to
the virus.

e BDV is not likely restricted to Europe.
Seroprevalence studies have revealed
BDV antibodies in horses worldwide,
including Europe, Turkey, the Middle
East (Israel and Iran), Asia (Japan and
China), Australia, and the United
States. However, the incidence of
disease caused by BDV infection in
these countries is unknown.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES Peracute,

acute, subacute, chronic polioencephalo-

myelitis

HISTORY, CHIEF COMPLAINT Horses

present initially with alterations in behav-

ior and consciousness.

PHYSICAL EXAM FINDINGS

e Initial clinical signs involve changes
in personality and sensorium. Move-

ments are deliberate and slow and
include general hypokinesia, postural
unawareness, and slow eating or
chewing with no food in the mouth.
Many horses demonstrate rhythmic or
repetitive movements and often yawn
frequently and head press. Changes in
personality and mental status, includ-
ing hyperexcitability, fear, aggression,
lethargy, somnolence, and stupor, may
also occur. Loss of the cutaneous
trunci reflex may also be noted early
in the disease. A fever refractive to
nonsteroidal antiinflammatory drugs
may also occur.

e As the disease progresses, neurologic
deficits increase. Cranial nerve abnor-
malities are often seen, including
alterations in cranial nerve (CN) III
(strabismus and miosis), CN V/VII
(bruxism, trismus), CN VII/XI (nystag-
mus), CN VIII (head tilt), CN IX/X
(dysphagia, pharyngeal paralysis), and
CN XII (tongue paralysis). Spinal cord
abnormalities are also present, includ-
ing ataxia, imbalance, abnormal pos-
tures, hyporeflexia of spinal reflexes,
and proprioceptive deficits. Changes
in personality may progress.

e In the latter, end stages of BDV, the
horse appears extremely unbalanced
and often stops eating or drinking.
Neurogenic torticollis accompanied by
dystonia of the neck muscles with
or without circular walking is often
present. Head tremors, convulsions,
head pressing, loss of the pupillary
light reflex, and comatose states occur.

ETIOLOGY AND PATHOPHYSIOLOGY

e BDV mainly affects horses and sheep,
although it has also been found to
affect other equids, cattle, goats, and
rabbits.

e The incubation period is extended
and ranges from 2 weeks to several
months (average, 2-3 months) after
exposure.

e Enveloped negative-sense, single-
stranded RNA virus.

e Released by budding from the cell.

e Initial infection most likely occurs
through direct contact with viral
particles from an infected animal or
fomite.

e The virus appears to remain restricted
to the CNS.

e The virus may invade the CNS through
the following:

o Intranasal infection through the
olfactory nerve

o Oral infection through the trigemi-
nal nerve

e The virus migrates along the olfactory
or trigeminal axons and replicates in
the neuron cell bodies and glial cells
of the limbic system.

e Over time, the virus disseminates
throughout the CNS and then spreads
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to the peripheral nervous system and
retina.
e This coincides with the progression
of clinical signs.
e Pathologic changes are indicative of
polioencephalomyelitis.
o Mainly involves the gray matter of
the CNS and spinal cord
o Retinal changes may also be seen.
o Histopathologically, perivascular
cuffing, parenchymal inflammation,
astrocytosis, and loss of pyramidal
cells may be seen.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS
e Viral

o Alphavirus encephalitis (Eastern
equine encephalitis, Western equine
encephalitis, Venezuelan equine
encephalitis)

o Flavivirus encephalitis (West Nile
virus, Kunjin virus,* Japanese
encephalitis,* Murray Valley fever*)

o Rabies

o Equine herpesvirus type 1

o Equine encephalosis virus*

o Nipah virus*

e Bacterial: Botulism
e Parasitic

©  Halicephalobus gingivalis

o Setaria

o Strongylus vulgaris

o Equine protozoal myeloencephalitis

¢ Noninfectious

o Hypocalcemia

o Tremorogenic toxicities

o Hepatoencephalopathy

o Leukoencephalomalacia

INITIAL DATABASE
e Cerebrospinal fluid (CSF)

o Increased proteins (>70 mg/dL)

o Increased cell count (lymphomono-
cytic pleocytosis)

o Chronic cases: CSF is usually
normal except with elevated lactate
levels

e Complete blood count and serum
chemistries

o Normal

o Hyperbilirubinemia from decreased
food intake

ADVANCED OR CONFIRMATORY
TESTING

e BDV antibody detection: Titer ranges
between 1:2 and 1:1280

e There is no correlation between
disease severity and antibody titers.

e May or may not be present early in
the course of disease or in corticoste-
roid-treated horses

*Foreign animal diseases not yet docu-
mented in North America.
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e Tests
o Enzyme-linked immunosorbent as-
say
o Western immunoblot
o Indirect immunofluorescence assay
e Postmortem testing
o Histopathology
o Immunohistochemistry
o Western immunoblot
o Reverse transcription polymerase
chain reaction

TREATMENT
THERAPEUTIC GOAL(S)

Supportive care

ACUTE GENERAL TREATMENT

e There is no known effective treatment
for BDV.

e Treatment strategies should focus on
supportive care and the relief of
anxiety.

o Corticosteroids
o Mannitol (0.25-2.0 g/kg q24h IV)
may relieve brain edema.

PROGNOSIS AND
OUTCOME

e Infection with BDV leads to
death approximately 1 to 4
weeks after the onset of clinical
signs in approximately 80% of
animals.

e Approximately 10% of infected horses
demonstrate a chronic, recurrent
course of disease.

e With less severe cases, recovery can
occur. There may be a persistent CNS
infection.

PEARLS &
CONSIDERATIONS

COMMENTS

e The prevalence and incidence of
the disease outside of Europe is not
known.

e Thus quarantine and having BDV on
the differential list for horses with any
neurologic disease is important.

Bots

PREVENTION

e There is no licensed vaccine for the
prevention of BDV.

e The environment should be decon-
taminated with standard decontami-
nating agents.

e Affected horses and new arrivals
should be quarantined.

e Proper universal precautions should
be taken by all humans in contact with
affected or suspect horses.

SUGGESTED READING

Richt J, Grabner A, Herzog S, et al: Borna
disease. In Sellon D, Long M, editors:
Equine infectious diseases. St Louis, 2007,
Saunders Elsevier, pp 207-213.

AUTHOR: MELISSA BOURGEOIS

EDITORS: MAUREEN T. LONG and
DEBRA C. SELLON
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BASIC INFORMATION

DEFINITION

Infection with larvae of one or more
species of botfly. Second- and third-stage
larvae of Gasterophilus intestinalis and
Gasterophilus nasalis cause focal mucosal
irritation in the equine stomach or intes-
tine, where they attach.

EPIDEMIOLOGY

RISK FACTORS Exposure to adult bot-
flies and ingestion of eggs laid on the
horse’s hair.

CONTAGION AND ZOONOSIS

e Bots are not directly contagious from
horses to people.

e There are occasional reports of human
infection with horse botfly larvae,
several of which involved patients
with known exposure to horses.

e Migration of first-stage larvae is associ-
ated with cutaneous and ocular myiasis
in humans.

e The burrowing of larvae beneath the
skin may produce a tortuous path with
severe pruritus.

GEOGRAPHY AND SEASONALITY

e Infection with botfly larvae occurs in
horses worldwide.

e G. intestinalis and G. nasalis are
the most common species in North
America.

e G. pecorum is found in Asia.

e Adult fly activity is most common in
the summer and fall.

e Larvae persist in the stomach and
intestine through the winter and

spring.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES Bot lar-
vae cause minimal pathology in most
horses.

HISTORY, CHIEF COMPLAINT

e Most horses show no recognizable
clinical signs.

e Abnormal behavior may be caused by
attempts at fly evasion.

e Signs associated with minor gingival
irritation and  necrosis, including
increased salivation, abnormal masti-
cation, and swallowing.

e Signs of colic and endotoxemia in the
rare horse with gastric ulceration and
rupture, gastritis, peritonitis secondary
to gastroduodenal perforation, or gas-
troesophageal reflux.

e Aberrant larval migration may cause
more unusual clinical signs.

PHYSICAL EXAM FINDINGS

e Most horses show no abnormalities on
physical examination that can be
directly related to botflies except for
the presence of botfly eggs attached
to the hairs.

e Physical examination findings consis-
tent with abdominal pain and endo-

toxemia in rare horses with gastric

ulceration and rupture, gastritis, peri-

tonitis secondary to gastroduodenal
perforation, and gastroesophageal
reflux.

e Gingival hyperemia and necrosis on
oral examination.

e G. pecorum infection may cause
esophageal constriction and hypertro-
phy of muscles of the oropharynx and
esophagus with resultant dysphagia
and death. It may also cause epidemic
deaths of horses resulting from attach-
ment of large numbers of bots to the
soft palate.

ETIOLOGY AND PATHOPHYSIOLOGY

e Adult botflies are similar in size and
appearance to honeybees.

o The common horse botfly (G. intes-
tinalis) lays yellow to gray eggs on
the hairs of the forelegs, mane, and
flanks.

o Throat botfly eggs (G. nasalis) are
attached to the long hairs beneath
the mandible and chin.

o Nose botfly eggs (G. haemorrhoida-
lis) are deposited on hairs around
the muzzle.

e Hatching of eggs is stimulated by
warmth and moisture associated with
licking the eggs during normal groom-
ing behavior.

e Larvae spend about 3 weeks migrating
in soft tissue of the oral cavity and
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then migrate to the stomach or small
intestine, where they attach to the
mucosa.

e Larvae remain in the stomach until
spring or early summer, when they
detach, are passed in feces, enter the
soil below the manure pile, and
pupate.

¢ In weeks to months, adult flies emerge.

e Adult G. pecorum bots lay eggs in
batches on grass, and eggs are ingested
when horses graze.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Definitive diagnosis is by visual
identification of parasites, usually by
gastroscopy.

e Bot larvae are occasionally identified
in gastroesophageal reflux fluid.

e Internal larval presence should be
highly suspect in horses that have not
recently received avermectin anthel-
minthics and that have obvious botfly
eggs attached to the hairs of their legs
or face.

TREATMENT
THERAPEUTIC GOAL(S)

Eliminate all botfly larvae.

ACUTE GENERAL TREATMENT

e Avermectin anthelminthic treatment
e Physical removal of botfly eggs from
hairs

PROGNOSIS AND
OUTCOME

Prognosis is excellent for most
horses.

PEARLS &
CONSIDERATIONS

COMMENTS

The most effective time to administer
boticides is in the late fall after the first
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FIGURE 1 Botfly eggs on leg of horse. (Courtesy Dr. Wendy Duckett. From Sellon DC,
Long MT: Equine infectious diseases. St Louis, 2007, Mosby Elsevier.)

FIGURE 2 Botfly larvae attached to a gastric mucosa of a horse. (Courtesy Dr. Wendy
Duckett. From Sellon DC, Long MT: Equine infectious diseases. St Louis, 2007, Mosby

Elsevier.)

hard frost, when adult fly activity has
ceased.

CLIENT EDUCATION

Instruct clients that regular grooming to
remove bot eggs from the horse’s hair is
helpful.

SUGGESTED READING

Sellon DC: Miscellaneous parasitic diseases.
In Sellon DC, Long MT, editors: Equine
infectious diseases. St Louis, 2007, Elsevier,
pp 473—480.

AUTHOR: DEBRA C. SELLON

EDITORS: MAUREEN T. LONG and DEBRA
C. SELLON



Botulism

BASIC INFORMATION
DEFINITION

A neuromuscular disorder of horses and
other mammals caused by neurotoxins of
Clostridium botulinum. Toxicoinfectious

botulism occurs through oral ingestion of
botulism and elaboration in the intestine
of affected animals.

SYNONYM(S)

Shaker foal syndrome, forage poisoning,
grass sickness

EPIDEMIOLOGY

SPECIES, AGE, SEX Botulism neurotox-
ins type B and C are most commonly
reported in foals. Shaker foal syndrome
(toxicoinfectious) is associated with 1- to
3-month-old foals but may occur as early
as age 7 days. In adult horses, a form
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of adult toxicoinfectious botulism (grass
sickness) occurs in Europe.
RISK FACTORS
e Decaying vegetable matter in food and
water
e Feeding practices including silage,
haylage, round baled hay, animal
tissue contamination of feeds, bird and
animal contamination of standing
water sources
GEOGRAPHY AND SEASONALITY
Equine botulism is most frequently
observed in Kentucky and the mid-
Atlantic region of the eastern United
States, although the disease has been
reported worldwide. Botulism type B can
be found throughout United States but
is more predominant in the north and
central east. Type A botulinum is isolated
from soil primarily in western and north-
western states. Botulism type C occurs in
Florida.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Flaccid paralysis of adult
(wound and forage poisoning)

e Shaker foal syndrome (toxicoin-
fectious)

e Grass sickness (Europe)

HISTORY, CHIEF COMPLAINT

e Sudden, unexplained death

e Clinically affected horse with intermit-
tent paralysis

PHYSICAL EXAM FINDINGS

e The time to onset of clinical signs after
exposure to toxin varies from 12 hours
to several days. Sudden, unexplained
death of one or more horses may be
the initial signal of the onset of an
outbreak.

e Decreased eyelid, tongue, and tail
tone may be observed early in disease.
Horses that walk may have a stilted,
short-strided ~ gait  without ataxia.
Muscle trembling and weakness may
be apparent, particularly in foals.

e Pupillary dilation with sluggish pupil-
lary light reflexes is common.

e There is normal cutaneous sensation
with depressed spinal reflexes.

e Pharyngeal paralysis is frequently
observed in adult horses with botulism
and may be confirmed by endoscopic
examination of the upper airway.

e Clinical signs may rapidly progress to
recumbency.

e Tachycardia may occur, particularly in
foals. Foals may appear or become
constipated and dysuric.

e Signs of colic may be associated
with diminished gastrointestinal (GD)
motility.

e Dyspnea and cyanosis may be present
initially or terminally.

e Death is generally attributed to respi-
ratory failure secondary to respiratory
muscle paralysis.

horses

ETIOLOGY AND PATHOPHYSIOLOGY

e Clostridium botulinum

e Neurotoxins A, B, C, and D

e Three methods of toxin exposure in
horses:

o Forage poisoning: Ingestion of pre-
formed toxin elaborated in feed-
stuffs by vegetative form of C.
botulinum

o Toxicoinfectious:  Ingestion  of
spores, formation of vegetative
state, multiplication, and elabora-
tion of toxins within the GI tract
after in vivo toxin production

© Wound botulism: Contamination
of a wound with spores, formation
of vegetative state, multiplication,
and elaboration of toxins within
the tissues after in vivo toxin
production

e Botulism intoxication occurs by a mul-
tistep process: binding to the target
cell and internalization, translocation,
and inhibition of neurotransmitter
release.

e Botulinum neurotoxin (BoNT) pre-
vents exocytosis of acetylcholine at
the neuromuscular synapse by the
cleavage of soluble N-ethylmaleimide
sensitive factor attachment receptor
proteins involved in the fusion of
synaptic vesicles with the plasma
membrane.

e The clinical effect is flaccid paralysis
of large motor neuron units with lower
motor neuron disease of the limbs,
respiratory intercostal muscles, and
pharyngeal muscles.

e Without intervention and supportive
care, respiratory paralysis and death
occur.

e Overwhelming exposure may result in
death.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS
e Foals
© Hypocalcemia
o Severe electrolyte imbalances
o Cranial trauma if recumbent
e Adults
o West Nile virus: May have intermit-
tent weakness and paralysis
o Equine protozoal myeloencephali-
tis: Should have muscle wasting
o Early onset of rabies
o Pharyngeal disorders,
choke and trauma
o Tick paralysis

INITIAL DATABASE

e Complete blood count: Normal

e Serum biochemical analysis: Normal
e Urinalysis: Normal

including

ADVANCED OR CONFIRMATORY
TESTING

e Electromyography: May demonstrate
lower motor neuron abnormalities.
Negative findings should not rule out
the disease.

e Definitive diagnosis: Detection of
toxin in serum, feces, GI contents, or
feed)

o Format detection: Enzyme-linked
immunosorbent assay, radioimmu-
noassay, polymerase chain reaction

o Specific toxin activity: Mouse inocu-
lation test

e [solation of C. botulinum from serum,
feces, GI contents, or feed

TREATMENT
THERAPEUTIC GOAL(S)

e Blockade of remaining circulating
toxin
e Supportive care

ACUTE GENERAL TREATMENT

e Botulism antitoxin:  Equine-origin
polyvalent (anti-B and anti-C) botu-
lism antitoxin (Botulism Laboratory,
New Bolton Center, Kennett Square,
PA) or monovalent (anti-B) botulinum
antitoxin (Veterinary Dynamics, Tem-
pleton, CA)

e Adults and foals with mild respiratory
failure (normal pH and mild to moder-
ate increase in arterial carbon dioxide
tension [PaCO,)) may frequently be
treated with intranasal oxygen insuffla-
tion, positioning in sternal recum-
bency, and repeated arterial blood gas
(ABG) monitoring to detect worsening
respiratory failure.

e Mechanical ventilation may ameliorate
ABG abnormalities and allow time for
the patient to recover cholinergic neu-
romuscular control.

e Antimicrobial administration, although
not required for treatment unless
wound botulism is suspected, is fre-
quently used in an effort to prevent or
reduce some of the complications of
the disease, such as aspiration pneu-
monia caused by dysphagia.

CHRONIC TREATMENT

e Nutritional management must be con-
sidered in horses with botulism and
can generally be achieved in foals by
feeding milk or milk replacer via
indwelling nasogastric or nasoesopha-
geal tubes (Kangaroo, 12-Fr, 43-inch
enteral feeding tube, Sherwood
Medical, St. Louis, MO) as small, fre-
quent meals (every 2 hours).

e In adult horses, periodic nasogastric
intubation of slurry meals can be pro-
vided. In prolonged cases, it may be
beneficial to consider commercially
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available liquid diets. Parenteral nutri-
tion is generally not necessary.

e Nursing care is an important part of
treatment, and equine patients should
be protected as much as possible
from development of decubital
ulcers, corneal ulcers, and inadvertent
aspiration.

e Ocular examination should be
performed at least daily and ocular
lubricant ointments used to prevent
exposure keratitis.

DRUG INTERACTIONS

Antimicrobial drugs that might potentiate
neuromuscular blockage (eg, procaine
penicillin, aminoglycosides, and tetracy-
clines) should be avoided.

POSSIBLE COMPLICATIONS

Close ABG monitoring is required for the
first 24 to 48 hours of treatment.

RECOMMENDED MONITORING

e Close ABG monitoring is required for
the first 24 to 48 hours of treatment
because administration of botulinum
antitoxin does not remove toxin
already bound to receptors within the
terminal neuromuscular junction of
the axon, and the equine patient may
deteriorate further during this period.

e ABG analysis should also be performed
if the patient’s condition appears to
change; these horses may suddenly
alter their respiratory rate and pattern
as respiratory failure worsens.

e Increased nostril flare, decreased chest
excursion, and restlessness may be
physical indicators of worsening respi-
ratory failure.

e Adult horses with botulism that remain
standing have a good prognosis for
recovery; however, it may require
several weeks to months before
affected horses regain sufficient
strength to return to work.

e Horses that become recumbent have a
poorer prognosis even with antitoxin
administration and excellent nursing
care. This is related in part to their
size and the secondary effects of
prolonged recumbency.
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e The degree of respiratory compromise
can be severe, and long-term (days)
mechanical ventilation of adult horses
is a difficult undertaking.

PROGNOSIS AND
OUTCOME

e The survival rate for botuli-
num neurointoxication in
appropriately treated foals younger
than 6 months of age is greater
than 90%.

e Approximately 50% of affected foals
require some form of ventilatory
support, ranging from intranasal
oxygen insufflation to mechanical ven-
tilation, and all affected foals should
have repeated ABG analysis per-
formed during the first 48 hours of
treatment.

PEARLS &
CONSIDERATIONS

COMMENTS

e Careful physical and neurologic exam-
ination and the early identification and
treatment with antitoxin is essential for
successful outcome of clinical botu-
lism in horses.

e In standing but weak horses, endo-
scopic examination and assessment
of pharyngeal function should be
performed.

e Abnormal pharyngeal function in the
presence of neuromuscular weakness
should lead to botulism as a top dif-
ferential diagnosis.

PREVENTION

e Vaccination (C. botulinum type B
toxoid, Neogen, Tampa, FL) is thought
to be almost 100% protective in adult
horses.

e Vaccination of pregnant mares is the
most efficient way to protect foals in
endemic areas; however, foals from
vaccinated mares have developed
disease.

e Passively transferred antibody levels
may be variable and have variable
decay rates in individuals.

e Adults
o Broodmares: Initial  three-dose

series at 30-day intervals with the
last dose 4 to 6 weeks before
anticipated parturition date, and
annually thereafter, 4 to 6 weeks
prepartum.

o Other adult horses: Should con-
sider vaccination, particularly if in
endemic regions. Initial three-dose
series and then annual booster.

e Foals
o From vaccinated mares: Three-dose

series of toxoid at 1-month intervals
starting at 2 to 3 months of age

o From unvaccinated mares: Foals
may benefit from (1) toxoid at 2, 4,
and 8 weeks of age; (2) transfusion
of plasma from a vaccinated horse;
or (3) antitoxin (efficacy needs
further study).

CLIENT EDUCATION

e Vaccination procedures should be
reviewed in endemic areas.

e Proper feeding and storage of hay and
grain are essential.

e Avoidance of silage and haylage in
equines is recommended.

e If bulked baled hay is an important
source of feed, education of clients of
recognition of poor hay quality and
hay management from supplies is
important.

SUGGESTED READING

Wilkins PA, Palmer JE: Botulism in foals less
than 6 months of ages: 30 cases (1989—
2002). J Vet Intern Med 17:702-707, 2003.

Wilkins PA, Palmer JE: Mechanical ventilation
in foals with botulism: 9 cases (1989-2002).
J Vet Intern Med 17:708-712, 2003.

Wylie CE, Proudman CJ: Equine grass sick-
ness: epidemiology, diagnosis, and global
distribution. Vet Clin North Am Equine Pract
25:381-389, 20009.

AUTHOR: PAMELA WILKINS

EDITOR: MAUREEN T. LONG and
DEBRA C. SELLON



Bracken Fern and Horsetail Toxicosis

BASIC INFORMATION

DEFINITION

Bracken fern and horsetails cause neuro-
toxicity in horses as a result of thiamine
depletion.

SYNONYM(S)

e Bracken or bracken fern (Pteridium
aquilinum)

e Horsetail, field or western horsetail,
scouring rush (Equisetum arvense)

e Scouring rush horsetail (Equisetum
hyemale or Hippochaete hyemalis)

EPIDEMIOLOGY

RISK FACTORS Poor-quality hay con-

taining these plants is a risk to hungry

horses.

GEOGRAPHY AND SEASONALITY

e Bracken fern is distributed throughout
the world except in very low-
precipitation areas.



FIGURE 1 Bracken fern
aquilinum).

(Pteridium

e Bracken fern is a deciduous perennial
that develops from a black extensive
root system with erect, triangular-
shaped fronds 3 to 5 feet in height.
The stems are smooth and green
except at the base. Reproduction
occurs via spores formed on the
underside of fronds following the
edge of the leaflets (Figure 1).

e Horsetail is widely distributed in North
America, preferring moist areas. It is
an invasive, deciduous perennial plant
that forms large colonies from branch-
ing rhizomatous roots. The stems are
erect, hollow, ribbed, and jointed. The
leaves are vestigial (scale-like) in
whorls at the nodes. Some species
have branches in whorls at the nodes.
Horsetails are flowerless and repro-
duce from spore-forming cones at the
ends of fertile stems (Figures 2 and 3).

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT Grad-

ual onset over several days of weakness,

depression, and incoordination leading

to difficulty standing and recumbency.

Seizures can occur terminally.

PHYSICAL EXAM FINDINGS

e Weight loss, incoordination, muscle
tremors, and crouching stance when
the head is raised.

e Recumbency followed by seizures and
eventually death.

e Appetite may initially be good.

ETIOLOGY AND PATHOPHYSIOLOGY

e The primary toxin in bracken fern
responsible for the neurologic syn-
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FIGURE 2 Horsetail (Equisetum arvense).

drome in horses is thiaminase. Thiami-
nase creates a thiamin deficiency by
breaking down thiamin and competi-
tively inhibiting thiamin activity.

e Consumption of a diet of 20% to 25%
bracken fern for 3 weeks or more is
necessary to produce signs.

e Dried plant material retains its
toxicity.

e Ruminants are not affected by the
thiaminase because their rumen micro-
flora degrades it.

e Bracken fern also contains ptaquilo-
side, which is carcinogenic and causes
thrombocytopenia and hemangiomas
of the bladder in cattle. This is not
reported in horses.

e The rhizomes and rapidly growing
young fronds are the most toxic.

e The toxin in Equisetum spp. is also a
thiaminase.

e Most poisoning occurs in horses fed
hay contaminated with horsetail.

e Consumption of hay with 20% or more
horsetail for 2 to 3 weeks is necessary
to cause poisoning.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Equine leukoencephalomalacia

e Encephalitis: Rabies, West Nile virus,
Eastern and Western equine encepha-
litis virus

e Equine herpesvirus

e Sage poisoning

e Pyrrolizidine alkaloid toxicity

FIGURE 3 Scouring rush horsetail (Equi-
setum hyemale or Hippochaete hyemalis).

INITIAL DATABASE
Serum pyruvate and lactate increase due
to inhibition of pyruvate dehydrogenase.

ADVANCED OR CONFIRMATORY

TESTING

e Blood thiamine levels
decrease to 25 to 30 pg/L.

e Postmortem findings are generally
nonspecific, with congestion of the
brain and other organs.

e Histologically, necrosis of neurons
may be seen.

e Response to thiamine treatment may
be the only practical confirmatory test.

TREATMENT

THERAPEUTIC GOAL(S)
Replenish thiamine.

ACUTE GENERAL TREATMENT

e Thiamine (vitamin B)): 0.5 to 1.0 g/d
parenterally, decreasing the dose over
several days

e Provide a palatable and nutritious diet.

RECOMMENDED MONITORING

Monitor serum pyruvate,
thiamine levels.

PROGNOSIS AND
OUTCOME

in horses

lactate, and

If the condition is recognized

and treatment initiated before

the horse becomes recumbent, recovery
in a few days is likely.
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PEARLS &
CONSIDERATIONS

COMMENTS

Bracken fern and horsetail poisoning in
horses is unusual and is often the result
of feeding poor-quality hay.
PREVENTION

Feed weed-free hay

CLIENT EDUCATION

Recognition of green and dried bracken
fern and horsetail is essential.

SUGGESTED READING

Burrows GE, Tyrl RJ: Pteridium. In 7oxic
plants of North America. Ames, 1A, 2001,
Iowa State Press, pp 415-422.

Knight AP, Walter RG. A guide to plant poison-
ing of animals in North America. Jackson,
WY, 2001, Teton NewMedia, pp 194-197,
222-224.
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Meyer P: Thiaminase activities and thiamine
content of Pteridium aquilinum, Equisetum
ramosissimum, Malva parviflora, Pennise-
tum clandestinum and Medicago sativa.
Onderstepoort | Vet Res 50(2):145-146, 1989.

Radostits OM, Gay CC, Blood DC, Hinchcliff
KW: Veterinary medicine, ed 9. Edinburgh,
2000, Elsevier, pp 1556-1558, 1659.

AUTHOR: ANTHONY P. KNIGHT
EDITOR: CYNTHIA L. GASKILL



Branchial Cysts

BASIC INFORMATION
DEFINITION

Branchial cysts are congenital epithelial
cysts that arise as malformations of the
branchial arches during embryogenesis.
They are uncommon, but when they are
present, they are described most often in
and around the head and neck from a
failure of obliteration of the second bran-
chial cleft.

SYNONYM(S)

Lateral cervical cyst

EPIDEMIOLOGY

SPECIES, AGE, SEX

e Clinical signs may not be immediately
apparent, but when the cysts are large
or surround critical structures such as
the larynx or esophagus, they may be
apparent very soon after birth.

e Branchial cysts are rare, and no gender
predisposition has been noted.

GENETICS AND BREED PREDISPOSI-

TION This is a congenital abnormality,

but no genetic or breed predisposition

has been established.

ASSOCIATED CONDITIONS

AND DISORDERS

e Surrounding vascular, neural, and
anatomic structures may be affected
and should be examined as part of
the preoperative planning.

e Cysts may become infected and
develop abscesses.

e Aspiration pneumonia may be present.

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT Unilat-

eral or bilateral retropharyngeal, laryn-

geal, or cervical swelling, which may

rapidly increase in size over a short

period

PHYSICAL EXAM FINDINGS

e Firm, nonpainful mass in the area of
the caudal mandible to mid-cervical
region.

e Unilateral or bilateral mucopurulent
discharge may be present.

e Respiratory crackles may be present
upon thoracic auscultation.

e Dyspnea.

e Inspiratory stridor.

ETIOLOGY AND PATHOPHYSIOLOGY

e During the fourth week of embryonic
life, the development of branchial (or
pharyngeal) clefts results in five ridges
known as the branchial (or pharyn-
geal) arches, which contribute to the
formation of various structures of the
head, neck, and thorax.

e The second arch grows caudally and,
ultimately, covers the third and fourth
arches. The buried clefts become
ectoderm-lined cavities, which nor-
mally involute around week 7 of
development.

e If a portion of the cleft fails to involute
completely, the entrapped remnant
forms an epithelium-lined cyst with or
without a sinus tract to the overlying
skin.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Salivary mucocele
e Cervical abscess
e Lymphadenopathy

INITIAL DATABASE

e Complete blood count to evaluate
concurrent disease.

e Survey radiographs of the laryngeal
and cranial cervical regions.

e Endoscopy of the pharynx, larynx,
guttural pouches, and trachea may aid
in the detection of affected structures
and further preoperative planning.

ADVANCED OR CONFIRMATORY

TESTING

e A sinogram may be obtained. If a sinus
tract exists, radiopaque dye can be
injected to delineate the course and to

examine the size of the cyst.

e Ultrasonography helps delineate the
cystic nature of these lesions.

e A contrast-enhanced computed tomog-
raphy scan shows a cystic and enhanc-
ing mass in the neck. It may aid
preoperative planning and identify
compromise of local structures.

e Magnetic resonance imaging allows
finer resolution during preoperative
planning. The wall of the cyst may be
enhanced on gadolinium scans.

HISTOPATHOLOGY

e Most branchial cleft cysts are lined
with stratified squamous epithelium
with keratinous debris within the cyst.

e The cyst may be lined with respiratory
(ciliated columnar) epithelium.

e Lymphoid tissue is often present
outside the epithelial lining.

¢ In infected or ruptured lesions, inflam-
matory cells are seen within the cyst
cavity or the surrounding stroma.

TREATMENT
THERAPEUTIC GOAL(S)

Complete removal of cyst and cystic epi-
thelial lining

ACUTE GENERAL TREATMENT

e Surgical incision and drainage of
abscesses are indicated, if present,
usually along with concurrent antimi-
crobial therapy.

e Percutaneous aspiration and surgical
drainage of cysts are considered inap-
propriate because most cysts will reap-
pear if any epithelium remains.

e Injection of cysts with a sclerosing
agent may be considered if surgery is
not possible.

POSSIBLE COMPLICATIONS

e Untreated lesions may cause difficulty
swallowing and breathing and are
prone to recurrent infection and
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abscess formation with resultant scar
formation and possible compromise of
local structures.

e Complications of surgical excision
result from damage to nearby vascular
or neural structures.

RECOMMENDED MONITORING

Postoperatively, patients should be moni-
tored for recurrence.

PROGNOSIS AND
OUTCOME

e Prognosis is good after com-
plete removal of the cystic
epithelial lining.

e In humans, recurrence is uncommon
after surgical excision, with a risk esti-
mated at 3% unless previous surgery
or recurrent infection has occurred, in
which case it may be as high as 20%.
The data are unknown in horses.

PEARLS &
CONSIDERATIONS

The owner should be reminded

that this is a benign, congenital
problem. No genetic or breed disposition
has been established.

Bronchopneumonia, Bacterial

SUGGESTED READING

Hance SR, Robertson JT, Wicks JR: Branchial
cyst in a filly. Equine Vet J 24(4):329-331,
1992.

Slovis NM, Watson JL, Couto SS: Marsupializa-
tion and iodine sclerotherapy of a branchial
cyst in a horse. J Am Vet Med Assoc
219(3):338-340, 2001.

AUTHOR: JARRED WILLIAMS

EDITORS: ELIZABETH M. SANTSCHI and
PHOEBE A. SMITH
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BASIC INFORMATION
DEFINITION

Bacterial infection and inflammation of
the airways, lung parenchyma, or both

EPIDEMIOLOGY

GENETICS AND BREED

PREDISPOSITION

e There is no genetic or breed predis-
position, except in cases in which
horses are immune compromised (eg,
Arabian foals with combined immu-
nodeficiency disorder).

e Performance horses (Thoroughbred
racehorses and show jumpers) have
an increased risk of developing pneu-
monia, most likely reflecting an
increase in several risk factors (eg,
long-distance  transport,  strenuous
exercise, and increased exposure to
respiratory viruses).

RISK FACTORS Any disease or situation

that compromises the respiratory defenses

or increases the risk of aspiration:
e Compromised respiratory defenses
(more common)
© Strenuous exercise
o Long-distance transport with the
head elevated

o Concurrent respiratory viral infec-
tion (equine influenza; equine her-
pesvirus [EHV] -1, -2, and -4; equine
arteritis virus; equine rhinovirus A
and B)

o Mechanical ventilation (general an-
esthesia)

o Exercise-induced pulmonary hemor-
rhage

e Increased risk of aspiration: Laryngeal
or pharyngeal dysfunction (less
common)
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o Primary neuropathy of cranial
nerve IX or X (equine protozoal
myeloencephalitis, botulism, Strep-
tococcus equi, subsp. equi infection,
guttural pouch mycoses)

o Primary myopathy of pharyngeal,
laryngeal or esophageal muscula-
ture (vitamin E and selenium defi-
ciencies, megaesophagus)

o Physical limitation of laryngeal
function after tie-back surgery

o Esophageal obstruction (choke)

ASSOCIATED CONDITIONS AND DIS-
ORDERS Lung abscesses, pleuropneu-
monia

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT
e The chief complaint may be related to
pneumonia or to a predisposing con-
dition. The history may include recent
long-distance transportation, exposure
to horses with respiratory viruses, or
recent esophageal obstruction.
e Pneumonia
o In acute stages, some animals will
not have obvious clinical signs
related to respiratory tract disease.
o Exercise intolerance is sometimes
the earliest and only complaint at
presentation.
o May include vague history of fever,
depression, and inappetence.
o Cough
o Weight loss
© Mucopurulent nasal discharge.
e Laryngeal or pharyngeal dysfunction
o Dysphagia
o Inspiratory stridor
o Cough

PHYSICAL EXAM FINDINGS

e Physical examination findings are
variable and depend on the stage,
severity, and cause of the disease.
A lack of physical examination
findings referable to the respiratory
system cannot definitively rule out

bronchopneumonia.
e Crackles and wheezes (focal or
diffuse): Lung sounds should be

assessed both before and after appli-
cation of a rebreathing bag (if no
respiratory distress is present) because
the deep breaths achieved after
rebreathing can be invaluable in more
accurately ausculting the presence and
degree of abnormal lung sounds.
Mucopurulent nasal discharge

Fever

Tachypnea or respiratory distress
Tachycardia

Cough

Depression

ETIOLOGY AND
PATHOPHYSIOLOGY

e In adult horses, bacterial pneumonia
occurs most frequently as a sequela to
a predisposing condition or disease
that reduces the respiratory immune
defenses, limits ciliary clearance of
bacteria from the lower respiratory
tract, or increases the aspiration or
inhalation of bacteria.

e These conditions result most com-
monly in polymicrobic infections of
bacteria that normally inhabit the
upper respiratory tract or gastrointes-
tinal tract.
°o The most common gram-positive

bacterial isolates include Strepto-
coccus equi subsp. zooepidemicus,
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Staphylococcus aureus, and Strepto-
coccus pneumoniae.

o The most common gram-negative
bacterial isolates include Pasteu-
rella and Actinobacillus spp., Esch-
erichia coli, Klebsiella pneumoniae,
and Bordetella bronchiseptica.

o The most common anaerobic bacte-
rial isolates include Bacteroides fra-
gilis, Peptostreptococcus anaerobitis,
and Fusobacterium spp.

Compromised respiratory defenses:

Strenuous exercise

Increased bacterial contamination of

the lower airway (10- to 100-fold

increase in bacterial counts from tra-
cheal washes after a single bout of
high-intensity exercise)

e Reduced mucociliary clearance
e Alterations  of

systemic  immune

defenses, predisposing animals to

both viral and bacterial pulmonary
infections: Long-distance transport

Reduced mucociliary clearance when

the head is tied

As little as 6 hours of elevated head

position during transport increases

pulmonary neutrophilic inflammation
and accumulation of Actinobacillus,

Pasteurella, and Streptococcus bacte-

rial species

Reduced efficacy of systemic antimi-

crobial defenses (such as reduced

phagocytosis by peripheral blood
mononuclear cells): Concurrent respi-
ratory viral infection

Damage to respiratory epithelial cells

enhances bacterial attachment

Reduced mucociliary clearance and

alveolar macrophage dysfunction for

up to 30 days after infection: Mechani-
cal ventilation (general anesthesia)

Increased risk of aspiration: Laryngeal

or pharyngeal dysfunction

o Increased aspiration of bacteria sec-
ondary to dysphagia is a less
common cause of bacterial pneu-
monia in adult horses.

o Most often associated with esopha-
geal obstruction in horses with poor
dental health.

o Other causes of dysphagia should
also be considered and include
neuropathy of cranial nerve IX or
X (equine protozoal myeloencepha-
litis, botulism, S. equi infection,
guttural  pouch mycoses) and
primary myopathy of pharyngeal,
laryngeal, or esophageal muscula-
ture (vitamin E and selenium defi-
ciencies, megaesophagus).

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Noninfectious lower airway diseases

such as inflammatory airway disease,

recurrent airway obstruction, and idio-
pathic pulmonary fibrosis

e Fungal pneumonia (especially if unre-
sponsive to antimicrobial therapy)

e Pulmonary neoplasia

e Respiratory parasites

INITIAL DATABASE

e Complete blood count (CBC): Leuko-
cytosis and neutrophilia (with or
without left shift) may be present,
although neutropenia may be present
in cases of severe gram-negative
bacterial ~ pneumonia  (associated
with the effects of endotoxin). Hyper-
fibrinogenemia,  hyperglobulinemia,
and anemia of chronic disease are
compatible with chronic bacterial
pneumonia.

e Serum biochemistry profile: Usually
normal

e Thoracic radiography: Alveolar and
interstitial patterns in dependent areas
of the lung

ADVANCED OR CONFIRMATORY
TESTING

e Tracheal wash: Degenerative neutro-
phils, intracellular bacteria

e Tracheal wash culture: Isolation of
pathogenic bacteria

e Arterial blood gas analysis: Hypox-
emia may be present and is generally
indicative of more severe lower airway
disease

e Upper airway endoscopic examina-
tion: Possible laryngeal or pharyngeal
dysfunction

e Other tests for underlying laryngeal
dysfunction (eg, EHV1 polymerase
chain reaction or enzyme-linked
immunosorbent assay, or serum
vitamin E or selenium level

TREATMENT
THERAPEUTIC GOAL(S)

e Eliminate pathogenic bacteria.
e Correct any underlying laryngeal or
pharyngeal dysfunction.

ACUTE GENERAL TREATMENT

e Broad-spectrum antimicrobial therapy
until culture results are available and
antimicrobial therapy can be tailored.
Any combination should at least ini-
tially cover both aerobic and anaero-
bic bacteria.

o For more severely affected animals,
use IV antibiotic combinations such
as potassium penicillin (22,000 TU/
kg IV q6h) or ceftiofur (4.4 mg/kg
IV ql2h) and an aminoglycoside
(gentamicin is most cost effective
in adults; 6.6 mg/kg IV q24h)
or fluoroquinolone (enrofloxacin,
5-10 mg/kg IV q24h). Metronida-
zole can also be added to increase

anaerobic coverage (15 mg/kg PO
q6h), especially against the penicil-
lin-resistant B. fragilis.

o Because the most commonly iso-
lated bacteria in cases of mild bacte-
rial pneumonia is S. equi subsp.
zooepidemicus, treatment of mild
cases before return of sensitivity
panels might be limited to ceftiofur
because this antibiotic has good
efficacy against S. equi subsp.
zooepidemicus as well as several
common gram-negative species.

o In less severe cases, oral antibiotics
may be sufficient, such as potenti-
ated sulfonamides (trimethoprim-
sulfadiazine 30 mg/kg PO ql2h,
although the efficacy of this antibi-
otic against S. equi subsp. zooepi-
demicus in vivo for the treatment
of pulmonary infections has been
recently challenged despite good in
vitro sensitivity), chloramphenicol
(50 mg/kg PO ql2h), or doxycy-
cline (10 mg/kg PO q12h).

Nonsteroidal antiinflammatory drugs

(NSAIDs) such as flunixin meglumine

can be given for pain (0.5-1.1 mg/kg

IV or PO gl12h) and for antiendotoxic

effects (0.25 mg/kg IV or PO q6h).

Maintain adequate hydration, espe-

cially important if aminoglycosides

or NSAIDs are used in treatment.

IV fluids may be necessary if the

animal is depressed and not drinking

sufficiently.
Intranasal oxygen, bronchodilators
(eg, inhaled albuterol 600-720 ug

puffs q4-6h) and laminitis prophylaxis
measures may be necessary depend-
ing on the type and severity of disease.
Provide palatable food choices to
maintain appetite.

CHRONIC TREATMENT

Identification and resolution of any
underlying disease with increased risk
of aspiration pneumonia.
Continuation of antibiotic therapy at
least 1 week past the resolution of
clinical signs and significant improve-
ment of thoracic radiographic abnor-
malities.

Some horses with laryngeal or pharyn-
geal dysfunction may require place-
ment of an esophagostomy tube for
feeding to avoid continued aspiration
until the dysfunction resolves.

POSSIBLE COMPLICATIONS

Lung abscessation

Pleuropneumonia

Laminitis from severe gram-negative
infection

RECOMMENDED MONITORING

Clinical signs: Animals should be
reevaluated in 48 to 72 hours for signs
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of improvement. Lack of improvement
in this period may indicate the neces-
sity for an antibiotic change.

e Thoracic radiographs should be
reevaluated 7 to 10 days after the ini-
tiation of treatment and may lag
behind clinical signs by 2 to 3 days.

e Repeat arterial blood gas analysis: For
severe pneumonia, repeated analysis
of gas exchange may provide informa-
tion about the response to treatment.

e CBC: Resolution of neutrophilia or
neutropenia should occur within 7 to
10 days.

PROGNOSIS AND
OUTCOME

e The prognosis is variable and
depends on the severity of
the disease and the predisposing
factors; however, the prognosis is gen-
erally good if early aggressive treat-
ment is initiated.

e The risk of recurrence is high for
animals with unresolved underlying
disease.

e The prognosis is guarded if complica-
tions such as lung abscesses or pleuro-
pneumonia are present.

PEARLS &
CONSIDERATIONS

COMMENTS

e Bacterial pneumonia in adult horses is
usually the result of an underlying
disease or stressor.

e Therefore any adult equid that pres-
ents with bacterial pneumonia should
be carefully evaluated for underlying
risk factors.

PREVENTION

e Preventive measures involve reducing
the occurrence of risk factors.

o Avoid long-distance transport, espe-
cially with head restraint. Studies
have shown that simple measures
such as increased rest stops and
trailer cleaning can minimize or
eliminate respiratory insult during
long-distance transport.

o Adequate immunization against
respiratory viral diseases (EHV,
equine influenza) that can predis-
pose animals to the development of
secondary bacterial pneumonia.

o Adequate dental care in older
horses to  avoid  esophageal
obstruction.

Brucellosis

CLIENT EDUCATION

Clients should be informed of possible
risk factors and advised on appropriate
measures to avoid recurrence.

SUGGESTED READING

Ainsworth D, Cheetham J: Disorders of the
respiratory system. In Reed S, Bayly W,
Sellon D, editors: Equine internal medicine,
ed 3. St Louis, 2010, Saunders Elsevier, pp
290-371.

Giguere S: Bacterial pneumonia and pleuro-
pneumonia in adult horses. In Smith B,
editor: Large animal internal medicine,
ed 4. St Louis, 2008, Mosby Elsevier, pp
500-510.

Oikawa M, Hobo S, Oyamada T, Yoshikawa
H: Effects of orientation, intermittent rest
and vehicle cleaning during transport on
development of transport-related respira-
tory disease in horses. J Comp Pathol 132
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Brucellosis

BASIC INFORMATION

DEFINITION

e An infectious disease caused by infec-
tion with species of the genus Bru-
cella, especially Brucella abortus and
Brucella suis. B. abortus has a predi-
lection for the tendons, muscles,
bones, and joints of horses.

e It is most often associated with septic
bursitis of the supraspinous bursa
over the second and third dorsal ver-
tebral spinous processes (fistulous
withers) or supraatlantal bursa over
the first and second cervical vertebra
(poll eviD).

SYNONYM(S)

e Fistulous withers
e Poll evil

EPIDEMIOLOGY

SPECIES, AGE, SEX Most

horses are older than 3 years.

RISK FACTORS Most affected horses

have a history of contact with cattle.

CONTAGION AND ZOONOSIS

e Brucellosis is considered a zoonotic
disease, but reports of disease in

infected

humans in contact with infected horses
are rare.

e Numerous reports of accidental infec-
tion of veterinarians with B. abortus
from strain 19 vaccine.

e Infection in humans may result in sub-
clinical, acute, localized, or chronic
disease or relapsing infection.

e Acute disease is characterized by
malaise, chills, sweats, fatigue, weak-
ness, fever, myalgia, weight loss, and
arthralgia.

e Localized infection may occur at
almost any site.

e Chronic infection is characterized
by persistent fatigue, malaise, and
depression.

e Relapse may occur after apparent
successful antimicrobial treatment.
Relapse may occur as long as 2 years
after initial treatment.

GEOGRAPHY AND SEASONALITY

e It has been reported in horses world-
wide, but B. abortus has been effec-
tively eradicated from several European
countries, Japan, and Israel.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e B.abortusinfections are more common
than B. suis infections.

e B. abortus is associated with:

o Septic supraspinous bursitis
o Atlantal bursitis
o Other bursal infections
o Septic arthritis
o Vertebral osteomyelitis
o Rarely, abortion
e B. suis has been isolated from:
o Septic bursitis
o Aborted equine fetuses
o The internal organs of one mare
with no clinical signs of disease

HISTORY, CHIEF COMPLAINT

e Most affected horses have a history of
exposure to cattle.

e Many seropositive horses show no
recognizable clinical signs.

e The onset of clinical signs may be
sudden or insidious.

e Lethargy and general
movement are seen.

e Pain, heat, and swelling of the withers
or poll that may progress to obvious
external fistulation or exudate.

e Rarely, the chief complaint may be
abortion.

stiffness  in



Brucellosis

e Lameness may be the primary com-
plaint with some infections.

PHYSICAL EXAM FINDINGS

e Pain, heat, and swelling of the withers
or poll

e May progress to obvious external fis-
tulation or exudate

e May be apparent healing, fibrosis, and
refistulation as disease progresses

e Clinical signs of bursitis, tenosynovitis,
arthritis, or osteomyelitis, depending
on the site of infection

e Evidence of recent abortion (rare)

ETIOLOGY AND PATHOPHYSIOLOGY

e Brucella spp. are nonmotile, aerobic,
intracellular gram-negative cocci or
short rods that require complex media
for growth in culture.

e Transmission may occur by inges-
tion, inhalation, or direct contact
through skin abrasions or mucous
membranes.

e The organism may be shed in equine
feces and urine and in tissues from
aborted equine fetuses.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

Bacterial infections and abscesses caused
by other organisms

INITIAL DATABASE

e Complete blood count and serum bio-
chemical profile to assess systemic
health

e Culture of exudate sampled aseptically
from deep within the initial site of
infection

TREATMENT
THERAPEUTIC GOAL(S)

e Eliminate the causative bacteria.
e Facilitate healing of affected tissues.

ACUTE GENERAL TREATMENT

e Many Brucella spp. are sensitive to
tetracyclines, chloramphenicol, strep-
tomycin, and selected sulfonamides.

e Long-term treatment solely with anti-
microbials is rarely effective.

e Lavage of draining tracts with antisep-
tic or antimicrobial solutions may be
beneficial.

e Aggressive surgery to remove diseased
tissue is recommended if possible.

e Postsurgical healing is often slow and
may not be complete.

e Administration of Brucella vaccine
may be an effective extralabel treat-
ment for horses with B. abortus infec-
tion; however, SC administration of
the vaccine is associated with severe
local and systemic reactions, and IV
vaccine administration resulted in
death in three of four treated horses.

FIGURE 1 Chronic fistulous withers with multiple tracts in horse infected with Brucella
abortus. (From Sellon DC, Long MT: Equine infectious diseases. St Louis, 2007, Saunders.)

CHRONIC TREATMENT

All  horses with brucellosis require
chronic treatment as outlined above.

POSSIBLE COMPLICATIONS

Even with aggressive surgical and antimi-
crobial treatment, recovery may not be
complete.

PROGNOSIS AND
OUTCOME

Prognosis is guarded even with
aggressive therapy, with the

potential for poor and incomplete
healing.

PEARLS &

CONSIDERATIONS
COMMENTS

e In geographic areas with a low preva-
lence of B. abortus infection in cattle,
B. abortus is rarely isolated from
horses with fistulous withers.

e Although horses are a potential source
of B. abortus infection for cattle,
experimental infections indicate that
horses do not excrete the organism in
sufficient numbers to efficiently infect
cattle in close contact.

e Horses with fistulous withers that
are seropositive to B. abortus are
significantly more likely than sero-
negative horses with fistulous withers
to have radiographic evidence of
osteomyelitis of underlying dorsal
spinous processes.

e Confirmation of diagnosis by bacterial
culture may be difficult because other
bacteria are frequently found in exu-
dates and may overgrow B. abortus.
Culture of aspirates from deep inside
lesions or from affected tissues col-

FIGURE 2 Severe postsurgical lesions and
exudation in horse with fistulous withers.
(From Sellon DC, Long MT: Equine infec-
tious diseases. St Louis, 2007, Saunders.)

lected at surgery or necropsy is indi-
cated to attempt confirmation of the
diagnosis.

PREVENTION

e Avoid comingling of horses with sero-
positive cattle.

e Use properly fitted saddles and har-
nesses to minimize trauma to the
withers and poll.

e Effective parasite control programs
to eliminate Onchocerca spp. and
control fly populations may also be
beneficial.
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Bufo Toad Toxicosis

BASIC INFORMATION
DEFINITION

Exposure to Bufo spp. toads may result
in the acute onset of severe cardiovascu-
lar and neurologic signs.

SYNONYM(S)

Cane, giant, or marine toad (Bufo
marinus), Colorado River toad (Bufo
alvarius)

EPIDEMIOLOGY

RISK FACTORS Most cases in the lit-

erature describing Bufo toad intoxica-

tions involve dogs and cats rather than
horses and other large domestic animals.

Although young or curious horses might

mouth Bufo toads, a more likely route of

exposure for most horses is the con-
tamination of food or water sources by
live or dead toads.

GEOGRAPHY AND SEASONALITY

e Bufo toads are primarily found in
Florida, Texas, Colorado, Arizona, and
Hawaii.

e These toads breed during warmer,
wetter months and tend to hibernate
during the colder, dryer months,
making wintertime exposures less
likely. Toads appear to be most active
around dusk and at night and after
rainstorms.

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT Oral
contact with a Bufo toad is rapidly fol-
lowed by hypersalivation, tachypnea,
and disorientation. Severe exposures
may progress to seizures, collapse, and
cardiac arrhythmias.

PHYSICAL EXAM FINDINGS

e In addition to hypersalivation, hyper-
emic oral mucous membranes may
also be observed.

e Horses should be examined for car-
diovascular and neurologic abnormali-
ties. Neurologic abnormalities reported
in dogs include seizures, stupor,
ataxia, nystagmus, opisthotonos, and
extensor rigidity.

ETIOLOGY AND PATHOPHYSIOLOGY

e Many biologically active compounds,
including dopamine, epinephrine,

norepinephrine, serotonin, bufoten-
ine, bufagenins, bufotoxins, and
indolealkylamines, are secreted from
the toad’s large parotid glands. These
compounds are readily absorbed
across mucous membranes or through
open wounds.

e Bufotenine is a pressor substance that
may have hallucinogenic properties.

e Bufagenins and bufotoxins are cardiac
glycosides  that  cross-react  with
digoxin, binding to and inhibiting
Na/K-ATPase. These changes inhibit
normal myocardial conduction and
function.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Other cardiac glycosides,
digoxin and digitoxin

e Seizure disorders

e Head trauma

e Other toxicoses: Metaldehyde, methyl-
xanthines, oleander, anticholinester-
ase insecticides, hallucinogenic plants
or mushrooms

INITIAL DATABASE

The initial examination should include
determination of heart rate, thoracic aus-
cultation, and evaluation of perfusion.
Diagnosis of Bufo toad toxicity typically
relies on the presence of compatible
clinical signs and a history of exposure
to toads.

ADVANCED OR CONFIRMATORY
TESTING

e Horses with significant cardiac or neu-
rologic abnormalities should have at
least an initial electrocardiographic
evaluation.

e When available, polyclonal (but not
monoclonal) digoxin immunoassays
may assist in confirming exposure,
although results do not appear to cor-
relate well with clinical effects.

e Some diagnostic laboratories may also
be able to identify toad toxins from
gastrointestinal contents and other
samples using gas or liquid chroma-
tography/mass spectrometry.

including

TREATMENT
THERAPEUTIC GOAL(S)

e Decontaminate the oral cavity.
e Control seizure activity.
e Evaluate and  correct
arrhythmias.
e Provide general supportive care.

ACUTE GENERAL TREATMENT

e Initially, the oral cavity should be
flushed with copious amounts of
water.

e If present, seizures should be con-
trolled with diazepam.

e Crystalloid electrolyte solutions can be
given intravenously.

e The cardiac status should be evaluated
and treated symptomatically.

e Severely affected animals may benefit
from digoxin-specific Fab fragments.
Although used successfully in humans,
this treatment has not been thoroughly
evaluated in animals.

POSSIBLE COMPLICATIONS

Hyperkalemia may develop and require
treatment. Administration of calcium
should be avoided.

RECOMMENDED MONITORING

Careful cardiac monitoring is indicated,
and hyperthermia may occur as a sequela
of seizure activity.

PROGNOSIS AND
OUTCOME

cardiac

Many animals can fully recover
with early intervention and
treatment.

PEARLS &
CONSIDERATIONS

There is also good evidence that

Bufo toads’ eggs are toxic and

could be another potential source of
exposure for horses.

SUGGESTED READING
Licht LE: Death following possible ingestion
of toad eggs. Toxicon 5:141-142, 1967.
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Burns

BASIC INFORMATION

DEFINITION

A lesion caused by contact with heat or
fire

EPIDEMIOLOGY
SPECIES, AGE, SEX

Barn fires are one of the most common
causes of burn in horses of any age.
Horses housed in at-risk barns (no fire
detection or protection systems) are
more predisposed to burn injury.

CLINICAL PRESENTATION
DISEASE FORMS/SUBTYPES

Burns are classified by the depth of

the injury:
o First-degree burns involve only the
most superficial layers of the epi-
dermis. These burns are painful and
are characterized by erythema,
edema, and desquamation of the
superficial layers of the skin. The
germinal layer of the epidermis
is spared, and these burns heal
without complication.
o Second-degree burns involve the
epidermis and may be superficial or
deep.
= Superficial second-degree burns
involve the stratum corneum,
stratum granulosum, and a few
cells of the basal layer. Tactile
and pain receptors remain intact.
Because the basal layers remain
relatively uninjured, superficial
second-degree burns heal rapidly
with minimal scarring, within 14
to 17 days.

= Deep  second-degree  burns
involve all layers of the epider-
mis, including the basal layers.
These burns are characterized
by erythema and edema at
the epidermal-dermal junction,
necrosis of the epidermis, accu-
mulation of white blood cells at
the basal layer of the burn, eschar
(slough produced by a thermal
burn) formation, and minimal
pain. The only germinal cells
spared are those within the ducts
of sweat glands and hair follicles.
Deep second-degree wounds
may heal spontaneously in 3 to

4 weeks if care is taken to prevent
further dermal ischemia that
may lead to full-thickness necro-
sis. In general, deep second-
degree wounds, unless grafted,
heal with extensive scarring.
o Third-degree burns are character-
ized by loss of the epidermal and
dermal components, including the
adnexa (Figure 1). The wounds
range in color from white to black.
There is fluid loss and a marked
cellular response at the margins and
deeper tissue, eschar formation,
lack of pain, shock, wound infec-
tion, and possible bacteremia and
septicemia. Healing is by contrac-
tion and epithelialization from the
wound margins or acceptance of
an autograft. These burns are fre-
quently complicated by infection.
Fourth-degree burns involve all of
the skin and underlying muscle,
bone, ligaments, fat, and fascia.
HISTORY, CHIEF COMPLAINT Burn
injury to the horse of various depths,
usually the result of barn fire and falling
asphalt shingles on the dorsum
PHYSICAL EXAM FINDINGS
e Because heat is slow to dissipate from
burn wounds, it is often difficult to
accurately evaluate the amount of
tissue damage in the early phase of
injury. Whereas the extent of the

e}

burn depends on the size of the area
exposed, the severity relates to the
maximum temperature the tissue
attains and the duration of overheat-
ing. This explains why skin injury often
extends beyond the original burn.

Burns are most commonly seen on the

back and face.

o Erythema, pain, vesicles, and singed
hair are present depending on the
extent of the injury.

o Increases in heart and respiratory
rates are present in association with
abnormal discoloration of mucous
membranes.

o The burned horse may have bleph-
arospasm, epiphora, or both, signi-
fying corneal damage.

o Coughing may indicate smoke inha-
lation, and a fever signals or con-
firms a systemic response.

o Whereas the percentage of total
body surface area involved usually
correlates with death, the depth of
the burn determines morbidity.

ETIOLOGY AND PATHOPHYSIOLOGY
e After severe burns, a dramatic cardio-

vascular effect termed burn shock
occurs, which resembles hypovolemic
shock. A dramatic increase in local and
systemic capillary permeability occurs
as a result of heat and the release of
cytokines, prostaglandins, nitric oxide,
vasoactive leukotrienes, serotonin,

FIGURE 1 Third-degree burn of the dorsal gluteal region incurred during a barn fire
caused by hot asphalt roof shingles falling on the horse. The central burn area is sur-
rounded by deep and superficial second-degree burns.
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histamine, and oxygen radicals. Local
tissue damage results from massive
protein coagulation and cellular death.

e Inhalation injury is a common sequela
of closed-space fires and develops
through three mechanisms: direct
thermal injury, carbon monoxide poi-
soning, and chemical insult. Direct
thermal injury causes edema and
obstruction of the upper airway, but
because of the efficient heat exchange
capacity of the nasopharynx and oro-
pharynx, superheated air is cooled
before entering the lower respiratory
tract.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS
Chemical burn injury

INITIAL DATABASE

e Complete blood count

e Serum chemistry panel

e Serial arterial blood gas analyses
e Upper airway endoscopy

ADVANCED OR CONFIRMATORY
TESTING

e Thoracic radiographs
e Transtracheal washes for cytology and
culture

TREATMENT

THERAPEUTIC GOAL(S)
Cardiovascular support to avoid circula-
tory collapse from burn shock in patients
with greater than 15% of the total body
surface area affected

ACUTE GENERAL TREATMENT

e Isotonic fluids should be given at a
rate of 2 to 4 mL/kg body weight for
each percentage of body surface area
burned. Give a half dose in the first
24 hours and the other half the next

day.

> Fluid resuscitation is best titrated to
maintain a stable and adequate
blood pressure.

o If there has been smoke or heat
inhalation injury, crystalloids should
be limited to the amount that nor-
malizes circulatory volume and
blood pressure.

e Two to 10 L of plasma is an effective
albumin source as well as an exoge-
nous source of antithrombin II for
coagulopathies.

[o)

o Flunixin meglumine (0.25-1.0 mg/
kg ql12-24h 1V) and pentoxifylline
(8.0 mg/kg ql2h IV) are effective
analgesics and improve blood flow
in the small capillary networks.

e Dimethyl sulfoxide (DMSO) (1 g/kg,
diluted to <20% IV) for the first 24
hours may decrease inflammation and
pulmonary edema.

e Dexamethasone may be administered
once at 0.5 mg/kg IV if pulmonary
edema is present and is unresponsive
to DMSO.

CHRONIC TREATMENT

e First-degree burns:

o Are generally not life threatening
and are simply managed.

o Topical therapy in the form of cool
compresses, cold-water baths, and
wound coverings may provide relief.

o Pain control may be accomplished
with nonsteroidal antiinflammatory
drugs or narcotics.

e Second degree burns:

o Are associated with vesicles and
blisters.

o These vesicles should be left intact
for the first 24 to 36 hours after
formation because blister fluid pro-
vides protection from infection, and
the presence of a blister is less
painful than the denuded exposed
surface.

o After this interval, the blister is par-
tially excised, and an antibacterial
dressing is applied to the wound or
an eschar is allowed to form.

e Third-degree burns:
o May be difficult to manage.
o Destruction of the dermis leaves a
primary collagenous structure called
an eschar.
o Dry exposure is a treatment method
that operates under the principle
that bacteria do not thrive on a dry
surface.
= The goals of therapy are to keep
the wound dry and protected
from mechanical trauma.

= Heat and water loss from the
uncovered wound, however, are
a disadvantage.

= The eschar is covered with silver
sulfadiazine in a 1% water mis-
cible cream twice daily.

o The exposed bed can then be
grafted or allowed to contract.

DRUG INTERACTIONS

e Povidone-iodine causes some patient
discomfort.

o Its hyperosmolality causes severe
hypernatremia and acidosis because
of water loss such that it should not
be used on extensive burns where
systematic absorption is likely.

o Immune system depression has also
been reported in humans.

e Gentamicin is excellent for serious
gram-negative infections but should
be used only in selected cases because
resistance can develop, and it may be
nephrotoxic in patients with renal
problems.

e Neomycin, bacitracin, and polymix-
in B
o Generally associated with the rapid

development of bacterial resistance
and systemic toxicity

o Not recommended for routine use
in long-term wound care

POSSIBLE COMPLICATIONS

e Systemic antibiotics do not favorably
influence wound healing, fever, or
mortality, and they may encourage
the emergence of resistant micro-
organismes.

e Many burned equine patients are pru-
ritic, and measures must be taken to
prevent self-mutilation of the wound.

e Reserpine may be effective in decreas-
ing the urge to scratch by successfully
breaking the itch-scratch cycle.

PROGNOSIS AND
OUTCOME

Delayed healing and poor epi-
thelialization and complications

of second intention healing may limit
return of the animal to previous uses.

PEARLS &
CONSIDERATIONS

COMMENTS

e Extensive thermal injuries in horses
may be difficult to manage.

e The large surface of the burn dramati-
cally increases the potential for loss of
fluids, electrolytes, and calories.

SUGGESTED READING

Hanson RR. Burn injuries. In Stashak TS,
Theoret C, editors: Equine wound manage-
ment, ed 2. Ames, IA, 2008, Blackwell,
pp 569-584.

AUTHOR & EDITOR: R. REID HANSON

CO-EDITOR: AMELIA MUNSTERMAN
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Candidiasis

BASIC INFORMATION
DEFINITION

Candida spp. are opportunistic fungal
pathogens that can cause a variety of
localized and systemic infections in neo-
natal and adult horses that have been
immunocompromised for any reason.

SYNONYM(S)
Thrush

EPIDEMIOLOGY

GENETICS AND BREED PREDISPOSI-

TION Horses with genetic conditions

leading to immune compromise (eg,

severe combined immunodeficiency of

Arabians) are at increased risk.

RISK FACTORS

e Prolonged broad-spectrum antibiotic
therapy

e Disruption of cutaneous or mucosal
barriers by burns, surgery, cytotoxic
agents, or trauma

e Any immune deficiency or immuno-
suppression produced by genetic
defects, disease states such as sepsis,
or administration of drugs such as
glucocorticoids

e Low birth weight, premature foals

e Long-term placement of indwelling IV
or urinary catheters or endotracheal
tubes

e Prolonged parenteral nutrition

CONTAGION AND ZOONOSIS Al-

though humans may develop a variety of

infections from Candida spp., infection

acquired from handling affected horses

is probably unlikely unless the person is

immunocompromised.

ASSOCIATED CONDITIONS AND DIS-

ORDERS Any other condition associated

with immune deficiency

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Oral candidiasis or thrush

e Systemic candidiasis with variable
organ localization

e Endometritis

HISTORY, CHIEF COMPLAINT History

and chief complaint vary depending on

the risk factors present, the reason for

immunocompromise, and the site of

infection.

PHYSICAL EXAM FINDINGS

e Physical examination findings vary
depending on the risk factors present,
the reason for immunocompromise,
and the site of infection.

e Oral candidiasis (thrush) manifests as
white plaques on the oral mucosa and
tongue.

e Systemic candidiasis may present with
nonspecific signs of fever or with signs
related to the site of infection of
the infection (eg, arthritis, meningitis,
omphalophlebitis, pneumonia).

e Mares with uterine candidiasis may
present with vaginal discharge or
failure to conceive.

ETIOLOGY AND PATHOPHYSIOLOGY

e Candida is acquired as part of the
normal flora as neonates pass through
the birth canal.

e It colonizes the mucosal and mucocu-
taneous surfaces of the gastrointes-
tinal, respiratory, and genitourinary
tracts.

e Under most circumstances, over-
growth of Candida spp. is inhibited
by normal microflora.

e Opportunistic infections occur when
immune defenses are altered by
disease or various interventional
strategies.

e Mucocutaneous forms such as thrush
are often related to defects in cell-
mediated immunity; systemic spread
is more likely to be associated with
neutropenia.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

Other bacterial or fungal infection

INITIAL DATABASE

e Complete blood count and serum bio-
chemical profile to assess systemic
health and identify possible sites of
infection or reasons for immunocom-
promise

e Cytologic evaluation or culture of ap-
propriate clinical samples (eg, blood,
synovial fluid, cerebrospinal fluid,
scrapings from mucosal surfaces)

TREATMENT
THERAPEUTIC GOAL(S)

e Eliminate infection.
e Resolve underlying reasons for immu-
nodeficiency.

ACUTE GENERAL TREATMENT

e Treat any underlying diseases and
discontinue administration of immune
suppressive medications.

e Antifungal therapy with fluconazole as
a loading dose of 8 mg/kg PO fol-
lowed by 4 mg/kg q12-24h

e Resistant strains may be treated with
itraconazole at 3—-6 mg/kg PO.

e Intrauterine infections (endometritis)
may be treated with large-volume
uterine flush followed by intrauterine
infusion of nystatin (0.5-2.5 million
units), clotrimazole  (500-700 mg),
fluconazole (100 mg), or miconazole
(200 mg) in a small volume of
solution.

e Supportive care should be provided as
appropriate depending on the site
of infection and underlying disease
processes.

PROGNOSIS AND
OUTCOME

Prognosis is guarded because

many cases are complicated by

serious underlying immunosuppressive
conditions.

PEARLS &
CONSIDERATIONS

e Treatment of septic arthritis
caused by Candida spp. must
be aggressive and include successive
joint lavage and arthroscopic flush
procedures to facilitate  physical
removal of accumulated fibrin.

e Patients with systemic candidiasis
may have embolic colonization and
microabscess  formation in lung,
kidneys, joints, eyes, liver, brain, or
myocardium.

SUGGESTED READING

Carrillo NA: Candidiasis. In Sellon DC, Long
MT, editors: Equine Infectious Diseases. St
Louis, 2007, Elsevier, pp 406—408.

McClure JJ, Addison JD, Miller RI: Immunode-
ficiency manifested by oral candidiasis and
bacterial septicemia in foals. J Am Vet Med
Assoc 186:1195-1197, 1985.

Reilly LK, Palmer JE: Systemic candidiasis in
four foals. J Am Vet Med Assoc 205:464,
1994.
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Cardiac Failure

BASIC INFORMATION

DEFINITION

Clinical syndrome resulting from an
acute or chronic impairment of cardiac
function characterized by a reduction in
cardiac output, inadequate perfusion of
vital organs, heightened neurohumoral
activity, renal sodium and fluid retention,
and accumulation of fluid in tissues and
body cavities

SYNONYM(S)

Acute heart failure
Chronic heart failure
Congestive heart failure (CHF)

EPIDEMIOLOGY
SPECIES, AGE, SEX

May occur at any age.

o The majority of affected patients are
older horses with severe valvular
heart disease.

o Foals and younger horses may
develop heart failure secondary to
congenital malformations.

ASSOCIATED CONDITIONS
AND DISORDERS

Heart failure develops in foals and
adult horses as a sequela to severe
cardiac disease.

Underlying conditions include con-
genital malformations, valvular heart
disease, pericardial disease, myocar-
dial disease, rupture of large vessels,
severe pulmonary disease, or chronic
cardiac arrhythmias.

CLINICAL PRESENTATION
DISEASE FORMS/SUBTYPES

May be acute (eg, chordal rupture,
bacterial endocarditis) or chronic (eg,
degenerative valve disease)

Early heart failure: May be subclinical
at rest. Signs may include poor perfor-
mance and delayed recovery after
exercise.

Acute or advanced chronic heart
failure: Clinical signs are evident at
rest. Even in chronic disease, sudden
onset of clinical signs is common.
CHF is characterized by volume over-
load, elevation of venous pressures,
and fluid accumulation in tissues and
in body cavities.

CHF is uncommon in horses.

Left ventricular failure is characterized
by pulmonary venous congestion and
pulmonary edema. Slowly progressive
left heart disease often goes unnoticed
until the right heart fails in response
to chronic pulmonary hypertension
(PH), leading to biventricular failure.

e Right ventricular and biventricular

failure are characterized by systemic
venous congestion, ventral edema,
and effusion in body cavities.

HISTORY, CHIEF COMPLAINT
e Clinical signs may be subtle and

depend on the stage of disease and
the underlying cause.

Early complaints: Poor performance,
exercise intolerance, and delayed
recovery after exercise.

Advanced disease may lead to anxiety,
weight loss, lethargy, tachypnea,
cough, foamy nasal discharge, ventral
edema, distension of the jugular
veins, weakness, ataxia, syncope, or
collapse.

PHYSICAL EXAM FINDINGS
e Early heart failure: May be unre-

markable
Advanced heart failure: Tachycardia,
weak arterial pulses, pale mucous
membranes, prolonged capillary refill
time, and cool extremities. Cardiac
cachexia (weight loss or loss of muscle
mass) may also be seen.
Cardiac auscultation may reveal:
o Cardiac murmurs
o TIrregular cardiac rhythm
o Muffled heart sounds or friction
rubs, indicating pericardial disease
o A loud third heart sound, indicating
a severe increase in filling pressures
o A prominent or split second heart
sound, indicating PH
Left ventricular failure: Tachypnea,
increased respiratory effort, dyspnea,
cough, nasal discharge, and abnormal
lung sounds (crackles, wheezes) on
auscultation. The pulmonary edema of
pure left-sided congestive heart failure
is frequently misdiagnosed as pneu-
monia, especially in foals with con-
genital heart disease.
Right ventricular or biventricular heart
failure: Distension of superficial veins;
jugular venous pulsation; and general-
ized ventral, preputial, and pectoral
edema. Isolated limb edema and
ventral edema in the absence of gen-
eralized venous distension are not
consistent with CHF.
Fever may indicate an inflammatory
or infectious process such as endo-
carditis, valvulitis, pericarditis, or
myocarditis.

ETIOLOGY AND PATHOPHYSIOLOGY
e May result from any structural or func-

tional heart disease.

e The pathophysiology is complex and

affects many body systems.

e Exact mechanisms have not been

extensively studied in horses but are

likely similar to those reported in other

species.

The failing heart is characterized by:

o Poor myocardial contractility

o Decreased preload reserve (dimin-
ished response to volume loading)

o Increased sensitivity to ventricular
afterload (wall tension, primarily
determined by ventricular geometry
and systemic blood pressures)

Systolic  failure occurs because of

reduced cardiac pump function.

Diastolic failure occurs because of

impaired cardiac relaxation and ven-

tricular filling.

Impairment of ventricular filling and

reduction of cardiac pump function

results in inadequate perfusion of vital

organs.

Inadequate organ perfusion leads to

an activation of multiple neurohu-

moral pathways, including:

o Sympathetic nervous system

o Renin-angiotensin-aldosterone

system
o Other hormones, including vaso-
pressin  (antidiuretic  hormone),

endothelin, and natriuretic peptides

Initially, neurohumoral activation is
compensatory and beneficial. An in-
crease in heart rate, contractility, and
circulating blood volume allow support
of cardiac pump function, and arterio-
lar vasoconstriction results in redistri-
bution of blood flow to vital organs.
With disease progression, the com-
pensatory capacity of the cardiovascu-
lar system is exceeded, leading to
development of overt congestive heart
failure. Chronic neurohumoral activa-
tion results in exacerbation of clinical
signs and heart failure.

o Sodium and water retention contrib-
ute to volume overload, resulting in
organ congestion.

o Catecholamines exert proarrhyth-
mic effects, promote myocardial
remodeling, and are toxic to
myocytes.

o Aldosterone causes endothelial dys-
function and myocardial fibrosis.

o Proinflammatory cytokines contrib-
ute to weight loss and apoptotic cell
loss in myocardial tissues.

Strenuous work, anemia, fever, or

pregnancy increase the demands for

cardiac output and may precipitate
heart failure in a compensated patient.

Development of atrial fibrillation in

a horse with underlying structural

disease may also cause sudden dete-

rioration in a compensated patient.

Left-sided heart failure: The left ven-

tricle undergoes remodeling, leading
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to dilation and hypertrophy, with
decreased myocardial perfusion and
potential myocardial ischemia. Ven-
tricular dilation may result in worsen-
ing of mitral regurgitation, exacerbating
pulmonary congestion.

Chronic left-sided CHF in horses
causes interstitial lung edema, remod-
eling of the pulmonary vasculature,
and PH.

PH leads to dilation of the pulmonary
artery and development of pulmonic
and tricuspid regurgitation (see “Pul-
monary Hypertension” in this section).
Biventricular failure may result from
chronic right ventricular overload.

In severe (but rare) cases, rupture
of the dilated pulmonary artery is
possible.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

Other systemic diseases resulting in
fever, weight loss, and tachycardia.
For left-sided failure: Other causes of
respiratory distress such as acute respi-
ratory distress syndrome, recurrent
airway obstruction, or severe pneumo-
nia or pleuropneumonia.

For right-sided heart failure: Other

causes of venous distension and

edema such as a mediastinal or tho-
racic mass or other space-occupying
masses.

Causes of left-sided or biventricular

failure include:

o Mitral regurgitation: Severe degen-
erative valve disease, valvulitis, bac-
terial endocarditis, chordal rupture
(see “Mitral/Tricuspid Regurgita-
tion” and “Endocarditis, Infective”
in this section)

o Aortic regurgitation: Severe degen-
erative valve disease, valvulitis,
bacterial endocarditis, rupture or
fenestration of aortic valve leaflet
(see “Aortic/Pulmonic Regurgita-
tion, Acquired” in this section)

o Myocardial disease: Dilated car-
diomyopathy, ionophore toxicity,
white muscle disease, myocarditis,
myocardial ischemia, myocardial
necrosis (see “Myocarditis” and
“Cardiomyopathy” in this section)

o Vascular rupture (see “Aortocardiac
Fistula” in this section)

o Chronic tachyarrhythmia

o Congenital heart disease: Ventri-
cular septal defect, patent ductus
arteriosus, and other malformations
(see “Congenital Heart Disease” in
this section and “Comments” below)

Causes of right-sided failure include:

o Tricuspid or pulmonary valve
lesions: severe degenerative valve
disease, valvulitis, bacterial endo-

carditis, chordal rupture (see
“Mitral/Tricuspid Regurgitation”
and “Endocarditis, Infective” in this
section)

o Pericardial disease: Pericardial effu-
sion, constrictive pericarditis (see
“Pericardial Disease” in this section)

o Severe primary lung disease or pul-
monary vascular disease, leading to
PH (cor pulmonale)

o Congenital heart disease: Tricuspid
valve atresia, atrial septal defect,
and other malformations (see
“Congenital Heart Disease” in this
section)

e The most common cause of CHF in
horses is valvular heart disease, often
complicated by atrial fibrillation.

e Biventricular failure often occurs
because of progression of left-sided
heart disease to CHF.

INITIAL DATABASE

e Thorough medical history, including
current use, athletic condition, and
exercise capacity

e Complete physical examination, inclu-
ding careful assessment of mucous
membranes, palpation of peripheral
pulses, and inspection of venous
filling; cardiac auscultation; thoracic
auscultation; thoracic percussion; and
observation of edema and body
condition

ADVANCED OR CONFIRMATORY
TESTING

e Echocardiography:

o Detection of underlying structural
heart disease

o Identification of abnormal blood
flow patterns (eg, valvular insuffi-
ciencies, shunts)

o Detection of cardiomegaly and vol-
ume overload

o Evaluation of myocardial function

o Diagnosis of PH

e Electrocardiography:

o Assessment of cardiac rhythm dis-
turbances

o Atrial fibrillation is commonly seen
in association with CHF

o Other arrhythmias such as supra-
ventricular or ventricular premature
depolarizations or supraventricular
or ventricular tachycardia may also
occur

e Thoracic radiography:
> To identify pulmonary edema and

evaluate response to treatment.

o Limited in its ability to demonstrate
mild forms of congestion.

o Clinical signs do not always corre-
late with radiographic findings.

o Mild congestion may be character-
ized by an interstitial pattern and
pulmonary venous congestion.

o Acute heart failure and severe con-
gestion are characterized by an

alveolar pattern and air broncho-
grams; the cardiac silhouette may
be rounded or enlarged, and pleural
effusion may be identified.

e Thoracic and abdominal ultrasonog-
raphy: to identify pleural effusion,
ascites, and hepatic congestion

e Complete blood count and plasma
fibrinogen concentration: Diagnosis
of underlying inflammatory conditions
such as endocarditis, valvulitis, peri-
carditis, or myocarditis

e Serum biochemistry profile:

o To assess the severity of renal

compromise (prerenal or renal
azotemia)
o To identify serum electrolyte
disturbances

o To assess the degree of hepatic
damage secondary to congestion

e Blood or plasma lactate concentration
to assess peripheral perfusion defi-
ciencies

e Cardiac troponin I (¢Tnl) or cardiac
troponin T (cTnT): Sensitive and
specific markers of myocardial cell
damage (see “Iroponins, Cardiac” in
Section 1V)

e Blood culture and susceptibility
testing: mandatory with suspected
bacterial endocarditis (see “Endocardi-
tis, Infective” in this section)

e Ultrasound-guided pericardiocentesis,
cytologic evaluation and culture and
sensitivity testing: In cases with peri-
cardial effusion (see “Pericardiocente-
sis” in Section II)

e Exercise testing
o In horses with early heart failure

that are subclinical at rest

o To document exercise intolerance
and poor performance

e Blood pressure monitoring (direct or
indirect): To assess the degree of
hypotension or response to treatment

e Intracardiac and pulmonary vascular
pressure measurements:

o Cardiac chamber pressure, pul-
monary artery pressure, capillary
wedge pressure

© To document PH and
filling pressures

o Invasive procedure that is rarely
performed in clinical practice

increased

TREATMENT

THERAPEUTIC GOAL(S)

e General goals:
o Reduction of congestion and edema
o Improvement of cardiac output and
tissue perfusion
o Inhibition of deleterious neurohu-
moral activation
e If possible, treat
condition
o Pericardiocentesis and drainage of
pericardial effusion

the underlying
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CHRONIC TREATMENT

o Antimicrobial therapy in bacterial
endocarditis

o Antiarrthythmics to control chronic
tachyarrhythmias

o Addressing treatable causes of myo-
carditis or cardiomyopathy

ACUTE GENERAL TREATMENT

e Acute heart failure or acute worsening
of chronic heart failure:

o Diuretics (eg, furosemide): 0.5 to
3.0 mg/kg SC, IM, or IV q8-12h or
as a bolus of 0.12 mg/kg IV fol-
lowed by a constant rate infusion
(CRD at a rate of 0.12 mg/kg/hr;
doses should be adjusted as needed
to produce a diuretic effect.

o Positive inotropes (eg, dobuta-
mine): CRI at doses of 1 to 5 ug/
kg/min, uptitrated to effect or
until development of adverse reac-
tions (eg, arrhythmias, tachycardia,
extreme anxiety). Administer 2 to
4 ug/kg/min.

o Intranasal oxygen

e Vasodilators:

o Used to reduce pulmonary conges-
tion, lower ventricular afterload,
and improve tissue perfusion

o Hydralazine (arterial dilator; 0.5-
1.5 mg/kg PO ql12h), nitroglycerin
(venodilator), milrinone (inotropic
vasodilator)

o Data on efficacy and safety of these
drugs in horses with heart failure
are lacking

e Cardiac tamponade:

o Requires a different approach.

o Initial management includes peri-
cardiocentesis and drainage of the
effusion (see “Pericardiocentesis” in
Section ID).

o 1V fluid administration (as opposed
to diuresis) may be necessary to
ensure adequate volume loading of
the ventricles.

e Life-threatening tachyarrhythmias:
© May require immediate antiarrhyth-
mic treatment after careful consid-
eration of potential adverse effects
(see “Antiarrhythmic Drugs” in
Section VI)
o Criteria for immediate antiarrhyth-
mic treatment include:
= Severe hemodynamic compro-
mise

= Sustained heart rates greater than
100 to 120 beats/min

= Presence of multiforme ventricu-
lar complexes or R-on-T phe-
nomenon (when the succeeding
QRS complex is essentially
continuous with the preceding
T wave, increasing the likeli-
hood of inducing ventricular
fibrillation)

e In clinical practice, therapy is often

limited to furosemide and digoxin.

o Furosemide (0.5-2.0 mg/kg SC, IM,
or IV q8-12h, titrated to effect), to
alleviate volume overload, conges-
tion, and edema.

o Digoxin (0.011 mg/kg ql2h PO,
titrated to effect) to increase myo-
cardial contractility and to slow ven-
tricular response rate in patients
with rapid atrial fibrillation.

o Oral potassium supplementation
to prevent the occurrence of
furosemide-induced  hypokalemia
that could potentiate the toxic
effects of digoxin.

e Angiotensin-converting enzyme (ACE)

inhibitors:
o Decrease renal sodium and water
reabsorption, reduce  volume

overload, counteract the develop-
ment of diuretic resistance, cause
vasodilation with a decrease in
myocardial oxygen demand, and
are considered to be cardiopro-
tective by decreasing myocardial
remodeling and fibrosis.

o Enalapril (0.5 mg/kg PO ql2h),
ramipril (0.05 mg/kg PO q24h), and
quinapril (0.25 mg/kg PO q24h)
have been used in horses.

o The pharmacology of ACE inhibi-
tors in horses has not been fully
investigated, and the efficacy for
prophylaxis and treatment of heart
failure is unknown.

B-adrenergic inhibitors, aldosterone
antagonists, or inodilators such as
pimobendan are commonly used in
humans and in dogs with CHF. The
use of these agents in the treatment of
heart failure has not been investigated
in horses to date.

Pericardectomy: Potential treatment

option in horses with severe constric-

tive pericarditis

Long-term IV, broad-spectrum antibi-

otic treatment:

o Indicated for bacterial endocarditis
or infective pericarditis.

o The antibiotic choice should be
adapted based on the results of
bacterial culture and susceptibility
testing.

e Antiarrhythmics:

o Lidocaine, magnesium sulphate,
procainamide, quinidine, propafe-
none, phenytoin, and diltiazem

o Used for treatment of severe
arrhythmias after careful consider-
ation of the benefits and potential
risks of treatment

DRUG INTERACTIONS

e Simultaneous administration of quini-

dine and digoxin increases the steady-
state serum concentration of digoxin
and may promote toxic concentrations

because of the narrow therapeutic
window.

e Furosemide is potassium wasting,
which can potentiate the toxic effects
of digoxin.

POSSIBLE COMPLICATIONS

e Furosemide (long-term administra-
tion): Hyponatremia, hypokalemia,
hypomagnesemia, and metabolic
alkalosis

e Positive inotropes: Dose-dependent
tachycardia, ventricular arrhythmias,
and vasoconstriction leading to hyper-
tension and increases in ventricular
afterload

e Digoxin: Depression, anorexia, colic,
diarrhea, sinus bradycardia, atrioven-
tricular block, as well as supraven-
tricular and ventricular arrhythmias
(eg, bigeminy)

e ACE inhibitors: Cough, impairment of
renal function, hyperkalemia, and
hypotension

e Vasodilators: Severe hypotension, re-
flex tachycardia, and weakness

e Antiarrhythmics: Proarrhythmic, car-
diodepressant, and hypotensive effects

RECOMMENDED MONITORING

e Clinical monitoring: Periodic reeva-
luation of mentation and behavior,
heart rate, respiratory rate and
effort, mucous membranes, peripheral
arterial pulses, jugular veins, lung
sounds, ventral edema, and exercise
capacity.

e Monitoring for signs of adverse drug
effects.

e Furosemide, dobutamine, and digoxin
should be titrated to effect; improved
perfusion, decreased edema, reduced
respiratory effort and respiratory rate,
decreased heart rate and increased
exercise capacity indicate clinical
efficacy.

e Serum digoxin concentrations:

o Periodic ~ monitoring  required
because of the marked interindi-
vidual pharmacokinetic variation

©o Recommended digoxin peak (1-2
hours) and trough (12 hours) con-
centrations at steady state: 0.8 to
2.0 ng/mL (1.0-2.6 nmol/L)

e Electrocardiographic changes: moni-
tored to detect potential proarrhythmic
effects of dobutamine and digoxin

e Serum electrolyte concentrations and
serum creatinine concentration:

o Periodic monitoring is advisable
during diuretic therapy to avoid
electrolyte disturbances and prere-
nal azotemia.

o Important because renal dysfunc-
tion may affect digoxin excretion
and abnormalities in serum sodium,
potassium, magnesium, and calcium
concentrations may alter the sensi-
tivity to digoxin.
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PROGNOSIS AND
OUTCOME

e Usually, management of CHF
is only effective in the short
and medium term (2 to 6 months).

e The prognosis is usually guarded to
poor when irreversible structural heart
disease is the cause of CHF. Eutha-
nasia is often elected because of
the poor prognosis at the time of
diagnosis.

e The prognosis may be fair for horses
with potentially reversible diseases
such as pericarditis, myocarditis, acute
myocardial ischemia, or sustained ven-
tricular tachycardia.

PEARLS &

CONSIDERATIONS

COMMENTS

e (Clinical detection of CHF should

prompt the veterinarian to perform a
complete cardiovascular workup to
identify the cause of heart failure.

e At the time of detection of CHF, the
underlying cardiac disease is usually
advanced and severe.

e Treatment options are limited in
horses. The appropriate treatment may
vary depending on the underlying
cause.

e The prognosis is guarded to poor in
most cases. Selected horses with a
potentially reversible cause may have
a fair prognosis.

CLIENT EDUCATION

e Congestive heart failure is a serious,
life-threatening  condition resulting
from severe heart disease.

e Immediate treatment or euthanasia is
required at the time of diagnosis.

e Treatment is usually only effective in
the short and medium term (maximum,
2-6 months), and the prognosis is
usually guarded to poor.

e Horses with CHF should not be
worked or ridden. There may be a risk
of syncope (collapse) or sudden death
because of severe ventricular arrhyth-
mia or pulmonary artery rupture.

e Breeding of animals with controlled
CHF may be possible under close
supervision through the veterinarian.
However, pregnancy may trigger
sudden deterioration of a compen-
sated condition, and breeding could
trigger pulmonary artery rupture in a
stallion.
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BASIC INFORMATION
DEFINITION

A myocardial disease process

resulting in decreased myocardial func-
tion. In horses, this often results in dila-
tion and decreased contractility, which
can lead to congestive heart failure,
arrhythmias, or both. Myocarditis is often
a precursor to cardiomyopathy.

SYNONYM(S)
Dilated cardiomyopathy

EPIDEMIOLOGY

RISK FACTORS Any cause of myocar-
ditis that does not completely resolve has
the potential to progress to cardiomy-
opathy (see “Myocarditis” in this section).
GEOGRAPHY AND SEASONALITY
Cardiomyopathy associated with sele-
nium deficiency is most common in
young horses (see “Myocarditis” in this
section).

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES Acute,
subacute, and chronic: These subtypes

have not been well characterized in

horses.

HISTORY, CHIEF COMPLAINT

e Exercise intolerance

e Signs of left-sided heart failure: Tachy-
pnea, dyspnea, cough, nostril flare,
weakness

e Signs of right-sided heart failure:
Jugular pulses, jugular distension,
edema, abdominal distension

e Syncope, sudden death

PHYSICAL EXAM FINDINGS

e Tachycardia, arrhythmias,  gallop
rhythm

e Cardiac murmurs

e Tachypnea, dyspnea, nostril flare,
cough

e Exercise intolerance

e Weak pulses, jugular pulses, jugular
distention, ventral (pectoral) edema

e Abdominal distension

e Syncope

e Nonspecific signs include weight
loss (cardiac cachexia), depression,
anorexia, weakness

ETIOLOGY AND PATHOPHYSIOLOGY

e Causes of myocarditis that become
chronic may progress to cardio-
myopathy.

Most often leads to decreased systolic
function and chamber dilation, with
subsequent arrhythmias.
Arrhythmogenic right ventricular car-
diomyopathy is also seen in horses,
rarely.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

For exercise intolerance, lethargy,
weakness, weight loss: Abnormalities
in respiratory, neuromuscular, gastro-
intestinal systems

For arrhythmias: Arrhythmias second-
ary to severe valvular or congenital
heart disease with cardiac enlarge-
ment; systemic disease; electrolyte
abnormalities

For heart failure: Primary valvular,
pericardial, or congenital heart
disease

For respiratory signs: Primary pulmo-
nary or pleural disease
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INITIAL DATABASE

e The complete blood count may be
normal or may show characteristics of
concurrent disease.

e Chemistry panel: Changes consistent
with passive congestion from right-
sided heart failure C(increased liver
enzymes) or changes consistent with
organ dysfunction caused by decreased
cardiac output (azotemia). Elevations
in creatine kinase in horses with sele-
nium deficiency may be seen. Eleva-
tions in lactate associated with poor
tissue perfusion may be seen.

e Thoracic radiography: Evidence of
pulmonary edema (interstitial or alve-
olar pattern may be seen), cardio-
megaly, pleural effusion.

e Electrocardiogram (ECG): Sinus
tachycardia with any additional
arrhythmias.

e Echocardiogram: Will show evidence
of dilated cardiomyopathy, including
dilated atria and ventricles possibly
with thin walls, decreased systolic
function (low fractional shortening),
spontaneous contrast indicating a low
flow state, and distended pulmonary
artery suggesting pulmonary hyper-
tension. The left ventricle will
appear hypokinetic, with an increased
septal-E point separation. Doppler
evaluation may show valvular regurgi-
tation. There may be evidence of infil-
trative cardiomyopathy (thick walls,
heteroechogenicity of myocardium)
(Figure 1).

e Cardiac troponin I: Likely elevated in
cases of cardiomyopathy associated
with active myocardial necrosis.

ADVANCED OR CONFIRMATORY

TESTING

e Evaluation of pasture for toxic plants
and feed for ionophore antimicrobials

e Blood selenium concentrations

e Pursuit of heavy metal exposure

e Pursuit of potential infectious cause,
as for myocarditis (see “Myocarditis”
in this section)

TREATMENT

THERAPEUTIC GOAL(S)

e Resolve congestive heart failure
(address  fluid retention, provide

inotropic support, and control arrhy-
thmias)

e Improve quality of life

e Treat underlying disease

ACUTE GENERAL TREATMENT

e Arrhythmias: Treat
arrhythmias  with
drugs (AAD).

e Congestive heart failure: Furosemide
(1-2 mg/kg IV ql2h or as needed),
positive inotropes (eg, dobutamine),
and vasodilators (eg, hydralazine) (see
“Cardiac Failure” in this section).

e Intranasal oxygen supplementation.

e Minimize stress.

e Suspect recent intoxication: remove all
suspected contaminated feed, and
remove the horse from the pasture.
Administer  activated charcoal or
mineral oil via nasogastric intubation.

e Suspect monensin intoxication: admin-
ister high levels of vitamin E and sele-
nium to stabilize cell membranes.

e Address mineral deficiencies, such
as selenium and vitamin E supple-
mentation.

life-threatening
antiarrhythmics

CHRONIC TREATMENT

e Arrhythmias: AAD can be given orally
if necessary to treat persistent ven-
tricular arrhythmias. It is contraindi-
cated to convert atrial fibrillation (AF)

FIGURE 1 Right-sided parasternal longitudinal four-chamber echocardiographic view of
a horse with cardiomyopathy secondary to monensin intoxication. Note the thick hetero-
echoic myocardial walls from active inflammation and the mild pericardial effusion. Sys-
tolic function was significantly decreased. This scan was acquired at 1.5 MHz and a depth

of 30 cm.

to sinus rhythm when it is associated
with dilated cardiomyopathy and con-
gestive heart failure, but rate control
to slow the ventricular response, if
excessive, is critical. Drugs such as
quinidine are negative inotropes,
hypotensive agents, and vagolytic
(increase ventricular rate), all of which
are detrimental in heart failure. AF
alone is unlikely to result in the horse’s
death and will not cause significant
progression of heart failure.

e Diuretics: Furosemide as needed to
control edema. It is not well absorbed
in horses orally, so it is best if given
SC, IM, or IV (see “Cardiac Failure” in
this section).

e Digoxin as a positive inotrope: The
initial dose is 0.011 mg/kg PO ql2h;
this may need to be adjusted based
on therapeutic drug monitoring of
peak and trough serum concentrations
(therapeutic range, 0.5-2.0 ng/mL)
and clinical signs. Renal function and
electrolytes should also be monitored
closely. Decreased renal function will
increase digoxin levels, potentially
into the toxic range, and hypokalemia
may precipitate digoxin toxicity.
Horses receiving furosemide are more
likely to become hypokalemic, par-
ticularly if anorectic, and may re-
quire potassium supplementation (see
“Cardiac Failure” in this section).

e Angiotensin-converting enzyme (ACE)
inhibitors such as enalapril (0.5—
1.0 mg/kg ql12h PO), although this is
not well absorbed orally in horses and
does not result in significant decrease
in ACE activity (see “Cardiac Failure”
in this section).

e Strict stall rest for as long as clinical
signs remain (a minimum of 2 months).

e Supplement with selenium and vitamin
E, if indicated.

e Treat the primary disease process.

e Provide supportive care to improve
quality of life.

DRUG INTERACTIONS

e Digoxin should not be used in cases
of monensin intoxication because
both increase intracellular calcium;
this may enhance myocardial cell
death, leading to arrhythmias.

e Furosemide treatment may lead to
hypokalemia, which may lead to
arrhythmias and potentiate digoxin
toxicity. Serum potassium concentra-
tions should be monitored and supple-
mented orally as needed.

e Corticosteroids should only be used
after active infections have been
ruled out.

POSSIBLE COMPLICATIONS

e Any AAD can be proarrhythmic and
have other cardiovascular side effects
such as hypotension.
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e Sudden death (fatal arrhythmia).

e Dilated cardiomyopathy will likely
progress to congestive heart failure
unless it is mild or discovered early.

RECOMMENDED MONITORING
e Initial monitoring:

o Arrhythmias: Continuous ECG mon-
itoring using radiotelemetry (par-
ticularly if arrhythmia is being
treated).

o Serum lactate concentrations may
be used as an indicator of tissue
perfusion.

o Central venous pressure monitoring
may be used to assess preload and
cardiac function.

o Cardiac catheterization will show
severe increases in right ventricular
and pulmonary artery systolic,
mean, and diastolic pressures in
cases nearing heart failure.

o Cardiac output monitoring will
show decreased cardiac output.

e Chronic monitoring:

o Horse should have activity level,
appetite, attitude, heart rate, respi-
ratory rate and effort, and edema
monitored by the owner after dis-
charge. Any changes in these may
indicate a progression of disease.

o Repeat echocardiograms should be
performed every 3 to 6 months after
discharge or sooner if any of the
above clinical signs are noted by
the owner. These should continue
until normal echocardiograms are
seen.

o 24-hour continuous ECG (Holter)
monitoring should be performed
intermittently after discharge or if
the above clinical signs are noted.

o If clinical and echocardiographic
abnormalities resolve, the horse
must have an exercising electrocar-
diogram performed before it is
determined if the horse is safe to

ride. Significant arrhythmias occur-
ring during exercise may lead to
syncope or collapse and injury or
death to the rider or horse.

o Cardiac troponin I may reflect
changes in the degree of myocardial
cell injury or necrosis and may be
monitored intermittently.

© Renal parameters and electrolyte
status should be monitored at
home, particularly if the horse is
on chronic furosemide and digoxin
therapy.

o Therapeutic drug monitoring of
digoxin levels should be done until
the horse is stable. This should be
repeated if any change in status
such as anorexia, diarrhea, depres-
sion, or colic or changes in heart
rate occur.

PROGNOSIS AND
OUTCOME

e Prognosis is guarded to poor
in most situations because it
is often not recognized until disease is
fairly advanced. Treatment is usually
palliative and aimed at increasing the
comfort level and lifespan of the
horse.

e If the cause is recognized early and
can be removed (eg, early removal of
monensin, early recognition of sele-
nium deficiency), the prognosis may
be fair.

PEARLS &
CONSIDERATIONS

COMMENTS

e In cases of monensin intoxication, the
initial echocardiogram has prognostic
value.
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e Horses with normal left ventricular
function have an excellent prognosis
for life and performance.

e Horses with mild systolic dysfunction
have a good prognosis for life and a
fair prognosis for performance.

e Horses with significant systolic dys-
function have a poor prognosis for life
and performance.

PREVENTION

e Monensin intoxication: use a reputable
feed supplier, preferably one that does
not mix equine feed in the same loca-
tion as poultry or steer feed.

e Plant intoxications: know the content
of pastures on which horses are kept.

e Selenium deficiency: know the status
of soil and pastures.

CLIENT EDUCATION

e Horses with dilated cardiomyopathy
leading to chamber enlargement and
pulmonary hypertension are at risk for
collapse or sudden death secondary to
fatal arrhythmias or pulmonary artery
rupture (rare).

e These horses should never be ridden
because of this risk.

SUGGESTED READING

Martin BB, Reef VB, Parente EJ, et al: Causes
or poor performance of horses during train-
ing, racing, or showing: 348 cases (1992—
1996). | Am Vet Med Assoc 216:554-558,
2000.

Reef VB: A monensin outbreak in horses in
the eastern United States: pathogenesis,
clinical signs, and epidemiology. Proceed-
ings of the Eighth Annual Veterinary Medi-
cine Forum, 1990:126—128.

AUTHOR: SOPHY A. JESTY
EDITOR: MARY M. DURANDO



Cardiotoxic Plants

BASIC INFORMATION

DEFINITION

Cardiac disease subsequent to exposure
to toxic plants

SYNONYM(S)

e Oleander poisoning (Nerium olean-
der)

e Summer pheasant’s
(Adonis aestivalis)

eye poisoning

e Grayanotoxin intoxication (Azalea
spp., Rhododendron spp; see “Rhodo-
dendron Toxicosis” in this section.)

e Yew poisoning (Taxus spp; see “Taxus

Toxicosis” in this section.)

Avocado poisoning (Persea spp.)

Cardiac glycoside intoxication (V. ole-

ander, Digitalis spp., Asclepias spp.)

EPIDEMIOLOGY

RISK FACTORS
e Fresh cardiotoxic plants have low
palatability. Animals are more likely

to ingest
material.

e Plant trimmings present the most
common source for oleander and yew
poisoning.

e Contamination of hay or hay cubes
with cardiotoxic plants is a great risk.

e The Guatemalan race of avocados
and the Fuerte hybrid are reportedly
toxic. The Mexican race has low
toxicity.

GEOGRAPHY AND SEASONALITY

e Oleander exposure is a year-round
risk. Oleander poisoning is common

dried cardiotoxic plant
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FIGURE 1 Oleander leaf (top) and eucalyptus leaf (bottom).

in horses, especially in California,
Arizona, and Texas. Ingestion of dried
oleander clippings often causes
poisoning.

e Summer pheasant’'s eye has been
limited to some northern California
counties.

e Grayanotoxin-containing plants have
the highest toxin concentrations in the
leaves.

e Ingestion of yew clippings is the most
common cause for poisonings with
Taxus spp. All species of Taxus,
including 7. baccata (English yew),
T. cuspidata (Japanese yew), and
T. brevifolia (Pacific or Western yew),
are considered toxic.

e Avocado is extensively cultivated in
California and Florida but can also be
found as an ornamental in the Gulf
Coast areas. Avocado leaves are espe-
cially toxic.

e Some cardiotoxic plants are most
abundant in the spring and summer,
depending on the location

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Acute cardiotoxicity subsequent to
exposure to cardiotoxic plants.

e Acute death from ingestion of olean-
der, yew, summer pheasant’s eye,
avocado, or azaleas. Animals are often
found dead.

e Cardiac changes include bradyarrhyth-
mias, tachyarrhythmias, atrioventricu-
lar (AV) blocks, ectopic beats, and
gallop rhythms.

HISTORY, CHIEF COMPLAINT

e Clinical signs of colic are often seen
within hours of exposure.

e Other clinical signs include weakness,
tremors, excessive salivation, inco-
ordination, dyspnea, and sometimes
convulsions. Progression of signs may
be rapid.

e Animals exposed to oleander may be
anorectic for several days.

FIGURE 2 Oleander leaf in stomach contents.

PHYSICAL EXAM FINDINGS

e Oleander: Irregular fast pulse with
tachycardia, ventricular arrhythmias,
or gallop rhythms; anorexia and colic;
occasionally diarrhea

e Summer pheasant’s eye: Gastrointesti-
nal (GD stasis, feed refusal, dyspnea,
and cardiac arrhythmias

e Grayanotoxins: Depression, salivation,
abdominal pain, possibly diarrhea; in
severe cases: recumbency, seizures,
tachycardia, tachypnea, and pyrexia

e Yew: Incoordination, nervousness, dif-
ficulty in breathing, bradycardia, diar-
rhea, and convulsions. Sudden death
is often all that is seen.

e Avocado: Subcutaneous edema of the
head and chest, submandibular edema,
respiratory  dyspnea, and cardiac
arrhythmias

ETIOLOGY AND PATHOPHYSIOLOGY

e Oleander contains cardiotoxic glyco-
sides, such as oleandrin. Cardiac gly-
cosides inhibit Na*/K* ATPase, which
leads to increased intracellular Ca*
concentrations and a subsequent posi-
tive inotropic effect. In addition, direct
effects on the sympathetic nervous
system are seen.

e Summer pheasant’s eye contains car-
diotoxic glycosides.

e Grayanotoxins, found in azaleas and
rhododendrons, are diterpenes that
bind to sodium channels in excitable
cell membranes (skeletal and myo-
cardial muscle, nerves, and central
nervous system). Excitable cells are
maintained in a state of depolarization.
Additionally, increased intracellular
sodium results in an exchange with
extracellular calcium, which affects the
control of transmitter release.

e Yews contain taxine alkaloids (such as
taxine A and B) that are inotropic and
change AV conduction. Yews also
contain ephedrine, nitriles, and irritant
oils that are likely to be responsible
for colic and diarrhea.

e Avocado contains persin, but the exact
mechanism of toxic action is not
known.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Toxic plants that can cause sudden
death, such as poison hemlock, water
hemlock, tree tobacco, lupine

e Monensin and other ionophore
antibiotics

e Cyanide poisoning

e Organophosphorus or carbamate in-
toxication

e Acute intestinal disease

e Myocarditis

e Endocarditis

INITIAL DATABASE

e Serum chemistry changes are often
limited.

e In horses with oleander poisoning,
azotemia may be present.

e Myocardial damage may lead to hyper-
kalemia and elevated lactate dehydro-
genase, creatinine kinase, aspartate
aminotransferase, and cardiac
troponin 1.

ADVANCED OR CONFIRMATORY
TESTING

e Visual and microscopic examination of
stomach or intestinal contents for plant
fragments often aids in the diagnosis.

e Postmortem lesions, such as redden-
ing of the mucosa of the GI tract and
congestion of organs, are generally
nonspecific.

o Horses with oleander poisoning
may have fluid in the pericardium
and body cavities, endocardial hem-
orrhages, and multifocal myocardial
degeneration and necrosis.

o Taxus poisoning may result in mild
to moderate endocardial hemor-
rhages.
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o Avocado-poisoned horses may have
fluid accumulation in the pericardial
sac and in the thoracic and abdomi-
nal cavities, edema of the gallblad-
der and perirenal tissues, and a
flabby, pale heart.

e Confirmatory testing is often needed
to reach an accurate diagnosis of car-
diotoxic plant intoxication.

o Oleander: Detection of oleandrin
and other cardiac glycosides in
serum, urine, stomach, cecal or
colon contents, liver, and myocar-
dium; detection of oleandrin in hay
or other source material

o Summer pheasant’s eye: Detection
of the aglycone strophanthidin in
source material or stomach, cecal,
or colon contents

o Grayanotoxins: Grayanotoxin detec-
tion in source material or stomach,
cecal, or colon contents

© Yew: Taxine alkaloid detection in
source material or stomach, cecal,
or colon contents

o Avocado: Confirmatory testing not
available

TREATMENT

THERAPEUTIC GOAL(S)

e There is no specific antidote for plant
cardiotoxins. The recommended treat-
ment of exposed animals is symptom-
atic and supportive and should include
administration of IV fluids and
antiarrhythmics.

e Adsorption of toxins with activated
charcoal is recommended; multidose
activated charcoal is beneficial in ole-
ander intoxications.

e Atropine may be given in cases of
severe bradycardia.

ACUTE GENERAL TREATMENT

e Oleander: Activated charcoal is the
adsorbent of choice in horses with
oleander toxicosis.

e Cardiac effects are best treated after
careful cardiac evaluation. Atropine
and propranolol have been used
successfully.

e Digoxin-specific Fab antibody frag-
ments have been effective in cross-
reacting with cardiac glycosides in
oleander, but Fab antibodies have not
been studied in horses and dosages
are empirical.

e Avocado: If edema is present in
avocado poisoning, administration of
diuretics is recommended.

POSSIBLE COMPLICATIONS

e In many cases, the rapid onset of acute
intoxication does not allow timely
therapeutic intervention, so mortality
rates are high.

e Potassium should not be administered
in fluids if hyperkalemia is present.

RECOMMENDED MONITORING

Close monitoring of serum electrolytes
and electrocardiogram

PROGNOSIS AND
OUTCOME

e Horses are often found dead
after exposure to cardiotoxic
plants.

e Progression of animals with cardio-
toxic plant poisoning is rapid, and
treatment is often too late.

e In horses with oleander and yew
intoxications, the prognosis is poor.

e If treatment is initiated promptly after
the onset of clinical signs, the prog-
nosis is fair.

e Animals that survive the acute poison-
ing may have myocardial damage and
may be more prone to stress.

PEARLS &
CONSIDERATIONS

COMMENTS

e Cardiotoxic plants can be deadly if
they are grazed upon or unintention-
ally incorporated into hay or baleage.
The ability to recognize the presence
of poisonous plants in hay or forage
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may help prevent additional animal
poisonings.

e Oleander is cultivated widely in the
southern United States and is most
commonly associated with plant poi-
sonings in horses.

e The treatment of most cardiotoxic
plants intoxications is nonspecific.
Awareness of poisonous  plants
growing in a certain geographic region
and their associated clinical signs are
instrumental in making a diagnosis
and initiating treatment.

e Proper and rapid diagnostic workup
of suspect cardiotoxic plant poison-
ings is necessary to prevent additional
exposures.

PREVENTION

e Recognize cardiotoxic plants of
concern in the geographic location
and prevent access by horses.

e Provide adequate forage to limit inges-
tion of toxic plants.

CLIENT EDUCATION

e If poisonous weed contamination is
suspected, hay should be tested before
feeding.

e Oleander poisoning in horses is
common and often lethal. Oleander
plants should be removed from the
environment of horses.

SUGGESTED READING

Galey FG: Cardiac glycosides. In Plumlee KH,
editor:  Clinical veterinary toxicology. St
Louis, 2004, Mosby Elsevier, pp 386-388.

Oelrichs PB, Ng JC, Seawright AA, et al: Isola-
tion and identification of a compound from
avocado (Persea americana) leaves which
causes necrosis of the acinar epithelium of
the lactating mammary gland and the myo-
cardium. Nat Toxins 3:344-349, 1995.

Puschner B: Grayanotoxins. In Plumlee KH,
editor:  Clinical veterinary toxicology, St
Louis, 2004, Mosby Elsevier, pp 412-415.

Woods LW, Filigenzi MS, Booth MC, et al:
Summer pheasant’s eye (Adonis aestivalis)
poisoning in three horses. Vet Pathol
41:215-220, 2004.

AUTHOR: BIRGIT PUSCHNER
EDITOR: CYNTHIA L. GASKILL



Cataracts

BASIC INFORMATION EPIDEMIOLOGY ASSOCIATED CONDITIONS
GENETICS AND BREED PREDISPOSI-  AND DISORDERS B
DEFINITION TION Horses prone to developing recur- e Chronic or recurrent uveitis
Cataracts are opacities of the rent uveitis are at risk for developing e Ocular trauma
eye’s crystalline lens or lens capsule. %?I??ZCTORS CLINICAL PRESENTATION
e Any type of ocular trauma DISEASE FORMS/SUBTYPES Diseases

e Chronic or recurrent uveitis of the equine lens may be congenital
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FIGURE 2 Diffuse mature cataract in an adult horse.

FIGURE 1 Equine congenital nuclear cataract.

or acquired and generally involve

malformation, malposition, or lens

opacity (cataract). The most common
and significant lens disorder is cataract
formation.

HISTORY, CHIEF COMPLAINT Cata-

racts are the most common congenital

ocular anomaly in horses, and develop-

ment of cataracts in adult horses is a

common cause of vision loss, with or

without associated uveitis.

PHYSICAL EXAM FINDINGS

e Cataracts are classified according to
age at onset (congenital, juvenile,
senile), cause (e.g., hereditary; sec-
ondary to uveitis, trauma, metabolic
disease), or location within the lens
(anterior polar, anterior subcapsular,
anterior cortical, equatorial, peripheral
cortical, nuclear, posterior cortical,
posterior  subcapsular, and post-
erior polar).

e Congenital cataracts may be unilateral
or bilateral, and they may be focal or
diffuse (Figures 1 and 2). Focal opaci-
ties involving the anterior or posterior
suture lines are often nonprogressive,
but progression does occur in some
cases. A nuclear cataract may appear
as a ringlike opacity, a hollow sphere,
or a solid opacity in the center
(nucleus) of the affected lens. These
cataracts rarely progress and often
decrease in size relative to total lens
size as new layers of normal cortical
fiber are produced throughout life.
The location, density, and size of
a focal cataract determine its effect
on vision.

ETIOLOGY AND PATHOPHYSIOLOGY
Aqueous humor, which acts to supply
metabolic needs of intraocular structures,
is produced constantly by the ciliary
body of the equine eye. In uveitis,
the aqueous humor is altered, which
affects the lens metabolism. Abnormal
lens metabolism results in cataract
formation.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Chronic uveitis

e Lens rupture caused by penetrating
ocular trauma

e Nuclear sclerosis

e Lens luxation

INITIAL DATABASE

A thorough and complete ophthalmic
examination with mydriasis should be
done to help differentiate the cause of
the cataracts and to rule out other causes
of ocular opacity such as keratitis.

ADVANCED OR CONFIRMATORY
TESTING

If cataract surgery is being considered,
an ocular ultrasound and electro-
retinogram should be considered to
determine if the remainder of the eye is
healthy.

TREATMENT

THERAPEUTIC GOAL(S)
e Prevent progression of cataracts
e Improve visual function

ACUTE GENERAL TREATMENT

e Control ocular inflammation with use
of topical and systemic antiinflamma-
tory medications.

e Cataract dissolving medications have
not been demonstrated to be effective
in any animal, including horses.

CHRONIC TREATMENT

Equine cataract surgery: Phacoemulsifi-
cation and aspiration of cataracts in
horses through a small corneal incision
with intraocular lens implantation are
becoming routine procedures.

POSSIBLE COMPLICATIONS

Vision loss is common because the
disease is progressive. Both eyes are at
risk and should be monitored.
RECOMMENDED MONITORING

Examine monthly to determine lens
progression.

PROGNOSIS AND
OUTCOME

e Prognosis is
saving vision.

e Cataract surgery has a success rate of
more than 80%.

guarded for

PEARLS &
CONSIDERATIONS

COMMENTS

e Both eyes are at risk and should be
monitored.

e Photographing the eye with the pupil
dilated will help monitor cataract
progression.

PREVENTION

e Minimizing ocular and corneal trauma
may help prevent the development of
ocular inflammation.

e Use of a quality fly mask is recom-
mended.

e Feeding hay on the ground is recom-
mended to minimize ocular trauma.

SUGGESTED READING

Matthews AG: Lens opacities in the horse:
a clinical classification. Vet Opbthalmol 3:
65-71, 2000.

Whitely RD: Diseases and surgery of the lens.
In Gilger BC, editor: Equine ophthalmology.
St Louis, 2005, Elsevier, pp 269-284.

AUTHOR & EDITOR: BRIAN C. GILGER



Cecal Impaction

Cecal Impaction

BASIC INFORMATION
DEFINITION

Distension of the cecum with feed mate-
rial or fluid (or both) associated with
mechanical or functional obstruction to
flow of ingesta

EPIDEMIOLOGY

SPECIES, AGE, SEX It appears that

older horses (>15 years in one study) are

predisposed to cecal impaction. Cecal
impaction in hospitalized patients may
not have the same age predisposition.

GENETICS AND BREED PREDISPO-

SITION One report indicated predis-

position in Arabians, Appaloosas, and

Morgans. Other studies have not reported

any breed predisposition.

RISK FACTORS Proposed risk factors

have included:

e Dietary factors: Poor-quality or coarse
roughage, Bermuda grass hay

e Poor dentition

e Decreased water consumption

e Parasitism: Parasite-induced thrombo-
embolism, tapeworm (Anoplocephala
perfoliata) infestation

e Change in exercise: Lack of exercise
with use of nonsteroidal antiinflamma-
tory drugs (NSAIDs)

e Hospitalization with or without surgery
and anesthesia, frequently for nongas-
trointestinal (GD disease (especially
musculoskeletal problems)

GEOGRAPHY AND SEASONALITY

There has been some suggestion that

horses in regions with Bermuda grass

hay are predisposed. No seasonality has
been established.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES Cecal im-
pactions are frequently divided into two
types: impaction with firm ingesta causing
a mechanical obstruction and distension
with fluid ingesta without any apparent
mechanical obstruction. Motility dysfunc-
tion has been proposed in horses with
distension with fluid ingesta.

HISTORY, CHIEF COMPLAINT

e Horses with cecal impactions often
show signs of mild colic (lying down,
flank watching) for several days to
weeks. Horses with fluid cecal impac-
tion or dysfunction may have acute
and increased signs of pain.

e Decreased appetite is one of the first
clinical signs in many horses with
cecal impactions. Horses frequently
have decreased fecal output or changes
in fecal consistency (soft or firm small

fecal balls). Historical findings may
indicate any of the risk factors identi-
fied in the epidemiology section.

e It is important to note that cecal per-
foration may occur in horses with
cecal impaction with little to no signs
of colic (see “Cecal Perforation” in this
section).

PHYSICAL EXAM FINDINGS

e Physical examination in horses with
cecal impaction often reveals vital
signs within normal limits with the
exception of tachycardia during epi-
sodes of colic. Horses with fluid cecal
impaction or dysfunction may have
more pronounced tachycardia.

o Affected horses frequently have
decreased borborygmi. Horses with
fluid cecal impaction or dysfunction
may show signs of endotoxemia.

e If perforation occurs, clinical signs will
worsen rapidly (see “Cecal Perfora-
tion” in this section).

ETIOLOGY AND PATHOPHYSIOLOGY

e Impaction with dry, firm feed material
may have a similar pathogenesis to
large colon impactions (see “Large
Colon Impaction” in this section). Risk
factors described above may affect
motility, particle size of feed material,
and water content of ingesta, resulting
in accumulation of dry, firm feed
material in the cecum.

e Motility dysfunction has been pro-
posed in horses with distension with
fluid ingesta. Anesthesia, NSAID
administration, diet changes, and para-
sites (especially tapeworms) have
been proposed to alter GI motility.
Administration of NSAIDs may mask
the mild clinical signs associated with
cecal impactions and contribute to
ulceration and predispose to cecal
perforation.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Other causes of mild abdominal pain
are simple or nonstrangulating obstruc-
tions of the GI tract such as feed or
sand impaction of the large colon,
enterolithiasis, large colon displace-
ments, large intestinal intraluminal
obstructions, tympany, small colon
impactions, and ileal impactions.

e Other causes of a firm, digesta-filled
viscus in the right dorsal abdomen
include feed or sand impaction of the
large colon, right dorsal colon impac-
tion with a right dorsal displacement,
nonstrangulating  infarction of the

cecum, and cecocecal or cecocolic
intussusception.

INITIAL DATABASE

e Examination per rectum is the most
useful diagnostic test for cecal impac-
tions. Early in the course of the disease
or if impaction is restricted to the
cupula, the most significant finding on
examination per rectum will be a tight,
sometimes thickened ventral band of
the cecum (coursing from the right
caudodorsal  abdomen  cranioven-
trally). As impaction of the body and
base of the cecum progresses, the
round cecal base is palpable in the
right caudodorsal abdomen. Differen-
tiation of the cecum from the colon
can be difficult. If the distended struc-
ture is the cecum, the examiner should
not be able to pass his or her hand
over the impaction dorsally because
the cecum is attached to the dorsal
body wall. As the disease progresses,
the colon empties, and the cecum
becomes heavier. This may result in
inability to diagnose the cecal impac-
tion during examination per rectum.
Careful evaluation of the thickness
of the cecal wall and the texture of
the contents may help differentiate
between the two types of impaction
(firm  ingesta causing mechanical
obstruction versus fluid ingesta associ-
ated with dysfunction).

e Nasogastric reflux is uncommon.

e Bloodwork is generally normal or con-
sistent with mild to moderate dehydra-
tion (prerenal azotemia, elevated
packed cell volume, elevated total
protein).

e Abdominal fluid analysis is generally
within normal limits. Horses with fluid
cecal impaction or dysfunction may
have elevation in total protein. It is
important to remember that intestinal
compromise may occur with little to
no change in peritoneal fluid with
cecal disease.

TREATMENT
THERAPEUTIC GOAL(S)

Passage or removal of impacted ingesta

ACUTE GENERAL TREATMENT

e Treatment of cecal impactions remains
controversial. The controversy is asso-
ciated with the risk of rupture without
warning of worsening clinical signs
and the difficulty in appropriately
identifying which type of impaction is
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present to better judge the likelihood
of resolution with medical treatment
and the risk of recurrence. Horses with
fluid cecal impaction or dysfunction
are believed to be less likely to
respond to medical management and
are at risk for continued dysfunction
after resolution, resulting in some sur-
geons electing to perform bypass pro-
cedures during surgery.

e Medical management of cecal impac-
tions is similar to medical treatment of
large colon impactions. Horses should
be held off feed. IV and oral fluid
administration is combined with laxa-
tives or cathartics such as mineral oil;
MgSO,, dioctyl sodium sulfosuccinate,
and psyllium have been recom-
mended. Judicious administration of
analgesics (flunixin meglumine most
commonly) may be helpful. Careful
monitoring with repeated physical and
rectal examinations is important to
ensure that analgesics are not masking
progression of the disease and the
need for surgery. The administration
of prokinetics has been suggested by
some clinicians, but the safety and effi-
cacy are unknown.

e Surgical treatment is recommended in
cases with marked signs of colic at
presentation, very firm ingesta or fluid
ingesta, signs of systemic compromise,
increasing signs of colic during treat-
ment, or lack of improvement or pro-
gression of impaction during medical
treatment. Typhlotomy with evacua-
tion of the contents is the mainstay of
surgical treatment. A surgeon may
elect to perform a bypass procedure
(complete or incomplete jejunocolic or
ileocolic anastomosis) in cases of
recurrent cecal impaction or fluid
cecal impaction or dysfunction.

e Refeeding after resolution of cecal
impaction should be done slowly and
monitored closely with repeat exami-
nation per rectum to identify any
recurrence of impaction.

POSSIBLE COMPLICATIONS

The two most important complications
associated with cecal impaction are cecal
perforation (see “Cecal Perforation” in
this section) and recurrence of impac-

Cecal Intussusception

FIGURE 1 Cecal impaction as identified at exploratory laparotomy; distension by fluid

and gas secondary to cecal dysfunction.

tion. Cecal perforation has been reported
in 25% to 57% of cases with cecal impac-
tion. Reported recurrence rates range
from 13% to 29%.

PROGNOSIS AND
OUTCOME

Reported success rates for cecal
impactions are quite variable.

Most recent reports indicate that both
medical and surgical treatment may result
in successful outcomes with up to
90% survival. However, when discussing
prognosis with owners, it is important to
address the significant risks of perfora-
tion and recurrence.

PEARLS &
CONSIDERATIONS

COMMENTS

e Cecal impaction should be considered
as a differential diagnosis in horses
with mild signs of colic, decreased
appetite, and changes in fecal
production.

e Horses hospitalized for non-GI dis-
eases may be predisposed to cecal
impaction.

e FEarly identification and close monitor-
ing are required for successful treat-
ment of cecal impaction.

PREVENTION

Hospitalized horses should be monitored
closely for any change in attitude, appe-
tite, or fecal production. Handwalking
may stimulate GI motility in horses on
stall rest.

SUGGESTED READING

Dabareiner RM: Impaction of the ascending
colon and cecum. In White NA, Moore JN,
editors:  Current techniques in equine
surgery and lameness. Philadelphia, 1998,
WB Saunders, pp 270-273.

Plummer AE, Rakestraw PC, Hardy ], et al:
Outcome of medical and surgical treatment
of cecal impaction in horses: 114 cases
(1994-2004). ] Am Vet Med Assoc 231:1378—
1385, 2007.

Rakestraw PC, Hardy J: Large intestine. In
Auer JA, Stick JA, editors: Equine surgery.
St Louis, 2006, Saunders Elsevier, pp 436—
478.

Ross MW: Diseases of the cecum. In Colahan
PT, Merritt AM, Moore JN, et al, editors:
Equine medicine and surgery. St Louis,
1999, Mosby, pp 735-740.

AUTHOR: KIRA L. EPSTEIN
EDITORS: TIM MAIR and CERI SHERLOCK
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BASIC INFORMATION
DEFINITION

Invagination of the apex of the cecum
into the body of the cecum (cecocecal

intussusception) or through the cecocolic
orifice into the right ventral colon (ceco-
colic intussusception)

EPIDEMIOLOGY

SPECIES, AGE, SEX Increased incidence
has been reported in young (<3 years
old) horses, although it can occur in all
ages.
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FIGURE 1 Diagram demonstrating cecocolic intussusception.

(Courtesy The Glass Horse Equine Colic CD.)

FIGURE 2 Transcutaneous ultrasonogram (4 MHz) of the right
ventral abdomen showing the typical bull’s eye appearance of a

cecal intussusception.

FIGURE 3 Cecocecal intussusception at exploratory laparotomy.

GENETICS AND BREED PREDISPOSI-
TION Increased incidence has been
reported in Standardbreds.

RISK FACTORS A number of risk factors
have been proposed. Proposed infec-
tious risk factors include abscessation of
the cecal wall and infection with Salmo-
nella spp., Emeria leuckarti, Strongylus
vulgaris, cyathostomins, or Anoploceph-
ala perfoliata. Other possible risk factors
include dietary changes and use of
organophosphates or parasympathomi-
metic drugs.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Cecal intussusceptions can be sepa-
rated into cecocecal and cecocolic
intussusception.

e There appear to be three forms of
cecal intussusception: acute (requiring
immediate surgical intervention), sub-
acute (clinical signs persisting 3-8

FIGURE 4 Cecocolic intussusception at exploratory laparotomy.
The mucosal surface of the necrotic tip of the intussuscepted cecal
apex is visible through a colotomy of the right ventral colon.
Several tapeworms are present on the mucosa.

days), and chronic (clinical signs per-
sisting 6-120 days). Acute is the most
common form followed by subacute
and then chronic. Whereas cecocolic
intussusception is more likely to result
in ischemia of the apex of the cecum
and an acute presentation, cecocecal
intussusception is more likely to
result in partial obstruction without
ischemia and result in a more chronic
presentation.
HISTORY, CHIEF COMPLAINT Clinical
signs are variable depending on the
degree of obstruction and intestinal com-
promise. Horses with the acute form
have rapid onset of moderate to severe
abdominal pain. Horses with the sub-
acute form have intermittent mild to
moderate signs of colic and soft feces or
diarrhea. Horses with the chronic form
have a history of intermittent mild abdo-
minal pain, scant feces, and weight loss.

PHYSICAL EXAM FINDINGS Physical
examination findings also depend on
the degree of obstruction and intestinal
viability. As ischemia and obstruction
worsens, signs of progressive tachycardia
and cardiovascular compromise (eg, pro-
longed capillary refill time, decreased
jugular refill, cold extremities) occur.
Fever is common in horses with the
chronic form of cecal intussusception.
ETIOLOGY AND PATHOPHYSIOL-
OGY The most likely cause of cecal
intussusception is abnormal motility
associated with the proposed risk factors
discussed in the etiology section.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS
e Other causes of abdominal pain

include feed or sand impaction of
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96 Cecal Intussusception

the large colon, enterolithiasis, large
colon displacements, large intestinal

intraluminal obstructions, tympany,
small colon impactions, and ileal
impactions.

e Other causes of a firm viscus in the
right dorsal abdomen include feed or
sand impaction of the large colon,
right dorsal colon impaction with a
right dorsal displacement, nonstrangu-
lating infarction of the cecum, and
cecal impaction.

e Other causes of change in fecal pro-
duction and character include infec-
tious and sand colitis and cecal
impactions.

e Other causes of abdominal pain asso-
ciated with fever include infectious
and sand colitis and small colon
impactions.

INITIAL DATABASE

e Examination per rectum may be within
normal limits or reveal an abnormality
in palpation of the cecum. The abnor-
mal findings vary and include a firm,
edematous viscus in the right dorsal
abdomen, malpositioning of the
cecum, and inability to palpate the
cecum.

e Nasogastric reflux is uncommon
because the small intestine is generally
not obstructed.

e Bloodwork varies with the degree of
intestinal compromise. Progressive
dehydration (prerenal azotemia, ele-
vated packed cell volume, elevated
total protein) and metabolic acidosis
may occur with worsening ischemia.

e Because the damaged intestine is
sequestered from the abdomen,
abdominocentesis is insensitive for
cecal intussusception and may be
normal even with ischemic bowel.
Elevations in nucleated cell count,
total protein, and color (serosangui-
nous) may occur over time with
increased severity.

e Abdominal ultrasonography of
the cecum and right dorsal colon
may reveal a bull's-eye pattern of
bowel within bowel typical of an
intussusception.

TREATMENT
THERAPEUTIC GOAL(S)

e Reduction of the intussusception
with resection of ischemic bowel as
necessary

e Supportive care

ACUTE GENERAL TREATMENT

Exploratory celiotomy is required to treat
cecal intussusception. Cecocecal intus-
susceptions are easier to reduce than
cecocolic intussusceptions. Reduction of
cecocolic intussusceptions may require
an enterotomy into the right dorsal colon
with or without resection of damaged
cecum  within the colon before
reduction.

CHRONIC TREATMENT

If A. perfoliata or A. cyathostomin larvae
are identified at the time of surgery,
appropriate deworming is recommended.

Cecal Perforation

PROGNOSIS AND
OUTCOME

The prognosis appears good
if resection of the damaged
portion of the cecum is possible.

PEARLS &
CONSIDERATIONS

COMMENTS

e Cecal intussusception is an uncom-
mon cause of abdominal pain in
horses.

e Acute, subacute, and chronic forms
of the disease occur. Clinical signs
and diagnostic findings are variable
depending on the form of the disease
and the severity of obstruction and
intestinal compromise.

e Prognosis is good with
treatment.

SUGGESTED READING

Martin BB, Jr, Freeman DE, Ross MW, et al:
Cecocecal and cecocolic intussusception in
horses: 30 cases (1976-1996). ] Am Vet Med
Assoc 214:80-84, 1999.

Rakestraw PC, Hardy J: Large intestine. In
Auer JA, Stick JA, editors: Equine surgery.
St Louis, 2006, Saunders Elsevier, pp 430~
478.

Ross MW: Diseases of the cecum. In Colahan
PT, Merritt AM, Moore JN, et al, editors:
Equine medicine and surgery. St Louis,
1999, Mosby, pp 735-740.
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Cecal Perforation

BASIC INFORMATION
DEFINITION

Loss of integrity of the cecal wall associ-
ated with leakage of intestinal contents
into the abdomen

SYNONYM(S)
Cecal rupture

EPIDEMIOLOGY

SPECIES, AGE, SEX

e In one form of cecal perforation, the
disease occurs solely in broodmares at
the time of parturition.

e In other forms of cecal perforation,
there is no known age or sex
predisposition.

RISK FACTORS In broodmares with

cecal perforation at the time of parturi-

tion, dystocia appears to be a risk factor.
In other forms of cecal perforation, risk
factors including hospitalization, nonste-
roidal antiinflammatory drug (NSAID)
administration, and anesthesia have been
identified.

ASSOCIATED CONDITIONS AND DIS-
ORDERS Cecal perforation has been
reported in association with infestation
with Anoplocephala perfoliata.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES Cecal per-

foration occurs in several forms:

e Cecal perforation has been identified
in broodmares at the time of parturi-
tion with no evidence of cecal outflow
obstruction or dysfunction.

e Cecal perforation occurs in 25% to
57% of horses with cecal impaction.

e Cecal perforation has been reported
in horses hospitalized for non-
gastrointestinal (GI) disease without
evidence of cecal impaction with feed.
However, it is important to note that
horses with fluid cecal impactions or
dysfunction may not show signs of
colic before perforation and would not
have evidence of impaction with feed
at the time of necropsy.

e Cecal perforation has been reported
with infestation with A. perfoliata.
HISTORY, CHIEF COMPLAINT Brood-
mares with cecal perforation may show
signs of abdominal pain shortly after par-
turition. In general, horses with cecal
perforation show signs referable to endo-
toxemia. Owners may note pain, muscle
fasciculations, and sweating. Sudden col-

lapse and death are also possible.



Cecal Perforation

FIGURE 1 Cecal perforation identified at exploratory laparotomy.

PHYSICAL EXAM FINDINGS Horses
with cecal perforation are in endotox-
emic shock. Typical findings on physical
examination include tachycardia,
tachypnea, toxic mucous membranes,
prolonged capillary refill time, cold
extremities, and poor pulse quality.

ETIOLOGY AND PATHOPHYSIOLOGY

e The proposed pathophysiology for
broodmares with periparturient cecal
perforation is cecal distension caused
by altered motility that ruptures
because of increased abdominal pres-
sure during parturition.

e The pathophysiology of cecal perfora-
tion in hospitalized horses adminis-
tered NSAIDs may be related to
ulceration or masking clinical signs of
fluid cecal impaction or dysfunction.

e The pathophysiology of cecal perfora-
tion associated with A. perfoliata is
unknown.

e The pathophysiology of cecal perfora-
tion secondary to cecal impaction is
discussed in “Cecal Impaction” in this
section.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Other causes of endotoxemia include
colitis, typhlitis, enteritis, large colon
volvulus, and nonstrangulating infarc-
tion of the large colon or cecum.

e Other causes of septic peritonitis
include gastric rupture and idiopathic
peritonitis.

INITIAL DATABASE

e Examination per rectum is consistent
with pneumoperitoneum. In cases of
pneumoperitoneum, the rectum will
tightly surround the arm during palpa-
tion, and as the person performing
palpation moves his or her arm, there
is a floating sensation. Additional find-
ings on examination per rectum may
include roughening of the surface of
the intestines caused by ingesta and
fibrin formation and crepitus over the
cecum associated with perforation.

e Nasogastric reflux may occur because
of ileus secondary to endotoxemia and
peritonitis.

e Bloodwork is consistent with endotox-
emic shock, including hemocon-
centration, leukopenia caused by a
neutropenia with a left shift, azotemia,
and hyperlactatemia.

e Abdominal fluid reveals a mixed pop-
ulation of intracellular bacteria and
plant material. Intracellular bacteria
ensure that the fluid is not the result
of enterocentesis. Ultrasound guid-
ance during collection of abdominal
fluid may help prevent enterocentesis.

e Abdominal ultrasonography reveals
increased abdominal fluid. The fluid
has a mixed echogenicity and may

have hyperechoic,
bubbles.

shadowing gas

TREATMENT
THERAPEUTIC GOAL(S)

Relieve suffering

ACUTE GENERAL TREATMENT

There is no viable treatment for gross
fecal contamination of the abdomen sec-
ondary to cecal perforation. Horses
should be humanely euthanized.

PROGNOSIS AND
OUTCOME

For humane reasons, horses

should be euthanized.

PEARLS &
CONSIDERATIONS

COMMENTS

e Cecal perforation should be consid-
ered as a differential diagnosis in
horses with signs of severe endotox-
emic shock and septic peritonitis.

e Broodmares at the time of parturition
and hospitalized horses may be at
increased risk.

PREVENTION

e Hospitalized horses should be moni-
tored closely for any change in atti-
tude, appetite, and fecal production.
Handwalking may stimulate GI motil-
ity in horses on stall rest.

SUGGESTED READING

Rakestraw PC, Hardy J: Large intestine. In
Auer JA, Stick JA, editors: Equine surgery.
St Louis, 2006, Saunders Elsevier, pp 436—
478.

Ross MW: Diseases of the cecum. In Colahan
PT, Merritt AM, Moore JN, et al, editors:
Equine medicine and surgery. St Louis,
1999, Mosby, pp 735-740.

AUTHOR: KIRA L. EPSTEIN
EDITORS: TIM MAIR and CERI SHERLOCK
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Cecal Tympany

BASIC INFORMATION
DEFINITION

Accumulation of gas in the cecum

SYNONYM(S)

Cecal dilation

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES Cecal
tympany can be separated into primary
and secondary subtypes. Cecal tympany
occurs most commonly secondary to
obstructions of the large colon such as
feed or sand impactions, large colon dis-
placements, large colon tympany, and
large colon intraluminal obstructions.
The history, clinical signs, diagnostic
findings, treatment, and prognosis for
cecal tympany secondary to nonstrangu-
lating obstructions of the large colon are
related to the primary disease (see entries
on respective conditions). This entry
focuses on the less common primary
cecal tympany.
HISTORY, CHIEF COMPLAINT Abdo-
minal pain and distension (primarily right
sided)
PHYSICAL EXAM FINDINGS
e Cardiovascular parameters are gener-
ally stable. Elevations of heart rate
may be associated with pain, ab-
dominal distension, decreased or
absent borborygmi, and signs of mild
dehydration.
e Uncommonly, severe distension may
result in compromise to the cardiovas-
cular and respiratory systems.

ETIOLOGY AND PATHOPHYSIOLOGY
Overproduction of gas because of diet
changes, changes in bacterial flora,
or alterations in motility resulting in
decreased passage of gas through the
cecum may result in increased gas
accumulation in the cecum.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Other causes of mild to moderate
abdominal pain are simple or non-
strangulating obstructions of the gas-
trointestinal tract such as feed or sand
impaction of the large colon, enteroli-
thiasis, large colon displacements,
large intestinal intraluminal obstruc-
tions, cecal impaction, small colon
impactions, and ileal impactions.

e Other causes of cecal distension on
examination per rectum include typh-
litis; nonstrangulating infarction of the
cecum; and nonstrangulating obstruc-
tions of the large colon, such as feed
or sand impaction, enterolithiasis,
large colon tympany, other large colon
displacements, large colon volvulus,
and other intraluminal obstructions
resulting in secondary distension of
the cecum.

INITIAL DATABASE

e Examination per rectum reveals a vari-
able degree, possibly severe, of gas
distension of the cecum.

e Nasogastric reflux is uncommon.

e Bloodwork may be normal or consis-
tent with mild dehydration (prerenal

FIGURE 1 Cecal tympany (secondary to colon displacement) identified at exploratory

laparotomy.

azotemia, elevated packed cell volume,
elevated total protein).

e Abdominal fluid analysis is within
normal limits.

TREATMENT
THERAPEUTIC GOAL(S)

e Pain management
e Supportive care

ACUTE GENERAL TREATMENT

e Withhold feed.

e Most horses with cecal tympany
have a good response to analgesics
(flunixin  meglumine, o, agonists,
butorphanol). Analgesics minimize
sympathetic inhibition of motility.

e Some horses may benefit from IV
fluids to support cardiovascular status
and treat any dehydration.

e Trocarization of the cecum (right
flank) can relieve pain from cecal
tympany. Because of the potential for
complications (peritonitis, abscess for-
mation), clinicians should choose the
patient carefully. Before performing
trocarization, the clinician should take
into account the cardiovascular status
of the horse and the potential for
referral and surgery.

RECOMMENDED MONITORING

e During treatment, horses should be
monitored for signs of unrelenting
pain, nasogastric reflux, progressive
abdominal distension, and systemic
deterioration (increasing heart rate,
cardiovascular compromise).

e Progression of signs may indicate an
inability to resolve the gas distension
medically or that the cecal tympany is
secondary to a primary large intestinal
disease. Surgical exploration may be
required.

PROGNOSIS AND
OUTCOME

Prognosis is excellent.

PEARLS &
CONSIDERATIONS

e Primary cecal tympany is an
uncommon cause of colic.

e Cecal tympany occurs more frequently
secondary to disease of the large
colon.
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Ross MW: Diseases of the cecum. In Colahan
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Cecal Volvulus

BASIC INFORMATION

DEFINITION

Rotation of the cecum around the mes-
enteric axis (which is also the long axis
of the cecum)

SYNONYM(S)

Cecal torsion

EPIDEMIOLOGY

ASSOCIATED CONDITIONS AND DIS-
ORDERS Cecal volvulus has been asso-
ciated with congenital abnormalities of
the cecocolic fold and dorsal body wall
attachments of the cecum.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES Cecal vol-
vulus can be separated into primary and
secondary subtypes. Cecal volvulus
occurs most commonly secondary to
large colon volvulus. The history, clinical
signs, diagnostic findings, treatment, and
prognosis for cecal volvulus secondary to
large colon volvulus are consistent with
a large colon volvulus (see “Large Colon
Volvulus”). This entry focuses on the less
common primary cecal volvulus.
HISTORY, CHIEF COMPLAINT Horses
with cecal volvulus present with acute,
severe signs of colic.
PHYSICAL EXAM FINDINGS Physical
examination findings depend on the
duration and degree of cecal compro-
mise and distension. Early in the disease,
physical examination may reveal tachy-
cardia and decreased or absent bor-
borygmi. As ischemia and distension
progress, cardiovascular compromise
and endotoxemia will occur. Signs of
endotoxemia or hypovolemia on physi-
cal examination may include hyperemic
or toxic mucous membranes, prolonged
or increased capillary refill time, poor
pulse quality, cold extremities, and
decreased jugular refill.
ETIOLOGY AND PATHOPHYSIOLOGY
e As noted above, cecal volvulus may
be associated with abnormalities of
the cecocolic ligament or dorsal body
wall attachments of the cecum. These
abnormalities allow an increased
range of motion of the cecum, result-
ing in a greater potential for rotation.

e In cases in which no congenital abnor-
mality is identified, the etiology of
cecal volvulus is unknown. As with
large colon volvulus, it is possible that
changes in motility or distension are
the cause of the volvulus.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Other causes of severe colic include
large colon volvulus; severe colitis;
and strangulating lesions of the small
intestine such as small intestinal vol-
vulus, epiploic foramen entrapment,
and strangulating lipoma.

e Other causes of cecal distension on
examination per rectum include cecal
tympany, typhlitis; nonstrangulating
infarction of the cecum; and nonstran-
gulating obstructions of the large
colon resulting in secondary disten-
sion of the cecum such as feed or sand
impaction, enterolithiasis, large colon
tympany, other large colon displace-
ments, large colon volvulus, and other
intraluminal obstructions.

e Other causes of endotoxemia include
colitis, typhlitis, enteritis, and non-
strangulating infarction of the large
colon or cecum.

INITIAL DATABASE

e Findings on examination per rectum
are nonspecific. A variable degree of
cecal distension may be palpable.

e Nasogastric reflux is unlikely.

e Bloodwork will vary depending on the
degree of cardiovascular compromise
and endotoxemia. Progressive increase
in packed cell volume, decrease in
total protein, and leukopenia caused
by neutropenia with a left shift indi-
cate increased severity of systemic
compromise. Hyperlactatemia is asso-
ciated with poor perfusion and isch-
emia of the strangulated region.

e Increases in abdominal fluid total
protein or nucleated cell count are
possible.

e Thickening of the wall of the cecum
may be evident on ultrasonography of
the right paralumbar fossa. However,
the severity of pain may make ultra-

sound evaluation difficult, and it is
unnecessary to make the decision that
surgery is required.

e Surgical exploration is often required
for diagnosis.

TREATMENT
THERAPEUTIC GOAL(S)

e Correction of volvulus and resection
of compromised cecum as necessary
e Supportive care

ACUTE GENERAL TREATMENT

e If cardiovascular compromise is pre-
sent, rapid fluid resuscitation should
be performed before anesthesia.

e At surgery, the volvulus is corrected,
and the viability of the cecum is
assessed. All nonviable tissue should
be resected. Complete typhlectomy is
possible but requires a rib resection.

POSSIBLE COMPLICATIONS

If cecal volvulus is associated with a con-
genital abnormality of the cecocolic liga-
ment or the dorsal body wall attachments
of the cecum, recurrence is possible.

PROGNOSIS AND
OUTCOME

e Prognosis is likely related to
the severity of compromise
and the amount of cecum involved.

e One report indicated a 60% survival
after partial typhlectomy.

PEARLS &
CONSIDERATIONS

e Primary cecal volvulus is an
uncommon cause of abdomi-
nal pain in horses.

e Affected horses show signs of acute,
severe pain with progressive cardio-
vascular collapse and endotoxemia.

SUGGESTED READING

Dart A, Hodgson DR, Snyder JR: Caecal
disease in equids. Aust Vet | 75:552-557,
1997.
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Cecum: Nonstrangulating Infarction

BASIC INFORMATION

DEFINITION

Loss of blood supply to the cecum not
associated with strangulation

EPIDEMIOLOGY

RISK FACTORS High parasite load and
inappropriate deworming programs may
predispose to infestation with Strongylus
vulgaris or larval cyathostomins.

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT Af-
fected horses may have mild signs of
colic that progress over approximately 24
hours (most commonly reported) or
acute, severe abdominal pain. Horses
may also have a history of diarrhea.
PHYSICAL EXAM FINDINGS Physical
examination findings vary depending on
the amount of cecum affected and the
severity of vascular compromise. Vari-
able tachycardia, tachypnea, and fever
are associated with pain and endotox-
emia. Cardiovascular collapse and endo-
toxemic shock may occur with hyperemic
or toxic mucous membranes, prolonged
or decreased capillary refill time, poor
pulse quality, cold extremities, and
decreased jugular refill.
ETIOLOGY AND PATHOPHYSIOLOGY
e One proposed cause is verminous
arteritis associated with S. wvulgaris
infestation ~ (see  “Large  Colon:
Nonstrangulating Infarction” in this
section).
e Multifocal infarction secondary to
infestation with larval cyathostomins
has also been proposed as a cause.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Other causes of colic include feed or
sand impaction, enterolithiasis, large
colon tympany, other large colon
displacements, large intestinal intralu-
minal obstructions, small colon impac-
tions, ileal impactions, strangulating
small intestinal obstructions, large
colon volvulus, and colitis.

e Other causes of a firm viscus in the
right dorsal abdomen include feed or
sand impaction of the large colon,
right dorsal colon impaction with a
right dorsal displacement, cecal intus-
susception, and cecal impaction.

e Other causes of endotoxemia include
colitis and large colon volvulus.

e Other causes of peritonitis include
idiopathic gastrointestinal (GI) rupture
and other strangulating GI lesions
such as small intestinal or large colon
volvulus.

e Other causes of change in fecal pro-
duction and character include infec-
tious and sand colitis and cecal
impactions.

INITIAL DATABASE

e Examination per rectum may be within
normal limits or may reveal a firm
viscus in the right dorsal abdomen.

e Nasogastric reflux is not expected.

e Findings on routine blood work are
variable. Chronic parasitism may be
associated with anemia, hypoalbumin-
emia (if associated with protein-losing
enteropathy), or hyperglobulinemia (if
associated with chronic inflammation).
Endotoxemia is frequently accompa-
nied by leukopenia, specifically neu-
tropenia with left shift.

e Abdominal fluid is frequently consis-
tent with peritonitis with changes in
color (serosanguinous), increased total
nucleated cell count, and increased
total protein.

e If the ischemic region is edematous,
abdominal  ultrasonography = may
reveal a thickened, hypoechoic bowel
wall.

TREATMENT
THERAPEUTIC GOAL(S)

e Remove ischemic bowel.
e Provide supportive care.

ACUTE GENERAL TREATMENT

Depending on the amount of the cecum
that is affected, surgical resection may be
curative. Although total typhlectomy has
been described, it does not appear nec-
essary in most cases.

CHRONIC TREATMENT
Affected horses should be placed on a
good deworming program.

POSSIBLE COMPLICATIONS

If the condition is progressive, additional
portions of the cecum may become

necrotic after surgical resection s
performed.

PROGNOSIS AND

OUTCOME

e Prognosis appears good with
partial typhlectomy in the
limited number of cases reported in
the literature.

e It is likely that prognosis would
decrease when total typhlectomy is
required.

PEARLS &
CONSIDERATIONS

COMMENTS

e Nonstrangulating infarction of the
cecum is an uncommon cause of colic
in horses.

e Nonstrangulating infarction may be
associated with verminous arteritis or
multifocal infarction caused by larval
cyathostomins.

PREVENTION

e Appropriate deworming may decrease
the potential for nonstrangulating
infarction of the cecum associated
with S. vulgaris and larval cyathos-
tomins.

SUGGESTED READING

Dart A, Hodgson D, Snyder J: Caecal disease
in equids. Aust Vet J 75:552, 1997.

Rakestraw PC, Hardy J: Large intestine. In
Auer JA, Stick JA, editors: Equine surgery,
ed 3. St Louis, 2000, Saunders Elsevier, pp
430-478.

Ross MW: Diseases of the cecum. In Colahan
PT, Merritt AM, Moore JN, Mayhew IG,
editors: Equine medicine and surgery. St
Louis, 1999, Mosby, pp 735-740.

AUTHOR: KIRA L. EPSTEIN
EDITORS: TIM MAIR and CERI SHERLOCK



Cerebellar Diseases

Cerebellar Diseases

BASIC INFORMATION

DEFINITION

e The cerebellum provides regulation of
range, rate, and strength of skeletal
movement, as well as coordination
of balance and posture. Diseases of
the cerebellum often have profound
effects on posture and gait but fortu-
nately are rare in horses.

e Diseases of the equine cerebellum
include cerebellar abiotrophy and
degeneration; congenital brain malf-
ormation (Dandy-Walker—like syn-
drome); developmental diseases (eg,
cerebellar hypoplasia, cerebellar dys-
plasia, cerebellar hypoplasia with
internal  hydrocephalus);  infection
caused by Sarcocystis neurona, Strep-
tococcus equi subsp. equi, equine her-
pesvirus type 1, or Halicephalobus
gingivalis;, and miscellaneous condi-
tions (eg, Gomen disease, cerebellar
herniation, methyl mercurial poison-
ing, hematoma of the fourth ventricle
reported in two Thoroughbred foals).
Most of the diseases are very rare,
and interested readers are referred
to literature describing the specific
diseases.

EPIDEMIOLOGY

SPECIES, AGE, SEX
e Cerebellar abiotrophy and degenera-
tion
o Abiotrophy: Arabian, Gotland pony,
and Oldenburg horse breeds;
degeneration: Thoroughbred and
Paso Fino horses
o Clinical signs develop between the
time of birth and 6 months of age.
Foals are often born without
abnormalities and develop the
disease later.
e Dandy-Walker syndrome
o Thoroughbred and Arabian horses
o Foals are born with signs of the
defect
GENETICS AND BREED
PREDISPOSITION
e Cerebellar abiotrophy and degenera-
tion: This is a genetic neurologic
disease with a recessive mode of
inheritance, meaning that a horse can
carry the disease gene but not be
affected by the disease. Arabian and
part-Arabian horses are affected most
frequently. Cerebellar abiotrophy in
Oldenburg horses is progressively fatal
with histologic lesions similar to those
of Arabian foals. The disease is not
usually fatal in Arabian foals.

RISK FACTORS A high degree of
inbreeding of affected Arabian foals has
been shown on pedigree analysis.

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT

e Cerebellar abiotrophy and degenera-
tion: Affected foals appear normal at
birth but develop intentional head
tremor (vertical or horizontal) and a
lack of balance equilibrium (ataxia) at
around 6 weeks of age.

e Dandy-Walker syndrome: Difficulty
rising, seizures shortly after birth in
Arabian or Thoroughbred foals

PHYSICAL EXAM FINDINGS

e Cerebellar abiotrophy and degenera-
tion: Clinical signs include ataxia,
wide-based stance and gait, dysmetria,
spasticity, and intentional head tremor.
Nystagmus is almost never reported.
Mentation is not affected. A menace
reflex is often diminished or absent.
Gait abnormalities are generally sym-
metric and can be exacerbated with
blindfolding or by having the foal
travel over obstacles. The signs vary in
severity.

e Dandy-Walker syndrome
o Foals are often abnormal from birth,

with  seizures, difficulty rising,

ataxia, nystagmus, and absent
suckle reflex.

Excessively domed forehead.

Aggression and difficulties in train-

ing can be seen as the foal ages.

ETIOLOGY AND PATHOPHYSIOL-

OGY Cerebellar abiotrophy and degen-

eration is a genetic condition with a

recessive mode of inheritance.

[ole}

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Cranial malformations

e Congenital  spinal  malformations
(atlantoaxial malformation and ste-
notic myelopathy)

e Inflammation or
cerebellum

e Trauma

infection of the

INITIAL DATABASE

e Cerebellar abiotrophy and degenera-

tion

o Antemortem diagnosis is based on
history and clinical signs in appro-
priate breeds.

o Completed blood count and serum
biochemistries are normal.

o Cerebrospinal fluid analysis: Ele-
vated creatine kinase  activity

(6.6-62 TU/UL; normal, 0-8 TU/uL);
associated with neural necrosis or
degeneration. Total protein is ele-
vated (226 mg/dL; normal, 0-180
mg/dL), but this elevation is not
specific for cerebellar abiotrophy.

o Electroencephalographic (EEG) ab-
normalities may be observed; this is
primarily useful to exclude seizure
disorders as the cause of tremors
(ie, EEG would likely be normal in
the case of seizure disorders).

o Skull and cervical radiographs are
unremarkable.

e Dandy-Walker syndrome: Diagnosis is
made using computed tomography or
on postmortem examination.

ADVANCED OR CONFIRMATORY

TESTING

e Ancillary testing is of limited value.

e Although the clinical signs are distinc-
tive, the only definitive confirmation
for a diagnosis of cerebellar abiotro-
phy is to examine the brain histologi-
cally after euthanasia.

TREATMENT

THERAPEUTIC GOAL(S)
Cerebellar diseases are untreatable.

PROGNOSIS AND
OUTCOME

In general, the prognosis is con-

sidered poor. For foals with cer-

ebellar abiotrophy, signs may progress
until the foal reaches maturity. Rarely,
signs may eventually mildly improve or
stabilize.

PEARLS &
CONSIDERATIONS

CLIENT EDUCATION

e Cerebellar abiotrophy and degenera-
tion

o Breeding between two carrier
horses will produce an affected foal
25% of the time.

o At the time of this writing, research
to identify the defective gene and
create a DNA-based test is ongoing
at University of California, Davis
Veterinary ~ Genetics ~ Laboratory.
Interested readers are advised to go
to the following websites to learn if
the test is available at the current
time:
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= To order tests: http://www.vgl.
ucdavis.edu/services/horse.php

= For more information: http://
www.vgl.ucdavis.edu/genomic/
cerebellar/

SUGGESTED READING

Byrne BA: Diseases of the cerebellum. In Reed
SM, Bayly WM, Sellon DC, editors: Equine
Internal Medicine, ed 3. St Louis, 2010,
Saunders Elsevier, pp 598-603.

DeBowes RM, Leipold HW, Turner-Beatty M:
Cerebellar abiotrophy. Vet Clin North Am
Equine Pract 345-352, 1987.
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Scarratt WK: Cerebellar disease and disease
characterized by dysmetria and tremors. Vet
Clin Food Anim 20:275-286, 2004.

AUTHOR: NICOLE H. PASSLER
EDITOR: STEPHEN M. REED
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Cervical Vertebral Stenotic Myelopathy

BASIC INFORMATION
DEFINITION

Cervical vertebral stenotic myelopathy
(CVM, CVSM, CSM, CVCM) is character-
ized by compression of the spinal cord
in the cervical region at the site of two
adjacent vertebrae. Compression of the
spinal cord results in chronic or repetitive
trauma with blockage of normal conduc-
tion pathways, axon damage, and even-
tual loss with resulting signs of weakness
and ataxia.

SYNONYM(S)
Wobbler, CVM, CSM, CVSM, CVCM

EPIDEMIOLOGY

e Horses affected with CVSM often
present at a young age (younger than
age 2 years), although some horses
may not be identified until 5 years or
older.

e Some investigators suggest bony
malformation may be a result of devel-
opmental abnormalities such as osteo-
chondrosis  affecting the articular
process joints of the cervical vertebral
column with subsequent instability
and hypertrophy of the soft tissues
such as the ligamentum flavum and
other support structures associated
with the vertebral column.

e Osteochondrosis is a disturbance in
endochondral ossification in rapidly
growing animal species and humans.
Diet appears to be a factor in this
condition as well as in other develop-
mental orthopedic problems affecting
the appendicular skeleton of horses.

e The higher incidence in Thorough-
breds and a few other breeds suggests
an inherited basis, although character-

ization of the mode of inheritance has
not been completed to date. In addi-
tion to diet and a role of genetic pre-
disposition, gender, rate of growth,
endocrine dysfunction, and biome-
chanical stress have also been
incriminated.

SPECIES, AGE, SEX The condition ap-

pears more often in males than in

females, although it affects both genders.

The age of affected horses is generally

younger than 2 years of age, although it

may present at a later time.

GENETICS AND BREED PREDISPOSI-

TION Because the problem has a higher

incidence in Thoroughbred horses, a

genetic  predisposition is suspected,

although an exact mode of inheritance
has not been identified.

RISK FACTORS

e Important risk factors are described
above; however, a very important
factor appears to be diet. In some
studies, the incidence of osteochon-
drosis affecting the vertebral articular
process joints of the cervical vertebrae
was nearly six times as frequent in
foals born to mares fed and foals
raised on diets lower in copper than
in a similar group fed a diet much
higher in copper.

e Other important factors are the glyce-
mic index of the diet, the gender of
the foals, trauma, and the rate of
growth.

GEOGRAPHY AND SEASONALITY This

condition is recognized worldwide, and

horses may present at any time during
their lives, although many animals are
recognized during periods of growth.

The condition often consists of episodes

of ataxia, which often appear most

obvious after a period of rapid growth
after a period of quiescence.

ASSOCIATED CONDITIONS AND DIS-
ORDERS Horses affected with CVSM
often have concurrent signs of develop-
mental orthopedic conditions affecting
the appendicular skeleton such as osteo-
chondritis dissecans of some long bones
of the horse along with evidence of
epiphysitis and physitis of some long
bones.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e This condition is observed as a
developmental disease in  which
malformation and malarticulation of
cervical vertebrae result in compres-
sion of the spinal cord. The condition
appears to be multifactorial, and
the higher incidence in Thorough-
bred horses suggests a genetic
predisposition.

e The observation of the problem most
often in young growing horses, male
more often than female, that are fed
high-carbohydrate diets that may be
deficient in copper or contain excess
zinc supports the idea of a multifacto-
rial cause for this condition.

e The second group of affected horses
are generally older and have osteoar-
thritic enlargements of the articular
processes.

HISTORY, CHIEF COMPLAINT

e Ataxia (often symmetrical)

e Paresis

e Hypometria

e Dysmetria of all limbs with signs
usually most severe in the pelvic limbs

e In a few cases, signs may progress to
recumbency.

e Cases may be either acute or insidious,
but in many horses, the signs often
appear episodic with intermittent



worsening of signs followed by
periods of improvement.

PHYSICAL EXAM FINDINGS

e Ataxia, paresis (often symmetrical), or
both, which are a result of upper
motor neuron and general propriocep-
tive tract damage as a result of spinal
cord compression. Damage to these
tracts results in ataxia, incoordination,
and weakness along with inappropri-
ate limb rigidity.

e The horse should be evaluated by
careful observation of the gait while
walking on a nonslippery surface as
well as while walking in circles and
walking on a slope or other maneu-
vers to help demonstrate the presence
of signs in all limbs.

ETIOLOGY AND PATHOPHYSIOLOGY

e Clinical signs result from compression
of the spinal cord as a result of verte-
bral canal stenosis.

e Canal stenosis may result from elonga-
tion of the dorsal laminae (vertebral
arch) with a relative shortening of the
vertebral body.

e This may contribute to vertebral insta-
bility with either lordotic or kyphotic
deviations of the vertebrae along with
flare of the caudal epiphysis of the
vertebral body.

e Degenerative osteoarthritis of the arti-
cular process joints

e Vertebrae will be narrowed from
dorsal to ventral at the cranial and
caudal orifice of the vertebral foramen.

e Soft tissue changes such as hyper-
trophy of the ligamentum flavum,
thickening of the joint capsules, or
synovial cyst formation may also
result in or contribute to spinal cord
compression.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Equine degenerative myelopathy

e Equine herpesvirus-1 myelopathy

e Equine protozoal myeloencephalitis
e Spinal cord trauma

e Cervical vertebral osteoarthropathy

INITIAL DATABASE

Neurologic examination

e Cervical vertebral radiographs

e Cervical vertebral myelography (Fig-
ure 1)

e Cerebrospinal fluid (CSF) analysis for
cytologic evaluation

e Serum and CSF testing for equine pro-
tozoal encephalomyelitis

ADVANCED OR CONFIRMATORY

TESTING

e Radiography of the cervical vertebrae

e Myelographic examination of the cer-
vical vertebrae (see Figure 1)

e CSF analysis and cytology
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FIGURE 1 Lateral view myelogram of the cranial half of the cervical vertebrae illustrating

a compressive lesion at C3-C4.

e Postmortem examination with histo-
pathologic evaluation.

TREATMENT
THERAPEUTIC GOAL(S)

e Reduction of central nervous system
(CNS) inflammation

e Ventral stabilization to stop spinal
cord compression

e Supportive care until the horse can
improve neurologic function

ACUTE GENERAL TREATMENT

¢ Corticosteroids: Dexamethasone (0.05—
0.2 mg/kg IV q12-24h) or methylpred-
nisolone sodiumsuccinate (1.0-2.5 mg/
kg IV q6h). The dose and interval
depend on the severity of the clinical
signs.

e Flunixin meglumine:
ql2-24h

e Dimethyl sulfoxide (0.5-1.0 g/kg IV
ql12-24h) must be diluted to a 10%
solution or less in an isotonic balanced
electrolyte solution.

e Surgical correction using ventral stabi-
lization at the affected site(s)

CHRONIC TREATMENT

e In young horses (younger than 1 year
of age and preferably younger than 6
months of age) may try dietary man-
agement to affect the rate of growth
and vertebral canal development.

e Antiinflammatory medications such as
flunixin meglumine (0.5-1.1 mg/kg
PO ql2-24h), phenylbutazone (1-2
mg/kg PO ql2-24h), prednisolone
(0.5-1.0 mg/kg PO q12-24h), or dexa-
methasone (0.05-0.2 mg/kg PO ql2—
24h) as needed for CNS inflammation.

e Horses that are unable to stand or get
up on their own need to be placed
into a sling periodically.

1.1 mg/kg 1V

RECOMMENDED MONITORING
Periodic repeat neurologic examinations
to assess response to therapy

PROGNOSIS AND
OUTCOME

e The overall prognosis for
complete recovery is guarded.

e Horses that survive may have perma-
nent neurologic deficits.

PEARLS &
CONSIDERATIONS

COMMENTS

e Cervical vertebral radiography is very
helpful to determine whether a horse
has a narrow vertebral canal.

e Myelography is recommended before
attempting surgical correction.

e CSF testing is strongly indicated to
eliminate other causes of spinal ataxia.

PREVENTION

e Careful observation of young, growing
horses for signs of ataxia

e Use of cervical vertebral radiography
at an early age to evaluate the canal
diameter

e Careful attention to diet in young,
growing foals

CLIENT EDUCATION

e Make clients aware of important risk
factors as well as the important diag-
nostic tests essential for diagnosis of
canal stenosis.

SUGGESTED READING

Knight DA, Weisbrode SA, Schmall LM, et al:
The effects of copper supplementation on
the prevalence of cartilage lesions in foals.
Equine Vet J 22(6):426-432, 1990.
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Mayhew IG: Cervical vertebral malformation
and malarticulation of horses. In Large
Animal Neurology, ed 2. West Sussex, UK,
2009, Blackwell, pp 394-404.

Moore BR, Reed SM, Biller DS, et al: Assess-
ment of vertebral canal diameter and bony

malformations of the cervical part of the
spine in horses with cervical stenotic
myelopathy. Am J Vet Res 55:5-13, 1994.

Nout YS, Reed SM: Cervical vertebral stenotic
myelopathy. Equine Vet Ed 15:212-223,
2003.
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Stewart RH, Reed SM, Weisbrode SE: Fre-
quency and severity of osteochondrosis in
horses with cervical vertebral stenotic
myelopathy. Am J Vet Res 52:873-879, 1991.

AUTHOR & EDITOR: STEPHEN M. REED
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BASIC INFORMATION

DEFINITION

Cervical defects in mares may be caused
by congenital, traumatic, or aging pro-
cesses and may include malformations,
muscle defects (healed cervical lacera-
tions), adhesions, or failure to dilate due
to fibrosis.

EPIDEMIOLOGY

SPECIES, AGE, SEX Mares of any age
may present with a cervical problem, but
the average age that most mares are diag-
nosed with cervical defects is approxi-
mately 13 years of age; these mares are
most often pluriparous.

GENETICS AND BREED PREDISPOSI-

TION These defects may be seen in any

breed, but Thoroughbreds appear to be

overrepresented in the literature.

RISK FACTORS

e Middle-aged (older than 12 years of
age), pluriparous mares are predis-
posed to muscle defects and cervical
adhesions.

e Middle-aged (older than 12 years of
age), maiden mares, and donor mares
that have not carried a foal in 3 or
more years are predisposed to a cervix
that fails to dilate.

e History of previous foaling (eutocia or
dystocia), abortion, stillbirth, or the
birthing of foals with congenital mus-
culoskeletal abnormalities

e Rarely, congenital or breeding in-
juries

ASSOCIATED CONDITIONS AND DIS-
ORDERS Persistent or chronic endo-
metrial infections, inability to conceive,
early embryonic death, ascending pla-
centitis, abortion, failure for the cervix to
dilate at time of parturition, septic foals,
maladjustment syndrome in neonates

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Cervical muscle defect or healed cervi-
cal lacerations

e Cervical adhesion

e Cervical fibrosis
e Cervical malformation
HISTORY, CHIEF COMPLAINT Mares
with cervical defects are generally
middle-aged, pluriparous mares that
have been diagnosed with chronic, per-
sistent endometrial infections and the
inability to conceive and carry a foal
to term.

PHYSICAL EXAM FINDINGS

e The physical examination results are
often normal. Transrectal palpation
and ultrasound examination of the
reproductive tract may reveal evidence
of uterine fluid and edema associated
with an inflammatory response but
may be normal.

e Digital examination of the cervix is
necessary to assess for muscle defects
in the external os, cervical body, or
internal os of the cervix as well as
intraluminal or extraluminal adhesions
or cervical fibrosis.

ETIOLOGY AND PATHOPHYSIOLOGY

e Cervical muscle defects and adhesions
are generally associated with trauma
to the cervix during foaling and occa-
sionally may be seen after natural
mating or iatrogenically induced with
aggressive cervical manipulation.

e Cervical fibrosis may be caused by
trauma or aging changes.

e Cervical malformation is generally a
congenital condition but may be sec-
ondary to cervical trauma.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Persistent or chronic endometrial in-
fection

e Endometrial or periglandular fibrosis

e Ascending placentitis (pregnancy)

INITIAL DATABASE

e Good reproductive history

e Transrectal palpation and ultrasonog-
raphy

e Vaginal speculum examination

¢ Digital examination of the cervix

ADVANCED OR CONFIRMATORY
TESTING

e Although digital examination of the
cervix is generally the gold standard
test to diagnose a cervical defect, the
following tests should be considered
to determine if the mare is a good
candidate for surgery or if she should
be treated for an endometrial infection
before surgical intervention.

° Endometrial culture
o Endometrial cytology
> Endometrial biopsy

TREATMENT
THERAPEUTIC GOAL(S)

Improve integrity of the cervix, thus
improving the fertility of the mare.

ACUTE GENERAL TREATMENT

Acute treatment of cervical lacerations is
based on decreasing inflammation with
nonsteroidal antiinflammatory drugs and
the incidence of infection with systemic
antibiotics. Surgical intervention is not
attempted until the tissue has healed.

CHRONIC TREATMENT

e Surgical intervention for the correction
of the incompetent cervix is the gold
standard treatment for cervical muscle
defects and adhesions.

e Cervical fibrosis may be treated with
prostaglandin E, topical creams 1 to 2
hours before breeding to allow for
optimal cervical dilatation and then a
postbreeding uterine lavage 4 to 6
hours after mating to promote uterine
clearance and decrease intraluminal
uterine debris. Ecbolics such as oxyto-
cin and prostaglandin F,, may assist in
uterine clearance as well.

e Surgical treatment for cervical fibrosis
and malformation is rarely beneficial.

POSSIBLE COMPLICATIONS

Minimal
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RECOMMENDED MONITORING

e Postsurgical correction of the cervix
should not be manipulated for 2 to 4
weeks to allow the incision(s) to heal.

e Incisional adhesions may occur and
should be bluntly dissected. The use
of glucocorticoid creams or hyaluronic
suppositories may be useful in decreas-
ing adhesion formation after surgery.
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treatment are indicated. Mares diag-
nosed within 24 months of cervical
injury may have a 67% postoperative
rate of fertility. Those diagnosed
and surgically repaired beyond the
24-month window have a significant
decrease in fertility to 41%.
Recurrence rate of cervical defects
after surgical intervention is approxi-
mately 20%.

Blanchard T, Varner D, Schumacher J, et al:
Manual of Equine Reproduction. St Louis,
2003, Mosby, pp 190-191.

Brown J, Varner D, Hinrichs K, Kenney R:
Surgical repair of the lacerated cervix in the
mare. Theriogenology 22:351-359, 1984.

Makloski-Cohorn C: Post-Operative Fertility in
Mares with Cervical Defects, Unpublished
thesis. Oklahoma State University, 2009.

Miller C, Embertson R, Smith S: Surgical repair
of cervical lacerations in thoroughbred
mares: 53 cases (1985-1995). Proc Am Assoc
Equine Pract 42:154-155, 1996.

PROGNOSIS AND
OUTCOME

SUGGESTED READING

Blanchard T, Evans L, Kenney R, et al: Con-
genitally incompetent cervix in a mare. J/Am
Vet Med Assoc 181:266, 1982.

AUTHOR: CHELSEA MAKLOSKI

EDITOR: JUAN C. SAMPER
e To optimize fertility, expedi-

ent diagnosis and surgical



Choanal Atresia

BASIC INFORMATION
DEFINITION

Choanal atresia is a congenital abnormality
resulting in unilateral or bilateral obstruc-
tion of the choanae. Choanal atresia is
caused by failure of the bucconasal
membrane to rupture. The obstruction
can be membranous or fibrocartilagi-
nous.

EPIDEMIOLOGY

SPECIES, AGE, SEX There is no known
breed or sex predilection, although most
of the reported cases have been in Stan-
dardbreds. Foals with choanal atresia are
diagnosed at birth if the case is bilateral.
Horses with unilateral choanal atresia
may not be diagnosed until they are
placed into training.

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT

e Foals affected with bilateral choanal
atresia are unable to breathe at birth
and present with acute respiratory
distress. Foals with bilateral choanal
atresia usually die unless an emer-
gency tracheotomy or orotracheal
intubation is performed. Placement of
the hands over the nares reveals no
air movement from the nares.

e Unilateral choanal atresia may not be
clinically evident until the horse is
placed into athletic training. Affected
horses make a respiratory noise
and develop exercise intolerance. An
additional abnormality is failure
to pass a nasogastric tube on the
affected side(s).

PHYSICAL EXAM FINDINGS

e The diagnosis of choanal atresia is sus-
pected based on clinical signs of nasal
obstruction or severe dyspnea in foals
at birth. Evaluation of airflow from the
nares reveals no air movement from
the affected side(s).

e Endoscopy is the best method to
confirm choanal atresia. Endoscopic
findings compatible with choanal
atresia include failure to pass the
endoscope into the nasopharynx and

the presence of a sheet of tissue at the
caudal aspect of the junction between
the ethmoid turbinates, nasal septum,
and caudal nasal conchae. Because of
the obstructing membrane, the naso-
pharynx cannot be visualized.

ETIOLOGY AND PATHOPHYSIOLOGY

e Choanal atresia results from failure of
the bucconasal membrane to separate
from the primitive buccal or oral cavity
from the nasal pits during embryologic
development.

e This membrane can be complete, con-
sisting of bone or fibrocartilage, or
membranous. In horses, the majority
of affected cases are membranous.

e Bilateral choanal atresia results in
dyspnea at birth and may result in
death if an emergency tracheotomy is
not performed.

e Unilateral choanal atresia is typically
not diagnosed until the horse is placed
into training and is not life threatening.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

Epiglottic entrapment

Epiglottitis

Dorsal displacement of the soft palate
Epiglottic retroversion

Rostral displacement of the palatopha-
ryngeal arch

Laryngeal hemiplegia

Arytenoid chondritis

Tracheal collapse

Nasal passage obstruction

INITIAL DATABASE

e Physical examination: Subjective eval-
uation of airflow from each nasal
passage. Unilaterally affected horses
have no airflow from the affected side.
Foals with bilateral choanal atresia are
dyspneic.

e Endoscopy: Endoscopic examination
reveals an obstructing membrane
between the caudal aspect of the nasal
septum, ventral aspect of the ethmoid
turbinates, and nasal conchae. No
nasopharyngeal structures can be
visualized through the membrane.

e Radiography: Contrast radiography
with contrast media being instilled into
the affected nasal passage can high-
light the obstructing membrane with
no communication between the nasal
passage and nasopharynx.

TREATMENT
THERAPEUTIC GOAL(S)

e Foals with bilateral choanal atresia
must have an emergency tracheotomy
as soon as possible after birth. Alter-
natively, if moribund, the foal can be
intubated orally.

e After the tracheotomy, treatment
options can be discussed with the
owner.

e Horses with unilateral choanal atresia
require surgical creation of a new
opening via the obstructing membrane
from the nasal passage into the
nasopharynx.

e The problem with either of the surgi-
cal techniques is after resection or
ablation of the obstructing membrane,
stricture of the new opening is
common and should be expected to
occur to some degree. To help mini-
mize the chances for stricture, the
choanae should be stented for 2 to 3
weeks. The authors currently recom-
mend ablation of the obstructing
membrane with a noncontact, diode
laser (50 W). After the choanae has
been opened with the noncontact
laser, the new opening is stented with
a shortened nasotracheal tube for at
least 2 to 3 weeks.

ACUTE GENERAL TREATMENT

e Few cases of choanal atresia have
been reported in the veterinary litera-
ture. This makes treatment recommen-
dations difficult because of the lack
of experience with the condition.

e There are basically two methods of
surgical management: Resection of the
membrane through unilateral or bilat-
eral nasal osteoplastic flaps and abla-
tion of the membrane with a diode or
Nd:YAG surgical laser.
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o When using osteoplastic nasal bone
flaps, the margins of the membrane
are resected to establish an opening
between the nasal passage and
nasopharynx. In horses with a small
nasal passage, resection of turbi-
nates and the caudal aspect of the
nasal septum may be considered to
ensure an adequate airway.

o Standing laser ablation of the
obstructing membrane can be per-
formed with a noncontact, diode
laser. Personal experience has
shown that the noncontact laser
ablation has several advantages
over contact laser techniques. These
advantages include less hemor-
rhage and a larger opening second-
ary to latent thermal necrosis at the
margins of the laser ablation. The
minimum power setting for this
application is 50 W, with the laser
fiber being discharged for 3 seconds
and off for 1 second.

e Regardless of the surgical technique
used, the newly created opening
should be stented with a shortened
nasotracheal tube for a minimum of 2
to 3 weeks. Postoperative stricture is
not unusual after surgical ablation, and
owners should be apprised of this
potential complication.

e Some horses may require follow-up
surgical procedures to ensure an ade-
quate airway diameter. These proce-
dures may include repeat laser ablation
or incision of strictured opening or
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partial resection of the nasal septum
with an osteoplastic flap. Radial inci-
sions at the stricture in conjunction
with bougienage have also been
successful.

POSSIBLE COMPLICATIONS

The most significant complication after

surgical correction of choanal atresia is
stricture of the new opening.

RECOMMENDED MONITORING
Surgically treated horses should be moni-
tored with endoscopy at 1- to 2-month
intervals after surgical correction. This is
done in an effort to address stricture if it
occurs.

PROGNOSIS AND
OUTCOME

e The prognosis for choanal
atresia is poor unless the new
choanal opening remains patent.

e Horses with unilateral choanal atresia
may be successfully treated and return
to athletic activity.

e However, the majority of horses with
choanal atresia have a guarded prog-
nosis for athletic activity, especially
racing.

e Horses with small nasal passages
and problems with stricture of the
choana after surgery have a guarded
Prognosis.

PEARLS &
CONSIDERATIONS

e Standing noncontact laser
surgical ablation of the

obstructing membrane is preferred
over contact techniques.

e Stenting of the newly created opening
is very important to maintain the
patency of the new opening.

e The stricture can be resolved with
follow-up  surgical procedures if
necessary.

SUGGESTED READING

Aylor MK, Campbell ML, Goring RL, et al:
Congenital bilateral choanal atresia in a
Standardbred foal. Equine Vet J 16:396-398,
1984.

Crouch GM, Morgan §J: Bilateral choanal
atresia in a foal. Compend Contin Educ
Pract Vet 5(suppl):S206-S211, 1983.

Goring RL, et al: Surgical correction of con-
genital bilateral choanal atresia in a foal. Ver
Surg 13:211-216, 1984.

Hogan PM, Embertson RM, Hunt RJ: Unilateral
choanal atresia in a foal. J Am Vet Med Assoc
207:471-473, 1995.

James FM, Parente EJ, Palmer JE: Management
of bilateral choanal atresia in a foal. J Am
Vet Med Assoc 229:1784—1789, 2000.

Richardson JL, Lane JG, Day MJ: Congenital
choanal restriction in 3 horses. Equine Vet J
26:162-165, 1994.

Sprinkle FP, Crowe MW, Swerczek TW:
Choanal atresia in foals. Mod Vet Pract

65:306, 1984.
AUTHOR: JAN F. HAWKINS
EDITOR: ERIC J. PARENTE
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BASIC INFORMATION

DEFINITION

Cholangiohepatitis is an inflammatory
process of the walls of the bile ducts and
the adjacent liver parenchyma. A bacte-
rial infection (primary or secondary) is a
common component of cholangiohepati-
tis, which frequently presents with biliary
stasis and sometimes cholelithiasis. With
chronicity, ongoing inflammation trig-
gers the onset and progression of liver
fibrosis.

EPIDEMIOLOGY

RISK FACTORS

e Gastroduodenal ulcers and duodenal
strictures in foals.

e Anterior enteritis in adult horses.

e Enterocolitis.

e Cholelithiasis.

e In a case series of cholangiohepatitis
in horses, broodmares were overrep-
resented, but the low number of sub-
jects in the study did not allow making
an association. In human medicine,
pregnancy (and particularly the chole-
static effect of estrogens) is suspected
to predispose to biliary tract diseases.

e Sepsis in neonatal foals.

ASSOCIATED CONDITIONS

AND DISORDERS

e The form of chronic active hepatitis
characterized by neutrophilic infiltra-
tion, cholangitis, and cholestasis is
consistent with chronic cholangiohep-
atitis.

e Cholelithiasis, defined by the presence
of calculi within the biliary ducts, is
commonly accompanied by cholan-
giohepatitis and biliary fibrosis.

e Bacterial hepatitis.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Most commonly subtle and gradual in
onset

e Manifestation of clinical signs can be
acute

HISTORY, CHIEF COMPLAINT De-

pressed mentation, inappetence, weight

loss, signs of abdominal discomfort,
loose stools

PHYSICAL EXAM FINDINGS

e Fever.

e [cterus.

¢ Dehydration.

e Colic or diarrhea may be directly
related to cholangiohepatitis or may
be secondary to an underlying gastro-
intestinal disease.

e Signs of hepatic failure (photosensiti-
zation, mucosal petechiation, hepatic
encephalopathy) are less commonly
present.
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ETIOLOGY AND PATHOPHYSIOLOGY
e The most common isolates are enteric
bacteria:

o Gram negative: Salmonella spp.,
Escherichia coli, Enterobacter spp.,
Citrobacter spp., Actinobacillus
spp.

o Anaerobes: Bacteroides spp.

e Hypotheses of pathogenesis:

o Bacterial infection ascends the bile
ducts from the lumen of the small
intestine and is secondary to any
condition that is associated with
cholestasis (eg, right dorsal colon

displacement, anterior enteritis,
enterocolitis, duodenal stricture in
foals).

o Bacterial translocation of intestinal
microorganisms into the blood
stream drained by the portal vein
with secondary bacterial infection
of the portal triad and cholangitis.

o Cholelithiasis: Bilirubin precipitates
with calcium, forming calcium bili-
rubinate, with secondary bile stasis,
cholangitis, and bacterial infection.
However, it is more likely that
choleliths may be a consequence,
rather than a cause, of chronic
cholangiohepatitis.

o Hematogenous spread secondary to
septicemia in neonatal foals.

o With any form of chronic cholan-
giohepatitis, hepatic fibrosis may
ensue and progress.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Biliary obstruction secondary to acute
or chronic colon displacement
Cholelithiasis

Bacterial hepatitis

Chronic active hepatitis

Chronic megalocytic hepatopathy
Biliary atresia in neonates
Hepatic neoplasia

Amyloidosis

Liver parasites

INITIAL DATABASE

e Packed cell volume: Normal or
increased because of hemoconcentra-
tion or erythrocytosis induced by liver
disease

e Total protein concentration: Normal or
increased (hyperglobulinemia)

e White blood cell count: Normal or
increased

e Fibrinogen concentration: Normal or
increased

e Sorbitol dehydrogenase (SDH) and
aspartate aminotransferase (AST) activ-
ity: Normal or increased

e Gamma glutamyltransferase (GGT)
and alkaline phosphatase (ALP) activ-
ity: Moderately to markedly increased

e Total bilirubin: Increased

e Direct (conjugated) fraction: >25% of
total bilirubin

e Serum bile acids concentration:
Increased; may be normal

ADVANCED OR CONFIRMATORY
TESTING

e Plasma ammonia may be increased.

e Clotting profile: prothrombin time and
activated partial thromboplastin time
may be increased.

e Transabdominal ultrasonographic ex-
amination of the liver (see “Diagnostic
Imaging of the Liver” in Section ID):

o Liver size may be increased.

o Increased liver parenchyma echo-
genicity, localized or generalized.

o Lack of homogenicity in the ultra-
sonographic appearance of the liver
parenchyma.

o Biliary distension.

o Hyperechoic “sludge-like” material
within the biliary tract.

o Hyperechoic shadow-casting foci
within the bile ducts are consistent
with choleliths.

e Transabdominal ultrasonographic
examination of the abdomen may
reveal increased peritoneal fluid
volume.

e Abdominocentesis may be consistent
with a transudate or nonseptic inflam-
mation.

e Ultrasound-guided liver biopsy:

o Histopathology
= Suppurative inflammation char-

acterized by neutrophils infiltrat-
ing the lumen of the bile ducts,
the biliary walls, and the liver
parenchyma (most pronounced
in the portal area)
= Hepatocellular
necrosis, or both
= Biliary hyperplasia
= Fibrosis may be incipient in early
stages and more pronounced in
chronic cases, up to the point of
connecting one portal triad to
another (bridging fibrosis)

o Bacterial culture of liver tissue:
gram-negative enteric bacteria most
commonly cultured

degeneration,

TREATMENT
THERAPEUTIC GOAL(S)

The goal of medical therapy is treatment
of the underlying bacterial infection. Sup-
portive care and dietary manipulation
may be required to maintain hydration
and provide nutrition while minimizing
liver workload.

ACUTE GENERAL TREATMENT

e IV fluids if the horse is febrile and
dehydrated.

e Flunixin meglumine (1.1 mg/kg IV) to
control signs of abdominal pain or
pyrexia.

e Long-term antimicrobial therapy.

o Potentiated sulfonamides, ceftiofur,
penicillin and gentamicin, enroflox-
acin, ampicillin, or chlorampheni-
col.

o Metronidazole may be added for
improved anaerobic coverage.

e Antimicrobial therapy should be
administered until GGT and ALP activ-
ity has normalized for 2 to 4 weeks.

CHRONIC TREATMENT

e Dimethylsulfoxide 1 g/kg 1V (diluted
in a 5% solution in fluids) q24h for 5
to 7 days may act as a solvent for
calcium bilirubinate calculi.

e Surgical procedures (manual litho-
tripsy or choledocholithomy) have
been reported to successfully treat
complete biliary obstruction in horses
with persistent signs.

ADDITIONAL TREATMENTS

e Also see treatment for
Encephalopathy.”

e S-adenosylmethionine (SAMe): 5 g PO
q24h; the bioavailability of crushed
pills is questionable in horses.

PREVENTION OF LIVER FIBROSIS

e Pentoxifylline: 8-16 mg/kg PO q8-12h

e Colchicine: 0.03 mg/kg PO q24h;
there have been anecdotal reports of
presumed toxicity

POSSIBLE COMPLICATIONS

e Diarrhea
e Peritonitis

RECOMMENDED MONITORING

e GGT or ALP activity
e Serum bile acids concentration
e Repeat liver biopsy

“Hepatic

PROGNOSIS AND
OUTCOME

e Good prognosis with early
diagnosis and treatment of
bacterial infection and suppurative
hepatitis

e Guarded to poor prognosis with biliary
fibrosis

e Typically a grave prognosis when
bridging fibrosis is present

PEARLS &
CONSIDERATIONS

A transient increase in serum
GGT may be observed in the
initial phase of medical treatment,
possibly consistent with response to



therapy and biliary epithelium regenera-
tion and hyperplasia.

SUGGESTED READING

Davis JL, Jones SL: Suppurative cholangio-
hepatitis and enteritis in adult horses. J Vet
Intern Med 17:583, 2003.
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Peek SF: Cholangiohepatitis. In Mair T, Divers
N, Ducharme N, editors: Manual of equine
gastroenterology. St Louis, 2002, Saunders,
pp 386-388.

Peek SF, Divers TJ: Medical treatment of chol-
angiohepatitis and cholelithiasis in mature
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horses: 9 cases (1991-1998). Equine Vet ]
32(4):301, 2000.

AUTHOR: ALESSANDRA PELLEGRINI-
MASINI

EDITOR: MICHELLE HENRY BARTON



Cholelithiasis

BASIC INFORMATION
DEFINITION

A cholelith is a calculi that develops any-
where within the biliary tree and includes
hepatoliths (within intrahepatic ducts)
and choledocholiths (within the common
bile duct). Choleliths are usually com-
posed of bile pigments, bile acids,
calcium, and cholesterol.

SYNONYM(S)

Bile stones

EPIDEMIOLOGY

SPECIES, AGE, SEX

e Broodmares may be at greater risk

e Middle age (6-15 years)

RISK FACTORS

e Cholangiohepatitis

e Any condition resulting in cholestasis.
e Pregnancy may be a risk factor.
ASSOCIATED CONDITIONS AND DIS-
ORDERS Clinical signs of cholelithiasis
may be indistinguishable from other liver
disorders, including cholangiohepatitis,
chronic megalocytic hepatopathy, clover
toxicity, chronic active hepatitis, hepatic
abscessation, and hepatic neoplasia.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Chronic: Intermittent weight loss,
anorexia, colic, fever, icterus

e Acute: Hepatoencephalopathy, fever,
colic

HISTORY, CHIEF COMPLAINT Owners

may observe intermittent colic, weight

loss, anorexia, depression, icterus, or
fever.

PHYSICAL EXAM FINDINGS Icterus,

fever, low-grade colic, photosensitiza-

tion, hepatoencephalopathy, petechiae

(rarely).

ETIOLOGY AND PATHOPHYSIOLOGY

e The exact mechanism is unknown.

e Excreted conjugated bilirubin becomes
unconjugated bilirubin and combines
with calcium to form calcium bilirubi-
nate, which precipitates, resulting in
cholelith formation.

e Often associated with ascending
cholangitis  or  cholangiohepatitis,
especially with gram-negative enteric
bacteria.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

Cholangiohepatitis

Chronic megalocytic hepatopathy
Chronic active hepatitis

Clover toxicity

Hepatic abscess

Hepatic neoplasia

INITIAL DATABASE

e Leukocytosis characterized by neutro-
philia

e Hyperfibrinogenemia

e Gamma glutamyltransferase
activity: Increased

e Alkaline phosphatase (ALP) activity:
Increased

e Serum bile acids concentration: In-
creased

e Total bilirubin concentration: Increased

e Direct bilirubin concentration: In-
creased, usually >25% of total

e Sorbitol dehydrogenase (SDH) activ-
ity: Variable degree of increase

e Hyperglobulinemia

e Bilirubinuria

ADVANCED OR CONFIRMATORY
TESTING

e Coagulation times, particularly pro-
thrombin time, may be prolonged.

¢ Blood ammonia concentration may be
increased.

e Ultrasonography: Increased echo-
genicity of hepatic parenchyma,
hepatomegaly, distended bile ducts.
Choleliths typically appear as hypere-
choic foci and may cast anacoustic
shadows (see “Diagnostic Imaging of
the Liver” in Section ID).

e Liver biopsy: Periportal fibrosis, biliary
hyperplasia, bile stasis, concentric
fibrosis around intrahepatic bile ducts,
cholangitis

e Liver culture: Gram-negative enteric
bacteria are often isolated.

(GGD)

TREATMENT
THERAPEUTIC GOAL(S)

e With medical treatment, the clinical
signs may resolve. Choledocholiths
may be amenable to surgical removal.

ACUTE GENERAL TREATMENT

e IV fluids may be required in animals
that are febrile and dehydrated.

e Antiinflammatory drugs: Flunixin meg-
lumine (1.1 mg/kg PO q12h).

e Nutritional support: Low-protein diet
with high content of branched-chain
amino acids.

e See treatment for “Hepatic Encepha-
lopathy” in this section.

CHRONIC TREATMENT

e Nutritional support

e Antiinflammatory drugs

e Antifibrotic agents: pentoxifylline (8-
16 mg/kg PO g8-12h)

e Dimethyl sulfoxide has been shown to
dissolve calcium bilirubinate stones in
humans.

e Long-term antimicrobial therapy as
guided by liver culture (enrofloxacin,
5.0-7.5 mg/kg PO q24h; trimethoprim-
sulfa, 20-30 mg/kg PO q12h; procaine
penicillin G, 22,000 U/kg IM ql2h)
and gentamicin (6.6 mg/kg IM q24h);
ceftiofur (2.2-4.4 mg/kg IM ql2h);
ampicillin (20 mg/kg IV q6-8h); chlor-
amphenicol (50 mg/kg PO q6h)

e Surgical exploration is the only way to
confirm obstruction of the common
bile duct. Choledocholiths may be
removed by external manual pressure
to crush the stones, with subsequent
dislodgement into the duodenum.
Choledocholithotripsy and choledo-
chotomy have been performed in
horses.

POSSIBLE COMPLICATIONS

Hepatic encephalopathy, photosensitiv-
ity dermatitis, rupture of the common
bile duct and fatal bile peritonitis, hepatic
fibrosis
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RECOMMENDED MONITORING

e Monitor liver enzymes every 2 to 3
weeks until GGT returns to within
normal limits.

e Serial liver biopsies (q2—-3mo).

PROGNOSIS AND
OUTCOME

Guarded to good prognosis,
depending on the degree of
hepatic fibrosis and success of cholelith
removal

PEARLS &
CONSIDERATIONS

e It has been recommended
to continue antimicrobial
therapy until GGT activity returns to
normal and there is complete resolu-
tion of clinical and laboratory evi-
dence of inflammation.

e Horses with recurrent colic or signs of
hepatic disease should be considered
as candidates for exploratory celiot-
omy to rule out obstruction of the
common bile duct.
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SUGGESTED READING

Johnson JK, Divers TJ, Reef VB, et al: Chole-
lithiasis in horses: ten cases (1982-1986).
J Am Vet Med Assoc 194:405, 1989.

Peek SF, Divers TJ: Medical treatment of chol-
angiohepatitis and cholelithiasis in mature
horses: 9 cases (1991-1998). Equine Vet |
32:301, 2000.

AUTHOR: HEIDI BANSE
EDITOR: MICHELLE HENRY BARTON



Cleft Palate

BASIC INFORMATION
DEFINITION

A congenital defect resulting in the
partial or complete failure of closure of
the palatal folds in early embryologic
development

SYNONYM(S)

Palatoschisis

EPIDEMIOLOGY

RISK FACTORS Influence of teratogens,
genetic factors, and malnutrition around
the forty-seventh day of gestation
ASSOCIATED CONDITIONS

AND DISORDERS

e As with other congenital diseases, con-
current congenital malformations or
defects may be present.

e Most often, coughing or aspiration
of milk develops soon after birth
and may lead to life-threatening aspi-
ration pneumonia.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e The extent of clinical signs depends
on the size of the defect and ranges
from mild to severe.

¢ Both the soft and the hard palates may
be involved. If the defect is small and
only involves the caudal aspect of the
soft palate, clinical signs may be mild
and aspiration pneumonia may not be
obvious for several weeks (f left
untreated). These foals may eventually
grow more slowly than healthy foals
and appear unthrifty.

e Foals with a larger defect in the soft
palate or with a cleft hard palate
develop much more severe signs
within days, prompting the owners to
consult a veterinarian immediately.

HISTORY, CHIEF COMPLAINT Owners
may observe milk running out of both
nostrils  immediately  after nursing.

Affected foals show signs of aspiration of

milk (coughing, dyspnea) and may be

weak and lethargic.

PHYSICAL EXAM FINDINGS

e Milk draining from both nostrils after
nursing, coughing, dyspnea

e Later, signs of aspiration pneumonia
and possibly fever

ETIOLOGY AND PATHOPHYSIOLOGY

e Not yet completely understood.

e Closure of the palatal folds occurs
around the forty-seventh day of
gestation.

e Genetic, nutritional, and teratogenic
factors that are present around this
time may be responsible for the devel-
opment of a cleft palate.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Other causes of aspiration in newborn
foals, such as:
o Fourth branchial arch anomaly
o Epiglottic entrapment
o Esophageal inclusion cyst
o Pharyngeal dysfunction

INITIAL DATABASE

e Drainage of milk from both nostrils
after nursing in a newborn foal.

e Coughing

e Dyspnea

e Observation of the cleft palate by oral
examination (most often only possible
with a hard palate defect).

e Digital palpation (hard or possibly soft
palate defect).

e Diagnosis is confirmed, and the extent
of the defect may be described by
endoscopy. The epiglottis is posi-

tioned between the two edges of the
soft palate and appears to be “dropped
down” in the oropharynx.

ADVANCED OR CONFIRMATORY
TESTING

If the defect involves only the caudal part
of the soft palate, the epiglottis may still
cover the cleft. Swallowing should be
initiated during the endoscopic examina-
tion to be able to visualize the caudal
aspect of the soft palate.

TREATMENT
THERAPEUTIC GOAL(S)

Prevention of further aspiration.
o Surgmal reconstruction (palatoplasty)
of the palate as a salvage procedure.
e Treatment attempts should not be
done if more than 20% of palatal tissue
is missing.

ACUTE GENERAL TREATMENT

e Because no medical treatment option
exists, the foal should be stabilized
with supportive therapy and the
signs of aspiration should be treated

to decrease the risk for general
anesthesia.

o Broad-spectrumantimicrobial agents
o Nonsteroidal antiinflammatory

drugs (NSAIDs)

o IV fluids if needed
o Parenteral nutrition

e The ultimate treatment is the surgical
reconstruction of the palate by man-
dibular symphysiotomy, laryngotomy,
or pharyngotomy, or transoral re-
construction  (endoscopic  assisted).
Broad-spectrum antimicrobial agents,
NSAIDs, and enteral nutrition via a
nasogastric tube or parenteral nutrition
should be continued postoperatively
as needed.
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POSSIBLE COMPLICATIONS

e Dehiscence of the repair (partial or
complete) is common.

e The severity of already established
aspiration pneumonia can be life
ending.

RECOMMENDED MONITORING

e If the repaired defect was small, an
alternative way of feeding (nasogastric
tube, parenteral nutrition) may not be
necessary. In these rare cases, recur-
rence of clinical signs (milk drainage
from the nose after nursing, coughing)
must be monitored.

e If the foal is not allowed to nurse after
surgery, the integrity of the repair
should be monitored endoscopically.

e Signs of aspiration pneumonia should
be monitored in both cases (endos-
copy, lung auscultation, chest radiog-
raphy, leukocyte  counts, and
fibrinogen).

PROGNOSIS AND
OUTCOME

e The prognosis depends on
the size and symmetry of the
defect.

e If the defect involves both the hard
and the soft palate, the prognosis
decreases significantly (<20%).

e Even in the best-case scenario (ie,
minimal tissue loss and a defect on the
midline), successful repair may not
exceed 50%.

e Because cleft palate repair is consid-
ered a salvage procedure, a successful
outcome is reached when the animal
can eat, swallow, and breathe
normally.

PEARLS &
CONSIDERATIONS

COMMENTS

e Repair of a cleft palate is a surgical
procedure with a high failure rate.
This may be because of the congenital
nature of the defect. The surgeon must
adapt tissue that has never been joined
together before. Unlike tissue that was
separated by trauma, a cleft palate rep-
resents a defect that may not only be
repaired with considerable tension
along the suture line, but the direction
of the muscle fibers is changed. The
muscle fibers of the levator veli pala-
tini muscle in foals with a cleft palate
do not insert at midline but rather at
the caudal aspect of the hard palate.
If possible, this false insertion should
be severed and attempts should be
undertaken to reconstruct the so-called
levator sling.

Clostridiosis, Enteric

e Horses with even small defects should
be treated because chronic aspiration
of milk and later other food material
will decrease the quality of life of the
affected animal to an extent that may
not be tolerable.

e The only alternative to surgical treat-
ment of a cleft palate is euthanasia.

CLIENT EDUCATION

e Clients must understand that cleft
palate is a severe, potentially life-
threatening disease that should not be
left untreated.

e Palatoplasty is a salvage procedure,
and the animal may never become an
athlete.

e Horses that are successfully treated
should be excluded from the gene
pool because the disease is congenital
in nature.

SUGGESTED READING

Kirkham LE, Vasey JR: Surgical cleft soft palate
repair in a foal. Aust Vet ] 80:143-146, 2002.

Krause HR, Koene M, Rustemeyer J: Transoral
endoscopically assisted closure of cleft
palate in foals. Plast Reconstr Surg 122:166e—
167e, 2008.

Sullivan EK, Parente EJ: Disorders of the
pharynx. Vet Clin North Am Equine Pract
19:159-167, 2003.

AUTHOR: KARSTEN VELDE
EDITOR: ERIC J. PARENTE



Clostridiosis, Enteric

BASIC INFORMATION
DEFINITION

Enteric disease caused by infection with
clostridial species, primarily Clostridium
perfringens and Clostridium difficile

SYNONYM(S)

e Necrotizing enterocolitis (typically as-
sociated with C. perfringens)

e Pseudomembraneous colitis (typically
associated with C. difficile)

EPIDEMIOLOGY

RISK FACTORS Antimicrobial use

CONTAGION AND ZOONOSIS

e Occurrence is often sporadic, but out-
breaks have been described on farms
and in veterinary hospitals. Therefore
isolation of affected horses and use of
barrier precautions, such as dedicated
clothes and gloves, are recommended.

e Both C. perfringens and C. difficile
are recognized enteropathogens in
humans. Although direct transmission

between horses and humans has not
been documented, horses should be
treated as if infectious and control
measures implemented (barrier pre-
cautions, hand hygiene, disinfectants).

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Variable signs depending on several
factors, including the region of the
gastrointestinal (GI) tract that is
affected

e Acute colitis most common

e Proximal enteritis

HISTORY, CHIEF COMPLAINT

e Diarrhea is the most common com-
plaint

e Colic

e Occasionally, sudden death

PHYSICAL EXAM FINDINGS

e Colitis
o Diarrhea
© Anorexia, pyrexia
o Variable degrees of dehydration,

toxemia, colic

e Cases that involve only the small intes-
tine or cecum may exhibit similar signs
without diarrhea.

e Cases that involve the proximal small
intestine may present with significant
reflux.

ETIOLOGY AND PATHOPHYSIOLOGY

e Gram-positive, anaerobic  bacteria
in the genus Clostridium, primarily
C. difficile and C. perfringens.

e Transmission is by ingestion; disease
is caused by the proliferation of toxi-
genic strains in the intestinal tract.

e Toxin production results in ente-
rocolitis.

e C. difficile: primarily toxin A (entero-
toxin) and toxin B (cytotoxin).

o Approximately 13% of equine iso-
lates do not produce any toxin and
are nonpathogenic; most patho-
genic isolates produce both toxin
A and B.

o Age influences colonization rates:
subclinical carriage of C. difficile
has been reported in 29% of foals
younger than 14 days of age but in
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FIGURE 3 Gram stain appearance of Clostridium perfringens,
demonstrating the characteristic appearance of short, thick, gram-
positive rods. (From Sellon DC, Long MT: Equine infectious diseases.
St. Louis, Saunders, 2007.)

FIGURE 1 Colony morphology of Clostridium difficile on a
cycloserine-cefoxitin fructose agar, a selective and differential
culture medium used for isoluation of C. difficile. (From Sellon DC,
Long MT: Equine infectious diseases. St. Louis, Saunders, 2007.)

FIGURE 4 Clostridium difficile colitis. Note the widespread pete-

chial and ecchymotic hemorrhages consistent with disseminated

intravascular coagulation. (From Sellon DC, Long MT: Equine infec-
FIGURE 2 Gram stain morphology of Clostridium difficile. Note  tious diseases. St. Louis, Saunders, 2007.)

the long, thin rods. The variable staining appearance may be
encountered in cultures over 48 hours or longer. (From Sellon DC,
Long MT: Equine infectious diseases. St. Louis, Saunders, 2007.)

less than 1% of older foals and DIAGNOSIS

normal adults.

e C. perfringens: classified into different DIFFERENTIAL DIAGNOSIS

types based on the pattern of toxin

production; B-2 toxin and enterotoxin

may be the most important clinically.

o A normal inhabitant of the equine
GI tract found in 19% to 35% of
broodmares and more than 90% of
3-day-old foals

Salmonellosis

e Neorickettsia risticii (Potomac horse
fever)

e Cantharidin toxicity

e Parasitism

Aeromonas, Campylobacter, and Law-

o T N domi - . | sonia spp.
ype A: predominant type in norma e Other antibiotic-associated diarrhea
horses and horses with diarrhea e Sand
o Type C: has been associated with e Thromboembolic disease
severe enterocolitis, especially in e Anaphylaxis
f9a1§ J £ disease associ e Undiagnosed colitis
° Limited reports of disease associ- e Additional differentials in foals

ated with types B and D S o
o Rotavirus, coronavirus

o Foal heat diarrhea

o Cryptosporidiosis
o Associated with septicemia
o Secondary lactose intolerance

INITIAL DATABASE

e Clinicopathologic abnormalities: non-
specific; consistent with dehydration
and endotoxemia from diarrhea and
mucosal damage
o Leukopenia, neutropenia
o Elevated packed cell volume (PCV),
variable total protein (TP); hypo-
proteinemia often develops

o Acid-base and electrolyte abnor-
malities consistent with diarrhea

e Although clostridial diarrhea in neona-
tal foals is not generally associated
with failure of passive transfer, it is
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recommended to evaluate affected
foals for antibody concentration and
the presence of septicemia.

e Abdominal ultrasonography  may
reveal ileus or a thickened intestinal
wall; occasionally, intramural gas is
seen (may also be seen radiographi-
cally in foals).

ADVANCED OR
CONFIRMATORY TESTING

e Culture: not diagnostic by itself
because of the presence of nonpatho-
genic isolates and the presence in
some normal horses, especially with
C. perfringens, culture samples should
be handled anaerobically.

e C. difficile toxin detection in feces
(toxins stable in refrigerated or frozen
samples)

o Cell cytotoxicity assay (toxin B):
Considered the gold standard but
not available in some laboratories

© Enzyme immunoassays (EIA) to
detect toxin A or B: Rapid and
frequently used, but sensitivity and
specificity in horses are not well
established

o Polymerase chain reaction for toxin
genes after culture

e C. perfringens
> Genotyping of isolates to determine

the strain and, identify specific toxin

genes

o Detection of toxin in feces: Com-
mercial EIA for enterotoxin; sensi-
tivity and specificity in horses are
not known

TREATMENT
THERAPEUTIC GOAL(S)

e Resolution of enterocolitis

e Maintenance of physiologic homeosta-
sis of water and electrolyte balance

e Amelioration of clinical effects of
systemic inflammatory  response
syndrome

ACUTE GENERAL TREATMENT

e Specific antimicrobial therapy: Drug
choice is most often based on histori-
cal information because antimicrobial
sensitivity testing for Clostridium spp.
is not routine in many laboratories.
However, antimicrobial resistance has
been documented in Clostridium spp.,
and sensitivity testing is recommended
in refractory cases.

o Metronidazole (15 mg/kg PO q8h):
Generally considered the drug of

choice; resistance has been identi-
fied infrequently

o Vancomycin has been used in cases
with metronidazole resistance; con-
sider use carefully because of the
importance of vancomycin in the
treatment of resistant bacteria in
human medicine

o Zinc bacitracin is effective against
C. perfringens but resistance is
common in C. difficile

e Di-tri-octahedral smectite (BioSponge,
Platinum Performance, Belton, CA.)
adsorbs clostridial toxins and endo-
toxin in vitro.

e Saccharomyces boulardii (25 g PO
ql2h) may be useful in the mana-
gement of horses with acute entero-
colitis.

e Supportive care for diarrhea
o Treatment for dehydration and elec-

trolyte and acid-base abnormalities
o Treatment for associated systemic
inflammatory response syndrome
(endotoxemia).
o Broad-spectrum systemic antibiotic
therapy in horses with colitis is
controversial.
= Sometimes used to prophylacti-
cally control potential bacteremia
from translocation of bacteria
across the damaged intestinal
mucosa.

= [f diarrhea developed while the
horse is on antibiotics, discon-
tinuing or changing those antibi-
otics is suggested.

POSSIBLE COMPLICATIONS
e Laminitis

e Thrombophlebitis

e Peritonitis

RECOMMENDED MONITORING
Attitude, vital parameters, diarrhea
PCV, TP

Hydration status, renal function
Acid-base and electrolyte abnormali-
ties

PROGNOSIS AND
OUTCOME

e Prognosis is variable depend-
ing on the strain and host
factors.

e A mortality rate of up to 42% has been
reported with C. difficile; prognosis
may be worse in adults than foals.

e Prognosis is guarded in foals with
C. perfringens, especially type C; the
mortality rate is approximately 50%.

PEARLS &
CONSIDERATIONS

COMMENTS

Enteric clostridiosis is an important cause
of enterocolitis in horses, accounting for
approximately 40% of cases in some
studies.

PREVENTION

e Careful use of antimicrobials.

e Clostridial spores are often present in
the environment; good management
practices, including regular cleaning
and disinfection of stalls and equip-
ment, will limit the environmental
burden.

e There is no approved vaccine for
horses. Anecdotally, vaccines approved
in other species for the prevention of
C. perfringens-associated disease have
been used in horses; no data currently
support their use.

CLIENT EDUCATION

Clients should be made aware of the
risk of antibiotic-associated diarrhea and
should be counseled to call their veteri-
narian if diarrhea occurs.

SUGGESTED READING

Baverud V: Clostridium difficile diarrhea:
infection control in horses. Vet Clin North
Am Equine Pract 20:615, 2004.

Lawler JB, Hassel DM, Magnuson RJ, et al:
Adsorptive effects of di-tri-octahedral smec-
tite on Clostridium perfringens alpha, beta,
and beta-2 exotoxins and equine colostral
antibodies. Am J Vet Res 69:233-239, 2008.

Magdesian KG, Dujowich M, Madigan JE,
et al: Molecular characterization of Clos-
tridium difficile isolates from horses in an
intensive care unit and association of
disease severity with strain type. J Am Vet
Med Assoc 228:751-755, 2006.

Weese JS, Staempfli HR, Prescott JF: A pro-
spective study of the roles of Clostridium
difficile and enterotoxigenic Clostridium
perfringens in equine diarthea. Equine Vet
J 33:403-409, 2001.

Weese ]S, Toxopeus L, Arroyo L: Clostridium
difficile associated diarrhoea in horses
within the community: predictors, clinical
presentation and outcome. Equine Vet |
38:185-188, 2000.

AUTHOR: MELISSA T. HINES

EDITORS: MAUREEN T. LONG and
DEBRA C. SELLON
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Clover Toxicosis

BASIC INFORMATION
DEFINITION

Clover toxicity is caused by ingestion of
alsike clover (Trifolium hybridum) or red
clover (Trifolium pratense), resulting in
signs of photosensitivity and liver failure.

SYNONYM(S)

e Dew poisoning
e Trifoliosis

e Big liver disease

EPIDEMIOLOGY

RISK  FACTORS Consumption of

pasture or hay containing alsike or red

clover

GEOGRAPHY AND SEASONALITY

e Found mainly in Canada and the
northwestern United States

e Most cases occur from April to
November

e Associated with a wet spring

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Photosensitization

e Chronic hepatic disease

e Chronic wasting and failure to thrive

HISTORY, CHIEF COMPLAINT

e Owners may observe a necrotizing
dermatitis primarily affecting white
skin, weakness, weight loss, anorexia,
ataxia, and behavior changes.

e History of consumption of alsike or
red clover hay or pasture.

PHYSICAL EXAM FINDINGS Icterus,

photosensitivity dermatitis, ulceration of

mucous membranes, hepatic encepha-
lopathy, weight loss

ETIOLOGY AND PATHOPHYSIOLOGY

e Alsike or red clover ingestion resulting
in bile duct proliferation and perilobu-
lar (periportal) fibrosis.

e Photosensitization is the result of sys-
temic accumulation of the chlorophyll
metabolite phylloerythrin that is not
removed by the diseased liver. Phyl-
loerythrin is a photodynamic agent
that absorbs ultraviolent radiation, par-
ticularly in unpigmented skin, leading
to skin necrosis.

e Signs develop 2 to 4 weeks after
ingestion.

e The exact toxin(s) are not known,
although fungal infection of the clover
with Cymodothea trifolii increases the
risk of liver disease.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

Chronic megalocytic hepatopathy
Aflatoxicosis

Cholelithiasis

Chronic active hepatitis
Cholangiohepatitis

Any cause of primary or secondary
photosensitization

INITIAL DATABASE

e Complete blood count: Typically
normal
e Gamma glutamyltransferase (GGT),

alkaline phosphatase (ALP, aspartate
aminotransferase (AST), and sorbitol
dehydrogenase (SDH) activity:
Increased

e Hyperglobulinemia: May be present if
chronic

e Serum bile acids concentration: In-
creased

e Total bilirubin concentration: Increased

e Direct bilirubin concentration: In-
creased; often more than 25% of total

e Coagulation times: May be prolonged

e Plasma ammonia concentration: May
be increased

e Urinalysis: Bilirubinuria

ADVANCED OR CONFIRMATORY
TESTING

e Ultrasonography: Hepatomegaly or a
small, difficult-to-find liver; distended
bile ducts

e Liver biopsy: Periportal, centrolobular
to perilobular fibrosis that typically
spares the sinusoids; biliary hyperpla-
sia, bile stasis, mild megalocytosis, and
inflammatory cells may be present

TREATMENT
THERAPEUTIC GOAL(S)

Palliative

ACUTE GENERAL TREATMENT

e See treatment for “Hepatic Encepha-
lopathy” in this section.

e For photosensitization, avoid sunlight.
Topical or systemic antiinflammatory
or antimicrobial agents (or both) may
be necessary if skin lesions are severe.

CHRONIC TREATMENT

See treatment for “Hepatic Encephalopa-
thy” in this section.

POSSIBLE COMPLICATIONS
Hepatic encephalopathy, photosensitiv-
ity dermatitis

RECOMMENDED MONITORING

e Monitor GGT activity and serum bile
acid concentrations.
e Perform serial liver biopsies.

PROGNOSIS AND
OUTCOME

Fair to grave, depending on the
degree of hepatic fibrosis

PEARLS &
CONSIDERATIONS

COMMENTS

A diet with 20% alsike clover hay has
been associated with disease.

PREVENTION

Ensure clover hay is less than 20% of the
diet (avoid completely if possible).

CLIENT EDUCATION

Remove the source of alsike clover (her-
bicidal treatment and reseed pasture;
provide new source of hay)

SUGGESTED READING

Nation NP: Alsike clover poisoning: a review.
Can Vet ] 30:410, 1989.

Talcott P: Alsike clover (Trifolium bybridum)
and red clover (Trifolium pratense) poison-
ings in horses. 18th ACVIM Forum Proceed-
ings 161-162, 2000.

AUTHOR: HEIDI BANSE
EDITOR: MICHELLE HENRY BARTON
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Coccidioidomycosis

BASIC INFORMATION

DEFINITION

A systemic fungal infection of equids and
other mammals that may result in pneu-
monia, osteomyelitis, mastitis, abortion,
or superficial or internal abscessation.

EPIDEMIOLOGY

CONTAGION AND ZOONOSIS

e Horses and humans acquire disease by
inhalation of arthroconidia or rarely
through the skin.

e Horse-to-horse and horse-to-human
transmission is very rare. However,
there is one report of a veterinarian
developing fatal disease after attend-
ing the necropsy of a horse with dis-
seminated coccidioidomycosis.

GEOGRAPHY AND SEASONALITY

e Indigenous to the southwestern and
western United States and areas of
Mexico, Central America, and South
America between 40 degrees south
latitude and 40 degrees north latitude

e Areas with significant problems often
have hot, dry summers with relatively
mild winters and moderate rainfall.

e Cases are most common in late
summer and fall.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e Respiratory disease is common

because infection is usually acquired
by inhalation.

e Systemic dissemination may occur,
leading to disease in a variety of
locations.

e Cutaneous inoculation may cause
localized subcutaneous infection.

HISTORY, CHIEF COMPLAINT

e Fever, weight loss

e Signs reflecting an internal site of
infection
o Respiratory tract infection: Increased

respiratory rate, cough, dyspnea

Osteomyelitis: Pain, lameness, neu-

rologic signs

Abdominal infection: Colic

Subcutaneous infection:

chronic draining tracts

Respiratory tract: Abortion, placen-

titis

PHYSICAL EXAM FINDINGS Vary to

reflect the site of infection

ETIOLOGY AND PATHOPHYSIOLOGY

e Coccidioides immitis is a diphasic,
pleomorphic mold and fungus.

e The saprobic phase is found in nature
and in culture.

o Hyphae differentiate into chains of
arthroconidia (spores).

e}

[ole}

Abscess,
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o Mammalian infection occurs by
inhalation of arthroconidia.

e Inside the host, arthroconidia trans-
form to spherules, which release
endospores to form more spherules.

e Spherules and endospores induce a
neutrophil and macrophage response
with development of suppurative-
granulomatous lesions.

e Growth elicits host antibody response
to chitinase enzyme that is released
as spherules mature and release
endospores.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Respiratory infection
o Bacterial pneumonia, pleuropneu-
monia
o Other fungal pneumonias
o Pulmonary abscess
o Interstitial pneumonia
o Pulmonary nodular fibrosis (equine
herpesvirus-5)
e Systemic infection
o Abdominal abscess
o Strangles (Streptococcus equi subsp.
equii)
o Pigeon fever (Corynebacterium
pseudotuberculosis)
o Other bacterial or fungal forms of
osteomyelitis
o Abortion secondary to bacterial or
fungal endometritis, nocardioform
infection, leptospirosis
e Cutaneous infection
o Subcutaneous bacterial or fungal
abscesses
o Sporotrichosis
o Corynebacterium pseudotuberculo-
Sis

INITIAL DATABASE

e Mild to moderate anemia
Leukocytosis caused by mature neutro-
philia

Hyperfibrinogenemia
Hyperglobulinemia

Monocytosis

Thrombocytosis

ADVANCED OR CONFIRMATORY

TESTING

e Imaging such as radiography or ultra-
sonography depending on the site of
suspected infection

e Direct demonstration of organism in
tracheobronchial aspirates, exudates,
or tissues

e Culture of appropriate tissues, exu-
dates, or tracheobronchial aspirates

e Serum antibody testing by immuno-
diffusion or enzyme immunoassay.
Higher titers are seen in horses with
disseminated disease or pneumonia
with thoracic effusion compared with
horses with abortion, bone involve-
ment only, or cutaneous infection.

TREATMENT

THERAPEUTIC GOAL(S)

Eliminate infection through a com-
bination of surgical and medical
therapy.

ACUTE GENERAL TREATMENT

e Surgical removal of lesions if

possible
e Preferred antifungal therapy may be
fluconazole (10 mg/kg PO loading
dose followed by 5 mg/kg PO q24h).
e Alternative antifungal medications
include amphotericin B, ketoconazole,
itraconazole, and voriconazole.

CHRONIC TREATMENT

Antifungal therapy may be required for
months or years.

POSSIBLE COMPLICATIONS
Amphotericin B is nephrotoxic and irri-
tating when administered IV and should
be used with caution.
RECOMMENDED MONITORING

Increasing serum antibody titer generally
indicates worsening disease.

PROGNOSIS AND
OUTCOME

e Guarded prognosis; success-
ful treatment may require
considerable time and expense.

e Horses with higher titers may have a
poorer prognosis.

PEARLS &
CONSIDERATIONS

e Veterinarians  practicing  in
areas where coccidioidomy-
cosis occurs should be aware of this
differential diagnosis for horses with
evidence of chronic infection or
inflammation.

e Rising titers in a horse with evidence
of chronic infection or inflammation
should be considered diagnostic of
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coccidioidomycosis even if the actual
site of infection cannot be identified.

SUGGESTED READING
Higgins JC, Leith GS, Pappagianis D, Pusterla
N: Treatment of Coccidioides immitis pneu-

monia in two horses with fluconazole. Vet
Rec 159:349, 2000.

Higgins JC, Pusterla N, Pappagianis D: Com-
parison of Coccidioides immitis serological
antibody titers between forms of clinical
coccidioidomycosis in horses. Vet J173:118,
2007.
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Pappagianis D, Higgins J: Coccidioidomycosis.
In Sellon DC, Long MT, editors: Equine
Infectious Diseases. St Louis, 2007, Elsevier,
pp 396-404.

AUTHOR & EDITOR: DEBRA C. SELLON
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BASIC INFORMATION
DEFINITION

Cockleburs (Xanthium spp.) are common
weeds throughout North America with
the capability of causing acute liver
failure in pigs, cattle, sheep, poultry, and
occasionally horses. Pigs are most fre-
quently affected.

SYNONYM(S)
There are three species of cocklebur:
Xanthium  strumarium, Xanthium

spinosum, and Xanthium ambrosioides.
Common names include ditch bur, sheep
bur, bur thistle, and abrojo.

EPIDEMIOLOGY

RISK FACTORS

e Young animals

e Cocklebur seedlings in the spring

GEOGRAPHY AND SEASONALITY

e The most common cocklebur, X. stru-
marium, is found throughout North
America.

e Poisoning in animals occurs most
often in the spring and summer when
growing conditions favor germination
of the seedlings.

e The mature plants are prolific bur
producers;  consequently, massive
numbers of seedlings may germinate
at once, increasing the potential for
poisoning to occur.

e Cockleburs are annual erect, branch-
ing plants up to 6 feet in height with
a taproot. The leaves are large and
simple and alternate with serrated
edges. Flowers are produced in leaf
axils or terminally on branches. Char-
acteristic burs turn brown when
mature (Figure 1).

ASSOCIATED CONDITIONS

AND DISORDERS

e Cocklebur poisoning can mimic other
hepatotoxins, including alsike clover
and cyanobacteria toxin poisoning.

e Animals that survive acute cocklebur
poisoning may develop chronic liver
disease that may mimic pyrrolizidine
alkaloid poisoning.

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT

e Owners may observe acute onset of
anorexia, depression, weakness, and
colic.

e Death may be the only presenting
sign.

PHYSICAL EXAM FINDINGS

e Anorexia, depression,  weakness,
ataxia, spasms of the cervical muscles,
dyspnea, and convulsions may be
observed.

e Death may occur within hours of the
onset of signs.

e Animals that survive acute poisoning
often develop signs of chronic liver
disease.

ETIOLOGY AND PATHOPHYSIOLOGY

e Cocklebur poisoning generally causes
acute liver failure.

e Carboxyatractyloside, a sulfated diter-
pene glycoside, is the primary hepato-
toxin. It primarily acts by inhibiting
oxidative phosphorylation at the
mitochondria.

e The two-leafed (cotyledonary) stage of
the seedling poses the highest risk,
with the highest toxin concentrations
in the two cotyledons within the bur
(0.46%).

e Ingestion of 0.75 to 3.0% of body
weight of cotyledonary seedlings
causes acute toxicity.

e As seedlings develop past the two-
leafed stage, their toxicity rapidly
decreases.

e Mature plants with multiple burs are
toxic but are rarely palatable.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Ingestion of Alsike clover, Nolina
texana, Agave lechuguilla, Phyllan-
thus abnormis, and Lantana camara

e Ingestion of Klein grass

e Ingestion of plants containing pyrroli-
zidine alkaloids

e Ingestion of cyanobacteria (blue-green
algae)

e Ingestion of gossypol

INITIAL DATABASE

e Blood glucose: Severe hypoglycemia
e Serum hepatic enzymes: Markedly
elevated

ADVANCED OR CONFIRMATORY
TESTING

e Assay for carboxyatractyloside in
stomach contents, blood, urine, and
aqueous humor

e Gross necropsy: Swollen liver, pulmo-
nary edema, hydrothorax, hydroperi-
cardium

FIGURE 1 Cocklebur and two-leafed seedling (inset).
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e Histology: Severe diffuse centrilobular
hepatocellular necrosis

TREATMENT
THERAPEUTIC GOAL(S)

Acute cocklebur poisoning is seldom
treatable because of the acute nature of
the toxicity.

ACUTE GENERAL TREATMENT
Early treatment with activated charcoal
via a nasogastric tube may decrease
absorption of the toxin.

CHRONIC TREATMENT

Supportive therapy

PROGNOSIS AND
OUTCOME

Prognosis is poor as a result of
diffuse hepatic necrosis.

PEARLS &
CONSIDERATIONS

COMMENTS

Cocklebur poisoning in horses is rarely
reported, but because of the invasiveness
of the plants the potential for poisoning
can be high. Germination of massive
numbers of cocklebur seedlings in late
summer in the muddy shores of ponds
or flooded areas poses a high risk.

CLIENT EDUCATION

e Learn to recognize cocklebur plants
and burs.

e Remove the plants before they produce
seeds.

e Mechanically cultivate, mow, or use
appropriate herbicides on the seed-
lings.

Colitis, Antimicrobial Associated

SUGGESTED READING

Burrows GE, Tyrl RJ: Xanthium. In Burrows
GE, Tyrl RJ, editors: Toxic plants of North
America. Ames, TA, 2001, Iowa State Uni-
versity Press, pp 214-218.

Knight AP, Walter RG: A guide to poisoning of
animals in North America. Jackson, WY,
2001, Teton New Media, pp 167-168.

Stuart BP, Cole RJ, Gosser HS: Cocklebur
(Xanthium strumarium L. var. strumarium)
intoxication in swine: review and redefini-
tion of the toxic principle. Vet Pathol
18:368-383, 1981.

Witte ST, Osweiler GD, Stahr HM, et al: Cock-
lebur toxicosis in cattle associated with the
consumption of mature Xanthium strumar-
ium. J Vet Diag Invest 2:263-267, 1990.

AUTHOR: ANTHONY P. KNIGHT
EDITOR: CYNTHIA L. GASKILL
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Colitis X

BASIC INFORMATION

DEFINITION

Peracute colitis, endotoxic shock, and
anaphylaxis of unknown etiology

EPIDEMIOLOGY

CONTAGION AND ZOONOSIS Al-

though an infectious or toxic cause is

suspected, disease typically occurs in an
individual horse on a farm rather than as
an outbreak.

HISTORY, CHIEF COMPLAINT

e Severe colic, fever, and acute collapse
with or without diarthea are most
often observed.

e Some horses are simply found dead
without observation of prior illness.

PHYSICAL EXAM FINDINGS

e Severe depression to obtundation or
severe, intractable colic.

e Pyrexia is common, but hypothermia
may be present in terminal cardiovas-
cular collapse.

e Tachycardia

e Tachypnea

e Red to purple mucous membranes and
dramatically prolonged capillary refill
time.

e Mild to severe abdominal distension.

e Decreased to absent gastrointestinal
borborygmi.

e Severe (+ hemorrhagic) diarrhea, soft
feces, or scant manure may be noted.

e Rectal examination usually reveals
edema in the rectum and colon wall.
Occasionally, large colonic gas disten-
sion may be present.

ETIOLOGY AND PATHOPHYSIOLOGY

e The cause of colitis X is unknown,
although an infectious or toxic cause
is suspected.

e The severe colonic edema and mucosal
damage observed in horses with colitis
X is believed to be a specific organ

Compartment Syndrome

manifestation of anaphylaxis in
response to an unknown antigen.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

Peracute salmonellosis

Clostridial diarrhea

Cantharidin toxicity

See “Salmonellosis,” “Diarrhea, Clos-
tridial,” and “Blister Beetles” in this
section

INITIAL DATABASE

e Other causes of colitis (see “Colitis/
Diarrhea, Acute” in this section)

e Leukopenia and typical electrolyte
derangements are usually seen, but
the presentation occasionally may be
so acute that clinicopathologic abnor-
malities are not observed.

e Transabdominal ultrasonography typi-
cally reveals moderate to severe focal
or diffuse edema in the colon wall
(>5-10 mm thick).

ADVANCED OR CONFIRMATORY
TESTING

e Testing for other causes of colitis
(see “Colitis/Diarrhea, Acute” in this
section) should be performed.

e A diagnosis of colitis X is made based
on the peracute presentation and
typical clinical signs in conjunction
with characteristic pathologic findings
and the absence of detection of a spe-
cific pathogen.

e Gross and histopathologic findings at
necropsy include severe, segmental,
or diffuse colonic edema with or
without focal regions of mural hemor-
rhage. Evidence of endotoxic shock
and cardiovascular collapse is also
noted.

TREATMENT

THERAPEUTIC GOAL(S)
Supportive care

ACUTE GENERAL TREATMENT

e Fluid and colloidal support, antiin-
flammatory and antiendotoxic therapy,
and other supportive care should be
initiated as for other causes of colitis
(see “Colitis/Diarrhea, Acute” in this
section).

e However, affected horses usually do
not respond or respond only tran-
siently to treatment and die despite
aggressive therapy.

PROGNOSIS AND
OUTCOME

Grave

PEARLS &
CONSIDERATIONS

Horses with peracute salmonel-

losis or clostridial colitis may
present very similarly. Thus isolation of
affected horses and comprehensive
testing for these pathogens should be
performed because of the potential risk
of disease in herdmates and other
exposed horses.

SUGGESTED READING

Divers TJ: Acute diarrhea. In Orsini JA, Divers
TJ, editors: Manual of equine emergencies:
treatment and procedures. Philadelphia,
2003, Saunders Elsevier, pp 251-260.

AUTHOR: KELSEY A. HART
EDITOR: TIM MAIR
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BASIC INFORMATION
DEFINITION

Colitis or diarrhea that occurs during or
shortly after administration of antimicro-
bial drugs

EPIDEMIOLOGY

RISK FACTORS

Antimicrobial administration:

e May occur with any antimicrobial drug
but most often associated with:

o Macrolides and lincosamides (eryth-
romycin, clarithromycin, azithromy-
cin, lincomycin, and clindamycin)
in adult horses and foals older than
6 months of age
= Diarrhea has also been reported

in mares whose young foals
were receiving erythromycin for
treatment of Rhodococcus equi
infection, presumably because of
exposure to erythromycin in the
foals’ feces.

o Trimethoprim-sulfamethoxazole
Ceftiofur

o Metronidazole

o Doxycycline or enrofloxacin, al-
though development of diarrhea
with these antimicrobials seems to
have some regional specificity

e Changing from one class of antimi-
crobial to another or concurrent hospi-
talization, surgery, or gastrointestinal

disease may increase the likelihood
of development of antimicrobial-
associated diarrhea.

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT

e Recent or ongoing antimicrobial
administration

e Inappetence, colic, fever and diarrhea
are most common, as for other
causes of colitis (see “Colitis/Diarrhea,
Acute” in this section).

PHYSICAL EXAM FINDINGS As for

other causes of colitis (see “Colitis/

Diarrhea, Acute” in this section)

ETIOLOGY AND PATHOPHYSIOLOGY

e Antimicrobial-associated diarrhea pre-
sumably results from alteration in the
normal colonic bacterial flora, allow-
ing overgrowth of or colonization with
a pathogenic bacterial species.

e Overgrowth  of  toxin-producing
Clostridium  difficile  strains  has
been documented in some horses
with antimicrobial-associated colitis,
although salmonellosis or diarrhea
caused by an overgrowth of an
unidentified pathogen may also occur.

e Infection with a pathogenic bacterial
species results in damage to and
disruption of the colonic mucosal
barrier as for other causes of diarrhea
(see “Colitis/Diarrhea, Acute” and
“Diarrhea, Clostridial” in this section),
resulting in fluid, electrolyte, and

protein losses and diarrhea as well as
signs of endotoxemia and colic.

e Clinical signs are typically, but not
always, seen within 1 to 7 days of
initiating antimicrobial therapy.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

Other causes of colitis (see “Colitis/
Diarrhea, Acute” in this section)

INITIAL DATABASE

As for other causes of colitis (see “Colitis/
Diarrhea, Acute” in this section)

ADVANCED OR CONFIRMATORY
TESTING

A presumptive diagnosis of antimicrobial-
associated diarrhea is made when a
horse develops signs of acute colitis
during antimicrobial therapy. However,
testing for clostridial toxin production
and Salmonella infection should be per-
formed (see “Diarrhea, Clostridial” and
“Salmonellosis” in this section).

TREATMENT
THERAPEUTIC GOAL(S)

e Provide supportive care.
e Promote reestablishment of normal
colonic flora.
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ACUTE GENERAL TREATMENT

e Provide fluid and colloidal support,
antiinflammatory and antiendotoxic
therapy, and other supportive care as
for other causes of colitis (see “Colitis/
Diarrhea, Acute” in this section).

e Current antimicrobial therapy should
be discontinued and antimicrobials
avoided even in severely leukopenic
patients if at all possible, with the
potential exception of:

o Metronidazole (15-25 mg/kg PO or
PR @g8h), which is indicated if the
horse was not on metronidazole
when the signs developed or if
clostridial toxins are detected in
the feces.

e Dietary support is critical because pro-
vision of adequate roughage in the
form of pasture, hay, or easily digest-
ible fiber will aid in facilitating rees-
tablishment of normal colonic flora.
All efforts should be made to encour-
age the horse to eat and to stimulate
its appetite.

e Other therapy, including probiotics
(eg, Saccharomyces boulardii), or di-
tri-octahedral smectite (Bio-Sponge),

may be beneficial in antimicrobial-
associated colitis as for other causes of
colitis (see “Colitis/Diarrhea, Acute”
and “Diarrhea, Clostridial” in this
section).

POSSIBLE COMPLICATIONS
As for other causes of colitis (see “Colitis/
Diarrhea, Acute” in this section)

PROGNOSIS AND
OUTCOME

e Fair to good with good clini-
cal response to discontinuing
antimicrobials and supportive care

e Guarded to poor with colitis associ-
ated with macrolide or lincosamide
administration in adult horses (which
is often rapidly fatal)

PEARLS &
CONSIDERATIONS

e Even though C. difficile is
considered to play a role in
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many cases of antimicrobial-associated
colitis, some horses do develop diar-
rhea while taking metronidazole. In
these cases, another pathogen (or
potentially a metronidazole-resistant
strain of Clostridium spp.) may be the
cause of the diarrhea, so metronida-
zole should be discontinued and
fecal testing for clostridial toxins
performed.

e Vancomycin has been effective in
treating metronidazole-resistant clos-
tridial organisms in horses, although
its use in veterinary medicine is
controversial.

SUGGESTED READING

Jones SJ: Medical disorders of the large intes-
tine: acute diarrhea. In Smith BP, editor:
Large Animal Internal Medicine. St Louis,
2009, Mosby, pp 745-774.

AUTHOR: KELSEY A. HART
EDITOR: TIM MAIR
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BASIC INFORMATION

DEFINITION

Inflammation of the colon

EPIDEMIOLOGY
RISK FACTORS

Stress:  shipping, routine
illness, hospitalization

changes,

e Recent diet changes

Recent antimicrobial administration

e Nonsteroidal antiinflammatory drug

(NSAID) therapy

CLINICAL PRESENTATION
HISTORY, CHIEF COMPLAINT

Usually, the horse has a history of
depression, fever, inappetence, and
mild colic signs, with or without diar-
rhea, lasting hours to days.
Occasionally, the horse has an acute
onset of severe colic signs and rapid
systemic deterioration in the absence
of diarrhea. Rarely, in peracute cases,
horses are simply found dead.

PHYSICAL EXAM FINDINGS

Depression

Variable signs of abdominal pain
ranging from none to mild colic or
inappetence to severe intractable colic
Pyrexia

Variable tachycardia (normal to 80—
100 beats/min)

e Variable tachypnea
e Mucous membranes are often injected

and may vary in color from bright pink

to purple-gray.

Capillary refill time may range from

brisk (<1 second) in the early stages

to dramatically prolonged (45

seconds) as severe dehydration and

endotoxic or septic shock progress.

There may be evidence of hypovole-

mia and poor peripheral perfusion

(cold extremities, poor jugular refill) in

severe cases.

Hypermotile, “fluidy” gastrointestinal

borborygmi

Gross abdominal distension is occa-

sionally present, especially in severe

or peracute cases.

Diarrhea may be absent or range from

soft, formed feces to profuse, watery,

or hemorrhagic diarrhea.

Rectal examination

o Should be performed in all horses
with signs of colic or abdominal
distension  because  concurrent
colonic displacements or large or
small colon impactions may occur
in horses with colitis.

o Edematous rectal mucosa and fluid
colonic contents are often appreci-

ated even when rectal findings are
otherwise normal.

ETIOLOGY AND PATHOPHYSIOLOGY
e Initially, the colonic mucosal barrier is

damaged focally or diffusely by one of

the following:
o Bacteria in the intestinal lumen,
including:
= Invasion of a primary pathogen
(eg, Salmonella, Neorickellsia
risticii)

= Overgrowth of or toxin produc-
tion from a potentially patho-
genic organism normally present
in low numbers (Clostridium dif-
ficile and Clostridium perfrin-
gens) caused by alterations in
normal enteric flora associated
with stress, dietary changes, or
antimicrobial administration

o Intestinal parasitic infection

o Toxin ingestion (cantharidin)

o Altered colonic mural perfusion and
mucus production with NSAID
therapy

o Colonic sand accumulation

Loss of the colonic mucosal barrier

allows intraluminal bacteria and bacte-

rial toxins (eg, endotoxin) to invade
the colonic wall, stimulating mural
inflammation and edema.
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Bacteria and bacterial toxins are also
then able to enter the intestinal lym-
phatic system and systemic circulation,
resulting in clinical signs of endotox-
emia and the systemic inflammatory
response syndrome (fever, tachycar-
dia, tachypnea, congested mucous
membranes, and altered hemodynamic
status and peripheral perfusion).

In addition, the damaged mucosal
barrier compromises colonic absorp-
tive capacity, resulting in loss of water
and electrolytes in the feces, and may
permit loss of plasma proteins if the
damage is severe.

See sections “Cyathostominosis,” “Sal-

monellosis,” “Diarrhea, Clostridial,”
“Potomac Horse Fever,” “Nonsteroidal
Antiinflammatory ~ Drug  Toxicity,”
“Colitis, Antimicrobial  Associated,”

“Colitis X,” “Blister Beetles,” and “Sand
Enteropathy” in this section for more
details.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

Salmonellosis
Clostridial diarrhea
Potomac horse fever
Cyathostominosis
NSAID toxicity

Antimicrobial-associated colitis

Colitis X
Cantharidin toxicity
Sand enteropathy

INITIAL DATABASE

Complete blood count

o Leukopenia characterized by neu-
tropenia  with increased band
neutrophils and toxic changes in
neutrophils is typically seen.

o The hematocrit varies with hydra-
tion status but may be markedly
increased (>60%) in severe cases.

o Thrombocytopenia is occasionally
present in severe cases with con-
current disseminated intravascular
coagulation.

Serum biochemistry profile

o Variable electrolyte derangements
are common, with hypokalemia,
hyponatremia, hypochloremia, and
hypocalcemia most common.

o Serum total protein concentration
may be increased with dehydration
or normal or low with enteric loss.

© Variable azotemia is common and
may be caused by prerenal or renal
causes (or both).

o Hyperlactatemia (>2 mmol/L) sug-
gests impaired peripheral perfusion
and tissue oxygenation caused by
hypovolemia.

> Metabolic acidosis is often present
and may be associated with hyper-

lactatemia, bicarbonate loss in the
feces, or both.
e Transabdominal ultrasonography

o Fluid contents in the colon or
cecum are often appreciated.

o Colonic mural thickness may be
increased (>5 mm) focally or
diffusely.

e Peritoneal fluid analysis

o Should be performed in horses that
have persistent signs of colic, fever,
or leukopenia because peritonitis
resulting from translocation of intes-
tinal bacteria or, less often, infarc-
tion of the colonic vasculature may
occur in severe colitis.

o In most horses with colitis, grossly
normal-appearing peritoneal fluid
with a normal nucleated cell count
and mildly increased protein con-
centration (>2 g/dL) is observed.

ADVANCED OR CONFIRMATORY
TESTING

e Diagnostic testing for specific causes
of colitis in adult horses should include
the following:

o Fecal flotation for intestinal parasites

o Fecal polymerase chain reaction
(PCR) or culture for Salmonella spp.

o Fecal Gram stain and fecal toxin
assays for C. perfringens and C. dif-
Jicile toxins

o Serology or whole-blood PCR for
Potomac horse fever

o Fecal sedimentation and abdominal
radiography for sand accumulation

o Positive or negative urinanalysis for
cantharidin

e See sections “Cyathostominosis,” “Sal-
monellosis,” “Diarrhea, Clostridial,”
“Potomac Horse Fever,” “Sand Enter-
opathy,” and “Blister Beetles” in this
section for more details.

TREATMENT
THERAPEUTIC GOAL(S)

e Supportive care: fluid support, antiin-
flammatory therapy
e Specific therapy for certain causes

ACUTE GENERAL TREATMENT

e IV fluid therapy

o Fluid resuscitation with hypertonic
saline (2—4 mL/kg IV bolus) or
hydroxyethyl starch (Hetastarch)
(5-10 mL/kg IV bolus) is indicated
in severely dehydrated patients.

o This should be followed by isotonic
balanced polyionic crystalloid fluids
(eg, Normosol-R or Plasmalyte) at
50 to 150 mL/kg/day, depending
on the degree of dehydration and
ongoing losses in diarrhea.

o Supplementation with potassium
chloride (10-40 mEq/L with the
rate not to exceed 0.05 mEq/kg/h),

o}

23% calcium gluconate (1-2 mL/kg/
day), or magnesium sulfate (20—
25 ¢/450 kg/day) is often necessary
to correct electrolyte derangements.
Administration of sodium bicarbon-
ate  may be necessary with
severe metabolic acidosis (pH <7.1;
serum bicarbonate concentration
<15 mmol/L), but correction of
dehydration often sufficiently cor-
rects metabolic acidosis without the
need for additional bicarbonate
supplementation.

Colloidal  support with equine
plasma (2040 mL/kg IV) or
hydroxyethyl starch (5-10 mL/kg
IV bolus q24-48h or 1 mL/kg/h
IV continuous rate infusion [CRI]) is
indicated in patients with hypo-
proteinemia. (Note: Patients with
initially normal total protein con-
centrations may have hypoprotein-
emia after rehydration.)

Horses with colitis are particularly
prone to thrombophlebitis. Long-
term polyethylene IV catheters
should be used and removed at the
first sign of a problem with the cath-
eter or vein.

e Antiinflammatory and analgesic ther-

ap
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Flunixin meglumine: 0.5 to 1.1 mg/
kg IV q12h for colic; then decrease
to 0.25 mg/kg IV q6-8h for antiin-
flammatory effects when signs of
colic resolve. Do not use in NSAID
toxicity.

Lidocaine: 1.3 mg/kg IV as a slow
bolus; then 0.05 mg/kg/min IV CRI
for persistent colic or as a primary
analgesic in NSAID toxicity
Pentoxifylline: 8 mg/kg PO q8-12h
(may decrease inflammatory cyto-
kine production and may promote
microvascular blood flow by rheo-
logic and antiplatelet effects)
Dimethylsulfoxide (90% solution):
20 to 100 mg/kg diluted to less than
10% solution in IV fluids q12h for
1 to 3 days (may scavenge free radi-
cals and limit oxidative injury)

e Antiendotoxic therapy

[o}

Equine plasma (2—4 L IV or more
if hypoproteinemic, regular equine
plasma, or hyperimmune plasma
with antiendotoxin antibodies may
be used) or hyperimmune anti-
endotoxin  serum  (Endoserum,
1-2 mL/kg diluted in 35 L isotonic
fluids IV)

Polymyxin-B: 2000 to 6000 1U/kg
(diluted in  500-1000 mL  0.9%
saline) IV q12h for 1 to 3 days after
the patient is hydrated and if renal
function is adequate

e Laminitis prophylaxis

O

Placement of frog supports and
maintenance in deep bedding
should be initiated immediately.
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o Periodic or continuous maintenance
in ice boots during initial therapy
may be helpful in preventing lami-
nitis, although this is not universally
accepted.

o If signs of laminitis occur, treatment
should be rapid and aggressive (see
“Laminitis, Acute” in this section).

Intestinal absorbents

o Bio-Sponge (di-tri-octahedral smec-
tite) has been shown to absorb clos-
tridial toxins and may absorb other
bacterial toxins as well.

o Activated charcoal or bismuth sub-
salicylate (4.5 mL/kg by nasogastric
tube q6-12h) may provide similar
benefits, although there is less evi-
dence to support their use.

Diet and nutritional support

o It is important to encourage appe-
tite and provide adequate nutri-
tional support to horses with colitis.
In general, horses with colitis that
maintain a good appetite generally
have a better prognosis than per-
sistently inappetent or anorectic
horses.

o Early on, minimize concentrates
and provide adequate roughage
with good-quality grass hay and
access to fresh pasture or grass if at
all possible.

o If NSAID toxicity or protracted
diarrhea is present, provide a
low-residue, easily digestible fiber
source such as a complete pelleted
equine senior feed.

o Evaluation for or treatment of gastric
ulceration should be considered
in horses that are persistently
inappetent.

Antimicrobial therapy

o Controversial because it can prevent
reestablishment of normal enteric
flora and does not appear to
improve prognosis in most adult
horses with colitis.

o Specific antimicrobial therapy for
clostridial diarrhea and Potomac
horse fever and occasionally for
salmonellosis is indicated (see
“Potomac Horse Fever,” “Diarrhea,
Clostridial,” and “Salmonellosis” in
this section).

o Broad-spectrum antimicrobial ther-

additional anaerobic coverage
and may be beneficial in patients
with suspected clostridial or
antimicrobial-induced colitis.

e Other

o Isolate the patient if at all possible.
Minimize exposure of other horses
to feces from the patient, clean the
patient’s stall last, and disinfect
tools and equipment used on the
affected horse.

o Loosely wrapping or bagging the
tail and daily cleaning of the hind
limbs is necessary to prevent scald
with severe diarrhea.

o Probiotic therapy is controversial
and not proven to be effective in
equine diarrhea, although there is
some evidence to support the use
of products containing Saccharo-
myces boulardii in horses with
colitis (see “Diarrhea, Clostridial” in
this section).

o Some evidence suggests that some
horses with severe colitis may be
hypercoagulable because of sub-
clinical disseminated intravascular
coagulation and thus are at greater
risk of thrombotic complications.
Heparin (2040 1U/kg IV or SC g8h)
may be beneficial in these cases.

POSSIBLE COMPLICATIONS

FIGURE 1 Acute colitis. Postmortem appearance of large colon showing severe inflam-
mation and edema of the mucosa.

PROGNOSIS AND
OUTCOME

e Fair to good with adequate
supportive care in patients
that maintain a good appetite

e Guarded with concurrent laminitis or
peritonitis

e Guarded to poor with severe abdomi-
nal distension, persistent colic, or
serosanguineous peritoneal fluid

PEARLS &
CONSIDERATIONS

e It is important to note that
colitis may occur in the
absence of diarrhea (because of the
massive absorptive capacity of the
equine colon) and should be consid-
ered as a differential diagnosis in any
horse with colic or fever of unknown
origin.

e Even though colitis is successfully
managed medically in the majority of
cases, exploratory celiotomy should
be considered in horses with sus-
pected colitis that have persistent and
severe colic signs to rule out an
obstructive lesion and evaluate the
integrity of the colon.

apy is indicated in patients with e Laminitis
peritonitis or in profoundly neutro- e Thrombophlebitis SUGGESTED READING
penic patients (which are at greater e Peritonitis David JB: Diarrheal diseases. In Orsini JA,

risk of developing secondary infec-
tions such as pneumonia or septic

Colonic infarction
Colonic fibrosis and chronic diarrhea

Divers TJ, editors: Equine Emergencies:
Treatment and Procedures. St Louis,
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thrombophlebitis).  This  therapy 2008, Saunders Elsevier, pp 159-165.

may include: RECOMMENDED MONITORING
= Potassium penicillin: 22,000 1U/ Monitor the packed cell volume, total
kg IV gbh and gentamicin protein concentration, serum creatinine,
(6.6 mg/kg IV gq24h) or enroflox- and serum electrolyte concentrations
acin (5 mg/kg IV q24h) closely during initial therapy and tailor
= Metronidazole: 15 to 25 mg/kg fluid therapy accordingly.
PO or PR may be used to provide

AUTHOR: KELSEY A. HART
EDITOR: TIM MAIR
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Compartment Syndrome

BASIC INFORMATION
DEFINITION

An increase in pressure in a confined
anatomic space that leads to ischemic
damage to the tissue

EPIDEMIOLOGY

RISK FACTORS

Anesthesia

Fracture

Puncture wound

Infection (ie, Clostridium spp.)
Soft tissue trauma
Circumferential burns

External bandage, cast, or splint

e Reperfusion injury

e Arterial or venous obstruction

e Intense exercise

e Envenomation

ASSOCIATED CONDITIONS

AND DISORDERS

e Most commonly occurs in soft tissue
structures that are bounded by fascia
and bony structures



Compartment Syndrome

e May occur with any condition in
which perfusion pressure decreases
below tissue pressure in a closed ana-
tomic space

CLINICAL PRESENTATION

HISTORY, CHIEF COMPLAINT History

of anesthesia, trauma, infection, burns,

perfusion abnormalities, intense exercise,

or snakebite

PHYSICAL EXAM FINDINGS

e The most common clinical sign is
tense muscle swelling with a decreased
range of motion of the affected area.

e Paraesthesia with pain that is more
than expected with the diagnosed
injury may be noted.

e Pulselessness is recognized in humans
and may be present in horses as well.

ETIOLOGY AND

PATHOPHYSIOLOGY

e Soft tissue injury results in swelling in
the confined space.

e Tissue pressures increase because of
edema and hemorrhage.

e When the tissue pressure increases
above the diastolic blood pressure,
circulation is impaired, leading to
decreased tissue oxygenation and
alterations in cell metabolism.

e Cells may be irreversibly damaged
with severe oxygen depletion because
of release of inflammatory mediators
and histamine.

e Muscle and nervous tissue are the
most sensitive to the negative effects
of compartment syndrome.

DIAGNOSIS
DIFFERENTIAL DIAGNOSIS

e Avascular necrosis
e Venous thrombosis

INITIAL DATABASE

e Intracompartmental pressure measure-
ments are useful for diagnosis in
humans.

o No methods have been developed
to measure compartmental pres-
sures consistently in horses.

o Diagnosis is made from clinical
signs and history.

TREATMENT

THERAPEUTIC GOAL(S)
Restore perfusion to the soft tissues.

ACUTE GENERAL TREATMENT

e Remove any constricting bandages or
casts.

e Place the limb at the level of the heart
if the patient is recumbent.

e Change the recumbency of the patient
(ie, from left lateral to right lateral)
every 3 to 4 hours.

e Corticosteroids and anticoagulants
may be beneficial. Vascular structures
must be patent for medications to
have effect.

e Surgical decompression via a fasciot-
omy is the gold standard (Figure 1).
Perform a large longitudinal incision
with scissors or a scalpel blade.

FIGURE 1 Compartment syndrome occur-
ring after a constricting tail wrap. Approx-
imately 75% of the tail was affected.
Fasciotomy was performed twice with
daily debridement, and the wounds
covered with silver sulfadiazine to allow
for moist healing. The tail fully healed
without amputation. Sensation and hair
follicles were preserved.

o Avoid vessels or nerves.

o Ensure release of all constricting
fascia.

© Remove necrotic tissue.

e Direct muscle visualization is recom-
mended in humans. Cover the fasci-
otomy with a moist, sterile dressing.

e Three to 5 days after fasciotomy, the
incision can be closed if the patient is
doing well.

POSSIBLE COMPLICATIONS

e Complications associated with fasci-
otomy include scarring, infection,
hematoma, deep vein thrombosis, and
neurovascular injury.

e An incomplete fasciotomy may
cause chronic stiffness and muscle
contracture.

PROGNOSIS AND
OUTCOME

Long-term prognosis for the

horse is good for life as long as

the inciting cause for the compartment
syndrome has been addressed and
corrected.

PEARLS &
CONSIDERATIONS

COMMENTS

If left untreated, postischemic scarring
and contracture may occur.

SUGGESTED READING

Clanton TL, Klawitter PF: Adaptive responses
of skeletal muscle to intermittent hypoxia:
the known and the unknown [review].
J Appl Physiol 90:2476-2487, 2001.

Konstantakos EK, Dalstrom DJ, Nelles ME,
et al: Diagnosis and management of extrem-
ity compartment syndromes: an orthopaedic
perspective.  Am  Surg 73(12):1199-1209,
2007.

Ouellette EA: Compartment syndromes in
obtunded patients. Hand Clin 14:431-450,
1998.

Taxter AJ, Konstantakos EK, Ames DW: Lateral
compartment syndrome of the lower
extremity in a recreational athlete: a case
report. Am ] Emerg Med 20(8):973, 2008.

AUTHOR: CHRISTINA HEWES
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Congenital Heart Disease

BASIC INFORMATION

DEFINITION

Congenital heart disease (CHD) is caused
by malformations of the heart or great
vessels related to abnormal formation of
the embryonic heart that are present at
birth. Anatomic defects range from
simple to complex and from trivial to life
threatening. CHD is potentially heritable.

SYNONYM(S)

e Congenital heart defects
e Cardiac malformations

EPIDEMIOLOGY

SPECIES, AGE, SEX

e Most commonly recognized in foals
and yearlings but may also be identi-
fied in older horses.

e Severe, complex, or multiple malfor-
mations often cause clinical signs in
foals.

GENETICS AND BREED PREDISPO-
SITION The prevalence of CHD is
unknown, but cardiac defects were iden-
tified in 3.5% of foals examined at nec-
ropsy. It is possible that some defects
carry a genetic liability. Arabian horses
may be predisposed to ventricular septal
defect (VSD) and tetralogy of Fallot.

RISK FACTORS There are no proven

associations for CHD in horses. Potential

but unproven causes include drugs, viral
infection, environmental toxins, and
nutritional disorders.

ASSOCIATED CONDITIONS AND DIS-

ORDERS CHD generally occurs in isola-

tion but may be associated with persistent

fetal circulation or respiratory infection.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES
e Various classification schemes can be
used to categorize CHD, including
systems assessing segmental concor-
dance of veins, atria, ventricles, and
great vessels along with morphologic
lesions of the valves and cardiac
septae. A clinical classification includes:
o Shunts: Communications between
systemic and pulmonary circula-
tions at the level of the atria (atrial
septal defect [ASDD, ventricle
(VSD), or ductus arteriosus (patent

ductus arteriosus [PDA]).
= VSDs are considered the most
common heart malformation
and can be single, multiple,
small, or large. The aorta may be
malaligned and override the

septum.

In most cases, a VSD is para-
membranous (perimembranous),
meaning the hole is dorsal and
involves the fibrous component
of the septum. Echocardiograph-
ically, these defects are below
the right and noncoronary cusps
of the aortic valve, adjacent to
the tricuspid valve, and ventral
to the supraventricular crest

(“subcristal”).

Other locations include muscular

(“apical,” “trabecular”); right ven-

tricular inlet septum (ventral to

the septal tricuspid leaflet); and
subarterial, below each semilu-
nar valve (“supracristal”).

Cardiac auscultation and echo-

cardiographic examination find-

ings are influenced by the
location of the defect.

Aortic regurgitation may develop

from aortic root prolapse.

o Valvular malformations are rare.
= Stenosis or atresia of the pul-

monic and tricuspid valves

leads to right-to-left intracardiac
shunting across an ASD or VSD,
causing cyanosis.

Aortic valve, mitral valve, and

associated left ventricular malfor-

mations may lead to shock or
congestive heart failure (CHF).

o Complex CHD in horses includes
endocardial cushion defects, com-
mon atria, single ventricle, tetralogy
of Fallot, and malformation or mal-
position of the great vessels. The
latter include double-outlet right
ventricle, persistent truncus arterio-
sus, and transposition of the great
vessels generally associated with
one or more defects in the cardiac
septae.

HISTORY, CHIEF COMPLAINT

e Many affected animals demonstrate no
overt clinical signs other than a heart
murmur.

e Complex CHD or severe defects may
cause exercise intolerance or signs of
CHF, including tachypnea and ventral
edema.

e Failure to grow or unthriftiness may
be evident.

e Atrial fibrillation (AF) may develop
from cardiac enlargement.

PHYSICAL EXAM FINDINGS

e CHD should be considered in any
horse with a prominent heart murmur
and should be suspected in foals and
yearlings with loud murmurs or a pal-
pable precordial thrill.

e Cardiac murmurs are characterized by
timing, point of maximal intensity,

loudness or grade, radiation, and

character (see “Cardiac Auscultation”

in Section ID).

e The typical holosystolic murmur of a
paramembranous VSD is loudest over
the right, ventral-cranial thorax. An
ejection murmur may be heard over
the craniodorsal heart base on the left.

e Subarterial VSD is often loudest over
the pulmonic valve area and left cra-
niodorsal heart base.

e Diastolic murmurs typically indicate
the presence of aortic regurgitation.

e Continuous murmurs may be caused

by persistent PDA.

> Tachypnea, exercise intolerance, or

cyanosis in foals is most often

caused by respiratory disease or
infection; however, CHD should
also be considered.

o Tricuspid or pulmonary atresia
often produces profound cyanosis.

o Potential signs of CHF include
tiring, tachypnea, and respiratory
distress.

o Jugular venous distension, ventral
edema, pleural effusion, and resting
tachycardia are typical signs of
right-sided or biventricular CHF.

ETIOLOGY AND PATHOPHYSIOLOGY

e The pathophysiology of VSD is caused
by left-to-right shunting with volume
overload of the left ventricle. Right-
sided enlargement depends on the
size of the defect and the presence of
obstruction to right ventricular outflow.
o A large VSD creates a functional

“common ventricle,” and shunting
occurs along the path of lowest
resistance.

o When pulmonary vascular resis-
tance is normal, signs relate to high
pulmonary blood flow with risk of
left-sided or biventricular CHF.

> When complicated by pulmonic ste-
nosis, pulmonary atresia, or high
pulmonary vascular resistance, a
right-to-left shunt may occur, and
clinical signs stem from limited
cardiac output and arterial hypo-
xemia.

e Complex abnormalities of segmental
discordance also follow these general
rules, and signs relate largely to
the amount of pulmonary over- or
undercirculation.

e Clinical signs in primary valvular mal-
formation are similar to those observed
in other species.

e Superimposition of AF in moderate to
severe CHD may impair exercise
capacity or precipitate CHF.

o)
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DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

e Functional ejection murmurs are ubiq-
uitous and may pose a diagnostic
dilemma. An ejection murmur loudest
over the great vessels is found with
some cardiac defects, but in most
cases, a left basilar ejection murmur
simply represents a functional (flow)
disturbance unrelated to heart disease
(see “Cardiac Auscultation” in Section
D.

e The differential diagnosis of a loud

heart murmur (with or without
CHF) includes CHD, infective
endocarditis, degenerative valvular

disease, valvulitis, ruptured chordae
tendineae, myocarditis, cardiomyopa-
thy, tachyarrhythmia-induced cardio-
myopathy, and aorto-cardiac fistula
(ruptured aortic sinus into the heart).
Pericarditis may create a friction rub.

INITIAL DATABASE

e Complete physical examination

e Auscultation of the heart and lungs

e Examination of the precordium
for thrills, cardiac displacement, or
increased area of cardiac dullness

e Inspection of mucous membranes

e Palpation of the arterial pulse

e Visual assessment of jugular venous
pulse and pressure

e Two-dimensional imaging of the heart
for enlargement and overt lesions

ADVANCED OR CONFIRMATORY
TESTING
e Echocardiography complemented by

Doppler studies is the gold standard

for diagnosis of CHD.

o Quantitation of defect or heart size
is useful for identifying moderate
to severe defects. VSD measuring
less than 2.5 cm across the greatest
diameter (in mature horses) is often
well tolerated. Right ventricular wall
hypertrophy suggests pulmonary
stenosis, vascular disease, or a func-
tionally common ventricle. Moder-
ate to severe left atrial dilatation
suggests a hemodynamically impor-
tant shunt, mitral valve disease, or
left ventricular failure.

o Contrast echocardiography with
agitated saline may identify a right-
to-left shunt.

o Color Doppler studies can identify
abnormal flow patterns from shunt-
ing or valvular disease.

o Spectral continuous wave Doppler
can quantify pressure differences. A
VSD flow of greater than 4.5 m/s
indicates a small (restrictive) defect.
High-velocity tricuspid regurgitation
(>4 m/s) indicates right ventricular

outflow obstruction or pulmonary
hypertension.

e An electrocardiogram should be
recorded if an arrhythmia is evident.

e Arterial blood gas and packed cell
volume are indicated in cases of
Cyanosis.

e Thoracic radiography, thoracic ultraso-
nography, airway endoscopy, or cyto-
logic evaluation of tracheal wash fluid
should be considered when there
are signs of primary lung or pleural
disease.

TREATMENT

THERAPEUTIC GOAL(S)

e Definitive therapy for VSD involves
cardiopulmonary  bypass  surgery;
however, new “hybrid” procedures
involving catheter devices delivered
by a transventricular approach and
guided by epicardial echocardiogra-
phy are possible, although perhaps
not practical.

e Medical management of CHF or of
arrhythmias associated with CHD may
be considered.

e Breeding of affected animals should
be discouraged, especially in Arabian
horses.

ACUTE GENERAL TREATMENT

If CHF develops, initial treatment includes
IV digoxin and furosemide.

CHRONIC TREATMENT

e Exercise capacity should be assessed
and exercise limited if indicated. In
many cases, the lesion does not create
an obvious problem.

e Chronic therapy of CHF if deemed
appropriate (see “Cardiac Failure” in
this section)

e Horses with AF can be treated with
quinidine or electrocardioversion if
indicated.  Significant cardiomegaly
reduces success and predisposes to
reversion to AF.

e Horses with severe malformations
should not be used or bred. When
clinical signs are severe, persistent, or
associated with poor quality of life,
euthanasia may be suggested.

DRUG INTERACTIONS

e Drugs increasing pulmonary vascular
resistance worsen right-to-left shunt-
ing.

e Drugs increasing systemic vascular
resistance increase left-to-right shunt-
ing.

POSSIBLE COMPLICATIONS

Sudden death, progressive cardiomegaly,
CHF, arrhythmias, and arterial hypox-
emia

RECOMMENDED MONITORING

e Horses with mild to moderate CHD
should be reevaluated at least yearly
by history, auscultation, and echo-
cardiography. Cases of moderate to
severe CHD should be examined more
often.

e Exercise intolerance, tachypnea, tachy-
cardia, or ventral edema should
prompt immediate reassessment.

PROGNOSIS AND
OUTCOME

e Prognosis is highly variable,
depending on the lesion and
severity.

e Potential outcomes for VSD include
tolerance, partial or complete closure
by adherence of the tricuspid valve or
fibrous tissue, or from aortic valve pro-
lapse; progressive aortic regurgitation;
AF; CHF; pulmonary hypertension;
or reversal of the shunt with arterial
hypoxemia and cyanosis.

PEARLS &
CONSIDERATIONS

COMMENTS

e The rare occurrence of aortic and pul-
monic stenosis reduces the indication
for echocardiography in horses with
soft to moderate ejection murmurs
over the left craniodorsal heart base.
In most of these cases, the murmur is
functional.

e Many murmurs of VSD are loudest at
the right ventral thorax.

e One cannot prognosticate from the
loudness of a murmur.

e When a cardiac malformation is found
in a foal, the mare should also be
auscultated for possible CHD.

e Consultation with a specialist experi-
enced in CHD is helpful.

PREVENTION
Do not breed horses with known CHD.

CLIENT EDUCATION

CHD can negatively impact the life, use,
and value of a foal and cast doubt on the
genetic reliability of the mare or stallion.

SUGGESTED READING

Bonagura JD: Congenital heart disease. In
Robinson NE, editor: Current therapy in
equine medicine, ed 5. Philadelphia,
2003, Saunders Elsevier, pp 591-601.

Schwarzwald CC: Sequential segmental analy-
sis: a systemic approach to the diagnosis of
congenital cardiac defects. Equine Vet Educ
20:305-309, 2008.
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BASIC INFORMATION
DEFINITION

Contagious  equine  metritis

(CEM) is a nonsystemic, highly conta-
gious venereal infection of members of
the family Equidae caused by Taylorella
equigenitalis, a bacterium unrecognized
before 1977.

EPIDEMIOLOGY

GENETICS AND BREED PREDISPOSI-
TION To date, there is no evidence of
variation among horse breeds with
respect to susceptibility to 7. equigeni-
talis infection. This also applies to differ-
ent breeds of ponies that have been
investigated. Based on experimental
findings, donkey jennies can be suc-
cessfully infected with 7. equigenitalis,
although the associated clinical signs
tended to be less pronounced and
of shorter duration than observed in
pony mares.

RISK FACTORS

e Direct or indirect venereal contact
with 7. equigenitalis

e Occurrence of the carrier state in the
stallion and the mare

e International or national movement of
stallions and mares and shipment of
semen

e Certain management practices (eg,
“vanning in” or “walking-in” of mares
to be bred naturally or by artificial
insemination [AI]

e Failure to observe appropriate sanitary
measures when breeding stallions nat-
urally or when collecting semen for AI

CONTAGION AND ZOONOSIS

e Transmission of CEM occurs primarily
by the venereal route through:

o Direct genital contact between an
infected mare and a stallion or vice
versa

o Al with semen from a carrier stal-

lion. The risk of transmission by Al
is significantly reduced by the use
of extenders containing appropriate
antibiotics. Spread of CEM through
cryopreserved semen remains to be
determined.

Indirect genital contact with fomites

contaminated with 7. equigenitalis,

such as vaginal specula, forceps,
obstetrical sleeves, and tail ban-
dages used in examination of the
reproductive tract of the mare.

Failure to observe appropriate sani-

tary measures when handling the

external genitalia of stallions has
also been implicated in the indirect

[}
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transmission of CEM. Among the
items believed of major importance
as potential sources of contagion in
stallion collection centers is the
external covering of the phantom,
artificial vaginas, and wash buckets.

e Transplacental infection of the fetus

e Contact of the external genitalia of the
foal with a T. equigenitalis—positive
placenta or clitoral area of an infected
mare at the time of foaling

e Exposure of the external genitalia of
postpartum foal to bedding or pasture
contaminated with 7. equigenitalis
infective placental fluids or vaginal
discharge

e Transmission between stallions and
colts through the use of common
sponges or cloths contaminated with
T. equigenitalis to wash the external
genitalia

e CEM is not a zoonotic disease.

GEOGRAPHY AND SEASONALITY

e CEM has been reported to have
occurred in some 29 countries world-
wide since the disease was initially
recognized in 1977. In countries where
it is currently known or believed to
occur, the infection is endemic largely
in non-Thoroughbred breeds.

e Outbreaks of CEM and infection with
T. equigenitalis invariably occur during
the breeding season, whether in the
Northern or Southern Hemispheres.
On the other hand, carrier stallions or
mares can be detected at any time
either when undergoing pre- or post-
entry testing required by an importing
country or as part of a pre-breeding
season screening program to identify
carrier animals.

ASSOCIATED CONDITIONS AND DIS-

ORDERS Clinical signs of CEM in mares

can closely mimic those caused by

several serotypes of Klebsiella pneu-

moniae (1, 2, and 5 and possibly types 7

and 39), Pseudomonas aeruginosa, Strep-

tococcus equi subsp. zooepidemicus,

Escherichia coli, and (uncommonly) spo-

radic infections caused by other miscel-

laneous bacteria.

CLINICAL PRESENTATION

DISEASE FORMS/SUBTYPES

e CEM is an acute venereally transmis-
sible disease that is restricted to the
reproductive tract in mares. It is a
non-life-threatening infection that is
characterized by short-term infertility
and very rarely, abortion around 7
months’ gestation.

e The clinical outcome after primary
exposure in a mare can vary consider-

ably from overt disease to asymptom-
atic infection. 7. equigenitalis exists as
a commensal on the external genitalia
of the stallion, causing neither a local
nor systemic inflammatory reaction.

HISTORY, CHIEF COMPLAINT

e After an incubation period of 2 to 13
days, typically affected mares may
present with an odorless, greyish-
white, mucopurulent vulvar discharge
of uterine origin. This can vary in
amount and may persist for 2 weeks
or longer. The discharge is accompa-
nied by an endometritis, cervicitis, and
vaginitis of varying severity.

e Trrespective of the presence or absence
of clinical signs of infection, most
mares fail to conceive after primary
exposure to 7. equigenitalis and return
to estrus after a shortened diestrus
period. The resultant infertility is short
term with no long-term adverse effects
on a mare’s fertility. Persistence of 7.
equigenitalis in the reproductive tract
of the mare need not compromise the
maintenance of a normal pregnancy
and birth of a healthy foal.

PHYSICAL EXAM FINDINGS

e Clinical signs of the disease are only
found in mares, with stallions being
asymptomatic carriers of the organism.
In clinical cases of infection, affected
mares develop a severe, diffuse acute
endometritis along with inflammation
of the cervix and vagina.

e Acutely or chronically infected mares
are afebrile without displaying any
clinical signs of systemic illness.
Typical cases of CEM have a mucopu-
rulent vulvar discharge, which may be
so profuse as to run down the hind-
quarters, wetting the entire perineal
area and inside the thighs and matting
the tail hairs. In contrast, other mares
may merely have a bead of discharge
at the lower commissure of the vulva.
Intrauterine fluid accumulation can
often be detected on ultrasonographic
examination of affected mares. On
vaginoscopic examination, discharge
can be observed seeping between the
folds of the external os of the cervix
and accumulating on the floor of the
vagina. Affected mares have a con-
comitant cervicitis and vaginitis, which
may be more severe than seen in other
bacterial infections of the reproductive
tract in the mare.

ETIOLOGY AND PATHOPHYSIOLOGY

o T. equigenitalis is a gram-negative,
non—acid-fast coccobacillus.

e The bacterium has fastidious growth
requirements, growing best on choco-
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latized blood agar under microaero-
philic conditions of incubation.

Two biotypes of T. equigenitalis exist,
those that are sensitive and those that
are resistant to streptomycin.

T. equigenitalis is nonfermentative and
nonproteolytic but is cytochrome
oxidase, catalase, and alkaline phos-
phatase positive.

In late 1997 and early 1998, a second
species of Taylorella spp., Taylorella
asinigenitalis, was identified in several
donkeys, horse mares, and a stallion
in the United States. This bacterium
has yet to be confirmed as a cause of
venereal disease in donkey jennies or
mares.

Mares acutely affected with CEM
develop a severe diffuse endometritis
and cervicitis, with accumulation of
exudate between the endometrial
folds that are edematous and
congested.

Mild multifocal salpingitis was a
frequently observed feature in one
experimental study on CEM.

Cellular infiltration of the endome-
trium, which initially is primarily neu-
trophilic, becomes  predominantly
plasmacytic by 14 days.
Subsequently, a mild diffuse or multi-
focal lymphocytic infiltration super-
venes that can persist for up to 3 to 4
months after infection.

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

A clinically similar infection of the repro-
ductive tract can be caused by any of the
following:

K. pneumoniae (types 1, 2, 5 and pos-
sibly types 7 and 39)

P. aeruginosa

S. equi, subsp. zooepidemicus

E. coli

Miscellaneous other bacteria

INITIAL DATABASE

Vaginoscopic and ultrasound exami-
nation of the reproductive tract of the
mare

Smears of endometrial and cervical
swabs, and any vaginal discharge for
cytologic examination using a rapid
differential staining technique. The
presence of numerous neutrophils,
desquamated epithelial cells, and
bacteria morphologically similar to 7.
equigenitalis, either free or phagocy-
tosed within neutrophils, is strongly
suggestive, although not confirmatory
of CEM.

Collection of individual endometrial or
cervical swabs together with swabs
from the clitoral fossa and clitoral

sinuses and a specimen of vaginal dis-
charge (if present) for bacteriologic
culture and polymerase chain reaction
(PCR) examination

e Screening stallions for 7. equigenitalis
is based on collecting individual swabs
from the urethral fossa, urethral diver-
ticulum, terminal urethra, and external
surface of the penis and sheath
for bacteriologic culture and PCR
examination.

e Mares and stallions should be swabbed
three times with at least 3 days
between each sampling.

e It is very important that the culture
sites in the mare and the stallion are
appropriately sampled, the swabs
immediately transferred to individual
tubes of Amie’s transport medium with
charcoal, and the specimens kept
refrigerated and plated out in the labo-
ratory within 48 hours of collection.

ADVANCED OR
CONFIRMATORY TESTING

e Bacteriologic culture is still the most
widely accepted means of confirming
the presence of T. equigenitalis in
mares and stallions. It provides the
opportunity to determine the cultural,
antimicrobial sensitivity, and patho-
genic and antigenic characteristics of
isolates of the organism. It is a sensi-
tive although somewhat lengthy means
of diagnosing CEM.

e The PCR assay may provide a more
rapid and sensitive method of demon-
strating 7. equigenitalis on swabs
collected from mares or stallions. Pre-
liminary data on the reliability of this
assay in detecting the bacterium in
extended or cryopreserved semen,
although promising, requires addi-
tional verification.

e Test breeding is highly reliable for
confirming the carrier state in stallions.
It is based on demonstration of
T. equigenitalis in the reproductive
tract in one or both test mares or the
development of CF antibodies to the
organism within 15 to 40 days after
breeding.

e Serology or the development of CF
antibodies to 7. equigenitalis is only
of value in confirming recent infection
in mares. Stallions do not mount a
detectable humoral antibody response
to the bacterium.

TREATMENT

THERAPEUTIC GOAL(S)

The goals of