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Preface 

This book reflects our commitment to reproductive health of the dog and cat. 
The theriogenologist fulfills the charge of the Veterinarian's Oath to protect ani
mal health and relieve animal suffering by learning normal reproductive phys
iology, understanding pathogenesis and treatment of reproductive disease, 
promoting sound reproduction in some patients and preventing reproduction 
safely in others. We are as committed to addressing the pet overpopulation 
problem in the United States with safe, effective contraception, as we are to fur
thering the understanding ;)f how to improve and enhance reproductive per
formance. While promoting an expanded knowledge of normal reproductive 
physiology (learning from our patients), we also applaud advances in assisted 
reproduction (learning from our colleagues) with procedures such as artificial 
insemination with chilled and frozen semen, trans-cervical insemination, 
gamete cryopreservation, and in-vitro fertilization. We believe that every 
puppy and kitten born should have the best health, the best care, and the best 
opportunity for a good life, and are proud to be part of a profession that works 
to those ends. 

The Authors 
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NOTICE 

Veterinary Medicine is an ever-changing field. Standard safety precautions 
must be followed, but as new research and clinical experience broaden our 
knowledge, changes in treatment and drug therapy become necessary or 
appropriate. Readers are advised to check the product information current
ly provided by the manufach1rer of each drug to be administered to verify 
the recommended dose, the method and duration of administration, and 
contraindications. It is the responsibility of the treating veterinarian, rely
ing on experience and the knowledge of the animal, to determine dosages 
and the best treatment for the animal. Neither the publisher nor the editor 
assumes any responsibility for any injury and/ or damage to animals or 
property. 

THE PUBLISHER 
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Figure 3-1. A: H1stology of can me vag mal epithelium dunng anestrus B: Histology of canine vaginal epithelium during estrus. 
Note the mcreased th1ckness of cells near the vag1nal lumen (Courtesy of Dr. Alvin Weber, University of Minnesota.) 
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Figure 3-2. A: Schematic diagram of a parabasal epithelial cell from the canine vagina. (From Olson PN, Husted PW, Nett 
JM: The management of a successful mating between the bitch and the stud dog. Kal Kan Forum 2:15, 1983, with permission.) 
8: Para basal epithelial cell (center) and neutrophils. Magnification; 1 OOOx. 

Figure 3-3. A: Schematic diagram of a small intermediate epithelial cell from the canine vagina. (From Olson PN, Husted PW, 
Nett JM: The management of a successful mating between the bitch and the stud dog. Kal Kan Forum 2:15, 1983, with per
mission.) B: Small intermediate cells and neutrophils. Magnification; lOOOx. 
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Figure 3-4. A: Schematic diagram of a large intermediate cell from the canine vagina. (From Olson PN, Husted PW, Nett JM: 
The management of a successful mating between the bitch and the stud dog. Kal Kan Forum 2:15, 1983, with permission.) 
B: large intermediate cells (also called superficial and transitional intermediate cells) and erythrocytes. Magnification; 1 OOOx. 
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Figure 3-5. A: Schematic diagram of a superficial epithelial cell 
with a nucleus that is showing signs of karyorrhexis (chromatin dis
integrates into formless granules, or apfears to fade). B: Schematic 
diagram of a superficial epithelial eel with a nucleus that is show
ing signs of karyopyknosis (shrinkage and condensation of nucleus). 
C: Superficial epithelial cells showing "faded" and pyknotic nuclei. 
Magnification; 1 OOOx. 
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Figure 3-6. A: Schematic diagram of an anucleated superficial epithelial cell. (From Olson PN, Husted PW, Nett JM: The man
agement of a successful mating between the bitch and the stud dog. Kal Kan Forum 2:15, 1983, with permission.) B: Anuclear 
superficial cells (also call anuclear squames). Magnification; lOOOx. (From Olson PN, Thrall MA, Wykes PM, et al: Vaginal 
cytology. Part I. A useful tool for staging the canine estrous cycle. Compend Cantin Educ Prod Vet 6:288- 298, 1984, with per
mission.) 
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Figure 3-7. Staining of superficial cells is dark blue in contrast 
to intermediate cells (center of photomicrograph) or other su· 
perficial cells in Figure 3-6B that stain light blue. Note that 
with close scrutiny, a nucleus can be observed in the dark
staining superficial cells. (From Olson PN, Thrall MA., Wykes 
PM, et al: Vaginal cytology. Part I. A useful tool for staging the 
canine estrous cycle. Compend Conlin Educ Pract Vet 
6:288-298, 1984, with permission.) Magnification; 400x. 
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Figure 3-8. A through C: Metestrum cells. Some epithelial cells appears to contain a neutrophil. Magnifications vary. 
D. "Metestrum" cell identified in a preputial smear of a dog w ith balanoposthitis. Magnification; l OOOx . 
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Figure 3-9. A and B: Foam cells. Magnification; l OOOx. 
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Figure 3-10. A and B: Superficial cel l wi th cytoplasmic bodies. Magnification; 1 OOOx. (B: from Olson PN, Thrall MA, Wykes 
PM, et al: Vaginal cytology. Part I. A useful tool for staging the canine estrous cycle. Compend Cantin Educ Pract Vet 6:288-298 , 
1984, with permission.) 
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Figure 3-11. Superficial cell with pyknotic nucleus and 
bacteria. Magnification; lOOOx. 

Figure 3-12. A and B: Melanin-containing epithelial 
cells. Note the brown pigment w ithin the epithelial cells. 
Magnifications; 400x. (B from O lson PN, Thra ll MA, 
Wykes PM, et al: Vaginal cytology. Part I. A useful tool for 
staging the canine estrous cycle. Compend Cantin Educ 
Pract Vet 6:288-298, 1984, w ith permission.) 
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Figure 3-13. A: Schematic diagram of kera tinized epithe lial cells obtained from the clitoral fossa. B: C litora l fossa cel ls (dark
staining). Magnification; 400X. 
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Figure 3-14. A and B: Spermatozoal heads superimposed on vaginal epithelial cells. Magnification; l OOOx. 
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Figure 3-15. A: Transitional cell carcinoma and neutrophils in a canine vaginal smear. Magnification; l OOOx. B: Vaginal ade
nocarcinoma. Note the pleomorphism of cells and multiple nuclei and n_ucleoli. Magnification; lOOOx. 

Figure 3-17 Vaginal epithelial cells that stain eosinophilic or 
cyanophilic with trichrome stain. Magnification; l OOx. 
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Figure 3-16. C and D: Caudal view, 
demonstrating the appropriate angle 
to pass a swab into the canine 
vestibule and vagina, avoiding the 
clitoral fossa. (From Olson PN, Thrall 
MA, Wykes PM, et ol: Vaginal cy
tology. Port I. A useful tool for staging 
the canine estrous cycle. Compend 
Contin Educ Proct Vet 6:288-298, 
1984, with permission.) E: Immedi
ately offer collection, the vaginal 
swab should be gently rolled over a 
clean gloss. The smear should be al
lowed to air-dry prior to staining. 

Figure 3-18 A Iorge intermediate cell with normal-appearing 
nucleus and a superficial cell with a pyknotic nucleus. Magni
fication; l OOx. 



Figure 3-19. A: Vaginal smear from a bitch in estrus. Magnification; 400x. B: Vaginal smear from a bitch in early diestrus. 
Magnification; 400X. C: Graph depicting the change in type of vaginal epithelial cells, signifying the onset of cytologic diestrus. 
!From Holst PA, Phemister RD: Onset of diestrus in the beagle bitch: Definition and significance. Am J Vet Res 35:401-406, 197 4, 
with permission.) 
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Figure 3-20. A: Vaginal smear from a bitch in early proestrus. The 
smear contains various types of epithelial cells, erythrocytes, and 
neulrophils. Magnification; 400x. B: Vaginal smear from a bitch 
in proestrus that contains numerous bacteria . Magnification; 400X. 
C: Vaginal smear from a bitch in proestrus that contains few to no 
erythrocytes. Magnification; 400x. IB and C from Olson PN, 
Thrall MA, Wykes PM, et al: Vaginal cytology. Port I. A useful tool 
for staging the canine estrous cycle. Compend Conlin Educ Pract 
Vet 6:288-298, 1984, with permission.) 

Figure 3-21. Legend on opposite page 



Figure 3-21. A: Vaginal smear from a bitch in estrus. Note the 
clear background, devoid of cellular debris. The epithelial cells 
have distinct borders. Magnification; 400x. B: Vaginal smear 
from a bitch in estrus that contains erythrocytes, numerous bacteria , 
and epithelial cells. The epithelial cells have indistinct borders. 
Magnification; 400x. C: Vaginal smear from a bitch on the last 
day of cytologic estrus. Note the indistinct cytoplasmic borders of 
the epithelial cells and the "sheets" or clumps of cells that have ex
foliated. Magnification; 400x. 
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Figure 3-22. A: Vaginal smear from a bitch in early diestrus that contains neutrophils. Note that some parabasal cells stain a 
deep blue-purple. Magnification; 400X . B: Vaginal smear from a bitch in early diestrus that contains few to no neutrophils. Mag
nification; 400x. (A and C from Olson PN, Thrall MA, Wykes PM, et al: Vaginal cytology. Part I. A useful tool for staging the 
canine estrous cycle. Compend Cantin Educ Pract Vet 6:288- 298, 1984, w ith permission .) 

Figure 3-22. C: Vaginal smear from a bitch in early 
diestrus that contains erythrocytes. Magnification; 400X. 
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Figure 3-23. Vaginal smear from a bitch in anestrus. Magnifi
cation; 400x. 

Figure 7-3. See legend page 132. 



Figure 7- 7. See legend page 136 . Figure 8--2. See legend page 147. 
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Figure 8-5. See legend page 153. Figure 8-15. See legend page 165. 

Figure 8-8. See legend page 157. 
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THE BITCH 
•C hap t e r 1 

Sexual Differentiation and Normal Anatomy 
of the Bitch · 

Understanding normal sexual differentiation 
and anatomy of the bitch prepares the veteri
nary clinician for recognizing even the most 
subtle abnormalities of the reproductive sys
tem that result in dysfunction or disease. The 
following description of normal anatomy will 
emphasize those aspects that have special clin
ical relevance for the reproductive system. 

Sexual Differentiation 

Normal sexual development in the dog is de
pendent upon the normal development of 
chromosomal sex, gonadal sex, and pheno
typic sex.1 The diploid number of chromo
somes in the somatic cells of the dog is 78, or 
39 pairs.2- 4 The sex-determining gene, termed 
SRY, is on theY chromosome. Male gonadal 
sex or testis formation occurs in the presence 
of a normal SRY and secondary pathways. 
In the absence of SRY, gonadal sex will be fe
male. The accepted notation for the normal chro
mosomal sex in the bitch is 78,XX, refer
ring to the total number of chromosomes (78) 
and the constitution of the single pair of sex
determining chromosomes (XX). The 38 pairs 
that are not the primary sex-determining chro
mosomes are somatic chromosomes, called au
tosomes. Clinical cytogenetics, or karyotyping, 
involves preparation and examination of neu-

trophils and mucosal cells for Barr bodies or 
evaluating mounted pictures of chromosomes 
in metaphase. Lymphocytes are used most of
ten for karyotyping dogs5 (see Chapter 8 for 
information on karyotyping). 

Gonadal sex is undifferentiated in the early . 
canine embryo. Although the sex of the em
bryo is determined at fertilization, it is not 
distinguishable morphologically until after 
day 30 of gestation.6 If the sex chromosome 
constitution is XX, ovaries will develop; if the 
sex chromosome constitution is XY, testes will 
develop. The gonads develop from the ventro
medial portion of the intermediate cell mass, 
or genital ridge, and migrate caudally during 
fetal development. The gonads eventually mi
grate to a scrotal position in the normal male 
dog. In the female, the ovaries remain in the 
abdominal cavity. 

Phenotypic sex develops after gonadal dif
ferentiation. Paired paramesonephric (mi.i.lle
rian) ducts develop in both the male and fe
male dog. In the bitch, the paramesonephric 
ducts open cranially into the peritoneal cavity 
as the abdominal openings of the uterine tubes 
(oviducts). Caudally, the paramesonephric 
ducts partially unite to form the uterine tubes 
and the bicornuate uterus and completely 
unite to form the vagina.6 In the male, the 
paramesonephric ducts degenerate, except for 
those parts that remain as the vestigial appen-

1 



2 Section I - THE BITCH 

• C'! Table 1-1. Homologies of Genital 
Organs in Male ana Female Mammals 

Male 

Testis 
Mesorchium 
Appendix testis 

Proper ligament of the 
testis, ligament of the 
tail of the epididymis 

Prostatic urethra 
(cranial part) 

Prostatic urethra (caudal 
. part) 

Penis 
Os penis 
Glans penis 
Corpus spongiosum 

penis 
Corpus cavernosum 

Scrotum 
Scrotal raphe 

Prepuce 

Female 

Ovary 
Mesovarium 
Abdominal ostium of 

uterine tube 
Proper ligament of the 

ovary, round ligament 
of the uterus 

Urethra 

Vestibule 

Clitoris 
Os clitoridis (inconstant) 
Glans clitoris 
Vestibular bulb 

Corpus cavernosum 
clitoridis 

Labia 
Dorsal commissure of 

labia 
Fold of fossa clitoridis 

From Evans HE, Christensen GC: The urogenital system. I11 Chris
tensen GC, Evans I-IE (eds): Miller's Anatomy of the Dog. Philadel
phia, WB Saunders, 1993, p 547, with permission. 

dix testis or uterus masculinus.6 Regression of 
the paramesonephric ducts in the male results 

· from the production of miillerian inhibiting 
substance by Sertoli cells of the fetal testes. 
Testicular differentiation in the dog has been 
observed at 36 days of gestation and tempo
rally associated with regression of parameso
nephric ducts.7 In the absence of a testis, the 
paramesonephric duct system persists, result
ing in the formation of the uterine tubes, 
uterus, and cranial vagina. Additionally, in the 
absence of a testis, testosterone is not produced 
in sufficient quantities to stabilize the meso
nephric (wolffian) duct system (vasa deferen
tia and epididymides) and is therefore not con
verted to dihydrotestosterone (DHT) within 
the cells of the urogenital sinus, genital tuber
cle, and genital swellings. In the absence of 
DHT, the urogenital sinus, genital tubercle, 
and genital swellings become the caudal va
gina and vestibule, the clitoris, and the 
vulva, respectively.8 

Because of embryologic similarities during 
development, homologies of genital organs in 
male and female mammals exist (Table 1-1). 
Homologous structures may share certain 
functions (i.e., gonads producing gametes), 
produce similar substances (i.e., inhibin pro
duced by the testis and folliculostatin pro
duced by the ovary), and be stimulated by 

similar hormones (i.e., prepuce and vagina 
stimulated by estrogens; clitoris and penis 
stimulated by androgens). 

Anatomy of the 
Reproductive Organs 

Ovaries 

The female gonads are paired oval organs, lo
cated in the abdominal cavity caudal to the 
kidneys. In a sexually mature, 11.4-kg dog, 
the left ovary is located approximately 12 em 
caudal to the middle of the 13th rib and 1 to 
3 em caudal to the corresponding kidney. The 
right ovary is located approximately 10 em 
caudal to the last rib of the right side.6 The 
ovary lies within the ovarian bursa, which is 
an outpocketing of the peritoneal cavity. Un
less the opening of the ovarian bursa is ex
tended through an ~ncision, the ovary may not 
be visible for inspection. Therefore, direct in
spection of the ovaries with laparotomy or 
laparoscopy is often impossible. Because the 
uterine tubes lie in close proximity to the bur
sal slit, extending the bursal slit with an inci
sion must be done with extreme care to avoid 
transecting the uterine tube (oviduct). The 
amount of adipose tissue in the bursal sheath 
is abundant in some older and obese dogs, 
obscuring the visualization of the uterine tubes 
(Fig. 1-1). 

The blood supply of the canine ovary is pro
vided by the ovarian and uterine arteries (Fig. 
1-2). The ovarian artery is the larger of the 
two arteries and is the origin of a very rich 
vascular net in the ovarian stroma.9 Caudally, 
the ovarian artery anastomoses with the uter
ine artery.6 Through this anastomotic connec
tion, the uterine artery may be considered as 

Fignre 1-1. Canine ovary exteriorized at surgery. Note that 
the ovary is surrounded by adipose tissue in the bursal sheath. 
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Figure 1-2. Arterial and venous blood supply to the canine 
uterus and ovaries. !Courtesy of Dr. Maurice Pineda, Iowa 
State University.) 

a supplementary source of arterial blood to 
the ovary. Concentrations of progesterone in 
serum decrease immediately following hyster
ectomy in the diestrous bitch/0 possibly result
ing from a slight reduction of arterial blood 
from the uterine artery to corpora lutea at the 
time of surgery. The decreased progesterone 
concentration following hysterectomy is tran
sient (i.e., 1 to 2 days). Ovarian function and 
estrous cycles continue unabated in the bitch 
following hysterectomy and removal of the 
uterine arterial blood supply.10

•
11 

Uterine Tubes 

The uterine tubes are structures that transport 
oocytes to the uterus, and are frequently re
ferred to as oviducts. Oviditct is the correct 
term for birds and lower mammals, but uterine 
tube is the correct term for domestic animals. 
The ovarian extremity of the uterine tube, the 
infundibulum, is located near the edge of the 
opening into the ovarian bursa. During estrus 
a small (2 X 5-mm) reddish mass protrudes 
from the dorsal aspect of the bursal sheath 
into the peritoneal cavity. This is part of the 
fimbriated, everted mucosa of the infundibu
lum of the uterine tubes seen through the bur
sal slitY The infundibulum has a small open
ing, the abdominal ostium, which is where ova 
enter the uterine tube following ovulation. The 

opening of the uterine tube into the horn of 
the uterus is called the uterine ostium.6 Oo
cytes move down the uterine tube toward the 
uterus by peristaltic movements. A functional 
closure at the uterotubular junction prevents 
retrograde flow of fluid from the uterus back 
into the uterine tubes. When dye was injected 
into the uteri of over 100 hundred bitches hys
terectomized at various stages of the estrous 
cycle, retrograde flow of the dye into the uter
ine tubes occurred in only 2 animals. The func
tional closure of the uterine h1bes was main
tained, even when the pressure at the time 
of dye injection was sufficient to result in an 
occasional uterine rupture (T. N. Thomas and 
P. N. Olson, unpublished data, Colorado State 
University, 1986). 

Uterus 

The uterus consists of a neck or cervix, a body, 
and two horns.6 Uterine size varies consider
ably depending on the breed, age, and size 
of the animal; parity; and estrous cycle stage. 
Uterine size and weight increase as bitches 
mature and enter proestrus and estrus. Maxi
mal uterine weight occurs during early dies
trus in nonpregnant bitches and then decreases 
as the bitch enters anestrusY Grossly, the 
uterus appears edematous during proestrus 
and estrus and has a characteristic "cork
screw" appearance during diestrus due to the 
increased endometrial stimulation from hor
mones. Extravasation of erythrocytes in the 
uterus, during both proestrus and estrus, may 
explain the apparent ease of hemorrhage ob
served when ovariohysterectomizing proes
trous or estrous bitches. 

Hysterographic studies on normal dogs 
have been reported.14

-
16 During anestrus the 

uterine horns are relatively short, with mini
mal coiling. During proestrus and estrus, the 
radiographic outline of the uterus is increased 
in length and width as the uterus takes on a 
"large wave" of coiling. During diestrus, the 
radiographic outline is one of "short-wave" 
coiling, or the typical corkscrew appearance. 

The thick, firm tissue between the uterus 
and the vagina is often referred to as the cervix. 
The cervix (cervix uteri) is composed of 
smooth muscle that contains the cervical canal 
and averages 1.5 to 2 em in length.6 The cervix 
may protrude 0.5 to 1 em into the vagina but 
maintains an abdominal position. The canine 
cervix can frequently be abdominally palpated 
in proestrous and estrous bitches. The 
estrogen-stimulated cervix feels firm and lies 



4 Section I - THE BITCH 

dorsal to the urinary bladder. The cranial va
gina is limited by the fornix, which extends 
ventral and cranial to the cervix. The fornix is 
the deepest part of the vagina and is the place 
where fresh semen is frequently deposited 
during artificial insemination. 

A dorsal median fold of tissue has been de
scribed that extends caudally from the vaginal 
portion of the cervixY When viewed through 
a speculum, the caudal portion of the fold and 
constriction of the lateral and ventral vaginal 
walls give the appearance of a cervix (i.e., pseu
docervix), with a ventral "fissure" (Fig. 1-3). 
The true vaginal portion of the cervix is cranial 
to, and often obscured by, the pseudocervix. 
The constriction of the 'vaginal walls and pseu
docervix render intrauterine cannulation per 
vagina difficult. Additionally, the cervical ca
nal is nearly perpendicular to the long axis of 
the vagina and uterine body, further impeding 
easy cannulation.18 Muscular hypertrophy of 
the dorsal fold of tissue and cervix begins in 
proestrus, reaches maximal size in estrus, and 
begins to regress in early diestrus.18 

Radiographic contrast medium placed in the 
vagina can pass through the cervix and on into 
the uterus during proestrus and estrus and 
following parturition15 without the utilization 
of special cervical catheters (Fig. J-4). Con
versely, radiographic contrast medium fails to 
pass through the diestrous or anestrous cervix 
unless special equipment is utilized. With the 

Figure 1-3. The appearance of the can ine pseudocervix as 
viewed through a vaginoscope. (Courtesy of Dr. M ourico 
Pinedo , Iowa State Universi ty.) 

aid of special equipment (i.e., Norwegian fox 
catheters, endoscopes, guiding devices, hyster
oscopes), the canine cervix can be cannu
lated.19-23 The ease of cannulation depends on 
the size of the dog (cannulation may be more 
difficult in larger bitches), the experience and 
training of the veterinarian, and the type of 
equipment utilized. 

Vagina 

The vagina is the musculomembranous canal 
that extends from the uterus to the vestibule 
(Fig. 1-5). The vagina can be considered as 
bottle shaped, with the vaginal portion of the 
cervix projecting caudally into the thin neck 
of the "bottle" or vagina.24 Because the cranial 
aspect of the canine vagina, or "neck of the 
bottle," is relatively narrow, it may be difficult 
to pass some types of vaginoscopic equipment 
to the cervix. Cranially, the vagina is limited 
by the fornix and cervix. The fornix is the space 
cranioventral to the vaginal portion of the cer
vix, and is the space where fresh semen is often 
deposited during artificial insemination. The 
cranial portion of the vagina is covered dor
sally by peritoneum that reflects onto the co
lon, and ventrally by peritoneum that reflects 
onto the bladder. Thus part of the vagina as
sumes an abdominal position. Fluid in the cra
nial vagina (i.e., vaginal abscess) can be mis
taken for uterine fluid on radiographic and 
ultrasonographic examinations. In an 11.4-kg 
dog, the vagina averages 10 to 14 em in length, 
a length similar to that for the uterine horns 
in a similarly sized nulliparous bitch.6 Both 
the length and diameter of the vagina increase 
considerably during pregnancy and parturi
tion. The caudal opening of the vagina into fhe 
vestibule is called the ostium vaginae. 

The vaginal mucosa undergoes dramatic 
changes in appearance during the canine es
trous cycle24 (Fig. 1-6). Such changes are attrib
uted to hormonally controlled alterations of 
the vaginal epithelium and of the fluid
retention properties of the mucosa, and are so 
characteristic that they can be used to define 
the following critical time points in the estrous 
cycle.25 During proestrus, or at the time when 
concentrations of serum estrogens are ele
vated, the vaginal mucosa appears as large 
edematous pink or pink-white mucosal folds 
(period 1). As concentrations of serum estro
gens fall in late proestrus, progressive shrink
age of the edematous folds occurs with the 
withdrawal of estrogen's tissue fluid-retention 
effect, and is accompanied by increasing mu-
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casal density and pallor. This initial mucosal 
shrinkage occurs without angulation of the 
mucosal borders (period 2). This period coin
cides with the initial decline in plasma estro
gen: progesterone ratio and is significant be-

cause it spans the part of the estrous cycle from 
the preovulatory luteinizing hormone (LH) 
peak until up to 3 days after the LH peak, 
during which time ovulation is likely to occur. 
During period 3, mucosal shrinkage is accom-

Figure 1-4. Estrous cycle os revealed by radiograph ic contrast med ium. A and 8: Ven trodorsal and latera l views of a vag inogram 
and hysterogram in a proestrous bitch. C and D: Ventrodorso l and latera l views of a vag inogram and hysterogram in an estrous bitch. 

Illustration continued on following page 
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"' Figure 1-4 Continued. E and F: Venlrodorsal and lateral views of a vag inogrom in a diestrous bitcli (dye would not pass from 
vag ina on into the uterus) . (Courtesy of G.R. Johnston, Un iversity of Minnesota. ) 

panied by angulation of the mucosal folds. The 
mucosa is dense cream to paper white in color 
and the folds or borders become increasingly 
sharp. This period spans the fertilization pe
riod and coincides with dramatic increases in 
circulating progesterone concentrations, as 
well as behavioral estrus. During the last pe
riod (period 4), there is a cessation of mucosal 

shrinkage. This period marks the end of the 
fertilization period. Many angulated sharp 
borders may be seen during the early stage of 
period 4, but there is some thinning of the 
mucosa. During the later stages of period 4 
there is more obvious rounding out of the mu
cosal borders, which occurs temporally with 
the transition of an "estrous" vaginal smear 

Qv;n y _ ___,,_, 

Ulerine Tube 

Vagina Vaginovestibular Junction 

~~s~o00d:;ij~~~~~!!~~~~~~ 
Uterine Horns 

A B 

Figure 1- 5. Reproductive tract of the bi tch. A: Schematic diagram show ing the lateral view. B: Schematic diagram showing the 
ventral view. Illustration continued on opposite page 
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Figure 1-5 Continued. C: Photograph showing the ventral view . D: Schematic diagram showing the dorsa l view. 

to a "diestrous" vaginal smear (see Chapter 
3). The onset of diestrus is characterized by a 
patchy hyperemic mucosa that is irritable, and 
contact with the endoscope or vaginoscope 
provokes the formation of a "rosette" of pink
white folds . 

Changes in the vaginal mucosa of the bitch 
are also the basis for utilizing vaginal smears 
to stage the canine estrous cycle. The vaginal 
epithelium increases in thickness from a few 
cells in early proestrus to 20 to 30 cells at the 
end of proestrus.26 This change during estrus 
results in the sloughing of superficial cells, the 
increasingly impervious nature to leukocyte 
migration through the vaginal wall, and the 
increasing protection from injury at the time 
of mating. The cytologic changes of vaginal 
smears throughout the canine estrous cycle are 
discussed in detail in Chapter 3. 

Vestibule 

The vestibule is the part of the caudal repro
ductive tract that lies between the vulva and 

vagina in the bitch. In domestic animals, in
cluding the bitch, the vulva does not include 
the vestibule. The urethral tubercle is on the 
ventral floor of the vestibule, near the vagi
novestibular junction, and contains the exter
nal urethral orifice. The cingulum is an annu
lar, narrow, band-like area constricting the 
vaginovestibular junction (Fig. 1-5A).24 The 
cingulum or vaginovestibular junction in some 
bitches (i.e., prepubertal, small, anestrous, or 
abnormal bitches) presents resistance to ma
nipulative procedures such as vaginoscopy or 
digital palpation. Although the vaginovestibu
lar junction relaxes during estrus in most 
bitches, failure to relax or dilate may cause 
some bitches to be nonreceptive to mating dur
ing estrus. 

Nodules of lymphocytes are present in the 
subepithelial tissue of the vestibule in all spe
cies of domestic mammals.27 Irritation of the 
vestibular mucosa by chemical or microbial 
agents induces hyperplasia and hyperemia of 
these lymphocytic nodules, which may be ob
served with vaginoscopy or felt during a digi-
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Figure 1-6. Photographs of the canine vagina as viewed during endoscopy. A: Cranial vagina during anestrus. In view is the 
round caudal tubercle of the dorsal median fold in center of field. 8: Cranial vagina during early proestrus. Slightly oblique view 
of the dorsal median fold. Mucous membranes develop new folds and become edematous during proestrus. C: Cranial vagina 
during early proestrus. Note edematous folds of mucous membranes. D: Cranial vagina during late estrus (oblique view). Mucous 
membranes appear angulated during estrus. By the end of estrus , all folds are in their most shrunken and angular state. E: Cranial 
vagina as viewed on the first day of diestrus (first day of postestrous refusal). F: Cranial vagina showing the fully formed "rosette" 
that can be viewed with endoscopy during diestrus. (From Lindsay FEF: The normal endoscopic appearance of the caudal 
reproductive tract of the cyclic and non-cyclic bitch: Post-uterine endoscopy. J Small Anim Pract 24:1-15, 1983, with permission.) 
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tal examination of the vestibule. The presence · 
of vestibular lymphocytic follicles cannot be 
associated with a specific disease, but is merely 
the sign of irritation or inflammation of the 
vestibular mucosa. 

Clitoris 
The clitoris, a homolog of the male penis, is 
composed of paired roots, a body, and a glans. 
The entire clitoris in normal bitches is rela
tively small, with the glans clitoridis projecting 
into the fossa clitoridis. The clitoris can enlarge 
in size, with an os clitoridis developing, in 
response to increased circulating levels of an
drogens that occur in some intersex dogs or 
from hormone therapy. The clitoris also en
larges in size from chronic inflammation in the 
vestibule or clitoral fossa . The clitoral fossa is 
encountered when the vulvar labia are sepa
rated. The clitoral fossa should not be confused 
with the vestibule, which lies dorsal and cra
nial to the clitoral fossa. 

Vulva 

The vulva consists of the labia, the commis
sures of the labia, and the rima vulvae between 
the labia. The cranial boundary of the vulva 
is also the cranial portion of the clitoral fossa. 
The vulva lies caudal to the vestibule. Unlike 
in humans, the vulva does not include the ves
tibule in domestic animals. 

Mammary Glands 

The mammary glands are typically arranged 
in two bilaterally sy1mnetrical rows extending 
from the ventral thoracic region to the inguinal 
region. The number of glands varies from 8 to 
12, with 4 to 6 glands on each side of the mid
line.6 Typically, 10 glands are present, with the 
cranial 4 referred to as the thoracic mammae, 
the following 4 referred to as the abdominal 
mammae, and the caudal 2 referred to as the 
inguinal mammae. The number of ducts open
ing on a teat varies from 7 to 16.28 Lymph 
drainage and topography of lymph vessels of 
the canine mammary glands has been re
ported.29 In a study that evaluated 141 dogs, 
the most cranial thoracic mammae always 
drained to the axillary lymph nodes. The cau
dal thoracic mammae and the abdominal 
mammae drained to both the axillary and su
perficial inguinal lymph nodes (caudal tho
racic: 100 per cent drained to axillary lymph 
nodes, 9.1 per cent drained to superficial ingui-

Figure 1-7. Schematic illustra tion of lymphatic drainage of 
the can ine mammary · glands. AL, axillary lymph node; SIL, 
superficial inguinal lymph node; T1 and T2 , thoracic mammae; 
A 1 and A2, abdominal mammae; I, inguinal mammae. (From 
Soule! JY, Ruberte J, Lopez C, et al: Lymphatic system of the 
mammary glands in the dog: An approach to the surgical 
treatment of malignant mammary tumors. Canine Pract 
17[2]:30-33, 1992, w ith permission.) 

nal lymph nodes; cranial abdm~1inal: 93.4 per 
cent drained to axillary lymph nodes, 66.9 per 
cent drained to superficial inguinal lymph 
nodes; caudal abdominal: 8.3 per cent drained 
to axillary lymph nodes, 100 per cent drained 
to superficial inguinal lymph nodes). The in
guinal mammae always drained to the super
ficial inguinal lymph nodes. The thoracic and 
cranial abdominal mammae also drain to the 
cranial sternal lymph nodes. No evidence ex
isted in any of the 141 cases of lymph vessels 
connecting the two rows of mammary glands 
(Fig. 1-7). The lymphatic drainage of theca
nine mammary gland is of significance when 
determining the possible metastatic spread of 
mammary tumors. 

Histology of the Ovary, Uterine 
Tubes, and Uterus during the 
Canine Estrous Cycle 

Ovaries 

Ovarian follicles are the largest during proes
trus (Fig. 1-8). In addition to large ovulatory 
follicles, large numbers of small and medium
sized follicles are also present in the cortical 



10 Section I - THE BITCH 

zone.30 Both follicles and corpora lutea may 
be observed in the ovaries of estrous bitches, 
depending on whether or not ovulation has 
occurred. Preovulatory follicles contain lutein
ized tissue, accounting for the increased con
centrations of serum progesterone observed in 
the bitch prior to ovulation (see Chapter 2). 

Three stages of preovulatory follicular de
velopment have been described by Phemister 
et aP1 The initial stage contained follicles lined 

by a thin but slightly folded layer of partly 
luteinized granulosa cells. Oocytes were 
attached to the follicular wall by a compact 
cumulus oophorus. Ovulation was estimated 
to be 2 to 3 days away. The intermediate stage 
included follicles that had a folded, luteinized 
granulosa layer. These follicles were sur
rounded by loosely arranged cumulus cells 
and contained oocytes that were nearly, but 
not completely, free floating. Ovulation was 

Figure 1-8. Histology of the canine ovary during the estrous cycle. A: Lorge ovulatory follicles ore lined by complex, infolded 
mural granulosa cell layer in a bi tch spayed on day 3 of proestrus. B: Section contai ning a corpus luteum with a large antrum in 
a bitch spayed on day 3 of estrus. C: Corpora lutea in a bitch spayed on day l 2 after onset of estrus. 

illustration continued on opposite page 
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Figure 1-8 Continued. D: Corpora lutea in a bitch spayed on day 28 after onset of estrus. E: Section showing proliferation and 
sma ll fo ll icles along the germinal epithelium of the cortex in a bitch spayed during anestrus. I From j ohnston SD: Steroid regulation 
of the canine uterus. PhD thesis, Un iversity of Minnesota, 198 1 .) 

estimated to be 1 to 2 days away. The most 
mature stage included follicles having a focal 
area of marked thinning along a portion of the 
ovarian surface. The granulosa cells of these 
follicles were well luteinized and "thrown up 
in complex, loose folds." The oocytes were free 
floating in these follicles and the cells of the 
cumulus oophorus were widely dispersed 
around each oocyte. Ovulation was considered 
to be imminent. 

Corpora lutea are present in the ovaries of 
both nonpregnant and pregnant bitches dur
ing diestrus, attaining the greatest size at ap
proximately 20 days after the onset of proes
trus.13 Corpora lutea often contain antra during 
the first half of diestrus.32 Follicular activity is 
also evident in ovaries from anestrous bitches 
and immature bitches. 

Uterine Tubes 

The epithelium of the uterine tube is hypertro
phied during proestrus when compared to the 
low cuboidal epithelium present during anes
trus (Fig. 1-9). Approximately 60 per cent of 
the cells contain cilia during proestrus.30

•
33 Dur

ing estrus, the uterine tube contains dilated 

secretory epithelial cells, has an increased 
number of mucosal folds, and reaches a maxi
mum state of hypertrophy and differentia
tion. 30 The secretory cells and cilia atrophy dur
ing diestrus. In a study of prepubertal 
hormone-treated beagles, regression of the 
uterine tube epithelium occurred if estrogen 
treatment was terminated or progesterone was 
given along or in combination with estrogens.34 

Uterus 

Uterine size increases during proestrus as a 
result of interstitial edema. Myometrial thick
ness and endometrial thickness increase dur
ing proestrus, relative to anestrus. In late dies
trus, endometrial thickness decreases but not 
to the degree of myometrial thickness, reflect
ing the effect of progesterone secretion on the 
endometrium. 

The endometrial gland epithelium increases 
in thickness during proestrus, estrus, and early 
diestrus. Endometrial glands show great pro
liferation during diestrus, with coiling and 
branching of the basal glands. In late diestrus 
and anestrus, the glandular epithelial thick
ness again decreases in size13·30 (Fig. 1-10). 
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Figure 1-9. Histology of the canine uterine 
tube during the estrous cycle. A: Uterine tube 
w ith epi thelial hypertrophy in o bi tch spayed 
on day 3 of proestrus. B: Uterine tube wi th 
increased number of mucosal folds compared 
to previous stage in a bi tch spayed on day 3 
of estrus. C: Uterine tube, a lso w ith numerous 
mucosal fo lds, in a bitch spayed on day l 2 
after onset of estrus. D: Uterine tube with atro
phy and fewer mucosa l folds in a bi tch 
spayed on day 28 after onset of estrus. E: 
Uterine tube w ith minimal mucosal folds in a 
bitch spayed during anestrus. (From j ohnston 
SD: Steroid regulation of the canine uterus. 
PhD thesis, University of Minnesota, 198 1 .) 
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Figure 1-10. Histology of the co nine endometrium during the estrous cycle. A: Endometrium in a bitch spayed on day 3 of proestrus. 
B: Endometrium in a bitch spayed on day 3 after onset of estrus. C: Endometrium with greatest proliferation of endometrial g lands 
in a bitch spayed on day l 2 after onset of estrus. 

Illustration continued on fallowing page 
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Figure 1-10 Continued. D: Endometrium w ith glandular epithelial cells that are atrophied when compared to those in C in a bitch 
spayed on day 28 after onset of estrus. E: Endometrium with atrophied epithelial cells in a bitch spayed during anestrus. !From 
johnston SD: Steroid regu lation of the canine uterus. PhD thesis , University of Minnesota, 1981 .) 
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• c h a p t e r 2 

The Canine Estrous Cycle 

• 
Heape described the classical stages of the ca
nine estrous cycle in 1900.1 Because the classi
fication was made prior to our understanding 
of hormones, the primary indicators that 
Heape used for defining the various stages of 
the estrous cycle were sexual behavior and 
physiologic changes observed to occur in the 
reproductive tract. Today, the canine estrous 
cycle can be defined in numerous ways, in
cluding definitions based on behavioral, clini
cal, physiologic, cytologic, and endocrinologic 
changes in the bitch (Table 2-1). 

The Estrous Cycle 

The estrous or reproductive cycle of the do
mestic dog (Canis familiaris) includes four 
stages: proestrus, estrus, diestrus,* and anes
trus. The onset of proestrus usually is referred 
to as the beginning of the estrous cycle. There 
are typically two estrous cycles per year, with 
ranges of one to four cycles for some breeds 

* Both the terms diestrus and metestrus are used to describe 
the stage of the canine estrous cycle that immediately 
follows estrus. Heape1 described metestrus in the follow
ing way: "If conception does not take place during oestrus, 
the activity of the generative organs gradually subsides 
during a definite period, which I called the metoestrum." 
Although Heape correctly recognized that "some pecular 
substance in the blood" may contribute to various changes . 
observed during the estrous cycle, it was after hormones 
were discovered that : Heape's postestrous "subsiding" 
stage was found to be a very active stage relative to in
creased concentrations of progesterone in the blood. Addi
tionally, increased progesterone concentrations were mea
sured in the blood of postestrous bitches regardless of 
whether conception had occurred. Therefore, because the 
stage following estrus in the bitch is normally a very active 
stage, especially on the basis of concentrations of proges
terone in the blood, the authors of this textbook will use 
the term diestrus when referring to the stage of the canine 
estrous cycle that normally follows estrus. 
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or individual bitches. The canine estrous cycle 
is generally described as monestrus, referring 
to the completion of only one estrus per estrous 
cycle, and as nonseasonal, because dogs may 
exhibit estrus at any time of the year and litters 
are born during each month of the year.2 Al
though most breeds of dogs can exhibit estrus 
at any time of the year, some authors have 
argued for trends of increased seasonal activ
ity. Seasonal activity might be anticipated in 
the dog because seasonality is an attribute of 
other canine species. The wolf, northern coy
ote, wild dog (Australian dingo), and African 
basenji dog may display estrus only once per 
year,3- 5 with the season of estrus dependent 
on the hemisphere where the animal lives. 
Christie and Bell reported the results of a sur
vey on the reproductive activity of 20 breeds 
of dogs in England and Wales .6 These data, 
which represented 1561 cycles, indicated that 
proestrus starts in February to May more than 
at other times of the year. In another study/ 
the occurrence of estrus was evenly distributed 
over the year for Labrador retrievers and Ger
man shepherd dogs that were kept as family 
pets. However, for beagles kept in a colony 
and housed outdoors without heating or sup
plemental light, there were significant differ
ences between the months when estrus oc
curred, with a peak occurrence of estrus in 
May. Therefore, environment may influence 
the seasonality of the estrous cycle in domestic 
dogs. A circannual rhythm in prolactin has 
been reported to occur in dogs housed out
doors,8 which could influence the seasonality 
of the estrous cycle (see below). Environment 
can alter the seasonality of the wolf. Equatorial 
translocation results in a reversal of the wolf's 
breeding season by 6 months, and estrous peri
ods of wolves occur later at higher altitudes.9•

10 
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•• Table 2-1. Various Methods for Classifying Stages of the Canine Estrous Cycle 

Method of 
Defining Proestrus (9 d) Estrus (9 d) Anestrus 
(Avg. Length) (Range 0-27 d) (Range 4-24 d) Diestrus (2 mo) (4mo) 

Behavioral Bitch attracts male; Bitch is receptive to Bitch is not receptive to Bitch is not 
not receptive to mating mating receptive to 
mating mating 

Clinical Vulva is swollen Vulva softens but is Vulva decreases in size; Vulva further 
and turgid; still enlarged; discharge from the decreases in 
serosanguineous discharge from vulva is variable size 
discharge from the vulva lightens during the first few 
the vulva in color days of diestrus 

(clear, purulent, or 
hemorrhagic); 
mammary 
development may be 
noted; lactation may 
occur at end of 
diestrus 

Hormonal E2 peaks; P4 low E2 drops to basal E2 low; P4 increases to E2 low tmtil late 
(serum) until late concentrations; P4 peak concentrations anestrus when 

proestrus or increases rapidly; (15-90 ng/ml) it starts to rise; 
early estrus; LH LH surge occurs; 3-4 weeks after P4 low; LH 
pulses; FSH low FSH surges diestrus onset, then pulses increase 

with LH declines to basal in late 
concentrations anestrus; FSH 
(<1 ng/ml) by end pulses increase 
of diestrus; LH in late anestrus 
pulses increase in 
late diestrus; FSH 
low 

Physiologic Graafian follicles Primary oocytes are Corpora lutea present Antral follicles in 
develop ovulated; meiosis in pregnant and various stages 

to secondary nonpregnant bitch; of development 
oocytes occurs; morula enters uterus and atresia; 
corpora lutea in pregnant bitch corpora Iutea 
develop in various 

stages of 
regression; 
corpora 
albicans in late 
anestrus 

Cytologic Mixed types of >90% cornified > 50% parabasal + >90% parabasal 
(vaginal epithelial cells; cells; bacteria may intermediate cells on + intermediate 
smear) bacteria may be be present and first day of diestrus; cells; few 

present; RBCs; abundant; fewer WBCs may be WBCs; few 
WBCs may be RBCs than present and bacteria 
present in early proestrus; few to abundant in early 
to midproes trus no WBCs dies trus (variable 

response); fewer 
RBCs than proestrus 

Abbreviations: E2, estradiol-1 7/3; P4, progesterone; LH, luteinizing hormone; FSH, fo llicle-stimulating hormone; RBC, red blood cell; WBC, 
whi te blood cell . 

Although the canine estrous cycle may 
be "marginally" seasonal,l1 examination of 
breeding records from most breeds of dogs 
reveals that whelping occurs in all months. A 
study compiled at the American Kennel Club 
from 1971 to 1973 of 87,880 litter registrations 
shows that puppies of most breeds are born 
during each month of the year, with peak es
trous activity estimated to occur in late winter 

and springY Litter registrations, however, 
may be influenced by owners who have a pref
erence for the time of whelping. 

The length of the interestrous interval ap
pears to be variable within bitches, within 
breeds, and among breeds.2

•
11 Although 

smaller breeds tend to have more estrous cy
cles per year than larger breeds, this is not 
always true. For example, the German shep-
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herd bitch is likely to have more estrous cycles 
per year than the Boston terrier bitch.2

•
13 Simi

larly, the German shepherd bitch is more likely 
to have more estrous cycles per year than the 
dachshund.6 The heritability of the interest
rous interval has been estimated at 35 per cent11 

and accounts for different lengths of interest
rous intervals among breeds. However, the in
terestrous interval within a single bitch can 
also be extremely variable. Therefore, it is not 
always possible to predict the next estrus in a 
single bitch. n 

Whelping has been reported by some inves
tigators to increase the length of the interes
trous interval (the time between the onsets of 
proestrus) over the interval for nonpregnant 
cycles.6•7•14 However, Sokolowski reported that 
neither parity nor pregnancy significantly 
lengthened the interestrous interval in the 
bitch.2 If interestrous intervals are lengthened 
following a pregnancy, as some authors sug
gest, it remains unknown if the increase in 
interestrous length results from the pregnancy 
or from the lactation that usually follows a 
pregnancy. 

Age also has been suggested as a factor that 
influences the length of the interestrous inter
val. Various authors report no change in the 
length of interestrous intervals up to age 5 to 
7 years.15- 19 In one study/0 mean interestrous 
intervals increased from approximately 240 
days to 332 days for 12 beagle bitches after 
they reached 8 years of age (128 estrous cycles 
were evaluated). The 12 bitches were main
tained throughout their lives, with the oldest 
living to be over 116 years of age. Whether any 
health problems, such as hypothyroidism, con
tributed to the increased length of interestrous 
intervals in the older beagle bitches was not 
addressed. In addition to the extended anes
trus, bitches over 8 years of age also had higher 
infertility rates and higher mortality rates for 
pups prior to weaning age. 

Puberty 

Puberty is defined as the period when theca
pability of reproduction is attained. For the 
bitch, puberty is recognized with the onset of 
the first proestrus. The onset of puberty has 
been associated with the time a bitch reaches 
a certain growth plateau.2 Thus puberty begins 
between 6 and 10 months of age for bitches of 
many smaller breeds but may not begin for 
bitches of some larger breeds until they are 
nearly 2 years of age. In one study, however, 

there was no apparent relationship between 
weight and age at onset of first proestrus 
among Labrador retrievers and beagles/1 and 
the onset of puberty appears quite variable 
within several small and large breeds of 
dogs22•23 (Table 2-2). Fecundity, or maximal re
productive capability, may not be reached un
til the second, third, or fourth estrus, or ap
proximately the third year of life.17

•24-
28 

The duration and character of proestrus and 
estrus may differ among pubertal and mature 
bitches. Pubertal bitches may be less likely 
than mature bitches to demonstrate estrous be
havior even when ovulation occurs.21 Addi
tionally, the duration of proestrus-estrus may 
be shorter in pubertal bitches, and reduced or 
inconsistent patterns of circulating concentra
tions of estradiol-17 /.3 (estradiol), luteinizing 
hormone (LH), and progesterone have been 
reported to occur in some pubertal cycles.21 •29 

The estrous cycle of the pubertal bitch also 
differs from those of mature bitches in that 
pubertal bitches are more likely to manifest a 
split or false heat.t During a split heat the bitch 
shows some of the signs of a true proestrus
estrus, such as a serosanguineous discharge 
passing from the vagina, vulvar swelling, and 
the attraction of male dogs. In some cases, 
bitches exhibiting split heats will even be re
ceptive to mating. However, after a few days, 
the proestrous-estrous signs recede until the 
true estrus begins in several more days or 
weeks. During a split heat, proestrous-estrous 
behavior occurs in the absence of ovulation 
during the first part of the "split." However, 
conception can occur if the bitch is bred when 
ovulation occurs during the second part of the 
split heat, or true estrus. Pubertal bitches also 
are more likely than normal adults to manifest 
a silent heat+ where ovulation occurs in the ab
sence of proestrous-estrous behavior or nota
ble clinical signs (see Chapter 14). 

Proestrus 

Proestrus has been clinically defined as that 
stage of the estrous cycle where recognizable 
external changes signify that estrus is immi-

t The exact cause for split/false heats is unknown. One 
possible explanation is that the increased levels of estra
diol-17,6 from follicular development during anestrus, 
and prior to the onset of a "true" proestrus, may initiate 
the clinical signs. 
:j: Concentrations of progesterone would be expected to 
increase following a silent heat and ovulation, remaining 
elevated above basal levels for approximately 2 months. 



• Table 2-2. Onset of Puberty for Selected 
Breeds of Dogs 

Mature Onset of 
Weight Puberty 

Selected Breeds (lb) (mo) 

Affenpinscher 7 8-14 
Afghan hound 50 7-30 
Airedale terrier 48 15 
Akita 95 5+ 
American 50 10 

Staffordshire terrier 
Australian shepherd 35 6-18 
Basenji 21 10 
Bearded collie 45 8-12 
Belgian tervuren 70 10-12 
Bernese mountain dog 65 9-12 
Bichon frise 18 8-9 
Bloodhound 90 12 
Border collie 42 6-8 
Borzoi 75 15-18 
Boxer 62 8-24 
Brittany spaniel 35 9-12 
Bullmastiff 100 6-16 
Bull terrier 45 7-11 
Cavalier King Charles 18 6-9 

spaniel / 

Clumber spaniel 53 up to 24 
Deer hound 73 Up to 16 
English setter 59 7_:_20 
English toy spaniel 11 12-14 
King Charles spaniel 11 12-14 
Golden retriever 65 9-11 
Great dane 100 Up to 18 
Great Pyrenees 90 12 
Greyhound 65 11-30 
Griffon Bruxellois 8 Up to 18 
Ibizan hound 48 8-24 
Irish wolfhound 105 14-18 
Italian greyhound 7 18-24 
Keeshond 40 8-18 
Komondor 110 12 
Lakeland terrier 15 Up to 24 
Mastiff 126 11- 12 
Norwegian elkhotmd 43 6-10 
Pembroke Welsh 25 9 

corgi 
Poodle (standard) 65 12-15 
Pug 16 9-12 
Rottweiler 85 8 
Saint Bernard 150 9-15 
Saluki 43 8-24 
Samoyed 40 Up to 12 
Schipperke 18 12-24 
Scottish deerhound 75 12-14 
Shetland sheepdog 20 7-17 
Welsh springer 38 12 

spaniel 
Whippet 22 12-24 
Yorkshire terrier 7 8-16 

Data from Evans and White22 and Clark and Stainer-" 

Chapter 2 - THE CANINE ESTROUS CYCLE 19 

nent. The average duration of proestrus in ma
ture bitches is 9 days, ranging from 0 to 27 
days.30 A serosanguineous discharge usually 
passes from a swollen and turgid vulva in the 
proestrous bitch (Fig. 2-1). 

The proestrous bitch usually attracts male 
dogs but is not receptive to mating; the bitch 
will frequently turn on or growl at male dogs 
investigating her hind quarters, or sit down to 
prevent copulation (Fig. 2-2). The attraction 
of males by proestrous bitches likely results 
from the sex pheromones in vaginal secretions, 

_anal sac secretions, or urine. 31
-

34 Three sexual 
reflexes can be observed to begin during proes
trus in the bitch: (1) the upward tipping or 
"winking" of the vulva in response to touching 
the skin immediately dorsal to the vulva, (2) 
the ipsilateral curvature of the rear legs in re
sponse to tapping the skin to the right or left 
of the vulva, and (3) contralateral or vertical 
deviation or "flagging" of the tail in response 
to tapping the skin on either side of the vulva35 

(Fig. 2- 3). These sexual reflexes are absent dur
ing anestrus, increase during proestrus, and 
reach their peak during early to midestrus.35 

Vaginal smears obtained in early to mid
proestrus usually are characterized by the 
presence of erythrocytes and a mixture of epi
thelial cell types (Table 2-1). By mid- to late 
proestrus, the percentage of parabasal and 
small intermediate cells decreases and the per-

Figure 2-1. A serosanguineous discharge passing from the 
swollen vu lva of a proestrous bitch. 
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Figure 2-2. Changes in receptive behavior to mating. A: Although 
the mole dog is attracted to the proestrous b itch, she growls and 
refuses to be mated. B: Some bi tch during estrus ollows mole 
to mote. 

Figure 2-3. Characteristic postural response of on estrous bitch to mole dog. 
Note the deviation of the toi l to one side (flogging). 
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Figure 2-4. Vaginal smears (400x). A: Vagina l smear from a proestrous bitch. Note the nucleated vaginal epithelial cells and 
numerous red blood cells. 8: Vag inal smear from on estrous bitch. Note the Iorge superfic ia l (cornified) epithelial cells tha t typ ify 
cytolog ic estrus. The nuclei of superficial cel ls may appear to be absent, pyknotic, or undergoing karyorrhexis. C: Vag inal smear 
from a diestrous bi tch. Note the nucleated vag inal epi thel ial cells and numerous w hite blood cells. Although white blood cells may 
be abundant in vaginal smears during early diestrus, their presence is not a reliable indica tor of diestrus. (From Nett TM, O lson 
PN: Reproductive physiology of dogs and cots. In Ettinger Sj [ed ]: Textbook of Veterinary In ternal Medicine, 2nd ed. Philadelph ia, 
WB Sounders, 1983, p 1704, with permission.) D: Vagina l smear from on anestrous bitch. The epithelial cells ore nucleated and 
smaller in size than those from bitches in late proestrus or estrus. 

centage of superficial and large intermediate 
cells increases (Fig. 2-4). Although erythro
cytes usually are abundant in vaginal smears 
from proestrous bitches, they may also be ab
sent or few in number (see Chapter 3) . 

Endocrinologically, proestrus is that stage 
of the estrous cycle when serum concentra
tions of estradiol ili.crease to levels that result 
in the clilucal signs of proestrus. Following 
the increase, concentrations of serum estradiol 
decrease before the bitch becomes receptive 
to mating (i.e., estrus).14•36- 40 Serum concentra
tions of progesterone are at basal levels ( < 1 to 
2 ng/ ml) until late proestrus, when concentra
tions begin to rise. This increase in serum pro
gesterone is related to preovulatory luteiniza
tion of follicles. 41 A2 Bischoff43 was the first to 
describe the folding of the follicle wall before 
rupture and believed that luteal tissue in the 
bitch began to form before ovulation occurred. 

Concentrations of testosterone increase in 
the serum of bitches during late proestrus, 

reaching concentrations of 0.3 to 1.0 ng / ml at 
the time of the LH surge, levels similar to those 
found in the serum of intact male dogs.44A5 

Whether increased concentrations of testoster
one contribute to behavioral estrus or are 
merely a result of increased steroidogenesis is 
unknown. Serum concentrations of LH remain 
near basal levels during most of proestrus, al
though increased concentrations of LH above 
basal levels have been reported to occur during 
late anestrus or early proestrus.36

•
46 Serum con

centrations of follicle-stimulating hormone 
(FSH) decrease during proestrus,36 presum
ably the result of negative feedback on FSH 
by folliculostatin, a hormone produced by de
velopil1g ovarian follicles that suppresses 
FSH.47 Prolactin may be influential in the tenni
nation of anestrus and the initiation of proes
trus, although concentrations of circulating 
prolactin have been reported as variable 
throughout proestrus.36.48

A
9 Suppression of pro

lactin with the dopamine agonist bromocrip-
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tine in early anestrus can result in precocious 
onset of proestrus.50 

Estrus 

Estrus is the stage of the estrous cycle charac
terized by the bitch's acceptance of the male 
for mating. The vulva remains enlarged during 
estrus but is usually softer than it was during 
proestrus. The discharge that passes from the 
vulva during estrus often contains less blood 
than the proestrous discharge, becoming more 
"straw colored" as the blood diminishes. Some 
bitches, however, may have a serosanguineous 
discharge throughout both proestrus and es
trus. The average duration of estrus, when 
based on behavioral signs, is 9 days, ranging 
from 4 to 24 days.30 The bitch appears to be
come receptive to the male after serum concen
trations of estradiol begin to fall and concen
trations of progesterone begin to rise.35.51

•
52 

Although estrogens alone can induce female 
sexual behavior, progesterone seems to further 
enhance53 and synchronize this behavior. The 
decline in serum concentrations of estradiol 
precedes and may influence the LH surge that 
occurs near the onset of estrus and leads to 
ovulation. 54 

Although various hormonal and behavioral 
changes are temporally related in the bitch, 
the onset of estrus can be quite variable. For 
example, while some investigators have re
ported that the preovulatory surge of LH oc
curs on the first day of behavioral estrus,37

•
55 

others have found no correlation between the 
preovulatory surge of LH and the onset of be
havioral estrus.46•56 In some bitches the onset 
of estrus may occur as early as 2 to 3 days 
before the LH surge, while in many others it 
may not occur until 4 to 5 days after the LH 
surge. In the extreme case, a bitch in late proes
trus may be mated by an aggressive male as 
early as 4 to 5 days before the LH surge, while 
some bitches may refuse a male until more 
than 6 days after the surge.57 

Estrus also can be defined on the basis of 
cytology to begin when more than 90 per cent 
of the vaginal epithelial cells in a vaginal smear 
are superficial cells58 (Table 2-1). However, the 
onset of cytologic estrus does not always corre
late with the onset of sexual receptivity or the 
LH surge. For example, 22 of 24 mixed-breed 
research bitches were determined to be in cyto
logic estrus by vaginal smears but were not 
yet receptive to mating (P. N. Olson and 
R. A Bowen, unpublished data, Colorado State 

University, 1989). In these same dogs, 18 of 
the 24 bitches were determined to be in estrus 
by vaginal smears prior to the onset of the 
preovulatory surge of LH. In another study 
of 12 beagle bitches, the first day of cytologic 
estrus ranged from 6 days before to 4 days 
after the LH surge (P. N. Olson and P. W. 
Concmmon, unpublished data, Colorado State 
University and Cornell University, 1989). 

Duration of the preovulatory surge of LH 
in the bitch appears to vary, with ranges of 24 
to 96 hours reported.36.37A2.46•55•59 Following the 
LH surge, concentrations of LH are lower dur
ing the remainder of estrus than those found 
during anestrus, early proestrus, or diestrus, 
due to depletion of pih1itary LH.60 There is also 
a surge in the serum concentration of FSH that 
occurs near the time of the LH surge, or 
shortly thereafter.36•55 

Ovulation occurs approximately 2 to 3 days 
following the preovulatory LH surge. The av
erage interval from LH surge to ovulation was 
2 days for 10 beagle bitches.41 Canine oocytes 
are ovulated as primary oocytes and fertiliza
tion cannot be completed until about 48 to 72 
hours after ovulation, when they undergo the 
first meiotic division to become secondary oo
cytes. By this time the oocytes have descended 
through two thirds of the uterine tubes. The 
canine embryo appears to remain in the uterine 
tube for approximately 9 to 10 days after ovu
lation, entering the uterus either in the late 
morula or early blastocyst stage.41 

Ovulation does not always bear a close tem
poral relationship to the onset of sexual behav
ior/1 and may vary depending on breed.61 

Additionally, ovulation can occur in physio
logically normal bitches that remain unre
ceptive to mating for a variety of reasons (see 
Chapters 4 and 14). As previously mentioned, 
ovulations have also been reported to occur in 
pubertal bitches failing to exhibit behavioral 
estrus.21 

The gradual increase in serum concentra
tions of progesterone resulting from preovula
tory luteinization of follicles continues until 
after the LH surge, when serum concentrations 
of progesterone undergo a more rapid in
crease. The bitch appears unique in that behav
ioral estrus is exhibited in the face of high 
concentrations of progesterone. The changing 
concentrations of progesterone during estrus 
(Table 2-3) can be utilized along with other 
parameters such as vaginal smears, LH assays, 
vaginoscopy, estrous behavior, electrical con
ductance of vaginal fluids, and arborization of 



• • Table 2-3. Serum Levels of Progesterone 
Relative to the LH Surge 

Day Relative 
to LH Surge 

- 4 
-3 
-2 
-1 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

No. of 
Bitches 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
4 
1 

Concentration of 
Progesterone (ng/ml) 

(Mean :t SEM) 

0.3 :t 0.05 
0.5 :t 0.1 
0.7 :t 0.2 
0.7 ::':: 0.1 
1.37 .:t 0.1 (LH surge) 
2.2 :t 0.2 
2.8 :t 0.3 
5.4 :t 0.6 (ovulation) 
7.0 :t 0.5 
11.8 :t 0.8 
15.5 :t 2.1 (fertilization) 
16.2 :t 1.9 
19.4 :t 2.6 
34.9 (diestrus) 

From Olson PN, Bowen RA, Behrendt MD, eta!: Concentrations of 
reproductive hormones in canine serum throughou t late anestrus, 
proestrus, and estrus. Bioi Reprod 27:1196-1206, 1982. 
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vaginal fluids to estimate the time of ovulation 
(see Chapter 4). 

Various schematic representations of the 
canine estrous cycle have been proposed, de
picting the changes in serum hormone con
centrations, behavior, vaginal cytology, and 
physiologic events (Figs. 2-5 through 2-7). 
"Day 0" of various schematic representations 
has tended to vary, depending on whether the 
author has defined "day 0" as the day of the 
LH surge, ovulation, or onset of cytologic dies
trus. The exact time of ovulation is difficult to 
determine, even with ultrasonographic tech
nologies, but can be estimated by measuring 
progesterone or LH. The exact time of the LH 
surge is difficult to determine in a clinical set
ting because it can occur on a single day and 
may therefore be missed unless daily samples 
are obtained over several days to weeks. Be
cause progesterone concentrations increase 
steadily for several weeks before and follow
ing the LH surge, identifying the increase is 

LATE 
ANESTRUS (Diestrus) LATE ', EARLY MID 

METESTRUS '',, ANESTRUS ANESTRUS 

ANDROSTENEDIONE 

~--------------~ 
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Pseudo pregnanc y 

----------------------- ---
I FOLLICULAR I 
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Figure 2-5. Schemolic diagrams of lhe canine estrous cycle w ith day 0 = day of the LH surge. A: A schematic diagram representing 
hormonal and physiologic changes during the canine ovarian cycle. 

/1/ustrotion continued on fo llowing page 
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Figure 2-5 Continued. B: A schematic diag ram represent
ing hormonal and physiologic changes during canine preg
nancy and their relevance for breeding programs and the 
cl in ical management of pregnancy. C: A schematic diagram 
summarizing the temporal relationships between hormonal 
events, behavior, vulvar swelling , changes in vaginal mu
cosa , and changes in vaginal cytology. (From Concan~on 
PW, Lein DH : Hormonal and clinica l correla tes of ovarian 
cycles, ovulation, pseudopregnancy, and pregnancy in 
dogs. Kirk RW, Bonaguro JD (eds): In Current Veterinary 
Therapy X. Philadelphia, W. B. Saunders, 1989, pp 
1269-1 282, w ith permiss ion. ) 
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less likely to be missed. Measuring progester
one provides an indirect method that is useful 
for predicting the time of ovulation and the 
time of oocyte maturation (see Chapter 4). 

Diestrus 

It has been suggested that the onset of diestrus 
be defined by vaginal cytology rather than by 
mating behavior because the LH surge, ovula
tion, oocyte maturation, and whelping can be 
more accurately timed using vaginal cytol
ogy. 62 The onset of diestrus, as defined by vagi
nal cytology, occurs when there is a sharp de
crease in the percentage of superficial cells and 
an increase in the percentage of small interme
diate and para basal cells in vaginal smears (Ta
ble 2-1, Fig. 2-4). The change in vaginal 
smears that signifies the onset of cytologic di
estrus usually occurs about 3 days before the 
end of behavioral estrus, 2 to 5 days after oc
cyte maturation, 5 to 7 days after ovulation, 
and 8 to 9 days after the LH surge (Table 2-4). 
Although the onset of cytologic diestrus is easy 
for veterinary practitioners to identify by eval
uating daily vaginal smears, the onset of cyto
logic diestrus occurs at a time when the bitch 
is no longer in her most fertile period. There
fore, the onset of cytologic diestrus can be used 
retrospectively to determine if matings oc
curred at appropriate times, but is not helpful 
for prospectively determining the best time of 
mating for optimal fertility. 

Concentrations of serum progesterone rap
idly increase to greater than 1 to 2 ng/ml be
fore or during the preovulatory LH surge and 
continue to increase throughout estrus to 
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reach initial peaks of 15 to 90 ng/ml by 15 to 
30 days after the LH surge57 (Figs. 2-5 through 
2-7). After this time, serum concentrations 
of progesterone begin a gradual decline that 
continues for 5 to 6 weeks. The progesterone 
profile is similar for pregnant, nonmated, and 
hysterectomized bitches during diestrus.63•64 

Therefore, it is unlikely that the canine uterus 
or uterine prostaglandins play a vital role in 
the physiologic maintenance or regression of 
the corpora lutea in the bitch.65•66 Maintenance 
of pregnancy is dependent upon ovarian pro
duction of progesterone in the bitch.67 The cor
pora lutea appear to be the only source of cir
culating progesterone during pregnancy, and 
induction of luteolysis at any time in gestation 
causes termination of pregnancy or premature 
parturition.68 An abrupt decline in serum pro
gesterone to less than 1 to 2 ng/ml occurs prior 
to whelping and is necessary for a normal par
turition to occur.69 

Mammary development may be noted in 
both nonpregnant and pregnant bitches dur
ing diestrus, presumably due to the increased 
levels of circulating progesterone.7° Pregnant 
bitches usually lactate near the time of parturi
tion, and lactation also can occur in nonpreg
nant bitches near the end of diestrus. The onset 
of lactation correlates with the decrease in se
rum progesterone and the increase in serum 
prolactin that occurs near whelping or the end 
of diestrus. 

It is still unclear as to whether canine cor
pora lutea require luteotropin support 
throughout all of diestrus. Luteotropins are 
hormones, such as LH and prolactin, that are 
necessary for the maintenance of the corpora 
lutea in certain species. A decline of circulating 

• D Table 2-4. Relationship of Selected Reproductive Physiologic Events in the Bitch 

Onset of 
Oocyte Cytologic 

LH Surge Ovulation Maturation Diestrus 

LH Surge Ovulation occurs Oocyte maturation Onset of diestrus 
2-3 d after the occurs 4-6 d occurs 8-9 d 
LH surge after LH surge after LH surge 

Ovulation LH surge occurs Oocyte maturation Onset of diestrus 
2-3 d before occurs 2-4 d occurs 5-7 d 
ovulation after ovulation after ovulation 

Oocyte LH surge occurs Ovulation occurs Onset of diestrus 
Maturation 4-6 d before 2-4 d before occurs 2-5 d 

oocyte oocyte after oocyte 
maturation maturation maturation 

Onset of LH surge occurs Ovulation occurs Oocyte maturation 
Cytologic 8-9 d before 5-7 d before occurs 2-5 d 
Diestrus onset of diestrus onset of diestrus before onset of 

diestrus 
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progesterone in response to immunoneutrali
zation of LH or to prolactin-lowering doses of 
a dopamine agonist (bromocriptine) led some 
investigators to conclude that luteal function 
in dogs during the last half of diestrus requires 
both LH and prolactin?1 Others have sug
gested that prolactin, and not LH, is the pri
mary luteotropin during the second half of the 
luteal period.72 Luteal function in the bitch may 
be less dependent upon pituitary support dur
ing the first half of diestrus.73-75 The reason 
for the apparent difference of pituitary luteo
trophic support for young corpora lutea is cur
rently unknown. However, differences do not 
appear to depend on fluctuations of LH or 
prolactin receptors in the luteal tissue.60 

Declining concentrations of serum proges
terone that occur in late diestrus do not appear 
to result from the withdrawal of circulating 
levels of LH or prolactin in the bitch. Concen
trations of LH increase in the serum of preg
nant and nonpregnant bitches during late dies
trus.63,76-78 Therefore, it seems unlikely that 
insufficient secretion of LH is responsible for 
the declining concentrations of serum proges
terone that define the end of the luteal phase 
in the bitch. Similarly, serum prolactin concen
trations increase two- to threefold in bitches 
during late diestrus over concentrations ob
served in early diestrus.60 Regardless of 
whether prolactin is a primary luteotropin 
throughout diestrus or not, it appears to have 
a significant physiologic role in regulating the 
length of the canine estrous cycle. The interes
trous interval can be shortened in bitches re
ceiving a prolactin inhibitor, 5° but the shorten
ing is caused primarily by a reduction in the 
length of anestrus rather than diestrus. 

Unlike concentrations of serum progester
one, which are similar among pregnant, non
mated, and hysterectomized bitches, concen
trations of serum immunoreactive relaxin 
differ between pregnant and nonpregnant 
dogs.79 Serum immunoreactive relaxin concen
trations are less than 0.25 ng/ml in diestrous 
bitches that are not pregnant. Mean serum im
munoreactive relaxin concentrations increase 
to maximum concentrations (> 3.0 ng/ml) at 
about week 6 to 7 of gestation in pregnant 
bitches. While progesterone production is en
tirely of ovarian origin, relaxin production is 
primarily of placental origin.79·80 

Concentrations of serum testosterone de
cline during diestrus in the bitch from lev
els present in proestrus, and remain low 
(< 0.1 ng/ml) throughout the luteal phase.45 

Serum androstenedione concentrations in-

crease during proestrus, reaching a mean of 
0.73 ::!:: 0.13 ng / ml (mean ::!:: standard error) 
near the time of the LH surge.45 Concentrations 
of serum androstenedione decrease in most 
bitches during estrus, increasing again to reach 
peak values of 0.4 to 1.27 ng / ml between 6 
and 18 days after the LH surge in both preg
nant and nonpregnant animals. Both an
drostenedione and progesterone decrease 
abruptly at parturition.45·57 

Anestrus 

Anestrus is the quiescent phase of the canine 
reproductive cycle when defined by behav
ioral or clinical signs. The normal anestrous 
bitch does not attract male dogs and is not 
receptive to mating. The vulva is small during 
anestrus, with no or minimal passage of dis
charge. Parabasal and small intermediate cells 
are the predominant cell types present in vagi
nal smears from anestrous bitches (Fig. 2-4). 

Anestrus is far from a quiescent phase when 
evaluated with endocrinologic parameters. 
Concentrations of LH in serum increase in pul
satile bursts in late anestrus, perhaps leading 
to the next proestrus.36.45·81·82 Concentrations of 
serum FSH increase during anestrus, reaching 
levels in late anestrus that are as high as thbse 
present during the preovulatory FSH surge 
during estrus.36 

Anestrus is often defined endocrinologically 
as the time following diestrus when concentra
tions of serum progesterone reach a basal level 
of less than 1 to 2 ng / ml. However, the defini
tion of a ''basal" progesterone level is arbi
trary; it may be possible that further decreases 
in concentrations of progesterone to some yet
undefined level must occur before a new pro
estrus can be initiated. 

Concentrations of serum estrogens during 
anestrus are controversial. In one study,36 

mean concentrations of estradiol in the serum 
of anestrous bitches were occasionally ele
vated between 7 and 9 weeks before the onset 
of proestrus. Although the anestrous bitches 
had increased serum concentrations of estra
diol, they did not demonstrate notable clinical 
signs associated with the increased estrogen 
levels, such as vulvar swelling or a serosan
guineous discharge. Papanicolaou (considered 
the father of clinical cytology) and Blau,83 how
ever, reported on rhythmic changes in vaginal 
smears of anestrous bitches in 1927. They sug
gested that some type of ovarian hormone 
caused the slight cornification of cells in vagi-



nal smears from anestrous bitches, which was 
less pronounced and shorter in duration than 
those observed during estrus. 

Although concentrations of serum estradiol 
fluctuate during anestrus,36 they increase again 
during proestrus with the development of 
graafian follicles. Increases in estrogen during 
anestrus in the bitch also have been reported 
by other investigators.56

•
84 It seems likely that 

estrogen levels could increase with follicular 
development that occurs during anestrus (see 
discussion of split heat, above). However, es
tradiol also has been reported as low in mid
anestrus, increasing 1 month before the pre
ovulatory surge of LH.85

•
86 While the exact 

nature of ovarian function in the anestrous 
bitch remains unknown, the ovaries are defi
nitely active and their products suppress pitu
itary gonadotropins. Concentrations of LH 
and FSH are increased dramatically in ovario
hysterectomized bitches when compared to in
tact anestrous bitches.87 
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• Voginol Cytology 

The following photograph is of Dr. P. A. Holst (left) 
and Dr. R. D. Phemister (right), two veterinary re
searchers who advanced the knowledge in canine 
reproduction through their outstanding work in corre
lating vaginal cytology with behavioral and physio
logical events of the canine estrous cycle. 

The vaginal epithelium is one of several target 
tissues for ovarian hormones. Characteristic 
changes in exfoliated vaginal epithelial cells 
occur as a result of changing secretory patterns 
of estrogens. Increasing circulating levels of 
estradiol-17{3 stimulate the growth of the vagi
nal epithelium from a few cell layers in thick
ness during anestrus to 20 to 30 cell layers in 
thickness at the end of proestrus (Fig. 3-1, see 
Color Plate) .1 As the vaginal epithelium thick
ens, increased numbers of superficial epithelial 
cells slough into the vaginal fluids . The change 
in the percentage of superficial cells in a vagi
nal smear can be used to monitor the progres
sion of proestrus and estrus in the bitch and 
predict the appropriate times for mating. 

Typical Epithelial Cells 
Found in Normal Canine 
Vaginal Smears 

Several investigators have described cell types 
found in canine vaginal smears.1- 17 A classifi-
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cation system based on cell morphology has 
been developed that describes the various cell 
types present in the epithelium at the time 
of maximal estrogenic stimulation, beginning 
with the deepest vaginal layer and progressing 
to the layer nearest the lumen. 

Basal cells are small, round cells that ulti
mately give rise to all of the epithelial cell types 
observed in a vaginal smear. Because basal 
cells are on the basement membrane and are 
not usually exfoliated, they are rarely observed 
in a vaginal smear. 

Parabasal cells are the smallest of the epithe
lial cells that are normally seen in vaginal 
smears (Fig. 3-2, see Color Plate). The cell diam
eter of a parabasal cell ranges from approxi
mately 10 to 20 f.tm. 18 The parabasal cell is 
round to oval, has a normal-appearing nu
cleus, and possesses the largest nucleus:cyto
plasm ratio of the vaginal epithelial cells that 
routinely exfoliate. 

Intermediate cells vary greatly in size, leading 
to numerous terms for these cells. Smaller in
termediate cells have been referred to as small, 
early, rounded, low, and middle intermediate 
cells (Fig. 3-3, see Color Plate). Larger interme
diate cells have been referred to as large, late, 
polygonal, superficial, squamous, transitional, 
and upper intermediate cells (Fig. 3-4, see 
Color Plate). The cell diameter of a smaller in
termediate cell exceeds 20 fLm and the cell di
ameter of a larger intermediate cell exceeds 
30 f.tm. 19 Although the smaller intermediate 
cell tends to be round to ellipsoid, angularity 
of the cytoplasmic border also has been re
ported.6 Larger intermediate cells usually have 
an irregular or angulated cytoplasmic border. 
Both types of intermediate cells have promi
nent nuclei that appear normal. The large in
termediate cell is sometimes confused with the 



superficial cell because the size of the two cells 
is similar. 

Superficial cells are large epithelial cells with 
diameters that range from 3019 to 75 p,m.18 They 
are named for their superficial position in the 
vaginal epithelium at time of maximum estro
gen stimulation. The cell borders of a superfi
cial cell are irregular or angulated, similar to 
those of large intermediate cells (Fig. 3-5, see 
Color Plate). Unlike the large intermediate cell, 
which has a normal-appearing nucleus, the nu
cleus of the superficial cell is dark and pyk
notic, faint, or not distinguishable from adja
cent cytoplasma following staining (Fig. 3-6, 
see Color Plate). 

Superficial cells also are referred to as corni
fied cells, whereas parabasal and intermediate 
cells are referred to as noncornified cells. Cor
nification refers to the degenerative process by 
which cells of a stratified squamous epithelium 
are converted into dead cells.20 The pyknotic, 
faint, or nondistinguishable nucleus in a super
ficial cell reflects this degenerative process. Su
perficial cells that appear to lack a nucleus may 
be referred to as anuclear squames. Techni
cally, all vaginal epithelial cells are derived 
from a stratified squamous epithelium, and are 
hence "squames." Although the intensity of 
staining for superficial cells varies from pale 
to dark blue-purple with modified Wright
Giemsa stains (see below), superficial cells fre
quently stain a dark blue-purple color during 
estrus (Fig. 3-7, see Color Plate) . This dark stain
ing may result in superficial cells appearing to 
lack a nucleus, even though a nucleus is 
present. 

Other Cells Found in Normal 
Canine Vaginal Smears 

Several other types of cells have been identi
fied in vaginal smears from normal bitches. 

Metestrum cells have been defined as noncor
nified cells that appear to contain a neutrophil 
within the cytoplasm (Fig. 3-8A through C, 
see Color Plate). These cells likely reflect the 
phagocytic properties of the vaginal epithe
limn. Although metestrum cells have been re
ported to occur only during the luteal phase 
of the canine reproductive cycle, they might be 
observed whenever neutrophils are present.7

,8 

Metestrum cells may also be present in vaginal 
smears obtained from bitches with vaginitis, 
especially when neutrophils are abundant on 
the smears. Epithelial cells that appear to con
tain a neutrophil within the cytoplasm have 
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also been observed in preputial swabs (Fig. 
3-80, see Color Plate). 

Foam cells are parabasal cells or intermediate 
cells that contain cytoplasmic vacuoles (Fig. 
3-9, see Color Plate) . Their significance is un
ki1own_7,B 

Superficial cells with cytoplasmic bodies are 
cells that contain numerous dark-staining bod
ies in the cytoplasm.13 These cells are com
monly observed in smears obtained from es
trous bitches, but the source and significance 
of the cytoplasmic bodies are unknown (Fig. 
3-10, see Color Plate). Cytoplasmic bodies can 
readily be distinguished from bacteria in vagi
nal smears. Although bacteria may adhere to 
superficial cells, bacteria are smaller than cyto
plasmic bodies and often are observed in an 
extracellular position (Fig. 3-11, see Color 
Plate). 

Melanin-containing epithelial cells can be ob
served in vaginal smears from bitches with a 
pigmented epithelium (Fig. 3-12, see Color 
Plate). 

Clitoral fossa epithelial cells are keratinized ep
ithelial cells that can be observed in normal 
vaginal smears and can be abundant when 
swabs are collected from the clitoral fossa 
rather than from the vestibule or vagina (Fig. 
3-13, see Color Plate). Clitoral fossa epithelial 
cells, which can be prevalent during both es
trus and anestrus, are sometimes mistaken for 
superficial cells. Such confusion may occur be
cause both clitoral fossa cells and superficial 
cells stain a dark blue-purple with modified 
Wright-Giemsa stain. Therefore, it is important 
that the clitoral fossa is not inadvertently 
swabbed when obtaining a vaginal smear to 
predict estrus (see below). 

Spermatozoa are sometimes observed in vagi
nal smears from mated bitches (Fig. 3-14, see 
Color Plate). Although the presence of sperma
tozoa confirms a breeding, the absence of sper
matozoa does not eliminate the possibility of 
a breeding. In one study,19 sperm heads were 
identified in approximately 65 per cent of the 
vaginal smears obtained from bitches 1 day 
after a natural mating. Intact spermatozoa are 
observed for only a few hours following a 
mating. 

Red blood cells may be present in vaginal 
smears from proestrous, estrous, or early dies
trous bitches. During proestrus, serum concen
trations of estradiol-17 f3 increase as ovarian 
follicles mature. This increase in estradiol is 
believed to be responsible for the diapedesis 
of red blood cells through uterine capillaries. 
Therefore, the erythrocytes observed in vagi-
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nal smears are thought to be of uterine origin. 
However, erythrocytes originate from the va
gina also, since erythrocytes were observed in 
v~ginal smears obtained from proestrous 
bitches that had been previously hysterecto
mized (i.e., ovaries remaining) (P. N. Olsen 
and R. A. Bowen, unpublished observations, 
1981). The number of erythrocytes in vaginal 
smears from normal estrous bitches is usually 
l~ss than in smears obtained from proestrous 
bitches. Erythrocytes also may be observed in 
v~ginal smears from normal bitches in early 
diestrus, making it difficult to differentiate 
pr~estrus from diestrus when looking at only 
a smgle smear. 

White blood cells may be present in vaginal 
smears obtained from normal bitches. The neu
trophil is the predominant type of white blood 
cell observed in normal vaginal smears (lym
phocytes and eosinophils are rarely observed 
in normal vaginal smears). Neutrophils may 
be abundant in vaginal smears obtained from 
normal bitches in early diestrus. Neutrophils 
are not observed in vaginal smears from nor
mal bitches during estrus, presumably because 
diapedesis is impossible due to the thickened 
vaginal epithelium. If neutrophils are ob
served in vaginal smears from estrous bitches, 
inflammation of the uterus or vagina/vesti
bule should be considered. 

Bacteria frequently are observed in vaginal 
smears obtained from normal bitches. The 
number of bacteria can increase logarithmi
cally in vaginal samples obtained during es
trus over samples obtained during anestrus, 
pregnancy, or postpartum21 (see Chapter 12). 

Ne?plastic cells and other abnormal cells may 
exfoliate and be observed in vaginal smears22 

(see Chapter 12). Transitional cell carcinomas 
that have invaded the vagina, transmissible 
veneral tumors, squamous cell carcinomas, 
metastatic mammary adenocarcinomas, and 
lymphosarcomas are the more common types 
of tumors observed in vaginal smears (Fig. 
3-15, see Color Plate). 

· Method to Obtain, Stain, and 
Store Vaginal Smears 

Exfoliated cells are obtained by passing a 
cotton-tipped swab, spatula, glass rod, or bulb 
pipette into the vestibule or caudal vagina (Ta
ble 3-1). Although referred to as "vaginal" 
smears, most specimens contain cells from 
both the vestibular and vaginal epithelium. If 
care is taken to avoid the clitoral fossa, the 

• Cl Table 3-1. How to Collect, Stain, and 
Store Vaginal Smears 

1. Introduce a sterile cotton-tipped applicator swab into 
the dorsal vestibule or caudal vagina. The swab need 
not be moistened if the bitch has adequate vaginal 
flmds (I.e., proestrus, estrus); otherwise, the swab 
may be moistened with saline to allow easier 
passage. 

2. The swab should be introduced into the vestibule or 
caudal vagina so as to avoid the clitoral fossa. The 
swab should be directed dorsocranially and rolled 
over the dorsal vestibular/vaginal mucosa so as to 
avoid injury to the ventral external urethral orifice. 

3. The swab should be gently rolled over a clean 
microscope slide three to four times. The slide 
should be allowed to air-dry prior to staining. 

4. The a1r-dned smear should be stained with a 
modified Wright-Giemsa stain such as Diff-Quik.* 
After staining, the smear can be gently blotted one or 
two times with a paper towel to dry. (Note: The 
smear may need to be dipped 10 to 15 times in the 
two staining solutions of the Diff-Quik stain.) 

5. Scan the smear on 40X to 200X to determine if cells 
are adequately stained and under estrogenic 
stunulatwn. If cells are stained too lightly, the slide 
may again be immersed in the staining solutions. 
Use oil immersion (1,000 X) if scanning for bacteria 
or spermatozoa. 

6. Unstained or stained smears can be stored in a slide 
box and used at a later date. Immersion oil on 
stained smears should be removed prior to storage. 
Covershps can be permanently added to stained 
smears for optimal storage. 

number of keratinized cells from the clitoral 
fossa should be minimal and not confused 
with cornified or superficial cells of the vestib
ular or_ vaginal epithelium. To avoid swabbing 
the clitoral fossa, the cotton-tipped swab 
should be passed cranially and dorsally when 
entering the vaginal vault (Fig. 3-16A,B). A 
speculum can be passed before the swab is 
int~oduced, but generally is not necessary. The 
labia should be separated with a gloved hand 
to identify the clitoral fossa, and the swab di
rected into the vagina with the other hand so 
as to avoid swabbing the clitoral fossa (Fig. 
3-16C,D, see Color Plate). By swabbing the dor
sal vaginal wall, injury to the urethra can be 
prevented. Cells from the swab should be 
~ransferred to a clean glass slide by gently roll
mg. the swab onto the slide, not by smearing, 
which may damage the cells (Fig. 3-16E, see 
Color Plate). Alternatively, smears may be pre
pared by using cells collected by pipette or 
spatula. Cells should not be collected by blot-

*Manufactured by Baxter Healthcare Corporation, Dade 
Division, Miami, FL 33152; distributed by Baxter Health
care Corporation, Scientific Products Division, McGaw 
Park, IL 60085. 



Figure 3-16. A and 8: Schematic diagrams demonstra
ting the anatomy of the canine vagina and vestibule 
and the appropria te angle for introducing a swab info 
the vestibule and caudal vagina . The swab should 
avoid entering the clitoral fossa and should be directed 
to the dorsal vaginal wall so as lo avoid possible 
trauma lo the ventral urethral orifice (From johnston SD: 
Examination of the genital system. Vel Clin North Am 
11 543-559, 198 1, with permission.) 

ting the vulvar mucosa with a glass slide, as 
this technique may result in inaccurate diagno
sis of cytologic estrus and diestrus. 

Several commercially available stain prepa
rations are suitable for staining vaginal 
smears. The veterinarian should select the 
stain that is easy to use and produces consis
tent results. Diff-Quik* is a rapid, modified 
Wright-Giemsa stain that reliably stains vagi
nal smears and is easy to use in a clinical 
setting. Air-dried smears are sequentially im
mersed in methanol and the two solutions 
that constitute the Diff-Quik stain. Vaginal 
smears should be dipped several times in 
the two staining solutions, since the time 
required to stain some vaginal cells is longer 
than that required to stain blood films. Smears 
stained with Diff-Quik can be stored for 
months to years if the immersion oil is re
moved after viewing.t 

t Epithelial cells will become distorted over time if immer
sion oil is added directly to the smear and not removed 
after viewing. If immersion oil is repeated! y used, a cover
slip should first be permanently fixed to the specimen. 

B 
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New methylene blue stain is easy to use and 
smears can be read immediately after applying 
a drop of the stain and a coverslip to the slide. 
New methylene blue does not stain erythro
cytes and provides only temporary staining 
so cytologic preparations cannot be stored for 
examination at a later date. · 

Trichrome and Papanicolaou stains can be 
utilized on vaginal smears to differentiate cya
nophilic from eosinophilic cells (Fig. 3-17, see 
Color Plate). Although these stains can produce 
good results if cells are properly fixed and 
stains are prepared and maintained correctly, 
the protocol is more tedious than busy veteri
narians may be willing to accept. Additionally, 
the percentage of eosinophilic epithelial cells, 
which is used to predict estrus, varies between 
smears obtained from the canine vestibule and 
vagina, whereas the percentage of superficial 
cells, as determined by a modified Wright
Giemsa stain, does not. 19 

The veterinarian can instruct the owner or 
breeder on the technique for obtaining vaginal 
smears. Vaginal smears that are air-dried and 
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stored in a slide box can be stained and evalu
ated at a later date if the bitch is unavailable 
for daily or alternate-day smears. Smears 
should not touch one another so as to prevent 
sticking of slides or contamination of cells from 
one smear to another. One swab of the vesti
bule or vagina usually contains sufficient cells 
to make at least two smears (e.g., one smear 
can be stained and viewed immediately and 
one smear can be stained and evaluated at a 
later time). If an owner repeatedly swabs the 
same location over a relatively short period of 
time within the same day, the relative number 
of cell types in the vaginal smear can change. 
The relative number of each cell type in the 
vaginal smear will vary with the extent of mu
cosal proliferation, the predominant surface 
cell type, and the number of cell layers re
moved in collecting the smear.18 

Interpretation of Canine 
Vaginal Smears 

Progression from Proestrus 
to Estrus 

Serial evaluation of vaginal smears obtained 
on a daily or alternate-day basis can assist the 
veterinarian in estimating the appropriate time 
for breeding a bitch. Increasing numbers of 
superficial cells in a vaginal smear signify the 
progression of proestrus and estrus. Unfor
hmately, the time and intensity of maximum 
cornification (i.e., maximum percentage of su
perficial cells) varies among bitches, and pre
cludes its use to prospectively predict the exact 
time of receptivity to mating, the luteinizing 
hormone (LH) surge, or ovulation. In addition 
to verifying the progression of proestrus and 
estrus, smears can be used to determine the 
onset of cytologic diestrus (see below), which 
allows retrospective determination if breed
ings occurred at appropriate times for maximal 
conception rates. 

In evaluating vaginal smears obtained from 
12 beagle bitches oi1 a daily basis during proes
trus, estrus, and early diestrus, the day of max
imum cornification (i.e., maximum percentage 
of superficial cells) was variable, ranging from 
91 to 100 per cent, and occurring between -1 
to +7 days+ after the day of the LH surge. The 
LH surge occurs on an average of 2 to 3 days 

:j: Original reference contains an error. Page 260 states that 
maximal cornification occurred from -1 to -7 days follow
ing the LH surge. This should have read "-1 to +7." 

before ovulation and 4 to 6 days before optimal 
breeding times. The first day when at least 
90 per cent of the epithelial cells were of a 
superficial type§ ranged from -6 to +4 days 
after the LH surge.19 For some bitches, maxi
mum cornification may be less than 90 per cent 
superficial cells in a vaginal smear. Linde and 
Karlsson studied the correlation between vagi
nal smears and the calculated time of ovulation 
in 22 bitches, for a total of 24 estrous periodsY 
Maximum stimulation of the vaginal epithe
lium by estrogens was defined by the percent
age of cells that were anuclear cells or superfi
cial cells with a small pyknotic nucleus. In two 
thirds of the estrous periods the maximum cor
nification was over 90 per cent; in the remain
ing one third of the estrous periods the maxi
mum cornification was between 80 and 90 per 
cent. Maximum cornification lagged behind 
the estradiol peak in all 24 estrous periods by 
at least 3 to 6 days. In 17 of the 24 (70.8 per 
cent) estrous cycles examined, ovulation was 
estimated to occur at approximately the same 
time maximum cornification occurred. In some 
bitches, "maximum" cornification appears to 
occur in two peaksY·13 Concannon has re
ported that maximum cornification varies 
among bitches and may be represented by 
nearly 100 per cent anuclear superficial cells; 
a high percentage of cells containing distinct, 
condensed nuclei; or by retention of some 
large, well-nucleated intermediate cells along 
with superficial cells. 14 

Depending on the type and intensity of 
staining, cells may appear anuclear when they 
actually contain a pyknotic nucleus (Fig. 3-7). 
Because cornified cells usually are defined to 
include all types of superficial cells, misinter
preting anucleated from nucleated superficial 
cells is generally not problematic when evalu
ating the progression of proestrus and estrus. 
One should not, however, place great signifi
cance on predicting the onset of estrus based 
solely on the relative number of cells that ap
pear anuclear; the type and duration of stain
ing may contribute to the appearance of 
anucleated epithelial cells. As proestrus prog
resses into estrus, the percentage of cornified 
cells in a vaginal smear often increases to at 
least 90 per cent at maximum cornification. 
Large intermediate cells may predominate in 

§Superficial cells= cell diameter is 31 f.Lm or more; nuclear 
area is 90 f.Lm squared or less. Large (superficial) intermedi
ate cells = cell diameter is 31 f.Lm or more; nuclear area 
is more than 90 f.Lm. Small intermediate cells = cell diame
ter is more than 20 f.Lm and less than 31 f.Lm. Parabasal 
cells = cell diameter is 20 f.Lm or less. 



vaginal smears obtained during proestrus, but 
their numbers usually decrease during the fer
tile period as numbers of superficial cells in
crease. Differentiating large intermediate cells 
from superficial cells is sometimes problematic 
for practicing veterinarians if only a single 
smear is evaluated (Fig. 3-18, see Color Plate). 
Evaluating serial smears, rather than only a 
single smear, allows the veterinarian to verify 
that the cycle is progressing normally as cell 
types change and maximal cornification 
occurs. 

Progression from Estrus to Diestrus 

Determining the onset of cytologic diestrus 
allows one to retrospectively predict if breed
ings occurred at optimal times ~or maxii~al 
conception rates, and to prospectively predict 
the time of whelping. Holst and Phemister5 

compared the percentage of superficial cells 
to the percentage of small intermediate and 
parabasal cells in daily vaginal smears col
lected from approximately 400 beagle bitches. 
The onset of cytologic diestrus was defin:ed as 
the first day when the number of superficial 
cells decreased by at least 20 per cent. How
ever, often the decrease was greater than 50 
per cent (Fig. 3-19A,B, see Color Plate) . The time 
of first refusal (onset of behavioral diestrus) 
occurred during the first 5 days of cytologic 
diestrus in 77 per cent of the bitches. 

Conception rates following a single mating 
were greater than 95 per cent when the breed
ing occurred between 3 and 10 days before 
the onset of cytologic diestrus (Fig. 3-19C, see 
Color Plate) . When gestation length was calcu
lated from the onset of diestrus, the mean time 
of whelping for 93 bitches was 56.9 days aft~r 
the onset of cytologic diestrus. Therefore, vagi
nal smears can prospectively predict the day 
of whelping and retrospectively determine if a 
bitch was mated at appropriate times to ensure 
maximum conception rates (see Chapter 4). 

Proestrus, Estrus, Diestrus, 
and Anestrus 

Although vaginal smears vary among and 
within bitches, the following descriptions de
scribe the cell types that can be expected in 
vaginal smears from normal bitches through
out the estrous cycle. 

PROESTRUS 

Vaginal smears obtained in early to mid
proestrus usually ate characterized by the 
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presence of erythrocytes and a mixh1re of epi
thelial cell types (Fig. 3-20A, see Color Plate). 
Neutrophils may be present and bacteria may 
be abundant (Fig. 3-20B, see Color Plate). By 
mid to late proestrus, the percentage of para ba
sal and small intermediate cells decreases and 
the percentage of superficial and large inter
mediate cells increases. Although erythrocytes 
usually are abundant in vaginal smears from 
proestrous bitches, they may, alternatively, be 
absent or few in number (Fig. 3-20C, see 
Color Plate). 

ESTRUS 

Neutrophils usually are absent in vaginal 
smears obtained from estrous bitches. Erythro
cytes often decrease in number, relative to pro
estrous smears, but can be observed through
out estrus and early diestrus in many bitches. 
Superficial cells are the predominant epithelial 
cell type during estrus. In most bitches, greater 
than 90 per cent of the epithelial cells are of a 
superficial type at the time of maximum corni
fication. Large numbers of bacteria frequently 
are observed in vaginal smears during estrus. 
In the absence of neutrophils, the presence of 
numerous bacteria during estrus should be 
considered normal. The background of estrous 
smears can be very clear and devoid of bacteria 
and cellular debris. Superficial cells may have 
well-defined cellular borders throughout es
trus (Fig. 3-21A, see Color Plate). However, 
when numerous bacteria are present (Fig. 3-
21B, see Color Plate), or if the vaginal smear is 
collected on the last day of estrus, superficial 
cells from bitches may have poorly defined 
cytoplasmic borders. Cells tend toclump (re
ferred to as "sheeting") prior to the onset of 
cytologic diestrus5 (Fig. 3-21C, see Color Plate). 

DIESTRUS 

An abrupt change in relative numbers of epi
thelial cell types in the vaginal smear marks 
the onset of cytologic diestrus. As previously 
noted, the relative number of superficial cells 
decreases and the relative number of parabasal 
and/ or small intermediate cells increases. 
Parabasal cells may stain a dark blue-purple in 
vaginal smears obtained from bitches in early 
diestrus. Neutrophils may reappear in early 
diestrus (Fig. 3-22A, see Color Plate) but can 
precede or lag behind changes in epithelial cell 
types.5 Although not phase specific, epithelial 
cells may occasionally appear to contain a neu
trophil in the cytoplasm (see metestrum cell, 
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Figure 3-24. Eighteen vagina l smears obtained daily from a single bitch, beginning with the onset of proestrus. Vaginal smears 
lA through H) were obtained during proestrus . Note the great variabili ty with regard to erythrocytes and wh ite b lood cells. Vaginal 
smears II through Q) are consisten t with cytologic estrus. Vag inal smear IR) would be considered the onset of cytologic diestrus . 
Although epithelial changes in this bi tch were obrupt, in some cases the changes tha t signify the onset of cytolog ic diestrus are 
much more subtle. Magnifica tion; 400x. 

Illustration continued on opposite page 
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Figure 3-24 Continued 

above). Some bitches have few to no neutro
phils in vaginal smears obtained during early 
diestrus (Fig. 3-22B, see Color Plate). Because 
erythrocytes are frequently present in smears 
obtained from bitches in early diestrus (Fig. 
3-22C, see Color Plate), it may be impossible 
to differentiate proestrus from diestrus based 
solely on a single vaginal smear. 

ANESTRUS 

Parabasal and small intermediate cells are the 
predominant cell types present in vaginal 
smears from anestrous bitches (Fig. 3-23, see 
Color Plate). Because smears during proestrus, 
diestrus, and anestrus can all appear similar, 
especially if neutrophils and erythrocytes are 
absent, it is difficult to determine the stage of 
the reproductive cycle of a bitch on the basis 
of a single vaginal smear unless historical or 
hormonal information also is available. Ob
taining serial smears allows the veterinarian 
to follow the progression of the estrous cycle 
rather than attempt to make predictions on 
the basis of a single smear. In some bitches, 
variability from day to day can be substantial 
(Fig. 3-24). 
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Breeding Mana_gement and Artificial 
Insemination of the Bitch 

General Examination, Testing, 
and Genetic Screening 

Prior to managing a breeding, a client should 
be encouraged to have the bitch examined for 
general health. Prebreeding examination 
should include a general physical examina
tion, verification that immunizations are cur
rent, and testing for heartworm and other par
asites. Screening tests for genetic diseases 
should be recommended for certain bitches. 
For example, at-risk bitches should be radio
graphed and evaluated for hip dysplasia. Be
cause radiographic changes characteristic of 
hip dysplasia may not be detected until a bitch 
is 2 years old, the Orthopedic Foundation for 
Animals will not certify a bitch prior to 2 years 
of age. Because of the heritable nature of hip 
dysplasia, owners should be discouraged from 
breeding bitches that have not been evaluated 
or are dysplastic. Hip dysplasia is recognized 
in several larger breeds of dogs but also can 
occur in some medium- and smaller sized 
dogs. Thyroid testing should be considered for 
bitches of certain breeds that are overrepresen
ted for hypothyroidism, or for bitches showing 
any clinical signs of thyroid dysfunction. Be
cause hypothyroidism usually affects older an
imals (i.e., > 4 years of age), testing young 
healthy bitches may not identify genetically 
predisposed individuals. However, some 
high-risk, large, and giant breeds may develop 
clinical signs at an earlier age (i.e.,2 to 3 years). 1 

Based on the historical information concerning 
the bitch's relatives, additional testing or ge
netic counseling may be desirable. 

As of 1988, at least 281 different genetic dis
eases were documented for the dog. 2 By 1994, 
Smith reported that over 400 genetic diseases 

had been described for the dog, with the fre
quency of genetic diseases increasing at a 
higher rate than nongenetic diseases.3 There
fore, it is extremely important that the veteri
narian and dog owner work together to recog
nize potential genetic diseases and formulate 
programs to reduce the likelihood of produc
ing a litter of pups with serious congenital 
problems. Future efforts aimed at developing 
DNA probes to detect animals who are carriers 
of various heritable traits could significantly 
aid veterinarians and dog owners in eliminat
ing or reducing particular diseases.4 A compre
hensive guide to congenital defects of dogs 
has been published by Hoskins and Taboada5 

(see Appendix). 
Outcrossing, inbreeding, and line breeding 

are all methods of breeding that are utilized 
by dog breeders.4

•6 Outcrossing is the mating 
of two dogs within the same breed that are 
less closely related than the breed average. In
breeding is the breeding of closely related ani
mals, such as parents and offspring or brother 
and sister. Line breeding, a form of inbreeding, 
is the repeated use of one or two dogs (usually 
males) for breeding to increase a certain trait. 
Unfortunately, inbreeding also increases man
ifestation of undesirable traits. Although in
breeding does not create undesirable genes for 
undesirable traits, it allows such genes to be 
expressed.6 Therefore, it may be desirable to 
evaluate an extended (greater than five-gener
ation) pedigree on any bitch presented for 
breeding management, especially those 
bitches with relatives who have been diag
nosed with a potentially inherited disorder. If 
significant inbreeding is present, owners 
should be encouraged to consider outcrossing. 
If the bitch is a likely carrier of a serious genetic 
disorder, breeding should be discouraged. 

41 
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Examination and Testing 
That Pertains to the 
Reproductive System 

Examination 

All bitches presented for breeding should be 
carefully evaluated for abnormal vulvar con
formation and vulvar discharge (see Chapter 
12). Severe conformational problems can con
tribute to inability to breed, persistent in
flammation of the caudal reproductive tract, 
mi.d inability to whelp. Although vulvar con
formation may improve during proestrus/ es
trus, those cases not influenced by hormones 
or severe cases may preclude a normal breed
ing (or whelping). 

A digital vaginal examination should be per
formed on all bitches larger than 7 kg body 
weight in order to assess the adequacy of vagi
nal size for normal copulation (Fig. 4-1). The 
:veterinarian should be mindful that normal 
anestrous bitches have a circular stricture at 
the vaginovestibular area, called the cingulum, 
that relaxes during estrus (see Chapter 1). Oc
casionally, however, the cingulum fails to fully 
relax, resulting in an "estrous" bitch who re
fuses to be mated. Digital vaginal examina
tions also can detect vaginal bands of tissue, 
hnnors, foreign bodies, and other abnormali-

Figure 4-1. Technique of performing a digital vaginal exam ina· 
lion . Estrous bitches rarely resent such an examina tion and may 
"flag" or deviate their tails during the procedure. 

ties that may prevent a normal mating (Fig. 
4-2). 

Vaginoscopy should be performed if a bitch 
historically has been nonreceptive to mating, 
has an abnormal discharge passing from the 
vulva, or has signs suggesting inflammation 
of the caudal reproductive tract (i.e., excessive 
licking of the vulva, scooting of the vulva area 
across floors, abnormal odor, and attacking 
male dogs even when not in estrus) (Table 
4-1) . A pediatric proctoscope (Fig. 4-3) can be 
used to perform vaginoscopy on medium- and 
large-size dogs and provides sufficient length 
to allow the examiner to visualize most of the 
vagina. The pediatric proctoscope carmot be 
used for vaginoscopy in small dogs and is even 
too large to pass through the narrow portion of 
the cranial vagina in large bitches. Therefore, 
because of the narrowing of the cranial vagina 
and positioning of the cervix, the external ori
fice of the cervix (ostium uteri externum) is not 
usually visualized when using the pediatric 
proctoscope. The proctoscope has an insu££1a
tor, allowing for air to be introduced into the 
vestibule and vagina to prevent mucosal tis
sues from obscuring the examiner's view. The 
pediatric proctoscope has a light source that 
allows for excellent visualization of the vaginal 
and vestibular mucosa. 

Rigid endoscopes have been described for 
vaginoscopy? The endoscope must be long (2: 
29 to 30 em) and of small diameter (3.5 to 5.0 
mm) to allow visualization of the entire vagina, 
including the narrow cranial fornix and para
cervical area. Vaginoscopy with the rigid en
doscope can be performed at any stage of the 
cycle; in one survey, 215 of 259 (83 per cent) 
attempts to visualize the entire vagina and cer
vix were successful.8 In that study, dogs 
ranged in weight from 3.5 kg (Chihuahua) to 
54.6 kg (mastiff). Complications are reportedly · 
infrequent and include vaginitis, vaginal tears, 
and vaginal adhesions. Complications of vagi
noscopy with a rigid endoscope occur most 
commonly when bitches undergo the proce
dure while in diestrus or anestrus, when the 
vaginal wall is thin.8 

Human anoscopes of varying sizes can be 
utilized to visualize the vestibule and clitoral 
fossa of most bitches, and small anoscopes can 
be used to visualize the vagina in smaller 
bitches. Otoscopic equipment, nasal specula, 
arthroscopic specula, and endoscopes can all 
be utilized for examining various parts of the 
caudal reproductive tract. Modular endo-
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Figure 4-2. A: Vaginal examination with a speculum tha t reveals a narrow bond of tissue (see Chapter 12). B: Digital examination 
that reveals a w ider bond of tissue in a location similar to that in A. 

scopes that are portable and adaptable to oto
scopic or ophthalmoscopic attachments are 
also available. (Medical Diagnostics Services, 
Inc., Brandon, FL.) 

A careful evaluation of the mammae should 
be performed. All glands should be carefully 
palpated for tumors and other abnormalities. 

• Table 4-1. How To Perform Vaginoscopy 
in the Bitch 

1. Depending on the stage of the estrous cycle and 
disposition of the bitch, sedation may be required. 
Generally, bitches in proestrus-estrus will tolerate the 
procedure without sedation. Analgesics or 
anesthetics are required if vaginal biopsies are 
obtained. 

2. Use sterilized equipment. 
3. Lubricate the vaginoscope, anoscope, endoscope, or 

other instruments if vaginal secretions are minimal 
or the bitch is in anestrus. 

4. Separate the vulvar lips and introduce the 
instrument. 

5. Gently pass the instrument in a dorsocranial position 
to avoid entering the clitoral fossa. Then pass the 
instrument cranially on into the vestibule and 
vagina. Remove the obturator (or open the vaginal 
speculum) after full insertion to view the mucosal 
folds. 

6. Depending on the size of the bitch, instruments > 8 
mm in diameter may not pass through the 
narrowing of the cranial vagina to allow for 
visualization of the external cervical os. 

7. In large bitches, instruments as long as 25 em may 
be needed to visualize the cranial vagina . 

Abnormal secretions should be cytologically 
evaluated (see Chapter 13). 

Serologic Testing 

Serologic testing for canine brucellosis should 
be performed as part of the pre breeding exami
nation (Table 4-2) (also see Chapter 5). Because 
canine brucellosis is transmitted by ingestion 
of bacteria as well as through venereal contact, 
all bitches (including virgin animals and those 
previously tested negative) should be tested 
for the presence of serum Brucella canis anti
bodies using the rapid card agglutination test 
(RCAT) (Canine Brucellosis Antibody Test Kit, 
Synbiotics Corporation, San Diego, CA). Be
cause the RCAT is sensitive, animals that test 
negative may be presumed free of canine bru
cellosis unless there is a history of exposure 
within the past month. However, the RCAT is 
not specific. Therefore, if a patient's serum 
tests positive for B. canis antibodies, the test 
should be repeated using 2-mercaptoethanol 
(2-ME, available in the kit), which removes 
nonspecific agglutinins. Animals with positive 
test results on the RCAT that become negative 
after using 2-ME may be true negatives, or 
may be in the early stage of B. canis infection 
and should be retested in 30 days. Animals 
that remain positive following the addition of 
2-ME to serum are presumptive positives, but 
still may be false positives, and should be fur-
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ther tested using the agar gel immunodiffu
sion test.* 

Serologic testing for canine herpesvirus 
should be performed as part of the prebreed
ing examination on virgin bitches or bitches 
with a previous negative titer. Negative canine 
herpesvirus titers in the bitch prior to breeding 
mandate strict isolation from other dogs dur
ing the last 3 weeks of gestation and the first 
3 weeks following whelping9 (see Chapter 5). 

Prebreeding Vaginal Cultures 

Occasionally, owners will request that a vagi
nal culhtre be obtained from a bitch prior to 
mating. This request may originate with the 
owner of the bitch or be required by the owner 
of the male dog. Unfortunately, because a vari
ety of microorganisms are present in the vagi
nas of bitches with and without reproductive 
diseases, it is often difficult to associate disease 
with a specific microbial isolate. 10 Approxi
mately 60 per cent of normal bitches harbor 
aerobic bacteria in the cranial vagina, and ap
proximately 90 per cent of normal bitches har
bor similar organisms in the caudal vagina11 

(Table 4-3 through 4-8). Although most 
bitches have an established bacterial flora, the 
types and prevalence of organisms isolated 
may vary with the age of the bitch. Aerobic 
bacteria that were frequently (> 15 per cent of 
cases) isolated from the caudal vaginas of 
81 adult bitches included Escherichia coli, 

* Diagnostic Laboratory, New York State College of Veteri
nary Medicine, Cornell University, Ithaca, NY. In 1993, 
the American Association of Veterinary Labora tory Diag
nosticians Interpretative Serology Committee agreed upon 
a resolution that the Diagnostic Laboratory at Cornell 
would serve as a B. canis reference laboratory. 

Figure 4-3. A pediatric protascape !Welch 
Allyn, Skaneateles Falls, N Y) can be used 
to perform vaginoscopic examinations on 
medium- ond large-size dogs. 

coagulase-positive staphylococci, coagulase
negative staphylococci, a-hemolytic strepto
cocci, /3-hemolytic streptococci, Pasteurella , and 
Bacillus. 11 The types of bacteria do not appear 
to vary with the stages of the estrous cycle in 
adult bitches. However, the numbers of bacte
ria isolated from bitches during proestrus and 
estrus are higher than at other times during the 
estrous cycle.12 Similarly, many bacteria can be 
observed in the vaginal smears obtained from 
normal proestrous and estrous bitches. Al
though many bacteria are frequently present in 
vaginal smears obtained from normal estrous 
bitches, neutrophils should be absent or few 
in number until the bitch enters cytologic di
estrus. 

In one study13
•
14 the aerobic bacterial flora of 

the genital tract were characterized in 59 
bitches over 18 months. The bitches repre-

Table 4-2. How To Serologically Test 
• for Canine Brucellosis Using Rapid 

Card Agglutination Test (RCAT)* 

Negative result 

Positive result 

Negative after 2-ME 

Positive after 2-ME 

Consider negative or early 
infection if history of 
recent exposure (retes t in 
30 d) 

Add 2-mercaptoethanol (2-
ME) to serum and repeat 
the test 

Negative or early infection if 
history of recent exposure 

Submit serum for agar gel 
immunodiffusion test' for 
cell wall and cytosolic 
antigens 

*Canine Brucellosis Antibody Test Kit, Synbiotics Corporation, 
San Diego, CA. 
t Available at Diagnostic Laboratory, New York State College of 
Veterinary Medicine, Cornell University, Ithaca, NY. 
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• o Table 4-3. Classification of Vaginal isolates from 20 Pups, 1 to 11 Weeks Old 

Type of Isolate 

Escherichia coli 
Coagulase+ staphylococci 
Coagulase- staphylococci 
a-Hemolytic streptococci 
/3-Hemolytic streptococci 
Nonhemolytic streptococci 
Proteus 
Bacillus 
Corynebacterilllll 
Pseudomo11as 
Total 

No. of Isolates 

9 
13 

6 
3 
6 
4 
3 
3 
2 
1 

50 (2.5 isolates/pup) 

Per Cent of Total Isolates 

18.0 
26.0 
12.0 
6.0 

12.0 
8.0 
6.0 
6.0 
4.0 
2.0 

Pups with Isolate (%) 

45.0 
65.0 
30.0 
15.0 
30.0 
20.0 
15.0 
15.0 
10.0 
5.0 

From Olson PNS, Mather EC: Canine vaginal and uterine bacterial flora. JAm Vet Med Assoc 172:708-711, 1978, with permission. 

sented four breeds from three kennels. All 
bitches whelped at least once during the study, 
with pregnancy rates, litter size, and pup mor
tality considered within normal limits. Swab 
specimens for culh1re were collected from the 
cranial vaginas of bitches once every month 
except during estrus, when specimens were 
collected weekly. Bacteria were isolated from 
most swabs (94.8 per cent) with Pasteurella mul
tocida, {3-hemolytic streptococci, and E. coli be
ing the most commonly isolated microorgan
isms. Although the prevalence of Pasteurella in 
bitches housed closely together in a kennel 
may be higher than that found in bitches from 
single- or few-dog households,15 repeated va
ginal cultures from any bitch can vary from 
sample to sample, regardless of where the ani
mal is housed. Therefore, the culturing of vagi
nal swabs for aerobic bacteria is of little value 
when bitches have no signs of genital disease. 

Anaerobic bacteria also can be isolated from 
the vaginas of healthy bitches. This may ex
plain why vaginal cultures occasionally yield 
no growth, yet bacteria are observed in vaginal 

smears. In one study,12 Bacteroidaceae were 
the microorganisms isolated most frequently 
(55 percent) from vaginal swabbings of dogs. 
Other anaerobic bacteria isolated from the ca
nine vagina include Peptococcaceae, Lactobacil
lus, Bifidobacterium, Clostridium, Corynebacte
rium, Haemophilus, unidentified gram-positive 
rods, and unidentified gram-negative rods.l2·16 

Mycoplasma and ureaplasma also can in
habit the canine vagina. In one study,17 the 
genital mycoplasma and ureaplasma flora 
were compared among dogs with varied re
productive histories. Mycoplasma (M. canis, 
M. maculosum, M. spumans, M. edwardii, M. 
cynos, M. molare, and others) were isolated 
from 67 of 75 (89 per cent) bitches with varying 
reproductive histories. There was no signifi
cant difference in isolation rates between fer
tile bitches, bitches with histories of infertility, 
research animals, or animals with clinical vagi
nitis. Ureaplasma was isolated from 38 of the 
75 bitches (51 per cent). Slightly higher isola
tion rates occurred from samples obtained 
from bitches with histories of infertility, espe-

• • Table 4-4. Classification of Vaginal Isolates from 21 Pups, 12 Weeks to 6 Months Old 

Type of Isolate 

E. coli 
Coagulase+ staphylococci 
Coagulase- staphylococci 
a-Hemolytic streptococci 
/3-Hemolytic streplococci 
Nonhemolytic streptococci 
Proteus 
Bacillus 
Corynebacterium 
Micrococcus 
Neisseria 
Klebsiella 
Total 

No. of Isolates 

8 
14 
5 
4 
3 
2 
1 
3 
2 
3 
1 
1 

47 (2.2 isolates/pup) 

Per Cent of Total Isolates 

17.0 
29.8 
10.6 

8.5 
6.4 
4.3 
2.1 
6.4 
4.3 
6.4 
2.1 
2.1 

Pups with Isolate (%) 

38.1 
66.7 
23.8 
19.0 
14.3 
9.5 
4.8 

14.3 
9.5 

14.3 
4.8 
4.8 

From Olson PNS, Mather EC: Canine vaginal and uterine bacterial flora. JAm Vet Med Assoc 172:708-711, 1978, with permission. 
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• B Table 4 - 5. Classification of Vaginal Isolates from 81 Postpubera l Bitches 

Cranial Vaginal Swabbings Cauda l Vagina l Swabbings 

Number Per Cent Bitches Number Per Cent Bitches 
of of Total with of of Total with 

Type of Isolate Isolates Isolates Isolate(%) Isolates Iso lates Isolate(%) 

E. coli 15 19.0 18.5 25 13.2 30.9 
Coagulase+ 5 6.3 6.2 15 7.9 18.5 

staphylococci 
Coagulase- 5 6.3 6.2 16 8.4 19.8 

staphylococci 
a-Hemoly tic 8 10.1 9.9 18 9.5 22.2 

.streplococci 
,B-Hemoly tic 12 15.2 14.8 15 7.9 18.5 

streptococci 
Nonhemolytic 3 3.8 3.7 10 5.3 12.3 

streplococci 
Pasteurella 8 10.1 9.9 26 13.7 32.1 
Proteus 4 5.1 4.9 5 2.6 6.2 
Bacillus 3 3.8 3.7 13 6.8 16.0 
Haemophilus 1 1.3 1.2 0 0 0 
Corynebacterium 2 2.5 2.5 12 6.3 14.3 
Pseudomonas 0 0 0 2 1.1 2.5 
Momxella 1 1.3 1.2 7 3.7 8.6 
Acinetabacter 0 0 0 3 1.6 3.7 
Flavobacterium 1 1.3 1.2 4 2.1 4.9 
Lactabacil/us 0 0 0 1 0.5 1.2 
Micrococcus 1 1.3 1.2 3 1.6 3.7 
Neisseria 2 2.5 2.5 7 3.7 8.6 
Enterobacter 1 1.3 1.2 1 0.5 1.2 
Klebsiella 0 0 0 0 0 0 
Nonclassified spp. 7 8.9 8.6 7 3.7 8.6 
Total 79 (0.975 isolate/bitch) 190 (2.35 isolates/bitch) 

N o growth 30 (37% of total dogs) 7 (9% of total dogs) 

From Olson PNS, Mather EC: Canine vaginal and uterine bacterial flora . J Am Vet Med Assoc 172:708- 711, 1978, with permission. 

cially those that had a purulent vaginal dis
charge; the differences, however, were not sig
nificant (p< 0.05).17 Zoldag et aL 18 also reported 
on the isolation rate of mycoplasma from the 
genital tract of healthy bitches and those with 
histories of genital disorders. Mycoplasma 
were isolated from 106 of 145 bitches (73 per 
cent). On the basis of a clinical examination 
and history, 80.5 per cent of the bitches with 
a history of reproductive disease were infected 
with mycoplasma. However, 51 .3 per cent of 
the clinically healthy bitches also were in-
fected. . 

Therefore, because the vaginal flora of nor
mal bitches and those with reproductive dis
ease are often similar, prebreeding vaginal cul
tures are of little value. Additionally, most 
culture results provide little information that 
can be utilized to protect a male dog from 
acquiring transmissible reproductive disease. 
Brucella canis is the only bacterium known to 
be a specific cause of infertility that can be 
transmitted via venereal exposures.19 Routine 
vaginal swabbings are rarely collected and cul
tured in a manner that promotes the isolation 

of B. canis. Serologic testing, not vaginal cul
tures, should be the diagnostic test of choice 
in determining if a bitch is potentially infected 
with B. canis (see above). Although canine her
pesvirus infection can spread both via aerosol
ization and by venereal transmission, routine 
prebreeding vaginal culh1res do not include 
viral isolation. 

When owners of stud dogs are persistent in 
requesting vaginal cultures, fearful that a bitch 
could transmit an infectious disease to their 
stud dog at the time of mating, they should 
be reminded that the types of bacteria isolated 
from many bitches are similar to those isolated 
from the prepuces of normal male dogs (see 
Chapter 23). 

Features of Reproductive 
Physiology That Aid Conception 
in the Normal Bitch 

Several unique features of canine reproductive 
physiology ensure that conception occurs after 
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• • Table 4-6. Classification of Vaginal Isolates from 34 Anestrous Bitches 

Cranial Vaginal Cultures Caudal Vaginal Cultures 

Number Per Cent Number Per Cent 
of of Total Dogs with of of Total Dogs with 

Type of Isolate Isolates Isolates Isolate(%) Isolates Isolates Isolate(%) 

E. coli 6 26.1 17.6 8 10.5 23.5 
Coagulase• 2 8.7 5.9 8 10.5 23.5 

staphylococci 
Coagulase- 4.3 2.9 9 11.8 26.5 

staphylococci 
{)'-Hemoly tic 3 13.0 8.8 8 10.5 23.5 

streptococci 
/3-Hemolytic 5 21.7 14.7 9 11.8 26.5 

streptococci 
Nonhemolytic 0 0 0 3 3.9 8.8 

streptococci 
Pasteurella 1 4.3 2.9 8 10.5 23.5 
Proteus 1 4.3 2.9 1 1.3 2.9 
Bacillus 1 4.3 2.9 6 7.9 17.6 
Hoemophllus 1 4.3 2.9 0 0 0 
Corynebacterium 1 4.3 2.9 6 7.9 17.6 
Pseudomonas 0 0 0 1 1.3 2.9 
Moraxella 0 0 0 4 5.3 11 .8 
Acinetobacter 0 0 0 1 1.3 2.9 
Flavobacterium 0 0 0 1 1.3 2.9 
Lactobacillus 0 0 0 1 1.3 2.9 
Nonclassified spp. 1 4.3 2.9 2 2.6 5.9 
Total 23 (0.7 isolate/dog) 76 (2.2 isolates/dog) 

No growth 18 (52.9% of total dogs) 3 (8.8% of total dogs) 

From Olson PNS: Canine vaginal flora. M.S. thesis, University of Minnesota, 1976. 

•• Table 4-7. Classification of Vaginal Isolates from 25 Proestrous-Estrous Bitches 

Cranial Vaginal Cultures• Caudal Vaginal Cultures 

Number Per Cent Number Pe r Cent 
of of Total Dogs w ith of of Total Dogs with 

Type of Isolate Isolates Isolates Isolate(%) Isolates Isolates Isolate(%) 

E. coli 4 18.2 18.2 10 17.2 40.0 
Coagulase• 4.5 4.5 6 10.3 24.0 

staphylococci 
Coagulase- 4.5 4.5 3 5.2 12.0 

staphylococci 
ll'-Hemolytic 3 13.6 13.6 6 10.3 24.0 

streptococci 
/3-Hemolytic 2 9.1 9.1 3 5.2 12.0 

streptococci 
Nonhemolytic 0 0 0 3 5.2 12.0 

streptococci 
Pasteurella 4 18.2 18.2 7 12.1 28.0 
Bacillus 0 0 0 4 6.9 16.0 
Corynebacteriu1n 0 0 0 2 3.4 8.0 
Moraxella 0 0 0 1 1.7 4.0 
Acinetobacter 0 0 0 1 1.7 4.0 
Flavobacterium 1 4.5 4.5 3 5.2 12.0 
Micrococcus 0 0 0 2 3.4 8.0 
Neisseria 2 9.1 9.1 4 6.9 16.0 
Enterobacter 1 4.5 4.5 1 1.7 4.0 
Nonclassified spp. 3 13.6 13.6 2 3.4 8.0 
Total 22 (1.0 isolate/dog) 58 (2.3 isolates / dog) 

No growth 6 (27.3% of tota l dogs) 1 (4.0% of total dogs) 

*Cranial vaginal cultures were obtained on 22 of 25 dogs in this group. 
From Olson PNS: Canine vaginal flora. M.S. thesis, University of Minnesota, 1976. 
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• • Table 4-8. Classification of Vaginal Isolates from 19 Diestrous or Pregnant Bitches 

Cranial Vaginal Cultures Caudal Vaginal Cultures 

Number Per Cent Number Per Cent 
of of Total Dogs with of of Total Dogs with 

Type of Isolate Isolates Isolates Isolate(%) Isolates Isolates Isolate(%) 

E. coli 3 13.6 15.8 4 8.7 21.1 
Coagulase+ 2 9.1 10.5 2 4.3 10.5 

staphylococci 
Coagulase- 3 13.6 15.8 4 8.7 21.1 

staphylococci 
a-Hemolytic 4.5 5.3 3 6.5 15.8 

streptococci 
{3-Hemolytic 2 9.1 10.5 2 4.3 10.5 

streptococci 
Nonhemolytic 2 9.1 10.5 3 6.5 15.8 

streptococci 
Pasteurella 2 9.1 10.5 7 15.2 36.8 
Proteus 2 9.1 10.5 2 4.3 10.5 
Bacillus 1 4.5 5.3 4 8.7 21.1 
Corynebacterium 1 4.5 5.3 4 8.7 21.1 
Pseudomonas 0 0 0 1 2.2 5.3 
Mornxella 1 4.5 5.3 2 4.4 10.5 
Acinetobncter 0 0 0 1 2.2 5.3 
Micrococcus 0 0 0 1 2.2 5.3 
Neissain 0 0 0 3 6.5 15.8 
Nonclassified spp. 2 9.1 10.5 3 6.5 15.8 
Total 22 (1.2 isolates / dog) 46 (2.4 isolates/dog) 

No growth 6 (31.6% of total dogs) 5 (26.3% of total dogs) 

From Olson PNS: Canine vaginal flora . M.S. thesis, Universi ty of Minnesota, 1976. 

a normal bitch and male dog mate. For exam
ple, the canine oocyte is viable for several days 
after ovulation because the bitch ovulates a 
primary oocyte rather than a secondary oocyte 
like many other species.20 Although fertiliza
tion can only be completed after a primary 
oocyte matures into a secondary oocyte, some 
authors have suggested that the fertilization 
process might be initiated when spermatozoa 
penetrate primary oocytes. Because the life 
span of a secondary oocyte is relatively short 
(24 to 36 hours) compared to that of a primary 
oocyte (2 to 3 days), the process of oocyte mat
uration in the bitch could allow for an ex
tended "fertile" period. 

In vitro research supports such a suggestion 
because capacitated canine spermatozoa can 
penetrate the zona pellucida, enter the vitellus, 
and undergo nuclear decondensation in pri
mary oocytes, with pronuclei forming after oo
cyte maturation has been completed and a 
secondary oocyte is formed.21 In one study,22 

the kinetics of sperm penetration into the 
ooplasma did not differ between oocytes col
lected from preovulatory and anestrous folli
cles. However, the in vitro development of 
male and female pronuclei was observed more 
frequently in oocytes collected from preovula-

tory follicles. Farstad et aF3•
24 have reported 

that spermatozoa in vivo may penetrate and 
initiate decondensation prior to complete oo
cyte maturation in the vixen. Conversely, Tsut
sui25 concluded that the canine ovum will ac
cept spermatozoa only after it has matured 
into a secondary oocyte. However, when 21 
bitches were bred twice from 36 hours before 
ovulation to 84 hours after ovulation, each time 
to a different male, only 2 of the 21 pregnant 
bitches conceived pups from only the second 
male. Therefore, some advantage seemed to 
result from breedings that occurred prior to 
maturation of the primary oocyte to a second
ary oocyte. The longevity of canine spermato
zoa in the bitch's reproductive tract following 
a mating also contributes to the extended fer
tile period. 26 

Conception rates following a single mating 
in beagle bitches were greater than 95 per cent 
when the breeding occurred between 3 and 10 
days before the onset of cytologic diestrus27 

(Fig. 4-4). Similarly, a 91 per cent conception 
rate occurred in mongrel and beagle bitches 
mated only once from 48 hours before ovula
tion to 108 hours after ovulation.25 Thus, the 
period for maximal conception rates from a 
natural mating appears to last up to 7 days. 
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Figure 4-4. Conception rates relative to day 
of a single breeding (n = 267 beagle 
bitches). (From Holst PA, Phemister, RD: On
set of diestrus in the beagle bitch: Definition 
and significance. Am J Vet Res 35:401-
406, 1974, with permission.) 
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Because most bitches are receptive to mating 
over several days during estrus, conception is 
further ensured to occur following a natural 
mating. The fertile period is decreased when 
chilled extended or frozen semen is used rather 
than a natural mating/8 arguing for the impor
tance of sperm viability. 

Timing Ovulation and Mating 
in the Bitch 

The period in which a natural mating yields 
maximal conception rates spans up to 7 days 
for the dog. Therefore, in many dogs, one or 
more breedings during behavioral estrus will 
result in pregnancy. However, when consider
ing various methods of breeding or insemina
tion for the best reproductive performance 
overall (conception rate and litter size), opti
mal fertility can be anticipated if a bitch is 
bred 2 to 4 days after ovulation (Fig. 4-5). This 
would include bitches that can be mated only 
once because of sire availability or those 
bitches that must be bred near the time of oo
cyte maturation because chilled or frozen se
men is being used. The day of ovulation in 
any given bitch may be quite different from 
that of the average bitch.29 Although ovulation 
occurs approximately 12 days after the onset 
of proestrus or 2 to 3 days after the onset of 
estrus in the average bitch, ovulation was pre
dicted to occur from 7 to 22 days after the onset 
of proestrus in 50 bitches who were presented 
for breeding management assistance, and who 
subsequently became pregnant on the basis of 
the management advice (Fig. 4-6).30 Therefore, 
predicting the time of ovulation in a bitch can 

Day from onset of cytologic diestrus 

greatly aid in managing a breeding (Table 
4-9). 

Indications for determining the day of ovu
lation for managed breedings in the bitch in
clude the following28- 31 : 

1. The use of artificial insemination (AI) with 
fresh, extended, or frozen semen, when cost 
of each insemination is high and/ or timing 
is critical 

2. The managed breeding of bitches with his
torical failure to show standing behavior, 
historical conception failure, historical 
small litter size, or need to inseminate with 
poor quality semen 

3. The use of natural breedings that are diffi
cult or expensive, so that a high chance of 
conception occurs even with only a single 
breeding or few breedings 

4. Need for predicting whelping dates 
5. Shipping bitches after the luteinizing hor

mone (LH) surge to avoid a decrease in LH 
that might result from the stress of shipment 

Various methods to predict ovulation in the 
bitch have been described. 

Progesterone Assays 

Measuring the concentratiG>ns of serum pro
gesterone in samples obtained during late pro
estrus and estrus allow one to predict the opti
mal breeding times for a bitch. The bitch is 
unique among domestic species because con
centrations of serum progesterone begin to 
increase 2 to 3 days before ovulation. Serum 
progesterone is less than 1.0 ng/ml during an
estrus and most of proestrus (Fig. 4-5). Values 
rapidly increase to greater than 1 ng/ml just 
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Figure 4-6. Pred icted lime of ovulation for 50 
bitches, based on serum progesterone concen· 
!ra tions. More than 20 breeds were rep· 
resented. [S. Johnson and M.V. Rooi-Kustrilz, 
University of Minnesota , 1995. (Personal com
munication.)] 
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before and during the preovulatory LH surge 
and continue to increase throughout estrus to 
reach initial peaks of 15 to 90 ng/ml by 15 to 
30 days after the LH peak.32

•33 At the time of 
ovulation, serum levels of progesterone range 
from 4 to 10 ng I ml. 34 By measuring the concen
tration of progesterone during proestrus ores
trus, one can predict the best time to mate a 
bitch (Table 4-9). Conception rates may exceed 
95 per cent following a single natural mating 
from approximately 3 days before to 4 days 
after ovulation.27 However, to further assure 
maximal chances for conception if only one 
breeding or insemination can occur, the best 
time for breeding is 2 days following ovulation 
or 2 days after progesterone reaches a concen
tration of 4 to 10 ng/mP0 

Although the range of progesterone concen
trations at the time of ovulation (2 to 3 days 
after the LH surge) is usually from 4 to 10 ng / 
ml (Fig. 4-7), concentrations may vary among 
bitches. Diurnal variation of serum progester
one has been reported to occur in pregnant 
bitches, with concentrations being approxi
mately twice as high in the morning as in the 
afternoon.35 If similar diurnal variations occur 

in nonpregnant animals during estrus, vari
ability in progesterone levels may also relate 
to sampling times. 

Serum progesterone concentrations can be 
measured by commercial radioimmunoassay 
(RIA), chemiluminescence, or by the use of in
house enzyme-linked immunosorbent assay 
(ELISA) kits.t Radioimmunoassay is generally 
the most accurate and reproducible of the two 
techniques. However, RIA is generally the 
more expensive of the two methods and has 
historically been associated with a longer turn
around time. Fortunately, increasing numbers 
of RIA laboratories are now providing same
day progesterone results. Radioimmunoassay 
provides the veterinarian with quantitative re
sults, whereas the ELISA is qualitative or semi
quantitative, with accuracy dependent upon 
the level of progesterone in the sample.34

•
36 The 

decision on which progesterone-measuring 
technique to use should be influenced by the 
case being managed. For example, a qualita
tive estimate of changing concentrations of 

t ELISA progesterone kits are available from Synbiotics 
Corporation, San Diego, CA. 

• • Table 4-9. Guidelines for Interpretation of Serum Progesterone Concentration in the Estrus 
Bitch Measured by RIA 

Serum Progesterone 
Concentration (ng/ml) 

1.0-1.9 
2.0-3.9 
4.0-10.0 

Estimated Day 
of Ovulation 

+ 2 days 
+ 1 day 

0 day 

Best Breeding Days* 

+ 4 days (3-6) 
+ 3 days (2-5) 
+ 2 days (1-4) 

*Single breeding recommended; use a day in parentheses if best day is inconvenient. 
t Estimate 80% patients to whelp in this interval. 

Estimated Parturition 
from Ovulation Dayt 

+63 (62-64) days 
+63 (62-64) days 
+63 (62-64) days 

From Johnston SO, Root MY: Serum progesterone timing of ovulation in the bitch. 111 Proceedings of the Annual Meeting of the Society 
for Theriogenology, San Antonio, TX, September 13-15. 1995. Nashville, Society for Theriogenology, 1995, pp 195- 203, with permission. 
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progesterone may be adequate for predicting 
when a bitch should first be introduced to an 
available male. However, if frozen semen is to 
be surgically deposited in the uterus of a bitch 
(see Chapter 16), the exact concentration of 
progesterone should be determined to more 
accurately predict the best time for insemi
nation. 

Luteinizing Hormone Assays 

Determining the time of the LH surge is help
ful in predicting the time of ovulation, oocyte 
maturation, and fertilization. Ovulation usu
ally occurs 2 to 3 days after the LH surge and 
oocyte maturation and fertilization occur 4 to 6 
days after the LH surge (see Table 2-4). Unlike 
serum progesterone, which increases steadily 
in the bitch during estrus, the LH surge may 
be increased for only 24 hours. A single serum 
sample that is obtained on any day during 
estrus and assayed for LH may not provide 
information on whether or not the LH surge 
has occurred. However, the LH surge is likely 
to already have occurred if concentrations of 
progesterone are measured in the sample and 
are found to be greater than 2.0 ng/ml. Histori
cally, LH assays took several days to perform, 
and were of little value in prospectively deter-

B Days from LH Surge 

Figure 4-7. Serum progesterone levels relative to time of LH 
surge. (A: From O lson PN , Bowen RA, Behrendt MD, et al: 
Concen trations of reproductive hormones in canine serum 
throughout late anestrus, proestrus, and estrus. Bioi Reprod 
27: 11 96- 1206, 1982, w ith permiss ion. B: From Phemister 
RD, Holst PA, Spano jS, et al: Time of ovulation in the beagle 
bitch. Bioi Reprod 8:74-82, 1973, w ith permission. C: From 
W ildt DE, Panko WB, Chakraborty PK, et al : Relationship of 
serum estrone, estrodiol-17 beta and progesterone to LH , sexua l 
behavior and time of ovula tion in the bi tch. Bioi Reprod 
20:648- 658, 1979, with permission.) 

mining the optimal time for mating. However, 
rapid radioimmunoassays37 and in-clinic 
ELISA tests+ have now been developed for 
measuring LH in serum to help determine op
timal mating time (Table 4-10). Samples may 
need to be collected daily, beginning in proes
trus when concentrations of progesterone are 
low, so that the LH surge is not missed. 

Estrogen Assays 

Frequently veterinarians will inquire about the 
usefulness of assaying serum samples for es
trogens to determine the appropriate time of 
breeding a bitch, or to determine if a bitch's 
nonreceptive behavior resulted from abnor
mally low estrogen levels in the blood. Unfor
tunately, concentrations of various estrogens 
(estradiol-17,8, estrone, and estriol) are lOGO
fold less in blood than progesterone and more 
difficult and expensive to assay. Additionally, 
concentrations of estrogens, just as LH, may 
be increased in the blood of some bitches for 
a relatively short period of time. Therefore, a 
single sample assayed for concentrations of 
estrogens provides little information on timing 

t Status-LH, an in-clinic test for detection of canine LH, 
is available from Synbiotics Corporation, San Diego, CA. 
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• Table 4-10. Recommendations for Breeding and Anticipated Time of Whelping 

Time for 2: 1 Natural 
Breedings between 
Dogs with Maximal 
Fertility 

LH Surge 1 d before the LH surge 
to 6 d after the LH 

Ovulation 
surge 

3 d before ovulation to 4 
dafter ovulation 

Oocyte Maturation 6 d before oocyte 
maturation to 1 dafter 
oocyte mahtration 

Onset of Cytologic 3-1 0 d before the onset 
Diestrus of cytologic diestrus 

of ovulation or hormonal causes for nonre
ceptive behavior. Because estradiol-17{3 is nor
mally elevated in late proestrus and not estrus, 
it is normal to find basal (i.e., low) concentra
tions of estradiol-17{3 during the period when 
normal bitches are receptive to mating. 
Changes in vaginal cytology during estrus pro
vide a reliable and inexpensive indicator to 
predict if estrogen levels were elevated (see 
Chapter 3). 

Vaginal Cytology 
Increasing circulating levels of estradiol-17 {3 
during proestrus stimulate the growth of the 
vaginal epithelium from a few cell layers in 
thickness during anestrus to 20 to 30 cell layers 
in thickness at the end of proestrus. As the 
vaginal epithelium thickens, increased num
bers of superficial cells slough into the vaginal 
fluids. The change in the percentage of super
ficial cells in a vaginal smear can be used to 
monitor the progression of proestrus and es
trus and is a valuable tool to predict the fertile 
period of the bitch (see Chapter 3). Unfortu
nately, the time and intensity of maximum cor
nification (i.e., maximum percentage of super
ficial cells) vary among bitches and preclude 
the use of maximum cornification to precisely 
predict the exact time of receptivity, the LH 
surge, or ovulation. Nevertheless, when used 
along with hormone assays, vaginal smears 
provide crucial information on whether estrus 
is progressing normally and if the bitch is still 
in her fertile period (Fig. 4-5). 

Because concentrations of progesterone vary 
among bitches, using only progesterone data 
may occasionally lead to erroneous conclusions 
when predicting optimum breeding times. For 
example, a serum concentration of 10 ng/ml 
could mean a bitch is near the time of ovulation, 

Optimal Time for a 
Single Breeding or 
Insemination, or 
When Breeding Dogs Anticipated Time of 
with Reduced Fertility Whelping 

4-6 d after the LH surge 64-66 d after the LH 
surge 

2-4 d after ovulation 62-64 d after ovulation 

At the time a secondary 60-62 d after oocyte 
oocyte is formed to 2 d maturation 
after 

2-5 d before the onset of 56-58 d after the onset of 
cytologic diestrus cytologic diestrus 

oocyte maturation, and optimal fertilization, or 
is in early diestrus. However, if, in addition to 
the progesterone results, the preponderance of 
epithelial cells in a vaginal smear are noncorni
fied cells (i.e., nonsuperficial cells), the bitch is 
beyond the time of ovulation, oocyte mahua
tion, and optimal fertilization, and has already 
entered cytologic diestrus. 

Bitches bred for the first time in diestrus have 
a significantly reduced conception rate27 (Fig. 
4-4). However, identifying the onset of dies
trus with vaginal smears can still be a very 
useful tool for veterinarians and owners. The 
onset of cytologic diestrus is temporally associ
ated with the LH surge, ovulation, oocyte mat
uration, and whelping. Retrospectively, identi
fying the onset of cytologic diestrus allows a 
veterinarian to determine if breedings did, in 
fact, occur at the appropriate times. This can 
be done by evaluating daily vaginal smears, 
inexpensively collected by owners. Owners 
can be instructed on the proper technique and 
advised to obtain smears thrmighout the 
bitch's receptive period and for approximately 
a week after the last breeding. In addition to 
predicting if conception likely occurred from 
the breedings, one can predict if litter size will 
be maximal. Live litter size and pups per cor
pus luteum may decrease if bitches are bred 
too early or too late relative to the onset of 
cytologic diestrus (Figs. 4-8 and 4-9). Prospec
tively, identifying the onset of cytologic dies
trus allows the veterinarian to predict the time 
of whelping with greater accuracy than by us
ing breeding dates alone (Fig. 4-10) . 

Ferning Patterns of Vaginal Fluid 

The phenomenon described as "ferning" of 
cervical mucus is utilized by physicians to de
tennine the fertile period in women. Fluid col-
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Figure 4-8. Pups per corpus luteum (n = 
72 bi tches bred on ly once). (From Holst 
PA, Phemister RD: Onset of diestrus in the 
beag le bitch: Definition and significance. 
Am J Vet Res 35:401-406, 1974, 
wi th permission.) 

Figure 4-9. live li tter size relative to day of 
breeding (n = 7 4 bitches bred only once). 
(From Holst PA, Phemister RD : Onset of dies
trus in the beagle bitch: Definition and sig
nificance. Am J Vet Res 35:401-406, 
197 4, w ith permission.) 
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Figure 4-10. Day of w helping in relation to 
onset of cytolog ic diestrus (n = 93 bitches). 
(From Holst PA, Phemister RD : Onset of dies
trus in the beagle bitch: Definition and sig
nificance. Am J Vet Res 35:401 -406, 
197 4, w ith perm ission.) 
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lected from the cranial vagina of an estrous 
bitch also will appear to have the pattern of a 
fern if placed on a microscope slide and al
lowed to air-dry.38 Vaginal fluid is collected by 
passing a sterile insemination pipette into the 
cranial vagina. A 5-ml syringe attached to the 
pipette provides the suction necessary to col
lected enough fluid to place on a tilted micro
scope slide. The fluid is allowed to spread on 
the slide and air-dry at room temperature. 
Enough fluid generally is left from the first 
slide to prepare a second smear for vaginal 
cytology. The first slide can be examined at 
400 X magnification when completely dry 
for ferning patterns. In one study,39 sporadic 
ferning began in proestrus for 9 of 50 bitches 
tested. In 42 of the 50 bitches, the ferning 
index reached a peak that lasted for several 
days before declining. The mean interval be
tween the calculated LH surge and the peak 
ferning (or midpoint of the ferning plateau) 
was 2.3 ± 2.1 days, with a range of -2 to 
+8 days. 

Changes in Gross Appearance of the 
Vaginal Mucosa 

As concentrations of estradiol and progester
one change in blood during proestrus and 
estrus in the bitch, various target tissues 
for these hormones are altered. Endoscopic 
observations of the changes in vaginal mucosa 
have been reported in detail by Lindsay7 (see 
Chapter 1). These changes can be observed 
using a vaginoscope, fiberoptic endoscope, or 
pediatric sigmoidoscope.40 During proestrus, 
two stages of changes may be observed. Dur
ing the early stage, folds of vaginal mucosa 
become edematous, followed by a later 
"shrinkage" stage when folds become less 
edematous. 

During estrus, the "shrinking" of the vagi
nal mucosa, which began in proestrus, intensi
fies. By the end of estrus, folds are maximally 
shrunken and angulated (crenulated). The on
set of diestrus is signaled when a "rounding 
out" or smoothing out of the vaginal mucosa 
commences and the mucosa develops a varie
gate coloration of red and white areas, at about 
the same time that the percentage of nonsuper
ficial epithelial cells abruptly increases in the 
vaginal smear. The vaginal mucosa in a spayed 
or anestrous bitch is thin and susceptible to 
trauma. Occasionally the mere passage of vagi
noscopic equipment during anestrus will re
sult in slight submucosal hemorrhage. 

Changes in Vaginal 
Resistance/ Conductance 

Changes in the electrical resistance of the vagi
nal fluids have been used successfully to deter
mine the optimal time for inseminating the 
blue and silver fox. More than 80 per cent of all 
foxes inseminated in Norway are tested with a 
heat detector that measures changes in electri
cal resistance in vaginal fluids. 41 Changes in 
vaginal resistance also have been evaluated 
in dogs (P. W. Concannon, unpublished data, 
New York State College of Veterinary Medi
cine) and proved accurate when the probe was 
consistently placed in the same position in the 
vagina. The wide range of vaginal lengths in 
various breeds of dogs may render the proce
dure less useful in the bitch than the vixen. 

Ultrasonographic Evaluation 

Follicular development, ovulation, and devel
opment of corpora lutea can be evaluated by 
using ultrasonography.42

-
44 In one study/4 

changes in vaginal cytology and plasma con
centrations of estradiol, LH, and progesterone 
were compared to the ultrasonographic find
ings from scanning the ovaries of 13 bitches 
during proestrus and estrus. A rapid disap
pearance of the follicular antrum, correspond
ing to ovulation, was detected in only 2 of the 
13 bitches. Although follicular rupture was not 
detected in the remaining 11 bitches, there was 
a gradual thickening of the antral wall that 
began at the time of the LH surge. The progres
sive thickening noted throughout estrus likely 
resulted from the pre- and postovulatory de
velopment of luteal tissue. The phenomenon 
of preovulatory luteinization in the bitch was 
first described by Bischoff45 in 1845 and later 
confirmed by other investigators.46A7 The grad
ual development of luteal tissue prior to ovu
lation gives the antral wall rigidity, possibly 
contributing to the lack of abrupt ultra
sonographic changes observed at the time of 
follicular rupture and ovulation. The antrum 
may not be completed obliterated by luteal 
tissue until the 15th through the 20th days of 
diestrus in the bitch.47 

How To Breed the Bitch 

Using Natural Mating 

Goals of managed breeding of the bitch are to 
achieve the best conception rate and litter size 
with the least labor and cost. Three general 
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strategies may be used to accomplish these 
goals: (1) achievement of alternate-day breed
ings over the period of receptivity (estrus) of 
the bitch, (2) determination of approximate 
day of ovulation and achievement of two 
breedings 2 to 4 days after possible ovulation, 
and (3) accurate determination of day of ovula
tion and achievement of one breeding 2 days 
after ovulation. Strategy 3 should be used 
with AI. 

Strategy 1 is indicated when the male and 
female are owned by the same person, or are 
housed at the same site, and when animals are 
young, sow1d, and have no history of infertil
ity. In general, for strategy 1, the male and 
female should be housed in different rooms 
when the bitch is in heat, and brought together 
on leads for short periods daily to observe for 
the presence of estrous behavior and to accom
plish mating. lf the approximate ovulation day 
of the bitch is unknown, she should be brought 
to the male (for "teasing") starting about 5 
days after onset of proestrual serosanguineous 
vulvar discharge, and every day or every other 
day thereafter until estrous behavior is ob
served. The average bitch first exhibits estrous 
behavior 10 days after proestrus onset, but nor
mal bitches may first exhibit this behavior as 
early as proestrus onset or as late as 27 days 
after proestrus onset. If the approximate ovula
tion day of the bitch is known from previous 
reproductive history, teasing may begin at or 
just before the expected day of ovulation; how
ever, because some but not all bitches ovulate 
at the same time of every estrous cycle, careful 
observation is necessary at every managed 
breeding. Estrous behavior includes standing 
still, with the tail deflected up or to the side 
of the perineum ("flagging") when the male 
sniffs the vulva and/ or attempts to mount (see 
Chapter 2). If the bitch exhibits estrous behav
ior in the presence of the male, both animals 
should be permitted to play off-lead and to 
mate naturally. Such behavior is permitted ev
ery other day until the bitch refuses copu
lation. 

With nah1ral copulation, the bulbus glandis 
of the male engorges inside the vagina of the 
bitch, resulting in an "inside" tie, which refers 
to the position of the bulbus glandis inside the 
female. Following ejaculation of the presperm 
and sperm-rich fractions of semen, the male 
dog will dismount from the bitch with the erect 
perils still inside the vagina, and turn and 
stand end to end with her in the copulatory 
lock (Fig. 4-11).48 If the bulbus glandis en
gorges outside of the vulva and ejaculation 
occurs, the bitch is said to be bred with an 

"outside" tie. With the outside tie, semen is 
deposited in the middle of the vagina; concep
tion rate is improved with outside ties if the 
bitch's hindquarters are elevated for 5 minutes 
following insemination, as is done with vagi
nal AI as described below. 

If the bitch exhibits estrous behavior but re
fuses mating, or if the male appears unable 
to achieve mating with a receptive bitch, the 
animals should be presented to the veterinar
ian for exarrlination. Primary causes of mating 
failure in the estrous bitch include estrous be
havior and mating attempts prior to ovulation, 
congenital vaginal anomaly that prevents nor
mal intromission, female dominance over the 
male, arthritis of the hips or lumbar spine of 
the male causing pain on mounting, and pros
tatic pain in the male that causes him to dis
mount and pull away from the bitch at onset of 
erection. At examination of the bitch, vaginal 
cytology should be evaluated for magnitude 
of vaginal cornification, serum progesterone 
should be measured to determine day of 
ovulation, and a digital vaginal examination 
should be performed to determine whether va
ginal size permits normal mating. The penis of 
the male should be protruded for examination, 
and rectal palpation of the prostate and physi
cal examination of the hip joints and lumbar 
spine performed. If the animals appear normal 
and day of ovulation has not occurred, natural 
breeding may be attempted later, depending 
on serum progesterone concentration (Table 
4-9). Alternatively, AI with fresh semen may 
be indicated depending on timing of ovulation 
and abnormalities found. 

Strategy 2, determination of approximate 
day of ovulation, is used when semiquantita
tive methods of determination of ovulation are 
used. These may include use of commercial 
ELISA kits for determination of serum proges
terone in the veterinary practice, or endoscopic 
observation of gross changes in the vaginal 
mucosa. Commercial ELISA kits§ for serum 
progesterone measurement generally show a 
color change in test wells around the time of 
change in progesterone concentration. Color 
endpoints may indicate serum progesterone 
concentration in low(< 1.0 to 2.0 ng/ml), me
dium (around 2.0 ng/rnl), or high (> 5 or 7 
ng/ml) concentration, or may indicate proges
terone concentration less than or greater than 
a standard such as 2 ng/ml. Accuracy of the 

§ ELISA kits for serum proges terone measurement include 
the Target Canine Ovulation Timing Test kit and the Ica
gen Status-PRO Canine Ovulation Timing Test kit from 
Synbiotics Corporation, San Diego, CA. 
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Figure 4-11. Anatomy of the mole and female 
reproductive tracts during copulation in the dog . 
(Modified from Grondoge4 8 Reprinted from 
johnston SD: Examination of the genital system. 
Vet Clin North Am 11 :543-559, 198 1, w ith 
perm iss ion.) 

color endpoint as an indicator of serum pro
gesterone concentration varies with the kit and 
with the true serum progesterone concentra
tion, and may range from 62 to 96 per cent.34 

The semiquantitative nature of the ELISA re
sults, coupled with inaccuracy of the results, 
makes this mode of ovulation timing an ap
proximate one. Different kit manufacturers 
recommend different protocols for sampling, 
but, in general, suggest that blood be drawn 
starting around day 5 after proestrus onset or 
at onset of complete vaginal cornification. 
Samples are then evaluated every other day 
until the color change is observed, and two 
breedings, 4 and 6 days after the suspected LH 
surge, are recommended. Although cost to the 
veterinarian of the ELISA reagents is generally 
about half of the cost of RIA, client cost of the 
ELISA progesterone analyses is similar be
cause of in-house labor costs. 

Strategy 3, accurate determination of day of 
ovulation, means measuring serum progester
one by RIA, with sampling interval adequate 
to detect a concentration between 1.0 and 10.0 
ng/ml in the presence of a cornified vaginal 
smear. Guidelines in Table 4-9 then may be 
used to choose a single day for breeding, which 
should be within 1 to 3 days following ovula
tion. Strategy 3 is indicated when cost or labor 
of multiple matings exceeds cost of two to 
three serum progesterone measurements, 
when there is a history of infertility, when the 
male or female are aged and a fuh1re attempt 
at mating may not be possible, or when the 
sh1d dog is in high demand and minimum 
numbers of inseminations are desired. In the 
bitch with unknown ovulation time, vaginal 
smears should be examined twice weekly 
starting 5 days after onset of proestrual bleed
ing. Following predominant vaginal cornifi
cation, blood is . drawn twice weekly and 
submitted to a commercial laboratory for pro
gesterone measurement by RIA until a serum 

concentration exceeding 1.0 ng/ ml is detected. 
Table 4-9 then may be used to choose a single 
date for mating or insemination. Determina
tion of multiple serum progesterone concen
trations after first rise to greater than 1 ng/ ml 
may be indicated in those bitches with abnor
mal ovarian function; the majority of bitches 
bred naturally or by AI, however, have normal 
ovarian function but unknown time of ovu
lation. 

Future availability of commercial canine se
rum LH assays or ovarian ultrasonography 
may offer other strategies for accurately plan
ning a single managed breeding. One study 
evaluating use of an in-house ELISA for LH 
(Status-LH) demonstrated good correlation be
tween measurement of serum LH with the 
ELISA kit and measurement by RIA.49 Because 
the elevation in LH occurs as a single peak 
about 24 hours in length in normal dogs prior 
to ovulation, collection of daily blood samples, 
at about the same time of day, is required to 
ensure recognition of the LH peak and to pre
dict ovulation day. Anecdotal reports of lack 
of definition of the LH peak despite daily blood 
sampling, with subsequent proof of ovulation 
by elevation in serum progesterone concentra
tions, suggest that some bitches may have an 
LH peak of less than 24 hours' duration. 

Conception rate in normal bitches bred a 
single time between 4 days before and 3 days 
after ovulation (determined as 3 to 10 days 
prior to onset of the diestrus vaginal smear) 
exceeds 95 per cent (Fig. 4-4).27 Conception 
rates from 20 to 80 percent occur in normal 
bitches bred a single time between 7 days be
fore and 7 days after ovulation (Fig. 4-4).27 

Using Artificial Insemination with 
Fresh Semen 

The Italian physiologist and priest Abbe Laz
zaro Spallanzani (1729-1799) is reported to be 
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the first scientist to report AI in the dog.50 He 
siphoned semen from the vagina of a nah1rally 
bred bitch following mating and infused it into 
the vagina of another estrus bitch. The second 
bitch conceived and delivered normally. 

Artificial insemination with fresh semen is 
indicated in animals that will not or cannot 
copulate normally. Some brachiocephalic 
breeds with deep chests and narrow pelves, 
such as the English bulldog, are routinely bred 
by AI; AI also is performed in some canine 
research colonies, because it can be done more 
quickly than nah1ral mating. If copulation fail
ure is due to congenital vaginal anomaly (see 
Chapter 12), the owner of the bitch should 
be advised of the probable need for cesarean 
section should pregnancy be accomplished 
with AI. In general, bitches with vaginal anom
alies that become pregnant following AI re
quire cesarean section. However, the authors 
have observed occasional bitches with vaginal 
strictures precluding normal copulation that 
whelped normally following AI, and required 
AI for insemination at seasons following the 
normal whelping. Secretion of the hormone 
relaxin at the time of parturition may permit 
relaxation of fibrous connective tissue vaginal 
strictures as it does fibrous com1ective tissue 
of the pubic symphysis. 

Success in achieving pregnancy with fresh 
semen AI in the dog relies on three factors: 
normal semen quality, accurate timing of in
semination, and appropriate site of deposition 
of the semen. If possible, prebreeding exami
nation of the male should be accomplished 
prior to proestrus onset of the female, so as to 
confirm the availability of normal semen at 
the time of insemination. The procedure for 
collecting and evaluating canine semen prior 
to or at the time of AI is described in Chapter 
16. Because of the difficulty in synchronizing 
estrus in the bitch, most fresh semen AI is done 
with the entire ejaculate, which may contain 
250 to 2500 X 106 sperm. The suggested mini
mum insemination dose for achieving concep
tion in the dog with normal litter size is more 
than 150 X 106 motile sperm, although preg
nancy has been achieved with fewer numbers. 
At the time of semen collection for insemina
tion, adequate prostatic fluid should be col
lected to bring the total volume to more than 
2 to 4 ml, which is a manageable volume for 
AI. If semen quality has not been evaluated 
prior to day of insemination, it should be eval
uated quickly prior to insemination on that 
day. Veterinarians are cautioned not to inseminate 
semen until it has been examined microscopically 

for presence of motile spermatozoa. Insemination 
of poor-quality semen prevents the option of 
using a different male at that season. Insemina
tion of an azoospermic sample wastes the cli
ent's money. Insemination of a sample with 
dead spermatozoa secondary to bacterial infec
tion may endanger the future reproductive 
health of the bitch. 

Accurate timing of insemination should be 
performed using serum progesterone mea
surement as described under strategy 3 above. 

The appropriate site of deposition of fresh 
semen in canine AI, as depicted in Figure 4-12, 
is at the external cervical os. Sterile insemina
tion pipetsll or canine urethral catheters may 
be attached to syringes and used to deposit 
semen at the external cervical os. Necessary 
length of the insemination pipet may be deter
mined by abdominal palpation of the estrous 
cervix, which usually can be identified as a 
walnut-sized muscular mass in the caudal ab
domen, and estimating its distance from the 
vulva. Alternatively, the inseminator may esti
mate the approximate distance from the costal 
arch to the vulva of the bitch and divide that 
distance by 2 to determine approximate pipet 
length. A 6- or 12-ml syringe (depending on 
semen volume collected) should be attached 
to the insemination pipet, and 1 to 2 ml air 
aspirated before aspirating the entire semen 
sample. 

The insemination pipet is inserted at the dor
sal commissure of the vulva and directed cran
iodorsally until it is over the ischial arch, after 
which time it may be directed in a more cranial 
direction. Sometimes putting a gloved finger 
into the vulva facilitates inserting the pipet 
(along the side of the finger) to the external 
cervical os; lubricant should not be used on 
the insemination pipet or the gloved finger, 
however, because sterile aqueous lubricant is 
spermicidal. Semen is deposited, the 1 to 2 ml 
air in the syringe is flushed through the pipet, 
the pipet is withdrawn, and the finger in the 
vulva is used to tickle the ceiling of the vagina 
to promote contractions of the female tract. 
Thereafter, the hindquarters of the bitch are 
elevated for 5 minutes to facilitate pooling of 
the semen at the external cervical os. 

Conception rate in bitches bred by AI with 
fresh semen varies with accuracy of timing the 
ovulation day, quality of semen inseminated; 
site of insemination, and normality of the fe-

II Large animal infusion pipette, 0.205-inch outer diameter 
X 22 inches long, flexible, rotmded insertion end; product 
no. 3577, Harford Veterinary Supply Co., Darlington, MD. 
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Figure 4-12. Position for placement of the insemination catheter for canine ortificiol insemination with fresh or chilled extended 
semen. Semen should be deposited at the external ceNical as, and the bi tch's hindquarters thereafter elevated for 5 minutes to 
cause pooling of semen around the extern al cervica l as. 

male reproductive tract. Conception rates in 
small numbers of research bitches inseminated 
using various experimental protocols were re
ported to range from 70 to 84 per cent, with 
normal litter size.51-56 Conception rate in 405 
bitches inseminated with fresh semen byone 
investigator in Sweden between 1978 and 1987 
was 65.7 per cent overall, and 83.8 per cent 
when corrected for stage of estrus at the time of 
AI (determined using measurement of serum 
progesterone) and for semen quality.57 Preg
nancies were obtained with fresh semen of in
ferior quality, but litter size was reported 
smaller _57 Conception rate in 527 bitches insem
inated one to four times with fresh semen by 
40 Swedish veterinarians in 1990 and 1991 was 
54.7 per cent overall, and 62.3 per cent when 
corrected for stage of estrus at time of AI and 
semen quality.58 Corrected pregnancy rate in 
256 bitches bred a single time by AI was 55.5 
per cent, and pregnancy rate increased signifi
cantly with increased number of Ais.58 

Using Artificial Insemination with 
Chilled Extended Semen 

Chilled extended semen is semen to which an 
extender is added in order to prolong life span 
and to facilitate transport to a recipient bitch 
at a distant site. The long life span of dog sperm 
when compared to other species, the frequent 
client need to inseminate bitches that are dis
tant from the dog, and the availability of rapid 
global courier delivery services make the tech
nique of chilled extended semen AI particu
larly attractive in this species. 

In 1954, Harrop reported extending canine 
semen with heat-treated pasteurized milk, 

holding the sample at 4°C for 5 days, and then 
inseminating it into a greyhound bitch, who 
whelped two puppies 64 days later.59 Harrop 
subsequently reported air transport of chilled 
extended canine semen from England to New 
York and from England to New Zealand; at 
both destinations it was inseminated into es
trous bitches and resulted in successful preg
nancies.60·61 In 1958, Bendorf and Chung re
ported one canine pregnancy (in eight 
attempts) following shipment of extended se
men from California to Hawaii.62 

Success in achieving pregnancy following 
AI with chilled extended semen into normal 
bitches relies on the three factors important 
with fresh semen AI (normal semen quality, 
accurate timing of insemination, and appro
priate site of deposition of the semen), as well 
as on method(s) of semen handling and time 
from collection until insemination. Chilled ex
tended semen is inseminated without warm
ing into the cranial vagina of the bitch using 
the same AI technique and ovulation timing 
regimen as for fresh semen. 

A description of types of extenders for 
chilled semen is included in Chapter 16; one 
of these is 4 parts cream (12 per cent fat) to 1 
part egg yolk.63 One milligram of dihydros
treptomycin and 1000 IU of benzyl penicillin 
usually are added per milliliter of extender. 
Suggested dilution of 4°C semen to 4°C ex
tender is 1:3 to 1:5.63 Alternatively, commercial 
extenders for canine semen are available for 
purchase. As with AI with fresh semen, the 
entire ejaculate usually is used; if not, insemi
nation of more than 150 X 106 sperm is recom
mended. Extended semen is shipped in ther
mos bottles or styrofoam boxes containing cold 
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packs or ice by express mail or courier service. 
Motility of extended normal dog sperm was 
80 per cent after 96 hours at 4°C when ex
tended, and 35 per cent after 120 hours at 4°C 
when extended, whereas motility of undiluted 
normal dog semen was 18.3 per cent after 72 
hours at 4°C (Table 4-11).64 These data suggest 
that extended semen should be inseminated 
as soon as possible after collection; and ideally 
in less than 4 days. 

Conception rate in bitches bred by AI with 
chilled extended semen, as with fresh semen, 
varies with accuracy of timing the ovulation 
day, quality of semen inseminated, and nor
mality of the female reproductive tract; in ad
dition, poor semen handling technique, such 
as failure to maintain cleanliness, improper ex
tender preparation, temperature fluctuation, 
or prolonged shipping time of the semen, 
probably will cause decline in conception rate. 
Conception rates were 33 per cent (n = 12) in 
bitches bred with chilled extended semen on 
the fourth and sixth days after the LH surge, 
and 89 per cent (n = 9) in bitches bred with 
chilled extended semen on the fifth and sev
enth days after the LH surge in one study.49 

Conception rate in 15 bitches inseminated on 
days 2 and 4 of estrus with semen diluted 1:4 
with a skim milk diluent stored 3 days at 4° 
to soc was 53 per cent (8 of 15).65 Pregnancy 
rate in 109 bitches bred by AI by Swedish vet
erinarians with chilled extended semen was 
47.8 per cent, and 55.3 per cent when corrected 
for poor ovulation timing or semen quality.58 

Information was not provided on possible re
productive pathology of inseminated bitches. 

Table 4-11. Motility of Spermatozoa in 
Dog Semen Kept at 4oC after Being 
Frozen and Thawed, Extended, or Left 
Undiluted* 

Motility (%)t 

Time (h) Frozen-thawed Extended Undiluted 

0 65 (7.6) 100 (0) 100 (0) 
24 45 (8.7) 98 (1.7) 91.7 (1.7) 
48 16.7 (7.3) 90 (2.9) 36.7 (12.0) 
72 8.33 (6.0) 87 (1.7) 18.3 (15.8) 
96 0 80 0 

120 0 35 0 

* Extender for both frozen-thawed and extended semen was a Tris
citrate buffer with glycerol and egg yolk, diluted to give SO X 106 

spermatozoa / mi. 
t Values are means with standard error in parentheses; five ejacu
lates from three beagle dogs. 
From Morton DB; Bruce SG: Semen evaluation, cryopreservation 
and factors relevant to the use of frozen semen in dogs. j Reprod 
Fertil Suppl 39:311 -316, 1989, with permission. 

Extenders and degree of cooling varied; how
ever, most contained egg yolk in combination 
with powdered milk, cream, or a Tris buffer.58 

Using Artificial Insemination with 
Frozen Semen 
First canine pregnancies following AI with fro
zen thawed dog sperm were reported in 1957, 
1970, 1972, and 1973.66- 69 The first frozen semen 
puppy registered by the American Kennel 
Club in 1981 was an Irish Setter puppy born 
as a single-pup litter to a bitch inseminated 
with frozen thawed sperm at Colorado State 
University.70 Less than 500 canine pregnancies 
worldwide from frozen semen insemination 
were reported in 1989.70 The major obstacles 
~o success using frozen semen AI in the dog 
m early studies were the difficulty in timing 
day of ovulation accurately, the short post
thaw life span of frozen dog sperm, and the 
anatomy and location of the cervix of the bitch, 
which prevent easy cervical cannulation for 
intrauterine insemination of sperm. In addi
tion, canine semen freezing service is not 
widely available and, when available, is expen
sive. Adv~ntages of using frozen semen in the 
bitch and other species include the ability to 
store genetic material indefinitely, which per
mits transport of semen to bitches around the 
world and storage of semen until optimal 
breeding time, and storage of sperm well be
yond the life span of the donor dog. 

Success in achieving canine pregnancy fol
lowing AI with frozen semen depends on the 
factors essential for success with fresh - or 
chilled extended semen, which are normal se
men quality, accurate timing of insemination, 
and appropriate site of deposition of the se
men; in addition, semen handling procedures 
at time of collection, addition of the buffer I 
extender, freezing, storage, transport, thawing, 
and at insemination, are critical. Semen of mar
ginal quality that may result in conception 
when inseminated fresh may not survive the 
freeze-thaw process; therefore, normal semen 
quality should be demonstrated prior to freez
ing, and a test thaw after freezing should be 
performed to demonstrate ability of the semen 
to withstand the process. Timing of insemina
tion is particularly critical when frozen semen 
is used in the dog because of the very short 
sperm life span post-thaw (Table 4-11) when 
compared to fresh sperm life span in the tract 
of the estrous bitch; in general, insemination 
of frozen semen in the bitch is recommended 
at 3 to 4 days after day of ovulation so as to 
assure presence of secondary oocytes in the 
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Figure 4-13. Insemination catheters for vaginal and intrauterine insemination in the bitch. Top: The plasti c catheter used for deep 
vaginal inseminations in the bitch. Bottom: Three sizes of the Norwegian ca theter for intrauterine inseminations. A 5- to 1 0-ml 
syringe should be used for the semen. (From Linde-Forsberg C: Achieving canine pregnancy by using frozen or chilled extended 
semen. Vel Clin North Am 2 1:467- 485, 1991 , w ith permission.) 

uterine tube at time of insemination. Accurate 
timing of ovulation day using serum proges
terone measurement by RIA (strategy 3 above) 
is recommended for all use of frozen semen 
in this species. 

Appropriate site of deposition of frozen 
thawed sperm in the dog is the lumen of the 
uterus.57

•
58

•
63

•
70

•
71 Many investigators have re

ported that frozen thawed dog sperm, like fro
zen thawed sperm of many mammalian spe
cies, cannot easily traverse the cervix of the 
estrous female. Although a few canine preg
nancies of small litter size have been achieved 
with vaginal insemination of frozen thawed 
semen, investigators around the world agree 
that intrauterine insemination of frozen 
thawed sperm results in higher conception rate 
and increased litter size in this species. 

In the bitch, intrauterine insemination of fro
zen semen has been reported by transcervical 
intrauterine insemination and by surgical in
jection of semen through the uterine wall at 
time of laparotomy (surgical insemination). 
Two methods of transcervical insemination are 
described. The first method of transcervical 
insemination utilizes 20- to 50-em-long steel 
catheters with 0.5- to 1.0-mm-diameter tips, 
which have been adapted from catheters used 
for fox insemination in Norway (Fig. 4-13)63• 

The method of fixing the cervix through the 
abdominal wall and applying downward trac
tion so as to change the angle of the cervical 
canal to a horizontal one is depicted in Figure 
4-14.63 After fixation of the cervix, the tip of 
the catheter is gently moved with small move
ments in search of the opening of the cervical 

canal. The sensation when the opening of the 
external cervical os is found has been de
scribed as the sensation of touching cartilage, 
that is, "crispy." 63 Thawed semen is then in
jected through the catheter into the cervical 
canal or uterine lumen (see semen handling 
procedures below). Practice with saline infu
sion in estrous bitches has been recmmnended 

a:sr:::::: 
A 

Figure 4-14. Sog illol section o f the canine cran ial vagina and 
cervix w ith the Norwegian intrauterine insemination catheter in 
position. A: The cervica l canol is of on angle of approximately 
45 to 60 degrees Ia the crania l vagina. 8: To faci li tate cotheter
izo lion, the cervix is fixed between the thumb and index finger 
by abdominal palpation and tilted in a more horizontal position . 
(From Linde-Forsberg C: Achieving can ine pregnancy by using 
frozen or chilled extended semen . Vet C lin North Am 21 :467-
485, 199 1, wi th permiss ion .) 
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using this technique, as has elevation of the 
hindquarters of the bitch for at least 10 minutes 
after insemination with frozen semen so as to 
facilitate movement of the semen to the uterine 
tube.63 Advantages of this insemination 
method are that it may be performed in the 
nonanesthetized bitch, client cost is minimat 
multiple inseminations may be performed in
expensively, and good conception rates in 
hundreds of pregancies have been reported 
by skilled inseminators.57

•
58

•
63 Disadvantages of 

this method are the lack of availability of these 
insemination catheters in the United States, the 
need for extensive practice before veterinari
ans can fix and cannulate the cervix (the au
thors of this book have never been able to do 
so), and the potential danger that inexperi
enced clinicians may traumatize the cervix or 
rupture the vaginal fornix with the insemina
tion catheter (Fig. 4-15). 

A second type of transcervical insemination 
involves visualization of the cervix with a rigid 
endoscope, passage of a 6- to 8-Fr polypropyl
ene urinary catheter through the cervix, and 
subsequent insemination.72

•
73 The bitch is re

strained in a standing position; sedation is very 
rarely necessary. The endoscope is passed 
carefully along the length of the vagina. Air 
insufflation is rarely required. The cervical os 
appears as a dimple in a rosette of transcervical 
folds. The urinary catheter is passed through 
the cervix with the aid of the endoscope, which 
is manipulated to straighten the cervical canal. 
The catheter is passed as far as it will go with
out force and the semen deposited. Advan
tages of this technique are that it is not blind, 
minimizing trauma to the reproductive tract, 
and that multiple inseminations can be per
formed in a given heat cycle. In one study, 32 

of 40 (80 per cent) bitches inseminated with 
frozen thawed semen using this technique be
came pregnant.72 

Surgical insemination requires general anes
thesia for about 20 minutes. Both injectable 
barbiturate and inhalation anesthesia regi
mens, each following atropine premedication, 
have been used successfully for frozen semen 
inseminations in the bitch. A 5-cm midline ab
dominal incision is made, starting midway be
tween the umbilicus and the pelvic brim?1 

When the surgeon begins the incision, an assis
tant should thaw the semen (see semen han
dling techniques below). The uterine body is 
identified and exteriorized using a Snook ovar
iohysterectomy hook. The surgeon then uses 
a sterile 3- to 6-ml syringe attached to a 22-
gauge needle to aspirate thawed semen from 
the thawing vessel provided by the assistant. 
With an index finger under the exteriorized 
uterus, the surgeon then slides the needle 
through the uterine wall at an oblique angle 
and injects a small volume of semen (about 
0.25 ml) in order to observe filling of the uter
ine lumen.71 After confirmation of uterine fill
ing, the rest of the semen is injected. Because 
the uterine lumen is a potential space, not nor
mally occupied by fluid or air at the time of 
insemination, even small volumes of semen 
(0.5 ml) will distend the uterus of very large 
dogs. Following insemination, the uterus is re
turned to the abdominal cavity, and the abdo
men closed routinely. Advantages of this in
semination method are that it may be 
performed easily by any veterinarian able to 
perform abdominal surgery, appropriate site 
of insemination is confirmed visually, and 
good conception rates have been reported by 
skilled inseminators.71 Disadvantages of this 

Figure 4-15. Latera l rad iog raph of the ab· 
domen of an estrous beagle bitch used for 
research following attempt a t transcervical 
injection of contrast rad iographic medium 
into the uterine lumen. Contrast medium 
both in the uterine ho rns and free in the 
peritoneal cavity indica tes rupture of the 
vag inal fo rnix by catheter trauma. This bitch 
recovered uneventfully from the vaginal rup· 
lure w ithout therapy. 
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method are the need to time ovulation accu
rately so as to prevent need for more than one 
insemination, the relatively high client cost, 
and the anesthetic and surgical risk to the 
bitch; in some countries anesthesia and sur
gery in dogs for the purpose of insemination 
are considered unethical.63 

Semen handling at the time of insemination 
requires the ability to keep the semen frozen 
until time of insemination, knowledge of the 
number of sperm in shipped samples (straws, 
ampoules, vials), and knowledge of optimal 
thawing protocol. Frozen semen is transported 
in tanks containing liquid nitrogen, some of 
which are called "dry shippers" because liquid 
nitrogen cannot be spilled if they are tipped 
over. Some transport tanks will maintain se
men samples in the frozen state for up to 4 to 
6 weeks. If samples will not be transferred to 
a larger holding tank, the inseminating veteri
narian should speak to the semen shipper to 
find out how long the samples will remain 
frozen within the tank used. Number of sperm 
per straw, ampoule, or vial also should be as
certained from the shipper, as well as post
thaw motility from test thaw information. 
These numbers can be used to assure that an 
adequate volume of semen will be thawed to 
yield more than 150 X 106 motile sperm post
thaw. Pregnancy has been reported in bitches 
inseminated surgically into the uterine horn 
with as few as 20 X 106 fresh, or with 100 X 
106 frozen thawed sperm.70 Optimal thawing 
procedure for frozen canine semen should be 
provided by the person or commercial facility 
that performed the freezing. Several thawing 
procedures have been reported as satisfac
tory70; these include thawing pellets or straws 
in a 37°C water bath for 30 to 90 seconds or 
until the semen is liquid, or in a 75°C water 
bath for 6 seconds. 

Conception rate in bitches bred by AI with 
frozen thawed semen varies considerably with 
accuracy of timing the day of ovulation, qual
ity of semen inseminated, buffer I extender 
used, freezing protocol used, site of insemina
tion, munber of sperm inseminated, number 
of inseminations, and normality of the female 
reproductive tract. Canine conception rates re
ported in the literature using intravaginal or 
intrauterine AI with frozen semen vary from 
0 to 100 per cent with sperm numbers of 39 
to 800 X 106

•
70·71 Early studies of intravaginal 

deposition of 700 to 800 X 106 sperm frozen 
in lactose-egg yolk buffer in pellets reported 
40 to 97 per cent conception rates.74

•75 Surgical 
frozen semen inseminations of high-quality se
men into the vagina or uterus of research bea-

gles on the first and third days of estrus yielded 
pregnancy rates of 11 and 46 per cent, respec
tively.71 A pregnancy rate of 51.1 per cent was 
reported in 45 bitches inseminated transcervi
cally with frozen semen by eight Swedish vet
erinarians. 58 A conception rate of 73.6 per cent 
was reported in 19 bitches inseminated one to 
three times with frozen thawed semen using 
transcervical insemination based on serum 
progesterone concentration.76 
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• Canine Pregnancy 

Physiology and Endocrinology 

Maintenance of Pregnancy 

Maintenance of pregnancy in the bitch de
pends on the secretion of progesterone 
throughout gestation. The ovaries are the ma
jor, if not the only, source of progesterone for 
maintaining canine pregnancy. Ovariectomy 
during pregnancy results in resorption or 
abortion.1 Although the canine fetoplacental 
unit can metabolize progesterone that is in
jected into experimental fetal pups/ the canine 
placenta does not appear to naturally synthe
size large amounts of progesterone.3 

Secretion of progesterone from corpora lutea 
is regulated by both luteotropic and luteolytic 
factors. The major source of luteotropic hor
mones is the pituitary gland. Although canine 
pregnancy at any stage is terminated by hy
pophysectomy/ pregnancy termination takes 
longer when hypophysectomy is performed 
early in diestrus. Although canine corpora lu
tea may be less dependent on pituitary support 
during the first half of diestrus, pituitary luteo
tropic support is necessary for maintaining the 
secretion of progesterone during the last half 
of diestrus. Luteal secretion of progesterone 
can be depressed by the administration of 
anti-luteinizing hormone (LH) serum or by 
prolactin-lowering drugs in the last half of di
estrus, arguing for at least two pituitary luteo
tropins in the dog.5 Progesterone secretion is 
not, however, affected when LH is suppressed 
through the administration of a gonadotropin
releasing hormone agonist, arguing that LH is 
not the primary luteotropic factor in the bitch.6 

However, it is possible that even when LH 
secretion is suppressed, low concentrations of 
LH remain that are adequate to maintain lu
teal function. 
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Concentrations of LH in serum increase dur
ing the last half of diestrus in the bitch as con
centrations of progesterone decline.7•8 Al
though the physiologic cessation of diestrus 
and pregnancy does not appear to result from 
an absolute lack of LH, because concentrations 
of LH are increasing when concentrations . of 
progesterone are declining, luteolytic factors 
(i.e., prostaglandins) could override the luteo
tropic effect of pituitary luteotropins. Thus the 
absolute role of LH in maintaining secretion 
of progesterone throughout diestrus remains 
unclear. 

Concentrations of serum prolactin also in
crease during the second half of diestrus when 
concentrations of progesterone are declining. 
Concentrations of prolactin in pregnant 
bitches in late diestrus are much higher than 
those in nonpregnant bitches. Drugs that lower 
prolactin levels cause progesterone levels to 
decrease, resulting in pregnancy termination 
in bitches that are treated during the last half 
of diestrus.5•6 Although high doses of certain 
prolactin-decreasing drugs decrease secretion 
of both prolactin and LH in some species, con
centrations of progesterone decreased in bro
mocriptine-treated bitches whose prolactin 
levels decreased when LH levels remained un
changed. Thus prolactin appears certain to be 
a luteotropic hormone in the bitch. The exact 
luteotropic role for LH is not as clear.6 

The uterus appears to have little or no effect 
on luteal function in bitches; hysterectomized 
bitches cycle normally and have normal luteal 
phases.9 Uterine luteotropic factors have not 
been identified in the bitch, and the absence 
of uterine luteolytic factors does not appear to 
lengthen diestrus. However, prostaglandin F2" 

administered in pharmacologic doses is luteo
lytic in the bitch, and physiologic increases in 



prostaglandins by the fetoplacental unit prob
ably result in the prepartum luteolysis that 
precedes whelping.10

•
11 

Clinically Relevant Physiologic and 
Endocrinologic Events of Pregnancy 

The timing of the physiologically important 
and clinically relevant events of canine preg
nancy is presented in Table 5- lY 

The gestation length in the dog varies con
siderably and depends on the physiologic or 
behavioral event that serves as "day 0." As 
depicted in Table 5-1, parturition occurs ap
proximately 65 days after the LH surge, 63 
days after ovulation, and 57 days after the on
set of cytologic diestrus (as determined by va
ginal cytology). Gestation length, when based 
solely on breeding dates, can be extremely 
variable (also see Chapters 4 and 6). For exam-
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ple, gestation length, when defined as the 
length of time from the day of first mating to 
the day of whelping, has been shown to range 
from 57 to 72 daysY 

HORMONE PROFILES 

The endocrine events of pregnancy in the bitch 
(Fig. 5-1)13 have been studied most frequently 
in beagles. Although major endocrinologic dif
ferences have not been reported between those 
breeds studied, endocrine data are unavailable 
for many breeds of dogs. 

Progesterone. Progesterone concentrations 
in serum or plasma are similar in pregnant 
and nonpregnant diestrous bitches14

•
15 and 

therefore cannot be used as indicators of preg
nancy status. Although some authors have 
reported pregnancy-specific increases in pro-

•• 
Table 5-1. Timing of Selected Events of the Fertile Ovarian Cycle and Pregnancy of the 
Domestic Dog in Relation to the Day of Preovulatory LH Surge, Ovulation, and Onset of 
Cytologic Diestrus .· 

Days Before (-) 
Days Before (-) Days Before (- ) or After ( + ) Onset 
or After ( + } the or After(+) of Cytological 

Selected Reproductive Events LH Surge Ovulation Diestrus 

Onset of proestrus Variable with regard Variable with regard Variable with regard 
to clinical signs to clinical signs to clinical signs 
(i.e., -25 to -3) 

Maximum vaginal cornification -1 to +7 -4 to +4 -10 to -2 
Onset of estrous behavior -4 to +5 - 7 to +2 - 13 to - 4 
Estradiol peaks -3 to -1 -6 to - 4 -10to-12 
Progesterone increases to 1-2 ng/ ml - 1 to 0 - 4 to -3 -9 to -10 
LH surge 0 -2 to - 3 -8 to -9 
Matings that result in maximum -1 to +6 -3 to +4 -3 to -10 

conception rates 
Initial crenulation of vaginal mucosa -1 to +1 - 2 to - 4 -8 to -10 
Maximum crenulation of vaginal mucosa +2 to +6 -1 to +3 -3 to -7 
Ovulation of primary oocytes +2 to +3 0 -5 to ._7 
Fertilization pronuclei formation +4 to +6 +2 to +4 -2 to -5 
Two-cell embryo in uterine tube +6 to +10 +3 to +7 -3 to + 1 
Onset of cytological diestrus +8 to +9 +5 to +7 0 
Onset of behavioral diestrus +10 to +14 +7 to +11 + 1 to +5 
Zygotes enter uterus +11 to +12 +8 to +9 +2 to +3 
Attachment sites established, zona +16 to+18 +13 to +15 +7 to +9 

pellucidae shed 
Ultrasow1d detection of amniotic cavities +19 to +22 +16to+19 +10 to +13 

possible 
Pregnancy can be verified by abdominal +20 to +25 +17 to +22 +11 to +16 

palpation in some bitches 
Ultrasound detection of fetal heartbeats +22 to +25 +19 to +22 +13 to +16 

possible 
Onset of pregnancy anemia +25 to +30 +22 to +27 +16 to +21 
Radiographic detection of radiopaque +44 to +46 +41 to +43 +35 to +37 

fetal skull and head possible 
Prepartum luteolysis and hypothermia +63 to +65 +60 to +62 +55 to +57 
Parturition +64 to +66 +62 to +64 +56 to +58 

Adapted from work published by Concannon and Lein13 Relationship to ovulation and onset of cytological diestrus have been added. 
Values for maximal cornifica tion, time of fertile matings, onset of cytologic and behavioral diestrus, and entry of zygotes into the uterus 
have been added or modified. 
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Figure 5-l. Schematic representation of typica l changes in serum or plasma levels of estrogen, progesterone, LH , prolactin, 
testosterone, and androstenedione reported or presumed lo occur during pregnancy and lacla tion in lhe bi tch, !From Concannon 
PW, Lein DH: Hormonal and clinical correlates of ovarian cycles, ovulation, pseudopregnancy, and pregnancy in dogs. In Kirk 
RW [ed] : Curr Vet Ther Small Anim Pract 10 Philadelphia, WB Saunders, 1989, p 1271, wi th permiss ion.) 

gesterone after implantation and placental 
development,l6-

18 the difference is not great 
enough to provide a diagnostic test for deter
mining pregnancy. Concentrations of pro
gesterone overlap between pregnant and 
nonpregnant bitches throughout diestrus.10 

Whether total progesterone secreted by cor
pora lutea varies among pseudopregnant and 
pregnant bitches remains to be determined. 

Peak concentrations of progesterone occur 
during early to mid-diestrus, then gradually 
decline to basal values 51 to 82 days after the 
LH peak in nonpregnant bitches or 24 to 48 
hours prior to parturition. 7

•
14

•
16

•
17

•
19

-
24 The luteal 

phase, or diestrus, ends when concentrations 
of progesterone decrease to, and remain at, a 
level inadequate to support pregnancy (i.e., 
< 1 to 2 ng/ml). 

Peak concentrations of progesterone during 
diestrus are variable among bitches, ranging 
from 10 to 70 ng/ml.19 Total progesterone se
creted by multiple corpora lutea in pregnant 
bitches with large litters has not been com
pared to total progesterone secreted by preg-

nant bitches with small litters. The number of 
corpora lutea should be equal to the number of 
fetuses, assuming that conception was normal, 
fetal loss did not occur, and splitting of the 
embryo did not result (i.e., no twinning). The 
total number of corpora lutea is normally less 
in breeds of dogs that produce smaller litters 
than in those with larger litters. Theoretically, 
the total number of corpora lutea and litter 
size might be less in a bitch of any breed if 
ovulation were incomplete. Total progesterone 
secreted per corpus luteum has not been re
ported for different breeds, nor for animals 
with reduced ovulation rates. 

The abrupt decline in serum progesterone 
prior to parturition results from prepartum lu
teolysis, which can be monitored by observing 
a decline in rectal temperature in the bitch. The 
transient hypothermia parallels the decline in 
blood progesterone concentration with a delay 
of about 12 hours, with rectal temperatures 
falling about l °C (1.6°F). In one study/8 a dis
tinct transient prepartum temperature drop 
occurred in 78 of 80 pregnancies in which rectal 



temperatures were recorded daily or more fre
quently. The mean low temperature recorded 
between 8 and 24 hours prior to parturition 
was 98.8°F (range = 98.1 o to 100.0°F) for 40 
pregnancies. The hypothermia was transient, 
with temperatures rising during or immedi
ately after parturition (see Chapter 6). 

During the last week of pregnancy, the pat
tern of uterine electrical activity also changes 
in the bitch as progesterone concentrations de
crease.25 The total duration of electromyo
graphic activity per hour and the burst fre
quency per hour increase prior to whelping 
and coincide with a significant drop in body 
temperah1re, drop in plasma progesterone, 
and drop in unconjugated estradiol-17,8.24 

Prolactin. Prolactin concentrations were re
ported8 as low (mean concentration < 2 ng/ml) 
throughout most of diestrus in nonpregnant 
bitches, increasing two- to threefold during 
late diestrus. Although little information exists 
on the hormone levels in nonpregnant bitches 
demonstrating signs of pseudopregnancy (i.e., 
lactation, nesting behavior) in late diestrus, in
creased levels of prolactin have been · sug
gested to be responsible for these physiologic 
changes. During the last week of pregnancy, 
serum prolactin concentrations in seven preg
nant beagle bitches were variable within and 
among the bitches and averaged 40 ± 7 ng/ 
mF0 In each bitch, prolactin values increased 
by 195 ± 29 per cent during the 16- to 56-hour 
prepartum period and reached peak levels 
(117 ± 24 ng/ml) at 8 to 52 hours prepartum 
in six of seven bitches and 24 hours postpar
tum in the remaining bitch. Concentrations of 
prolactin decreased by 36 hours after the peak, 
before again increasing in response to suckling 
by pups.20 

Estrogens. Data on serum concentrations of 
estrogens in pregnant and pseudopregnant 
bitches are variable, possibly resulting from 
the few animals sampled in many studies and 
from varying methodologies used to measure 
estrogens (i.e., total estrogens vs. specific estro
gens). Total unconjugated estrogens were re
ported to increase in nonmated bitches follow
ing estrus, peaking in mid-diestrus.26 Higher 
concentrations of estradiol also were measured 
in the serum of nonpregnant bitches.14 

Concentrations of total extracted immunore
active estrogens in plasma were reported to 
be constant during diestrus in nonpregnant 
bitches and elevated during the last 3 weeks of 
diestrus in pregnant bitchesY However, when 
specific estrogens were assayed, different hor-
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mone profiles were identified for estrone and 
estradiol-17,8 among nonpregnant and preg
nant bitchesY Concentrations of estradiol were 
low in pregnant bitches and were higher in 
nonpregnant bitches during early to mid
diestrus and did not reach a nadir until week 
5 of diestrus. Conversely, mean serum concen
trations of estrone remained low during dies
trus in nonpregnant bitches but were increased 
in pregnant bitches, reaching a peak by week 
5 of diestrus. To date, research data have not 
supported the canine placenta as a major con
tributor of estrogens. The contribution of the 
adrenal gland to hormone production 
throughout diestrus has not been well studied. 

Androgens. Serum concentrations of tes
tosterone increase during proestrus in the 
bitch, with the highest mean concentration oc
curring on the day of the LH surge.28 Concen
trations of testosterone then decline to basal 
levels throughout the remainder of the luteal 
phase.29 Androstenedione concentrations in
crease during estrus and early diestrus and 
then decrease by day 30 to 40 in pregnant and 
nonpregnant bitches.29 

Relaxin. Concentrations of immunoreac
tive relaxin in the plasma of pregnant and lac
tating dogs have been reported.30

-
33 Immunore

active relaxin was not detected in the plasma of 
male dogs, anestrous bitches, or nonpregnant 
diestrous bitches.30 Immunoreactive relaxin 
was detected in pregnant bitches, reaching 
peak concentrations (4 to 6 ng/ml) 2 to 3 weeks 
before parturition, declining somewhat before 
parturition, and persisting (0.5 to 2.0 ng/ml) 
for 4 to 9 weeks after whelping. Plasma concen
trations of relaxin were higher and persisted 
longer in Labrador retrievers than, in beagles 
during lactation. The persistence of plasma re
laxin postpartum initially led to the suggestion 
that the ovary, not the placenta, was a source 
of relaxin. However, Tsutsui and Stewart31 re
ported that immunoreactive relaxin concentra
tions remained increased in ovariectomized 
bitches whose pregnancies were maintained 
with progesterone, arguing against the ovary 
as the sole source of relaxin. Tsutsui and Stew
art also reported that immunoreactive relaxin 
concentrations became undetectable within 2 
days after pregnant or postpartum dogs were 
hysterectomized, suggesting that the uterus 
contributed to relaxin production. 

Although the highest tissue concentrations 
of immunoreactive relaxin were found in the 
canine placenta,31 relaxin bioactivity has been 
detected in both canine placentas and ova-



70 Section I - THE BITCH 

ries.32
,3
3 The 6-kDa polypeptide relaxin also has 

been identified in the milk of lactating bitches 
who were ovariohysterectomized at the time 
of cesarean section, arguing that the source 
of milk relaxin is neither the ovary nor the 
placenta.34 The mammary gland is a source of 
milk relaxin in some other species35,36 and may 
be a source of biologically active relaxin in the 
milk of the bitch. Relaxin may be produced by 
several tissues in the dog. 

Measuring immunoreactive relaxin has been 
suggested as a pregnancy test for the dog33 

because concentrations are elevated in preg
nant, but not in nonpregnant, diestrous 
bitches. Because immunoreactive relaxin is not 
detected in plasma until the third or fourth 
week of pregnancy,3° or after a time when preg
nancy can be diagnosed by other means (i.e., 
abdominal palpation, ultrasonography), its 
usefulness as an early pregnancy test is lim
ited. Relaxin measurements might provide 
useful information on whether a pregnancy 
had, in fact, been established or if fetal death 
and resorption occurred. 

Luteinizing Hormone. Serum concentra
tions of LH increase in nonpregnant and preg
nant bitches during late diestrus?,27,37 Endoge
nous opioids may partly control LH release in 
the bitch. LH release has been studied in 
bitches given the opioid antagonist naloxone 
(1.0 mg/kg intravenously) during various 
stages of the reproductive cycle. LH release 
following naloxone administration was mini
mal in the early luteal phase but increased 
during days 21 to 63 after the LH surge in 
pregnant and nonpregnant diestrous dogs.38 

These data suggest that opioids may be in
volved in controlling the release of LH during 
certain times of diestrus. 

Follicle-Stimulating Hormone. Very little 
information has been published on the concen
trations of FSH in blood during the canine 
luteal phase. Reimers et al.15 reported that 
mean concentrations of FSH in serum of preg
nant and nonpregnant diestrous bitches were 
similar up to day 16 following the LH surge. 
After that time, concentrations were higher on 
days 28 to 30 and days 55 to 58 for two preg
nant bitches than for four nonpregnant dies
trous bitches. 

PHYSIOLOGIC CHANGES OF PREGNANCY 
THAT CAN BE CONFUSED WITH 
PATHOLOGIC CONDITIONS 

Numerous physiologic changes occur during a 
normal canine pregnancy that can be confused 

with pathologic conditions if unrecognized. 
Some physiologic changes that have clinical 
relevance for veterinarians are listed in Tables 
5-2 and 5-3.39-45 Physiologic alterations in the 
pregnant bitch may dictate that modifications 
of an anesthetic protocol be considered for a 
cesarean section or that dosing regimens of 
other drugs (i.e., antibiotics) be modified (see 
Chapter 6). 

Embryonic and Fetal Events: 
Transuterine Migration, 
Implantation and 
Placentation, Superfecundation 
and Superfetation 

Transuterine Migration of Embryos 

The number of corpora lutea in one ovary and 
the number of fetuses in a corresponding uter
ine horn may not be well correlated because 
of transuterine migration of embryos.46 In one 
study of 192 bitches of unknown age and par
ity, transuterine migration was assumed to 
have occurred in 92 animals (47.9 per cent).47 

This assumption was based on a greater num
ber of fetuses in a given horn than corpora 
lutea in the ipsilateral ovary. 

Implantation and Placentation 

Implantation in the bitch was observed to oc
cur 17 to 22 days after breeding4BA9 or 16 to 18 
days after the LH surge (Table 5-1). The canine 
placenta is composed of two parts: the fetal 
placenta or allantois chorion, and the maternal 
placenta or endometrium. Because the allan
tois chorion and endometrium are in intimate 
contact, diseases or abnormalities of either 
may affect the other. The dog has endothelio
chorial placentation, meaning the endothelium 
of the uterine vessels lies adjacent to the fetal 
chorion.50 The maternal and fetal circulations 
are separated by four layers: the maternal en
dothelium of uterine vessels, the chorion, the 
fetal mesenchyme, and the fetal endothelium. 5° 
The canine placenta forms a zonary band or 
girdle about 2.5 to 7.5 em in width around 
the circumference of the uterine lumen in the 
middle of the oval chorionic sac (Fig. 5-2). 
Placental hematomas or extravasations of 
blood components are observed as green and 
brown borders or margins of the zonary pla
centa, and are considered to play a role in the 
nutrition of the fetus; the stagnant maternal 
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• • Table 5-2. Physiologic Changes during Pregnancy That Might Be Confused with 
Pathologic States in the Bitch . 

Event 

Anemia (normocytic, 
normochromic-may 
reflect increase in 
plasma volume 
rather than decrease 
in whole-body red 
cell number) 

Increased plasma 
cholesterol 

Plasma protein 
changes 

Increased factor VII 

Increased factor IX 

Increased factor VIII 

Increased factor XI 

Increased gastrin 

Increased somatostatin 

Increased 
cholecystokinin 

Increased resistance to 
insulin 

Decreased serum 
calcium 

Time of Occurrence 

7-9 wk postestrus in 
nonpregnant and pregnant 
diestrous bitches 

3-8 wk postestrus in 
nonpregnant and pregnant 
diestrous bitches 

Increase at 3-8 wk 
postestrus in nonpregnant 
and pregnant diestrous 
bitches; decrease at day 56 
from mating and at 
whelping 

3 wk postconception to 1 wk 
postwhelping 

3 wk postbreeding to 
whelping 

3 wk postbreeding to 
whelping 

5 wk postbreeding 

Weeks 1-8 of pregnancy; 
gastrin also increases in 
response to suckling 

Mid pregnancy 

Weeks 2-8 of pregnancy; 
also increases in response 
to suckling 

Day 55 of pregnancy 

Day 56 from mating and at 
whelping 

Magnitude of Change 

Decrease in packed cell volume in 
pregnant bitches was 24% to 33%39

• '
10 

and in nonpregnant bitches was 17% 
to 21 %39 

Decrease in hemoglobin in pregnant 
bitches was 23% to 36%,39·40 and in 
nonpregnant bitches was 18% to 
22%39 

Increase in plasma cholesterol of 75 to 
94%39 

Increase in plasma proteins of 13% to 
20% at 3-8 wk postestrus39 

Decrease in total protein and albumin 
at late gestation and whelping41 

Increase in factor VII in pregnant, but 
not in nonpregnant, diestrous 
bitches; maximum increase of 100% 
occurred between weeks 4 and 6 
postconception42 

Increase in factor IX in pregnant, but 
not in nonpregnant, diestrous 
bitches; maximum increase of 60% 
occurred between weeks 4 and 6 
postbreeding42 

Increase in factor VIII in pregnant, but 
not in nonpregnant, diestrous 
bitches; no defined peak of activity; 
activity was increased 50% 
throughout the period of gestation42 

Increase in factor XI in pregnant, but 
not in nonpregnant, diestrous 
bitches; activity was increased 20% 
over controls'" 

· Increase in plasma gastrin in pregnant 
bitches; peak value occurred week 7 
of pregnancy (range 60-327 pmol/ 
L)43 

Increase in plasma somatostatin in 
pregnant bitches; peak value 
occurred during middle of 
pregnancy (range 12-260 pmol/1)43 

Increase in plasma cholecystokinin in 
pregnant bitches; peak value at week 
3 of pregnancy (27 pmol/1)43

· '" 

Increased insulin resistance during 
pregnancy; an intravenous dose of 
insulin (0.1 U/kg) was less effective 
in reducing plasma glucose levels at 
day 55 of pregnancy than at day 55 
of i10npregnant luteal phase or 
during lactation at day 25 
postpartum'; 

Decreased serum calcium level may 
reflect decreased serum albumin 
level reported to occur during late 
gestation and at whelping'" 

Breeds Studied 

Beagles39; Brittany 
spaniels, 
Labrador 
retrievers, and 
beagles'10 

Beagles39 

Beagles" 

Mixed breeds'" 

Mixed breeds·" 

Mixed breeds'12 

Mixed breeds42 

Beagles43 

Beagles43 

Beagles43
• 

44 

Beagles45 
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• Table 5-3. Summary of Physiologic 
Alterations in the Pregnant Bitch 

Parameter 

Heart rate 
Cardiac output 
Blood volume 
Plasma volume 
Packed cell volume 
Hemoglobin 

concentration 
Plasma protein 

concentration 
Arterial blood pressure 
Central venous pressure 

Minute volume of 
ventilation 

Oxygen consumption 
Arterial blood gases 

and pH 

Total lung capacity and 
vital capacity 

Functional residual 
capacity 

Gastric emptying time 
Intragastric pressure 
Gastric motility 
pH of gastric secretions 
Gastric Ct- and enzyme 

concentration 
SGOT 
LDH 
BSP retention time 
Plasma cholinesterase 

concentration 
Renal plasma flow 
Glomerular filtration rate 
BUN 
Creatinine 
Na• and water balance 

Change 

Increased 
Increased 
Increased 
Increased 
Decreased 
Decreased 

Decreased 

Unchanged 
Unchanged (increased 

during labor) 
Increased 

Increased 
pH and 0 2 tension 

unchanged, C02 

tension decreased 
Unchanged 

Unchanged 

Increased 
Increased 
Decreased 
Decreased 
Increased 

Increased 
Increased 
Increased 
Decreased 

Increased 
Increased 
Decreased 
Decreased 
Unchanged 

Abbreviations: SCOT, serum glutamic-oxaloacetic transaminase; 
LDH, Lactate dehydrogenase; BSP, Bromsulphalein; BUN, blood 
urea nitrogen. 
From Benson GJ, Thurmon JC: Anesthesia for cesarian section in 
the dog and cat. Mod Vet Pract, Jan. 30, 1984, with permission. 

blood provides a source of iron for the devel
oping fetus.50 This pigment, called lochia or 
uteroverdin, may be observed passing from 
the vulva at the time of parturition and signi
fies placental separation for one or more pups. 

In the bitch, the (lmnion containing the fehrs 
floats free in the allantoic cavity and is attached 
only by the umbilical stalk. Therefore, pups are 
sometimes covered with the amnion at birth. 
Unless promptly removed, pups can suffocate 
if the amnion lies over the nostrils and mouth. 
In the cow, sow, and ewe, the amnion is 
attached to the allantois at several sites and is 
less likely to cover the fetus at birth.50 

The type of placentation is a major factor 
influencing the passage of immunoglobulins 

Figure S-2. A canine uterus from a bitch that was approxi
mately 30 days pregnant. Incisions have been made in the 
uterus Ia demonstrate o fetus and fetal membranes. Note the 
zonary placental band of tissue, with dark margins of blood 
components, that surrounds the developing fetus. 

in utero. In the dog, only 5 to 10 per cent of 
the total immunoglobulins provided by the 
bitch is transferred to the pup through the en
dotheliochorial placenta.51 - 53 Most of the pas
sive immunity in neonatal pups is derived 
through colostrum.54•55 The placenta serves to 
protect the developing fehtses, transmit nutri
ents from the dam to the fehtses, remove fetal 
waste products, and synthesize substances and 
enzymes necessary to support the pregnancy. 

Supeifecundation and Supeifetation 

Superfecundation occurs when two or more 
ova ovulated during a single estrus are fertil
ized by spermatozoa from different males. Be
cause behavioral estrus and mating can occur 
over many days in the bitch, it is common for 
a litter to contain pups with different sires. In 
a study56 of 21 bitches bred to two male dogs 
with different blood types, superfecundation 
was confirmed in 7 of 15 bitches mated for the 
second time by 60 hours after ovulation. None 
of six bitches mated for the second time at 72 
or 84 hours after ovulation exhibited superfe
cundation. 

Superfetation occurs when a pregnant fe
male, carrying one or more live fetuses, is bred 
again and a second conception occurs. Super
fetation has not been demonstrated in the bitch 
and is unlikely to occur following the establish
ment of zonary placentae in both uterine 
horns; spermatozoa could not reach the uterine 
tubes even if ovulation had occurred, because 
the placentae would prevent sperm transit. Al
though owners frequently question if pups of 
different sizes are the result of different gesta
tional ages, it is unlikely that superfetation is 
the cause of such size disparities in this species. 



Because most ova are ovulated over a period 
of only 1 to 2 days in the bitch, differences in 
the size of the pups are not likely the result of 
different gestational ages. Other factors, such 
as placental disease, placental attachment area, 
inherited disorders, and nutrients available to 
individual fetuses, may account for disparity 
in size among pups. 

Diagnosis of Pregnancy 

Abdominal Palpation 

The embryos and chorioallantoic vesicles in 
the bitch form a series of ovoid swellings in 
the early gravid uterus, the most caudal of 
which can be identified by palpation through 
the abdominal wall as early as 17 to 22 days 
after ovulation.57

•
58 In an average-sized dog (20 

kg) the swellings are approximately 2 inches 
in length at 28 to 30 days after ovulation, which 
is the time when the swellings are most easily 
and accurately palpated (Fig. 5-3). By days 35 
to 45 after ovulation, these swellings increase 
in size and elongate, and the fetal vesicles in 
the diffusely enlarging uterus become more 
difficult to identify. In general, the bitch should 
be palpated approximately 31 to 33 days after 
the LH surge and initial sharp rise in concen
tration of serum progesterone, or about 28 to 
30 days after the suspected day of ovulation. 
Even when abdominal palpation is conducted 
at an optimal time, it may be difficult to deter
mine pregnancy in some larger bitches, in 
bitches with extremely tense abdomens, or in 
bitches carrying only one pup or a few pups 
in the cranial abdomen. 

Pregnancy palpation should always be as 
gentle as possible: The effect of repeated or 
excessively harsh palpation during early preg-

Figure 5-3. A uterus removed from a pregnant bitch tha t had 
mated approximately 30 days prior to ovariohysterectomy. 
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nancy in the bitch on fetal resorption is un
known. Increased resorption rates were ob
served in a kennel of Shetland sheepdog 
bitches when owners palpated their bitches 
daily during early pregnancy (P. N. Olson, up
published observation, Colorado State Univer
sity, 1988). Many factors may have led to the 
increased resorption rate in the kennel, and 
subsequent recovery when bitches were no 
longer palpated by the owners. Nevertheless, 
palpation of fetal membranes and amniotic 
vesicles during early pregnancy is associated 
with increased fetal attrition in other species. 59 

Radiographic Diagnosis 
of Pregnancy 

Up to 21 days after ovulation, there may be 
no radiographic signs of uterine enlargement. 
Between 21 and 42 days after ovulation, en
larged, fluid-filled horns can be observed ra
diographically in many bitches. Fetal calcifica
tion of the spine and skull begins at 43 to 46 
days after the LH surge and initial sharp rise 
in concentrations of serum progesterone (42 to 
50 days after the first mating).13 Therefore, this 
initial calcification of canine fetal skeletons oc
curs 20 to 22 days before the onset of parturi
tionY·58 The calcification of the scapula, lm
merus, and femur is not observed until 46 to 
51 days after the LH surge. The calcification 
of the radius, ulna, tibia, pelvis, and other 
struch1res is observed even later (Table 5-4). 
Although fetal teeth have been reported to be
come radiopaque 58 to 63 days after the LH 
surge or 3 to 8 days prior to whelping, and 
could serve as a useful indicator for staging 
advancing pregnancies, identifying fetal teeth 
may be difficult, depending on . the radio
graphic techniques used. First fetal calcifica
tion observed radiographically may not occur 
until as late as 54 days after the first breeding. 

Radiography of the bitch in late pregnancy 
may assist in determination of litter size and 
size of fetal skulls in relation to the bony mater
nal birth canal. Although significant increases 
in the size of fetal skulls (i.e., large single pups, 
fetal monsters) can be detected radiographi
cally and serve to predict potential dystocia 
(see Chapter 6), less dramatic changes may be 
difficult to assess. Fetal skull size, determined 
by radiographic evaluation, may be influenced 
by the time of gestation, radiographic tech
nique, and radiographic positioning. Radio
graphic evaluation is deemed desirable for 
bitches who are at high risk for, or who are 
experiencing, dystocia. 
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• • • Table 5-4. Radiographic Detection of Uterine Enlargement and Fetal Mineralization 
in the Bitch* 

Event 

Bitch first radiographed 
Uterus first observed 
Circular uterine swellings 
Tubular I ovoid uterine swellings 
Mineralized fetus first observed-spine, skull, ribs 
Scapula, humerus, femur observed 
Radius, ulna, tibia observed 
Pelvis observed 
13 pairs of ribs observed 
Caudal vertebrae, fibula, calcaneus, paws observed 
Teeth observed 
Whelping 

Days after 
Preovulatory 

LH Surge 

29 (24-33) 
30 (28-34) 
35 (31-38) 
41 (38-44) 
45 (43-46) 
48 (46-51) 
52 (50-53) 
54 (53-57) 
54 (52-59) 
61 (55-64) 
61 (58-63) 
65 (64-66) 

Days Prepartum 

36 (33-41) 
35 (32-36) 
30 (27-33) 
24 (22-27) 
21 (20-22) 
17 {15-18) 
11 (9-13) 
11 (9-13) 
11 (7-12) 

5 (2-9) 
4 (3-8) 
0 

Days after 
First Mating 

30 (26-34) 
32 (28-37) 
35 (31-38) 
41 (36- 45) 
46 (42-50) 
50 (45-54) 
54 (49-59) 
56 (52-63) 
56 (51-66) 
63 (58-70) 
63 (60-68) 
66 (63-71) 

*Values are means (and ranges) of the day the indica ted changes were first evident in the pregnancies studied. Note that the range was 
often reduced in magnitude when timing was related to the day of the preovulatory LH surge or to the day of parturition in comparison 
to that observed when timing was related to the time of mating. 
From Rendano VI Jr, Lein DH, Concannon PW: Radiographic evaluation of prenatal development in the beagle-correlation 
with time of breeding, LH release, and parturition. Vet Radio! 25:132-141, 1984, with permission. 

Radiography may be associated with some 
risks to the fetuses, even if performed late in 
gestation. In experimental studies, the risk for 
neoplasia or hematopoietic alteration was in
creased for beagle pups whose darns were irra
diated during pregnancy.60

•
61 Although the ex

perimental bitches received doses much 
greater than what most bitches would be ex
posed to during routine veterinary diagnostic 
radiography, it is probably wise to avoid un
necessary radiographs during pregnancy. 

Ultrasonographic Diagnosis 
of Pregnancy 

Real-time ultrasonography has proven to be a 
valuable tool for diagnosing canine pregnancy 
and assessing fetal viability.62

-
71 Ultrasonogra

phy does not always determine the number of 
fetuses accurately, because only one sector of 
the abdomen is imaged at a time. Therefore, 
pups may be inadvertently imaged a second 
time (giving too high a number) or missed 
when scmming (giving too low a number). In 
one study,64 51 pregnant bitches (Labrador re
trievers, golden retrievers, and their crosses) 
were evaluated withB-rnode ultrasonography. 
In only 31.8 per cent of the pregnancies was 
the number of pups that whelped accurately 
determined. Although the greatest tendency 
was to underestimate the number of concep
tuses, inaccurate counts due to overestimation 
of fetal numbers occurred in 20 per cent of the 
pregnancies. The authors did not comment on 
whether fetal death may have accounted, in 
part, for any overestimation of fetal numbers. 

Serial ultrasonographic examinations of 
beagle bitches from 20 to 60 days of pregnancy 
(day 0 = day of LH surge) provided informa
tion on detection of various fetal features. 62 

Extrafetal structures also were identified (Ta
ble 5-5), of which chorionic cavity diameter 
was the most accurate for estimation of gesta
tional age. Of fetal structures, head diameter 
was the most accurate for estimation of gesta
tional age. In another study,65 the variability 
for predicting gestational age during the last 
half of pregnancy for Labrador retrievers, 
golden retrievers, and their crosses was 2.84 
days when a prediction table was constructed 
that compared fetal trunk diameter and fetal 
biparietal head diameter (Table 5-6). Variabil
ity of gestational age was less when comparing 
fetal trunk diameter and fetal biparietal head 
diameter than using either parameter alone. 

Acute-Phase Proteins for 
Diagnosing Pregnancy 

Acute-phase proteins in the dog include 
C-reactive protein (CRP), haptoglobin, acid 
glycoprotein, and fibrinogen, some of which 
may be useful indicators for detecting canine 
pregnancies. Serum fibrinogen concentrations 
increase during pregnancy in dogs;72 the rise 
in fibrinogen or other acute-phase proteins is 
the basis for a canine pregnancy test available 
in the United Kingdorn73 and the United States. 
Fibrinogen is one of several acute-phase pro
teins that may increase due to inflammation 
at the time the embryo is invading the endome
trium. Because serum fibrinogen also increases 



Table 5-5. Gestational Age Range at 
• • • First Ultrasonographic Detection of 

Selected Features in Pregnant Beagles 

Pregnancy Feature 

Gestational sac 
Uterine wall 

Echogenic gestational sac 
Placental layers 
Zonary placenta 

Embryo position 
Apposed to uterine wall 
Dependent in chorionic cavity 

Fetal membranes 
Yolk sac membrane 
Allantoic membrane 
Yolk sac tubular shape 
Yolk sac folded cross section 

Embryo and fetus 
Heartbeat 
Bipolar shape 
Anechoic area in head 
Choroid plexus 

Limb buds 
Fetal movement 
Dorsal sagittal tube 
Skeleton 

Bladder 
Stomach 
Lung hyperechoic vs. liver 
Liver hyperechoic vs. abdomen 

Kidney 
Eyes 
Umbilical stalk 
Intestine 

Relative size relationships 
Body diameter 2 mm > head 
Body diameter:chorionic cavity 

diameter > 1:2 
Crown-rump length > placenta 
Body diameter:outer uterine 

diameter> 1:2 
Parturition 

Days after 
LH .Surge 

20 

20-23 
22-24 
27-30 

23-25 
29-33 

25-28 
27-31 
27-31 
31-35 

23-25 
25-28 
25-31 
31-35 

33-35 
34-36 
30-39 
33-39 

35-39 
36-39 
38-42 
39-47 

39-47 
39-47 
40-46 
57-63 

38-42 
38-42 

40-42 
46-48 

63-65 

From Yeager AE, Mohammed HO, Meyers-Wallen V, et al: Ultra
sonographic appearance of the uterus, placenta, fetus, and fetal 
membranes throughout accurately timed pregnancy in beagles. 
Am J Vet Res 53:342-351, 1992, with permission. 

with other causes of inflammation that are not 
specific to pregnancy, such as uterine infection, 
positive test results do not prove a pregnancy 
is present. 

An increase in the concentration of CRP was 
detected in all of nine pregnant bitches stud
ied/3 increasing at approximately 20 to 25 days. 
after ovulation. In two nonmated control ani
mals, no CRP was detected in any of the serum 
samples taken during the 10 weeks following 
estrus. Similarly, in two of three bitches who 
were mated but failed to whelp, the concentra
tion of CRP was negligible throughout the 10 
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weeks following estrus. In one bitch that was 
mated and diagnosed pregnant on day 28 fol
lowing ovulation but failed to whelp, CRP in
creased but returned to negligible by day 25 
following estrus. 

Serum fibrinogen concentrations rise to 
greater than 250 mg/dl by day 21-30 of gesta
tion.74-76 Assay of serum fibrinogen as a preg
nancy test has been reported to be 98% accu
rate with a value of greater than 280 mg/dl 
indicative of pregnancy/4 and nearly 100% ac
curate with a value of greater than 300 mg/ 
dl indicative of pregnancy.76 The latter study 
described enhanced accuracy if samples 
drawn 28 days post-breeding were compared 
to those drawn pre-breeding.76 In that shtdy, 
samples were analyzed in-house on the QBC 
AutoRead (IDEXX Laboratories, Westbrook, 
ME). The only commercially available assay 
for fibrinogen in the U.S. was reported to be 
93% accurate, but has since been withdrawn 
from the market. 77 

Hormone Assays for Canine 
Pregnancy Diagnosis 

Pregnant bitches do not produce a pregnancy
specific gonadotropin, such as human chori
onic gonadotropin (hCG) in women or equine 
chorionic gonadotropin (eCG) in mares. 

PROGESTERONE 

In all normal dogs, serum progesterone con
centrations remain high in diestrus regardless 
of breeding status. Maintenance of corpora lu
tea occurs because of absence of release of an 
effective luteolysin from the uterus as is seen 
in other species after the time of pregnancy 
recognition.78 This prolonged luteal phase in 
dogs precludes ability to use measurement of 
serum progesterone concentrations for preg
nancy diagnosis. Although some studies have 
documented either higher serum progesterone 
concentrations in early diestrus in pregnant 
dogs compared to non-bred dogs/9 or differ
ences in pattern of progesterone secretion over 
diestrus when comparing fertile-mated to 
sterile-mated dogs,80 the majority of studies 
have reported either no statistically significant 
difference between pregnant and non
pregnant dogs or such wide overlap in the 
absolute values between the groups so as to 
make interpretation of a single value impos
sible.81-86 
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• IEl E!:! Table 5- 6. Combined Regress ion Table of Fetal Biparietal Diameter and Fetal Trunk Diameter for the Prediction of the Number of Days 
· before Parturition in Labrador Retrievers, Golden Retrievers, and their Crosses 

Fetal 
Trunk 

Fetal Biparietal Head Diameter (em) 

Diameter 
(em) 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3. 1 3.2 3.3 

0.6 26 25 24 24 23 23 22 21 21 20 20 19 18 18 
0.8 25 24 24 23 23 22 21 21 20 20 19 18 18 17 17 
1.0 24 24 23 23 22 21 21 20 20 19 19 18 17 17 16 16 
1.2 24 23 23 22 22 21 20 20 19 19 18 17 17 16 16 15 14 
1.4 23 23 22 22 21 20 20 19 19 18 17 17 16 16 15 14 14 13 
1.6 23 22 22 21 20 20 19 19 18 17 17 16 16 15 15 14 13 13 12 
1.8 22 22 21 20 20 19 19 18 17 17 16 16 15 15 14 13 13 12 12 11 
2.0 22 21 20 20 19 19 18 18 17 16 16 15 15 14 13 13 12 12 11 10 10 
2.2 21 21 20 19 19 18 18 17 16 16 15 15 14 13 13 12 12 11 10 10 9 9 
2.4 21 20 19 19 18 18 17 16 16 15 15 14 13 13 12 12 11 11 10 9 9 8 
2.6 20 19 19 18 18 17 16 16 15 15 14 14 13 12 12 11 11 10 9 9 8 8 
2.8 19 19 18 18 17 16 16 15 15 14 14 13 12 12 11 11 10 9 9 8 8 7 
3.0 19 18 18 17 17 16 15 15 14 14 13 12 12 11 11 10 9 9 8 8 7 7 
3.2 18 18 17 17 16 15 15 14 14 13 12 12 11 11 10 9 9 8 8 7 7 6 
3.4 18 17 17 16 15 15 14 14 13 12 12 11 11 10 10 9 8 8 7 7 6 5 
3.6 17 17 16 15 15 14 14 13 13 12 11 11 10 10 9 8 8 7 7 6 5 5 
3.8 17 16 16 15 14 14 13 13 12 11 11 10 10 9 8 8 7 7 6 5 5 4 
4.0 16 16 15 14 14 13 13 12 11 11 10 10 9 8 8 7 7 6 6 5 4 4 
4.2 16 15 14 14 13 13 12 11 11 10 10 9 8 8 7 7 6 6 5 4 4 3 
4.4 15 14 14 13 13 12 11 11 10 10 9 9 8 7 7 6 6 5 4 4 3 3 
4.6 14 14 13 13 12 12 11 10 10 9 9 8 7 7 6 6 5 4 4 3 3 2 
4.8 14 13 13 12 12 11 10 10 9 9 8 7 7 6 6 5 4 4 3 3 2 2 
5.0 13 12 12 11 10 10 9 9 8 7 7 6 6 5 5 4 3 3 2 2 1 
5.2 12 11 10 10 9 9 8 8 7 6 6 5 5 4 3 3 2 2 1 0 
5.4 10 10 9 9 8 8 7 6 6 5 5 4 3 3 2 2 1 0 0 
5.6 9 9 8 8 7 6 6 5 5 4 3 3 2 2 1 0 0 
5.8 8 8 7 6 6 5 5 4 3 3 2 2 1 1 0 
6.0 7 6 6 5 5 4 4 3 2 2 1 1 0 
6.2 6 5 5 4 4 3 2 2 1 1 0 
6.4 5 4 4 3 2 2 1 1 0 

From England GCW, Allen WE, Porter DJ: Studies on Canine pregnancy using B-mode ultrasound: Development of the conceptus and determination of gesta tional age. J Small Anim Pract 31:324- 329, 1990, 
with permission. 
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• D Table 5-7. Optimal Time for Diagnosing Canine Pregnancy with Various Testing Procedures 

Test 
Optimal Time for 
Diagnosing Pregnancy Comments 

Abdominal palpation 28-30 d after ovulation 
31-33 dafter LH surge 

Variable 

Radiograpic diagnosis of calcified 
feti 

> 42 d after ovulation Variable 
> 45 d after LH surge or first 

mating 

Ultrasonographic diagnosis > 22 dafter ovulation 
> 25 d after LH surge 

Can also determine fetal viability 

Acute-phase proteins > 25 dafter ovulation 
> 28 d after LH surge 
> 28 d after mating 

Not specific 

Serum relaxin > 25 dafter ovulation 
> 28 d after LH surge 
> 21 d after mating 

Variable 

RELAXIN 

Relaxin is a hormone produced primarily by 
the canine placenta and is, therefore, the near
est thing to a pregnancy-specific hormone 
known in the dog?8·87 Serum relaxin concentra
tions in pregnant dogs rise significantly com
pared to non-pregnant dogs, beginning at 20 
to 30 days of gestation/4

•
77·78 and peak at mid

gestation.77·78 An enzyme-linked immunosor
bent assay (ELISA) for canine relaxin (Repro
CHEK, Synbiotics Corporation, San Diego, 
CA) is reported to detect pregnancy as early 
as 21 days after breeding. False negatives may 
occur when bitches are tested as early as 21 
days of gestation; negative results in early ges
tation should be re-checked by repeating the 
test 7 to 10 days later. 

PROLACTIN 

Serum prolactin concentrations rise spontane
ously in the latter half of diestrus, with a sig
nificantly greater elevation in pregnant dogs 
than in non-pregnant dogs by day 30 to 45 
of gestation.78·86·88·89 In early pregnancy, serum 
prolactin concentrations can be stimulated to 
rise with administration of the opioid antago
nist naloxone. 

FOLLICLE STIMULATING HORMONE 

Serum follicle stimulating hormone (FSH) con
centrations fall to less than 150 ng/ml post
implantation (16 to 18 days after conception) 
in non-pregnant dogs and remain greater than 
150 ng/ml in pregnant dogs.77 

ESTROGEN 

Total estrogen concentrations in urine have 
been reported to be increased 21 days post
mating in pregnant dogs compared to non
pregnant dogs. 81 Assay of estrogen in urine 
may be marketable as an in-house assay for 
veterinarians or an in-home pregnancy diag
nostic test for clients. 

Care of the Pregnant Bitch 

Proper client education is essential in manag
ing a normal canine pregnancy and parturi
tion. It is desirable to examine the bitch for 
pregnancy diagnosis at about 4 weeks of gesta
tion (Table 5-7). The decision to examine the 
bitch at other times is based on the potential 
risk for dystocia for the individual or breed, 
historical information on past diseases or dis
orders that could complicate the pregnancy, 
and the risk of exposure to infectious agents 
and stress at a veterinary clinic. For example, 
while it might be desirable to examine a young 
bitch during the last week of pregnancy to 
determine whether pelvic size is sufficient for 
the delivery of pups, it also is desirable to 
prevent a previously unexposed bitch from 
contracting herpesvirus infection during the 
last 3 weeks of pregnancy (see Canine Herpes
virus Infection below). Any pregnant bitch 
showing significant signs of illness should be 
examined. Some diagnostic testing, such as fe
cal examinations and urinalyses, can be per
formed on samples without exposing the bitch 
to potential infectious agents found in veteri
nary clinics. 

Pregnant bitches should receive moderate 
exercise and good nutrition (see below). Vac-
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cines, especially modified-live vaccines, 
should be avoided during pregnancy unless 
there is a substantial risk of exposure to an 
infectious disease in a previously unvacci
nated animal. Clients should be encouraged 
to have bitches properly immunized prior to 
breeding to avoid potential harm to fetuses by 
the administration of a modified-live vaccine 
during pregnancy. 

If a previous dystocia has occurred, the vet
erinarian should instruct the client on obtain
ing the bitch's rectal temperature two to three 
times per day, beginning 54 days after breed
ing. The method of obtaining accurate temper
atures should be taught, and the client should 
be instructed to plot the temperatures on graph 
paper. Along with other signs, a temperature 
chart can help predict the onset of parh1rition 
(see Chapter 6). 

Nutritional Requirements 
during Pregnancy 

Owners are most likely to err by overfeeding 
bitches during early pregnancy and under
feeding them during lactation. The best 
chances of a normal delivery occur when 
bitches receive good nutrition and moderate 
exercise. A normal maintenance diet, in nor
mal amounts, should be fed to bitches during 
the first two thirds of pregnancy.90 Less than 
30 per cent of fetal growth occurs during the 
first 5 to 6 weeks of gestation. Therefore, there 
need be little or no change in the bitch's body 
weight or nutritional needs during early preg
nancy. 

Fetal size rapidly increases during the last 
3 to 4 weeks of gestation. As a result, the body 
weight of the bitch should increase 25 to 30 
per cent by the time of whelping. Therefore, 
during the last 3 to 4 weeks of pregnancy, the 
amount of food should gradually be increased 
so that the bitch is receiving 25 to 30 per cent 
more food by whelping. The exact increase in 

food will vary, depending on the number of 
fehrses. Bitches in late pregnancy also should 
be gradually switched to a diet that contains 
higher levels of protein, carbohydrates, and 
minerals than required for maintenance (i.e., a 
growth/ lactation-type diet).91 Nutrient-dense 
foods (3.6 kcal/kg food dry matter or higher) 
may be necessary in late pregnancy for bitches 
that have decreased stomach capacity result
ing from carrying a large litter.90 The consump
tion of smaller meals at increasing frequency 
is another method of compensating for there
duced stomach capacity. A bitch frequently 
will decrease food consumption when she en
ters the first stage of labor. Prior to whelping, 
however, it is important to monitor that food 
intake continues to be normal. Some bitches 
carrying large litters may develop severe and 
life-threatening ketoacidosis if food consump
tion becomes inadequate, especially during 
late gestation (see Pregnancy Toxemia below). 

Appetite reduction and decreased food in
take can occur in normal bitches during early 
to midpregnancy. In one study/1 food con
sumption decreased during estrus and again 
by the lOth day of gestation (Table 5- 8). At 
about 3 weeks of gestation, bitches underwent 
another short period of partial appetite loss 
for 3 to 10 days. By week 6 of gestation, food 
consumption had increased by 30 to 50 per 
cent over that during early proestrus. In many 
bitches, food intake decreased substantially 
within 24 to 48 hours of whelping, or during 
stage I of labor. 

Although calcium requirements increase in 
late gestation and early lactation, they usually 
are met by feeding a properly balanced diet. 
Excessive calcium supplementation during 
late gestation has been incriminated in predis
posing the bitch to eclampsia and dystocia and 
causing soft-tissue calcification, physical ab
normalities, and gastric dilation/volvulus 
in neonatal pups.90

•
91 Although the optimal 

• • Table 5-8. Doily Food Consumption during the Reproductive Cycle and Pregnancy 

Relative Food Intake• 

Day 10 of Day 25 of Day 42 of Day 62 of 
Breed Size Early Proestrus Peak Estrus Pregnancy Pregnancy Pregnancy Pregnancy 

Small 1t -20% + 14% -36% +50% -75% 
Medium 1 - 14% +12% -21 % +35 % - 77% 
Large 1 -17% + 12% - 33% + 30% - 83% 

* Based on a dry dog food containing 1600 calories/ lb of dog food . 
t Food consumption during the reproductive cycle and pregnancy was compared to that during proestrus. Hence, proestrus was assigned 
a numerica l value of "1" for the purpose of this table. 
Adapted from Bebiak et al:11 



amount of calcium for prepartum bitches, of 
various breeds has not been well studied, such 
studies have been conducted in other species. 
Giving large amounts of dietary calcium to 
dairy cows during late pregnancy predisposes 
to hypocalcemia. However, even when dietary 
calcium is constant, diets that increase the pH 
of blood may predispose cows to develop post
partum hypocalcemia. Parathyroid hormone is 
apparently less able to stimulate bone calcium 
release and production of 1,25-dihydroxyvita
min D when the blood is alkaline.92 Although 
acidifying the diet by increasing dietary anions 
reduces the incidence of milk fever in cows, 
similar studies in dogs are lacking. Until further 
studies have been reported for dogs, it is proba
bly prudent to avoid excessive calcium and vi
tamin D supplementation during pregnancy. 
Whether acidifying the diet would reduce the 
risk of hypocalcemia in dogs, as it does for cows, 
remains unknown (see Chapter 7). 

Whelping Area 

The whelping area may vary, depending on 
whether the area is designed by a client with 
a single bitch or by a commercial kennel. All 
whelping environments should protect the 
bitch and pups from injury and disease. Excel
lent sanitation is essential for optimal repro
ductive efficiency. 

New animals with unknown vaccination or 
disease histories should not be introduced to 
pregnant bitches or newborn pups. Contact 
with visitors or with fomites that transmit in
fectious agents should be prevented; traffic 
through the whelping area should be mini
mized for the first 3 weeks of the pup's life. 
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The whelping area should be in a familiar envi
ronment that has privacy and is free from 
drafts, moisture, and excessive cold or heat. 

A child's plastic swimming pool (Fig. 5-4A) 
serves as a good whelping box that can be 
readily disinfected. The sides of the whelping 
box should be high enough to prevent the neo
nates from escaping, and should be lined with 
bedding that the mother can tear up and re
arrange as part of her nesting behavior prior 
to delivery. The bitch should be introduced 
to the whelping box about a week prior to 
whelping. After whelping, the shredded bed
ding can be replaced with clean towels that can 
be washed several times per day, if necessary. 

Owners may add external sources of heat to 
keep newborn pups warm (Fig. 5-4B). Al
though this may be desirable, one must be 
careful to protect the bitch and pups from ex
cessive heat, dehydration, or burns. 

Drug Administration 

Administration of drugs to pregnant bitches 
should be avoided if possible. There is very 
little information available on the safety of nu
merous drugs that are administered to preg
nant dogs. Many physiologic changes occur 
during pregnancy that affect drug availability 
and toxicity.93 For example, changes in serum 
albumin may affect the volume of distribution 
for a drug . that is highly protein bound. 
Changes in cardiac output, renal blood flow, 
and glomerular filtration rates during preg
nancy can alter the availability of drugs elimi
nated through the kidneys. When treating a 
pregnant bitch, each drug selected for therapy 
should be evaluated carefully in light of the 
physiologic changes of pregnancy (Table 5-3). 

Figure S-4. Examples of whelping " boxes" prepared for the pregnant bitch and neonatal pups A: A child's plastic swimming 
pool serves as a good whelping box and can be disinfected easi ly B: A whelping box prepared w ith an external heat lamp. 
W hile if may be desirable to provide an external source of heat to newborn pups, one must be careful that heat ing devices ore 
securely attached and do not cause burns to the pups. 
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Doses may need to be altered and the patient 
may need to be monitored carefully to ensure 
that a therapeutic effect is achieved and that 
toxicity is minimized. 

In addition to considering the effect of drugs 
on the bitch, drugs also must be selected with 
the developing pup in mind. The developing 
embryo or fetus becomes an inadvertent recipi
ent of many drugs administered to a pregnant 
bitch. Adverse drug effects may be embryo
toxic or teratogenic, causing abortion or con
genital malformations. The critical time for em
bryotoxicity in the bitch is from 6 to 20 days 
following the LH surge. During this time, prior 
to implantation, the embryo is bathed in uter
ine fluid that attains drug concentrations re
flecting those of the maternal extracellular 
fluids. 93 

Once the placenta has formed, nutrients and 
drugs given to the dam must cross the placenta 
to reach the fetus . Although there is no "true 
placental barrier," there are numerous factors 
that govern the transfer of drugs across the 
placental membranes (Table 5-9). Many drugs 
used to treat pregnant bitches should produce 
no teratogenic effects (Table 5-10), especially 
if they are administered for a short time at 
relatively moderate doses.93 Therefore, even if 
a drug reaches the fetus, toxicity will not neces
sarily occur. Over the years, many pregnant 
bitches have been treated with numerous 
drugs, and relatively few reports of drug
induced teratogenicity have been published. 
Nevertheless, it is prudent to advise clients of 
the potential danger and select drugs carefully. 

Papich reported on numerous drugs used in 
treating pregnant dogs and cats, and classified 
them on the basis of drug safety (Table 5-10).93 

Class A drugs are those that are probably safe 
for use during pregnancy, although specific 
studies may not have proved the safety in dogs 
and cats. Class B drugs are safe if used cau-

• Table 5-9. Factors That Influence the 
Transfer of Drugs across the Placenta 

1. Placental blood supply 
2. Age of gestation 
3. Placental drug-metabolizing capabilities 
4. Drug size 
5. Drug's lipid solubility 
6. Drug dose 
7. Duration of drug exposure 
8. Maternal/fetal pH differential 
9. Maternal/ fe tal drug protein-binding differences 

10. Species of animal 

From Papich MG: Effects of drugs on pregnancy. In Kirk RW (ed): 
Curr Vet Ther Small Anim Pract 10. Philadelphia, WB Saunders, 
1989, p 1297, with permission. 

tiously; studies in some laboratory animals 
may have revealed some risk. Class C drugs 
have potential risks; these drugs should be used 
cautiously and only as a last resort when the 
benefit of therapy clearly outweighs the risk. 
Class D drugs are contraindicated during preg
nancy; these drugs have been shown to cause 
congenital malformations or embryotoxicity. 

Physical Examination and 
Diagnostic Testing 

If the risk for dystocia or disease is great, it is 
desirable to examine the pregnant bitch one 
or more times during gestation. In addition to 
a complete and thorough physical examina
tion, it is desirable to perform ultrasono
graphic and/ or radiographic examinations; 
obtain a complete blood count, serum chemis
try profile, urinalysis, and fecal examination; 
and submit blood for endocrine testing. For 
example, measurement of concentrations of se
rum progesterone may be indicated in bitches 
who have repeatedly delivered premature, but 
otherwise normal, pups that died because of 
their immahuity (see Hypoluteoidism below). 
Depending on the geographic location, fecal 
examinations of pregnant bitches may be indi
cated, especially in young bitches who are 
more likely to pass parasites to their offspring. 
Although the diagnostic approach is tailored 
for each animal, special consideration should 
be given to disorders that are associated with, 
or worsen during, pregnancy. 

Diseases Associated with or 
Exacerbated by Pregnancy 

Pregnancy Toxemia 

At least two types of pregnancy toxemia have 
been described in different species. In humans, 
pregnancy toxemia (pre-eclampsia) is associ
ated with hypertension and proteinuria. The 
condition, as observed in the human, can be 
induced experimentally in dogs94 but has not 
been reported to occur spontaneously in the 
bitch. Pregnancy toxemia that occurs naturally 
in pregnant dogs is associated with a relative 
lack of carbohydrates or alteration in carbohy
drate metabolism. 

Ketosis usually develops during late gesta
tion in bitches on inadequate nutrition or in 
those who cannot eat enough carbohydrates to 
meet energy demands. Bitches ca rrying large 
numbers of pups are predisposed to preg-

Text continued on page 86 
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• Table 5-10. Safety of Drugs in Pregnancy in the Dog and Cat 

Drug 

Antimicmbial Drugs 
Amikacin 

Ampicillin 

Amoxicillin 

Carbenicillin 

Cephalosporins 

Chloramphenicol 

Ciprofloxacin 

Cla vulanic acid -amoxicillin 
(Clavamox, Beecham) 

Clindamycin 

Cloxacillin 

Dicloxacillin 

Doxycycline 

Enrofloxacin 
Erythromycin 

Gentamicin 

Hetacillin 

Kanamycin 

Lincomycin 

Metronidazole 

Neomycin 

Oxacillin 

Oxytetracycline 

Penicillin G (benzyl penicillin) 

Streptomycin 

Sulfonamides 

Tetracycline 

Trimethoprim-sulfadiazine 
(Tribrissen, Coopers) 

Recommendation• 

c 

A 

A 

A 

A 

c 

D 

A 

A 

A 

A 

D 

D 
A 

c 

A 

c 

A 

c 

A 

A 

D 

A 

D 

B 

D 

B 

Comments 

Aminoglycoside antibiotics easily cross the placenta and 
may cause 8th nerve toxicity or nephrotoxicity. 

Crosses the placenta but has not been shown to be 
harmful to fetus. 

Crosses the placenta but has not been shown to be 
harmful to fetus. 

Crosses the placenta but has not been shown to be 
harmful to fetus. 

Crosses the placenta but has not been shown to be 
harmful to fetus. 

May decrease protein synthesis in fetus, particularly in 
bone marrow. 

Do not use during pregnancy; quinolones have been 
associated with articular cartilage defects. 

Crosses the placenta but has not been shown to be 
harmful to fetus. 

Crosses the placenta but has not been shown to be 
harmful to fetus. 

Crosses the placenta but has not been shown to be 
harmful to fetus. 

Crosses the placenta but has not been shown to be 
harmful to fetus. 

Tetracyclines can cause bone and teeth malformations in 
fetus and may cause toxicity in mother. 

See ciprofloxacin. 
Appears to be safe except for erythromycin estolate, 

which has been shown to increase the risk of 
hepatoxicity in women. 

Aminoglycoside antibiotics easily cross the placenta and 
may cause 8th nerve toxicity or nephrotoxicity. 
However, specific toxicities from gentamicin have not 
been reported, and it may be used for a serious 
infection in place of a suitable alternative. 

Crosses the placenta but has not been shown to be 
harmful to fetus. 

Aminoglycoside antibiotics easily cross the placenta and 
may cause 8th nerve toxicity or nephrotoxicity. 

Crosses the placenta but has not been shown to cause 
problems in fetus. 

Teratogenic in laboratory animals, but there is no 
information for dogs and cats. It should be avoided 
during the first three weeks of pregnancy . . 

Not absorbed sufficiently to cause systemic effects after 
oral administration. 

Crosses the placenta but has not been shown to be 
harmful to fetus. 

Toxic to fetus and may increase risk of hepatitis in 
mother (see tetracycline). 

Crosses the placenta but has not been shown to be 
harmful to fetus. 

See gentamicin. Streptomycin is associated with higher 
incidence of 8th nerve toxicity than other 
aminoglycosides. 

Sulfonamides cross the placenta and have produced 
congenital malformations in rats and mice, but 
problems have not been reported in dogs or cats; in 
people, they have caused neonatal icterus when 
administered near term. Avoid long-acting 
sulfonamides. 

Tetracyclines can cause bone and teeth malformations in 
fetus and may cause toxicity in mother. 

Manufacturer states that it is safe during pregnancy in 
dogs; see also trimethoprim and sulfonamides. 

Table continued on following page 
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• • Q Table 5-10. Safety of Drugs in Pregnancy in the Dog and Cat Continued 

Drug 

Trimethoprim 

Ticarcillin 

Tobramcyin 

Tylosin 
Antifungal Dmgs 
Amphotericin-B 

Griseofulvin 

Ketoconazole 

Miconazole 
Antiparasitic Dl'ugs 
Amitraz 

Diethylcarbamazine 

Dithiazanine iodide (Dizan, 
TechAmerica) 

Fenbendazole 

Dichlorvos (Task, Solvay) 

Ivermectin 

Levamisole 
Mebendazole 

Piperazine 

Praziquantel 

Thiacetarsamide 
(Caparsolate sodium, 
CEVA) 

Bunamidine 

Pyrantel 

Thenium 

Thiabendazole 

Trichlorfon 

Anticance!' Dmgs 
Doxorubicin hydrochloride 

(Adriamycin, Adria) 

Recommendation• 

B 

A 

c 

B 

c 

D 

B 

A 

c 

A 

B 

A 

B 

A 

c 
A 

A 

A 

c 

A 

A 

A 

B 

c 

c 

Comments 

Teratogenic in rats but probably safe in other species. 
Folate antagonism and bone marrow depression are 
possible with prolonged use. 

Crosses the placenta but has not been shown to be 
harmful to fetus. 

Aminoglycoside antibiotics easily cross the placenta and 
may cause 8th nerve toxicity or nephrotoxicity. 

No information is available. 

There are no known teratogenic effects, but 
amphotericin is extremely toxic. Use only if the 
disease is life threatening, in absence of a suitable 
alternative. 

Teratogenic in rats; causes multiple skeletal and brain 
malformations in cats. 

Teratogenic and embryotoxic in rats; antiandrogenic; 
stillbirths have been reported in dogs. 

Apparently safe if applied topically. 

Manufacturer states that reproduction studies have not 
been done; no information available. 

Manufacturer states that the drug may be given to dogs 
throughout gestation. 

No information is available; iodide salts may cause 
congenital goiter if administered for prolonged 
periods during pregnancy. 

Safe. Has been administered to pregnant bitches without 
producing adverse effects. 

Caution is advised when administering cholinesterase 
inhibitors to pregnant animals; it should not be 
administered to puppies or kittens, but studies in 
pregnant dogs and cats suggest that there are no 
adverse effects during pregnancy. 

Safe. Reproduction studies in dogs, cattle, horses, and 
pigs have not shown adverse effects. 

No information available. 
Safe. In reproduction studies in dogs, it was not 

teratogenic or embryotoxic. 
Safe. No known contraindications for the use of 

piperazine. 
Safe. No adverse effects were seen when tested in 

pregnant dogs and cats. 
No specific information regarding toxicity to fetus is 

available. It can be hepatotoxic and nephrotoxic, and 
heartworm adulticide should be postponed until after 
parturition. 

Has been administered to pregnant bitches without 
problems and is safe in pregnant cats. Slight 
interference with spermatogenesis has been seen in 
male dogs. 

Safe. Toxicity studies have not shown any adverse 
effects. 

Safe. Manufacturer states that except in young puppies, 
there are no known contraindications. 

Thiabendazole is not teratogenic in laboratory animals, 
but high doses have produced toxemia in ewes. 

Caution is advised when administering 
organophosphates to pregnant animals. Congenital 
toxicoses have been reported following administration 
to pregnant sows. Manufacturer states that trichlorfon 
should not be administered to pregnant mares, but 
there are no recommendations for dogs and cats. 

May produce malformations in newborn or 
embryo toxicity. 

Table continued on opposite page 
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• • Table 5-10. Safely of Drugs in Pregnancy in the Dog and Cat Continued 

Drug 

Azathioprine 

Chlorambucil 

Cisplatin 

Cyclophosphamide 

Methotrexa te 

Vincristine 

Aualgesic Dmgs 
Acetaminophen 
Aspirin 

Flunixin meglumine 
Gold (aurothioglucose) 

Ibuprofen 
Indomethacin 

Phenylbutazone 

Salicylates 

Amsthetic and Prea11esthetic 
Dmgs 

Acepromazine 

Atropine 

Butorphanol 

Codeine 

Diazepam 
Fentanyl 

Glycopyrrolate 

Halothane 

Isoflurane 

Ketamine 

Lidocaine 

Meperidine 

Methoxyflurane 

Recommendation• 

c 

c 

c 

c 

c 

c 

c 
c 

c 
D 

c 
c 

c 

c 

B 

B 

B 

B 

c 
B 

B 

c 

B 

B 

A 

B 

c 

Comments 

May produce congenital malformations but has been 
used in pregnant women safely. It may be a suitable 
alternative to other drugs when immunosuppresive 
therapy is required. 

May produce malformations in newborn or 
embryotoxicity. 

May produce congenital malformations, embryotoxicity, 
or nephrotoxicity. 

May produce malformations in newborn or 
embryotoxicity. 

May produce malformations in newborn or 
embryotoxicity. 

May produce malformations in newborn or 
embryotoxicity. 

Safety not established in dogs; toxic in cats. 
Embryotoxicity has been seen in laboratory animals but 

not in other species. Late in pregnancy, it may 
produce pulmonary hypertension and bleeding 
problems. 

Safety in pregnancy has not been determined. 
Laboratory animal studies clearly show increased 

congenital malformations. 
Safety in dogs and cats not established. 
Can be toxic in adult dogs: can cause premature closure 

of ductus arteriosus if administered near term. 
Safety has not been established. Long-term use can 

depress bone marrow. 
Embryotoxicity has been seen in laboratory animals but 

not in other species. Late in pregnancy, it may 
produce pulmonary hypertension and bleeding 
disorders. 

Phenothiazines should be avoided near term; they may 
produce neonatal CNS depression. 

Crosses the placenta and has been used safely but may 
cause feta l tachycardia. 

Safe for short-term use. Neonatal depression can be 
treated with naloxone. 

Safe for short-term use. Neonatal depression can be 
treated with naloxone. 

See anticonvulsants. 
Safe for short-term use. Neonatal depression can be 

treated with naloxone. 
Safe. Does not cross placenta as readily as atropine. 

Studies in rats and rabbits have not revealed 
teratogenic effects. 

Decreased learning ability has been reported in rats 
after in utero exposure; depression may be seen in 
neonates after cesarean section; excessive uterine 
bleeding may be seen when administered during 
cesarean section. 

Probably safe. Depression may be seen in neonates after 
cesarean section. 

Probably safe. Depression may be seen in puppies 
delivered by cesarean section; may increase 
intrauterine pressure and induce premah1re labor. 

All local anesthetics appear to be safe when used for a 
local nerve block or epidural anesthesia. 

Opiates can produce neonatal sedation and respiratory 
depression, but the effects can be reversed with the 
administration of naloxone. 

Neonotal depression is seen when used for cesarean 
section. 

Tnble continued on following pnge 
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• D Table 5-10. Safety of Drugs in Pregnancy in the Dog and Cat Continued 

Drug 

Morphine 

Naloxone 

Nitrous oxide 

Oxymorphone 

Pentobarbital 
Thiamylal 

Thiopental 

Gastrointestinal Dmgs 
Antacids 
Antiemetics 
Cimetidine 

Dimenhydrinate 
Diphenhydramine 
Diphenoxylate 

Laxatives 

Loperamide 
Metoclopramide 

Methscopolamine 
Misoprostol 

Prochlorperazine 
Ranitidine 

Sucralfate 
Sulfasalazine 

Cardiovascular Dmgs 
Atropine 
Captopril 

Digitalis 

Furosemide 
Dopamine 
Heparin 
Hydralazine 

Isoproterenol 

Lidocaine 
Nitroglycerin 
Nitroprusside 

Procainamide 
Propranolol 

Quinidine 

Recommendation• Comments 

B Opiates can produce neonatal sedation and respiratory 
depression, but the effects can be reversed with the 
administration of naloxone. 

A Has been shown to be safe when administered to 
newborns within a few minutes after birth. 

B Probably safe. Used frequently for cesarean section 
without adverse effects. 

B Opiates can produce neonatal sedation and respiratory 
depression, but the effects can be reversed with the 
administration of naloxone. 

D Associated with high incidence of neonatal mortality. 
C Easily crosses the placenta; all barbiturates produce 

respiratory depression in fetus; however, 
thiobarbiturates are not as toxic as pentobarbital. 

C Easily crosses the placenta. All barbiturates produce 
respiratory depression in fetus; however, 
thiobarbiturates are not as toxic as pentobarbital. 

A Safe. Not absorbed systemically. 
B Probably safe if administered short term. 
B Safety has not been established, but no reports of 

toxicity in humans. 
B Safe if used short term. 
B Safe if used short term. 
C Studies have reported adverse effects in laboratory 

animals, but no adverse effects have been reported in 
pregnant dogs, cats, and humans. 

B All laxatives, except Castor Oil (Squibb), are considered 
safe if they are used short term. Castor Oil causes 
premature uterine contractions. 

C Same comment as diphenoxylate. 
B Safe in laboratory animals, but no studies available for 

cats or dogs. 
C Safety not established. 
D Synthetic prostaglandin, causes a termination of 

pregnancy. 
B No reports of toxicity when administered short term. 
B Safety has not been established, but no reports of 

toxicity were reported in humans. 
A Probably safe. Not absorbed systemically. 
B Salicylate component is not absorbed enough to produce 

adverse effects; sulfonamide may produce neonatal 
icterus when used near term. 

B Probably safe but may produce fetal tachycardia. 
C Has been shown to be embryotoxic in laboratory 

animals and goats. 
A Probably safe. No adverse effects seen in humans and 

laboratory animals. 
B No adverse effects have been reported. 
B Probably safe at therapeutic doses. 
B Does not appear to cross placenta. 
B Probably safe. There have been reports of minor toxicity 

in rats, but it has been administered safely to 
pregnant women. 

C May cause fetal tachycardia; beta-adrenergic drugs 
inhibit uterine contractions. 

B Probably safe. May cause fetal bradycardia. 
C No information available. 
C There is a risk of fetal cyanide toxicity with prolonged 

use. 
B Probably safe. May cause fetal bradycardia. 
C May cause fetal bradycardia, respiratory depression, and 

neonatal hypoglycemia; avoid use near term. 
B Probably safe. May cause fetal bradycardia. 

Table continued on opposite page 
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• D Table 5-10. Safety of Drugs in Pregnancy in the Dog and Cat Continued 

Drug 

Theophylline 
Thiazide diuretics 
Warfarin 

Anticonvulsa11t Drugs 
Diazepam 

Phenobarbital 

Phenytoin 
Primidone 

Valproic acid 
Muscle Relaxants 
Dantrolene 
Dimethyltubocurarine 

Gallamine 

Methocarbamol 

Pancuronium 

Succinylcholine 

Endocrine Drugs 
Betamethasone 

Cortisone 

Dexamethasone 

Diethylstilbestrol (DES) 
Estradiol cypionate (ECP) 

Flumethasone 

Mitotane (o, p-DDD) 
Prednisolone 

Stanozolol 

Testosterone 
Thyroxine 

Recommendation• Comments 

B No reports of adverse effects. 
C May cause increased incidence of perinatal mortality. 
D Causes embryotoxicity and congenital malformations, 

neural tube defects in laboratory animals and 
humans. 

C Has been associated with congenital defects in mice, 
rats, and people. 

B Has been associated with rare congenital defects and 
bleeding tendencies in newborn but may be safer than 
other anticonvulsants. 

C Teratogenic in rats, mice, and people. 
C Same risks as phenobarbital and has been associated 

with increased incidence of hepatitis in adult dogs. 
C May cause congenital malformations. 

C Safety not established. 
B Quarternary base with negligible placental transfer; it 

does not affect the fetus unless administered in large 
doses. 

B Quarternary base with negligible placental transfer; it 
does not affect the fetus unless administered in large 
doses. 

C Safety not established; manufacturer states that it should 
not be administered during pregnancy. 

B Quarternary base with negligible placental transfer; it 
does not affect the fetus unless administered in large 
doses. 

B Quarternary base with negligible placental transfer; it 
does not affect the fetus unless administered in large 
doses. 

C Corticosteroids have been associated with increased 
incidence of cleft palate and other congenital 
malformations, and they may induce premature labor 
and abortion in dogs. 

C Corticosteroids have been associated with increased 
incidence of cleft palate and other congenital 
malformations, and they may induce premature labor 
and abortion in dogs. 

C Corticosteroids have been associated with increased 
incidence of cleft palate and other congenital 
malformations, and they may induce premature labor. 
Dexamethasone has caused abortion and fetal death 
in dogs. 

D Malformation of male and female genitourinary systems. 
D Malformation of male and female genital tracts and 

bone marrow depression. 
C Corticosteroids have been associated with increased 

incidence of cleft palate and other congenital 
malformations, and they may induce premature labor 
and abortion in dogs. 

D Adrenocortical necrosis. 
C Although prednisolone has been administered to 

pregnant women without adverse effects, caution is 
advised (see dexamethasone). Prednisolone may be 
used in serious diseases in absence of a suitable 
alternative. 

D Manufacturer states that it should not be administered 
to pregnant dogs and cats. 

D Causes masculinization of female fetus. 
B Does not cross placenta easily and has not been 

associated with any problems. 
Table continued on following page 
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• • Table 5-10. Safety of Drugs in Pregnancy in the Dog and Cat Continued 

Drug 

Miscellaneous Drugs 
Ammonium chloride 

Aspartame (NutraSweet) 
Dimethylsulfoxide (DMSO) 

* Drugs are classified as follows: 

Recommendation• 

B 

A 
c 

Comments 

May cause fetal acidosis; discontinue use during 
pregnancy. 

No risk. 
Teratogenic in laboratory animals; manufacturers state 

that it should not be applied to breeding animals. 

A: Probably safe. Although specific studies may not have proved the safety of all drugs in dogs and cats, there are no reports of adverse 
effects in laboratory animals or in women. 
B: Safe for use if used cautiously. Studies in laboratory animals may ha ve uncovered some risk, but these drugs appear to be safe in 
dogs and cats or these drugs are sa fe if they are not administered when the animal is nea r term. 
C: These drugs may have potential risks. Studies in people or laboratory animals have uncovered risks, and these drugs should be used 
cautiously, as a last resort when the benefit of therapy clearly outweighs the risks. 
0 : Contraindicated. These drugs have been shown to cause congenital malformations or embryotoxicity. 
From Papich MG: Effects of drugs on pregnancy. In Kirk RW (ed): Curr Vet Ther 10. Philadelphia, WB Saunders, 1989, pp 1293-1296, 
with permission. 

nancy toxemia during late pregnancy. In one 
study,95 pregnant bitches that were fed a carbo
hydrate-restricted diet had decreased blood 
glucose levels and corresponding increases in 
blood ,B-hydroxybutyrate compared with 
bitches fed a diet containing 44 per cent metab
olizable energy from carbohydrates. The total 
number of pups between the two groups was 
similar, but fewer pups from the bitches on 
the carbohydrate-restricted diet were born 
alive (63 vs. 96 per cent). 

Owners should be concerned if a pregnant 
bitch develops anorexia during late gestation. 
Although temporary anorexia can occur dur
ing midgestation and during labor in normal 
bitches, sustained anorexia during the last 2 
weeks of pregnancy should alert owners and 
veterinarians to the possibility of pregnancy 
toxemia. Diagnosis of pregnancy toxemia is 
based on the presence of urine ketones in the 
absence of urine glucose, unlike diabetes melli
tus, which also can occur during pregnancy 
and is associated with an increase of both urine 
ketones and glucose. Additionally, some 
bitches with pregnancy toxemia have de
creased concentrations of blood glucose,96 un
like the diabetic bitch with increased concen
trations of blood glucose. 

Pregnancy toxemia can occur in any breed 
of dog, but has been. observed by the authors 
in several Yorkshire terriers and Labrador re
trievers. If the condition is recognized early in 
the course of the disease, supplemental nutri
tion may be all that is required for a full recov
ery. If bitches are severely affected (i.e., sys
temically ill, increased liver enzymes), it may 
be necessary to terminate the pregnancy so 
that energy demands are reduced and the 
dam's life is spared. If bitches with pregnancy 
toxemia require surgery (i.e., cesarean section), 

analgesics and anesthetics must be selected 
carefully because hepatic lipidosis or fatty liver 
syndrome may be present, resulting in dimin
ished metabolism of some drugs. Owners 
should be advised that pregnancy toxemia is 
potentially life threatening for the pups and 
bitch. 

Parturition in bitches with pregnancy toxe
mia may be induced medically through admin
istering glucocorticoids (see Chapter 6), which 
may also enhance the development of pulmo
nary function in premature pups. In all cases, 
careful monitoring of the bitch's condition is 
required. Repeated testing for urine ketones is 
helpful in monitoring the effect of treatment. 
Increased consumption of carbohydrates and 
decreased urine ketones in a bitch whose atti
tude is good signifies progress in treating preg
nancy toxemia. 

Diabetes Mellitus 

Pregnant bitches are at risk for alterations in 
glucose homeostasis and should be evaluated 
for diabetes mellitus. Because of the increased 
challenge to maternal carbohydrate homeosta
sis, it is not uncommon for a bitch to be first 
diagnosed with diabetes mellitus when 
pregnant. 

In previously diagnosed diabetic animals, 
insulin requirements often increase during 
pregnancy, making regulation of the diabetic 
bitch difficult. In a colony of golden retrievers, 
insulin requirements increased during the sec
ond half of pregnancy but dramatically de
creased when whelping began.97 In some cases, 
exogenous glucose was necessary to maintain 
euglycemia during labor. 

Because insulin requirements also increase 
for nonpregnant bitches during diestrus, pro-



gesterone has been implicated in causing the 
altered carbohydrate metabolism during preg
nancy. Diabetes mellih1s or altered glucose me
tabolism in dogs has been experimentally 
induced with the administration of pro
gestogens.98-100 While a single injection of pro
gesterone caused a moderate glucose intoler
ance in dogs, administration of estrogen 
caused an increased hypoglycemic response to 
exogenous insulin. 101 Increased concentrations 
of serum progesterone during diestrus and 
pregnancy stimulate the secretion of growth 
hormone in the bitch, 102 which acts as an insu
lin antagonist.103 Thus, when concentrations of 
progesterone decrease at term, insulin require
ments may also decline as the mechanism for 
insulin antagonism is reversed. Macrosomia 
(large body size) of neonates has been noted 
in pups born to diabetic bitches, possibly as a 
result of increased insulin produced by fetal 
pancreatic tissue in response to excessive avail
ability of glucose and other metabolic fuels 
from the diabetic dam.97 

Pyelonephritis 

Although not common, pyelonephritis has 
been observed in pregnant bitches. Pyelone
phritis during pregnancy may result from al
terations in the urinary system, such as dilation 
of the ureters and collecting tubules, resulting 
from hormonal stimulation or urine stasis from 
increased pressure in the distended abdomen 
of pregnancy (S. D. Johnston, unpublished 
class notes, University of Minnesota, 1989). 
Clinical signs of pyelonephritis include poly
uria, polydipsia, vomiting, anorexia, and an 
unusual gait. Some of these signs are also ob
served during normal pregnancy, making 
early suspicion of this disease by owners un
likely. Thus a routine urinalysis should be per
formed as a screening test on any pregnant 
bitch. 

Cardiac Disease and Hypertension 

During pregnancy, there are many physiologic 
changes in the cardiovascular system, includ
ing a decrease in total peripheral resistance 
and increases in blood volume, cardiac output, 
stroke volume, and heart rate. Decreases in 
arterial pressure and pulmonary vascular re
sistance also occur.104 The effect of these alter
ations upon a dog with pre-existing cardiac 
disease may vary. Although owners should be 
discouraged from breeding bitches with car
diac disease, such breedings do occur. 
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Mitral valve insufficiency is the most com
mon cause of congestive heart failure in dogs. 
In women, pregnancy ameliorates rather than 
adversely affects the hemodynamics associ
ated with mild to moderate mitral insuffi
ciency.105 Parturition was reported to be nor
mal in a colony of boxers with idiopathic 
hypertrophic subaortic stenosis.104 Similarly, in 
a colony of Siberian huskies with hyperten
sion, there were no apparent adverse effects on 
fertility, pregnancy, or delivery.104 Pregnancy 
was associated with the onset of acute cardio
myopathy in a 2-year-old Doberman pin
scher,106 although other factors, including the 
breed predisposition to the disorder, were not 
ruled out. 

Pregnancy Loss 

Definitions 

Pregnancy loss may occur at any stage of gesta
tion in the dog, and may be manifested by (1) 
embryonic death and resorption, (2) abortion 
of a live or dead feh1s, (3) stillborn pups, or 
(4) fetal death, mummification, and retention 
in the dam's uterus or peritoneal cavity be
yond the normal time of parturition. Whether 
the fetus is resorbed, aborted, born dead, or 
retained as mummified tissue depends on the 
cause of pregnancy loss, the stage of gestation 
at which death occurs, and maternal and fe
tal responses.107 

The exact incidence of embryonic and fetal 
loss is difficult to determine. If fetal death oc
curs during the first half of pregnancy, resorp
tion or unobserved abortion occurs. Owners 
may be uncertain if a pregnancy was estab
lished, since external signs of resorption may 
be minimal. Because there is no early preg
nancy test available for the bitch (i.e., first 1 to 
2 weeks of pregnancy), veterinarians also may 
be uncertain that resorption occurred. In exam
ining the uteri of 22 pregnant beagle bitches 
from 22 to 54 days postcoitum, 13 of 117 em
bryos and fetuses (11 per cent) were found to 
be in different stages of resorption.108 In an
other study,109 13 resorptions were present 
among 98 fetal implantation sites (13 per cent) 
in 12 beagle bitches examined by hysterotomy 
at 48 days of gestation. 

If fetal death occurs during the second half 
of pregnancy, abortion or birth of stillborn pups 
occurs. Abortion is defined as the expulsion 
of a dead conceptus or a living one incapable 
of independent life. Although abortion is asso-
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ciated with a hemorrhagic uterine discharge 
passing from the vulva, the diagnosis of an 
abortion may be difficult, especially if the bitch 
consumes or hides the aborted fetuses. 110 Signs 
of clinical illness may be absent in bitches who 
abort, and aborted fetuses may have relatively 
few gross pathologic changes, or may be mac
erated or mummified. If a fetus dies in late 
gestation and is not aborted, fetal emphysema 
and maceration often result. Bitches who retain 
macerated fetuses frequently have a foul and 
fetid uterine discharge and may become sys
temically ill, showing signs of toxemia or septi
cemia. 

The incidence of stillbirth in the dog is re
ported as 2.2 to 4.6 per cent, occurring with 
similar incidence in male and female fetuses. 107 

The incidence of stillborn pups increases with 
dystocia (see Chapter 6). In one clinical 
study,111 the mortality rate of pups was 22.3 
per cent for 159 bitches who were experiencing 
dystocia. Weak or diseased pups also may be 
born alive but die during the neonatal period 
(see Chapter 8). 

Fetal death occurring in late gestation that 
is not associated with abortion or maceration 
may be followed by fetal mummification. Fetal 
mummification does not occur during the first 
half of pregnancy because embryonic or fetal 
death prior to the development of fetal bones 
usually is followed by resorption. Mummifi
cation results when autolytic changes in the 
fetus, absorption of placental and fetal fluids, 
and involution of the maternal placenta occur. 
Conditions necessary for fetal mummification 
include the maintenance of a dead fetus within 
a uterus that also contains a normal viable fe
tus or fetuses or the persistence of luteal tissue 
although canine mummified fetuses may per
sist after luteolysis.50 Although fetal mummi
fication and retention in utero have been de
scribed in the bitch, the actual incidence is 
unknown, but presumed to be low. 

Causes of Embryonic/Fetal Death 
in the Dog 

There are both noninfectious and infectious 
causes of embryonic and fetal loss in the dog. 
Infectious causes of embryonic and fetal loss 
have received more attention in the literature, 
either because of a higher incidence or because 
they are easier to diagnose.110 The diagnosis 
of embryonic or fetal death can be difficult, 
especially if tissues are improperly collected 
or submitted to a diagnostic laboratory. An 
aborted fetus, and the placenta if possible, 

should be chilled (4°C), but not frozen, and 
submitted to a diagnostic laboratory within 24 
hours of death. If several fetuses are aborted, 
more than one fetus should be submitted to 
the laboratory to increase the possibility of a 
diagnosis. Histologic, microbiologic, toxico
logic, and chromosomal analyses can be per
formed on the fetal tissues. Serum from the 
dam should also be submitted for serologic 
testing, pending the results of the necropsy on 
the fetus (Table 5-11). 

INFECTIOUS CAUSES OF EMBRYONIC 
OR FETAL DEATH 

Bacteria 

Brucella canis. In 1966, Brucella canis was 
identified as the causative agent of canine bru
cellosis, 112 a contagious disease characterized 
by embryonic death, abortions, testicular atro
phy, epididymitis, scrotal dermatitis, infertil
ity, and generalized lymphadenitis in both 
sexes.113

•
114 Nonreproductive tissues also can 

become infected, such as the kidney, eye, me
ninges, intervertebral disk, and skin.115 Disko
spondylitis also has been associated with 
chronic B. canis infection.116 Infected dogs can 
remain asymptomatic; fever is not a character-

Table 5-11. Samples to Submit for 
• D Diagnosis of Fetal Loss in the Dog 

(Abortion, Premature Pups, Stillborn Pups) 

Sample 

Whole fetus 

Fetal tissues 
Heart 
Lung 
Stomach and 

contents 
Gut 
Kidney 
Liver 
Brain 

Bitch's serum 

Bitch's vaginal or 
uterine 
discharge or 
swab of 
discharge 

Placenta 

Comments 

Chilled to 4°C and submitted 
within 24 h of abortion or 
death 

Chilled to 4°C and submitted 
within 24 h of abortion or 
death 

5 ml for various serologic tests, 
pending necropsy results of 
fetus 

Transport medium will vary 
depending on suspected 
pathogen (i.e., Amies transport 
medium for mycoplasma, viral 
transport medium for viral 
isolation, etc.). Contact 
laboratory for collection and 
shipping instructions. 

Chilled to 4°C and submitted 
within 24 h of abortion or 
death 



is tic finding. Canine brucellosis has been diag
nosed in many breeds and in all parts of the 
United States, as well as in several countries. 

Abortions at 7 to 9 weeks of gestation, and 
prolonged vaginal discharge following abor
tion, are characteristic of canine brucellosis. 
Canine brucellosis should be suspected when
ever a healthy bitch aborts approximately 2 
weeks before term, or if a bitch fails to whelp 
after apparent successful matings. Some in
fected bitches give birth to stillborn or weak 
pups at term. 

The most common mode of transmission of 
canine brucellosis is by the ingestion of organ
isms in aborted placental tissues and vaginal 
discharges of infected bitches. Mammary se
cretions, urine, saliva, nasal secretions, and se
men may contain organisms and serve as po
tential fluids for transmission.117- 119 Brucella 
canis infects susceptible animals via mucosal 
surfaces such as the oral cavity, vagina, and 
conjunctiva. The minimal oral infectious dose 
is 10 to 1 00 times greater than the minimal 
infectious dose for conjunctival transmis
sion.120 Venereal transmission appears to. occur 
most frequently when infected males are bred 
to susceptible females and somewhat less 
when susceptible males are bred to infected 
females .119 Although neutered animals with 
brucellosis are less likely to transmit the dis
ease, transmission between sexually mature 
male dogs has been reported to occur after 4 
to 6 months of cohabitation.119 

Definitive diagnosis of canine brucellosis 
can be made by isolating the organism from 
infected tissues or blood. It is important to 
submit specimens that maximize the chances 
of recovering the organism on culture (Table 
5-12) . Within 2 to 4 weeks after infection, 
blood cultures are positive for B. canis and 
remain positive for at least 30 weeks and some
times years. 121 The majority of dogs (80 per 
cent) have positive blood cultures for at least 
1 year; less than 25 per cent of infected ani
mals have positive blood cultures after 58 
months.ns.Jzo 

Serologic testing is available for presump
tive, but not definitive, diagnosis of canine 
brucellosis (Table 5-13). A rapid card agglu
tination test (RCAT) modified with 2-mercap
toethanol is available for veterinarians to use 
in house. (Synbiotics Corporation, San Diego, 
CA). The RCAT is a sensitive but not specific 
serologic test to screen dogs for canine brucel
losis. A definitive diagnosis of canine brucello
sis should not be made solely on the basis of 
the RCAT because false positives are common. 
Cell wall antigens of B. canis are not unique, 
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and are similar to antigens of Brucella avis, Bru
cella abortus, mucoid Pseudomonas, mucoid 
Staphylococcus species, and Bordetella bronchi
septica .121 Antibodies produced against any of 
these organisms can cross react in the B. canis 
test, yielding a false-positive test result. In fact, 
B. avis is the antigen that was used in the RCAT 
for years. False-positive test results may de
crease if M-strain B. canis becomes commer
cially available for the RCAT. 

To reduce the number of false-positive re
sults in the current RCAT, 2-mercaptoethanol 
(2-ME) can be added to the dog's serum before 
testing. The 2-ME eliminates the cross-reaction 
of some nonspecific agglutinins and immu
noglobulin M (lgM). Thus a negative test re
sult after 2-ME has been added indicates that 
the first result was a false positive or that the 
dog is in the early stage of infection with 
B. canis where only IgM is present. 

Because false positives can occur with the 
RCAT, serum should be retested with the agar 
gel immunodiffusion (AGIO) test. In 1993, the 
American Association for Veterinary Diagnos
tic Laboratories agreed that the Cornell Diag
nostic Laboratory would serve as a B. canis 
reference laboratory. Therefore, serum sam
ples from RCAT test-positive dogs should be 
sent to the Cornell Diagnostic Laboratory for 
further testing. The Cornell Diagnostic Labora
tory will re-evaluate the serum with the AGIO 
test using cytoplasmic protein antigens. Be
cause the cytoplasmic protein antigens are 
more unique to Brucella species than the cell 
wall antigens, the AGIO test using cytoplasmic 
antigens is more specific. However, the AGIO 
test may be positive in dogs that have been 
exposed to B. avis, B. abortus and Brucella suis115 

because cytoplasmic antigens may be shared 
among the Brucella species. The disadvantage 
of the AGIO test is that it is less sensitive than 
the RCAT in detecting early infections and 
may not become positive until 4 weeks after 
the RCAT. A blood culture at the early stage 
of infection should, however, be positive, but 
a negative culture at this time does not rule 
out the disease. 

Antibiotic therapy can be considered for in
fected bitches, but has not been proven to re
sult in a cure. Therapy is often unsuccessful 
in eliminating the organism because of the in
tracellular location of B. canis. Eradication of 
infected animals has been suggested as neces
sary, especially in kennel situations.115 Therapy 
can be attempted for a pet animal, providing 
the owner is aware that canine brucellosis can 
cause disease in humans. hrununocompetent 
humans tend to be more resistant to B. canis 
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• Table 5-12. Confirmation of Brucella canis Infection in the Dog 

Material to Culture 

Postabortion discharge 
Placenta 
Abortus 
Semen 

Blood 
Blood 

Epididymis 

Urine 

Prostate 
Lymph node, spleen, and 

bone marrow 

Eye 
Intervertebral disk 

Time to Culture 

When present 
When present 
When present 
3- 11 weeks after infection 
12-60 weeks after infection 
>60 weeks after infection 
5-30*weeks after infection 
6-12 months after infection 
28-48 months after infection 
48-58 months after infection 
>58 months after infection 
35-60 weeks after infection 
>100 weeks after infection 
8-30 weeks after infection 

Until 64 weeks after infection 
When animal is bacteremic 

When animal is abacteremic 
When uveitis is present 
When diskospondylitis is present 

* Blood cultures are intermittently positive 30 weeks after infection. 

Expected Results 

Positive 
Positive 
May be negative 
Positive 
Positive but few organisms are shed 
Negative 
"100%" positive 
>80% positive 
50%-80% positive 
25%-50% positive 
<25% positive 
50%-100% positive 
Negative 
Usually positive; more organisms shed 

by male than by female 
Usually positive 
Usually positive 

Positive or negative 
Usually positive 
Positive or negative 

Modified from Johnson CA, Jacobs j, Walker RD: Diagnosis and control of Bmcelln ennis. Ill Proceedings of the Annual Meeting of the 
Society for Theriogenology, San Diego, August 16-17. Nashville: Society for Theriogenology, 1991, p 239, Reprinted from Johnson CA, 
Walker RD: Clinical signs and diagnosis of Bmcel/n Cmzic infection. Compend Cantin Educ Pract Vet 14:767, 1992, with permission. 

than to other Brucella species and generally 
respond well to appropriate therapy if in
fected; immunocompromised individuals, 
pregnant women, and children should avoid 
exposure. The majority of infections in people 
result from laboratory accidents where some
one has been directly exposed to the organism, 

or from the handling of infected animals. 
Symptoms in infected humans include fever, 
sweats, weakness, weight loss, headache, 
lymphadenopathy, and splenomegaly. Agglu
tination tests that utilize only B. abortus antigen 
are negative for persons with B. canis infec
tion.122 Tetracycline, demethylchlortetracy-

• CJ Table 5-13. Serologic Tests for Brucella canis in the Dog 

Serologic Test* Antigen 

2-ME-RCAT Cell wall 

2-ME-TAT Cell wall 

AGID test Cell wall 

AGID test Cytoplasmic 

ELISA Cell wall 

Time Frame for Positive Results 

8-12 weeks after infection to 
3 months after the animal is 
abacteremic 

10-12 weeks after infection to 
3 months after the animal is 
abacteremic 

12 weeks after infection to 
4 months after the animal is 
abacteremic 

12 weeks after infection to 
36 months after the animal is 
abacteremic 

Unknown (expect time to be 
similar to that observed with the 
TAT) 

Comments 

Very sensitive; false-positive 
results are common; few (1 %) 
false-negative results are 
reported; easy and fast 

Semiquantitative; false-positive 
results are possible 

Test procedure is complex: 
more specific than 2-
ME-RCAT 

Most specific serologic test but 
not sensitive; detects chronic 
cases when other tests give 
negative results 

Very specific; less sensitive than 
TAT; limited availability 

* RCAT, card slide agglutination test; 2-ME, 2-mercaptoethanol; TAT, tube agglutination test; AGIO, agar gel immunodiffusion; ELISA, 
enzyme-linked immunosorbent assay. 
Data from Carmichael LE, Greene CE: Canine brucellosis. Ill Green, CE (ed): Infectious Diseases of the Dog and Cat. Philadelphia, WB 
Saunders, 1990, pp 573-584. 



cline, doxycycline, lymecycline,123 and minocy
cline hydrochloride have been used for 
treating brucellosis in humans. 

A synergistic effect between tetracycline and 
streptomycin was demonstrated in brucella
infected mice. 124 Minocycline administered 
orally at a dose of 25 mg/ kg once daily for 2 
weeks and dihydrostreptomycin administered 
intramuscularly at a dose of 5 mg/ kg every 
12 hours for 1 week was associated with tem
porary remission of canine brucellosis. Using 
this regimen, 15 of 18 experimentally infected 
dogs had negative blood cultures at the time 
of euthanasia (6 to 28 weeks following ther
apy)Y5 However, relapse can occur weeks to 
months following treatment. An apparent cure 
of 94 per cent of dogs with canine brucellosis 
also has been reported following therapy with 
tetracycline hydrochloride (30 mg/kg twice 
daily for 28 days) and intramuscular strepto
mycin (20 mg/kg once daily for 14 days).126 

Unfortunately, dogs that appear "cured" may 
relapse after cessation of therapy, during es
trus, or during pregnancy. Animals that were 
treated with antibiotics and are still infected 
may have negative blood cultures and nega
tive serologic tests for weeks to months when 
a true cure has not occurred.127 Some infected 
bitches who were treated with antibiotics have 
gone on to whelp living pups.l28 It is unknown 
if pups born to infected bitches can seroconvert 
upon reaching puberty. 

Other antibiotics, such as ampicillin, tri
methoprim, sulfadiazine, rifampin, declo
mycin, sulfadimethoxine and fluoroquino
lones alone or in combination also have been 
used without complete success to treat infected 
bitches.116•125 Because the reproductive tract is 
one reservoir of organisms, pet owners wish
ing to treat their animals are encouraged to 
have the pet neutered and reminded that ther
apy will likely result in remission but not cure. 
Pets that are treated and neutered are less 
likely to discharge the large numbers of organ
isms necessary to result in human infection. 

Other Brucella species Infections. Brucella 
abortus, B. suis, and B. melitensis all have been 
associated with abortion in the bitch, 110·129:130 but 
the role of these Brucella species in causing 
reproductive diseases in dogs is not great. Ex
posure to infected livestock usually is a key 
part of the history. 

Abortion at 38 to 39 days of canine gestation 
caused by ingestion of B. abortus in infected 
milk, udders, or offal has been reported in 
bitches in the United States, Germany, and 
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Great Britain.131 Natural infection also has been 
reported to occur following ingestion of con
taminated bovine placentas and aborted fe
tuses.l20 Brucella abortus biovar 4 was isolated 
from 14 of 14 dogs on 10 farms with Brucella
infected cattle.132 Only 3 of the 10 farms had 
two or more dogs, including a sexually intact 
female, and none of these dogs had a history 
of whelping or reproductive disease. Infected 
dogs may have the potential to infect cattle, 
and possibly humans, and pose a threat for 
longer duration of disease transmission in cat
tle than previously assumed. The RCAT used 
to screen for canine brucellosis does not pro
vide diagnostic information on infection for 
some of the other brucella species, so specific 
screening for each organism may need to be 
performed. 

Campylobacter. Campylobacter species, bac
teria that have been associated with abortions 
and stillbirths of sheep and cattle, also have 
been isolated from tissues of aborted pups as 
well as from apparently healthy dogs.133 

Ninety-five Campylobacter species isolates were 
isolated from rectal swabs collected from 362 
healthy dogs, with prevalence greater for dogs 
less than 6 months of age than adults, for dogs 
living under high density and cohabitation 
housing conditions, and during the autumn 
season. 

Campylobacter jejuni was isolated from a 
Wheaton terrier bitch who aborted, and 
Campylobacter of undetermined species was 
isolated from aborted poodle pups.134 The 
Wheaton terrier entered premature labor on 
the 45th day of gestation and required treat
ment for dystocia. One live and two dead fe
tuses were removed through the vagina. The 
live fetus died within minutes of delivery. 
Other than the abortion, the bitch had no signs 
of illness. The owner of the Wheaton terrier 
indicated that two children in the family had 
been ill with an undiagnosed gastrointestinal 
disease approximately 2 weeks before the bitch 
aborted. Pure cultures of C. jejuni were isolated 
from the liver and stomach contents obtained 
from one of the pups. A swab of the dam's 
cervical area was culh1red; the cervical swab 
yielded colonies of mixed flora; but colonies 
of Campylobacter predominated. 

Tissues of aborted pups from another bitch 
were submitted for histologic evaluation from 
a kennel experiencing diarrhea and vomiting 
in adult dogs and the birth of weak and dead 
pups during an 8-month period.134 Histologic 
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examination revealed pneumonic lesions, in
cluding generalized collapse, acute bronchio
lar epithelial necrosis, focal hyperplasia, and 
numerous macrophages with alveoli. The re
quest for additional samples was made. Three 
premature poodle pups from a subsequent lit
ter· were then submitted. Although specific mi
croscopic lesions were not observed in the poo
dle pups, a Campylobacter species was isolated 
from fetal lung and liver tissues. The culture 
was lost before final identification of the spe
cies could be made. 

Campylobacter species may be zoonotic and 
have public health significance. Animal-to
human transmission is generally implied, but 
infections also may go from humans to ani
mals. However, in an epidemiologic study of 
human campylobacteriosis, 38 dogs, 9 pups, 
and 13 cats were examined.135 None of the dogs 
or cats had diarrhea, and Campylobacter was 
not recovered from the animals. Because 
Campylobacter has public health significance, it 
is prudent to culture fetal tissues (liver, lung, 
stomach), placenta, and vaginal swabs ob
tained from an aborting bitch. Because Campy
lobacter requires special culhtre media, the di
agnostic laboratory conducting the testing 
should be contacted for instructions for proper 
sample submission and alerted that Campylo
bacter is a consideration. It has been recom
mended that fetal or pup tissue, including 
stomach or stomach contents, as well as pla
centa and vaginal swabs of the bitch, be sub
mitted for bacterial culture from all cases of 
aborted or premature nonviable pups.B4 

If campylobacterosis is identified in a ken
nel, adult dogs may be treated with oral eryth
romycin (10 to 15 mg/kg every 8 hours) or oral 
neomycin (2.5 to 5 mg/kg every 12 hours). 110 

Other antibiotics that have been reported as 
effective include tetracycline and chloram
phenicol. The animal should be treated for at 
least 5 days or 1 to 3 days beyond resolution 
of clinical signs (i.e., resolution of diarrhea). 
Antibiotic treatment may not eradicate the bac
teria in a kennel, and reinfection can occur. 
Intermittent or chronic infections may need to 
be treated for weeks. 

Salmonella species. Salmonellae are mo
bile, non-spore-forming, gram-negative bacilli 
of the fanuly Enterobacteriaceae. Salmonellae 
are found worldwide and have important pub
lic health implications, causing mild to severe 
gastrointestinal disease in humans. 136 Salmo
nella infections may be severe and life threaten
ing in immunocompromised people. 

The most common source of infection, which 
occurs through the gastrointestinal route, is 
contact with contaminated food, water, or fom
ites. The frequency of fecal isolation from 
healthy or hospitalized dogs has been reported 
as 1 to 36 per cent.137-

140 The ability of salmonel
lae to infect a dog and cause clinical illness 
depends on many factors. Antibiotic therapy 
may reduce the resistance of a dog to salmonel
losis and prolong the course of illness. Dogs 
developing salmonellosis in a hospital out
break were at risk if they had received prior 
antimicrobials, especially ampicillin.141 Age is 
another important variable. Pups less than 1 
year of age are more susceptible to infection 
and clinical illness than are adult dogs.136 

Salmonella panama has been isolated from the 
fetuses of two related boxer bitches.142 In one 
case, a boxer pup was aborted at day 52 of 
pregnancy, with two dead and seven live pups 
later delivered by cesarean section. In the sec
ond case, one dead and five live pups were 
delivered by cesarean section on day 56 of ges
tation. On macroscopic examination, the pla
centa and organs of the aborted fetus from the 
first case were partially autolyzed. The fetal 
liver was enlarged and adhered to the body 
wall. Cultures were obtained from the placenta 
and fetal heart, liver, lung, kidney, and spleen. 
The fetus from the second case was well pre
served without visible gross abnormalities. No 
placenta was submitted from the second case, 
but similar fetal tissues were submitted for 
culture as for the fetus in the first case. In 
addition, stomach contents and meconium 
were culhtred from the second case. A pure 
culture of S. panama was isolated from organs 
sampled and the placenta. Subsequent exami
nation of rectal swabs from the two bitches, 
surviving pups, and other dogs from the same 
establishment failed to produce isolates of 
S. panama. Possible sources of infection consid
ered included the feeding of inadequate 
cooked offal and the introduction of an im
ported male into the kennel. 

Salmonella species have been reported pres
ent in 12.1 per cent of 4752 canine fecal sam
ples.143 Of those positive, 9 per cent were 
S. panama. Their role in fetal death may be that 
of a primary pathogen or a secondary patho
gen, ascending into the uterus at the time of 
fetal death. Salmonella species are not consid
ered to be part of normal vaginal flora (see 
Chapter 12). 

Treatment depends on the clinical signs. An
imals that are bacteremic should receive ap
propriate antibiotics. Drugs that have been 



suggested for treating salmonellosis include 
chloramphenicol, trimethoprim-stillonamides, 
and amoxicillin.110 There is strong evidence 
that antibiotic treatment can prolong the Sal
monella carrier state in humans. The traditional 
anti-Salmonella drugs for treating humans have 
been ampicillin, chloramphenicol, and furazol
idone.144 However, these drugs may promote 
the carrier state. Conversely, treatment of Sal
monella enteritis with trimethoprim-sulfameth
oxazole or oral polymyxin B has been reported 
to shorten the period of Salmonella shedding 
and to cure permanent carriers.145 Animals 
with only diarrhea should not be given antibi
otics because the gastroenteritis is self-limiting 
and several antibiotics promote a carrier state. 
Additionally, antibiotic therapy may promote 
the development of bacterial resistance. 

Prevention depends on isolating infected an
imals from other animals and providing excel
lent sanitation to reduce the spread of the or
ganisms. Airborne transmission occasionally 
may occur. Dogs usually acquire the infection 
from fomites or by drinking contaminated wa
ter and foods. Salmonellae can survive for rela
tively long periods outside the host. 136 Pre
vention can be compromised by the indiscrimi
nate use of antibiotic therapy. It takes 1 million 
times more Salmonella organisms to produce 
disease in an untreated animal than in an ani
mal pretreated with an antibiotic.144 Therefore, 
it seems prudent to avoid giving prophylactic 
antibiotics to pregnant bitches, especially those 
who are clinically normal, without signs of 
infectious disease. 

Escherichia coli. Escherichia coli is the most 
common bacterium isolated from the ·canine 
vagina. It is also commonly cultured from the 
uteri of bitches with metritis and pyometra. 
Escherichia coli was isolated from the vaginal 
swabs and uterine exudate obtained from a 5-
year-old Airedale bitch who aborted two fe
tuses at day 41 of pregnancy and subsequently 
delivered two live and three dead pups by 
cesarean section on day 61 of pregnancy.146 At 
the time of abortion, the bitch had a hemor
rhagic discharge passing from the vulva and 
was anemic. The discharge subsided with anti
biotic therapy. Concentrations of progesterone 
at the time of abortion were considered normal 
for the stage of pregnancy (i.e., 20.5 ng/ml). 
The two fetuses alive at the time of cesarean 
section died within 2 days. The author specu
lated that endotoxins induced decidual hemor
rhage and caused complete placental separa
tion for the two fetuses that aborted. Escherichia 
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coli produces an endotoxin that has been 
shown to be an abortifacient in other species 
and may result in pregnancy termination in 
the bitch. 

Bitches with pyometra occasionally have 
concurrent purulent material and fetuses pres
ent in the uterus (P. N. Olson, unpublished 
observations, Colorado State University, 1981-
1989). The fetuses may be viable, or in various 
stages of degeneration. In some cases, antibi
otic therapy may prevent further fetal loss as 
monitored by ultrasonography and eventual 
birth outcome. In other cases, ultrasonography 
may reveal progressive death of feh1ses in 
spite of antibiotic therapy, necessitating medi
cal or surgical treatment for the pyometra 
(i.e., prostaglandin therapy or ovariohyster
ectomy). 

Streptococci. ,8-Hemolytic streptococci are 
common isolates from the normal canine va
gina that have been associated with infertility, 
uterine disease, abortion, and neonatal septice
mia. Mantovani and co-workers reported the 
presence of a ,8-hemolytic streptococcus (type 
L) from the vaginal swabs (n = 5) and lymph 
node aspirates (n = 2) of five collie bitches 
from a kennel with a history of abortion, infer
tility, and neonatal death.147 For 2 years, abor
tion in the kem1el occurred mainly between 
days 30 and 40 of gestation. During the third 
year, however, abortions were mainly ob
served during the last 10 days of pregnancy. 
Abortion or neonatal death occurred when the 
streptococci isolated from the clinical cases 
were later inoculated into experimental 
bitches. 

,8-Hemolytic streptococci, like many other 
potential pathogens, are part of the normal 
vaginal flora in dogs. Therefore, merely isolat
ing a ,8-hemolytic streptococcus from a vaginal 
swab does not necessarily establish the cause 
for reproductive failure or pregnancy tennina
tion. Twenty-one ,8-hemolytic streptococcal 
isolates, types C or G, were isolated from vagi
nal swabs obtained from 125 normal adult 
bitches in various stages of the estrous cycle.148 

Othe1· Bacteria. Various bacteria have been 
associated with abortion in dogs. Because bac
terial organisms of various types are normally 
present in the caudal reproductive tract of 
healthy bitches, it is difficult to determine 
whether an organism was the primary factor 
in the fetal death and abortion or invaded after 
cervical patency and fetal compromise oc
curred. 
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Viruses 

Canine Herpesvirus Infection. Canine her
pesvirus (CHV) infection was first reported in 
1965 as the cause of a fatal viral disease in 
newborn pups, characterized by generalized 
focal necrosis and hemorrhage.149 The disease 
in the adult dog is mild or inapparent and 
?enerally restricted to the respiratory and gen
Ital tracts. The spread of CHV is primarily the 
result of licking (saliva and nasal mucus) or 
coughing (aerosol). Other modes of infection 
include in utero transmission and venereal 
spread.150 When a pregnant bitch is infected, 
the virus can spread to the fetus and cause 
fetal death, mummification, abortion, prema
ture birth, and stillbirths. In one study, 151 fetal 
infection was established in 28 of 33 pups ob
tained from seven pregnant bitches inoculated 
with CHV on days 47 to 53 of gestation. Of 
the 33 pups born, 2 were stillborn, 5 were born 
alive and remained healthy throughout the ob
servation period, and 26 pups died in the neo
natal period. Three pups (the two stillborn 
pups and one live-born pup) were runted. 
Fourteen of the fetal placentae had variable 
degrees of necrotizing lesions. The lesions in
cluded degenerative changes and focal necro
sis of the placental labyrinth. Lesions were 
present in the walls of allantoic blood vessels 
and intranuclear inclusions were evident ii~ 
degenerating trophoblastic cells and in the 
cells of maternal and fetal blood vessels. Infec
tive virus and viral antigens were detected in 
various organs of the pups (e.g., liver, spleen, 
kidney, lung). 

Abortion and premah1re birth may occur in 
pregnant bitches infected with CHV during 
the second third of gestation.152 Abortion oc
curred approximately 2 to 3 weeks after a preg
nant bitch was inoculated with CHV on day 
30 of gestation. Two other bitches inoculated 
with CHV on day 30 of gestation delivered 
dead, mummified, or live pups by cesarean 
section. Infection .by CHV was confirmed his
tologically by the presence of focal areas of 
necrosis associated with intranuclear inclusion 
bodies in heart muscle sections of one dead 
feh1s; CHV was not recovered from other or
gans. When two bitches were inoculated on 
day 40 of gestation, they gave birth to 10 pre
mature pups, born 5 to 7 days prior to the 
anticipated whelping dates. CHV was isolated 
from the liver, spleen, kidneys, and lungs of 
the premature pups. 

Abortion from CHV should be self-limiting 
after the bitch develops immunity. It is gener
ally believed that bitches experiencing fetal 
loss or neonatal death from CHV will not have 
subsequent litters affected. Although many 
adult dogs have been exposed to CHV and 
have immunity, it is very important to prevent 
exposure of those pregnant bitches who may 
not have immunity (i.e., young bitches, highly 
confined or isolated bitches). Treatment is gen
erally unrewarding (see Chapter 8). 

~~nine Parvovirus Type 2. Although the 
ability to cause transplacental infections is an 
important pathogenic trait of most autono
mous parvoviruses, the role of canine parvovi
rus type 2 (CPV-2) in reproductive perfor
mance in the pregnant bitch appears less than 
in some other species. In one study,153 an exam
ination of breeding records for a 7-year period 
~emon~t_rated a sudden decrease in reproduc
tive efficiency after CPV-2 was introduced into 
a kennel. However, conception rate, rate of 
stillborn pups, average litter size, and average 
number of pups weaned did not change when 
CPV -2 became established in another kennel.154 

Although experimental infection with CPV-2 
in utero has been associated with myocardi
tis/55 natural transplacental infection and dis
ease from parvovirus is much rarer in dogs 
than in other species. 

Minute Virus of Canines. Minute virus of 
canines (MVC or canine parvovirus type 1) has 
been shown to cause transplacental infections 
and resorption, especially in bitches given par
enteral inoculations of MVC during the first 
half of gestation.156 Direct exposure of embryos 
or fetuses to MVC via the amniotic sac resulted 
in embryonic/ fetal death approximately 2 
weeks after exposure. Although the role of 
MVC as a natural cause of fetal resorption in 
t~1e bi~ch requi~es additional studies, resorp
tion did occur m three of eight experimental 
bitcl:es infected via the oral-nasal route, sug
gestmg a mode of natural transmission. When 
infection was induced during the last half of 
~estation, MVC was incriminated as a poten
tial cause for abortion and pups who were 
born dead or dying. The disease in the dead 
or dying pups was manifested as anasarca, 
h~r~g consolidation, nonsuppurative pneumo
mhs, pulmonary vasculitis, and myocarditis157 

(see Chapter 8). 

. Canine Distemper Virus. Canine distemper 
virus (CDV) can cross the placenta, resulting in 



abortion and congenital infections in newborn 
pups.158 Abortion can result from the severe 
systemic effects of CDV infection in the bitch 
or from a direct infection of the placenta or 
fetuses. Viral antigens were not identified in 
pups aborted solely because of maternal sys
temic effects, such as fever. Viral antigens 
were, however, identified in tissues and le
sions observed at necropsy in aborted pups 
that were infected with CDV in utero. 

Mycoplasma and Ureaplasma. Myco-
plasma and ureaplasma are two genera of the 
family Mycoplasmataceae. Ureaplasma have 
the ability to hydrolyze urea and were for
merly called T-strain mycoplasmas because of 
their tiny ("T" standing for tiny) size. Both 
mycoplasmas and ureaplasmas can be part of 
the normal mucosal flora of the nasopharyn
geal and reproductive tracts of dogs. However, 
urogenital diseases caused by mycoplasmas 
and ureaplasmas have been recognized for 
years in humans and cattle, 159 and in dogs have 
been associated with reproductive disease, in
cluding poor conception, early embryonic 
death or fetal resorption, abortion, stillborn 
pups, weak pups, and neonatal death.159

•
160 

Bitches may not show clinical signs of genital 
infection from mycoplasma or urea plasma, but 
embryos, fetuses, or newborn pups may be 
infected in utero following breeding, during 
pregnancy, or at the time of whelping if ex
posed to organisms in the vaginal cavity.110 

Diagnosis is based on isolation of the organ
isms from fetal tissues or uterine discharge. 
Culture swabs should be placed in Amies 
(without charcoal) transport medium (Difco 
Laboratories, Detroit, MI), chilled but not fro
zen, and shipped by overnight express to a 
laboratory with expertise and experience in 
isolating mycoplasma and ureaplasma. 

Although several species of mycoplasma 
and serologic groups of urea plasma have been 
isolated from dogs, the exact role of each spe
cies and strain in reproductive dysfunction has 
not been established. It is thought that myco
plasma and ureaplasma are not a significant 
cause of reproductive dysfunction in single
housed dogs or those maintained under strict 
hygiene. Reproductive dysfunction may be 
more likely to occur in kennels under intense 
management, especially when animals are 
housed closely together. One suggested 
method of controlling reproductive dysfunc
tion in affected dogs is to alter the husbandry 
?nd management, isolating bitches and dogs 
mto smaller, less intense groups and treating 
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with appropriate antibiotics. 161 Although tetra
cyclines, chloramphenicol, and quinolones are 
effective against mycoplasma and urea plasma, 
they are not considered as safe in pregnant 
bitches as some other drugs. 161 Quinolones are 
recommended if treatment during pregnancy 
is necessary. The veterinarian should be aware 
that reinfection is common after treatment, be
cause mycoplasma and urea plasma are ubiqui
tous in nature. 

Parasites 

Toxoplasma gondii. Toxoplasma gondii in
fects many species of animals, including dogs. 
Transmission can occur through congenital in
fection, ingestion of infected tissues, and inges
tion of oocyst-contaminated food or water. Lit
tle is known of transplacental toxoplasmosis 
in dogs or cats, although its prevalence is 
thought to be less common than that occurring 
in sheep and goats. 163 

Toxoplasma gondii has been reported to infect 
pups in utero following experimental inocula
tion (intravenous or intraperitoneal) of the 
pregnant bitch with a suspension of tachy
zoites harvested from infected mice.164 Infected 
bitches generally showed systemic illness 3 to 
5 days after inoculation with the tachyzoites, 
including depression, anorexia, diarrhea, and 
ocular and nasal discharge. Infected pups were 
delivered 4 to 6 days after the bitches were 
inoculated and died soon after birth. 

Neospora caninum. Neospora canimnn, a re
cently recognized protozoal disease that may 
have been previously confused with canine 
toxoplasmosis, has been reported to be trans
placentally transmitted in dogs.165 An 8-year
old beagle bitch obtained from a parasite~free 
breeding colony was inoculated both subcuta
neously and intramuscularly with tachyzoites 
of N. caninum on day 35 of pregnancy. Eight 
pups were born on the 28th day after N. cani
num inoculation. The smallest of the eight pups 
was enclosed in fetal membranes at birth and 
thought to have died in utero. Myocarditis was 
detected in the pup on microscopic examina
tion of cardiac tissues. Whether N. caninum is a 
significant cause of naturally occurring canine 
abortion is unknown. 

NONINFECTIOUS CAUSES OF EMBRYONIC 
OR FETAL DEATH 

Maternal Endocrine Abnormalities 

Hypoluteoidism [Inadequate Luteal Phase]. 
Because the maintenance of canine pregnancy 
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is dependent upon serum progesterone con
centrations of greater than 1 to 2 ng/ml, and 
because abortion often is accompanied by con
centrations of progesterone lower than those 
necessary for maintaining a pregnancy, some 
authors have suggested that resorption, abor
tion, and premature deliveries in the bitch may 
be the result of inadequate production of pro
gesterone from luteal tissue.130·166 This sugges
tion may have merit when infectious and other 
causes for fetal death are absent, or when a 
bitch that previously experienced a pregnancy 
loss carries a normal pregnancy to term af
ter receiving progesterone supplementation. 
However, there is no documented confirma
tion of abnormal luteal function leading to nat
urally occurring pregnancy termination in 
the dog. 

Caution must be exercised when making the 
diagnosis of hypoluteoidism, recognizing that 
a decrease in progesterone is a normal physio
logic response that results from fetal distress 
and that may accompany premature delivery 
or abortion from any cause. Administration of 
progesterone to maintain pregnancy in bitches 
carrying fetuses with primary abnormalities, 
bitches with placentitis, or those with intra
uterine infections can result in maintenance of 
an abnormal pregnancy, dystocia, pyometra, 
and septicemia. 

The type or dose of progesterone to adminis
ter to bitches with proposed hypoluteoidism 
remains uncertain. Progesterone in oil, 4 to 6 
mg/lb intramuscularly every 1 to 2 days, has 
been suggested as treatment for hypoluteoid
ism, discontinuing injections 1 week prior to 
anticipated whelping to permit normal partu
rition.151 Owners should be warned that pro
gesterone therapy might masculinize female 
pups. Female pseudohermaphrodism of pups 
has been cited to occur when progesterone is 
administered to racing greyhounds during 
gestation.167 

The use of ally-trenbolone as a progesta
tional agent to maintain pregnancy in the bitch 
also has been reported.168 The administration 
of ally-trenbolone at a dose of 0.088 mg/kg/ 
day per os successfully maintained pregnancy 
in three of three bitches ovariectomized on 
days 34 to 42 of gestation and in one of three 
bitches ovariectomized on day 8 or 9 of gesta
tion. Therapy was discontinued 2 days before 
the anticipated whelping date, as determined 
by use of vaginal cytology to predict the onset 
of cytologic diestrus. Bitches whelped between 
0 and 2 days after ally-trenbolone therapy was 
discontinued. All pups born to one bitch the 

day treatment was discontinued died because 
of dystocia due to oversized pups. Four of six 
pups born to one bitch 1 day after treatment 
was discontinued survived, and all 12 pups 
born to two bitches 2 days after treatment was 
discontinued survived. Milk production was 
minimal at parturition but increased within 2 
days of whelping. 

Hypothymidism. Although the role of io
dine and the thyroid gland in successful repro
duction has been established in many species, 
there is little information correlating hypothy
roidism with infertility or fetal loss in the dog. 
Results of studies in women suggest a correla
tion between the failure of the normal rise in 
thyroid hormone concentrations during early 
pregnancy and abortion.169 Although pregnant 
women with hypothyroidism are reported to 
have a stillbirth rate twice that of euthyroid 
patients, other hypothyroid patients have been 
reported to carry normal pregnancies to term. 
In one study of 66 hypothyroid dogs,170 which 
included male dogs and neutered bitches, only 
1 dog had a history of abortion. 

Hypothyroidism is the most commonly di
agnosed endocrinopathy in dogs. Lympho
cytic thyroiditis and idiopathic thyroid atro
phy are the most common causes of canine 
hypothyroidism.171·172 Reproductive function in 
male dogs varies depending on the type of 
thyroid dysfunction. Lymphocytic thyroiditis 
has been associated with lymphocytic orchitis 
and sterility in male dogs.173 Daily sperm out
put remained normal, however, when hypo
thyroidism was induced in male beagle dogs 
with surgery and propylthiouracil (S. F. Soder
berg, unpublished results, Colorado State Uni
versity, 1984) or with iodine-131 174 (see Chap
ter 23). 

In a colony of hypothyroid borzois, infertil
ity was reported as the major problem.104 

Bitches cycled every 10 to 12 months, but did 
not show normal behavioral estrus and were 
unreceptive to breeding. Conception rates 
were poor, ranging from 33 to 50 per cent. 
Abortion at midgestation and stillbirths at 
term were common. Mummified fetuses were 
also observed. Lymphocytic hypothyroidism 
was identified in the borzoi colony and 
thought to result from a single-gene reces
sive trait. 

Other Endocl"ine Disorders. Diabetes melli
tus, adrenal insufficiency, and hyperadreno
corticism are other maternal endocrinopathies 
that may affect embryonic and fetal develop
ment in women, and possibly dogs. 



Exogenous Drugs. Drugs that may have an 
adverse effect on canine pregnancy were dis
cussed above. When using drugs to treat a 
pregnant bitch, one should consider potential 
effects of the drug on the developing embryo 
or fetus. 

Immunologic Factors. Unexplained abor
tions account for 30 to 50 per cent of all miscar
riages in women. Immune factors are now con
sidered one explanation for some of the 
previously unexplained human abortions. 175 

Systemic lupus erythematosus is known to be 
associated with an increased incidence of 
spontaneous abortion, fetal death, and pre term 
delivery with neonatal death in humans. The 
role of immunologic factors in embryonic and 
fetal death in dogs is unknown. 

Genetic Factors. In one study,176 chromo
some abnormalities were observed in 31.9 per 
cent (29 of 91) of the poor-quality human em
bryos evaluated. The abnormalities included 
mosaicism (diploid/haploid, diploid/ triploid, 
diploid/ aneuploid), pulverized chromo
somes, aneuploidy, prematurely condensed 
chromosomes, and structural rearrangements 
of chromosomes. The types of fetal chromo
some abnormalities associated with resorp
tion, abortion, stillbirth, or mummification in 
dogs and cats have been compared to those 
observed in humans (Table 5-14).106 

In the dog, death and mummification were 
detected in a 117,XXX malamute pup delivered 
by cesarean section 5 days after its due date. 177 

This was a single pup conceived from insemi
nation with thawed frozen semen 65 days ear
lier. At necropsy, multiple somatic abnormalit
ies were identified, including ectopic ab
dominal viscera; atresia ani; diaphragmatic 
hernia; arthrogryposis of the left foreleg; ab
sence of the right humerus, radius, ulna, car
pus, metacarpus, and phalanges; lordosis of 
thoracic vertebrae; open cranial fontanelles; 
cleft palate; and persistent right aortic arch. 

Two mosaic littermate Munsterlander 
pointer pups were reported to be delivered 
spontaneously with nine normal pups after a 
61-day gestation.178 One mosaic pup (117,XXY I 
156,XXYY) was stillborn, small in size, and 
hydrocephalic; had hypospadias; and was bi
laterally cryptorchid. The other mosaic pup 
(78,XY /156,XXYY) was born alive but died a 
few hours after birth; this pup also had hydro
cephalus. 
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Chromosome abnormalities of the embryo 
due to gamete aging predispose to miscarriage 
in humans and may be a cause of small litter 
size in the dog. Holst and Phemister reported 
a ratio of more than 0.8 for the number of pups 
to the number of corpora lutea in bitches bred 
a single time at 4 to 10 days before the onset 
of cytologic diestrus. 179 However, the ratio of 
pups to corpora lutea was 0.5 in three bitches 
bred a single time 11 days before the onset of 
cytologic diestrus and 0.63 in four bitches bred 
a single time 3 days before the onset of diestrus 
(Fig. 5-5). Aging of both sperm and ova before 
fertilization is accompanied by a higher proba
bility of abortion in humans, and postovula
tory aging of ova in laboratory animals has 
been found to be associated with decreased 
litter size, increased polyspennia, and chromo
somal abnonnalities.180 It is possible that the 
reduced ratio of pups to corpora lutea for 
bitches bred too early or too late in estrus also 
may result from sperm aging or ova aging, re
spectively. 

There is evidence from women having in 
vitro fertilization that oocyte quality also de
clines with the age of the patient.181 A marked 
reduction in implantation rates has been re
ported,182 with delivery rates in women over 
the age of 40 being one third to one half those 
in younger women. The ability of female bea
gles to reproduce decreases with age, begin
ning at 4 to 8 years of age.183 During this 
time, the number of bred bitches failing to 
whelp increases, the number of pups whelped 
per litter decreases, and the pups lost prior 
to weaning increases. The waning ability to 
reproduce further decreased after 8 years 
of age. 

Because over 400 genetic diseases have been 
described in dogs that survived gestation/84 it 
is likely that resorption and abortion may oc
cur when these defects are more severe and 
result in embryonic or fetal death. Neonatal 
pup mortality is reported to be higher in pure
bred dogs than in hybrid dogs, supporting the 
hypothesis that inbreeding may contribute to 
poor reproductive perfon11ance.185 Mean con
ception rates were studied in a foxhound col
ony when 14 outbred and 4 inbred male dogs 
were bred naturally to 544 outbred and 52 in
bred bitches.186 Mean conception rates, total 
number of pups whelped, and number of pups 
born alive were greater ( p < 0.01) in out bred 
compared to inbred lines. If repeated resorp
tion or abortion occurs in a breeding pair of 
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• Table 5-14. Types of Fetal Chromosome Abnormalities Associated with Fetal Death 
(Resorption, Abortion, Stillbirth, or Mummification) 

Species 

Human (2n = 46,XX Canine (2n = 78,XX Feline (2n = 38,XX 
Fetal Karyotype 46,XY) 78,XY) 38,XY) 

Autosomal trisomy 47,XX+- NR 39,XY, + 11 
(2n + 1) 47,XY, + -

(51.9%)* 
Monosomy X 45,XO [77,XO]t [37,XO]t 

(2n- X) (18.9%)* 
Triploidy) 69,XXY 117,XXX NR 

(3Ii) 69,XXX 
69,XYY 
(15.5%)* 

Tetra ploidy) 92,XXYY NR NR 
(4n) 92,XXXX 

(5.6%)* 
Translocation 45,XX,tH [77,XX,rob(lq;9q]t NR 

45,XY,t(--) [77,XX,t(13q;17q)]t 
(3.8%)* 

Mosaicism 46,XX/46,XY 177,XXY /156,XXYY 38,XX/37,XX, - E 
2n/2n (1.5%)* 78,XY /156,XXYY 38,XX/39,XX, + D 
xn/xn [78,XX/78,XY]t 38,XX/37,XX, - F 

[38,XX/38,XY]t 

*Percentage denotes portion of 3040 human abortions with cytogenetic abnormalities. 
t Brackets denote that chromosome abnormality has been reported in species indicated, but not in association with fetal death. All 
abnormalities listed as present in human abortuses have also been described in humans who survived past birth. 
NR, not reported. 
From johnston SD, Raksil S: Fetal loss in the dog and cat. Vet Clin North Am Small Anim Pract 17:538, 1987, with permission. 

dogs, a different bitch or male dog should be 
used in future breedings. Owners should re
ceive genetic counseling and be encouraged to 
mate dogs that are not highly inbred or line 
bred, and therefore are less likely to produce 
pups with genetic abnormalities. 

Environmental Factors. There is increasing 
awareness that environmental factors may af
fect birth outcomes in humans and animals. 

Number of Jiving pups per corpus Juteum 
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The cause(s) of approximately 60 per cent of 
all human birth defects are unknown,187 and 
epidemiologic studies are just beginning to 
correlate environmental and occupational ex
posures to reproductive dysfunction and ad
verse birth outcomes. Studies of adverse devel
opmental outcomes such as spontaneous 
abortion, low birth weight, and birth defects 
have frequently assessed maternal drug, 
smoking, alcohol, infectious, and occupational 
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Figure 5-5. A: Number of living pups produced per corpus luteum B: Number of pups per litter. !From Holst PA, Phemister RD: 
Onset of diestrus in the beagle bitch: Definition and significance. Am j Vet Res 35:401-406, 197 4, w ith permission.) 



exposures. Additionally, paternal exposures 
are now also considered potential causes of 
human abortion and adverse birth out
comes .1 88-190 The first indications that paternal 
occupational exposures may be linked with 
an increase in spontaneous abortion in people 
were derived from studies of paternal expo
sure to vinyl chloride, anesthetic gases, and 
dibromochloropropane. Positive associations 
have been reported for fetal loss and fathers 
who are smelter workers, plate and steel in
dustry workers, or who are exposed to mer
cury, lead, zinc, and copper. Additionally, 
community-based and industry-specific stud
ies have found an excess of spontaneous abor
tions among wives of men with occupational 
exposures to rubber, plastics, and solvents.188 

These examples serve to illustrate the impor
tance of considering a wide variety of potential 
causes for reproductive loss in dogs, including 
environmental histories on bitches and stud 
dogs. 

Nutritional Factors. In recent years, some 
owners of breeding animals have expressed 
concern over the use of ethoxyquin, a synthetic 
antioxidant, in pet food as a cause of reproduc
tive dysfunction. Butylated hydroxytoluene 
and butylated hydroxyanisole are also used as 
antioxidants in food, and some studies have 
raised concerns about their safety.191 Although 
scientific data are lacking, there are no re
ported clinical or epidemiologic studies that 
demonstrate increased infertility or pregnancy 
loss with various antioxidants used in pet 
foods. 
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Canine Parturition-Eutocia and Dystocia 
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Understanding the physiology and endocri
nology of normal parturition (eutocia) in the 
bitch is necessary for preventing, diagnosing, 
and treating abnormal parturition (dystocia). 
Although the exact mechanisms that lead to 
the initiation of parturition in the bitch are not 
completely known, studies in the bitch and 
other species have provided data that allow 
veterinarians to understand normal birth and 
to identify dystocia. 

Endocrinology of 
Canine Parturition 

£7orticosteroidS 

Both fetal and maternal factors contribute to 
the initiation of normal parturition. Increased 
release of fetal corticotropin-releasing hor
mone near parturition stimulates release of fe
tal adrenocorticotropic hormone (ACTH) and 
subsequent release of fetal cortisol, both of 
which are important in initiating parturitionY 
Fetal hypophysectomy or bilateral fetal adre
nalectomy leads to prolonged gestation in the 
sheep. Stimulating the fetal adrenal by infus
ing ACTH, or directly administering a gluco
corticoid hormone into the fetal lamb in utero, 
leads to premature delivery.2 Fetal pituitary 
and adrenal responsiveness increase during 
late pregnancy and are necessary for normal 
parturition. In addition, fetal adrenal cortisol 
output may result, in part, from the effect of 
tropic substances other than ACTH, or from 
withdrawal of inhibitory substances.1 

Pregnancy-specific increases in plasma corti
sol concentrations occur during late pregnancy 
in the bitch.3 Increased concentrations of corti
sol are, however, erratic, and fail to parallel the 
decline in progesterone and subsequent onset 

of parturition. This may suggest that higher 
concentrations of cortisol at the fetoplacental 
level are more intimately involved in the mech
anism of prepartum luteolysis and initiation of 
parhrrition than are plasma concentrations. 

A prepartum rise in plasma 13,14-dihydro-
15-keto-prostaglandin F2" (PGFM, the major 
metabolite of prostaglandin F2" [PGF]) occurs 
in the bitch.4 The PGFM increase may reflect 
increased synthesis and release of prostaglan
dins by the pregnant uterus, perhaps in re
sponse to increased fetal cortisol secretion. 
Prostaglandins can stimulate uterine contrac
tions directly, or can enter the maternal circula
tion to stimulate release of oxytocin from the 
pituitary gland. 

Progesterone 

A prepartum decrease in serum progesterone 
to less than 1 to 2 ng/ml is required before 
parturition can occur in the bitch.5 Parturition 
is blocked if the prepartum decrease is pre
vented through administration of exogenous 
progesterone; such administration results in 
prolonged gestation, fetal death, and maternal 
compromise.5 Measurement of serum proges
terone concentration has been suggested as a 
test for determining the onset of parturition or 
for selecting the time to perform an elective 
cesarean section, although data are not avail
able to confirm usefulness of this technique.6 

Prolactin 

Canine serum prolactin concentrations increase 
from 40 :±: 7 ng/ml during the week before 
parturition to 117 :±: 24 ng/ ml within 32 hours 
prior to parhtrition. 3 The preparhtm rise in se
rum prolactin is reported to occur when serum 
progesterone concentrations decline.3 
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Predicting the Onset 
of Parturition 

Predicting day of whelping can be difficult, 
because canine gestation length from a single 
breeding can range from 57 to 72 days.7 In 
addition, many bitches are bred multiple times 
during estrus so that the range of possible 
whelping dates is great. When canine gestation 
length is timed from ovulation, however, dura
tion is much more precise, ranging from 62 to 
64 days.7 Predictors of delivery date, which are 
listed in Table 6-1, include date(s) of breeding; 
estimated date of ovulation at time of breeding 
using serum luteinizing hormone or progester
one concentrations, or the diestrous vaginal 
smear; radiographic or ultrasonographic fetal 
development during pregnancy; rectal tem
perahrre decline at term; decline in serum pro
gesterone concentration at term; and signs of 
impending parturition, to include lactation, 

nesting behavior, cervical relaxation, and lo
chial vulvar discharge.3•5•8- 13 Methods of deter
mining day of ovulation and of assessing fetal 
development using radiographic or ultrasono
graphic imaging are described in Chapters 4 
and 5, respectively. 

The prepartum rectal temperature drop is a 
particularly useful clinical tool in predicting 
onset of whelping, because it is a clinical indi
cator of the rapid decline in serum progester
one, the thermogenic hormone that maintains 
pregnancy, at the end of gestation. The average 
rectal temperature declines gradually in preg
nant (Figs. 6-1 and 6-2) beagle bitches during 
late diestrus. 14 A transient and abrupt prepar
tum temperahue drop occurred in 78 of 80 
pregnancies in which rectal temperatures were 
recorded daily or more frequently.5 Mean low 
temperature recorded for 40 pregnancies be
tween 8 and 24 hours prior to parturition was 
98.8°F (range 98.1 o to 100.0°F) . Rectal tempera-

• Table 6-1. Predictors of Onset of Parturition in the Bitch 

Predictor 

Breeding Oates 
Ovulation Date, as Deter111ined by 

Serum luteinizing hormone (LH) 

Serum progesterone 

Diestrous vaginal smear 

Rectal temperature 

Radiographic Appearance of Fetuses 

llltrnsonogrnphic Appearance of Fetuses 

Onset of Lactation 

Nesting Behavior 

Cervical, Vaginovestibular, and Vulvar Relaxation 

Lochia 

Interpretation 

Parturition may occur 57-72 d from a single breeding 

Parturition occurs 64-66 d after the serum LH surge at time 
of estrus 

Parturition occurs 64-66 d after serum progesterone 
concentration of 1-1.9 ng/ml 

Parturition occurs 63-65 d after serum progesterone 
concentration of 2-3.9 ng/ml 

Parturition occurs 62-64 d after serum progesterone 
concentration of 4-10 ng/ ml 

Parturition occurs 12-24 h after a drop in circulating 
progesterone concentration to < 1-2 ng/ml in normal 
bitches3

•
5 

Parturition occurs approximately 57 d after onset of cytologic 
diestrus' 

A drop in rectal temperature to a mean of 98.8°F (range 
98.1°-100.0°F) occurs between 8 and 24 h prior to 
parturition5 

Mineralized fetal spine, skull, and ribs first seen 20-22 d 
prepartum; caudal vertebrae, fibula, calcaneus, and paws 
observed 2-9 d prepartum; teeth observed 3- 8 d 
prepartum9 (see Chapter 5, p 74) 

Combined regression of fetal biparietal diameter and fetal 
trunk diameter can be used to predict the number of days 
before parturition in some breeds10 (see Chapter 5, p 76) 

Onset of secretion of milk by the bitch varies from 2 wk 
before until several days after parturition-" Colostrum may 
appear yellow-tinged and more opaque than later milkY 

Onset ranges from 5 to 7 d prior to onset of parturition to 
the time of first stage of labor 

Increased serum relaxin concentrations near parturition 
cause increased cervical distensibility and relaxa tion.13 The 
vaginovestibular junction and vulva also relax. 

Greenish black discharge passes from the vulva following 
placental separation; whelping should occur within 1-2 h 
of its presence 
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Figure 6-1. Average body temperature during diestrus. (From 
Holst PA: Conine Reproduction-A Breeder's Guide, Loveland , 
CO, Alpine Publications, 1985, p 195, with permission.) 

tures subsequently increased at parturition 
and were above those recorded prior to the 
transient prepartum hypothermia for at least 4 
days postpartum. Rectal temperature declines 
abruptly, at least 1 full degree and often to 
less than 99°F, about 14 hours after prepartum 
luteolysis with drop in serum progesterone to 
less than 1 ng / ml. Temperature thereafter be
gins to rise as the bitch enters stage I labor, 
and whelping starts 8 to 24 hours after the 
temperature drop.5 

Owners can be instructed to monitor rectal 
temperature, starting 54 to 55 days following 
breeding, if prediction of onset of whelping is 

desired. Temperature should be taken three 
times daily in a consistent manner. Small tem
perature drops may be observed during the 
last week of pregnancy as serum progesterone 
declines, and considerable variation in rectal 
temperature values may occur between 
bitches. Occasional bitches do not demonstrate 
a detectable prepartum rectal temperature 
drop even when monitored three times daily. 
Clients should be advised that temperature 
will increase following the drop to about 99°F, 
and that parturition should follow 8 to 24 
hours later. 

Concentrations of serum progesterone de
cline to less than 1 ng/ml 24 to 48 hours be
fore parturition. 

Commercial external monitoring devices 
that record uterine activity and fetal heart rates 
are available (WhelpWise; Veterinary Perina
tal Specialties, Wheat Ridge, CO). The bitch 
wears the monitor for 1-hour periods and an 
operator identifies fetal heartbeats with a 
hand-held Doppler unit twice daily beginning 
the eighth week of gestation. The trace from 
the monitor is transmitted via modem to a 
technician skilled in interpretation of the intra~ 
uterine pressures and fetal heart rates re
corded, and the attending veterinarian is con
tacted with information regarding stage and 
progression of labor and viability of the pup. 
The cost to the client for rental of this external 
monitor is usually less than the price of one 
puppy.1s 

Uterine contractions begin before actual la
boris initiated. Recognizable prelabor patterns 
of uterine contraction can be interpreted by 
trained personnel, allowing appropriate man-

Figure 6-2. Mean recta l temperature in the 
periportum period. (From Concannon PW, 
Powers M E, Holder W, et ol : Pregnancy 
and parturition in the bitch. Bioi Reprod 
16:5 17-526, 1977, w ith permission.) 

Rectal temperature [F] 
102.-------------------------------------~ 

101 

100 

99 

98 

97L-------------------------------------~ 
-4.5 -4 .0 -3 .5 -3.0 -2 .5 -2.0 -1.5 -1 .0 -0.5 +0.3 

Days from whelping 



108 Section I - THE BITCH 

agement of whelping. Fetal distress is recog
nized by decline of fetal heart rates. Diagnosis 
of fetal distress may differentiate eutocia, or 
normal delivery, from dystocia before the bitch 
shows clinical evidence of dystocia. Normal 
fetal heart rate is 150 to 160 beats per minute 
or greater. 

Stages of Canine Parturition 

Stage I 

The first stage of parturition is the time of 
synchronous uterine contractions leading to 
complete cervical dilation. Active contractions 
of the longitudinal and circular muscle fibers 
of the uterine wall occur, but these contractions 
are not visible externally. Stage I labor lasts 
about 6 to 12 hours in the bitch, and is associ
ated with clinical signs of anorexia, restless
ness, apprehension, panting, shivering, and 
occasional vomiting. Obsessive nesting behav
ior may be observed shortly before birth of 
individual pups.16 The bitch may seek seclu
sion. The previous experience and tempera
ment of the bitch play a significant role in the 
length of the first stage of labor. Nervous pri
miparous bitches often experience a prolonged 
stage I that can extend up to 36 hours. 

Stage II 

The second stage of labor is the time when the 
cervix is completely dilated, and the puppies 
are moving through the birth canal (cervix, 
vagina, vestibule, and vulva) to be born. As 
the fetus enters the birth canal and stretches 
the cervix, a neuroendocrine reflex (Ferguson's 
reflex), which is mechanical distention of the 
cervix, uterus, and vagina leading to oxytocin 
release, occursY Cervical distention causes the 
"urge to push," leading the bitch to contract 
her voluntary abdominal musculature and 
show abdominal straining that is visible exter
nally. 

The contractions:of the uterus occur just cra
nial to the most caudal fetus, forcing it through 
the cervix into the birth canal, while the rest 
of the uterus remains quiescent. 11 The process 
then is repeated for the most caudal fetus in 
the other horn, or the fetus immediately cranial 
to the one just expelled. The longih1dinal fibers 
of the uterine horn contract, but the circular 
fibers remain relaxed so that the next fetus 
may pass through. This shortens the uterus as 
parh1rition progresses, so that each fetus in 
turn is brought nearer the cervix. A bitch may 

lie down as each pup is born, getting up and 
moving around the whelping area between the 
birth of pups. 

In utero, the puppy is covered with two fetal 
membranes: the inner allantoamnion, and the 
outer allantochorion. The outer membrane 
breaks as the puppy enters the birth canal, and 
a clear fluid may pass from the vulva. The 
inner membrane usually invests the puppy at 
birth and must be removed by the mother or 
by persons in attendance. The bitch normally 
licks the newborn puppy vigorously, remov
ing the amnion and severing the umbilical cord 
(Fig. 6-3). Her licking stimulates cardiovascu
lar and respiratory function in the pups. The 
normal bitch often ingests the placentas of her 
puppies, which may lead to vomiting. Aspira
tion pneumonia following such vomiting has 
been reported in the bitch, leading some au
thors to advocate removal of placentas from 
the whelping area.18 If the bitch does not sever 
the umbilical cord, it can be ligated with thread 
or suture material about 1 inch from the puppy 
and cut. The umbilicus should be disinfected 
with 2% iodine or other antiseptic. 

Greenish-black fluid called lochia or utero
verdin is discharged from the vulva following 
separation of fetal membranes; this fluid is a 
breakdown product of biliverdin from the pla
cental margins (Fig. 6-4). Vulvar discharge of 
lochia usually precedes the birth of the first 
pup, because placental separation precedes the 
birth (Fig. 6-5). Lochia also may be observed 
passing from the vulva of normal bitches for 
up to 3 weeks postpartum, and can be distin
guished from abnormal uterine and vaginal 
discharges cytologically. 

Presentation, posture, and position describe 
the relationship between the puppy in stage II 
labor and the maternal birth canal. Presentation 
refers the relationship of the spinal axis of the 
feh1s to that of the damY Normal presentation 
is longitudinal (Fig. 6-6A,B); abnormal pre
sentation is transverse (Fig. 6-6G). In one 
sh1dy, transverse presentation was the most 
common abnormality of presentation, posture, 
or position in 28 bitches with fetal dystocia 
(Table 6-2).19 Presentation also refers to the 
portion of the pup that is approaching or enter
ing the birth canal. Approximately 60 per cent 
of all pups are normally born in a cranial pre
sentation, with the head entering the birth ca
nal before the body (Fig. 6-6A); the remaining 
40 per cent of pups are born in a caudal presen
tation (rear limbs first) (Fig. 6-6B), which does 
not predispose to dystocia in this species. 
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Posture refers to the relationship of the fetal 
extremities or the head and neck to the body 
of the fehts.20 Normal posture (Fig. 6-6A,B) 
occurs when front and hind fetal limbs are 
extended. Abnormal postures include flexion 
of front or hind limbs as the puppy enters 
the birth canal (Table 6-2, Fig. 6-6C,D) . The 
breech posture (Fig. 6-60), which has been 
associated with dystocia in the bitch, occurs 
when a puppy is born in caudal presentation 
with the hind limbs flexed and under the body. 
Abnormal flexion or extension of the head and 
neck (Fig. 6-6E,F) are fetal postures that can 
result in dystocia in this species.20 

Figure 6-3.IA-B) The passage of a pup with in the amnionic 
sac. The bi tch assists in removing the sac IC) and continues 
to lick the pup after delivery, thereby stimulating respiration. 

Position refers to the relationship of the dor
sum of the fetus in a longitudinal presentation, 
or the head of the fetus in a transverse presen
tation, to the quadrants of the maternal pelvis. 
The normal position for pups during parturi
tion is dorsosacral, with the dorsum of the pup 
next to the sacrum of the bitch. Dorsoilial and 
dorsopubic positions have been reported to 
result in canine dystocia.20 

A fetus that dies before reaching the pelvic 
inlet may not be able to assume the normal 
presentation, posture, or position for deliv
ery.21.22 Although pups usually are delivered 
every 30 minutes to 1 hour until whelping is 

Figure 6-4. A: A fetal pup and membrane. Note the dark margin of the placenta , which is the area that releases uleroverdin or 
lochia at the lime of placental separalion.ICourlesy of Dr. Howard E. Evans, Cornell University, Ithaca, NY.) B: A can ine placenta 
being removed at the time of cesarean section . Note the dark marg ins, reflecting blood breakdown pigments iuteroverdin or lochia). 
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Figure 6-5. Uteroverdin or lochia passing from o term bi tch. 

completed, the interval can be variable, with 
up to 4 hours between the birth of pups in 
some eutocic bitches. Because pups may be 
delivered alternately from each uterine horn, 
two pups may be delivered consecutively be
fore the passage of a placenta. In one study 
where pups were marked in utero, it was re
ported that, after the expulsion of one pup, the 
next pup was expelled from the contralateral 
horn 78.2 per cent of the time. 23 In six of eight 
bitches in which each horn contained unequal 
numbers of pups, the first pup was born from 
the horn containing the most pups. Although 
stage II of labor usually is _completed witl~in 6 
hours, delivery of an entire htter, especially 
when large, can extend to 24 hours without 
obvious complications. 

Stage III 
The third stage of labor is the time when fetal 
membranes are expelled, which usually occurs 
during stage II labor or slightly thereafter. 
Most canine placentas pass with the puppy or 
5 to 15 minutes after birth. Retained placentas 
may occur in the bitch, but are uncommo~. 

Some authors include postpartum utenne 
involution in stage III labor. Uterine involution 
occurs for several weeks after whelping, with 
complete endometrial involution occurring by 
3 months postpartum.24 Even at 3 months, 
slight pigmented bands representing form~r 
placentation sites may be observed grossly m 
the endometrium (Fig. 6-7). 

Dystocia 

Abnormal parturition, or dystocia, occurs _fre
quently in the dog. Owners may prese~1t a bit~h 
for possible dystocia because of perceived fail
ure to start parturition on time, or because of 

perceived failure to progress normally with 
delivery of puppies once labor has begun. 
Complete history and physical examinatio~1 
are important in establishing whe~her p~rt~m
tion is progressing normally, or m venfymg 
presence, extent, and duration of_ dy~toci~. Th_e 
following criteria are helpful gmdehnes m di
agnosing canine dystocia. 

Predisposing Factors That Lead 
to Dystocia 

There are numerous fetal and maternal factors 
that contribute to canine dystocia, and many 
of these factors may occur together.25

•
9° For ex

ample, fetal oversize, a fetal factor~ may pr~dis
pose the bitch to secondary utenne. merti~, a 
maternal factor (Fig. 6-8). When dwgnosmg 
or predicting dystocia, it often is helpful to 
characterize the maternal and fetal factors as
sociated with the dystocia in the case in 
question. 

MATERNAL FACTORS 

Primary Uterine Inertia. Primary uterine 
inertia is characterized by a failure to expel 
normal-sized fetuses through a birth canal that 
is normal except for an incompletely dilated 
cervix. Although the etiology of uterine inerti_a 
has not been defined precisely, it may be multi
factorial with mechanical, hormonal, physical, 

I • f ?6 and genetic components as potentl~l act~rs.-
Primary uterine inertia is complete If no signs 
of second-stage labor occur. Lochia may be 
observed in the vagina or vestibule in affected 
bitches. Partial primary uterine inertia occ~1rs 
when parturition begins normally, but utenne 
contractions stop before expulsion of the 
puppy. Primary uterine inertia has ~een ~s.so
ciated with an inherited breed predisposition 
in terrier breeds; with overstretching of the 
uterus containing a large litter; with inade
quate uterine stimulation in one- or two-pup 
litters; with systemic disease such as hypocal
cemia, obesity, uterine infection, or septicemia; 
and with inadequate nutrition, uterine torsion, 
and trauma.27 Serum calcium should be mea
sured in affected bitches. Prognosis is based 
on etiology, and may range from guarded to 
good. 

Secondary Uterine Inertia. Secondary uter
ine inertia occurs after prolonged uterine con
tractions fail to expel a fetus obstructing the 
birth canal, or all pups in a large litter.27 In 
both primary and secondary inertia, the uter-
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Figure 6-6. Fetal presentations, postures, and positions. A: A normal crania l presenta tion. B: A normal caudal presenta tion. 
C: Front limbs are retained under the body. D: Rea r limbs are retained under the body (breech posture). E: La teral deviation of the 
neck. F: Ventral deviation of the neck. G: Transverse presentation. 



112 Section I - THE BITCH 

• 
Table 6-2. Types of Abnormal 
Presentation, Posture, or Position in 
28 Bitches with Fetal Dystocia 

Number Percentage 
Type of Fetuses of Bitches 

Transverse 9 32.3 
presentation 

Breech posture 7 25.0 
Neck presentation 4 14.3 
Ventral presentation 3 10.7 
Head flexion 2 7.1 
Double bent fetus 2 7.1 
Two fetuses presented 1 3.6 

at the same time 
Total 28 100.0 

Data from Darvelid AW, Linde-Forsberg C: Dystocia in the bitch: 
A retrospective study of 182 cases. J Small Anim Pract 35:402-
407, 1994. 

ine musculature fails to respond to the admin
istration of oxytocin and the bitch fails to strain 
when pressure is applied per vagina to the 
pelvic canal (lack of the Ferguson reflex) . 

Breed. Breed of the bitch may predispose 
to dystocia. Brachycephalic breeds, such as 
bulldogs and Boston terriers, are prone to ob
structive dystocia because individuals of these 
breeds may be selected for broad head and 
narrow pelvis. Elective cesarean section often 
is requested by owners of these breeds. Other 
breeds reported at risk for dystocia include 
the Sealy ham terrier (large fetal head:maternal 
pelvis ratio), Scottish terrier (large fetal 
head:maternal pelvis ratio, uterine inertia, 
short vertical pelvic dimension), greyhound 
(fetal death), dachshund (anatomically abnor
mal pelvis, uterine inertia), Welsh corgi (fetal 
oversize), Border terrier (primary uterine iner
tia), Aberdeen terrier (primary uterine inertia), 
and cocker spaniel (nervous primigravid 
bitches that fail to develop early maternal in
stincts) .21,27 Breeds of dogs with increased ( p 
< 0.01) incidence of dystocia include the Chi
huahua, dachshund, Pekingese, Yorkshire ter
rier, miniature poodle, and Pomeranian.22 

Conformation. Conformation of the bitch 
can influence parturition dramatically. Con
genital and acquired abnormalities of the bony 
birth canal, such as old healed pelvic fractures, 
can make normal vaginal delivery impossible. 
Vaginal and vulvar soft tissue abnormalities, 
such as vaginal anomalies (hymenal remnants, 
annular strictures), vaginal prolapse, and vagi
nal neoplasia may prevent normal delivery. 
Bands of vaginal tissue preventing birth may 

vary in size from a few millimeters in diameter 
(Fig. 6-9) to a wall that bifurcates the vagina 
completely. 

Other Maternal Factors. Other maternal 
factors that predispose to dystocia are shown 
in Figure 6-8. Normal expulsion of pups can 
be impeded through nonreproductive causes, 
such as excessive perivaginal fat, ruptured ma
ternal diaphragm, pain, or fear. 

FETAL FACTORS 

Presentation, Position, or Posture. Pre
sentation, position, or posture of the fetus dur
ing whelping can predispose to dystocia. Sixty 
per cent of all puppies in normal parturition 
are born in a cranial longitudinal presentation 
with front limbs first; the remaining 40 per 
cent of pups are born in a caudal longitudinal 
presentation with rear limbs first. Although 
the caudal longitudinal presentation is consid
ered a normal variant of whelping in the dog, 
prolonged first-stage labor has been associated 
with this presentation. It is theorized that fail
ure of the head to engage the pelvis results in 
diminished uterine stimulation and abdominal 
contractions.28 Transverse presentations are 
rare, and usually occur only with bicornual 
pregnancy with a single fetus (Fig. 6-6G). A 
transverse presentation often results in pelvic 
canal obstruction.19,29 

The fetus plays an important role in engag
ing the pelvic inlet with its head and limbs 
extended. A fetus that dies before reaching the 
pelvic inlet may remain unrotated,21 resulting 
in an obstructive dystocia. Although the posi
tion of the fetal limbs is not as important in 
predisposing polytocous species to a dystocia 
as monotocous species, the breech position has 

Figure 6-7. Note the dark areas in the endometrium of a uteru s 
from an anestrous bitch, reflecting previous placenta l si tes. 
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Figure 6-8. Classification of dystocia in the bitch , including maternal and fetal factors. (From Wykes PM, Olson PN: Normal and abnormal parturition. 
In Sla tter D [ed]: The Textbook of Small An imal Surgery, 2nd ed. Ph iladelph ia, WB Saunders, 1993, p 1320, w ith perm iss ion.) 



114 Section I - THE BITCH 

Figure 6-9. A schematic diagram illustra ting how a dystocia 
can result from residual vaginal bands of tissue (hymen) . 

been associated with canine dystocia. The 
breech position occurs when a pup in the cau
dal longitudinal presentation has hind limbs 
retained or extended beneath the body (coxo
femoral poshlre). Other abnormal positions in
clude cranial presentation with the rear limbs 
extended beneath the fetus ("dog sitting" pos
ture) (Fig. 6-6C), lateral deviation of the head 
(Fig. 6-6E), and cranial presentation with the 
head flexed beneath the neck ("poll" posture) 
(Fig. 6-6F). 

Abnormal Fetal Development. Abnormal 
fetal development can result in dystocia. Fetal 
monsters and hydrocephalic or edematous 
(anasarca) pups predispose to obstructive dys
tocia. Pups with anasarca ("water pups") may 
occur as a result of a genetic defect in the En
glish bulldog and beagle.30•

31 Other defects as
sociated with dystocia in the dog include pres
ence of multiple limbs and abdominal and/ or 
thoracic hernia (Fig. 6-10). 

Other Fetal Factors. Other fetal factors that 
result in dystocia are summarized in Figure 
6-8 and have been discussed previously. Pitu
itary or adrenal malformations may result in 
pups that are unable to initiate parturition. 
Total body oversize and relative oversize of 
fetal head in relation to maternal pelvis also 
contribute to dystocia. 

Criteria for Diagnosing 
Canine Dystocia 

ABNORMALLY PROLONGED 
GESTATION LENGTH 

Parameters useful in evaluating possible pro
longed gestation, or primary uterine inertia in 
the overdue bitch, are listed in Table 6-1. In 
general, breeding dates, which are the most 
common parameter used by owners to predict 
delivery date, are the least reliable, because 
normal canine gestations may range from 57 
to 72 days following a single breeding.32 This 
variability is due to long gamete (egg or sperm) 
survival in the female tract, waiting for the 
arrival of the other gamete in order to initiate 
fertilization. Therefore, although all pregnant 
bitches should be considered overdue after 72 
days following breeding, many are overdue 
much earlier if they are more than 65 days 
from ovulation. Most, but not all, owners of 
the bitch know breeding dates of the preg
nant bitch. 

Gestation length timed from day of ovula
tion instead of day of breeding ranges from 61 
to 64 days; bitches more than 65 days from 
estimated day of ovulation should be consid
ered overdue, as should bitches more than 60 
days after onset of cytologic diestrus. The rec
tal temperature drop is an indicator of luteo
lysis, and an indirect indicator of ovulation 
day; the pregnant bitch that is more than 24 
hours beyond the rectal temperature drop is 
overdue. 

Gestation length from the day of a single 
serum progesterone concentration between 1.0 
and 10.0 ng / ml during estrus averages 65 days 
if progesterone was between 1.0 and 1.9, 64 
days if between 2.0 and 3.9 ng/ml, and 62.4 if 
between 4.0 and 10.0 ng/mP3 Although con
centrations of progesterone can vary within 
and among bitches and reportedly are affected 
by diurnal variation in pregnant bitches,34 a 
single serum sample from an estrous bitch 
assayed for progesterone appears to provide 
important information in predicting onset of 
parturition. 

Some bitches presented to the veterinarian 
for prolonged gestation may not be pregnant, 
because the nonpregnant diestrous bitch de
velops mammary tissue, lactates near the end 
of diestrus, and often shows nesting behavior 
as her serum progesterone concentration de
clines. Confirmation of the nonpregnant status 
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A 

Figure 6-10. Examples of fetal monsters. 

at term relies on abdominal palpation and/ 
or radiography. 

Influence of litter size on gestation length 
has been discussed by several investigators, 
because of the concern that a single pup or 
small number of puppies may not provide ade
quate hormonal stimulation for the initiation 
of parturition in this species. Small litter size 
has been associated with dystocia in the ca
nine; in two reports, 59 of 100 (59 per cent) 
and 82 of 172 (48 per cent) bitches with dystocia 
had litter sizes of one to three puppies (Fig. 
6-11) .19,35 Gestation length has been considered 
prolonged and fetal size larger when a litter 
contained only one or a few pups. Gestation 
length was reported prolonged in 15 beagle 
bitches that carried only one pup. However, in 
a study of 49 pregnant bitches, mean gestation 
length, determined from ovulation day on the 
basis of a serum progesterone concentration, 
was not prolonged with small litter size.33 An
other explanation for the association of small 
litter size with prolonged gestation is that 
number of insemination days before ovulation 
has been shown to be associated with reduced 
conception rate and smaller litter size.8 There
fore, small litter size predisposes the bitch to 
dystocia, and may be associated with pro
longed gestation from day of breeding, but not 
from day of ovulation. 

Primary uterine inertia is diagnosed if ges
tation is prolonged using predictors of due 

date described above. Treahnent is cesarean 
section. 

SYSTEMIC ILLNESS AT THE END OF 
PREGNANCY: MATERNAL COMPROMISE 

Signs of sepsis, pregnancy toxemia, uterine 
torsion, uterine rupture, and strangulation of 
a uterine horn in an inguinal hernia may be 
remarkably similar, with acute anorexia, ab
dominal pain, collapse, and shock. Clinical 
management of such patients includes emer
gency examination, stat hemogram and serum 
chemistry profile, abdominal radiography and 
ultrasonography, fluid and antibiotic adminis
tration, and rapid decision about surgical ex
ploration of the abdomen. 

Septic Metritis. Septic metritis and toxemia 
in the bitch at term may be evident by 48 to 
72 hours after intrauterine fetal death. If a dys
tocia goes tmdiagnosed or untreated, the entire 
litter may die within 24 hours and serve as a 
substrate for infection with ascending vaginal 
bacteria. Diagnosis of fetal death is based on 
history and on ultrasonography, if available. 
Sepsis usually is associated with elevated rec
tal temperature and a regenerative or degener
ative left shift in the white cell component of 
the hemogram. Recommended treatment is ag
gressive fluid and antibiotic therapy with hys
terectomy. 
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Figure 6-11. A: Li ller size in 100 bitches w ith dystocia. (From Gaudet DA: Retrospective study of 128 cases of canine dystocia. 
J Am An im Hosp Assoc 2 1:8 13-818 , 1985, w ith permission.) B: Liller size in 172 bi tches wi th dystocia. (From Darvelid AW, 
Linde-Forsberg C: Dystocia in the bitch: A retrospective study of 182 cases.J Small Anim Pract 35:402- 407, 1994, with permission. ) 

Pregnancy Toxemia. Pregnancy toxemia 
with ketosis occurs in bitches on inadequate 
nutrition, or in bitches with large litters that 
do not meet energy demands with nutritional 
intake (see Chapter 5). Gluconeogenesis and 
ketogenesis are accelerated during the last 
third of pregnancy in normal bitches, and can 
become further exacerbated when energy de
mands are high because of size or number of 
fetuses or inadequate nutrient intake by the 
dam.36 Although pregnancy toxemia can occur 
days to weeks before parturition, it also has 
been associated with prolonged gestation 
and dystocia. 

Ketonuria without glucosuria is a hallmark 
of prepartum pregnancy toxemia in the bitch. 

Bitches with reduced stomach capacity due to 
a large litter size, or those with ketonemia, will 
develop anorexia, which further accelerates 
the ketogenesis. Hypoglycemia also may be 
present, resulting in weakness, inability to 
stand, seizures, and coma.37•38 Hepatic lipidosis 
may accompany this disorder (see Chapter 5) . 
Diagnosis is based on presence of urine ke
tones in the absence of urine glucose, and, in 
some bitches, on hypoglycemia. Recom
mended treatment is supplemental nutrition, 
intravenous (IV) dextrose administration, or 
medical induction of parturition with gluco
corticoids (see below). 

Uterine Torsion. Uterine torsion of both 
pregnant and nonpregnant uteri have been re-
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ported in the dog. Despite the fact that dogs 
have relatively long and freely movable uter
ine horns, torsion of these structures is rela
tively uncommon. One or both horns can twist 
along the long axis or around the opposite 
horn, or the entire uterine body can rotate.39

•
40 

Magnih1de of torsion and clinical outcome in 
eight affected bitches are listed in Table 6-3.41 

Bitches with uterine torsion may have severe 
abdominal pain with abdominal distention, 
hemorrhagic vulvar discharge, tachycardia 
and signs of shock ("acute abdomen"), and 
dystocia, or may have relatively few clinical 
signs.41 .42 Severe torsions can cause obstruction 
of the blood supply to the uterus, with result
ing thrombosis or rupture of uterine vessels, 
congestion, shock, and fetal and/ or maternal 
death. Rupture of the torsed uterus may occur 
at parh1rition. Diagnosis is based on clinical 
signs, ultrasonographic examination of the ab
domen, and exploratory laparotomy. Treat
ment is immediate surgical correction, which 
may include hysterotomy to remove fetuses 
or hysterectomy if thrombosis and gangrene 
are present.40

A3 

Uterine Rupture. Uterine rupture in the 
pregnant bitch can occur following uterine tor
sion or trauma. This condition is rare in the 
bitch. If fetal circulation is not compromised, 
the condition may go undiagnosed until dys
tocia results when the puppies fail to enter the 
birth canal. Fetuses expelled into the peritoneal 

cavity may die immediately and be resorbed 
if fetal calcification has not yet occurred, or be 
retained as mummified fetuses. Peritonitis is 
a possible sequel.40 

Inguinal Hernia. Inguinal hernia of preg
nant uterine horns through the inguinal ring 
occurs occasionally in the bitch, and can result 
in dystocia. Surgical repair of the hernia 
should be accomplished as soon as possible in 
order to prevent ischemic compromise of the 
growing fetus. Cesarean section may be re
quired to deliver term pups that have herni
ated. Inguinal hernias have been reported as 
congenital defects in the basset hound, cairn 
terrier, basenji, Pekingese, and West Highland 
white terrier. 44 

STRONG AND FREQUENT STAGE II 
ABDOMINAL STRAINING THAT FAILS TO 
PRODUCE A PUP WITHIN 30 MINUTES 

Strong abdominal straining or tenesmus dur
ing stage II of labor suggests that a pup is 
present in the birth canal. If the bitch does not 
deliver the pup within 30 minutes, assistance 
may be necessary to deliver the obstructing 
pup. A pup lodged in the birth canal can die 
if complete placental separation is not fol
lowed by delivery; obstruction also compro
mises other pups remaining in the uterus. Ac
tive straining and labor will eventually subside 
as secondary uterine inertia develops. 

• ['] Table 6-3. Summary of 8 Canine Uterine Torsions 

Signalment Pregnant? 

Dandie Dinrnont terrier, 6 yr Yes 
Term 

Setter type Yes 
Term 

Terrier type Yes 
Term 

Collie, 7 yr No 
Estrus 

German shepherd, 3 yr Yes 
Term 

Papillon, 1 yr Yes 
6 wk 

Siberian husky, 1 yr No 
Diestrus 

Toy poodle, 13.5 yr No 
Anestrus 

Torsion 

Body of uterus twisted > 1440° 

Body of uterus twisted 720° 

Body of uterus twisted 360° 

Right horn twisted 2160° 

Left horn twisted 180° 

Right horn twisted, adhered 
to other abdominal organs 

Left horn twisted counter 
clockwise around right horn 

Right horn twisted 1080° 
around left; left horn 
twisted 270° on long axis 

Outcome 

Peritonitis; 3 dead pups; dam 
euthanized 

4 dead pups; dam euthanized 

3 dead pups; dam died 

Ovariohysterectomy; dam 
survived 

Whelped 7 pups; 5 pups 
removed at cesarean section 
(all survived) 

Ovariohysterectomy; darn 
survived 

Ovariohysterectomy; bitch 
survived 

Ovariohysterectomy; bitch 
survived 

Data from Shull RM, Johnston SD, Johnston GR, et a!: Bilateral torsion of uterine horns in a non-gravid bitch. J Am Vet Med Assoc 
172:601-603, 1978. 
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WEAK OR INTERMITTENT STAGE II 
ABDOMINAL STRAINING THAT FAILS TO 
PRODUCE A PUP WITHIN 4 HOURS (FIRST 
PUP) OR 2 HOURS (BETWEEN PUPS) 

Weak, intermittent, or absent abdominal 
straining without the delivery of a pup by 4 
hours after the onset of stage II labor (first 
pup) or 2 hours (between pups) suggests that 
uterine contractions are not effective in advan
cing the fetus through the birth canal. These 
bitches frequently respond to medical manage
ment with oxytocin or calcium (see below). 
Although some bitches can deliver a live pup 
after 2 to 4 hours have lapsed during stage II 
labor, the incidence of stillbirths rises as the 
time interval between delivered pups in
creases. 

PARTIAL DELIVERY OF A PUPPY 

An owner may observe fetal limbs protruding 
from the vulvar cleft (Fig. 6-12) without imme
diate delivery of the entire puppy. Such ani
mals should be examined immediately if own
ers cannot be coached to deliver the pup in a 
manner that is safe for both pup and dam. 

PRESENCE OF VULVAR DISCHARGE 

The presence of lochia or uteroverdin 
(greenish-blackish vulvar discharge) indicates 
that placental separation has occurred for at 
least one pup, and is a reliable sign that whelp
ing should begin within a few hours in a term 
bitch (Fig. 6-5). Sometimes lochia will pass 
when a caudal fetus dies in utero several days 
before term and the remaining pups are born 
normally at term. However, the passage of lo
chia from a term bitch usually signifies that 
whelping should ensue within 1 to 2 hours, 
and failure to do so signifies a potential dys
tocia. The entire litter of pups may die within 
24 hours if the dystocia is not relieved. 

A copious amount of a clear, water-like vul
var discharge sugg~sts that the allantoic or am
nionic fluids have passed. Owners may some
times confuse the passage of placental fluids 
with urination. Owners may observe a sac or 
bubble protruding from the vulvar lips, which 
is the caudal portion of the allantochorion 
filled with fluid. This signifies the presence of 
a pup in the birth canal (Fig. 6-3). 

Sanguineous vulvar discharge near term 
may be caused by a traumatic birth, uterine 
torsion, or inadequate or dysfunctional clot
ting factors. Sanguineous vulvar discharge 

earlier in gestation usually is associated with 
pregnancy loss or abortion. Although some 
blood is passed during a normal delivery, the 
amount usually is minimal. The typical charac
teristic of a normal vulvar discharge at whelp
ing is the greenish-blackish discharge associ
ated with the passage of uteroverdin. 

Diagnostic Evaluation of the 
Dystocia Patient 

The goals of diagnostic evaluation of the dys
tocia patient are to confirm that pregnancy is 
present, to confirm that parturition is not pro
ceeding normally, to diagnose cause of the 
dystocia if possible, and to detect maternal 
and/ or fetal compromise if present. 

The bitch presented for possible dystocia or 
systemic illness at term should be evaluated 
for evidence of maternal compromise. A com
plete history should be obtained on the bitch's 
general health and prior illnesses, if any. Infor
mation on previous reproductive perfor
mance, including breeding dates, past whelp
ings and dystocias, and rectal temperature 
measurements at this pregnancy, should be 
recorded. If possible, estimated time of ovula
tion based on serum progesterone or luteiniz
ing hormone concentrations or the diestrous 
vaginal smear should be noted. 

The dystocic bitch may appear normal on 
physical examination, or may be severely com
promised and near death as soon as 24 to 48 
hours after starting stage II labor. The physical 
examination should include temperature, 
pulse and respiratory rates, capillary refill 
time, and hydration status. Thoracic ausculta
tion to assess cardiopulmonary function, and 
abdominal palpation of the uterus to confirm 
fetal presence, should be performed. Palpation 
of fetal movement and auscultation of fetal 
heartbeats per abdomen are evidence of fetal 
viability for at least part of the litter, but their 
absence does not confirm fetal death. Mam
mary glands should be inspected for presence 
of normal or abnormal secretions or milk. The 
vulva should be examined for presence of dis
charge, such as lochia or blood. A digital exam
ination of the vestibule and vagina should be 
performed using a sterile glove to determine 
presence of relaxation of the birth canal, pres
ence or absence of fetuses in the birth canal, 
and whether soft or bony tissue impingement 
on the birth canal is present. 

Survey abdominal radiographs should be 
taken to determine fetal number, size, and po
sition; in addition, radiographic signs of fetal 
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Figure 6-12. Examples of bitches with obstructive dystocias . 

death may be observed. Radiographic signs of 
fetal death depend on the time since death and 
the extent of fetal maceration; absence of such 
signs does not imply fetal viability. Radio
graphic signs of fetal death include presence of 
gas within fetal body cavities or blood vessels, 
overlap of fetal cranial bones, alteration in the 
spatial relationships between bones of the axial 
skeleton, and failure of the skeleton to calcify 
or continue to grow.45 

Ultrasonographic examination of the bitch's 
abdomen, if available, will confirm presence 
or absence of intrauterine fetal viability. When 
oxygen delivery is impaired experimentally to 
canine feh1ses between 7 and 9 weeks of age, 
fetal heart rate slows (Fig. 6-13); this is unlike 
the increased heart rate observed in adult dogs 

with hypoxemia.46 Experimental induction of 
hypoxia leads to decrease in fetal p02, blood 
pH, and tissue pH and increase in fetal pC02• 

When fetal tissue pH reaches 7.05, mean fetal 
heart rate is 40 to 130 beats per minute, sug
gesting that fetal distress can be predicted us
ing ultrasonographic observation of brady
cardia.46 

External monitoring devices and hand-held 
Doppler units, which allow assessment of uter
ine contractile activity and fetal heart rate, are 
commercially available (WhelpWise). A non
productive pattern of weak or infrequent uter
ine contractions can be diagnosed by interpre
tation of a trace generated by an external 
monitor that measures intrauterine pressure 
changes. Fetal distress is assessed by measure-
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Figure 6-13. Fetal hear! roles before and offer occlusion of the maternal aorta. (From M onheil AG, Stone ML, Abitbol MM: Fetal 
heart rate and transcutaneous monitoring during experimentally induced hypoxia in the fetal dog. Pedialr Res 23:548-552 , 1988, 
w ith permission.) 

ment of fetal heart rate; fetal heart rates of 
less than 130 beats per minute suggest poor 
viability of pups not delivered within the next 
2 to 3 hours, and fetal heart rates of less than 
100 beats per minute indicate that immediate 
veterinary intervention is required.47 

Laboratory evaluation of the dystocic bitch 
should include a complete blood count, serum 
chemistry panel (including glucose and total 
and ionized calcium, if possible), and urinaly
sis. Blood gases may be indicated if the bitch 
is systemically compromised. 

Treatment of Dystocia 

MANIPULATIVE TREATMENT 

Manipulative management of mild dystocia 
with normal-sized puppies occasionally re
solves the problem with minimal risk to the 
bitch. In these cases, extraction of a malpositi
oned or slightly oversized fetus may relieve 
an obstructive dystocia. Instruments that have 
been used to extract canine fetuses include the 
Snook ovariohook, sponge forceps, and clam
shell forceps. Because instruments can easily 
injure a puppy or traumatize maternal tissues, 
we· do not recommend their use unless the 
fetus to be extracted has already died and there 
is adequate room for the instruments in the 
birth canal. Forceps applied to the head of the 
fetus may cause crushing of the skull. Exces
sive twisting of the fetus may result in dislo
cated vertebrae. 

A puppy that protrudes, in part, from the 
vulva, often can be delivered vaginally by lu
bricating the birth canal with a sterile lubricat-

ing jelly (applied via syringe or urinary cathe
ter into the vaginal lumen), grasping the body 
of the puppy with a gauze sponge, and gently 
extracting the puppy by drawing it up and 
over the ischial arch. Grasping only a tail or 
limb is not recommended, since applied pres
sure to so small an organ may result in tearing 
off of these tissues. Pups obstructing the birth 
canal that are only barely protruding may best 
be removed via cesarean section. 

MEDICAL TREATMENT 

Medical treatment is indicated for relieving 
dystocia if the bitch is in good health, labor 
has not been unduly protracted, the cervix is 
dilated, and fetal size is consistent with likeli
hood of vaginal delivery. If protracted labor 
has resulted in delivery of only one or two 
pups, and many remain in the uterus, cesarean 
section may be faster and safer for the mother 
and puppies than medical management. 
Sometimes medical treatment results in slow 
delivery, with 1 to 2 hours between puppies. 
If only one or two puppies remain in utero, a 
slow response may be adequate in relieving 
the dystocia without unduly stressing the 
bitch. However, when medical treatment pro
duces a slow response and many pups remain 
in utero, cesarean section should be con
sidered. 

Medical treatment involves administration 
of one or more ecbolic drugs. An ecbolic drug 
causes uterine contractions and results in the 
puppy moving into and through the birth ca
nal. Ecbolic drugs should not be used if ob-
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structive dystocia is present, because uterine 
ruphtre may ensue. 

Oxytocin. Oxytocin is an octapeptide hor
mone formed by the neuronal cells of the hypo
thalamus and stored in the posterior pihtitary 
gland. Oxytocin has uterine-contracting and 
milk-ejecting actions. Synthetic oxytocin is the 
most commonly administered ecbolic drug for 
treating canine dystocia. The half-life of oxyto
cin in animals is 1 to 2 minutes. Although gen
erally considered safe for both the bitch and 
the fetus, some authors have concerns that 
high and repeated doses of oxytocin may result 
in uterine hyperstimulation or fetal distress. 
There are no published studies that have criti
cally evaluated the most appropriate dose and 
dose frequency of oxytocin to use for maximal 
efficacy and safety in the bitch, and shtdies in 
humans report conflicting results.48

-
53 In the 

bitch, doses of 5 to 20 units per dog, adminis
tered intramuscularly (IM) at 30- to 40-minute 
intervals, are most commonly recommended, 
although occasional authors report use of total 
doses of 1 to 5 U IM or subcutaneously 
(SC)25•54- 60 Intramuscular administration of 
oxytocin coincident with monitoring of uterine 
contractions was advocated by one author, 
starting with doses as low as 0.25 U, to a maxi
mum dose of 4 U.47 Higher doses of oxytocin 
caused uterine tetany and may have compro
mised fetal oxygen supply. 

Oxytocin administration to the pregnant 
bitch may cause placental separation, constric
tion of umbilical vessels, and/ or maternal va
sodilation and hypotension. 

Calcium. Calcium administration often is 
added to oxytocin administration, or used 
alone when concentrations of total or ionized 
calcium are low. Administration of oxytocin 
increases frequency of uterine contractions, 
whereas administration of calcium increases 
their strength.47 Calcium ions are necessary for 
myometrial contraction. Although uterine in
ertia may be treated initially with oxytocin 
alone, many patients that do not respond to 
this treatment do respond to the additional 
administration of calcium.35 It is not uncom
mon to see a dystocic bitch that responds to 
calcium therapy with explosive delivery of a 
puppy even when pretreatment total serum 
calcium concentration is normal. When extra
cellular calcium concentrations are low, a poor 
response to oxytocin administration would not 
be surprising, because oxytocin has a direct 
action on the rate of calcium ion influx into 
the myometrial cell.61 Myometrial activity is 

suppressed during parturition when dogs are 
given a calcium channel antagonist.62 

Calcium therapy for dystocia should be ad
ministered IV and slowly over 3 to 5 minutes, 
while auscultating the thorax for cardiac ar
rhythmia. Recommended doses of 10% cal
cium gluconate are 0.2 ml/kg IV or 1 to 5 ml/ 
dog SC, coincident with external monitoring 
of strength of uterine contractions47

•
54

•60 Admin
istration should be discontinued if the bitch 
becomes restless or changes in heart rate and 
rhythm occur. 

Ergonovine. Ergonovine is an ergot alka
loid that can cause very strong uterine contrac
tions when administered to the bitch; it should 
not be used as an ecbolic agent to treat canine 
dystocia, but it can be used to cause uterine 
contraction and vasoconstriction in bitches 
with postpartum hemorrhage. The canine dose 
for ergonovine is 10 to 30 1-Lg/kg per os or IM. 
Women treated with oxytocin and ergonovine 
had less postpartum blood loss than those 
treated with oxytocin alone, but suffered side 
effects of nausea, vomiting, and increased 
blood pressure.63 

Glucose. Glucose administration has been 
recommended by some authors for use in clini
cal management of canine dystocia, but hypo
glycemia is very uncommon in the dystocic 
bitch. If hypoglycemia is diagnosed in associa
tion with pregnancy toxemia, oral glucose or 
a 5% to 10% glucose solution administered IV 
is indicated until euglycemia is achieved. 

Tranquilizers. Tranquilizers sometimes are 
administered to a dystocic bitch to overcome 
voluntary inhibition of parturition or to facili
tate clinical and vaginal examination in an ex
tremely nervous animal. In general, their use 
is discouraged, because most will pass the pla
centa and depress puppies that remain in 
utero. In addition, barbiturates and promazine 
derivatives are poorly metabolized by the fetal 
liver. Following completion of parturition, 
tranquilization may be indicated occasionally; 
dopamine antagonists such as acepromazine 
and phenothiazine block dopamine receptors, 
leading to increased pituitary release of prolac
tin by the mother.64 However, they still may 
depress puppies if secreted in the milk. 

Medical Therapy Protocol. A suggested 
protocol summarizing medical therapy of 
bitches with dystocia is presented in Table 6-4. 
Despite the common occurrence of dystocia in 
the bitch, there are no controlled data on the 
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• 0 • Table 6-4. Summary of Medical 
Approaches for Treating Canine Dystocia 

History 

Bitch has a 1- or 2-
pup litter or fetal 
oversize 

Bitch has 5 or more 
pups remaining 
in utero 

Bitch has 4 or less 
pups remaining 
in utero and a 
nonobstructed 
birth canal 

Approach 

Cesarean section 

Cesarean section 

1. Give 0.1-2.0 IU/kg oxytocin 
IM; not to exceed 20 IU. 

2. If a pup is born within 30 
min, repeat the oxytocin at 
30-min intervals until all 
pups are delivered. If 
delivery slows (>30 min 
between pups), add calcium 
as described below. 

3. If no pup is born within 30 
min following oxytocin 
therapy, give 10% calcium 
gluconate (0.2 ml/kg) slowly 
IV, not to exceed 5 ml. 
Repeat oxytocin after 
calcium treatment is given. 
If no pup is born after 30 
min, perform cesarean 
section. 

safest and most effective medical regimen in 
this species. 

SURGICAL TREATMENT 

Cesarean section should be performed before 
the dystocic bitch fatigues or distress occurs in 
the pups. In one review of 113 canine dystocia 
patients, 39 per cent were managed with ma
nipulative or medical therapy alone, and 61 
per cent required cesarean section with or 
without previous medical management.35 In a 
later study, 65.7 per cent of 182 dystocic bitches 
were treated with cesarean section, and 44 of 
145 (30.3 per cent) bitches treated with oxyto
cin and/ or calcium whelped without surgical 
intervention.19 

Prompt intervention is necessary for minim
izing fetal death. The percentage of puppy 
death in bitches treated within 1 to 4.5 hours 
after the beginning of stage II labor was 5.8; 
percentage deaths rose to 13.7 in bitches 
treated 5 to 24 hours after onset of stage II 
labor. 19 

Bitches that have been in prolonged labor, 
those with a uterus containing dead or decay
ing fetuses or a friable uterus, or those showing 
signs of endotoxemia or septicemia should 
have cesarean sections. The toxic bitch requires 
supportive fluid and antibiotic therapy prior 

to, during, and following surgery. Culture of 
the uterine lumen is indicated at surgery if 
infection is suspected. Ovariohysterectomy at 
time of cesarean section occasionally is indi
cated when fetal death, putrefaction, gan
grene, and/ or toxemia are present. 

Anesthesia. Anesthetic protocols recom
mended for use in cesarean section of the bitch 
are listed in Table 6-5.65-

67 The best protocol is 
one that is safest for the individual bitch and 
pups treated, that takes into account the physi
ologic changes that occur during pregnancy 

Table 6-S. Anesthetic Protocols 
• D Recommended for Cesarean Section in 

the Bitch 

General Anesthetic Protocols 
Pro to co I 165 

1. Premedicate with atropine (0.04 mg/kg IM) 
2. Induce with diazepam (0.2 mg/kg IV) and thiopental 

(8-12 mg/ kg IV); intubate 
3. Maintain with isofluorane or halothane 

Protocol 26; 

1. Induce with ketamine (5-10 mg/kg IV) and 
diazepam (0.2 mg/ kg IV); intubate 

2. Maintain with isofluorane or halothane 

Protocol 36; 

1. Premedicate with atropine (0.04 mg/ kg IM) 
2. Induce with diazepam (0.2 mg/ kg IV) and 

oxymorphone (0.05-1.0 mg/kg IV); intubate 
3. Maintain with isofluorane or halothane 

Protocol 466 

1. Premedicate with atropine (0.04 mg/kg IM) or 
glycopyrrolate (0.011 mg/kg IM) 

2. Induce with oxymorphone (0.1 mg/ kg IV) and 
intubate gently; if bitch resists intubation, add 
thiopental (4-8 mg/kg IV) 

3. Maintain with methoxyflurane (1 % early; decrease to 
less than 0.3% if possible and add 50% nitrous oxide) 

Protocol 567 

1. Premedicate with atropine (0.04 mg/kg IM) or 
glycopyrrolate (0.011 mg/ kg IM) 

2. Administer oxygen 3-5 minutes by mask prior to 
induction 

3. Induce with one of the following: 
Thiamylal sodium (6-8 mg/kg IV) 
Thiopental sodium (6-8 mg/kg IV) 
Methohexital sodium (5 mg/ kg IV) 
Droperidol-fentanyl (1 mg/20-30 kg IV) 
Diazepam (0.2-0.5 mg/kg IV) with ketamine HCI 

(4-8 mg/ kg IV) 
Acepromazine (0.1 mg/kg IM or IV, not to exceed 4 

mg) with oxymorphone (0.11 mg/kg IV) 

4. Intubate; maintain with isoflurane, halothane, 
enflurane or methoxyflurane 

Regional Anesthetic Protocol65
•
66 

1. Premedicate with atropine (0.04 mg/kg IM) 
2. Administer bupivacaine (1 rnl/3.5 kg) epidurally 
3. Administer oxymorphone (0.1 mg/kg IV) 
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and that is most familiar to the anesthetist.66- 68 

Local, regional and general anesthetic proto
cols have been advocated.65

-
67 General anesthe

sia usually is preferred for complete analgesia 
and immobilization and for bitches such as 
those of brachycephalic breeds with risk of 
upper airway obstruction. Disadvantages of 
general anesthesia include depression of the 
fetuses and the bitch. Disadvantages of re
gional or local anesthesia are the need for assis
tants to control the patient's movement and 
regional vasodilation, which can result in hy
potension, fetal hypoxemia, and exacerbation 
of surgical bleeding. Neuromuscular blocking 
agents, such as succinylcholine, gallamine, 
pancuronium bromide, and dimethyltubocur
arine, have been used occasionally for cesarean 
sections in the bitch. Gallamine crosses the pla
centa, but adverse side effects on the fetus are 
minimal if appropriate doses are used.69 The 
other agents do not cross the placenta in sig
nificant amounts, and therefore can be used 
as adjunctive agents to quiet the bitch and to 
permit use of lower (analgesic, not anesthetic) 
doses of the more depressant agents. Disad
vantages of muscle relaxants include the need 
for controlled ventilation and increased techni
cal help. Intravenous fluid therapy is indicated 
with all anesthetic protocols in order to man
age vasodilation and hypotension. Adminis
tration of oxygen to the bitch by mask prior 
to induction is indicated in all dystocia patients 
to help prevent fetal hypoxemia.65 

Physiologic changes affecting anesthesia 
that occur with advancing pregnancy include 
increased maternal blood volume and cardiac 
output, decreased vascular resistance, de
creased functional residual capacity and expir
atory reserve volume, increased inspiratory ca
pacity and inspiratory reserve capacity, and 
increased respiratory rate, tidal volume, mi
nute volume, and alveolar ventilation.66 In
creased alveolar ventilation may shorten in
duction time with gas anesthesia. 

Tilting bitches 10 to 15 degrees to the side 
may prevent supine hypotension resulting 
from weight of the gravid uterus on the caudal 
vena cava in bitches greater than 30 kg; tilting 
appears unnecessary in bitches less than 30 kg. 
In one study of pregnant beagles anesthetized 
with thiamylal sodium and halothane/nitrous 
oxide for cesarean section, tilting 10 to 15 de
grees toward right or left lateral recumbency 
or complete lateral recumbency (either side) 
was not better than dorsal recumbency.68 Ma
ternal position had no effect on direct arterial 
blood pressure, arterial blood gases, pH, base 

excess, heart rate, respiratory rate, or the elec
trocardiogram. However, pregnancy itself had 
a significant effect on every parameter mea
sured. Pregnant bitches had lower systolic 
blood pressure, lower p02, lower hematocrit, 
higher pC02, higher respiratory rate, and more 
severe acidosis than they did after parturition. 

Because the bitch requiring cesarean section 
may not have been fasted, and because the 
gravid uterus compromises stomach capacity, 
vomiting and aspiration of vomitus are risked 
during this procedure. Induction of anesthesia 
and tracheal intubation should be performed 
quickly to avoid these risks.67 

Technique. Surgical protocol recom-
mended for use in cesarean section of the bitch 
starts with a ventral midline incision from the 
umbilicus to the pubis. The linea alba often is 
stretched thin, so care must be taken not to 
incise underlying organs.65 The uterine horns 
are exteriorized and isolated with saline
moistened laparotomy sponges. A dorsal mid
line incision is made in the uterine body, 
avoiding inadvertant laceration of an underly
ing pup. The fetus in the uterine body is re
moved first, followed by those in the horns 
through the same surgical incision. After each 
delivery the surgeon breaks the fetal mem
branes covering the pup's head with a gauze 
sponge and wipes the nasal area prior to sepa
rating the placenta from the uterine wall. Al
ternatively, in cases of emergency, pups may 
be removed rapidly from one or multiple uter
ine incisions, and the pups handed to atten
dants for cleaning and resuscitation. 

Placentae may be difficult to separate from 
the uterine wall in preterm bitches. If so, the 
umbilical cord is clamped and cut 2 to 3 em 
from the fetal abdomen, and the pup handed 
to the attendant. Because of the zonary pattern 
of the canine placenta, retained placentae may 
impede passage of the next pup through the 
uterine incision, necessitating multiple inci
sions. Generally, the placentae separate from 
the uterus easily, and are removed along with 
the pups (Fig. 6-14). 

After delivery of the last pup, the uterine 
lumen is inspected for hemorrhage and evi
dence of infection; bacterial culture of the uter
ine lumen or full-thickness uterine biopsy may 
be performed if indicated. If hemorrhage is 
excessive, the bitch should be evaluated for 
coagulopathy.70

•
71 The hysterotomy incision is 

closed with 3-0 or 4-0 absorbable suture mate
rial on a taper-point needle. A simple continu
ous pattern can be used for the first layer, care-
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Figure 6-14. Demonstrating the gentle removal of a placenta 
dunng a cesarean section. The placenta is left attached to the 
pup, with both being given to an attendant. 

fully avoiding penetration of the uterine 
lumen, followed by a continuous Cushing ov
ersew pattern for the second layer. If sutures 
are placed carefully and knots buried, adhe
sion formation will be minimal.65 Following 
closure_ of the u~erus, oxytocin (0.1 to 2 IU/kg 
IM or mtrautenne) may be administered to 
promote uterine involution. 

If the. abd?men has been contaminated by 
fetal flmds, It should be lavaged with 100 to 
200 n:llkg warm saline or balanced electrolyte 
solutwn. The abdomen and skin are closed 
routinely. Ova_riohysterectomies can be per
formed at the tune of cesarean section without 
complicating milk production or milk release. 

En bloc ovariohysterectomy before hysterot
omy and removal of the fetuses has been de
scribed in the bitch.72 Although the authors 
report survival of 75 per cent of the pups deliv
ered from 37 bitches using this technique, it is 
possible that survival would have been greater 
if pups had been removed from the uterus 
prior to ligating blood vessels and impeding 
oxygen delivery to the pups. 

Cesarean section does not mandate repeat 
cesarean section in the bitch unless cause(s) of 
the dystocia recur. The authors are aware of 
~any vaginal deliveries from bitches with pre
VIous ~esa~ean sections. However, previous 
~ystoCia with cesarean section may increase 
nsk for recurrence of dystocia, so it is advisable 
to predict anticipated whelping date accu
r~tely and to monitor such patients aggres
sively. 

Care of Neonates. Care of neonates deliv
ered by cesarean section includes removal of 
fetal membranes and removal of fluid in the 
mouth and nose using gauze sponges or gentle 
suction. Although some breeders advocate 
gentle swinging of the puppy downward 

(head down with head cupped in hands) to 
promote oronasal fluid expulsion, this proce
dure may res~..1lt in ?'auma to the pup. The pups 
should be dned with a soft towel, wrapped in 
a warm cloth, and kept near hot water bottles 
or on a circulating warm water blanket. 

If d_elivered pups are depressed or not 
breathmg, 1 ~o 2 drops of doxapram, a respira
tory analeptic, should be administered to the 
pup's tongue. Doxapram selectively stimu
lat:s r~spiratim: and increases tidal volume by 
actlvatmg ~ar~tld chemoreceptors.54 If sponta
neous respiratiOn does not follow within a mi
nute, doxapram can be administered a second 
time, and gentle chest massage begun. Oxygen 
can be administered via face mask or a catheter 
placed in the pup's trachea. Care must be taken 
not to overinflate the pup's chest. It may take 
sev:ral minutes of treatment before the pup 
be~ms t? b:eathe spontaneously, and exhibit 
bnght pmk~sh_ mucous membrane color (Fig. 
6-15). At this tune, the attendant can ligate the 
umbilical stalk 2 to 3 em from the body wall, 
remove the placenta, and disinfect the umbili
cus "':it~1 dilute iodine solution. Importance of 
penruttmg placental blood to flow into the 
neon_a~al puppy is unknown; in some species, 
umbilical blood flow is not present in the first 
2 minutes of life.73 It also is unknown whether 
additional blood would be beneficial or harm
ful to_p~ps. Exp~rimental induction of polycy
theirua m puppies has been shown to predis
pose to necrotizing enterocolitis?4 

When the pups are breathing normally and 
fetal membrane_s have been removed, they 
should be exammed for presence of birth de
fects such as. cleft palate (Fig. 6-16). Pups 
should be weighed and identified by sex and 
coat markings, or marked with a noncaustic 
permanent marker such as fingernail polish 
for identification. They should then be placed 

Figure 6-15. A healthy newborn pup after successful resusci
tation. 
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Figure 6-16. Fetal defects noted at the lime of resuscita tion. 

in a prewarmed box until the bitch is able to 
care for them, and should receive colostrum 
from their mother or another bitch within 24 
hours (see Chapter 8). 

Medical Prevention of 
Parturition in the Bitch 

Preterm labor in women and other species is 
treated with tocolytic drugs, which are those 
that interfere with uterine contractions.75- 78 

In the bitch, preterm labor is not a well
documented phenomenon. Even if preterm la
bor is diagnosed in the bitch based on knowl
edge of ovulation day, pregnancy status, and 
evidence of uterine contractions, use of taco
lytic drugs should be strongly discouraged, 
because they may prevent uterine evacuation 
in the presence of infection or serious fetal 
defect. Progesterone therapy has been sug
gested as a tocolytic therapy for dogs with 
insufficient luteal function, since serum con
centrations above 1 to 2 ng/ml appear to in
hibit normal parturition. Dose levels and dose 
frequency that could maintain pregnancy and 
yet permit normal parturition are not known. 

Ally-trenbolone is a progestational agent 
shown to maintain pregnancy in bitches ovari
ectomized on days 34 to 42 of gestation.79 The 
drug was given orally at 0.088 mg/ kg/ d until 
2 days before anticipated whelping date, as 

determined using the diestrous vaginal smear. 
Bitches whelped between 0 and 2 days after 
ally-trenbolone therapy was discontinued. All 
pups born to one bitch the day that treatment 
was discontinued died following obstructive 
dystocia with oversized pups. Four of 6 pups 
born to one bitch 1 day after treatment was 
discontinued survived, and all 12 pups born 
to two bitches 2 days after treatment was dis
continued survived. Milk production was min
imal at parturition but increased within 2 days 
of whelping. 

Because calcium ions are essential for myo
metrial contraction, calcium channel agonists 
have been proposed as tocolytic agents. Oral 
administration of the calcium channel agonist 
nifedipine (Adalat; Bayer AG, Germany; 10 
mg/ d) to beagle bitches resulted in suppres
sion of myometrial activity for 60 to 90 minutes 
during pregnancy.62 Although no serious clini
cal side effects were noted in the treated 
bitches, long-term safety and efficacy were not 
established for use in spontaneous preterm 
labor. 

Medical Induction of Parturition 

Medical induction of parturition may be indi
cated in the bitch if the pregnancy is compro
mising maternal health, such as with preg
nancy toxemia (Chapter 5). Drugs used to 
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terminate unwanted pregnancy (Chapter 9) 
may be used for induction of parturition near 
term. Preterm induction of parturition in the 
healthy bitch has not been well sh1died, how
ever, and, because immaturity of the fetus and 
hyaline membrane disease have been docu
mented in the dog, this procedure is not recom
mended for owner convenience. In addition, 
drugs such as prostaglandins may require 3 to 
5 days to induce parturition, so cesarean sec
tion or ovariohysterectomy are recommended 
if need for delivery is urgent. 

Glucocorticoids 

Dexamethasone was reported effective in ter
minating pregnancy in 20 bitches 2 to 16 days 
after initiation of treahnent.80 One dose regi
men used was 0.2 mg/kg per os three times 
a day for 5 days followed by progressively 
decreasing doses of 0.16 to 0.02 mg/kg per os 
three times a day for 5 days. The second dose 
regimen was a 7.5-day course of twice-daily 
therapy, with dose increasing from 0.1 to 0.2 
mg/kg over the first three doses, then 0.2 mg/ 
kg for days 2 through 5, then decreasing from 
0.16 to 0.02 mg/kg over the last five treat
ments. Side effects of polydipsia and polyuria 
disappeared when therapy stopped. All 
bitches were treated prior to day 51 of preg
nancy, and all fetuses were born alive and died 
within a few hours. 

Dexamethasone also has been used to termi
nate 57- to 58-day canine pregnancies at a dose 
of 0.4 mg/kg administered parenterally one 
time (W.R. Threlfall, Ohio State University, 
personal communication, June 1995). Parturi
tion started within 1 to 2 days. Late-term gluco
corticoids may enhance viability of pups by 
enhancing maturation of the fetal lung, as they 
are known to do in humans.81 

Increased incidence of retained fetal mem
branes in the dam and decreased intestinal ab
sorption of immunoglobulins by the calf 
occur when parturition is induced with dexa
methasone in cows.82

•
83 Although fetal mem

brane retention is rare in dogs, further studies 
are indicated to determine whether this may be 
an adverse sequel to glucocorticoid treatment. 
Pups may have lower absorption of immuno
globulins when bitches receive cortisol or 
ACTH prior to parturition.84 

Prostaglandins 

PGF is reported to terminate pregnancy in the 
bitch 3 to 5 days after SC or IM doses of 20 

f.!.g/kg every 8 hours, or 30 f.!.g/kg every 12 
hours for 72 hours, or 250 ~Lg/kg every 8 hours 
for 4 days.85 Not all bitches treated with the 
lower dose abort. The majority of fetuses ex
pelled in PGF abortions are live with fetal 
membranes intact. Similar regimens probably 
would be effective in inducing parh1rition in 
late-term bitches, but PGF effect on delivered 
pups is unknown. 

Oxytocin 

Oxytocin is reported effective at inducing par
huition in the mare, but not in the cow, ewe, 
doe, or sow. 12 Administration of oxytocin in
creases intrauterine pressure in the nonpreg
nant bitch, and may change uterine activity 
in the last week of pregnancy when serum 
progesterone concentrations are declining.86•

87 

It is unknown whether oxytocin can induce 
normal parturition in the term bitch or the 
bitch with elevated serum progesterone con
centrations. Oxytocin infusion into normal 
dogs is associated with increased plasma levels 
of glucose, insulin, and glucagon. 88 

Mifepristone (RU 486) 

Progesterone antagonists have been reported 
to induce premature delivery in the bitch.89 

Bitches treated with mifepristone starting on 
day 32 of pregnancy expelled dead fetuses or 
dark mucoid vulvar discharge. Whether this 
drug can induce parturition safely at term in 
unknown. 
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Periparturienr Disorders in the Bitch 

Care of the Postpartum Bitch 

Early detection of periparturient disorders is 
important, and may save the life of the bitch 
and pups. Periparturient disorders include a 
wide variety of diseases, ranging from those 
that resolve without medical or surgical treat
ment to those that are life threatening andre
quire vigorous therapy to ensure a positive 
outcome for the bitch and pups. Peri parturient 
disorders may occur before parturition (e.g., 
hypocalcemia) or up to several weeks after 
parturition (e.g., subinvolution of placental 
sites). The peripartum period extends from late 
gestation through several weeks after parturi
tion; the postpartum period refers to the period 
following parturition and also includes the pe
riods of lactation and weaning (see Chapter 8). 

Occasionally, owners request that oxytocin 
or "clean-out" shots be given to the postpartum 
bitch. Oxytocin need not be given routinely if 
the mother is allowed to nurse the neonates; 
suckling by neonatal pups will induce oxytocin 
release from the posterior pituitary gland. It 
may be desirable to give oxytocin to promote 
uterine involution if the pups are born dead or 
removed from the mother at birth. 

The dam can be allowed to eat soon after 
parturition is complete. As lactation pro
gresses, the bitch may consume two to three 
times her normal food intake to provide en
ergy for sustained milk production. Even with 
this additional consumption of food, the bitch 
should be evaluated carefully for excessive 
weight loss. In most cases, the lactating bitch 
should be fed ad libidum or at least three to 
four meals each day. 

Rectal temperatures should be taken daily 
for 1 to 2 weeks following parturition. Tem-

peratures exceeding 103SF may indicate the 
presence of metritis, mastitis, or hypocalce
mia. Mammary glands and vulvar discharge 
should be inspected daily for evidence of puru
lent discharge or odor. Owners should be in
structed on the normal appearance of milk and 
lochia in the postparhun bitch. Milk may be 
yellowish or white at the time of whelping 
(see below). If owners are instructed to express 
milk from each gland for visual inspection, 
they must adhere to strict hygiene so as not 
to introduce infectious agents into the teat ori
fices. N annal lochia will discharge from the 
uterus, passing through the vulva, for up to 3 
weeks postpartum. 

Weaning of pups should be accomplished 
gradually. Pups can be started on some soft 
foods as early as 3 weeks of age. By 5 to 7 weeks 
postpartum, the pups can be weaned com
pletely from the bitch. Owners should be en
couraged to wean the pups gradually; inflam
mation of the mammary glands and anxiety in 
the bitch may accompany acute weaning. 

Metritis 

Metritis is inflammation of the endometrium 
and myometrium (unlike endometritis, which 
is inflammation of only the endometrium or 
inner mucous membrane of the uterus).1 Acute 
puerperal metritis, a disease of the immediate 
postpartum period (i.e., , 0 to 7 days post
whelping), is severe inflammation of the endo
metrium and myometrium that causes sys
temic illness in the bitch. Acute puerperal 
metritis may occur in association with retained 
placentas, retained pups, macerated or decom
posed pups that are delivered per vagina even
tually, or prolonged delivery. Although bacte
ria usually are not present in the uterus of the 
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mature bitch/ they have ready access to the 
uterus at the time of parturition when the cer
vix is dilated. Bacteria can thrive in retained 
or devitalized tissues, resulting in inflamma
tion of the endometrium and myometrium. If 
the condition is untreated, septicemia or toxe
mia follows. 

Bitches with metritis may be depressed, 
have high rectal temperatures (103S to 105°F), 
and demonstrate little interest in their pups. A 
malodorous or putrid, reddish brown uterine 
discharge may be observed passing from the 
vulva. While normal lochia can pass for up to 
3 weeks following parturition, it is nonodorous 
and greenish black in color, and not associated 
with systemic signs of illness. 

Cytologic evaluation of uterine discharge 
samples obtained when passing from the 
vulva may be helpful when diagnosing acute 
metritis in the postpartum bitch. Neutrophils 
are frequently present in the uterine discharge 
of bitches with acute metritis, but may go 
unidentified because of severe degenerative 
changes (Fig. 7-1). Bacteria often are present 
in smears of uterine discharge from metritic 
bitches, either free or within white blood cells. 
Erythrocytes, endometrial cells, and muscle 
fibers from decomposing fetuses may be ob
served in smears of uterine discharge (Fig. 7-
2). Although neutrophils, erythrocytes, and 
bacteria may be observed in smears made from 
discharge passing from the vulvas of normal 
postpartum bitches, the bacteria and white 
blood cells are fewer in number, and the neu
trophils do not appear degenerative.3 

An i1mnature n~utrophilic leukocytosis fre
quently accompanies acute metritis, although 
a normal hemogram may be found occasion-

.. 

ally. Leukopenia with immature neutrophils 
may be present in severe cases of metritis. 

Bitches with metritis may be in shock from 
severe dehydration (i.e., hypovolemic shock), 
septicemia, or endotoxemia. Treatment of 
acute metritis consists of treating shock, 
replacing fluid deficits, initiating broad
spectrum antibiotic therapy, and giving dex
trose intravenously (IV) if septicemia or toxe
mia has resulted in hypoglycemia. Once a bitch 
is stabilized, it may be necessary to consider 
surgery to remove remaining placentae and/ 
or devitalized fetal or uterine tissues that are 
present. If surgery is performed, the uterine 
contents and uterine tissues should be cultured 
for aerobic and anaerobic bacteria. In cases 
where only medical therapy is adequate (i.e., 
surgery is not necessary), cultures of the cra
nial vagina should be obtained to identify the 
bacterial component of the disorder and deter
mine the microbial sensitivity. 

Although a catheter may be passed through 
the postpartum cervix, the merits of infusing 
the uterus with antibiotics or draining uterine 
contents are unknown. The uterus may be fria
ble, and manipulation could result in bacter
emia or uterine rupture. Although antibiotic 
infusions have been used to treat metritis in 
other species for several decades, several shld
ies have suggested that such treatments may 
be contraindicated.4

-
7 Antimicrobial agents in

fused directly into the uterine lumen may im
pede the phagocytic function of uterine neu
trophils. Even antiseptic solutions infused into 
the uterine lumen, such as iodine, may damage 
uterine neutrophils. Additionally, many anti
microbial or antiseptic agents may be irritating 
to the endometrium, resulting in fuh1re infer-

Figure 7-1. Degenerating neutrophils in a 
vaginal smear from a bitch w ith necrotizing 
metritis. Magnification: lOOOx . 
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Figure 7-2. Skeletal muscle fibers and neutro
phils in a vaginal smear from a bitch w ith a 
decomposing pup remaining in the uterus. 
Magn ification 400x. 

tility. The presence of purulent material and 
tissue debris reduces the efficacy of some anti
microbial agents that have been used histori
cally for infusions, such as sulfonamides, 
aminoglycosides, and nitrofurazone.8 Al
though similar information is lacking for the 
bitch, it seems prudent to consider the bovine 
studies prior to making a decision to infuse 
the uterus of a postpartum bitch. 

The role of various ecbolic agents in treating 
canine metritis remains uncertain. Although 
ecbolics could be used in an attempt to evacu
ate the uterus, they must be used with caution 
if a devitalized uterus is prone to rupture if 
made to contract. Oxytocin has a short half
life, making it fairly safe as an ecbolic agent. 
The effect of oxytocin on causing uterine con
tractions has been reported to diminish soon 
after parturition as estrogen : progesterone 
ratios change.9 However, both oxytocin and 
prostaglandin F2., cause an increase in intra
uterine pressures when given to bitches 
at times other than solely at parturition. 10 

The effect of suckling, or the administration of 
oxytocin, on uterine activity at various times 
postpartum in the bitch is unknown.9•

11 Use of 
ergonovine to treat metritis in the bitch is 
not recmmnended because uterine rupture 
may result.12 

The efficacy and safety of using prostaglan
din F2., in treating canine metritis have not been 
studied critically. Prostaglandins have been 
advocated as useful treatments for bovine me
tritis, and possibly are superior to antibacterial 
drugs in some cases.4

•
8 The rationale for the 

use of prostaglandin F2., includes stimulation 
of uterine contractions to expel purulent mate
rials and debris, and the possible stimulation 
of phagocytosis by leukocytes. However, be-

cause tissue levels of prostaglandins may al
ready be increased in cases of uterine disease 
in the bitch, the enhancement of leukocyte
phagocytosis from pharmacologic doses of 
prostaglandins remains to be determined. In 
fact, the capacity for phagocytosis of blood 
neutroph.ils was ach1ally decreased in bitches 
with pyometra, even though prostaglandin 
metabolites were increased in uterine exudate, 
blood, and serum.13

•
14 The efficacy and risk of 

using prostaglandins to treat canine metritis 
may vary, depending on the integrity of the 
myometrium and uterine wall. 

Mastitis 

Mastitis, like acute metritis, is a disease that 
primarily affects the postpartum bitch. Rarely, 
mastitis may occur in the lactating, pseudo
pregnant bitch. Mastitis may involve one or 
more sections of a mammary gland or one or 
more mammary glands. The number of duct 
orifices opening on a teat varies from 7 to 2215 

(Fig. 7-3). The teat orifice, teat canal, teat sinus, 
and gland sinus are part of the sinus system 
(Fig. 7-4). Each gland sinus is separated from 
surrounding sinuses by connective tissue 
septa. Thus mastitis can be diffuse within or 
among glands, or can be localized within a 
gland. Mastitis can be acute and life threat
ening, with the bitch displaying signs of sys
temic illness. In chronic cases the bitch may 
be asymptomatic but is brought to the veteri
narian because her pups are failing to thrive. 

ACUTE MASTITIS 

In severe cases, the affected glands are hot and 
painful and the bitch is systemically ill (i.e., 
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Fignre 7-3. A: Milk drops that formed offer o bitch's mommory gland was gently expressed. Note the normal-appearing milk ond 
the hemorrhagic discharge from one teat orifice (right). B: Normal-appearing milk from two teat orifices and a purulent-appearing 
discharge from a third orifice (center ond right). (From Wheeler SL, Mogne ML, Koufmonj, et ol: Postpartum disorders in the bitch. 
Compend Conlin Educ Proct Vet 6:495, 1984, with permission.) See Color Plate 

depression, lethargy, anorexia, fever, failure 
to care for pups). Bacteria commonly isolated 
from the milk of bitches with septic masti
tis include Escherichia coli, staphylococci, and 
streptococci.16 Bacteria and degenerative neu
trophils usually are abundant in smears pre
pared from the milk of the involved gland or 
glands (Fig. 7-5). Caution in interpreting milk 
smears is necessary, because normal canine 
milk also may contain large numbers of neu
trophils and macrophages17 (Table 7-1). How
ever, abundant numbers of free and engulfed 
bacteria are not observed in normal milk un
less introduced by contamination or improper 
storage of samples. 

Normal canine milk expressed from the 
mammary glands at the time of whelping is 
yellowish to white. A yellowish color at the 
time of whelping may reflect the high concen
tration of immunoglobulins in colostral milk. 
The mammary secretions at whelping also 
may appear white, or become white from sev
eral hours to a few days postparhnn. Milk from 
mastitic bitches may appear normal, have a 
characteristic purulent appearance (greenish 
yellow), or appear reddish brown as a result 
of the presence of erythrocytes and/ or leuko-

-, -__ .. torifice, 

,, 
' . 
'I' , . \ 

cytes. A hemorrhagic secretion also has been 
observed in asymptomatic pseudopregnant 
and postweaning bitches,17 but blood generally 
is absent in milk samples from normal bitches 
at parturition and during lactation. If milk is 
expressed gently, drops may form from the 
various teat orifices, allowing abnormal se
cretions to be identified if the infection is lo
calized. 

Quantitative bacteriologic evaluation may 
reveal a large number of bacteria in milk from 
mastitic bitches. Bacteria are isolated fre
quently from milk samples of normal bitches. 
Whether these microorganisms are present 
in the normal sinus system of the mammary 
gland or enter expressed milk as skin contami
nants is unknown. In one study,18 the milk 
of 44 clinically healthy postpartum bitches 
was cultured. Small numbers of microor
ganisms were isolated from most of the milk 
samples; 67.4 per cent of the samples had 
104 bacteria/ml or less. Staphylococcus aureus 
was the most commonly isolated microbe. The 
role of anaerobic bacteria or mycoplasma in 
canine mastitis has yet to be determined. 

Bitches with septic mastitis should be 
treated on the basis of antimicrobial sensitiv-

Fignre 7-4. Teat ond sinus structure of 
the dog.(From Evans HE, Christensen 
GC: The urogenital system. In Evans HE 
[ed]: Miller's Anatomy of the Dog, 3rd 
ed. Philadelphia , WB Saunders, 1993, 
p 552, with permission.) 

Teat with orifices Diagram of sinus system 
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Figure 7-5. Bacteria and degenerating neu
trophils in a milk smear from a bitch with 
acute mastitis. Magnification: lOOO x. 

ity, pharmacokinetics of selected antibiotics, 
and whether neonates will continue to nurse 
from the treated bitch. Pups should be allowed 
to nurse unless abscessation or gangrene is 
present, as nursing encourages drainage of the 
gland and provides antibiotics to the neonates. 
If pups are allowed to continue nursing, antibi
otics should be selected on the basis of safety 
for both the mother and neonate, especially 
if the selected therapeutic agent is one that 
concentrates in milk. Although human infants 
are allowed to continue nursing from mastitic 
glands, there is one report of mother-to-infant 
transmission of Streptococcus agalactiae from in
gestion of infected mother's milk. 19 Although 
blood and tissue cultUres of a neonate and 
cultures of the mother's milk may verify that 
similar microorganisms are associated with 

mastitis and neonatal septicemia, it may be 
difficult to determine the original source of 
either infection. For example, the mouth of a 
nursing neonate may be the source of bacteria 
introduced into the mother's mammary gland. 
One of the authors (P.N.O.) is familiar with 
two clinical cases in which the same type of 
bacteria was isolated from the milk of the bitch 
and the tissues of her septicemic pups. The 
mode of transmission, however, was not deter
mined. 

The decision on whether to hand-rear pups 
of mastitic dams or allow them to continue 
nursing is a difficult one that may depend on 
available nursing care and age of the pups. 
During the first 2 weeks of a pup's life, when 
most cases of mas titis occur, pups may need 
to be fed every 2 to 4 hours. Therefore, owners 

• Table 7-1. Cell N umbers and Types in Canine Milk 

Unidentified 
Polymorphonuclear M ononuclear• 

Total Cells Macrophages Cells Cells 

Normal bitches with 33~14,548+ 0-14,088 0-1418 0-1942 
nursing pups 
(11 = 13) 

Normal bitches 13,750-67,654 8054-8869 5303-54,402 1577-4875 
postweaning (11 = 3) 

Pseudopregnant 7302-38,233 5448-27,211 844-8808 0-910 
bitches (n = 3) 

Abnormal bitches+ 4302-363,000 157-76,230 2352-283,400 751-24,861 
(17 = 6) 

• Unidentified mononuclear cells probably are degenerative nuclei of fat cells. 
t Range of means: cells per microliter of milk. 
:j: Abnormal bitches include those with masti tis, mammary duct ectasia, and galactostasis and those having septicemic puppies. 
Table derived from clinical study data in Olson and Olson. " The authors thank A.L. Olson for technical assistance in collecting data for 
this table. 
From Olson JD, Olson PN: Disorders of the canine mammary gland. /11 Morrow DA (ed): Current Therapy in Theriogenology: Diagnosis, 
Treatment, and Prevention of Reproductive Diseases in Small and Large Animals, 2nd ed . Philadelphia, WB Saunders, 1986, p 507, 
with permission. 
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must be available to spend considerable time 
bottle or tube feeding hand-reared pups dur
ing the first 2 weeks of life. If mastitis is di
agnosed after 2 weeks postparhun, and a 
decision is made to hand-rear the pups, it is 
possible to feed pups a replacement formula 
every 4 to 6 hours. By 3 weeks of age, pups can 
be offered a moist dog food and the weaning 
process can be initiated. 

Because the majority of passive immunity in 
pups is obtained through colostral antibodies, 
pups should receive a bitch's milk within the 
first 24 hours of life. Colostral immunoglobu
lins decrease rapidly during the first few days 
postparhun; colostrum contains 1500 mg of 
immunoglobulin/100 ml at whelping, but this 
concentration decreases to less than 300 mg/ 
100 ml by day 2 after whelping.20 The ability of 
the newborn pup to absorb immunoglobulins 
from the intestinal tract is maximal at 8 hours 
after birth, with limited absorption after 15 
to 24 hours postpartum.21

'
22 Although adult 

pooled serum can be given to neonatal pups 
that fail to receive adequate colostrum, the 
beneficial effects of colostrum are difficult to 
replace.23,24 Pups allowed to receive colostrum 
had significantly higher blood levels of immu
noglobulins A, G, and M than those deprived 
of colostrum but receiving pooled adult dog 
serum (22 ml/kg orally or subcutaneously).23 

Even when pups are no longer able to absorb 
immunoglobulins through the intestinal tract, 
a bitch's milk can continue to provide im
portant factors for protecting against potential 
pathogens: lymphocytes, neutrophils, macro
phages, locally secreted immunoglobulin A, 
proteins, and epidermal growth factors. In one 
study, weight gains and body measurements 
were greater in beagle pups who were normal 
at birth and nursed from their dams than in 
littermates fed one of two homemade replace
ment formulas* (M.L. Chandler et al., unpub
lished data, Colorado State University, 1989) 
(Fig. 7-6). Occurrence of diarrhea in the 
formula-fed pups was 85 per cent compared 
to 52 per cent in the control pups. However, 
bitches with severeiy inflamed glands may not 
be able to provide adequate quantities of milk 
or milk with appropriate nutrients to meet the 
needs of growing pups, necessitating the use 
of well-balanced homemade or commercial 
formulas. 

*Formula 1 contained 240 ml whole milk, 2 egg yolks, 5 
ml vegetable oil, and 1 drop of Poly Visol infant vitamins 
(Mead Johnson Division, Bristol Myers, Evansville, IN). 
Formula 2 was the same as Formula 1 except it also con
tained 1.2 g dicalcium phosphate and 0.3 g calcium car
bonate. 

If pups are hand-reared, the veterinarian can 
select a therapeutic regimen that is most ap
propriate for treating the mastitis without be
ing concerned about the potential effects of 
various antibiotics on the nursing neonate (i.e., 
altered intestinal flora, staining of neonatal 
teeth, inability of fetal livers to metabolize the 
drug). If the pups are allowed to nurse while 
the bitch is treated, a broad-spectrum bactero
cidal antibiotic should be selected that lacks 
toxicity for the bitch and neonates (Tables 7-2 
through 7-4).25- 31 In the presence of acute in
flammation, many antibiotics will be able to 
pass through the plasma-milk barrier. Wallace 
and Davidson32 suggested that first-generation 
cephalosporins and {3-lactamase:.... resistant pen
icillins be used to treat mastitis (cephalexin, 

. 2.5 to 7.5 mg/lb [5.0 to 15 mg/kg] given orally 
every 8 hours; clavulinic acid-potentiated 
amoxicillin, 7 mg/lb [14 mg/kg] given orally 
every 8 to 12 hours) until the results of antimi
crobial susceptibility from the cultured milk 
are available. This recommendation is a good 
one, especially if a gram-positive infection is 
suspected. If a gram-negative or mycoplasmal 
infection is suspected, other choices might also 
be considered (Table 7-4). 

Although antimicrobial agents have been 
the mainstay of treating canine mastitis, future 
therapies may add immune stimulators. Ho
mologous recombinant cytokines are effective 
immunomodulators that augment natural de
fensive mechanisms and may have a future 
role in treating mastitis. Interleukin-1/3 and 
interleukin-2 have been used experimentally 
to treat St . aureus mastitis in cows,33 but have 
not been evaluated in the treatment of ca
nine mastitis. 

Acute mastitis may progress to abscessation 
or gangrenous mastitis, conditions in which 
the pups should not be allowed to nurse (Fig. 
7-7) . Gangrenous mastitis is recognized by the 
presence of black mammary tissue on the sur
face of the gland. This tissue is dead and 
should be incised for drainage and debride
ment. Surgical drainage and flushing with 1% 
providone-iodine (Betadine) solution are indi
cated to relieve the inflammation. Bitches with 
acute or gangrenous mastitis may be able to 
provide sufficient milk to pups in a subsequent 
lactation, providing that diffuse inflammation 
and scarring have not occurred. 

INFLAMMATORY MAMMARY 
ADENOCARCINOMA 

Inflammatory adenocarcinoma is a highly ma
lignant neoplasm of the canine mammary 
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Figure 7-6. A: Beagle pups from the same litter. Smaller pups on the left were fed a homemade formula larger pups on the right 
were allowed to remain nursing from the dam. Following weaning, all pups reached similar weights. (Courtesy of M .l Chandler, 
Colorado State University, 1989.) B: Mean body weigh ts of beag le pups (homemade formulas versus bitch 's milk). (Courtesy of 
M.l. Chandler, Colorado Stale Univers ity, 1989.) 

gland that can mimic mastitis. Bitches with 
inflammatory adenocarcinoma are generally 
older bitches that are not necessarily postpar
tum or even sexually intact, but who have 
severely inflamed mammary glands. Throm
bocytopenia and disseminated intravascular 
coagulopathy often occur in bitches with in
flammatory mammary adenocarcinoma. The 
prognosis in these cases is extremely guarded. 
Although mammary tumors will be discussed 
in Chapter 13, inflammatory mammary adeno
carcinoma is mentioned here to alert the veteri-

narian to a serious disorder that can mimic 
acute mastitis . It is especially important that 
the veterinarian evaluate the atypical bitch 
(i.e., non postpartum or neutered older animal) 
for coagulation factors prior to performing any 
surgical procedure for treating intensely in
flamed mammae. 

CHRONIC OR SUBCLINICAL MASTITIS 

Chronic mastitis often is suspected when nurs
ing pups fail to thrive. If mastitis is demon-

• B Table 7-2. Pharmacologic Properties of Certain Antimicrobial Drugs 

Able to Exceed 
Serum Concentration 

Drug Lipid Solubility Acid/ Base pK. in Milk? 

Ampicillin Moderate Acid 2.8, 7.2 No 
Amoxicillin Moderate Acid 2.8, 7.2 No 
Cephalothin Low Acid 2.5 No 
Chloramphenicol High Alcohol n /a Equal 
Ciprofloxacin High between pH 6 and 8 Amphoteric 6.4, 8.7 Yes 
Clindamycin High Base 7.6 Yes 
Enrofloxacin High between pH 6 and 8 Amphoteric 6.4, 8.7 Possibly 
Erythromycin High Base 8.8 Yes 
Gentamicin Low Base 8.0 No 
Lincomycin High Base 7.6 Yes 
Norfloxacin High between pH 6 and 8 Amphoteric 6.4, 8.7 Yes 
Penicillin G Moderate Acid 2.8 No 
Sulfamethoxazole Moderate Acid 5.6 No 
Sulfadiazine Moderate to high Acid 6.5 No 
Tetracycline Moderate Amphoteric 3.3, 7.7, 9.7 Equal 
Tylosin High Base 7.1 Yes 

Data from Olson and Olson,:.; Ziv," Baggot,27 Budsberg et al.," and Gasser et al.29 
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• Table 7-3. Antimicrobials That Affect 
Colonization Resistance 

Antimicrobials that suppress colonization resistance with 
resultant increases in Enterobacteriaceae colonization in 
the pup 

Ampicillin 
Cloxacillin sodium 
Furazolidone 
Metronidazole 

Antimicrobials with a moderate effect 011 colonization 
resistance 

Amoxicillin 
Chloramphenicol 
Tetracycline 

Antimicrobials with no adverse effect on colonization 
resistance 

Aminoglycosides 
Cephalosporins 
Doxycycline 
Erythromycin 
Penicillin (parenteral) 
Sulfonamides 
Trimethoprim 
Quinolones 

Data from jones]() and Poffenbarger et al.31 

Figure 7-7. Gangrenous mastitis in a bitch. Although normal 
pigment is present on several glands, one gland was acutely 
inflamed, containing an area of dark and devi talized tissue 
with a soft center that was about to rupture. (From Wheeler SL, 
Mogn ML, Kaufman, J, et ol: Postpartum disorders in the bitch . 
Compend Cantin Educ Proct Vet 6:494, 1984, with permis
sion.) See Color Plate 

• D Table 7-4. Therapeutic Guide for Treating Canine Mastitis 

Acute Mastitis (blood-milk barrier not intact) 
Bitch without nursing pups 

Aerobic bacteria 
Gram-negative infection 

Gram-positive infection 

Anaerobic bacteria 

Mycoplasma 

Bitch with nursing pups 

Aerobic bacteria 
Gram-negative infection 
Gram-positive infection 

Anaerobic bacteria 
Mycoplasma 

Chronic Mastitis (blood-milk barrier intact) 
Bitch without nursing pups 

Aerobic bacteria 
Gram-negative infection 
Gram-positive infection 

Anaerobic bacteria 
Mycoplasma 

Bitch with nursing pups 

Aerobic bacteria 
Gram-negative infection 
Gram-positive infection 

Anaerobic bacteria 
Mycoplasma 

Select bacterocidal drugs when possible 
Select antimicrobial on the basis of efficacy and safety for the bitch 

Broad-spectrwn cephalosporin (second- or third-generation), 
quinolones, chloramphenicol 

,8-Lactamase-resistant panicillins, amoxicillin-clavulanic acid, first
generation cephalosporin, erythromycin, chloramphenicol 

Penicillin, metronidazole, clindamycin, cefoxitin, chloramphenicol, 
erythromycin 

Chloramphenicol, tetracyclines, erythromycin, quinolones 

Select antimicrobial on the basis of efficacy and safety for the 
bitch, and safety for the pups 

Cefoxitin, chloramphanicol 
First-generation cephalosporins, erythromycin 
Cefoxitin, erythromycin, chloramphenicol 
Erythromycin, chloramphenicol 

Select bacterocidal drugs when possible 
Select antimicrobial on the basis of efficacy and safety for the bitch 

and on ability to enter mammary tissue or milk 

Quinolones, chloramphenicol 
Erythromycin, chloramphenicol 
Clindamycin, chloramphenicol, erythromycin 
Chloramphenicol, tetracyclines, erythromycin, quinolones 

Select antimicrobial on the basis of efficacy and safety for the bitch 
and safety for the pups. The drug's ability to concentrate in 
mammary tissue and milk is also desirable, providing the drug 
is deemed safe for the pups. 

Cefoxitin, chloramphenicol 
Erythromycin, first-generation chephalosporin 
Chloramphenicol, erythromycin, cefoxitin 
Erythromycin, chloramphenicol 
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strated to be the cause of such failure, the pups 
may be hand-reared or allowed to remain 
nursing after antimicrobial treatment begins. 
Although subclinical mastitis is well character
ized in cows, the incidence and significance in 
bitches are currently unknown. 

Bitches with chronic mastitis should be 
treated on the basis of antimicrobial sensitiv
ity, the pharmacokinetics of selected antibiot
ics, and safety for the bitch and pups (if al
lowed to remain nursing). Some antibiotics 
may not reach effective concentrations in the 
milk, especially if the mastitis is chronic rather 
than acute.25 In acute mastitis, many antibiotics 
are able to enter the mammary secretions be
cause milk-plasma barriers are disrupted, local 
blood vessels are dilated, and tissue temper
ature is elevated. However, as inflammation 
subsides and milk-plasma barriers are re
established, the role of pH partitioning may 
become important. Antibiotics that are weak 
bases or weak acids are distributed into body 
compartment on the basis of pH partitioning. 
Understanding pH partitioning allows the vet
erinarian to select a treatment that provides 
optimal concentrations of the drug to the mam
mary gland.26·27 Weak bases tend to concentrate 
in body compartments that are more acidic 
than plasma, whereas weak acids tends to 
concentrate in alkaline environments. Because 
normal milk is slightly more acidic than nor
mal plasma, weak bases achieve higher con
centrations in milk than plasma under normal 
circumstances. Although milk remains acidic 
in most types of bovine mastitis, the rate of 
occurrence of acidic milk in canine mastitis 
remains to be determined. 

In addition to pH partitioning, the lipid solu
bility of a drug should be considered. Antimi
crobials that are poorly lipid soluble will fail 
to achieve projected concentration advantages 
because of the inability to cross cell mem
branes in chronically infected glands. For ex
ample, aminoglycosides are basic antibiotics 
that fail to concentrate in the acidic compart
ment because of low lipid solubility. Some 
drugs, such as chloramphenicol, are nonion
ized and therefore not affected by pH parti
tioning (Table 7-2). Although chlorampheni
col is a broad-spectrum antimicrobial agent 
that enters the milk, its safety for neonates has 
been questioned. Although the authors have 
used chloramphenicol to treat mastitis and 
neonatal infections without apparent compli
cations to the pups, chloramphenicol has been 
blamed for cardiovascular effects and "gray 
baby syndrome" in human infants.30 Unfortu-

nately, the safety of many antimicrobial agents 
remains unknown for both neonatal animals 
and children. 

Although quinolones are known to distrib
ute to the mammary gland and milk, and have 
a favorable spectrum of activity for several 
types of aerobic bacteria and mycoplasma that 
might be associated with mastitis in the bitch, 
they usually are not recommended if pups are 
to continue to nurse from a treated bitch. 
Enrofloxacin can cause abnormal cartilage 

·growth in pups and is not recommended for 
pups of small and medium breeds of dogs until 
after 8 months of age or for pups of large 
breeds of dogs until after 18 months of age.34 

The distribution of enrofloxacin in the mam
mary gland reaches 67 per cent of the simulta
neous plasma concentration 2 hours after dogs 
receive a single oral dose of 2.5 mg/kg. Ci
profloxacin and oflaxacin are known to be dis
tributed in human breast milk. Ofloxacin is 
highly concentrated in breast milk, reaching 98 
per cent of the simultaneous maternal serum 
concentration within 2 hours of administra
tion.35 Because of cartilage concerns, quino
lones also are not recommended for human 
mothers with nursing infants. 

Tetracyclines also are known to distribute 
to the mammary gland and milk, but should 
not be used to treat bitches with nursing 
pups. Tetracyclines are readily bound to cal
cium deposited in newly formed bone and 
teeth. Thus bone deformity and discoloration 
and dysplasia of tooth enamel can occur if 
pups receive the drug.30 Even if pups do not 
receive large amounts of the drug in milk, the 
adverse effects of tetracyclines on pups are 
not always related to dosage or duration of 
treatment. 

If the antibiotic selected for therapy concen
trates in milk, it should also be one that mini
mally suppresses colonization resistance of the 
pup (i.e., increased colonization of Enterobac
teriaceae; see Table 7-3). Antibiotics that sup
press colonization resistance are those that 
decrease anaerobes in the neonatal gastro
intestinal tract, resulting in overgrowth of 
potentially pathogenic bacteria. For example, 
colonization and nosocomial infections with 
Klebsiella species in both newborn pups31 and 
children36 have been associated with the indis
criminate use of antibiotics such as ampicillin. 
Whenever pups are allowed to continue nurs
ing from mastitic or antimicrobial-treated 
bitches, the weights and general health of 
the pups should be monitored carefully (see 
Chapter 8). 
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Because the veterinarian must weigh many 
factors when treating mastitis, Table 7-4 is 
offered as a guide for selecting a therapeutic 
plan. Depending on the results of milk cul
tures, whether pups remain nursing, and addi
tional information that becomes available on 
the safety of various drugs, these recommen
dations may need to be modified by the attend
ing veterinarian. 

TOXIC MILK SYNDROME 

Although abnormal or "toxic" milk has been 
associated with neonatal morbidity and mor
tality, actual definition of "toxic milk" in dogs 
has not been established.37 Although "toxic" 
bitch's milk has been incriminated in causing 
3- to 14-day-old pups to become ill, the exact 
role or composition of milk in neonatal mor
bidity and mortality remains unknown. Pups, 
for whatever reason, become uncomfortable, 
vocalize, and bloat. Although metritis and sub
involution of placental sites (SIPS) have been 
incriminated in causing the "toxic" milk syn
drome,37 many bitches with SIPS are asymp
tomatic and have healthy pups (see below). 
Signs similar to those reported for "toxic" milk 
syndrome have also been observed in formula
fed pups.31 Various conditions are likely to 
cause gastrointestinal ileus that results in 
bloating after eating. For example, gastrointes
tinal transit is frequently slowed in hypother
mic pups.38 

Galactostasis 

Galactostasis is an abnormal delay in the pas
sage of milk from the mammary glands that 
can occur during disease, as with mastitis or 
anatomic abnormalities of the teat, or without 
concurrent disease, as when pups are abruptly 
weaned. Galactosis also may occur when pups 
are not rotated on the mammary glands,32 

when pups are unable to remove milk from 
all glands (i.e., a small litter, death of the litter), 
or during pseudopregnancy. Galactosta
sis becomes problematic for the bitch when 
inflammation accompanies the accumulation 
of milk. 

Although bitches with galactostasis are not 
systemically ill unless the milk stasis resulted 
from mastitis, they may be uncomfortable if 
the engorged glands become hot and painful. 
Cytologic evaluation of milk from bitches with 
galactostasis usually reveals cell counts greater 
than 3000 cells / ,ul (range 90 to 136,000/ ,ul), 
with macrophages and neutrophils as the pre-

dominant cell types.17 Macrophages may be 
observed to contain milk fat within the 
cytoplasm. Neutrophil numbers vary with the 
severity of the inflammation. In some cases, 
eosinophils are abundant in the milk, suggest
ing that an allergic component may exist in 
some forms of the condition. 

Treatment is directed at decreasing secretion 
and reducing inflammation. Cool towels or 
compresses may be applied to the glands to 
decrease inflammation. If infection is absent, 
glucocorticoids can be administered to reduce 
the inflammation. Diuretics and analgesics 
have been suggested to be beneficial treat
ments.12 Reducing the food intake of the bitch, 
combined with gradual weaning of pups, may 
reduce milk production, thereby reducing the 
severity of the condition. Milking the gland 
may or may not be beneficial. It is difficult to 
remove milk from all sections of the canine 
mammary gland, and stimulation of the gland 
may result in further milk production. 

Agalactia 

Agalactia (also called agalactosis) is the ab
sence of milk production or secretion. Primary 
agalactia occurs from a failure of milk produc
tion, resulting from anatomic or physiologic 
abnormalities, and is extremely rare. Second
ary agalactia can result from inadequate nutri
tion, stress, premature parturition, progesta
gen therapy, mastitis, metritis, psychological 
problems, endotoxemia, and systemic illness. 

Primary or true agalactia does not respond 
to therapy if congenital malformations exist in 
the mammary gland or if the gland is unable to 
respond to hormonal stimulation. Secondary 
agalactia should be treated by removing the 
inciting cause for failure of milk production 
or letdown. A young or primiparous bitch may 
be nervous and fearful of nursing. Reassurance 
from the owner or the use of tranquilizers often 
is beneficial; phenothiazine tranquilizers pro
mote increased prolactin release from the pi
tuitarf9 and may enhance lactation. Oxytocin 
nasal sprays can be efficacious in enhancing 
milk letdown in nervous mothers. 

There may be other causes of secondary aga
lactia still to be identified in the bitch. For 
example, mycoplasmal infections of the 
mammary gland have been associated with 
agalactia, arthritis, and keratoconjunctivitis in 
goats.40.41 In swine, agalactia has been associ
ated with mastitis and metritis, and suggested 
to result from an interaction of endotoxins at 
lactation. Escherichia coli endotoxins given to 
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sows on day 2 of lactation resulted in marked 
suppression of prolactin secretionY The ad
ministration of drugs (megestrol acetate, pro
gesterone, ally-trenbolone), the feeding of 
ergot, and the hormonal changes in the peri
parturient period all have been associated with 
agalactia in various species.43-45 

Subinvolution of Placental Sites 

Uterine involution, based on histologic obser
vations, is complete by 12 weeks postpartum 
in normal bitches.46 Uterine weights return to 
those of anestrous uteri by 60 to 120 days post
partum.47 The ultrasonographic appearance 
of the postpartum uterus is indistinguishable 
from that of the anestrous uterus by 15 weeks 
postpartum. 48 

Subinvolution of placental sites (SIPS) oc
curs when the involution process is delayed. 
In one study/ 9 20 of 95 reproductive tracts from 
postpartum bitches were observed to have 
SIPS; the reproductive tracts were from post
partum spayed bitches and experimental sur
gical cases. In normal bitches without SIPS, 
fetal trophoblasts or maternal decidual cells 
can be observed in the upper loose connective 
tissue of the lamina propria for the first 2 weeks 
after whelping.46 However in bitches with 
SIPS, these trophoblastic cells do not degener
ate and continue to invade the deep glandular 
layer of the endometrium or even the myome
trium. This trophoblastic invasion, concomi
tant vascular damage to blood vessels, and 
failure of normal endometrial blood vessel 
thrombus formation and secondary occlusion 
are proposed as potential causes of SIPS in 
dogs.50 Histologically, large masses of colla
gen, hemorrhage, and dilated endometrial 
glands may be observed in the placental sites, 
which are about twice the size of sites from 
normal bitches at the same time after par
turition. Trophoblast-like cells extend into 
the myometrium at the base of the collagen 
masses, and may form a syncytial mass of 
cells.49 These syncytial masses of trophoblast
like cells may invade the myometrium and 
surround the blood vessels in the stratum vas
culare. Trophoblast-like cells may be observed 
in vaginal smears from bitches with clinical 
signs of SIPS12,51 but are not observed in smears 
from normal postpartum bitches. These tro
phoblast-like (or decidua-like) cells are poly
nucleated and heavily vacuolated (Fig. 7-8). 

The incidence of SIPS is higher in primipa
rous bitches younger than 3 years of age.52-55 

Dickie and Arbeiter described 20 cases of SIPS 
(also called metrorrhagia post partum or 
placentitis postpartum) in bitches between 2 
and 6 years of age (average age = 4.5).51 The 
disease occurred after the first parturition in 
10 of 20 cases, after the second parturition in 
6 of 20, and after the third parturition in 4 
of 20. Affected animals from various breeds 
included boxers (n = 3), German shepherds 
(n = 4), a mop (n = 1), rottweilers (n = 2), 
dachshunds (n = 2), spaniels (n = 2), deer
hounds (n = 2), a Doberman pinscher (n = 1), 
a Kerry blue terrier (n = 1), and poodles (n = 2). 

Historically, bitches with SIPS are normal 
except for a hemorrhagic uterine discharge 
that passes from the vulva for several weeks 
postpartum. The amount of blood passing may 
range from a few drops each day that subside 
without therapy to acute, life-threatening me
trorrhagia that requires transfusion and/ or 
immediate surgical intervention. In chronic 
cases, the uterine discharge may pass for 8 
weeks or even until the next proestrus onset. 
SIPS has been diagnosed histologically as late 
as 9 weeks postpartum in a clinically normal 
bitch undergoing elective ovariohysterec
tomy.51 In our experience, severe postpartum 
blood loss is rare, and often is accompanied 
by a coagulopathy or ulceration of the uterus. 
The chronic form of SIPS, consisting of pro
longed hemorrhagic discharge in an otherwise 
healthy bitch, is far more common. The diag
nosis of SIPS, however, is often presumptive 
rather than confirmatory when minimal blood 
loss occurs, because biopsied uterine tissues 
are not usually obtained from animals under
going spontaneous regression. 

In bitches with the chronic form of SIPS, 
small amounts of hemorrhagic discharge may 
be obscured by lochia that passes for up to 
3 weeks postpartum. As the uteroverdin
containing lochia subsides, owners may be
come aware of a persistent hemorrhagic dis
charge and seek veterinary assistance. Owners 
generally report that the bitch experienced a 
normal delivery and that pups are doing well. 
Uterine swellings of different sizes often can 
be palpated in bitches with SIPS (Fig. 7-9). 
Radiographic and ultrasonographic examina
tions confirm the palpation findings. The dif
ferential diagnoses for a hemorrhagic dis
charge passing from the vulva of a postpartum 
bitch include coagulopathy, metritis, brucello
sis, inflammation of the caudal reproductive 
tract, trauma, genital tract neoplasia, and 
SIPS. 56 
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Figure 7-8. A: Schematic diagram of polynuclea ted, heavily vacuolated gian t cel l in the vag inal smear of a bi tch w ith prolonged 
vag inal d ischarge from subinvolution of placental si tes. (From Dickie M B, Arbeiter K: Diagnosis and therapy of the subinvolution 
of placental sites in the bi tchJ Reprod Fertil Suppl47:4 71-475 , 1993, wi th permission.) B: Polynucleated cel l observed in a 
vaginal smear from a bitch w ith subinvolution of placental si tes. Magni fication: 1 OOOx. (From W heeler Sl , M agne M l , Kaufman 
J, et al : Postpartum disorders in the bitch. Compend Cantin Educ Proct Vet 6: 497, 1984, w ith permi ssion.) C: A syncytium of cells 
obtained in o vaginal smear from a bitch w ith subinvolution of placental sites. Magni fication: 1 OOOx. 
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Figure 7-9. Swellings in a uterus removed from a bi tch wi th 
subinvolution of placental sites. Note the elliptica l enlargements 
tha t sometimes con be palpated in affected anima ls. 

Because spontaneous remission occurs, 
bitches with SIPS may not require medical 
or surgical therapy. Ovariohysterectomy. is 
required if severe hemorrhage or ulceratiOn 
of the endometrium/myometrium occurs. Al
though rare, ulceration and I?erf~r.ation of the 
uterus with subsequent pentomtis has been 
observed (D. Lein, Cornell University, per
sonal communication, 1986). Ecbolic therapy 
(i.e., ergonovine, prostaglandins) does not ap
pear to affect the troph_ob~ast-like cells as~oci
ated with SIPS deep Withm the myometnum, 
which are not likely to slough through forced 
uterine contraction or vasoconstriction. 

Progesterone therapy ~as ad':'ocated f~r 
SIPS in the past because of Its perceive? benefit 
in sloughing residual trophoblast-like cells 
through endometrial stimulation. However, 
there has been no substantiated benefit from 
such therapy. Because progesterone therapy 
can cause pyometra in the bitch, it should 
be avoided. In one study, serum progesterone 
levels were elevated above anticipated post
partum levels in two of fou:; bitches with SIP?, 
incriminating the hormone m the pathogenesis 
of the disorder.49 However, normal placental 
sites and SIPS can coexist within the same 
bitch's uterus, which does not support a hor
monal etiology. 

Although vaginal bacteria ha':'e .ac~ess to the 
uterus in bitches with SIPS, antibiOtic therapy 
is not recommended unless secondary metritis 
occurs. Microorganisms that are part of the 
vaginal flora can develop increased resista~1ce 
if antibiotics are used indiscriminately, makmg 
treatment more difficult if metritis occurs. 

Hypocalcemia (Eclampsia, 
Puerperal Tetany) 

Hypocalcemia, referred to as eclampsia or 
puerperal tetany in the prepartum or postpar-

tum bitch, is associated with a depletion of 
calcium in the extracellular compartment and 
is characterized by nervousness, elevated body 
temperature, dry mouth and sclera, ~antin.g, 
restlessness, whining, tremors, staggenng, stif
fness, and, finally, collapse, with clonic spasms 
or seizures, labored breathing, salivation, and 
death. Although puerperal tetany in the bitch 
may occur prior to parturition, it is far more 
common during the first few weeks postpar
tum when the demand for milk by the pups 
is great; episodes occurring after 40 days post
partum are rare.57 

Although the term eclampsia has been used 
to describe prepartum and postpartum hy
pocalcemia in the bitch, _ eclamp~ia in other 
species may not be associated WI~h hypocal
cemia.t Puerperal tetany generally IS obser~ed 
in bitches of small breeds, but dogs of any size 
may be affected.16•58- 61 Primiparous bitches may 
be over-represented, perhaps because owners 
may not breed animals again once they have 
had the disorder. Litter size has not been dem
onstrated to predispose animals to the disease. 

Initial signs of hypocalcemia (i.e., restless
ness, pacing, panting, relu~tance ~o care for 
the pups, stiffness, and facial pruntus) occur 
within minutes to hours before the onset of 
muscle tremors, tetany, and convulsions. Hy
perthennia (tempera~r~s > 105°F. o:; 40SC) is 
common during subclnucal and chmcal tetany, 
resulting from increased muscle activity. The 
electrocardiogram of the bitch with hypocal
cemia has deep, wide T waves, prolonged Q
T interval, and comparatively taller R waves 
when compared to tracings from unaffected 
bitches. Both tachycardia32 and bradycardia61 

have been associated with hypocalcemia in the 
dog. Pupils of the affected bitc!1 may be dilated 
and sluggish in response to hght. 

A total blood calcium level below 7 mg/ 
100 ml (normal= 9 to 11 mg/100 ml) confirms 
the diagnosis, although most al_lil!lals . are 
treated on the basis of history and chrucal signs 
before laboratory tests are completed. Phos
phorus levels are normal to low. in affect~d 
patients. Although blood glucose IS normal m 
bitches with eclampsia, the signs of hypogly
ceinia associated with pregnancy toxemia 
(see Chapters 5 and 6) can be similar to those 
of hypocalcemia. Therefore, blood glucose 
should be evaluated, especially in those cases 
not respondil1g to calcium treatment. The dif-

t Pre-eclampsia /eclampsia in women is associated with 
convulsions and coma, but the condition IS associated With 
hemolysis, elevated liver enzymes, low platelets, hyper
tension, edema, and proteinuria rather than hypocalce1111a. 
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ferential diagnosis of seizures also includes 
epilepsy, meningoencephalitis, and poisoning 
(i.e., caffeine, strychnine, lead, metaldehyde). 

The pathophysiology of eclampsia in the 
dog is different from that of postpartum hypo
calcemia in the cow. In the cow the transmis
sion of acetylcholine is blocked by decreases 
in calcium, resulting in a flaccid paralysis. In 
the bitch, the transmission of acetylcholine 
is not blocked by hypocalcemia, possibly re
sulting from differences at the neuromuscular 
junction between cows and dogs. There is, 
however, a loss of membrane-bound calcium 
in the bitch, which results in increased per
meability of the muscular membrane to ions, 
requiring less stimulus for depolarization. 
Consequently, the signs of spontaneous and 
repeated depolarization of muscle, or tetany, 
occur. Although magnesium appears to play 
a role in certain causes of tetany in cattle, levels 
of magnesium are within normal limits in dogs 
with eclampsia. The calcium measured in se
rum for diagnosis is often total calcium, but 
it is only the ionized form that is important 
for normal neuromuscular function. Tests for 
measuring serum ionized calcium concentra
tions are not widely available to practicing vet
erinarians, but total serum calcium should be 
measured if possible in a bitch that is refractory 
to treatment. The proportion of calcium that is 
ionized and available to muscle cells decreases 
with metabolic or respiratory alkalosis. Dogs 
with eclampsia often are hyperpneic and may 
develop an alkalosis, resulting in a further de
crease of ionized calcium. 

Treatment 

Treatment with slow IV administration of cal
cium should begin as soon as the clinical diag
nosis is made. Gradually cooling the bitch, 
along with the calcium treatment, may be 
necessary in animals with pyrexia (> 107°F). 

Because several preparations of calcium 
are commercially available, the veterinarian 
should be aware of the relative amounts of 
elemental calcium and appropriate route of 
administration of the different products (Table 
7-5). One therapeutic regimen is to administer 
a 10% solution of calcium gluconate (0.22 to 
0.44 ml/kg), slowly IV. The response to ther
apy may vary, so ranges of 1 to 20 ml of the 
10% calcium gluconate are suggested,61 admin
istering the calcium slowly to effect. The 
amount given must be titrated to the animal's 
clinical signs and discontinued if abnormal 
changes in the electrocardiogram occur. Once 

the neurologic signs have subsided, additional 
amounts of calcium may be given intramuscu
larly or subcutaneously for a more prolonged 
effect. Wallace and Davidson32 suggested that, 
once a bitch is stable following IV calcium 
treatment, a 10% calcium gluconate solution 
diluted 50 per cent with saline be administered 
subcutaneously every 8 hours until the bitch 
can be maintained on oral calcium. One must 
use only those calcium preparations that are 
safe for the proposed route of administration. 
For example, calcium chloride is extremely ir
ritating if given by any route other than IV 
(Table 7-5). 

Calcium preparations vary considerably by 
milligrams per milliliter of elemental calcium. 
For example, 10% calcium gluconate solution 
contains 9.3 mg/ ml of elemental calcium and 
10% calcium chloride solution contains 27.2 
mg/ml of elemental calcium. One preparation 
commercially available for treating canine 
eclampsia (Calphosan Solution) 1 %; (Glen
wood, Tenafly, NJ)62 contains a 1 o/o solution of 
calcium glycerophosphate plus calcium lac
tate, which is only 1.87 mg/ml elemental cal
cium. Thus it would take approximately five 
times as much of the 1 o/o Calphosan solution to 
treat a bitch with eclampsia as the 10% calcium 
gluconate. Although a 10% Calphosan suspen
sion also is commercially available, it is not 
approved for use in dogs and cannot be given 
IV. The Calphosan suspension has been re
ported to cause the development of aseptic 
abscesses when given IM to cows.4 

Although once recommended as therapy, 
glucocorticoids should not be used to treat 
bitches with hypocalcemia. Glucocorticoids 
decrease intestinal absorption and enhance 
renal excretion of calcimn. Once a bitch is sta
ble and able to eat, oral supplementation of 
calcium should begin; 1 to 3 g of calcium car
bonate (Tums E-X, SmithKline Beecham, Pitts
burgh, PA; 750 mg calcium carbonate/tablet) 
or calcium gluconate per day can be given in 
divided doses to prevent recurrences of hypo
calcemia. Vitamin D therapy can be added to 
the oral calcium therapy, but dogs should be 
monitored to verify that hypercalcemia does 
not result. 

Pups should be removed from the bitch to 
reduce the lactational drain on the dam. Bot
tle feeding may be necessary in some cases, 
but many pups are near weaning age when 
eclampsia occurs so they can be started on 
solid food or gruel. If pups are too young to 
be weaned, they may be reintroduced gradu
ally (i.e., receive partial supplementation via 
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• Table 7-5. Concentrations of Calcium in Various Commercial Preparations 

Concentration 
of Compound Calcium in Elemental 

Form of Calcium (g/100 ml) Compound (%) Calcium (mg/ml) Calcium (mEq/ml) 

Calcium gluconate 23* 
10* 
5t 

Calcium boro- 21.5* 
gluconate 

Calcium 0.5' 
glycerophosphate 

Calcium lactate 0.5 
1% solution*'! 

Calcium 5.0' 
glycerophosphate 

Calcium lactate 5.0 
10% suspension! 

Calcium chloride 

*Can be given rv. 
t Can be given subcutaneously. 
t Can be given intramuscu larly. 

5.0* 
10.0* 

9.30 21.40 1.07 
9.30 9.30 0.46 
9.30 4.65 0.23 
9.30 20 1 

19.07 

18.37 
1.87 0.09 

19.07 

18.37 
18.71 0.93 

27.2 13.60 0.68 
27.2 27.20 1.36 

Adapted from Wheeler SL, Magne ML, Kaufman J, et al: Postpartum disorders in the bitch. Compend Cantin Educ Pract Vet 6:493-
500, 1984. 

bottle-feeding) to the bitch after she is stable 
and receiving oral calcium treatment. · 

Prevention 

Balanced diets with calcium: phosphorus ra
tios ranging from 1 : 1 to 1.2 : 1 reportedly are 
suitable for pregnant bitches and may be use
ful in preventing eclampsia.38•

60 Recommended 
diets for pregnant bitches include gestation/ 
lactation/ growth diets that meet or exceed the 
guidelines of the American Association of Feed 
Control Officers trials. Excessive calcium in
take during pregnancy has been associated 
with an increased incidence of hypocalcemia 
in postpartum cows, and diets with a high 
calcium: phosphorus ratio also have been 
incriminated in predisposing bitches to ec
lampsia. However, recent work suggests that 
the dietary cation-anion difference may be 
more crucial than calcium intake during preg
nancy in preventing hypocalcemia. Cows fed 
a highly anionic (acidic) diet were more re
sponsive to parathyroid hormone, enabling 
them to more quickly mobilize calcium from 
bone.63 Thus feeding a highly anionic diet dur
ing the immediate prepartum period reduces 
the incidence of hypocalcemia in dairy cows. 
Whether similar dietary manipulations dtiring 
late pregnancy would be beneficial in the bitch 
is unknown. Although current recommenda
tions for preventing eclampsia in the bitch in
clude the feeding of diets during pregnancy 
that are not excessive in calcium, the benefit of 

diets with various calcium:phosphorus ratios 
remains unknown. During lactation, calcium 
supplementation may be given for preventing 
eclampsia, especially in bitches that are at risk 
for developing the disorder. 
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The Neonate-from Birth to Weaning 

The newborn puppy may have to overcome 
numerous obstacles during the first few weeks 
of life to survive to weaning. Twenty to 30 per 
cent of all pups die during the first few weeks 
after birth.1 This chapter deals primarily with 
the newborn pup from birth through weaning. 
The reader also is encouraged to read Veteri
nary Pediatrics-Dogs and Cats from Birth to Six 
Months (Second Edition).2 

Physiologic Differences between 
the Neonatal and Adult Dog 

Pups and adult dogs have significant physio
logic differences. It is important that the owner 
and veterinarian be aware of such differences 
in order to prevent illness and to formulate 
therapeutic interventions for sick pups. 

Thermoregulation 

Newborn pups can lose heat through evapora
tion, conduction, radiation, and convection.3 

Thus it is important to provide pups with an 
environment that prevents excessive heat loss. 
In addition, a neonate can lose heat if wet or 
if placed next to drafts or cold objects (i.e., 
metal cages). If pups are orphaned or sepa
rated from their dams, environmental temper
atures should be kept higher than those neces
sary for adult animals. Monson4 suggested that 
orphaned pups be kept in enviromnents with 
temperatures of 85° to 90°F during the first 
week of life (Table 8-1). 

Rectal temperatures of newborn pups range 
from 95o to 99oF for the first week of life and 
from 97° to 100°F during weeks 2 and 3.3 In 
one report,5 the average rectal temperature of 
a dry, healthy pup the day after birth was 
96°F (::±: 1.SOF). By weaning, the average rectal 
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temperatures of pups are similar to those of 
adult dogs6 (Fig. 8-1). 

The shivering reflex and vasoconstrictive 
mechanisms are not fully operative in the new
born pup. Nonshivering thermogenesis, im
portant for thermoregulation in neonatal pups, 
occurs in brown adipose (brown fat) tissue.7·8 

Pups are unable to maintain body tempera
tures in cool environments, especially when 
separated from their dams. Although pups 
have reduced ability to maintain body temper
atures when chilled, they are able to pant when 
overheated (M. L. Chandler and S. L. Ralston, 
unpublished observations, Colorado State 
University, 1988). 

Normal physiologic functions are impaired 
when a pup becomes chilled. For example, the 
heart rate in a newborn pup with a rectal tem
perature of 96°F ranges from 200 to 250 beats 
per minute. If the rectal temperature drops to 
70°F, the heart rate decreases to only 40 to 50 
beats per minute. A lowered heart rate may 
result in failure to suckle, dehydration, and 
death.1 However, the hypothermia that leads 
to decreased cardiovascular function also pro
tects pups from the ischemic brain injury that 
accompanies cardiovascular failure. 9 In this 
study, newborn dogs tolerated experimental 
induction of hypothermic circulatory arrest for 
up to 1 hour without brain injury. After 1 hour 
of hypothermic circulatory arrest, graded neu
ronal injury occurred. Tissue hypoxia and met
abolic acidosis also occur with sustained hypo
thermia. 

Bitches may not care for pups with cool skin 
temperatures, pushing the pups away and not 
responding to their cries.3 As rectal tempera
tures drop below 94°F, gastrointestinal ileus de
velops, and pups refuse to nurse. 10

-
12 If chilled 

pups with ileus are forced to eat, regurgitation 
followed by aspiration pneumonia can occur. 
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• • • Table 8-1. Environmental Temperature 
Guidelines for Orphan Puppies 

Age (days) 

0-7 
8-14 

15-28 
29-35 
35+ 

Temperature 
(•F) 

85-90 
80 
80 

70-75 
70 

From Monson Wj: Orphan rearing of puppies and kittens. Vet Clin 
North Am Small Anim Pract 17:567-576, 1987, with permission. 

Chilled pups may have increased susceptibility 
to infection because of decreased lymphocyte 
transformation that accompanies chilling.3 

Owners should provide a safe source of heat 
for pups if the dam is unavailable or the envi
ronment is cold. A warm-water bottle wrapped 
in a towel or placed inside a cloth cover (i.e., 
flannel pillowcase) can provide an adequate 
source of external heat for healthy orphaned 
pups (Fig. 8-2). Water should be changed as it 
cools, so as to avoid chilling of the pups from a 
cold bottle. The cloth covering prevents direct 
contact ofthe pup's delicate skin with the water 
bottle and decreases the risk of contact burns. 
Heat lamps can be used, but must be carefully 
placed and monitored to prevent excessive 
heat, burns, or dehydration (Fig. 8-3). 

Pediatric incubators with climate control 
(Fig. 8-4) can be used for rearing orphaned or 
sick pups. Climate control also should address 
humidity, so that a pup's mucous membranes 

Figure 8-1. Changes in rectal tempera
lure in newborn puppies. (Frorn M ueg-
gler PA, Peterson JS, Kaler RD, el o l: 
Post-notal regula tion of oxygen delivery: 
Hematologic parameters of postnatal 
dogs. Am J Physiol 237: H71-H75, 
1979, with permission.) 

~ 
e! 

m 
G.l 
Q. 

E 
~ 

40 1-

39 1-

38 

I I "[ I 
36 

J5 t 
?·=I 

Figure 8-2. A worm-wa ter bottle wrapped in a towel provides 
on adequate external heal source for neonatal puppies; the 
water must be changed as it cools. (From Poffenbarger EM, 
O lson PN, Ro lston SL, el ol: Conine neonatology. Port II . Diso r
ders of the neonate. Compend Conlin Educ Procl Vet 13:25 -
37, 1991 , w ith perm ission.) See Co/or Plate 

do not become excessively dry. Mosier3 re
ported that an environmental relative humid
ity of 55 to 65 per cent is adequate for prevent
ing drying of the skin. For immature, low
birth-weight pups, a relative humidity of 85 
to 90 per cent is more effective in maintaining 
deep body temperature and normal hydration. 
Care should be exercised to ensure that the 
ambient temperature does not exceed 90°F 
when high humidity is provided. Tempera
tures of 95°F or greater, coupled with relative 
humidities of 95 per cent or greater, can lead 
to respiratory distress in neonatal pups.3 

60 80 100 140 

Age (days) 
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Figure 8-3. N eonatal pups kepi warm with a heal lomp. If is 
imporfonf !hal such lamps are securely fastened and placed at 
appropriate distances so as to prevent burns. 

Although a variety of incubators can be used 
for rearing orphaned pups, many orphaned 
pups that are otherwise healthy can be reared 
by using a box, towels, and warm-water bot
tles. If a choice of environmental temperatures 
is offered to healthy orphaned pups, many are 
able to select a temperature zone that is com
fortable. Ill or comatose pups may not be able 
to move away from excessive heat sources, and 
must be monitored carefully for overheating 
and dehydration. Even healthy pups may be 
unable to move away from excessive heat (i.e., 
heating pads) during the first week of life, be
cause neuromuscular reflexes are not fully de
veloped at birthY 

Carbohydrate Regulation 

Neonatal pups differ from adult dogs in their 
ability to maintain normal blood levels of glu-

case (i.e., euglycemia). In some cases, the abil
ity to regulate blood glucose in the neonatal 
period may relate to the dam's nutritional sta
tus during pregnancy. Maternal starvation can 
reduce fetal birth weight, cause a significant 
decrease in fetal blood glucose concentrations, 
and cause an increase in fetal ketone levels. 
Maternal starvation reduced the birth weight 
of pups by 23 per cent and caused significantly 
lower fasting blood glucose levels in pups at 
3 hours of age when compared to controls.14 

Bitches fed a low-carbohydrate diet during 
pregnancy had fewer pups born alive (63 per 
cent compared to 96 per cent of the pups born 
to the control bitches) and fewer pups alive at 
3 days of age.15 

Normal pups, whelped by healthy and 
properly fed bitches, may be able to maintain 
stable blood glucose levels for several hours 
following a fast. However, because neonatal 
livers contain minimal glycogen stores/6

-
20 

even minimal fasting can result in hypoglyce
mia in some newborn pups. Factors other than 
fasting may contribute to the rapidity of the 
development of hypoglycemia (see below) . 
Toy-breed pups may be more predisposed to 
fasting hypoglycemia than large-breed pups, 
possibly from limited body energy reserves, 
immature mechanisms for gluconeogenesis 
and glycogenolysis, and higher metabolic de
mands.21 A condition referred to as transient 
juvenile hypoglycemia occurs in young pups, 
often those of toy breeds. If pups with transient 
juvenile hypoglycemia are treated appropri
ately with glucose therapy, and are able to 
maintain euglycemia through frequent feed
ings, the condition usually resolves by the time 
the pup reaches puberty. Yorkshire terriers are 
over-represented as a breed whose pups de-

Figure 8-4. A human pediatric incubator 
used for rearing neonatal pups ond killens. 
Such units frequently con be obtained from 
human hospi tals when they upgrade equip· 
men! for pedia tric units. 
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velop fasting hypoglycemia, a condition that 
has been associated with fatty liver syn
drome.22 Mosier reported hypoglycemia and 
hepatic lipidosis in pups of other toy breeds.23 

Depending on the severity, duration, and pre
disposing factors of hypoglycemia in fasting 
pups, ketonuria may or may not be present. 

Because pups lack the feedback mechanism 
between hepatic gluconeogenesis and blood 
glucose concentrations, regulation of blood 
glucose is more difficult than for the adult dog. 
Pups are relatively insensitive to insulin and 
have immature gluconeogenic responses to 
counter-regulatory hormones. Additionally, 
the newborn dog has a lower rate of glucose 
metabolism and reduced glucose clearance.24 

Thus, prolonged hyperglycemia can result 
from glucose administration because of imma
ture regulatory and metabolic mechanisms. 
Glucosuria is common in neonates until 2 to 
8 weeks of age.25

•
26 

OTHER FACTORS LEADING TO 
DEVELOPMENT OF HYPOGLYCEMIA 
IN PUPS 

Factors other than fasting play a role in the 
development of hypoglycemia in newborn 
dogs. (Table 8-2).1•10•

27
- 29 Although chilling 

does not seem to enhance the development 
of hypoglycemia in newborn dogs,30 disorders 
such as endotoxemia, sepsis, portosystemic 
shunts, and glycogen storage abnormalities 
can cause a profound decline in blood sugar 
concentrations.31 

Inborn errors in carbohydrate or amino acid 
metabolism, inadequate glycogen or protein 
substrate stores, and immature or deficient en
zyme systems should be considered in pups 
with recurrent hypoglycemia that continues in 
the absence of identifiable disease (i.e., septice
mia/ endotoxemia) and in the presence of 
adequate nutrition and appropriate glucose 
therapy. Glycogen storage disease may be sus
pected if recurrent or persistent hypoglycemia 
is diagnosed in a pup that also has hepato
megaly, acidosis, and ketosis.21 Glucose-6-
phosphatase deficiency (von Gierke's disease) 
can cause severe hypoglycemia and has been 
suspected in pups of toy breeds.32•33 Amylo-
1,6-glucosidase deficiencies (Cori's disease or 
"limit dextrinosis"), a cause of moderate hypo
glycemia after a long fast, has been confirmed 
in some female German shepherds with signs 
beginning at around 2 months of age.34

•
35 

Other causes of hypoglycemia include vas
cular anomalies (i.e., portosystemic shunts) or 

other severe hepatic diseases. If more that 70 
per cent of the normal functioning liver mass is 
impaired, inadequate hepatic glycogen stores 
and insufficiencies of hepatic enzymes resultY 
Hypoglycemia in pups initiated by ingestion 
of food could be caused by glucagon defi
ciency, fructose intolerance, galactosemia, or 
leucine hypersensitivity.36 

DIAGNOSIS AND TREATMENT 
OF HYPOGLYCEMIA 

Blood glucose concentrations less than 30 mg/ 
dl in newborn pups and less than 40 mg/ dl 
in pups 2 weeks to 6 months of age should be 
considered abnormal, especially when accom
panied by clinical signs.37 Center et aF9 re
ported that concentrations of blood glucose 
ranged from 52 to 127 mg/ dl for neonatal pups 
(n = 30) between the ages of 1 to 3 days, from 
111 to 146 mg/dl at 2 weeks of age (n = 14), 
and from 86 to 115 mg/ dl at 4 weeks of age (n 
= 7) . The normal adult range for blood glucose 
concentrations given by these authors was 65 
to 110 mg/ dl (Table 8-3). 

Clinical signs of hypoglycemia in neonatal 
pups include lethargy, failure to nurse, mental 
dullness, depression or stupor, and seizures. 
Other signs that may occur include tremor, 
nervousness, vocalization, irritability and in
tense hunger.38 

Treatment should be initiated after the diag
nosis of hypoglycemia has been made. Dex
trose,.0.2 to 0.5 g/lb (0.5 to 1 g/kg)39 can be 
administered slowly (over several minutes) in
travenously through the jugular veins of most 
pups. Ultrafine pediatric catheters are avail
able that can be inserted into cephalic or femo
ral veins. Five to 10% dextrose solutions are 
recommended for intravenous administration. 
Higher concentrations of dextrose may be di
rectly applied to mucous membranes, provid
ing that circulation is adequate for absorption 
to occur, but should not be given intravenously 
because of the risk of causing phlebitis (Table 
8-4). Because of the immature regulatory and 
metabolic mechanisms in neonatal pups, and 
the potential for hyperglycemia following dex
trose treatment, blood glucose levels should 
be measured prior to administering more dex
trose to a pup that fails to respond to therapy. 

Renal and Hepatic Function 

The immature kidneys and livers of neonates 
contribute to the differences between pups and 
adults in drug metabolism and excretion, and 
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• • • Table 8-2. Suspected or Reported Factors Associated with Hypoglycemia in Neonatal Pups 

Factor 

Fasting or starvation (pup or pregnant bitch) 
Transient juvenile hypoglycemia 
Carnitine deficiency 

Incidence in Dogs 

Common 
Conunon 
Reported 

Deficiency / insensitivity of counter-regulatory hormones/immature feedback mechanisms 
Glucagon deficiency 
Cortisol/adrenocorticotropic hormone deficiency 
Growth hormone deficiency 
Thyroid hormone deficiency 
Catecholamine deficiency 

Low hepatic glycogen stores/inborn errors of metabolism 
Fasting/ starvation 
Glycogen storage diseases 
Glycogen synthetase deficiency 
Branched-chain ketoacid dehydrogenase deficiency 
Fructose 1-phosphate aldolase deficiency 
Gluconeogenetic enzyme deficiency 
Argininosuccinic acid synthetase deficiency 
Amylo-1,6-glucosidase deficiency 
Hepatic phosphorylase deficiency 
Phosphorylase kinase deficiency 
Glucose-6-phosphatase deficiency 

Drug induced 
Infectious diseases 
Severe hepatic disease 

Portosystemic venous anomalies 
Hepatitis 

Postprandial hypoglycemia 
Hyperinsulinism 

Leucine hypersensitivity 
Deficiency of counter-regulatory hormones 

Glucagon deficiency 
Hepatic enzyme deficiency 
Galactosemia 
Fructose intolerance 

Reported 

Reported 

Common 
Reported 

Reported 

Reported 
Reported 

Reported 

Data from Poffenbarger et al., 1•10 Atkins,'' Chastain,'• and Center et al. 29 

therefore are important for veterinarians to un
derstand.40 Nephrogenesis is not complete un
til the third week of life.41 As maturation of 
nephrons and cortical blood flow change, pre
disposition of various parts of the kidney to 
drug toxicity changes. 

Concentrations of protein, glucose, and 
amino acids are higher in the urine of neonatal 
pups than in adult dogs, but urine specific 
gravity usually is · lower.25A2 Urine specific 
gravity varies during the first 8 weeks of life, 
ranging from 1.006 to 1.017. After 8 weeks of 
age, the urine specific gravity approximates 
that of the adult.26 Micturition begins soon after 
birth. A pup frequently will urinate after the 
vulva or prepuce is stimulated through the 
licking actions of the dam or following vulvar 
or preputial stimulation with gentle massage 
from a piece of cotton that has been moistened 
with warm water. Urine specimens are rela
tively easy to obtain from a neonatal pup. 

Many metabolic functions of the canine liver 
are incompletely developed at birth.29 In a 
study on the metabolism of salicylate in pups,43 

maximum development of the hepatic micro
somal enzymes necessary for drug metabolism 
occurred within 30 days after birth. However, 
other enzyme systems such as cytochrome 
P-450, demethylation, reduction, and hydrox
ylation may not be fully mature until pups are 
5 months old.44 Drugs that must be metabo
lized by liver enzyme systems should be 
avoided or administered according to modi
fied dose schedules. Unfortunately, such mod
ified dose schedules are rarely available for 
pups, or are designed without the support of 
data collected from scientific studies in neona
tal pups. 

Cardiopulmonary Function 

The mucous membranes of newborn pups are 
normally a deep pink or red color. Cutaneous 
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• • Table 8-3. Normal Values for Routine Biochemical Indicators of Hepatobil iary Disorders in 
Young Dogs and Cats (Median and Range) 

Puppies Kittens 

Normal Normal 
1-3 Days 2 Weeks 4 Weeks 8 Weeks Adult 2 Weeks 4 Weeks Adult 

Test• (N = 30) (N= 14) (N = 7) (N = 8) Range (N = 24) (N = 8) Range 

BSP% 30 min <5 < 5 <5 <5 0-5 NOt NO 0-3 
Bile acids <~-tM/L) <15 <15 <15 <15 0-15 ND <10 0-10 
Total bilirubin 0.5 0.3 0 0.1 0.3 0.2 

(mg/dl) (0.2-1.0) (0.1-0.5) (0-0.1) (0.1-0.2) 0-0.4 (0.1-1.0) (0.1-0.2) 0-0.2 
ALT (IU/L) 69 15 21 21 18 16 

(17-337) (10-21) (20-22) (9-24) 12-94 (11-24) (14-26) 28-91 
AST (IU/ L) 108 20 18 22 18 17 

(45-194) (10-40) (14-23) (10-32) 13-56 (8-48) (12-24) 9-42 
ALP (IU/ L) 3845 236 144 158 123 111 

(618-8760) (176-541) (135-201) (144-177) 4-107 (68-269) (90-135) 10-77 
GGTP (IU/L) 1111 24 3 1 1 2 

(163-3558) (4-77) (2- 7) (0-7) 0-7 (0-3) (0-3) 0-4) 
Total Protein 4.1 3.9 4.1 4.6 4.4 4.8 

(g/d!) (3.4-5.2) (3.6-4.4) (3.9-4.2) (3.9-4.8) 5.4-7.4 (4.0-5.2) (4.6-5.2) 5.8-8.0 
Albumin (g/dl) 2.1 1.8 1.8 2.5 2.1 2.3 

(1.5-2.8) (1.7-2.0) (1.0-2.0) (2.1-2.7) 2.1-2.3 (2.0-2.4) (2.2-2.4) 2.3-3.0 
Cholesterol (mg/ 136 282 328 155 229 361 

dl) (112-204) (223-344) (266-352) (111-258) 103-299 (164-443) (222-434) 150-270 
Glucose (mg/d!) 88 129 109 145 117 110 

(52-127) (111-146) (86-115) (134-272) 65-110 (76-129) (99-112) 63-144 

Abbreviations: BSP, sulfobromophthalein; ALT, alanine aminotransferase; AST, asparate aminotransferase; ALP, alkaline phosphatase; 
GGTP, y-glutamyltranspeptidase. 
ND = Not determined. 
Data from Center SA, Hornbuckle WE, New York State College of Veterinary Medicine, Cornell University, 1987; reprinted from Center 
SA, Hornbuckle WE, Hoskins JD: The liver and pancreas. In Hoskins JD (ed): Veterinary Pediatrics-Dogs and Cats from Birth to Six 
Months, 2nd ed. Philadelphia, WB Saunders, 1995, pp 189-225. 

stimulation results in reflex respiration in 
pups, a response that may be linked to survival 
of the pup when the bitch licks the newborn 
pup, or when an attendant rubs a pup follow
ing delivery via cesarean section. Immediately 
after a pup is delivered by cesarean section, 
the mucous membranes may appear cyanotic 
or gray, but they become the normal deep pink 
or red color when the pup begins to breathe 
on its own. During the first week of life, respi
ratory rates of 10 to 18 breaths per minute are 
normal; the rate increases to 18 to 36 breaths 
per minute during the second week of life and 
becomes similar to the adult rate of 16 to 32 
breaths per minute by the third week of life.45 

Newborn pups can reflexively increase bron
chomotor tone in response to hypercapnia. The 

• • Table 8-4. Treatment of Acute . 
Hypoglycemia in Neonatal Pups 

Concentration 
of Dextrose 

5% 
10% 
50% 

Amount To Administer/Ounce 
of Pup's Weight 

0.25-0.625 ml/ ounce IV 
0.125-0.31 ml /ounce IV 
0.25-0.625 ml / ounce orally (apply 

directly to mucous membranes) 

pulmonary response to hypoxia, however, is 
minimal.4M 7 Bradycardia can occur in pups as 
oxygen partial pressure drops, unlike the 
tachycardia expected in response to hypo
xemia in adult dogs. The veterinarian should 
be aware that neonatal pups who are severely 
hypoxemic may have heart rates in the range 
of rates expected for normal adult dogs (i.e., 
normal heart rates in newborn pups are 200 
to 250 beats per minute). 

Baroreceptors are functional by the fourth 
day of life. Therefore, the heart rate of pups 
varies in response to changes in blood pressure 
as it does in adults. 45 The mean arterial blood 
pressure is considerably lower in 1- to 4-week
old pups than in adults, ranging from 30 to 70 
nun Hg.48A9 Many variables, including body 
temperature and blood glucose concentra
tions, affect blood pressure. In one study,50 

mean arterial blood pressure dropped 50 per 
cent in pups with severe hypoglycemia. After 
pups have reached 1 week of age, mean arterial 
blood pressures increase with age, reaching 
adult values between 6 weeks and several 
months of age.51 

The electrocardiogram in neonatal pups dif
fers from that of adult dogs. In one study of 
36 normal pups (16 randomly selected normal 
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pups and 20 normal pups with a familial his
tory of congenital heart disease),52 the QRS 
modal axis of the electrocardiogram changed 
from a right, cranioventral direction during 
the first week of life to a left, caudoventral 
orientation by week 12 after birth. This change 
in the cardiac axis may be related to the change 
in the ratio of right ventricular to left ventricu
lar mass; the mass of the right ventricle relative 
to the left ventricle is 1:1 in newborn pups and 
1:2 to 1:3 in adult dogs.46 

Nervous System Function 

The eyelids and external ear canals of a neona
tal pup are closed until approximately 2 weeks 
of age. However, a bright light directed 
through the eyelid does elicit a slow blink re
sponse, and newborns can respond to noise 
stimuli.53 Flexion is the predominant posture 
at birth in the newborn pup.38 At 4 to 5 days 
after birth, the extensor muscles become domi
nant. The newborn pup can raise its head at 
birth and propel itself by sliding along its ab
domen and ventral thorax. Normal newborn 
pups should have a sucking response and be 
able to nurse within an hour or so following 
birth. The onset of other reflexes varies, as 
shown in Table 8-5. 

Neonatal pups have an immature blood
brain barrier that is permeable to lactic acid,54,55 

which can be utilized as a cerebral metabolic 
fuel during prolonged starvation or hypogly
cemia. The immature blood-brain barrier of 
the pup also allows for greater access of drugs 
into the central nervous system. Antibiotics 
normally excluded from the central nervous 
system in adult dogs may enter the brain of 
the neonatal pup. Penicillins, tetracyclines, sul
fonamides, and other substances may achieve 
marked cerebrospinal fluid concentrations, re
sulting in greater drug effects or toxicity.56 

Gastrointestinal Function 

The gastrointestinal tract of pups is well devel
oped at birth. The stool of normal nursing pups 
is yellowish tan and semiformed (Fig. 8-5). 
Because the bitch cleans the pups by licking 
and ingesting the pup's feces, the stools of 
neonatal pups are not always observed unless 
diarrhea occurs. Pups that are orphaned and 
fed formulas frequently develop diarrhea. This 
may result from overfeeding, from feeding a 
formula that is hyperosmolar (i.e., insufficient 
water has been added), or because formulas, 
as good as they are, may not replace all the 
important substances in a bitch's milk. 

The gastrointestinal tract of the pup at birth 
is sterile, 56 and then becomes rapidly colonized 
with numerous types of microorganisms 
within a few days of life. Environment, diet, 

• Table 8-5. Reflexes in Neonatal Puppies of Various Ages40
a 

Puppy Age in Days 

Reflex Strong Weak or Variable Absent or Adult/ike 

Motor Responses 
Crossed extensor reflex 1-16 16-18 18+ (absent) 
Magnus reflex 1-17 17-21 21 + (absent) 
Neck extension posture 1-4 flexion 4-21 hyperextension 21 + normotonia (adultlike) 
Forelimb placing 4+ 2-4 0-2 (absent) 
Hindlimb placing 8+ 6-8 0-6 (absent) 
Forelimb supporting 10+ 6-10 0-6 (absent) 
Hindlimb supporting 15+ 11-15 0-11 (absent) 
Standing on all fours 21+ 18-21 1-18 (absent) 
Body righting 1+ 0-1 

Auditory and Visual Responses 
Blink response to light 16+ 4-16 0-4 (absent) 
Visual orientation 25+ 20-25 0-20 (absent) 
Auditory startle response 24+ 15-24 0-15 (absent) 
Sound orientation 25+ 18-25 0-18 (absent) 

Sensory Responses 
Rooting reflex 0-14 14-25 25+ (absent) 
Nociceptive withdrawal 23+ 19-23 0-19 (adultlike) 
Panniculus reflex 25+ 19-25 0-19 (adultlike) 
Reflex urination 0-22 22-25 25+ (adultlike) 

From Poffenbarger EM, Ralston SL, Chandler ML, et al: Canine neonatology. Part I. Physiologic differences between puppies and adults. 
Compend Cantin Educ Pract Vet 12:1604, 1990, with permission. 
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.. ::t:.D:Lr .1 
Figure 8-5. The appearance of a stool from a normal nursing 
pup See Color Plate 

antimicrobial therapy, and disease all can al
ter colonization. 1 

The age of the pup can be estimated by de
termining the eruption dates of deciduous and 
permanent teeth (Table 8-6).1

•
57 Estimating the 

age of a pup based on tooth eruption dates is 
useful, especially when attempting to recom
mend appropriate vaccination scheduks for 
pups with unknown birthdates. The dam be
gins to encourage weaning when the pups' 
deciduous teeth erupt, beginning at 3 to 6 
weeks of age. 

Immune Function 

Newborn pups have an immune system that 
is not fully functional when compared to that 
of the adult dog.58

•
59 Pups rely on passive im

munity received postpartum from the dam's 
colostrum, because they acquire little passive 

• 
Age 

3-4 wk 
4-5 wk 

5-6 wk 

4-5 mo 

5-6 mo 

6-7mo 

Table 8-6. Ages of Tooth Eruption 
in Pups 

Deciduous 
Teeth*t 

Canine (C) 
Incisor (I) 1, incisor 2, premolar 

(P) 2, premolar 3 
Incisor 3, premolar 4 

Permanent Teetht 
Incisor 1, .incisor 2, incisor 3, 

premolar 1, molar (M) 1 
Canine, premolar 2, premolar 3, 

premolar 4, molar 2 
Molar 3 

*Some adult dogs may lack first and second premolars; last molars 
may be absent in brachycephalic breeds. 
t Dental formula for deciduous teeth: 2(1 3/3; C 1/ 1; P 3/3) = 28. 
:j:Dental formula for permanent teeth: 2(13/3; C 1/ 1; P 4/4; M 
2/3) = 42. 
Data from Poffenbarger et a1. 1 and Jones. 51' 

immunity in utero. Passive inununity is an im
portant factor in fighting diseases that occur 
in pups from birth to several weeks of age. 
Passive immunity is acquired from colostral 
antibodies ingested during the first 24 hours 
of life. After 24 hours, relatively little absorp
tion of antibodies occurs across the gastroin
testinal tract of the dog. However, even after 
the colostrum phase ends, the pup continues to 
receive some protection from the bitch's milk. 
Although not readily absorbed into the pup's 
bloodstream after the first 24 hours, antibodies 
in the milk (immunoglobulins G and A [IgG 
and IgA]), continue to protect against infec
tions that begin on surfaces of the pup's oral 
and intestinal mucous membranes. The IgG 
antibodies work preferentially in the mouth, 
oropharynx, .and esophagus, and the IgA anti
bodies work preferentially in the stomach and 
intestines.60

•
61 The concentrations of maternally 

derived antibodies vary among pups, decreas
ing to levels that no longer afford protection 
from various infectious agents by 6 to 20 weeks 
of age. Although newborn pups can mount an 
antibody response to various antigens at birth, 
the response consists primarily of immuno
globulin M. T-helper cells are integral for anti
body production by B cells. It is unknown 
whether the humoral response of pups is less 
than that of adults as a result of B- or T
lymphocyte immaturity. 

The proliferation ofT cells induced by mito
gens is poor at birth, which may partially ex
plain the susceptibility of neonates to infec
tious diseases and the lack of response to early 
vaccination.1 The thymus is the site of T
lymphocyte differentiation and maturation, in
creasing 200-fold during the first 12 weeks of 
life in the dog.62 

Additional factors, besides BandT lympho
cytes, are important for a fully functional im
mune system. Polymorphonuclear cells, com
plement components, and enzymes all are 
necessary for maintaining the health of an ani
mal. In some newborns, phagocytic cells are 
defective in engulfing and killing microorgan
isms; complement components are deficient in 
some newborns, resulting in poor opsoniza
tion of bacteria and decreased phagocytosis.59

•
63 

Laboratory Profiles of 
Normal Neonatal Pups 

Hematocrits 

The mucous membrane color of newborn pups 
is normally bright pink or red, possibly result-
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ing from the high hematocrits present at birth 
(Fig. 8-6). Hematocrit values as high as 63 per 
cent have been reported in healthy newborn to 
3-day-old beagle pups.64 Hematocrits decline 
after 3 days of age, reaching their lowest values 
at approximately 6 weeks of age, and then 
increase to those of adult dogs.65 Lower hema
tocrits also may be observed in heavily parasit
ized pups. Therefore, it is important to differ
entiate a normal physiologic anemia from a 
pathologic loss of blood resulting from parasit
ism. The hemoglobin-oxygen saturation curve 
of the canine fetus falls to the left of the adult 
curve66 but shifts to the right after birth. An 
increase in 2,3-diphosphoglycerate in erythro
cytes parallels the shift to the right of the oxy
gen saturation curve, allowing oxygen to be
come more available to tissues. Therefore, 
oxygen delivery to tissues is facilitated in spite 
of the pup's physiologic anemia. 

White Blood Cell Counts 

Beagle pups between birth and 3 days of age 
have higher white blood cell (WBC) counts 
that do adult beagles.64 Total WBC and neutro
phil counts decrease slowly and reach a mini
mum at approximately 3 weeks of age (Fig. 
8-7). Although lymphocyte numbers are simi
lar between newborn and adult beagle dogs, 
lymphocyte numbers are higher in the 6-week
old pup than in the adult. The increase in lym
phocytes may occur as the result of numerous 
antigenic stimuli that the newborn pup en
counters. 

Serum Chemistry Concentrations 

Serum chemistry concentrations differ be
tween pups and adults (Table 8-7). Under
standing the differences not only allows the 
veterinarian to accurately diagnose diseases, 
but provides important prognostic informa
tion. For example, profound increases in serum 
y-glutamyltransferase (GGT) and alkaline 
phosphatase (ALP) occur in association with 
the ingestion of colostrum in newborn pupsY 
Measuring increased serum levels of GGT and 
ALP in a neonatal pup can serve as an indicator 
that colostrum was ingested, and that passive 
immunity was acquired. If ALP and GGT 
levels are low, alternative sources of im
munoglobulins can be administered to the 
neonate. 70

•
71 

Nephrogenesis is not complete in the new
born pup, and renal function continues to de
velop after birth.41

•68 Serum creatinine concen
trations are lower in neonatal pups than in 
adult dogs, probably because of the relatively 
lower muscle mass in pups. Because healthy 
neonates are in an anabolic state, more dietary 
nitrogen is converted to protein and less urea is 
produced. Therefore, concentrations of blood 
urea nitrogen (BUN) also are lower in neonatal 
pups. A BUN of 20•mg/dl could indicate a 
significant reduction in glomerular filtration 
rate in pups (Table 8-7), whereas a similar 
BUN might be considered normal for adult 
dogs.69 Conversely, serum levels of phospho
rus are higher in young dogs because of bone 
growth and metabolism, and should not be 
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Figure 8-6, Blood va lues in normal beagle pups from birth to 2 months of oge. (From Shifrine M, Munn SL, Rosenblatt LS, et al: 
Hematologic changes Ia 60 days of age in cl inically normal beagles. Lab Anim Sci 23:894- 898, 1973, wi th permission.) 
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Figure 8-7. Differential leukocytes counts in normal beagle pups. (From Shifrine M, Munn SL, Rosenblatt LS, et ol: Hematologic 
changes to 60 days in clinically normal beagles. Lob Anim Sci 23:894-898, 1973 , w ith permission.) 

• Table 8-7. Mean Serum Chemistry Values for Neonatal Pups 

Parameter 

Glucose (mg/ dl) 

Blood urea nitrogen (mg/ dl) 
Creatinine (mg/ dl) 
Amylase (U/L) 
Total bilirubin (mg/ dl) 

Uric acid (mg/dl) 
Lactate dehydrogenase (U/L) 
Serum glutamic-oxaloacetic transaminase (asparatate aminotransferase) (U /Ll 

Serurm glutamate-pyruvate transaminase (alanine aminotransferase) (U/ L) 

Serum alkaline phosphatase (U/ L) 

Serum y-glutamyltransferase (IU /Ll 
Total protein (g/di) 

Albumin (g/ dl) 

Cholesterol (mg/ dl) 

Triglycerides (mg/ dl) 
Calcium (mg/dl) 
Phosphorus (mg/ dl) 
Magnesium (mEq/ Ll 
Sodium (nmol/L) 
Potassium (nmol/Ll 
Chloride (nmol/L) 
Ammonium (g/ dl) 
Creatinine phosphokinase (U / L) 

Value 

88 
126 

8.9 
0.4 

319 
0.5 
0.3 
0.8 

103 
108 

18 
69 
17 

3845 
132 

1111 
4.1 
4.5 
2.1 
2.6 

136 
157 

399, 429* 
73 
10.9 
9.2 
2.1 

148 
5.3 

105 
82 

210 

Age(wk) 

< 1 
6 
6 
6 
6 

< 1 
6 
6 
6 

< 1 
6 

< 1 
6 

< 1 
6 

<1 
< 1 

6 
< 1 

6 
<1 

6 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 

*Higher cholesterol values (means of 399 and 429 mg/ dl) were in two groups of pups fed homemade formulas containing whole milk, 
egg yolk, and vegetable oil (M.L. Chandler et al., unpublished data, Colorado State University, 1989). 
Data from Center et al.,29·67 Jezyk,68 Lawler," and M.L. Chandler et al. (unpublished data, Colorado State University, 1989). 



156 Section I - THE BITCH 

confused with the increases observed in older 
animals with renal disease.72 

Serum lipid profiles vary considerably be
tween nursing pups and formula-fed pups. In 
one study of 54 beagle pups, those receiving 
homemade formulas consisting of whole milk, 
egg yolks, and vegetable oil had considerably 
higher serum concentrations of cholesterol and 
low density lipoproteins than did nursing 
pups. Serum concentrations of triglycerides 
and high-density lipoproteins were not differ
ent among groups (M. L. Chandler et al., un
published data, Colorado State University, 
1989). 

Paternity Testing of Pups 

Owners sometimes are uncertain of the pater
nity of pups and request that testing be per
formed to ascertain the identity of the sire. 
Because estrus can extend over several days, 
and multiple matings can result, pups within 
a single litter may have different sires. 

Phenotype 

The phenotype of a pup can be used to estimate 
paternity. For example, paternity might be 
questioned when pups thought to be of one 
breed have the shape, color, and hair coat qual
ities of another breed. Understanding the in
heritance of certain traits is useful when deter
mining if a pup has the predicted phenotype. 
For example, if both a Labrador bitch and sire 
are yellow, all pups born to these parents 
should be yellow because the color yellow is 
recessive in this breed. The incidence of other 
colors in Labrador pups can be used to predict 

whether the proposed sire is the likely sire 
(Table 8-8, Fig. 8-8). 

Blood Typing 

Polymorphisms of blood groups, enzymes, 
and serum proteins have been the next order 
of genetic systems used to substantiate a pedi
gree.73 These systems are genetically informa
tive, and usually consist of single, unlinked 
loci that have some degree of polymorphism. 
Although sample collection is simple because 
only a blood sample is necessary for testing, 
it often is difficult to obtain samples from all 
potential sires. Differences of polymorphism 
within the dog world, and especially within a 
single breed, are not extensive. For example, 
the polymorphism in the red blood cell system 
is insufficient to be of significant value in prov
ing the paternity of pups, although it may ex
clude a sire. Although the dog lymphocyte an
tigen is better in predicting parentage, it also 
has weaknesses. Similarities among related 
males make it difficult to exclude potential fa
thers within a breed because many dogs are 
line bred or inbred and relatedness is common. 

DNA Fingerprinting 

Deoxyribonucleic acid (DNA) fingerprinting is 
a technique that can detect differences at many 
highly variable genetic loci in a single test. 
DNA can be obtained from any nucleated cell 
in the body for the test. Although each cell 
expresses different genes, all cells contain the 
total genetic information of an individual dog. 
Through subjecting extracted DNA to various 
tests, a unique ''bar code" or "fingerprint" can 
be developed for each animaF4

•
75 

• Table 8-8. Various Matings Involving 8- and E-Loci Alleles in the Labrador Retriever 

Offspring 

Parents No. No. No. No. No. No. 
No. black black choc. choc. yellow yellow 

Genotype Phenotype Genotype Phenotype litters obs. exp. obs. exp. obs. exp. 

1. B/B, E/E black X B/B, e/e yellow 9 68 68 0 0 0 0 
2. b/b, E/E choc. X B/B, efe yellow 7 61 61 0 0 0 0 
3. B/B, E/e black X B/B, E/E black 3 14 14 0 0 0 0 
4. B/b, E/E black X B/B, e/e yellow 4 30 30 0 0 0 0 
5. B/B, E/e black X B/B, e/e yellow 7 21 18 0 0 15 18 
6. B/b, E/e black X B/B, efe yellow 3 13 14 0 0 15 14 
7. B/b, E/e black X B/b, E/e black 7 26 28.7 14 9.6 11 12.8 
8. b/b, E/E choc. X b/b, efe yellow 2 0 0 12 12 0 0 

From Templeton et al: J Hered 68:134-136, 1968, with permission. 
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Figure 8-8. A: Yellow coat·colored Labrador wi th genotype BI B, e/ e hos block nose ond lips. B: Yellow coo t-colored Lobrodor 
with genotype b/ b, e/ e has the lighter pigment in the nose and lips. (From TempletonJW, Stewart AP, Fletcher WS: Coat color 
genetics in the Labrador retriever. J Hered 68: l 34- l 36, 1977, w ith perm ission.) See Color Plate 

In one report/ 4 high-molecular-weight DNA 
was extracted from blood and used in three 
cases of disputed paternity involving a Rhode
sian Ridgeback litter, an Afghan hound litter, 
and a Border collie litter. Two DNA finger
printing probes were used with various restric
tion enzymes to give positive and negative 
proof of paternity. The approach was consid
ered useful by the authors, even when the pu
tative sires were related or half-siblings. These 
authors concluded that, unless the sires were 
identical twins, DNA fingerprinting could es
tablish parentage. Because the technology is 
expensive, it has not been widely employed in 
clinical theriogenology involving companion 
animals, but the source is commercially avail
able to veterinarians and dogs owners (Synbio
tics Corporation, San Diego, CA). 

DNA fingerprinting technology is not al
ways able to infer phylogenetic relationships 
in domestic and wild canids. Individual breeds 
of dogs cannot be identified by the use of DNA 
fingerprinting. For example, it may be difficult 
to determine a "pit bull" dog because of the 
similarity of genetic profiles between breeds. 
In one report/5 the average proportion of 
shared DNA restriction fragments among 28 
individual dogs representing 20 distinct dog 
breeds was 38 per cent. Among seven dog 

breeds that were evaluated, individuals 
among breeds were often as similar as individ
uals within a breed. One of two American 
Staffordshire terriers was more similar in its 
restriction fragment profile to a whippet than 
to the other American Staffordshire terrier. 

Disorders of the Canine Neonate 

Genetic Defects 

Newborn pups should receive a complete 
physical examination. The examination should 
include investigation of the oral cavity to ver
ify that no cleft palate exists and that the arona
sal cavity is normal (Fig. 8-9A). Pups with 
severe genetic defects may need to be euthan
ized (Fig. 8-9B). Omphalocele and absence of 
the right forelimb distal to the scapula was 
observed in a stillborn pup conceived with 
frozen semen.76 Triploidy (117,)CXX) was also 
found in the severely deformed pup. Karyo
typing can be a useful diagnostic tool for evalu
ating pups with suspected genetic defects. 

Congenital disorders, those present at birth, 
are not always hereditary, or genetically deter
mined. Hundreds of breed-specific, hereditary 
disorders have been identified in the dog. Lists 
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B 

Figure 8-9. A: A pup with abnormal aranasa l cav ity. B: A pup 
born w ith extra limbs. 

of disorders specific to a given breed, available 
information about mode of inheritance, and 
availability of testing for affected and carrier 
animals reportedly is available at several sites 
on the Internet. Texts containing canine genetic 
information include Medical and Genetic Aspects 
of Purebred Dogs,77 Abnormalities of Companion 
Animals: Analysis and Heritability/ 8 and The Ge
netic Connection: A Guide to Health Problems of 
Purebred Dogs.79 

Failure to Thrive 

The weight of a newborn pup may decrease 
slightly during the first day of life, but thereaf
ter should increase steadily. Pups should gain 
10 to 15 per cent of their birth weight each 
day, doubling their birth weight by 10 to 14 
days of age.11 Pups can be weighed using post-

age or food scales (Fig. 8-10). Pups that fail to 
gain weight should be evaluated for physical 
disorders and diseases. The bitch should be 
examined, and the quality and quantity of her 
milk assessed. Because pups may give owners 
the appearance of nursing, even when they 
are weak and ineffectual nursers, monitoring 
weight gain can be an important and sensitive 
prognostic indicator. Failure to thrive can be 
an early warning sign for neonatal septicemia, 
genetic diseases, inadequate nutrients, or ab
normal milk (see Chapter 7). 

Swimmer Pups 

If newborn pups are raised in whelping areas 
with smooth-surfaced flooring, the pups may 
splay their legs and be unable to begin walk
ing. Although smooth surfaces often are 
deemed desirable by owners for ease of clean
ing, they can be troublesome when pups need 
traction to begin walking. If the pup is unable 
to walk, it may attempt to move across the 
floor with "paddling" movements, hence the 
term swimmer pup. If uncorrected, the condi
tion can become irreversible (Fig. 8-11). Even 
when the condition is irreversible and severe 
muscle atrophy occurs, pain perception in the 
limbs may be normal. 

Overly fat pups or those with illness (i.e., 
severe cardiovascular disease) may be reluc
tant to elevate themselves. If the underlying 

Figure 8-10. A food scale that is used to weigh a neonatal pup. 
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Figure 8-ll. A neonatal pup with splayed forelegs. The condi· 
lion wos treated with physical therapy ond hobbles, but did 
not improve. 

condition is not corrected, and the pup is un
able to use any limb, the pup may begin to 
flatten as the thoracic cavity widens laterally 
and compresses dorsoventrally. As the cavity 
changes in contour, the thoracic organs may 
also change shape. Swimmer pups may experi
ence regurgitation if the esophagus deviates 
or is compressed. Rarely, only the forelimbs 
may be affected. 

To prevent splaying, pups should be placed 
on a surface that prevents slippage. Towels or 
carpet remnants can be added to the whelping 
box. Towels should be washed frequently, and 
carpet cleaned or exchanged with clean rem
nants. The legs of the pup may be hobbled 
together to prevent further splaying, and phys
ical therapy may improve muscle function. 
Owners should consider a genetic cause if en
vironmental factors have been eliminated; the 
condition has been reported to occur in more 
than one litter from some bitches.80 The swim
mer pup condition has been likened to a myo
fibrillar hypoplasia syndrome in piglets. Dif
ferential diagnosis of the swilruner pup 
condition should include osteopetrosis, a rare 
inherited disease of dachshunds and Austra
lian shepherds that results ina failure to resorb 
calcified cartilage.81 In cases of osteopetrosis, 
the limbs also spread laterally and pups rest 
on their sternebrae. 

Pectus Excavatum 

Pectus excavatum describes a congenital de
formity of the sternum and costocartilages re
sulting in dorsal-to-ventral narrowing of the 
thorax.82 The deformity, and subsequent tho
racic constriction, may occasionally be con
fused with "swimmer pups" (see above). The 
lateral widening and dorsal compression of 

swimmer pups is generally more diffuse and 
likely to affect multiple pups within a litter; 
the narrowing in pectus excavatum is gener
ally more localized and may affect single pups 
in a litter. In pectus excavatum, the sternum 
appears to "intrude" or "project" into the tho
rax, rather than the more diffuse flattening 
(and absence of sternal curvature) that is more 
likely observed in swimmer pups. Because of 
the thoracic malformation, both respiratory 
and cardiovascular abnormalities may exist i11 
pups with pectus excavatum. Associated clini
cal signs in pups include dyspnea, cyanosis, 
vomiting, and mild inspiratory stridor. In one 
study,82 all pups became symptomatic at birth 
or shortly thereafter. 

Neonatal Septicemia 

Neonatal septicemia has long been associated 
with deaths in pups, sometimes referred to as 
the "fading puppy syndrome" because of the 
rapidity of death after signs are first noticed. 
The incidence of neonatal septicemia in pups 
is unknown, partly because of the lack of a 
confirmatory diagnosis in many cases. Even 
when a necropsy is performed on dead pups, 
the role of bacteria as a contributing cause of 
death may be uncertain. Some organisms that 
are implicated in neonatal septicemia may also 
be isolated as postmortem invaders without 
pathologic significance. Because death may 
be rapid in septic pups, gross postmortem 
changes may be minimal. Thus confirmation 
of a septic process may require histologic eval
uation, which delays the diagnosis. In the sick 
pup, diagnosis may be complicated by the ra
pidity of the disease. The small blood volume 
in pups, and the necessity to obtain a blood 
sample of sufficient size to optimize the isola
tion of a pathogen with blood cultures, further 
hampers the diagnostic effort. Because sepsis 
results in acute death, pups suspected of sepsis 
must be treated immediately (before cultures 
have been analyzed; see below). 

FACTORS THAT PREDISPOSE 
TO SEPTICEMIA 

Pups may be predisposed to septicemia if en
dometritis or metritis was present in the bitch, 
or if delivery was prolonged, possibly result
ing from prolonged exposure to microorgan
isms in the uterus or birth canal. Pups also are 
predisposed to sepsis if placed in contami
nated environments, especially since the pup's 
immunity is not fully developed at birth. Even 
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when pups are placed in excellent critical care 
facilities at veterinary hospitals, they may be 
at risk for developing septicemia from nosoco
mial infections. 10 Factors that were speculated 
to contribute to Klebsiella infections at one vet
erinary teaching hospital included the use of 
antimicrobial drugs for treating other condi
tions; the feeding of hyperosmolar replace
ment formulas; the transmission of organisms 
from adult dogs to neonates via ani
mal caretakers, students, and doctors; hypo
xemia; and lack of immunity in the hospital
ized pups. Whenever pups are treated with 
antimicrobial drugs, those drugs should not 
suppress colonization resistance or result in 
increased colonization of Enterobacteriaceae. 
Ampicillin, frequently utilized in the past to 
treat a variety of conditions in neonatal pups, 
suppresses colonization resistance by decreas
ing the numbers of anaerobic bacteria, and 
thereby allowing the potentially pathogenic 
Enterobacteriaceae to increase in number. Am
picillin is not the only drug that affects coloni
zation resistance; any antimicrobial drug that 
reduces the number of anaerobic bacteria in 
the gastrointestinal tract may suppress coloni
zation resistance. 

In children, necrotizing enterocolitis may re
sult after direct intestinal mucosal injury is in
duced by excessive osmolarity of the formulas 
being fed. 83 Although commercial formulas are 
available that are suitable for rearing orphaned 
pups, it is important that the formulas are 
properly diluted to protect against intestinal 
mucosal injury. Whenever possible, the bitch's 
milk should be fed, because crucial factors in 
the milk, such as IgA, may protect the pups 
against gastrointestinal infection and sepsis. 

Stress has been associated with the develop
ment of neonatal septicemia. Anecdotal re
ports have suggested that pups may be predis
posed to neonatal septicemia following tail 
docking or removal of dewclaws. Although 
such procedures are generally performed 
without complication, it is prudent to delay 
these surgeries in pups who are failing to 
thrive or may be predisposed to developing 
septicemia. 

Chilled pups may be predisposed to infec
tion as a result of decreased lymphocyte trans
formation that accompanies chilling.3 

CLINICAL SIGNS OF SEPTICEMIA 

Clinical signs observed in septic pups vary. 
Death may be so acute that signs were not 
noted by the owner. If owners are weighing 

pups daily, they may observe a decrease in 
weight early in the course of the disease. Com
plete failure to suckle generally occurs later in 
the course of the disease. Other clinical signs 
include cyanosis, hematuria, diarrhea, vocal
ization, and coma. One clinical sign that may 
accompany neonatal septicemia is the slough
ing of extremities (i.e., digits, tails, ears, and 
nose) (Fig. 8-12). The cause of the extremity 
sloughing in pups is unknown, but a similar 
condition has been reported in children. Possi
ble explanations for the sloughing include re
duced blood flow to the extremities of septic 
and hypovolemic neonates; infarction second
ary to disseminated intravascular coagulation, 
hypoxemia, or vasculitis; and a direct effect of 
the organism or toxin. 

TREATMENT OF NEONATAL SEPTICEMIA 

Because of the rapidity of the disease, treatment 
must begin before the etiologic organism has 
been identified. Antimicrobial agents should 
be selected that are safe for pups and have a 
wide spectrum of activity. Escherichia coli, 
,8-hemolytic streptococci, Staphylococcus inter
medius, Klebsiella pneumoniae, and Enterocloacae 
species are the microorganisms most fre
quently implicated in neonatal septicemia.84 

Cephalosporins have been used safely and ef
fectively in septic pups, and are considered the 
first choice for treating bacteremia and septice
mia in children.85 Dosages and intervals for 
treatment for various antimicrobial agents 
have not been established for neonatal pups. 
Jones56 recommended that minimal adjust
ment be made when using cephalosporins, 
possibly lengthening the dose interval and in
creasing the initial dose over those considered 
for adult dogs (Table 8-9). Even if the half-life 
is prolonged, accounting for the recommenda-

Figure 8-12. Sloughed extremities in a pup suspected of devel· 
oping septicemia in utero. 
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• Table 8-9. Recommended Modification of Antimicrobial Administration to Puppies and Kittens 

Drug Group 
Dosage Compared with 
Standard Adult Dosage Comments 

Penicillins 
Cephalosporins 
Aminoglycosides 
Tetracyclines 
Chloramphenicol 

Minimal adjustment, may lengthen dose interval 
Same as above 

Increase initial dose 

Lengthen dose interval 
Minimal adjustment 
Reduce dose 

Reduce dose 

A void use in first weeks of life 
Try to avoid use 
Try to avoid use in puppies; do not use in 

kittens 
Avoid use Sulfonamides 

Trimethoprim 
Macro !ides 
Lincosamides 
Metronidazole 

Reduce dose and lengthen dose interval 
No change 

Try to avoid use 

No change 
No change 

From Jones RL: Special considerations for appropriate antimicrobial therapy in neonates. Vet Clin North Am Small Anim Pract 17:581 , 
1987, with permission. 

tion to lengthen the dose interval, cephalospo
rins tend to be safe because of a wide therapeu
tic index. If the etiologic agent is later 
identified, and susceptibility testing suggests 
the use of a different drug, antimicrobial selec
tion may be modified. Antimicrobial therapy 
also may be modified if the response to therapy 
appears inadequate. Although it always is de
sirable to select the safest drugs possible, drugs 
with potential side effects sometimes are nec
essary to treat drug-resistant bacteria or micro
organisms necessitating specific treatment 
(i.e., mycoplasma, ureaplasma, Pseudomonas 
species, anaerobes) (Table 8-10).10

•
56

•
86

•
87 Genta

micin nephrotoxicity has been induced experi-

mentally in pups; 88 gentamicin should be 
avoided if less toxic drugs are deemed effica
cious in treating the septicemia. Available in
formation on the toxicity of other aminoglyco
sides in neonatal pups is limited. Although 
chloramphenicol at a reduced dosage (10 mg/ 
lb every 8 hours for up to 7 days) has been 
used successfully to treat neonatal septicemia 
in pups/0 it should be avoided whenever pos
sible, because cardiovascular compromise has 
beeii. reported to occur in chloramphenicol
treated children and neonatal pigs, and possi
bly in neonatal calves.10

•
89

•
90 Tetracyclines may 

not be overly toxic to pups and kittens but 
may cause chelation of calcium. The calcium 

• Table 8-10. Antimicrobial Considerations for Neonatal Pups with Septicemia 

Drug Considerations 

Aminoglycosides 
Amikacin 
Gentamicin 

Aminopenicillins 
Amoxicillin 
Ampicillin 

Anti-Pseudomonas penicillins 
Cephalosporins 

Chloramphenicol 

Fluoroquinolones 

Macrolides (Erythromycin, 
Tylosin) 

Metronidazole 

Penicillins 
Tetracyclines 
Trimethoprim-sulfonamide 

Safer than gentamicin 
Nephrotoxicity has been reported in pups 

Less adverse effect on colonization resistance than ampicillin 
Suppresses colonization resistance, thereby promoting the growth of potentially 

pathogenic intestinal bacteria; effective against anaerobes 
No effective oral formulations available for pups 
Safe; fewer oral formulations available as the antibacterial spectrum increases; no 

adverse effect on colonization resistance 
Cardiovascular toxicity reported in some species; moderate effect on colonization 

resistance; effective against mycoplasma and ureaplasma 
Abnormal development of articular cartilage; avoid using before 18 mo of age in 

large and giant breeds 
Safe; gastrointestinal disturbances; may consider for treating mycoplasma and 

ureaplasma; no adverse effect on colonization resistance 
Suppresses colonization resistance; may consider for treating anaerobic infections 

and Giardia 
Safe; oral formulations suppress coloniza tion resistance; effective against anaerobes 
Chelates calcium; abnormal bone and tooth development 
Hepatitis, anemia, keratoconjunctivitis, polyarthritis reported; no adverse affect on 

colonization resistance 

Data from Poffenbarger et al.,10 Jones,56 Boothe and Hoskins,86 and Papicl1.87 
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chelation results in enamel dysplasia and dis
coloration of teeth, inhibition of growth, and 
skeletal deformities. Fluoroquinolones should 
be avoided in large- to giant-breed pups 
younger than 18 months of age because of de
structive lesions in the cartilage of long bones. 

Pups with septicemia should receive fluid 
therapy for dehydration, oyxgen to counter 
tissue hypoxemia, glucose if hypoglycemia is 
present, and plasma or serum to support im
mune function. Care must be taken when ad
ministering oxygen over several days because 
oxygen can result in retrolental fibroplasia, 
leading to blindness. Oxygen therapy does not 
usually reach a level of excess unless oxygen 
concentrations of greater than 40 per cent are 
used continuously for several days. 10 

Pooled serum from healthy adult dogs can 
be administered (22 ml/kg) subcutaneously to 
septic pups, especially if there is concern that 
the pups did not receive adequate colostrum 
at birth. Concentrations of serum alkaline 
phosphatase and y-glutamyltransferase in 1-
to 3-day old pups receiving colostrum at birth 
are 30 and 100 times higher, respectively, than 
those in normal adult dogs.67 Therefore, the 
likelihood of colostrum ingestion may be pre
dicted by measuring a small quantity of serum 
obtained from a neonatal pup. Although IgG 
concentrations are higher in the serum of neo
natal pups that nurse immediately following 
birth, the administration of pooled serum to 
pups who failed to receive bitch's colostrum 
results in increased IgG concentrations.69 Sub
cutaneous administration of serum is superior 
to oral administration, resulting in higher se
rum concentrations of immunoglobulins in 
neonatal pups.29•69 The infusion of normal 
plasma (20 ml/kg) significantly improved 
mean arterial blood pressure in adult dogs 
after receiving an intravenous injection of E. 
coli when compared to dogs receiving saline.91 

Sick pups who fail to nurse may need to be 
tube-fed (Fig. 8-13) bitch's milk or formula 
(see below). Care must be taken not to over- · 
feed, especially since gastrointestinal ileus 
may be present in septicemic pups. 

Viral Diseases 

CANINE HERPESVIRUS INFECTION 

Although canine herpesvirus (CHV) infection 
generally causes only a mild respiratory dis
ease in adult dogs, infection of newborn pups 
without protective immunity results in high 

morbidity and mortality (see also Chapter 4). 
Pups are especially susceptible to the fatal 
form of the disease during the first 3 weeks 
of life, possibly because of their lower body 
temperatures, which favor the replication of 
the virus. Pups with CHV infection often are 
those born to young bitches who have not yet 
been exposed, or developed immunity, to the 
virus. Fortunately, the condition does not gen
erally recur in subsequent lifters born to the 
same bitch, possibly because of the develop
ment of immunity in previously exposed 
bitches that can be transferred to newborn 
pups. Clinical signs of herpesvirus infection 
include depression, diminished suckling re
sponse, persistent crying, diarrhea, rhinitis, se
vere abdominal pain, and incoordination. 
Neurologic signs may occur immediately prior 
to death.29 Death frequently occurs within 24 
to 48 hours after the onset of clinical signs. 

Definitive diagnosis is made by viral isola
tion of affected tissues (i.e., kidney, liver). 
Gross pathologic findings include dissemin
ated multifocal ecchymotic hemorrhages in the 
kidneys, liver, and lungs. 

Prevention of CHV infection includes isolat
ing the pregnant bitch during the last 3 weeks 
of pregnancy, and isolating the bitch and her 
pups during the first 3 weeks following partu
rition. Because most adult dogs have been ex
posed to CHV, it is desirable to expose young 
bitches to older animals prior to pregnancy, 
but definitely not during the last 3 weeks of 
pregnancy. Because CHV induces a weak Im
moral immune response with serum antibody 
titers that rise and fall quickly (4 to 8 weeks), 
it may be difficult to determine if a bitch has 
had prior exposure. Thus isolation during the 
"6-week critical period" (last 3 weeks of preg
nancy plus first 3 weeks postparhun) offers 
the best protection in preventing the fatal form 
of CHV in neonatal pups. 

Treatment of herpesvirus usually is unre
warding because of the acute nature of the 
disease. Pooled serum from older adult dogs 
(i.e., likely to have had prior exposure to CHV) 
may be administered. Increasing the environ
mental temperature to 100°F at 45 to 55 per cent 
humidity may be beneficial. Owners should 
be warned that permanent nervous, renal, or 
lymphoid tissue damage can occur in sur
vivors.92 

MINUTE VIRUS OF CANINES 

Minute virus of canines (MVC) is a cause of 
embryonic resorption from transplacental in-
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Figure 8-13. Demonstrating the method of tube feeling o pup. A: The tube is measured to the last rib of the pup to assure proper 
placement when feeding the pup. The tube should be soft ond have the largest d iameter that posses easily. B: The tube should 
easily pass into the stomach, and should pass to the predetermined length. C: After the tube is placed, the formula can be slowly 
delivered in to the stomach. Excessive amounts of formula , or formula delivered too quickly, may pred ispose to regurgitation ond 
aspiration of the formula in to the lungs. 



164 Secrion I - THE BITCH 

fection, and a cause of illness in neonatal pups. 
As with CHV infection, many adult dogs have 
had prior exposure to MVC. The prevalence 
of MVC hemagglutinin-inhibiting antibodies 
was high (approximately 50 per cent) in serum 
samples obtained from adult dogs in various 
geographical areas in the United States.93 

Clinical signs of MVC infection in neonatal 
pups include vomiting, diarrhea, dyspnea, cry
ing, and sudden death.94 Among 13 pups with 
suspected MVC infection, the age of pups 
ranged from 5 to 21 days. At necropsy, all 13 
pups .had large intranuclear epithelial inclu
sions at the tips of the villi in the jejunum. 
Other intestinal changes included crypt epithe
lial hyperplasia and single-cell necrosis of 
crypt epithelial cells. These changes appeared 
to be limited to the duodenum and jejunum. 
Moderate to marked depletion and/ or necro
sis of the lymphoid cells of Peyer's patches 
were observed in all specimens. Lesions in 
other tissues included pneumonitis and myo
carditis. When 4-day- and 8-week-old pups 
were given MVC experimentally, the pups re
mained clinically normal even though virus 
was isolated from various tissues and nec
ropsy revealed thymic atrophy and edema.95 

Thus, the exact role of MVC, when acting alone 
or synergistically with other microorganisms, 
in causing clinical disease in neonatal pups 
remains unknown. 

CANINE PARVOVIRUS 

Generalized canine parvovirus (CPV) can oc
cur in neonatal pups and usually is associated 
with vomiting and diarrhea. The disease can 
also manifest in the form of sudden death from 
cardiovascular failure in pups 3 to 8 weeks of 
age.96 Myocarditis, which was associated with 
cardiovascular collapse, was observed when 
CPV infection became an epizootic in the late 
1970s, and occurred in very young pups who 
had received no maternally derived immunity. 
Although myocarditis is no longer a common 
manifestation of CPV infection in very young 
pups, generalized CPV in the form of gastroin
testinal disease remains a serious problem. 
Ancedotal reports suggest that, even when 
bitches are properly immunized, increased 
numbers of pups may be acquiring the gastro
intestinal form of the disease at very early ages 
(before 8 weeks of age). 

Rearing the Orphaned Pup 

Successful rearing of orphaned pups requires 
excellent sanitation, an appropriate environ-

ment free from drafts and cold, regular moni
toring of the pups' weight gains, and frequent 
physical examinations of the pups for signs of 
infection. Although it is always desirable that 
pups be reared by their dams, this sometimes 
is impossible. When a bitch is ill or dies, hand
rearing often becomes necessary, especially if 
a suitable foster mother cannot be identified. 

Several commercial formulas are available 
for rearing motherless pups. Most of these for
mulas provide 1 to 1.2 kcal/ml of formula. The 
daily caloric need for most pups is 22 to 
26 kcal/ 100 g of body weight. Commercial for
mulas have been developed to address the 
needs of neonatal pups. Essential amino acids 
have been added to prevent the development 
of nutritional cataracts, a condition associated 
with homemade and earlier commercial for
mulas. It is essential that the formula be prop
erly prepared, with strict attention to proper 
dilution. 

Pups can be fed either with a bottle that 
contains a soft nipple (Fig. 8-14) or by tube 
feeding. Although it takes longer to bottle-feed 
than tube-feed, pups usually consume more 
formula at one feeding when bottle fed. This 
may result from the gradual distention of the 
stomach during bottle feeding, allowing more 
formula to be consumed by the pup. Because 
bottle-fed pups consume more formula at each 
feeding, they require fewer feedings per day 
than tube-fed pups. Healthy neonates are gen
erally bottle-fed four times per day. Tube-fed 
pups may require feedings every 2 to 4 hours, 
especially during the first week of life. It is 
crucial that the stomach is not overdistended 
when tube feeding. Overdistention can result 
in regurgitation and aspiration pneumonia. 
Because the suckling response is bypassed 
through tube feeding, tube-fed pups often will 
suckle on the vulvas and prepuces of siblings. 
This suckling stimulates the siblings to urinate, 

Figure 8-14. Bottle feeding a pup. 
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Figure 8-15. Moist pyoderma in orphaned pups resulting from 
suckling on the genitalia of littermates. See Color Plate 

providing warm fluid to the suckling pup. 
Thus the suckling may continue and fre
quently results in a moist pyoderma (Fig. 
8-15). 

The mean weight of bitch-fed beagle pups 
increased 3.5 times by day 15 of age, whereas 
the mean weight of formula-fed pups (22 kcal/ 
100 g body weight), doubled during a compa
rable time period (M. L. Chandler et al., unpub
lished data, Colorado State University, 1989). 
After weaning and receiving the same growth 
diets, the formula-fed pups and bitch-fed pups 
reached comparable weights. As a general 
rule, formula-fed pups should increase their 
weight by at least 10 to 15 per cent each day 
during the first 2 to 3 weeks of life. 
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• Prevention and Termination 
• of Canine Pregnancy 

• 
• 
Methods for controlling canine reproduction 
include those for preventing reproduction per
manently (sterilants), preventing conception 
or pregnancy (contraceptives) (Table 9-1), and 
terminating pregnancy (abortifacients). 

There are many reasons for controlling re
production in the bitch. Owners may want a 
safe and efficacious method for preventing es
trus temporarily. Such reversible contracep
tion may be desired when an animal accompa
nies the family on a vacation or participates 
in conformation, obedience, or other show 
events. Reversible contraception should only 
be considered if one is fairly certain that fuhtre 
offspring are desired from the bitch. If the ped
igree, animal's health or disposition, or own
er's lifestyle argue against a future litter of 
puppies, the bitch should be spayed. Because 
the health benefits for bitches neutered early 
are now well recognized, controlling repro
duction with any contraceptive or abortifacient 
that permits continued exposure to steroid 
hormones should only be considered if future 
reproductive function is desired and war
ranted. Mammary tumors, ovarian tumors and 
cysts, and pyometra are examples of condi
tions that can be reduced in incidence or elimi
nated if bitches are neutered early in life. 

An additional reason for controlling repro
duction in the bitch is to alleviate the "surplus 
animal problem" or "pet overpopulation" in 
the United States. According to data collected 
by the National Council on Pet Population 
Study and Policy · (NCPPSP),1 millions of 
healthy dogs and cats are euthanized each year 
in U.S. animal care and control facilities (Table 
9-2). Many animals are relinquished to shel
ters as young adults because of a variety of 
reasons, including animal behavior (Table 9-
3). When various animal behaviors were com
bined, undesirable bel1avior was the largest 
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reason for relinquishment of dogs and the 
third largest reason for relinquishment of cats. 
Dogs and cats are relinquished or abandoned 
because pet population control is still not oc
curring at a magnitude to offset fecundity. 
Many well-meaning agencies attempt to find 
homes for the multitude of surplus animals, 
often without the luxury of time to adequately 
address the tremendous demands of pet own
ership. According to the NCPPSP, the majority 
of relinquished dogs (47.7 per cent) and cats 
(40.3 per cent) are between 5 months and 3 
years of age. Approximately half of the pets 
surrendered are not neutered. As young ani
mals enter puberty, owners may soon appreci
ate additional problems associated with pet 
ownership. Estrous bitches have physiologic 
manifestations (bloody discharge passing from 
the vulva) and behaviors that can be problem
atic for the new owner. Intact male dogs may 
become aggressive and territorial and seek to 
roam. Therefore, population control remains 
extremely important when addressing the com
plex web of inter-related problems associated 
with "pet overpopulation." 

Prevention of Canine Pregnancy 

Surgical Control of Reproduction 

Surgical removal of the ovaries and uterus in 
female dogs for control of reproduction has 
been performed for decades.2 Removal of the 
ovaries not only controls reproduction in the 
dog but stops behavioral and physiologic 
changes characteristic of estrus that may be 
distressing to the owner, such as exudation 
of serosanguineous discharge from the bitch's 
vulva and attraction of male dogs. Less com-
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• Table 9-1. Approaches and Methods for Regulation of Fertility in the Bitch 

Approach and Method 

Prevention of estrous cycles or 
ovulation 
Surgical 

Ovariohysterectomy 
Steroid treatment with 

progestogens or androgens 
Oral administration 

Megestrol acetate 
Proestrus treatment*,' 
Anestrus treatment*,' 
Combined 

treatments*,' 
Mibolerone 

Medium-term* 
Long-term* 
Very long-term! 

Depo injections 
Medroxyprogesterone 

acetate',! 
Proligestone',+ 

Subcutaneous implants 
Progesterone! 
Testosterone! 

Testosterone in racing 
dogs 
Serial injections of 

testosterone 
propionate 

Orally administered 
testosterone 

Nonsteroid hormone 
treatment 

Efficacy and 
Safety, Concern, 
or Duration of 
Effect -

Permanent 

1 or 2 estrous cycles 
1 or 2 estrous cycles 
2 estrous cycles 

2-9 mo 
1-2 yr 
3-5 yr 

6-18 mo 

6-18 m o 

12 mo 
15 mo 

No reports 

No reports 

*Method is available, marketed, and approved in the United States. 

Approach and Method 

Gonadotropins! 
GnRH agonistsl 

Immunization 
Against gonadotropins! 
Against GnRHl 
Against zona pellucidal 

Prevention of copulation 
Isolation of bitch 
Intravaginal devices! 

Antinidatory estrogen 
trea tment§ 
DES orally administered 
Repositol DES injection! 
Mestranol orally 

administered 
Estradiol cypionate 
Estradiol valerate 
Es tradiol benzoate 
Estrone 

Postestrus prostaglandin! 
GnRH antagonist! 
Postestrus epostanel 
Experimental termination of 

pregnancy 
Prostaglandin F2.1,§ 
BrOinocriptinel.§ 
Corticosteroids' 
GnRH antagonists! 
Epostanel 
Progesterone antagonists! 
Isoquinolonesl·§ 

Efficacy and 
Safety, Concern, 
or Duration of 
Effect 

1-2 yr 

Variable 
Variable 
Variable 

Questionable safety 
and efficacy 

Dose and timing 
Dose and efficacy 
Dose and efficacy 

Side effects 
Side effects 
Efficacy 
Timing 

Timing 
Toxicity 

t Method is available, marketed, or approved outside the United States. 
:j: Method is not marketed, or approved, or experimental in the United States. 
§The method's availability, approval, or indication is limited in the United States. 
GnRH, gonadotropin-releasing hormone; DES, diethylstilbestrol. . 
From Concannon PW, Meyers-Wallen PN: Current and proposed methods for contraception and termination of pregnancy in dogs and 
cats. J Am Vet Med Assoc 198:1215, 1991, with permission. 

manly employed surgical sterilization tech
niques described in the bitch include ligation 
of the uterine tubes and salpingectomy. After 
these surgeries, bitches will be unable to con
ceive but will show normal estrous cycles and 
still be predisposed to uterine and mammary 

disease.2
•
3 Intraovarian injection of cadmium 

chloride also has been described for steriliza
tion of bitches. Ovaries injected with 0.5 to 2.0 
mg/ kg cadmium chloride dissolved in water 
were devoid of germ layers and glandular 
structures when examined 30 days later.4 

• Table 9-2. Disposition of animals entering reporting U.S. shelters, 1994-1996 

Total number of dogs and cats entering U.S. shelters 
Adopted(%) 
Reclaimed by owner(%) 
Euthanized (%) 
Others(%) 
Unknown(%) 

1994 1995 

4,131,831 
23.6 

9.6 
63.6 
3.1 

NA 

3,761,550 
23.5 
9.8 

63.5 
2.5 
0.7 

1996 

3,916,977 
24.0 
9.9 

63.7 
2.1 
0.3 

Data based on 1100 shelters reporting in 1994, 1054 in 1995, and 1038 in 1996; this represents approximately 20 per cent of U.S. shelters.' 
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Table 9-3. Top 1 0 Reasons for 
• Relinquishment of Dogs and Cats 

to U.S. Shelters 

Dogs Cats 

1. Moving 
2. Landlord not 

allowing pet 
3. Too many animals in 

household 
4. Cost of pet 

maintenance 
5. Owner having 

personal problems 
6. Inadequate facilities 
7. No homes available 

for litter mates 
8. Have no time for pet 
9. Pet illness(es) 

10. Biting 

1. Moving 
2. Landlord not 

allowing pet 
3. Too many animals in 

household 
4. Cost of pet 

maintenance 
5. Owner having 

personal problems 
6. Inadequate facilities 
7. No homes available 

for litter mates 
8. Allergies in family 
9. House soiling 

10. Incompatibility with 
other pets 

OVARIECTOMY AND 
OVARIOHYSTERECTOMY 

Both bilateral ovariectomy (OV; oophorec
tomy, or removal of both ovaries) and ovario
hysterectomy (OHE; oophorohysterectomy 
[spayL or removal of both ovaries and the 
uterus) have been described as surgical meth
ods of controlling reproduction in female dogs. 
Bilateral OV may be the preferred technique. 
Surgery and anesthesia times are reduced, the 
incision is smaller, and the degree of abdomi
nal trauma is less than in animals undergoing 
OHE.5

•
6 In a retrospective survey comparing 

138 dogs that had undergone OHE and 126 
dogs that had undergone OV 8 to 11 years 
previously, no significant differences in short
or long-term complications of surgery were 
noted.5 Uterine disease was not diagnosed in 
any of the 126 dogs undergoing only OV in 
that study or in 72 female dogs evaluated 6 to 
10 years after OV via a flank approach.6 De
spite this, OHE is the surgery most commonly 
performed for control of reproduction in the 
dog in the United States. 

Techniques for OHE via laparotomy are well 
described and are not reviewed here. Laparos
copic OHE also has been described in the dog. 7 

Reproductive behavior and physical mani
festations of estrus cease in female dogs after 
OHE. Bitches spayed while in proestrus or es
trus stop showing copulatory behaviors within 
several days of surgery.3 Temperament of the 
bitch is not altered by OHE; similarly, tempera
ment is not altered by allowing bitches to go 
through estrus or parturition.8 After OHE, 
ovarian and uterine disease cannot occur, nor 

can disorders related to pregnancy and partu
rition. Spayed bitches are no longer susceptible 
to disorders mediated by estrogen, such as va
ginal hyperplasia. 

A significant benefit of early OHE is reduc
tion in incidence of mammary neoplasia. 
Bitches ovariohysterectomized before the pu
beral estrus have 0.5 per cent the risk, those 
spayed after 1 estrous cycle 8.0 per cent the 
risk, and those spayed after two estrous cycles 
26.0 per cent the risk of developing mammary 
neoplasia of intact females. 9 The sparing effect 
of OHE on development of mammary neopla
sia is lost after the bitch cycles more than two 
times or reaches 2.5 years of age. 10 

Complications. Ovariohysterectomy is the 
most commonly performed surgery on com
panion animals in the United States, and the 
vast majority of these surgeries are performed 
with no anesthetic or surgical complications. 
Studies reporting such complications de
scribed in this section are intended to represent 
the range of complications which can occur, 
and which have been observed in small retro
spective or prospective studies. Anesthetic 
complications are reported to occur in 4.1 per 
cent of bitches undergoing elective OHE (11 = 
73). 11 Overall intra- and postoperative compli
cation rates after elective OHE have been re
ported at 7.3 per cent (11 = 550)12 and 27.4 per 
cent ( 11 = 73).11 No correlation was demon
strated between incidence of complications 
and age of the bitch, skill level of the surgeon 
(veterinary student or graduate veterinarian), 
or presence of disease of the reproductive tract, 
such as pyometra, or disease outside of the re
productive tract, such as idiopathic epilepsy. 11 

No specific breed predisposition exists,11 but an 
increased incidence of complications is seen in 
miniature- and small-breed dogs compared to 
female dogs of medium, large, and giant breeds 
and mixed-breed dogs. 12 

Intraoperative and immediate postoperative 
complications of OHE reported include hem
orrhage of the ovarian or uterine pedicle(s) as 
a result of incomplete ligation or rupture of 
ovarian or uterine vessels (4.1 per cent [11 = 

73])/·3
•
11 dehiscenceY infection of the suture 

line (13.7 per cent [11 = 73] to 20 per cent [11 = 
109]),3

•
11

•
13 peritonitis/ and evisceration.2 Hem

orrhage of the ovarian or uterine pedicle(s) 
may be more likely if the surgery is performed 
when the bitch is in estrus (Fig. 9-1). Long
term surgical complications reported include 
formation of a fishtla over nonabsorbable su
ture material (2.7 per cent [11 = 73] to 20 per 
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Figure 9-1. Uterine tissue may hemorrhage easily 
when removed from a bi tch in estrus. Note the Iorge 
follicles on the ovary. !From O lson PN, Nett TM, 
Bowen RA, et ol: A need for sterilization, controcep· 
lives, and abortifacients: Abandoned and unwonted 
pets. Port I. Curren! methods of sterilizing pels . Com· 
pend Conlin Educ ProctVet8:87-92 , 1986, w ith per· 
mission .) 

cent [n = 109]),5·11
•
13·14 retention of a cotton sur

gical sponge, 15 ureter alligation with secondary 
hydronephrosis,3·16·17 formation of a uretero
vaginal fistula with secondary urinary inconti
nence,3·18-20 formation of a vesicovaginal fistula 
with secondary hydroureter/1 ovarian rem
nant syndrome with or without secondary 
uterine stump inflammation/infection (9.5 per 
cent [n = 42] to 50 per cent [n = 102]),3·11

•13.22-25 

and granulomas of the ovarian pedicle(s) or 
uterine stump.26 

Obesity is a commonly reported sequel to 
OHE in dogs. Obesity is more common in fe
male than in male dogs.27 Predisposing factors 
in intact and neutered dogs include increasing 
age and feeding of a homemade diet.27·28 Breeds 
predisposed to obesity include the Labrador 
retriever, cocker spaniel, collie, dachshund, 
and cairn, West Highland white, and Scot
tish terriers. 27-30 

Neutering also has been identified as a risk 
factor for obesity. In a prospective study com
paring weight gain and food intake 90 days 
after surgery between dogs undergoing OHE 
and dogs undergoing laparotomy without 
OHE, the spayed females had greater food in
take and gained significantly more weight than 
sham-operated controls.31 In three retrospec
tive surveys, obesity was reported in 21.4 per 
cent (n = 8268),3° 26.2 per cent (n = 42),11 and 
about 50 per cent (n = 320)24 of dogs, with 
incidence two times higher in spayed females 
than in intact females.3° Female dogs were re
ported to have an increase in indiscriminate 
appetite 6 months after OHE, with an increase 
to at least 1.5 times presurgical body weight 
in 10.9 per cent of 95 dogs evaluated.32·33 

Obesity is the most common nutritional dis
ease of dogs and is multifactorial in pathogene
sis. However, three prospective studies evalu
ating the effect of OV34 or OHE35·36 on body 

weight in dogs did not demonstrate an in
crease in body weight after surgery, perhaps 
due to feeding regimens used, or short dura
tions of the studies. Other causes of obesity 
that must be considered include endocrinopa
thies, such as hypothyroidism and hypera
drenocorticism; drug-induced or psychogenic 
polyphagia; and inactivity with increasing 
age.29 Although obesity is a common sequel to 
OHE, it is less likely to occur in spayed female 
dogs that are fed and exercised properly. 

Estrogen-responsive urinary incontinence is the 
term applied to urinary incontinence in ovario
hysterectomized dogs. The classical presenta
tion is pooling of normal urine in areas where 
the spayed female dog has been sleeping. 
Estrogen-responsive urinary incontinence has 
been reported to occur in 3.0 per cent (n = 
320)24 to 20.1 per cent (n = 412)37 of spayed 
female dogs. It may occur immediately after 
OHE or as late as 10 years after surgery, with 
a mean interval to onset of 2.9 yean;;.37 It has 
been reported to have higher incidence in the 
boxer breed, and to be more common in dogs 
weighing 20 kg or more (30.9 per cent inci
dence) than in dogs weighing less than 20 kg 
(9.3 per cent incidence).37 

Exact pathogenesis of urinary incontinence 
in spayed female dogs is unknown. Urine leak
age occurs as a result of incompetence of the 
urethral sphincter.38 Estrogen increases affinity 
of a-adrenergic receptors for sympathetic neu
rotransmitters in the urethral sphincter, and 
increases sphincter tone.39 However, not all 
spayed <female dogs with urethral sphincter 
incompetence respond to estrogen treatment. 
In one survey, 73.7 per cent of affected spayed 
female dogs recovered after treatment with 
ephedrine, a sympathomimetic, and only 64.7 
per cent recovered after treatment with oral 
estrogen.37 In a study in which oral estrogen 
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(stilbestrol, 1 mg once daily per os for 3 weeks) 
was administered to normal and incontinent 
ovariohysterectomized female dogs, and ure
thral pressures were measured after treahnent 
with the sympathomimetic phenylephrine, 
normal dogs showed a greater elevation inure
thral pressure than did incontinent dogs. Se
rum estrogen concentrations do not differ be
tween ovariohysterectomized bitches and 
intact bitches in anestrus/ 8 suggesting that 
prolonged estrogen deprivation may be are
quired part of development of this form of 
urinary incontinence, but occasional onset of 
clinical signs ilmnediately after OHE refutes 
this supposition. Current recommendations 
for treatment of estrogen-responsive urinary 
incontinence include diethylstilbestrol (DES; 
0.5 to 1 mg once daily per os for 5 days, then 
0.5 to 1 mg per os every 4 to 7 days, as needed) 
with or without concurrent phenylpropano
lamine (1.1 mg/kg three times daily per os). 
Treatment with a human conjugated estrogen 
product (Premarin; Wyeth-Ayerst Labora
tories, Philadelphia, PA) at a dose of 20 f.Lg/ 
kg per os every 4 days also may reduce clinical 
signs, although anecdotal reports suggest it is 
less effective than treatment with oral DES. 
Dogs with urinary incontinence of a type that 
is not characteristic of estrogen-responsive uri
nary incontinence, and dogs that are not re
sponsive to the therapies described above, 
should undergo a complete evaluation for uri
nary incontinence (Table 9-4). 

•• Table 9-4. Routine Work-up of Bitches 
with Urinary Incontinence 

Examinations 

Performed in all dogs 
Physical examination 
Blood biochemistry 
Urinalysis 
Bacterial culture of urine 
Neurologic examination 

Performed in young 
bitches 

Intravenous pyelogram 

Performed in bitches 
with incontinence < 1 
mo after 
ovariohysterectomy 

Intravenous pyelogram 

Rule Out 

Polyuria/polydispsia, 
urinary tract infection 

Urinary tract infection 
Neurologic causes of 

incontinence 

Genitourinary 
abnormality (i.e., 
ectopic ureters) 

Iatrogenic ureterovaginal 
fistula 

From Arnold S: Relationship of incontinence to neutering. /11 Kirk 
RW, Bonagura JD (eds): Curr Vet Ther Small Anim Pract 11. Phila
delphia, WB Saunders, 1992, p 876, with permission. 

Miscell<meous long-term effects of OHE re
ported in the dog include bilaterally symmetri
cal nonpruritic alopecia33

A
0 and increased rate 

of bone remodeling.41
•
42 In women and female 

dogs, bone turnover is increased after OHE, 
with significantly greater bone resorption than 
formation.41 A

3 Loss of up to 15 per cent of tra
becular bone in vertebrae was demonstrated 
in adult female beagles 11 months after OHE.42 

Osteoporosis and bone fragility are not gener
ally recognized problems in the spayed female 
dog. There is one report of gastroesophageal 
and enteroenteric intussusceptions developing 
in a dog with prior megaesophagus after OHE; 
these complications were likely due to anesthe
sia and relaxation of the esophageal sphincter 
and were therefore not complications of the 
OHE itself. 44 

Ovarian Autotransplantation. Ovarian au
tografts were reported to prevent complica
tions of OHE by the implanting of minced 
ovary or slices of ovarian tissue in pockets 
in the serosa of the greater curvature of the 
stomach or intestine in areas drained by the 
portal vein. In one study of 15 working dogs, 
no difference in body weight or working abil
ity was demonstrated in dogs that had under
gone ovarian autotransplantation when com
pared to intact dogs.34 However, body weight 
and working ability also were comparable in 
those dogs with ovarian autotransplants and 
those undergoing only ovariectomy, and the 
dogs with ovarian autotransplants did show 
short periods of proestrus, with attraction of 
male dogs.34 A retrospective sh1dy of 66 dogs 
that had undergone ovarian autotransplanta
tion at least 5 years earlier reported signs of 
estrus in 14 per cent, and urinary incontinence 
in 20 per cent of the dogs. Two dogs (3 per 
cent) died as a result of complications of the 
ovarian autotransplant itself; one dog died of 
metastatic granulosa cell tumor arising from 
the implanted ovarian tissue, and the other 
from a bleeding ulcer that developed over the 
ovarian implant.45 Ovarian autotransplanta
tion cannot be recmmnended because of the 
poor efficacy in preventing complications of 
OHE and the relatively high mortality result
ing from the procedure itself. 

EARLY SPAY/NEUTER 

Early spay and neuter, or prepuberal gonadec
tomy, refers to the surgical sterilization of sex
ually immature animals. This topic has re
ceived increasing attention because it has been 
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regarded as a tool to help control pet overpo
pulation in the United States. In 1992, the 
American Humane Association (AHA) put 
forth a resolution supporting further research 
in early spay and neuter, and stated that "the 
AHA believes that no dog or cat adopted from 
a shelter should be allowed to reproduce." 46 

The American Veterinary Medical Association 
also encouraged additional research to ensure 
provision of more long-term data to better de
fine safety of the procedure and its possible 
effect on pet overpopulation.47 Early spay I 
neuter has been endorsed by the American 
Animal Hospital Association, British Veteri
nary Association, British Small Animal Veteri
nary Association, and American College of 
Theriogenologists. A reader survey in Pet Vet
erinarian showed that 67.5 per cent of those 
responding thought preadoption pediatric 
neutering was a good idea for animal shelters 
and humane societies but that only 40.0 per 
cent of those practitioners responding had per
formed pediatric (6- to 12-week) spay /neuter 
surgeries.48 Of 18 veterinary colleges respond
ing to a survey by the Arizona Humane Society 
about early spay /neuter training, only 8 (44 
per cent) performed early spay /neuter surger
ies on client animals (B. Bean, personal com
munication, June 27, 1995). 

Proponents of early spay /neuter stress its 
worth for animal humane facilities, where go
nadectomy before adoption or sale may facili
tate placement of animals and alleviate prob
lems of unwanted litters.49

•
50 At this time, early 

spay and neuter surgeries are more commonly 
performed in animal shelters and humane so
cieties than in general small animal practices. 
This reflects the fact that, although most pup
pies are released from a shelter with a spay I 
neuter contract, many of those animals are left 
intact once adopted. If animals in shelters were 
neutered before adoption, they would be un
able to reproduce and repopulate animal shel
ters. Practitioners may be asked to provide 
early spay and neuter surgeries for breeder 
clients, who wish to control reproductive po
tential of purebred animals they wish to place 
as pets. 

Anesthesia Considerations. Anesthesia of 
pediatric animals requires limitation of prean
esthetic excitement, knowledge about possible 
altered pharmacokinetics of anesthetic agents, 
and enhanced monitoring of the patient. Anes
thetic concerns unique to pediatric animals in
clude (1) altered metabolism and excretion of 
drugs as a result of immature hepatic enzyme 

systems, decreased protein binding of drugs, 
and decreased glomerular filtration rate; (2) 
predisposition to hypoglycemia with fasting 
as a result of decreased glycogen stores sec
ondary to smaller liver size and skeletal muscle 
mass; and (3) decreased ability to maintain 
body temperature because of a low percentage 
of body fat and decreased ability to shiver.51 

Preoperative excitement of pediatric ani
mals should be minimized by housing the ani
mals in groups in a quiet location, and not 
handling them excessively before anesthetic 
induction.52•53 Animals that are excited are 
more likely to resist handling and show inade
quate sedation.52 Administration of anesthetic 
agents by the intramuscular (IM) route, rather 
than the intravenous (IV) route, is preferred, 
to decrease the amount of restraint required 
for anesthetic induction.52 

Pediatric animals should be fasted for no 
more than 8 hours before anesthetic induction 
to minimize hypoglycemia.52

•
53 Animals less 

than 10 weeks of age may be fasted for as little 
as 3 to 4 hours.52•54 A small meal should be 
offered to the animals within an hour after 
anesthetic recovery52

•
53

; kittens with apparent 
prolonged recovery after prepuberal gonadec
tomy surgery showed increased alertness and 
responsiveness when given 50 per cent dex
trose solution orally.52 

To minimize hypothermia, pediatric ani
mals should be placed on a supplemental heat 
source during surgery, such as a circulating 
warm water blanket.52 Clipping of hair at the 
surgery site should be minimized, and 
warmed surgical scrub solutions used. 52 Rectal 
temperature should be checked im1nediately 
after surgery. Hypothermic animals may have 
prolonged anesthetic recovery as a result of 
decreased metabolism of injectable anesthetic 
agents.52 In a survey of 142 puppies neutered 
at either 6 to 10 weeks of age or 7 months of 
age, anesthesia recovery time was significantly 
shorter in those animals undergoing surgery 
at 6 to 10 weeks of age.36 

Anesthetic regimens that have been shown 
to provide the smoothest induction, fastest re
covery times, and best intraoperative analgesia 
in pediatric dogs are: 

Female puppies-atropine (0.04 mg/kgiM) and 
oxymorphone (0.11 mg/kg IM), followed 15 
minutes later by propofol (3.4 mg/kg IV) 
with inhalant isoflurane for mainentance54 

Male puppies-atropine (0.04 mg/kg IM) and 
oxymorphone (0.22 mg/kg IM), followed 15 
minutes later by propofol (6.5 mg/kg IV).54 
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Intubation is recommended in female puppies 
whenever possible to ensure a patent airway, 
allow ready assistance of ventilation if needed, 
and decrease the gas exposure to surgical per
sonnel that may occur with mask administra
tion of anesthetic gases.52 

Anesthetic complications reported in pedi
atric animals undergoing early spay /neuter 
surgeries vary. None were reported in surveys 
of 98 kittens52 and 98 puppies, 54 ranging in age 
from 6 to 14 weeks. Cardiac dysrhythmia, gas
tric dilation, and drug overdosage were re
ported in a survey of 775 cats and 1213 dogs 
that had undergone OHE or castration, rang
ing in age from less than 12 weeks to greater 
than 23 weeks.55 

Surgical Technique. Basic principles of pe
diatric surgery include minimization of sur
gery time and tissue handling, and controlling 
intraoperative bleeding meticulously. Routine 
techniques for OHE or castration are em
ployed. Castration techniques involving tying 
of the spermatic cord to itself, or tying the 
vas deferens to the spermatic artery, are not 
recommended because of the fragility of the 
tissues.53 Hemoclips or fine suture material 
may be used for ligation.53

•
54 Polydioxanone 

(PDA) suture material may cause calcinosis 
circumscripta and should be avoided.53 

Complications. Postsurgical complications 
of pediatric neutering are rare. Among 98 six
to 14-week-old puppies, 10 per cent developed 
signs of inflammation at the surgical site 
within 1 to 2 days of surgery, all of which 
responded to conservative treatment.54 In a 
large survey comparing short-term postopera
tive complication rates in dogs and cats gonad
ectomized at less than 12 weeks of age, 12 to 
23 weeks of age, or more than 23 weeks of age, 
those gonadectomized at less than 12 weeks 
of age had a significantly lower postoperative 
complication rate (6.5 per cent) than did those 
animals gonadectomized at greater than 23 
weeks of age (10.8 per cent).55 Most of the com
plications reported were minor and required 
little or no treahnei1t; inflammation at the sur
gical incision site was the most common com
plaint. 55 

Potential complications of prepuberal go
nadectomy include immaturity of the penis 
and prepuce, obesity, urinary incontinence, 
stunted growth, behavioral abnormalities, and 
possible increased incidence of adrenal dis
ease. Male dogs gonadectomized at 7 weeks 
of age had smaller penile diameters, decreased 
radiodensity and size of the os penis, and im-

mature preputial development compared to 
male dogs gonadectomized at 7 months of age 
or left intact.35 

Obesity is a multifactorial problem (see 
Ovariectomy and Ovariohysterectomy above). 
No difference was shown in food intake, 
weight gain, or back-fat depth in dogs that had 
been gonadectomized at 7 weeks or 7 months 
of age or left intact.35 In a study of 142 puppies 
matched with a littermate, in which one under
went gonadectomy at 6 to 10 weeks of age and 
the other at 7 months of age, there was no 
significant difference in body weight between 
the groups at 18 months of age.36 If a physio
logic predisposition to obesity resulting from 
gonadectomy does exist, there is no evidence 
that age at time of gonadectomy would change 
this effect. 

Older ovariohysterectomized dogs may de
velop urinary incontinence secondary to de
creased circulating serum estrogen concentra
tions and subsequent laxity of the external 
urethral sphincter (see Ovariectomy and Ovar
iohysterectomy above). Female dogs gonadec
tomized at 7 weeks of age have immature 
vulvar development at 15 months of age com
pared to female dogs gonadectomized at 7 
months of age or left intact.35 Older ovariohyst
erectomized dogs may undergo vulvar atro
phy as a result of hypoestrogenism. If infold
ing of the vulva occurs concurrently with 
estrogen-responsive urinary incontinence, 
perivulvar dermatitis may result, especially in 
obese dogs. At present, there is no evidence 
suggesting that dogs ovariohysterectomized 
prepuberally are more predisposed to any of 
these conditions than are females ovariohyst
erectornized later in life. 

An argument against early spay and neuter 
has been that of stunted growth and poor mus
cle development in prepuberally gonadecto
mized animals. Gonadal steroids stimulate 
growth of cartilage and maturation of the phy
ses of the long bones. Prepuberally gonadecto
mized animals are therefore more likely to 
show delay in closure of the physes, and in
creased long bone length than decreased bone 
length. This delay in physeal closure and sub
sequent increase in mature bone length has 
been demonstrated in pre- and postpuberally 
gonadectomized dogs.35 Whether this predis
poses these animals to Salter-type fractures at 
open physes is unknown. 

Owners of dogs may request surgical steril
ization to decrease undesirable sexual behav
iors in their pet, such as roaming, urine mark
ing, mounting, or the vaginal discharge and 
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unique behaviors of estrus. Although good 
correlation has been shown between castration 
and decrease in sexual behaviors in dogs in 
one sh1dy,56 it also has been shown that prior 
sexual experience does not affect retention of 
sexual behaviors after castration,57 suggesting 
that these behavioral problems may occur later 
in the life of animals gonadectomized prepu
berally. 

Conversely, some owners prefer that ani
mals remain intact until after puberty, in an 
effort to control undesirable juvenile behaviors 
of dogs, such as excitability. Male and female 
dogs gonadectomized at either 7 weeks or 7 
months of age were judged to be more active 
than age-matched intact dogs in one study, 
and those gonadectomized at 7 weeks were 
more excitable than those left intact.35 

Certain strains of mice, when gonadecto
mized within days of birth, are predisposed 
to adrenocortical nodular hyperplasia and car
cinomas. An increase in adrenocortical tumors 
and nodular hyperplasia has been reported in 
ferrets. 58•59 Most ferrets raised commercially are 
gonadectomized prepuberally. Therefore; the 
reported incidence of 99 per cent of these tu
mors occurring in neutered male and female 
ferrets is not necessarily indicative of a cause
effect relationship.59 Of 100 cases of prolifera
tive adrenal lesions in ferrets archived at the 
Armed Forces Institute of Pathology, almost 
30 per cent were in intact females. 60 To date, no 
sh1dies evaluating incidence of adrenal disease 
relative to early spay / neuter have been pub
lished in the dog. 

Pediatric gonadectomy is quick, with mini
mal bleeding, and the animals recover 
quickly.55•

61 Currently available information in
dicates that early spay and neuter are safe pro
cedure, although further research and the pas
sage of time are indicated to understand long
term effects. Whether the adoption of early 
spay and neuter programs by humane organi
zations will significantly impact pet overpopu
lation remains to be seen, but it is likely that 
early spay and neuter, coupled with increased 
enforcement of animal control ordinances, en
hanced public education, and a change in atti
tudes concerning responsible pet ownership 
will help reduce the pet overpopulation 
problem. 

Nonsurgical Control 
of Reproduction 

Enforced sexual abstinence, or strict control of 
bitches when in estrus, is the least invasive 

method of reproduction control. Confinement 
indoors and supervision when on a leash when 
the estrous bitch is outdoors are required from 
early proestrus to the onset of diestrus. 

Nonsurgical methods for sterilizing an ani
mal have been sought for decades. With newer 
technologies, such as biotechnology and ge
netic engineering, researchers are again at
tempting to develop alternatives to surgical 
sterilization. Nonsurgical methods must be 
safe, effective, easy and convenient to adminis
ter, and inexpensive.62 Their primary advan
tages are that nonsurgical methods are less 
invasive than surgical methods and are poten
tially reversible. 

MECHANICAL METHODS 

Intravaginal devices have been marketed that 
were reported to work by interfering with cop
ulation (Fig. 9-2). A device of appropriate size 
for a given bitch was placed in the cranial va
gina. Reported complications included diffi
culty in fitting the device to bitches of all sizes, 
persistent vaginal infection, and perforation of 
the vaginal wall.62 Intravaginal contraceptive 
devices for the bitch are no longer commer
cially available. 

PHARMACOLOGIC AGENTS 

Progestins. Progestins administered in an" 
estrus prevent onset of proestrus and estrus 
by suppressing the increases in frequency, 
magnitude, and duration of gonadotropin se
cretion necessary for induction of a new cycle.63 

Progestins such as megestrol acetate, adminis
tered early in proestrus, prevent development 
of ovarian follicles and the luteinizing hor
mone (LH) surge and ovulation.62

•64 Efficacy 
and side effects vary with drug administered, 
dose, time within the estrous cycle during 
which the progestin is administered, treatment 
regimen, and age and health of the bitch.65 

Megestrol acetate (Ovaban; Schering Corpo
ration, Kenilworth, NJ) is the only progestin 
approved for use as an estrus-suppressing 
drug in · the United States. The drug can be 
administered either in anestrus starting (at 
least 1 ·week prior to the next proestrus) at a 
dose of 0.55 mg/ kg (0.25 mg/ lb) once daily 
per os for 32 days, or in early proestrus (within 
the first 3 days of proestrus, characterized by 
vulvar swelling and exudation of serosangui
neous vaginal discharge) at a dose of 2.2 mg/ 
kg (1 mg/ lb) once daily per os for 8 days.62 

The drug is 92 per cent effective at suppressing 
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the expected estrous cycle when given in anes
trus, and is 97 per cent effective when given 
in proestrus.66 Treatment in early proestrus is 
less effective in bitches with proestrous peri
ods of less than 4 days or greater than 20 days 
in length.67 Treatment in early proestrus will 
decrease vulvar swelling and serosanguineous 
vaginal discharge within 3 to 8 days.BM In that 
period of time, the bitch still will be attractive 
to male dogs and mating may occur.62 If the 
bitch has received treatment with megestrol 
acetate for at least 3 consecutive days prior to 
mating, conception will not occur.64 

Return to estrus after treatment is variable, 
averaging 4 to 6 months with a reported range 
of 1 to 9 months.62·63 Fertility, litter size, and 
sex ratio are reported normal after treatment.64 

The manufacturer does not recommend that 
bitches be bred if return to estrus occurs less 
than 1 month after cessation of treatment62 

Treatment at the puberal estrus or for more 
than two consecutive estrus cycles is not rec
ommended. 

Transient side effects of increased appetite 
with weight gain, lethargy or restlessness, and 
mammary development with minimal lacta
tion are reported to occur in up to 40 per cent 
of treated bitches (n = 700).64·66 Megestrol ace
tate is contraindicated in bitches with a history 
of mammary neoplasia, diabetes mellitus, liver 
disease, or uterine disease13

•
62·64·66; in a survey 

of 700 bitches treated with megestrol acetate 
at the manufacturer's recommended dose in 
anestrus, 0.6 per cent developed pyometra.64 

No increase in incidence of mammary neopla
sia was reported in that study.64 The drug is 
contraindicated in potentially pregnant dogs, 
in which it may cause masculinization of fe
male feh1ses. Adrenal suppression was re
ported after treatment with megestrol acetate 

Figure 9-2. Intravaginal devices were once used to 
prevent pregnancy in bitches. (From O lson PN, Nett 
TM, Bowen RA, et al: A need for steriliza tion, contra
ceptives, and abortifacients: Abandoned and unwan
ted pets. Port II. Contraceptives. Compend Cantin 
Educ ProctVet 8: 173-1 77, 1986, with permiss ion.) 

(2 mg/ kg once daily per os for 14 days, fol- ' 
lowed by 1 mg/kg once daily per os for 14 
days) . Mean cortisol concentrations at baseline 
and after stimulation with adrenocorticotropic 
hormone (ACTH) were decreased 14 and 28 
days after treatment68 Clinical manifestations 
of adrenal suppression have not been reported 
after treatment with megestrol acetate in 
bitches. 

Medroxyprogesterone acetate (MP A) is a 
long-acting progestin. Administration of MP A 
in a subcutaneous implant has been described 
for estrus suppression in the bitch,69 but the 
drug is more commonly administered as a pe
riodic injection.63 It is recommended that it be 
used only in anestrus.66 Minimal effective 
doses are 2 mg/ kg IM every 3 months or 3 
mg/kg IM every 4 months.13 Return to estrus 
is variable, ranging from 1.5 to 26 months. 66 

Side effects are common with use of this drug, 
ranging from mild lethargy, polyphagia, and 
weight gain to adrenal suppression, acromeg
aly, uterine disease, and mammary neopla
sia.13·66·70 Uterine disease is reported to occur in 
4 to 10 per cent of bitches treated, with in
creased incidence in bitches with irregular es
trous cycles.66 Mammary tumors were diag
nosed in 30 per cent of 358 bitches receiving 
MPA at 5-month intervals, compared to 16 per 
cent of 192 bitches in a control group.70 The 
authors do not recommend the use of MP A 
for estrus suppression. 

Chlormadinone acetate (CA) and delmadi
none acetate are long-acting synthetic proges
tins. They are not commercially available in 
the United States; CA is the one best described. 
Return to estrus after treatment with CA may 
be protracted, but fertility at the subsequent 
estrus is apparently normal. 66 Subcutaneous Si
las tic implants containing CA reportedly are 
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effective for estrus suppression in bitches; in 
one sh1dy, estrus was suppressed in 17 of 19 
bitches with CA implants containing 5.4 to 10.9 
mg/kg CA. 71 At doses of greater than 5 mg/ 
kg, ovaries were devoid of corpora lutea (CL) 
2 years after placement of the implant.72 Al
though dose-dependent development of cystic 
endometrial hyperplasia, uterine enlargement, 
and mucometra have been described in studies 
using doses as high as 25.0 mg/kg, only 1 of 
19 female dogs treated with up to 10.9 mg/kg 
CA developed pyometra.71

•
72 No clinical, hema

tologic, or biochemical abnormalities were 
noted in bitches treated with implanted doses 
of at least 10 mg/kg CA.73 

Proligestone is a compound with antigonad
otropic properties that exerts minimal proges
tational effect.66 It is not commercially available 
in the United States. It can be used safely at any 
stage of the estrous cycle.13 It is administered as 
a subcutaneous (SC) injection at a dose of 10 
to 30 f.Lg / kg repeated 3 and 7 months later, and 
then every 5 months. 13 Efficacy as an estrus
suppressing agent in dogs is reported as 95 to 
99.9 per cent.66·74·75 Return to estrus after treat
ment averages 6 months, with a range of 3 to 
9 months.66 Proligestone must be given SC to 
ensure absorption, but the side effect of pain 
at the injection site has been reported to occur 
in 5 per cent of animals treated (n = 160).75 

Discoloration of hair also may occur at the 
injection site.66 These side effects may be mini
mized by warming the injection and giving it 
in the fold of the flank instead of the scruff of 
the neck.66 Pyometra was reported to occur in 
1 of 60 bitches treated with proligestone.74 

Androgens. Mibolerone (Cheque drops; 
Pharmacia & Upjohn, Peapack, NJ), is the only 
androgen approved for estrus suppression in 
bitches in the United States. Mibolerone is not 
recommended for use in breeding animals by 
the manufacturer, although this drug has not 
been shown to adversely affect reproduction 
after it is discontinued. Androgens exert nega
tive feedback on the pituitary, decreasing go
nadotropin $ecretion. The ovaries of dogs 
treated with mibolerone contain primary and 
secondary follicles but few that mature to ovu
latory size.62 

The dose of mibolerone administered is 
based on weight and breed of the dog (Table 
9-5). The highest dose, 180 f.Lg daily per os, 
should be administered to German shepherds 
and German shepherd crosses, regardless of 
body weight. 13

•
62 Treatment with mibolerone 

must be instituted 30 days or more before onset 

Table 9-5. Dosages of Mibolerone 
• Recommended for Long-Term Estrus 

Prevention in Anestrous Bitches* 

Body Weight Range 

lb 

1-25 
26-50 
51-100 
101+ 

Any German shepherd 
dog or any Alsatian
derived mixed breed 

kg 
0.5-12 
12-23 
23-45 

> 45 

Mibolerone 
Dosage 
{I.Lg/d) 

30 
60 

120 
180 
180 

* Return to estrus after end of treatment expected in 1 to 7 months; 
average, 2.5 months. Up to 24 months continuous treatment ap
proved . Efficacy to 5 yea rs demonstrated. 
From Concannon PW, Meyers-Wallen PN: Cu rrent and proposed 
methods for contraception and termination of pregnancy in dogs 
and ca ts. JAm Vet Med Assoc 198:1218, 1991, with permission. 

of the next proestrus or it may not prevent the 
next estrus.62 The manufach1rer recommends 
that mibolerone not be administered to bitches 
before the puberal estrus so as not to cause 
premature closure of physes. The drug is given 
once daily, orally, as long as estrus suppres
sion is desired. Treatment for up to 2 years is 
approved, but the drug has been demonstrated 
to be safe and effective even if used for up to 
5 years.13 Reh1rn to estrus averages about 70 
days, with a range of 7 to 200 days.62 Bitches 
have been reported to exhibit normal fertility 
after estrus suppression with mibolerone.76 

The most common side effect reported with 
mibolerone treatment is clitoral hypertrophy, 
which occurs to some degree in 15 to 20 per 
cent of dogs treated with mibolerone.13

•
62·66 

Other reported side effects include creamy va
ginal discharge, vaginitis, increased mounting 
and aggressive behaviors, anal gland inspissa
tion, musky body odor, obesity, and epiph
ora.62·66 Mibolerone is contraindicated in poten
tially pregnant bitches, in which it may cause 
masculinization of female fetuses; in prepu
beral bitches, in which it may precipitate pre
mature physeal closure; and in dogs with renal 
or hepatic diseases.62 Presence of intranuclear 
hyaline bodies in hepatic cells, elevation in se
rum liver enzyme concentrations, and, rarely, 
changes in liver function tests have been de
scribed in dogs after treatment with miboler
one; clinical significance of hepatocellular 
changes is unknown.77 The manufacturer rec
ommends that mibolerone not be administered 
to Bedlington terriers or other breeds with fa
milial liver disease. 

Testosterone also has been described for es
trus suppression in bitches. Successful regi-
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mens reported include injection of 100 mg tes
tosterone propionate once weekly, oral 
treatment with 25 to 50 mg methyltestosterone 
twice weekly, and SC implantation of at least 
759 ,ug/kg.64

•
78·79 Side effects reported include 

clitoral hypertrophy and vaginal discharge.64 

Miscellaneous Pharmacologic Agents. 
Gonadotropin-releasing hormone (GnRH) ag
ortists have been reported that act by down
regUlating pituitary GnRH receptors and sup
pressing release of follicle-stimulating hor
mone and LH.63 These compounds are not 
comni.ercially available. 

IMMUNOSTERILIZATION 

Induction of antibodies against endogenous 
hormones or reproductive tissues could be a 
noninvasive, reversible form of estrus suppres
sion and contraception in dogs. 

The zone pellucida (ZP) is an extracellular 
matrix of glycoproteins secreted by oocytes 
during folliculogenesis that is important in dif
ferentiation of follicular cells and that regu
lates adhesion and penetration of spermatozoa 
(Fig. 9-3).80 These glycoproteins are unique 
and cross-react between species.80 One ex
pected effect of ZP immunization is for anti
bodies to develop and coat the ZP of ovulated 
oocytes, preventing their fertilization by sper
matozoa (contraception). Female dogs that de
veloped high antibody titers after injection 
with porcine ZP had demonstrable antibody 
coating of the surfaces of their ZPs in vivo and 
in vitro, and in vitro evidence of decreased 

penetration of spermatozoa.81·82 None of three 
dogs with high antibody titers to porcine ZP 
were successfully bred.81 

A second expected effect of ZP immuniza
tion is for antibody binding to alter oocyte
follicle interaction and eventually deplete ova
ries of fertile follicles (sterilization). Rabbits 
immunized with ZP proteins had virtually no 
maturing follicles in their ovaries by 23 weeks 
after treatment, and many of the follicles pres
ent contained no oocytes (Fig. 9-4).80 Bitches 
immunized with porcine ZP are infertile, with 
no active follicular maturation, lack of primor
dial follicles, and follicular cysts lined with 
granulosa cells or luteinized cells as demon
strated by ovarian histopathology.83-85 

Unfortunately, dogs immunized with por
cine ZP often have abnormal estrous cycles.81·84 

Although bitches do not conceive if antibody 
titers are high,86 the desirable lack of estrous 
cycling does not occur reliably with ZP immu
nization. Immunization with canine ZP stimu
lates only low titers that are not contracep
tive.81 Both porcine and canine ZP must be 
injected with adjuvant to stimulate an immune 
response; commonly used adjuvants, such as 
Freund's complete, cause an unacceptable 
number of sterile abscesses at the injection 
site.84 Immunization with ZP proteins is not 
currently an accepted form of reproductive 
control in the dog, although studies are on
going. 

Genetically engineered Salmonella with ZP 
antigen is currently being evaluated as a poten
tial oral sterilant or contraceptive for stray cat 

Figure 9-3. Can ine ovum w ith zona pellucida inveslmeni.( From 
O lson PN, N ett TM , Bowen RA, el al: A need for slerilizalion, 
conlraceplives, and aborti facients: Abandoned and unwanted 
pels. Pari IV. Potential methods of controlling reproduction. Com· 
pend Conlin Educ Pracl Vel 8 :303-308 , 19 86 , with per· 
miss ion.) 
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Figure 9-4. light microg raphs illustrating changes in ovaries. A: Cross section of mature ovary from a rabbit immunized wi th 
adjuvant on ly. Notice the active cortex, w ith numerous follicles at various stages of development, and the ovula tion si te. Periodic 
acid-Schiff stain ; 12x. B: Cross section of ovary from rabbit immunized with porcine zona pellucida glycoprotein. N otice the 
complete absence of growing follicles. An imals so immunized have the same serum hormonal profile as that in long-term castrated 
animals. Periodic acid-Schiff sta in; 12x (From Dunbar BS, Schwoebel E: Ferti lity studies for the benefit of anima ls and human 
beings: Development of improved sterilization and contraceptive methods. J Am Vet Med Assoc 193; 1165-1 170, 1988, 
w ith permission. ) 

populations, and might also have applicability 
for dogs.87 Through use of recombinant DNA, 
ZP proteins have been isolated and subclcined 
into a plasmid vector designed to express in 
an attenuated Salmonella organism. Obviously, 
such sterilants / contraceptives would have to 
be carefully administered to avoid the inadver
tent sterilization of non targeted populations of 
animals (or humans). 

A secretory glycoprotein from canine ovi
ductal epithelial cells recently has been iso
lated.88 This protein is associated with the ZP 
and may facilitate capacitation or adhesion of 
spermatozoa. No studies regarding induction 
of antibodies against this protein have been 
reported to date. 

GnRH is a decapeptide and so must be con
jugated with a larger protein, such as albumin, 
to be antigenic. Beagles injected with GnRH 
bound to a large protein three times 4 weeks 
apart developed moderate anti-GnRH anti
body titers.89 Three of eight bitches cycled, and 
two of those three had serum progesterone 
concentrations indicative of ovulation.89 

Immunization with ovine pih1itary gonado
tropins caused delayed puberty in bitches in 
one study, presumably via stimulation of for
mation of antibodies against LH.90 Immuniza
tion of dogs with human chorionic gonad
otropin, which has LH activity, stimulated for
mation of antibodies but did not induce steril
ity because the antibodies were not cross
reactive with canine gonadotropins.90 High an
tibody titers against constantly produced mol
ecules such as GnRH and LH may cause for-

mation of antigen-antibody complexes that 
may cause glomerulonephritis if deposited in 
renal glomeruli.90 Similarly, development of 
nonspecific antibodies to LH, a glycoprotein 
that has an a subunit identical to that of thyro
tropin-releasing hormone, may precipitate de
velopment of iatrogenic hypothyroidism.90 Im
munization with endogenous hypothalamic or 
pituitary hormones has not proven to be an 
effective form of contraception or sterilization 
in dogs. 

Termination of 
Canine Pregnancy 

Pregnancy termination, or mismating, may be 
requested of veterinarians for bitches bred to 
undesirable males of their own or other breeds, 
or bred when too young or too old. Occasion
ally, pregnancy termination is indicated in 
pregnant bitches with unrelated serious illness 
or disease. The bitch should be confirmed 
pregnant prior to initiation of pregnancy ter
mination treatment. In two surveys, only 30 of 
48 (62 per cent)91 and 35 of 50 (70 per cent)92 

bitches presented for pregnancy termination 
were ach1ally pregnant. Questions to be asked 
of the owner include (1) Was a breeding wit
nessed? and (2) At what stage is the bitch in 
her estrous cycle? 

Many bitches present for pregnancy termi
nation after roaming free for a time in estrus, 
with no breeding witnessed. Although some 
place great emphasis on the greater likelihood 
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of pregnancy in bitches witnessed to have been 
bred with a copulatory lock (tie), the copula
tory lock need not occur for a breeding to be 
successful. Behavioral estrus is not well corre
lated with the bitch's fertile period, and fertile 
matings may occur from 5 days before to 5 
days after ovulation.93 However, bitches in 
early proestrus or in diestrus are less likely to 
have conceived than those known to be in late 
proestrus or estrus. 

Physical examination of the bitch should be 
performed as soon after the unplanned breed
ing as possible. Collection of a vaginal cytology 
specimen and measurement of serum proges
terone concentration allow assessment of stage 
of the cycle and fertility of the bitch (see Chap
ter 4). In one study, spermatozoa heads and 
occasional intact spermatozoa were seen in 
about 65 per cent of vaginal cytology speci
mens collected within the first 24 hours after 
known breedings, and in about 50 per cent of 
vaginal cytology specimens collected 48 hours 
after natural service.94 A technique has been 
described that enhances the chance of recovery 
of spermatozoa from the vaginas of bred 
bitches.95 A cotton-tipped applicator is inserted 
into the vagina as for collection of a vaginal 
cytology specimen (see Chapter 3). After 1 min
ute, the swab is withdrawn and placed in a 
tube containing 0.4 ml physiologic saline for 
10 minutes, with occasional gentle agitation of 
the tube. The swab is squeezed against the 
side of the tube and removed. The saline is 
centrifuged and the pellet examined under 
400X magnification for spermatozoa. With this 
technique, spermatozoa were identified in 100 
per cent of specimens up to 24 hours, and in 
75 per cent of specimens up to 48 hours after 
mating (n = 16).95 

After a successful breeding, fertilization oc
curs in the uterine tube. The zygote develops 
to a morula and then a blastocyst in the uterine 
tube. The uterotubal junction opens about 8 
days after ovulation, and the blastocyst 
hatches and implants into the endometrium 
16 to 17 days after ovulation.93 Progesterone is 
required throughout pregnancy. In the bitch 
all progesterone is secreted from the CL on the 
ovary; ovariectomy at any stage of gestation 
causes resorption or abortion of fetuses unless 
the bitch is supported with exogenous proges
terone.96·97 The CLare autonomous early in ges
tation and rely on two luteotropic hormones, 
LH and prolactin, after midgestation.98-100 Hy
pophysectomy on days 4 or 10 of pregnancy 
did not cause a prolonged decline in serum 

progesterone concentrations, but after hy
pophysectomy on days 18 to 50 of preg
nancy,98·99 or administration of equine anti-LH 
serum on day 42 of pregnancy,100 serum pro
gesterone concentrations declined to basal lev
els within 1 to 4 days and remained low. Simi
larly, treatment with the prolactin inhibitor 
bromocriptine on days 8 to 22 of pregnancy 
did not cause a prolonged decline in serum 
progesterone concentrations, whereas treat
ment after day 42 of pregnancy caused a per
manent, significant fall in serum progesterone 
concentra tions.100 

The surgical treatment best described for 
pregnancy termination in dogs is OHE. Aborti
facients described include drugs that prevent 
movement of the ova within the uterine tubes, 
agents that cause fetal death, drugs that cause 
lysis of the CL either directly or by suppressing 
luteotropic agents in late gestation, and drugs 
that block progesterone receptors or pro
duction. 

Ovariohysterectomy 

Ovariohysterectomy terminates pregnancy in 
the dog by physical removal of the ovaries and 
gravid uterus. The primary advantage of this 
technique is its effectiveness. This is the pre
ferred technique for bitches with no need for 
future reproduction. Because of its irreversibil
ity, OHE may be contraindicated in valuable 
breeding bitches. Hysterotomy with removal 
of fetal tissues can be performed instead of 
complete OHE, but effect on subsequent fertil
ity is unknown, and less invasive options for 
pregnancy termination are available. 101 Al
though it is generally considered that anesthe
sia and surgery are prolonged in OHE of preg
nant bitches, no postoperative complications 
were reported in five pregnant bitches ovario
hysterectomized in one study.12 Short- and 
long-term complications of OHE have been de
scribed (see Ovariectomy and Ovariohysterec
tomy above). 

Estrogen 

Estrogen has been recommended in the veteri
nary literah1re as a "mis-mate shot," to be 
given soon after the observation of an unde
sired mating in order to prevent pregnancy. 
In humans, estrogen has been administered 
to rape victims as a "morning after pill." 102

•
103 

Estrogen acts as a contraceptive and abortifa
cient. Movement of ova through the uterine 
h1bes is impaired by estrogens, perhaps by 
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alteration of the estrogen:progesterone ratio 
after ovulation.102·103 Degeneration of the ova 
and abnormalities of implantation also are 
seen after estrogen administration in pregnant 
female dogs and women.94·102,103 

Types of estrogen described for pregnancy 
termination in dogs include crystalline estra
diol in Silastic implants,104 oral DES,94 and in
jectable estradiol benzoate105 and estradiol cyp
ionate.94 In a group of 358 bitches treated with 
estradiol benzoate (0.01 mg/kg IM or SC on 
days 3, 5, and sometimes 7 after mating), the 
pregnancy rate was 3.4 per cent.105 

Estradiol cypionate is the most effective es
trogenic compound described for pregnancy 
termination in the dog. In one report, groups 
of four bitches each were treated with single 
IM injections of estradiol cypionate, at doses 
of either 22 or 44 ,ug/kg, in late proestrus, 
on day 4 of behavioral estrus, or on day 2 
of cytologic diestrus (Table 9-6). Bitches were 
bred at each cycle, and pregnancy determined. 
The drug was most effective at the higher dose 
and when administered in estrus or diestrus.94 

Oral DES administration did not prevent preg
nancy (Table 9-6). 

After ovulation, canine oocytes remain in 
the uterine tubes, susceptible to the effect of 
estrogen, until 1 to 3 days after the onset of 
cytologic diestrus.106•

107 To be used to best ef
fect, therefore, estradiol cypionate must be ad
ministered after ovulation but before the dog 
progresses well into diestrus. The belief that 
estradiol cypionate must be administered for 
pregnancy termination within a day after 
breeding has no scientific basis. 

Side effects of estrogen may be severe and 
may make use of estrogen for pregnancy termi
nation counterproductive in valuable breeding 

bitches. One reported side effect is bone mar
row suppression, with subsequent aplastic 
anemia, leukopenia, and thrombocytopenia, 
which may be clinically evident as petechial 
or ecchymotic hemorrhages or bleeding into 
body cavities.13

•
108

•
109 Uterine diseases, · de

scribed as endometritis, cystic endometrial hy
perplasia, and/ or pyometra, also have been 
described. 13

•
94·110

•
111 In surveys of 400 and 164 

dogs with uterine disease, 25 and 56 per cent, 
respectively, had been treated with an estro
genic compound for pregnancy termination 
within the previous 6 months. 110

•
111 In the study 

using estradiol cypionate reported in Table 
9-6, one of four dogs in each group treated 
with estradiol cypionate in diestrus developed 
pyometra.94 The pathogenesis of cystic endo
metrial hyperplasia-pyometra is described in 
Chapter 11. 

Tamoxifen citrate is a compound with estro
genic activity in dogs. It acts as a contraceptive 
and abortifacient, by altering transit time of 
ova within the uterine tubes and interfering 
with implantation. Bitches treated with 1 mg/ 
kg per os twice daily for 10 days beginning in 
late proestrus, on day 4 of behavioral estrus, 
or on day 2 of cytologic diestrus, however, 
maintained pregnancy.112 Two of four bitches 
treated with the same dose beginning on day 
15 of diestrus resorbed their pups, and two 
of four bitches treated beginning day 30 of 
diestrus aborted all pups.112 Of the 20 bitches 
treated with tamoxifen citrate, 4 (20 per cent) 
developed ovarian cysts and 5 (25 per cent) 
developed uterine disease. 112 The authors do 
not recommend use of tamoxifen for this 
purpose. 

Neither estradiol cypionate nor tamoxifen 
citrate are approved for use as pregnancy ter-

• • Table 9-6. Efficacy of Estrogens to Terminate Canine Pregnancy 

Times of Drug Pregnancy 
Administration Drug Dosage No. of Dogs Rate 

Proestrus Diethylstilbestrol: 75 JLg / kg daily for 7 days 4 100% 
Estrus 4 100% 
Diestrus (day 2) 4 75 % 

Proestrus Estradiol cypionate: 22 JLg/kg IM once 4 50% 
Estrus 4 50% 
Diestrus (day 2) 4 25%* 

Proestrus Estradiol cypionate: 44 J.Lg/kg IM once 4 100% 
Estrus 4 0% 
Diestrus (day 2) 4 0%* 

* One pyometra in each group. 
From Bowen RA, Olson PN, Behrendt MD, eta!: Efficacy and toxicity of estrogens commonly used to terminate canine pregnancy. JAm 
Vet Med Assoc 186:783-788, 1985, with permission. 
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mination drugs in the dog in the United States. 
Safe and effective treatment with estradiol cyp
ionate requires verification that the bitch has 
ovulated and is not yet in diestrus. The authors 
do not recommend use of estradiol for preg
nancy prevention/ termination in the dog be
cause of its side effects. 

Prostaglandins 

PROSTAGLANDIN Fza 

Prostaglandins are modified long-chain fatty 
acids found in most body tissues. 113 The spe
cific prostaglandin of interest for canine preg
nancy termination is prostaglandin F2"' (PGF2") 
which is luteolytic and which causes contrac
tion of smooth muscle. The native acid of PGF2a 
is waxy and difficult to administer; the com
pound commonly used is the tham salt, dino
prost tromethamine (Lutalyse; Pharmacia & 
Upjohn, Peapack, NJ). 113 

PGF2" acts as an abortifacient in the dog by 
lysing the CL, with subsequent decline in se
rum progesterone concentrations, and by caus
ing contraction of uterine smooth muscle, 
physically breaking down the pregnancy. The 
CLare resistant to the luteolytic effect of PGF2a 

in early diestrus. Dogs treated with high doses 
of PGF2a (250 FLg/kg twice daily SC for 4 days) 
on days 1 to 5 of diestrus maintained serum 
progesterone concentrations similar to un
treated control bitches, and maintained preg
nancy.114 Four of five bitches treated with the 
same dose of PGF2" on days 5 to 8 of diestrus 
after multiple matings had a decline in serum 
progesterone concentrations to baseline levels, 
and did not whelp. 115 Serum progesterone con
centrations must be less than 2 ng/ml for at 
least 48 hours to reliably induce pregnancy 
termination.91·113·114·116·117 The occasional bitch 
will maintain pregnancy despite a decline in 
serum progesterone concentrations, 118 and the 
occasional bitch will not respond to a 4 to 5 
day treatment with PGF2a, maintaining high 
serum progesterone concentrations, although 
refractory bitches usually respond to repeated, 
or ·continued treatment (Fig. 9-5) .115 There is a 
report of one bitch treated with PGF2" early 
in pregnancy that aborted three fetuses and 
carried two pups to term. 113 It is recommended 
that serum progesterone concentrations be 
measured in all bitches at the end of treatment 
to document a fall in serum progesterone, and 
that the bitch be reevaluated to ensure termina
tion of pregnancy 1 to 2 weeks after treatment 
is completed; treatment may be repeated if nee-

essary. Ultrasound is the preferred diagnostic 
technique to assess completion of pregnancy 
loss; palpation is unreliable for accurate moni
toring of pregnancy loss after PGFza 
treatment.91·119 

Depending on the stage of gestation in 
which treahnent is begun, abortion may or 
may not be clinically evident. In general, treat
ment with PGF2" prior to days 35 to 40 after 
breeding will cause resorption with few clini
cal signs, if any, whereas treatment after day 
40 of pregnancy will cause overt vaginal dis
charge and abortion.l2°·121 Signs associated w ith 
abortion include mucoid to serosanguineous 
vaginal discharge, passage of fetal tissues or 
fetuses, abdominal contractions, restlessness, 
trembling and muscle fasciculation, and nest
ing.91·119 Aborted fetuses may be alive. 

Success of treatment with PGF2" is depen
dent on dose used, duration of treatment, and 
stage of gestation in which treatment is insti
tuted (Table 9-7).91·113- 116·118·119·121-125 In general, 
higher doses are required in early to midgesta
tion. The advantage of treahnent early in preg
nancy is that puppies will be resorbed. Late in 
gestation, lower doses of PGF2a may be used, 
minimizing side effects associated with the 
drug, and overt abortion will occur. Bitches 
treated very late in gestation will abort prema
ture live pups. It has been demonstrated that 
a dose of 200 /Lg/ kg of PGF2a will not cause 
stronger uterine contractions than will a dose 
of 50 FLg / kg when administered IM, but that 
the duration of effect is greater at the higher 
dose.126 The median lethal dosage of PGF2" is 
5.13 mg/kg.127 

The side effects of treatment with PGF2" are 
primarily referable to its action on smooth 
muscle. Reported side effects and their fre
quencies include hyperpnea (78 per cent, n = 
18), hypersalivation (73 per cent, n = 18), vom
iting (67 per cent, n = 18), defecation (56 per 
cent, n = 18), micturition (17 per cent, 11 = 18), 
tachycardia (17 per cent, 11 = 18), lactation (50 
per cent, 11 = 6), nesting, and transient hypo
thermia.91·113·114·116·120·123·128-130 The severity of side 
effects is dose dependent, and severity, fre
quency, and duration of side effects decrease 
over the course of treatment.113·123·126·128·131 Side 
effects begin within 5 to 15 minutes of injection 
and subside within 60 minutes.113-115·123•129 Fre
quency and severity of side effects may be de
creased by concurrent treatment with atropine 
(500 mg/kg IM)132 or chlorpromazine (0.25 
mg/ kg IM).125 Concurrent treatment with 
PGF2" and other abortifacients may allow use 
of lower doses of PGF2"' and a subsequent de-
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Figure 9-5. Plasma progesterone concentra· 
tions of five bitches treated w ith prostaglandin 
F2" (250 /Lg /kg SC twice daily for 4 days) 
from days 5 to 8 of diestrus. Note the lock of 
response in dog number 4. (From Oettle EE , 
Berlschinger Hj, Botho AE, et ol: Luleolysis in 
early d iestrous beagle bitches . Theriogenology 
29:757-763, 1988, with permission .) 
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crease in side effects may be seen (Table 
9-7).115,119,125 

Whelpings of bitches after failed attempts 
with PGF2" for pregnancy termination are re
portedly normal, as are the pups that are 
born.113

•
115 Bitches are reported to cycle nor

mally and exhibit normal fertility after preg
nancy termination with PGF2"91·113

•
119 

lnterestrous intervals may be decreased in 
bitches receiving PGF2" in mid-diestrus, with 
the shortening of the interestrous interval com
parable to the length of diestrus obviated by 
premature luteolysis. An average decrease in 
interestrous interval length of 71 days (range 
40 to 111.5 days) has been reported.117

•
128·130·133 

PGF2a is not approved for pregnancy termina
tion or control of the estrous cycle by shorten
ing of the iriterestrous interval in dogs in the 
United States. At time of this writing, the au
thors recommend extralabel use of this prod
uct as the best available medical treatment for 
terminating pregnancy in this species. Recom
mended dose depends on stage of pregnancy 
at which treatment is initiated (Table 9-7), and 
treatment should be continued until preg
nancy termination is completed. 

In general, it is recommended that bitches 
known or suspected to have been bred be ex
amined for pregnancy using ultrasonography 
at 21 to 24 days after suspected ovulation and 
one week later if not observed pregnant This 

x-x No 1 
o -o No 2 
o-oNo3 
•-•No 4 
-1' --I'NO 5 

0 

./·~ 
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Days after start of diestrus 

prevents nonpregnant bitches from being 
treated unnecessarily. If pregnant, treatment 
with PGF2" should be initiated immediately so 
as to promote resorption of fetuses rather than 
abortion. Recommended protocol is 100 f.Lgl 
kg SC every 8 hours for two days, followed by 
200 f.Lg/kg SC every 8 hours until pregnancy 
is terminated. Treated bitches are monitored 
ultrasonographically and with serum proges
terone concentrations twice weekly starting 
one week after initiation of treatment 

PROSTAGLANDIN ANALOGS 

Prostaglandin analogs that have been de
scribed for pregnancy termination in the dog 
include fluprostenol, cloprostenol, and 
a-prostol (Table 9-8) .63·92

•
113

•
134·135 Fluprostenol 

has limited efficacy with the doses and routes 
investigated.113

•
134 a-Prostol, in combination 

with a prolactin inhibitor (cabergoline), was 
completely effective in one study.135 

Cloprostenol is the prostaglandin analog 
best described and is the most efficacious of the 
analogs described (Table 9-8). The minimal 
effective dose is 2.5 f.Lg/kg SC administered 
three times at 48-hour intervals. 136 Side effects 
are as described for PGF2"; no side effects were 
noted when cloprostenol was given at a low 
dose (1 f.Lg / kg) in combination with cabergo
line.135 Side effects may be minimized by pre-
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*" • • r.1 Table 9-7. Efficacy of Various Regimens with Prostaglandin F2"' for Pregnancy Termination in the Dog 

Days of Days after 
Pregnancy Start of 

Duration of When Treatment Treatment 
Dose*(SC Unless Specified) Treatment (d) Started Efficacy Abortion Seen Side Effects Study 

20 11-g/kg TID 20-21 5/5 Fetal resorption associated Lange et al.122 

with endometritia 
20 11-g/kg TID 4 5-8 of diestrus 3/5 Lange et al.I'2 

20 11-g/kg TID or 30 11-g/kg BID 3 25-58 4/7 Emesis, hypersalivation, Concannon and 
hyperpnea, hypothermia Hansel116 

30 11-g/kg BID 3-9 21-23 1/1 - Oettle123 

30 11-g/kg BID 3-9 40-42 1/1 Oettle123 

30 11-g/kg BID followed by 250 3-9 followed by 4 at 27-30; 49-52 at higher 1/1 - Oettle123 

11-g/kg BID higher dose dose 
50 11-g/kg BID IM 4-10 26-55 5/6 2-9 Emesis, hypersalivation, Lein et al. 113 

tachycardia 
50 11-g/kg BID, then 62.5 11-g/kg 2, then 3, then 4, 27-41 6/6 7-11 Emesis, hypersalivation, Lein et al. 113 

SID, then 100 11-g/kg SID-BID, then 3-7 lactation, nesting 
then 50-100 11-g/kg SID 

50-250 11-g/kg BID 4-8 21-55 28/28 - - Lein et al.113 

50 11-g/kg TID 7 5-11 days of diestrus 5/5 Lange et al. 122 

60 11-g/kg BID 2 6-7 0/1 Oettle123 

125 11-g/kg BID 6 43-45 4/4 - - Wichtel et al.I'4 

100 11-g/kg TID or 100 11-g/kg TID 30-35 18/18 Hyperpnea, Feldman et al. 91 

followed by 200 11-g/kg TID or hypersalivation, emesis, 
250 11-g/kg TID defecation, urination, 

tachycardia 
150-200 11-g/kg BID 4 8-19 days of diestrus 11/12 - - Romagnoli et 

al.'lB 
250 11-g/kg SID 6 22-27 1/1 Oettle123 

250 11-g/kg BID 4 > 5 days of diestrus 6/6 3-5 Emesis, hypersalivation, Johnston121 

diarrhea 
250 11-g/kg BID 4 5-8 days of diestrus 4/5 Emesis, diarrhea Oettle et al. 115 

250 11-g/kg BID 4 1-5 days of diestrus 0/5 - Paradis et al. 1 t·t 

250 11-g/kg BID 4 31-35 days of diestrus 5/5 3-5 Emesis, hypersalivation, Paradis et al1 14 

hypothermia 
100 11-g/kg TID with 1-3 11-g/kg 30-43 9/9 2.5-3.5 Emesis, hypersalivation, Davidson119 

misoprostol (PGE) hyperpnea 
intra vaginally 

100 11-g/kg with bromocriptine 3-7 30-45 3-5 Emesis Purswell125 

(10 11-g/kg TID PO) 
250 11-g/kg with bromocriptine 4 5-8 days of diestrus 4/5 Emesis, diarrhea Oettle et al.115 

(20 11-g/kg SID PO) 
250 11-g/kg with dexamethasone 4 5-8 days of diestrus 4/5 Emesis, diarrhea Oettle et al.115 

(0.1 mg/kg) 

* SC, subcutaneously; TID, three times a day; BID, twice daily; IM, intramuscularly; SID, once daily; PGE, prostaglandin E; PO, per os. 
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• IJ Cl Table 9-8. Efficacy of Various Regimen s. w ith Prostaglandin Ana logs for Pregnancy Termination in the Dog 

Days of Days after 
Pregnancy Start of 

Duration of When Treatment Treatment 
Dose* Treatment (d) Started Efficacy Abortion Seen 

Cloprostenol 
10 JLg/kg intravaginally - 27- 28 4/5 -
10 JLg/kg (aqueous form) - 14 1/3 -
10 JLg/kg (aqueous form) - 28 1/2 -
1 JLg/kg SID with 5 >25 5/5 -

cabergoline (1.65 JLgl 
kg SC SID) 

2.5 JLg/kg IM or SC BID 4 30-40 - -
2.5 JLg/kg SC 3 times at - - 16/16 6 

48-h intervals 

10 }Lg/kg - 14 1/3 -
10 }Lg/kg - 28 5/5 -
20 }Lg/kg - 14 1/3 -
40 }Lg/kg - 14 2/3 -
2.5 JLg/kg SC with 5 >25 5/5 -

cabergoline (1.65 JLgl 
kg SC SID) 

Fluprostenol 
25 JLg/kg intravaginally - 25 0/1 -
2.5 JLg/kg BID 2 -40 0/1 -
10 mg/kg - 25- 26 1/2 -
12.5 mg/kg - 4 0/2 -
12.5 mg/kg 7 0/2 -
12.5 mg/kg - 14 0/2 -
12.5 mg/kg - 35 1/1 -
15 mg/kg - 14 1/4 -
20 mg/kg - 28 1/1 -
25 mg/kg - 25- 26 3/3 -

a -Prostol 
20 mg/kg SC SID with 5 32 days after LH 5/5 -

cabergoli.ne (1.65 mg/ peak 
kg SC SID) 

• SID, once daily, SC, subcutaneously; IM, intramuscularly; BID, twice daily. 

Side Effects Study 

- Jackson et al134 

Severe emesis, diarrhea Jackson et al.'34 

Severe emesis, diarrhea Jackson et aJ."·' 
None Onclin et al. 135 

- Concannon63 

Emesis, Fieni et al.92 

hypersalivation, 
anxiety, hypothermia 

Emesis, diarrhea Jackson et al. 134 

Emesis, diarrhea Jackson et al. 134 

Emesis, diarrhea Jackson et al. 134 

Severe emesis, diarrhea Jackson et al. 134 

None Onclin et al. 135 

- Jackson et al. 134 

- Paradis et a!. 113 

- Jackson et al. 134 

- Jackson et al. 134 

- Jackson et al. 134 

- Jackson et al.' 34 

- Jackson eta!."' 
- Jackson et al. 134 

- Jackson et al.134 

Emesis, diarrhea Jackson et al. 134 

Hypersalivation, Onclin et al.135 

prostration, emesis, 
diarrhea, scratching 
at injection site 



186 Section I - THE BITCH 

treatment 15 minutes before administration of 
cloprostenol with atropine (0.025 mg/kg), 
prifinium bromide (antispasmodic; 0.1 ml/ 
kg), and metopimazine (antiemetic; 0.5 mg/ 
kg); side effects were decreased in 58.2 per 
cent of 67 bitches receiving this combination 
of drugs before treatment with 2.5 ,ug/kg clo
prostenol.136 Prostaglandin analogs are not ap
proved for use in dogs in the United States. 

Glucocorticoids 

Dexamethasone is the glucocorticoid best de
scribed for pregnancy termination in dogs. The 
mode of action as an abortifacient is unknown. 
One author hypothesized that administration 
of exogenous glucocorticoids may cause re
lease of endogenous PGF2"}3 but serum pro
gesterone concentrations have not been dem
onstrated to decline in all dogs that resorbed 
or aborted puppies after treatment with dexa
methasone.137 Fetal death has been demon
strated to occur within 5 to 13 days after treat
ment with dexamethasone is instituted, with 
expulsion of fetuses 7 to 15 days after start 
of treatment.138 

Injectable dexamethasone (5 mg twice daily 
IM for 10 days)137 and oral dexamethasone (0.1 
to 0.2 mg/kg twice to three times daily at a 
decreasing dose for 5 to 10 days) have been 
reported for pregnancy termination in 
dogsY8·139 Reported treatment failures have oc
curred in bitches treated for short duration on 
days 30 to 35 of pregnancy.138 Efficacy is best 
in bitches treated for up to 10 days after day 
35 of gestation.138·139 Concurrent treatment with 
dexamethasone (0.1 mg/kg once daily IM for 
4 days) with PGF2" (250 ,ug/ kg twice daily SC 
for 4 days) was not more effective than treat
ment with PGF2" alone.115 Although dexameth
asone is reported to be teratogenic in labora
tory animals, puppies born live to bitches that 
are nonresponsive to dexamethasone as an 
abortifacient usually are normal and show no 
abnormalities as adults (M. Wanke, personal 
communication, February 15, 1999). 

The primary side effect of dexamethasone 
treatment for pregnancy termination in dogs 
is polyuria/polydipsia (PU/PD), reported to 
occur in all dogs treatedY8·139 PU /PO resolves 
after withdrawal of the drug. Vaginal dis
charge and lethargy have been described at 
the time of abortion.B9 

Prolactin Inhibitors 

Prolactin secretion from the pituitary is stimu
lated by serotonin and inhibited by dopamine. 

Treatment with dopamine agonists, which 
stimulate dopamine release and, therefore, in
crease dopamine's inhibitory effect on prolac
tin secretion, decreases serum prolactin con
centrations in dogs. Prolactin is a luteotropic 
agent; inhibition of prolactin secretion after 
midgestation causes luteolysis, decreased 
progesterone concentrations in serum, and 
pregnancy loss.100 Two ergot alkaloids 
that act as dopamine agonists have been des
cribed, bromocriptine and cabergoline 
(Table 9-9).63,124,125,135,140-143 Both drugs must 
be given after day 30 of pregnancy to be effec
tive as abortifacients.13 

Bromocriptine is stable as a tablet, but tablets 
are only available at a dose of 2.5 mg (Parlodel; 
Novartis Pharmaceuticals Corporation, East 
Hanover, NJ). These tablets can be crushed and 
dissolved in water, but the resulting solution is 
unstable and must be protected from light and 
heat.125 Duration of efficacy of the liquid for
mulation is unknown. 

Bromocriptine is reported to be effective at 
doses from 20 to 100 ,ug/kg per os once to twice 
daily for 4 to 7 days.63·14° Concurrent treatment 
with PGF2a has been described125·135; treatment 
with both allows use of low doses (bromocrip
tine 10 ,ug/ kg per os three times daily until 
abortion is clinically evident; PGF2" 100 ,ug/kg 
SC three times daily until2 days after abortion 
begins), which minimizes side effectsY5 

Side effects of bromocriptine are vomiting 
(60 per cent, n = 5) and anorexia (20 per cent, 
11 = 5).63·125·140 Side effects may be minimized 
by pretreahnent with the antiemetic chlor
promazine at a dose of 0.25 mg/kg IM.125 Bro
mocriptine is not approved for use in dogs in 
the United States. 

Cabergoline, which decreases serum prolac
tin concentrations, is reported effective as an 
abortifacient at doses of 1.65 to 5 ,ug/kg once 
daily per os or SC for 5 days (Table 9-9).141 - ~ 43 

Concurrent treahnent with the prostaglandm 
analogs cloprostenol and a-prostol has been 
reported. 135 Side effects are negligible. In one 
survey of 11 dogs, all treated bitches went on 
to cycle normally, and all those that were bred 
had normal pregnancies after treatment with 
cabergoline.142 Cabergoline is not commer
cially available in the United States at this time. 

Miscellaneous Pregnancy 
Termination Agents · 

EPOSTANE 

Epostane acts by inhibiting the 3{3-hydroxyste
roid dehydrogenase/ 114·5 isomerase enzyme 
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• 
0 

• Table 9-9. Efficacy of Various Regimens with Prolactin Inhibitors for Pregnancy Termination in 
the Dog 

Days of Days after 
Pregnancy Start of 

When Treatment 
Duration of Treatment Abortion 

Dose* Treatment (d) Started Efficacy Seen Side Effects Study 

Brornocriptine 
20-30 mg/kg 4 242 5/5 3-5 Emesis, anorexia Conley and 

SID Evans140 

62.5 mg/kg BID :S6 43-45 2/4 Emesis, Wichtel et 
hypersalivation al.I'" 

100 mg/kg 4-7 > 30 Emesis, anorexia Concannon63 

SID-BID 
10 mg/kg with 3-7 >30-45 3-5 Emesis Purswell 

PGF~, (100 
mg/kg) TID 

Cabergoline 
1.65 mg/kg SID 5 240 3/5 Vaginal Onclin et al. 1'12 

sc discharge 
5 mg/kg SID PO 5 249 8/8 3-5 Jochle et al."11 

5 mg/kg SID 28 1 0/6 Post et al.'" 
5 mg/kg SID 5 ~30 0/6 Post et al. 143 

5 mg/kg SID 5 42-49 8/8 3-5 None Post et al.143 

15 mg/kg SID 5 ~30 0/6 Post et al. 143 

1.65 mg/kg SC 5 25-32 days 15/15 As for Onclin et al.135 

SID with after LH prostaglandins 
cloprostenol peak 
or 0'-prostol 

*SID, once daily; BID, twice daily; TID, three times a day; SC, subcutaneously; PO, per os. 

system, which catalyzes the formation of pro
gesterone from pregnenolone.63

•
144 The drug is 

effective as an abortifacient any time after dies
trus begins.63 The reported minimum effective 
dose is 2.5 to 5.0 mg/kg,144 but efficacy im
proves as the dose nears 10 mg/kg (25 per 
cent pregnancy rate, n = 12).145 No side effects 
are noted at doses up to 10 mg/kg; at higher 
doses, sterile abscesses may form at the site of 
injection.145 Vomiting also has been reported 
as a side effect of epostane. Dogs treated with 
epostane showed a normal return to estrus 
and normal fertility. 145 Research suggests that, 
although epostane is an effective abortifacient, 
reported incidence and severity of side effects 
in experimental dogs preclude its use as a 1m
mane alternative to other forms of pregnancy 
termination in dogs. 

MIFEPRISTONE 

Mifepristone, also called RU486, is used as a 
"morning after" pill along with prostaglandin 
injections for termination of pregnancy in 
women. Mifepristone competitively binds pro
gesterone and glucocorticoid receptors. 146 In 
dogs, treatment with 2.5 mg/kg per os twice 
daily for 4.5 days beginning on day 32 of preg-

nancy caused abortion within 3 to 5 days.147 

Single treatments with higher doses (10 to 20 
mg/kg) have been reported to successfully ter
minate pregnancy as early as day 11 to 26, 
however, pregnancy status before treatment 
was not well described in all cases and length 
of time from treatment to abortion was pro
longed, with two of five dogs aborting 11 days 
after treatment.90•

148 No side effects have been 
reported with mifepristone.147 Despite binding 
of glucocorticoid receptors, plasma ACTH and 
cortisol concentrations are not increased after 
treatment with mifepristone at doses of less 
than 20 mg/kg once daily per os for 10 days.146 

One bitch was successfully rebred after treat
ment with mifepristone; no other animals have 
been described.149 This drug or a related drug, 
is expected by the authors, to become the treat
ment of choice for pregnancy termination in 
the dog if it becomes commercially available 
in the United States. · 

GnRH ANTAGONISTS 

GnRH antagonists act by decreasing concen
trations of circulating gonadotropins, includ
ing luteotropic LH, causing luteolysis, decline 
in serum progesterone concentrations, and 
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subsequent pregnancy loss. These drugs there
fore are not effective in dogs early in diestrus 
when the CL is not dependent on support from 
luteotropic agents. GnRH antagonists are ef
fective after day 20 of diestrus, and have not 
been shown to be effective earlier, even at very 
high doses. 150 Detirelix has been reported to be 
effective as an abortifacient in dogs at a dose 
of 2 mg/kg; its use is currently limited by lack 
of commercial availability and expense.65•

150 

NONHORMONAL COMPOUNDS 

The nonhormonal triazole derivatives, the 
phenyltriazole isoindoles and isoquinolones, 
induce degeneration of the canine conceptus 
at the time of implantation.89 Treatment with 
these drugs, which are very potent and slowly 
released from the injection site, is most effec
tive from day 15 to 20 after mating, near the 
time of implantation.151•

152 The mechanism of 
action of these drugs is unknown. The most 
potent, lotrifen (L12717) was 80 per cent effec
tive as an abortifacient with a single dose of 
0.5 to 1.0 mg/kg about day 20 of pregnancy 
(n = 5).152 Reported side effects include an
orexia, weight loss, vomiting, and blood loss 
from the gastrointestinal tract. 151 These drugs 
are not commercially available in the United 
States. 
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Disorders of the Conine Ovary 

Congenital Abnormalities 

The embryonal "indifferent" gonad of the dog 
differentiates into ovarian tissue in the absence 
of a functional Y chromosome. Cortical sex 
cords formed in the indifferent gonad split into 
clusters near the surface, with each cluster sur
rounding one or more germ cells.1 Reported 
congenital abnormalities of the canine ovary 
include agenesis, ovarian hypoplasia resulting 
from abnormal chromosome number, and 
presence of atypical gonads in pseudo- or true 
hermaphrodites. 

Ovarian agenesis-complete absence of one 
or both ovaries-has been reported to occur 
in the bitch2-

4
; character of reproductive cycles 

was not reported in these cases. Ovarian agen
esis may be associated with other abnormali
ties of the reproductive tract, such as uterus 
unicornus.3 

Ovarian hypoplasia has been reported in fe
male dogs with abnormal chromosome num
ber. A Doberman pinscher with X chromo
somal monosomy (77,XO) presented with 
stunted growth. Her ovaries were small and 
consisted of interstitial-type cells and solid epi
thelial sex cords. Her dam, sire, and littermate 
were karyotypically normal. 5 An American Es
kimo bitch with X chromosomal monosomy 
(77,XO) presented with persistent proestrus 
of 8 months' duration. She too had stunted 
growth and small, fibrous ovaries containing 
no follicles or corpora lutea. The cause of the 
apparent persistent reproductive cycling was 
not defined.6 An Airedale terrier with X chro
mosomal trisomy (79,XXX) presented with pri
mary anestrus. The dog's ovaries were inactive 
and contained large masses of interstitial cells 
and solid epithelial sex cords. Concentrations 
of serum luteinizing hormone (LH; 670 ng/ 

ml) and follicle-stimulating hormone (11,210 
ng/ml) were markedly elevated compared to 
those in karyotypically normal intact dogs.7 

None of these dogs had grossly abnormal ex
ternal genitalia. Definitive diagnosis of ovarian 
hypoplasia requires assessment of the karyo
type and gonadal histology. Female dogs with 
anomalous numbers of sex chromosomes and 
abnormal ovaries 'are usually infertile. 

True hermaphrodites have both ovarian and 
testicular tissue, and may have portions of 
both male and female tubular reproductive 
tracts and external genitalia. Fourteen- and 16-
month-old cocker spaniels, a German short
haired pointer and mixed breed dog of unre
ported age with normal female karyotypes 
(78,XX) have been described with bilateral 
ovotestes, normal female tubular reproductive 
tracts, and enlarged clitorides containing an os 
penis.8

-
11 A 3-year-old, phenotypically female 

weimeraner with a normal female karyotype 
has been described with lateral hermaphrodit
ism, in which one gonad was an ovary and 
the other was a testis. A normal female tubular 
tract was present, and the dog exhibited irreg
ular estrous cycles.12 There is one report of a 
canine true hermaphrodite with an XX karyo
type that reproduced successfullyY Testicular 
differentiation in the absence of theY chromo
some requires either presence of multiple cell 
lines, as in mosaicism and chimerism, or trans
location of portions of theY chromosome onto 
an autosome or X chromosome during meiosis, 
and is therefore very uncommon.8 

Pseudohermaphrodites a~e animals with go
nads that do not match their phenotypic sexual 
characteristics. They are named by the gender 
of the gonads, not the secondary sexual charac
teristics. 

Male pseudohermaphrodites are dogs with 
bilateral testes, which usually are retained, and 
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female external genitalia or presence of a 
uterus masculinis. These dogs usually have a 
normal male karyotype (78,XY). Differentia
tion of the female tubular tract (miillerian 
ducts) and external genitalia, and concurrent 
lack of development of the male tubular tract 
(wolffian ducts) and external genitalia, occurs 
when anti-miillerian hormone and testoster
one normally produced by the embryonic 
testicles are either not produced or not recog
nized because of lack of or abnormal function 
of receptors for these hormones in target 
tissues. 

Female pseudohermaphrodites are karyo
typically normal females (78,XX)9 with ovaries 
and male external genitalia. Female pseudo
hermaphrodites are rare in all species, and 
usi1ally occur as a result of masculinization 
of female fetuses with androgens in utero, 
causing varying degrees of virilizationY4

•
15 

Three female greyhound littermates were re
ported with normal ovaries and female tubu
lar tracts and with prepuces containing a 
pertis; these dogs' dam had received testoster
one propionate for estrus prevention prior to 
gestation.14 Presumptive diagnosis of female 
pseudohermaphroditism is by visual inspec
tion to verify abnormal external genitalia. 
Definitive diagnosis requires histology of go
nadal tissue and/ or karyotype. Reproductive 
cycling in these dogs has not been character
ized, and androgen exposure may be expected 
to suppress ovarian function. Abnormalities 
of the external genitalia generally preclude 
breeding, making ovariohysterectomy the 
treatment of choice. 

How To Evaluate Karyotype 
The karyotype is the chromosomal comple
ment, usually, expressed as total number of 
chromosomes followed by abbreviations for 
the number of X and Y sex chromosomes pres
ent. Normal female dogs, therefore, have a 
78,XX karyotype, and normal male dogs have 
a 78,XY karyotype. Karyotypes usually are de
termined by culturing lymphocytes from a pe
ripheral venous blood sample or fibroblasts 
from a skin biopsy. Blood (:::::: 5 ml) is collected, 
into a tube containing heparin (green-topped 
tube). For skin biopsies, a nonhaired region 
is selected and cleansed as in preparation for 
surgery. A punch biopsy is used to collect the 
sample, which is placed in a red-topped evactl
ated glass tube. The tube is labeled with identi
fication of the animal and date of sample col
lectiOI.1. The sample should be maintained at 
room temperature, with avoidance of tempera-

ture extremes, and shipped to the laboratory 
performing the analysis within 24 hours. Sam
ples should be collected and shipped so as to 
arrive Monday through Thursday. (One labo
ratory at which karyotype analysis is per
formed is the University of Minnesota Veteri
nary Diagnostic Laboratory, St. Paut MN; 651-
625-8787.) 

Lymphocytes or fibroblasts are cultured and 
then induced to undergo mitosis with mito
gens. Cell division is arrested in metaphase of 
mitosis, and the chromatin within the cells is 
squashed, fixed, and stained. Photographs are 
taken of at least 30 individual metaphase 
spreads, and the chromosomes in individual 
spreads are rearranged using "cut and paste" 
computer teclmology, in homologous pairs 
for assessment.16 

Normal dogs have 76 autosomes and two 
sex chromosomes; normal males have a karyo
type of 78,XY and normal females 78,XX. Ab
normalities that have been reported in dogs in
clude 

Trisomy: presence of an extra member of a 
monologous pair (e.g., 79,XXX) (Fig. 10-1) 

Monosomy: lack of one member of a homolo
gous pair (e.g., 77,XO) 

Presence of multiple cell lines (e.g., 78,XX/ 
79,XXY): mosaic (presence of more than one 
cell line, arising from one zygote) or chimera 
(presence of more than one cell line, ac
quired in utero from a twin) 

0 

' .., 

• 

.... .., 

' 

Figure 10-1. The karyolype from a dog with three x·chromo· 
somes (arrows). (From Johnston SD, Buoen LC, W eber AF, et 
al: X trisomy in on Airdale bi tch with ovarian dysplasia and 
primary anestrus. Theriogenology 24:597-607, 1985, with 
permission.) 



Translocation: transfer of all or a segment of 
one chromosome onto a nonhomologous 
chromosome (this may be apparent if the 
characteristic banding pattern present on the 
chromosomes after staining is abnormal) 

Polyploidy: presence of more than two multi
ples of the haploid chromosome number; 
triploidy reported in the bitch, is 3n = 
117,XXX. 

Ovarian Cysts 

Ovarian cysts are fluid-filled structures with a 
distinct wall that develop withiii. the ovary. 
Parovarian cysts are similar in morphology to 
ovarian cysts, but lie next to the ovary. In a 
survey of 126 bitches with ovarian disease, 101 
had ovarian or parovarian cystsY Cystic ovar
ian structures that have been described in fe
male dogs include follicular cysts,17-28 luteal 
cysts,17·18·28 germinal cysts/7·18·21 cystic corpora 
lutea,18·29 cystic rete ovarii,l7.1 8•

21 cystic atretic 
follicles,18 cystic granulosa cell tumors,18 and 
parovarian cysts.18·20·30 

Follicular Cysts 

Follicular cysts are thin-walled structures con
taining clear, serous fluid. 17 Follicular cysts 
may be single or multiple; if multiple cysts are 
present on one ovary, the cysts do not commu
nicateY Ultrasonographically, follicular cysts 
appear as focal hypoechoic to anechoic struc
tures that may show far enhancement.31 Nor
mal mature ovarian follicles in dogs average 
5 to 8 mm in diameter.32 Ovarian follicular 
structures greater than 8 mm in diameter pres
ent during proestrus or estrus prior to ovula
tion, or follicles of any size present during late 
estrus (postovulation), diestrus, or anestrus, 
are defined as follicular cysts. 

Reported incidence of follicular cystic dis
ease in the dog varies widely. Reports of follicu
lar cysts as a percentage of ovarian cystic disor
ders have included reports of 3 per cent,18 23.5 
per cent (n = 34)/1 and 62 per cent (n = 101).17 

Canine follicular cysts may be single (37.5 
to 65 per cent)17·21·23·26 or multiple (35 to 62.5 per 
cent).17·19·21·24·25·30 Multiple follicular cysts may be 
unilateral or bilateral; incidence of bilateral fol
licular cysts in one shtdy was reported at 32 
per cent.17 Reported diameters vary from 0.5 
to 19 cm,17·19·23·25- 27 with single cysts most often 
reported at 1 to 1.5 em and multiple cysts at 
10 em or less in diameterY One large follicular 
cyst, measuring 32.5 X 23.2 em and containing 
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4100 ml of serous fluid, has been reported in 
the bitchY Follicular cysts contain up to 250 
to 750 ml of clear, serous fluid on average.23•26 

In one report, this fluid contained 3.5 g/100 
ml protein, 52,400 red blood cells (RBCs) I mm3, 
9200 white blood cells (WBCs)/mm3, and cel
lular debris, with pH of 6.5 and specific gravity 
of 1.024,26 and variable concentrations of estro
gen, progesterone, and testosterone (Table 10-
1).27·33 Follicular cysts are lined primarily with 
granulosa cells, and remnants of degenerating 
cumulus oophorus may be present.17,1s No oo
cytes are present (Fig. 10-2).17·25 Rarely follicu
lar cysts contain some luteal cells.18 

Pathogenesis of follicular cystic disease in 
the dog ovary is unknown. A 5-year-old intact 
mixed breed dog and a 2.5-year-old intact 
golden retriever with follicular cysts had his
torically received parenteral estrogen for preg
nancy termination, and a 12-year-old intact 
German shepherd had been treated histori
cally with an undefined estrus-suppressing 
drug years prior to the diagnosis of follicular 
cystic disease.24·27·33·34 In one shtdy, ovarian 
cysts were reported to develop after treatment 
with tamoxifen for pregnancy termination.35 

Granulosa cells lining follicular cysts may 
be productive, secreting estrogen, with subse
quent estrogen-mediated effects on the dog's 
reproductive tract and extrareproductive sys
tems. Reported serum concentrations of estro
gen in dogs with follicular cysts vary from 
3 to 143 pg/ml.19·20·25·33·36 Concurrent diseases 
reported in dogs with follicular cysts include 
cystic endometrial hyperplasia-pyometra 
complex, reported in 57 per cent of dogs with 
follicular cysts17·19·20·25•

26·28; mammary neopla
sia22; ovarian neoplasia28; uterine neoplasia22

; 

skin changes characteristic of hyperestrogen
ism, including bilaterally symmetrical alopecia 
of the trunk, lichenification, and hyperkerato
sis19·20·22; and prostate disease (squamous meta
plasia and prostatic abscessation) in a female 
pseudohermaphrodite. 20 

Mean age at diagnosis of bitches with follic
ular cysts is 8.0 years (n = 70).17·19·20·22-27 Re
ported age range at time of diagnosis is 1 to 
16 years.17·19·20·22-27 Dogs have been reported to 
develop clinical signs of single follicular cysts 
at a younger age than those with multiple fol
licular cysts; reported mean ages are 8.7 years 
and 10.5 years, respectivelyY Although no 
breed predisposition has been identified, the 
majority of dogs reported with follicular cysts 
are of large breeds. The most commonly re
ported breeds are the malamute, German 
shepherd, golden retriever, Bouvier des Flan-
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Q'\ • m • Table 10-1. Characteristics of Bitches in Persistent Estrus with Ovarian Cysts 

Concentrations of Hormones In Concentrations of Hormones in 
Serum Follicular Fluid 

Cyst(s) 
Animal No. Estradiol Prog esterone Testosterone Estrad iol Progesterone Testosterone Observed with 
and Breed Age Pertinent History Treatment• Results [pg/m l) (ng/m l) (ng/ml) [pg/ml) (ng/ml) (ng/m l) Ultrasonography 

1. Malamute 7mo In estrus 7 wk GnRH X 2 Did not resolve 6 1.0 0.8 48,830 2 12 Yes 
GnRH X 3 Resolved + surgical 

drainage 
2. Husky X 1.5 yr In estrus 8 wk GnRH X 1 Resolved but recurred 24 1.9 0.13 1379 1133 1.9 Yes 

next cycle, then 
spayed 

3. Malamute 10 mo In estrus 4 mo hCG X 1 Did not resolve 38 1.0 0.01 Yes 
GnRH X 2 Resolved 

4. Golden 15 mo In estrus 4 mo hCG X 3 Did not resolve 16 6.0 2.8 Yes 
retriever GnRH X 1 Resolved 

5. Yorkshire 3.5 yr In estrus 3 mo GnRH X 2 Did not resolve 9 0.8 0.39 Yes 
terrier hCG X 1 Did not resolve 

GnRH X 3 Resolved but pyometra 
occurred and bitch 
was spayed 

6. Chesapeake 16 mo In estrus 4 wk, out 1 hCG X 1 Resolved 9 1.0 
retriever wk, back in estrus 

7. Golden 2.5 yr In and out of estrus hCG X 2 Resolved; was bred 3 2.0 - - - - NO 
retriever for 2 mo after and delivered a 

estrogen treatment single pup 
for terminating 
pregnancy 

8. Greyhound 9.5 yr Estrous vaginal smear hCG X 3 Resolved but recurred 143 0.04 0.07 Yes 
for 2 mo 

GnRH X 3 Did not resolve 19 0.88 NO 138,000 193 35 Yes 
surgically 
drained 

Tarnoxifen Resolved but recurred 
citrate 

9. Golden 8 mo In estrus for 8 wk GnRH X 2 Resolved 26 4.8 0.13 - NO 
retriever 

10. Malamute 9 mo In and out of estrus PGF,. Did not resolve NO 1.9 0.06 Yes 
for 3 mo 

GnRH X 1 Resolved 
11. Scottish terrier 1 yr In estrus 8 wk Spayed Resolved - 0.39 0.10 233 50 
12. Malamute 3 yr In estrus 6 w k Spayed Resolved - 0.6 NO 92,000 7392 2.6 
13. St. Bernard 4 yr In estrus 4 wk GnRH X 2 Did not resolve; 24 0.03 0.19 Yes 

developed pyometra 

GnRH, gonadotrophin-releasing hormone; hCG, human chorionic gonadotrophin; NO, not detectable;- , not determined; X, mixed-breed dog. 
*Multiple treatments (two or three) were usually separated by 24 to 48 hours. 
From Olson PN, Wrigley RH, Husted PW, et al: Persistent estrus in the bitch. 111 Ettinger 5), Feldman EC (eds): Textbook of Veterinary Internal Medicine, 3rd ed. Philadelphia, WB Saunders, 1989, p 1793, 
with permission. 
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Figure 10-2. Photomicrograph of o fol licular cyst. This large cystic space in the ovarian cortex is lined by a narrow layer of 
granulosa cells and contains no ovum. Hematoxylin and eosin stain; lOX). (From Shil le VM, Calderwood-Moys MB, Tha tcher 
MJ Infertility in a bitch associated with short interestrous intervals and cystic follicles: A case report. J Am Anim Hasp Assoc 
20:171-176, 1984, with permission.) · 

dres, and Labrador retriever.19·22·23·25-27·33 Herita
bility of follicular cysts in the dog is unknown. 
In one study, 75 per cent of dogs with follicular 
cystic disease (n = 63) were reported to be nul
liparous.17 

Clinical signs of cystic ovarian follicular dis
ease in dogs are referable to increased serum 
estrogen concentrations. The most common 
presenting complaint is estrous cycle irregu
larity, most often exhibited as prolonged pro
estrus or estrus.18·19·22

•
23

•
25

•
26·28 Physical changes 

characteristic of proestrus and estrus, such as 
vulvar swelling and presence of serosangui
neous vulvar discharge, are present.18·19·23

•
26·28 

The affected female dog may attract male dogs, 
but may not show normal breeding behavior, 
such as flagging or allowing the male to 
mount.24 One report describes a dog failing to 
whelp by 71 days from the last breeding that 
was actually in a prolonged estrus with mini
mal estrual signs.25 Other estrous cycle irregu
larities observed include irregular interestrous 
intervals, excessive serosanguineous vulvar 
discharge, and variability in physical changes 
and breeding behavior during estrus.22·24·26 In 
dogs with large follicular cysts, abdominal dis
tention may be present.27 Progressive, nonpru
ritic, bilaterally symmetrical alopecia of the 
neck, trunk, and perineum, with associated li
chenification and hyperkeratosis, may be pres-

ent (Fig. 10-3).19·20·22 Prolonged exposure of 
the endometrium to elevated serum estrogen 
concentrations may induce cystic endometrial 
hyperplasia-pyometra. 

The primary differential diagnosis for follic
ular ovarian cysts in the female dog is func
tional ovarian neoplasia (granulosa cell tumor 
[GCT]). Presumptive diagnosis of ovarian fol- . 
licular cystic disease is based on signalment, 
with mean age at diagnosis with follicular 
cysts younger than with ovarian neoplasia, 
and diagnosis is based on clinical signs sugges
tive of prolonged hyperestrogenism. Response 
to medical treatment, described below, may 
allow differentiation of follicular cysts from 
ovarian neoplasia. Definitive diagnosis re
quires histopathology of excised ovarian 
tissue. 

Elevated serum estrogen concentrations 
may be verified by radioimmunoassay, but ra
dioimmunoassays for estrogen are not always 
readily available and normal concentrations 
may vary greatly by laboratory. 

Assessment of vaginal cytology specimens, 
with presence of cornified vaginal epithelial 
cells indicative of elevated serum estrogen con
centrations, is readily available and inexpen
sive, and of adequate accuracy to detect pres
ence of serum estrogen in the bitch. Dogs with 
follicular cysts have a predominantly cornified 
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Figure 10-3. Prominent alopecia and hyperpigmentotion sec· 
ondory to hyperestrogenism in a can ine female pseudoher· 
mophrod ite w ith on ova rian follicu lar cyst. (From Nemzek JA, 
Homco LD, Wheaton LG, et ol: Cyst ic ovaries and hyperestro· 
genism in a canine female pseudohermaphrodite. J Am Anim 
Hasp Assoc 28:402-406, 1992, w ith perm ission.) 

population of vaginal epithelial cells. Cellular 
debris, RBCs, polymorphonuclear leukocytes, 
and bacteria may be present.19,2s Vaginoscopic 
appearance of the vaginal mucosa in affected 
bitches is characteristic of either proestrus 
(rosy pink, edematous, billows of mucosa) or 
estrus (blanched, crenated, longitudinal folds 
of mucosa).19 Concentrations of serum proges
terone, testosterone, and cortisol have been 
demonstrated within normal limits in dogs 
with follicular cysts.19·20 

Imaging techniques may be used to try to 
differentiate follicular cysts from ovarian neo
plasms. Large follicular cysts may appear on 
abdominal radiographs as soft tissue-density 
structures caudal to the kidney that may dis
place the kidney cranially.28 Ultrasonography 
may be more valuable, because it may allow 
visualization of cystic structures caudal to the 
kidney, and therefore presumably within the 
ovary.20·28·33 The cysts appear as focal hypo
echoic to anechoic structures with far enhance
ment.l9.20·28 Small cysts may not be visible. 
Granulosa cell tumors often appear polylocu
lar on ultrasonography. The ovary may be dif
ficult to visualize in large- or giant-breed dogs, 
especially deep-chested breeds. Inability to de
finitively identify cystic ovaries by ultrasound 
or radiography does not rule out cystic ovar
ian disease. 

The treatment of choice for canine ovarian 
follicular cysts is ovariohysterectomy 
(0HE).20·23

-
27 For dogs that have valuable repro

ductive potential, induction of luteinization of 
the cystic follicle(s) with gonadotropin-releas
ing hormone (GnRH; 50 f.Lg intramuscularly 
[IM]), human chorionic gonadotropin (hCG; 
220 IU /kg intravenously [IV] once or 500 IU 
IM, two doses with 48-hour interval or 1000 
IU, half IV, half IM), or pituitary LH (50 mg 
IM) may be attempted.19·25·33 Limited success 
has been reported with these hormonal thera
pies. Rate of recurrence has not been reported. 
There is one report, however, of surgical aspi
ration and flushing of follicular cysts as a treat
ment in the dog; the cysts did not recur, but 
the dog had concurrent cystic endometrial hy
perplasia-pyometra that necessitated later 
OHE.19 There is one report of resection of 
wedges from bilateral polycystic ovaries; the 
bitch went into heat 6 weeks after surgery and 
was bred successfully.24 

Other Ovarian Cysts 

Luteal cysts, also called luteinized follicles, are 
luteinized anovulatory follicles.18 Secretion of 
LH from the pituitary is sufficient for luteiniza
tion of granulosa cells in these cases, but not 
sufficient to cause ovulation.18 In a survey of 
101 bitches with cystic ovarian disease, 9 (9 
per cent) had luteal cystsY Mean age at diag
nosis was 8.6 years, with a range of 2 to 13 
years. 17 Luteal cysts vary in diameter from 1.5 
to 5 cm. l7.28 The cyst wall is thicker and more 
opaque than that of a follicular cyst, but radio
graphic and ultrasonographic appearance are 



similar.17·28 Clinical significance of luteal cysts 
in the dog is unknown. 

Germinal cysts are also called cysts of sub
surface epithelial structures.18 These form as 
infoldings of the continuously growing perito
neal covering of the ovary.18 Reported inci
dence among ovarian disorders is 20 to 38 per 
cent.17·21 These microscopic cystic structures lie 
within the ovarian cortex and do not impair 
ovarian function.17·18 

Cystic corpora lutea are reported to occur 
rarely in the dog.18 A 4-year-old intact mixed 
breed dog was reported to have an ovarian 
remnant containing 2-cm-diameter cysts filled 
with viscous fluid that were diagnosed as cys
tic corpora lutea.29 

Cystic rete ovarii, or rete cysts, are small 
masses of irregular, anastomosing tubules 
with cystic changes in the hilar region of the 
ovary.17 They are reported to occur in 9 to 35 
per cent of dogs with cystic ovarian disease.17·21 

Although they do not cause clinical disease, 
they may replace the surrounding normal 
ovarian tissue.18 

Parovarian cysts are cystic structures in rem
nants of the mesonephric and paramesone
phric tubules surrounding the ovary.18 Paro
varian cysts may be single or multiple and are 
greater than 1 em in diameter.18 A 9-year-old 
intact West Highland white terrier was asymp
tomatic despite presence of a parovarian cyst 
large enough to be radiographically visible as a 
soft tissue-density mass caudal to the kidney, 
displacing the colon medially.30 Parovarian 
cysts are not reported to impair ovarian 
function. 18·30 

Ovarian Remnant Syndrome 

Ovarian remnant syndrome refers to clinical 
signs indicating presence of functional ovarian 
tissue in a previously ovariohysterectomized 
female dog.36·37 It is not a pathologic change, 
but is instead a complication of OHE.36 In one 
survey of 27 dogs with complications after 
OHE, 12 (17 per cent) had an ovarian 
remnant.38 

Ovarian remnant syndrome occurs when a 
retained piece of ovarian tissue revascularizes 
and becomes functional. Revascularization of 
ovarian tissue in the dog has been demon
strated experimentally; in female dogs in 
which minced ovarian tissue was placed in 
subserosa! pouches on the stomach or under 
the splenic capsule after OHE, cyclic signs of 
proestrus and estrus were exhibited.39 Reten-
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tion of ovarian tissue after OHE may be due 
to surgeon error (e.g., improper placement of 
clamps) or may be due to presence of anoma
lous accessory ovarian tissue in the broad lig
ament. 

Women are more likely to develop ovarian 
remnant syndrome after OHE than are com
panion animals, because women undergoing 
this surgery more often have inflammatory 
periovarian disease causing fibrous adhesions 
of the ovary to surrounding tissues that com
plicates complete removal.37 Ovarian remnant 
syndrome is less common in dogs than in 
cats.40 In dogs, no correlation has been shown 
between occurrence of ovarian remnant syn
drome and age of the dog at OHE, breed, diffi
culty of surgery (elective vs. nonelective), 
physical condition of the bitch (normal weight 
vs. obese), or status of the veterinarian (new 
graduate vs. experienced practitioner).36A0 

The most common presentation of ovarian 
remnant syndrome is recurrent estrus after 
OHE.29.36·38·40

A
1 Interval from OHE to signs of 

estrus averages 15.5 months, and ranges from 
3 months to 5 years (n = 48).29.4°.41 Once cyclic 
estrous activity returns, most dogs with ovar
ian remnant syndrome exhibit normal period
icity of estrous cycles.36 In a survey of 46 dogs 
with ovarian remnant syndrome, mean inter
estrous interval was 8.8 months.40 

Dogs with ovarian remnant syndrome ex
hibit physical changes characteristic of proes
trus and estrus, with vulvar swelling and vari
able amounts of mucoid to serosanguineous 
vulvar discharge, and behavioral signs of es- . 
trus, such as flagging and attracting and stand
ing to be mounted by male dogs. 29·37·38.41 Dogs 
with ovarian remnant syndrome also may ex
hibit signs of false pregnancy weeks to months 
after estrous signs and behavior, or, recurrent 
false pregnancy in the absence of observed es
trus.36·38 There is one report of a toy poodle 
with ovarian remnant syndrome that pre
sented with chronic vaginitis.41 

Differential diagnoses for ovarian remnant 
syndrome are those conditions that cause 
bloody vulvar discharge in spayed female 
dogs, including vaginal neoplasia, vaginitis, 
uterine stump pyometra, trauma, exogenous 
estrogen therapy, and coagulo"pathy.36 Ab
dominal radiographs or ultrasound usually 
are noncontributory to the diagnosis. Normal 
ovaries are not readily demonstrable on radio
graphs or sonograms,42 and ovarian remnants, 
unless large and cystic, are smaller and even 
less likely to be visualized with these tech
niques.'1 
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Presumptive diagnosis of ovarian remnant 
syndrome requires demonstration of a corni
fied vaginal epithelial specimen in a spayed 
bitch.36 Estrogen radioimmunoassay is not al
ways readily available, and may not be as accu
rate an interpretation of vaginal cytology spec
imens, as is a bioassay. The vaginal cytology 
specimen should be collected when the bitch 
is in estrus, defined by behavioral changes 
noted by the owner and physical changes char
acteristic of proestrus. Total or predominant 
cornification of vaginal epithelial cells is indic
ative of elevated serum estrogen concentra
tions. Estrogen also can be produced by the 
adrenal glands, but adrenal diseases associ
ated with excessive estrogen production are 
much less common than ovarian remnant syn
drome as a cause of vaginal cornification in 
spayed female dogs. 

Once the presence of estrogen has been veri
fied by vaginal cytology, serum progesterone 
concentrations in blood collected one to two 
weeks later should be evaluated to determine 
if luteinization or ovulation of the follicle has 
occurred, with a serum progesterone concen
tration of greater than 2 ng/ml indicative of 
functional luteal tissue.36 If luteinization of the 
follicle has not yet occurred, the dog may be 
allowed to ovulate spontaneously, with re
check of serum progesterone concentration in 
7 to 10 days for verification, or luteinization 
of the follicle may be induced with GnRH 
(50 J.Lg IM) or hCG (400 IU IV or 1000 IU, half 
IV, half IM) ,41 with recheck of serum progester
one concentration in 10 to 14 days for verifica
tion of luteinization. 

Exploratory laparotomy is the treatment of 
choice. Lifelong medical therapy with estrus
suppressing drugs, such as megestrol acetate 
(Ovaban; Schering Corporation, Kenilworth, 
NJ) or mibolerone (Cheque; Pharmacia & Up
john, Peapack, NJ), is neither a safe nor a practi
cal alternative and is not recommended. Ex
ploratory laparotomy should be performed 
either when follicles are present on the ovarian 
remnant or after luteinization of the follicle has 
occurred, because :the remnant will be more 
readily visible with follicles or corpora lutea 
present. There is less intraoperative bleeding 
in dogs that are in the luteal phase of the es
trous cycle. Both ovarian pedicles should be 
examined, because sometimes remnants occur 
bilaterally. Conflicting reports exist as to 
whether unilateral ovarian -remnants are more 
common on the right side38 or equally common 
on right and left sides.40 Bilateral ovarian rem
nants are reported to be present 35 per cent of 

the time.40 If no overt functional ovarian tissue 
is present, scar tissue should be removed at 
both ovarian pedicles. In a survey of 46 cases 
of canine ovarian remnant syndrome, all rem
nants were found at the ovarian pedicle.40 

Therefore, an exhaustive search of the entire 
abdominal cavity usually is not necessary. All 
excised tissue should be submitted for histopa
thology. There is one report of a functional 
GCT on the ovarian remnant of a dog that had 
been ovariohysterectomized 7 years before on
set of clinical signs.43 

If surgical correction of ovarian remnant 
syndrome is undertaken when functional lu
teal tissue is present, signs of false pregnancy 
may develop postoperatively. This is a normal 
consequence of the surgery. Signs generally 
will subside without treahnent in less than 4 
weeks (see Chapter 13). 

Oophoritis 

Oophoritis is diffuse infiltration of the ovary 
with mononuclear inflammatory cells, with 
subsequent degeneration of germ cells and fi
brosis of surrounding tissues.2

•
75

•
76 An autoim

mune pathogenesis is hypothesized. Three 
cases of canine oophoritis have been reported 
in the literature; a 5-year-old intact cocker 
spaniel and an intact beagle of unreported age 
presented with persistent anestrus/·75 and a 
3.5-year-old intact Rhodesian Ridgeback pre
sented with persistent estrus and infertility.76 

Ovaries of the cocker spaniel showed collapse 
and degeneration of ovarian follicles prior to 
antrum formation. Serum progesterone con
centrations were less than 2 ng/ml, indicating 
absence of luteal function, despite treatment 
with GnRH in the dog with persistent estrus.76 

Serum estrogen, testosterone, LH, and follicle
stimulating hormone concentrations were 
within normal limits in the two anestrous 
bitches.2

•
75 All dogs were diagnosed by histopa

thology of ovarian tissue removed at ovario
hysterectomy. 

Ovarian Neoplasia 

Ovarian neoplasia is relatively uncommon in 
the dog. Reported incidences of tumors of the 
ovary in all dogs with neoplasia are 0.5 per 
cent (n = 2350 tumors),44 1 per cent (n = 2361 
tumors)/ 5 and 6 per cent (n = 400 tumors).45 

Incidence of ovarian neoplasia in 269 female 
dogs with reproductive tract neoplasia was re-



ported to be 3.7 per cent.46 Of 115 dogs with 
ovarian disease, 25 (20 per cent) had ovarian 
neoplasia.17 

Pathogenesis of ovarian neoplasia is un
known. Induction of malignant ovarian tu
mors has been demonstrated experimentally 
in dogs treated with estrogen alone or with 
estrogen and progesterone, but histologically 
these tumors more closely resembled germinal 
cysts than naturally occurring ovarian tu
mors.47 A report of increased incidence of ovar
ian neoplasia in a group of four maned wolves 
housed together at the National Zoo suggests 
genetic predisposition or environmental fac
tors as possible contributors to tumor devel
opment.48 

Ovarian mass lesions may be palpable per 
abdomen, and often are visible on radiographs 
or sonograms. On abdominal radiographs, 
ovarian neoplasms are visible as soft tissue
density masses caudal to the kidney, displac
ing the caudal pole of the kidney ventrally and 
the colon medially (Fig. 10-4).42 Ultrasono
graphically, ovarian tumors are visible as 
rounded or irregular masses caudal to the kid
ney with variable or polylocular echotexhue.42 

Specifics of diagnosis of the various types of 
ovarian neoplasms are described below. 

The three general categories of primary 
ovarian neoplasms are those arising from epi
thelial cells, those tumors of sex cord/ stromal 
origin, and those arising from germ cells. 45.49 

Secondary (metastatic) tumors of the canine 
ovary include lymphosarcoma, mammary car
cinoma, intestinal carcinoma, and pancreatic 
carcinoma.17.49 

Epithelial Tumors 

Ovarian epithelial neoplasms arise from cells 
of the surface epithelium extending into the 

Figure 10-4. lateral abdominal radiograph of o bitch 
w ith on ovarian neoplasm. (From Jergens AE, Show 
DP: Tumors of the canine ova ry. Com pend Con tin 
Educ Pract Vet 9:489- 495, 1987, wi th permission.) 
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ovarian cortex.49 Tumors of epithelial cell ori
gin account for 20 to 64 per cent of ovarian 
hunors; mean incidence is 45 per cent_l7.45.46.49,50 

Types of ovarian epithelial cell tumors re
ported include adenocarcinoma,17.45,5051 papil
lary cystadenocarcinoma/9,52,53 serous cys
toadenocarcinoma,54 papillary adenoma,45A9 

serous and pseudomucinous cystadenomas,17 
fibromas, 17,55 and undifferentiated carcinoma.49 

Adenocarcinomas are more common than 
are adenomas.50 

Mean age at diagnosis of ovarian cystadeno
carcinoma in the dog is 6.5 years, with a range 
of 3.5 to 12 years (n = 4).51-54 Mean age at 
diagnosis of ovarian cystadenoma in the dog 
is 8.8 years, with a range of 6 to 13 years 
(n = 10) _17 

Ovarian epithelial hunors may be cauli
flower-like or smooth, and may or may not be 
cystic.45.49 Size is variable; tumors as large as 7 
to 10 em in diameter have been reportedY Se
rous cystadenomas and cystadenocarcinomas 
contain variably sized cysts filled with watery 
fluid. 54 Pseudomucinous cystadenomas are 
multilobular, with lobules containing viscous, 
milky fluid.17 Both adenomas and adenocarci
nomas often occur bilaterally.45 In a survey of 
eight dogs with unilateral ovarian serous cys
tadenomas, the contralateral ovary was inac
tive in 63 per centY 

The most common clinical signs reported in 
dogs with ovarian tumors of epithelial origin 
are ascites and abdominal distention.45.49,51,52 

Ascites may develop as a result of obstruction 
of diaphragmatic lymphatics by the tumor, or 
lymphatic obstruction resulting from metasta- · 
sis.45.49 Pleural fluid also may be present, con
founding auscultation of the heart and lungs. 52 

The tumor may be palpable in the cranial abdo
men.45 Dogs with ovarian h1mors of epithelial 
origin may be asymptomatic; ovarian neopla-



202 Section I - THE BITCH 

sia was found at OHE in a 3.5-year-old intact 
German shepherd that presented with vaginal 
transmissible venereal tumor, and in a 5-year
old intact Labrador retriever that presented 
with clinical signs of pyometra and mam
mary neoplasia.53·54 

Abdominal radiography frequently is unre
warding in dogs with ovarian tumors of epi
thelial origin, because ascitic fluid obscures 
abdominal contents.51·52 Presence of intra
abdominal fluid enhances ultrasonographic 
images.51 Epithelial-origin ovarian tumors 
have been observed at ultrasound as large, dis
crete, anechoic structures with irregular mar
gins caudal to the kidney.52 Ascitic fluid, col
lected by abdominocentesis, has been reported 
to contain 4.1 g/100 ml protein, 1.34 X 106 

RBCs/mm3 and 3600 WBCs/mm3, and to have 
a specific gravity of 1.026.52 Neoplastic cells 
may exfoliate into intra-abdominal fluid.52 

Rate of metastasis of ovarian adenocarci
noma is reported as 48 per cent.50 Metastases 
are 1- to 2- mm nodules, diffusely scattered 
over the peritoneum and serosal surfaces of the 
abdominal organs. 52 Metastases are unlikely to 
be visible by radiography or ultrasound. 

The treatment of choice for ovarian neopla
sia of epithelial origin is surgical removal. 
Complete OHE is most often performed be
cause of the risk of metastasis.49·52·54 Metastatic 
disease was treated with chemotherapeutic 
agents in one dog.52 Cyclophosphamide (50 
mg/m2 three times weekly) and chlorambucil 
(8 mg/m2 two times weekly) on alternating 
days were used until the dog developed sterile 
cystitis. The cyclophosphamide was with
drawn and 1-(2-chloroethyl)-3-cyclohexyl-1-
nitrosurea (CCNU; 90 mg/m2 every 6 weeks) 
was instituted. The dog developed neutro
penia and septicemia as side effects of CCNU, 
which was then withdrawn. At 10 months 
OHE, the dog was clinically normal on chlor
ambucil alone. 52 

Sex Cord/Stromal Tumors 

Incidence of sex cord/ stromal tumors among 
ovarian tumors in dogs is 34 per cent (n = 
71).50 The three types of ovarian tumors of sex 
cord/ stromal origin in dogs described in the 
literature are GCT/7·43

-45.56-60 and, much more 
rarely, thecal cell tumors or thecomas45A9·61 and 
luteomas.45A9·62 

Reported incidence of GCT among ovarian 
tumors varies from 23 to 52 per cent, with 
mean reported incidence of 38 per cent.17A6.49.so.s9 

Mean age at diagnosis of GCT is 7.2 years (n 

= 20), with a reported range of 14 months to 
15 yearsYA3A4·56-60 Although GCT is most com
mon in intact females, there is one report of a 
GCT in an ovarian remnant of a spayed dogY 
In one survey of 13 dogs with GCT, 10 (77 per 
cent) were nulliparousY The English bulldog 
is reported to be at increased risk for GCT.45 

Granulosa cell tumors usually are unilat
eral,49 although bilateral masses have been re
ported.56 The neoplastic ovary is abnormally 
firm. 63 Granulosa cell tumors vary from 0.4 em 
to greater than 10 em in diameter. 17·44.49·58 

Smaller tumors usually are solid, and larger 
htmors often are friable and cystic.17 

Granulosa cell tumors usually are well en
capsulated with no local invasionY Metastasis 
is reported to occur in 10 to 20 per cent of 
cases.49 Reported sites of metastasis include the 
omentum, mesentery, diaphragm, liver, kid
neys, urinary bladder, and intra-abdominal 
lymph nodes.44·56·57 

Reported clinical signs caused by the tumor 
mass are abdominal distention and asci
tes.44·56·60 Ascites may develop either from leak
age of fluid through the ovarian capsule or 
from the tumor obstructing peritoneal lym
phatics.44 Granulosa cell hunors often are func
tional; elevations in serum estrogen concentra
tion alone,43 or in serum estrogen and 
progesterone,45A9·58 may occur. Clinical signs re
ferable to increased serum estrogen concentra
tion include persistent or erratic estrus44.45.49·58; 
vulvar swelling and serosanguineous vulvar 
discharge43A5·58·59; purulent vulvar discharge, 
polyuria/polydipsia, and other signs of con
current cystic endometrial hyperplasia
pyometra complex, which has been reported 
to occur in 95 per cent of female dogs with 
GCT (n = 24)29.43- 45·58·59; nonregenerative anemia 
with agranulocytosis and thrombocytopenia 
resulting from estrogen-induced bone marrow 
toxicity43.45·58; and skin changes characteristic of 
hyperestrogenism, including bilaterally sym
metrical alopecia of the trunk, lichenification, 
and hyperkeratosis.43 Other clinical signs may 
develop with metastatic disease, including an
orexia, weight loss, vomiting, and diar
rhea.56·57·59 Clinical signs referable to increased 
serum progesterone concentrations include 
those of the cystic endometrial hyperplasia
pyometra complex. 

Presumptive diagnosis of GCT is based on 
presence of a cranial abdominal mass, corni
fied vaginal epithelium and/ or elevated se
rum progesterone concentrations. The tumor 
mass may be palpable per abdomen, or may 
be visualized by radiography as a soft tissue-



density mass caudal to the kidney, or by ultra
sonography as a mass with complex echogeni
city caudal to the kidney.43.44 Reported serum 
estrogen concentrations in functional GCT 
range from 55 to 166 pg/ml.43·58 Reported se
rum progesterone concentrations range from 
0. 64 to 11.0 ng I ml, with values greater than 2 
ng/ml indicative of active progesterone secre
tion by the tumor.43·58 Definitive diagnosis re
quires histopathology of excised ovarian 
tissue. 

Surgical removal of the affected ovary is the 
recommended treatment, with complete OHE 
most often indicated.43.49·57 Although unilateral 
ovariectomy may be considered in valuable 
breeding bitches, the high incidence of concur
rent cystic endometrial hyperplasia-pyometra 
in dogs with GCT, and possibility of extension 
of malignant tumors to the uterus, must be 
considered as contrair.dications.29A3-45·58·59 The 
contralateral ovary is reported inactive in 31 
per cent (n = 13) of bitches with unilateral 
GCT.17 

Chemotherapy for treatment of metastatic 
GCT has not been described. There is one re
port of immunotherapy for metastatic GCT, 
with intramuscular injection of increasing 
doses of mixed bacterial toxins to a final bi
weekly dose of 0.15 ml. This regimen main
tained the bitch clinically free of disease for 2 
years after OHE.44 

Genn Cell Tumors 

The fertilized mammalian ovum differentiates 
into extraembryonic and embryonic tissues. 
Abnormal growth of embryonic cell lines leads 
to development of germ cell tumors.63 Two 
types of germ cell tumors have been reported 
in the dog. Dysgerminomas are solid tumors 
derived from undifferentiated ovarian epithe
lium.49·63·64 They are histologically similar totes
ticular seminomas, and also are called embryo
nal carcinomas an~ ovarian seminomas.65 

Teratomas are solid tumors containing differ
entiated tissue from two to three celllines.49·63 

Tissues contained within teratomas may arise 
from ectoderm (hair, sweat and sebaceous 
glands, nervous tissue), mesoderm (cartilage, 
bone, teeth, smooth and skeletal muscle), and/ 
or endoderm (respiratory and intestinal epi
thelium).45 Dermoid cysts are a form of tera
toma containing cysts lined with epidermis.45 

Overall incidence of germ cell h1mors among 
ovarian tumors in dogs is 20 per cent (n = 17).50 

Dysgerminomas and teratomas are reported to 
occur with equal frequency.50 
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Mean age at diagnosis of bitches with dys
germinomas is 9.5 years, with a range of7 to 13 
years (n = 4).64-66 Teratomas occur in younger 
dogs.45 Mean age at diagnosis is 6.5 years, with 
a range of 20 months to 13 years (n = 11).67-72 

No breed predisposition has been reported for 
germ cell tumors. 

Dysgerminomas are large (10 to 30 em diam
eter), smooth, firm, multilobular, noncystic 
masses containing areas of hemorrhage and 
necrosis.49·64·65 Metastasis is reported to occur 
in 10 to 20 per cent of cases/9 with reported 
sites of metastasis including the intra
abdominallymph nodes, liver, and kidneys.73 

Teratomas are moderately large (1 to 12 em 
diameter), irregular, firm, noncystic masses 
commonly containing hair, bone, teeth, and 
other differentiated tissues.67·70·72.74 Metastasis is 
reported to occur in 33 to 50 per cent of 
cases,45·50 with reported sites of metastasis in
cluding bone, intra-abdominal and peripheral 
lymph nodes, lungs, and omentum.68·70 

The most common clinical sign of both dysg
erminomas and teratomas is abdominal dis
tention.64-67.71 Peritoneal effusion has not been 
reported with these tumors. Dogs with germ 
cell tumors may be asymptomatic.63·67·69 Germ 
cell hunors do not impair ovarian function, 
because dogs with dysgerminomas and terato
mas are reported to have normal estrous 
cycles.63·65·69·71·74 Clinical signs referable to the 
site affected may be present in metastatic 
disease. 68·71 

Large germ cell tumors commonly are pal
pable per abdomen.64·65·67·71·74 On abdominal ra
diographs, germ cell hunors are evident as soft 
tissue-density masses caudal to the kid
ney.65·67·68·74 Mineralization may be visible ra
diographically in teratomas.67·68.74 

Surgical removal of the neoplastic ovary is 
the treatment of choice. Complete OHE is rec
ommended because of risk of metastasis. Uni
lateral ovariectomy may be considered in valu
able breeding bitches. The contralateral ovary 
and uterus usually are normal in bitches with 
unilateral teratoma. 67·69·74 A 2-year-old intact 
rottweiler bitch with ovarian teratoma under
went unilateral ovariectomy and later repro
duced successfully; however, she had only a 
single puppy.67 
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Disorders of the Canine· Uterus 
and Uterfne Tubes (Oviducts) 

Uterine Disorders 

Congenital Abnonnalities 

Unilateral aplasia, partial fusion, and unequal 
length of uterine horns have been reported in 
the dog. 1

-
4 Aplasia of the associated ovary may 

or may not be present (Fig. 11-1). Three nullip
arous bitches with unilateral aplasia of uterine 
horns had apparently normal estrou& cycles; 
the abnormality was an incidental finding at 
the time of elective ovariohysterectomy 
(OHE). 1 Cystic endometrial hyperplasia with 
associated mucometra or pyometra was re
ported in the complete horn of three bitches 
with unilateral uterine horn aplasia.2

•
3 Herita

bility of uterine horn aplasia is unknown. 
Abnormal development of the uterus or 

uterine tubes may occur in intersex animals. 
Male pseudohermaphrodites are animals with 
testes and female external genitalia. Three of 
26 (12 per cent) male pseudohermaphrodites 
were reported to have a uterus masculinus. 
The remainder had grossly normal uteri. Six 
were reported to have normal uterine tubes.5

•
6 

True hermaphrodites are animals with both 
ovarian and testicular tissue in their gonads. 
Of 14 true hermaphrodites, all were reported 
to have grossly normal uteri, but one had 
blind-ended uterine horns, suggesting abnor
mality of the uterine h1bes.5

•
6 In lateral true 

hermaphrodites, with. an ovary on one side 
and a testis on the other, the uterus and uterine 
tubes may be abnormal only on the side with 
the testis? Normal uteri are reported in female 
pseudohermaphrodites, animals with ovaries 
and male external genitalia, and in XX sex
reversed cocker spaniels, genetic females with 
male gonads and abnormal male external geni
talia. 5•

6
·
8 
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Hydrometra!Mucometra! 
Hematometra 

Hydrometra and mucometra are accumula
tions of sterile serous or mucoid fluid in the 
uterus.4 Incidences of hydrometra and muco
metra are unknown, because these conditions 
usually are incidental findings either at the 
time of elective OHE or in aged intact female 
dogs undergoing diagnostic work-ups for un
related disorders, such as congestive heart fail
ure or mammary neoplasia. 3•

9
•
10 Of 60 uteri with 

disease in one survey, 8 (13 per cent) were 
classified as having hydrometra or muco
metra.11 

Cystic endometrial hyperplasia (CEH) fre
quently is associated with hydrometra and 
mucometra.3

•
10

•
12

•
13 Pathogenesis of these condi

tions therefore is likely to include that of CEH 
(see below). The secretion of progesterone dur
ing diestrus in normal dogs increases secretory 
activity of the endometrial glands, decreases 
myometrial contractility, and functionally 
closes the cervix, allowing fluid to accumulate 
within the uterine lumen.9

•
13 

Presumptive diagnosis of hydrometra and 
mucometra is based on presence of uterine en
largement, documented by abdominal palpa
tion, radiography or ultrasound, and lack of a 
systemic inflammatory response (normal 
white blood cell [WBC] number and differen
tial) . The primary differential diagnoses are 
pyometra and pregnancy. Definitive diagnosis 
requires cytology and culture of the intrauter
ine fluid. The fluid varies in character from 
serous to mucoid and in color from straw col
ored to serosanguineous.9

•
10

•
12 Volumes of uter

ine fluid as high as 240 to 500 ml in affected 
bitches have been reported.9

•
10

•
12 The treatment 

of choice is OHE, especially in bitches not in
tended for breeding. 



Chapter 11 - DISORDERS OF THE CANINE UTERUS AND UTERINE TUBES (OVIDUCTS) 207 

Figure 11-1. Unilateral uterine horn aplasia in a dog. (From l6znicka A, Joresov6 H, Vit6sek R, el al: Segmental aplasia of 
mullerian duels in bitches- a case report. Veterin6rslvi 47:4 10-412, 1997, wi th permission.) 

Hematometra is sterile accumulation of 
blood within the uterus. Hematometra has 
been reported in two dogs with uterine tor
sion14·15 and in one bitch as a manifestation 
of anticoagulant rodenticide toxicity.16 In all 
three, the distended uterus was visible on ra
diographs or ultrasound. The intrauterine 
fluid was of mixed echogenicity but could not 
be defined absolutely as hemorrhage by ultra
sound alone. 16 Concurrent or recent pregnancy 
should be ruled out in bitches with hematome
tra. Therapy is dependent on the inciting cause 
of the hematometra; the three dogs reported 
here all underwent OHE and supportive ther
apy and recovered uneventfully. 

Cystic Endometrial 
Hyperplasia-Pyometra Complex 

Cystic endometrial hyperplasia-pyometra 
complex is an acute or chronic postestrual dis
ease of adult intact bitches leading to inflam
matory exudate in the uterus that is associated 
with variable clinical and pathologic signsY·17 

It also is called pyometritis, pyometra com
plex, catarrhal endometritis, purulent endo
metritis, chronic cystic endometritis, and 
chronic purulent endometritis.13·18 Prevalence 
of naturally occurring pyometra is reported 
as 0.6 per cent, but this figure is misleading, 
because incidence increases with age in the 
intact bitch and may approach 66 per cent in 
bitches over age 9.19·20 There are few reports in 
the literature describing incidence; one report 
described CEH-pyometra in 395 of 4295 (9 per 
cent) of female dogs admitted over a given 
period of time. 21 

PATHOGENESIS 

Pyometra is differentiated from metritis by 
time in the cycle during which it occurs and 
by pathogenesis. Metritis is inflammation of 
the uterus caused by primary bacterial infec
tion that occurs postpartum when serum pro
gesterone concentration is low. Pyometra is a 
progesterone-mediated uterine disease that is 
initiated or occurs during diestrus. The pri
mary pathologic lesion is CEH. Bacterial infec
tion with opportunistic organisms from the 
vagina occurs secondary to CEH. 

CEH is caused by repeated exposure of the 
endometrium to progesterone. The unique 2-
month diestrus of dogs predisposes this spe
cies to CEH. In a survey of uterine pathology 
in 216 female dogs that were age 9 years or 
more and had histories of normal estrous cy
cling, two thirds had CEH.4·2° 

Estrogen promotes growth, vascularity, and 
edema of the normal endometrium; cervical 
relaxation and dilation; and migration of poly
morphonuclear leukocytes into the uterine lu
men.13 Experimental exposure of the endome
trium to estrogen alone causes no specific 
pathologic change.17·22 Progesterone stimulates 
proliferation and secretory activity of endome
trial glands, maintains functional closure of the 
cervix, and inhibits myometrial contractility.13 

Experimental exposure of the endometrium to 
progestogens, including megestrol acetate and 
medroxyprogesterone acetate, causes superfi
cial epithelial proliferation and increased se
cretory activity of the endometrial glands 
(CEH).17·22

-
26 Extent of the pathologic effect of 

progestogens on the endometrium is corre-
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lated with dose and duration of treahnent. 22
•
25 

The progestogen effect is enhanced by priming 
of the endometrium with estrogen, especially 
if the drugs are given cyclically so as to mimic 
normal estrous cycling in the bitch. 17

•22 Of 28 
female dogs receiving estrogen (5 mg once 
daily) followed by progesterone (10 to 50 mg 
once daily) at 20-day intervals, all developed 
CEH to the extent seen in spontaneous disease 
by the fourth artificial cycle.22 Estrogens may 
increase the number of progesterone receptors 
in the endometrium, amplifying the effect of 
progesterone. The normal down-regulation of 
estrogen receptor expression in endometrial 
glands under the influence of rising progester
one may be defective in dogs with CEH, caus
ing a prolongation of estrogen's effect on the 
endometrium in the luteal phase.27·28 Develop
ment of naturally occurring CEH is not due to 
abnormally elevated serum concentrations of 
estrogen or progesterone. When serum col
lected from 13 dogs with pyometra at the time 
of OHE was assayed for estrogen and com
pared with serum from normal bitches at the 
same stage of the estrous cycle, no difference 
was found between the groups (Table 11-1).29 

Although 96 of 100 dogs with pyometra were 
reported to have persistent (nonregressing) 
corpora lutea (CL) on their ovaries in one 
study,30 no difference has been demonstrated 
in serum progesterone concentrations between 
dogs with pyometra and normal female dogs 
at a similar stage of the estrous cycle (Table 
11-1).29.31·32 No correlation has been shown be
tween concentrations of progesterone in dies
trous bitches and incidence of pyometra.33 AI-

Figure 11-2. Endometrial surface of a canine uterus with cystic 
endometria l hyperplasia. 

though CL are retained histologically for 
months in normal dogs, these CL are not func
tional and are not involved in the pathogenesis 
of CEH. 

CEH also has been induced experimentally 
by scratching of the endometrium during the 
luteal phase34 and by serial uterine biopsies 
early in the luteal phase.35 The endometrium 
is hyper-reactive in the early luteal phase, 
showing a hyperplastic response to any 
stimulus.34 

STAGES OF DISEASE 

Dow described four stages of CEH
pyometra.17·30·36 Type I is uncomplicated CEH. 
Grossly, the endometrium has a cobblestone 
appearance, with thickening and many cystic 
irregular elevations, 4 to 10 1mn in diameter, 
covering the endometrial surface (Fig. 11-2)_13·17 

• Table 11-1. Total Unconjugated Estrogen and Progesterone Levels in the Peripheral Blood of 
Bitches with Pyometra 

Day of Total Mean Total Unconjugated Mean Progesterone 
Metestrus Unconjugated Estrogen Levels in Normal Levels in Normal 

When Estrogens Bitches :!::SD (pg/ml); Progesterone Bitches :!::SD (ng/ml); 
Bitch Sampled (pg/ml) n = Number of Bitches (ng/ml) n = Number of Bitches 

I 18 16.2 13.3 :!:: 10.4 (n = 6) 17.4 16.5 :!:: 3.8 (n = 6) 
II 39 3.7 6.3 :!:: 5.4 (n = 6) 4.6 6.3 :!:: 2.0 (n = 6) 
III 40 3.4 5.6 :!:: 3.3 (11 = 4) 5.1 4.6 :!:: 1.2 (n = 5) 
IV 41 7.1 4.1 :!:: 3.3 (n = 6) 2.9 4.3 :!:: 1.2 (n = 6) 
v 42 5.4 5.2 :!:: 3.8 (n = 5) 4.2 3.4 :!:: 0.7 (11 = 6) 
VI 43 Undetectable 6.6 :!:: 1.8 (11 = 4) 3.2 3.9 :!:: 1.2 (n = 5) 
VII 44 1.6 3.9 :!:: 3.6 (n = 5) 2.7 3.9 :!:: 1.3 (17 = 6) 
VIII 46 8.6 4.2 :!:: 3.6 (11 = 5) 2.9 3.5 :!:: 1.1 (11 = 6) 
IX 51 Undetectable 4.0 :!:: 5.1 (11 = 5) 3.2 2.5 :!:: 1.1 (11 = 6) 
X 56 4.2 5.1 :!:: 5.7 (n = 6) 1.6 1.3 :!:: 0.5 (11 = 6) 
XI 56 1.7 5.1 :!:: 5.7 (11 = 6) 2.8 1.3 :!:: 0.5 (11 = 6) 
XII 60 2.3 5.8 :!:: 4.7 (n = 6) 1.8 1.3 :!:: 0.9 (n = 4) 
XIII 70 Undeterctable 4.7 :!:: 4.3 (11 = 4) 1.0 0.5 :!:: 0.4 (n = 4) 

From Hadley C: Unconjugated oestrogen and progesterone concentrations in the blood of bitches with false pregnancy and pyometra. 
Vet Rec. 96:546, 1975, with permission. 
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Histologically, there is an absolute increase in 
the number of glandular elements throughout 
the endometrium, with irregular size and con
figuration of the glands. Translucent cysts usu
ally are evenly distributed over the endome
trial surface.36 

Type II is CEH plus diffuse infiltration of 
plasma cells.17·36 No tissue destruction is visible 
histologically (Fig. 11-3).17 

Type III is CEH with overlying acute endo
metritis.17·36 Areas of endometrial ulceration 
and hemorrhage may be visible grossly, and 
intrauterine discharge varying in color from 
red-brown to yellow-green may be present. 
The acute inflammatory reaction is character
ized by congestion, edema, and superficial and 
deep infiltration of neutrophils into the endo
metrium.36 Myometrial inflammation is pres
ent in up to 40 per cent of cases (Fig. 11-4).36 

Type IV is CEH with chronic endometri
tis Y·36 If the cervix is open, allowing drainage 
of intrauterine fluid, the uterine horns will be 
narrow in diameter, the walls grossly thick
ened, and minimal discharge present.17 The en
dometrium is atrophied, and infiltration of 
plasma cells and lymphocytes is present.36 The 
myometrium is hypertrophied and fibrotic. 36 

If the cervix is closed, the uterine horns are 
distended with purulent fluid .17 Marked atro
phy of the endometrium and myometrium are 
present (Fig. 11-5).36 

Factors affecting patency of the cervix in 
bitches with pyometra are not well defined. 
The normal cervix dilates during proestrus, 
concurrent with peak serum estrogen concen
trations.37 The muscular cervix undergoes 
maximal epithelial glandular proliferation and 
muscular hypertrophy during estrus.38·39 The 
cervix closes before onset of cytologic dies
trus.37 At parturition, cervical dilation occurs 
secondary to release of oxytocin and perhaps 
prostaglandins stimulated by pressure of the 
fetus at the internal cervical os. It is not known 
why the increased intrauterine pressure 
caused by accumulation of purulent fluid in 
dogs with types III or IV CEH-pyometra does 
not consistently cause cervical dilation. In a 
review of 20 cases of canine CEH-pyometra 
complex, 17 dogs (85 per cent) had an open 
cervix and 3 dogs (15 per cent) had a closed 
cervix. There was histopathologic evidence of 
chronic cervicitis in 11 of 13 cases; no correla
tion was noted between histopathologic 
changes and patency of the cervix (A. MattMon, 
P. Schultheiss and P. Olson, Fort Collins, CO, 
1989, unpublished data). 

BACTERIOLOGY 

The vagina of the normal female dog is not a 
sterile environment (see Chapter 12). Bacteria 
cultured from the uteri of normal dogs always 
are found in the vagina or cervix as well, sug-

Figure 11-3. Photomicrograph of Dow type II pyometra. Numerous plasma cells and lymphocytes ore present in endometrium 
odiocent to myometrium. G, endometrial g land ; M, myometrium . Hematoxylin and eosin sta in ; 450x. (From Hardy RM , O sborne 
CA: Con ine pyometra: Pathophysiology, diagnosis and treatment of uterine and extra-uterine lesions. j Am Anim Hosp Assoc 
10:245- 268, 1974, with permission.) 



210 Section I - THE BITCH 

I .. / · 
,_. y I I • .. ~. ' ~ 

· ·1-~ .. ' ;" · ' '..- ' • 
_/ :. . 

Figure 11-4. Acute endometritis associated w ith Dow type Ill pyometra. Lorge numbers of neutrophils and modera te numbers of 
mononuclear cells ore present in the endometrium and myometrium. I, in flammatory ce lls in the endometrium; M, myometrium. 
Hematoxyl in and eosin stoin; 400x. !From Hardy RM, Osborne CA: Conine pyometra: Pathophysiology, d iagnosis and treatment 
of uterine and extra·uterine lesions. J Am Anim Hosp Assoc 10:245- 268, 197 4, wi th permission.) 

gesting movement of organisms from the non
sterile vagina through the patent cervix.40 Bac
teria were cultured from the uterus of normal 
bitches in the following percentages at various 
stages of the estrous cycle: proestrus/ estrus, 
18 per cent (11 = 11) to 100 per cent (11 = 12); 
diestrus, 0 per cent (11 = 14) to 38 per cent 
(11 = 16); and anestrus, 0 per cent (n = 12) to 
7 per cent (n = 14).40A1 The uterus of normal 
dogs does not harbor bacteria.42 Although bac
teria inoculated into the vagina of healthy dogs 
were recovered from the uterus in up to 100 
per cent of dogs, depending on the stage of 
the estrous cycle during which inoculation oc
curred, all dogs spontaneously cleared the 
uterus of bacteria by 5 days postinoculation.43 

In dogs with CEH, secondary infection with 
opporhmistic bacteria occurs when organisms 
that move into the uterus during proestrus and 
estrus cannot be cleared prior to the luteal 
phase. Experimental production of pyometra 
was possible in 50 per cent of bitches inocu
lated with Escherichia coli vaginally during pro
estrus, and occurred in 100 per cent of bitches 
inoculated during diestrus.33 The progester
one-dominated uterus has decreased contrac
tility and movement of neutrophils into the 
uterine lumen.13 Aerobic organisms causing 
the secondary infection of CEH-pyometra are 
those found in the normal vaginas of dogs 
(Table 11-2).11 •13•17•36A5- 52 Anaerobic organisms 

were cultured from 15 per cent (11 = 20) of dogs 
with CEH-pyometra in one study; organisms 
recovered included Bacteroides species, Pepto
streptococcus species, Clostridium perfringens, 
and Fusobacterium necrophorum. Mycoplasma 
species were cultured from 3 of 19 (16 per cent) 
dogs with CEH-pyometra in that study (A. 
Mattson, P. Schultheiss and P. Olson, Fort Col
lins, CO, 1989, unpublished data). 

The most conunon organism cultured from 
the uteri of female dogs with CEH-pyometra 
is E. coli, with mean reported prevalence of 
70.3 per cent (n = 270). 11•13A8A9•51 •52 (A. Mattson, 
P. Schultheiss and P. Olson, Fort Collins, CO, 
1989, unpublished data). Escherichia coli colo
nizing the uterus affected with CEH in a given 
bitch ascend from the vagina, with origination 
on skin or in the bowei.53 Biochemical finger
printing of E. coli cultured from the uterus of 
a bitch with pyometra showed that the organ
isms were identical or very similar to E. coli 
isolated from feces of that same bitch.54 

Escherichia coli is a gram-negative bacterium 
containing a chemically stable, biologically ac
tive lipopolysaccharide endotoxin in the cell 
membrane. 55•56 This endotoxin is released as 
the bacteria die and disintegrate.55•56 Clinical 
endotoxemia occurs when serum levels exceed 
0.053 :±: 0.004 ng / mlY Clinical signs of endo
toxemia include hypothermia, disorientation, 
and signs of septic shock. The lethal concentra-
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Figure 11-5. Chronic endomelrilis associated w ilh Dow lype 
IV pyomelro. A Ioyer of inflommolory cells is presenl in lhe 
ulerine lumen (arrows). The endometrium (E) and myometrium 
(M) ore abnormal ly lhin. L, ulerine lumen. Hemoloxylin and 
eosin slain; l25x. (From Hardy RM, Osborne CA: Conine 
pyomelro: Pathophysiology, diagnosis and lreolmenl of ulerine 
and exlro-ulerine lesions .j Am An im Hasp Assoc l 0:245-268, 
197 4 , wilh permission.) 

tion of endotoxin in serum is 0.7 to 1.0 ng/mP8 

In a review of 92 female dogs with pyometra, 7 
(8 per cent) had endotoxemia.11 The release 
of endotoxin may be enhanced and clinical 
endotoxemia exacerbated by treatment of the 
bitch with coliform pyometra with antibiotics, 
because these drugs have no effect on endo
toxin concentrations in serum and may in
crease endotoxin concentrations as bacteria 
die.59 

Renal dysfunction is common in bitches 
with CEH-pyometra with E. coli, but renal fail
ure, defined as elimination of greater than 75 
per cent of the total renal capacity, is uncom
monY Renal abnormalities that may develop 
secondary to coliform pyometra include (1) 
prerenal azotemia resulting from dehydration 
or septic shock with subsequent decreased per
fusion of normal glomeruli, (2) primary glo
merular disease and decreased glomerular fil
tration rate (GFR), (3) decreased ability of renal 

tubules to concentrate urine as a result of endo
toxemia, and (4) concomitant renal disease un
related to pyometra, such as renal calculi or 
pyelonephritis.13

•
18 

The large inflamed epithelial surface of the 
endometrium in bitches with CEH-pyometra 
provides continual exposure of E. coli antigens 
to the immune system and allows formation of 
high concentrations of circulating antibodies 
against E. coliY·18

•
60 Immunofluorescence stud

ies have demonstrated deposition of antigen
antibody complexes in the glomeruli of bitches 
with coliform pyometra, with secondary mem
branous glomerulonephritis. 18

•
61 However, de

creased GFR also has been demonstrated in 
nonazotemic bitches with coliform pyometra, 
suggesting that a functional decrease in GFR 
unrelated to glomerular damage also may 
occur.49 

Decreased concentrating ability of the renal 
tubules has been shown to occur in bitches 
with pyometra caused by E. coli infection sec
ondary to endotoxemia.18 The loops of Henle, 
distal tubules, and collecting ducts have a de
creased capacity to reabsorb water despite ade
quate circulating concentrations of antidiuretic 
hormone (renal diabetes insipidus).13 

Other organ systems that may be affected 
in female dogs with CEH-pyometra include 
the bone marrow, in which hyperplasia of my
eloid elements has been demonstrated, and the 
liver and spleen, in which extramedullary my
elopoiesis may developY Unilateral or bilat-

• 

E. coli 

Table 11-2. Aerobic Bacteria Cultured 
from the Uterus of Dogs with 
CEH-pyometra, Listed from Most 
to Least Prevalent · 

Streptococcus species 
Streptococcus ennis 
Staphylococcus species 
Staphylococcus aureus 
Staphylococcus intermedius 
Klebsiella species 
Proteus species 
Pseudomonas species 
Corynebacterium pyogenes 
Enterococcus species 
Pasteurella species 
Serratia species 
Haemophilus species 
Bacillus species 

Data from Franssen et al.,11 Hardy and Osborne/3 Dow, 17
,J6 

A. Mattson, P. Schultheiss and P. Olson, Fort Collins, CO, 1989, 
(unpublished data), L1znicka and Nesi\alova/1 Memon and Mick
elsen," Gandotra et al.,46 Prescott et al.,'17 Vandeplassche et al.;" 
Stone et al.;19 Nelson et al.,50 Meyers-Wallen et al.,57 and Wheaton 
et al. 52 
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eral necrosis of the cortices and hemorrhage 
of the medulla of the adrenal glands also have 
been reported in female dogs with CEH
pyometra.13 

SIGNALMENT 

CEH-pyometra usually is a disease of adult 
bitches that have undergone repeated estrous 
cycling. It is a progressive disorder; mean age 
of bitches with Dow types I and II CEH
pyometra is 7.5 years, while mean ages of 
bitches with types III and IV CEH-pyometra 
are 8.0 years and 11.2 years, respectivelyY.36 

Overall mean age reported for bitches 
diagnosed with pyometra is 7.25 years (n = 
1079), with a reported range of 4 months to 16 
years.13,17,21,3M9,so,s2,62-6s Occurrence in young 
dogs may be due to treatment with estrogens 
or progestins for estrus suppression or induc
tion, contraception, or pregnancy termination. 
Six of eight dogs 3 years of age or younger 
diagnosed with pyometra in one study had 
received estradiol cypionate or megestrol ace
tate within the 6 months prior to presentation. 52 

Evidence of breed predisposition for CEH
pyometra is equivocal. Two studies (n = 73 
and n = 395) demonstrated no breed predispo
sition.21 ·52 However, a review of 487 cases of 
canine pyometra reported underrepresenta
tion of dachshunds and fox terriers and over
representation of rottweilers, Saint Bernards, 
chow chows and Swedish hounds.66 In another 
study, chow chows represented 1.6 per cent of 
the admitting population of female dogs but 
6.4 per cent of the cases of pyometra diag
nosed.67 

DIAGNOSIS 

History. Significant events that should be 
recorded in the history of the bitch with sus
pected CEH-pyometra include whelping his
tory; prior treatment with estrogenic or pro
gestogenic drugs for estrus suppression or 
induction, contraception, or pregnancy termi
nation; and length of time elapsed since com
pletion of the most recent estrus. False preg
nancy does not predispose to CEH-pyometra; 
false pregnancy is a normal phenomenon oc
curring at the end of diestrus in bitches (see 
Chapter 13), and no correlation has been 
shown between incidence of false pregnancy 
and pyometra in the bitch.62 

Lack of pregnancy in a cycling bitch before 
middle age may predispose her to pyometra 
later in life. In reviews of 100 and 172 female 

dogs with pyometra, 73 and 78 per cent, re
spectively, of the affected bitches were nullipa
rous.17·36 Cause and effect between parity and 
development of CEH-pyometra is not known. 

Treatment with estrogens or progestins may 
cause or exacerbate CEH-pyometra in female 
dogs.50·51·64·68-70 Two of eight dogs treated with 
estradiol cypionate as a contraceptive while in 
diestrus developed pyometra in one study.68 

Of 358 dogs treated with estradiol benzoate 3, 
5, and sometimes 7 days after mating, 26 (7.3 
per cent) developed pyometra within 10 
weeks.69 Conversely, of 40 and 369 dogs with 
pyometra, 2.5 and 3.0 per cent, respectively, 
had received estrogens prior to presenta
tion.64·70 In those same populations of dogs, 7.5 
and 12.0 per cent, respectively, had received a 
progestin, either megestrol acetate or me
droxyprogesterone acetate, prior to presen
tation.64·70 

The majority of bitches present with CEH
pyometra within 12 weeks of the onset of the 
previous estrus. Mean reported duration since 
completion of the most recent estrus is 5.7 
weeks (n = 641), with a range of 1 week to 3 
years.13

•
17·21·52·63 In a review of female dogs with 

CEH-pyometra, 74 per cent (n = 369) of dogs 
presented within 8 weeks of completion of the 
prior estrus.70 Reported mean duration of ill
ness prior to presentation is 12.7 days, with a 
range of 1 to 180 daysY 

Clinical Signs. Clinical signs of pyometra 
in the bitch vary with patency of the cervix. 
Bitches with open-cervix pyometra present 
with vulvar discharge and generally are less 
systemically ill than bitches with dosed-cervix 
pyometra.13·17·21·36·52·64.71·72 Vulvar discharge has 
been reported in 65 per cent (n = 395)21 to 
98 per cent (n = 40)64 of bitches with CEH
pyometra. The vulvar discharge is copious, 
mucoid to purulent, varying in color from red
brown to yellow-green, and usually foul 
smelling. 

Bitches with dosed-cervix pyometra have 
minimal vulvar discharge, if any, and are more 
likely to present with abdominal distention as 
a result of the progressive enlargement of the 
uterus. Bitches with closed-cervix pyometra 
often exhibit more severe systemic signs of 
illness. 

Clinical signs of pyometra in affected bitches 
include depression (73.1 per cent [n = 116]13 

to 100 per cent [n = 49]17), gastrointestinal signs 
such as vomiting and diarrhea (64.6 per cent 
[n = 116]13 to 70.0 per cent [n = 27]49), and 
anorexia (65.0 per cent [n = 40]64 to 74.1 per 
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cent [n = 116)13). Polyuria (5.0 per cent [n = 
40]64 to 33.6 per cent [n = 116]13) and polydipsia 
(5.0 per cent [n = 40]64 to 65.0 per cent [n = 
49)17) may occur in dogs with secondary re
nal disease. 

Physical Examination. Physical examina
tion of bitches suspected to have CEH
pyometra should include careful examination 
of the vulvar region and vagina to assess pres
ence of purulent vulvar discharge, and careful 
abdominal palpation to attempt to ascertain 
uterine size and tone. Direct assessment of cer
vical patency is difficult in the dog. The length 
of the canine vagina, presence of the dorsal 
median postcervical fold obscuring the exter- . 
nal cervical os, and perpendicular orientation 
of the cervical canal to the vagina and uterine 
body at all stages of the estrous cycle combine 
to effectively prevent routine visualization of 
the cervix.38 Recent reports describe visualiza
tion of the cervix with a long, narrow-diameter 
rigid endoscope, and collection of uterine c~
tology and culture specimens by passage of a 
4- to 7-Fr polypropylene urinary catheter 
through the cervix and infusion and aspiration 
of several milliliters of sterile saline.73·74 Most 
practitioners do not have this technology avail
able and so must rely on presence of vulvar 
discharge and uterine size to infer cervical pat
ency. The size of the uterus is inversely propor
tional to the degree of cervical patency.17 Cervi
cal patency may vary during the course of 
disease. 

The abdomen may be difficult to palpate in 
obese, tense, or painful dogs, or in dogs with 
abdominal distention resulting from uterine 
enlargement. Caution is recormnended when 
attempting to palpate the distended, friable 
uterus of dogs with closed-cervix pyometra. 
Palpable uterine enlargement is reported in 28 
per cent (n = 40)64 to 31 per cent (n = 109)13 

of dogs with pyometra. Unilateral uterine horn 
enlargement was reported in 3 of 100 dogs 
with pyometra,17 and unilateral pyometra oc
casionally is observed in bitches with normal 
pregnancy in the contralateral horn. The uter
ine horns may be diffusely enlarged or may 
contain annular constrictions, mimicking 
pregnancy (Fig. 11-6). 

Dehydration was reported on physical ex
amination of 27.5 per cent of 109 dogs with 
pyometra.B Dogs may be febrile on presenta
tion.13·21 Severely ill dogs and dogs with endo
toxemia are hypothermic; 2.0 per cent (n = 
395),21 3.4 per cent (n = 109),13 and 6.0 per 
cent (n = 49)17 of bitches with pyometra were 

reported to have temperatures of 100° For less 
at presentation. Severe endotoxemia is associ
ated with high operative mortality at OHE.17 

Laboratory Findings. Cytology of speci
mens of vulvar discharge originating in the 
uterus reveals full fields of degenerative neu
trophils and bacteria. Polymorphonuclear cells 
are the most common leukocyte in the uterus 
of normal dogs during diestrus, so their pres
ence alone does not indicate inflammatory 
uterine disease. 71 Specimens for aerobic culture 
of vaginal discharge originating from the 
uterus should be collected from as far anteri
orly in the vagina as possible to minimize con
tamination with normal vaginal flora. The sec
ondary infection of CEH-pyometra is caused 
by organisms from the vaginal flora, most 
commonly E. coli (71.1 per cent; n = 
250).11•13.48.49•51·53 Significance of the culture result 
depends on extent of growth, with moderate 
to heavy growth of a pure culture most likely 
to be significant. Culture and sensitivity al
ways should be performed to allow choice of 
an appropriate antibiotic for therapy. Antibi
otic treatment is indicated whether the CEH
pyometra is resolved medically or surgically. 

A hallmark of CEH-pyometra is peripheral 
leukocytosis. The increase in WBC count is 
less extreme in open-cervix than closed-cervix 
pyometra.46·75 Neutropenia may be present in 
animals with endotoxemia. Overall reported 
mean WBC count in dogs with CEH-pyometra 
is 37,108 cells/mm3 (n = 531), with a range of 
2500 to 196,800 cells/mm3.13·21A9 A left shift was 
reported in 70 per cent (n = 395),21 75 per cent 
(n = 40),64 and 87 per cent (n = 73)52 of dogs 
with CEH-pyometra. Mean number of bands 
reported is 520 cells/mm3, with a range of 0 
to 4300 cells / mm3.13 Toxic change may be visi
ble in polymorphonuclear cells of dogs with 
pyometra, and degree of toxic change is corre
lated with severity of disease.76 

Mild normocytic, normochromic anemia 
was reported in 25.0 per cent (n = 101)13 to 
25.7 per cent (n = 73)52 of dogs with CEH
pyometra. Mean packed cell volume reported 
was 38 per cent, with a range of 21 to 48 per 
cent.49 

Abnormalities that may be evident on a se
rum chemistry profile include azotemia, hy
pergammaglobulinemia, and hypoalbumin
emia. Prerenal azotemia is present in dehy
drated animals. Azotemia secondary to renal 
dysfunction caused by damage resulting from 
glomerular deposition of immune complexes 
and endotoxemia in dogs with E. coli pyometra 
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also may occur. Blood urea nitrogen (BUN) 
concentrations are reported to be elevated in 
17.7 per cer1t (n = 79),13 26.0 per cent (n = 
27),49 and 27.0 per cent (n = 73)52 of dogs with 
pyometra. Mean reported BUN is 33 mg/dl, 
with a range of 21 to 119 mg/dl (n = 100).17 

Hypergammaglobulinemia is reported to 
occur in 27.0 per cent (n = 26) of dogs with 
CEH-pyometra,49 and is more severe in dogs 
with closed-cervix pyometra than in bitches 
with open-cervix pyometra.77 Hypergamma
globulinemia may be reflected as increased 
erythrocyte sedimentation rate.65 Hypoalbu
minemia is reported to occur in 23.0 per cent 
(n = 26) of dogs with CEH-pyometra.49 Endo
toxemia may be present in dogs with E. coli py
ometra.78 

The acid-base abnormality most commonly 
reported in dogs with CEH-pyometra is meta
bolic acidosis.79-81 Both respiratory acidosis 
and alkalosis are reported.80·81 

Decreased urine specific gravity is reported 
in 20.4 per cent (n = 109)13 of dogs with CEH
pyometra. Proteinuria also may be present.13·82 

Urinary y-glutamyltransferase, an indicator of 
proximal renal tubular damage, was elevated 
in 37 of 75 bitches with CEH-pyometra.82 Bili
rubinuria was identified in 30 per cent (n = 

34) of bitches with pyometra; because it was 
not associated with bilirubinemia, it was at
tributed to cholestasis,not to hepatic disease.83 

Diagnostic Imaging. Abdominal radiogra
phy of affected bitches is indicated for assess
ment of uterine size, but radiography does not 
differentiate uterine enlargement caused by 
pyometra from pregnancy until after fetal min
eralization occurs (42to 45 days after ovulation 
or 43 to 54 days after breeding). Uterine en
largement is more easily assessed on lateral 
than on ventrodorsal radiographic projec-

Figure 11-6. A uterus from a 9-yeor-old Saint Bernard 
w ith pyometra. This organ contained 2.6 l of pus. 
The uterus externally resembles a pregnant uterus be
cause of the regions of distention and constriction. 
(From G ilbert RO: Diagnosis and treatment of pyome
tra in bitches and queens. Com pend Cantin Educ Pract 
Vet 14:777-784, 1992, with permission.) 

tions.84 Hysterography, distention of the uterus 
with contrast medium, may allow definition 
of CEH, with a corrugated appearance of the 
endometrium if the cervix is open.85 

Ultrasonography is the preferred imaging 
technique for diagnosis of CEH-pyometra. Un
complicated CEH appears as a fluffy thicken
ing of the endometrium, peppered with hypo
echoic areas of varying size (Fig. 11-7). 
Extensive CEH may nearly obliterate the 
uterine lumen.72 Pyometra appears as an en
larged uterus with convoluted, tubular horns 
filled with anechoic to hypoechoic fluid 
(Fig. 11-8).72•86 

Differential Diagnosis. Differential diag
noses for open-cervix pyometra include those 
for uterine enlargement and/ or vulvar dis
charge (see Chapter 12). Differential diagnoses 
for either open- or closed-cervix pyometra in
clude those for uterine enlargement, especially 
pregnancy, and those for polyuria and poly
dipsia, such as diabetes mellitus, hyperadreno
corticism, renal disease, and diabetes insip
idus. Pregnancy can be ruled out by abdominal 
ultrasound after 25 days postovulation. Causes 
of polyuria and polydipsia other than pyome
tra usually are not associated with neutro
philia. 

TREATMENT 

Surgical Therapy. Ovariohysterectomy is 
the treahnent of choice for CEH-pyometra in 
the bitch, regardless of cervical patency. Medi
cal treatment of closed-cervix pyometra with 
ecbolic agents, although effective in some 
bitches, may cause peritonitis as a result of 
uterine rupture or leakage of mucopurulent 
uterine fluid through the uterine tubes.50·75·87·88 

The authors strongly recommend OHE for all 
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Figure 11-7. Ultrosonogroph of transverse plane of uterus -Ai th cystic endometrial hyperplasia . N ote uniform accentuation of endome
trium . 

cases of closed-cervix pyometra. Open-cervix 
pyometra may be managed more safely with 
medical treatment than closed-cervix pyome
tra, but the dog with CEH-pyometra may not 
regain a normal endometrium and normal fer-

tility.51.64·87
•89 OHE is strongly recommended for 

cases of open-cervix CEH-pyometra as well. 
Ovariohysterectomy in dogs with CEH

pyometra should be performed after stabiliza
tion of the bitch, if possible. A specimen of 

Figure ll-8. Ultrosonogroph of the abdominal region of o bi tch w ith on advanced case of pyometra. The coi ls of uterine horn , 
fi lled w ith fluid , ore seen in cross section as anechoic areas. (F rom Renton JP, Boyd JS, Harvey MJA: Observations on the treatment 
and diagnosis of open pyometra in the bitch (Canis fomilio ris). J Reprod Fertil Suppl 47:465-469, 1993, w ith permission.) 
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vulvar discharge, if any, should be collected, 
and empirical treatment with broad-spectrum 
antibiotics (ampicillin, 10 mg/ lb three times 
daily) instituted, pending culture and sensitiv
ity results. 

Surgical technique for OHE in bitches with 
pyometra is the same as for elective OHE. Cau
tion should be used when handling a dis
tended, friable uterus. Evidence of uterine rup
ture, · such as a visible tear in the uterus or 
presence of mucopurulent fluid in the abdo
men, is a poor prognostic indicator for sur
vivalY.s2·90 A specimen of abdominal fluid 
should be collected for culture and sensitivity 
if there is evidence of leakage of uterine con
tent. In a review of 30 dogs with CEH
pyometra, 13 per cent had bacterial growth 
from abdominal fluid collected at OHE.48 

Success rates reported for OHE as a treat
ment for CEH-pyometra are 83 per cent (n = 
395),21 90 per cent (n = 73),52 and 100 per cent 
(n = 10).91 In a review of 73 dogs ovariohystere
ctomized as treatment for CEH-pyometra, 4 (5 
per cent) died intraoperatively or immediately 
postoperatively; 1 had a ruptured uterus, 1 
had concurrent hyperadrenocorticism, and 2 
had concurrent primary renal disease.SZ Long
term complications occurred in three animals. 
All were related to septicemia in bitches with 
E. coli pyometra and included intracranial em
boli and osteomyelitis.52 

Postoperative management following OHE 
in bitches with pyometra includes supportive 
care and pain management as needed. Antibi
otic therapy should be continued for 7 to 10 
days after OHE.75 Total WBC count ca1mot be 
used to measure response to treatment, be
cause it continues to rise after surgery until 
myelopoiesis declines. 13 

Other reported surgical options for treat
ment of CEH-pyometra in bitches include 
ovariectomy,92 intrauterine placement of a Fo
ley catheter through the cervix to promote ex
pulsion of intrauterine contents/ 3 and laparo
scopic OHE.94 

Medical Therapy. Medical therapy for 
CEH-pyometra may be appropriate in bitches 
that (1) are of breeding age; (2) are vital to the 
breeding program in that kennel; (3) are not 
systemically ill, with normal BUN and no evi
dence of endotoxemia, such as hypothermia; 
and (4) have an open cervix, evidenced by 
presence of vulvar discharge. If these criteria 
are not met, medical therapy for CEH
pyometra is discouraged. 

Antibiotic therapy is an integral part of treat
ment for pyometra but usually will not effect 
a cure by itself unless uterine diameter is nor
maF5 A specimen of vulvar discharge for cul
ture of aerobic and anaerobic organisms and 
mycoplasma should be collected at admission, 
and empirical therapy with a broad-spectrum 
antibiotic (ampicillin, 10 mg/lb three times 
daily) instituted, pending culture and sensitiv
ity results. 

Prostaglandin F2,. The preferred drug for 
medical treatment of CEH-pyometra in dogs 
is prostaglandin F2, (PGF2,; Lutalyse, Phar
macia & Upjohn, Peapack, NJ). PGF2, induces 
luteolysis, increases myometrial contractility, 
promotes expulsion of uterine contents, and 
may enhance cervical relaxation. After day 5 
of diestrus, PGF2, is luteolytic, with effect de
pendent on dose and frequency of treatment. 
Lysis of the CL, which are the site of produc
tion of progesterori.e in the diestrous bitch, de
creases serum progesterone concentration and 
minimizes progesterone-mediated hypertro
phy and secretion from the endometrial glands 
and myometrial quiescence. 

Treatment regimens reported for treatment 
of CEH-pyometra with PGF2, are described in 
Table 11-3.50·51·63·64·87-89

•
95·96 Preferred treatment 

algorithm of the authors is depicted in Figure 
11-9. Serum progesterone concentration 
should be measured in bitches with CEH
pyometra prior to initiation of PGF2, therapy. 
If the serum progesterone concentration is 
greater than 1 ng/ ml, a luteolytic dose of PGFz, 
should be used (100 JLg/kg subcutaneously 
three times daily for 2 days followed by 
200 JLg/kg subcutaneously three times daily 
to effect). Doses of 10 to 500 mg/kg with fre
quency of one to three times daily have been 
reported. A general trend toward increased 
recovery rate with higher doses exists, but 
higher doses may be associated with more se
vere side effects. Expulsion of uterine contents 
occurred at doses of PGFz, as low as 20 JLg/ kg.89 

Clinical response, such as increased appetite 
and improvement in attitude, occurred on av
erage 48 hours after treahnent was instituted. 5° 
Decrease in WBC count was not evident until 
7 days after start of treahnent.51 Duration of 
treatment ranged from 1 to 26 days, with most 
protocols at 3 to 5 days of treatment with 
PGFz, .so,sl,63,64,87-89,9S,96 Treatment should be con-
tinued until a decrease in uterine size to near 
normal is determined by palpation or ultra
sound. Prognosis for future fertility declines if 
6 or more days of treatment are required.88 
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• CJ D Table 11-3. Use of Prostaglandin F2a for Medical Treatment of CEH-pyometra in Dogs 

Dose PGF2a (Subcutaneous) 

10-50 !Lg/kg once daily X 4-5 d 

20 !Lg/kg three times daily x 8 d 
20 !Lg/kg three times daily X 8 d 
26.8-258 !Lg/kg once daily (11 = 7), tw ice daily (11 = 32) or three 

times daily (n = 1) X 2-26 d 
50-100 !Lg/kg once to three times daily X 3-10 d 
100-500 !Lg/kg once daily X 5 d, repeated after 1-2 wk if necessary 

250 !Lg/kg once daily X 5 d 
250 iLg/kg once daily x 5 d 

250-500 !Lg/kg once daily X 3 d 

Recovery 
Rate(%) 

90 (11 = 10) 

53 (11 = 15) 
75 (11 = 12) 
83 (11 = 40) 

46 (11 = 15) 

75 (11 = 8) 
93 (11 = 44) 

100 (11 = 10) 

Side Effects 

Restlessness, 
hypersalivation, 
vomiting, diarrhea 

None 
None 

Restlessness, 
hypersalivation, 
vomiting, d iarrhea 

Recurrence Rate (%) 

11 (11 = 9) 

10 (n = 20) 

11 (11 = 15) 

40 (11 = 9) within 1 yr, 
77 (11 = 9) by 27 1110 

after treatment 

f 

Fertility Rate 
after 

Treatment(%) 

71 (11 = 7) 

86 (11 = 7) 
68 (n = 19) 

100 (11 = 1) 
90 (11 = 42) 

55 (11 = 10) 

Study 

Rudd and 
Kopcha87 

Nolte et al.95 

Hubler et al.89 

Gilbert et al6 4 

Purswell88 

Nelson et al.50 

Renton et al.63 

Nelson and 
Feldman96 

Meyers-Wallen 
et aJ.51 
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Is the cervix open or closed (vulvar discharge I uterine size)? 

Closed ~-----------'----- Open 

I I 
Ovariohysterectomy 

Yes 

I 

* Of breeding age, 
* Vital to breeding program 
* No systemic disease present, or 
* Poor surgical candidate 

I No 

I 
* Determine uterine size by palpation, Ovariohysterectomy 

radiography or ultrasound 
* Obtain culture and sensitivity of 

vulvar discharge 
*Start on ampicillin (10 mg/lb three times 

daily); change antibiotics if necessary 
after culture and sensitivity known 

* Measure sermn progesterone concentration 

Sermn progesterone concentration > 1.0 ng/ml Sermn progesterone concentration< 1.0 ng/ml 
* Treat with PGF2a (Lutalyse; Upjohn, * Treat with PGF2a (Lutalyse; Upjohn, 

Kalamazoo MI) at a dose of Kalamazoo MI) at a dose of 
100 )lg/kg SQ three times daily ,;; 250 )lg/kg once to twice daily 
for 2 days, then 200 )lg/kg once for 2 to 7 days, or until uterine size 
daily for 2 to 7 days, or until uterine is near normal 
size is near nonnal * The vulvar discharge may persist for up to 

* The vulvar discharge may persist for 1 month. 
up to 1 month. * Continue antibiotics for 1 month. 

* Continue antibiotics for 1 month. * At next proestrus, collect anterior vaginal 
* At next proestrus, collect anterior vaginal culture, treat with antibiotics for 

culture, treat with antibiotics for 3 weeks (specific for whatever is 
3 weeks (specific for whatever is cultured) and breed at that season. 
cultured) and breed at that season. * Ovariohysterectomy as soon as breeding 

* Ovariohysterectomy as soon as breeding life is over OR life-long estrus 
life is over OR life-long estrus suppression for dogs that are poor 
suppression for dogs that are poor surgical candidates. 
surgical candidates. 

Figure 11-9. Algori thm for treatment of CEH-pyometro in the bitch. 

Percent recovery is less than 100 in most 
reports of treatment of CEH-pyometra with 
PGF2" in the dog (Table 11-3). Reported rea
sons for treatment failure include persistent 
uterine enlargement and deterioration of the 
bitch's health early in treatment, necessitat
ing OHE. 

Side effects of PGF2" in the dog are referable 
to its causing smooth muscle, contraction and 
include hypersalivation, restlessness, vomit-

ing, and diarrhea.45·50·87 Side effects occur within 
5 minutes and subside within 60 minutes after 
administration of PGF2" .

45 Severity is dose de
pendent and decreases with treatment 
course.50·87 Side effects may be decreased in oc
currence and severity by walking the bitch for 
20 to 40 minutes after administration of 
PGF2a.·4s,7s 

Recurrence is reported in 10 to 77 per cent 
of bitches with CEH-pyometra treated with 
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PGF2" (Table 11-3). Recurrence is likely be
cause there is no treatment that will reverse 
CEH except, perhaps, pregnancy. However, 
recurrences during pregnancy and in estrous 
cycles following pregnancy have been re
ported.51 Dogs with medical resolution of 
CEH-pyometra may have a decrease in disease 
to a subclinical level; in three bitches with re
current CEH-pyometra, the antibiotic sensitiv
ity patterns to E. coli isolated in both episodes 
were similar, suggesting recrudescence rather 
than separate episodes of disease.51 

Fertility after medical treatment for CEH
pyometra is decreased compared to that in 
normal bitches (Table 11-3). Reported concep
tion rates are altered by the fact that many 
bitches are not rebred after treatment for pyo
metra. Hypothesized causes of failure to repro
duce in bitches rebred after treatment with 
PGF2a for CEH-pyometra include failure to 
conceive, early embryonic death, and abortion. 
Whether decreased fertility is due to subclini
cal infection, persistent endometrial pathol
ogy, or both, may vary by bitch. 

Although OHE is strongly recommended as 
the treahnent for closed-cervix pyometra, 
there are reports of successful treatment of 
dogs with closed-cervix pyometra with PGF2" . 

Of seven bitches described, two had a success
ful resolution. A 4-year-old golden retriever 
with closed-cervix pyometra, treated with 25 
to 250 ,ug/kg PGF2a subcutaneously twice 
daily for 7 days, exhibited vulvar discharge by 
day 2, decreased uterine size by day 5, and 
clinical improvement by day 6, and whelped 
eight pups after breeding at the subsequent 
estrus.45 One bitch with closed cervix CEH
pyometra responded to PGF2" treatment, but 
required two 5-day courses of treatment with 
a break of 1 to 2 weeks between treatrnents.50 

Of five bitches treated medically for closed
cervix pyometra unsuccessfully, one devel
oped cerebellar signs after 1 day of treahnent 
that resolved after OHE, one did not show a 
decrease in uterine size even after three 5-day 
treatment courses, one died with no cause de
scribed, and two developed peritonitis.50·88·96 

No uterine tear was evident in either dog with 
peritonitis, and one had concurrent salpingitis 
with mucopurulent discharge in one uterine 
tube and ovarian bursa, suggesting that uter
ine contractions forced purulent fluid from the 
uterus through the uterine tube and ovarian 
bursa into the peritoneal cavity.50·88 

Combined therapy using PGF2" at an in
creasing dose of 10 to 25 ,ug/kg subcutane
ously twice to three tim'es daily for 5 to 7 days 

and a dopamine agonist, either bromocriptine 
(25 ,ug/kg twice to three times daily) or caber
goline (5 ,ug/kg once daily), has been de
scribed. (C. Gartley and J. Verstegen, personal 
communication, 1999). Dopamine agonists in
hibit the release of luteotropic prolactin, caus
ing luteolysis, and are therefore best used in 
bitches being treated for CEH-pyometra in di
estrus. 

Other Medical Treatment Agents. 
Cloprostenol, a prostaglandin analog, has been 
described for medical treatment of dogs with 
CEH-pyometra.91·97 The reported dose is 10 
,ug/kg subcutaneously twice daily for 9 to 15 
days.91_ Recovery rate in a study investigating 
treahnent of induced pyometra was 60 per cent 
(n = 10) with cloprostenol, compared to 100 
per cent for OHE.91 One dog died of shock after 
2 days of treatment with cloprostenoL Side 
effects were similar to those of PGF2" , with 
the addition of restlessness followed by severe 
depression for 1 to 2 hours.91 Cloprostenol is 
not recommended for treatment of pyometra 
in dogs. 

Antiprogestins competitively bind proges
terone receptors and decrease intrauterine pro
gesterone concentrations, potentially allowing 
increased myometrial contractility and cervi
cal relaxation.70 Two antiprogestins, RU46534 
Cl,nd aglepristone, have been described for 
treatment of CEH-pyometra in dogs70·98 

(C. Gartley and J. Verstegen, personal commu
nication, 1999). RU46534 caused significant 
vulvar discharge within 12 to 48 hours, clinical 
improvement, return to normal circulating 
WBC count by the sixth day of treatment, and 
complete uterine evacuation within 12 days in 
dogs with either open- or closed-cervix pyo
metra.70·98 No side effects were noted, and both 
dogs bred at the next estrus whelped normal 
litters.70·98 Aglepristone is used in combination 
with PGF2" (C. Gartley and J. Verstegen, per
sonal communication, 1999). Antiprogestins 
are not available for veterinary use in the 
United States. 

Estrogen promotes cervical relaxation and 
increases myometrial contractility.B Testoster
one (testosterone propionate, 25 mg twice 
weekly) was reported to cause · resolution of 
pyometra within 3 weeks in 7 of 10 dogs 
treated.99 Estrogens and androgens are neither 
approved nor recommended as medical treat
ments for CEH-pyometra in dogs. 

Ecbolic agents such as oxytocin and ergot 
alkaloids are not as effective as PGF2" for treat
ment of CEH-pyometra.75 Although degree 
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and duration of uterine contractility induced 
by oxytocin is similar to that induced by PGF2a 

at 30 days postestrus, both parameters decline 
significantly by 60 days postestrus in dogs 
treated with oxytocin compared to those 
treated with PGF2a .

100 

There is one report of the use of equine
derived hyperimmune serum to treat endotox
emia in dogs with CEH-pyometra caused by E. 
coli infection.101 Treahnent with hyperimmune 
serum either intravenously or subcutaneously 
decreased serum endotoxin concentrations to 
a greater degree than did conventional therapy 
alone, consisting of OHE, supportive care, and 
antibiotic therapy.101 

PREVENTION 

Prevention of CEH-pyometra is not routinely 
practiced. Estrus suppression, with a subse
quent decline in exposure of the endometrium 
to estrogen followed by progesterone, may 
slow development of CEH. However, meges
trol acetate, one of two pharmaceutial prod
ucts sold in the United States for canine estrus 
suppression is a progestin itself and is not rec
ommended for use for more than two consecu
tive cycles. Mibolerone is not approved for use 
in breeding dogs, although mibolerone has not 
been observed or reported to adversely affect 
reproduction. Once a dog has been treated for 
pyometra, she is predisposed to its develop
ment at each subsequent estrus. Desired 
breedings for the bitch that has been treated 
medically for CEH-pyometra should be ac
complished as quickly as possible and the bitch 
spayed as soon as her breeding life is over. If 
an estrous cycle must be bypassed without 
breeding, appropriate antibiotic therapy while 
vulvar discharge is visible, ari.d the cervix 
open, may prevent development of secondary 
infection. Dogs that are poor surgical candi
dates may require estrus suppression with 
mibolerone for life after medical treatment 
for CEH-pyometra in order to prevent recur
rence. 

Uterine Stump Pyometra 

Uterine stump pyometra is development of 
CEH-pyometra in uterine tissue left behind 
after OHE. Pathogenesis is the same as for 
CEH-pyometra in intact animals. Functional 
remnants of ovarian tissue are reported to oc
cur in 58 per cent (n = 19)102 and 71 per cent 
(n = 7)103 of dogs with uterine stump pyometra. 
Clinical signs include vulvar discharge, de-

pression, and anorexia. 104·105 Total WBC count 
and total plasma protein usually are ele
vated.105 Retrograde vaginography may reveal 
arborization of contrast medium into the in
fected uterine stump. Abdominal ultrasound 
reveals a pattern similar to pyometra in intact 
bitches, with single or multiple fluid-filled ar
eas adjacent to the urinary bladder.105 Treat
ment is surgical resection of the uterine sh1mp 
and residual ovarian tissue, if any, and appro
priate antibiotic therapy. 104·106 

Other Uterine Disorders 

ADENOMYOSIS 

Adenomyosis is growth of hyperplastic endo
metrial glands into the myometrium.4 It is not 
associated with infection.11 Clinical signifi
cance is unknown. 

SEROSAL CYSTS 

Serosal cysts are fluid-filled structures pro
truding from the serosal surface of the 
uterus. 107 Serosal cysts form as a result of rapid 
contraction of the myometrium with mesothe
lial infolding during postpartum involution, 
and usually are seen in older, pluriparous 
bitches.107 These usually are incidental findings 
at OHE or laparotomy. Clinical significance 
is unknown. 

METRITIS 

Metritis is inflammation of the uterus. Endo
metritis, inflammation of the endometrium or 
uterine lining, is most commonly described, 
and usually is due to uterine infection with 
vaginal organisms ascending through the open 
cervix after whelping (see Chapter 7). 

SUBINVOLUTION OF PLACENTAL SITES 

Subinvolution of placental sites is a postpar
hlm disorder characterized by prolonged san
guineous vaginal discharge after whelping 
(see Chapter 7). 

UTERINE PROLAPSE 

Prolapse of the uterus most commonly occurs 
near the time of parturition in dogs. If the tis
sue is devitalized by the time of diagnosis, 
hysterectomy is the treatment of choice (see 
Chapter 7). 
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UTERINE NEOPLASIA 

Uterine neoplasia is uncommon in female 
dogs, with reported incidences among tumors 
of the female reproductive tract of 1.0 per cent 
(n = 266),108 2.0 per cent (n = 535),1°9 9.4 per 
cent (n = 117),110 11.0 per cent (n = 96),111 and 
19 per cent (n = 115).112 It is most common in 
bitches 10 years of age or older.110 The boxer 
breed was over-represented in one review; no 
breed predisposition has been published in 
other studies. 

Benign uterine tumors that have been re
ported include leiomyoma (fibroid), fibroma 
fibroleiomyoma, fibromyoma, fibroadenoma: 
adenoma, lipoma, and endometrial 

Oly 4,110 112-J?O L 0 0 h p p. · - e10myoma 1s t e most com-
mon uterine tumor in dogs.111

•
112 Leiomyomas 

usually are incidental findings at OHE, and do 
not appear to interfere with pregnancy.114 

E~dom~trial polyps are benign, focal, cystic 
prohferahons of the endometrial glands asso
ciated with stromal changes.119

·
120 They are 

?road based ?r pedunculated and may project 
mto tr:e utenne lumen, appearing ultrasono
graphically as multilobular masses containing 
numerous small cysts.119•

120 Affected bitches 
usually are asymptomatic, although torsion of 
a pedunculated endometrial polyp was re
ported to induce rapid hemorrhagic shock and 
death in a dog in one case report.4

•
119 

M~lignant uterine tumors reported in the 
dog mclude adenocarcinoma, endometrial car
cinoma, undifferentiated carcinoma, lympho
sarcoma, metastatic transmissible venereal tu
mor, and metastatic dysgerminoma.m,JJ8,121-J26 
Female dogs with malignant uterine adenocar
~inoma ~ay present with clinical signs includ
mg persistent bloody or purulent vulvar dis
charge, dysuria, hematuria, lethargy, anorexia,
and abdominal distention.121

•122 Uterine adeno
carcinoma usually is a solitary, nodular tumor 
that may resemble CEH grossly. Definitive di
agnosis requires excision and histopathology. 

Treahnent for uterine neoplasia is surgical 
remova~ (~HE). Prognosis for benign uterine 
neoplasia 1s excellent. Prognosis for malignant 
uterine neoplasia is dependent on tumor type, 
degree of local invasion, and extent of metas
tasis. 

UTERINE LITHIASIS 

A 7_-year-?ld intact female crossbred dog pres
entmg with lethargy, ataxia, and polydipsia 
was diagnosed with diabetes mellitus, cardio
myopathy, and palpably enlarged uterine 

horns. At ovariohysterectomy, CEH and nu
merous 2- to 3-mm calculi containing calcium, 
oxalate, phosphate, and magnesium were 
identified in the uterus.127 

Disorders of the 
Uterine Tube (Oviduct) 

Abnormalities of the uterine tubes that have 
been described in the dog include (1) develop
mental abnormalities, such as remnants of 
the para~esonephric and mesonephric ducts; 
(2) utenne _tube cysts; (3) salpingitis; and 
(4) growth disorders, such as hyperplasia and 

1 ° 50128 u 0 

neop asia. · tenne h1be cysts vary in size 
and location and have not been reported to 
occlude the lumen. The authors are unaware 
of rep~rts of sal ping~ tis unassociated with pyo
metra m the dog. Mild suppurative inflamma
tion of the uterine tube was reported in 20 per 
cent and severe suppurative inflammation of 
the uterine tube in 5 per cent of 20 dogs with 
CEH-pyometra in one sh1dy (A. Mattson, P. 
Schultheiss and P. Olson, Fort Collins, CO, 
1989, unpublished data). Salpingitis also has 
been associated with forceful expulsion of mu
copurulent fluid through the uterine tube after 
adm~nistration of PGF2" to a dog with closed
cervix pyometra.50 Neoplasms reported in the 
canine uterine tube include adenoma, fibro
adeno~a, adenomyoma, adenomatous papil
loma, hpoma, adenocarcinoma, and metastatic 
granulosa cell tumor.l28,129 
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• Disorders of the Canine Vagina, 
Vestibule, and Vulva 

• 
• 
Vulvar Discharge 

Vulvar discharge in dogs may occur during 
normal physiologic conditions, such as estrus 
or parhtrition, or secondary to abnormalities 
of the ovaries, uterus, cervix, vagina, vestibule, 
or urinary tract, or coagulopathy. Determina
tion of the origin and etiology of vulvar dis
charge requires assessment of history and 
physical examination findings, evaluation of 
vaginal cytology specimens and imaging of 
the reproductive tract (Table 12-1). 

Increasing cornification of vaginal epithelial 
cells is indicative of increasing serum estrogen 
concentrations as occurs during proestrus / es
trus or as a manifestation of ovarian remnant 
syndrome, ovarian cystic disease or functional 
ovarian tumors. Differentiation of these condi
tions is based on duration of serosanguineous 
vulvar discharge; in dogs with ovarian cystic 
disease or functional ovarian tumors, sanguin
eous vulvar discharge is present for longer 
than 6 weeks. 

If significant cornification of vaginal epithe
lial cells is not present, signalment of the bitch 
and history may allow differentiation of non
estrogen-dependent conditions causing vulvar 
discharge in bitches. Uterine disorders are seen 
only in bitches that are intact or in uterine 
stump infections in spayed bitches, while 
estrogen-responsive urinary incontinence is 
most common in ovariohysteredomized 
bitches. Prepuberal bitches may exhibit the 
scant, tacky discharge of juvenile vaginitis. 
Aged bitches are more likely to develop neo
plasia than are younger bitches. Specific coag
ulopathies are more prevalent in some breeds, 
such as von Willebrand's disease in Doberman 
pinschers. A history of late-term abortion 
should raise suspicion of canine brucellosis as 

a causative agent. Postpartum conditions caus
ing vulvar discharge in bitches include metritis 
and subinvolution of placental sites. Pyometra 
is a diestrual disorder; definitive diagnosis re
quires confirmation of uterine enlargement, 
purulent vulvar discharge (open cervix), and 
elevated white blood cell count with a left shift. 
For a more complete description of these disor
ders, please refer to the appropriate chapters 
(Table 12-1). 

Inflammatory and infectious disorders of the 
genitourinary tract cannot be confirmed by di
rect microbial culture. The canine uterus is vir
tually inaccessible because of the length of the 
vagina; the presence of the dorsal median post
cervical fold, a nonelastic structure composed 
of smooth muscle and collagen that extends 
caudally from the external cervical os on the 
dorsal midline, effectively preventing visual
ization and catheterization of the cervix1

; and 
the tight closure of the vertically oriented ab
dominal cervix throughout most of the estrous 
cycle. Because of the difficulty in obtaining 
uterine culhtre specimens, vaginal cultures of
ten are performed to infer presence of uterine 
infection or diagnose vaginal infection. Unfor
tunately, the canine vagina is not a sterile envi
romnent, so one can never be certain of the ori
gin (uterus or vagina) of an organism isolated. 

Normal vaginal flora originate in the bowel 
and on the skin.2 The aerobic organisms most 
commonly cultured from vaginal swabs in 
healthy bitches are Escherichia coli, Streptococ
cus species, Pasteurella species, and Staphylococ
cus species (Table 12-2).3-

11 Normal population 
distribution varies with sexual status (prepu
beral versus adult)5 and may vary with stage 
of the estrous cycle.4

•
5 Anaerobic bacteria also 

have been cultured from the vaginas of nor
mal bitches.5

•
6
•
11 
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• Cl !J Table 12-1. Differential Diagnosis of Vulvar Discharge in the Bitch 

Physical 
Examination Gross Appearance 

Condition History Findings of Vulvar Discharge 

NORMAL PHYSIOLOGIC CONDITIONS 
Proestrus Time correct for onset Vulva swollen Serosanguineous 

of estrous cycle 
Estrus Time correct for onset Vulva swollen Serosanguineous to 

of estrous cycle straw colored 

Diestrus Has just "gone out of - Scant, mucoid to dark 
heat" red 

Late pregnancy Due to whelp within Mammary development Scant, mucoid 
1 wk ::t milk 

Parturition At term Mammary development Clear to green-black as 
::t milk placentas separate 

Normal lochia One to 3 wk post Mammary development Red to green to brown 
par tum ::t milk 

PATHOLOGIC CONDITIONS 
Ovarian cystic Combined length of Vulva swollen Serosanguineous 

disease proestrus and estrus 
>6wk 

Brucellosis Late-term abortion or - Mucosanguineous to 
persistent vulvar purulent 
discharge 

Metritis Postpartum-history of - Purulent 
retained placentas, 
dystocia 

Chapter 
Cytologic Reference for 
Appearance of Additional 
Vulvar Discharge Comments Information 

0-100% cornification, ::t Intact females-male 2 
PMNs dogs attracted to bitch 

100% cornification with Intact females-bitch will 2 
> 50% anuclear allow male to mount 
squame cells, no and breed 
PMNs, ::t cocci 

0% cornification, many - 2 
healthy PMNs early 
in stage 

0% cornification, few - 5 
healthy PMNs 

0% cornification, few Restlessness, panting -> 6 
healthy PMNs abdominal contractions 

% cornification, RBC's, - 6 
PMNs, degenerating 

100% cornification with Intact bitch-May 10 
> 50% anuclear respond to therapy for 
squame cells, no ovulation induction 
PMNs, ::t cocci 

0% cornification, many Culture vulvar discharge 11 
degenerative PMNs early in infection, 

serologic tests accurate 
8-12 wk after exposure 

0% cornification, many - 11 
degenerative PMNs 



N 
N 
"-.:] 

Pyometra (open During or after Uterus palpable per Purulent 0% cornification, many 
cervix) diestrus- abdomen degenerative PMNs 

may be systemically 
ill 
(PU/PD, lethargic) 

Subinvolution of Postparttm1-discharge - Sanguineous 0% cornification, many 
placental sites persistent > 3 wk RBCs, few healthy 

after whelping PMNs 
Neoplasia of uterus, - Neoplasm may be Sanguineous to 0% cornification, ::!: 

v·agina or urinary palpable per mucopurulent PMNs,::!: RBCs 
tract abdomen (uterine) or 

per rectum (urinary 
tract), or visible 
(vaginal) 

Vaginitis Prepuberal or adult - Mucoid and tacky to 0% cornification, ::!: 
onset mucopurulent healthy PMNs 

Vestibulitis - Scooting, vulvar Variable 0% cornification 
licking, vulvar 
discharge 

Estrogen-responsive Urinary leakage where 0% cornification, ::!: 
urinary dog sleeps PMNs 
incontinence 

Coagulopathy Bleeding from one or May see pale mucous Sanguineous 0% cornification, many 
more body orifices or membranes, petechial RBCs 
into body cavities; and/or ecchymotic 
may occur at time of hemorrhages 
proestrus/ estrus 
and/ or parturition 

PMN, polymorphonuclear leukocyte; PU/ PD, polyuria / polydipsia; RBC, red blood cell; PCV, packed cell volume; OHE, ovariohysterectomy. 

White blood cell count 11 
greatly increased; OHE 
reconm1ended therapy 

Usually resolves 7 
spontaneously; monitor 
PCV 

More common in older 11 (Uterine) 
bitches; vaginal and 12 (Vaginal) 
urinary tract neoplasia 
may occur in spayed 
bitches 

May resolve 12 
spontaneously or after 
estrus; look for 
concurrent anatomic 
abnormalities or urinary 
tract disease 

Diagnose with 12 
vaginoscopy 

Spayed females, 9 
especially those over 20 
kg in weight-may 
respond to treatment 
with oral estrogens or 
sympathomimetics 

Diagnose with clotting 
profile 
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• 
Table 12-2. Aerobic Bacteria Cultured 
from the Vagina of Normal Intact or 
Spayed Dogs, Listed from Greatest 
to Least Prevalence 

Escherichia coli 
Streptococcus species 
Pasteurella species 
Pasteurella multocida 
/3-Hemolytic streptococcus species 
Streptococcus canis 
Staphylococcus aureus 
Staphylococcus species 
Staphylococcus epidennidis 
a-Hemolytic streptococcus species 
Bacillus ·species 
Enterobacter species 
Proteus mirabilis 
Klebsiella species 
Haemophilus species 
Moraxella 
Flavobacterium 
Pseudomonas species 
Corynebacterium species 
Neisseria 

Data from Ling and Ruby,' Bjurstrom and Linde-Forsberg;' Olson 
and Mather,' Osbaldiston et a!.,' Laznicka,' Schaefer et a!.,' Platt 
and Simpson,' Hirsh and Wiger,10 and Van Duijkeren11 

Significance of vaginal culture results must 
be interpreted with regard to location in the 
vagina from which the sample was collected 
and extent of bacterial growth in culture. Al
though significantly fewer organisms are iso
lated from samples collected from the cranial 
vagina (0.975 isolates per bitch) than from s2nn
ples collected from the caudal vagina (2.35 iso
lates per bitch), only 5.2 per cent (n = 59)4 and 
8.6 per cent (n = 81)5 of samples collected from 
the cranial vagina are reported sterile. 

In general, culture of moderate to heavy 
growth of a single organism is necessary to 
qualify a culture result as significant. Treat
ment with antibiotics on the basis of a positive 
culture alone is not always indicated. In a 
study comparing vaginal culture results in five 
healthy bitches during and after treatment 
with either ampicillin or trimethoprim-sulfa
methoxazole (TMP-SMX) to vaginal culture re
sults pretreahnent, bacteria were demon
strated to recolonize the vagina within 0 to 4 
days after cessation of treatment, with 80 per 
cent of bitches showing complete recoloniza
tion of bacterial flora within 1 day, suggesting 
treatment with antibiotics to eradicate normal 
vaginal flora is not effective in the long term.12 

Escherichia coli emerged on vaginal cultures of 
bitches during and after treatment with TMP
SMX, and mycoplasmas emerged in bitches 

during and after treatment with either ampicil
lin or TMP-SMX. 

Mycoplasmas and ureaplasmas are small, 
free-living organisms without a rigid cell wall. 
Although they are reported to be associated 
with reproductive dysfunction in dogs, no dif
ference in percentage of female dogs with posi
tive mycoplasma or ureaplasma vaginal cul
tures was demonstrated when comparing 
normal, fertile female dogs (n = 26) to bitches 
with infertility (n = 27) or vaginitis (n = 22).13 

Mycoplasmas and ureaplasmas are fastidious, 
making quantification of growth in a given 
sample difficult. 

Congenital Abnormalities 

Embryologically, the paired paramesonephric 
(mtillerian) ducts fuse to form the uterus, cer
vix and vagina of the female dog. The caudal 
tip of the paired paramesonephric ducts proj
ects into the urogenital sinus to form the par
amesonephric tubercle, which is canalized and 
fuses to the genital folds to form the vestibule. 
The genital swellings form the vulvar lips. The 
hymen forms at the junction of the parameso
nephric ducts and urogenital sinus, and usu
ally is open at birth in dogs. Congenital abnor
malities of the vagina, vestibule, and vulva 
may arise from (1) incomplete fusion of the 
mtillerian ducts (elongated vertical vaginal 
septa or double vaginas); (2) incomplete perfo
ration of the hymen (circumferential vagi
novestibular strictures or discrete vaginal 
septa); or (3) imperfect joining of the genital 
folds to the genital swellings (vestibulovulvar 
strictures or hypoplasia). 14

,
15 Reported congeni

tal abnormalities of the vagina, vestibule, and 
vulva of the dog include vaginal septa,14

•
15 vagi

novestibular strictures,15
-

18 vestibulovulvar 
strictures,15 segmental aplasia of the vagina,19

-
21 

and vulvar agenesis.22 Normal bitches have a 
slight circumferential narrowing at the junc
tion of the vestibule and vagina-the cingu
lum-that may be more evident during anes
trus and that should not be misinterpreted as 
a vaginal anomaly. 

Vaginal septa and circumferential vagi
novestibular strictures are the most commonly 
reported congenital vaginal anomalies of the 
dog. Incidence of vaginal septa in one sh1dy 
was 0.03 per cent.14 The true incidence is un
known, because many bitches with a vaginal 
septum or stricture have no clinical signs until 
estrus or breeding, and most bitches in the 
United States are spayed without ever having 
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been allowed to cycle or breed. Dogs with con
genital vaginal abnormalities may be asymp
tomatic. No breed predisposition has been 
identified. Age at first diagnosis has been re
ported as 2.4 years for vaginal septa 14 and 4.6 
years for vestibulovaginal strictures.16 Herita
bility of vaginal anomalies in dogs is not 
well defined. 

Presenting complaints or clinical signs re
ported in dogs with congenital vaginal abnor
malities include chronic vaginitis (32 per cent, 
n = 73), inability to breed naturally (27 per 
cent), urinary incontinence (26 per cent), 
chronic urinary tract infection (8 per cent), dys
tocia (1 per cent), infertility (1 per cent), and 
ambiguous external genitalia (1 per cent).14-18 

Four per cent of dogs with vaginal septa or 
circumferential strictures are asymp
tomatic.14-16 

General physical examination findings in af
fected bitches are nondiagnostic except for the 
digital vaginal examination. Sanguineous to 
mucopurulent vulvar discharge may be seen 
in bitches with chronic or recurrent vaginitis. 
Concurrent urinary tract infection was re
ported in 2 of 2218 and 9 of 1816 female dogs 
with circumferential vaginal strictures. 

Diagnostic techniques for the detection of 
vaginal anomalies in the bitch include digital 
vaginal examination, vaginoscopy, and con
trast vaginography. Digital vaginal examina
tion often is diagnostic, because septa and 
strictures are most common at the vaginovesti
bular junction, just cranial to the urethral pa
pilla, which is palpable in most female dogs. 
Vaginal anomalies were palpable in 11 of 15 
dogs with vaginal septa14 and in 18 of 18 
bitches with circumferential vaginal stric
tures.16 Digital vaginal examination may be im
possible in small or very uncomfortable dogs, 
and may not be diagnostic if the anomaly is too 
far cranial to be identified on digital palpation. 
Sedation of bitches may be 1.1ecessary for digi
tal vaginal examination.16 

Vaginoscopy allows visualization of septa 
and strich1res, and may better allow assess
ment of extent of the anomaly. Vaginoscopy 
was used to identify vaginal anomalies in 6 of 
7 dogs with vaginal septa 14 and in 17 of 17 
dogs with circumferential vaginal strictures.16 

Sedation may aid diagnosis in small or uncom
fortable bitches. An endoscope, vaginoscope, 
or otoscope can be used; specialized equip
ment usually is not necessary, because vaginal 
septa and strictures usually develop just cra
nial to the urethral papilla. 

Contrast vaginography (see side bar, Figs. 
12-1 and 12-2) allows definition of the type 
and extent of the vaginal anomaly present, and 
may detect multiple or cranial vaginal anoma
lies, if present. Vaginography was used to 
identify vaginal anomalies in 12 of 12 dogs 
with vaginal septa 14 and 9 of 10 dogs with 
circumferential vaginal strictures.16 Complete 
assessment of degree of vaginal involvement 
with contrast vaginography provides the 
greatest amount of information to guide treat
ment recommendations. Vaginal septa are visi
ble as dark bands within the opaque contrast 
medium (Fig. 12-3). A circumferential vaginal 
stricture is visible as a stenotic area cranial to 
the urethral papilla (Fig. 12-4). Contraction of 
the constrictor vestibulae muscles may mimic 
a vaginal stricture, so the dog must be com
pletely relaxed during the contrast procedure. 
Also, the normal area of vaginal narrowing 
cranial to the urethral papilla (the cingulum) 
(Fig. 12-1) should not be mistaken for a vagi
nal stricture. 

Manipulative and surgical treatments are 
described for repair of vaginal anomalies in 
the bitch. Manipulative treatment is manual 
dilation of the strictured area in the sedated 
animal. Manual dilation alone was ineffective 
in two dogs and manual dilation with concur
rent treatment with glucocorticoids was inef
fective in two dogs; all four redeveloped the 
stricture to some degree after treatment.16 In a 
review of 21 dogs with circumferential vaginal 
strictures treated with manual dilation, 7 
showed a good response, 1 a fair response, and 
13 a poor response to manual dilation.17 

Vaginal septa may be removed surgically 
via episiotomy (Fig. 12-5). Some very small 
vaginal septa may be broken down digitally. 
Surgical removal of broad-based or elongated 
septa usually requires episiotomy and ligation. 
Extensive vaginal septa (double vagina) may 
not be resectable because of the inaccessibility 
of most of the canine vagina unless the pelvis 
is split. Four dogs with vaginal septa showed 
complete resolution of clinical signs after sur
gical removal of the septum. 14 

Reported surgical treatment for circumfer
ential vaginal strictures includes resection of 
the stenotic area, vaginoplasty, and vaginec
tomy. Resection of the stenotic area was re
ported to cause complete remission of clinical 
signs in three of three dogs.16 Postoperative 
scarring may cause recurrence of the stricture 
with nonelastic granulation tissue. T-shaped 
vaginoplasty was reported in four dogs; it was 
less successful than the other surgical methods 
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described in decreasing clinical signs.16 Vagi
nectomy has been described as successful in 
resolving clinical signs associated with circum
ferential vaginal strictures.16

•
17 Of 10 dogs with 

circumferential vaginal strictures treated with 
vaginectomy, 7 had a good response, 1 a fair 
response, and 2 a poor response.17 

A final surgical alternative is ovariohyster
ectomy (OHE). Extensive surgical repair is un
warranted in most females not intended for 
breeding and in asymptomatic dogs. Intact fe
male dogs with no secondary disease may be 
bred by artificial insemination with planned 
cesarean section. If artificial insemination is to 

How To Peiform Vaginography!Hysterography 

Food should be withheld for 24 hours, and . 
a cleansing enema performed 2 to 3 hours 
prior to the procedure. The dog should be 
sedated (oxymorphone, 0.1 to 0.2 mg/kg 
intravenously [IV]) or general anesthesia 
should be induced. The dog is placed in 
lateral recumbency. 

Required equipment includes iodinated 
contrast medium (iothalamate meglumine 
60%, Malinckrodt Medical Inc., St. Louis, 
MO) diluted with an equal volume of lac
tated Ringer's solution, a balloon-type (Fo
ley) catheter, and atraumatic tissue forceps . 
For large dogs,· a human barium enema re
tention catheter may be required to ensure 
that the bulb, when inflated, will occlude 
the vaginal lumen. 

The lumen of the catheter is filled with 
contrast medium to prevent infusion of 
air bubbles into the vaginal vault. The 
catheter is placed into the vagina so as to 
allow inflation of the balloon in the vesti-

bule. The vulvar lips may be held closed 
with atraumatic tissue forceps to prevent 
backflow of contrast medium through the 
vulva. One to 5 rnl/kg of prepared contrast 
medium is infused into the vagina. Disten
tion is complete when backpressure is felt 
on the syringe or the dog attempts to 
dislodge the catheter by constricting the 
vaginal musculature. Lateral and ventra
dorsal radiographic views are obtained 
(Fig. 12-1).14

•
23 Vaginography permits as

sessment of the type and extent of congeni
tal vaginal abnormalities and assessment 
of patency of the h1bular reproductive 
tract. 

The normal canine cervix is patent to 
contrast medium only during proestrus, 
estrus, and the postpartum period. If vagi
nography is performed at these times, con
trast medium can move through the cervix 
and into the uterine horns (Fig. 12-2). 
Hysterography may help diagnose intra-

Figure 12-1. Lateral radiographic view of a normal positive-contrast vag inogram in a dog . V, vag ina ; VS, vestibu le. 
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Figure 12-2. Lateral and ventrodorsal radiographic views of a normal positive-contrast hysterogram in a dog. 

uterine abnormalities such as subinvolu
tion of placental sites or retained fetal or 
placental tissue, but ultrasound usually is 
a better diagnostic tool to assess presence, 
if any, of fluid or tissue in the uterus. Hyst-

be performed, a prebreeding contrast vagina
gram is recommended to diagnose anomalies 
in the cranial vagina and to try to assess if 
the vagina is patent to the cervix. The authors 
examined one bitch for infertility after multiple 
attempts at breeding by artificial insemination 
that had always been inseminated to the left 
side of an asymmetrical vaginal septum; vagi
nography revealed a large, asymmetrical sep
tum and impatency of the left side of the 
vagina. 

erography is best used to evaluate com
pleteness and patency of the tubular repro
ductive tract. The effect of vaginography I 
hysterography on future fertility in dogs 
is unknown. 

Segmental aplasia of the vagina and vulvar 
agenesis have been described.19- 22 A 14-month
old intact bull-mastiff with cranial vaginal 
agenesis presented with chronic vaginitis that 
had begun at the time of her first estrous cycle. 
A fluid-filled dilation of the vagina just caudal 
to the cervix was identified on radiographs. 
Exploratory surgery revealed impatency of a 
9-cm length of vagina caudal to the distention, 
which was filled with blood and tissue debris 
(hematocolpos) from the dog's previous es-
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Figure 12-3. Ventrodorsal radiographic views of positive-contrast vaginograms from dogs with vaginal septa. A: Note the complete 
separation of the vagina by a septum. B: Note the asymmetrical septum extending from the cranial aspect of the vagina to the 
caudal right wall. (From Root MV, johnston SD, johnston GR: Vaginal septa in dogs: 15 cases 11983- 1992). j Am Vet Med 
Assoc 206:56-58, 1995, with permission.) 

Figure 12-4. Oblique lateral rad iographic view of a positive
contrast vaginogram from a dog w ith a circumferential vag i
novestibular stricture. Note the marked narrowing of the vagina 
cranial to the urethral papilla. (From Kyles AE, Vaden S, Hardie 
EM, et al: Vestibulovaginal stenosis in dogs: 18 cases (1987-
1995) jAm Vet Med Assoc 209:1889-1893, 1996, with 
permission.) 

Figure 12-5. A curved instrument is used to draw a large vertical 
septum into the surgical field. (From Wykes PM, Soderberg SF: 
Congenital abnormalities of the canine vagina and vulva. jAm 
Anim Hosp Assoc 19:995-1000, 1983, with permission.) 
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trous cycle. The obstructed section was re
sected and vaginal anastomosis performed; the 
bitch later conceived and whelped eight pup
pies.20 Caudal vaginal agenesis was described 
in a 5-year-old intact Shih Tzu with primary 
anestrus. Hematocolpos was present in her 
cranial vagina. The dog was euthanized be
cause of unrelated renal disease.21 Vulvar agen
esis was reported in a 4-month-old intact Mal
tese that presented with dysuria and urinary 
incontinence. Reconstructive surgery and for
mation of a functional urethral papilla caused 
resolution of clinical signs.22 

Clitoral Hypertrophy 

The clitoris is hormone-dependent tissue that 
lies within the ventral clitoral fossa of female 
dogs. Dogs with clitoral hypertrophy may 
show excessive licking or sensitivity in the area 
of the vulva, or a visible mass protruding 
through the vulvar lips. Clitoral hypertrophy 
may occur secondary to irritation of the clitoral 
fossa (including licking because of prurihts), 
hormone-dependent hypertrophy, or intersex 
states. 

Clitoral hypertrophy may be congenital in 
masculinized female puppies born to a dam 
treated with progestogens or androgens dur
ing pregnancy24 or in dogs with intersex states 
that include presence of functional testicular 
tissue: Fifty-two per cent (n = 25) of male pseu
dohermaphrodites (dogs with female external 
genitalia and testes) and 100 per cent (n = 

13) of true hermaphrodites (dogs with both 
ovarian and testicular tissue in the gonads) had 
clitoral hypertrophy reported in one study.25 

Clitoral hypertrophy in dogs with intersex 
states may not become apparent until the dog 
reaches puberty and testicular testosterone se
cretion increases. 

Clitoral hypertrophy may be present in as 
many as 20 to 30 per cent of female dogs with 
hyperadrenocorticism.26 Bitches treated with 
androgens, including the estrus-suppressing 
drug mibolerone, also may develop clitoral hy
pertrophy27-29; varying degrees of clitoral hy
pertrophy are reported to occur in 15 to 20 per 
cent of female dogs treated with mibolerone 
at the recommended doseY 

Clitoral hypertrophy often persists even 
after removal of the inciting stimulus. If the 
bitch is uncomfortable or is traumatizing the 
vulvar area excessively, clitoridectomy may 
be necessary. 

Vaginal Prolapse 

Vaginal prolapse is also called vaginal hyper
plasia, vaginal hypertrophy, estrual hypertro
phy, vaginal eversion, and vaginal protru
sion;30 vaginal prolapse is the correct term. 
Vaginal prolapse is protrusion of edematous 
vaginal tissue into the vaginal lumen and often 
through the vulvar lips of the female dog.31 

This disorder is due to accentuation of the nor
mal increase in vaginal hyperemia and edema 
secondary to the estrogen stimulus occurring 
during proestrus and estrus in the female dog 
(Fig. 12-6).31·32 The exact etiopathogenesis of 
this condition is unknown, because hyperes
trogenism is not present, and affected dogs are 
fertile in the absence of other disorders of the 
reproductive tract. 33 

Vaginal prolapse occurs most commonly 
during the time of peak estrogen secretion in 

Figure 12-6. Histolog ic appearance of prolapsed vaginal tissue 
surgically removed from a dog w ith type Ill vag inal pro lapse. The 
tissue is characterized by o stratified squamous epithelium lining 
the fumen of the vagi na, consistent w ith the estrous status of the 
b itch; submucosal tissue is charac terized -by marked edema . 
Hematoxylin and eosin; 125x . (From Johnston SD: Vaginal 
prolapse. In Kirk RW [ed] : Curr Vet Ther Small Anim Pracl 10. 
Philadelphia , W B Saunders, 1989, pp 1302-1305, wi th per
mission. ) 
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intact female dogs. Serum estrogen concentra
tions peak at 50 to 100 pg/ml in late proestrus, 
1 to 2 days before the preovulatory luteinizing 
hormone surge.34·35 Vaginal prolapse has been 
reported to occur during proestrus/ estrus in 
73 per cent (n = 26),36 81 per cent (n = 21),33 

and 86 per cent (n = 66)31 of affected bitches. 
It also may occur near parturition, as serum 
progesterone concentrations decline and se
rum· estrogen concentrations increase. Occur
rence at parturition is reported as 8 per cent 
(n = 66),31 10 per cent (n = 21),33 and 12 per 
cent (n = 26).36 Vaginal prolapse occurs less 
commonly in diestrus,Jl.33·37 and normal preg
nancy.38 Serum estrogen concentration was 
low in a 2-year-old Labrador retriever with 
recurrent vaginal prolapse throughout gesta
tion; etiology was not defined. In a review of 
66 cases. of vaginal prolapse, none occurred 
during anestrus. 31 Vaginal prolapse unrelated 
to estrogen secretion has been reported in a 
pregnant dog with increased intra-abdominal 
pressure secondary to ascites from severe he
patic cirrhosis,39 and in a dog with altered peri
neal and vulvar conformation after an injury.40 

Vaginal prolapse almost always occurs in 
intact female dogs. Reported mean age at diag
nosis varies from 18 months to 4.6 years, with 
a median of 21.5 months and a range of 6 
months to 16 years.30-33·36·41 On average, vaginal 
prolapse is first diagnosed at either a bitch's 
second or third estrous cycle.33 No breed pre
disposition has been described, although box
ers and boxer crosses have been over
represented in several studies.33·36A1 It is gener
ally seen in large-breed dogs, with one sh1dy 
reporting 61 per cent of cases (n = 18) in dogs 
weighing 50 pounds or more, and only 11 per 
cent of cases in dogs weighing less than 20 
pounds.30 Increased incidence in some families 
of large-breed purebred dogs suggests a hered
itary influence.31 

Three degrees of vaginal prolapse are de
scribed.33 Type I is slight to moderate eversion 
of the vaginal floor with no protrusion of vagi
nal tissue through the vulvar lips. Type II is 
prolapse of the cranial floor and lateral walls 
of the vaginal throug~1 the vulvar lips, forming 
a tongue or pear-shaped mass. Type III is pro
lapse of the entire vaginal circumference as a 
"doughnut" -shaped mass with a lumen. Be
cause the vaginal prolapse always originates 
from the floor of the vagina, cranial to the 
urethral papilla, the external urethral orifice is 
on the ventral surface of the prolapsed tissue 
(Fig. 12-7). · 

The most common clinical sign in dogs with 
vaginal prolapse is a visible mass protruding 

Figure 12-7. Vaginal prolapse in a 4-yeor-old pregnant lobro· 
dor retri ever bi tch. Note the urethral orifice in the floor of the 
vagina . (FromMemonMA, PovleticMM, KumorMSA: Chronic 
vagi nal prolapse during pregnancy in a bi tch. J Am Vet Med 
Assoc 202:295- 297, 1993, w ith permission. ) 

from the vulvar lips.30 Incidence of type I vagi
nal prolapse is probably much higher than sus
pected, because the owners may be unaware of 
its presence. Vulvar discharge may be present. 
Dysuria is occasionally seen in dogs with vagi
nal prolapse. 

The primary differential diagnosis in dogs 
with vaginal prolapse is vaginal neoplasia. Dif
ferentiation is based on signalment of the fe
male dog, site of origin of the mass, and 
changes of the mass with the estrous cycle (Ta
ble 12-3). 

Treatment of vaginal prolapse involves ei
ther decreasing estrogen stimulus in the ani
mal, removing the prolapsed tissue, or both. 
In affected dogs that have ovulated (indicated 
by serum progesterone concentration of 
greater than 4 ng/rnl), under decreasing estro
gen influence the prolapse probably will re
gress spontaneously. Exposed vaginal tissue 
should be kept clean. An Elizabethan collar 
may be necessary to prevent the bitch from 
traumatizing the tissue. Dogs affected at partu
rition have been reported to whelp despite the 
presence of the prolapsed tissue, although out
side assistance is required in some cases.36 If 
the vaginal prolapse is allowed to regress 
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• 
Table 12-3. Differentiation of Vaginal 
Prolapse and Vaginal Neoplasia 
in the Bitch 

Vaginal Vaginal 
Prolapse Neoplasia 

Signalment Young, intact Older, intact or 
bitches spayed dogs 

(except TVT) 
Site of Arises from Arises from 

origin of vaginal floor, anywhere 
mass cranial to the within the 

urethral vagina 
papilla 

Change with Increases in size Does not vary 
estrous in proestrus / with the 
cycle? estrus; estrous cycle 

regresses in 
diestrus, 
anestrus, or 
post-OHE 

spontaneously, recurrence at the subsequent 
estrous cycle is very common, reported to oc
cur in 6631 to 100 per cent36 of cases. t...._ 

Affected dogs that are not yet periovulatory, 
as indicated by a serum progesterone concen
tration of less than 2 ng/ml, may be induced to 
ovulate with injection of either gonadotropin
releasing hormone (2.2!1-g/kg intramuscularly 
[IM]) or human chorionic gonadotropin (1000 
IU IM); regression of the prolapse should fol
low ovulation induction by about 1 week.31 

Medroxyprogesterone acetate (50 mg subcuta
neously) was reported successful in resolving 
vaginal prolapse within 15 days in 6 of 10 
bitches treated, compared to a spontaneous 
resolution rate of 40 per cent in a control group, 
but is not recommended by the authors for 
this purposeY 

Surgical treatments for canine vaginal pro
lapse include purse-string sutures, hystero
pexy, circumferential excision of prolapsed tis
sue, and OHE. Manual reduction of the 
prolapse with placement of purse-string su
tures has been reported as a successful treat
ment for vaginal prolapse in dogs, but is not 
recommended because of the discomfort and 
perivulvar trauma this causes the bitch.33

•
38 

Hysteropexy via abdominal surgery was de
scribed in one case report38 but is not routinely 
used as a surgical treatment for vaginal pro
lapse in dogs. Circumferential excision of pro
lapsed tissue may be required in dogs with 
type III vaginal prolapse, which is less likely 
to resolve completely without surgical inter
vention than are types I and II,33 or .in bitches 
with severely inflamed or devitalized pro
lapsed tissue. Vaginal prolapse has been re-

ported to recur in some bitches at the subse
quent estrus despite excision of prolapsed 
tissue. 31,32,36 

Ovariohysterectomy may hasten resolution 
of vaginal prolapse by removing the primary 
endocrine stimulus, the estrogen-secreting 
ovary. Regression of prolapsed vaginal tissue 
is reported to occur by 4 to 8 days36 or within 
21 days33 of OHE. Vaginal prolapse usually 
does not recur after complete OHE. 

Vaginitis 

Vaginitis is inflammation of the vagina. Often
times, vestibulitis also is included under this 
general heading. Incidence in one study over 
a 5-year period was 0.7 per cent (n = 10,000).43 

Juvenile and adult-onset forms are described. 

juvenile Vaginitis 

Juvenile, or puppy, vaginitis is defined as vagi
nitis in bitches less than 1 year of age, and 
comprises 40 per cent (n == 15)44 to 52 per cent 
(n = 71)43 of cases of vaginitis reported. It may 
be seen in females as young as 8 weeks of age. 44 

Juvenile vaginitis may be an incidental finding 
during physical examination at time of vacci
nation or may be a complaint in puppies with 
vulvar discharge. Vulvar discharge is almost 
always present, and ranges in volume and 
character from scant and mucoid to copious 
and mucopurulent. Presence of vaginal irrita
tion is variable. Affected bitches usually are 
not systemically ill.43.45 Cytology of the vaginal 
discharge usually consists of polymorphonu
clear leukocytes, with or without bacteria .. 43 

Significant bacterial growth was not recovered 
from any of 15 vaginal culture specimens col
lected from dogs with juvenile vaginitis.43 For 
this reason, treatment with antibiotics, either 
topically or systemically, may not effect a 
cure.45 Antibiotic treatment is warranted if the 
vaginal discharge is cytologically purulent or 
the bitch is showing signs of discomfort, such 
as excessive licking of the vulva. Antibiotic 
choice should be based on culture and sensitiv
ity testing of a sample retrieved from the cra
nial vagina, and should be continued for 4 
weeks. 

Conservative treatment is indicated for 
bitches with juvenile vaginitis that is not caus
ing the bitch discomfort. In a review of 37 dogs 
with juvenile vaginitis, 84 per cent of the cases 
resolved with or without treatrnent.43 Allowing 
bitches with juvenile vaginitis to go through 
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an estrous cycle may hasten resolution. The 
rationale for waiting to perform OHE until 
after at least one estrus is based on observation 
of some bitches in which vaginitis resolved at 
the first heat, and on knowledge that estrogen 
secretion in proestrus thickens the vaginal epi
thelium. Of seven bitches with juvenile vagini
tis allowed to go through estrus, three im
proved after the first cycle and one after a 
second cycle. The three remaining dogs 
showed no overt change after heat but all signs 
resolved by 3 years of age.43 It is unknown 
what effect increasing age and maturation of 
the immune system have on resolution of juve
nile vaginitis. The authors disagree on whether 
spaying bitches with juvenile vaginitis will 
cause chronic vaginitis to persist to adulthood, 
and on whether allowing bitches that have ju
venile vaginitis to cycle will prevent persis
tence of vaginitis in adulthood. 

Adult-Onset Vaginitis 

Vaginitis in adult dogs may be primary or sec
ondary. Primary vaginitis may be caused by 
infection with Brucella canis or canine herpesvi
rus. Secondary vaginitis may occur subsequent 
to vaginal atrophy following OHE, to urine 
or mucus pooling with a congenital vaginal 
anomaly, to therapy with drugs such as mibol
erone, to the presence of a vaginal neoplasm 
or foreign body, or secondary to urinary tract 
disease or systemic disease, such as diabetes 
mellitus.14-16·20•28·38A3·44A6 The most common fac
tors underlying vaginitis in adult dogs are es
trogen deprivation following OHE and con
genital vaginal abnormalities. Urinary tract 
disease and vaginal neoplasia may be mis
taken for vaginitis because of the presence of 
persistent urine dripping or vulvar discharge 
(Table 12-1). 

In reviews of dogs with congenital vaginal 
abnormalities, 7 per cent (n = 15) ,14 11 per cent 
(n = 18),16 and 46 per cent (n = 13)15 presented 
with the complaint of chronic vaginitis. Con
versely, in reviews of dogs presenting with 
vaginitis, 20 per cent {n = 15)44 and 35 per cent 
(n = 34)43 had a congenital anomaly of the 
reproductive tract. Reported congenital abnor
malities included vaginal septa, strictures and 
hermaphroditism. 43·44 

Urinary tract disease was reported as an un
derlying or concurrent disorder in 26 per cent43 

to 60 per cent44 of bitches with vaginitis. Disor
ders of the urinary tract in bitches with vagini
tis include urinary tract infection and urinary 
incontinence. 43.44 

Adult-onset vaginitis occurs, by definition, 
in bitches greater than 1 year of age. Reported 
age at diagnosis varies from 1 to 16 years.43 

Adult-onset vaginitis is equally common in in
tact and spayed bitches.44 It is termed chronic 
if it has been present for greater than 1 month. 

Vulvar discharge is the most common pres
enting complaint in dogs with adult-onset vag
initis.43 It varies in character from mucoid to 
purulent, and occasionally is blood tinged.43·44 

Adult dogs with vaginitis also may present 
with pollakiuria, pain when urinating, and 
vulvar licking.43 Other clinical signs that have 
been reported were dependent on the inciting 
cause of the vaginitis and included polyuria/ 
polydipsia, urinary incontinence, pruritus, 
and infertility, none of which are signs of vagi
nitis but instead reflect concurrent diseaseY 

On physical examination, vulvar discharge 
usually is present, either dripping from the 
vulva or caught in the perivulvar hair. Vulvar 
hyperemia may be present. Vaginoscopic ex
amination often reveals diffuse hyperemia of 
the vestibular and vaginal mucosa and luminal 
exudate. Follicular lesions may be present in 
the vaginal mucosa. Localized erythema at the 
urethral papilla or within the clitoral fossa may 
be seen occasionally.43 Vaginoscopic examina
tion may reveal presence of congenital vaginal 
abnormalities, vaginal neoplasia, or foreign 
body. 

Cytology of vaginal specimens collected 
from mature bitches with vaginitis is more of
ten indicative of septic inflammation than are 
samples from immah1re dogs.43 Vaginal cul
ture rarely yields heavy growth of a single 
organism. Of vaginal culture specimens col
lected from 78 bitches with vaginitis, 74 per 
cent were positive for bacterial growth and 
64 per cent were pure cultures.47 Organisms 
cultured most commonly are E. coli, Streptococ
cus species, and Staphylococcus intermedius, all 
of which are normal vaginal flora in the bitch 
(Table 12-2).47.48 

Complete blood count (CBC) and serum 
chemistry profile usually are normal in bitches 
with vaginitis. No specific changes were noted 
on CBC in 18 of 23 mature bitches with vagini
tis.43 Changes in the CBC, serum chemistry 
profile, or urinalysis may help pinpoint a pri
mary disease process, such as diabetes mellitus 
or urinary tract ·infection. Serology for B. canis 
is strongly recommended for all bitches with 
persistent vulvar ·discharge. 

Vaginitis · must ' be differentiated from dis
ease of · tlie :.uterus· in intact dogs or uterine 
stump in ·spayed female dogs, and from uri-
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nary tract diseases; bitches with any of these 
conditions may present with vulvar discharge 
(Table 12-1). Vaginitis may occur in animals 
infected with B. canis (see Chapter 11) or canine 
herpesvirus. While canine herpesvirus is asso
ciated with significant reproductive tract dis
ease in female dogs~ including infertility, abor
tion, and stillbirths,49 the mucosal form of the 
disease generally is mild and self-limiting.50 

A variable number of papulovesicular lesions 
form on the vaginal and vestibular mucosa 
within days of infection, progress to form 
pock-like finn lesions resembling lymphoid 
follicles, and regress completely within 14 to 
18 days.49·51·52 Female dogs with mucosal her
pesvirus infections rarely show clinical 
signs.49,52 

Biopsy of the vaginal wall is rarely diagnos
tic for cause of vaginitis. The most common 
histopathologic description is chronic ulcera
tive vaginitis, a diagnosis that neither leads to a 
primary disease process nor directs treatment. 
Occasionally, infiltration of the vaginal wall 
with lymphocytes, plasma cells, or eosinophils 
is present.43 Follicular lesions are nonspeCific 
responses to vaginal irritation and usually are 
composed histologically of lymphoid aggre
gates. 

Treatment of adult-onset vaginitis requires 
careful evaluation of the history and physical 
examination findings and any laboratory work 
performed to try to determine if a predisposing 
cause of vaginitis is present. Treatment of the 
underlying problem usually is curative. In one 
study, vaginitis resolved in three dogs with 
congenital vaginal abnormalities after surgical 
repair of the anomalies.43 Reported response to 
systemic glucocorticoid treatment for bitches 
with presumed inflammatory infiltration of 
the vaginal wall has been equivocaJ.43 

Antibiotics should be used if culture of a 
specimen collected from the anterior vagina 
reveals heavy growth of a single organism. 
Systemic therapy is preferable to topical treat
ment. Antibiotic choice should be based on 
culture and sensitivity testing and should be 
continued for 4 weeks. Vaginal douches with 
antibiotics or antiseptic agents are ineffective 
in flushing out significant amounts of vaginal 
discharge, and may be irritating to the vaginal 
mucosa, worsening the vaginitis. 

Treatment with low doses of oral estrogen 
(diethylstilbestrol [DES]; 1 mg daily per os for 
dogs greater than 20 pounds, 0.5 mg daily per 
os for dogs less than 20 pounds for 7 days, 
tapering the dose over 2 weeks and maintain
ing lifelong therapy with the minimal effective 

dose) may be beneficial in spayed bitches with 
vaginitis because DES will increase thickness 
of the vaginal mucosa and promote resistance 
to invasion of the atrophic vaginal epithelium 
by normal vaginal flora . As many as a third 
of dogs presenting with adult-onset vaginitis 
have no identifiable underlying problem. Ad
ministration of glucocorticoids may worsen 
existing urinary tract infection. Response to 
estrus or OHE in dogs with adult-onset vagini
tis of unknown etiology is variableY 

A high percentage of dogs with adult-onset 
vaginitis recover spontaneously. In one retro
spective sh1dy, 8 of 11 dogs (73 per cent) with 
no identifiable primary cause of adult-onset 
vaginitis recovered spontaneously. Treatment, 
or lack thereof, did not affect the outcome.43 

Vestibulitis 

Inflammation of the canine vestibule resulting 
in infiltration with lymphocytes and plasma 
cells has been observed. No infectious agent 
was cultured, and the vagina was unaffected. 
Affected dogs have signs of vestibular /vulvar 
irritation (scooting, excessive licking), abnor
mal odor, or vulvar discharge. Secondary clito
ral hypertrophy may occur. Vestibulitis can be 
diagnosed by vaginoscopy in medium- and 
large-breed dogs. Urine pH should be evalu
ated, because vestibulitis may be a response 
to exposure to excessively alkaline urine. Urine 
pH can be altered by diet or by administration 
of methionine (200 to 1000 mg per os every 8 
hours) . Treatment with glucocorticoids may 
decrease inflammation and prevent self
trauma. 

VaginalNulvar Neoplasia 

Vaginal and vulvar neoplasia are relatively un
common in the dog, with reported incidences 
among all canine tumors of 2.8 per cent (n = 
3073)53 and 3.0 per cent (n = 2361).54 Among 
tumors specific to the canine reproductive 
tract, vaginal tumors account for 41 per cent 
and vulvar tumors 34.2 per cent (n = 117).55 

Benign vaginal/vulvar neoplasia comprises 
70 per cent (n = 20)30 to 72 per cent (n = 99) 
of all vaginal tumors.56 Benign vaginal/vulvar 
neoplasms reported include leiomyoma, fi
bropapilloma (vaginal polyps), fibroma, fibro
leiomyoma, lipoma, nerve sheath tumor, fi
brous histiocytoma, benign melanoma, 
myxoma, and myxofibroma.I ,30,5o,s3,56-62 The 
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most common vaginal/vulvar neoplasm is the 
benign leiomyoma; reported incidences 
among all vaginal and vulvar tumors are 29 
per cent (n = 99),56 30 per cent (n = 20),30 and 
78 per cent (n = 85).53 

Incidence of malignant vaginal/vulvar 
tumors is 27 per cent (n = 99)56 to 30 per cent 
(n = 20) of all vaginal tumors.30 Malignant va
ginal/vulvar neoplasms that have been re
ported include transmissible venereal tumor 
(TVT), leiomyosarcoma, squamous cell carci
noma, hemangiosarcoma, adenocarcinoma, 
fibrosarcoma, mastocytoma, epidermoid carci
noma, anaplastic spindle cell carcinoma, 
lymphosarcoma, metastatic osteosarcoma, 
metastatic mammary adenocarcinoma, and lo
cally invasive transitional cell carci
noma.30·53·56.57·61-69 TVT is the most commonly 
reported malignant vaginal/vulvar neoplasm, 
with reported incidences among_ vaginal/vul
var tumors of 10 per cent (n = 99)56 and 11 per 
cent (n = 85),53 although incidence varies with 
climate and with incidence of free-roaming 
populations of dogs. 

Pathogenesis of vaginal/vulvar neoplasia 
other than TVT is unknown. Neoplastic trans
formation of vaginal and vulvar smooth mus
cle cells or surrounding tissues may be depen
dent on presence of ovarian hormones. In 
reviews of dogs with vaginal/vulvar neopla
sia, 65 per cent,30 91 per cent, 56 and 98 per cent62 

of affected females were intact at the time of 
diagnosis. In one review of 40 dogs with vagi
nal neoplasia, 13 had been treated previously 
with estrogen for pregnancy termination or 
with progestogens for either estrus suppres
sion or false pregnancy.62 

Mean age at diagnosis of vaginal/ vulvar tu
mors other than TVT is 10.8 to 11.2 years, with 
a range of 2 to 18 years.31·53·56·62 Although no 
breed predisposition has been identified, box
ers were over-represented in one study53 and 
spaniels in another.62 A greater tendency for 
benign vaginal/vulvar neoplasia in small
breed dogs and for malignant vaginal/vulvar 
neoplasia in large-breed dogs was reported in 
one retrospective study.30 

The clinical signs most commonly associated 
with vaginal/vulvar neoplasia are presence of 
a mass causing perineal swelling or visi
bly protruding through the vulvar lips (Fig. 
12-8)30·56·60·64 and vulvar discharge, which may 
be mucoid, mucopurulent, or sanguine
ous.1·56,s8·62·68 Other clinical signs reported in
clude dysuria, vulvar licking, anorexia and 
weight loss, polyuria and polydipsia, and fecal 
tenesmus.30·56.59·60·62·65·70 Signs may be associated 

Figure 12-8. Vaginal hemangiosarcoma in on aged Doberman 
p inscher bitch . 

with concurrent disease; concurrent diseases 
reported in female dogs with vaginal/vulvar 
neoplasia include cystic endometrial hyperpla
sia-pyometra, mammary neoplasia, cystitis, 
ovarian cystic disease, adrenal tumors, and 
granulosa cell tumors.59·62 

Diagnosis is by physical examination fol
lowed by incisional or excisional biopsy. Vagi
noscopy or rectal palpation may facilitate lo
calization of masses within the vaginal vault. 
The primary differential diagnosis is vaginal 
prolapse, which usually can be differentiated 
by signalment of the bitch, site of origin of the 
mass, and changes of the mass with the estrous 
cycle (Table 12-3). Fine-needle aspiration or 
imprint of the excoriated tumor mass often is 
not a good indicator of histologic type for the 
benign leiomyoma, which does not exfoliate 
readily.1 Fine-needle aspiration is, however, 
recommended with all vaginal masses because 
many vaginal tumors (TVT, hemangiosar
coma, metastatic tumors) can be diagnosed 
with this technique; a negative tap does not 
rule out neoplasia. No correlation has been 
demonstrated between site of origin of the va
ginal/vulvar mass and histologic type.56 

Definitive diagnosis requires histopathologic 
examination of excised tissue. 

Surgical removal is the treatment of choice 
for vaginal neoplasia in the bitch. Episiotomy 
may be required for complete visualization of 
the tumor mass.56·62 Some masses may be inop
erable; in a review of 40 dogs with vaginal 
neoplasia, 6 (15 per cent) had tumors consid
ered inoperable because of excessive size or 
number or inaccessible position of tumor 
masses.62 Dogs with vulvar involvement may 
require vulvectomy or vulvovaginectomy 
with perineal urethrostomy.56·61 Complete sur
gical removal of masses yielded mean survival 
times of 18 months for dogs with benign vagi-
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nal/vulvar masses and 11.6 months for dogs 
with malignant vaginal/vulvar neoplasms in 
one study.56 Concurrent OHE may be benefi
cial; in a review of 74 dogs treated surgically 
for either benign or malignant vaginal/vulvar 
neoplasia, none of those undergoing OHE at 
the time of tumor removal had recurrence of 
vaginal/vtilvar neoplasia.56 

There is one report of combined COz laser 
ablation and chemotherapy with doxorubicin 
HCl (30 mg/m2 two times, 4 weeks apart) to 
treat vaginal fibrosarcoma in a 10-year-old 
miniature poodle. The dog remained disease 
free for 20 months after therapy.66 

Transmissible Venereal Tumor 

Transmissible venereal hlmor (TVT) is also 
called venereal granuloma, transmissible sar
coma, Sticker's sarcoma, and transmissible ve
nereal sarcoma.71·72 It has worldwide distribu
tion and is most common in tropical and 
subtropical urban areas containing large popu
lations of free-roaming dogs.73

•
74 

TVT arises from an allogeneic cellular trans
plant, not neoplastically transformed canine 
cells.73 Cells of TVT contain 59 ::±:: 5 chromo
somes, and surface antigen characteristics of 
TVT cells suggest that all TVTs arose from a 
single, original canine hnnor.74 

Transmission occurs via transplantation of 
neoplastic cells onto vaginal mucosa during 
coitus, and onto nasal and oral mucosa by lick
ing of affected genitalia of self or other dogs. 72

•
73 

Transmission to perianal skin and rectal mu
cosa, and to excoriated skin at other sites, also 
has been reported.75 Expression of the tumor 
is controlled by the immune system, with more 
rapid growth and metastasis occurring in pedi
atric or immtmosuppressed animals.72 Icosahe
dral electron-dense particles have been identi
fied by electron microscopy in degenerating 
and necrotic TVT cells; significance is un
known.76 

Local invasion of TVT may occur in as many 
as 40 per cent of cases.73 Metastasis is reported 
to occur in less than 5 per cent?? and 0 to 17 
per cenf4 of cases. Metastasis of TVT to the 
skin, regional lymph nodes, tonsils, eyes, 
brain, pituitary, nose, tongue, lips, and tho
racic and abdominal viscera has been re
ported.73 

Mean age at diagnosis is lower for TVT than 
for other neoplasms because it is spread by 
coitus from an outside source. It usually occurs 
in young, sexually mature animals/4 with re
ported mean age at diagnosis of 4.1 to 4.9 years 

and range of 1.5 to 11 years.56·78 Female dogs 
are more susceptible to TVT than male dogs.77 

No breed predisposition has been described. 
All of the affected dogs in one study (n = 10) 
were of large-breeds.56 

Clinical signs of TVT in the bitch are pres
ence of perineal swelling or one or more obvi
ous tumor masses on the vaginal, vestibular, 
or vulvar mucosa and serosanguineous vulvar 
discharge:56·57·74·78 The occasional presence of 
TVT on nasal or oral mucosa, or presence of 
metastasis, causes signs referable to those sites. 
The tumors appear as single or multiple firm, 
small, grey to red nodules early in the course of 
disease, progressing to widely pedunculated, 
cauliflower-like or multilobular hemorrhagic 
or ulcerated masses that may exceed 10 em 
in diameter.56·72 Signs associated with nasal or 
ocular TVT include sneezing, epistaxis, epiph
ora, and lymph node enlargement.74 Polycy
themia has been observed in some animals 
with a large h1mor burden, because TVT may 
secrete erythropoietin.72 

Diagnosis is by visual inspection and cyto
logic examination of exfoliated neoplastic cells. 
TVT is an easily exfoliated round cell tumor; 
a diagnostic sample of neoplastic cells can be 
collected by imprint or fine-needle aspiration.74 

TVT cells are round with a large nucleus:cyto
plasmic ratio, prominent chromatin clumping, 
and large nucleoli. Mitotic figures are com
monly seen. 

Effective treatment methods described for 
canine TVT include surgical excision, cryosur
gery, radiation therapy, immunotherapy, and 
chemotherapy. Spontaneous remission has 
been demonstrated after experimental infec
tion, but has not been reported in natural infec
tions.73 

Surgical excision is most successful in ani
mals with few, small, circumscribed, accessible 
lesions with no local invasion or metastases. 
Although successful treatment with surgery 
alone has been reported, 56 local recurrence rate 
has been reported to be as high as 44 per cent-74 

Of 35 female dogs with TVT, 17 per cent of 
those with genital TVT and 58 per cent of those 
with extragenital TVT had local recurrence.79 

There is one report of successful treatment of 
TVT with cryosurgery.74 · 

Radiation therapy, with exposure of the neo
plastic tissue to 1000 rads at each treatment, 
induced remission after one to three treat
ments in most of the cases reported.72 Immuno
therapeutic agents reported include treahnent 
with bacillus Calmette-Guerin, autogenous 
formalized vaccines, extracts of irradiated tu-
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mars, and serum from patients with TVT in 
remission.73 Results of immunotherapy are 
variable, and recurrence is common.74 

Effective chemotherapeutic regimens re
ported for TVT include vincristine alone and 
vincristine in combination with cyclophospha
mide and methotrexate. Vincristine, at a dose 
of 0.025 mg/kg IV weekly, was reported to 
cause visible twnor regression within 2 weeks, 
with complete regression after a mean of 3.3 
(range 2 to 7) treatments in 39 of 41 dogs.80 

Vincristine at a dose of 0.6 mg/m2 caused com
plete remission in 138 of 140 dogs within 2 to 
6 weeks.81 Reported side effects of vincristine 
treatment are vomiting and transient leukope
nia, which occur 7 per cent and 5 per cent of 
the time, respectively.80 Animals over 5 years 
of age were reported to show more gastrointes
tinal side effects in one study.81 

Combination therapy with vincristine 
(0.0125 to 0.025 mg/kg IV weekly), cyclophos
phamide (1 mg/kg once daily per os or 50 
mg/m2 every other day per os), and metho
trexate (0.03 to 0.05 mg/kg IV weekly or 2.5 
mg/m2 every other day per os) was reported 
to cause tumor regression in a mean of 10.2 
days, with a range of 2 to 40 days.78 A mean 
survival time of 524 days, and survivals of 
greater than 1075 days, have been reported.56

•
78 

Side effects reported are transient leukopenia 
and vomiting.78 There is no apparent advan
tage of combination chemotherapy over treat
ment with vincristine alone. 

Because several modes of therapy are effec
tive in treating TVT, selection of therapy 
should be based on the size and location of 
the tumor, and on availability of treatment mo
dalities. In general, surgical excision followed 
by chemotherapy is recommended. 
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• C h a p t e r 13 

• Disorders of the Mammary Glands of the Bitch 

• 

• 
False Pregnancy/Galactorrhea 

False pregnancy is also known as pseudopreg
nancy or pseudocyesis. A related term is galact
orrhea, defined as §pontaneous development 
of the mammary gland with secretion ranging 
from clear liquid to true milk.1 Galactorrhea is 
the more accurate term, because physical signs 
of the condition commonly referred to as false 
pregnancy are more indicative of false whelp
ing than false pregnancy. However, because 
false pregnancy is the term most commonly 
used, it will be used throughout this chapter. 

False pregnancy in the bitch is used to de
scribe a syndrome of clinical signs that include 
mammary development and galactorrhea, nes
ting behavior, and mothering behavior, to in
clude protection of puppies, kittens, toys, or 
other inanimate objects.2

•
3 Abdominal disten

tion and slight uterine enlargement also are 
reported.3 False pregnancy occurs in response 
to decline in systemic progesterone stimula
tion; this may occur 2 to 3 months after estrus 
(at the end of normal diestrus), 3 to 4 days 
following a diestrual ovariohysterectomy 
(OHE), or 3 to 4 days following discontinua
tion of exogenous progestin administration. 

False pregnancy is a normal phenomenon 
in the intact bitch. In one study, 64.3 per cent 
of intact bitches were reported to exhibit false 
pregnancy signs regularly, and 7.1 per cent 
were reported to exhibit signs of false preg
nancy intermittently.4 Eighty-seven per cent of 
intact dogs are reported to exhibit signs of false 
pregnancy two or more times in their lives 
while intact.5 These numbers should be inter
preted with caution, however, because many 
bitches exhibit mild lactation and galactorrhea 
with no other noticeable signs. 

False pregnancy most commonly occurs at 
the end of diestrus, after serum progesterone 

~I 

concentrations abruptly decline. Because nor
mal, intact bitches undergo a 2-month luteal 
phase of diestrus, regardless of breeding and 
pregnancy status, the canine mammary gland 
undergoes glandular development (under the 
influence of progesterone) after every heat cy
cle. Serum progesterone concentrations rise 
until 13 to 16 days after the onset of cytologic 
diestrus, and then decline over the latter por
tion of diestrus, falling within the last 7 days 
of diestrus6- 8 (Fig. 13-1). There is no significant 
difference in this pattern in serum progester
one concentration during diestrus between 
pregnant and nonpregnant dogs.8- 12 No differ
ences have been reported in serum progester
one concentrations between dogs with covert 
and overt false pregnancy, or between sterile
mated and nonmated bitches.13 The endocrine . 
events that are necessary for normal whelping 
and lactation in pregnant dogs also occur sec
ondary to declining serum progesterone con
centrations in nonpregnant dogs, · that may 
then develop false pregnancy signs. 

Decline in serum progesterone concentra
tion in late diestrus is accompanied by increase 
in serum estrogen and plasma prolactin con- · 
centrations.1·2•

14 Plasma prolactin concentra
tions are elevated in all intact bitches in late 
diestrus, with elevations of two (nonpregnant) 
to five (pregnant) times early diestrus concen
trations.14 Mammary gland development is 
stimulated by the prolonged exposure to se
rum progesterone, and production of milk is 
stimulated by the presence of plasma prolac
tin. Signs of false pregnancy may occur from 
3 to 14 weeks after estrus, with 57.1 per cent of 
dogs exhibiting overt false pregnancy within 3 
to 8 weeks postestrus.4 

Other conditions causing an abrupt decrease 
in serum progesterone concentrations-for ex-
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ample, withdrawal of exogenous progestins or 
OHE of a diestrual bitch-may precipitate 
false pregnancy signs. Lactation occurring 
after OHE of a diestrual bitch is a normal con
sequence of removal of ovaries containing 
functional corpora lutea, and should not be 
considered a negative postoperative complica
tion or indication of improper surgical tech
nique. 

False pregnancy does not predispose the 
bitch to disease of the reproductive tract. No 
excessive or prolonged luteal function was ob
served in a study of 12 bitches with false preg
nancy.15 There is no reported correlation with 
false pregnancy and historical estrus irregular
ity.16 In a study correlating history of false 
pregnancy with pyometra, it was reported that 
fewer dogs with pyometra had a history of 
false pregnancy (56.6 per cent) than did repro
ductively normal age-matched controls (77.4 
per cent)Y Galactorrhea was reported in four 
bitches with clinical hypothyroidism, possibly 
resulting from increased release of thyrotro
pin-releasing hormone, which may stimulate 
release of prolactin;18·19 However, normal false 
pregnancy was not ruled out definitively in 
these bitches. Galactorrhea resolved with ap
propriate supplementation with L-thyroxine, 
but the resolution of signs was not proven to 
be caused by treatment. 

The unique prolonged diestrus of nonpreg
nant dogs and subsequent predisposition to 
galactorrhea has been described as an atavism, 
or vestigial pack behavior.3 Female dogs 
housed together tend to cycle together ("dor-

mitory effect") and therefore reach the end of 
diestrus and either whelp or exhibit galactorr
hea at about the same time. Because members 
of a pack of wild canids usually are related, 
and because only the dominant animals are 
likely to successfully breed, it is genetically 
advantageous for subordinate females in the 
pack to contribute to raising of the dominant 
bitch's pups. 

The age at onset of false pregnancy varies; 
17.9 per cent of bitches exhibited false preg
nancy signs after their first estrus, while 7 per 
cent of bitches did not exhibit false pregnancy 
signs until more than 4 years of age.4 Bitches 
may not exhibit overt false pregnancy after 
every estrous cycle.4.s 

Diagnosis is by physical examination and by 
exclusion of pregnancy. A lateral abdominal 
radiograph taken more than 54 days after 
breeding or abdominal ultrasonography per
formed more than 24 to 28 days after breeding 
definitively differentiates true from false preg
nancy. Although the mammary secretion of 
false pregnancy does vary from that in a nor
mal lactation, wide variation in protein content 
of mammary secretions from dogs with overt 
false pregnancy precludes accurate assessment 
of abnormal versus normal lactation by analy
sis of a single mammary fluid sample.20 Other 
causes of mammary development are uncom
mon. Galactorrhea caused by hyperprolactin
emia from a functional hypophyseal h1mor has 
not been reported in the dog. 

Treatment usually is unnecessary in dogs 
with mild clinical signs of false pregnancy.1 
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Spontaneous remission occurs as barorecep
tors in the engorged mammary glands signal 
a neuroendocrine reflex causing decreased 
prolactin se~r~tion .and subsequent decreased 
lactation. Chmcal signs of false pregnancy are 
variable in duration, and may be present for 
up to 6 weeks. Mild caloric and fluid restriction 
may hasten remission. Dogs treated with anti
prolactin therapies described below may show 
a faster regression of clinical signs than do 
untreated bitches.21 In bitches with discomfort 
secondary to mammary gland enlargeme1nt, al
ternating cold and warm compresses on the 
engorged mammae or wrapping the abdomen 
with Ace bandages may give relief. The owner 
must be cautioned not to "milk-out" the mam
mary glands, because that will only stimu
late lactogenesis. 

Bitches with false pregnancy that exhibit ex
treme behavioral changes may benefit from 
mild tranquilization. Short-term (4-day) oral 
therapy with diazepam, a benzodiazepine 
tranquilizer, has been described. 22 The use of 
phenothiazine tranquilizers (e.g., aceproma
zine) or butyrophenones (e.g., haloperidol) is 
not recommended, because both of these 
classes of drugs act as antagonists of dopa
mine, a prolactin inhibitor, thus resulting in 
increased prolactin release.19 

Megestrol acetate (Ovaban; Schering Corpo
ration, Kenilworth, NJ) a progestin, is the only 
drug currently approved for treatment of overt 
false pregnancy in female dogs in the United 
States. Administration of this synthetic proges
tin after the normal decline of endogenous pro
gesterone late in diestrus reverses the sequence 
of endocrine events that precipitated the onset 
of false pregnancy. Megestrol acetate is admin
istered at 2.5 mg/kg/ day orally for 8 days.1 

Dogs may show side effects of increased appe
tite and changes in temperament while receiv
ing the drug,1 and, unfortunately, often relapse 
after cessation of therapy when serum proges
terone concentrations again decline. Proges
tins should not be given to bitches with diabe
tes mellitus or mammary neoplasia, or to 
pregnant dogs,1 in which exogenous progestin 
administration is reported to cause masculini
zation of female fetuses. Prolonged or repeated 
use of megestrol acetate may promote devel
opment of cystic endometrial hyperplasia, pre
disposing the bitch to pyometra.1 Other pro-

. gestins described in the literature for treatment 
of false pregnancy include medroxyprogester
one acetate, hydroxyprogesterone acetate, and 
proligestone.1·23 All are associated with side ef-

fects as described for megestrol acetate and 
are not recommended for routine clinical use.1 

Administration of androgens may decrease 
clinical signs of false pregnancy in bitches. Tes
tosterone, most commonly administered as 
testosterone proprionate, has variable effi
cacy.1 The weaker androgen mibolerone 
(Cheque; Pharmacia & Upjohn, Peapack, NJ) 
is more commonly used.24·25 Doses of 0.6 to 
37 ,ug/kg/ day orally for 2 to 10 days have 
been described.1·24·25 The optimal dose, defined 
as that dose at which the majority of bitches 
with false pregnancy showed a significant de
crease in physical and behavioral clinical signs 
and did not require retreatment, is reportep 
as 16 ,ug/kg/day orally for 5 days.24·25 Side 
effects noted at the dose of 37 ,ug/kg/ day 
included clitoral hypertrophy, vaginal dis
charge, mounting behavior, musky body 
odor, and epiphora.1 Mibolerone should not 
be given to pregnant bitches, because it may 
induce birth defects in puppies exposed in 
utero.1 Mibolerone is not approved for treat
ment of false pregnancy in dogs in the 
United States. 

Use of antiprolactin drugs has been de
scribed as effective in treatment of false preg
nancy in the bitch. Prolactin secretion is stimu
lated by serotonin and inhibited by dopamine. 
Therefore, either serotonin antagonists (e.g., 
cabergoline4

•
26·27 or metergoline2·21 ) or dopa

mine agonists (e.g., bromocriptine5·21) cause a 
decrease in hypophyseal prolactin release and 
decreased lactogenesis. 

Cabergoline, at doses of 1.5 to 5 ,ug/kg/ day 
orally for 2 to 8 days, has been reported to 
cause a clinical response in 3 to 4 days, with 
clinical signs substantially reduced or absent 
within 7 days of treatment.4·26·27 At a dose of 
5 ,ug/kg/ day orally for 5 to 7 days, 80 per 
cent of dogs were reported to show clinical 
improvement within 7 days, and an overall 
success rate of 95 per cent was reported.26·27 No 
attempt was made to differentiate response to 
treatment from spontaneous resolution. Side 
effects include apathy (25.0 per cent), emesis 
(3.0 to 10.7 per cent), inappetance (5.0 per cent), 
and ataxia (3.6 per cent).4•

26·27 Approximately 3 
per cent of animals are reported to require 
retreatment because of relapse after 5 to 8 days 
of therapy.4 Cabergoline is not available in the 
United States at this time. Met.ergoline has 
been only briefly described; no specific dose 
was reported.2 Side effects include whimper
ing, aggression, emesis, and extreme rest
lessness. 2·21 
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Bromocriptine, at a dose of 30 p,g/kg/ day 
orally for 16 days, was reported to cause de
creased lactation in 89 per cent and decreased 
behavioral signs in 90 per cent of dogs treated 
for false pregnancy.5 Emesis was reported to 
occur in 20 to 30 per cent of treated bitches.5·21 

Emesis may be controlled with concurrent 
treatment with metoclopramide at a dose of 
0.5 mg/kg.5 Metoclopramide has dopamine 
receptor-blocking properties but has not been 
shown to decrease efficacy of bromocriptine 
for treahnent of false pregnancy.5 Treatment 
with lower doses of bromocriptine and con
comitant treatment with mibolerone does not 
enhance resolution of clinical signs or decrease 
side effects.5 Bromocriptine is not approved 
for use in dogs in the United States. 

Estrogens are described as a therapy for false 
pregnancy but have limited clinical use.1 Side 
effects reported include uterine and vaginal 
hypertrophy and bleeding, blood dyscrasias, 
prolonged sexual receptivity, and pyometra.1 

Estrogens are not recommended as a treatment 
for false pregnancy in dogs. 

Mastitis 

Mastitis occurs in the lactating mammary 
gland as a sequel to trauma to the nipple from 
nursing and/ or ascent of bacteria on the skin 
into the milk ducts and gland itself. Mastitis 
in the bitch with false pregnancy is similar to 
that in the lactating bitch following parturition 
(see Chapter 7). 

Mammary Dysplasia/Fibrocystic 
Disease of the Mammary Gland 

Mammary dysplasia and hyperplasia have 
been described as occurring in up to 5 per 
cent of female dogs presenting with mammary 
neoplasia.28-30 One specific mammary dysplas
tic condition is fibrocystic disease of the mam
mary gland, also called blue dome cyst or poly
cystic mastopathy.31 Middle-aged to older 
dogs may present with single nodules or 
multinodular, rubbery masses that are well cir
cumscribed and slow growing. The overlying 
skin is blue tinged. Serous brown fluid can 
be aspirated from the mass. The precancerous 
potential of this and other mammary dyspla
sias is unknown.31 

Mammary Neoplasia 

Mammary neoplasms are the second most 
common tumor type reported in female dogs, 

after skin tumors.31-34 Incidence of mammary 
neoplasia as a presenting complaint at one hos
pital was 3.4 per cent.35 Incidence of mammary 
tumors in surveys of neoplastic disease in fe
male dogs averaged 27.1 per cent, with a range 
of 8.4 to 52.0 per cent.31-34·36-38 

The World Health Organization has classi
fied mammary tumors into six broad classes 
(Table 13-1). Mammary neoplasms of dogs 
may be classified using this scheme, with 
definition of tumors derived from epithelial 
cell types (e.g., adenocarcinomas), connective 
tissue cell types (e.g., sarcomas or lipomas), or 
a mixture of cell types (e.g., mixed mam
mary tumors).28 

Both malignant mammary tumors, defined 
by local infiltration and tendency to metasta
size, and benign mammary tumors occur in 
the dog. Reported percentages of mammary 
tumors defined by histology as malignant vary 
from 39.0 to 91.0, with an average of 55.6; range 
and average percentages for benign mammary 
tumors are 9.0 to 61.0 and 44.0, respec
tively. 31,34,35,39-41 

The three broad categories of malignant 
mammary tumors described in the dog are 
carcinomas, malignant mixed tumors, and sar
comas. Adenocarcinomas are reported to be 
the most common malignant mammary tumor 
type (37 to 85 per cent), and malignant mixed 
mammary tumors the second most common 
(7 per cent).29·31·38·39.42-44 Malignant mmmnary 
carcinomas described include adenocarci
noma, squamous cell carcinoma, basal cell car
cinoma, ductular carcinoma, tubular carci
noma, papillary carcinoma, anaplastic 
carcinoma, and metastatic colonic carci
noma,31·36·39.42.45 Malignant sarcomas described 
include osteosarcoma, fibrosarcoma, masto
sarcoma, hemangiosarcoma, chondrosarcoma, 
liposarcoma, and myxosarcoma.38·39A2A3.46.47 

Metastatic malignant melanoma also has been 
reported in mammary tissue.47 

Mixed mammary tumors are reported to 
occur in 50 to 66 per cent of female dogs 
with mammary neoplasia.38A8 The majority of 
these are benign fibroadenomas, the most com
mon type of benign mammary tumor re
ported.31·38A1.43 Other benign mammary masses 
reported in the bitch include myoepithelioma, 
lipoma, fibroma, ductular papilloma, cystade
noma, mastocytoma, and hemangioma.38·39A3 

Dogs may experience multiple histologically 
different mammary tumors concurrently.31A9·50 

Sixty-three per cent of dogs with mammary 
neoplasia in one study had more than one 
mammary mass at time of initial diagnosis,49·50 

and 37 per cent had both benign and malignant 
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Table 13-1. Histologic Classification and 
• Nomenclature ofT umors and Dysplasias 

of the Mammary Gland 

I. Carcinoma 
A. Adenocarcinoma 

1. Tubular 
(a) Simple type* 
(b) Complex typet 

2. Papillary 
(a) Simple type 
(b) Complex type 

3. Papillary cystic 
(a) Simple type 
(b) Complex type 

B. Solid carcinoma 
1. Simple type 
2. Complex type 

C. Spindle cell carcinoma 
1. Simple type 
2. Complex type 

D. Anaplastic carcinoma 
E. Squamous cell carcinoma 
F. Mucinous carcinoma 

II. Sarcoma 
A. Osteosarcoma 
B. Fibrosarcoma 
C. Osteochondrosarcoma 

(fibrolipoosteochondrosarcoma) [combined 
sarcoma] 

D. Other sarcomas 
III. Carcinosarcoma (malignant mixed tumor) 
IV. Benign or apparently benign tumors 

A. Adenoma 
B. Papilloma 

1. Duct papilloma 
2. Duct papillomatosis 

C. Fibroadenoma 
1. Pericanalicular 
2. Intracanalicular 

(a) Noncellular type 
(b) Cellular type 

3. Benign mixed tumor 
4. Total fibroadenomatous change 

D. Benign soft-tissue tumor 
V. Unclassified tumors 

VI. Benign or apparently benign dysplasiast 
A. Cyst 

1. Nonpapillary 
2. Papillary 

B. Adenosis 
C. Regular typical epithelial proliferation in ducts 

or lobules 
D. Duct ectasia 
E. Fibrosclerosis 
F. Gynecomastia 
G. Other non-neoplastic proliferative lesions 

1. Noninflammatory lobular hyperplasia 
2. Inflammatory lobular hyperplasia 

*The term simple is applied to any type of neoplasm or prolifera
tion composed of cells resembling either secretory epithelial cells 
or myoepithelial cells. 
t The term complex is applied to any type of neoplasm or prolifera
tion composed of cells resembling both secretory epithelial cells 
and myoepithelial cells. 
:j: The term rlysplnsin is used as defined in the World Health Organi
zation classification of human breast tumors and not in the sense 
of certain disorderly proliferations together with a certain degree 
of cytonuclear atypia. 
From Hampe JF, Misdorp W: Tumours and dysplasias of the mam
mary gland. Bull World Health Organ 50:114, 1974, with per
mission. 

masses. 5° Presence of a benign mammary mass 
increased risk of developing subsequent ma
lignant mammary tumors three-fold in one 
study. 51 Mammary tumors also may occur con
currently with other neoplasms in the same 
animal, including vaginal leiomyomas and 
ovarian thecal cell tumors.52

•53 

Intact female dogs have a four times greater 
risk of developing both benign and malignant 
mammary tumors than ovariohysterectom
ized dogs.41

•
49

•
51

•
54

•
55 Dogs ovariohysterectom

ized before their first estrous cycle have 0.5 
per cent the risk, those spayed after one estrous 
cycle 8.0 per cent the risk, and those spayed 
after two cycles 26.0 per cent the risk of devel
oping mammary neoplasia of intact females. 54 

The sparing effect of OHE is lost after females 
have cycled more than twice or are more than 
2.5 to 4 years of age.54

•
55 

Correlation of abnormal reproductive his
tory with incidence of mammary neoplasia is 
unclear. In one survey of 105 cases of mam
mary neoplasia, most of the affected bitches 
were reported to have had few or no pregnan
cies and multiple false pregnancies.39 How
ever, several other studies reported no effect 
of number of previous pregnancies, age at first 
pregnancy, or history of irregular estrous cy
cles on incidence of mammary neoplasia in 
dogs with the above history and in age
matched controls.16

•
33

•
35

•
49 Several studies also 

documented that fewer bitches with mammary 
neoplasia had a history of false pregnancy than 
age-matched controls.33•35 In humans, lactation, 
especially early in life, appears to protect 
women from eventual mammary neoplasia.38•56 

This effect is undocumented in the bitch. Basal 
serum prolactin concentrations do not differ 
between intact dogs with mammary neoplasia 
and age-matched controls.57 

Pathogenesis 

Mammary cells that undergo neoplastic trans
formation must be effected by an "initiator" 
and abnormal growth stimulated by a "pro
moter." Steroid hormones may act as initiators 
or promoters, explaining the increased inci
dence of mammary neoplasia in intact versus 
neutered female dogs. Progestins stimulate lo
cal production of growth hormone, which in
duces formation of insulin-like growth factor 
(IGF) and IGF-binding protein. 58 In this highly 
proliferative environment, risk of malignant 
transformation may be enhanced.58 Estrogen 
may have a similar effect because it is a known 
mitogen for mammary epithelium.30.S9 In a 
sh1dy of 172 dogs administered human contra-
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ceptive steroids containing estrogens and pro
gestins for 5 to 7 years, 66 per cent developed 
multiple mammary nodules, benign mixed 
mammary tumors, and malignant mammary 
tumors; however, no comparison with age
matched intact controls was reported.60 

Receptors for estrogen, progesterone, epi
dermal growth factor, and prolactin have been 
identified in normal mammary tissue of intact 
and spayed dogs, and in mammary masses.61-63 

Malignant tumors have a significantly smaller 
number of receptors for the above hormones, 
with the number of receptors decreasing as 
masses become less well differentiated.61-64 

This may be due to loss of the gene or gene 
function encoding for these receptors in very 
anaplastic mammary tissue61; an adenocarci
noma was demonstrated to contain a translo
cation (t[4;27]) in 25 per cent of metaphases 
examined, suggesting either stimulation of an 
oncogene or loss of growth-regulating genes 
at that site.65 

Environmental estrogens are hypothesized 
to be a factor predisposing women to mam
mary neoplasia. The incidence of human breast 
cancer has increased significantly since 1940. 
Some may be an apparent increase in incidence 
resulting from better detection. Lifestyle fac
tors exposing women to more estrogen in their 
lifetime-for example, earlier menarche and 
fewer childbirths-also play a role, as may 
increased exposure to environmental estro
gens, such as xenoestrogens.56 

Xenoestrogens are foreign substances that 
activate estrogen receptors or alter estrogen 
activity in the body.56 Xenoestrogens are found 
in soy products, cruciferous vegetables (broc
coli and cauliflower), pesticides, drugs, fuels, 
and plastics. 56 The amount and type of xenoes
trogens that may induce neoplastic transfor
mation of mmmnary epithelium by mimicking 
estrogen's ability to stimulate epithelial 
growth, induce release of endogenous estro
gen, or promote vascular growth is unknown. 56 

The impact of xenoestrogens in the dog is un
known. 

Body conformation: and diet may contribute 
to development of mammary neoplasia in the 
bitch. In one study, bitches that were judged 
to have been thin at 9 to 12 months of age 
had a significantly reduced risk of mammary 
neoplasia in later life, wi1en retrospectively 
comparing female dogs with mammary neo
plasia, age-matched female dogs with non
mammary cancer, and age-matched female 
dogs without neoplasia.66 Similarly, bitches 
judged to have been obese at 1 year of age 

had a significantly greater risk of developing 
mammary neoplasia.67 Female dogs fed home
made (noncommercial) diets, especially diets 
high in beef or pork, also had an increased risk 
of developing mammary neoplasia. 67 Women 
who consume diets high in animal fat or alco
hol also may be at increased risk of mam
mary neoplasia.56 

Altered immune function may play a role 
in pathogenesis of mammary neoplasia in the 
dog. No tumor-specific antigen has been iden
tified that causes an effective humoral or cellu
lar immune response, and immune complexes 
identified to date in dogs with mammary tu
mors generally impede rather than enhance 
antih1mor immune response.68 Fibrin has been 
demonstrated in canine mammary tumors.69 In 
humans, fibrin impedes the immune response 
by protecting neoplastic cells from cytotoxic 
cells and decreasing macrophage migration.69 

Mammary tumors in mice may be induced 
by viruses. One canine study identified parti
cles associated with a virus in a line of mam
mary carcinoma cells but did not unequivo
cally demonstrate viral-induced malignant 
transformation of mammary cells.70 

Signalment 

Mammary neoplasia is rare in animals less 
than 5 years of age49; in one retrospective 
study, only 3 per cent of dogs with mammary 
neoplasia were less than 3 years of age.29 Mam
mary dysplasia has been diagnosed in dogs as 
young as 2 to 3 years of age; the potential of 
dysplasia as a preneoplastic change is un
known.71 Mean age at diagnosis of mammary 
neoplasia in female dogs is 10.1 years, with a 
range of 8.8 to 11.2 years.29,32,35.42,72 Reported 
mean age at diagnosis of benign tumors is 
slightly lower, at 10.0 years, than is mean age , 
at diagnosis of malignant tumors, at 11.0 
years. 41 No correlation has been shown be
tween age at diagnosis and specific tumor 
type.43 

Breed predisposition for mammary neopla
sia is not well defined in the litera hue. Studies 
disagree as to whether purebred dogs are more 
likely to develop mammary neoplasia than are 
crossbred dogs.31.41 Similarly, one study reports 
no breed predisposition,39 while others sup
port increased incidence in hunting dogs (Ger
man shorthaired pointers, English and Irish 
setters, English springer and Brittany spaniels, 
and Labrador retrievers)/3 nonsporting breeds 
(great Pyrenees, samoyeds, Airedale terriers, 
miniature and toy poodles, and keeshonds)/ 3 
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and the fox terrier, American cocker spaniel, 
and Boston terrier.31 The boxer breed was 
under-represented in the latter study.31 Genet
ics does play a role in human mammary neo
plasia but accounts for only 5 per cent of 
cases.56 Median inbreeding coefficient does not 
differ between dogs with malignant mammary 
neoplasia ·and normal female dogs.74 

Clinical Findings 

The most common presenting complaint in fe
male dogs with mammary neoplasia is pres
ence of a palpable or visible mass in the mam
mary gland. More than half of affected dogs 
have multiple tumors in the same or different 
glands_31.49

•
50 Tumors must be at least 1 em in 

diameter to be easily palpable, and may be 
difficult to feel in glands altered by pseudo
pregnancy or perineoplastic inflammation.31 

The fourth and fifth glands are most com
monly affected, with 52 to 64 per cent of tumors 
reported to occur there.29

•
35

•
38

•
39.42

•
75 

Palpation alone does not allow differentia
tion of benign from malignant masses. Either 
may be solitary or multiple.35 Although malig
nant hunors generally are larger, great vari
ability in size exists for both types.35 Benign 
tumors generally have a slower rate of growth 
and are freely movable under the skin.47 Malig
nant tumors have a more rapid rate of growth; 
sarcomas can double in volume in 9 days and 
carcinomas in 16 to 28 days?6 Malignant 
masses often are fixed to overlying skin or 
deep tissues, are locally invasive, and may be 
associated with ulceration or hemorrhage.38A7 

Dogs with benign mammary neoplasia often 
are asymptomatic. Clinical signs of mmm1;1ary 
neoplasia may be due to the discomfort caused 
by the growth of the mass, and include exces
sive licking at the mass, hesitance to lie down, 
and resistance to manipulation of the abdomi
nal area. 

Metastasis of malignant mammary tumors 
is common, with a reported incidence of 93 
per cent for all malignant mammary tumor 
typesY Fifty-one per cent of malignant mixed 
mammary tumors, 67 per cent of mammary 
adenocarcinomas, and 100 per cent of mam
mary sarcomas are reported to metastasize.39.46 

. The most common sites of metastasis for all 
malignant mammary tumor types are the 
lungs and regional lymph nodes. 42

A
6
•
73 Other 

reported sites of metastasis include the adrenal 
glands, kidneys, heart, liver, bone, brain, eyes, 
nose, spleen, uterus, and skin.31

A
2.46A

7
•73•

77
•
78 

Clinical signs may be referable to the site 
of metastasis of malignant mammary tumors. 
Pulmonary metastases may not be clinically 
evident; inability to auscultate abnormal lung 
sounds does not rule out pulmonary meta
static disease.47 Seventy per cent or more of 
the lung parenchyma must be replaced or ob
structed before signs are evident.31 Dogs may 
exhibit exercise intolerance, dyspnea, fatigue, 
rales, and cyanosis.31.47 Occasionally signs of 
hypertrophic pulmonary osteoarthropathy, 
such as lameness, swelling and palpable peri
osteal new bone formation of the distal extrem
ities, may be presentY 

Regional lymph node enlargement (axillary 
or inguinal) may be palpable. Lymphedema 
may occur, and is more common in the hind
limbs than the forelimbs.47.78 Metastases to 
other tissues causes signs specific to those sites, 
for example, hyphema and iridocyclitis in the 
eye, lameness or limb swelling with metastasis 
to bone, and ataxia, convulsions, or circling 
with brain metastases.31•

77 

Diagnosis and Staging 

Presumptive diagnosis of mammary neoplasia 
is made on physical examination. All mam
mary glands on both sides should be palpated 
carefully. A complete physical examination, 
with auscultation of the chest and palpation 
of the regional lymph nodes and abdomen, 
should be performed. Complete blood count, 
serum chemistry profile, urinalysis, thoracic 
radiography, and abdominal radiography or. 
ultrasound should be performed?9 Female 
dogs with aggressive malignant mammary tu
mors may have evidence of disseminated in
travascular coagulation, with hemorrhage and 
thrombocytopenia on complete blood count. 
Serum alkaline phosphatase concentrations 
may be elevated in female dogs with either 
benign or malignant mammary neoplasms.80 

Metastases may not be detected readily on 
radiographs or by palpation. Geriatric changes 
in the lungs of aged female dogs may mask 
small pulmonary metastases. Radionuclide 
lymphoscintigraphy was demonstrated to ac
curately identify 100 per cent of lymph nodes 
with metastatic disease and 82 per cent of 
lymph nodes free of metastatic disea~e in dogs 
in one study.81 

Collection of neoplastic cells, usually by 
fine-needle aspiration or excisional biopsy, is 
required for definitive diagnosis of tumor type 
and malignancy. Malignant tumor cells are 
rarely exfoliated into mammary secretions, 
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and most affected bitches not have mammary 
secretions that can be expressed. If mammary 
secretion is present, fluid from affected glands 
containing benign masses varies from normal 
milk because of an · increased number of red 
blood cells and the presence of clusters of foam 
cells and ductal epithelial cells with increased 
nuclear:cytoplasm ratio.82 

Fine-needle aspirate of mammary masses of
ten is nondiagnostic. Evaluation of cells col
lected by fine-needle aspiration or scraping of 
mammary masses yielded a correct diagnosis 
in only 34 of 57 cases (60 per cent) in one 
study.83 Tumor foci often are interspersed with 
normal tissue, so collection of a small number 
of cells may be inadequate for diagnosis of 
the type of mammary neoplasm present.31A7 

Aggressively growing malignant neoplasms 
may induce local inflammation that may make 
accurate evaluation of a cytologic specimen 
difficult. Interpretation of cytologic specim~ens 
is difficult because of the variable morphology 
of neoplastic mammary cells (Fig. 13-2). 
Therefore, fine-needle aspiration samples 
should be considered diagnostic only if defini
tive evidence of malignancy is present. 

Excisional biopsy more readily permits de
finitive diagnosis of tumor type because a 
larger sample is collected. Incisional biopsy is 
not recommended because damage to vessels 
and lymphatics within the mass may promote 
dissemination of malignant cells.47·79 Excisional 

. biopsy is the preferred technique.79 

'" ~ Tumors should be staged according to the 
guidelines of the World Health Organization 
to allow the best possible recommendation for 
treatment and assessment of prognosis. A 
TNM evaluation is performed, assessing char
acteristics of the tumor itself (T), metastasis to 
regional lymph nodes (N), and metastasis to 
distant sites (M) (Tables 13-2 and 13-3). The 
TNM evaluation may be used to guide 
treatment. 

Treatment 

Surgical therapy is always recommended in 
cases of canine mammary neoplasia because it 
permits complete removal of localized tumors 
and debulking of invasive tumors to optimize 
adjunctive therapies (Table 13-4). Basic princi
ples of oncologic surgery include the fol
lowing79: 

1. A void local anesthesia; tissue distortion sec
ondary to anesthetic infusion may make as-

sessment of completeness of tumor re
moval difficult. 

2. Minimize manipulation of the tumor mass; 
exfoliation of malignant cells may lead to 
local recurrence. 

3. Remove a minimum of 1 em of apparently 
normal tissue around the tumor. 

4. Ligate the blood supply to and venous 
drainage from the tumor early; this will de
crease hematogenous spread of tumor 
emboli. 

5. After removal of the tumor, flush the site 
with sterile saline to remove exfoliated cells. 

6. Always submit excised tissues for histopa
thology to allow assessment of tumor type 
and completeness of excision. 

Controversy exists as to what extent of sur
gery provides the best long-term outcome. In 
one study of 97 dogs with mammary neopla
sia, extent of surgery had no effect on cancer
free interval postoperatively.50 Surgical op
tions include lumpectomy (removal of mass), 
simple mastectomy (removal of mass and asso
ciated gland), radical mastectomy (removal of 
mass, associated gland, regional lymph nodes, 
and intervening tissues; Table 13-5), unilateral 
complete mastectomy (removal of one mam
mary chain), and bilateral complete mastec
tomy (removal of both mammary chains). 
With any kind of surgical therapy, tumor re
moval is reportedly complete in only about 50 
per cent of dogs/ 6 and malignant neoplasms 
often recur, with adenocarcinomas recurring 
20 to 44 per cent of the time and malignant 
mixed mammary tumors recurring 19 per cent 
of the time.39·50 

Ovariohysterectomy (OHE) at the time of 
tumor excision may or may not prolong sur
vival time. In one study of 41 dogs with mam
mary neoplasia, 23 of which were treated with 
mastectomy alone and 18 treated with mastec
tomy and OHE, mean survival times after sur
gery were 6.1 months and 18.5 months, respec
tively.84 However, in all other sh1dies, 
concurrent OHE at the time of surgical mass 
removal did not affect survival time or change 
the biologic behavior of the tumor.1M

9
•
50 In a 

sh1dy of 108 dogs with mammary neoplasia, 
tumor growth recurred after surgery in 22 per 
cent of dogs treated with mass removal alone, 
and recurred in 43 per cent of dogs treated 
with mass removal and concurrent OHE.29 If 
the two surgeries are performed at the same 
time, the OHE should be performed first to 
prevent seeding of mammary tumor cells into 
the abdominal cavity. 
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Figure 13-2. Exfoliative cytology in various mammary disorders. Samples were collected by fine-needle aspiration. Note tha t both 
benign and malignant cells may be single or in clusters, and that appearance of single neoplastic cells may not be appreciably 
different from cel ls seen during normal mammary development and lactation. A: Single carcinoma cells in a smear of expressed 
mammary fluid. The subsequent histologic diagnosis was anaplastic ducta l carcinoma. B: Loose cluster of carcinoma cells in a 
scraping from an ulcerated area near the si te of a previously removed mass histologically diagnosed as mammary ductal carc inoma. 
C: Papillary cluster of epithelial cells in a smear of canine mammary fluid. The cytologic diagnosis of a benign tumor was supported 
by the subsequent histologic diagnosis of ductal papi lloma. D: Cluster of foamy cells in mammary flu id collected from the single 
enlarged gland of a bitch during pseudocyesis. Follow ing involution th is g land appeared normal (Sana's tr ichrome, 780 X). 
(F rom Brodey RS, Goldschmidt M H, Roszel JR: Canine mammary gland neoplasms. J Am Anim Hasp Assoc 19:61 - 90, 1983, · 
w ith permission. ) 

Chemotherapy is most often described as 
adjunctive therapy after debulking of a pri
mary tumor. Regimens described include dox
orubicin (30 mg/ m2 intravenously [IV] every 
3 weeks for at least tw_9-- treatments), and a 
combination of cyclophosphamide (1 mg/kg 
orally once daily), vincristine (0.0125 mg/ kg 
IV weekly), and methotrexate (0.3 to 0.5 mg/ 
kg IV weekly).40

·85 Doxorubicin treatment is de
scribed as causing partial remission of pulmo
nary metastatic disease in two female dogs 
with adenocarcinoma for 12 to 18 months 
after therapy.85 

Hormonal agents used to treat mammary 
neoplasia in the female dog include testoster
one and tamoxifen. Testosterone may have 
a palliative effect; in one study, it increased 

survival time in dogs also undergoing mass 
removal and OHE by 10.9 months.84 Tamoxi
fen, an estrogen receptor blocker, has been 
described as a successful treatment for mam
mary neoplasia at doses of 0.5 to 1.0 mg/ kg 
orally once daily.86-

89 Estrogenic side effects, 
including vulvar hypertrophy, vulvar dis
charge, and hair loss, are reported87- 89; in 
one study, 56 per cent of owners withdrew 
treatment because of severity of estrogenic 
side effects.86 Side effects may be minimized 
by using the lower dose or a decreasing dose 
(1 mg/kg orally once daily, then 1 mg/kg 
every other day, then 1 mg/kg twice weekly, 
then 0.5 mg/kg twice weekly, then 0.5 mg/ 
kg weekly).87 Tamoxifen is not approved for 
use in dogs in the United States. 
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•• Table 13-2. Classification of Primary 
Canine Tumor (T) 

Underlying 
Stage Size (em) Skin Tissue 

T1 <5 Not Not involved 
involved 

T2 5-10 Dimpled Not involved 
T3 11-15 Infiltrated or Muscle fixation 

ulcerated 
T4 > 15 Whole gland Chest or 

involved abdominal 
wall 

From Brodey RS, Goldschmidt MH, Roszel JR: Canine mammary 
gland neoplasms. JAm Anim Hosp Assoc 19:72, 1983, with per
nlission. 

Radiation therapy is not well described as 
a treatment for canine mammary neoplasia, 
and is generally considered an adjunctive ther
apy for primary tumors after debulking.47 Ra
diation therapy is unlikely to affect metastatic 
diseaseY There is one report in the literature of 
regression of multiple intraductal carcinomas 
after radiation therapy alone in a bitch.90 

Immunotherapy has been described for 
treatment of canine mammary neoplasia. Stim
ulation of the immune system may be effected 
with levamisole (5 mg/kg three times weekly 
for 3 months, then weekly).40 Tumor regression 
may be promoted with administration of mito
mycin- and neuraminidase-treated autologous 
tumor cells,68 or infusion of plasma incubated 

• • Table 13-3. World Health Organization TNM Evaluation for Staging of Mammary Tumors* 

Circle 
Appropriate 
Category 

RLN Evaluated Method of RLN Evaluation 

NO No RLN involved 
N1 Ipsilateral RLN 

involved 
N2 Bilateral RLN 

involved 
N3 Distant LN 

involved 
NR RLN previously 

removed 

Inguinal 

M (distant metastasis) Categories 
(Circle appropriate category) 

MO No evidence of lung metastasis 
M1 Solitary lung metastasis 
M2 Multiple lung metastasis 
M3 Other nonlung sites of metastasis 

M4 Solitary or multiple lung 
metastasis and other nonlung 
metastatic sites 

Summary Data 

Manunary glands 

TN categories 

M category 
Final Clinical Stage 

T N M Evaluation 

Left chain 
. gland 1 

gland 2 
gland 3 
gland 4 
gland 5 

T 

Radiographic 
Axillary Clinical (lymphangiography) Histologic 

T 

N 

(check appropriate space) 

Method of M Evaluation 

Clinical Radiographic Histologic 

Specify sites------------------

Specify sites-------------------

Categories 

N 

M 

Right chain 
gland 1 

gland 2 
gland 3 
gland 4 
gland 5 

Categories 

T N 

*Characteristics of the tumor (T), metastasis to regional lymph nodes (N), and metastases to distant sites (M) are evaluated. RLN, regional 
lymph node. 
From Brodey RS, Goldschmidt MH, Roszel JR: Canine mammary gland neoplasms. JAm Anim Hosp Assoc 19:73,1983, with permission. 
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• • Table 13-4. Management of Canine Mammary Tumors at the Veterinary 
Cancer Unit of New York 

Extent of Disease 

I. Local disease 
A. Benign tunior 

B. Well-circumscribed malignancy ("carcinoma 
in sjtu") 

C. Invasive carcinoma 

II. Advanced local disease 
A. Malignant tumor remaining after surgery or 

regional lymph node metastasis 

III. Disseminated disease 

Primary 
Therapy 

Surgery* 

Surgery' 

Surgery' 

Surgery' 

Adjuvant Therapy and Follow-up 
Procedure 

(a) Recheck semiannually for local recurrence 
(b) Thoracic radiographs at each recheck 

(a) Recheck every 2 months 
(b) Thoracic radiographs at every other recheck 
(a) Recheck monthly 
(b) Thoracic radiographs every 3 months 

(a) Recheck monthly 
(b) Thoracic radiographs every 2 months 
(c) Repeat excision as needed 
(d) Immunotherapy! 

A. Distant metastasis with or without local 
recurrence Surgery' (a) Recheck monthly 

• Lumpectomy, removal of affected gland, or radical mastectomy. 

(b) Thoracic radiographs every 2 months 
(c) Immunotherapy 
(d) Chemotherapy§ 

t Preferably radical mastectomy (all ipsilateral glands, intervening tissues, and lymphatic drainage). 
:j: For the purpose of reducing tumor volume. Includes resection of local recurrence and distant metastasis when possible. 
§Cyclophosphamide (Cytoxan; Bristol-Myers Squibb, Princeton, NJ), 1 mg/kg body weight per day orally; vincristine (Oncovin; Eli Lilly, 
Indianapolis, IN), 0.0125 mg/kg body weight intravenously weekly; methotrexate (Lederle, Pearle River, NY), 0.3 to 0.5 mg/kg body 
weight intravenously weekly. 
From Harvey HJ, Gilbertson SR: Canine mammary gland tumors. Vet Clin North Am 7:213-219, 1977, with permission. 

with protein A-positive Staphylococcus aureus 
Cowan I strain.91 Neither IV treahnent with 
the bacille Calrnette-Guerin strain of Mycobac
terium bovis nor vaccination with Corynebacte
rium parvum has been shown to be effective in 
treatment of mammary neoplasia in the dog.68 

Prognosis of mammary neoplasia varies 
with hunor type and related criteria. Factors 
associated with a good prognosis, defined as 
survival of at least 2 years after diagnosis, in-

• 
Table 13-S. A Commonly Accepted 
Protocol for Radical Mastectomy 
in the Dog 

Location of 
Mammary Tumor 

Gland 1 

Gland 2 
Gland 3 
Gland 4 
Gland 5 

Glands and Lymph Nodes 
to be Removed 

Glands 1, 2, and axillary lymph 
node (LN) 

Glands 1, 2, 3, and axillary LN 
Glands 1-5 and inguinal LN 
Glands 3, 4, 5, and inguinal LN 
Glands 4, 5, and inguinal LN 

From Harvey HJ: General principles of veterinary oncologic sur
gery. jAm Anim Hasp Assoc 12:339, 1976, with permission. 

elude benign tumor type, slow rate of growth, 
small tumor size ( < 5 ern), and lack of local 
infiltration.92

•
93 Factors not associated with 

prognosis include type of surgical therapy 
used, gland(s) involved, and duration of signs 
before diagnosis. 16

A
9
•
50

•
85

•
92

•
93 Median survival 

time after surgical therapy for dogs with ma
lignant mammary neoplasia is 4 to 8 months, 
with a reported range of 0 to 36 rnonths.35A2 

Fifty-nine per cent of dogs with adenocarci
noma and 39 per cent of dogs with malignant 
mixed mammary tumors died or were euthan
ized within 2 years of surgery in one study.39 
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• C h a p t e r 14 

• Clinical Approach to Infertility in the Bitch 
• 

_.: . 

• 
Normal fertility in the bitch requires ovulation 
of normal ova into a patent, healthy reproduc
tive tract, insemination with normal semen 
near the time of ovulation, and maintenance 
of pregnancy for approximately 2 months.1 In
fertility is a clinical sign or presenting com
plaint that requires confirmation, character
ization, and localization before an etiologic 
diagnosis can be established. Diagnosis is .con
founded by the inaccessibility of much of the 
female canine reproductive tract, the infre
quent cycling of the normal bitch (the average 
interestrous interval is 5 to 8 months), and the 
relatively advanced age of show bitches before 
breeding is attempted.2 Confirmation of the 
complaint of infertility usually must be made 
by interpreting historical events. An effort 
should be made to gather as much of the fol
lowing information as possible. 

1. What is the signalment of the bitch? 
Small-breed dogs may cycle earlier in life 
and more frequently than large- or giant
breed dogs. Average age at onset of puber
tal estrus ranges from 9.6 to 13.9 months, 
and may be as late as 23 months in some 
normal bitches.3 

2. What is the environment in which the bitch is 
housed? 
Bitches housed with other intact females 
may be induced to cycle in synchrony with 
those bitches, the "dormitory effect." If the 
bitch is housed with or exposed to an expe
rien<:ed male dog, that may help the owner 
pinpoint subtle signs of estrus. Vaccination 
and worming protocols and hygiene in the 
kennel should be determined. If the kennel 
is a closed colony, the isolation protocol em
ployed for incoming animals should be re
viewed. 

3. What is the general health of the bitch? 
A complete medical history should be 
taken, to include medications she has re
ceived in the past? Previous endocrine ther
apy and endocrine disease should be noted. 

4. What is the reproductive history of the bitch? 
Nature and timing of the estrous cycle may 
be similar within a family of bitches.3 The 
following should be collected for the bitch 
in question. An abbreviated reproductive 
history should be taken for the bitch's dam 
and female siblings. 
• Dates of onset of proestrual bleeding 
• Dates of onset of first receptivity 
• Day of the estrous cycles on which ovula

tion occurred, if known (see Chapter 4) 
• Breeding dates and whether the bitch was 

bred by natural service and, if so, what 
were the nature and duration of the copu
latory locks (ties). Although the duration · 
of the copulatory lock is not correlated 
with fertility, it does suggest that ejacula
tion occurred.3 If bred by artificial insemi
nation, the type of fresh serrien (fresh, 
chilled, frozen) and route of insemination 
(vaginal, intrauterine) should be noted 
(see Chapter 4). 

• Dates of first refusal of mating 
• Length of interestrous interval 
• Male fertility and whether the males used 

sired litters or have undergone semen 
evaluation within the 6 months prior to 
breeding the bitch. The ages of the males 
used and previous semen culture infor
mation, if any, should be recorded. 

• Brucella canis antibody status of the bitch 
and male(s) used, and dates of blood sam
ple collection 

• Pregnancy diagnosis history, including 
the method used (palpation vs. ultra
sound I radiographs). 
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• Previous whelpings and whether labor 
was normal. Occurance of dystocia, and 
cause(s), if known, should be recorded. 
Litter size, stillbirths, stunted puppies 
and puppies that died within the first sev
eral weeks of life should be noted. 

• False pregnancy-False pregnancy is not 
indicative of nor does it predispose 
bitches to reproductive tract disease. 
Signs of false pregnancy are indicative of 
maintenance of a normal luteal phase with 
subsequent normal decline in serum pro
gesterone concentration (see Chapter 13). 

• Whether prior reproductive tract disease 
been diagnosed, such as ovarian cyst, or 
pyometra . 

• Whether the bitch has been treated with 
hormones for estrus suppression, estrus 
induction, pregnancy termination, false 
pregnancy. 

Information acquired in the history can be 
used to determine whether the cycles were 
normal, whether breeding management was 
appropriate, and to generate a well-defin.ed 
problem. Etiologic diagnoses can be consid
ered based on whether the bitch is cycling, 
whether normal copulation occurred, and 
whether breedings that occurred were per
formed at the optimum time of the bitch's es
trous cycle. 

Routine laboratory assessment of the infer
tile bitch includes Brucella canis serology, ca
nine herpesvirus serology, a complete blood 
count, serum chemistry profile, urinalysis, and 
thyroid hormone profile to include measure
ment of free thyroxine (T4) and canine thyroid
stimulatino- hormone (cTSH). Clinicians 
should dis~uss with th~ owner the possibility 
that successful treatment of infertility and sub
sequent conception may generate offspring 
with similar reproductive abnormalities.2 

Persistent Anestrus 

Primary Anestrus 

Primary anestrus in the bitch is lack of estrous 
cycling by 24 months of age.4 The clinician 
should ascertain whether the bitch is housed 
with cycling bitches, who may be able to in
duce the anestrous bitch to cycle (the dormi
tory effect). The bitch should be on an appro
priate plane of nutrition for her activity level. 
If the bitch is being shown or worked heavily, 
she may be more likely to cycle if retired from 
constant stress and activity. Causes of primary 

anestrus in the bitch include the following dif
ferential diagnoses. 

PREVIOUS OVARIOHYSTERECTOMY 

Because some puppies are now neutered as 
early as 7 weeks of age, an owner may be 
unaware of reproductive status of animals 
purchased. Prior ovariohysterectomy (OHE) 
may be diagnosed by history, palpation or 
visualization of an OHE scar at the ventral 
abdominal midline, or via exploratory lapa
rotomy. Serum concentrations of the gonado
tropins, luteinizing hormone (LH) and follicle
stimulating hormone (FSH), are elevated in 
bitches that have undergone OHE and in 
bitches with ovarian dysgenesis or premah1re 
ovarian failure.5 Lack of negative feedback 
from the nonfunctional or absent ovary to the 
anterior pituitary causes elevation of serum 
LH concentration to greater than 200 ng/ml 
and serum FSH concentration to greater than 
290 ng/ml.6 Serum gonadotropin concentra
tions can be assayed by radioimmunoassay at 
the Rothgerber Endocrinology Laboratory at 
Colorado State University (303-491-5620, Fort 
Collins, CO) or with an in-house enzyme
linked immunosorbent assay (ELISA) test mar
keted for breeding management (Status-LH; 
International Canine Genetics, Synbiotics Cor
poration, San Diego, CA). Challenge testing of 
serum estrogen also has been described. The 
gonadotropin releasing hormone analogue, 
buserelin, is administered intravenously (IV) 
at a dose of 0.02 to 0.03 ,ug/kg, and blood 
drawn 60 to 90 minutes later. Intact bitches, at 
any stage of the reproductive cycle, will show 
an elevation in serum estrogen concentration 
to greater than 15 to 20 pg/mF However, es
trogen is very difficult to measure consistently 
in the bitch due to the low concentrations pres
ent and normal variability between and within 
dogs, and practitioners are advised to contact 
the laboratory used for information regarding 
accuracy of their specific estrogen assay for 
assessment of reproductive status in dogs.8 

SILENT HEAT 

Silent heat is defined as ovarian activity with 
no concomitant vulvar swelling, exudation of 
serosanguineous vulvar discharge, or attract
ion of male dogs.4 In one survey of 108 bitches 
presented for reproductive dysfunction, 18 (17 
per cent) were classified as having had a silent 
heat.9 Silent heat can be diagnosed by monthly 
assay of serum progesterone concentrations, 
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with a value of greater than 2 ng/ml indicating 
presence of functional luteal tissue, or by 
weekly assessment of vaginal cytology, with 
increasing percentages of cornified vaginal ep
ithelial cells indicative of rising serum estrogen 
concentrations.4 There is one report of treat
ment of silent heat by estrus induction with 
FSH; 18 of 18 (100 per cent) bitches diagnosed 
with silent heat were successfully induced to 
cycle norrilally by administration of 25 to 50 IU 
FSH subcutaneously (SC) or intramuscularly 
(IM) for 6 to 8 days.9 

ABNORMALITIES OF 
SEXUAL DIFFERENTIATION 

Dogs that appear female that have abnormal 
chromosome complements may have a 78,XO, 
79,XXX, 79, XXY, or 78,XX/78,XY karyotype.4·37 

Male pseudohermaphrodites, that have male 
gonads and female external genitalia, also may 
present for primary anestrus. A 4-year-old, in
tact female Airedale terrier presenting with 
primary anestrus was diagnosed with ovarian 
dysgenesis secondary to abnormal chromo
some complement; she had a 79,XXX karyo
type, and significantly elevated serum gonado
tropin concentrations (LH, 670 ng/ml [normal 
is < 200 ng/ml], FSH, 11,210 ng/ml [normal 
is < 290 ng/ml]).6 Diagnosis of abnormality 
of sexual differentiation is made by visual in
spection of abnormal external genitalia (Fig. 
14-1), histopathology of excised gonadal tis
sue, measurement of serum gonadotropin con
centrations, and / or assessment of the karyo
type (see Chapter 10). 

DRUG-INDUCED ANESTRUS 

Bitches receiving androgens or progestogens 
usually will not cycle. A thorough inquiry 

Figure 14-1. Enlarged cli toris in o canine true hermaphrodi te. 
!From Fitzgerald AL, Murphy DA: Bilateral ovotestes in on inter· 
sex, mixed breed dog. Lob Anim Sci 40:647- 650, 1990, 
w ith permission. ) 

should be made regarding use of performance
enhancing drugs in show, field trial, working, 
and racing dogs. Similarly, the owner should 
be questioned regarding medications the bitch 
received for health or behavioral problems. 
Dogs receiving exogenous glucocorticoids 
have been shown to have ·decreased serum 
concentrations of LH and, presumably, de
creased fertility. 10 

HYPOTHYROIDISM 

Hypothyroidism is the most common endo
crine disorder of dogs, with reported preva
lence of 0.2 per cent. 11 Prevalence may be in
creased in populations of infertile dogs; in one 
survey of 24 infertile bitches, 9 (37.5 per cent) 
were hypothyroid.12 

Hypothyroidism may be classified as pri
mary, in which the underlying abnormality 
is localized at the thyroid gland; secondary, 
localized at the pituitary; or tertiary, localized 
at the hypothalamus.8 Primary hypothyroid
ism is the most common form in dogs.B Idio
pathic thyroid atrophy, with replacement of 
normal glandular epithelial cells with adipose 
tissue, is the most cmmnon form of the dis
ease.13·14 Immune-mediated thyroiditis, with 
infiltration of the thyroid follicles with lym
phocytes, also is described, and may be a pre
liminary step in progression to thyroid atro
phy.12 Immune complexes may lodge in the 
basement membrane of thyroid follicles, lead
ing to damage by complement or natural killer 
(NK) cells.14 Thyroid neoplasia is uncommon 
in the dog.B 

Hypothyroidism may cause infertility by in
terfering with gamete maturation.15 Thyroid 
hormones support granulosa cell function in 
developing ovarian follicles and are required 
for normal placental trophoblast function once 
conception has occurred.16 However, dogs may 
have reproductive dysfunction and concur
rent, noncausative hypothyroidism.17 Hyper
thyroidism has been shown to cause infertility 
in women; veterinary clients should be ques
tioned as to whether an infertile bitch has been 
supplemented with thyroid hormone, and 
whether serum thyroid hormone concentra
tions have been measured in the supple
mented animal.18 

Although mode of inheritance has not been 
rigorously defined, hypothyroidism is consid
ered a familial disorder.14·19 Breeds predis
posed to hypothyroidism include the golden 
retriever, Doberman pinscher, dachshtmd, 
Shetland sheepdog, Irish setter, Pomeranian, 
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miniature schnauzer, American cocker span
iel, Airedale terrier, bulldog, basenji, Great 
Dane, boxer, beagle, poodle, and borzoi.11 ·13

•
14 

Sexually intact female dogs are reported to be 
at relatively lower risk of developing hypothy
roidism than females that have undergone 
OHE.11 

Clinical reproductive signs have been re
ported in 5 of 53 (9 per cent) hypothyroid 
bitches. These include primary anestrus; pro
longed or irregular interestrous intervals; pro
longed proestrus; decreased intensity or dura
tion of estrous cycles; galactorrhea; and 
increased incidence of spontaneous abortion, 
stillbirths, mummified fetuses, and puppies 
with low birth weight. 13·16·18-21 Extrareproduc
tive signs of hypothyroidism in the dog in
clude lethargy and mental dullness, obesity, 
heat seeking, bilaterally symmetrical truncal 
alopecia, slow regrowth of hair, seborrhea, 
change in character of pelage, hyperpigmenta
tion of skin, bradycardia, weakness, and fa
cial paralysis.11·13 

Tentative diagnosis of hypothyroidism is 
based on history and clinical signs. Changes 
in a complete blood count, serum chemistry 
profile, and electrocardiogram that support a 
diagnosis of hypothyroidism include nome
generative anemia, hypercholesterolemia, hy
pertriglyceridemia, and low-voltage R waves 
with a bradycardic trace on the electrocardio
gram.11·13·19 Diagnosis of canine hypothyroid
ism by measurement of serum triiodothyro
nine (T3) and T4 concentrations is confounded 

because many nonthyroidal factors influence 
serum concentrations of these hormones. Se
rum T3 and T4 concentrations are artifachtally 
increased or decreased by nonthyroidal illness 
such as hyperadrenocorticism, and by therapy 
with glucocorticoids and other drugs.8·13·22 

Other factors that artifactually increase or 
decrease serum T3 and T4 concentrations in
clude age, obesity, and stage of the estrous 
cycle, with serum T3 concentration increased 
during diestrus and serum T4 concentration 
increased during diestrus and pregnancy 
(Table 14-1).23·24 

Circulating T3 and T4 are highly protein 
bound. Only the free form of T4 is physiologi
cally active, suggesting that measurement of 
total hormone concentrations may not be as 
valuable as measurement of free hormone con
centrations. Although one study reported that 
concentrations of free T4, measured by a dial
ysis technique (fT4D), did not differ from con
centrations of total T4,25 measurement of IT4D 
is considered the "gold standard," because it 
measures the fraction of hormone that diffuses 
through the dialysis membrane, mimicking 
movement of hormone through the cell wali.22 

Dialysis techniques for measurement of free 
T4 have been demonstrated to have a sensitiv
ity of 0.98 and a specificity of 0.92, compared 
to a nondialysis technique that had a sensitiv
ity and specificity of 0.9 and 0.83, respec
tively.26 

Canine TSH (cTSH) is elevated in animals 
with hypothyroidism, due to lack of negative 

• • Table 14-1. The Effect of Physiologic Conditions, Nonthyroidal 
Illness, and Drugs on Thyroid Function in Dogs 

n4 fT4D n3 

Condition present 
Neonate i 
Aging l l then i l then i 
Pregnant i 
Fasting Nto l l 
Obesity i i 
Hyperadrenocorticism N or l N or l Nor l 
Diabetes mellitus Nor l i or l 
H ypoadrenocorticism Nor l 
Renal disease l Nor l Nor l 
Hepatic disease Nor l N 

Drug Therapy Used 
Glucocorticoid therapy l l 
Anticonvulsant therapy l N 
Phenylbutazone l 

• Arrows indicate increase or decrease from normal. N indicates that results are generally within 
the normal range. 
TI4, total thyroxine; IT4D, free thyroxine; TI3, total triiodothyronine. 
Adapted from Figures 1, 3, and 4 from Ferguson DC: The effect of non thyroidal fac tors on thyroid 
function tests in dogs. Compend Cantin Educ Pract Yet 10:1365-1377, 1988, with permission. 
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feedback to the pituitary.27 Canine TSH assays 
are commercially available but are neither sen
sitive (0.75) nor specific (0.90) enough to allow 
diagnosis of hypothyroidism based on cTSH 
values alone.26·27 Twelve per cent of euthyroid 
dogs had increased serum cTSH concentra
tions and 38 per cent of hypothyroid dogs had 
normal ser'i.un cTSH concentrations in one 
study.28 .. 

Assay of autoantibodies to T3 (T3AA), T4 
(T4AA), and thyroglobulin (TgAA) may be 
valuable in diagnosis of canine hypothyroid
ism. Presence of autoantibodies may artifactu
ally alter results of radioimmunoassays for T3 
and T4, and may exacerbate disease by binding 
free hormone.29 Although dogs with decreased 
serum concentrations of T3, T4, and cTSH have 
been reported to be more likely to have sig
nificant concentrations of circulating thyroid 
hormone autoantibodies,30 13 per cent of eu
thryoid dogs have been reported to have ele
vated concentrations of TgAA and 40 per cent 
of euthyroid dogs have been reported to have 
elevated concentrations of T3AA.31·32 Elevated 
concentrations of TgAA may or may not be 
indicative of increased T3AA and T4AA con
centrations.22·29 Presence of TgAA does notal
ter measurement of free serum T4 by dialysis.26 

The current recommendation for definitive 
diagnosis of canine hypothyroidism is assess
ment of fT4D and cTSH.33 Concurrent assess
ment increases sensitivity to 0.98, yielding only 
2 per cent false-positive results (i.e., euthryoid 
dogs falsely diagnosed as hypothyroid).26 

Canine hypothyroidism is treated by sup
plementation with 0.01 to 0.02 mg/kg L-thy
roxine twice daily per os.1·13 Absorption, me
tabolism, and excretion of the drug vary 
widely between animals and between prod
ucts; serum concentrations relative to dose ad
ministered were shown to be superior for the 
veterinary product (Soloxine; Daniels Pharma
ceuticals, St. Petersburg, FL) compared to a 
hmnan product (Synthroid; Boots Phannaceu
ticals, Lincolnshire, IL) and a generic prod
uct.34·35 Recheck of serum T4 concentrations 
should be undertaken 4 to 6 weeks after treat
ment is instituted.13 Postpill samples should be 
drawn 4 to 8 hours after the pill is regularly 
administered.13

•
35 Do not recheck by assay of 

cTSH alone, because currently available assays 
are not sensitive enough to allow accurate 
monitoring of function of the pituitary I thy
roid axis.34 Thyroid hormone concentrations 
should be rechecked every 6 months while the 
animal is being treated. Certification of euthy
roidism by the Orthopedic Foundation for An-

imals (OFA) requires yearly measurement of 
fT4D, cTSH, and TgAA until the animal is 5 
years of age.26 

Normal cycling should resume within 4 to 
6 months of adequate replacement therapy, if 
no other reproductive tract dysfunction exists.1 

An infertile, hypothyroid, 5-year-old, intact fe
male boxer whelped a litter of four pups 11 
months after institution of thyroid replace
ment therapy.36 

SYSTEMIC DISEASE 

Bitches with systemic disease, such as renal 
failure or cancer cachexia, may be less likely 
to cycle than normal bitches. A complete blood 
count, serum chemistry profile, and urinalysis 
should be performed on all bitches with pri
mary anestrus. 

Hyperadrenocorticism has been reported to 
cause persistent anestrus with or without clito
ral hypertrophy in greater than 75 per cent 
of affected bitches.8 Elevated serum cortisol 
concentrations cause a decrease in LH synthe
sis or release from the pituitary with subse
quent decrease in fertility .10 Hyperadrenocorti
cism is best diagnosed with challenge testing 
and plasma adrenocorticotropic hormone 
(ACTH) concentrations, since baseline cortisol 
concentrations are affected by stress and medi
cal therapy. Treatment for hyperadrenocorti
cism is dependent on whether the primary de
fect is in the pituitary or adrenal gland. 

PROGESTERONE-SECRETING 
OVARIAN CYST 

Functional ovarian luteal cysts may produce 
serum progesterone concentrations greater 
than 2 ng/mL Negative feedback to the pi
tuitary decreases gonadotropin release and 
inhibits cycling. Diagnosis requires demon
stration of persistently elevated serum proges
terone concentrations (see Chapter 10). 

OVARIAN APLASIA 

Ovarian aplasia is a rare congenital anomaly 
in dogs, in which there is defective prenatal 
germ cell migrationY Serum gonadotropin 
concentrations are elevated in affected dogs.4 

IMMUNE-MEDIATED OOPHORITIS 

Autoimmune destruction of the ovary has 
been described in the dog (see Chapter 10). 
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Secondary Anestrus 

Secondary anestrus, or prolongation of the in
terestrous interval, is failure to cycle by 10 to 
18 months of the previous cycle.1.38 In a survey 
of 108 bitches presenting with reproductive 
dysfunction, 19 (18 per cent) presented with 
secondary anestrus.9 The basenji, dingo, and 
wolf-dog hybrid typically cycle at 1-year inter
vals, so that prolonged interestrous intervals 
in these breeds is longer than those described 
for other dogs.2 

Apparent prolongation of the interestrous 
interval occurs in dogs with silent heat, de
fined as ovarian activity in the absence of overt 
physical and behavioral changes characteristic 
of canine estrus.4 Diagnosis requires monthly 
assay of serum progesterone concentrations, 
with a value of greater than 2 ng/ml indicative 
of functional luteal tissue, or weekly collection 
of vaginal epithelial cells, with increasing cor
nification indicative of elevated serum estro
gen concentrations. A 30-month-old, intact 
female Chesapeake Bay retriever with second
ary anestrus was determined to have had a 
silent heat, as evidenced by signs of false preg
nancy secondary to the normal postdiestrual 
decline in serum progesterone concentra
tions.39 

Prolongation of the interestrous interval 
may be associated with hypothyroidism and 
hyperadrenocorticism in the dog. Similarly, 
animals receiving exogenous glucocorticoids 
may show secondary anestrus.10 Functional lu
teal cysts, that secrete progesterone, also may 
suppress normal cyclicity in bitches. Diagnosis 
requires denionstration of persistently ele
vated serum progesterone concentrations. 
There is one report of a 3.5-year-old, intact 
female collie with secondary anestrus due to 
lateral hermaphroditism, in which one of her 
gonads was a testis and the other an intermit
tently functional ovary.4° Finally, estrus may 
be delayed by 1 to 2 months after pregnancy 
in some bitches; cause of this delay in cycling 
is unknown.2.41 

INDUCTION OF ESTRUS 

Estrus induction may be considered in a bitch 
either as a means of treating primary or sec
ondary anestrus for which no underlying 
cause has been found, or to induce cycling, 
pregnancy, and whelping at a more convenient 
time than that permitted by her natural cycles. 
In normal dogs, the transition from anestrus 
to proestrus occurs in the presence of elevated 

serum FSH concentrations after increased pul
satile secretion of gonadotropin-releasing hor
mone (GnRH) and LH for several days, result
ing in a mean increase in serwn LH 
concentrations.42 Serum concentrations of pro
gesterone and prolactin are low at this timeY 
The three categories of drug protocols de
scribed for estrus induction are those that stim
ulate the ovarian follicle directly-pregnant 
mare serum gonadotropin (PMSG = equine 
chorionic gonadotropin [eCG]), FSH, LH, es
trogen-those that stimulate release of pitu
itary gonadotropins (GnRH and its analogues), 
and those that shorten anestrus by inhibiting 
synthesis or release of prolactin (dopamine ag
onists) (Table 14-2).43 

Availability and potency of hormone prepa
rations for estrus induction in the bitch are, 
however, extremely variable. In addition, fail
ure to achieve pregnancy is common. Side ef
fects reported include thrombocytopenia due 
to hyperestrogenism in 29 per cent of dogs 
treated with PMSG (20 IU /kg SC once daily 
for 10 days),44 and transient vomiting in 16.2 
per cent of dogs treated with a dopamine ago
nist, cabergoline (5 ,ug/kg once daily per os 
[P0]).45 Failure of protocols to induce estrus 
in dogs with normal ovaries is most likely 
caused by inadequate gonadotropin stimula
tion of developing ovarian follicles. Failure to 
achieve or maintain pregnancy is most likely 
caused by an insufficient luteal phase.46 No 
safety studies have been reported that indicate 
whether these hormonal therapies alter future 
reproductive cycles. 

Persistent Estrus 

Persistent estrus is defined as combined proes
trus and estrus of greater than 6 weeks.7 

Bitches with persistent estrus should be evalu
ated for evidence of bone marrow suppression 
secondary to estrogen toxicity, including non
regenerative anemia, leukopenia, and throm
bocytopenia. Treatment of bone marrow sup
pression due to hyperestrogenism requires 
aggressive administration of blood products, 
supportive care, and treatment to remove the 
underlying cause of hyperestrogenism. 

Persistent estrus is suspected in bitches with 
other conditions causing exudation of san
guineous vaginal discharge and attraction of 
male dogs, such as vaginitis.2

•
66 True persistent 

estrus is most commonly caused by presence 
of functional ovarian follicular cysts or func
tional ovarian granulosa cell hunors (see 
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• • 1;1 Table 14-2. Success of Reported Estrus Induction Protocols in the Dog 

Protocol 

Gonadotropins 
PMSG, 150 or 300 IU, 3 times on alternate days 
PMSG, 20 IU /kg sid X 5 days + hCG, 500 IU IM 
PMSG, 20 IU/ kg sid x 10 days + hCG, 500 IU IM 
PMSG, 20 IU /kg sid IM X 5 days + hCG, 5(')0 IU IM 
PMSG, 20-500 IU/kg SC x 10 days + hCG, 500 IU SC 
PMSG, 44 IU/ kg sid IM x 9 days + hCG, 500 IU IM 
PMSG, 44 IU /kg sid IM X 9 days + hCG, 500 IU IM 
PMSG, 44 IU / kg sid SC x 9 days + hCG, 500 IU IM 
PMSG, 44 IU/kg IM X 5-9 days + hCG, 500 IU IM 
PSMG, 250 IU/kg SC X 20 days or until proestrus induced + hCG, 500 IU SC 
PMSG, 500 IU/kg IM X 10 days + hCG, 500 IU IM 
PMSG, 500 IU/kg IM X 10 days + GnRH, 50 J.Lg 
hMG, 75 IU sid IM x 9 days 
LH, 0.1 IU/kg tid X 7 days 
FSH, 25-50 IU SC or IM + estrogen, 0.1-0.5 mg SC or IM 
FSH, 10 mg single injection 
FSH, 1, 2, 4, 8, and 16 mg for 2 days each 
FSH + LH, 1:1, 1:1, 2:1, 4:1, 8:2.5, 16:5 on days 1, 3, 5, 7, 9, and 11 

Estrogen 
DES, 5 mg sid PO X 6-9 days, until proestrus induced 
DES, 5 mg sid PO X 7 days or until proestrus induced + LH, 5 mg IM on 

day 5 of induced proestrus and FSH, 5 mg IM days 9 and 11 of induced 
proestrus 

DES, 5 mg sid PO X 5-14 days or until proestrus induced + hCG, 1000 IU 
IM on day 5 of induced proestrus and FSH, 10 mg IM days 9 and 11 cif 
induced proestrus 

GnRH and GnRH Analogues 
GnRH, 0.04-0.43 J.Lg/kg SC every 90 minutes X 6-12 days 
GnRH, 1.25 J.Lg SC every 90 minutes X 11-13 days 
GnRH, 280-500 ng/kg SC every 90 minutes X 7-9 days 
GnRH, 85-270 ng/ kg SC every 90 minutes X 7-9 days 
GnRH, 15-85 ng/kg SC every 90 minutes X 7-9 days 
Lutrelin, constant SC infusion X 14 days 

Dopamine Agonists 
Bromocriptine, 20 J.Lg/kg bid PO X 21 days 
Bromocriptine, 20 J.Lg / kg bid PO X 21 days + PMSG, 300 IU 3 times on 

alternate days 
Bromocriptine, 100 J.Lg/kg sid or bid PO until proestrus induced 
Bromocriptine, 250 J.Lg/kg bid PO until proestrus induced 
Cabergoline, 5 J.Lg / kg sid PO X 7-10 days 
Cabergoline, 5 J.Lg/kg sid PO until proestrus induced 

Proestrus 

0% 

64% (1! = 11) 
100% (11 = 5) 

60% (11 = 5) 

62.5% (1! = 8) 
100% (1! = 15) 
100% (11 = 5) 

90% (11 = 10) 
100% (71 = 16) 

94% (11 = 67) 
40% (n = "5) 
50% (11 = 4) 

0% (11 = 4) 

100% (11 = 5) 
100% 

100% (11 = 5) 
(40% estrus) 

83% (n = 6) 

100% (11 = 12) 
84% (11 = 12) 
58% (n = 12) 

100% (11 = 6) 
71 % (71 = 7) 

100% 
100% (n = 4) 
100% (n = 28) 

93% (n = 15) 

Ovulation 

56% (II= 25) 

80% (II= 5) 
80% (II= 5) 

40% (n = 5) 

67% (n = 9) 

80% (n = 5) 

80% (1! = 12) 
42% (11 = 12) 
33% (n = 12) 
75 % (11 = 24) 

57% (n = 7) 

Pregnancy 

50% (71 = 6) 
35% (n = 17) 
56% (11 = 9) 

18% (17 = 11) 

9% (n = 11) 

20% (n = 15) 
0% (n = 5) 

44% (ll = 9) 
31% (rz = 16) 

100% (II= 5) 

60% (n = 6) 
86% (n = 7) 
33% (n = 12) 

8% (17 = 12) 
8% (n = 12) 

37.5% (II = 24) 

83% (n = 6) 

93.3% (11 = 28) 
86% (II = 14) 

Reference 

"Van Haften eta!." 
Arnold et a!:'' 
Arnold et al:14 

Levya-Ocariz48 

Thun et al.49 

Nakao et al.46 

Archbald et aJ.5° 
Archbald et aJ.5° 
Tsuda et al. 51 

WrighP2 

Chaffaux et al.53 

ChaffatlX et aJ.53 

Wanke et aJ.54 

Verstegen et aJ.55 

Arbeiter and Dreier9 

Shille et al.56 

Shille et al.56 

Shille et a!. 56 

Bouchard et aJ.57 

Moses et al.58 

Shille et al.59 

Vanderlip et al.60 

Cain et al.61 

Concannon et al.'2 

Concannon et a!.'' 
Concannon et al.'2 

Concannon63 

Van Haaften et a!." 
Van Haaften et a! ." 

Concannon and Verstege1r12 

Okkens et al. 64 

Jochle et al.45 

Verstegen et al.65 

(.;.) PMSG, pregnant mare serum gonadotropin; sid, once daily; hCG, human chorionic gonadotropin; SC, subcutaneously; lM, intramuscularly; GnRH, gonadotropin-releasing hormone; hMG, human menopausal 
gonadotropin; Ll-1, luteinizing hormone; tid, three times a day; FSH, follicle-stimulating hormone; DES, diethylstilbestrol; PO, per os (orally); bid, twice daily. 
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Chapter 10). Bitches with hepatic portosys
temic shunts may show persistent estrus due 
to delayed metabolism of circulating hor
mones.2 A 3.5-year-old Rhodesian Ridgeback 
bitch with persistent estrus was reported to 
have idiopathic lymphocytic oophoritis.67 

Irregular Estrus 

The normal canine uterus requires 130 to 150 
days after an estrous cycle for endometrial in
volution and repair.2 Interestrous intervals of 
less than 4 months usually are infertile, possi
bly due to incomplete endometrial repair after 
the previous cycle.2

•
38 

Length of the interestrous interval is influ
enced by breed, with a heritability of 35 per 
cent.68 Breeds with significantly shorter inter
estrous intervals than the average of 5 to 8 
months include German shepherds, rcittwei
lers, basset hounds, cocker spaniels, and Lab
rador retrievers.2

•
69

•
70 There is no influence on 

interestrous interval of breed size or season of 
the year (day length).68 

Irregular interestrous intervals may be seen 
in bitches with uterine disease.2 Prostaglandins 
released from the hyperplastic endometrium 
may cause premature luteolysis in affected di
estrual bitches, causing an early return to es
trus. Tentative diagnosis of cystic endometrial 
hyperplasia may be possible with visualization 
of the thickened uterine endothelium by ultra
sound; definitive diagnosis requires uterine 
biopsy. 

Treatment of bitches with short interestrous 
intervals due to uterine disease is induction 
of anestrus with mibolerone (Cheque drops; 
Upjohn, Kalamazoo, MI; 0.3 ml (30 f-1-g) per 
25lb body weight once daily PO, not to exceed 
1.8 ml, except in German shepherd purebreds 
or crosses, which should receive 1.8 ml daily 
regardless of weight) or testosterone (testoster
one cypionate, 0.5 mg/kg IM every 5 days). 38 

Bitches treated may fail to show normal cyclic
ity and have decreased fertility, especially at 
the first estrus after cessation of androgen 
trea hnen t. 38 

Apparent irregular interestrous intervals 
may be misinterpreted in bitches with split 
heats. Split heat is appearance of physical and 
behavioral changes characteristic of proestrus, 
such as vulvar swelling, serosanguineous dis
charge from the vulva, and attraction of male 
dogs, with no progression to estrus, then a 
short anestrus period of several weeks, fol
lowed by a normal estrous cycle. In one survey 

of 1152 bitches presented for breeding man
agement, 3 (0.3 per cent) underwent a split 
heat, with an average anestrous period of 4 
weeks between initial signs and normal, pro
gressive estrus.71 Split heat may be caused by 
insufficient gonadotropin release or break
through bleeding at onset of folliculogenesis.66 

The second appearance of estrual signs and 
behavior usually is a fertile estrus. 

An irregular interestrous interval may be 
seen after an anovulatory cycle in the bitch. In 
a survey of 1152 dogs, 11 (1 per cent) were 
documented to have had an anovulatory cycle, 
in which serum progesterone concentrations 
never rose above 3.5 ng/mF1 Five of these 11 
bitches (45 per cent) had a normal, ovulatory 
estrus at their next season.71 Dogs with persis
tent anovulation may be treated by ovulation 
induction with GnRH or human chorionic go
nadotropin (hCG).2 

Nonreceptive Behavior 

Poor Timing of Breeding Attempts 

Bitches show a gradual increase in receptivity 
toward the male during proestrus and will, by 
definition, stand for breeding attempts by the 
male when in estrus.72 Receptivity declines in 
early diestrus.72 Assessment of vaginal cytol
ogy specimens and serum progesterone con
centrations can be used to determine if a nonre
ceptive bitch is in proestrus, estrus or diestrus 
(see Chapter 3). 

Physical Abnormality of the Vulva, 
Vestibule, or Vagina 

Congenital anomalies or changes in the size 
or shape of the vulva, vestibule, or vagina may 
prevent normal copulation in the dog. Male 
dogs may experience difficulty achieving in
tromission of the penis in young bitches with 
an infantile vulva.2 Bitches with abnormalities 
of sexual differentiation may have abnormal 
external genitalia. A 9-month-old intact, fe
male, nonreceptive Doberman pinscher from 
which an enlarged clitoris containing an os 
clitoris was surgically removed was later suc
cessfully bred by natural service. 73 

The most common vaginal/vestibular phys
ical abnormalities preventing natural service 
are septae and circumferential strictures. The 
hymen forms at the junction of the vagina and 
vestibule, just cranial to the urethral papilla, 
where the anastomosing paired paramesone-
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phric ducts fuse with the urogenital sinus, 
from which the vestibule and vulva are 
formed. In a survey of 13 bitches with anatomic 
abnormalities of the caudal reproductive tract, 
2 (15 per cent) had circumferential vestibula
vulvar stricture~, 4 (30 per cent) had circumfer
ential vaginovestibular strictures, and 7 (55 per 
cent) had vaginal septa or retained hymenal 
remnant~. (Fig. 14-2).74 The most common 
presenting complaint in bitches with these con
genital anomalies is inability to copulate natu
rally; other complaints include chronic vagini
tis, chronic urinary tract infections, and 
urinary incontinence.74- 76 Specifics of diagnosis 
and treatment are described elsewhere (see 
Chapter 12). 

Vaginal prolapse, also called vaginal hyper
trophy or vaginal hyperplasia, is protrusion 
of edematous vaginal tissue into the vaginal 
lumen and possibly through the vulvar lips of 
sexually intact female dogs under the influence 
of estrogen.77 The condition is most commonly 
seen in young, large- or giant-breed dogs dur
ing proestrus or estrus, but may arise at the 
end of gestation as well.77 Affected bitches may 
refuse mating, but can be bred by artificial 
insemination and may require cesarean section 
for delivery. The condition usually recurs at 
subsequent cycles; in one survey of 13 bitches 
with vaginal prolapse, 100 per cent had recur-

Figure 14-2. Con ine vag inal septum viewed through a specu· 
lum . !From O lson PN, Behrendt MD, Weiss DE : Reproductive 
problems in the bitch: Formulating your diagnostic pion. Vet 
Med 82:482- 496, 1987, w ith permission .) 

renee of the condition at the two cycles after 
initial diagnosis.78 Heritability of the condition 
is unknown (see Chapter 12). 

Abnormal Sexual Behavior 

Sexual behavior in female dogs is influenced 
by inherited factors, learning and early experi
ence, and specific differentiation in the brain 
due to gonadal hormone exposure prenatally 
and in the early postnatal period.79 Bitch pup
pies supplemented with testosterone postna
tally until 42 to 89 days of age did not show 
sexually receptive behavior toward male dogs 
at puberty.80 Gonadal hormones released at 
puberty activate responsiveness to ovarian 
hormones by the brain mechanisms that medi
ate sexual behavior.79

•
80 Bitches that undergo 

pubertal estrus very young are less likely to 
show normal sexual receptivity, as are bitches 
with low serum estrogen concentrations dur
ing proestrus and low or late rising serum pro
gesterone concentrations in estrus.81 

Normal bitches show increased sexual re
ceptivity during proestrus, with restlessness, 
roaming, and an increased tendency to urinate, 
especially in the presence of the male.72

•
79 Cop

ulatory behavior occurs during estrus, and in
cludes flagging (lateral deviation of the taif and 
muscular elevation of the vulva), and standing 
rigidly during intr6mission.72

•
79 Sexual recep

tivity declines in early diestrus.72 

Psychological factors may cause decreased 
sexual receptivity in bitches. Hierarchical in
compatibilities may prevent dominant bitches . 
from allowing subordinate males to mount 
and copulate.82 Inexperienced females may not 
show a normal progression of receptive behav
iors through estrus, while submissive bitches 
may show standing behavior when not in 
estrus. 

Behavioral causes for lack of normal copula
tion are best treated by artificial insemination. 
Tranquilization of uncooperative bitches is not 
recommended. 

Conception Failure Caused by 
Mistimed Breedings 

Conception failure caused by mistimed breed
ing is the most common cause of infertility in 
the bitch, with reported incidences of 40 per 
cent to greater than 50 per cent of infertile 
bitches.1•83 Bitches may ovulate as early as 3 to 
4 days or as late as 25 to 26 days after proestrus 
onset.1 The average bitch ovulates about 12 



266 Section I - THE BITCH 

days after first signs of vulvar swelling and 
sanguineous vulvar discharge. 1 Historically, 
many bitches have been bred on days 9 to 13 
after proestrus onset. It has been demonstrated 
that breeding by day of the cycle alone yields 
pregnancy rates as low as 78 per cent.84 Preg
nancy rate can be greatly enhanced if breeding 
management is performed using determina
tion of ovulation day. Methods for assessment 
of ovulation and optimal breeding time in
clude breeding history, use of physical indica
tors of estrous progression, including evalua
tion · of vaginal cytology specimens, and 
measurement of serum progesterone concen
trations. 

Breeding history is a poor indicator of ctlr
rent events in a given bitch's estrous cycle. 
Sixteen of 36 bitches (44 per cent) were demon
strated to have significant variation in optimal 
breeding time between estrous cycles.85 · 

Physical indicators of estrus progression in
clude changes in the size and h1rgidity of the 
vulva (Fig. 14-3), change in color of vulvar 
discharge, changes in color and character of 
the vaginal mucosal rugae,86 and ferning of 
vaginal fluid on a glass slide.84 The population 

Figure 14-3. Comparative vulvar morphology of the bitch in 
hea t. The proestrus vu lva at the top is swollen and tu rg id under 
the fluid retentive effects of estrogen . The vulva below is still 
enlarged and swollen but flaccid . !From Thomas PGA, Perkins 
NR: History·taking and diagnostic assessment of the subfertile 
bitch. Aust Vet Pract 23: 198- 206 , 1993 , w ith permission .) 

of vaginal epithelial cells collected on a vaginal 
swab changes as bitches progress from proes
trus through estrus and into diestrus, with a 
gradual increase in percentage cornified (kera
tinized) cells through proestrus and an abrupt 
return to predominant noncornification on the 
first day of diestrus.87

•88 Ovulation cannot be 
predicted prospectively from vaginal cytology 
alone but can be determined retrospectively 
by counting back 6 days from the cytologic 
onset of diestrus87•89•90 (see Chapter 3). 

Ovulation can be predicted prospectively by 
measurement of serum progesterone concen
trations (see Chapter 4). Serum progesterone 
concentration ranges from 4 to 10 ng/ml on 
ovulation day.90

•91 

Canine spermatozoa can live in a normal 
female reproductive tract for at least 5 days, 
forming a reservoir at the lower isthmus of the 
uterine tube, where they adhere to mucosal 
cells.92 The bitch ovulates a primary oocyte that 
requires 24 to 48 hours to mah1re to a fertiliz
able secondary oocyte, which remains viable 
for about 24 hours.92 Conception rate is best in 
bitches bred from 3 days before to 4 days after 
ovulation, with maximal litter size if bred 2 
days after ovulation88 (see Chapter 4). 

Conception Failure with Good 
Breeding Management 

Male Infertility 

After mistimed breeding, male infertility is the 
next most common cause of conception failure 
in bitches presenting with infertility.1 A com
plete breeding soundness examination, includ
ing physical examination with rectal palpation 
of the prostate, Brucella canis serology, and se
men collection and evaluation, including se
men culture, is the best proof of male fertility. 82 

Uterine Infection 

Subclinical uterine infection is a reported cause 
of infertility in the bitch.1

•
93

-
97 Infection may 

cause conception failure by creating a hostile 
enviromnent for the sperm and eggs, or by 
causing early embryonic death.2 

Because the uterus of the bitch is relatively 
inaccessible to the veterinarian unless laparot
omy and hysterotomy are performed, culture 
samples drawn from the vagina have tradi
tionally been used to infer presence of infection 
in the uterus. However, the normal canine va
gina is not sterile. In 5 normal anestrous bitches 
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and 59 normal bitches from which samples 
were collected at monthly intervals for 18 
months, aerobic bacteria were cultured from 
100 per cent and 94.8 per cent of specimens, 
respectively. 98

•
99 Accuracy may be enhanced by 

requesting quantitative culh1re results, with 
the assumption that organisms with light or 
moderate growth are probably normal flora; 
by collec;~ing specimens from the anterior va
gina, where fewer organisms are present in 
the normal birth100

; and by culturing during 
proestrus or estrus when the cervix is open 
so that uterine infection, if present, may be 
detected. Frequency of detecting positive uter
ine cultures is greatly increased during proes
trus and estrus, when the presence of sangui
nous discharge originating in the uterus may 
contain representative uterine flora (Fig. 14-
4).100-103 In one study, aerobic bacteria isolated 
from the uterus of a given bitch were always 
isolated from the cervix and vagina, while in 
only 7 of 13 bitches (54 per cent) were bacteria 
isolated from the cervix and vagina also found 
in the uterus.103 

Specific microbial organisms causing ihfer
tility in the bitch include aerobic bacteria that 
are normal residents of the vagina (enterobac
teriaceae, gram-positive cocci), Brucella canis, 
canine herpesvirus, and mycoplasma. Canine 
brucellosis and herpesvirus have been de
scribed (see Chapters 11 and 5, respectively). 

The role of mycoplasma as a cause of infertil
ity in the bitch is not well defined, but it is 
probably similar to that of other vaginal flora. 
Percentage of bitches from which M. canis was 

Pro-oestrus Oestrus Dioestrus Anoestrus Pregnancy Postpartum 

n=7 n=S n=11 n=14 n=3 n=10 

Figure 14-4. Frequency of positive uterine cu ltures from normal 
bitches throughout the reproductive cycle. (From Watts JR. 
Wright PJ, Wh itheor KC: Uterine, cervica l ond vogi nol mi· 
crofloro of the normal bitch throughout the reproductive cycle. 
J Small Anim Pract 37:54-60, 1996, w ith permission.) 

No bacterial 
growth 

1 species 2 species Nonspecific mixed 
culture 

~ Escherichia coli 

D Staphylococcus intermedius 

0 Beta-hemolytic streptococci 

Figure 14-5. Frequency distribution of the number of bacterial 
species per sample in vag inal cultures of 42 infertile bi tches. 
(From Bjurstrbm L: Aerobic bacteria occurring in the vagina of 
bitches with reproductive disorders. Acta Vet Scand 34:29-
34, 1993, w ith permission.) 

cultured from vaginal swabs in one report did 
not differ between reproductively normal 
bitches (n = 10) and infertile bitches (n = 27).104 

Mycoplasmas are a part of the normal vaginal 
flora; in one survey of 59 normal bitches from 
which vaginal swabs were collected weekly 
for 18 months, M. canis was isolated from 
8.8 per cent of the specimens.99 All of those 
bitches whelped at least one normal litter dur
ing the testing period.99 Mycoplasma are fas
tidious organisms, making quantitative cul
ture techniques less sensitive than for the more 
common aerobic bacteria. Growth of myco
plasmas can be inhibited by tetracycline and 
the fluoroquinolones. 

In a survey of normal (n = 10) and infertile 
(n = 14) bitches, similar populations of aerobic 
and anaerobic bacteria were isolated from the 
vaginas of the two groups. 105 A survey of 42 
infertile bitches revealed no growth of aerobic 
bacteria in 14.3 per cent of vaginal samples 
and presence of a nonspecific mixed culture 
in the majority of bitches (Fig. 14-5).106 Organ
isms cultured from vaginal swab specimens of 
normal dogs are the same as those cultured 
from infertile dogs (Table 14-3). It is, therefore, 
impossible to implicate any aerobic organism 
except Brucella canis as a cause of infertility 
in the bitch based solely on its presence in 
the vagina. 

Infertile dogs from which aerobic bacteria 
have been retrieved at vaginal culture have 
been reported to conceive and whelp normal 
litters successfully after antibiotic therapy.93

•
94 

However, aerobic organisms have been shown 
to recolonize the vagina within 4 days of cessa
tion of antibiotic therapy in normal dogs, and 
isolation of M . canis was more common in 
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• D [] Table 14-3. Aerobic Organisms Commonly Cultured from the Anterior Vagina of Normal and Infertile Bitches 

Organisms cultured from the 
anterior vagina 

References 

Normal Bitches 

Pasteurella multocida 
,8-hemolytic Streptococcus sp. 
E. coli 
Staphylococcus intermedius 
Mycoplasma sp. 

Bjurstrom et al.99 (n = 59) 

E. coli 
,8-hemolytic Streptococws sp. 
a-hemolytic Streptococcus sp. 
coagulase + Staphylococcus sp. 
coagulese - Staphylococcus sp. 
Pasteurella multocida 

Olson and Mather"JO (n = 81) 

Infertile Bitches 

,8-hemolytic Streptococcus sp. 
Pasteurella multocida 
E. coli 
Staphylococcus intermedius 
Pasteurella multocida 
Proteus mimbilis 

Bjurstrom106 (n = 42) 

E. coli 
Streptococcus sp. 
Staphylococcus sp. 
Pseudomonas sp. 
Proteus sp. 
Klebsiella sp. 
Bacillus sp. 
Gandotra et al. 107 (N = 43) 
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dogs treated with ampicillin or trimethroprim
sulfamethoxazole.98 Unwarranted use of anti
biotics in breeding bitches should be avoided. 
Hysterotomy for uterine culture should be 
considered in some cases. 

Uterine P,flthology 

Bitches with cystic endometrial hyperplasia 
(CEH) may be infertile due to implantation 
failure after conception.2 The thickened endo
metrium may be visible ultrasonographically 
grossly or histologically. Definitive diagnosis 
requires hysterotomy for uterine biopsy. Bi
opsy sites should be chosen so as to preserve 
maximal uterine luminal diameter after heal
ing. The uterus may be incised and a wedge 
of endometrial tissue removed, or a 2- to 4-
mm skin biopsy punch may be used to gather 
a full-thickness uterine biopsy sample (Fig. 
14-6).108 No grading system, as is used for as
sessment of equine uterine biopsy specimens, 
has been reported for the dog. 

CEH is irreversible in bitches, although there 
is one report of a possible positive effect in 
bitches with CEH treated with mibolerone 
(Cheque drops; Upjohn, Kalamazoo, MI; 
0.3 ml (30 J.Lg) per 25lb body weight once daily 
PO, not to exceed 1.8 ml, except in German 
shepherd purebreds or crosses, which should 
receive 1.8 ml daily regardless of weight) for 
6 months, and bred at the next cycle.2 Preg
nancy in bitches treated medically for pyome
tra also suggests that some healing of the uter
ine mucosa may occur following pregnancy in 
bitches with CEH. 

Hypoluteoidism 

In the dog, all progesterone for pregnancy 
maintenance is secreted from luteal tissue on 

Figure 14-6. Use of a 2- to 4-mm skin biopsy punch for retrieval 
of a full-th ickness uterine biopsy specimen in the bitch. (From 
Downs M, M il ler-Liebl D, Fayrer-Hosken R, et al: Obtaining a 
useful uterine biopsy specimen in dogs. Vet Med 89: 1 055-
1059, 1994, w ith permission.) 

the ovaries. 109
•
110 Bitches with an insufficient lu

teal phase are unable to maintain pregnancy. 
Luteal dysfunction is generally considered to 
be a primary ovarian problem, but secondary 
luteal insufficiency has been described in a 
Great Dane with a pituitary defect.111 Diagnosis 
requires documentation of low serum proges
terone concentrations in diestrus. Blood sam
ples should be drawn at no less than weekly 
intervals when assessing bitches for luteal 
function with serum progesterone concentra
tions. If serum progesterone concentration falls 
to less than 2 ng/ml for greater than 48 hours, 
pregnancy may be terminated. In one report, 
a 2-year-old intact female silky terrier with a 
history of late-term abortion was documented 
to have a serum progesterone concentration of 
2 to 5 ng/ml at 50 days of gestation.112 

Bitches in which progesterone supplementa
tion appears necessary should be placed on 
empiric antibiotic therapy to ensure intrauter
ine infection is not present. Progestogens re
ported for successful pregnancy maintenance 
in bitches with spontaneously low diestrual 
serum progesterone concentration,112 or 
bitches that have been experimentally ovariec
tomized,113 include progesterone in oil and 
ally-trenbolone (Regumate; Hoechst-Roussel 
Agrivet, Summerville, NJ). Progesterone in oil 
is administered parenterally at a dose of 2 mg/ 
kg every 3 days, to no later than 58 days from 
ovulation or 52 days from the first diestrous 
vaginal smear.112 Ally-trenbolone is adminis
tered at a dose of 0.088 mg/kg once daily 
orally, to no later than 61 days from ovulation 
or 55 days from the first diestrous vaginal 
smear.113 It is imperative that the normal de
cline in progesterone be mimicked in the last 
2 to 3 days of gestation; prolongation of gesta
tion with exogenous progestogens for 2 days 
beyond the due date greatly increases inci
dence of stillbirths.110 Bitches receiving the oral 
progestogen, ally-trenbolone, may have poor 
milk production in the early postpartum 
period.113 

Advanced Age 

Dogs do not undergo cessation of reproductive 
cycling with age, but continue to cycle 
throughout their lives.82 Age-related changes 
in fertility include increased interestrous inter
val,B2 decreased conception rate (with greater 
than 50 per cent of beagle bitches 5 years of 
age or older failing to conceive in one study21 ), 
and decreased litter size after age 7.114 
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Drugs 

Dogs that receive medications causing early 
fetal death and subsequent reabsorption may 
appear to be infertile (see Chapter 5).115 

Impatent Female Tubular 
Reproductive Tract 
Occlusion of the vaginal, uterine, or uterine 
tubal lumen may occur as a result of congenital 
segmental aplasia or may occur secondary to 
infection or trauma after whelping or cesarean 
section.116 Bitches have been described with 
segmental aplasia of the cranial and caudal 
vagina.117•118 Both bitches cycled, although the 
bitch with caudal vaginal agenesis did not 
show sanguineous vulvar discharge in proes
trus/ estrus, as fluid from each estrous cycle 
pooled in her cranial vagina (hematocolpos).117 

The bitch with cranial vaginal agenesis under
went surgical removal of the obstructed por
tion and vaginal anastomosis, and later con
ceived and whelped a normallitter. 118 

Diagnosis of an impatent tubular reproduc
tive tract usually requires exploratory lapa
ratomy. A distended portion of the vagina 
cranial to an occlusion may be visible on radio
graphs. The radiographic contrast teclmique, 
hysterosalpingography, in which radiopaque 
contrast medium is infused through the vagina 
and cervix so as to distend the uterine body 
and horns, often shows equivocal results.119

•
120 

Similarly, the normal tight uterotubal junction 
of bitches makes patency of the uterine tubes 
difficult or impossible to assess by attempting 
to flush fluid into the uterine tubes from the 
uterus. 121 

Immunologic Infertility 

Although antisperm antibodies have been 
identified and artificially induced in the dog, 
there are no documented reports of spontane
ous immunologic infertility in the bitch.82 

Systemic Disease : 
Hypoadrenocorticism was identified in 1 of 24 
infertile bitches.12 Mean diestrual serum pro
gesterone concentration was decreased in 
bitches with insulin-dependent diabetes melli
tus (n = 7) and hyperadrenocorticism (n = 6).48 

Bitches with hyperadrenocorticism may have 
decreased secretion of luteal progesterone, be
cause elevated serum cortisol concentrations 
cause decrease in the synthesis and release of 
luteotropic LH. 

Anovulatory Cycles 

Anovulatory cycles, in which serum progester
one concentrations never rose above 3.5 ng/ 
ml, were reported in 11 of 1152 (1 per cent) 
bitches. 71 Five of these 11 bitches (45 per cent) 
had a normal, ovulatory estrus at their next 
season. 71 Dogs with persistent anovulation 
may be treated by ovulation induction with 
GnRH or hCG.2 
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Sexual Differentiation 

Normal sexual differentiation in the male be
gins with fusion of a gamete bearing one X 
chromosome with a gamete bearing a Y chro
mosome (chromosomal sex), followed by de
velopment of testes (gonadal sex) and male 
internal and external genitalia (phenotypic 
sex).1 Vertebrate embryos are inherently fe
male. The Y chromosome is necessary for dif
ferentiation of the testes and development of 
male internal and external genitalia. A portion 
of the short arm of the Y chromosome, some
times called the testis determining factor, in
duces the indifferent gonad to undergo testicu
lar development.1·2 

Early in sexual development, an indifferent 
gonad with sexual bipotentiality forms. 5 In the 
indifferent gonad, the epithelium of the genital 
ridge proliferates to form sex cords that sur
round germ cells.6 Differentiation of the indif
ferent gonad into a testis involves differentia
tion of Sertoli cells from the sex cords followed 
by fusion of the sex cords to form a network 
of medullary sex cords and the rete testis.6•

7 

The sex cords eventually lose contact with the 
surface epithelium and are separated from it 
by the thick tunica albuginea.6 Interstitial mes
enchymal cells differentiate to form the Leydig 
(interstitial) cells,6 and hormone production 
and secretion begins. 

The two major hormones produced by the 
embryonic testis facilitate regression of the fe
male ductal system and promote differentia
tion of the male internal and external genitalia 
(Fig. 15-1).8 Mullerian inhibiting substance 
(MIS), also called antimtillerian hormone and 
miillerian regression factor/ is a glycoprotein 
secreted by the Sertoli cells that promotes re
gression of the miillerian, or paramesonephric, 
ducts between 36 and 46 days of gestation in 
the dog by inducing migration or death of mes
enchymal cells in these structures.1·6•

10·11 The 
other hormone secreted by the embryonic 
testis is testosterone (T), a steroid secreted 
by Leydig cells of the testis. Testosterone and 
its metabolite, 5a-dihydrotestosterone (DHT), 
induce formation of the internal and exter
nal genitalia.1 Under the influence of T, the 
wolffian, or mesonephric, ducts form the epi
didymes and ductuli deferentes. Under the in
fluence of DHT, the urogenital sinus forms 
the urethra and prostate, the genital h1bercle 
lengthens to form the penis, the genital folds 
enclose the penis and form the prepuce, and 
the genital swellings form the scrotum (Fig. 
15-1).1,8,10,12 

The embryonic testes develop caudal to the 
kidneys. The gubernaculum testis, a mesen
chymal cord containing fibroblasts, collagen 
fibers, and mucopolysaccharides, attaches to 
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Figure 15-1. ,N ormal sexual development in the dog. (From Meyers-W allen VN , Patterson DF: Disorders of sexual development 
in the dog. In M orrow DA [ed] : Current Therapy in Theriogenology: Treatment, Diagnosis, and Prevention of Reproductive Diseases 
in Small and Large Animals, 2nd ed. Philadelph ia, WB Sounders, 1986, pp 567- 57 4 , w ith permission. ) 

the caudal pole of the testis, runs through the 
inguinal canal, and attaches distally in the 
scrotum.13•14 Normal descent of the testis into 
the scrotum occurs passively, and primarily is 
due to changes in the gubernaculum. In the 
first phase, whi<;h lasts until about 5 days after 
birth, outgrowth of the gubernaculum occurs 
with an enormous increase in length and vol
ume, expansion of the inguinal canal, and dis
tal movement of the testis and epididymis.13,1s 
The testes pass through the inguinal canal 3 
to 4 days after birth.15 In the second phase, re
gression of the gubernaculum occurs, which 
draws the testes to their final position in the 
scrotum. Mucopolysaccharides disappear, and 
the gubernaculum decreases in size as it be
comes more fibrous .13•14 The canine testes gen
erally reach their final position in the scrotum 
by 35 days of life.15 

Normal testicular descent is controlled by 
hereditary, hormonal, and mechanical fac
tors.16-19 If the testes are removed from fetal 
dogs, the epididymes will not descend. Sup-

plementation ofT to the above dogs results in 
delayed epididymal descent. Removal of the 
testis at birth, without T supplementation, also 
causes delayed descent. This suggests that Tis 
not the sole agent responsible for gubernacular 
outgrowth, and that either mechanical factors 
or production of a nonandrogenic substance 
is required.16-18 Structures besides the guber
naculum also may impact testicular descent; 
bilateral cryptorchidism due to persistence of 
cranial gonadal suspensory ligaments has 
been described.20 

On average, the inguinal canal remains open 
in dogs until they reach 6 months of age, allow
ing free movement of testes proximal to the 
scrotum until closure of the inguinal canals is 
complete. Dogs should not be diagnosed as 
cryptorchid until after 6 months of age. 

The age at which puberty (first ejaculation) 
is reached varies by breed; in general, small
breed dogs achieve physical maturity and pu
berty earlier than large-breed dogs, some of 
which reach puberty after 12 months of age. 
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Serum T concentrations increase after 24 weeks 
of age, reaching adult concentrations by 32 
weeks of age. 21

•
22 The embryonic sex cords sur

rounding the germ cells hollow out to form 
seminiferous tubules at about 16 weeks of age 
in the dog.6 Diameter of the seminiferous tu
bules and epididymal ducts increases dramati
cally from -20 to 28 weeks of age (Fig. 15-2).6•

23 

Testicul~r weight increases markedly at 24 to 
32 weeks of age.24 Spermatogenesis begins at 
about 20 weeks of age, and large numbers of 

A 

B 

c 

D 

E 

F 

spermatozoa are present in the epididymis 
after 32 weeks of age.23 Spermatozoa first ap
pear in the ejaculate at about 7 to 9 months 
of age.22

•
25 Puberty in the dog refers to first 

appearance of spermatozoa in the ejaculate, 
and the sexual desire and the ability to copu
late. Average age of puberty onset in the dog 
has been described as 7 to 10 months, with a 
range of 5 to 12 months, but many normal 
male dogs will not ejaculate until after a year 
of age.26 

Figure 15-2. Histolog ical changes of the head !caput, left). body !corpus, middle). and tail lcouda, right) of the epididymis in 
dogs. PAS-hematoxylin stain; 1 OOx. A: 0 weeks of age . 8: 16 weeks of age. C: 24 weeks of age. Germ cells ore present in 
the lumen of the body and toil of the epididymis. D: 28 weeks of age. Spermatozoa ore present in the lumen of the body and 
toil of the epididymis. E: 36 weeks of age. F: 48 weeks of age. !From Kawakami E, Tsutsui T, Ogoso A: Histolog ical observations 
of the reproductive organs of the mole dog from birth to sexual maturity. J Vet Med Sci 53: 241 - 248, w ith permission.) 
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Anatomy of the Male 
Reproductive Organs of the Dog 

The anatomy of the scrotum, testes and epi
didymes, ductus deferens and spermatic cord, 
prostate, and penis and prepuce of the dog is 
depicted in Figure 15-3. 

Scrotum 

The scrotum is a pouch of thin, lightly haired, 
pigmented skin that contains the two testes. 
Beneath the integument lie well-developed se
baceous glands and a poorly defined layer of 
smooth muscle commingled with collagenous 
and elastic fibers, the dartos. Within the scro
tum, the testes are surrounded by a double
walled vaginal tunic formed by an evagination 
of the peritoneum covered by spermatic fascia 
of the <tbdominal wall, called the vaginal pro
cess. The two layers of the vaginal tunic are 
the parietal, also called the superficial or com
mon layer, and the visceral, also called the 

Pararectal 

deep or proper layer. The potential space be
tween them is the cavity of the vaginal process. 
The cremaster muscle arises from the free bor
der of the internal abdominal oblique muscle 
and inserts on the parietal vaginal tunic. Con
traction and relaxation of the cremaster and 
dartos allow movement of the scrotum and 
testes in relation to the body. This ability of 
the scrotum to move, the presence of well
developed sebaceous glands, and the thin skin 
with minimal hair coat permit the scrotum to 
act as a thermoregulator for the testes and 
epididymes.B Major vessels supplying the 
scrotum are the external pudendal artery and 
vein, and innervation occurs via the superficial 
perineal nerve.13

·
27 

TESTES/EPIDIDYMES 

Testicular size varies with body weight in 
the dog. Body weight is positively correlated 
with testicular weight, testicular volume, total 
epididymal mass, and total scrotal width in 
normal male dogs.28- 31 Measurement of body 
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Figure 15-3. Diagram of mole infernal and exlernol genitalia. (From Evans HE, Christensen GC: The urogenital system. In Evans 
HE [ed]: Miller's Anatomy of the Dog. Philadelphia , WB Sounders , 1993, pp 494-558 , with permission.) 
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weight and total scrotal width permits evalua
tion of dogs for normal testicular size (see 
Chapter 23 and Fig. 23-4) . 

The testes are positioned obliquely within 
the scrotum. The long axis is oriented dorsa
caudally. The head (caput) of the epididymis 
is at the cranial pole of the testis, the body 
(corpus) rl:ms over the dorsolateral surface, 
and the tail (cauda) is attached· to the caudal 
end of ti1e testis by the proper ligament of the 
testis; the spermatic cord exits the tail of the 
epididymis at the caudomedial aspect of the 
testis, and extends, medial to the testis, up 
through the inguinal canal to the inguinal ring. 
The ligament of the tail of the epididymis at
taches the testis and epididymis to the vagi
nal tunic (Fig. 15-4).13 The major blood vessels 
supplying the testes are the testicular (inter
nal spermatic) arteries and the testicular veins, 
which form the pampiniform plexus, a coun
tercurrent exchange that cools arterial blood 
before it enters the testis. 13

•
32 hmervation is via 

the testicular (internal spermatic) plexus of the 
sympathetic nervous systemY 

The testis is covered by the visceral vaginal 
tunic and the hmica albuginea, a dense white 
fibrous capsule. At the site of attachment of 
the head of the epididymis, the tunica albu
ginea joins the mediastinum testis, a 0.2-cm
wide cord of connective tissue running cen
trally through the long axis of the testis. 13

•
33 The 

testicular parenchyma is split into lobules by 
connective tissue septae. The lobules contain 
the seminiferous tubules; the seminiferous tu-

rail of epididymis 

I Testicular bursa 
I 
I 
I 
I 
I 

I 

1Body of epididymis 
I 

',{Pam pi ni'form 
plexus of veins 

'Head of epididymis 

'Testis 

bules within each lobule connect to straight 
tubules that enter the rete testis, which is con
tinuous with the epididymis_B 

The testis consists of three functional com
partments: (1) the interstitial compartment, 
which contains blood vessels, Leydig (inter
stitial) cells, and supportive tissue, which 
functions to supply the seminiferous tubules 
with hormones and nutrients; (2) the basal 
comparhnent, which contains spermatogonia 
and Sertoli cells; and (3) the adluminal com
partment, which contains developing sperma
tozoa and is separated from the basal com
partment by the blood-testis barrier (Fig. 
15-5).34

•
35 The basal and adlurninal compart

ments are within the seminiferous tubules, 
which, in man, comprise 66 per cent of testicu
lar volume.34 Sertoli cells rest on the basement 
membrane of the seminiferous tubules and 
have cytoplasmic extensions that surround 
the germ cells and extend into the adluminal 
compartment. The Sertoli cells are connected 
by junctional complexes through which devel
oping spermatozoa must pass to gain entry 
into the adluminal comparhnent. These junc
tional complexes are a major component of 
the blood-testis barrier. Developing spermato
zoa are protected from noxious influences, 
since they are only exposed to molecules that 
pass through the Sertoli cells. Similarly, as 
the developing spermatozoa within the adlu
minal compartment express unique surface 
antigens, they are protected from detection 
by the dog's immune system.34 
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Figure 15-4. Diagram of testes and epididymes. A: Righi testis, lateral aspect. B: Left testis, medial aspect. (From Eva ns HE, 
Christensen GC: The urogenital system. In Evans HE [ed]: M il ler's Anatomy of the Dog . Philadelphia , WB Sounders, 1993, 
pp 494-558, with permission.) 
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The testis performs two major functions, 
spermatogenesis and production and secretion 
of hormones. The Leydig (interstitial) cells se
crete T in response to luteinizing hormone 
(LH) stimulation. Activin and inhibin, protein 

hormones secreted by the Sertoli cells, and T 
exert feedback on the pituitary, controlling se
cretion of the gonadotropins LH and follicle
stimulating hormone (FSH). Formation of an 
androgen-binding protein in Sertoli cells is 
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stimulated by FSH. Binding ofT to this protein 
maintains intra testicular T concentrations nec
essary for spermatogenesis. 

Spermatogenesis 

Spermatogenesis consists of spermatocytogen
esis, formation of spermatids from spermato
gonia, a~}d spermiogenesis, differentiation of 
spermatids into spermatozoa. Spennatogene
sis takes place within the germinal epithelium 
of the seminiferous tubules. 

The least differentiated germ cell in the testis 
is the spermatogonium. Two populations of 
spermatogonia exist: the reserve population, 
which is resistant to radiation and toxic injury, 
and the proliferating population. Proliferating 
spermatogonia divide by mitosis, changing 
from type A to type B spermatogonia. Cyto
kinesis is incomplete, allowing development 
of cells as a cohort via maintenance of inter
cellular bridges.6.34 The type B spermatogonia 
divide to form primary spermatocytes, which 
undergo meiosis to form short-lived secondary 
spermatocytes and eventually spermatids. The 
haploid spermatids turn with what will be the 
head of the spermatozoon facing the basement 
membrane, and complete development by un
dergoing elongation of the nucleus, formation 
of the head with the overlying acrosome, de
velopment of the flagellum with encircling mi
tochondria at the midpiece, and jettisoning of 
the droplet of excessive cytoplasm (Fig. 15-5).6 

The immature spermatozoa are released from 
the seminiferous htbule into the straight tu
bules, then through the rete testis and into the 
epididymis.32 Spermatozoa gain motility and 
fertilizing ability during passage through the 
epididymis, and are stored in the tail of the epi
didymis.34 

The proliferating spermatozoa are stimu
lated to divide at a fixed time interval which, 
in dogs, is every 13.6 :t:: 0.7 days.36•

37 Life span 
of the various developing spermatozoal cell 
types in the dog are 20.9 days for primary 
spermatocytes, 0.5 days for secondary sperma
tocytes, and 21 .1 days for spermatids.36 Total 
duration of spermatogenesis is approximately 
4.5 times the length of one spermatogenic cy
cle, or 62 days, in the dog.34 Within a given 
seminiferous tubule, four to five cohorts or 
generations of developing cells are present. 
Characteristic groupings of cells, called cel
lular associations, can be defined. The same 
cellular associations recur in a seminiferous 
tubule every 13.6 :t:: 0.7 days.34 Eight cellular 

associations have been defined in the dog 
(Table 15-1).36.37 Spermatogenesis continues 
constantly, regardless of frequency of ejacu
lation.34 

Ductus Deferens/Spermatic Cord 

The paired ductuli deferentes (vasa deferentia) 
are a continuation of the epididymal ducts. On 
each side, the ductus deferens runs along the 
dorsomedial surface of the testis, ascends into 
the abdominal cavity through the inguinal ca
nal, crosses ventral to the ureter, and pene
trates the dorsal median surface of the prostate 
to open into the prostatic urethra lateral to the 
urethral crest, a longitudinal fold on the dorsal 
aspect of the urethral lumen.B·32 Although a 
dilation of the ductus deferens is -present in 
which some spermatozoa may be stored, no 
distinct ampulla of the ductus deferens is de
scribed in dogs.13 Major blood vessels supply
ing the ductus deferens are the artery and vein 
of the ductus deferens and the middle rectal 
artery .13.38 

The spermatic cord on each side is made up 
of the ductus deferens, testicular vessels and 
nerves, and artery and vein of the ductus defer
ens, enwrapped in the mesoductus deferens 
and mesorchium, parietal tunic, and the 
spermatic fascia, which form the vaginal pro
cess (Fig. 15-6). The vaginal ring is formed 
where the spermatic cord and associated vagi
nal process enter the deep inguinal ring. The 
inguinal canal is an opening through the ab
dominal musculature connecting the deep and 
superficial inguinal rings, bounded by the rec
tus abdominus muscle medially, the internal 
abdominal oblique muscle cranially, and the 
aponeurosis of the external abdominal oblique 
muscle laterally and caudallyY 

Prostate 

The prostate is the only accessory sex gland 
of the male dog. It is a retroperitoneal organ 
that encircles the urethra at the neck of the 
urinary bladder; it is bounded dorsally by the 
rectum and ventrally by the symphysis pubis 
or ventral abdominal wallY The craniocaudal 
position is dependent on size of the organ; as 
prostatic size increases with age in the sexually 
intact male dog, the prostate pushes the freely 
movable urinary bladder from the pelvis into 
the abdomen. The prostate is an androgen
dependent organ. Castration causes significant 
atrophy of the prostate.39 Persistent androgen 
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•• Table 15-1. The Eight Cellular Associations of Spermatogenesis in the Dog 

Cellular Association 

Cell Types Present• 2 3 4 5 6 7 8 

X 

Elongated spermatids X X X X 

X X X 

X X 

Round spermatids X X X 

Secondary spermatocytes X X 

X X X 

Mature primary spermatocytes X X X X X 

Immature primary spermatocytes X X X X X 

Type B spermatogonia X X 

X X X 

Type A spermatogonia X X X X X X 

* Increasing height in table indicates change in nuclear size with maturation. For example, elongated spennatids that are least mature 
appear in cellular associations 2 and 6; those of greatest maturity appear in association 8. 
Data from Foote RH, Swierstra EE, Hunt WL: Spermatogenesis in the dog. Anat Rec 173:341- 352, 1972 and Ibach B, Weissbach L, Hilscher 
B: Stages of the cycle of the seminiferous epithelium in the dog. Andrologia 8:297- 307, 1976. 

secretion over the life of the dog causes gradual 
enlargement of the gland due to proliferation 
of glandular and stromal components, and in
crease in size and number of prostatic epithe
lial cells.40 Prostatic weight, height, length, 
width, and volume all are positively correlated 
with age until II years, after which time senile 
involution occurs.39- 43 The bilobed prostate is 
covered by a thick capsule containing smooth 
muscle fibers. Major blood vessels supplying 
the prostate are the prostatic artery, which 
arises from the internal pudendal artery, and 
the prostatic and urethral veins. 13

•
38 Parasym

pathetic innervation via the pelvic nerve from 
the prostatic plexus induces secretion of pros
tatic fluid. Sympathetic hmervation from the 
hypogastric nerve stimulates smooth muscle 
contraction and subsequent expulsion of pros
tatic fluid into the prostatic ducts and 
urethra.13.44 

The prostate is split into two major lobes 
by a prominent fibrous medial septum. The 
prostatic urethra passes through the center of 
the gland dorsally, and is V-shaped on cross 
section due to presence of a dorsal longitudi
nal fold, the urethral crest.13

•
32 The two main 

lobes are separated into lobules by connective 
tissue septae. The lobules are made up of com
pound tubuloalveolar glands lli1ed by colurrmar 
epithelium. The numerous prostatic ducts 
into which prostatic secretion empties do not 
coalesce but h1stead empty into the prostatic 
urethra around the openings of the ductuli def
erentes, forming the colliculus seminalis.B 

Penis/Prepuce 

The canine penis is composed of three parts: 
the root, the body, and the glans (Fig. 15-7). 
The proximal root, or crus penis, contains the 
corpus cavernosum and is covered by a thick 
tunica albuginea and the ischiocavernosus 
muscle. The penile root is adhered to the ischial 
arch between the ischial h1berosities.13 The 
body, or corpus penis, begins where the two 
crura join. It is made up of two separate erectile 
bodies separated by a median connective tis
sue septum. The urethra lies ventrally within 
the body of the penis, enwrapped by the cor
pus spongiosum. The two sides of the penile 
body fuse at the base of the os penis.B The 
third part of the penis, the glans, consists of 
two parts, the bulbus glandis and the pars 
longa glandis. The bulbus glandis is a barrel
shaped expansion of the corpus spongiosum. 
The os penis, or baculum, runs through the 
bulbus glandis, to which it is tightly adhered, 
and the pars longa glandis. The penile urethra 
runs ventrally along the base and grooved 
body of the os penis.13A5 Major vessels supply
ing the penis are the internal pudendal and 
perineal arteries, and the internal and external 
pudendal veins and dorsal vein of the penis. 
Parasympathetic innervation is via the pelvic 
nerve and sympathetic innervation is via the 
hypogastric nerve. 

Erection of the penis is a result of parasym
pathetic stimulation.46 Pressure h1creases in the 
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Figure 15-6. Diagram of the spermatic cord of the dog. (From Evans HE, Christensen GC: The urogenital system. In Evans HE 
[ed]: Miller's Anatomy of the Dog. Philadelphia, WB Sounders, 1993, pp 494-558, with permission.) 

corpus spongiosum first. Engorgement of the 
corpus cavernosum is delayed, but eventually 
reaches three times the pressure within the 
corpus spongiosum.47 Relaxation of smooth 
muscle fibers in trabeculae of the corpus cav
ernosum decreases intracavernosal resistance 
with subsequent increased arterial flow, com
pression of the root of the penis and bulbus 
glandis by the ischiocavernosus and bulbo
spongiosus muscles, respectively, and occlu
sion of venous outflow by obstruction of the 
venous lumen at the tunica albuginea and 

compression by the ischiourethralis mus
cle.46-48 Venous occlusion is not complete; some 
blood flow has been demonstrated even when 
corpus cavernosal pressure is maximal.46 Erec
tion primarily affects the glans penis. A liga
mentous attachment from distal cartilage of 
the os penis to connective tissue of the glans 
above the urethra and free movement of the 
pars longa glandis over the os penis cause de
formation of the distal glans to form a corona 
glandis, which permits ejaculation of semen 
through the now dorsally directed urethral ori-



284 Section II - THE DOG 

/ 

A 

" Bulbospongiosus m. 

/Bulb of penis 

,'Urethra 

, Retractor penis m. 

1 
Corpus spongiosum penis 

I 

I 

I 

I 

1 Corpus cavernosum penis 

•Bulbus glandis 
I 

,Prepuce 
I 

1 Pars tonga glandis 
I , Os penis 

:Fibrocartilaginous end 
of os penis 

E 
Figure 15-7. Internal morphology of the canine penis. (From Evans HE, Christensen GC: The urogenita l system. In Evans HE [ed]: 
Miller's Anatomy of the Dog. Phi ladelphia, WB Sounders, 1993, pp 494- 558, w ith perm ission.) 

fice toward the cervix during the copulatory 
lock.13.49 The penis of male dogs twists 180 de
grees in a lateral plane during the copulatory 
lock (Fig. 15-8). This twist may assist with 
venous occlusion and maintenance of erection 
despite high intravaginal pressure during the 

female bladder 

copulatory lock, which is unique to dogs 
among domestic animals.49 

Detumescence of the penis occurs as smooth 
muscle contracts in sinusoidal walls of the cav
ernosal tissue, permitting widening of venous 
lumina and restoring venous outflow.47 Sym-

Figure 15-8. Anatomy of the mole and female reproductive tracts during copulation in the dog. (Modified from G rondoge j: The 
erect dog penis: A paradox of flexible rigidity. Vet Rec 91. 141-147, 1972, wi th permission.) 
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pathetic innervation via the hypogastric nerve 
increases arterial resistance, causing a decrease 
in corpus cavernosal pressure.46 

The prepuce is a fold of haired skin covering 
the glans of the penis. The preputial mucosa be
comes continuous with the penile mucosa at the 
fornix. The preputial muscle is a small portion 
of the cutarieous trunci muscle, which prevents 
the prep"!tce from hanging loosely when the pe
nis is flaccid and pulls the prepuce back over 
the glans penis during dehunescence. 13 
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Semen Collection, Evaluation, 
andt-Preservation 

Ill 

Canine semen collection may be indicated for 
evaluation of semen as part of a complete 
breeding soundness examination, for assess
ment of suspect subfertile or infertile dogs, 
for collection of specimens for seminal fluid 
cytology and microbial culture, for immediate 
artificial insemination, or for preservation for 
insemination in the near (chilled extended se
men) or distant (frozen semen) future. The 
American Ke1mel Club (AKC) requires that se
men evaluation and demonstration of breed
ing soundness be performed by a veterinarian 
before registration of a litter for all sires less 
than 7 months and more than 12 years of age. 

Semen Collection 

Manual ejaculation is the most common 
method of semen collection used in dogs. Elec
troejaculation has been reported, but usually 
is not necessary, and may be associated with 
urine contamination of the ejaculate. 

Canine semen collection should be per
formed in a comfortable, quiet enviromnent 
with nonslip flooring. Although most male 
dogs will ejaculate during manual stimulation 
of the penis in the absence of a teaser bitch, use 
of a teaser is recommended whenever possible. 
Occasionally, experienced stud dogs will not 
ejaculate unless an estrous bitch is present and, 
if quality of semen obtained in the absence of 
a teaser is not normal, the veterinarian should 
attempt recollection after recruiting an estrous 
bitch. Males with poor libido may be less dis
tracted and ejaculate more readily in the pres
ence of a teaser bitch,1 and the presence of a 
teaser bitch, especially if she is in estrus, will 
improve quality of the ejaculate collectedY 

The teaser bitch need not be of the same breed 
as the stud but should approximate him in size. 

If an estrous teaser bitch is not available, 
some investigators report success when the 
pheromone methyl p-hydroxybenzoate (Ald
rich Chemical, Milwaukee, WI) is applied to 
the vulva of a nonestrous bitch; however, some 
dogs do not respond to this compound.3 Alter
natively, swabs of vaginal discharge collected 
from a disease-free estrual bitch can be stored 
frozen, then thawed and used to tease male 
dogs before semen collection.4 Gonadotropin
releasing hormone (GnRH), 3.3 p,g/kg intra
muscularly (IM), can be administered to the 
male dog once daily during a bitch's standing 
heat or 60 minutes before breeding or semen 
collection to stimulate libido by causing release 
of endogenous testosterone.5 Caution must 
be used with this technique in dogs with · 
androgen-dependent disease, such as benign 
prostatic hypertrophy or perianal gland ade
noma. Administration of exogenous testoster
one to stimulate libido should be avoided, as 
this hormone exerts negative feedback on the 
pituitary, causing a decline in endogenous tes
tosterone release, decreased spermatogenesis 
with a decline in total number of spermatozoa 
per ejaculate, and eventually causing testicular 
degeneration. 6'

7 

If possible, canine semen should be collected 
using a latex artificial vagina (Nasca, Fort At
kinson, WI) attached to a sterile, graduated, 
plastic centrifuge tube (Fig. 16-1), because this 
best simulates natural service and the copula
tory lock, and ensures that no part of the ejacu
late is lost during collection. Alternatively, the 
semen can be collected into any clean vessel. 
Other receptacles described include stainless 
steel or styrofoam cups, plastic sandwich bags, 
and glass h1bes. Thin, disposable polypropyl-

287 



288 Section II - THE DOG 

Figure 16-1. Latex collecting cone and centrifuge tube for collection of canine semen. !From Purswell BJ, Althouse GC, Root MV: 
Guidelines for using the canine breeding soundness evaluation fo rm. Nashville, Society for Theriogenology, 1992, w ith permission.) 

ene collecting cones are marketed for the dog. 
Caution should be exercised when using all 
collecting cones near the erect penis, since any 
sharp edge formed where the collecting cone is 
joined during manufacture may cut the penis 
with even minimal contact. Although expo
sure to latex has been shown to decrease motil
ity of spermaotozoa,8 if proper technique is 
used, there is minimal exposure of the semen 
to the latex during ejaculation. The narrow end 
of the collecting cone is pulled over a sterile 
centrifuge tube. It is not possible to collect a 
sterile semen sample, since there are normal 
bacterial flora on the penile mucosa and in 
the distal urethra that contaminate the sample. 
The centrifuge tube and collecting cone should 
be rinsed thoroughly with distilled water and 
allowed to air-dry, ensuring that any spermi
cidal residues from manufacture are removed, 
and it is recommended that collection tubes 
be sterile so as not to contaminate any sample 
that is collected.9 The top of the latex collecting 
cone is folded over to form a final length such 
that the tip of the erect penis will be just above 
the centrifuge tube, minimizing contact of the 
ejaculate with the latex cone but not permitting 
the tip of the penis ·to be traumatized by the 
collecting tube. A small amount of water
soluble lubricant is placed around the top fold 
of the collecting cone, which facilitates later 
removal. Lubricant should not be allowed to 
come in contact with the ejaculate, since many 
commonly used lubricants decrease spermato
zoal motility.10

•
11 

Two handlers should be present, one for the 
teaser bitch and one for the male. The bitch 

should be muzzled to prevent her biting the 
stud dog or handler during mounting. The 
handler of the bitch should kneel in front of 
her and keep her standing. The male dog is 
allowed to sniff at the bitch's hindquarters, 
and he may be allowed to mount her. Some 
normal males do not mount the bitch during 
this procedure. Brisk and enthusiastic massage 
of the bulbus glandis through the prepuce of 
the male will elicit erection. As soon as erection 
begins, the hand manipulating the prepuce can 
be used to move the prepuce proximal to the 
bulbus glandis while the other hand intro
duces the collecting cone with attached centri
fuge tube over the engorging penis. Full erec
tion of the bulbus glandis within the prepuce 
may be uncomfortable to some dogs, cause 
incomplete ejaculation, and prevent turning 
the penis to simulate the copulatory lock, but 
some dogs ejaculate normally despite presence 
of the taut prepuce around the erect penis.4 

Ideally, the collecting cone is passed to just 
proximal to the bulbus glandis and a tight grip 
maintained at that area. Application of circum
ferential pressure proximal to the bulbus 
glandis simulates the pressure of the lips of 
the vulva during the copulatory lock, and the 
pressure of the latex cone around the erect 
penis simulates intravaginal pressure. The dog 
usually will thrust vigorously for several mi
mites, ejaculating the pre-sperm and sperm
rich fractions of semen, on average, 20.7 sec
onds after manual stimulation is begun.12 The 
male will then rest briefly before ejaculating 
the prostatic fluid fraction of the ejaculate. The 
dog may try to step over the operator's arm 
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Figure 16-2. Caudal repositioning of the erect canine penis, 
w ithin the latex collecting cone, during ejaculation of the th ird 
fraction of semen. (From Purswell BJ , Althouse GC, Roof MV: 
Guidelines for using the canine breeding soundness evoluolion 
form. Nashville, Society for Theriogenology, 1992, w ith per
mission.) 

during this rest to simulate the copulatory 
lock, at which time the operator should lift the 
dog's rear leg over his or her arm and redirect 
the penis 180 degrees in a horizontal plane 
until it is directed caudally, as it would be 
during the copulatory lock (Fig. 16-2). 

Semen is ejaculated in three fractions (Table 
16-1). The first, or pre-sperm fraction, proba
bly originates in the prostate.13 It usually is 
small in volume, although occasional dogs 
may ejaculate as much as 5 ml or more; the 

pre-sperm fraction is clear and acellular. This 
fraction usually is ejaculated during rapid 
thrusting by the male. The second, or sperm
rich fraction, originates in the tail of the epi
didymis where spermatozoa are stored. It is 
variable in volume (typically 1 to 4 ml) and 
opalescent in color. The sperm-rich fraction 
may be ejaculated either during vigorous 
thrusting or immediately thereafter. The third, 
or prostatic, fraction of the semen usually is a 
large volume of clear fluid in the normal dog. 
During ejaculation of prostatic fluid, the opera
tor should feel rhythmic pulsations in the pe
nile urethra concurrent with visualization of 
anal contractions. Unlike the first two frac
tions, which are secreted without visible force, 
the third fraction appears to be ejaculated with 
propulsion such that surges of prostatic fluid 
spurt into the collection tube. 

Once semen collection is complete, manual 
pressure proximal to the bulbus glandis is re
leased, and the collecting cone is gently peeled 
off of the engorged penis. The male often will 
continue to ejaculate pulses of prostatic fluid 
for several minutes after removal of the collect
ing cone. Detumescence of the penis can be 
hastened by allowing the male to lick at the 
penis, or exercising the dog away from the 
enviromnent in which semen was collected. 
The male should not be kenneled away from 
observers until penile detumescence is com
plete; occasionally the prepuce rolls in on itself 
during detumescence, leaving the tip of the 
penis exposed to drying and trauma. This can 
be resolved by lubrication and manipulation 
of the tip of the penis into the prepuce. 

Semen collection can be attempted again 
within 1 hour in the dog, if necessary, although 
some males will not ejaculate more than once 
in a day. In a study in which semen was col
lected from dogs twice within 45 to 75 minutes 
(mean = 63 minutes), total number of sper
matozoa was significantly lower in the sec-

• • Table 16-1. Normal Semen Quality in the Dog 

Fraction 1 Fraction 2 Fraction 3 Total Ejaculate 

Volume (ml) 
Color 
Concentration (106/ ml) 
Total sperm per ejaculate (106/ml) 
Percentage progressively motile spermatozoa 
Percentage morphologically normal 

spermatozoa 
pH 
White blood cells/hpf* 

• Centrifuged sample. 

0.5-5.0 
Clear 

0-3 

1.0-4.0 
Opalescent 

4-400 
300-2000 

> 70% 
>80% 

0-3 

1.0-80.0 2.5- >80.0 
Clear Opalescent 

4-400 
300-2000 

> 70% 
> 80% 

6.3-6.7 6.3-6.7 
:S6 
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ond ejaculate.14 The two collections, pooled, 
contained on average 70 per cent more sperma
tozoa than the single first ejaculate, suggesting 
that this technique may be useful when collect
ing semen for artificial insemination or se
men preservation. 

Semen quality is best if collected no more 
frequently than every 2 to 5 days. 1

•
2
•
15

•
16 Dogs 

that ejaculate infrequently may have excessive 
debris or decreased percentages of progres
sively motile and morphologically normal 
spermatozoa in the first ejaculate after a sex
ual rest, presumably due to presence of large 
numbers of aged spermatozoa from the epidid
ymes in that ejaculate. Daily semen collection 
removes spermatozoa from storage in the epi
didymes. In one study, daily semen collection 
caused a gradual decline in total number of 
spermatozoa per ejaculate with stabilization 
at the amount the testes produced daily, 
termed the daily sperm output (DSO), over a 
period of 6 days.2 In another study, daily se
men collection for 5 days did not alter semen 
qualityY Short-term daily semen collection 
did not affect libido, but libido did decrease 
in five dogs collected daily for 12 weeks.18 More 
frequent collection (e.g., two or three times 
daily) caused a dramatic decrease in total mun
ber of spermatozoa per ejaculate and libido.17 

Less frequent collection, such as twice weekly, 
did not cause a decline in libido or semen qual
ity even after 6 months.19 Some investigators 
believe that daily ejaculation until DSO is 
reached is the best measure of spermatogenic 
function in dogs. 

Semen Evaluation 

Evaluation of canine semen includes determi
nation of volume, color, pH of the third (pros
tatic fluid) fraction, percentage of progres
sively motile spermatozoa, concentration and 
total number of spermatozoa in the ejaculate, 
percentage of morphologically normal sper
matozoa, and assessment of seminal fluid cy
tology and microbial culh1re. Completion of a 
standard semen evaluation form (Fig. 16-3) 
ensures collection of all necessary history and 
physical examination findings, and is useful 
for accurate record-keeping and monitoring 
changes in semen quality over time.9 

Canine semen quality may vary due to 
change in the environment in which semen 
is collected, presence of disease of the male 
reproductive tract, systemic disease, age and 
breed of the animal, and season of the year. 

Very young dogs and very old dogs have poor 
semen quality. Beagles have been demon
strated to have a gradual increase in semen 
quality from their first ejaculation of spermato
zoa, occurring on average at 235 days of age, 
until 1 year of age.20 In studies of dalmatians 
and rottweilers, those less than 6 years of age 
had significantly better semen quality, with 
higher total number of spermatozoa per ejacu
late and higher percentage progressively mo
tile spermatozoa, than those more than 6 years 
of age.21•22 Differences in semen quality due to 
breed generally are differences in total number 
of spermatozoa per ejaculate, which is depen
dent on grams of testicular tissue present and 
is, therefore, higher in large-breed dogs with 
large testes. Mongrels (n = 4) have been re
ported to have better quality semen than pure
bred dogs (n = 8).23 Season of the year may 
have some effect on semen quality; studies 
have demonstrated the peak of semen quality 
in spring and the nadir in summer or fall in 
the Northern hemisphere, but, in these studies, 
total number of spermatozoa per ejaculate 
never fell below normal lirnits.23•24 Abnormal 
semen quality is discussed elsewhere (see 
Chapter 23). Reported values for parameters in 
normal canine semen are listed in Table 16-2. 

Volume 

Normal semen volume in the dog ranges from 
1.0 to 80.0 ml.9

•
12 Volume is not indicative of 

semen quality, since it is dependent on the 
amount of prostatic fluid collected by the op
erator. Dogs have been reported to ejaculate 
prostatic fluid for up to 20 minutes during se
men collection.12 The volume of semen should 
be recorded before removing any aliquots, 
since this volume is needed for calculation of 
total number of spermatozoa in the ejaculate. 

Color 

Normal canine semen is cloudy white to opal
escent. Cloudy samples should be examined 
microscopically for presence of spermatozoa, 
because, occasionally, ejaculates containing 
large numbers of fat droplets or bacteria and 
inflammatory cells mimic the normal appear
ance of those containing spermatozoa. Yellow 
color indicates contamination with urine or 
inflammatory exudate, green may indicate 
presence of purulent exudate, red indicates 
blood, brown indicates old blood, usually orig
inating in the prostate, and a clear sample indi
cates azoospermia is present. 
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CANINE BREEDING SOUNDNESS EVALUATION 
Guidelines Established by Society for Therlogenology 

P .0 . Box 2118, Hastings, NE 68902-2118 
Phone( 402 )463-0392 FAX( 402 )461 - 41 03 

case~------------ Date:----------
Client:----------------- Address:---------------
Dog's Name:-------------- Breed & Color :------------
Date of Birth:------- Registration Number:-----
HISTORY . 

Tattoo:--------

Reason fer evaluation:------------ Date of last breeding:----------
Date of last litter:______ Brucellosis tested:_______ Type of test:-----
Pedigree available:_____ Infertile relati ves:-------------------

PHYSICAL EXAMINATION 
Physical condition:------------- Weight:----------------
Pertinent other health problems: ___________________________ _ 

Penis/Prepuce:--------------- Spermatic cord:------------
Scrotum:_________________ Prostate:--------------
Epididymides: ( R) ------------- ( L) ---------------
Testes: Width ( R) ( L) ------- Total:------------

(L) --------Consistency (hard/ normal / soft): ( R) -----------
Masses/fluid/ pain/ other :---- ------------------------

SEMEN COlLECTION 
Date last collected:-------------- Libido/ease of collection:---------
Teaser bitch present: _____ Stage of cycle:--------- Pheromone used:-----
Equipment used (AV/ other ): ____________________________ _ 

SEMEN EVALUATION 
Color Volume 

Fraction 1 __ _ 
Fract ion 2 __ _ 
Fraction 3 XXXXXXXX* 

* Not applicable and/ or necessary 

MOTILITY: 

Cone ( sper m/ml ) 

XXXXXXXXXXXXXXX* 

XXXXXXXXXXXXXXX* 

Total Sperm Number 
( soerm/ejac) 

XXXXXXXXXXXXXXXXX* 

XXXXXXXXXXXXXXXXX* 

Total Motil ity ( ~ ) : _______ _ Progressive M oti l ity (~): _______ _ 
Diluent (if used): _______ _ Speed: s 1 ow moderate fast 

MORPHOLOGY: 
Method ( Stain) : _________ Phase Contrast ( 2 
% Normal: _______ _ Total normal ( % normal X sperm/ejac): _________ _ 
Head abnormalities:----------------------------
Midptece abnormalities:----------------------------
Tail abnormalities: ____________________________ _ 

CYTOLOGY ( 0- 4+) ( RBC, WBC, Epith., Bact., other): 
Fraction 1: Fraction 2: ------ Fraction 3: -------

CONCLUSIONS: 

Signed:------------------- Clinic Name:-------------
Member-Society for Theriogenology 

©copyright 1992 Society for Therlogenology 
Fa< USE Of rEMBERS 00:.. Y 

Figure 16-3. Con ine breed ing soundness examina tion form. (From Purswell BJ, Althouse G C , Root MV: Guidelines for using the 
canine breeding soundness evaluation form. Nashvil le, Society for Theri ogenology, 1992, w ith permiss ion.) 
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•• Table 16-2. Reported Mean Values for Percentage Progressively Motile Spermatozoa, Total Number of Spermatozoa in the Ejaculate, and 
Percentage Morphologically Normal Spermatozoa in Canine Semen 

Mean Tota l Number of 
Mean Progressively Spermatozoa in the M ean Morphologically 

Breed (Sample Size) Motile Spermatozoa(%) Ejaculate ( x 1 0 6 ) Normal Spermatozoa (%) References 

Variable (11 = 34) 89.5 332.8 88.4 England and Allen33 

Mongrel (n = 4), beagle (11 = 8) 81.2 508.6 92.4 Takeishi et alY 
Spitz (11 = 10) 89.3 383.5 93.9 Kuroda and Hiroe" 
Dalmatian (n = 28) 81 563 79 Schubert and Seager' 
Rottweiler (11 = 23) 77 795 72 Seager and Schubert22 

Variable (n = 45) 75.6 79.3 Oettle34 

Mongrel (11 = 3) - 528 85 Barlett25 

Variable (11 = 150) 75 365 78 Stockner and Bardwick3; 

Irish wolfhotmd (11 = 25) 63.1 65.4 Dahlbom et al.36 

Variable (n = 44) 87.2 769 78.6 Dahlbom et al.36 

Irish wolfhound (11 = 25) 79.9 - 68.5 Dahlbom et aJ.37 

Variable (n = 44) 87.3 744 78.7 Dahlbom et aJ.37 

Variable (n = 41) - 844.6 - Root Kustritz et aP' 
Variable (11 = 245, n = 167) - 860 * 69.1t Morton and Bruce39 

Average 79.8 585.8 83.1 
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Progressive Motility 

Percentage of progressively motile spermato
zoa in the canine · semen sample is assessed 
by placing a drop of undiluted semen on a 
prewashed glass slide and examining it micro
scopically at lOOX magnification. Normal per
centage pr9gressively motile spermatozoa is 
70 per certt or greater (Table 16-2).9 Canine 
spermatOzoa are resistant to cold shock, so the 
slide need not be warmed. Percentage progres
sive spermatozoal motility has been demon
strated to decline less quickly in samples held 
at room temperature than in those held at body 
temperature.25 A cover slip may be applied. 
Highly concentrated samples can be diluted 
with autologous prostatic fluid, phosphate
buffered saline, 2.9 per cent sodium citrate so
lution, or a semen extender.4 Autologous pros
tatic fluid has been reported to have neither a 
beneficial nor a detrimental effect on percent
age progressive motility of spermatozoa.26 In 
one study that reported a detrimental effect 
of prostatic fluid on percentage progressive 
motility of spermatozoa, pH of the prostatic 
fluid was abnormally high, at 7.0.27 Variable 
pH of saline preparations may decrease per
centage progressive spermatozoal motil
ity, and many extenders contain viscous sub
stances, such as egg yolk, which decrease the 
speed of motile spermatozoa. 

The drop of semen should be evaluated un
der lOOX magnification (lOx objective plus 
10 X oculars) and a subjective assessment made 
of percentage of spermatozoa that are mov
ing forward. Assessment also can be made of 
speed of progression of the spermatozoa, rat
ing speed as slow, moderate, or fast. 4 A sub
jective evaluation for agglutination of sper
matozoa also should be made at this time. 
Examination should be done immediately, as 
motility declines as the light from the micro
scope heats the drop. Motility is artifactually 
increased near air bubbles, and decreased near 
the edge of the slide. 28 

Percentage of progressively motile sperm is 
increased in samples collected after 
5 days of sexual rest, compared to those col
lected after 1 day of sexual rest. 26 Percentage 
of progressively motile sperm also may be in
creased by addition of an extender (see Semen 
Preservation, below). Increased percentage of 
progressively motile sperm was demonstrated 
in a second sample, collected 12 hours after 
first ejaculation; a concurrent decrease in mor
phologic abnormalities of spermatozoa also 
was present.29 Percentage morphologically 

normal spermatozoa and percentage progres
sive motility of canine spermatozoa usually 
are positively correlated.19

•
30 

Decline in percentage of progressively mo
tile spermatozoa often is an early, nonspecific 
indicator of reproductive tract infection or tes
ticular insult.9 Artifactual decreases in percent
age of progressively motile sperm may occur 
due to exposure of the spermatozoa to toxic 
residues of manufacture of the plastic compo
nents used for semen collection or evaluation, 
or to excessive exposure to latex or lubricants. 
Many lubricants are spermicidal, although pe
troleum jelly is reported not to affect motility 
of canine spermatozoa.10

•
11 Both incubation of 

canine spermatozoa with latex for 15 minutes, 
and running the semen sample over a latex
gloved hand have been shown to decrease pro
gressive motility of canine spermatozoa.8 

No correlation between speed of progres
sion of spermatozoa, percentage progressively 
motile spermatozoa, and fertilizing capability 
of canine spermatozoa has been reported. 
However, in dogs, percentage progressively 
motile spermatozoa is a more sensitive indica
tor of semen quality than is viability of sper
matozoa measured by filter penetration tests32 

and, in humans, assessment of speed and lin
earity of progression of spermatozoa has been 
reported to be the best predictor in the sper
miogram of the couple's future fertility.31 

pH 
The pH of the third (prostatic) fraction aver
ages 6.5 with a range of 6.3 to 6.7.9•36.41 Knowl- · 
edge of pH of prostatic fluid may be used to 
guide antibiotic therapy in dogs with prostati
tis (see Chapter 20). 

Concentration/Total Number 
of Spermatozoa 

Concentration is not an indicator of semen 
quality in the dog, except in those cases in 
which no spermatozoa are present in the ejacu
late. In ejaculates containing spermatozoa, con
centration is dependent on the amount of pros
tatic fluid collected, and may range from 4 
to 400 million per milliliter. Concentration 
should be determined to allow calculation of 
total number of spermatozoa in the ejaculate, 
which is the number of interest. Concentration 
may be measured using the white blood cell 
(WBC) Unopette system (Becton-Dickinson, 
Rutherford, NJ) (Fig. 16-4). Semen is drawn 
into the 20-fLl pipette, and dispensed into the 
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Figure 16-4. W hi te blood cell Unopette system and Neubauer 
hemacytometer far measurement of concentration of ca nine 
spermatozoa in the ejaculate. 

reservoir chamber, which contains 2 ml of dilu
ent. Diluted semen is then dispensed into both 
chambers of a Neubauer hemacytometer and 
the central square of the grid, made up of 25 
small squares in 1-mm square, is counted on 
each side of the hemacytometer, and averaged 
(Fig. 16-5). This central 1-mm square fills the 
field of the light microscope using the lOX 
objective. The number of spermatozoa in the 
central square is the concentration, in million 
spermatozoa per milliliter of semen. 

A technique has been described for deter
mining sperm concentration in semen from 
other species in which samples placed in a 
10-,um counting chamber are compared to 

lr Iii t Iiiii: II I 
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!I il iii 1!1 it 
Figure 16-5. Grid of the Neubauer hemacytometer. The number 
of spermatozoa counted within the Iorge centra l square, of the 
9 large squares shown, is the number of million spermatozoa 
per millili ter in that ejaculate. 

standard photomicrographs of spermatozoal 
concentrations ranging from 100 to 1500 mil
lion per millili..ter.41 This technique is not suit
able for samples with spermatozoal concentra
tions less than 100 million per milliliter, which 
often is the case in the dog.41 

Normal total number of spermatozoa in the 
canine ejaculate is 300 million to 2 billion.9 Mul
tiplication of concentration in millions per mil
liliter times the volume collected in milliliters 
yields the total number of spermatozoa in mil
lions per ejaculate. The wide range of total 
sperm in the canine ejaculate reflects that fact 
that sperm production is dependent on grams 
of testicular tissue; small-breed dogs do 
not produce as many spermatozoa as large
breed dogs with larger testes (Table 16-3). 

Total number of spermatozoa in the ejacu
late may be decreased in very young and very 
old dogs, and in inbred dogsY Male dogs 
should not be labeled as subfertile or infertile 
after a single semen collection, since appre
hension, absence of a teaser bitch, and pain in 
the prostate, spine, or rear limbs may decrease 
number of spermatozoa ejaculated. Seminal 
fluid from samples lacking spermatozoa 
should be evaluated for alkaline phosphatase 
concentration, which comes from the epididy
mis, to ensure that a complete ejaculate was 
obtained (see Chapter 23).43 

Morphology 
Normal percentage of morphologically normal 
spermatozoa (%MNS) in normal canine semen 
should be greater than or equal to 80 per cent 
(Table 16-2).9 Examination by phase contrast 
microscopy of spermatozoa in undiluted 
semen or semen diluted with phosphate
buffered saline allows visualization of mor
phologic abnormalities. Examination of sper
matozoa by light microscopy requires staining 
of the cells. Stains described for use with dog 
spermatozoa include eosin-nigrosin stain (SFT 
stain; Lane Manufacturing, Denver, CO) and 
modified Giemsa stain (DiffQuik; Baxter Heal
thcm·e, Miami, FL). To stain spermatozoa with 
eosin-nigrosin, a drop of semen and a drop of 
stain are placed on one end of a glass slide. 
Another slide is used to gently mix the two 
solutions by rocking, and to draw the mixhue 
out to form a thick film, which is allowed to 
air-dry. Staining spermatozoa with DiffQuik 
can be done in two ways. With either method, 
a drop of undiluted semen is placed on one 
end of a glass slide, drawn out as for a blood 
smear, and allowed to air-dry. In the first stain-
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• 6J Table 16-3. Influence of Body Weight on the Reproductive Capacity of Adult Dogs* 

Body Weight (lb) 

Characteristic 10-34 35-39 60-84 
Total scrotal testes width (mm) 36 ::':: 2§ 50 ::':: 11 56 ::':: 1"* 
Paired testes weight (g) 16 ::':: 1§ 31 ::':: 11 44 ::':: 2** 
DSP/g parenchyma (106

) 20 ::':: 2 17 ::':: 1 20 ::':: 3 
DSP I dog (1 06

) . 287 ::':: 33 472 ::':: 32 750 ::':: 111 
Extragonada) spermatozoal reserves (10") at sexual rest 

Caput epididymidis 0.07 ::':: 0.01 0.23 ::':: 0.04 0.23 ::':: 0.05 
Corpus epididymidis 1.10 ::':: 0.18 1.85 ::':: 0.16 2.27 ::':: 0.24 
Cauda epididymidis 2.06 ::':: 0.31 3.30 ::':: 0.36 4.68 ::':: 0.39 
Ductus deferens t 0.06 ::':: 0.02 0.21 ::':: 0.03 0.23 ::':: 0.04 

Semen ejaculated after sexual rest 
Volume (ml):J: 2.4 ::':: 0.3 3.9 ::':: 0.5 . 5.4 ::':: 1.3 
Concentration (106/ml):J: 209 ::':: 42 359 ::':: 72 228 ::':: 58 
Total sperm (109

) 0.4 ::':: 0.11 1.12 ::':: 0.13 1.43 ::':: 0.46 

*Mean ( :!: SEM) for 30, 53, and 32 dogs in the 10-34, 35-59, and 60-84 lb groups, but data on extragonadal spermatozoal reserves are 
for 17, 32, and 14 dogs and data for characteristics of a single ejaculate collected after ?.7 days of sexual rest are for 12, 14, and 11 dogs, 
respectively. DSP = daily spermatozoal production. For a characteristic, means without a superscript symbol (§, 'll, **) or with the same 
superscript symbol are not different ( p > 0.05). 
t Not all of the ductus deferens was available for dogs castrated rather than euthanized. 
t The presperm and sperm-rich fractions were collected together, but ejaculation was terminated when ejaculation of the postsperm 
prostatic fluid started. 
From Amann RP: Reproductive physiology and endocrinology of the dog. in Morrow DA (ed): Current Therapy in Theriogenology. 
Philadelphia, WB Saunders, 1986, p 536, with permission. 

ing method, the slide is placed in each of the 
three DiffQuik solutions for 5 minutes each, 
then rinsed and allowed to dry. In the second, 
the slide is dipped in the first and second solu
tions 7 to 10 times, and in the final solution 10 
to 15 times. The slide is not rinsed, and the 
back of the slide is wiped dry. The slide is 
allowed to dry. Staining artifacts may be mini
mized by blowing on the slide or placing the 
slide on a plate heated to 37°C to hasten dry
ing.44 At least 100 spermatozoa are evaluated 
with light microscopy under the oil immersion 
(lOOX) objective. 

Any staining technique causes some arti
factual changes in spermatozoa. The defects 
vary with the stain used.45-48 Detached heads, 
coiled and bent tails, and reflex midpieces are 
the most common preparation artifacts de
scribed.49·50 In bulls, it has been shown that 
artifacts of spermatozoal morphology due to 
staining vary by bull; consistency of technique 
is required for accuracy in serial evaluations. 5° 
Assessment of percentage morphologically 
normal spermatozoa (%MNS) is the only 
consistently repeatable measure between or 
within investigators evaluating canine or 1m
man spermatozoa.46·51 

Abnormalities of spermatozoal morphology 
may be classified by area within which they 
occur (Figs. 16-6 and 16-7), as primary defects 
(those occurring during spermatogenesis) or 
secondary defects (those occurring during epi-

didymal storage or preparation of the sample) 
(Fig. 16-8), or as minor defects (unassociated 
with fertility) or major defects (those nega
tively correlated with fertility).52 Morphologic 
abnormalities associated with infertility in the 
dog all are abnormalities of the midpiece or 
its attachment.53-55 Samples containing large 
percentages of spermatozoa with proximal cy
toplasmic droplets, bent or coiled tails, or re
flex midpieces may be suitable for immediate . 
use but will not withstand cryopreservation.39 

Causes of abnormal spermatozoal morphol
ogy in the dog include infection of the repro
ductive tract, fever, and testicular trauma.56•57 

The spermatogenic cycle of the dog is approxi
mately 62 days, so abnormal morphology may 
be present well after the initial insult. Samples 
collected after a prolonged sexual rest that con
tain aged spermatozoa from the epididymis 
may have a higher percentage of morphologi
cally abnormal spermatozoa.29·58 

Normal canine spermatozoa from all breeds 
have a total length of 6.8 ~-tm, with a head 
capped by an acrosome of uniform thickness, 
a midpiece 1.1 ~-tm in length, and a tail made 
up of the principal piece and end piece, 
5.0 ~-tm in length (Fig. 16-6).25·59 Both straight 
and gently curved spermatozoa with no overt 
abnormalities of the head, mid piece, or tail are 
designated as normaL The minimum accept
able value for %MNS defined in one study was 
60 per cent; male dogs with greater than or 
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Head 

~!+----Mitochondrial 

Middlepiece helix 

Figure 16-6. Drawing of a spermatozoon as seen with the 
light microscope. (From Smith FO: Cryapreservation of canine 
semen: technique and performance. PhD thesis, University of 
Minnesota, 1984.) 

equal to 60 per cent MNS had a conception 
rate of 61 per cent (n = 23), while male dogs 
with less than 60 per cent MNS had a concep
tion rate of 13 per cent (n = 15).34 

Cytology/Culture . 

Cytologic evaluation of seminal fluid is best 
performed on the pellet remaining after 0.3 to 
0.5 milliliters of the fluid has been centrifuged 
at 120g for 7 minutes. Normal findings include 
presence of mature spermatozoa, occasional 
WBCs and bacteria, and epithelial cells. Fertile 
male dogs may have as many as 2000 WBCs/ 
p,l, or 2 to 4 WBCs per high-power field (hpf) 
in the first and second fractions of the ejacu
late.35·60 Number of WBCs/hpf in a smear of 

unconcentrated semen may be graded on a 
scale from 0 to 4+, with 3+ and 4+ indicative 
of pathologic inflammation (Table 16-4).4 Epi
thelial cells may be present in amounts as great 
as 10 to 20 per high-power field in normal 
dogs, especially after sexual rest.4·35 

Semen is not sterile, because of presence of 
normal bacterial flora on the penile and prepu
tial mucosa and in the distal urethra. Aerobic 
culture of semen is suggestive of reproductive 
tract infection only if more than 10,000 colony 
forming units (CFUs) per milliliter are present 
in the semen. With the exception of Brucella 
canis, organisms commonly isolated from se
men are the same ones present in normal ure
thral flora, and include Staphylococcus sp., 
Streptococcus sp., E. coli, Proteus mirabilis, Kleb
siella pneumoniae, Haemophilus sp., Pasteurella 
multocida, Corynebacterium sp., Moraxella sp., 
Pseudomonas sp., and mycoplasma.9

•
38 It is 

recommended that culture for aerobic, anaero
bic, and mycoplasma organisms be performed 
on all samples of semen. Significance of posi
tive aerobic, anaerobic, and mycoplasma cul
ture results are described elsewhere (see Chap
ter 23). 

Assessment of cytology of seminal fluid for 
presence of infla1mnatory cells should not pre
clude microbial culture. In a survey of male 
dogs examined for breeding soundness or re
productive tract disease, only 12 of 95 (12.6 
per cent) had negative microbial cultures and 
noninflammatory cytology (true-negative). 
Five of 95 (5.3 per cent) had negative microbial 
cultures with inflmmnatory cytology (false
positive). Forty-five of 95 (45.3 per cent) had 
noninflammatory cytology despite significant 
growth of aerobic or anaerobic organisms from 
seminal fluid (false-negative).38 

Physical and chemical analyses, including 
trace mineral content, of prostatic fluid from 
normal dogs have been reported (Table 16-
5).61 Although the concentration of zinc in pros
tatic fluid varies from normal in human males 
with prostatic disease, intraprostatic zinc con
centrations in experimentally infected dogs have 
not been demonstrated to vary significantly 
from zinc concentrations in prostatic tissue or 
fluid from normal dogs.61·62 Antibacterial activ
ity has been demonstrated in canine semen.63 

Source of the antibacterial activity is unde
fined; concentrations of zinc, a known natural 
antibacterial factor, decrease after castration, 
but the atrophic prostate in castrated male 
dogs is not more readily colonized by bacteria 
than is the normal prostate of intact male 
dogs.63,64 
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Figure 16-7. Abnormalities of canine spermatozoa. 

Interpretation of Semen 
Evaluation Results 

Azoospennic canine semen samples should be 
submitted for laboratory determination of al
kaline phosphatase concentration, as setninal 
fluid alkaline phosphatase is an epididymal 
marker (see Chapter 23). Repeat collection of 
semen under optimal conditions with a teaser 
bitch present is recommended for dogs exhibit
ing azoospermia. Dogs with normal semen 
quality are classified as fertile, although tests 
of spermatozoal fertilizing ability are not rou
tinely available. Dog spermatozoa do not pen
etrate zona-free hamster oocytes, but do pene
trate zona-free canine oocytes. 

Subfertile dogs, those with one or more pa
rameters below the normal range, are more 
difficult to classify. Dogs with percentage pro
gressively motile spermatozoa as low as 10 per 
cent and %MNS as low as 9 per cent, and total 
number of spermatozoa in the ejaculate as low 
as 36 million have been demonstrated fertile 
by breeding.33•65 A pregnancy rate of 81.5 per 
cent can be achieved by introduction of at least 
250 million normal spermatozoa into the bitch 
over her fertile period, from 3 days before to 
4 days after ovulation.65 Therefore, as an exam
ple, a dog with only 45 per cent MNS and total 
number of 200 million sperm in the ejaculate, 
or 90 million morphologically normal sperma
tozoa in the ejaculate, would be able to achieve 
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a pregnancy rate of 81.5 per cent with three 
breedings over a given bitch's fertile period. 
Individual inseminates may be improved by 
pooling two ejaculates collected approxi
mately 1 hour apart. Although the second sam
ple usually is of significantly poorer quality 
than the first, the pooled sample contains, on 
average, 70 per cent more spermatozoa than 
the first ejaculate alone.14 

Semen Preservation 

Canine semen can be chilled to refrigerator 
temperature (about 4°C), buffered, and used 
within several days, or' frozen and maintained 
in liquid nitrogen indefinitely. With either 
technique, the spermatozoa are mixed with an 
extender to provide nutrients, prevent growth 
of bacteria, and buffer the semen. Chilled se
men is useful when a chosen male is geograph
ically distant from the bitch to be bred or has 

Table 16-4. Grading Scale for Number 
• • • of White Blood Cells (WBCs) per High

Power Field (hpf) with Li_ght Microscopic 
Evaluation of:a smear d Canine 
Seminal Plasma 

Score WBC/hpf 

0 <1 
1 1-3 
2 4-6 
3 7-10 
4 > 10 

From Purswell Bj et a!: Guidelines for using the canine breed ing 
soundness evaluation form. Nashville Society for Theriogenology, 
1992, with permission. 

Figure 16-8. Morphologic abnormalities 
of ca nine spermatozoa, unstained, exam· 
ined with phase-contrast microscopy, 
showing bent tails and distal droplets. 

a work or show schedule requiring frequent 
travel, or when dogs cannot be shipped be
cause of extreme environmental temperahtres. 
Disease transmission may be decreased by lack 
of physical contact between the mating pair. 
Frozen semen has the same advantages and, 
in addition, allows breeding with semen from 
male dogs that have died and/ or breeding of 
female dogs in other countries, which gener
ally have fewer import restrictions for properly 
prepared frozen semen than for live animals. 
Conception rate with preserved semen is lower 
than that with artificial insemination with 
fresh semen, or with nahtral service. 

Extenders 

Extenders are added to semen to buffer 
changes in pH that might otherwise occur with 
time; to provide an energy source for the sper
matozoa; to prevent growth of bacteria; and to 
prevent injury to spermatozoa during cooling, 
freezing, and thawing. 66•67 Some extenders may 
be used for both chilled and frozen semen 
preparation; addition of a cryoprotectant such 
as glycerol is required only in extenders used 
for semen freezing (Table 16-6). After prepara
tion, extender can be frozen in aliquots, with 
a shelf life of about 1 year.67 In addition, pro
prietary canine extenders, of unreported com
position, are commercially available (Synbi
otics, San Diego, CA; Camelot Farms, College 
Station, TX; International Canine Semen Bank 
[ICSB], Sandy, OR). Equine semen extenders, 
such as the Kenney-type skim milk semen ex
tender, are suitable for use in dogs?7 Studies 
comparing extenders for preservation of ca
nine semen do not include the commonly 
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• Table 16-5. Selected Physical and Chemical Analyses of 
Prostatic Fluid from Normal Dogs 

pH 
Specific gravity 
Cholesterol (mg/dl) 
Zinc (f.tg/ml) 

"·- Copper (f.tg/ml) 
Iron (f.tg/ml) 
Calcium (f.tg/ml) 
Magnesium (f.tg/ml) 

Data fro1n Branmn et al.61 

Mean :t SD (range) 

6.2 :t 0.3 (5.5-7.1) 
1.01S :t 0.005 (l.OOS-1.02S) 
27.0 :t 17.0 (S.0-73.0) 
62.3 :t 35.3 (1 0.3-120.6) 

7.1 :t 4.S (1.3-19.5) 
0.7 :t 0.5 (0-1.6) 

13.3 :t 20.2 (0.3-97.0) 
16.4 :t 9.5 (3.4-40.0) 

Sample Size 

11 = 43 
11 = 40 
11 = 29 
11 = 20 
11 = 20 
11 = 20 
11 = 20 
11 = 20 

• JZI Table 16-6. Reported Composition of Extenders Used for Preservation of Canine Semen by 
Chilling or Freezing 

References 

Held" = Extender It 

Olar et al.69 

Province et aJ.?' and Gill et aJ.73 

Gill et al.73 

Seager74 

Gill et al.73 

Olar et al.69 

Linde-Forsberg78 

References 

Held67 = Extender nt 

Foote" 
Foote" 
Foote71 

Province et aJ.?' 

Gill et al.73 

Seager74 

Paccamonti77 

Foote71 

Olar75 and Paccamonti77 

Yubi et al.76 

Smith79 

Extenders for Chilled Semen: Components (dissolved in 1000 ml 
distilled water; exceptions markedEEl)* 

14.5 g Na citrate, 12.5 g dextrose, 250 ml egg yolk, 1000 U/ml K penicillin, 
1000 f.tg/ml. streptomycin 

SOO g Na citrate, 200 g egg yolk 
0.7 g Na citrate monohydrate, 11.6 g Na citrate dihydrate, 1.7 g Na bicarbonate, 

0.3 g KCl, 7.5 g glycine, 2.4 g glucose, 200 ml egg yolk 
15.6 g Na citrate, 7.S g glycine, 2.3 g glucose, 10 ml 25% N-caproic acid, 10 ml 

45 mg% catalase, 200 ml egg yolk 
24 g TRIS, 13 g Na citrate, 10 g fructose, 3S ml glycerol, 200 ml egg yolk 
Skim milk heated at 95°C for 10 minutes, then cooledEEl 
Sterilized homogenized milk with 2% fatEEl 
800 g cream (12% fat), 200 g egg yolk, 1000 U ml benzyl penicillin, 1 mg/ml 

dihydrosterptomycin 

Extenders for Frozen Semen: Components 
(dissolved in 1000 ml distilled water) 

14.5 g Na citrate, 12.5 g dextrose, 250 ml egg yolk, 1000 U/ml K penicillin, 
1000 f.tg/ml streptomycin, SO ml glycerol 

24 g TRIS, 14 g Na citrate, 10 g fructose, 200 ml egg yolk, 90 ml glycerol 
9 g TRIS, 40 g TES, 1.6 g fructose, 150 ml egg yolk, 60 ml glycerol · 
15 g PIPES, 0.9 g K hydroxide, 6 g Na citrate, 9.8 g glucose, 200 ml egg yolk, 

90 ml glycerol 
30.3 g TRIS, 16.9 g Na citrate, 12.5 g glucose, 200 ml egg yolk, 1 million U K 

penicillin, 1 g streptomycin, 100 ml glycerol 
24.4 g TRIS, 13.6 g Na citrate, 8.2 g glucose, 200 ml egg yolk, 500,000 U K 

penicillin, 1 g streptomycin, 30 ml glycerol 
30 g TRIS, 17 g Na citrate, 12.5 g fructose, 150 ml egg yolk, 1.6 g gentamicin, 

80 ml glycerol 
29 g TRIS, 13.2 g sodium citrate, 12.5 g fructose, 200 ml egg yolk, SO ml glycerol 
110 g lactose, 200 ml egg yolk, 40 ml glycerol 
110 g lactose, 200 ml egg yolk, 1 million UK penicillin, 1 g streptomycin, 40 ml 

glycerol 
71 g lactose, 200 rnl egg yolk, 500,000 U K penicillin, 1 g streptomycin, 40 ml 

glycerol 
0.3 m solution of PIPES (50 ml) titrated to pH 7.0 by adding sequential 0.1 ml 

aliquots of 0.3 m KOH (-4 ml); osmolality adjusted to 300 :t 10m Osm with 
double distilled deionized water if necessary.EEl 

*All volumes represent replacement of buffer volume for volume (v /v). 
t See How to Extend and Chill or Freeze Canine Semen. 
TRIS, tris(hydroxymethyl)aminomethane; TES, N-tris(hydroxymethyl)methyl-2-aminomethane-sulfonic acid; PIPES, piperazine-N-N
bis(2-ethane sulfonic acid). 



300 Section II - THE DOG 

used commercial preparations, and contain too 
many variables, such as dilution rate, cooling 
rate, and freezing and thawing techniques, to 
allow meaningful comparison between 
studies. 

Buffers are used to maintain ionic balance 
and pH in the extender solution. Optimal pH 
of extended semen is 6.75 to 7.50; optimal os
molality is 300 to 325 m0sm.79 Use of zwitter
ionic buffers, such as tris(hydroxymethyl) 
aminomethane (TRIS), and potassium buf
fers, such as potassium hydroxide, has been 
reported in canine semen extenders.79 Sodium 
citrate binds heavy metals in seminal plasma. 

Glucose, dextrose, and lactose are described 
as energy sources in canine semen extenders. 
Canine seminal fluid has a much lower concen
tration of fructose than does seminal fluid from 
other species, perhaps because male dogs do 
not have seminal vesicles. However, canine 
spermatozoa can use fructose as an energy 
source.80 

Egg yolk and glycerol are the most com
monly used compounds in canine semen ex
tenders for protection of spermatozoa from 
cold shock and disruption during freezing and 
thawing. Egg yolk contains the lipids lecithin 
and cephalen, high-molecular-weight com
pounds that do not enter the sperm cell but 
instead are hygroscopic and change the extra
cellular space, creating room for fluid to freeze 
without damaging the spermatozoa.79 Percent
age of progressively motile spermatozoa after 
freezing and thawing is highest with extenders 
containing 20 per cent egg yolk by volume, 
compared to 5 or 10 per cent.81 Glycerol has a 
low molecular weight, and so can enter the 
sperm cell and bind intracellular water, de
creasing intracellular ice formation and help
ing to dehydrate the cell slowly.79 Percentage 
progressive motility of newly extended or 
frozen-thawed spermatozoa decreases with in
creasing concentration of glycerol by vol
ume.66·82-84 High concentrations of glycerol are 
associated with a decreased percentage of 
frozen-thawed spermatozoa with intact acro
somes.84 Glycerol : concentration by volume 
that is associated with highest post-thaw per
centage progressively motile spermatozoa is 
about 4 per cent.75·83 

Dilution of canine spermatozoa with ex
tender can be done either by diluting at a par
ticular volume ratio, or by determining con
centration of spermatozoa in the initial 
solution and diluting with extender to a pre
ferred concentration of spermatozoa.66 The 
former method provides a more consistent 

environment for the spermatozoa, since the 
amount of extender added is not arbitrary and 
is dependent on the fluid volume to which it 
is added, permitting exact calculation of per
centage concentrations of buffer and cryopro
tectants.83 Very high dilution rates, such as 1 
part semen to 16 or 32 parts extender, cause a 
significant percentage decrease in progressive 
spermatozoal motility.27

•
83 Dilution rate asso

ciated with highest postextension percentage 
progressive spermatozoal motility in dogs 
in one study was 1 part semen to 4 parts ex
tender.83 

Extended Chilled Semen 

Prior to extending canine semen, the sample 
should be evaluated and cultured for aerobes, 
anaerobes, and mycoplasma, because poor
quality semen does not warrant extension and 
shipment. Only the second (sperm-rich) frac
tion need be extended, chilled, and shipped; 
either the semen can be fractionated during 
collection or centrifuged after collection with 
extension of the resultant pellet. Beginning 
January 1,2000, the AKC required DNA identi
fication of all male dogs from which semen is 
collected for extension, chilling, and shipment. 
The DNA sample is retrieved from a cheek 
swab collected by the owner (Fig. 16-9).85 

Extenders for chilled extended canine semen 
often contain egg yolk, to help protect the sper
matozoa from cold shock. Percentage progres
sively motile spermatozoa in extended sam
ples chilled to 4 o to 5°C declines gradually with 
time.73.86-88 The decline in motility is signifi
cantly less severe in extenders containing 20 
per cent egg yolk than with skim milk-based 
extenders.72•88-90 If skim milk is to be used, it 
must be heated to 92° to 95°C for 10 minutes 
to denature enzymes in the milk.80 Percentage 
progressively motile spermatozoa in warmed 
samples of extended semen declines to a level 
of about 50 per cent by 4.9 :::'::: 1 days after 
extension and chilling.86 Although no change 
in percentage of spermatozoa with damaged 
cellular membranes has been demonstrated 
with extension and chilling, spermatozoal 
function, assessed by transmigration rate, de
clines with time.91·92 To optimize conception 
rate, extended chilled canine semen is best 
used within 48 hours of collection.86 Canine 
semen usually is extended at a rate of 1 part 
semen to 2 to 3 parts extender.67 

Fertile male dogs may have semen that does 
not tolerate extension and chilling. Well before 
semen is collected and shipped for breeding, 
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l 

When a .1ample u coUected, .1wah.1 are 
taken from t!Jeir protective wrapper.1 

and gnuped only htJ the pla.Jtic hwUJie. 

The dog'.1 head u held firmly and 
the .1wah u placed agailldt the i1uide · 

.1wjace of the dog'.1 cheek. 

The .1wah u firmly rotated for I 0 to 20 
.1ec01Ul.1 and inuneJiately rei.llderted in 
iu wrapper, which u then .1ealed LUUl 
placed in an envelope for proce.1.1ing. 

Figure 16-9. Collection of cheek swab samples for DNA identi
fication of mole dogs with semen frozen. (From Edwards J, 
Mandeville J, Slay B: DNA and the AKC. AKC Gazette 
114:55- 57, 1997, with permission.) 

semen should be collected, extended, and 
placed in the refrigerator for 24 hours, and the 
motility reassessed after rewarming. One drop 
of semen can be warmed with the heat gener
ated by the light microscope; if no motility is 
observed after several minutes, likelihood of 
impregnating a bitch is reduced. 

Chilled extended canine semen can be 
shipped either in a commercial canine or 
equine system or in any container that will 

maintain refrigerator temperature (4°C) (see 
How to Extend and Chill or Freeze Canine 
Semen below).77 

Frozen Semen 

Freezing of canine semen and insemination of 
bitches with frozen-thawed semen is not as 
commonly used as in the bovine and equine 
species. Male dogs used must have good to 
excellent semen quality, and bitches bred with 
the semen should be of breeding age with no 
history of infertility or reproductive tract dis
ease. Many variables affect success with frozen 
semen in dogs (Table 16-7). 

The AKC has accepted registrations for lit
ters created with frozen semen since 1981. Be
ginning January 1, 1999, the AKC required 
DNA identification of all male dogs from 
which semen is frozen. The DNA sample is 
retrieved from a cheek swab collected by the 
owner.85 Facilities that freeze canine semen 
must be approved by the AKC; this approval is 
not an indication of quality but instead verifies 
accurate record-keeping regarding semen col
lection and storage. 77 

For freezing of canine semen, semen is col
lected by manual ejaculation and evaluated, 
as described previously. Percentage of pro
gressively motile spermatozoa declines signif
icantly with freezing and thawing, so only 
good to excellent samples, with total number 
of spermatozoa adequate for the dog, based 
on body weight or total scrotal width (Table 
16-3) and percentage progressively spermato
zoal motility greater than 70 per cent, should 
be considered for cryopreservation. Semen 
may be collected on several occasions to allow 
freezing and storage of a number of insemina
tion doses. 

After collection, canine semen is centrifuged 
and the sperm-rich fraction extended. The ex
tended spermatozoa are cooled prior to freez
ing (equilibration) to reduce damage due to 
cold shock.66•93 Optimal equilibration time has 
not been defined. Cooling to refrigerator tem
perature (4° to 5°C) for 1, 2, or 3 hours does 
not result in different semen quality after 
thawing.75 

Semen can be frozen in pellets, glass am
poules or straws. Pellets are formed when 
cooled extended semen is deposited in 50- to 
100-1.d aliquots into depressions on solid dry 
ice, and then stored in perforated nylon vials 
in liquid nitrogen.66 Polyvinylchloride (PVC) 
straws, 0.25 or 0.50 ml in volume, can be filled 
with cooled extended semen and an air bubble, 
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Table 16-7. Variables Affecting Success 
• Ill of Artificial Insemination with Frozen 

Semen in Dogs 

Male: Fertility of male dog; ability of 
semen from individual males to 
be frozen 

Semen collection: Contamination with presperm, 
fraction I; prostatic fluid, 
fraction III; urine or blood; 
lubricants or detergents. 
Composition and surface of 
collection container; 
contamination with preputial 
debris; temperature of 
collecting vessel 

Semen quality: Sperm number and concentration; 
sperm motility and progressive 
motility; percentage of live 
sperm; percentage of 
morphologically normal sperm; 
sperm-agglutination problems 

Semen dilution: Avoidance of cold shock; 
composition of extender; time 
between collection and dilution; 
temperature of initial dilution; 
amount of semen dilution 
(volume); extent of sperm 
dilution (sperm concentration); 
number of dilution steps and 
solutions; force of any 
centrifugation; amount of light 
exposure 

Equilibration: Rate of cooling to soc; duration 
of storage at soc before 
freezing 

Freezing: Freezing form (pellets, ampules, 
or straws); freezing unit size; 
freezing method (dry ice; liquid 
nitrogen vapors); freezing 
rate(s) from liquid to solid 
(-40°C); freezing rate(s) to final 
temperature 

Thawing: Thawing medium (original vs. 
new diluent); thawing rate (i.e., 
at 23° vs. 37° vs. 4S0 vs. 7S°C); 
post-thaw storage temperature 
and time; post-thaw 
temperature damage; post-thaw 
motility and vitiality; post-thaw 
morphology and acrosome 
integrity; post-thaw 
thermolability and longevity 

Insemination: Time relative to ovulation; site of 
insemination (vaginal vs. 
uterine); volume of 
insemination; number of live 
sperm per insemination; genital 
manipulations 

From Concannon PW, Battista M: Canine semen freezing and arti
ficial insemination. Jn Kirk RW (ed): Current Veterinary Therapy 
X. Philadelphia, WB Saunders, 1989, p 1249, with permission. 

plugged with cotton on one end and powdered 
PVC pyrrolidone on the other, and then frozen 
while suspended in liquid nitrogen vapor be
fore plunging the straw into the liquid nitro
gen.66·67·79 Quality of canine semen samples 
after thawing may vary between those frozen 
as pellets and those frozen in straws.70·81 Vari
ables such as extender used also impact post
thaw canine semen quality, so method of freez
ing should be evaluated for each technique 
used. 

Optimal canine semen freezing rate is de
pendent on extender and cryoprotectant used 
and volume of the sample.66 If the sample 
freezes too quickly, intracellular ice forms, rup
turing the spermatozoa. If the sample freezes 
too slowly, an osmotic gradient forms with 
subsequent dehydration and shrinking of the 
cells.66 Reported values for freezing rate vary 
from 1.89° to soc per minute until the sample 
reaches-l5°C, then 10° to 20°C per minute until 
the sample reaches-100°C, after which the 
sample is plunged into liquid nitrogen.75

•
79·94·95 

The thawing rate is as important to survival 
of canine spermatozoa as is the freezing rate. 96 

Comparison of short-term immersion of either 
straws or pellets in thaw medium in a 75°C 
water bath for 6 seconds with immersion in a 
cooler water bath (30 seconds [0.25-ml straws] 
or 60 seconds [0.50-ml straws or pellets in thaw 
medium] at 37°C) yields equivocal results for 
highest post-thaw percentage progressive 
spermatozoal motility.75·76 The latter is the 
more commonly used thawing technique for 
frozen canine sperm.97 

Prior to long-term storage of the frozen se
men, a sample of pellets or a straw containing 
frozen semen that has been immersed in liquid 
nitrogen for at least 5 minutes should be 
thawed and evaluated to allow recording of 
post-thaw semen quality.67 Progressive motil
ity is the parameter most commonly assessed 
for evaluation of quality of frozen-thawed ca
nine spermatozoa. Percentage of progressively 
motile spermatozoa is decreased post-thaw in 
the dog, with reported values of about 50 to 60 
per cent.67·98 Investigators differ as to whether 
percentage progressive spermatozoal motility 
may or may not be associated with damage 
to the acrosome or plasma membrane of the 
canine spermatozoa.99·100 Post-thaw percentage 
of progressive motility of canine spermatozoa 
is a poor indicator of semen quality, as motile 
spermatozoa with damaged acrosomes may be 
incapable of fertilizing oocytes.101 In one study, 
despite normal post-thaw motility and min-
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imal membrane damage, few spermatozoa 
bound to canine oocytes in an oocyte penetra
tion test of spermatozoal function after freez
ing and thawing.102 In a survey of seven pooled 
ejaculates frozen with four different extenders 
and techniques, the sample with the lowest 
post-thaw motility yielded the highest concep
tion rate itt breeding trials.103 Addition of a 
methylxanthine, pentoxifylline, to the thaw 
medium"' increased percentage progressive 
spermatozoal motility of frozen-thawed ca
nine spermatozoa,104 but effect on fertilizing 
ability of treated spermatozoa is unknown. 

The spermatozoa of individual fertile male 
dogs respond differently to semen freez
ing.81·105 Even male dogs without morphologic 
defects associated with poor post-thaw sur
vival of spermatozoa, such as proximal cyto
plasmic droplets and bent and coiled tails,39·98 

may have spermatozoa that do not survive 
freezing and thawing, perhaps due to individ
ual variance in their seminal fluid chemistry. 

Frozen-thawed spermatozoa have a much 
shortened life span than that of newly ejacu
lated spermatozoa.75 An insemination dose of 
100 to 150 million live spermatozoa has been 
associated with a conception rate of 75 per cent 
or higher, depending on health of the bitch, 
timing of insemination, and placement of se
men within the bitch's reproductive tract. 79·97·98 

Many methods for canine semen freezing 
have been reported, including techniques us
ing the extenders and materials de
scribed,39,67,69,70,73,99,Joo,Joz,Jos-Jos one in which ex-
tended semen is dropped directly into liquid 
nitrogen,109 and a technique using methanol as 
the freezing medium.110·111 Several commonly 
used techniques belong to private companies 
with proprietary methods. The authors are un
aware of any large-scale sh1dy comparing 
these various techniques for semen freezing. 

How to Extend and Chill or 
Freeze Canine Semen68 

Chilled Semen 

• Evaluate the male for breeding soundness 
with a complete physical examination and 
semen evaluation, including semen culture 
and Brucella canis serology, and tests for ge
netic defects specific to the breed. 

• Collect semen for extension and shipment by 
manual ejaculation. Isolate second (sperm
rich) fraction by changing tubes during col-

lection or by centrifuging the sample at 300 
to 500g for 10 minutes.* 

• Dilute the sperm-rich fraction with Extender 
I (Table 16-6) at room temperature, at a ratio 
of 1 part semen to 2 parts extender. 

• Secure the extended sample in a centrifuge 
tube with a tight cap and no vent hole. Pack 
in a small styrofoam box or wrap tightly in 
several layers of newspaper. Place in a larger 
styrofoam box with two frozen ice packs, 
both wrapped in newspaper. Ship to reach 
the bitch as soon as possible, ideally within 
24 hours (see Chapter 4). 

Frozen Semen 

• Evaluate the male for breeding soundness 
with a complete physical examination and 
semen evaluation, including semen culture 
and Brucella canis serology, and tests for ge
netic defects specific to the breed. 

• Collect semen for extension and shipment by 
manual ejaculation. Isolate second (sperm
rich) fraction by changing tubes during col
lection or by centrifuging the sample at 300 
to 500g for 10 minutes.* 

• Aspirate the pellet and add Extender I (Table 
16-6), at room temperature, at a 1: 1 ratio. 
Place at refrigerator temperature for 1 hour. 
Label 0.5 ml PVC straws with facility identi
fication number, the animal's AKC number 
and breed, and the date. 
Add 2 parts Extender II (Table 16-6), at re
frigerator temperature, in four 0.5-ml ali
quots over a 45-minute period for a final 
glycerol concentration of 4 per cent. Fill the 
0.5-ml straws, introduce an air bubble to pre
vent expulsion of the seal during freezing, 
seal the straw, and place in refrigerator tem
perature for at least 1.5 hours. Fill the bottom 
of a styrofoam box with 10 em of liquid nitro
gen while you are waiting, and leave it in 
the cold room or refrigerator. 

• Place the straws on a rack 5 em above the 
surface of the liquid nitrogen for 6 minutes, 
then drop the straws into the liquid nitrogen. 
After at least 5 minutes, transfer to a penna
nent tank and thaw one straw (60 seconds 
in a 37°C water bath) to assess post-thaw 
semen quality. 

• Ship semen samples in a canister containing 
liquid nitrogen or liquid nitrogen vapor in a 

''Centrifuge g force = 11.18 X 10-6 times RN2, with R = 

radius from centrifuge spindle to media in tube (em) and 
N = speed of spindle in revolutions per minute. 
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"dry shipper." The latter will hold its charge 
for 1 to 3 weeks; either recharge the canister 
on arrival at its destination or weigh it daily 
to assess loss of liquid nitrogen and possible 
thawing of the straws it contains. Informa
tion that should be sent with the semen in
cludes thawing instructions, the number of 
spermatozoa in each straw, and percentage 
post-thaw progressive motility. 
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• Prevention of Fertility in the Mole Dog 
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• 
A single male dog may sire many more pup
pies than a single female is capable of produc
ing. Prevention of fertility in male dogs is re
quested by owners not only to avoid the siring 
of unintended litters but also to decrease inci
dence of undesirable male behaviors, such as 
mountii1g, roaming, aggression to other male 
dogs, and undesirable urination behavior.1 The 
ideal contraceptive is effective, safe, readily 
available, and acceptable to owners both in its 
use and possible side effects.2 

Surgical Sterilization 

Orchiectomy 

Castration and neuter are defined as removal 
of one or both gonads. The correct terms for 
removal of one or both testes are orchidectomy 
and orchiectomy; the two terms are synon
ymous.3 

Bilateral orchiectomy is the most common 
form of sterilization in male dogs in the United 
States, and is the treatment of choice for steril
ization of the male dog of this species. Open 
and closed techniques have been described 
that refer to incision of the tunics investing the 
spermatic cord, and the latter is more common. 
General anesthesia is induced and the inguinal 
and prescrotal areas are clipped and prepared 
for sterile surgery. A prescrotal incision is 
made on the midline and a testis manipulated 
to the incision. The subcutaneous tissue, 
spermatic fascia, and scrotal ligaments are sev
ered or broken manually, and the tunics are 
stripped free of fat so that the testis may be 
exteriorized. The spermatic cord is exposed, 
still encased within the testicular tunics, 
clamped, ligated, and severed. The process is 
repeated with the other testis.4 Dogs undergo-

ing closed orchiectomy with a prescrotal ap
proach have been demonstrated to have less 
hemorrhage from the pedicle, less scrotal 
swelling postoperatively, and less seromas at 
the incision site than dogs undergoing open 
orchiectomy, in which the testicular tunics 
were incised to expose the spermatic cord.4 In 
a survey describing 24 male dogs in which 
closed orchiectomy with a prescrotal approach 
was compared to closed orchiectomy with a 
postscrotal approach, open orchiectomy, and 
scrotal ablation, dogs undergoing closed orchi
ectomy with a prescrotal approach had the 
shortest surgery time, best postoperative cos
metic appearance, fewest postoperative com
plications, and fastest healing time.5 

Bilateral orchiectomy is a completely effec
tive contraceptive method. Other benefits of 
bilateral orchiectomy include prevention of 
testicular and epididymal disorders such as 
neoplasia, torsion of the spermatic cord, and 
orchitis/ epididymitis; and suppression or 
eradication of clinical signs associated with 
androgen-dependent diseases such as benign 
prostatic hypertrophy, chronic prostatitis, 
perianal adenomas, perineal hernias, and 
castration-responsive alopecia. 1

•
3·6-

9 

Objectionable male behaviors decline in 
most dogs after bilateral orchiectomy, with 
greatest effect seen on sexually dimorphic re
productive behaviors, such as mounting and 
roaming.10 Most male dogs undergoing bilat
eral orchiectomy before puberty do not de
velop some male behaviors at all. 1

•
11

•
12 Previous 

sexual experience of male dogs is not a good 
predictor of likelihood of reduction in sexual 
behaviors after orchiectomy.10 In a survey de
scribing behavior of 42 male dogs after orchiec
tomy, 70 per cent showed a decrease in mount
ing behavior, 60 per cent showed a decline in 
intermale aggression, and greater than 90 per 
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cent showed a decrease in roaming behavior 
after bilateral orchiectomy.B Mounting and 
thrusting behavior may take months to years 
to diminish, suggesting nonhormonal, or 
learned, components to the behavior.12

•
14 Or

chiectomized dogs with persistent mounting 
behavior rarely achieve intromission of the pe
nis and if intromission does occur, the copula
tory lock is very short or does not occur at allY 

Postoperative complications after bilateral 
orchiectomy have been reported in 4.5 per cent 
of male dogs with bilaterally descended testes 
(n = 240) and in 6.5 per cent of dogs with one 
or both testes retained (n = 46).15 Reported 
short-term postoperative complications of or
chiectomy in the dog include hemorrhage from 
the pedicle of the spermatic cord, scrotal bruis
ing or swelling, infection at the incision site, 
and hemiprostatic urethral avulsion after ex
ploration for a retained testicle with an ovario
hysterectomy hook.16·17 An arteriovenous fis
tula involving the testicular artery and vein, 
artery of the ductus deferens, and cremasteric 
artery developed in the inguinal region of 
a male dog 4.5 years after bilateral orchi
ectomy.18 

Complications reported to occur after bi
lateral orchiectomy include development of 
scirrhous (spermatic) cords, obesity,1·19-21 de
crease in secondary sex characteristics,22 uri
nary incontinence due to urethral sphincter 
mechanism incompetence,3·22 delayed closure 
of physes of long bones/2·24 possible predispo
sition to pancreatitis25 and prostatic neopla
sia/6 and endocrine alopecia.3.27 Dogs castrated 
with active orchitis, epididymitis, or prostatitis 
are at risk of developing scirrhous (infected) 
spermatic cords. These patients should be 
treated with antibiotics prior to surgery. Bilat
eral orchiectomy is a risk factor for obesity, 
along with owner, diet, breed, age, and activity 
level factors.19.2° Orchiectomized male dogs 
were more likely to be overweight than intact 
males in a retrospective survey.21 However, 
in two prospective studies, body weight, food 
intake, and depth of back fat were not in
creased in male dogs orchiectomized at 7 
months of age compared to age-matched intact 
male dogs.28·29 Development of urinary inconti
nence due to urethral sphincter mechanism in
competence has been demonstrated more fre
quently in orchiectomized than intact male 
dogs and in those with an intrapelvic bladder 
neck, perhaps related to decreased prostatic 
weight after orchiectomy.23 

Early spay-neuter, or prepuberal gonadec
tomy, refers to surgical sterilization of sexually 
immature animals. Male dogs undergoing bi-

lateral orchiectomy at 7 to 14 weeks of age 
have been reported to have delayed closure of 
physes of long bones and decreased develop
ment of secondary sex characteristics com
pared to male dogs gonadectomized at 7 
months of age or left intact.29 Prepuberally go
nadectomized male dogs have not been re
ported to be more obese than those gonadecto
mized at 7 months of age or left intact.28·29 

Surgery time is decreased in animals undergo
ing gonadectomy prepuberally, and no sig
nificant surgical, anesthetic, or postoperative 
complications have been described following 
this surgery in pediatric patients.30·31 For a com
plete discussion of early spay-neuter in dogs, 
see Chapter 9. 

Vasectomy 

Vasectomy, bilateral removal or occlusion of 
a segment of the duch1s deferens, prevents fer
tility both by obstructing ejaculation of sper
matozoa and by causing secondary testicular 
atrophy.32 Androgen-dependent diseases and 
undesirable male sexual behaviors may still 
occur, since steroidogenesis is not affected. 

After induction of general anesthesia, the 
inguinal and prescrotal areas are clipped and 
prepared for sterile surgery. The spermatic 
cord is identified either by direct observation 
and exteriorization (prescrotal) or by laparos
copy (abdominal). The tunic is incised over 
the spermatic cord and the ductus deferens 
exposed. A segment is either occluded with 
electrocautery, or surgically removed and the 
severed ends ligated.33- 35 Azoospermia has 
been reported to develop from 2 to 21 days 
after bilateral vasectomy.34-36 

Epididymal/Testicular 
Sclerosing Agents 

Sclerosing agents prevent fertility by inducing 
fibrous occlusion when injected into the epidi
dymes (Fig. 17-1). Agents injected into the 
testicular parenchyma cause testicular atrophy 
and decrease spermatogenesis. It may be better 
to target the epididymis than the testicle, as 
breeching of the blood-testis barrier in the lat
ter may be more likely to cause a systemic 
immune response and local inflammation with 
release of testicular autoantigens. General an
esthesia is indicated both with epididymal and 
testicular injection. 

Agents that have been demonstrated to in
duce infertility after injection into both cauda 
epididymes include zinc arginine, zinc tan-
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Figure 17-1. Injecting a sclerosing agent info the 
cauda epididymis of a beagle dog. (From Olson PN , 
Nell TM , Bowen RA, el al: A need for steril ization , 
conlraceplives, and abortifacients: Abandoned and 
unwanted pels. Port I. Current methods of sterilizing 
pels. Compend Conlin Educ Pract Vel 8:87-92, 
1986, with permission. ) 

nate, methylcyanoacrylate, chlorhexidine glu
conate, chlorhexidine in ethylcellulose, ethyl
cellulose in dimethyl sulfoxide (DMSO) and 
formalin, and acrylic hydrogel in DMS0.37- 40 

Zinc arginine injection in the cauda epidi
dymes of 10 dogs was described to induce 
azoospermia by 90 days after injection.37 His
tology of the epidid ymes and testes 1 year after 
injection showed atrophy of the epithelium of 
the corpus and caput epididymis with no gran
uloma formation, variable atrophy of the semi
niferous tubules, and atrophy of the rete 
testes.37

•38 Increased intra testicular zinc concen
trations were hypothesized to inhibit replica
tion of germ cells.38 Zinc arginine is nonmuta
genic, nonteratogeni.c, and noncarcinogenic.37 

Injection of 0.5 ml of 4.5% aqueous chlorhexi
dine gluconate solution into the cauda epidi
dymes of seven dogs caused azoosper
mia in all dogs by 35 days after treatment.40 The 
azoospermia persisted for 4 months. Transient 
testicular swelling occurred, but the dogs were 
able to work and hunt within 1 day of 
treatment.40 

Intratesticular injection of pure lactic acid 
prevented development of both testes in im
mature dogs; the testes were not palpable in 
the scrotum by 7 weeks after injection. Injec
tion of pure lactic acid into the testes of adult 
dogs significantly decreased plasma testoster
one concentrations and libido immediately 
after injection. Degenerative changes of semi
niferous tubules and germ cell atrophy were 
present in testicular biopsy samples 4 months 
after injection.41 Treated dogs showed no dis
comfort after intratesticular injection with lac
tic acid. 41 Intratesticular injection of zinc tan
nate decreased testosterone production and 
caused azoospermia, with the effect on sper
matogenesis positively correlated with the 
dose administered.42 

Medical Suppression 
of Spermatogenesis 

Medical therapies for contraception that cause 
either a significant decline in semen quality or 
complete azoospermia have been demon
strated in male dogs. Medical therapy for in
duction of infertility in dogs is less invasive 
than are surgical techniques or administration 
of epididymal/testicular sclerosing agents, 
and generally are reversible. The two classes 
of drugs best described for contraception in 
male dogs are progestins and gonadotropin
releasing hormone (GnRH) agonists. 

Progestins described as contraceptive agents 
for male dogs are megestrol acetate and me
droxyprogesterone acetate. Megestrol acetate 
is not an effective contraceptive agent; even at 
the highest reported dose (4 mg/kg once daily 
per os [PO] for 7 days), semen quality was 
not appreciably diminished, although a small 
percentage of spermatozoa with · secondary 
morphologic defects was noted.43 Megestrol 
acetate has been demonstrated to suppress the 
pituitary-adrenal axis. 44 Medroxyprogesterone 
acetate (MP A) is an effective contraceptive 
agent at high doses (20 mg/kg subcutaneously 
[SC]).45 Treatment with MPA induces a rapid 
decrease in total number of spermatozoa ejac
ulated, percentage morphologically normal 
spermatozoa, and percentage progressively 
motile spermatozoa.43 Serum luteinizing hor
mone (LH) concentrations are not suppressed 
with MPA treatment, the effect is rapid, and 
the morphologic defects induced in spermato
zoa are those that occur during maturation, 
suggesting an effect of MP A directly at the 
level of the epididymisY Concurrent treat
ment with MP A and testosterone esters causes 
a more rapid decrease in semen quality than 
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does treatment with MP A alone, but does not 
cause azoospermiaY The authors do not rec
ommend use of progestins for contraception in 
male dogs because of the side effects (diabetes 
mellitus, mammary nodules) these drugs 
may cause. 

Androgens suppress release of LH from the 
pituitary with secondary declines in serum 
and intratesticular testosterone concentrations 
and an eventual decrease in spermatogenesis. 
Daily administration of 50 mg of methyltestos
terone to male dogs for 90 days decreased sper
matogenesis and mean testicular length.46 

Treatment with androgens for prevention of 
fertility is not recommended, since predisposi
tion to androgen-dependent diseases will be 
increased.7 

GnRH agonists, including nafarelin acetate 
(0.5 or 2.0 ~g/kg SC once daily for 44 days) 
and leuprolide acetate (0.1 or 1.0 mg/kg SC), 
have been demonstrated to cause transient in
creases in serum LH and testosterone concen
trations followed by declines to nondetectable 
concentrations by 7 to 14 days.47-50 Reported 
changes in semen quality varied from low 
total number of spermatozoa ejaculated to 
azoospermia 3 to 8 weeks after the drug was 
administered. Testicular histopathology re
vealed cessation of spermatogenesis in most 
seminiferous tubulesY-50 Return to normal se
men quality and normal testicular histology 
was evident by 140 to 252 days after treat
ment.49·50 Other drugs reported to inhibit sper
matogenesis in male canids include oral bis
diamine51 and a-chlorohydrin, an alkylating 
agent.SZ 

Immunosterilization 

Ten male dogs immunized with an androgen
binding protein isolated from the canine cauda 
epididymis were demonstrated to have dis
ruption of the epithelium of the cauda epidi
dymes and marked testicular damage. 53 Semen 
quality was not reported. Immunization of 1-
year-old male beagles with 30 to 50 ~g of a 
GnRH analogue conjugated to tuberculin pro
tein had a variable effect, with extent of degen
eration of spermatogonia and lack of sperma
togenesis, and subsequent decrease in total 
number of spermatozoa ejaculated correlated 
with titer.54 Immunization with human chori
onic gonadotropin (hCG) elicited formation of 
antibodies, but did not cause infertility, since 
the antibodies were not cross-reactive with ca
nine gonadotropins.55 Immunization of dogs 
with a single 10-mg dose of ovine gonadotro-

pin induced antibody formation and ejacula
tory failure, but results were inconsistent; 
some dogs maintained spermatogenesis at 
normal levels despite presence of high anti
body titers.55 

Irradiation 

Male dogs irradiated with a total of 300 rad 
over 60 days had a decrease in number of sper
matogonia. 55 Permanent cessation of sper
matogenesis required exposure of at least 
3 rad per day, localized at the testis, for 475 
consecutive days.56 Irradiation is not consid
ered a feasible or humane contraceptive 
method in the dog because of the duration of 
treatment necessary to be effective.56·57 
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• Disorders of the Canine Testes and Epididymes 
• 
• 
• 
• 
Congenital Abnormalities 

Development of testes in the embryonic male 
dog is dependent on presence of a gene on 
theY chromosome that signals production of 
testis-determining factor. Subsequent devel
opment of male internal and external genitalia 
is dependent on miillerian-inhibiting sub
stance (MIS), a glycoprotein hormone secreted 
by Sertoli cells in the embryonic testis, and 
testosterone (T) secreted by embryonic testicu
lar interstitial (Leydig) cells. Miillerian-inhibit
ing substance induces regression of the mtille
rian duct system, destined in animals without 
testes to persist as the female uterine tubes, 
uterus, and cranial vagina. Testosterone stimu
lates differentiation of the epididymes and 
vasa deferentia from the wolffian ducts. Tes
tosterone also is converted to dihydrotestoster
one (DHT), which effects differentiation of the 
prostate, urethra, penis, and scrotum. Abnor
malities of sexual differentiation in the male 
dog include abnormalities of chromosomal 
sex, of gonadal sex, and of phenotypic sex. 1 

Abnormalities of chromosomal sex refer to 
abnormal complement of sex chromosomes; 
those that have been reported in the pheno
typic male dog include the 79,XXY, 78,XX/ 
78,XY, and 78,XX/79,XXY karyotypes (see 
Chapter 10) (Fig. 18:--1).1- 3 The 79,XXY males 
have scrotal testes that are small and soft, and 
are composed histologically of interstitial cells 
and Sertoli cells lining the seminiferous tu
bules, but no spermatogenesis.2 The 78,XX/ 
78,XY and 78,XX/79,XXY chimeras may have 
testes or ovotestes; the gonads are retained in 
the abdomen.3 

Abnormalities of gonadal sex are defined as 
those with presence of gonads opposite that 
expected with the chromosomal complement. 

312 

The only abnormality of gonadal sex reported 
in dogs is XX sex reversal, in which phenotypic 
male dogs with testes and male external geni
talia have a 78,XX karyotype. XX sex reversal 
is inherited as an autosomal recessive trait in 
American cocker spaniels.1 It also has been re
ported in beagles, English cocker spaniels, 
Weimeraners, German shorthaired pointers, 
Chinese pugs and Kerry blue terriers.1.4- 6 The 
hypothesized cause is translocation of a por
tion of the Y chromosome to an autosome. 1 

Male dogs with XX sex reversal have bilateral 
testes and epididymes, which often are re
tained in the abdomen, and histologically 
show no spermatogenesis.U Ambiguous exter
nal genitalia including penile hypoplasia and 
hypospadias may be present.U 

Abnormalities of phenotypic sex occur in 
animals in which the external genitalia or the 
internal tubular reproductive organs are of a 
different sex than the gonads. These are ps.eu
dohermaphrodites. Female pseudohermaph
rodites appear male externally in the presence 
of ovaries; these are uncommon, except in 
cases where the individual has been masculin
ized by exogenous androgen administration to 
or androgen secretion by the mother during 
her pregnancy. Male pseudohermaphrodites 
(male gonads with female phenotype), which 
are more common, and are due to failure of 
secretion or action of MIS or T. 2•

7
•
8 Male pseudo

hermaphroditism may be due to inadequate 
binding of T or DHT in target tissues, with 
subsequent lack of development of normal 
male external genitalia.9 

Dogs that appear phenotypically male and 
that have a normal 78,XY karyotype and nor
mal testes may have a uterus masculinus, 
which is a type of male pseudohermaphrodit
ism. In the miniature schnauzer, an inherited 
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Figure 18-1. 7 9,XXY chromosome complement (A) and testicu
lar histology (B) of a 21 -month-old male Norwich terr ier that was 
azoospermic. Sex ch romosomes are indicated (open arrow, 
Y chromosome; dark arrows, X chromosomes). Seminiferous 
tubules contain only Sertoli cells, not spermatogenic elements. 
(From N ie GJ,Johnston SD, Hayden DW , et a l: Theriogenology 
question of the month: Male dog wi th 79,XXY chromosome 
complement. JAm Vet M ed Assoc 2 12:1545-1547, 1998 , 
w ith permission.) 

form of male pseudohermaphroditism associ
ated with unilateral or bilateral cryptorchid 
testes, attached to a complete uterus, and nor
mal male external genitalia, has been re
ported.10-12 These dogs commonly present with 
Sertoli cell tumor of the cryptorchid testis and 
cystic endometrial hyperplasia/pyometra of 
the uterus masculinus. 

Monorchidism, aplasia of one testis, has not 
been reported in the dog. If only one scrotal 
testis is evident, careful ultrasonographic or 
surgical exploration of the contralateral ingui
nal canal and abdomen, and tracing of the 
vas deferens retrograde from its insertion on 
the dorsal aspect of the prostate may be neces
sary to find the retained testis. Presence of 
retained testes in the abdomen may be mis
diagnosed as testicular aplasia, and can be di
agnosed by measurement of serum testoster
one following challenge testing. Protocols for 

challenge testing include (1) gonadotropin-re
leasing hormone (GnRH), 2 JLg/kg intramus
cularly (IM), with blood sample drawn 1 hour 
later for measurement of serum testosterone; 
or (2) human chorionic gonadotropin (hCG), 
20 IU /kg I:M:, with blood sample drawn 4 
hours later for measurement of serum testos
terone. Serum testosterone concentrations ex
ceeding 1 ng/ml following challenge testing 
support the diagnosis of abdominal testes; con
centrations often exceed 5 ng/mL 

Both unilateral and bilateral aplasia of a por
tion of the epididymis have been reported.13·14 
A Siberian husky with unilateral epididymal 
aplasia had moderate degeneration of the ipsi
lateral testis, but was a fertile male.14 

Cryptorchidism 

Cryptorchidism is a developmental defect in 
male dogs in which descent of one or both 
testes into the scrotum does not occur by 6 
months of age. Cryptorchidism ("hidden tes
tis") is the preferred term; monorchidism 
("single testis") implies unilateral testicular 
aplasia, a condition that has not been reported 
in male dogs. 

In normal male dogs, the testes usually have 
descended into the scrotum by 10 days of 
age. 15·16 In one study of 105 male puppies, 97 
per cent had bilateral testicular descent by 42 
days of life.17 Neonatal testes are small, soft, 
and mobile, and may be difficult to palpate.18 

In puppies, the testes can move freely between 
the scrotum and inguinal canal.19 Contraction: 
of the cremaster muscle can pull the testis from 
the scrotum into the inguinal canal if the pup 
is cold, frightened, or stressed.18 

The inguinal rings of most dogs are closed 
by 6 months of age, precluding movement of 
testes from the abdomen to the inguinal canal 
if that has not already occurred. In a review 
of 1494 male dogs with undescended testes, 
30 of the 122 that were under 6 months of 
age at initial diagnosis showed spontaneous 
descent of at least one testis by 6 months of 
age, with 19 dogs previously diagnosed as uni
lateral cryptorchids and 5 dogs previously di
agnosed as bilaterally cryptorchid achieving 
normal scrotal placement of both testes. 20 In 
that study, no dog showed testicular descent 
after 6 months of age.20 Lack of testicular de
scent after 6 months of age is most likely due 
to functional closure of the inguinal rings and 
increasing testicular size, and may, therefore, 
occur earlier in small-breed dogs and later in 
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large- and giant-breed dogs that mature later 
in life. In general, cryptorchidism should not 
be definitively diagnosed in dogs less than 6 
months of age. 19 

Reported incidences of canine cryptorchi
dism are 1.2 per cent (n = 2365/1 n = 1.8 mil
lion22),2.5 per cent (n = 1679),23 and 5.0 per cent 
(n = 198).24 In boxers, the reported incidence in 
one study was 10.1 per cent (n = 3431).25 Age 
of the male dogs at time of diagnosis was not 
reported in the majority of these studies, leav
ing the true incidence of cryptorchidism in 
question. 

Among cryptorchid dogs, unilateral crypt
orchidism is more common than bilateral 
cryptorchidism, with overall reported inci
dences of 79.8 and 20.2 per cent, respec
tively.21·24-27 In unilaterally cryptorchid dogs, 
the right testis is more often retained than the 
left, with respective incidences of 65.7 and 34.3 
per cent.21·27·28 Testes may be retained in the 
prescrotal subcutaneous tissue, the inguinal 
area, or the abdomen. Inguinal retention is 
most common24; in one survey of 29 unilater
ally cryptorchid dogs, 21 (72 per cent) had in
guinal testicular retention.21 

Normal testicular descent occurs in three 
phases.18 In phase I, intra-abdominal migra
tion, the embryonic testes, which develop 
caudal to the kidney, are pulled caudally by 
outgrowth of the distal portion of the guber
naculum, a gelatinous tissue of mesenchymal 
origin connecting the caudal pole of the testis 
to the external opening of the inguinal canal. 
Phase II is intrainguinal migration of the testis. 
Phase III, extrainguinal migration of the testis 
into the scrotum, is due to regression of the 
gubernaculum. Gubernacular outgrowth and 
regression are regulated by testosterone and 
nonandrogenic factors released from the fetal 
testes.29·30 In a series of elegant experiments in 
which fetal and neonatal puppies underwent 
orchidectomy with or without concurrent sup
plementation with testosterone, gubernacular 
outgrowth and regression and subsequent 
descent of the remaining epididymis were 
demonstrated to require physical presence of 
the testis.29 Gubernacular outgrowth was mini
mally affected by testosterone supplementa
tion, while a more profound effect of testos
terone on gubernacular regression was dem
onstrated, suggesting that testosterone plays a 
larger role in Phase III of testicular descent.30 

Canine cryptorchidism is heritable. It is a 
sex-limited autosomal recessive trait. Mode of 
inheritance, including number and penetrance 
of genes involved, is undefined. Because the 

gene(s) responsible for testicular descent are 
autosomal, the cryptorchidism trait can be car
ried by both males and females. 15 Concentra
tion of the defect within lines of inbred cocker 
spaniels and miniah1re sclmauzers has been 
demonstrated.27·31 Other congenital defects that 
have been reported with increased frequency 
in cryptorchid male dogs include inguinal her
nia, umbilical hernia, hip dysplasia, patellar 
luxation, and penile/preputial defects. 22·32 

Breeds at increased and decreased risk for 
cryptorchidism have been identified (Table 
18-1).15·22

•
25

•
28.32.33 In general, small-breed dogs 

(<9.1 kg) are at increased risk compared to 
medium (9.1 to 18.1 kg) and large-breed dogs 
(>18.1 kg).34 The risk in the smaller counter
part within a breed is higher; toy poodles are 
at greater risk of cryptorchidism than are stan
dard poodles.22 

Pathogenesis of abnormal testicular descent 
in the dog is not well defined. There is one 
report of bilaterally retained testes in a dog 
with extremely strong cranial suspensory liga
ments joining the cranial end of the testes to 
the area craniolateral to the ipsilateral kidney 
and preventing outgrowth of the gubernacu
lum and subsequent testicular migration, sug
gesting that breakdown of the cranial suspen
sory ligament may be an essential component 

• Table 18-1. Risk for Canine 
Cryptorchidism by Breed 

Breeds at increased risk (in decreasing order) 
Toy poodle 
Pomeranian 
Yorkshire terrier 
Miniature dachshw1d 
Cairn terrier 
Chihuahua 
Maltese 
Boxer 
Pekingese 
English bulldog 
Old English sheepdog 
Miniature poodle 
Miniature schnauzer 
Shetland sheepdog 
Siberian husky 
Standard poodle 

Breeds at decreased risk 
Mongrel 
Beagle 
Labrador retriever 
Golden retriever 
Saint Bernard 
Great Dane 
English setter 

Data from Hoskins and Taboada,'; Hayes et a1.,22 Turba and Wil
ler,25 Reif and Brodey,"' Pendergrass and Hayes," and Liierssen." 
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of normal testicular descent.35 No significant 
difference has been demonstrated in serum 
estrogen concentrations between unilaterally 
cryptorchid and normal male dogs.36·37 Serum 
testosterone and luteinizing hormone (LH) 
concentrations may or may not be decreased 
in cryptorchid dogs.36-39 Inadequate secretion 
of GnRH, .tH, or T has been hypothesized as 
causative of cryptorchidism due to the occa
sional descent of testes in human males at pu
berty, and occasional reports of successful 
treatment of canine cryptorchidism with go
nadotropic agents.18 Cryptorchid dogs have 
been reported to have lower serum T concen
trations after administration of a GnRH ana
logue than normal dogs.39 However, lack of 
consistent success with gonadotropic agents as 
a treahnent for canine cryptorchidism argues 
against insufficiency of the hypothalamic-pitu
itary-testicular axis as an inciting cause of 
cryptorchidism in this species. Finally, the in
creased risk of cryptorchidism in the smaller 
counterpart within a breed suggests that ab
normal testicular descent may be related to 
physical size or rate of growth of the testes, 
epididymes, and/ or gubernaculum.22 

Nonhereditary causes of canine cryptorchi
dism have been hypothesized. Any process 
that alters intra-abdominal pressure, such as 
umbilical infection with peritonitis, or causes 
inflammation or c=Whesions in the inguinal ca
nal or scrotum, such as trauma to the inguinal 
region, may prevent normal testicular de
scent.18 In humans, excessive weight of the 
mother is associated with a decline in concen
tration of sex-hormone-binding globulin, 
which increases free serum estrogen concen
trations and causes fetal testicular hypopla
sia40; a similar sequence in dogs has not been 
reported. 

Retained testes are smaller than scrotal tes
tes, with size positively correlated with degree 
of retention. Abdominally retained testes 
weigh less than inguinally retained testes.36 

Compensatory enlargement of the scrotal tes
tis in unilaterally cryptorchid dogs has not 
been reported.36 Histologically, diameter of 
seminiferous tubules in retained testes is re
duced by up to 60 per cent, compared to scrotal 
testes.41 The seminiferous tubules are lined by 
Sertoli cells, which may be atrophic. Spermato
gonia may be present, but there is no spermato
genesis.24.36Al Interstitial cells are present and 
may be either atrophic41 or hypertrophic.42 Hy
pertrophy of interstitial cells was identified in 
5 of 28 retained testes in one study.42 Scrotal 
testes showed histologic abnormalities in 40 

per cent of 34 unilaterally cryptorchid dogs in 
one study.42 

Retained testes are capable of steroidogene
sis36-39 but are not capable of normal spermato
genesis. Twenty-seven of 28 retained testes 
showed histologic abnormalities in one study, 
with no evidence of spermatogenesis in 22 of 
the 27.42 

Although three of four bilaterally cryptor
chid dogs achieved erection in one study, only 
two of the four ejaculated and neither sam
ple contained live spermatozoaY Bilaterally 
cryptorchid dogs may be azoospermic.38 Hu
man beings with bilateral testicular maldes
cent are twice as likely to be azoospermic as 
men with unilateral testicular maldescent.43 

Dogs with unilateral cryptorchidism show 
variable semen quality. In a review of 34 
unilaterally cryptorchid dogs, 91 per cent 
achieved erection.42 Forty-seven (n = 34)42 to 
58 per cent (n = 19)21 of unilaterally cryptor
chid dogs were demonstrated to ejaculate, and 
as many as a quarter of the samples were 
azoospermic.42 Oligozoospermia is common; 
in a survey of ejaculates from 16 unilat
erally cryptorchid dogs, only one had normal 
total number of spermatozoa in the ejaculate 
(> 300 million), normal progressive motility 
(>70 per cent), and normal percentage mor
phologically normal spermatozoa (:::::80 per 
cent) .42 In a review of semen quality from 11 
unilaterally cryptorchid dogs, total number of 
spermatozoa did not vary between unilaterally 
cryptorchid dogs with inguinally retained tes
tes (n = 7) and those with abdominally re
tained testes (n = 4), and was abnormally low 
in both, at 50 to 200 million and 20 to 240 
million, respectively.21 Percentage morpholog
ically normal spermatozoa did vary between 
the groups. Percentage morphologically nor
mal spermatozoa was abnormal in unilaterally 
cryptorchid dogs with an inguinally retained 
testis, averaging 72.5 per cent, but was normal 
in unilaterally cryptorchid dogs with an ab
dominally retained testis, averaging 87.2 per 
cent.21 Although abnormal semen quality usu
ally is present in unilaterally cryptorchid dogs, 
these dogs should be considered fertile if al
lowed to mate with a female. 

Retained testes are predisposed to neopla
sia. The increased risk of developing neoplasia 
in a retained versus a descended testis has been 
reported as 9.2 times (n = 2912),22 10.9 times 
(n = 1266),32 and 13.6 times (n = 410).44 In a 
survey of dogs with testicular neoplasia, 54.7 
per cent of 108 dogs with Sertoli cell tumors 
and 33.8 per cent of dogs with seminomas were 
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cryptorchid.28 Matched pair analysis in that 
study showed a significant degree of associ
ation between cryptorchidism and testicular 
neoplasia (see Testicular Neoplasia below).28 

The spermatic cord attached to a retained 
testis is predisposed to torsion. There are many 
published reports of torsion of a spermatic 
cord attached to an enlarged, sometimes neo
plastic, retained testis; in one review of 13 cases 
of torsion of the spermatic cord, 12 of the testes 
involved were retained (see Torsion of the 
Spermatic Cord below).2M 5- 48 

Diagnosis of cryptorchidism is by visual in
spection and careful palpation of the scrotum 
and inguinal region in dogs older than 6 
months of age. Inguinal lymph nodes and fat 
may feel like small inguinal testes.49 The small, 
freely movable testes may be palpable beneath 
or lateral to the proximal portion of the pre
puce. Abdominally retained testes are not pal
pable, unless they are enlarged due to neo
plasia or torsion of the spermatic cord. 
Ultrasonography of the inguinal canals and 
abdomen may be attempted, but the decreased 
size and large . number of possible locations 
of the retained testis decrease likelihood of 
identifying it by this method. Differentiation 
of bilaterally cryptorchid dogs from castrated 
male dogs may be done by rectal palpation 
of the prostate (enlarged in intact dogs)50 

or hormone assay. Serum testosterone following 
challenge testing is elevated above baseline 
concentrations in dogs with testes. Since 
testosterone is secreted pulsatiley, challenge 
testing is recommended (GnRH; 2 p,g/kg or 
50 p,g/ dog IM, draw blood sample 60 minutes 
following injection).51 Serum LH and follicle
stimulating hormone (FSH) are elevated in cas
trated animals due to lack of negative feedback 
to the pituitary from the gonads.50 Work is 
ongoing to determine the value of commer
cially available in-house test kits (Status-LH, 
Synbiotics Corp, Inc, San Diego, CA) for diag
nosis of bilateral cryptorchidism in dogs (R. 
Lofstedt, personal communication). 

The treatment of choice for cryptorchidism 
is bilateral castration, Although bilaterally 
cryptorchid dogs are sterile, predisposition of 
the retained testes to neoplasia and torsion of 
the spermatic cord makes surgical removal of 
both of the testes the best choice for the health 
of the animal. Unilaterally cryptorchid dogs 
should be castrated to decrease possible trans
mission of this hereditary defect, and to de
crease the predisposition of the retained testis 
to neoplasia and torsion of the spermatic cord. 

Surgical approach for removal of the re
tained testis depends on its suspected location. 
Abdominally retained testes may be anywhere 
on the path from the caudal pole of the kidney 
to the inguinal canal.49 Bilaterally retained tes
tes often are located caudal to the kidneys, 
while a unilaterally retained testis is more 
commonly found in the caudal abdomen, lat
eral to the bladder.27A9 To find a testis in the 
caudal abdomen, retroflex the urinary bladder 
and identify the ductus deferens as it leaves 
the prostate or courses around the ureters on 
the lateral aspect of the urinary bladder.49 Re
moval of retained testes is similar to that for 
scrotal testes. Complications reported in dogs 
after surgical removal of retained testes in
clude avulsion of the prostatic urethra after 
trauma by an ovariohysterectomy hook used 
for retrieval of the retained testis,52 and inad
vertent prostatectomy.49 Laparoscopic removal 
of retained testes has been described.53 

Surgical placement of the retained testis in 
the scrotal sac (orchiopexy) has been de
scribed, but is not recommended.37

•
54

•
55 Testes 

repositioned in the scrotum do regain some 
spermatogenic function; increased diameter of 
the seminiferous tubules was identified in both 
the repositioned testis and scrotal testis in one 
study.37 Unilaterally cryptorchid dogs from 
which the scrotal testis was removed and the 
retained testis surgically replaced in the scro
tum showed gradual improvement in semen 
quality by 1 year after surgery. Inseminates 
from these dogs successfully impregnated 3 of 
11 bitches bred.54

•
55 Orchiopexy and subse

quent improvement in semen quality is not a 
preferred consequence of veterinary interven
tion in unilaterally cryptorchid dogs, which 
should not be bred. Correction of cryptorchi
dism by orchiopexy also may increase the 
dog's value fraudulently; cryptorchid dogs 
cannot be shown in American Kennel Club 
(AKC)-sanctioned conformation competitions. 
Finally, the repositioned testis of human be
ings treated for cryptorchidism with orchio
pexy is considered to retain its predisposition 
to neoplasia, regardless of age of the boy at 
time of surgery.28 The authors discourage or
chiopexy as a treatment for unilateral cryptor
chidism in dogs. 

Medical treahnents for canine cryptorchi
dism with GnRH, and drugs with LH activity, 
including hCG and equine chorionic gonado
tropin (eCG), have been described (Table 18-
2).17·33·56-59 Most reports did not include a con
trol group in the study; 20 per cent of dogs 
with one or both testes retained underwent 
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• ' Table 18-2. Medical Therapies Described for Treatment of Canine Cryptorchidism 

Dose Regimen Employed 

Gonadotropin-releasing hormone (GnRH) 
50-750 f-Lg 1-6 times 

Human chorionic gonadotropin (hCG) 
100-1000 IU IM 4 times in a 2-wk 

period l• 

300-1000 IU 3-4 times 

Age When 
Treated 

2-4mo 

< 16 wk 

spontaneous testicular descent by 6 months 
of age in one sh1dy.20 Medical treatment for 
cryptorchidism may increase fertility in a dog 
that should not be bred, and may increase 
value of a dog with a heritable defect. The 
predisposition to neoplasia remains whether 
the retained testis descends or not. The authors 
strongly discourage medical treahnent for ca
nine cryptorchidism. 

Anecdotal reports exist of success in pulling 
inguinally retained testes into the scrotum by 
gentle downward traction of the testis several 
times daily.59

•
60 The authors are unaware of 

controlled studies evaluating this practice. 
Canine cryptorchidism is best controlled by 

removing cryptorchid dogs and, ideally, their 
dam and sire, from the breeding program. 
Presence of the carrier state in females is diffi
cult to define without breeding trials. Produc
tion of at least 40 male pups surviving to 6 
months of age i§.X€quired from a given bitch to 
exonerate her ,is a carrier for cryptorchidism.61 

Orchitis/Epididymitis 

Orchitis is inflammation of the testis. Epidid
ymitis is inflammation of the epididymis. The 
two conditions may occur separately, jointly 
(orchiepididymitis), or with extension to the 
vaginal tunic and adhesions to the scrotum 
(periorchiepididymitis).62 

Orchitis/ epididymitis usually occurs in 
young dogs. Mean and median ages at time 
of diagnosis are 3.7 and 2.0 years, respectively 
(n = 10), with a range from 11 months to 10 
years. 63-

67 There is no breed predisposition re
ported for canine orchitis/ epididymitis. 

Dogs may present with acute or chronic dis
ease. Acute illness is characterized by sudden 
onset of painful swelling of the scrotal con
tents. Possible accompanying signs of acute 
orchitis/ epididymitis include pyrexia, leth
argy, hindlimb lameness, scrotal edema, and 
purulent preputial discharge.62

•
63

•
68 Dogs with 

chronic orchitis/ epididymitis present with 

Recovery Rate 

26.6% (n = 301) 

84.0% (n = 25) [0% in 28 
controls] 

75% 

Reference 

Humke57 

Feldman and Nelson56 

Ravaszova et al.' 7 

nonpainful enlargement of scrotal contents, 
sometimes accompanied by atrophy of the un
affected testis. 62

•
67 

Pathogenesis of orchitis/ epididymitis in the 
dog involves inflammation of the scrotal con
tents due to infection or autoimmune destruc
tion of testicular and epididymal tissue.62 

Possible routes of entry of infectious agents 
include retrograde movement of organisms 
from the prostate or lower urinary tract, hema
togenous spread, and direct entry via a pene
trating wound or insect bite.62

•
63

•
69 Initial infec

tion and inflammation cause testicular and 
epididymal swelling with formation of numer
ous tiny intraluminal abscesses. Chronic in
flammation results in testicular degeneration 
and fibrosis or atrophy. The epididymis fre
quently becomes fibrotic. 62 Organisms that 
were isolated from cases of orchitis, epididy
mitis, or orchitis/ epididymitis include Brucella 
canis (see Brucellosis in the Stud Dog, below), 
Escherichia coli (isolated from 5 of 10 cases 
reported), Proteus vulgaris, Staphylococcus sp., 
Streptococcus sp., blastomycosis and other . 
fungi, Mycoplasma canis, and canine distemper 
virus.62

•
63

•
65

-
68

•
70 A noninfectious cause of in

flammatory testicular I epididymal disease is 
injection of sterile urine via the vas deferens, 
as may occur when a dog with a full urinary 
bladder undergoes a full body trauma, such 
as being hit by a car.62 

Autoimmune destruction of the testes oc
curs when trauma or inflammation exposes 
immunologically privileged tissue to the im
mune system. In the normal male dog, Sertoli 
cell tight junctions form the blood-testis bar
rier, which isolates mah1ring germ cells from 
the immune system.71 Damage to the blood
testis barrier, either directly or from inflam
mation within the testis, may allow leakage of 
antigens unique to mature spermatozoa, infil
tration of lymphocytes into the testes, and sen
sitization of T cells.72 Both cell-mediated and 
humoral factors may be involved, with de
struction of spermatogenic tissue and forma
tion of antisperm antibodies.72 
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Autoimmune orchitis may occur secondary 
to a known infection, may be a component of 
a widespread autoimmune disorder, or may 
be idiopathic. Lymphocytic orchitis was diag
nosed concurrently with lymphocytic thyroid
itis in 32 per cent of 69 beagles over 1 year of 
age in one colony.73 Infiltration of the testes 
with lymphocytes, variable degrees of damage 
to the seminiferous tubules, and grossly evi
dent testicular atrophy with oligozoospermia 
or azoospermia were present. A hereditary 
component was identified.73 Idiopathic auto
immune orchitis was diagnosed in two related 
Labrador retrievers with focal inflammatory 
lesions in 20 to 40 per cent of the seminiferous 
tubules, and azoospermia.74·75 

Diagnosis of orchitis/ epididymitis is by vi
sual inspection and palpation of the enlarged 
testis. Differential diagnoses include scrotal 
hernia, torsion of the spermatic cord, testicular 
neoplasia, hydrocele, and sperm granuloma.62 

Dogs with acute orchitis/ epididymitis may re
sist handling of the scrotal contents due to 
pain. If the testes are palpable, they are en
larged and firm. The epididymes are enlarged 
and doughy. In cases of chronic orchitis/ epidi
dymitis, the testes may be soft (atrophic) or 
very firm and irregular (fibrotic). The epidi
dymes are frequently "woody" on palpation 
due to fibrosis. Formation of adhesions within 
the scrotum may preclude free movement of 
the testes within the scrotum.62 

Fine-needle aspiration (FNA) of the en
larged testes/ epididymes yields samples for 
cytology, and aerobic, anaerobic, and myco
plasma cultures. Numerous polymorphonu
clear leukocytes are present in cases of suppu-

Figure 18-2. Testicular smear from a 
case of orchitis/epididymitis showing 
few spermatogenic cells and a large 
number of polymorphonuclear cells. A 
bacteriologically pure culture of Esche· 
richia coli was detected. Hemacolor; 
400x. (From Dahlbom M, Makinen A, 
Suominen j: Testicular fine needle aspi· 
ration cytology as a diagnostic tool in 
dog infertility. J Small Anim Pract 
38:506-51 2, 1997, w ith permission.) 

rative orchitis/ epididymitis (Fig. 18-2). 
Minimal or no exfoliative inflammatory re
sponse is present in cases of granulomatous 
orchitis/ epididymitis.68 

Dogs with orchitis/ epididymitis may be too 
painful to achieve erection and permit collec
tion of an ejaculate. If the dog is capable of 
ejaculating, semen samples may be submitted 
for culture; quantitative culture should be per
formed. 76 Growth of more than 10,000 bacteria 
per milliliter of a single organism is significant, 
but does not localize infection to the testes, 
epididymes, or prostate. The authors are un
aware of reports correlating presence of orchi
tis/ epididymitis with semen cultures. 

All dogs presenting with scrotal enlarge
ment should be tested for canine brucellosis, 
regardless of age or status as a breeding ani
mal (see Brucellosis in the Stud Dog below). 
No significant changes have been reported on 
complete blood counts, serum chemistry pro
files, or urinalyses of dogs with orchitis/ epi
didymitis.63 

Ultrasonography of the enlarged scrotum 
may allow differentiation of structures that are 
not palpable due to pain or scrotal edema. Tes
tes with inflammatory changes have a patchy 
hypoechoic pattern.67 In epididymitis, the epi
didymes are irregular in contour, and may 
contain either hypoechoic areas and flocculent 
material (suppurative disease), or both hypo
and hyperechoic areas, with or without miner
alization (granulomatous disease).63 

Treatment of orchitis/ epididymitis requires 
removal of the affected testes. Antibiotic ther
apy alone is rarely curative62; in one case, anti
biotic therapy resolved the acute clinical signs, 

• 1 
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but the testis atrophied to 90 per cent of its 
initial volume over the next year,69 perhaps 
due to ongoing inflammation. Human beings 
with a history of orchitis/ epididymis have 
smaller testes and increased prevalence of oli
gozoospermia or azoospermia compared to 
men without that history.43 Glucocorticoid 
therapy, irl' either infectious or autoimmune 
orchitis, .... has not _];>een described in the dog. 
Glucocorticoids ~1ay decrease spermatogene-
sis in male dogs. · 

Dogs with bilateral orchitis/ epididymitis 
should be castrated. Presurgical treatment 
with antibiotics helps prevent formation of a 
scirrhous cord, a painful swelling of the re
maining vasa deferens, as a postsurgical com
plication. 

Unilateral orchitis/ epididymitis in dogs 
that are not intended for breeding should be 
treated with bilateral castration. In valuable 
stud dogs, unilateral orchiectomy may be per
formed. Both the testis and epididymis on the 
affected side should be removed. Unilateral 
orchiectomy should be performed as soon as 
possible after diagnosis to prevent atrophy of 
the contralateral testis due to inflammation 
and increased intrascrotal temperature. Ap
propriate antibiotic therapy should be insti
tuted prior to surgery; empiric treatment with 
a highly soluble, broad-spectrum antibiotic, 
such as enrofloxacin, is recommended. 

Semen quality may return to normal more 
than 62 days after therapy, or after a complete 
spermatogenic cycle in the dog.77 Sperm num
bers decline by 50 per cent immediately after 
unilateral orchiectomy.78 Compensatory hy
pertrophy of the remaining testis, character
ized by increased diameter of seminiferous tu
bules, may be evident as early as 3 months after 
surgery.78,79 Return to normal semen quality by 
2.5 to 6 months after unilateral orchiectomy 
was reported in two of three dogs.63'64 Progno
sis is better if neither atrophy nor fibrosis is 
palpable in the remaining testis. 

Brucellosis in the Stud Dog 

Brucella canis is a nonmotile, gram-negative 
coccobacillus with a host range limited to do
mestic and wild canids. Reported incidence in 
the United States and Canada varies from 0.2 
to 9.0 per cent, with an overall mean of 3.5 per 
cent (n = 5963).80-86 Incidence is higher in stray 
dogs than in pets. 84-87 

Infected animals shed organisms in urine 
and semen and, to a lesser extent, in saliva 
and nasal secretions:88-90 Transmission occurs 

primarily by ingestion or inhalation.88 Disease 
transmission has been identified in dogs 
housed together but without sexual contact; 1 
of 13 susceptible dogs housed with an infected 
dog seroconverted in one sh.1.dy.90,91 Venereal 
transmission also may occur.88 A slight but real 
zoonotic potential exists. · 

The organism is phagocytized by macro
phages and initially transported to the lymph 
nodes. Transient lymphadenopathy is fol
lowed by a prolonged bacteremia of 6 to 64 
months' duration.88,92 The organism replicates 
within lymphocytes and lymphoreticular tis
sues for an indefinite period of time. Antibody 
titers rise after initial infection and fall as bac
teremia abates; decreasing serum antibody ti
ters are not indicative of clearing of infection 
from the body.88,92,93 The organs most com
monly infected in male dogs are the testes and 
epididymes, causing signs of orchitis/ epidid
ymitis, scrotal dermatitis, oligozoospermia, 
and infertility.88,95 The organism can be recov
ered from the testes and epididymes within 5 
weeks of experimental infection.89 Epididymi
tis alone occurs more commonly than orchitis 
or orchitis/ epididymitis (Fig. 18-3).88,96 Tes
ticular atrophy associated with teratozoosper
mia, sperm agglutination due to formation of 
antisperm antibodies, and eventual spermato
genic arrest may occur in chronic infections. 88,96 

Brucella canis infection also has been reported 
as a cause of uveitis, meningitis, diskospon
dylitis, glomerulonephritis, osteomyelitis, 
cystitis, and pyogranulomatous dermatitis in 
the dog.ss,9I,97 . 

Definitive diagnosis requires culture of 
Brucella canis from blood, lymph node aspi
rates, bone marrow, or infected tissues or dis
charges.92 However, Brucella canis is a fastidi
ous organism; one negative culture does not 
rule out the disease. Blood culture is the most 
accurate test available in the first 8 weeks fol
lowing infection.88,92,98 

Serologic testing is readily available and di
agnostic once significant antibody titers de
velop, at least 8 weeks following infection.88 

Agglutination tests identify presence of anti
bodies to cell wall antigens of Brucella canis. A 
rapid card agglutination test (RCAT; card test) 
and tube agglutination test (TAT; tube test) 
are commercially available. The RCAT gives a 
positive/negative result while the TAT yields 
a titer. A titer of greater than 1 :200 is consid
ered a positive result.99,100 Agglutination tests 
are sensitive (accurate when negative) but not 
specific (accurate when positive). Negative test 
results are 95 to 99.7 per cent accurate.87,92,99 
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Positive test results may be inaccurate, as 
many common organisms share cell wall anti
gens with Brucella canis; false-positive results 
of 20 to 50 per cent have been reported.92 Speci
ficity of the test may be enhanced with addi
tion of 2-mercaptoethanol to the test serum. 
Common cross-reacting organisms include 
Pseudomonas aeruginosa, Staphylococcus sp., and 
Bordetella b1;onchiseptica.88 Agglutination tests 
remain positive in infected animals from 8 to 
12 weeks following infection to 3 months after 
the animal becomes abacteremic.88 These are 
excellent screening tests, but positive results 
should always be verified with another testing 
method before diagnosis of Brucella canis infec
tion is considered definitive. 

The most accurate serologic test currently 
available is the agar gel immunodiffusion test 
(AGIO) available through Cornell University. 
This test identifies antibodies to cytoplasmic 
antigens of Brucella canis, which are very spe
cific to the Brucella . sp. Since dogs are rarely 
infected with other species of Brucella (e.g., 
B. abortus, B. melitensis) a positive result is con
sidered definitive for a diagnosis of canine bru
cellosis. ACID tests are positive in infected ani
mals from 12 weeks following infection to 36 
months after the animal becomes abact
eremic.88,92 

An enzyme-linked immunosorbent assay 
(ELISA) for canine brucellosis has been de
scribed, but is not yet commercially avail
able.92,101 It has been reported to be quite accu-

Figure 18-3. Enlarged epididymes 
from o dog naturally infected with Bru
cella canis. (From Carm ichael LE, Ken· 
ney RM: Canine abortion caused by 
Brucella canis. J Am Vet Med Assoc 
152:605- 6 16, 1968 , w ith per
mission. ) 

rate, yielding a false-positive rate of only 2 per 
cent in one study.101 

Treahnent recommendations for canine bru
cellosis vary with housing and breeding status 
of the animal. Treatment with antibiotics has 
not been shown to effect a long-term cure.88,

93,94 

It must be remembered that decreasing titers 
occur in natural infection, and that negligible 
titers are not indicative of complete clearing 
of infection from the body.88,94 

Pet animals that are housed singly may be 
neutered and treated with antibiotics to de
crease bacteremia and subsequent shedding 
of the organism.88 Antibiotic regimens that 
have been described include minocycline 
(25 mg/kg per os [PO] once daily for 14 
days) with dihydrostreptomycin (5 mg/kg IM 
twice daily for 7 days) and tetracycline 
(30 mg/kg PO twice daily for 21 days) with 
streptomycin (20 mg/kg 1M once daily for 14 
days).88,93 The zoonotic potential of the disease 
must be stressed, especially in households 
with young children or ilmnunosuppressed 
occupants. 

Control of Brucella canis i11 a kennel includes 
the following steps: (1) confirm disease, 
(2) quarantine kennel (no animals allowed in 
or out), (3) determine source of infection (the 
index case is not necessarily the source of in
fection), (4) elilninate mode of transmission 
within kennel, (5) identify and cull infected 
animals, and (6) initiate practices to prevent 
further outbreaks.94 Kennels should be consid-
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ered clear of disease only when all animals 
have tested negative for 3 consecutive 
months.88 In closed kennels, complete eradica
tion of the disease may require 5 to 7 months 
of testing and culling. In open kennels, the 
disease may never be eradicated. Canine 
brucellosis is a reportable disease in some 
states. r· 

Spermatocele/Sperm Granuloma 

Spennatoceles are localized areas of spermia
stasis within the epididymis. Sperm granulo
mas are palpable as discrete, firm, nonpainful 
swellings in the epididymis. On gross exami
nation, they are most commonly found in 
the caudae epididymes, are tan in color, and 
contain milky brown fluid. 102 The histologic 
description of sperm granulomas in one re
port was scattered normal tubules with lu
mens packed with spermatozoa and abnormal 
tubules with flattened, nonciliated epithelial 
cells, surrounded by inflammatory cells and 
fibrous tissue,102 suggesting that spermato
celes may precede sperm granulomas. Hy
pothesized causes include trauma, infection, 
and congenital anomalies.24,102 Trauma may 
cause sperm granulomas by allowing expo
sure of spermatozoa, which are normally im
munologically privileged, to the immunocom
penent cells within the epididymis.24,71 ,102 

Definitive diagnosis requires biopsy or surgi
cal excision of tissue. Dogs with a unilateral 
sperm granuloma may be fertile. Dogs with 
bilateral sperm granulomas are infertile. No 
treatment for sperm granulomas in dogs has 
been described. 

Testicular Degeneration/ Atrophy 

Testicular degeneration is evidenced by de
crease in size and softening in consistency of 
the testis. Testicular size and weight in normal 
dogs are positively correlated with body 
weight,1°3,10 and are best estimated by mea
surement of total scrotal width (see Chapter 
23).104,105 Normal testicular consistency is simi
lar to that of a peeled, hard-boiled hen's egg. 

Causes of testicular degeneration include 
noninfectious inflammatory testicular disor
ders, such as autoimmune orchitis, chronic in
fection of the testis, such as canine brucellosis 
(see Orchitis/Epididymitis, Brucellosis in the 
Stud Dog above), testicular neoplasia (see Tes
ticular Neoplasia, below), retention of the testis 
in the inguinal canal or abdomen (see Cryptor
chidism above), pyrexia, and any process caus
ing inflammation of the scrohtm, such as a 
penetrating scrotal wound.67,68,88,106 Testicular 
degeneration has been induced experimentally 
by bilateral vasectomy and ligation of the cau
dae epididymes, suggesting that it may occur 
in patients with epididymal occlusion.107,108 De
generation of the contralateral testis may occur 
due to increased intrascrotal temperature sec
ondary to inflammation,106 or hormone produc
tion by the affected testis, as may occur in dogs 
with a unilateral Sertoli cell tumor producing 
estrogen. 1°9-m 

Fine-needle aspiration of atrophic testes 
yields low cell density.68 Spermatogenic cells 
may be present. In a report of three dogs with 
testicular degeneration in a testis contralateral 
to one containing a functional Sertoli cell tumor, . 
none of the atrophic testes had changed in vol
ume or consistency when re-evaluated 6 to 10 
months after surgical removal of the affected 
testis, but all three dogs did sire litters.110 

How to Perform Fine-Needle Aspiration, Core Biopsy, and lncisional 
Biopsy of the Canine Testis 

Fine-Needle Aspiration of the Testis 

Fine-needle aspiration of the canine testis 
is a relatively noninvasive technique that 
permits retrieval of testicular tissue speci
mens that can be examined cytologically or 
submitted for culture. The dog is placed un
der general anesthesia. A 20-gauge needle 
attached to a 10-ml syringe is introduced at 
the testicular midline, and suction is ap
plied. The needle is redirected three to four 

times, with suction applied after each redi
rection. The needle is withdrawn and digital 
pressure applied to control bleeding, if nec
essary. The sample is expelled onto a glass 
slide, smeared out, and allowed to air-dry. 
After fixation with methanol, the sample is 
stained as for a blood smear and examined 
under a light microscope under the oillin
mersion (IOOX) objective.68 
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Figure 18-4. Active spermatogenesis in the testicular aspirate of o dog. (from Da hlbom M, Makinen A, Suominen j: 
Testicular fine needle aspiration cytology os a diagnostic tool in dog in fertili ty. J Small Anim Pract 38:506- 5 12, 1997, 
w ith permission.) 

The sample collected by FNA does not 
allow evaluation of testicular architecture 
or dynamics of spermatogenesis, but does 
allow the investigator to ascertain whether 
spermatogenesis is occurring (Fig. 18-4). In
terstitial (Leydig) cells are rarely identified. 
Sertoli cells, and immature and mature 
spermatozoa are readily identified. Tails of 
mature spermatozoa collected by this tech
nique often are absent.68 

In a survey of four normal dogs and one 
unilateral cryptorchid dog undergoing 
FNA of the testis, no changes in libido or 
semen quality were noted after the proce
dure, and follow-up histology of the testis 
was normal.68 However, hemorrhage within 
the testis at the site of aspiration may occur 
(Fig. 18-5). 

l"'( '"I "'I"'Tl'"' l''"l'' 'fi'''T I 
13 14 5 6 7 

Figure 18-5. Hemorrhage in a testis after an aspiration 
biopsy wi th a 20-gauge needle.(From Freshman JL, Amann 
RP, Bowen RA, et al: C linical evaluation of infertility in dogs. 
Compend Conlin Educ Pract Vet 10:443-46 1, 1988, 
w ith permission.) 

Because FNA as well as core and inci
sional biopsy of the testis disrupts the 
blood-testis barrier and induces potential 
for immune-mediated orchitis, the benefit 
of these diagnostic techniques must be 
weighed against their risks. In many dogs, 
information gained from semen evaluation 
with measurement of seminal plasma alka
line phosphatase and testicular ultrasound 
may preclude need for biopsy. 

Core Biopsy of the Testis 

Core biopsy of the testis permits removal of 
a large enough piece of tissue for complete 
evaluation of dynamics of spermatogenesis. 
The dog is placed under general anesthesia 
and the prescrotal area shaved and 
prepared for sterile surgery. A prescrotal 
incision is made, the testis is advanced to 
the incision and a small incision is made 
through the testicular tunics. A sliding 
biopsy instrument (Trucut biopsy needle; 
Travenol Laboratories, Inc, Deerfield, IL) is 
introduced, and the instrument is closed, 
trapping a piece of testicular tissue within 
it. The needle is withdrawn, and the tunica 
albuginea, subcutaneous tissue, and skin 
are closed routinely. The sample is fixed, 
embedded in paraffin, and stained.113 

Recommended fixatives include Zenker's 
and modified Bouin's; formalin fixation 
may cause artifactual changes in testicular 
histology. It is recommended that the 
sample be evaluated by someone familiar 
with canine testicular morphology. 114 Per
cutaneous biopsy with a needle 1.0 mm 
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Figure 18-6. The method of obta ining a biopsy from the 
testis. Small incisions have been made in the skin crania l to 
the scrotum, the tunica vaginal is, and the tun ica albuginea. 
(From Freshman JL, Amann RP, Bowen RA, et a l: Clinica l 
eva luation of infertili ty in dogs. Com pend Con tin Educ Pract 
Vet 10:44 3-46 1, 1988, w ith permission.) 

in diameter and 40.0 mm in length attached 
to a 5-ml syringe also has been described.115 

Gross and microscopic testicular lesions 
have been described in dogs undergoing 
core needle biopsy.113,11 5 Of 36 dogs undergo
ing core needle biopsy of the testis, 33 per 
cent had hemorrhage at the biopsy site, and 
3 per cent had adhesions between the tunica 
vaginalis and tunica albuginea by 36 days 
after biopsy.113 Microscopic lesions de
scribed included tubular degeneration, in
terstitial fibrosis, coagulation necrosis, and 
maturation arrest at the biopsy site; the mi
croscopic lesions were considered mild in 65 
per cent of the dogs, moderate in 30 per cent, 
and severe in 5 per cent.113 Similar changes 
were described in eight dogs in which percu
taneous core needle biopsy was performed 
monthly for 7 months.11 5 Neither semen qual
ity nor serum testosterone concentrations 

varied in those eight dogs over the study. Tes
ticular volmne decreased in one of eight.115 

Incisional Biopsy of the Testis 

Incisional biopsy is the most invasive of the 
biopsy techniques described, but it yields 
the largest specimen. Because a relatively 
large sample of testicular tissue is obtained, 
testicular architecture and dynamics of 
spermatogenesis may be evaluated. The dog 
is anesthetized and the prescrotal area 
shaved and prepared for sterile surgery. A 
prescrotal incision is made and the testis is 
advanced to the incision. The tunica vagina
lis is incised and the testis exposed. A scal
pel is used to pierce the tunica albuginea 
and the tissue that bulges out of the capsule 
is shaved off (Fig. 18-6). The tunica albugi
nea, subcutaneous tissue, and skin are 
closed routinely. The tissue is fixed, embed
ded in paraffin, and stained.113•114 As with 
core biopsy, fixation with modified Bouin' s 
or Zenker's solution is preferred to formalin 
fixation (Fig. 18-7). · 

Gross and histologic changes are more 
numerous and more severe in dogs under
going incisional testicular biopsy than in 
those undergoing core needle biopsy.113 

Hemorrhage at the biopsy site was present 
in 28 per cent (n = 39) and adhesions of the 
tunica albuginea to the tunica vaginalis in 
44 per cent of dogs undergoing incisional 
testicular biopsy. Microscopic lesions were 
present in 90 per cent of the dogs, and were 
considered mild in 13 per cent, moderate in 
36 per cent, and severe in 51 per cent, with 
26 per cent exhibiting mahtration arrest.113 

Semen quality was not reported in these 
dogs after incisional testicular biopsy. 
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Testicular Neoplasia 

Testicular neoplasia is the second most com
mon tumor type in male dogs, after skin tu
mors.44 Reported incidence is 0.91 per cent.116 

Testicular tumors comprised 91 per cent (n = 

77) of tumors of the male genital system in 
one review.117 

Mean age at diagnosis of affected dogs is 
reported as 9.0 years (n = 70),117 10.2 years 
(n = 198),11810.8 years (n = 12),67 and 11.0 years 
(n = 205), 119 with a range of 2 to 19 years. Mean 
age at diagnosis is decreased for boxers, at 7.2 
years.118 The boxer is reported to be at in
creased risk of developing testicular neopla
sia.118·120 Breeds reported to be at decreased risk 
of testicular neoplasia in<;:lude the dachshund, 
beagle, Labrador retriever, and mongrel.44 Tes
ticular neoplasia occurs more commonly in re
tained than in descended testes, with reported 
relative increased risks of . 9.2 times/2 10.9 
times,32 and 13.6 times (see Cryptorchidism 
above).44 

Testicular tumors may be unilateral or bilat
eral, and multiple cell types may be present. 
Bilateral neoplasia is reported to occur in 45 
per cent (n = 177) of cases.121 Presence of two 
or more tumor types concurrently in one or 
both testes has been reported to occur in 11.2 
per cent (n = 410),117 23.0 per cent (n = 165),118 

and 35.0 per cent (n = 177) of cases.121 

The three most common types of testicular 
tumor reported in the dog are Sertoli cell tu
mor (SCT), seminoma (SEM), and interstitial 
(Leydig) cell tumor (ICT). Review of the litera
ture yields overall incidences of 44 per cent 
for SCT, 31 per cent for SEM, and 25 per cent 
for ICT.24,32,67,117-119,122-124 Incidence varies be-
tween retained and scrotal testes for the 
various cell types. SCT and SEM are signifi
cantly more common in retained testes 
than is ICT.118·122 Multiple tumor types in 
one or both testes that have been described 
include SCT /ICT, SCT /SEM, SEM/ICT, and 
SCT /SEM/ICT.s,z4,44,ns,Jzs,Jz6 

Less common testi.cular neoplasms reported 
in dogs include benign epidermoid cysts, 
fibrosarcoma, hemangioma, anaplastic carci
noma, gonadoblastoma, embryonal carci
noma, sarcoma, lymphoma, and granulosa cell 
tumor.44·117

•
121·123

•
127-131 Sarcoma of the spermatic 

cord and leiomyoma of the tunica vaginalis 
also have been described in dogs.117

•
132 

Dogs with testicular neoplasia most often 
present with testicular enlargement as the only 
clinical sign, and age at diagnosis with absence 

of pain provides presumptive diagnosis of 
neoplasia instead of orchitis. Clinical signs spe
cific to a paraneoplastic syndrome may be 
present with some tumors (see Sertoli Cell Tu
mor below). Clinical signs specific to metasta
sis may be seen in dogs with malignant h1mors 
accompanied by distant metastases. 

Presumptive diagnosis also is provided by 
palpation or ultrasound of the scrotum. The 
neoplastic testis may or may not be signifi
cantly enlarged. Atrophy of the contralateral 
testis may be present due to hormone produc
tion by the neoplastic tumor, or increased in
trascrotal temperature. Fine-needle aspiration 
of testicular masses may not yield a definitive 
diagnosis of tumor type.68 Nonpalpable tu
mors may be visualized by ultrasound. Tu
mors disrupt the normal internal architecture 
of the testis, and often are visible as hyper
or hypoechoic foci, that may or may not be 
surrounded by a well-defined hyperechoic 
capsule.67·110 Tumor type cannot be differenti
ated by ultrasound.67·133 

Treatment of choice is orchiectomy. Because 
of the relatively high incidence of bilateral 
neoplasia, and atrophy of the unaffected 
testis, bilateral orchiectomy is recommended. 
Unilateral orchiectomy may be considered in 
valuable breeding dogs. Sperm numbers de
cline by 50 per cent immediately after unilat
eral orchiectomy.78 Compensatory hypertro
phy of the remaining testis, characterized by 
increased diameter of seminiferous tubules, 
may be evident as early as 3 months after 
surgery. 78·79 

Sertoli Cell Tumor 

Sertoli cell tumor is a neoplasm of the Sertoli 
(nurse) cells of the testis. Mean age at time of 
diagnosis has been reported as 7.0 years (n = 
8),134 7.4 years (n = 5),135 9.2 years (n = 46),118 

and 10.0 years (n = 33),121 with a range of 2.5 
to 16 years. Boxers and Weimeraners are re
ported to be at increased risk for SCT.28·44 A 
syndrome has been reported in miniature 
schnauzers with cryptorchidism, SCT of the 
retained testis or testes, and cystic endometrial 
hyperplasia/pyometra of a uterus mascu
linus.10-12 

SCTs are the most common type of testicular 
neoplasm in retained testes. Of 239 SCTs de
scribed in the literature, 115 (48 per cent) were 
in retained testes and 124 (52 per cent) were 
in scrotal testes.24·28·117

•
118·121·122 Of 53 SCTs in re

tained testes described in the literature, 58 per 
cent were abdominal and 42 per cent were 
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inguinaJ.28
•
135

•
136 Dogs with cryptorchid testes 

are reported to have a 23 times greater risk of 
developing SCT than dogs with two scrotal 
testes.44 

Tumor size varies from 1 to 12 em in diame
ter, with most (15 of 33) hunors reported to be 
less than 1 em in diameter in one study.121 SCT 
is a discrete, white to pale yellow, firm 
mass. 121 •1 ~6 ·Malignancy is low, reported as 2 
per cent ~n = 46)118 and 6 per cent (n = 33).121 

Metastases to the regional lymph nodes (iliac, 
sublumbar, and inguinal lymph nodes), para
aortic and mesenteric lymph nodes, lungs, and 
spleen have been reported. 118

•
121

•
137

•
138 

The testis containing a SCT is enlarged and 
firm. Atrophy of the contralateral testis may 
be present.109- 112•138 Small SCTs in scrotal testes 
may not be palpable within the testicular pa
renchyma; three dogs presenting with infertil
ity that were diagnosed with nonpalpable 
scrotal SCT have been described.110 SCT is visi
ble within the testicular parenchyma by ultra
sound as a hypoechoic to anechoic area that 
may or may not be surrounded by a hyper
echoic capsule (Fig. 18-8).11 0•139 

SCTs commonly are associated with a femi
nizing paraneoplastic syndrome caused by es
trogen secretion, which may also lead to 
estrogen-induced pancytopenia .1 09

• 
140

•
141 Hyper

progesteronemia also has been described in 
dogs with SCT and feminizing signs. 111 Five 
dogs with feminizing signs were reported to 
have normal serum estrogen concentrations, 
but increased inhibin and decreased serum lu
teinizing hormone and follicle-stimulating 
hormone concentrations, suggesting that se-

Figure 18-8. Ultrasound image of Serto li cell tumor (S) wi thin 
the testicular parenchyma of o dog . The capsule is well defined 
(arrows). An air artifact (A) is present adjacent to the caudal 
surface of the scrotum. Scale in cen ti meters. (From England 
GCW: Ultrosonogrophic diagnosis of non·polpoble Sertoli cell 
tumours in infertile dogs. J Small An im Proct 36:476- 480, 
1995, w ith permission.) 

Figure 18-9. A 1 O.year-old mole border coll ie w ith (A) bilateral 
a lopecia and (8 ) pendulous prepuce and gynecomastia sec· 
ondory to on eslrogen·producing testicu lar tumor. (From Chos· 
toin CB: Compend ium cha llenge: Feminizing testicular tumor. 
Com pend Conlin Educ Pracl Vel 15: 197-20 1, 1993, w ith 
permission.) 

cretory products from the SCT may suppress 
gonadotropin secretion.135 

Feminizing signs are reported to occur in 24 
per cent ([n = 46],118 [n = 33]121 ) and 39 per 
cent (n = 95)28 of dogs with SCTs. Retained 
testes with SCTs are more likely to produce 
estrogen than are descended testes with SCTs; 
in one study, 10 of 11 dogs with feminizing 
signs had retained testes.118 Feminizing signs 
were reported present in 16.7 per cent of dogs 
with scrotal testes containing SCTs (n = 48), in 
50.0 per cent of dogs with inguinally retained 
testes containing SCTs (n = 20), and 70.4 per 
cent of dogs with abdominally retained testes 
containing SCTs (n = 27).28 

Clinical signs of the paraneoplastic syn
drome accompanying SCT include bilaterally 
symmetrical alopecia of the trunk and flanks 
with hyperpigmentation of inguinal skin and 
a dry, easily epilated coat, gynecomastia, a 
pendulous preputial sheath, squamous meta
plasia of the prostate that may appear clinically 
as prostatitis, and attraction of male dogs (Fig. 
18-9).109

•
111

•
112

•
118

•
136

•
140

-
143 Keratinization of the 
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preputial mucosa may be present. Bone mar
row hypoplasia with nonregenerative anemia, 
pale mucous membranes and lethargy, leuko
penia, thrombocytopenia, petechiae of mucous 
membranes, epistaxis, hematemesis, melena, 
and hematuria also have been described in 
dogs with functional SCTs.112•134·140·144 Prothrom
bin time, partial thromboplastin time, and fi
brin degradation products are normal in 
these dogs.134 

Feminizing signs are reported to resolve 
within 21 days of surgical removal of the 
SCT.109 Prognosis for dogs with bone marrow 
hypoplasia secondary to SCT is guarded. 
Seven of eight dogs with SCT and bone mar
row hypoplasia characterized by a mean 
packed cell volume (PCV) of 19 per cent, mean 
total white blood cell (WBC) number of 2080 
cells/mm3, and mean platelet count of 24,000 
cells/mm3 were treated with castration and 
supportive care including antibiotics; fluid 
therapy, hematinics, androgenic steroids, and 
transfusion of fresh whole blood or platelet
rich plasma.134 Only two of the seven (29 per 
cent) recovered, and clinical improvement was 
not evident until2 to 3 weeks after castration.134 

Treatment of choice for SCT, with or without 
feminizing signs, is bilateral castration. Hemi
castration may be considered for valuable stud 
dogs. Three male dogs presented for infertility, 
diagnosed with non palpable SCT of scrotal tes
tes by ultrasound, and treated with castration 
of the affected testis only, went on to sire litters, 
although all ha·d persistently low total num
bers of sperm in the ejaculate.11° Chemotherapy 
with cisplatin (60 mg/m2 with a 6-hour saline 
diuresis, every 3 weeks for 2 to 5 cycles) and 
combination chemotherapy with vinblastine, 
cyclophosphamide, and methotrexate have 
been described for treatment of metastatic 
SCT_l31.14s 

Exfoliative cytology of the preputial mucosa 
may be useful in confirming presence or recur
rence of hyperestrogenism in dogs with SCT. 
Preputial cytology of the normal male dog 
yields noncornified epithelial cells, whereas 
cytology of dogs exposed to estrogen yields 
cornified epithelial · cells with similar mor
phology to vaginal epithelial cells of estrous 
bitches. 

Seminoma 

Seminomas are tumors of the germ cells within 
the testes. Mean age at time of diagnosis of 
affected dogs is reported as 10.0 years (n = 

47)118 and 11.0 years (n = 22).121 German shep
herds reportedly are predisposed to SEM.44 An 
increased incidence of SEM was reported in 
German shepherd dogs that had performed 
military service in Okinawa, Japan, and Viet
nam, compared to age-matched German shep
herds that had performed comparable military 
service in the United States.146 

Of 116 SEM in dogs described in the litera
ture, 26 (22 per cent) were in retained testes 
and 90 (78 per cent) were in scrotal tes
tes. 117·118·121·122 SEM are more common in abdom
inally retained testes than in inguinally re
tained testes, with relative incidences of 73 per 
cent and 27 per cent, respectively.118 

The tumor varies in size from 1 to 10 em in 
diameter, and is a homogeneous or lobulated 
mass that is cream to pink-gray to khaki color 
on cut surface.121 Although malignancy of SEM 
is considered low, metastases to regional 
lymph nodes, abdominal and thoracic viscera, 
brain, eye, and lung have been de
scribed.118·124·137·147-1 49 Local invasion was re
ported to occur in 15 per cent of 20 cases.150 

Distant metastases have been reported to occur 
in 6 per cent (n = 47)118 and 10 per cent (n = 
20)150 of cases. 

Paraneoplastic syndromes that have been re
ported in dogs with SEM include progressive, 
non pruritic alopecia and hyperpigmentation of 
the trunk, prostate disease, and non-insulin
dependent diabetes mellitus. 151 ·152 Relationship 
of these clinical signs to the tumor are unex
plained, but all resolved after castration. 

Treatment of metastatic SEM with chemo
therapy (cisplatin, 60 mg/m2 with a 6-hour 
saline diuresis, every 3 weeks for 3 cycles),145 or 
radiotherapy have been described. Four dogs 
with metastatic SEM were castrated, and then 
treated with cesium-137 so as to receive a mini
mum total tumor dose of 17 to 40 Gy, divided 
into 8 to 10 fractions and given 3 fractions per 
week. The metastatic SEM resolved in all four 
dogs; all died or were euthanized for reasons 
other than SEM 6 to 57 months after therapy.148 

Interstitial (Leydig) Cell Tumor 

Interstitial cell tumors (ICTs) arise from the 
endocrine cells of the testis, and also are called 
interstitial cell adenomas. Mean reported age 
at time of diagnosis with ICT in dogs is 10.0 
years (n = 88).121 There is no breed predisposi
tion for ICT. 

Interstitial cell tumor is a tumor of scrotal 
testes. Of 187 ICTs reported in dogs in the 
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literature, 186 (99 per cent) were in scrotal tes
tes.117·118·121·122·153·154 Dogs with cryptorchidism are 
not at increased risk of developing ICT com
pared to normal intact dogs. 

Grossly, ICTs are small, usually less than 
1 em in diameter, and vary in color from yellow 
to brown on cut surface.12·124·155 They often are 
not detecteCl clinically but are incidental find
ings at ne~ropsy.155 The contralateral testis may 
be atrophic.153·154 Interstitial cell tumors are con
sidered to be of low malignancy.118·121·124·13

7 

Paraneoplastic syndromes that have been re
ported with ICT are due either to hyperestro-

genism or hypertestosteronism. Clinical signs 
reported in dogs with ICT associated with 
elevated serum estrogen concentrations 
(>30 pg/ml) include bone marrow hypoplasia 
with aplastic anemia, pale mucous membranes 
and petechiation, prolonged bleeding time, 
and pyrexia, and bilaterally symmetrical, non
pruritic alopecia of the trunk and flanks. 153·154 
Clinical signs reported in dogs with ICT associ
ated with elevated serum testosterone concen
trations include prostate disease, perianal ade
noma, perianal and tail gland hyperplasia, and 
perineal hernia.118·141 

How to Perform Testicular Ultrasound 

The dog is placed in either dorsal or lateral 
recumbency. Sedation is rarely necessary. 
B-mode (brightness mode) ultrasonography 
is most often used. Either a 5.0- or 7.5-MHz 
transducer can be used; a gel standoff may 
be used to ensure that the testes are in the 
focal zone of the transducer used.139•156 Both 
the transverse and sagittal planes of both tes
tes should be scanned, and testicular archi
tecture, echogenicity and size, and size and 
distribution of mass lesions evaluated.156 

In a normal male dog, the testes are the 
same size and have a coarse, homogeneous 
appearance. The fibrous mediastinum testis 
may be visible as a hyperechoic central band 
(Fig. 18-10). The tunica albuginea is nor-

mally hyperechoic. The epididymes lie dor
soterally to the testes and have a hypoechoic 
to anechoic appearance relative to the testic
ular parenchyma.139 

Abnormalities that may be identified with 
B-mode ultrasonography of the testes/ epi
didymes include testicular neoplasia, epi
didymal mass lesions such as sperm granu
lomas, and torsion of the spermatic cord. 
Testes retained in the inguinal area or abdo
men of cryptorchid dogs are very difficult 
to identify ultrasonographically unless they 
are neoplastic and enlarged. Specifics of di
agnosis of testicular I epididymal abnormal
ities by ultrasound are described in the re
spective sections of the text. 

Figure 18-10. Sonogram of normal canine testes. 
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Torsion of the Spermatic Cord 

Torsion of the spermatic cord historically has 
been referred to as testicular torsion. Torsion 
of the spermatic cord is the preferred term. 
Torsion varies from a loose 360-degree torsion 
to several tight revolutions. 26 

Incidence of torsion of the spermatic cord is 
unknown, but the condition is not commonly 
reported in reviews of testicular disease in 
dogs. A review of 28 cases reported in the 
literature yields mean and median ages at time 
of diagnosis of 5.9 and 8.0 years, respectively, 
with a range of 5 months to 10 years.26A5

-4
8·157 

No breed predisposition has been described; 
in one review of nine cases of torsion of the 
spermatic cord, 4 of the dogs were boxers, but 
in a review of 13 cases, 4 of the dogs were 
Pekingese and only 1 was a boxer.26 

Dogs with torsion of the spermatic cord usu
ally have signs of an acute abdomen, including 
acute onset of abdominal pain, vomiting, ab
dominal distention, lethargy, anorexia, stiff 
gait, dysuria, hematuria, and pyrexia.26.47.4B,157 
Swelling of the scrohun or inguinal area may 
or may not be painfui.26

•
157 Other signs reported 

in dogs with torsion of the spermatic cord may 
be related to concurrent testicular neoplasia, 
and include symmetrical alopecia and pendu
lous prepuce.26 There are two reports of appar
ently asymptomatic torsion of the spermatic 
cord in the dog.46·52 

Torsion of the spermatic cord is more com
mon with retained than with scrotal testes. In 
one review of 13 cases of torsion of the sperma
tic cord, 11 involved abdominally retained 
testes and 1 involved an inguinally retained 
testis. 26 It has been hypothesized that intra
abdominal testes are more prone to torsion of 
the spermatic cord than are testes retained in 
the inguinal area or normally descended into 
the scrotum because of greater mobility of the 
testis within the abdominal cavity. Testes 
attached to torsed spermatic cords often are 
enlarged at the time of diagnosis. This enlarge
ment may occur before the torsion; neoplastic 
testes are heavier and more pendulous, and 
may predispose to torsion of the spermatic 
cord. Of 28 cases reviewed in the literature, 10 
(36 per cent) involved neoplastic testes.26·4S-

48·157 

Sertoli cell hnnors, seminonas, and interstitial 
cell tumors have been described in affected 
testes. 26A6·48 Non-neoplastic testes are enlarged 
after torsion of the spermatic cord due to ve
nous occlusion, edema, and inflammation.48 

Histologic descriptions of affected non-

neoplastic testes describe ischemic necrosis, in
tratesticular hemorrhage, and epididymal 
edeina.z6,45.47 

Presmnptive diagnosis is based on clin
ical signs and presence of concurrent crypt
orchidism in the dog. The enlarged testis may 
be palpable in the abdomen.26A8•157 On ultra
sound, there is uniform decrease in echogeni
city in testes with a torsed spermatic cord.139 

Color flow Doppler ultrasonography may be 
used to demonstrate absence of blood flow to 
and from the affected testis. Definitive diagno
sis requires exploratory surgery. 

Treatment is surgical removal of the af
fected testis and spermatic cord. Because the 
condition is common in dogs with cryptorchi
dism, a heritable defect, bilateral orchidectomy 
is recommended. In a review of 13 cases of 
torsion of the spermatic cord, 2 animals died 
before surgery could be performed due to ure
mia in one case and circulatory failure and 
shock in the other; 1 died several hours after 
surgery due to severe anemia, and 10 (77 per 
cent) recovered.26 
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• 
• Disorders of the Canine Scrotum 

I• 

• 

Scrotal Hernia 

The scrotum in the normal, intact, adult male 
dog is a pouch of skin containing two testes 
which are separated by a median partition of 
cmmective tissue. The layers of the scrotum, 
from external to internal, are skin, smooth 
muscle (dartos m.), external and internal 
spermatic fascia, the parietal vaginal tuniC, va
ginal cavity, and the visceral vaginal tunic, 
which closely apposes the tunica albuginea of 
the testis. The vaginal process, composed of 
the parietal and visceral vaginal tunics with 
central vaginal cavity, is an outpouching of the 
peritoneum, formed during testicular descent, 
which, in the normal male dog, occurs by 7 to 
8 weeks of age. The vaginal cavity communi
cates with the peritoneal cavity at the deep 
inguinal ring in the dog. 

Scrotal hernias are a variant of inguinal her
nias in which abdominal contents pass 
through the inguinal canal and into the scro
tum. Indirect scrotal hernias, in which abdomi
nal contents pass into the vaginal process, are 
much more common than direct scrotal her
nias, in which abdominal contents invested in 
a separate peritoneal outpocketing come to lie 
adjacent to the vaginal process.1-3 Unilateral 
herniation is most common, but bilateral herni
ation has been reported.1-3 Hypothesized pre
disposing causes of scrotal hernias . include 
trauma and genetic factors.1 

Scrotal hernias are uncommon, with re
ported incidence of 0.02 per cent.4 Differential 
diagnoses for scrotal hernia include orchitis, 
testicular torsion, testicular or scrotal neopla
sia, sperm granulomas, and trauma.u 

Scrotal hernias occur in young male dogs; 
reported age at time of diagnosis ranges from 5 
months to 4 years, and averages 1.73 years.1-3•5 

Scrotal hernias have been reported in both in
tact and castrated male dogs, and in purebred 
and crossbred dogs.1-6 

The most prominent clinical sign of scrotal 
hernia ii1 the dog is fluctuant to firm swelling 
of the scrotum, sometimes associated with ipsi
lateral inguinal swelling. The swelling may be 
persistent or intermittent, and may vary in size 
over weeks or months_l.2.5.6 It may or may not 
be reducible through the inguinal canaV and 
may or may not be painful. In scrotal hernias 
uncomplicated by entrapment and ischemia of 
herniated tissues, the dog may show no other 
abnormal signs.2•3•5 If ischemia and necrosis of 
entrapped tissue are present, leukocytosis with 
a left shift, vomiting, anorexia, and scrotal pain 
may be present.1 

Definitive diagnosis is made by careful pal
pation of the scrotum and inguinal areas. Ab
dominal contents may be palpated emerging 
from the superficial inguinal ring.2

•
3 The testis 

and epididymis on the affected side may not 
be palpable due to excessive inflmmnation or 
presence of intrascrotal tenacious, serosan
guineous fluid. 2

•5 Contents of the scrotal sac 
may be identified by radiography or ultraso
nography.1·5 Nuclear scintigraphy has been re
ported as a technique to rule out testicular 
torsion by identifying normal blood flow 
through the spermatic cord.5 

Treatment is surgical removal or replace
ment of herniated tissues.1·2•

6 An incision is 
made carefully over the hernial sac. Viable tis
sues are replaced within the abdomen if possi
ble. Irreducible or nonviable tissues are re
sected if possible; if nonviable intestinal loops 
are resected, an abdominal incision may be 
necessary for anastomosis of viable portions 
of the intestine. The hernial ring is closed with 
mattress sutures. Redundant vaginal tunic is 
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trimmed and ligated close to the spermatic 
cord, and dead space obliterated by suturing 
the subcutaneous tissue to the fascia of the 
external oblique muscle with continuous su
tures. Closure is routine.l.2·6 

Concurrent castration may or may not be 
beneficial. Advantages of concurrent castra
tion include removal of possibly damaged tes
tes, prevention of fertility in a dog with a po
tentially heritable condition, and more 
complete closure of the inguinal ring after liga
tion and removal of the distal spermatic cord.3 

Fertility of dogs left intact is best evaluated 
more than 2 months after hernia repair to allow 
completion of one spermatogenic cycle in tes
tes after intrascrotal temperature is returned 
to normal. Palpably abnormal testes (enlarged 
or small and soft) are unlikely to regain nor
mal function. 

Hydrocele 

Hydrocele is a circumscribed collection of fluid 
in the vaginal process and along the spermatic 
cord. Composition of the fluid varies with un
derlying cause of the condition. In humans, 
hydrocele most commonly occurs secondary 
to orchitis, testicular neoplasia, or trauma? In 
bulls, ascites and venous or lymphatic conges
tion are hypothesized causes.8

•
9 Reported pri-· 

mary conditions in the dog include compro
mised lymphatic drainage due to testicular 
lymphosarcoma (Fig. 19-1), inguinal hernia, 

Figure 19-1. Dorsal plane scrotal sonogram of a 7·yeor-old 
German shepherd dog with a pendulous swollen scrotum, 
lymphadenopathy, and subsequent diagnosis of lymphosor· 
como. Ultrasound showed a grossly th ickened !edematous) scro
ta l wall and extrolesliculor fluid. !From Pugh CR, Konde LJ : 
Sonogrophic evaluation of canine testicular and scrotal abnor· 
malities: A review of 26 case histories. Vel Radial 32:243-
250, 1991, w ith permission.) 

orchitis due to infection with Blastomyces der
matitidis, trauma, and testicular torsion. 10

•
11 Hy

drocele in the dog also may be idiopathic.10 

Age and intact status of dogs presenting 
with hydrocele vary with the primary condi
tion, as do concurrent clinical signs. Consistent 
clinical signs are turgid, non painful distention 
of the scrotum, and thickening of the scrotal 
wall due to edema.10

•
11 

Palpation of the scrotum is not diagnostic 
for hydrocele due to the turgidity of the grossly 
distended scrotum. Scrotal contents should be 
imaged with ultrasonography.10 Percutaneous 
drainage of the fluid may be performed 
blindly11 or with ultrasound guidance, and 
may facilitate palpation or visualization of in
trascrotal struch1res. 

Treatment depends on the primary condi
tion. There is one report of hydrocele second
ary to inguinal hernia in a young dog that was 
successfully treated with surgical repair of the 
hernia and percutaneous drainage of intrascro
tal fluid postoperatively.11 A total of 135 rnl 
of aseptic, serosanguineous fluid was drained 
percutaneously over 3 days before resolution. 11 

In bulls, spontaneous resolution is reported to 
occur in 85 per cent of animals by 120 days 
after diag1iosis, with return to normal semen 
quality and breeding function in 77 per cent 
of animals by 120 days.8 

Scrotal Dermatitis 

Scrotal dermatitis with varying degrees of 
pruritis and scrotal self-mutilation may occur 
as a component of infectious diseases, autoim
mune disorders, mycotoxin ingestion, sperm 
granulomas, as a drug reaction, or as a direct 
or allergic reaction to environmental irritants. 
Inflammation of the scrotum may cause in
creased intrascrotal temperature and subse
quent decreased fertility. 

Infectious diseases reported to cause scrotal 
dermatitis in the dog include canine brucello
sis and Rocky Mountain spotted fever. 12

•
13 In

fection of male dogs with Brucella canis causes 
transient lymphadenopathy, followed by epi
didymitis sometimes associated with self
inflicted scrotal mutilation, and an increase in 
abnormal morphology of ejaculated spermato
zoa by 5 weeks following infection.12 Diagnosis 
and treatment of canine brucellosis are dis
cussed in detail in Chapter 18. Rocky Moun
tain spotted fever is caused by transmission of 
Rickettsia riclcettsii from infected ticks to sus
ceptible dogs .B Clinical signs include depres-
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sian, anorexia, fever, multifocal neurologic 
signs, petechiation due to profound thrombo
cytopenia, and scrotal dermatitis.13 The condi
tion is diagnosed serologically, with a single 
high titer or rise in titer in paired sera, using 
an indirect fluorescent antibody (IF A) test. Tet
racycline therapy may be attempted, but prog
nosis is poe>r; in one study, three of five affected 
dogs di~d of systemic necrotizing vasculitis 
despite tetracycline therapy.13 

Autoimmune disorders associated with 
scrotal dermatitis in the dog include pem
phigus erythematosus and Vogt-Koyanagi
Harada-like syndrome.14•15 Dermatitis and 
crusting are noted at mucocutaneous junctions 
and on the scrotum. Treatment with topical 
and systemic glucocorticoids and possibly 
azathioprine may be required to control pruri
tis and excessive inflammatory damage. 14·15 

These medications may suppress spermato
genesis. 

Miscellaneous reported causes of canine 
scrotal dermatitis include necrolytic dermatitis 
with associated hepatic changes due to myco
toxin ingestion, 16 self-mutilation and scrotal ul
ceration associated with presence of bilateral 
sperm granulomas,F and localized erythema
tous drug eruptions as an idiosyncratic reac
tion to prophylactic heartworm therapy with 
diethylcarbamazine.18 Scrotal dermatitis re
solved in all these dogs with treatment of the 
primary condition or removal of the offending 
feed or medication. 

Two types of scrotal contact dermatitis are 
described in the dog. Allergic contact derma
titis is a cell-mediated (Type IV) hypersensitiv
ity reaction. Variably pruritic, maculopapular 
dermatitis occurs after a sensitization period 
of 6 months to 2 years. Reported allergens in
clude plant pollens and resins, topical insecti
cides including flea control products, sham
poos containing tars and creosols, wool and 
nylon fibers, cleansers, polishes, and deter
gents.19 Irritant contact dermatitis occurs when 
an offending substance causes cutaneous irri
tation without requiring an allergic response. 
Absolute primary irritants are corrosives that 
injure skin on first contact, and include petro
leum distillates and disinfectants. Relative pri
mary irritants require repeated contact to 
cause dermatitis and include soaps, deter
gents, solvents, lawn fertilizers, and road salt. 
Irritant contact dermatitis is characterized by 
intense pruritis and self-trauma, with ery
thema, crusts, and excoriation.20 

Diagnosis of contact dermatitis requires 
identification of the offending substance. The 

cutaneous changes of contact dermatitis seen 
in skin biopsy specimens are not pathogno
monic. Treatment involves removal of the of
fending substance and soothing baths. In
tensely pruritic animals may benefit from 
treatment with topical or systemic glucocorti
coids.19·20 

Scrotal Neoplasia 

Neoplasia of the canine scrotum occurs in the 
overlying dermis. The three most common 
types are squamous cell carcinoma, mela
noma, and mast cell tumor. 21-23 

Squamous cell carcinoma appears as prolif
erative or ulcerative firm nodules on the legs, 
head, lips, and/ or scrotum. This tumor is lo
cally invasive but slow to metastasize. Primary 
therapy is wide surgical excision. Adjunctive 
therapy includes cryotherapy and radio
therapy.21 

Melanomas appear as slow growing, small 
brown-black macules or rapidly growing, 
large (>2 em diameter) black ulcerative masses 
in the oral cavity, or on the digits or scrotum. 
Lesions usually are solitary. Twenty-five to 50 
per cent of scrotal melanomas are malignant 
and locally invasive. Wide surgical excision is 
the treatment of choice. Postoperative chemo
therapy may be beneficiaF1 

Mast cell tumors appear as well circum
scribed, raised, firm masses less than 3 em in 
diameter that may be erythematous or ulcer
ated.22 Mast cell tumors may arise virtually 
anywhere on cutaneous surfaces of the body; 
in one study, 22 per cent of male dogs with 
mast cell tumor had involvement of the scro
tum. 23 Secondary systemic effects may be seen 
due to release of histamine, serotonin, heparin, 
and other bioactive products from metachro
matic granules within tumor cells. Mast cell 
tumors are often locally invasive and may me
tastasize to regional lymph nodes or the 
lungs.22·23 Wide surgical excision is the treat
ment of choice. Animals with mast cell tumors 
may benefit from presurgical treatment with 
antihistamines. Successful adjunctive thera
pies include cryosurgery, chemotherapy, and 
radiation therapy. Experimental immunother
apy also is described.22 
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• Disorders of the Canine Prostate 
,, 

Benign Prostatic 
Hypertrophy/Hyperplasia 

The normal prostate in the intact male dog 
increases in weight, due to normal growth and 
glandular hyperplasia, for the first 1 to 5 years 
of the dog's life, with a peak in secretory func
tion, as assessed by ejaculate volume and total 
ejaculated protein content, at 4 years of age.1-3 

As many as 16 per cent of dogs have been 
reported to have histologic evidence of benign 
hyperplasia (increase in cell number) and hy
pertrophy (increase in cell size) of the prostate 
by 2 years of age.4-6 Further cystic hyperplasia 
and hypertrophy develop as the animal ages, 
with 50 per cent of dogs exhibiting histologic 
evidence of benign prostatic hypertrophy 
(BPH) by 5 years of age.4 Senile involution of 
the prostate occurs in animals aged 11 years 
or 1nore.1 

Prostatic growth and secretion are modu
lated by Sa-dihydrotestosterone (DHT), a 
metabolite of testosterone (T) formed from 
the action of the (inhibitable) enzyme Sa
reductase? DHT is the active androgen at the 
intracellular level, because it has a twofold 
greater binding affinity for the intracellular an
drogen receptor and a five times lower dissoci
ation rate than T.8 Although intra prostatic con
centrations of DHT do not vary throughout 
the gland, epithelial cell morphology and re
sponse to DHT do vary with location in the 
gland; the epithelial cells proximal to the pros
tatic urethra are squamous to low cuboidal 
and are undergoing cell death; a deeper zone 
consisting of tall columnar cells is mitotically 
quiescent; and a distal zone is made up of tall 
columnar cells, which are undergoing active 
cell division.9 Significance of this variation in 
cellular activity is unknown. Unidentified lm-

moral and tissue factors act as modulators of 
epithelial cell growth.10 

In aged dogs with BPH, there is an increase 
in the intra prostatic estrogen: androgen ratio. 
Some studies suggest that this is caused by 
declining concentrations of androgen in the 
presence of stable estrogen levels/ while oth
ers have demonstrated higher serum and intra
prostatic concentrations of estrogen in older 
dogs with hyperplastic prostates compared to 
young dogs with normal prostate glands. 11 

Prostatic weight is positively correlated with 
intraprostatic DHT concentrations, but in
creased intraprostatic DHT concentration is 
not demonstrated consistently in animals with 
BPH.12 Other reports document increased abil
ity of the BPH prostate to take up and metabo
lize steroids, with net formation of DHT and 
subsequent increased intraprostatic DHT con
centrations.13·14 Secretory function of the Ley
dig cells may be altered in dogs with BPH; 
decreased endoplasmic reticulum has been 
demonstrated in testicular androgen
producing cells of dogs with BPH, suggesting 
decreased androgen production.6 

Experimental induction of BPH requires 
both estrogens and androgens.15-18 Treatment 
with 17,8-estradiol alone induces stromal and 
glandular hyperplasia, squamous metaplasia 
with subsequent decreased secretory function 
of metaplastic epithelial cells, and increase in 
number of prostatic intranuclear estrogen re
ceptors.16·17 Dogs treated only with an andro
gen, 3a-androstanediol, show mild glandular 
proliferation and histologic evidence of mild 
BPH.18 Only dogs treated with both 17,8-
estradiol and 3a-androstanediol develop overt 
BPH, with squamous metaplasia and "florid" 
hypertrophy and hyperplasia of prostatic epi
thelial cells.15·18 Hypothesized reasons for this 
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requirement for both hormones for induction 
of BPH include androgen-stimulated growth 
of prostatic epithelial cells damaged by metab
olites of estrogen with free radical activity,19 

and enhanced sensitivity of the gland to 
estrogen-mediated changes due to a permis
sive rather than inductive role of elevated in
traprostatic DHT concentrationsY 

·BPH is the most commonly diagnosed pros
tatic disease in the dog.20·21 In the only retro
spective study in which BPH was not the most 
commonly diagnosed prostatic disease, the au
thors required histologic confirmation of BPH 
by biopsy and disregarded a large number of 
dogs with apparent BPH from which no biopsy 
specimens were collected.22 Incidence of BPH 
has been reported as 0.78 per cent21 There is 
no known breed predisposition.21 This is a dis
ease of older, intact male dogs, with a reported 
mean age at onset of clinical signs of 8.0 years 
of age. 21 Due to the hormone dependence of 
this condition, BPH occurs spontaneously only 
in intact dogs or in castrated male dogs treated 
with androgens. 

Dogs with BPH may be asymptomatic.ll In
traparenchymal cysts that communicate with 
the prostatic urethra may develop within the 
hypertrophied prostate.1·23 Light yellow to san
guineous fluid from these cysts or frank blood 
from a hyperplastic gland with increased vas
cularity may appear as urethral discharge.23 

This serous to serosanguineous urethral dis
charge, unassociated with urination, is the pri
mary presenting clinical sign in BPH; in one 
study, 20 of 28 dogs (71.5 per cent) with BPH 
presented with sanguineous urethral discharge 
as the sole clinical sign of disease.21 Hematuria 
may be seen grossly, or noted on urinalysis. 21·22 

Other signs are referable to increased size of the 
gland, and include rectal tenesmus, dysuria, 
caudal abdominal pain, and infertility.22 Uri
nary tract signs occur in 27 per cent, and gastro
intestinal signs in 9.1 per cent of dogs with 
BPH.22 Systemic signs of disease are rarely re
ported.22 In men, increased stromal prolifera
tion around the prostatic urethra causes a pri
mary clinical C011}.plaint of dysuria with 
pollakiuria.24 This is rarely seen in dogs. 

Diagnosis of BPH requires demonstration of 
prostatic enlargement and exclusion of other 
prostatic disorders associated with prostato
megaly, such as prostatitis or neoplasia. Com
plete blood count usually is normaF1 Aerobic 
and anaerobic culhues of seminal fluid and 
urine are negative unless infection is superim
posed on BPH.21 In one report semen was col
lected by manual ejaculation in 69 per cent of 

dogs with BPH; hematospermia often was pres
ent25 If a sample cannot be collected by manual 
ejaculation, a prostatic wash may be necessary 
for collection of prostatic fluid. Prostatic epithe
lial cells also may be collected with a urethral 
brush technique, which has been shown to di
agnose BPH cytologically in 64 per cent of 
dogs. 25 In this technique, a sterile microbiologic 
specimen brush within a double-sheathed cath
eter is passed into the urethra to the level of the 
prostate. The prostate is vigorously massaged 
per rectum for 1 minute. The specimen brush 
is advanced and retracted five to six times and 
withdrawn. The brush and any fluid collected 
are placed in sterile saline and centrifuged, and 
the pellet is examined cytologically.25 

The canine prostate is palpable per rectum 
unless prostatomegaly is severe enough to 
cause cranial movement of the prostate into the 
abdomen. If this has occurred, simultaneously 
palpate the rectum and place upward pressure 
on the caudal abdomen or "wheelbarrow" the 
animal up to stand on his hind legs so as to 
push the prostate back within reach of the 
gloved finger within the rectum. The prostate 
usually is symmetrical and smooth, with a dis
tinct dorsal median raphe. 21 The dog does not 
feel pain when pressure is placed on the nor
mal or hypertrophied prostate. 

On survey radiographs of the abdomen, the 
prostate with BPH may not be visible as a 
distinct entity, although cranial displacement 
of the bladder and dorsal displacement of the 
colon may be seen (Fig. 20-1). Retrograde cys
tourethrography may be used to demonstrate 
prostatomegaly and a normal urethra.26 Reflux 
of contrast medium into the prostatic paren
chyma usually is minimal in the normal pros
trate; if reflux is present, it extends less than 
the measurement of the prostatic urethral di
ameter away from the seminal colliculus.27 

Contrast medium reflux may exceed the mea
surement of maximal urethral diameter in the 
dog with BPH. Prostatic ultrasound reveals 
prostatomegaly, with a homogeneous paren
chyma with or without cavitating cystic le
sion28 (Fig. 20-2). 

Presumptive diagnosis of BPH is based on 
signalment, history, physical examination, ex
amination of prostatic fluid, and prostatic im
aging. Definitive diagnosis of BPH may be 
made with biopsy of the gland, either trans
or perirectally, or transabdominally. Dilated 
acini surrounded by smooth muscle and fi
brous connective tissue, and no inflammatory 
cells or organisms, are seen.29 Prostatitis should 
be ruled out by quantitative culture of pros-
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Figure 20-1. Retrograde cystourethro
gram of canine prostate with benign 
prostatic hypertrophy (BPH). Note cra
nial displacement ond flattening of the 
caudal edge of the urinary bladder. 

,, 
_, 

tatic fluid collected by manual ejaculation or 
prostatic wash before the gland is biopsied. 
Biopsy rarely is required, because BPH is most 
often diagnosed by exclusion of other dis
orders. 

Secretory proteins, measured in man as evi
dence of prostate disease, have not been ·used 
extensively in veterinary medicine. Human 
prostate-specific antigen (PSA) has not been 
consistently demonstrated in either serum or 
seminal plasma of normal dogs or dogs with 
prostatic disease.30 Acid phosphatase mea
sured in serum does not differ between normal 
dogs and dogs with prostatic disease.3° Canine 
prostatic secretory esterase (CPSE), also called 
arginine esterase, is the primary secretory pro
tein of the canine prostate, and is expressed 

Figure 20-2. Sonogram of canine pros
tote w ith benign prosta tic hypertrophy 
(BPH). The prosta te is symmetrically en
larged and the prosta ti c parenchyma 
is homogeneous in echogenicity. 

1000 times more from the prostate than from 
liver, muscle, kidney, or pancreas.30•31 Concen
trations of CPSE are higher in dogs with BPH 
than in normal dogs, but do not differ signifi
cantly between dogs with BPH, prostatitis, and 
prostatic neoplasia, perhaps because many 
dogs with the latter two disorders also have 
BPH.30 These serologic tests are not used rou
tinely for diagnosis of prostate disease in the 
dog at this time. 

Dogs with BPH need be treated only if 
symptomatic.32 One dog with clinical signs of 
BPH that was left untreated successfully im
pregnated bitches for 7 years after diagnosis.21 

However, the hypertrophied gland may be 
susceptible to ascending infection by normal 
urethral organisms (see Acute and Chronic · 
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Prostatitis below), suggesting that treatment 
of BPH in valuable breeding animals may pre
vent progression of prostatic disease and sub
sequent subfertility. 

Castration is the treatment of choice for BPH. 
No drug therapy has been demonstrated to be 
as effective as castration in decreasing prostatic 
size and subsequently decreasing clinical signs 
of BPH.7 After castration, prostatic involution 
begins within days and is palpably obvious by 
1 week.23

•
32 The prostate decreases in volume by 

50 per cent within 3 weeks, and by 70 to 75 per 
cent within 9 weeks of surgery.23

•
33 Serum DHT 

concentrations fall by more than 98 per cent 
postsurgically.33 In one study, eight of nine dogs 
with urethral bleeding secondary to BPH 
showed complete resolution of signs within 4 
weeks of castration.21 

Estrogenic compounds may cause a de
crease in prostatic size by inhibiting gonado
tropin secretion from the pituitary, and so may 
reduce clinical signs of BPH.34 Although cellu
lar mass will decrease within the prostate in 
estrogen treated dogs, cystic changes may not 
resolve.34 Diethylstilbestrol (DES) at a dose of 
0.2 to 1 mg/ d per os (PO) for 5 days has been 
demonstrated to decrease prostatic secretory 
function for up to 2 months.32·33 Use of inject
able estradiol cypionate (ECP) at a dose of 
0.1 mg/kg to a total dose of 2.0 mg also has 
been described.32 An antiestrogen compound, 
tamoxifen, which has weak estrogenic activity, 
has been demonstrated to decrease glandular 
but not stromal proliferation in dogs with 
BPHY Estrogen has been demonstrated to 
cause squamous metaplasia of the prostate 
gland and subsequent secretory stasis (see 
Squamous Metaplasia of the Prostate below), 
which may predispose the gland to ascending 
infection. 32 Thrombocytopenia, leukopenia, 
and fatal aplastic anemia may occur due to 
bone marrow suppression after repeated doses 
of estrogen, high doses of estrogen, or as an 
idiosyncratic reaction after a single dose.34·35 

Estrogens are not approved for use in dogs in 
the United States and are not recommended 
by the authors as a :treatment for BPH. 

Synthetic progestins also may exert negative 
feedback on the pituitary, decreasing gonado
tropin release and serum T concentration.36·37 

Synthetic progestins include oral megestrol ac
etate, injectable medroxyprogesterone acetate, 
and implants of chlormadinone acetate.34·36·38-41 

Megestrol acetate, administered at a dose of 
0.5 mg/kg day PO for 4 to 8 weeks, decreased 
prostatic size in one study.34 One dog contin
ued to receive 0.5 mg/kg weekly and showed 

no adverse effects.34 Use of medroxyprogester
one acetate for canine BPH has been reported 
at doses of 3 to 4 mg/kg subcutaneously (SC), 
with subsequent doses administered at no less 
than 10-week intervals.35·36 Resolution of clini
cal signs occurred in 84 per cent of dogs, and 
decrease in prostatic size occurred in 53 per 
cent of dogs by 4 to 6 weeks after therapy.35·36 

Side effects of progestin treatment include in
creased appetite in the early weeks after treat
ment in 31 per cent of dogs treated, and hypo
thyroidism or diabetes mellitus in 5 per cent 
of dogs treated.36 Chlormadinone acetate, im
planted subcutaneously at doses of 0.5 to 
20 mg/kg for 1 to 26 weeks, has been shown to 
cause a dose-dependent decrease in prostatic 
size, with doses as low as 5 mg/ kg causing a 
decrease of 52 to 61 per cent in prostatic size 
after 26 weeks of treatment.38-40 Prostatic size 
returned to 74 to 85 per cent of pretreatment 
values by 22 weeks after the drug was with
drawn.38 At high doses, chlormadinone ace
tate causes a decrease in total sperm number, 
progressive spermatozoal motility, and per 
cent morphologically normal spermatozoa.38 

Progestins are not approved for use in male 
dogs in the United States and are not recom
mended by the authors for treatment of BPH 
in the dog. 

Antiandrogens have been described for 
treatment of canine BPH. Delma din one acetate 
is an antigonadotropic and direct antiandro
genic compound that has been demonstrated 
to have little clinical efficacy in treating BPH, 
resulting in good or excellent results in only 
two of nine dogs treated.21 TZP-4238 is an ex
perimental steroidal antiandrogen that has 
been demonstrated to decrease prostatic size, 
intraprostatic concentrations of testosterone 
and DHT, and Sa-reductase activity, and to 
cause down-regulation of intracellular andro
gen receptors.40 WIN-49596 is a steroidal an
drogen receptor antagonist. At doses of 0.625 
to 40 mg/ kg/ d for 16 weeks, it has been shown 
to cause a dose-dependent decrease in pros
tatic size, increased incidence and severity of 
prostatic atrophy, and decreased prostatic se
cretory function as evidenced by decreased 
levels and activity of CPSE within the pros
tate.41.42 WIN-49596 does not affect testicular 
weight or semen quality, although mild Ley
dig cell hyperplasia may occur at high doses. 42 

Flutamide and hydroxyflutamide at doses of 
5 mg/ kg/ d per os for 7 weeks cause decrease 
in prostatic size identifiable by ultrasound 
within 10 to 14 days of treatment, with statisti
cally significant decrease in prostatic size by 
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47 days.23A3 Flutamide also causes decrease in 
CPSE secretion and activity within the pros
tate.41 Treatment with flutamide has not been 
demonstrated to cause changes in libido 
or sperm production.23 Antiandrogen com
pounds are not approved for use in male dogs 
in the United States. 

Azasteroids, compounds that inhibit activity 
of the en~yme Sa-reductase and therefore pro
hibit conversion ofT to DHT, have been demon
strated to decrease prostatic size in humans and 
dogs with BPH.7.44-51 The azasteroid best de
scribed is finasteride (Proscar; Merck, Rahway, 
NJ). Doses of0.1 to 1.0 mg/kg/d per os, or one 
5 mg tablet per os per day for dogs weighing 5 
to 50 kg for 8 to 53 weeks have been described 
aseffective.7•44-51 Dosesof0.1 to 1 mg/kg/ d (one 
5-mg tablet PO daily for dogs weighing 5 to 
50 kg) cause decline in serum DHT to baseline 
concentrations, and this is the authors' recom
mended dose. 48 Finasteride has been reported 
to cause a decrease in prostatic size of 48 to 70 
per cent by 8 to 12 weeks of treatment, with mi
croscopic evidence of atrophy of both the glan
dular and stromal compartments of the 
gland.7A5A7•50 Optimum length of treatment is 
unknown. Prostate size has been shown to re
turn to near pretreatment values by 6 to 8 weeks 
after the drug is withdrawn.47 

Intraprostatic DHT concentration decreases 
by 70 to 85 per cent with anasteride treahnent 
in dogs.7A4A9 Senun concentrations of DHT 
were reported to decrease in dogs treated with 
low doses of finasteride (0.1, 0.25, or 0.5 mg/ 
kg PO for 7 days). 48 Secretory function of the 
gland also may be decreased, as evidenced 
by a 50 per cent decline in PSA in men, and 
decreased intraprostatic CPSE concentrations 
and decreased semen volume in dogs treated 
with finasteride.46.47

•
51 . 

No side effects have been reported with ad
ministration of this drug in the dog.47 No 
changes have been demonstrated in testicular 
weight or histomorphology, daily sperm pro
duction, or fertility .47·51 Although men are rec
ommended to avoid unprotected intercourse 
with a woman pregnant with a male child 
while on this drug, due to concerns about ab
sorption of the drug from seminal fluid and 
induction of birth defects in male fetuses, no 
puppies with visible abnormalities are re
ported to have been sired by dogs on this 
drug.47 Finasteride is not approved for use in 
dogs in the United States. 

Other modalities of treatment for canine 
BPH have been described in the literature but 
are not routinely used or recommended. 

Herbal extracts of various plants containing 
active phytosterols have been shown to medi
ate prostatic contractility in vitro, and so may 
be more useful in humans than in dogs. 52 Tech
niques involving destruction of the gland itself 
via transurethral high-intensity focused ultra
sound,53·54 phototherapy after sensitization 
with etiopurpurin dichloride,55 electrovapori
zation,56 ablation and coagulation with a rotat
ing electrode,57 and enzymatic digestion with 
injection of a collagenase/hyaluronidase solu
tion have been reported.58 Gossypol acetate at 
20 mg/kg every other day for 1 month has 
been shown to prevent development of BPH 
in dogs treated with 17,8-estradiol and 3a-an
drostanediol, and has been hypothesized to act 
as an antiandrogen.59 

Prostatic Cysts 

Diffuse cystic change associated with an
drogen-dependent BPH may occur in the dog. 
Diagnosis and treatment are as described for 
BPH. 

True (retention) prostatic cysts and para
prostatic cysts are defined as cavitating lesions 
with a distinct wall, containing clear to turbid 
fluid, either within (retention) or outside (para
prostatic) the prostatic parenchyma. These are 
the cystic prostatic disorders described below. 

The pathogenesis of cystic prostatic disor
ders is unknown. A hypothesized cause of re
tention cysts is dilation of prostatic acini sec
ondary to squamous metaplasia induced by 
endogenous or exogenous estrogen com
pounds. Prostatic retention cysts occurring 
concurrently with an estrogen-secreting Sertoli 
cell tumor have been described.60 Para prostatic 
cysts usually arise either craniolateral to the 
prostate, displacing the bladder cranially and 
ventrally,61·62 or caudal to the gland, within the 
pelvis,61 and are hypothesized to be dilated 
embryonal remnants of wolffian ducts. 61·62 

Cystic prostatic disorders occur most com
monly in older, large-breed dogs.63·64 Reported 
mean age at time of diagnosis of para prostatic 
cysts is 8.0 years.64 In affected dogs that are 
symptomatic, presenting signs include leth
argy and anorexia, abdominal distention, rec
tal tenesmus and straining to defecate, dysuria 
and intermittent bloody urethral discharge; in 
dogs with concurrent Sertoli cell tumor, signs 
of estrogen toxicity such as feminization and 
anemia may occur.22·60- 66 In one study, signs of . 
urinary tract disease were reported in 26 per 
cent, gastrointestinal signs in 37 per cent, and 
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systemic signs of disease in 48 per cent of dogs 
with cystic prostatic disease.22 

Dogs with cystic prostatic disease may be 
asymptomatic; in one study of large-breed 
dogs (mean weight= 31 kg) with average age 
of 7.9 years and presenting with signs other 
than those of prostatic disease, 14 per cent 
had ultrasonographically identifiable prostatic 
cysts, and 42 per cent of those cysts contained 
aerobic bacteria.67 

On physical examination, the enlarged pros
tate may be palpable per abdomen.62 The en
larged and frequently asymmetrical prostate 
may not be palpable per rectum if the in
creased weight of the prostate at the urinary 
bladder neck has pulled the bladder into the 
abdomen. There is one report of cystic pros
tatic disease contributing to a perineal hernia.65 

Hematuria and slight proteinuria may be pres
ent on urinalysis.62 

Definitive diagnosis is possible with radiog
raphy and ultrasonography. Prostatomegaly is 
visible on survey abdominal radiographs and 
on retrograde cystourethrography, with pros
tatomegaly defined as prostate diameter 
greater than 70 per cent of the distance from 
the cranial aspect of the pubic bone to the sa
cral promontory.26 Although degree of prosta
tomegaly is not well correlated with specific 
type of prostatic disease, extreme prostato
megaly is more cmmnon in cystic prostate dis
ease and prostatic neoplasia, and asymmetry 
is most common with focal disease, such as 
cystic prostatic disease, neoplasia, and 
prostatic abscessation.26 Intramural mineral
ization often is present and may be visible on 
radiographs, especially with paraprostatic 
cysts.61-63·68 Ultrasonographically, cystic pros-

tatic disorders in the dog are visible as discrete 
hypoechoic or anechoic lesions that may dem
onstrate distant enhancement.28·63·64 Echogenic 
sediment may be visible within the cyst.63 In
ternal septa may also be visualized.64 Disten
tion of the urinary bladder with saline may be 
required to differentiate a large cyst from the 
normal fluid-filled bladder63 (Fig. 20-3). 

Medical therapy for prostatic cysts has not 
been described. Types of surgical intervention 
include cyst drainage, cyst resection with or 
without drain placement, marsupialization, 
and partial prostatectomy. 60·66·69-72 

Simple drainage of the cystic structure has 
been described60 but usually is not recom
mended because the continuing presence of 
the well-defined capsule allows the cyst to re
cur. Large solitary cysts may be resected.71·72 

The difficulty of cyst resection surgery is de
pendent on size of the cyst and its adherence 
to surrounding structures?1 Packing of the 
residual cyst cavity with omenhnn may help 
prevent recurrence,72 as may placement of 
drains.69 The prostate is isolated with laparot
omy sponges and the cystic area opened and 
drained. Penrose drains are placed within the 
cyst cavity and extended so as to exit through 
the ventrolateral abdominal wall.69 Urinary in
continence has been reported to occur in 9 to 
28 per cent of dogs immediately after cyst re
section,71·72 although many of these animals go 
on to recover spontaneously or are well con
trolled with phenylpropanolamine therapy. 72 

Other reported complications include edema 
of the inguinal area and/ or hindlimbs, hypo
proteinemia, hypoglycemia, hypokalemia, 
anemia, and urethral fistulization. 6 

Marsupialization of large solitary cysts 
allows drainage and subsequent collapse of 

Figure 20-3. Sonogram of canine pros· 
to le w ith true (retention) cyst. Overt 
prostolomego ly is not present. The cyst 
is visible as a discrete, hypoechoic le
sion wi thin the parenchyma. 
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the capsule. The overlying skin and muscula
ture are resected, the cyst capsule opened, and 
the edges of the capsule sutured to the skin.69 

The stoma remains patent, and is allowed to 
drain, for 1 to 2 months.69 Disease may recur 
if the capsule persists.69 

Partial prostatectomy may be required for 
resolution of large retention cysts. Ventral and 
lateral aspects of the prostate gland are re
sected as necessary, taking care to avoid the 
prostatic urethra.69 Complications are those in
volving the urethra, including urine leakage 
at the urethra and urinary incontinence.69 A 
teclmique using an ultrasonic aspirator to re
sect cystic prostatic tissue has been described.70 

In 20 dogs treated with this technique, no re
turn of clinical signs of cystic prostatic disease 
or cystic prostatomegaly were noted within 12 
months of surgery, and only five dogs showed 
the persistent complication of urinary inconti
nence, with that being intermittent in all five 
animals.70 

Castration or finasteride therapy should be 
performed before or concurrently with these 
other procedures. Effect of castration on -reso
lution and recurrence of cystic prostatic dis
ease is not known. 

Squamous Metaplasia of 
the Prostate 

Squamous metaplasia of the canine prostate is 
both a morphologic and physiologic change 
which is a component of other progressive 
prostatic disorders. The normal low cuboidal 
to tall columnar prostatic epithelial cells are 
altered to form concentric circles of flattened 
cells toward the center of the prostatic acini. 29 

The acini often contain eosinophilic debris and 
polymorphonuclear cells.29 These metaplastic 
cells are not metabolically active, leading to 
secretory stasis within the gland. 

Squamous metaplasia occurs secondary to 
exogenous or endogenous estrogen exposure. 
In one survey, 67 per cent of the cases identi
fied were due to administration of estradiol 
cyclopentylpropionate.29 Squamous metapla
sia also may occur in the presence of functional 
Sertoli cell tumors that secrete estrogen.18·29.73.74 

Dogs with squamous metaplasia may be 
asymptomatic, but, as the altered gland is pre
disposed to ascending infection, presenting 
signs may be those of prostatitis (see Acute 
and Chronic Prostatitis below). 

Definitive diagnosis requires prostatic bi
opsy. Ccmtion must be employed in collection 

of biopsy specimens from a potentially in
fected gland. Collection of exfoliated metaplas
tic cells with the urethral brush technique de
scribed previously has not been shown to be 
uniformly successfui.25 

Acute and Chronic Prostatitis 

Prostatitis is inflammation of the prostate 
gland. Both septic and nonseptic inflammatory 
prostate disease are described in humans, but 
in the dog bacterial prostatitis is the most com
mon type seen.75 Prostatic infection may pro
gress to development of intra parenchymal ab
scesses. 

Dogs may be predisposed to infection of the 
prostate by increased number of bacterial or
ganisms in the periprostatic urethra, compro
mise of host local immunity, disease of the 
urinary tract, or altered prostatic tissue or 
fluid. 76 Examples of prostatic defense mecha
nisms include mich1rition, urethral pressure, 
and local production of IgA and antibacterial 
factor, a zinc-associated protein.38 Examples of 
alterations in prostatic tissue include BPH, cys
tic disorders, squamous metaplasia, and pros
tatic neoplasia.75 

A diagnosis of lymphoplasmacytic prosta
titis was made histologically after experimen
tal induction of bacterial prostatitis with 
Escherichia coli.77 Prostatic abscesses form as 
purulent material accumulates in pockets 
within the . chronically inflamed prostatic 
parenchyma.38 

Infection develops most commonly due to · 
ascension of normal urethral flora, although 
hematogenous spread or extension from the 
testes, epididymes, or peritoneal cavity may 
occur.76 Seventy per cent of cases reported have 
been due to infection with a single organisin.76 

Aerobic organisms predominate as pathogens 
in this condition, with E. coli the most common 
organism reported.6·76·78 Other aerobic organ
isms reported include Staphylococcus sp., Strep
tococcus sp., Proteus mirabilis, Klebsiella sp., En
terobacter sp., Haemophilus sp., Pseudomonas sp., 
and Pasteurella sp.22·76·78 Prostatitis due to infec
tion with Brucella canis has been reported.76 

Anaerobic infection is rare but does occur.75 

Mycoplasma sp. are frequently cultured from 
dogs with prostatitis.76·78 Blastomyces dermati
tidis is reported as a fungal cause of prostatitis 
in dogs.zz,7s,79 

Prostatitis may occur secondary to diseases 
of the prostate of intact dogs, such as BPH, 
or secondary to diseases of intact or neutered 
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dogs, such as prostatic neoplasia. Therefore, it 
is identified in both castrated and intact dogs 
but is much more common in intact dogs. Age 
at onset of disease varies with underlying 
cause of the infection. 

Clinical signs of prostatitis vary with pro
gression of the disease. Dogs with acute pros
tatitis may be febrile, anorexic, and lethargic, 
and have urethral discharge.76 The dog may 
feel pain when the prostate is palpated per 
rectum.76 Dogs with chronic prostatitis may be 
asymptomatic, or may have hematuria, leth
argy, anorexia, straining to defecate, poor se
men quality, or urethral discharge varying in 
character from clear to bloody to purulent.22

•
76 

In one study, 26 per cent of dogs diagnosed 
with prostatitis showed signs of urinary tract 
disease, 37 per cent showed gastrointestinal 
signs, and 48 per cent showed signs of systemic 
disease.22 Dogs with chronic prostatitis usually 
do not feel pain on rectal examination of the 
prostate.76 Dogs with prostatic abscessation 
may have fever and caudal abdominal pain,80 

or signs of peritonitis and septic shock if an 
abscess ruptures into the peritoneal cavity. 
One dog developed signs of a perineal hernia 
subsequent to rupture and fibrous adhesion 
of a prostatic abscess into the perineal area.81 

Prostatomegaly may or may not be present in 
dogs with prostatitis, depending on the under
lying prostatic disease present and the pres
ence or absence of abscesses. 

A neutrophilia with left shift usually is pres
ent in dogs with acute prostatitis?6 The hemo
gram may be normal in dogs with chronic 
prostatitis.76 Dogs with experimentally in
duced prostatitis did not show a change in 
blood leukocyte number with development of 
prostatic disease.82 Seventy-five per cent of 
dogs with prostatic abscesses are reported to 
exhibit neutrophilia in a complete blood 
count.80 

Serum chemistry profile results do not vary 
predictably in dogs with prostatitis.76 In one 
shtdy, 35 per cent of dogs with prostatic ab
scessation showed abnormalities on a serum 
chemistry profile, with elevation of alkaline 
phosphatase the most common abnormality 
noted; significance of this finding is un
known.80 

Urinalysis should be performed on a sample 
collected by antepubic cystocentesis from dogs 
with prostatitis. Since prostatic fluid is secreted 
constantly and normally drains into the uri
nary bladder, hematuria, pyuria, and bacteri
uria are present in dogs with either acute or 
chronic prostatitis.76 Urinalysis of dogs with 

well-walled-off prostatic abscesses may be 
normaL Urine cultures are not diagnostic for 
prostatitis, but may be used to localize in
flammatory disease, as described below. 

Survey abdominal radiographs and retro
grade cystourethrography may reveal prosta
tomegaly, mineralization, and reflux of con
trast medium into the prostatic parenchyma 
in dogs with prostatitis.26·27·83 Prostatomegaly 
is more severe in dogs with prostatic abscessa
tion, as is asymmetry of the gland.26 Prostatic 
(mineralization) is more common in dogs with 
chronic prostatitis than in those with acute 
prostatitis, and also may be seen in dogs with 
prostatic neoplasia.26 Irregular reflux of con
trast medium into the prostatic parenchyma 
farther than one width of the prostatic urethra 
is more commonly seen in dogs with prostate 
infection than in dogs with BPH, but no good 
correlation exists between extent of reflux and 
type or extent of disease.83 Ultrasound of the 
infected prostate reveals focal or diffuse hypo
echoic changes, giving the parenchyma a mot
tled or "moth-eaten" appearance28; occasion
ally, with chronic prostatitis, diffuse slightly 
hyperechoic appearance of the prostate may 
be observed on ultrasound, which can be dis
tinguished from the ultrasonographic appear
ance of a neoplastic prostate, which has mot
tled hyperechoic regions. Ultrasonographic 
changes have not been shown to be well cor
related with results of culture of prostatic 
tissue.84 Abscesses are visible as discrete hypo
or anechoic lesions with or without distant en
hancement12 (Fig. 20-4). Abscesses cannot be 
differentiated from prostatic cysts by ultra
sound alone. 

Changes in semen quality may occur in dogs 
with prostatitis, depending on the primary dis
ease present and duration of infection. Five 
weeks after induction of prostatitis with E. coli, 
no changes were noted in progressive motility, 
sperm concentration, or percentage morpho
logically normal spermatozoa of canine se
men samples.85 The testes of these dogs were 
histologically normaL85 Prostatic fluid pH, 
specific gravity, and cholesterol and zinc con
centrations did not differ between normal 
dogs and dogs with experimentally induced 
prostatic infection.82·86 However, most dogs 
with spontaneous chronic prostatitis show 
decreased progressive motility and increased 
secondary morphologic abnormalities of sper
matozoa, which return to normal after specific 
antibiotic therapy. This suggests that deposi
tion of infected prostatic fluid into the semen 
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Figure 20-4. Sonogram of canine 
prostate wi th abscessation. Note 
prostatomegaly and presence of mul
tiple discrete hypoechoic lesions. 

at the time of ejaculation is detrimental to fer
tility. 

Definitive diagnosis of prostatic infection in
cludes culture of the causative organisms from 
prostatic fluid or tissue. As retrieval of tissue 
by fine-needle aspirate for biopsy is contrain
dicated in the presence of active infection, be
cause of the potential of creating a septic nee
dle tract, other samples must be evaluated by 
cytologic examination and quantitative aero
bic culture to infer presence of prostatic infec
tion. Prostatic fluid has been reported to be 
successfully collected by manual ejaculation in 
29 to 33 per cent of dogs with prostatitis, and 
this percentage is higher with chronic prostati
tis. 25 Fractionation of the ejaculate to allow 
evaluation of prostatic fluid alone may be per
formed; however, prostatic fluid is ejaculated 
into all three fractions of the semen, so the 
entire semen sample may be evaluated if frac
tionation is difficult. In dogs too painful to 
ejaculate or in castrated dogs, samples should 
be collected by prostatic wash, or with the ure
thral brush technique previously described. 
Caution should be taken when manipulating 
a gland that may contain a prostatic abscess, 
as too vigorous manipulation may cause ab
scess rupture. 

Collection of prostatic fluid by any tech
nique is not a sterile procedure, due to the 
presence of normal aerobic bacterial flora in 
the urethra of dogs.87 Significant aerobic bacte
rial growth in dog semen has been defined as 
more than 10,000 bacteria per milliliter of a 
single organism88 or greater than 2log10 organ
isms in prostatic fluid compared to concurrent 
urethral culture or culture of urine collected 
by antepubic cystocentesis.78

•
84 With the latter 

technique, 26 per cent of dogs so defined were 
asymptomatic for prostate infection in one 
study.78 If it is difficult to differentiate urinary 
tract disease from prostatic infection, pretreat
ment with ampicillin, an antibiotic that is ex
creted in urine but penetrates the prostate 
poorly, for 24 hours before sampling, may per
mit collection of a prostatic fluid sample for 
quantitative culture that contains fewer arti
factual organisms.82 This technique may not 
work in dogs with acute prostatitis, because 
ampicillin may more readily diffuse into the 
acutely inflamed prostate than into the normal 
prostate. Quantitative culture of prostatic fluid 
collected by ejaculate or prostatic massage has 
been demonstrated to have an 80 to 100 per 
cent correlation with culhtre of prostatic 
tissue. 77,82,84 

Cytologic evaluation of prostatic fluid in 
dogs with prostatitis has been shown to have 
a greater than 80 per cent correlation with his
tologic evidence of inflammation.82 Prostatic 
fluid from dogs with prostatitis contains many 
polymorphonuclear cells.88 Cytologic evalua
tion of prostatic fluid is poorly correlated with 
culture of prostatic fluid,82 however, and so 
should not be used as a sole diagnostic test for 
prostatitis in the dog. Samples collected with 
the urethral brush technique successfully iden
tified prostatitis in 66 per cent of the affected 
dogs sampled25; the technique had a sensitivity 
of 69 per cent and specificity of 92 per cent.89 

The danger of collection of canine prostatic 
tissue by fine-needle aspirate or biopsy lies in 
the risk of inducing an infected needle tract if 
the tissue is septic. Quantitative culture and 
cytologic examination of prostatic fluid, and 
treatment with an appropriate antibiotic, if 
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needed, should precede these procedures. In
flammatory cells are present within the pros
tatic parenchyma of infected dogs.29 Successful 
diagnosis of prostatitis by fine-needle aspirate 
has been reported in 70 per cent of infected 
dogs.90 

Treatment of prostatic infection includes ap
propriate use of antibiotics, chosen by culture 
and sensitivity of prostatic fluid, that achieve 
intraprostatic concentrations greater than the 
minimum inhibitory concentration (MIC) of 
most pathogens.76 In acute prostatitis, the 
blood-prostate barrier is disrupted and virtu
ally any antibiotic will penetrate the prostatic 
tissue.76 Treatment should be instituted with 
an antibiotic chosen by culture and sensitivity, 
and continued for 4 to 6 weeks. Prostatic fluid 
should be rechecked by quantitative aerobic 
culture after 7 to 10 days and again 30 days 
after antibiotic therapy is concluded to ensure 
clearance of infection.76 · 

In chronic prostatitis, the prostatic capsule 
is intact, and antibiotics may penetrate the 
prostatic parenchyma less readily.76 Character
istics of an antibiotic that allow good penetra
tion of the prostrate include high lipid solubil
ity, pKa allowing diffusion of the nonionized 
form of the drug across the lipid membrane, 
and low protein binding.76 

Examples of drugs with poor lipid solubility 
include ampicillin, cephalosporins, oxytetra
cycline, and the aminoglycosides. 76 Antibiotics 
that are highly lipid soluble include chlor
amphenicol, erythromycin, trimethroprim, 
and the fluoroquinolones, ciprofloxacin and 
enrofloxacin (Table 20-1).76·91 

In general, the tissue of the prostate gland 
is more acidic than blood and. prostatic intersti
tium.76 Weakly alkaline antibiotics, with a high 
pK0 , diffuse readily across the prostatic capsule 
in the nonionized form, ionize within the 
acidic prostatic tissue, and remain trapped 
within the capsule.76 Drugs with high pKa in-

elude trimethoprim, which is effective against 
gram-negative organisms, and clindamycin 
and erythromycin, which are effective against 
gram-positive organisms.76 The fluoroquino-
1ones are zwitterions, having multiple pK0S, 

which allow them to diffuse into the prostate 
regardless of intra- and periprostatic pH.76·91 

Enrofloxacin, at a dose of 5 mg/kg per os twice 
daily, has been shown to concentrate in pros
tatic tissue at concentrations well above the 
MIC of most prostatic pathogens.91 Ciproflox
acin, at a dose of 10 mg/kg per os twice daily, 
has been shown to effect 100 per cent recovery 
in animals with prostatic infection, with no 
side effects noted92 (Table 20-1). 

Dogs with systemic signs of disease second
ary to acute prostatitis or prostatic abscessa
tion may require empiric antibiotic therapy 
while culture results are pending. The authors 
recommend enrofloxacin (5 mg/kg twice daily 
PO) to control infection with gram-negative 
organisms and Mycoplasma sp. plus ampicillin 
(20 mg/kg three times daily PO) to ·control 
infection with gram-positive organisms and 
anaerobic organisms. Antibiotic therapy 
should be altered as necessary when culture 
and sensitivity results become available. 

Animals with prostatitis should be treated 
with appropriate antibiotics for 4 to 6 weeks.76 

Prostatic fluid should be rechecked with quan
titative aerobic culture 7 to 10 days and again 
30 days after antibiotics are withdrawn. If the 
infection is resistant to appropriate antibiotic 
therapy, low-dose chronic antibiotic therapy 
may be considered. 

Owners must be cautioned of the side effects 
of long-term antibiotic therapy. Resistant or
ganisms may develop if broad-spectrum anti
biotics are used indiscriminately. Long-term 
treatment with trimethoprim-sulfadiazine has 
been associated with keratoconjunctivitis 
sicca, reversible decline in thyroid function, 
sulfadiazine urolithiasis, immune arthropa-

• • Table 20-1. Characteristics of Antibiotics for Treatment of Canine Prostatitis 

Antibiotic . Lipid Solubility Diffusion into Prostate Effective Against 

Ampicillin 
Cephalosporins 
Oxytetracycline 
Aminoglycosides 
Erythromycin 
Chloramphenicol 
Trimethoprim 
Ciprofloxacin 
Enrofloxacin 

Poor 
Poor 
Poor 
Poor 
Good 
Good 
Good 
Good 
Good 

Poor 
Poor 
Poor 
Poor 
Good 
Good at high dose 
Good 
Good 
Good 

Anaerobes 
N/A 
N/A 
N/A 
Gram-positive 
Gram-positive and -negative 
Gram-negative 
Gram-positive and -negative 
Gram-positive and -negative 

Adapted from Barsanti ]A, Finco DR: Canine bacterial prostatitis. Vet Clin North Am 9:670-700, 1979, with permission. 
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thy, liver disease, and anemia due to folate 
deficiency.93-96 Anemia may be ameliorated 
with supplementation of folic acid, 5 mg/ d 
P0.93 

Concurrent treatment for prostatic disorders 
also may help resolve infection. Castration of 
dogs with experimentally induced bacterial 
prostatitis 'shortened mean duration of infec
tion by ::? ~3 weeks, compared to sham-operated 
controls.77 Veterinarians are encouraged to 
pretreat dogs with infected prostrates with an
tibiotics for several days prior to castration 
in order to prevent development of scirrhous 
cords. Medical treatment with finasteride to 
decrease prostatic size may be beneficial in 
valuable breeding animals. 

Successful treatment for prostatitis caused 
by Blastomyces dermatitidis with ketoconazole 
(20 mg/kg once daily for 60 days) and ampho
tericin B (0.5 mg/kg intravenously [IV] for 3 
days) has been reported.79 Eradication of fun
gal infection from the prostate can be achieved 
with these or newer antifungal pharmaceu
ticals. 

Prostatic abscesses cannot be treated with 
antibiotic therapy alone, as drugs diffuse 
poorly through the abscess capsule; if the cap
sule is not resected it may serve as a pocket 
for recurring fluid accumulation. Culture of 
purulent fluid from within the abscess should 
be performed at the time of drainage. Antibiot
ics generally effective against gram-positive 
organisms include erythromycin, clindamy
cin, trimethoprim, and chloramphenicoJ.23 

Antibiotics generally effective against gram
negative organisms include enrofloxacin, tri
methroprim, and chloramphenicol. 23 Chloram
phenicol is highly protein bound and so must 
be administered at the high end of the dose 
range.34 Treatment of choice for prostatic ab
scessation is induction of prostatic involution 
by castration or finasteride treatment with con
current antibiotic therapy and subsequent sur
gical treatment if necessary. 

Surgical correction of prostatic abscessation 
has been reported, but is associated with a high 
percentage of adverse sequelae in treated dogs. 
Techniques used include marsupialization, 
placement of multiple Penrose drains, drain
age with omentalization of the cavities remain
ing, and partial prostatectomy.69·70·80·98·99 Marsu
pialization involves resection of the skin and 
musculature overlying the prostate, lancing 
and draining of the abscess, and suturing of 
the edges of the prostatic capsule to the skin 
to create a stoma through which drainage may 
continue for weeks to months.69 Complications 

include inadequate drainage and recurrence 
of abscessation.69 

Placement of Penrose drains (two to eight) 
into the drained abscess cavity and peripros
tatically, with extension of the drains through 
the ventrolateral abdominal wall, has been as
sociated with many short- and long-term com
plications, including urinary incontinence; re
current abscessation; hypoproteinemia; edema 
of the scrotum, prepuce, and hindlimbs; and 
anemia.98 Twenty-three of 92 animals treated 
with this technique died during surgery or in 
the immediate postoperative period, with 
most succumbing to sepsis and shock.98 A 
modified technique, in which no drains are 
placed that penetrate the dorsal or dorsolateral 
capsule of the prostate, was associated with 
greater success, with only 3 of 17 dogs showing 
short-term complications and 100 per cent of 
the owners reporting good or excellent results 
at 1 year following treatment.99 

Drainage with subsequent packing of the 
abscess cavity with omenhun also has been 
described as a successful surgical technique.80 

In a study involving 20 dogs, 19 of 20 showed 
complete resolution of disease after treatment, 
with the remaining dog developing recurrent 
abscessation. 80 Mortality in that study was zero 
per cent.80 

Partial prostatectomy with an ultrasonic as
pirator, when used concurrently with castra
tion and appropriate antibiotic therapy, is re
ported as a successful therapy for prostatic 
abscessation in the dog.70 Of 20 dogs treated, 
only 5 showed any side effects, that being mi
nor, intermittent urinary incontinence?0 

Nonsurgical drainage of prostatic abscesses 
with ultrasound guidance, while attractive as 
a less invasive mode of therapy, is not recom
mended. Persistence of the capsule may more 
readily allow recurrence of disease, complete
ness of drainage is difficult to assess, and seed
ing of the infectious material may occur along 
the needle tract. 

Prostatic Neoplasia 

The most common prostatic neoplasm re
ported in the dog is malignant adenocarci
noma.23 Extension of transitional cell carci
noma from the urinary tract, and metastasis 
of lymphosarcoma, hemangiosarcoma, and 
squamous cell carcinoma to the prostate also 
have been reported.23 One case of benign pros
tatic adenoma has been reported, but there was 
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some debate as to whether this was truly a 
neoplasm or a nodular hyperplasia. 100 

In humans, a histologic change called pros
tatic intraepithelial neoplasia is a precursor to 
prostatic carcinoma.101 Prostatic intraepithelial 
neoplasia has been identified in 66 per cent of 
dogs with prostatic adenocarcinoma, and in 
55 per cent of intact dogs 7 years of age or 
greater .102 Significance of this histologic change 
as a precursor to neoplasia in dogs is un
known. 

Prostatic carcinoma is the most common 
prostatic disease in castrated dogs.6 In dogs, 
prostatic neoplasia is considered to be hor
monally independent, or to be primarily in
fluenced by nontesticular steroids.103 Adminis
tration of estrogen and androgen to normal 
dogs induces changes in glycoprotein moieties 
on prostatic epithelial cells that are the same 
changes seen in cells that have undergone 
spontaneous neoplastic transformation.104 

However, several studies have demonstrated 
an interval of 3 or more years between castra
tion and diagnosis of prostatic carcinoma.103

•
105 

Studies report either no association between 
intact status and occurrence of neoplasia,6 no 
"sparing effect" of castration on risk of devel
oping prostatic neoplasia,103 or a 2.38-fold risk 
of developing prostatic carcinoma in castrated 
over intact male dogs. 104 Prostatic carcinoma 
has a reported incidence of 0.29 to 0.60 per 
cent.106 

Other prostatic diseases in the dog do not 
predispose the prostate to neoplastic change. 
There is one report in the literature of a dog 
with infected prostatic cysts and abscesses that 
subsequently developed prostatic adenocar
cinoma, but no cause-and-effect relation
ship was demonstrated.107 No breed predispo
sition to prostatic adenocarcinoma has been 
reported, although there is increased preva
lence among medium- to large-sized dogs 
in generai.l06 

In humans, environmental chemicals that 
have hormonal activity or act as endocrine dis
rupters are theorized to cause preneoplastic or 
overtly neoplastic changes in many systems, 
including the reproductive tract. Significance 
of environmental chemicals in pathogenesis of 
spontaneous prostatic neoplasia in the dog is 
unknown. 

Signs of prostatic carcinoma are referable 
both to the increased size of the gland and 
subsequent pressure on periprostatic sh·uc
tures, and to metastases. Presenting signs of 
disease include tenesmus, constipation and 
dyschezia, stranguria and hematuria, weight 

loss, neck pain, and ataxia.22·105·108 Urinary tract 
signs have been reported in 61 per cent of dogs 
with prostatic carcinoma, gastrointestinal 
signs in 31 to 35 per cent, specific rectal/ 
colonic signs in 45 per cent, systemic signs in 
23 per cent, and hindlimb weakness in 7.7 per 
cent.22,1os Forty-five per cent of dogs with pros
tate cancer have been reported to have palpa
ble prostatomegaly; 32 per cent of dogs have 
significant asymmetry of the enlarged pros
tate.105 The affected dog may exhibit pain on 
either rectal or abdominal palpation of the 
prostate and surrounding structures.105·108 

Leukocytosis and neutrophilia were re
ported in 14 of 27 dogs with prostatic adeno
carcinoma, with 11 of those dogs showing a 
left shift.105 It was not reported whether these 
dogs had evidence of prostatitis secondary to 
the neoplasia. The most common change noted 
on serum chemistry profiles of affected dogs 
is elevated alkaline phosphatase, reported in 
70 per cent.105 Pyuria (62 per cent) and hematu
ria (66 per cent) also are observed .105 Recogni
tion of atypical cells in the urine or semen 
sediment occurred in only 4 of 24 dogs.105 Be
cause many of the affected dogs are castrated 
well before onset of disease, successful collec
tion of an ejaculate for evaluation of prostatic 
fluid may not be successfuJ.25 

Prostatomegaly may be identified on survey 
abdominal radiographs and by retrograde cys
tourethrography, but, as with other prostatic 
diseases, degree of prostatomegaly is not well 
correlated with type of prostatic disease.26·105 

Mineralization of the neoplastic prostatic pa
renchyma may be visible.26·105 Irregular or ex
tensive reflux of contrast medium into the 
prostatic parenchyma may be noted.83·105 If the 
urethra is involved in the neoplastic process, 
mural discontinuity or compression of the 
prostatic urethra may be seen105 (Fig. 20-5). 

Ultrasonographically, the neoplastic pros
tatic parenchyma contains focal to diffuse hyp
erechoic areas, suggestive of mineraliza
tion28·105 (Fig. 20-6). This change has been 
reported in 67 per cent of dogs with prostatic 
carcinoma.105 Fifty-eight per cent of dogs with 
prostatic carcinoma have an irregular and/ or 
discontinuous prostatic contour105 (Fig. 20-5). 

Definitive diagnosis requires identification 
of neoplastic prostatic cells. Collection of pros
tatic fluid by manual ejaculation is desirable, 
but usually is not successfuJ.25 Prostatic fluid 
may be collected by prostatic wash; however, 
absence of exfoliated neoplastic cells on cyto
logic examination of prostatic fluid does not 
rule out prostatic carcinoma. Prostatic adeno-
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Figure 20-5. Retrograde cystourethrogram 
of can ine prostate w ith adenocarcinoma . 
Note cranial displacement and floNening of 
the caudal edge of the urinary bladder, re
flux of contrast medium into the prostatic 
parenchyma, and mural discontinuity of 
the urethra. 

carcinoma was diagnosed correctly in 75 per 
cent of dogs from which prostatic cells were 
collected with a urethral brush teclmique.25 

Collection of prostatic cells by fine-needle 
aspiration has been shown to correctly diag
nose prostatic carcinoma in 79 to 80 per cent 
of dogs.90,105 Inadequate sample size and inabil
ity to aspirate cells from a gland with focal 
disease contribute to this technique's inaccu
racy.105 Fine-needle aspiration accompanied by 
prostatic biopsy has been shown to correctly 
diagnose 89 per cent of dogs with prostatic 
carcinoma.90 Neoplastic prostatic epithelial 
cells are polygonal in shape, with large vesicu
lar nuclei and prominent nucleoli.29 

Metastasis usually has occurred by the time 
of diagnosis of this highly malignant neo
plasm. Reported sites of metastasis, in order 

Figure 20-6. Sonogram of canine prostate 
with adenocarc inoma. Diffuse hyperechoic 
changes ore present w ithin the prostatic pa
renchyma. 

from most to least common, are the lungs, re
gional lymph nodes, liver, urethra, spleen, co
lon and rechun, urinary bladder, bone, heart, 
kidney, distant lymph nodes, and adrenal 
glands. 23,1os,ws,109 Radiography is not a definitive 
test for identification of metastatic disease. 
One necropsy study reported metastases in the 
lungs of 40 per cent of dogs that had had no 
visible metastases on thoracic radiographs. 105 

Small lung metastases may be difficult to dif
ferentiate from normal aging changes in the 
lungs of older dogs.105 In another study, bony 
metastases were not identified on radiographs 
but were noted in multiple sites, including the 
axial skeleton, ribs, humerus, and femur, by 
scintigra phy.108 

In hwnans, the concentration of the secre
tory protein PSA is used to screen for prostatic 



350 Section II - THE DOG 

How to Perform a Prostatic Wash 

1. The dog is allowed to urinate. 
2. Mild sedation occasionally is necessary 

if the dog is painful on rectal palpation 
of the prostate. 

3. The bladder is catheterized with aseptic 
technique using a red rubber catheter 
and the bladder emptied of any remain
ing urine. The bladder is flushed with 1 
to 5 ml sterile saline and again emptied. 

·This fluid is reserved for cytologic exami-
nation and quantitative aerobic culture 
(sample 1, optional). 

4. A gloved finger is inserted into the rec
tum and the prostate identified. The uri
nary catheter is withdrawn until the tip 
is palpated (per rectum) just distal to the 
prostate, and the prostate vigorously 
massaged per rectum for 1 minute. 

5. After digital occlusion of the urethral ori-

carcinoma, but has limited usefulness in de
fining extent of disease. 110 None of the prostate 
secretory proteins described in the dog have 
proven useful in differentiating normal dogs 
from dogs with prostatic carcinoma.30 

Treatment of prostatic adenocarcinoma in 
dogs is palliative and not curative. Castration 
after diagnosis of prostatic adenocarcinoma 
causes atrophy of the non-neoplastic portions 
of the gland, but does not affect morphology of 
neoplastic cells or progression of disease.B·105

•
112 

Orthovoltage radiation treahnent has limited 
success.23 In one survey of21 dogs treated med
ically with either estrogen or ketoconazole, 16 
died or were euthanized within 10 days of 
diagnosis, regardless of treatment used, and 

fice, 5 ml sterile saline is slowly injected 
and the urinary catheter advanced while 
aspirating. This sample also is evaluated 
by cytology examination and quantita
tive aerobic culture (sample 2). 

6. Compare the two samples. If sample 2 
shows greater evidence of inflmmnatory 
disease and significant bacterial growth 
than sample 1, disease can be localized 
to the prostate. If interpretation is diffi
cult due to severe urinary tract disease, 
pretreatment with ampicillin for 24 hours 
before prostatic wash may enhance dif
ferences between urinary and prostatic 
samples. Sample 2 alone may be evalu
ated for culture and cytology in the pres
ence of other evidence of prostatic dis
ease, such as ultrasonographic evidence. 

only 1 had a survival time of greater than 4 
months.105 

The surgical treatment most often described 
is total prostatectomy, a surgery associated 
with many postoperative complications. Uri
nary incontinence, seen in 33 to 93 per cent of 
treated dogs, is caused by decreased urethral 
pressure, detrussor instability, shortened ure
thral length, and pudendal nerve dam
age.69·113·114 Other reported complications in
clude stranguria and hemahrria, tenesmus, 
and hindlimb edema.114 

Use of an ultrasonic aspirator to resect up 
to 80 per cent of prostatic tissue from within 
the prostatic capsule has been described. 115 

Vessels and nerves are spared, and the pros-

How to Collect a Fine-Needle Aspiration Sample or Biopsy from 
the Prostate . 

1. Ensure that prostatic infection is not 
present, by quantitative aerobic culture 
and cytologic examination of prostatic 
fluid collected by manual ejaculation or 
prostatic wash. 

2. Transrectal sample collection: 
A. Sedation occasionally is necessary if 

the dog is painful on rectal palpation 
of the prostate. 

B. A transrectal needle guide (Franzen 
transrectal needle guide; Precision 
Dynamics Corporation, Burbank, 
CA) is placed over a gloved hand and 
another glove is placed over the in
strument, which provides a path 
through which a spinal needle will 
pass exactly beyond the center of the 
tip of the index finger. The double-
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gloved hand is introduced into the 
rectum, the prostate is palpated, and 
the area intended for biopsy identi
fied. A spinal needle is passed 
through the guide into the prostate, 
a syringe connected to the spinal nee
dl~ is aspirated, pressure is released, 
and the needle is withdrawn. 

3. Perirectal sample collection: 
A The dog is sedated. 
B. The dog is placed in lateral or sternal 

recumbency, and the perirectal area 
is clipped and sterilely scrubbed. A 
gloved finger is inserted into the rec
tum and the prostate is identified and 
stabilized. A spinal needle is passed 
into the prostate lateral to the rectum, 
a syringe connected to the spinal nee
dle is aspirated, pressure is released, 
and the needle is withdrawn (Fig. 
20-7). 

4. Transabdominal sample collection: 
A The dog is sedated. 
B. The dog is placed in dorsal recum

bency. If the prostate is palpable per 
abdomen, a needle may be intro-

duced blindly. Ultrasound guidance 
allows one to visualize the exact por
tion of the gland being sampled, and 
helps to prevent accidental trauma to 
periprostatic structures and the pros
tatic urethra, and is, therefore, pre
ferred. The prostate is identified by 
ultrasound. A spinal needle is passed 
through the guide on the transducer, 
a syringe connected to the spinal nee
dle is aspirated, pressure is released, 
and the needle is withdrawn. 

5. Transabdominal core biopsy: 
A The prostate is identified with ultra

sound. A core biopsy needle with an 
obturator-canula assembly (Tru-Cut 
biopsy needle; Travenol Laboratories 
Inc., Deerfield, IL) is aligned with the 
needle guide in the transducer. The 
instrument is activated; the sleeve 
quickly slides over the obturator, en
trapping a piece of tissue within the 
instrument. 

6. Samples collected are evaluated by cytol
ogy, microbiology, and / or histology. 

' ' 

· ~ 
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Figure 20-7. Method of perirectal aspiration of the prostate in dogs (~rom Barsanti JA, Finco DR: Canine bacteria l prasla li lis. 
Vel C lin North Am 9:670-700, 1979, wi th permission.) 

tatic urethra is supported by a periurethral cuff 
formed from the ventral portion of the capsule, 
decreasing postoperative urinary incontinence 
in one study to zero per cent.115 

Other palliative therapies described for dogs 
with prostatic neoplasia include implantation 

of indwelling urethral catheters for dogs with 
urethral obstruction secondary to infiltration 
of prostatic adenocarcinoma,11 6 and oral treat
ment with piroxicam at 0.3 mg/ kg once daily 
for dogs with metastatic transitional cell car
cinoma.23 

\_• 
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How to Perform Retrograde Cystourethrography and 
Prostate Ultrasound 

1. Retrograde cystourethrography. 
A The dog is fasted for 12 hours and 

given a cleansing enema 2 hours prior 
to the procedure. 

B. The dog is mildly sedated. 
C. A 4- to 7-Fr balloon-tipped urinary 

catheter (Swan-Ganz catheter; Ed
wards Laboratory Inc., Santa Anita, 
CA) is passed into the urinary blad
der. The bladder is emptied of urine. 

D. The bladder and urethra are dis
tended with equal parts sterile saline 
and sodium iothalamate (Conray 400; 
Malinckrodt Inc., St. Louis, MO) or 
meglumine iothalamate (Conray; 
Malinckrodt Inc., St. Louis, MO) until 
the urinary bladder is palpably 
turgid. 

E. Lateral and ventrodorsal projection 
radiographs are taken, with infusion 
cif additional increments of diluted 
contrast medium as needed to ensure 
maximal urethral distention. 

2. Prostate ultrasound. 
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• C h a p t e r 21 

• 
• Disorders of the Canine Penis and Prepuce 

• 
• 
• 
Congenital Abnormalities 

In the dog, formation of the penis begins 24-25 
days after conception.1 The prepuce forms as 
a circular plate of ectoderm invaginates at the 
distal tip of the developing phallus, separating 
into external (skin) and internal (mucosa) lami
nae. The balanopreputial fold is a c01mection 
of the penile and preputial mucosa, dissolution 
of which is androgen-dependent.2·3 

Diphallia 

Diphallia is duplication of the penis (Fig. 
21-1). Three cases of canine diphallia have 
been reported in the veterinary literature.1A·5 

Male dogs described were a 5-month-old 
pointer with diphallia and duplication of the 
urinary bladder4

; a 5-month-old mixed breed 
with diphallia, duplication of the urinary blad
der and prostate gland, a bifid scrotum, and 
polymelia5; and a 6-month-old poodle cross 
with diphallia, duplication of the urinary blad
der, right renal hypoplasia, bifurcation of the 
descending colon, and bilateral cryptorchi
dism.1 Karyotype was normal in both dogs in 
which it was evaluatedY Diphallia may be 
caused by duplication of the cloacal membrane 
early in development, with subsequent forma
tion of two urogenital tubercles, or may be part 
of a more extensive ~1indgut defect, explaining 
developmental anomalies in other systems. 6 

Presenting clinical signs of diphallia were 
referable to the urinary tract and included he
maturia, pollakiuria, and inappropriate urina
tion.1·5 One dog was euthanized because of 
right renal hypoplasia and pyelonephritis of 
the remaining kidney.1 One dog was castrated 
and treated with antibiotics as necessary for 
recurrent urinary tract infections.5 

356 

Penile Frenulum 

A penile frenulum is a thin band of connective 
tissue joining the ventral glans penis either to 
the corpus of the penis or to the prepuce (Fig. 
21-2) _3.7-9 It is formed by incomplete dissolu
tion of the androgen-dependent balanoprepu
tial fold.3 Penile frenulums have been de
scribed in 18 cocker spaniels (including 16 
puppies from one kennel?·10·11 four Poodles,8

•
9
•
11 

one mixed-breed dog,12 and in intersex dogs.3 

Despite the apparent increased incidence in 
cocker spaniels, no heritable basis has been 
identified. 11 

Age at diagnosis varies with presenting 
complaint and breeding status of the dog. Re
ported mean and range of age at diagnosis are 
2.9 years and 3 months to 8 years, respec
tively.7-12 Presenting clinical signs include ex
cessive licking of the penis and prepuce, der
matitis between the rear limbs due to urine 
scald, phallocampsis (curvature of the penis 
when erect), and pain when breeding with sub
sequent decreased libido and inability to 
achieve a copulatory lock (tie).8

-
12 Dogs with 

penile frenulums may be asymptomatic.7·11 

Diagnosis is by visual inspection of the pro
truded penis. Penile frenulums in asymptom
atic dogs not intended for breeding need not 
be corrected. Treatment in symptomatic dogs 
or those intended for breeding is transection 
of the frenulum. In many dogs, a thin frenulum 
may be snipped with scissors without causing 
pain or hemorrhage; if the frenulum appears 
vascular or is thick, transection under local 
anesthesia or a light plane of general anesthe
sia is indicated.3

•
8
-

12 Two dogs described with 
phallocampsis and inability to breed became 
sexually competent after transection of the pe
nile frenulum.10

•
12 
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Figure 21-1. Diphallia in a 6-month-old poodle crossbreed. 
!From Johnston SD, Bai lie NC, Hayden DW, et al: Diphallia 
in a mixed-breed dog w ith multiple anomalies . Theriogenology 
31 :1253 - 1260, 1989, with permission.) 

Hypospadias/Miscellaneous 
Congenital Abnormalities of the 
Penis and Prepuce 

Hypospadias is abnormal termination of the 
penile urethra along the ventral surface of the 
penis proximal to the normal urethral open
ing.3'13 Hypospadias occurs when there is in
complete or abnormal fusion of the median 
raphe of the penis, prepuce, and/ or scrotum.13 

It is classified as glandular, penile, scrotal, or 
perineal, with classification determined by lo
cation of the urethral opening.3 In general, 
glandular hypospadias is least severe, with the 
abnormal location of the urethral opening the 
only physical change. Severity increases with 
proximal location of the urethral opening, with 
increasing incidence of concurrent physical de
fects. The most common concurrent defects in
clude cryptorchidism, shortening of the penis 

Figure 21-2. Penile frenulum in a dog. 

with underdevelopment of the glans penis, 
ventral deviation of the penis, and deficient 
development of the ventral prepuce.1-3'14 

· Reported incidence of canine hypospadias is 
0.003 per cent. 14 While no breed predisposition 
has been reported, 17 of 70 reported cases (24 
per cent) have been Boston terriers.14,15 Hypo
spadias also has been reported in intersex ani
mals.3·14 Other possible causes include admin
istration of progestins to the pregnant dam, 
and feeding the dam a diet deficient in vitamin 
A during pregnancy.13 

Presenting clinical signs vary with location 
of the urethral opening and extent of concur
rent physical changes. Dogs with hypospadias 
may be asymptomatic.3 The most commonly 
reported clinical sign is urinary incontinence 
with associated inguinal dermatitis.3 

Treatment varies with extent of the anomaly 
and clinical state of the animal. Asymptomatic 
animals do not require therapy. Dogs with 
glandular hypospadias may require repair of 
the defect only3,13; a urinary catheter is passed, 
the urethral mucosa is dissected and under
mined from the skin at the mucocutaneous 
junction, and the incised edges of the urethral 
mucosa are apposed and sutured. Knots in the 
suh1re material should be placed outside the 
lumen of the urethra so a nidus for calculus 
formation is not provided. An indwelling cath
eter may be left in place for up to 2 weeks3; 
concurrent antibiotic therapy is recommended 
to prevent ascending urinary tract infection. 
Penile hypospadias may be corrected with am
putation of the penis and prepuce to the level 
of the urethral opening.3·15 Postoperative ure
thral strictures and stranguria may occur.15 

Scrotal and perineal hypospadias generally re
quire complete penile amputation and scrotal 
or perineal urethrostomy.3·13 Castration may be 
performed at the same time, and is recom
mended.13 

Other penile abnormalities described in the 
veterinary literature include penile hypoplasia 
and penile irmnaturity. Penile hypoplasia may 
be seen in intersex dogs, and is reported as 
a concurrent abnormality in cryptorchid 
dogs. 13·16,17 One report describes successful 
treatment of an abnormally short penis in a 
15-month-old German shepherd by penile am
putation and urethrostomy.16 

Penile immaturity, also called infantile penis 
or micropenis, is presence of an abnormally 
small penis in relation to body size of the dog.18 

This may occur after prepuberal gonadectomy 
or, in adult dogs, secondary to exogenous or 
endogenous estrogens, as may be seen in male 
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dogs with functional Sertoli cell tumors.18·19 In 
a study comparing penile size in 13- to IS
month-old mixed-breed dogs that had been 
gonadectomized at 7 weeks or 7 months of 
age, or left intact, it was reported that those 
dogs gonadectomized at 7 weeks of age had 
immature genitalia characterized by signifi
cantly smaller penile diameter, decreased size 
and radiodensity of the os penis, and immatu
rity of the prepuce, than male dogs gonadecto
mized at 7 months of age or left intact. 19 Clini
cal significance of these physical changes in 
prepuberally gonadectomized dogs was not 
reported. An intact 7-month-old Doberman 
pinscher with penile immaturity, phimosis, 
urinary incontinence, dysuria, and hematuria 
was treated successfully with surgical shorten
ing of the prepuce and enlargement of the pre
putial orifice.18 Humans with penile immatu
rity are treated with testosterone to increase 
penile size.18 

Hypoplasia of the prepuce may be seen in in
tersex dogs, and has been reported as a concur
rent finding in cryptorchid dogs.3,17 A line of in
bred wire-haired fox terriers with brachyury 
and incomplete fusion of the ventral prepuce 
from the scrotum to the distal extent of the glans 
penis has been described. 20 This defect healed 
spontaneously by 1 year of age in most of these 
dogs.20 Traumatic loss of the distal prepuce also 
has been reported, with subsequent drying of 
the exposed portion of the penis.21 

Dogs with preputial defects present with 
protrusion of the penis at the area of the defect, 
and may present with urinary incontinence as 
welF·21 -23 Treatment is surgical reconstruction 
of the prepuce; creation of pedicle extension 
flaps, with or without oral mucosal grafts as 
lining, has been described.2·22

•
23 

Phimosis/Paraphimosis 

Phimosis is inability of the male dog to pro
trude the penis from the prepuce (Fig. 21-3). 
Phimosis was reported in 0.5 per cent of 185 
dogs with 197 abnormalities of the penis and 
prepuce.24 The condition may be congenital, 
as, for example, in intersex dogs, or may be 
acquired with stricture at the urethral orifice 
due to inflammation, edema, neoplasia, or cic
atricial constriction after wound healing.18·25

-
27 

The penis may or may not be normal. 18·25 Treat
ment is surgical enlargement of the preputial 
orifice.1s,zs-z7 

Paraphimosis is inability of the male dog to 
retract the erect or nonerect, protruded penis 

Figure 21-3. Phimosis in o puppy. The dog hos incomplete 
fusion of the ventral prepuce and a pinpoint·sized urethral or· 
ifice. 

into the preputial sheath. Paraphimosis was 
reported in 7 per cent of 185 dogs with 197 
abnormalities of the penis and prepuce.24 

Causes include sexual arousal, neurologic dis
ease including encephalitis and intervertebral 
disk disease, fracture of the os penis, balano
posthitis, constriction at the preputial orifice 
by a hair ring or scar tissue, swelling of the 
penis due to trauma, neoplasia or malicious 
strangulation of the penis with a rubber band 
or string, inefficiency of preputial muscu
lature, and entrapment of the penis outside 
the prepuce during penile detumescence.27-29 

Paraphimosis in the dog may be idiopathic.27 

The exposed, entrapped penis undergoes 
ischemia, drying, and excoriation, and is pro
gressively compromised with prolongation of 
paraphimosis. Conservative treatment, appro
priate when paraphimosis is of short duration 
and the penis is grossly normal, includes clean
ing and lubrication of the penile mucosa, and 
gentle replacement of the penis within the pre
puce with digital pressure.27·28 If the penile mu
cosa is edematous, lavage with a hyperosmolar 
sugar solution may facilitate replacement.28 

One report described fixation of an indwelling 
urinary catheter to the prepuce with stainless 
steel sutures for 48 hours after replacement to 
prevent recurrence.28 There is one report of use 
of purse-string sutures at the preputial orifice 
after replacement to prevent recurrence; this 
was unsuccessfu.l. 30 Other forms of conserva
tive treatment include isolation of the male 
from estrous females or other causes of sexual 
excitement, and castration.31 Castration usu
ally is not effective, since paraphimosis is not 
a testosterone-dependent condition. If the pe
nis is grossly normal and replacement cannot 
be achieved, even under sedation, surgical 



Chapter 21 - DISORDERS OF THE CANINE PENIS AND PREPUCE 359 

widening of the preputial orifice should be 
performed.27 Other surgical forms of treatment 
include myorrhaphy for shortening of iri.effi
cient preputial musculahue,31 and penile am
putation for dogs with prolonged paraphim
osis during which the penis has undergone 
severe trauma or ischemic necrosis.30 Dogs 
with nonrecurrent paraphimosis that responds 
to conservative therapy may be used success
fully as breeding animals after treahnent. 28 

Urethral Prolapse 

Prolapse of the distal urethra may be idio
pathic or may occur secondary to sexual excite
ment or urethral infection in the dog.32

•
33 A 

genetic predisposition may exist; of eight dogs 
reported in the literature, six were English 
bulldogs.32- 36 Mean age at diagnosis was 20 
months, with a range of 9 months to 5 years.32-36 

The most common presenting clinical sign 
of urethral prolapse in the dog is intermittent 
bleeding from the penisY-35 Increased fre
quency of urination also may be present.32 The 
prolapsed urethral mucosa usually has a pa
thognomonic "red pea" appearance at the tip 
of the penis, which allows ready differentia
tion of urethral prolapse from frach1re of the 
os penis, urethral stricture or calculi, and per
sistent penile frenulum. 32 The prolapse may 
occur only when the penis is erect.35 In such 
dogs, induction of erection by manual ejacula
tion permits complete assessment for urethral 
prolapse and, coupled with the young age of 
animals presenting with urethral prolapse, 
allows differentiation of this condition from 
prostate disease, another common cause of in
termittent bleeding from the penis (see Chap
ter 20). 

Conservative treatment with tranquilizers, 
isolation from estrous females or other causes 
of sexual excitement, cage rest, and antibiotics 
usually will not effect a cure. Surgical replace
ment or removal of the prolapsed tissue is the 
treatment of choice.32 Castration and concomi
tant oral estrogen therapy (diethylstilbestrol 
[DES], 0.1 mg per os [PO] once daily for5 days, 
then twice weekly for 3 weeks) was reported 
as partially successful in one case, although 
the prolapse recurred 1 year later.35 Manual 
replacement with a purse-string suture for 5 
days postoperatively was reported successful 
in one case.36 The most commonly recom
mended surgery is removal of the prolapsed 
urethral tissue and suturing of viable urethral 
mucosa to penile mucosa.32

- 35 Postoperative 

management includes topical and systemic an
tibiotics, use of an Elizabethan collar to prevent 
licking at the penis, and use of smooth muscle 
relaxants to prevent urethral spasm.32 Efficacy 
of concurrent castration as a means to prevent 
recurrence is equivocal.32 Intact dogs with ure
thral prolapse that respond well to surgical 
treatment may be used for breeding.33 

Fracture of the Os 
Penis/Penile Trauma 

Fracture of the os penis in the dog is uncom
mon; in one study, 2 per cent of 185 dogs with 
197 penile and preputial abnormalities pre
sented with fracture of the os penis.24 Occasion
ally, the dog may present with a history of 
known trauma,37 but most often the cause is 
unknown. There is no breed or age predisposi
tion for this disorder. 

Affected dogs may exhibit clinical signs ei
ther at the time of the frach1re, or months to 
years later, after nonunion healing of the frac
ture or excessive callus or fibrous tissue forma
tion at the fracture site have exacerbated dis
placement of frach1re fragments or caused 
urethral obstruction.37-41 Clinical signs of an 
acute os penis fracture vary with degree of the 
fracture (simple or comminuted) and extent of 
soft tissue injuryP and include ventral devia
tion of the penis, dysuria and hematuria, pain 
and crepitus on penile manipulation, disten
tion of the urinary bladder, and abdominal 
pain.27

•
37

•38.4
1 Clinical signs referable to excessive . 

callus or fibrous tissue formation at the site 
of a healed os penis fracture include dysuria, 
distention of the urinary bladder, and ventral 
deviation of the penis.39-

42 Postrenal azotemia 
may be present secondary to urinary tract ob
struction. 24.4° 

Definitive diagnosis of fracture of the os pe
nis is by radiography (Fig. 21-4).37.4°·41 Careful 
passage of a urinary catheter should be at
tempted and may be difficult or impossible 
in dogs with a comminuted fracture of the 
os penis or complete urinary tract ob
struction. 27,37,40.41 

Treatment of an acute fracture of the os penis 
is surgical reduction of the frach1re. If a urinary -
catheter can be passed and fragments of the os 
penis easily brought into apposition, a closed 
reduction may be performed with placement 
of an indwelling urinary catheter to act as a 
splint.27•37•38.4° The catheter is left in place for 5 
days, and prophylactic antibiotics are adminis
tered concurrently.37

•
38 Badly comminuted 
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acute fractures, or nonunion or poorly healed 
old fractures may require open reduction, with 
removal of excess bone and fibrous tissue, and 
stabilization of the fracture with bone plates 
and screws.39A1 Screws must be positioned in 
the dorsal surface of the os penis to avoid the 
ventral urethra.41 If extensive soft tissue dam
age is present, urethral patency must be as
sessed and urethral anastomosis attempted, if 
indicated.37 If urethral anastomosis is not pos
sible, perineal or scrotal urethrostomy must be 
performed.40A1 Wedge osteotomy is described 
as a means of straightening a ventrally devi
ated penis.42 

Penile trauma was reported in 19 per cent 
of 185 dogs with 197 lesions of the penis and 
prepuce.24 Causes of penile wounds reported 
in the veterinary literature include whole-body 
trauma, trauma at the time of breeding, bite 
wounds, and circumferential hair rings or ma
liciously placed rubber bands.27A3A4 Clinical 
signs include profuse hemorrhage or intermit
tent bleeding as the prepuce fills and empties 
or penile erection occurs, penile paralysis, pain 
on penile manipulation, pain or lameness in 
the hindquarters, and dysuria.27A3-45 

Diagnosis is by visual inspection of the pro
truded penis. Treatment course varies with ex
tent of penile damage. Three dogs described 
with signs of penile and hindlimb pain and 
ultrasonographic evidence of swelling of the 
corpus cavernosum penis secondary to trauma 
at the time of breeding were successfully 

Figure 21-4. lateral radiograph o f frac
ture of the os penis in a 1 0-year-old male 
dog. (From Ryer KA: What is your diag
nosis? [Fracture of the os penis in a dog]. 
J Am Vet Med Assoc 177: 177- 178, 
1980, with permission .) 

treated with nonsteroidal anti-inflammatory 
drugs.44 If open wounds are present, debride
ment and suturing of the wounds are required, 
as are postoperative placement of an indwell
ing urinary catheter for 5 days to ensure ure
thral patency, administration of topical and 
systemic antibiotics, and twice-daily protru
sion of the penis to prevent formation of adhe
sionsY Prevention of penile erection, with iso
lation of the affected male from estrous females 
or other causes of sexual excitement, and possi
ble hormone therapy (DES, 1.0 to 2.0 mg PO 
once daily) may be beneficiai.27 If extreme dam
age to the penis or urethra, penile paralysis, 
or ischemic necrosis of the penis is present, 
penile amputation and urethrostomy are indi
cated.27·43A4 One report describes reconstruction 
of the urethral orifice at the tip of a penis trun
cated by trauma.45 

Balanoposthitis 

Balanoposthitis is inflammation of the glans 
penis (balanitis) with concomitant inflamma
tion of the preputial mucosa (posthitis). Al
though balanoposthitis was reported in 20 per 
cent of 185 dogs with 197 lesions of the penis 
and prepuce in one study/4 there are_few re
ports in the veterinary literature. No breed pre
disposition has been reported. Most dogs are 
reported to exhibit clinical signs of balanopos
thitis at 4 years of age or younger. 24 
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The reported cause of balanoposthitis in the 
dog is opporhmistic infection with bacterial or 
viral agents that may or may not be normal 
preputial flora.24A6-54 Atopic dermatitis and be
havioral self-mutilation also may be causes. 

Escherichia coli was the most common isolate 
from aerobic preputial cultures of 37 dogs with 
balanoposthitis.24 Other aerobic bacteria re
ported from preputial cultures of male dogs 
with balanoposthitis include Pseudomonas aeru
ginosa, Streptococcus pyogenes, Staphylococcus 
aureus, and Klebsiella sp.46 All of these bacteria 
are normal preputial flora. 

Mycoplasmas and ureaplasmas have been 
cultured from the prepuce of dogs with bala
noposthitis.47-49 Mycoplasmas and ureaplas
mas also are normal flora of the preputial mu
cosa of dogs,48 confounding the ability to 
definitively diagnose these organisms as caus
ing balanoposthitis in a given animal. How
ever, in two surveys, mycoplasma was cul
tured from the prepuce in a significantly larger 
percentage of dogs with balanoposthitis (92 to 
95 per cent) than from reproductively normal 
dogs (64 to 70 per cent).48·49 Mycoplasma canis is 
the most common isolate.47.49 Significance of 
ureaplasmas as a cause of balanoposthitis is 
less well defined; in one study, ureaplasmas 
were cultured from 69 per cent of dogs with 
balanoposthitis and 70 per cent of reproduc
tively normal dogs.48 

Reported viral causes of balanoposthitis in 
dogs are canine herpesvirus (CHV)50-53 and, 
more rarely, calicivirus.54 CHV is spread by 
aerosol transmission and direct contact with 
oronasal secretions, and may be spread vene
really, since it has been isolated both from va
ginal secretions and from semen. 55 Clinical dis
ease is more likely to occur in stressed or 
immunosuppressed animals.51·56 CHV may be 
carried in a latent form and the infected animal 
may, therefore, be asymptomatic.58 Recrudes
cence may occur with stress or imn1unosup
pressive drug therapy.56 

The predominant clinical sign of balanopos
thitis due to infection with aerobic bacteria or 
mycoplasma in the dog is preputial discharge, 
varying in character from purulent to. sangui
nopurulent.24A9 The discharge may have a fetid 
odor.24 The penile and preputial mucosa in af
fected dogs is erythematous and may be ulcer
ated or covered with caseous material (Fig. 
21-5). Penile lymphoid follicles may be prom
inent.24 

Viral balanoposthitis is characterized by 
presence of vesicular or lymphoid nodular le
sions on the preputial mucosa and near the 

Figure 21-5. Balanoposthitis in a dog. 

preputial reflection on the penis.50-54 The penile 
mucosa may be hyperemic, and petechial or 
submucosal hemorrhages may be present.51·52 

Serous preputial discharge has been reported 
in experimental CHV infection in the dog.52 

Dogs with balanoposthitis as a component 
of atopic dermatitis may show concurrent 
pruritis of the feet, ears, and ventrum or may 
show excessive licking of the penis as their 
only sign. The penile and preputial mucosa 
is erythematous and penile lymphoid follicles 
may be prominent. The authors are aware of 
one case of balanoposthitis due to behavioral 
self-mutilation; the penile and preputial mu
cosa were severely erythematous and the dog 
had chewed away a portion of the ventral sur
face of the penis. 

Diagnosis of balanoposthitis is by visual in
spection. Aerobic bacterial and mycoplasma 
cultures of the preputial and penile mucosa 
should be performed. Mycoplasma sp. and many 
aerobic bacteria, including Escherichia coli, 
Pasteurella multocida, and ,B-hemolytic Strepto
coccus sp. are normal flora of the preputial mu
cosa, so culture results should be evaluated 
with caution.58 CHV is a poor antigen, which 
does not produce long-lasting antibody titers 
after infection. Definitive diagnosis of CHV re
quires demonstration of a change in titers in 
paired serum samples, or virus isolation. 

Treatment of bacterial or mycoplasmal bala
noposthitis includes administration of sys
temic and/ or topical antibiotics based on cul
ture and sensitivity testing. Specific antibiotic 
preparations intended for intrammrunary infu
sion may be dispensed into the prepuce.24 En
rofloxacin is the antibiotic of choice for treat
ment of mycoplasma infection. Excessive 
discharge should be cleansed from the penis 
and prepuce by flushing of the prepuce with 
warm water or saline. There is a report of re
constructive preputial surgery to promote res-
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olution ofbalanoposthitis.59 There is no specific 
treatment for balanoposthitis due to CHV in
fection, but signs of disease generally are mild 
and self-limiting in male dogs. 

Balanoposthitis due to atopic dermatitis 
may be treated with antihistamines or cortico
steroids. Behavioral self-mutilation may be 
controlled by detecting and eliminating the 
trigger for the behavior, or may require ther
apy with antianxiety drugs. 

One report in the literature describes a case 
of cutaneous lymphangiectasia in the dog.60 

Clinical signs were similar to those of balano
posthitis, with vesicles on the prepuce, but 
swelling and pitting edema of the prepuce also 
were present. The condition resolved with an
tidiuretic therapy.60 

Persistent Erection 

Persistent penile erection, or priapism, is pro
longed penile erection without sexual arousal, 
causing discomfort and difficult urination.61 

Incidence of this disorder in the dog is not 
reported but is apparently very low. 

N onnal penile erection in the dog occurs 
when parasympathetic stimuli, via the pelvic 
nerve, actively increase arterial blood flow into 
the corpus cavernosum penis (CCP) and de
crease venous outflow via contraction of 
smooth muscle fibers within the penis at the 
level of the tunica albuginea surrounding the 
CCP.62 Sympathetic stimulation reverses the 
effect.62 Normal detumescence requires relax
ation of smooth muscle, allowing venous 
drainage into the pudendal veins.63 

Priapism may occur secondary to prolonged 
or excessive parasympathetic stimulation, or 
due to decreased venous outflow from an oc
clusive thromboembolism or mass lesion.61 

Stagnation of blood with subsequent low oxy
gen and high carbon dioxide concentrations 
within the CCP causes edema, with further 
venous occlusion and eventual irreversible fi
brosis in the main venous outflow tracts of the 
penis.61 Ischemic necrosis of the penis results. 

Persistent penile erection has been described 
in humans, horses, cats, and dogs.61·64-70 Under
lying causes described in humans include 
sickle cell disease, neoplasia, trauma, coagu
lopathy, diabetes mellitus, treatment with anti
hypertensive or psychotropic drugs, use of 
marijuana, and general anesthesia.61·64

•
66 In hu

mans, 64 per cent of cases are idiopathic.61 Re
ported causes of priapism in horses include 
administration of phenothiazine tranquilizers, 

general anesthesia, and malignant mela
noma.65·66 Priapism has been reported in two 
cats as a postoperative complication following 
castration}7·68 and in cats with penile thrombo
embolism.70 Reported causes in the dog in
clude trauma while mating, chronic distemper 
encephalomyelitis with distemper-associated 
inflammatory lesions in the spinal cord, penile 
thromboembolism, and administration of am
phetamines.69·70 There is one report of idio
pathic priapism in the dog.71 

Clinical signs of persistent penile erection in 
the dog are described in only one report.71 The 
male dog exhibited dysuria and protrusion of 
approximately half the length of the erect penis 
from the prepuce. The exposed penile mucosa 
was hyperemic (Fig. 21-6). 

Diagnosis of priapism is made by assess
ment of complete history and physical exami
nation findings. Diagnosis of the underlying 
cause of the disorder may require extensive 
evaluation of the animat to include assessment 
of general health with complete blood count 
and serum chemistry profile; coagulation pro
file; complete evaluation of the genitourinary 
tract with urinalysis, aerobic urine culture, and 
radiography or ultrasound; and assessment for 
mass lesions in the caudal abdomen. Work
up also must be timely, as treatment options 
become limited as the penis undergoes pro
gressive ischemic change. 

In humans, treatment of the underlying 
cause, if known, is the treatment of choice. 
Described treatments for priapism itself in 1m
mans include drainage and flushing of the 
CCP with heparinized 0.9% sodium chloride 
solution and infusion of sympathomimetic 
drugs (e.g., phenylephrine), or surgical cre
ation of fistulas within the penis to expand 
venous outflow tracts of the penis.61 Medical 
therapy with the anticholinergic and antihista-

Figure 21-6. Priapism in a 6 -year-old samoyed crossbreed: 
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minic drug benztropine mesylate (0.015 mg/ 
kg intravenously [IV]) has been reported suc
cessful in horses if administered within 6 hours 
of onset of priapism.65·66 Percutaneous drainage 
and flushing of the CCP with 0.9 % heparinized 
sodium chloride solution was unsuccessful as 
a treatment in one horse; the penis became 
flaccid but had undergone irreversible damage 
leading t9 penile paralysis and paraphimosis.65 

In the "dog, the underlying cause of persis
tent penile erection may not be identified, and 
the penis usually is irreparably damaged by 
the time of presentation so that penile amputa
tion usually is necessary. Castration usually is 
not effective. One report describes incising the 
penis over the bulbus glandis and pars longa 
glandis, through the tunica albuginea, and 
applying pressure to expel free blood and 
thrombi from the CCP.68 Another report de
scribes penile amputation and perineal ure
throstomy as the best treatment, due to deteri
oration of the condition of the penis and 
inability to discern an underlying cause for 
the persistent penile erection.71 There are no 
reports of male dogs mating successfully-after 
treatment for persistent penile erection. 

Penile/Preputial Neoplasia 

The most common penile neoplasm, world
wide, is the transmissible venereal tumor 
(TVT) .24·72 Other penile neoplasms described 
include squamous cell carcinoma of the pe
nile/preputial mucosa (Fig. 21-7), squamous 
cell carcinoma of the penile urethral mucosa, 
malignant mast cell h1mor of the penis, and 
chondrosarcoma of the os penis.73·75 Preputial 
tumors include TVTs and, less commonly, 
papillomas, carcinomas, mast cell tumors, and 
other tumors of the skin and subcutaneous 
tissue. 24,72,76 

Figure 21-7. Squamous cell carcinoma of the penis of a dog. 

Transmissible Venereal Tumor 

Transmissible venereal hunor also is .called 
transmissible venereal sarcoma and venereal 
granuloma.77•78 Distribution of the tumor is 
worldwide, with greatest incidence in tropical 
and subtropical urban areas with large popula~ 
tions of free-roaming dogs in which breeding 
is uncontrolled.77

•
79·80 Regional outbreaks have 

been reported in the United States.80 

The TVT is an allogeneic cellular transplant, 
with cytogenetic and cell surface antigen char
acteristics of the tumor suggesting that all 
TVTs arose from a single origin.79·80 All TVT 
cells contain 59 ± 5 chromosomes, as opposed 
to normal diploid canine cells, which contain 
78 chromosomes.79·80 

The primary mode of transmission of TVT 
is exfoliation and transplantation of neoplastic 
cells onto damaged penile mucosa during co
ihls.77·80 Transplantation of TVT cells onto nasal 
or oral mucous membranes also may occur as 
dogs lick at their own and other dogs' genita
lia.80 Experimental transmission of TVT re
quires intact, viable tumor cells.81 Icosahedral 
electron-dense particles have been visualized 
in degenerating and necrotic TVT cells, sug
gestive of viral particles, but no etiologic agent 
separate from live tumor cells has been identi
fied to date.81·82 

TVT occurs most commonly in young, sexu
ally mature animals.24.79 One survey of 30 male 
and female dogs with TVT reported a mean 
age at diagnosis of 4.9 years.83 Other surveys 
reported that a majority of dogs with TVTwere 
between 2 and 4 years of age, and that 29 of 
36 dogs (81 per cent) with TVT were less than 
2 years of age.84·85 No breed predisposition has 
been reported; mixed-breed dogs were most 
commonly affected, at 32.8 per cent of admis
sions, in one study.84 

TVTs grow rapidly after transplantation.80 

After experimental transmission of TVT cells 
?nto genital mucosa, tumors are visible grossly 
m some dogs as early as 15 days, with visible 
h1mor growth in 37 per cent of dogs by 30 
days, and in 88.7 per cent of dogs by 60 days 
after transfer _Bl Forty per cent of TVTs are lo
cally invasive.80 Rate of metastasis is 0 to 17 
per cent.79 Metastases have been reported in 
the regional lymph nodes (superficial inguinal 
and lumbar nodes), tonsil, eye, brain and me
ninges, pih1itary gland, skin, spine, and ab
dominal and thoracic viscera.80·86-91 The im
mune system of the infected animal controls 
tumor expression, with up to 19 per cent of 
dogs with naturally occurring disease reported 
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to undergo spontaneous remission.77
•
85 These 

dogs have subsequent transplantation immu
nity. 77 The reported rate of spontaneous regres
sion for experimentally induced TVT is much 
higher than natural exposure, at 60 per cent.80 It 
is not known if spontaneous regression occurs 
more commonly in experimentally induced 
TVT than in naturally occurring disease, or if 
small, naturally occurring TVTs regress before 
inducing significant clinical signs, and there
fore escape diagnosis. 79 

Of 19 cases of canine TVT reported in one 
study, 53 per cent were present only on the 
genitalia, with 32 per cent on the penis and 21 
per cent on the prepuce.91 Extragenital exten
sion to the oral and nasal cavities has been 
reported.91·92 Five dogs have been described 
with oronasal TVT only.92-95 

Clinical signs of TVT vary with site(s) of 
the tumor. Dogs with TVT of the penis and 
prepuce most cmrunonly exhibit intermittent 
to persistent exudation of serosanguineous to 
purulent discharge from the prepuce.24·79·80

•
83· 

89·96·97 Other clinical signs of genital TVT include 
preputial swelling, abnormal odor, excessive 
licking of the genitalia, phimosis, stranguria 
and urinary tract infection due to obliteration 
of the urethral orifice by the tumor, and pres
ence of visible tumor masses.79·83·89·97·98 Signs re
ferable to extragenital or metastatic TVT vary 
with location and extent of the tumor, and 
include epistaxis and sneezing, facial defor
mity, dysphagia, halitosis and tooth loss, hy
perpnea or dyspnea, exophthalmos or sudden 
blindness, and lymph node enlargement.79·86-
ss,90,91,93-95 

TVTs appear grossly as single or multiple, 
grayish cream to red, firm nodules as small 
as 0.5 mm in diameter, progressing to friable, 
cauliflower-like, pedunculated or multilobular 
growths greater than 10 mm in diameter, that 
frequently ulcerate and bleed.24·77·80 Histologi
cally, TVTs are round cell tumors character
ized by discrete cells or sheets of cells with a 
high ratio of nucleus to cytoplasm, round to 
oval nuclei containing one or two prominent 
nucleoli, distinct chromatin clumping, and 
many mitotic figures, and pale blue or clear 
cytoplasm containing many distinct, clear vac
uoles (Fig. 21-8).79,so,99,1oo 

Presumptive diagnosis of genital TVT is by 
visual inspection of the penile and preputial 
mucosa. Definitive diagnosis is accomplished 
by cytologic evaluation of smears, swabs, or 
fine-needle aspirates from the tumor, which 
exfoliates readily.77•79·97·100 Immunohistochemis
try has been described as a method allowing 

Figure 21-8. Cytology of orono sol transmissible venereal tumor 
from a nasal fl ush. (From Fallon RK, Swayne DE : Conine trans
missible venerea l tumor: A d iagnostic dilemma. Com pend Con
tin Educ Proct Vet 6:415- 4 18, 1984, w ith perm iss ion. ) 

differentiation of TVTs from other round cell 
tumors.101 Results of complete blood count, se
rum chemistry profile, and urinalysis usually 
are unremarkable in dogs without metastatic 
disease.97 Changes referable to metastatic dis
ease vary with location and extent of tumor 
growth. Polycythemia may be diagnosed in 
dogs with a large tumor burden, since TVT 
has been demonstrated to produce erythro
poietin.77 

A general treatment plan for TVT is to resect 
tumors with wide margins whenever possible, 
and to use chemotherapy or radiation therapy 
as adjunctive therapies in nonresectable, recur
rent, or metastatic disease.80 

A ventral midline approach can be made 
through the prepuce with minimal compro
mise to major preputial vessels, allowing ac
cess to the entire penile shaft.78·102 Tumors are 
resected with wide margins, the penile mucosa 
sutured, and the prepuce closed in three lay
ers.78 Postoperative care includes administra
tion of topical and systemic antibiotics and 
twice-daily protrusion of the penis to prevent 
formation of adhesions. Use of electrocautery 
also has been described.97·103 In a survey of 12 
dogs, those treated by surgical resection of 
TVT with electrocautery rather than conven
tional surgical therapy had shorter , surgery 
times and less intraoperative bleeding, but 
longer duration of serosanguineous dra.inage 
from the prepuce, and excessive formation of 
scar tissue postoperatively.103 Recurrence rate 
of TVT within 6 months after surgical excision 
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as sole treatment varies from 32 to 44 per 
cent.79.104 Recurrence rate does not differ in 
dogs treated with conventional surgery and 
those treated with use of electrocautery.103 

Concurrent castration does not affect recur
rence rate.79 

The two most common chemotherapeutic 
regimens described are vincristine alone and 
combin;;1tion chemotherapy with vincristine, 
cyclophosphamide, and methotrexate.77

•
83·96· 

97·105-107 There is one report of successful treat
ment with cyclophosphamide alone as an ad
junct to surgical resection of an oronasal TVT.95 

Vincristine (0.025 mg/kg IV weekly [n = 80] 
or increasing weekly doses of 0.025 mg/kg to 
0.037 mg/kg to 0.05 mg/kg IV [n = 1]) has 
been demonstrated to cause complete hrmor 
regression after an average of 3.3 doses, with 
a range of 2 to 7 doses, in 95 per cent of male 
dogs with TVT.77•106 Side effects reported were 
vomiting (7 per cent) and transient leukopenia 
(5 per cent).106,107 

Combination chemotherapy with vincristine 
(0.0125 to 0.025 mg/kg or 0.5 mg/m2 IV one 
to three times weekly), cyclophosphamide 
(1 mg/kg or 50 mg/m2 per os three to four 
times weekly), and methotrexate (0.3 to 0.5 
mg/kg IV weekly or 2.5 mg/m2 per os four to 
five times weekly) has been reported in 23 male 
dogs with TVT.83·96·97 Mean number of days un
til onset of regression was 10.2 with a range 
of 4 to 40 days.83 Complete regression was 
noted in 86 per cent of dogs with a mean dura
tion of treatment of 55.1 days,S3 and in 100 per 
cent of dogs with 4 to 6 weeks of treatment.96 

There was no recurrence for up to 2 years after 
treatment.96 Side effects reported include an
orexia, vomiting and diarrhea, transient neu
tropenia, and alopecia.83·96 

Radiation therapy may be used as an adjunct 
to surgical excision of TVT in the dog. One 
report suggests one to three treatmen:ts of 1000 
rad each to induce remission in most cases.77 

Reports of successful treatment in 6 of 10 dogs 
with genital and extragenital TVT with radia
tion therapy alone report doses of 600 rad for 
three treatments on alternating days/4 and 
variable dosage and time between treatments 
depending on size and extent of the tumor. 108 

Immunotherapy has been described as an 
experimental treatment for TVT in the dog but 
is rarely used clinically.79·80·109 Successful thera
pies include treatment with serum from pa
tients that have undergone spontaneous remis
sion, autogenous formalized vaccine, extracts 
of irradiated tumors, subcutaneous injection of 

untreated TVT cells, and the bacille Calmette
Guerin (BCG) strain of Mycobacterium bovis.so.1a9 

Cryotherapy has been reported as a success
ful therapy for a small TVT on the penis of a 
dog. 110 A freeze-thaw cycle lasting 30 seconds 
was repeated three times. The lesion regressed 
and there was no recurrence for 1 year after 
therapy. 
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• 
• Disorders of the Mammary Gland 
• of the Male Dog 
• 
• 

Gynecomastia 

Gynecomastia, male mammary gland and/ 
or nipple development, is an uncommon dis
order in the dog that may occur as part 
of a feminizing syndrome concomitant with 
estrogen-secreting testicular tumors. The tes
ticular tumor most often causing this syn
drome is the Sertoli cell tumor.1- 5 In one sur
vey, 11 of 27 dogs with intra- or extrascrotal 
Sertoli cell tumors exhibited gynecomastia as 

· the sole feminizing sign.1 Besides gynecomas
tia, signs of feminization due to increased 
estrogen secretion include bilateral alopecia of 
the trunk and neck, hyperpigmentation of the 
inguinal area and ventrum, and pendulous 
prepuce.2- 6 Estrogen-induced bone marrow 
toxicity with anemia and epistaxis has been 
reported in one dog with a Sertoli cell tumor.5 

Gynecomastia is identified on physical ex
amination. Elevated serum estrogen concen
trations may be inferred by presence of corni
fied epithelial cells collected from the preputial 
mucosa. Gynecomastia resolves after complete 
surgical removal of the functional testicular 
h1mor; in one study, feminizing signs subsided 
by 21 days after castration and serum estrogen 
concentrations returned to normal by 60 days 
after surgery.3•

6 

Galactorrhea · 

Galactorrhea, secretion of milk from one or 
more mammary glands, was reported in a 
male dog 3 months after treatment with a syn
thetic progestin, chlormadinone acetate, for 
hypersexuality.7 The galactorrhea resolved 
spontaneously within 14 days? The proposed 
mechanism, which is similar to that of lactation 
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in pseudopregnant bitches (see Chapter 13), is 
that of serum progesterone elevation stimulat
ing mammary development, and serum pro
gesterone decline after cessation of treatment 
inducing a rise in prolactin and subsequent 
milk production. 

Mammary Neoplasia 

Mammary gland neoplasia is uncommon in 
the male dog, compared to intact and ovario
hysterectomized female dogs, with a reported 
incidence of 0.5 to 2.0 per cent.8- 11 In two retro
spective studies of 83 and more than 500 cases 
of mammary neoplasia, none were identified 
in male dogs. 12

•
13 Male dogs have a 16 times 

higher incidence of mammary neoplasia than 
do male human beings.14 

Reported mean age at diagnosis is 10.7 to 
11.5 years, with a range of 6 to 16 years.10

•
14 No 

breed predisposition has been demonstrated 
in the few cases reported. 

Pathogenesis of mammary gland neoplasia c 

in male dogs is unknown. While there is evi
dence supporting a hormonal influence on 
neoplastic transformation of mammary tissue 
in female dogs (see Chapter 13), there are 
conflicting reports concerning influence of es
trogen in development of male mammary 
neoplasms.10

•
15

•
16 One young dog developed 

adenoma-like mammary proliferation that re
solved after castration after treatment with a 
synthetic progestin.7 Sexual status of male 
dogs with mammary neoplasia has not been 
well documented. 

Mammary masses are reported to occur in 
the first, second, fourth, and fifth mammae, 
with the fourth and fifth (abdominal) mammae 
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most frequently represented.l7.18 There is an 
equal distribution between left and right side.18 

Both benign and malignant primary mam
mary masses have been reported in the male 
dog. Benign mammary masses include adeno
mas and mixed 1nammary tumors.10

•
11

•
15

•
17

•
19 Ma

lignant neoplasms reported include carcino
mas, adenocarcinmnas, cystadenocarcinomas, 
and malignant mixed mammary tumors.9

-
11

•
18

•
19 

Metastases to the regional lymph nodes and 
lungs have been described. 18

•
19 There is onere

port of a dog with multiple tumor types, a 
14-year-old crossbreed with both benign and 
malignant mixed mammary tumors.11 The two 
secondary tumors of the mammary gland de
scribed in the literature are metastatic osteo
sarcoma and chondroadenocarcinoma.19 

Diagnosis is made by visual inspection on 
physical examination, followed by histologic 
confirmation from needle aspirate or excision 
biopsy specimens. A complete physical exami
nation, including careful palpation of all mam
mae and the regional lymph nodes, and aus
cultation of the chest should be performed to 
look for multiple masses and clinical evidence 
of metastasis. Radiographs of the thorax and 
radiographs or ultrasound of the abdomen and 
axillary and inguinal regions may permit iden
tification of enlarged lymph nodes. 

Treatment is surgical excision with wide 
margins. Effect of concurrent castration is un
known. The mass and surrounding tissue 
should be submitted for histopathology to as
sess surgical borders and define tumor type 
and malignancy. Prognosis is good with be
nign masses, fair to good with malignant 
masses cleanly excised with no evidence of 
metastases, and poor to fair with malignant 
masses incompletely excised or complicated 
by metastatic disease. There is some evidence 
that male dogs with one mammary mass are 
at increased risk of developing subsequent 
ma1mnary masses.7 No other treatment modal
ities for mammary neoplasia (e.g., chemother
apy or external beam radiation) have been de
scribed in male dogs. 
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Clinical Approach to Infertility in the Male Dog 
• 

• 
• 
Demonstration of normal fertility in the male 
dog requires insemination of a normal bitch, 
either by copulation or artificial insemination, 
with an adequate number of motile, morpho
logically normal spermatozoa, fertilization of 
ova, and successful pregnancy and delivery 
of live puppies. Infertility is a clinical sign or 
presenting complaint that requires confirma
tion, characterization, and localization before 
an etiologic diagnosis can be achieved and 
treatment considered. Diagnosis of a specific 
etiology is difficult; 70 (n = 7273) to 74 per 
cent of infertile human males are reported to 
have idiopathic infertilityY Prognosis of male 
dogs with confirmed infertility is guarded. 
One report suggests that fewer than 10 per 
cent of male dogs presenting with infertility 
returned to fertility after diagnostic work-up 
and appropriate treatment.3 

Subfertility in male dogs is defined as a 
whelping rate of less than 75 per cent when 
bred appropriately to normal bitches.4 Infertil
ity is defined as complete failure to impregnate 
normal bitches that were bred appropriately. 
Sterility is defined as inability to produce or 
ejaculate normal spermatozoa. 

The following information should be col
lected as part of a complete work-up for sub
fertility or infertility in male dogs: 

1. Signalment of the dog 
Puberty in the dog: refers to first appearance 
of a normal number of motile, morphologically 
normal spermatozoa in the ejaculate, and in
creased sexual desire and the ability to copu
late. Average age of puberty onset in the dog 
has been described as 7 to 10 months, with a 
range of 5 to 12 months.5 The age at which 
puberty is reached varies by breed; in general, 
small-breed dogs achieve physical maturity 
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and puberty earlier than large-breed dogs, 
some of which reach puberty after 12 months 
of age. Studies evaluating semen quality 
through puberty in fox terriers (n = 12) and 
beagles demonstrated increases in scrotal size, 
volume of the ejaculate, percentage progres
sively motile spermatozoa, and concentration 
of spermatozoa, and decreases in percentage 
immotile and morphologically abnormal sper
matozoa as the dogs progressed beyond pu
berty. 6•

7 Young dogs presenting with infertility 
with poor semen quality should be re
evaluated when older. 
2. General health history of the dog 
Animals suffering from systemic disease, such 
as chronic active hepatitis, neoplasia, or renal 
failure, or a chronic complaint, such as chronic 
vomiting, may have poor semen quality. Medi
cations the dog has received in the past or is 
receiving at time of admission also may de
crease spermatogenesis (see Oligozoosper
mia). Any history of trauma or thermal injury 
in the area of the penis or scrotum should be 
recorded. The pedigree should be evaluated 
and the degree of inbreeding assessed: Male 
dogs with inbreeding coefficients of 0.125 to 
0.558 (0 = completely outbred, 1.0 = com
pletely inbred) were reported to have de
creased reproductive performance compared 
to completely outbred male dogs, with de
creased total number of pups whelped and 
born live.8 

3. Reproductive history of the dog 
The successful and unsuccessful breedings in 
which the dog has participated should be re
corded in chronological order.4 Other infor
mation that should be collected includes .age, 
parity and fertility of bitches bred, type of 
breeding management used, if any, and dates 
bred. If semen was collected for artificial in-
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semination, quality of semen at the time of 
breeding can be evaluated. Results of diagnos
tic tests performed, including cytology and 
culture of seminal fluid for aerobic and anaero
bic bacteria and mycoplasma, and serology for 
canine brucellosis in the stud and all females 
bred, should be recorded 

A complete physical examination, including 
evaluation of gait, rectal palpation of the pros
tate, palpation of the inguinal canals, sperma
tic cords, epididymes and testes, and evalua
tion of the flaccid and erect penis, should be 
performed. Blood samples for a complete 
blood count, serum chemistry profile, Brucella 

. canis serology, and assay of thyroid hormones 
(free T4 by dialysis [fT4D] and canine thyroid
stimulating hormone [cTSH]) should be col
lected. A semen sample should be collected by 
manual ejaculation and evaluated (see Chapter 
16). Seminal fluid samples should be submit
ted for aerobic, anaerobic, and mycoplasma 
bacterial cultures, and cytology should be eval
uated on a seminal fluid sample after centrifu
gation. Alkaline phosphatase concentration 
(IU I ml) should be determined in azoospermic 
serum samples. A urine sample should be col
lected by cystocentesis after semen collection 
and submitted for a complete urinalysis, in
cluding examination of sediment for sperma
tozoa as an indicator of retrograde ejaculation. 

Failure to Achieve Erection 

Normal erection in the dog is mediated by the 
parasympathetic nervous system; stimulation 
of the pelvic nerve causes release of a neuro
transmitter, either vasoactive intestinal poly
peptide or acetylcholine, which in turn causes 
increased arterial flow and rapid filling of the 
corpus spongiosum and corpus . caverno
sum.9-11 The corpus spongiosum has been 
shown to increase in volume within 20 seconds 
of pelvic nerve stimulation.11 Concurrent ac
tive venous occlusion with subsequent de
creased venous outflow further enhances fill
ing of cavernous tissue; corpus cavernosal 
pressure increases from 26 mm Hg during qui
escence to 5296 to 7434 mm Hg during intro
mission, an increase of about 250 timesY The 
pars longa glandis doubles in diameter and 
elongates. The bulbus glandis trebles in width 
and doubles in thickness when erection is com
plete.13 

Failure to achieve erection may be due to 
psychological constraints, pain, or androgen 

insufficiency. Intact male dogs that have been 
disciplined throughout their life whenever ex
hibiting mounting and thrusting behavior may 
be unlikely to show normal breeding behavior 
at the desired time. Subordinate male dogs 
may not attempt to breed a bitch they perceive 
to be dominant. Males may be unwilling to 
mount a bitch that has been aggressive toward 
them in the recent past, as may occur if the 
dogs are introduced too early in the bitch's 
season. Finally, apprehension in some male 
dogs may prevent them from showing normal 
breeding behavior in an environment they find 
stressful. Some of these problems may be cir
cumvented by changing the environment 
where copulation is attempted or where semen 
collection is performed. Experimentation on 
the part of the owner and veterinarian may 
allow elucidation of the most successful breed
ing/semen collection environment for a 
given male. 

Pain at the time of mounting, thrusting, or 
ejaculation may prevent normal erection in in
tact male dogs. Dogs with joint or spinal pain 
may be unwilling to mount the bitch or unable 
to maintain normal breeding posture. Prostati
tis and orchitis may cause pain at the time 
of ejaculation. 

Androgen insufficiency is an uncommon 
cause of failure to achieve erection. Male dogs 
may have androgen insufficiency due to testic
ular atrophy, intersex states, or hypopitu
itarism. 

Diagnosis of the cause of failure to achieve 
erection requires careful observation of copu
lation or semen collection by manual ejacula
tion. If the dog appears painful, localization 
of the pain guides further diagnostics. If the 
animal does not appear painful, semen collec
tion should be attempted in the presence of an 
estrous, peri ovulatory bitch. If an estrous bitch 
is not present, an anestrous or spayed teaser 
may be used; application of the compound 
methyl p-hydroxybenzoate (Aldrich Chemical, 
Milwaukee, WI) to the vulva of nonestrous 
bitches has been shown to cause arousal in 
some male dogs.14 Another diagnostic test that 
may define the cause of failure to achieve erec
tion in nonpainful dogs is karyotype of blood 
lymphocytes (see Chapter 10). 

Testosterone is secreted . pulsatilely in male 
dogs, so assay of serum testosterone on a sin
gle, random blood sample often is not diagnos
tic of abnormal concentrations. Blood samples 
may be drawn for serum testosterone assay 
three times at 20-minute intervals. Mean con
centration of serum testosterone from the three 
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samples drawn is reported to range from 2.3 
to 3.0 ng/ml in normal, intact male dogs. 15 

Alternatively, challange testing may be per
formed. A blood sample drawn 1 hour after 
administration ofgonadotropin-releasing hor
mone (GnRH; 2 p.g/kg intramuscularly [IM]) 
or 4 hours after administration of hmnan chori
onic gonadotropin (hCG; 40 IU /kg IM) should 
contain more than 3 ng/ml or 4.5 ng/ml testos
terone, respectively, in normal, intact male 
dogs.4 

Failure to Ejaculate 

Normal ejaculation in the male dog requires 
emission (deposition of spermatozoa and sem
inal fluid into the prostatic urethra), closure of 
the bladder neck, and propulsion of the semen 
through the penile urethra. It is mediated by 
the sympathetic nervous system via the hypo
gastric nerve.16-18 Sympathetic innervation 
causes closure of the bladder neck, allowing 
formation of a pressure chamber within the 
prostatic urethra and preventing excessive 
flow of semen into the urinary bladder. Rhyth
mic propulsion of the semen through the pe
nile urethra requires contraction of the bulbo
spongiosus and ischiocavernosus muscles, 
which are innervated by the somatic puden
dal nerve.18 

Failure to ejaculate fluid in the presence of 
erection and ejaculatory behavior is called an
ejaculation or aspermia. Causes of aspermia 
in dogs and hmnans include lack of sexual 
mahtrity, pain, psychological factors, drug 
therapy, and sympathetic neuropathy, either 
idiopathic or secondary to causes such as dia
betes mellitus or spinal cord injury.1·7•

18-20 

Failure to ejaculate may be difficult to assess 
in dogs attempting unassisted copulation. As
sessment of vaginal cytology specimens from 
bitches bred may allow verification of ejacula
tion. In one study, spermatozoa heads and 
rarely intact spermatozoa were seen in about 
65 per cent of vagi.nal cytology specimens col
lected within the frrst 24 hours after breeding21; 
absence of spermatozoa on vaginal cytology 
specimens does not prove that ejaculation did 
not occur. If there is suspicion of aspermia, 
semen collection by manual massage should 
be attempted (see Chapter 16). The average 
dog may begin pelvic thrusting and ejaculation 
of the first, pre-sperm, fraction as quickly as 
within 20.7 seconds of manual massage of the 
bulbus glandis through the prepuce.22 Pres-

ence of an estrous teaser bitch may increase 
ease of collection. 

Young dogs that have not reached complete 
sexual maturity may not ejaculate, even if ca
pable of normal erection. In one study, intact 
male beagles were incapable of ejaculation, on 
average, until 235 days of age.7 Small-breed 
dogs usually reach sexual maturity at a 
younger age than large- or giant-breed dogs. 

Pain, especially due to contraction of an in
fected prostate gland, may inhibit ejaculation 
in the older dog.19·20 Similarly, joint pain (espe
cially of the hips, stifles, or vertebrae) may 
prevent male dogs from mounting estrous 
bitches and showing normal pelvic thrusting. 

Some experienced stud dogs will not ejacu
late during manual semen collection unless 
presented with an estrous teaser bitch. The 
occasional male requires a bitch at optimal 
breeding time for either semen collection or 
copulation.23 Some male dogs require distinct 
surroundings (lighting, nonslip flooring) or 
operators for semen collection. Preferences of 
a given stud dog should be recorded to facili
tate subsequent semen collections. Subordi
nate males may refuse to copulate with a bitch 
they perceive to be dominant, or which has 
been aggressive toward them in the recent 
past. Ejaculation may be effected in these dogs 
by treatment with GnRH (1 to 2 p.g/kg sub
cutaneously [SC] 2 to 3 hours prior to collec
tion or attempted breeding).24 GnRH causes re
lease of endogenous luteinizing hormone (LH), 
with subsequent release of testosterone. This 
method should not be used routinely in valu
able stud dogs; frequent artificially enhanced 
serum testosterone concentrations may exert 
negative feedback on the pituitary, which may 
cause an eventual decrease in serum testoster
one concentrations and decreased spermato
genesis. Use of GnRH is preferred to that of 
exogenous testosterone, which exerts signifi
cant negative feedback on the pituitary, with 
subsequent decrease in LH release, serum tes
tosterone concentrations, intratesticular testos
terone concentrations, and spermatogenesis.4 

Drugs that have been reported to cause ejac
ulatory dysfunction in human beings include 
the tricyclic antidepressant amitriptyline, and 
the nonsteroidal anti-inflammatory drug na
prox~n.18 

) 

Retrograde Ejaculation 

During normal ejaculation in the dog, a portion 
of the total volume of semen ejaculated may 
flow retrograde into the urinary bladder. 
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Blockage of sympathetic a receptors in the 
bladder neck, due to autonomic neuropathy 
as part of a disease process as may be seen in 
human beings with diabetes mellitus, due to 
genetic factors, or experimentally induced 
with phentolamine, causes decreased ante
grade flow of semen, characterized by de
creased seinen volume and total number of 
spermatozoa in the ejaculate, and increased 
retrograde flow of semen.17

•
18

•
25 Increased retro

grade flow of semen was demonstrated in 12 
of 15 dogs sedated with xylazine.26 

Retrograde ejaculation has been reported to 
occur in the dog, although etiology of the con
dition in this species has not been defined. 27

•
28 A 

19-month-old, intact male Labrador retriever 
with concurrent retrograde ejaculation and hy
pothyroidism did not demonstrate spontane
ous antegrade ejaculation after normalization 
of serum thyroid hormone levels with thyrox
ine supplementation.28 Diagnosis requires col
lection of a urine sample by cystocentesis after 
semen collection, and comparison of numbers 
of spermatozoa in the antegrade ejaculate and 
in the urine sediment. 

Treatment with sympathomimetic drugs 
may effect antegrade ejaculation. Possible ther
apies include phenylpropanolamine (3 mg/kg 
per os twice daily) or pseudoephedrine (4 to 
5 mg/kg per os three times daily or 1 and 3 
hours before semen collection or attempted 
breeding) . 28 

In human beings, spermatozoa ejaculated 
into the urinary bladder have been retrieved 
for artificial insemination. The man is in
structed to drink large volumes of water, and 
to take sodium bicarbonate the day before and 
of semen collection, so as to create a positive 
environment for maintenance of viable sper
matozoa within the bladder. Dilute, alkaline 
urine is desired, with a pH of greater than 
7.0 and osmolality of 200 to 300 mOsm/kg 
of water.18 After ejaculation, urine is retrieved 
with a catheter or by direct voiding. After cen
trifugation, the sperm pellet is suspended in 
extender and artificial insemination is per
formed. The only reported such attempt in the 
dog was unsuccessfuF7 

Failure to Achieve 
Normal Copulation 

Causes of failure to achieve normal copulation 
in intact male dogs include sexual immaturity 
or postmaturity, sexual overuse, pain, psycho
logical constraints and idiopathic poor libido. 

Careful evaluation of the history and physical 
examination findings of the bitches involved 
may uncover abnormalities in the female con
tributing to the male's apparent inability to 
mount and achieve intromission, such as vagi
nal strictures, vaginal prolapse, or improper 
breeding management. 

Juvenile dogs may be unable to copulate 
even if they are capable of spontaneous ejacu
lation. Inexperienced males may benefit from 
exposure to nonaggressive, experienced fe
males. Semen collection by manual ejaculation 
in young dogs will not necessarily make them 
less capable of copulation. Aged dogs may fail 
to achieve normal copulation because of de
creased libido secondary to a normal decline 
in secretion of testosterone. 29 

Normal male dogs may be used daily for 
breeding with no adverse effect on libido and 
ability to copulate, although total number of 
spermatozoa in the ejaculate decrease daily as 
extragonadal (epididymal) spermatozoal re
serves are depleted and spermatozoa numbers 
defined as the daily sperm output are 
reached.30 Male dogs that ejaculate two or three 
times daily show a decline in libido, with that 
decline correlated with frequency of ejacula
tion. Semen quality and libido return to normal 
within 2 days after the last of these frequent 
collections. 30 

Dogs with joint or spinal pain may be unable 
or unwilling to attain or maintain the physical 
posture of normal copulation (Fig. 23-1). Dogs 
with failure to ejaculate secondary to prostati
tis may appear to be unable to achieve normal 
copulation.19

•
20 A 19-month-old intact male 

cocker spaniel presenting with failure to 
achieve normal copulation and poor libido 
was diagnosed with a persistent penile frenu
lum; 1 year after surgical correction of the pe
nile frenulum, normal copulation and success
ful impregnation of a bitch were achieved.31 

Abnormalities of sexual differentiation de
crease likelihood of a phenotypically male ani
mal's ability to copulate successfully. Prenatal 
and early postnatal secretion of testosterone 
cause neural differentiation specific for exhibi
tion of male breeding behavior at maturity. 
Animals deprived of this testosterone influ
ence at birth by neonatal castration do not ex
hibit normal mounting behavior at or after pu
berty, even if supplemented with testosterone 
in adulthood.32 Female pseudohermaphro
dites, animals with male external genitalia and 
female gonads, and true hermaphrodites, ani
mals with both male and female gonadal tis-
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FIRST STAGE COITUS 

THE TURN 

SECOND STAGE COITUS 

Figure 23-1. Typical coital postures in the dog. (From G rand
age J: The erect dog penis: A paradox of flexible rig idi ty. Vet 
Rec 9 1:14 1- 147, 1972, w ith permission.) 

sue, are unlikely to exhibit normal breeding 
behavior, and usually are sterile. 

Psychological constraints may prevent a 
physically normal intact male dog from 
achieving normal copulation. Normal varia
tion exists in time between exposure of the 
male dog to the estrous bitch and attempted 
mounting and intromission. Some males at
tempt to mount the bitch immediately, while 
others engage in social and exploratory behav
ior before approaching the bitch.32 If the male 
shows no sexual interest in the bitch, history 
regarding raising and housing of the male 
should be taken. Male dogs raised in complete 
isolation from other dogs from 3 to 12 weeks 
of age are less likely than dogs raised with 
littermates to show normal mounting behavior 
and copulation as adults.32·33 

Male dogs with idiopathic poor libido are a 
diagnostic dilemma. Measurement of serum 

testosterone concentration rarely is rewarding, 
as concentrations usually are normal.4 Admin
istration of GnRH, as described for anejacula
tion (1 to 2 ~-tg/kg SC 2 to 3 hours prior to 
collection or attempted breeding) may effect 
an increase in libido and ejaculation.24 Admin
istration of exogenous testosterone may cause 
an increase in libido and subsequent normal 
copulation. However, repeated treatment with 
either GnRH or testosterone may suppress 
intratesticular testosterone concentrations 
and spermatogenesis, and may exacerbate 
androgen-dependent disease, such as benign 
prostatic hyperplasia I hypertrophy and peri
anal adenoma.4·24 

Infertility with Normal 
Copulation and Normal 
Semen Quality 

No tests for function of apparently normal 
spermatozoa, such as the zona-free hamster 
egg penetration assay, are routinely used in the 
dog. Types of breeding (copulation or artificial 
insemination), semen (fresh, chilled, or fro
zen), and insemination route (vaginal, trans
cervical intrauterine, or surgical intrauterine) 
should be assessed. A totaJ¥ose of 150 to 250 
million normal spermatozoa introduced over 
the bitch's fertile period usually is adequate to 
achieve pregnancy.34,3s In general, conception 
rate is better with copulation than artificial in
semination, with a decline in conception rate 
with increasing manipulation of the spermato
zoa.36 Spermatozoa collected and used imme
diately have greater longevity than those 
placed in extender and chilled for 2 days or 
less, which in turn have greater longevity than 
those frozen and thawed37 (see Chapter 4). 

Human males with idiopathic infertility 
have been reported to have significantly in
creased fertility rates after treatment with the 
prostaglandin inhibitor indomethacin (75 mg 
per individual per day). 2 

Infertility with Normal 
Copulation and Abnormal 
Semen Quality 

Semen collection and evaluation are described 
in Chapter 16. 

Azoospermia 

Azoospermia is ejaculation of seminal fluid 
that does not contain spermatozoa.38 In a sur-
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vey of 102 dogs with reproductive dysfunction 
from which 181 ejaculates were collected, 34.8 
per cent were azoospermic.39 

Artifactual azoospermia may occur in nor
mal intact male dogs that are apprehensive 
at the time of collection or that require the 
presence of an estrous teaser bitch for optimal 
stimulation, since they may ejaculate only the 
first (pre~sperm) fraction of the ejaculate. Col
lection of more than one semen sample under 
optimal conditions is required before a diagno
sis of azoospermia can be confirmed.38 Diagno
sis of incomplete ejaculation may be made by 
measurement of carnitine or alkaline phospha
tase (AP) concentrations in seminal fluid. Con
centration of carnitine in seminal fluid is much 
higher in intact male dogs than in those that 
have been vasectomized or castrated, suggest
ing epididymal origin.40 AP activity has been 
demonstrated to be much higher in the epidid
ymis than in the testes or prostate, with great
est activity in the cauda epididymis.41 Seminal 
fluid from normal intact male dogs that have 
failed to provide a complete ejaculate usually 
contains less than 5000 U /L AP. Male· dogs 
with true azoospermia, due to causes other 
than bilateral blockage of the outflow tract (see 
below), usually have AP concentrations of 
greater than 5000 U /L in seminal fluid. If AP 
concentrations are equivocal, greater accuracy 
may be achieved by collecting two ejaculates 
1 hour apart, and submitting seminal fluid 
from the second collection for AP determi
nation. 

True azoospermia is described most com
monly in purebred dogs, but may occur in 
crossbred dogs.42-46 Average age at time of di
agnosis is 3.7 years (n = 23), with a range of 
1.5 to 8.0 years.42-46 Male dogs diagnosed with 
azoospermia may or may not be proven sires; 
in one survey, 8 of 18 dogs (44 per cent) had 
sired at least one litter prior to presentation.44 

The Labrador retriever is the breed most com
monly reported with azoospermia (8 of 23 re
ported cases).42-44 Heritability of the condition 
is not reported, although related Scottish terri
ers44 and Labrador retrievers43'44 with azoosper
mia have been described. One report docu
mented acquired azoospermia in a male 
Labrador retriever and two of his male off
spring; related males were reported to become 
infertile anywhere from 2 to 7 years of age, 
but another related male had sired a litter at 
12 years of age.43 In a survey of 18 dogs with 
azoospermia, six (33 per cent) had male rela
tives with known reproductive dysfunction.44 

Causes of azoospermia in the dog may be 
classified as pretesticular, testicular, or post
testicular. Pretesticular causes of azoospermia 
in the dog include hypopituitarism,4M7 steroid 
excess in animals with hyperadrenocorticism 
or those receiving long-term, high-dose gluco
corticoid therapy, long-term, high-dose ad
ministration of other classes of drugs that im
pair spermatogenesis, such as antineoplastic 
agents,38 hypothyroidism,47 inguinal or scrotal 
hernia,1 and fever. In human beings, high fever 
(~38°C) causes a decline in semen quality but 
does not cause complete azoospermia.1 

Testicular causes of azoospermia include in
tersex states1,38A8A9; germinal cell aplasia46,50; bi
lateral cryptorchidism1; testicular injury due 
to trauma, irradiation, thermal insult, or orchi
tis45; autoimmune testicular disorders, includ
ing spermatogenic arrest44A6,51; and testicular 
neoplasia.44 

Chromosomal or developmental abnormali
ties of sexual differentiation that occur in phe
notypically normal male dogs that are infertile 
include female pseudohermaphroditism, and 
dogs with a 79,XXY karyotype or XX sex rever
sal. Female pseudohermaphrodites, individu
als with male external genitalia and female 
gonads, are uncommon, and usually occur due 
to masculinization of female fetuses in utero 
by administration of exogenous androgens to 
the dam.49 The 79,XXY karyotype in dogs is 
associated with hypoplastic testes and lack of 
spermatogenesis, and undeveloped but not 
ambiguous external genitalia.38A9 In humans, 
only 6 per cent of men with an XXY karyotype 
are reported to have spermatozoa in the ejacu
late.1 The phenomenon of XX sex reversal, 
presence of male external genitalia a11d testicu
lar and/ or ovarian gonadal tissue in an indi
vidual with a 78,XX karyotype, is inherited 
as an autosomal recessive trait in American 
cocker spaniels.49 A similar condition is re
ported in Kerry blue terriers, pugs, English 
cocker spaniels, beagles, Weimaraners, and 
German shorthaired pointers.49 Phenotypically 
male American cocker spaniels with XX sex 
reversal may have bilateral testes (10 per cent) 
or both testicular and ovarian tissue (90 per 
cent), usually are bilaterally cryptorchid, and 
often have a hypoplastic penis and hypospa
dias.49 There is some evidence that XX sex re
versal in American cocker spaniels is due to 
translocation of a segment of the Y chromo
some onto an X chromosome or autosome. 
Phenotypically male dogs with XX sex reversal 
are infertile. 
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Germinal cell aplasia ("Sertoli cell only" 
syndrome) has been reported to occur in 1.0 
per cent (n = 81)50 to 10.0 per cent (n = 10)46 

of dogs with azoospermia. Only Sertoli cells 
are identified on histopathology of testicular 
tissue of affected dogs. Histologic changes 
may be indistinguishable from those of testic
ular atrophy unless fibrotic changes also are 
present. 

Male dogs with bilateral cryptorchidism are 
azoospermic. Libido is normal, since the re
tained testes are capable of steroidogenesis 
(see Chapter 18). In human beings, azoosper
mia may be seen at maturity in men with de
layed testicular descent.1 

Any process that damages testicular tissue 
with subsequent inflammation significantly af
fects spermatogenesis. Oligozoospermia, re
duced number of spermatozoa in the ejaculate, 
is a more common manifestation of testicular 
inflammation than is azoospermia (see Oligo
zoospermia below). Severe or unresolved in
flammation may cause progression from oligo
zoospermia to azoospermia; a 3-year-old intact 
male Shetland sheepdog with infection of the 
reproductive tract with Pseudomonas aeruginosa 
progressed from oligozoospermia to azoosper
mia over a 4-month period, despite appro
priate antibiotic therapy.45 

Autoi1mnune orchitis may be associated 
with azoospermia (see Chapter 18).38·51 In a 
closed colony of 69 related male beagles, inci
dence of autoimmune orchitis was linked to 
that of autoimmune thyroiditis, and 59 per cent 
of the affected dogs were azoospermic.51 In a 
survey of 18 dogs with azoospermia, one had 
evidence of orchitis and autoimmune thyroidi
tis, with increased serum thyroid autoantibod
ies.38 Spermatogenic arrest, identified by testic
ular histopathology in 2 of 10 dogs with 
azoospermia,46 is hypothesized to have an au
toimmune etiology and may be heritable.52 

Testicular neoplasia may be a cause of 
azoospermia. In a survey of 18 male dogs with 
azoospermia, one was diagnosed with Sertoli 
cell tumor of the testis.44 Testicular neoplasms 
may cause azoospermia by direct destruction 
of testicular tissue, induction of inflammation, 
elevation of intrascrotal temperature, and pro
duction of estrogen or androgen that may exert 
negative feedback on the hypothalamus and 
pituitary (see Chapter 18). 

Post-testicular causes of azoospermia in the 
dog are those causing outflow obstruction, and 
include epididymal segmental aplasia,5<t and 
spermatocele or sperm granuloma. 11

•
54 In hu

man beings, obstructive causes of azoospermia 

account for 0.9 per cent of cases.1 Male dogs 
with bilateral aplasia of any portion of the ef
ferent ducts are azoospermic (see Chapter 18). 
Spermatoceles and sperm granulomas may be 
palpable as nonpainful unilateral or bilateral 
swellings of the epididymis. Obstructive 
azoospermia is present only in dogs with bilat
eral occlusion of the ducts (see Chapter 1tj). 

There are no pathognomonic clinical signs 
consistent with the diagnosis of azoospermia 
in male dogs. The testes may be normal in size 
and consistency (44 per cent, n = 18), normal 
in size with soft consistency (33 per cent), small 
with firm consistency (12 per cent), small with 
soft consistency (6 per cent), or small with nor
mal consistency (6 per cent)_42-44.46·54 Testicular 
degeneration and palpable softening of both 
testes was demonstrated after bilateral vasec
tomy55 or bilateral ligation of the cauda epidi
dymes56 in dogs, suggesting that this testicular 
change may be more common in dogs with 
obstructive azoospermia. Scrotal dermatitis 
occasionally is reported in dogs with azoosper
mia (11 per cent, n = 19). Libido usually is 
reported as normal to excellent in affected 
dogs. 42-44,46,54 

Diagnosis of the etiology of azoospermia re
quires localization and characterization of the 
type of defect present (Table 23-1). Retrograde 
ejaculation can be diagnosed by collection of a 
urine sample by cystocentesis after ejaculation 
(see Retrograde Ejaculation) . 

Incomplete ejaculation can be diagnosed by 
measurement of AP concentration of less than 
5000 U /L in seminal fluid collected from a 
male with poor libido collected in suboptimal 
conditions, as previously described. Concen
tration of AP in seminal fluid also is low in 
male dogs with bilateral obstructive azoosper
mia. One male dog with obstructive azoosper
mia was reported to have AP concentration in 
seminal fluid of less than 10 U /L.44 Epididymal 
abnormalities may or may not be palpable or 
visible ultrasonographically.42·44

•
54 Aspiration 

of the cauda epididymes may allow verifica
tion of spermatogenesis but does not allow 
differentiation of obstructive azoospermia and 
incomplete ejaculation.38 Because aspiration of 
the epididymes may cause extravasation . of 
spermatozoa and subsequent formation of 
sperm granulomas and antisperm antibodies, 
less invasive diagnostics, like epidymal ultra
sound, should be considered first. 23 

If AP concentration in seminal fluid contain
ing no spermatozoa is greater than 5000 U /L, 
pretesticular and testicular cai1ses of azoosper
mia should be ruled out with careful history, 
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• • Table 23-1. Causes of Azoospermia in the Dog and Diagnostic Tests of Choice 

Cause of Azoospermia 

Retrograde ejaculation 
Incomplete ejaculation 
Pretesticular causes 

H ypopi tui tarism 
Hypothyroipism 
Inguinal/scrotal hernia 
Endogenous or exogenous glucocorticoid excess 

Testicular causes 
Intersex animals 

Germinal cell aplasia 

Bilateral cryptorchidism 
Testicular injury (trauma, thermal injury, orchitis) 

Autoimmune orchitis 
Spermatogenic arrest 
Testicular neoplasia 

Post-testicular causes 
Segmental epididymal aplasia 

Spermatocele or sperm granuloma 

r .. 

complete physical examination, thyroid hor
mone testing, measurement of endogenous 
adrenocorticotropic hormone (ACTH), and 
ACTH stimulation or dexamethasone suppres
sion testing for hyperadrenocorticism, and 
measurement of the gonadotropins, follicle
stimulating hormone (FSH), and LH. 

Serum concentration of LH is normal to 
slightly elevated in male animals with gonadal 
failure. 38 Serum FSH concentration increases 
in animals with testicular pathology, with that 
elevation in FSH concentration in serum posi
tively correlated with severity of altered sper
matogenesisY As spermatogenesis fails, Ser
toli cells in the affected testes decrease 
production of inhibin, allowing excessive pro
duction and release of pih1itary FSH.3 FSH and 
LH are released episodically, requiring collec
tion of three blood samples at 20-minute inter
vals, or challenge testing before measured con
centrations can be determined accurately.3

•
38 

Blood samples are drawn 10 minutes after ad
ministration of GnRH (250 ng/kg intrave
nously= [IV]) for assay of LH and FSH. Nor
mal serum concentrations of LH and FSH in 
intact male dogs post-GnRH are 32 ± 11 ng/ 
ml and 62 to 293 ng/ml, respectively.4 FSH 
assays are not routinely cmmnercially avail
able. Samples for LH assay can be submitted 
to the Rothgerber Endocrinology Laboratory 

Diagnostic Test(s) of Choice 

Urinalysis by cystocentesis, after ejaculation 
Alkaline phosphatase (AP) in seminal fluid ( < 5000 U / L) 

LH/FSH in serum (decreased) 
Free T4 by dialysis (decreased), cTSH (increased) 
Physical examination 
History, endogenous ACTH in serum, ACTH 

stimulation or dexamethasone suppression test 

Karyotype (11 = 78, XY), AP in seminal fluid 
(>5000 U / L) 

Testicular biopsy (only Sertoli cells present), AP in 
seminal fluid (> 5000 U/ L) 

Physical examination 
Semen culture, B. ennis serology, seminal fluid cytology, 

AP in seminal fluid (> 5000 U/L) 
AP in seminal fluid (> 5000 U/L) testicular biopsy 
AP in seminal fluid (> 5000 U/L) testicular biopsy 
Physical examination, testicular ultrasound, testicular 

biopsy 

AP in seminal fluid (< 5000 U / L), epididymal 
ultrasound, exploratory surgery 

AP in seminal fluid (< 5000 U/L), epididymal 
ultrasound, exploratory surgery 

at Colorado State University (303-491-5620, 
Fort Collins, CO). 

Diagnosis of testicular causes of azoosper
mia begins with a complete history and physi
cal examination. Karyotype should be evalu
ated in dogs with lifelong history of sterility 
and/ or abnormal or-immature external genita
lia (see Chapter 18). Culture of ejaculated semi
nal fluid for aerobic and anaerobic bacteria and 
mycoplasma, cytology of seminal fluid after 
centrifugation and Brucella canis serology are 
indicated for diagnosis of orchitis (see Chapter 
18). Testicular neoplasia may be palpable or 
visible ultrasonographically (see Chapter 18).44 

Definitive diagnosis of hypo- or aspermato
genesis and germinal cell aplasia require as
sessment of testicular function by aspiration, 
or core or incisional biopsy of the testis. Fine
needle aspirate (FNA) is not an effective 
teclmique in animals with soft testes, since 
fewer cells are likely to be collected than 
in dogs with normal or firm testes. Active 
spermatogenesis is inferred if mature sperma
tozoa are collected in a testicular FNA; neo
plastic and infla1mnatory cells also may be 
detected using this technique.46 Core or inci
sional biopsies collect a plug or wedge of 
testicular tissue, and allow more complete 
assessment of the stages of spermatogenesis 
(see Chapter 18).50•57 The gain in diagnostic 
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value of testicular samples collected by core 
or incisional biopsy compared to FNA may 
be offset by the greater incidence of complica
tions after the procedure. No changes were 
reported in male dogs' semen quality or libido 
after FNA (n = 5),46 while various gross and 
microscopic abnormalities, ranging from focal 
intratesticular hemorrhage and tubular de
generation to maturation arrest, coagulation 
necrosis, and formation of adhesions between 
testicular tunics have been described for core 
and incisional biopsy (n = 79).50

•
57 Cost, risk 

to the animal, including that of anesthesia 
for core and incisional biopsy, and value of 
the data obtained to guide decisions regard
ing possible treatment and prognosis must 
be weighed in each case. In human beings, 
diagnostic testicular biopsy is not performed 
routinely if testicular volume is decreased or 
serum concentration of FSH is increased.1 In 
dogs, with the advent of testicular ultrasound 
and measurement of AP in serum, need for 
testicular biopsy has decllned. 

Testicular histology reported in azoosper
mic dogs is extremely variable.42

•
44 Most dogs 

have some evidence of normal spermatogene
sis, with as many as 60 to 80 per cent of the 
seminiferous tubules appearing histologically 
normal.43 In one survey, 13 of 17 (76 per cent) 
azoospermic dogs evaluated with testicular bi
opsy had some spermatozoa present.44 Varying 
degrees of degeneration of seminiferous tu
bules are present (Fig. 23-2). 

Evidence of active spermatogenesis on a tes
ticular biopsy sample in azoospermic dogs for 
which no definitive etiology has been estab
lished does not guarantee a return to fertility. 
Treatment is dependent on etiology, if identi
fied, and degree of testicular degeneration. 
Palpably soft or very firm testicles and/ or 
those with moderate to severe degenerative or 
fibrotic changes identified by testicular histo
pathology are unlikely to become functional. 
Surgery may be attempted in some dogs with 
obstructive azoospermia, but prognosis for fu
ture fertility is guarded to poor. 

Oligozoospermia 

Oligozoospermia is low total number of sper
matozoa in the ejaculate. In a survey of 102 
dogs from which 181 ejaculates were collected, 
26.1 per cent were oligozoospermic.39 

The number of spermatozoa a dog can pro
duce daily is dependent on grams of testicular 
parenchyma present.58 Testicular size is well 

Figure 23-2. Photomicrograph of o section of testis from on 
ozoospermic dog with o history of post fertility. Biopsy revealed 
degenerative seminiferous tubules, containing necrotic spermo
tids, multinucleate spermatids, and lymphocytes in the lumen. 
Vacuolar degeneration of spermotids and spermatogonia (solid 
arrow) and lymphocytic infiltrate around the tubule (open arrow) 
ore evident. H&E and periodic ocid-Schiff stain; bar = 1 00 
11-m. (From Olson PN, Schultheiss P, Seim HB: Clinical and 
laboratory findings associated with actual or suspected 
azoospermia in dogs: 1 8 cases [ 1979- 1990]. JAm Vet Med 
Assoc 201 :478-482, 1992, with permission.) 

correlated with body weight and with total 
scrotal width.59

•
60 Measurement of total scrotal 

width with calipers (Fig. 23-3) was well corre
lated with ultrasonographic measurement of 
scrotal width in a survey of 30 dogs. 61 Figure 
23-4 depicts correlation between body weight 
of male dogs and expected total scrotal width; 
dogs with total scrotal width measurement 
falling below the 95 per cent confidence limit 
had few to no spermatozoa in their cauda epi
didymes (n = 71).60 

Normal total number of spermatozoa in the 
canine ejaculate is 300 million or greater.62 Nor
mal male dogs of very small breeds may not 
have enough testicular mass to produce 300 
million spermatozoa, and should be consid
ered normal if total number of spermatozoa 
in the ejaculate is at least 10 million per pound 
of body weight. 

Total number of spermatozoa in the canine 
ejaculate is higher if manual semen collection 
is performed in the presence of a proestrous 
or estrous teaser bitch.59

•
63 If semen is collected 

daily, total number of spermatozoa will de
crease in each ejaculate as epididymal reserves 
are depleted.58

•
63 However, normal dogs have 

been reported to have daily sperm output of 
295 to 475 million spermatozoa, suggesting 
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Figure 23-3. Calipers far measurement of 
total scrotal width in the dog. 

that oligozoospermia should not occur even if 
the male ejaculates daily.58 

Oligozoospermic dogs are not necessarily 
infertile. A total dose of 150 to 200 million 
spermatozoa must be introduced into the bitch 
during her fertile period to reliably achieve 
pregnancy.34,35 In a survey of 28 dogs, a preg
nancy rate of 85 per cent was reported in dogs 
with mean total number of spermatozoa of 333 
million, with a range of 36 million to 630 
million. 64 

. 

Idiopathic oligozoospermia was diagnosed 
in 11.2 per cent of 7273 cases of male infertility 
in human beings.1 Incidence in the dog has not 
been reported. 

Seasonal oligozoospermia may occur in 
dogs; semen quality has been demonstrated 
to decline during the summer months in the 

Figure 23-4. The relationship between 
scrotal width and body weigh t on logo· 
rithmic axes. The regression line for cat· 
egory A males is indicated by the solid 
line and the dashed lines enclose 95 
per cent confidence limits for estimation 
of scrotal width from body weight. Cat· 
egory A males !enclosed circles) = 

those w ith many spermatozoa present 
in smears from the cauda epididymis. 
!From Woodall PF ,Johnstone IP: Scrota l 
w idth as an index of testicular size in 
dogs and its relationship to body size . . 
J Small Anim Pract 29:543 - 547, 
1988, with permission.) 

E 
E 

.<: 
ii ·;: 
iii 
0 
C3 

Cfl 

75 

70 

65 

60 

55 

50 
47 
45 
42 
40 

37 
35 

32 

30 

28 
• 26 

25 
24 

• 

Northern hemisphere with a decrease in total 
number of spermatozoa ejaculated.65,66 No sea
sonal change was observed in a Malaysiai1 
study evaluating male dogs habituated to 
that climate.67 

Oligozoospermia has been reported in dogs 
with unilateral Sertoli cell tumors.68 Sertoli cell 
tumors may cause decreased spermatogenesis 
in the affected testis by local infiltration and 
in the unaffected testis by exudation of secre
tory products, including androgens and estro
gens, which exert negative feedback on the 
hypothalarnus and pituitary.69 Elevation of 
intrascrotal temperature may cause atrophy 
and decreased spermatogenesis in the non
neoplastic testis. 

Prostate disease may be associated with in
fertility; in a survey of nine male dogs present-
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ing for infertility, five had prostatitis and one 
had benign prostatic hypertrophy I hyperpla
sia.70 Complete evaluation of the prostate is 
recommended in all male dogs presented for 
infertility (see Chapter 20). 

Orchitis and epididymitis cause decreased 
spermatogenesis both in the acute phase with 
associated inflammation and local hyperther
mia, and in chronic conditions, with possible 
testicular fibrosis or atrophy. In mice, experi
mental bacterial infection of one testis caused 
inflammatory changes and aspermatogenesis 
in both testes. 71 Hypothesized causes were he
matogenous spread of the organism to the con
tralateral testicle or induction of a systemic 
ilrunune reaction after exposure of testicular 
autoantigens to the animal's immune system.71 

Reported causes of acute orchitis and epidi
dymitis in the dog ii1clude Brucella sp., Esche
richia coli, mycoplasma, and other aerobic or
ganisms constituting nonnal preputial flora.3.52

•
72

-
74 

Immune-mediated orchitis has been associ
ated with lymphocytic thyroiditis in the 
dog.51 .75·76 Decreased testis size and weight and 
decreased fertility was reported in 41 per cent 
of 69 affected male beagles ii1 one colony.51 

Colonies of borzois75 and beagles76 with famil
ial lymphocytic thyroiditis have been reported 
with poor semen quality and decreased fertil
ity; testes from three of four male beagles nec
ropsied had no evidence of active spermato
genesis.76 

The link between hypothyroidism and oli
gozoospermia in dogs with apparently normal 

testes is unclear. Three of four dogs with oligo
zoospermia were reported to be hypothyroi~ ( 
in one study.47 Reported signs of reproductive) 
dysfunction secondary to hypothyroidism in
clude decreased libido, decreased ejaculate 
volume, and poor semen quality with hypo
spermatogenesis.77·78 However, male dogs with 
hypothyroidism induced either by thyroidec
tomy and propylthiouracil therapy3 or treat
ment with radioactive iodine78 have not been 
demonstrated to develop changes in testicular 
size or daily sperm output, despite appearance 
of other clilucal signs characteristic of hypo
thyroidism, such as obesity, lethargy, and bi
laterally symmetrical alopecia. 

Many classes of drugs have been reported 
to cause reproductive dysfunction in dogs, 
usually manifested as a rapid decrease in num
ber of spermatozoa ejaculated (Table 23-2). 
Safe dose regilnens generally are not defined. 
The negative effect of the drug on spermato
genesis usually regresses after withdrawal of 
the drug. 

Treatment of oligozoospermia in dogs in de
pendent on etiology. With any treatment, no 
ilnprovement is likely to be noted in the ejacu
late for at least 62 days after treatment is insti
tuted, since that is the duration of the normal 
spermatogenic cycle of the dog. 

One of three dogs with mulateral Sertoli cell 
tumor was described with an increase in total 
number of spermatozoa in the ejaculate after 
unilateral orcludectomy. Dogs with oligo
zoospermia due to prostatitis or orchitis may 

• • Table 23-2. Drugs Reported to Cause Reproductive Dysfunction in Male Dogs 

Drug 

Glucocorticoids 
Prednisone, betamethasone 

Anabolic steroids 

Estrogens 
Estradiol, diethylstilbestrol 

Androgens 
Testosterone 

Progestogens . 
Medroxyprogesterone acetate, 

delmadinone acetate 
Chemotherapeutic agents 

Ketoconazole 

Amphotericin B 
Cimetidine 

GnRH agonists / antagonists 

Mode of Action 

Decrease synthesis and release 
of LH 

Negative feedback to hypothalamus 
and pituitary 

Negative feedback to hypothalamus 
and pituitary 

Negative feedback to hypothalamus 
and-pihtitary 

Negative feedback to hypothalamus 
and pituitary 

Direct negative effect on germinal 
cells 

Blocks androgen biosynthesis 

Causes maturation arrest 
Decreases responsiveness of 

pihtitary to GnRH 
Direct effect at hypothalamus and 

pituitary 
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show improvement in total number of sperma
tozoa ejaculated after appropriate antibiotic 
therapy (see Chapters 18 and 20) and, in the 
case of prostatitis, improvement may be ob
served within days of onset of specific antibi
otic therapy. If extensive inflammatory, fi
brotic, or degenerative changes have occurred 
in the testis with orchitis, return to normal 
fertility is unlikely. In male dogs with unilat
eral orchitis, removal of the affected testis may 
prevent damage to the unaffected testis from 
local inflammation or systemic immune re
sponse. In hypothyroid dogs, appropriate sup
plementation with thyroxine (0.01 to 0.02 mg/ 
kg twice daily per os) may allow a return to 
fertility, unless concurrent thyroiditis and or
chitis are present, as with systemic autoim
mune disease. Spermatogenesis and total 
number of spermatozoa in the ejaculate usu
ally increase after withdrawal of drugs detri
mental to reproductive function. 

Medical therapy described for idiopathic oli
gozoospermia in dogs includes treatment with 
a GnRH agonist (1 tLglkg SC) with or without 
subsequent treahnent with hCG (1600 IUIM). 
One of five dogs responded favorably to treat
ment with the GnRH agonist alone and two 
of four showed a transient increase in total 
number of spermatozoa in the ejaculate after 
treatment with the GnRH agonist and hCG.94 

Management of male dogs with oligo
zoospermia for maximal fertility includes col
lection of semen no more frequently than every 
2 to 4 days.58•63 Intrauterine insemination may 
enhance fertility of male dogs with low total 
number of spermatozoa in the ejaculate (see 
Chapter 4). 

Hematospermia 

Hematospermia is blood in the ejaculate. It 
occurs most commonly secondary to benign 
prostatic hypertrophy with sanguineous pros
tatic fluid (Fig. 23-5) and also may occur if the 
penis is traumatized during semen collection 
or copulation.19

•
23 1t is seen occasionally in juve

nile dogs at first semen collection. Hema
tospennia has been reported in human beings 
after prolonged sexual abstinence.94 In a survey 
of 174 human beings with hematospermia, 50 
(28 per cent) were diagnosed with prostate dis
ease.95 Malignant neoplasia of the genitouri
nary tract was present in 5 per cent of human 
beings with hematospermia.95 One of 15 dogs 
diagnosed with testicular neoplasia presented 
with hematospermia in one report.96 In human 

I •; • l, 

~ ........___ .. :" .,. 

Figure 23-5. Prostatic fluid containing blood continued to be 
discharged on the floor after an ejaculate had been collected 
from a dog with prostatomegaly. (From Olson PN, Wrigley 
RH, Thrall /IliA, et al: Disorders of the canine prostate gland: 
Pathogenesis, diagnosis, and medical therapy. Compend Con
tin Educ Pract Vet 9:613-623, 1987, with permission.) 

beings, hematospermia usually is idiopathic 
and self-limiting.95 

Dogs with hematospermia are not necessar
ily infertile; male dogs with blood in the ejacu
late have been reported to sire litters.4 If sper
matozoa are to be preserved, either as chilled 
extended semen or frozen semen, longevity of 
spermatozoa may be enhanced by centrifuga
tion of the hematospennic sample and resus
pension of the pellet containing spermatozoa 
in extender soon after collection. 

Jreratozoo~ermia 

Teratozoospennia is decreased percentage of 
morphologically normal spermatozoa (Fig. 
23-6). Reported percentage of morphologi
cally normal spermatozoa (%MNS) in normal 
dogs is 80 per cent or greater.82 In a survey of 
67 male dogs, pregnancy rates caused by those 
with %MNS of 60 per cent or greater was 61 
per cent, while that of dogs with %MNS less 
than 60 per cent was 13 per cent.97 Although 
teratozoospermia is associated with infertility 
in dogs,97- 102 there are few descriptions of the 
effect of specific morphologic defects on fertil
ity. Specific morphologic defects associated 
with infertility in the dog include abnonnali-

hl 
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ties of midpiece attachment or ultrastruc
ture/8·100·101 microcephalic spermatozoa/9 and 
proximal retained cytoplasmic droplets.99·101 

Specific morphologic abnormalities associated 
with poor post-thaw motility of cryopreserved 
spermatozoa include coiled and bent mid
pieces and tails, and proximal retained cyto
plasmic droplets. 103·104 

There is no reported effect of age on inci
dence of teratozoospermia in the dog.97 No 
breed predisposition has been reported, al
though related male dogs with similar mor
phologic defects of spermatozoa have been re
ported.99 There is one report of a seasonal 
effect, with decreased %MNS in the summer 
months.65 

Teratozoospermia may be congenital or ac
quired. The only well-defined congenital cause 
reported in the dog is fucosidosis, a lysosomal 
storage disease affecting function of epididy
mal epithelial cells and causing retention of 
cytoplasmic droplets.105 Acquired causes re
ported in the dog include testicular tumors,68 

orchitis/ 4·106·107 prostatitis, high fever, 1·106 obesity 
with increased intrascrotal temperature due 
to formation of periscrotal fat/ 06 and sexual 
abstinence or overuse.106 Of 7273 men with in
fertility, 5.9 per cent were diagnosed with idio
pathic teratozoospermia.1 

Diagnosis of etiology of teratozoospermia 
requires a complete history and physical exam
ination, semen evaluation and culture, and 
Brucella canis serology. Evaluation of a semen 
sample for teratozoospermia requires staining 
of spermatozoa and examination with light mi
croscopy, or evaluation of a formalized sample 
with phase-contrast microscopy. Artifactual 

Figure 23-6. Canine ~atozoa 
with morphologic defects. N ote sper· 
matozoa with dista l retained cyto
plasmic droplets !closed arrows) and 
reflex midpiece (open arrow). (From 
Freshman JL, Amann RP, Bowen RA, 
el al: C linical evaluation of infertility 
in dogs. Compend Conlin Educ Proct 
Vet 10:433-460, 1988, w ith per
mission.) 

defects of varying kinds are seen with different 
stains used (see Chapter 16).74·108·109 

Treatment of teratozoospermia in the dog is 
dependent on etiology, if known. Unilateral 
orchidectomy may be an effective therapy for 
unilateral testicular neoplasia or orchitis if at
rophy of the contralateral testis due to secre
tion of androgens or estrogens from a func
tional tumor or increased scrotal temperature 
secondary to inflammation has not occurred. 
Improvement in semen quality is unlikely any 
earlier than 62 days after resolution of the tes
ticular problem, since this is the duration of 
the normal spermatogenic cycle of the dog. In 
one dog with teratozoospermia due to post
hitis and scrotal edema, return to fertility oc
curred 18 weeks, and semen returned to nor
mal 26 weeks after therapy was institutedY0 

In general, prognosis for future fertility is 
guarded if no improvement is seen in 3 
months, poor if no improvement is noted in 6 
months, and grave if there is no change in 
semen quality after 12 months.106-

Spenn Agglutination 

Agglutination of spermatozoa has been dem
onstrated in dogs with chronic infection with 
Brucella canis.111 -

113 Agglutinatio;n has been 
demonstrated to be due to formation of anti
sperm antibodies. Sperm agglutination oc
curred after induction of antisperm antibodies 
in dogs by parenteral injection of soni_cated 
spermatozoa in Freun's incomplete adju
vant.114 Antisperm antibodies form 3 to 6 
months after experimental infection with B. 
canis111

•
113 and within 40 days of testicular 
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trauma.ns The blood-testis barrier formed by 
tight junctions between Sertoli cells normally 
protects testicular tissue from the immune re
sponse. The rete testis and efferent ducts are 
likely sites for entrance of immune reactants 
or exit of soluble sperm antigens across the 
blood -testis barrier.116

•
117 

Agglutill.ated spermatozoa do not have nor
mal progressive motility and are less able to 
traverse the zona pellucida and effect fertiliza
tion after undergoing capacitation and the 
acrosome reaction. In dogs with antisperm an
tibodies and sperm agglutination, intrauterine 

· insemination may enhance fertility. 23 Dogs 
with brucellosis should not be used for breed
ing (see Chapter 18). 

Asthenozoospermia 

Asthenozoospennia, progressive motility of 
less than 70 per cent, often is associated with 
teratozoospermia, abnormal morphology. 
However, the correlation between %MNS and 
progressive motility is not exact, and both pa
rameters should be evaluated in a coniplete 
semen evaluation. Decline in progressive mo
tility may be the first indication of reproduc
tive tract infection or other disease seen on a 
semen evaluation.23 

Percentage of progressive motile spermato
zoa is poorly correlated with fertility. 23 Lack 
of motility is not necessarily proof of lack of 
fertilizing ability, nor is it indicative of sperm 
cell death.34·118 

Causes of asthenozoospermia include those 
of teratozoospermia, including testicular tu
mors, infection of the reproductive tract, con
taminated collection equipment and, uncom
monly, immotile cilia syndrome. Several 
water-soluble lubricants have been shown to 
decrease progressive motility of spermatozoa, 
as has exposure to latex.119

•
120 Residues present 

from manufachtre of latex or plastic artificial 
vaginas or collection tubes cause an artifactual 
decrease in progressive motility by killing 
some or all of the spermatozoa ejaculated. Sev
eral ejaculates should be collected in equip
ment that was rinsed il1 hot water and allowed 
to air-dry before diagnosing asthenozoo
spermia. 

Diagnosis of etiology of asthenozoospermia 
in the dog requires a complete history and 
physical examination, semen evaluation and 
culture, and Brucella canis serology. Electron 
microscopy of cross sections of sperm tails are 
indicated in dogs suspected of having immo
tile cilia syndrome, in order to document 

morphologic absence of dynein arms in the 
microtubules of the sperm tail. Dogs with this 
disorder usually have concurrent bronchiecta
sis, chronic bronchial il1fection, and some have 
situs inversus of thoracic and abdmninal or
gans. In a survey of infertile male human be
ings, 3.9 per cent were diagnosed with idio
pathic asthenozoospermia.1 

Treatment is dependent on etiology, if 
known. In dogs with poor progressive motility 
but good total number of spermatozoa, fertility 
may be enhanced by extension of the semen 
in a nutrient medium (see Chapter 16). 

NECROSPERMIA 

Eosin-nigrosin staining of canine spermatozoa 
may allow interpretation of percentage of non
viable spermatozoa, as normal spermatozoa 
do not take up stain, appearing white against 
a black background, while damaged spermato
zoa take up stain, appearing pink. Damaged 
spermatozoa may be presumed to be dead, but 
this technique is unreliable. 

In a survey of 102 dogs from which 181 ejac
ulates were collected, 8.7 per cent were diag
nosed with necrospermia. There is one case 
report of reversal of necrospermia in a toy poo
dle by treatment with naloxone (1 mg IM twice 
daily for 14 days), which was hypothesized to 
stimulate GnRH release from the hypothala
mus.121 The semen quality improved from 3 
per cent to 85 per cent progressively motile 
spermatozoa.121 

IMMOTILE CILIA SYNDROME 
(PRIMARY CILIARY DYSKINESIA) 

Immotile cilia syndrome, or primary ciliary 
dyskinesia (PCD), is a congenital ciliary ultra
structural abnormality causing absent or irreg
ular, asynchronous motility of all ciliated cells 
in the body.122- 124 Subsequent decreased muco
ciliary clearance causes upper and lower respi
ratory disease, including sinusitis, rhinitis, 
bronchitis, bronchiectasis, and bronchopneu
monia.125·126 All spermatozoa ejaculated are im
motile, and primary morphologic defects in
cluding coiled midpieces, tightly coiled tails, 
and proximal retained cytoplas1nic droplets 
may be seen.125 Male dogs with PCD are infer
tile. Conditions associated with PCD in the dog 
include hydrocephalus and situs inversus.125 

Heritability of PCD is unknown. Breeds in 
which affected littermates have been reported 
include the bichon frise, springer spaniel and 
Old English sheepdog.124-

126 Definitive diagno-
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sis of PCD as a cause of male infertility requires 
electron microscopy of ejaculated spermatozoa 
in order to document absence of dynein arms 
in cross sections of the microtubules of the 
sperm tails.125 

Inflammatory Sediment/Infection 

Canine semen is too dilute to allow accurate 
evaluation for inflammatory changes without 
centrifugation. Presence of inflammatory cells 
in seminal fluid is not well correlated with 
presence of infection. Normal intact male dogs 
may have as many as 2000 white blood cells 
per microliter in the first and second fractions 
at the ejaculate.4 In a survey of 15 fertile dogs 
from which 464 ejaculates were collected, 75.4 
per cent of semen samples containing leuko
cytes were negative for bacterial growth, and 
9.1 per cent of semen samples positive for bac
terial growth contained no leukocytes.127 De
finitive diagnosis of infection of the reproduc
tive tract is made by growth of more than 
10,000 bacteria per milliliter of semen. Absence 
of leukocytes in a centrifuged sample of semi
nal fluid does not reduce the necessity for se
men culture. 
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• 
Differentiation of the 
Reproductive Organs of 
the Queen 

The diploid number of chromosomes in so
matic cells of the cat is 38, or 19 pairs, of which 
18 pairs are autosomes, and one pair consists of 
the sex chromosomes, XX or XY. The accepted 
notation for the normal chromosomal comple
ment in the queen is 38,XX. As in the bitch 
(see Chapter 1), the gonads originate as undif
ferentiated tissue, the mesenchymal gonadal 
ridges, on the medial side of the mesonephros. 1 

During embryonic development, primordial 
germ cells, which later differentiate to oogonia 
or spermatogonia, migrate to the gonadal 
ridges from the yolk-sac endoderm. Following 
germ cell migration, undifferentiated gonadal 
tissue differentiates to ovary (if the sry region 
of the Y chromosome is absent), or testis (if 
the sry region of theY chromosome is present). 
In the queen, the central part of the gonadal 
primordium differentiates into the sex cords 
and rete ovarii of the ovarian medula, and the 
surface epithelium, containing the germ cells, 
differentiates as cortex. The rete ovarii, com
prised of intraovarian, connecting, and extra
ovarian rete systems, is a system of cords and 
tubes that extends from the medulla into the 
paraovarian region.2 Male and female duct sys-

tem differentiation is governed by presence or 
absence of two testicular hormones, testoster
one and mi.illerian inhibiting substance (MIS). 
In the normal female, in the absence of MIS, 
the paramesonephric (miillerian) ducts persist 
and differentiate into the uterine tubes (ovi
ducts), uterus, cervix, and cranial vagina. In 
the normal female, in the absence of testoster
one, the mesonephric (wolffian) ducts, des
tined to differentiate into the tubular tract of 
the male, regress. In the female, the parameso
nephric duct system and the urogenital sinus 
contribute to the vagina and vestibule. 1 The 
genital tubercle and genital swellings that de
velop around the cloacal membrane become 
the clitoris and the labia of the vulva. The 
mammary glands develop embryologically as 
bilateral thickenings of the epithelium of the 
skin from the axillary to inguinal regions.3 Epi
thelial buds burrow into underlying cmmec
tive tissue and form cords of cells that differen
tiate into tubes and eventually into secretory 
glandular tissue. Underlying mesodermal ele
ments of the dermis differentiate into the sup
porting stroma of the gland, which consists of 
blood vessels, lymphatics, fibrous connective 
tissue, and fat. 3 

Ovarian morphology, with primitive medul
lary and cortical regions, is fully established 
in the kitten fetus by 40 days or 75 mm crown
rump length.4 Divisions of oogonia cease at 
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time of birth of the female kitten, with multi
plication of these cells observed again in the 
postpartum 21-day ovary. By 23 to 35 days' 
postpartum, uni- and pluriovular primordial 
medullary follicles are developing, all of which 
undergo degeneration by day 60 to 65 post
partum. Ovaries of most newborn kittens 
and young, irnrnah1re queens contain primor
dial ova surrounded by granulosa cells, with 
ovaries of occasional individuals containing 
mono- or polyovular (kittens) graafian folli
cles.5 The ovary of the sexually mature queen 
is a,bout five times greater in diameter than 
that of the 40-day fetus; growth appears to be 
mainly peripheral, in and beneath the epithe
lium that is the source of the ova and follicle 
cells.4 

Ovaries 

The ovaries of the adult queen are oval struc
tures, approximately 1.0 X 0.3 X 0.5 ern in size 
and 220 rng in weight, located in the dorsal 
abdomen caudal to the kidneys (Fig. 24-1).6

•
7 

The ovary, the uterine tube, and the uterus 
are suspended in the peritoneal cavity by a 

External Urethral OPening 

Figure 24-L G ross oppeoronce of the reproductive organs of 
the queen. 

reflection of peritoneum, the broad ligament, 
which is subdivided into the suspensory liga
ment of the ovary, the mesovarium, the meso
salpinx, and the rnesornetriurn.8 Each ovary is 
attached to the diaphragm by the suspensory 
ligament, to the dorsal body wall by the meso
varium, and to the end of the uterine horn by 
the short, thick proper ligament of the ovary. 
The mesosalpinx, a fold of peritoneum origi
nating from the lateral side of the mesovarium, 
encloses the uterine tube and passes around 
the ovary to form the ovarian bursa. The bursa 
has a small slit-like opening on the medial side 
that permits communication of the bursal and 
peritoneal cavities.8 The ovarian artery, origi
nating from the aorta, supplies the ovary and 
cranial portion of the uterine tube.9 The ovar
ian vein drains the ovary, uterine tube, and 
cranial portion of the uterine horn, terminating 
in the caudal vena cava.9 

The gross and histologic appearance of the 
ovary varies with stage of the estrous cycle.10 

During anestrus the surface of the ovary is 
smooth; 0.5-mrn diameter follicles are visible 
histologically. As the follicular phase (estrus) 
approaches, three to seven follicles enlarge, 
and the rest undergo atresia. Most follicular 
development (to the vesicular follicle) occurs 
in the 48-hour interval just prior to onset of 
estrous behavior, and mature follicles rn~asure 
2.5 to 3.5 rnrn in diameter. 11 The queen is an 
induced ovulator. Copulation, vaginal stimu
lation, or gonadotropin administration in
duces ovulation within approximately 24 to 
32 hours.12

-
17 Occasional estrous queens may 

ovulate spontaneously, perhaps stimulated by 
tactile or visual cues.18 Corpora lutea, which 
form after ovulation, appear orange-yellow 
grossly and may reach 4.5 rnrn in diameter, 
peaking in size about 16 days after ovula
tion.10·11·19 They may persist histologically for 6 
to 8 months after ovulation.20·21 In older cats 
the ovaries may be shrunken and nodular, but 
follicles and corpora lutea still are present, as 
true senile atrophy does not occur.22 Polynu
clear ova and polyovular follicles occur in 
the cat. 5,23,24 

Uterine Tube and Uterus 

The uterine tube (oviduct) of the adult queen 
is 5 to 6 ern in length. The infundibulum, which 
is the cranial end of the uterine tube, is a coni
cal enlargement lined by mucosal villi called 
firnbriae. 8 It lies craniornedial to the ovary; 
from there the uterine tube passes cranially, 
laterally, and then caudally in the mesosalpinx 
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before joining the top of the uterine horn 
through a low papilla with a collar of circular 
smooth muscle that protrudes into the lumen 
of the uterine horn. 25 The wall of the uterine 
tube is thin, and the lining is thrown up into 
longitudinal folds or ridges. Microscopically, 
the oviduc;~ is lined by low columnar ciliated 
epithelium (in anestrus) and is surrounded by 
an inner circular and outer longitudinal layer 
of smooth muscle.25 

The uterus of the adult queen is a Y-shaped 
organ consisting of a 2-cm-long body lying 
between the descending colon dorsally and the 
urinary bladder ventrally and two 10-cm uter
ine horns that extend cranially to meet the uter
ine tubes (oviducts) (Figs. 24-1 and 24-2).26 

The cervix is the thick-walled neck of the 
uterus, connecting it to the vagina.7 The uterine 
body and horns are attached to the body wall 
by the mesometrium, which is continuous cra
nially with the mesovarium and which, with 
the mesosalpinx, comprises the broad liga
ment. The round ligament of the uterus, a lat
eral extension of the broad ligament, passes 
from the horn caudolaterally to attach near the 
inguinal ring. Size of the uterus depends on 
the size, age, and parity of the cat arid the phase 
of the estrous cycle or stage of pregnancy; in 
nonpregnant adult cats the uterus weighs 
about 1.5 g.6 The uterus is supplied by the 
uterine artery, originating from the vaginal ar
tery, and located close to the mesometrial at-

Figure 24-2. Contrast radiographic study af .the feline vagina and uterus from queens in anestrus (A ond B) and estrus (C and D) . 
Ventradorsal (A ond C) and lateral (B and D ) pro jections. . 
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tachment of the uterus; the uterine artery ter
minates in a prominent branch to the caudal 
uterine h1be.9 The uterine vein follows the 
course of the uterine artery, and terminates in 
the internal iliac vein.9 There are anastomoses 
between right and left uterine veins in the area 
of the feline uterus and cervix.9 

Histologically, the uterus contains endome
trium, inner circular and outer longih1dinal 
smooth muscle layers comprising the myome
trium, and the outer serosa covered by perito
neum. Histologic appearance of the feline en
dometrium changes with the stage of the 
estrous cycle.27·28 Low columnar epithelium 
and poorly developed endometrial glands and 
crypts are present before puberty and during 
anestrus. With follicular growth, endometrial 
glands and crypts proliferate, and congestion 
and edema occur in the myometrium; these 
changes regress if pregnancy does not occur. 
In pregnancy, the proliferating endometrial 
mucosa fuses with the chorion; subsequent tro
phoblastic resorption of histotrophe results in 
presence of endotheliochorial placentation, 
where maternal and fetal circulations are sepa
rated by four celllayers.29 

The uterine cervix of the cat protrudes into 
the vagina as a papilla directed ventrocau
dally.1 The cervical canal is open during estrus 
and closed during other stages of the estrous 
cycle.30 The lumen is lined by a single layer of 
columnar mucus-secreting cells, with peak cell 
height and mucus-secreting activity during 
estrus.30 

Vagina 

The vagina of the adult queen extends caudally 
from the cervix to the region of the hymen, 
just cranial to the external urethral orifice in 
the vestibule or urogenital sinus.8 The vagina 
and the vestibule are each about 2 em long, so 
that the cervix is located about 40 to 45 mm 
cranial to the vulva; in pregnancy the vagina 
is stretched cranially by the weight of the 
uterus.17 A ridge of tissue is present in the mid
dorsal wall of the vagina caudal to the cervix.7 

The feline vagina is lined by longitudinal folds 
that vary in character with the stage of the 
estrous cycle.22 In ilmnature or anestrous cats, 
vaginal epithelium is low cuboidal with a su
perficial layer of flattened cells. During proes
trus, the epithelium becomes stratified squa
mous, with 15 to 20 layers of cells. At the end 
of estrus, the epithelium gradually decreases 
in height to about a third as many layers, and 
changes in character to low stratified squa-

mous. After estrus the epithelium becomes co
lumnar, and polymorphonuclear leukocytes 
may be observed between epithelial cells at 
its lumen. Thick inner circular and thin outer 
longitudinal muscle layers form the vaginal 
wall. 

Vestibule 

The vestibule extends from just cranial to the 
external urethral orifice cranially, to the vulva 
caudally, a distance of about 2 em. The external 
urethral orifice in the cat opens into a mucosal 
groove located on the floor of the vestibule 
just caudal to a transverse fold of mucosa that 
represents the hymen.8 Feline vestibular diam
eter can accommodate a 4-mm-diameter probe 
introduced at the vulva for about 20 mm; the 
vagina permits passage of a 1-mm-diameter 
probe to the level of the cervixY These data 
suggest that the erect feline penis, with diame
ter of about 5 mm, does not pass into the cra
nial vagina or stimulate the cervix at mating.17 

The vestibule is lined with stratified squamous 
epithelium. The wall of the vestibule is encir
cled by the striated constrictor vestibuli mus
cle, which attaches ventrally to the ischial 
arch.8 Major lubricating mucus-producing 
vestibular glands (Bartholin's glands), about 
5 mm in size, are irregularly situated m the 
lateral walls of the vestibule; these empty ven
trolaterally through single ducts into the ves
tibular lumen.l.B Minor vestibular glands 
empty on the floor of the vestibule.8 Nodules 
of lymphocytes are present in the subepithelial 
tissue of the vestibule, and may become hyper
plastic or hyperemic in response to irritation 
by chemical or microbial agents.1 Such hyper
plasia is a nonspecific sign of irritation, not a 
manifestation of specific disease. 

Clitoris 

The clitoris consists of paired crura of erectile 
tissue (the corpora cavernosum clitoridis), 
originating on the ischial arch, that unite in a 
body becoming, distally, the erectile glans.8 

The clitoris is located in the floor of the fossa 
clitoridis on the ventral midline of the vesti
bule. The clitoris is homologous to the penis 
of the male; in the queen it may contain a small 
cartilage.22 Clitoral hypertrophy may occur in 
response to exposure to exogenous or endoge
nous testosterone, and may be present in indi
viduals with abnormality of sexual differenti
ation. 
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Vulva 
The vulva of the adult queen consists of two 
small, round, lateral labia located just below 
the anus, which unite at dorsal and ventral 
commissures. The labia are smaller in spayed 
than in intact cats. During estrus the labia are 
slightly edematous and reddened; vulvar dis
charge is negligible. 

Mammary Glands 

The queen has four pairs of mammary glands, 
arranged in two bilaterally sy1runetrical rows 
from the ventral thoracic to ventral abdominal 
region.3•

31
•
32 They have been designated the 

right and left axillary, thoracic, abdominal, and 
inguinal mammary glands, or as right and left 
mammary glands 1, 2, 3, and 4 when counting 
from cranial to caudal. The latter designation 
is preferred. Each feline mammary gland con
sists of glandular mammary lobules drained 
by four to eight ducts, lined by stratified squa
mous epithelium, that open onto the end of 
each teat. The teat is composed of three layers 
of smooth muscle, outer and inner longitudi
nal layers and a middle circular layer.3 Under 
the surface of the teat, each teat duct dilates 
into and is continuous with a teat sinus lined 
by a two-cell layer of columnar epithelium. 
Each teat sinus drains smaller branching ducts 
into which the secretory alveoli open.3 Stellate 
myoepithelial cells that are contractile sur
round the glandular epithelium of the alveoli 
and the ducts; myoepithelial cells contract in 
response to oxytocin or stretching. 

Arterial supply to the mammary glands is 
via the perforating branches of the internal 
thoracic arteries, cutaneous branches of the 
intercostal arteries, the lateral thoracic arter
ies, the superficial epigastric arteries, the cau-

Figure 24-3. Blood supply and lymphatic drainage of the 
four pairs of mammary glands of the cat. The upper part 
of the picture depicts the lymphatics ond the ir relationsh ip 
to the diaphragm and reg ional lymph nodes: A. axillary 
lymph node; B, lymphatics connecting the two cran ial 
thoracic mammary glands and the ax illary lymph node; 
C, diofhragm; D, lymphatic connections between the two 
cauda abdominal mammary glands and the superficial ( 
inguinal lymph nodes; E, superficial inguinal lymph node. ? 

The lower part of the picture depicts the venous drainage : 
I, axillary; 2 , branches of the in ternal thoracic ve ins pene
trating the pectora l muscles; 3, crania l superfic ia l epigas
tric; 4, penetra ting intercostals; 5, caudal superficial epi
gastric. (From Ogilvie GK: Feline mammary neoplasia. 
Compend Conlin Educ Pract Vet 5:384- 39 1, 1983, 
w ith permission.) 

dal intercostal arteries, and the cutaneous 
branches of the deep circumflex iliac artery.3 

Venous drainage of the mammary glands oc
curs via the axillary veins, branches of the 
internal thoracic veins penetrating the pecto
ral muscles, the cranial superficial epigastric 
veins, penetrating intercostal veins, and the 
caudal superficial epigastric veins.3 Small 
veins may cross the midline and penetrate the 
chest wall, serving as routes for dissemination 
of mammary tumor emboli.3•

31
•
32 

Lymphatic drainage of the two cranial pairs 
of feline mammary glands occurs toward the 
axillary lymph nodes, and that of the two cau
dal pairs toward the superficial inguinal 
lymph nodes (Fig. 24-3). Lymphatics do not 
connect anterior and posterior glands, nor do 
they cross the midline or penetrate the abdomi
nal wall.31 

Bacterial Flora of the 
Reproductive Tract of the 
Healthy Queen 

The feline vagina contains a normal resident 
flora of aerobic bacteria, which may be associ
ated with vaginal or uterine disease should 
host defense mechanisms become compro
mised. Aerobic bacteria were isolated from 
vaginal samples of 52 of 53 clinically nor
mal healthy female cats ranging in age from 
5 months to more than 3 years old.33 The 
most common isolates were Escherichia coli, 
coagulase-negative Staphylococcus, Streptococ
cus canis, nonhemolytic Corynebacterium, and 
Haemophilus sp. (Table 24-1). Number of bacte
rial isolates per cat ranged from one to eight, 
and averaged about three in the three groups 
listed in Table 24-1. Numbers of colony-
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• Table 24-1. Bacterial Isolates from Reproductive Tracts of Clinically Healthy Female Cats 

Number of Isolates by Source of Cat 

Breeding Colony Breeding Colony Client Owned 
Multiparous Prepuberal Routing OHE 

Organism (> 3 yr, n = 13) (5-7 mo, n = 10) (6-16 mo, n = 30) 

Vaginal Aerobes 
Escherichia coli 
Staphylococcus (coagulase negative) 
Streptococcus canis 
Corynebacterium sp. (nonhemolytic) 
Haemophilus sp .-like 
Streptococcus (w1identified) 
Acinetobacter sp. 
Moraxella sp. 
Actinomyces pyogenes 
Haemophilus pamcuniculus 
Streptococcus uberis 
Aerococcus sp. 
Flavobacterium sp. 
Klebsiella ozaenae 
Pasteurella haemolytica 
Pasteurella multocida 
Streptococcus agalactiae 
Streptococcus mitis 
Bacillus sp. 
Gardnerella sp.-like 
Micrococcus sp. 
Pseudomonas sp. 
Simonsiella sp. 
Staphylococcus aureus 
Staphylococcus intermedius 
Streptococcus dysqnlactine 
Streptococcus fa ecalis 

Vaginal Anaerobes 
Peptococcus sp. 
Bacteroides asaccharolytiws 
Bacillus fragilis 
Bacillus om/is 

Uterine Flora 
Acinobacter sp. 
Escherichia coli 
Lactobacillus sp. (anaerobe) 

ND, not determined. 

6 
7 
9 
5 
2 
1 
2 
2 
0 
0 
0 
2 
1 
0 
0 
2 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
1 

ND 
ND 
ND 
ND 

ND 
ND 
ND 

2 20 
7 10 
8 6 
3 7 
2 8 
0 8 
1 5 
2 3 
0 4 
0 4 
0 4 
0 1 
0 2 
0 2 
1 1 
0 0 
0 2 
0 1 
0 0 
0 0 
1 0 
0 1 
0 1 
1 0 
1 0 
0 1 
0 0 

ND 2 
ND 1 
ND 1 
ND 1 

ND 1 
ND 1 
ND 1 

From Clemetson LL, Ward ACS: Bacterial flora of the vagina and uterus of healthy cats. j Am Vet Med Assoc 196:902-906, 1990, 
with permission. 

forming units per isolate increased as number 
of bacterial isolates decreased. In a study lim
ited to staphylococcal distribution in clinically 
healthy cats, Staphylococcus similans was re
ported present in • the vaginas of 20 of 68 
queens.34 Anaerobic . bacteria (Peptostreptococ
cus and Bacteroides) were isolated from the va
ginas of 4 of 30 cats.33 

The normal feline uterus usually does not 
harbor aerobic or anaerobic bacterial flora. 
Aerobic (Acinetobacter, E. coli) and anaerobic 
(Lactobacillus) bacteria were reported present 
in only 2 and 1, respectively, of 29 uterine 
samples evaluated.33 
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• The Feline Estrous ( ycle 
• 

•• 

The queen is described classically as a season
ally polyestrous, induced ovulator, with ovu
lation induced by coitus. Spontaneous ovula
tion may, however, occur in some queens, 
perhaps triggered by visual or pheromone 
cues in the absence of copulation. Feline es
trous cycles occur at 4- to 30- (14 to 19 modal) 
day intervals in queens exposed to a constant 
daylength (14 hours bright light per day) and 
not induced to ovulate (Figs. 25-1 through 
25-3).1-

9 Prolonged anestrus results from de
creasing or short day length. Various surveys 
document greatest frequency of cycling activ
ity in queens in the Northern Hemisphere in 
January and February, with gradual frequency 
decline until September and October.5 Data 
available are difficult to assess critically, how
ever, as queens induced to ovulate early in the 
year would not cycle again for 2 to 3 months, 
and because photoperiod to which reported 
queens are exposed varies widely. Cats housed 
indoors with constant temperature but sea
sonal light (windows) cycle seasonally, and 
cats housed indoors for 12 months with 14 
hours of light daily show a decrease in estrous 
behavior and estrous vaginal smears from 
April to May.10

•
11 Transportation of an estab

lished feline colony 1500 miles in November 
did not alter reproductive cycling, and was 
associated with a synchronizing effect of be
havioral estrus in · 76.2 per cent of 21 adult 
queens.12 

Puberty 

The puberal estrous occurs in most queens be
tween 4 and 12 months of age and is influenced 
both by time of year (photoperiod) and by 
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condition of the queen.5
•
13

-
15 In the Northern 

Hemisphere, onset of the puberal estrus in 
young females in good condition occurs in Jan
uary and February as length of daylight in
creases. Queens born early in the year may not 
mature until the following year, while those 
born in summer or autumn may undergo the 
puberal estrus the following January. 16 Queens 
are reported to reach puberty at a body weight 
of 2.3 to 2.5 kg unless that occurs at a time of 
year when day length is decreasing (Septem
ber through December in the Northern Hemi
sphere) when most cats are anestrous.5

•
17 Ori

ental breeds (Siamese, Burmese) may show the 
puberal estrus when very young, whereas 
longhaired and Manx queens may have a later 
onset of puberty (11 to 21 months) than short
haired breeds.13

•
16

•
18 Queens have a long repro

ductive life, often exceeding 14 or more years, 
although litter size may be reduced as the 
queen ages.17 

Stages of the Feline 
Estrous Cycle 

Stages of the estrous cycle of the queen include 
proestrus, estrus, postestrus, diestrus, and an
estrus. Figure 25-1 illustrates the relationship 
between these stages, and the sequential paths 
over which stages of the feline estrous cycle 
may occur. 

Proestrus 

Proestrus is a stage of the estrous cycle ob
served in only a minority of queens; most 
queens enter the puberal estrus directly, or 
enter estrus directly after preceding stages of 
anestrus, postestrus, or diestrus. When it oc-
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Figure 25-1. Stages of the feline estrous cycle. 
Proestrus, 0-2 d 

+ 
Estrus, 2-19 d 

!--

~.----..,:.___t -'.....--------, 
.....------. Diestrus Diestrus, 
Postestru:>, Pseudopregnant, Pregnant 

8-10 d ' - 40 d - 60 d 

~-.--:----"~_.,/ 

'

Anestrus, 11----------1 
-30-90 d 1 

curs, proestrus onset begins with the continu
ous rubbing of the head and neck against any 
convenient object by a queen that will not per
mit breeding by the male.8

•
19 In one sh1dy, pro

estrus was observed in only 27 of 168 feline 
estrous cycles, and it lasted an average of 1.2 
(±0.8, SD) days.8 

CAT40 

Figure 25-2. Estrous cycles in an individual cat. Coi tal fre· 
quency is marked by numbers above the horizontal bars, which, 
themselves, represent proestrus (clear) and estrus (solid). Cycle 
cornification of vag inal epithelium, shown by vertica l bars, is 
indicated by the relative proportions o f anuclear (A) and paraba· 
sa l (P) cells (unshadedj as well as superficial (S) and intermediate 
(I) cells (shaded). Follicular function is indicated by concentra
tions of estradiol-17{3 (shaded dots) ; progesterone concentra
tions (dear dots) also are shown. (From Shille VM, Lundstrom 
KE, Stabenfeldt GH: Follicular function in the domestic cat as 
determined by estradiol-17{3 concentrations in plasma: Relation 
to estrous behavior and cornification of exfoliated vaginal epi
thelium. Bioi Reprod 21 :953-963 , 1979, w ith permission.) 

Proestrus in the cat is associated with rising 
serum estradiol concentrations secreted by 
granulosa cells of the ovarian follicles.8 The 
effect of estradiol on vaginal epithelium of the 
cat (like the dog) is to cause an increased num
ber of epithelial cell layers and to cause vaginal 
cornification, resulting in change in the mor
phologic appearance of exfoliated epithelial 
cells (Table 25-1). The vaginal cytology smear 
of the proestrus queen has been reported to 
consist of parabasal cells (18 per cent; range = 
0 to 34, 11 = 4), intermediate cells (60 per cent; 
range = 57 to 67, 11 = 4), nucleated superficial 
cells (20 per cent, range = 6 to 40, 11 = 4), 
anucleated superficial cells (2 per cent; range = 

0 to 6, 11 = 4), and neutrophils (8 per cent 
epithelial cells; range = 0 to 33, 11 = 4) (Fig. 
25-4).20 

Estrus 

Estrus is the behavioral stage of receptivity to 
mating. Estrus occurs during peak follicular 
activity and estradiol secretion by the queen, 
with peak plasma estradiol sometimes reach
ing more than 70 pg/ml (Figs. 25-2, 25-4).8 

Estradiol uptake by hypothalamic neurons of 
ovariectomized cats causes sexual receptivity 
in the presence of an anestrous genital tract.21

•
22 

In the queen, estrous behavior includes crouch
ing with the forequarters pressed to the ground 
and hyperextension of the back causing lordo
sis and presentation of the vulva for mating 
(Fig. 25-5).8•19•23- 25 Estrous queens frequently 
vocalize and call to males and show restlessness 
and affectionate head rubbing to owners. Es
trous behavior in the absence of a male includes 
rolling, head rubbing, treading with the hind 
legs, lordosis, and tail deviation.26 Mating in-
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Figure 25-3. The feline estrous cycle: schematic of the follicular and luteal phases. 

valves 5 to 50 seconds of mounting and grasp
ing of the neck by the male, 0.3 to 8 minutes for 
positioning as the female raises her perineal 
area, 1 to 30 seconds for intromission and ejacu
lation and the queen's coital cry, 0 to 1 second 
for dismounting, 1 to 7 minutes for the queen's 
after-reaction, which is disoriented rolling, 
stretching, and genital licking, and 0 to 5 hours 
of refusing attempts to remount-7·26 "After-reac
tions" of screaming (54 per cent), striking out at 
the tom (77 per cent), vulvar licking (92 per 
cent), and frantic rolling (100 per cent) were ob
served in a study of 120 feline copulations.7 

Copulations may number 20 to 36 over 36 
hours.7

•
26 

The cat is an induced ovulator, and duration 
of estrus has been reported, anecdotally, to be 
influenced by whether ovulation is induced. 
In a controlled study, however, duration of 
estrus was similar in queens that experienced 
coitus and ovulation (x = 8.6 days; SO = 4.1; 
n = 32) and queens that had coital contact but 
failed to ovulate (x = 8.3 days; SO = 4.3; n = 
43).8 Duration of estrus was shorter in queens 

that did not have coital contact (x = 6.2 days; 
SO = 2.9; n = 93). Duration of estrous behavior 
without regard for coitus in the 168 cycles was 
2 to 19 days.8 Duration of estrus and follicle 
numbers reported in a second study were simi
lar in ovulating (5.8 ± 0.2 days; 5.0 ± 0.5 folli
cles) and nonovulating (6.4 ± 0.6 days; 
5.2 ± 1.0 follicles) queens.27 Mean duration of 
estrus (4.4 ± 1.6 days) in bred queens froin a 
third study, was not statistically different than 
that in queens not bred (7.4 ± 4.4 days), and 
average duration of estrus in 14 queens (bred 
and unbred) was 5.8 ± 3.3 days, with a range 
of 2 to 19 days.7 

Luteinizing hormone (LH) release from the 
pituitary gland, and subsequent ovulation, is 
induced by copulation in the queen. Magni
tude of LH release has been demostrated to 
increase with increase in number of copula
tions in the queen, and only about half the 
queens bred a single time will secrete adequate 
LH to induce ovulation.28- 33 LH concentrations 
in blood are low until time of coital contact, 
when concentrations increase, and induce ovu-

• • • Table 25-1. Dimensions of Feline Vaginal Epithelial Cells (Microns) 

Cytoplasm Nuclei 

Cell Type l ength Width length Width N/C Ratio 

Superficial 68.5 (10.5)* 41.8 (11.9) 7.9 (1.2) 5.6 (1.5) 0.02 
Intermediate 44.7 (8.9) 37.5 (7.7) 10.0 (2.1)+ 0.06 
Para basal 18.6 (2.8)' 8.3 (1.7)' 0.20 

*Parentheses enclose 1 SO of mean. 
t Nuclei round, single dimension given. 
From Mills JN, Valli VE, Lumsden JH: Cyclical changes of vaginal cytology in the cat. Can Vet J 20:95-101, 1979, with permission. 
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Figure 25-4. Schematic outline of events occurring during the 
follicular phase in the cat. Data have been arranged around 
the first (plasma estradiol >20 pg/ ml , Fl) and last (plasma 
estradiol >20 pg/ml) days of the follicular phase. Histogram 
represents mean proportions of types of epithelia l cells in the 
vaginal smear, as anuclear (A)(clear), superficiai(S)(shaded), 
intermediate (l)(shaded), or parabasal (P) (clear) cells. Propor
tion of queens showing estrous behavior is shown a t the bottom. 
(From Shille VM, Lundstrom KE, Stabenfeldt GJ: Foll icular func
tion in the domestic ca l as determined by estradiol-17{3 concen
trations in plasma : Relation to estrous behavior and cornifica tion 
of exfoliated vaginal epithelium. Bioi Reprod 2 1 :953 - 963, 
1979, wi th permission.) 

lation 29 to 40 hours later.27.28,34 The ability of 
the queen to release LH in response to coitus 
is dependent on duration of exposure to estro
gen of the hypothalamus and/ or anterior pitu
itary gland.35 

In the cat, unlike the dog, peak vaginal corni
fication occurs at time of peak plasma estradiol 
concentration (Fig. 25-4).8 Percentage of anu
clear squames in the feline vaginal cytology 
specimen increases above 10 per cent (of cells 
exfoliated) on the first day of the follicular 
phase and increases to approximately 40 per 
cent by the fourth day (Figs. 25-4, 25-6, and 
25-7).8 The number of intermediate cells in the 
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Figure 25-5. Estrous behavior in the queen (shaded) in the 
presence of the tom (clear). The queen displays crouching , 
lordosis, and deflection of the tail to the side of the perineum 
(top), followed by treading behavior of the hind legs wh ile the 
male is mounting (middle panels). The after-reaction features 
loud vocali zation, rap id rolling and perineal grooming (bottom), 
and striking out at the male. 

smear declines from approximately 40 per cent 
to 10 per cent during the first 4 days of the 
follicular phase. Number of superficial cells is 
fairly constant throughout behavioral estrus, 
ranging from 40 to 60 per cent of the cells 
present. Erythrocytes and leukocytes are 
rarely seen in the feline vaginal smear during 
proestrus or estrus, and parabasal cells com
prise less that 10 per cent of the total cells at 
all stages of the cycle.8 Clearing (absence of 
debris and mucus plus lack of cell coalescence 
into sheet-like aggregates) of the vaginal smear 
occurs in over 90 per cent of feline cycles ob
served during the follicular phase. 

Percentages (and range) of vaginal epithelial 
cells in 20 estrous queens for parabasal cells 
was 0.3 (0 to 3), intermediate cells was 11.6 (0 
to 25), nucleated superficial cells was 63.6 (5 
to 90), anucleated superficial cells was 24.5 (3 
to 95), and number of neutrophils per 100 epi
thelial cells was 4.7 (0 to 10) in Table 25-1.20 

Ovarian follicles (3 to 4 mm in diameter) 
have been reported to secrete testosterone in 
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How to Collect and Interpret Vaginal Cytology Specimens in the Queen 

• The morphology of epithelial cells exfoli
ated from the vagina of the queen changes 
in the presence of estrogen, and therefore 
may be used to assess stage of the es
trous cycle. 8•20•68- 72 

• Cells are collected using a saline
moistened cotton-tipped swab* (Fig. 
25-6) to scrape cells from the ceiling of 
the vestibule/ vagina (about t inch craniad 
from the vulva) or by flushing and then 
aspirating a small (0.5 rnl) volume of sa
line into and from the vagina with a Papa
nicolaou pipette. Swabs are then rolled 
onto a clean glass slide, and allowed to 
air-dry. Aspirated saline with epithelial 
cells can be dropped onto a slide and al
lowed to air-dry, or stained as a wet 
mount with new methylene blue. 

* Calgiswab; Hardwood Products Co., Gulford, ME. 

vitro in response to administration of LH and 
human chorionic gonadotropin (hCG).36 

Post estrus 

Postestrus is the term used by Lofstedt for the 
interestrous period that follows one estrus and 
precedes the next in queens that have not been 
induced to ovulate.5 While some texts have 

• Vaginal epithelial cell morphology can be 
evaluated with any of the Romanovsky 
stains (e.g., Giemsa stain, Wright's stain, 
new methylene blue, Diff-Quik [Harleco, 
Gibbstown, NJ]). Alternatively, one can 
use trichrome stains in which cornified 
and noncornified cells stain different 
colors.73 The authors' preference is Diff
Quik stain, which is inexpensive, easy 
to use, permanent, and can be used 
rapidly. 

• Epithelial cells observed in the vaginal cy
tology smear of the queen include para ba
sal cells, intermediate cells, nucleated su
perficial cells, and anucleated superficial 
cells (Figs. 25-4, 25-7: see also Table 
25-1). 

used the term metestrus for the stage following 
estrus in the queen, this term means time of 
corpus luteum development which, while fol
lowing estrus in the cow, clearly does not occur 
in the queen that has not been induced to ovu
late. Queens that do ovulate show morpho
logic evidence of corpus luteum development 
during estrus, and therefore the stage follow
ing estrus in the these queens should be called 

Figure 25-6. Vaginal cytology collec
tion swab !bottom) for the ca t compared o 

to a 6-inch, cotton-tipped cu lture 
swab !top) . 



A 

diestrus (time of functional corpora h1tea)Y 
Plasma estradiol is less than 20 pg/ml during 
postestrus and no sexual behavior or receptiv
ity is present. 12

•
37 Duration of postestrus is 8 to 

10 days.5
•
8 

Chapter 25 - THE FELINE ESTROUS CYCLE 401 

Figure 25-7. Para basal cells (A), intermediate 
cells (B), nucleated and a nucleated superficial 
cells (C) in the vaginal cytology smear of 
the queen. 

Cells comprising the vaginal smear in eight 
postestrous cats (mean percentage followed by 
range) included parabasal cells (8.9 per cent, 0 
to 29 per cent), intermediate cells (75.5 per cent, 
50 to 100 per cent), nucleated superficial cells 
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(13_2 per cent, 0 to 41 per cent), anucleated su
perficial cells (1.9 per cent, 0 to 3 per cent), and 
neutrophils (32/100 epithelial cells, 1 to 78).20 

Diestrus 

Diestrus is the progesterone-dominated luteal 
phase of the cycle that follows estrus in the 
queen that has been induced to ovulate. Se
rum progesterone concentrations range from 
1.5 ng/ml to more than 20 ng/ ml in the dies
trus queen (Fig. 25-8). Diestrus lasts approxi
mately 40 days in the pseudopregnant queen 
and approximately 60 days in the pregnant 
queen, and ends with luteolysis, when serum 
progesterone concentrations fall below 1.5 ng/ 
ml (Fig. 25-8).27,38-43 

Serum progesterone concentration just be
fore parturition (days 63 to 65) in the cat has 
been reported at 4 to 5 ng/ml; on the day 
of parturition (n = 12 queens), mean serum 
progesterone was 2.2 ng/ ml, and immediately 
after parturition (n = 4 queens), mean serum 
progesterone was less than 1 ng/mP8·39 

Estrus resumes about 7 to 10 days following 
luteolysis in both the pregnant and the pseudo
pregnant queen; lactation and suckling of kit
tens, however, may cause lactational anestrus 
that persists until 2 or 3 weeks after wean
ing.27A4 Estrous behavior was observed 10 to 
27 days after weaning of kittens in seven of 
eight queens; the eighth queen had a 133-day 
weaning-to-estrus intervai.38 The postparh1m 
estrus was shorter (3.8 ± 0.5 days) than the 
initial mated estrus, and six of the eight queens 
failed to ovulate at the postpartum estrus de
spite multiple copulations. 

E 
0, 
.s 
LU z 
0 
a: 
LU 
1-
C/'J 
LU 
<.:1 
0 
a: 
~ 

5 

Spontaneous ovulation may occur in some 
estrous queens. Occurrence of pyometra and 
histologic demonstration of corpora lutea in 
indoor queens housed alone have been re
ported.45A6 In addition, histologic evidence of 
corpora lutea and serum concentrations of pro
gesterone exceeding 1.5 ng/ml in queens 
housed alone in nutritional palatability studies 
support the occurrence of spontaneous ovula
tion or follicle luteinization in some individ
ual queens.47 

Cells comprising the vaginal smear in eight 
late metestrus/ diestrus cats (mean percentage 
followed by range) included parabasal cells 
(48 per cent, 10 to 85 per cent), intermediate 
cells (50 per cent, 10 to 85 per cent), nucleated 
superficial cells (2 per cent, 0 to 5 per cent), 
anucleated superficial cells (0 per cent), and 
neutrophils (32/100 epithelial cells, 0 to 97).20 

Anestrus 

Anestrus is a seasonal absence of cycling activ
ity that occurs in the late autumn months (Oc
tober, November, December) in queens ex
posed to natural (daylight) photo periods in the 
Northern Hemisphere. Plasma estradiol and 
progesterone concentrations are at baseline 
levels during this stage. Serum prolactin ~on
centration in six anestrus queens during a 7-
week period of 7 hours of light per day aver
aged 13.2 ± 0.5 ng/ml.48 

Cells comprising the vaginal smear in 34 
anestrous cats (mean percentage followed by 
range) included parabasal cells (9.7 per cent, 
0 to 50 per cent), intermediate cells (87.4 per 
cent, 50 to 100 per cent), nucleated superficial 

\ 

Figure 25-8. Mean :±: SEM In= 132) 
serum progesterone profiles during the 
estrus-pregnancy interva l (days 1 Ia 
54 , where day 1 is the first day of 
mated estrus) and por!urilion interval 
(from 9 days before parturi tion to 1 day 
after parturition) . (From Schmidt PM, 
Chakraborty PK, W ildt DE: Ovarian ac
tivity, circulating hormones and sexual 
behavior in the ca t. II . Rela tionships dur
ing pregnancy, parturition, lactation 
and the postpartum estrus. Bioi Reprod 
28:657- 67 1, 1983, w ith permis-
sion. ) · 
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cells (2.7 per cent, 0 to 22 per cent), anucleated 
superficial cells (0.2 per cent, 0 to 2 per cent), 
and neutrophils (3/100 epithelial cells, 0 to 
50).20 

Induction of Estrus and 
Ovulation in the Adult, 
Anestrous Queen 

Queens can be induced to cycle by increasing 
photoperiod artificially. When queens are 
maintained under constant photoperiod, no 
seasonal influence on the cycle is pres
ent.5·8·10·37·49-53 Increasing the photoperiod to 24 
hours light and zero hours dark stimulates 
longer periods of estrus, increased folliculo
genesis, and increased ovarian weight, but is 
not as effective for estrus induction as 14 hours 
of light and 10 hours of dark. 52 Both melatonin 
and short photoperiod (8 hours of light and 16 
hours of darkness) suppressed cycling. Plasma 
prolactin concentration, which is elevated in 
several syndromes of ovarian inactivity in 
mammals and in cats, does not increase during 
seasonal anestrus in the cat, but is significantly 
elevated during the dark period (mean = 
31.7 ng/ml) compared to the light period 
(mean= 5.5 ng/ml) in cycling queens held at 
14 hours of light and 10 hours of dark for 
several months.48·54 Mean plasma concentra
tions of prolactin i.n anestrous queens ranged 
from 12.6 to 17.2 ng/ml.48 

A number of therapeutic regimens to induce 
cycling in the normal anestrous queen have 
been described.10

•
55-62 The best of these is in

tramuscular (IM) injection of 2 mg follicle
stimulating hormone (FSH) daily until onset 
of estrus (3 to 7 days) followed by natural 
mating or by 250 IU hCG to induce ovulation.9 

Foliculogenesis also has been induced by 
administration of human urinary follicle
stimulating hormone and by human meno
pausal gonadotropin in concert with hCG to 
induce ovulation; exogenous administration of 
hCG, with LH-like activity, was necessary for 
estradiol concentrations to rise to those seen 
in natural estrus, suggesting a natural role for 
LH in this species.63 Natural mating (three 
times daily for the first 3 days of estrus) fol
lowed by hCG (250 IU, IM on days 2 and 3 of 
estrus) synergistically enhances the ovulatory 
response of cats either in natural or induced 
estrus.64 Glass rod stimulation of the vagina of 
the estrous queen also has been reported to 
induce ovulation.65 Increase in serum LH and 
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ovulation occurred in estrous queens follow
ing a single IM injection of 25 }Lg gonadotropin 
releasing hormone (GhRH).66 It has been re
ported that ovulation is only triggered if the 
interval between the FSH-like and LH-like 
stimuli exceeds 88 hours.67 
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Breeding Management, Artificial Insemination, 
In Vitro Fertilization, and Embryo Transfer in 
the Queen 

• 
Prebreeding Examination 

Prebreeding examination of the queen in
cludes review of vaccination history, history 
of onset of puberty, interestrous intervals, pre
vious matings and pregnancies, and photope
riod exposure. History of reproductive and 
nonreproductive disease and abnormal repro
ductive behavior (e.g., prolonged anestrus, in
fertility, pregnancy loss) should be assessed 
for etiology and impact, if any, on future preg
nancy (see Chapters 25, 27, and 35). 

General physical examination should in
clude inspection of the vulva, and palpation of 
the uterus per abdomen to identify abnormal 
uterine enlargement, if present. Diagnostic 
tests that may be indicated prior to breeding 
include routine hemogram and serum chemis
tries as indicators of general body health, serol
ogy as a possible indicator of viral disease (e.g., 
feline leukemia virus, feline immunodefi
ciency virus, feline infectious peritonitis virus), 
and blood typing. 

In the cat AB blood group system, blood 
types of A, B, and AB occur. In general, type 
A blood occurs in 95 to 100 per cent cats, type 
B occurs in 0 to 5 per cent and type AB occurs in 
less than 1 per cent, although these percentages 
vary by geographic region and by breed of cat 
(Fig. 26-1, Table 26-1). When a kitten with 
type A or AB blood is born to a mother with 
type B blood, neon(\tal isoerythrolysis can oc
cur. These kittens are born healthy, but after 
ingesting maternal colostrom develop clinical 
signs of pigmenturia, icterus, anemia, tail tip 
necrosis, and sudden death.1

- 6 Some breeds 
(such as the Abyssinian, Persian, and Devon 
rex) and some geographic regions (California) 
are associated with higher percentages of cats 
with type B blood. Because even low-risk 
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breeds (such as the domestic shorthair) may 
include some type B queens, it is recom
mended that all purebred queens and toms 
used in a breeding program undergo blood 
typing in order to ensure compatible matings. 

Managing Natural Breeding in 
the Cat 

In catteries and cat colonies, mating of cats is 
accomplished by bringing the estrous queen 
to the male, as establishment of the male's ter
ritory often is important for successful breed
ing. A photoperiod of more than 14 hours of 
light per day is recommended. In research cat
teries, queens may run in groups in the male's 
territory. One active, fertile male may be able 
to service 15 to 20 queens in a harem, or the 
estrous queen may be taken to the male's terri
tory for 24 to 48 hours to obtain dated matings.7 

This practice, and the rapidity with which cop
ulation occurs, means that copulations may 
not be observed nor confirmed in this species. 
Queens will mate with more than one male 
during estrus, if available, and may become 
pregnant with kittens sired by different males 
(superfecundation). 

Onset of estrous behavior in the queen may 
be detected by observing her for 5 to 10 min
utes daily to note increased demand for atten
tion, hind limb treading, lordosis, vocalization, 
or rolling.8

•
9 Queens exhibiting these signs may 

be introduced to the tom for several hours, 
and receptivity to copulation and breeding be
haviors observed. Breedings usually occur 
over 1 to 3 days.8

•
9 In one sh1dy where estrous 

queens were exposed to fertile males for 2 
hours daily when in estrus, a range of four 
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Figure 26-1. 'Map indicating the frequencies of type B blood 
in domestic shortha i r / domestic longhair cats in the United States 
(n = 3785). (From Giger U, Griot-Wenk M, Bucheler J, et al: 
Geographica l variation of the feline blood type frequencies in 
the United States. Feline Pract 19:21-27, 1991 , with per
mission.) 

to eight copulations per estrus (mean ~ 5.4) 
were observed.8 

Mounting and copulation occur quickly in 
this species, and consist of 5 to 50 seconds of 
mounting and neck bite behavior, 0.3 to 9.0 
minutes for positioning with the straddling 
tom treading along the queen's flanks, 1 to 27 
seconds for intromission and ejaculation, and 
up to 1 second for dismounting (Fig. 26-2).8-

11 

Immediately after intromission and ejacula
tion the queen emits a loud coital cry, leaps 
away from the male, and undergoes a 1- to 17-
minute coital "after-reaction," which consists 

Table 26-1. Blood Type Frequencies 
• in Different Feline Breeds of the 

United States* 

Breed (Over 6000 Cats Typed) 

Siamese, Burmese, ocicat, Oriental 
shorthair, Tonkinese 

DSH/ DLH, Maine coon, Norwegian 
forest 

Abyssinian, Himalayan, Japanese 
bobtail, Persian, Somali, Sphinx 

British shorthair, Cornish rex, Devon 
rex 

Type 8 
Frequency 

0% 

:S5% 

5-25% 

25-50% 

*Update from Giger U, et a!: Frequency and inheritance of A 
and B blood types in feline breeds in the United States. J Hered 
82:15-20, 1991. 
From Giger U, Griot-Wenk M, Bucheler J, eta!: Geographical varia
tion of the feline blood type frequencies in the United States. Feline 
Pract 19:21-27, 1991, with permission. 

of disoriented rolling, stretching, and genital 
licking.8-

12 She will then undergo a period (up 
to 5 hours) of refusing copulation. Total num
ber of copulations in queens allowed unrestric
ted access to males ranged from 20 to 36 ·over 
36 hours (Fig. 26-3).10

•
11 Copulation frequency 

decreased from 5.5 ± 0.6 in 2 hours at the 
beginning of estrus to 1.4 ± 0.2 in 2 hours 12 
to 36 hours into estrus.10

•
11 

Coitus induces luteinizing hormone (LH) 
release by the pituitary gland of the queen 
within minutes, and ovulation is reported to 
occur 24 to 48 hours after coitus.9

•
13

•
14 Mag

nitude of LH release by the anterior pih1itary 
has been demonstrated to increase with in
crease in number of copulations in the estrous 
queen, and 9 of 18 queens allowed to copulate 
only a single time failed to secrete adequate 
LH to induce ovulation (Fig. 26-4).15- 19 The 
ability to release LH in response to coitus is 
in part a function of duration of hypothal
amic/pituitary exposure to estrogen, and sex
ual receptivity alone does not imply ability 
to respond to coih1s with LH release.20 After 
multiple copulations, postcopulatory LH re
lease becomes refractory to the copulatory stim
ulus; there also is decreased responsiveness to 
gonadotropin-releasing hormone (GnRH) if 
given in sequential injections over 4 hours. 21 

These data suggest that multiple matings over 
the first 2 or 3 days of estrus will optimize 
reproductive performance.9 

Ovulation in cats is reported to be compro
mised by preovulatory anesthesia with keta
mine hydrochloride/ acepromazine/halothane 
or by laparoscopy or by both. Reduced ovula
tions and pregnancies were observed when 
queens were anesthetized for laparotomy 25 
hours after administration of human chorionic 
gonadotropin (hCG) when compared to non
anesthetized queens.22 

Copulation occuring on the day of, to 42 
hours after, the day of hCG administration or 
the LH surge results in fertilization of more 
than 50 per cent eggs ovulated (Fig. 26-5), 
suggesting that the life span for fertilization of 
the ovulated ovum of the cat is at least 18 
hours. 22

•
23 Healthy adult tom cats have been 

reported to ejaculate three times per day for 4 
to 5 days without noticeable change in sperm 
concentration.9 

Problems associated with copulation failure 
in the cat include shyness, inexperience, dis
traction, and mate preference. Shy males some
times can be encouraged into mating behavior 
by repeated exposure to calm, experienced es
trous queens for 15 to 30 minutes daily.9 The 

.. 
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Figure 26-2. Normal copulation in the cat. Mounting and neck bite behavior (A) occur over 5 to 50 seconds; positioning while 
mounted (B) occurs over 0.3 to 9 minutes; intromission and ejaculation (C) occurs over l to 27 seconds, after which the male 
dismounts quickJyB.I0- !2 The "after-reaction" (D and E) ( l to 17 minutes) consists of striking out at the male, followed by disoriented 
rolling, stretching and geni tal licking. 

inexperienced female can be placed with an 
experienced but nonaggressive male for in
creasing periods of time. Some adult queens do 
not permit copulation with some males even 
when the queen is in estrus, suggesting sexual 
partner discrimination.8

'
9 In one report of 14 

queens, the females did not allow the male to 
breed at 15 of 38 observed estrous periods (39 
per cent), despite multiple attempts during ex-

hibiting of behavioral estrus and cornified va
ginal cytology.8 

Artifical Insemination with Fresh 
or Frozen Semen 

Queens have conceived following artificial in
semination with fresh or frozen semen depos-
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Figure 26-3. Means land ranges) of the tota l num· 
ber of copulations that had occurred after each 
hour during a 36-hour period of unrestric ted copu
latory activity in estrous cats, beginning 36 to 48 
hours after the onset of estrus. !From Concannon 
PW, lein DH, Hodgson BG: Self-limiting reflex 
luteinizing hormone release and sexua l behavior 
during extended periods of unrestricted copulatory 
activity in estrous domestic cats. Bioi Reprod 
40: 11 79-1 187, 1989, with permiss ion. ) -
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ited vaginally or into the uterine horn via la
paroscopy (Fig. 26-6).22

-
28 Ovulation can be 

induced with 50 or 250 IU hCG intramuscu
larly (IM) administered to the estrous queen 
on the day of or the day preceding insemina
tion.23·27·28 Semen is collected into an artificial 
vagina or by electroejaculation (see Chapter 
37), and diluted with equal volumes saline or 
extender, or a volume of extender to bring total 
insemination volume to 100 .uL The extended 
semen is inseminated into the anterior vagina 
or posterior cervix using a silver abscess can
nula or bulb-tipped 20-gauge needle attached 
to a 1-m.I syringe (Fig. 26-6). Two to four kitten 
litters were reported in 14 of 26 queens insemi
nated vaginally with 5 to 50 million fresh 
sperm.23 Suggested insemination dose of 
sperm in the cat for vaginal artificial insemina
tion is 50 million.27 

A pregnancy rate of 50 per cent (9 of 18) 
with one to four kittens per litter was reported 
in estrous queens that were anesthetized 31 to 
50 hours after administration of 100 IU hCG, 
and inseminated laparoscopically into the 
uterine horns with 6.2 ± 0.9 X 106 fresh 
sperm.22 Only 2 of 14 (14.3 per cent) queens 
similarly inseminated 25 to 33 hours after hCG 
administration c0nceived, suggesting that pre
ovulatory anesthesia or laparoscopy compro
mises ovulation.22 

Chilled, extended feline semen has been 
used to achieve pregnancy in the cat. Feline 
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semen diluted in an equal volume of 37°C 3% 
buffered citrate-egg yolk media, submerged 
in a 37°C water bath, then placed in a 4°C 
refrigerator for 4 to 5 hours, and stored at 4°C 
for up to 3 days, was still able to fertilize feline 
ova in vivo.28 Semen stored in this manner 
and then used to inseminate estrous queens 
induced to ovulate achieved fertilization of 
100, 67, 30, and 23 per cent of ova ovulated 
using semen stored 0, 1, 2, and 3 days, respec
tively.28 

Conception and one- to four-kitten litters 
were reported in 6 of 56 queens inseminated 
vaginally with 50 to 100 million motile sperm 
that had been stored frozen as pellets in a dilu
ent consisting of 20% (v /v) egg yolk, 11 % 
(w /v) lactose, and 4% (v /v) glycerin in deion
ized water, then thawed rapidly.25·26 Four of 
the six queens were in natural estrus, and two 
were in gonadotropin-induced estrus.26 

In Vitro Fertilization and 
Embryo Transfer in the Cat 

Assisted reproductive teclmologies such as in 
vitro fertilization (NF) and embryo transfer 
(ET) with associated technologies for in vitro 
embryo maturation and gamete/ embryo cryo
preservation have been investigated in domes
tic cats as models for potential reproductive 
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intervention in endangered species of wild 
felids . 29- 31 

Cat spermatozoa undergo capacitation 
within 1 hour of in utero exposure, or within 
3 hours of incubation in vitro during "swim 
up" processing.32•33 Penetration of homologous 
feline zonae pellucidae has been described as 
an index of capacitation.33 In vitro sperm pene
tration of ovulated oocytes occurs 0.5 to 5 
hours after exposure to sperm.34 

Although IVF of cat oocytes was first de
scribed in 1970, in vitro oocyte maturation and 
IVF success in the domestic cat remains infe
rior to that in livestock species. Some authors 
ascribe the decreased IVF success in the cat to 
a high level of natural follicle atresia, and to 
presence of heterogeneous populations of 
cumulus-oocyte complexes that reflect differ
ences in the oocyte's ability to mature and de
velop in vitro.30- 32 Forty-four of 92 oocytes (48 
per cent) recovered from uterine tubal (oviduc
tal) flushes and incubated with sperm that had 
been collected by artificial vagina and capaci
tated for 0.5 to 24 hours in utero demonstrated 
sperm penetration and cleavage.32 

Feline ova have been fertilized in vitro with 
sperm collected from the ductus deferens of 
male cats; ova were flushed from uterine tubes 
(oviducts) collected at ovariohysterectomy 
from queens. superovulated with pregnant 
mare serum gonadotropin (PMSG) and LH.34

•
35 

Type of culture medium and protein supple
ment influence oocyte maturation, fertiliza
tion, and cleavage in vitro.36

-
38 Products of em

bryonic transcription are required for cleavage 
of the embryo beyond the five- to eight-cell 
stage.39 Culture with growth hormone, p rolac
tin, or gonadotropins during oocyte matura
tion in vitro does not enhance development of 
domestic cat oocytes matured in vitro.4° Feline 
oocytes have been reported to survive, resume 
meiosis, and achieve metaphase II in vitro after 
slow freezing in dimethyl sulfoxide or ethyl
ene glycol.41 

The first successful embryo transfer in the 
cat was reported in 1978 using donors and 
recipients in natural estrus, with ovulation in
duced in recipient queens by sterile matings 
or hCG.42

•
43 Embryos were recovered by uterine 

flush 6 days after mating. Forty-seven embryos 
were recovered from 17 flush attempts, trans
ferred to 9 recipients, and resulted in 4 preg
nancies and 4 live kittens.42A3 Three pregnan
cies and two litters of kittens resulted fron'l 
embryos recovered from naturally mated 
queens given 2 mg follicle-stimulating hor
mone (FSH) IM daily for 6 days, followed by 
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Figure 26-6. Artificial insemination in the queen using vaginal (tap) or intrauterine (bottom) deposition of semen. (From Sojka NJ, 
Jennings LL, Hamner CE: Artificia l insemination in the cat [Felis catus L.]. Lab Anim Care 20:198-204, 1970 [L]; and Howard 
JG, Barone MA, Donogue AM, Wildt DE: The effect of pre-ovulatory anaesthesia on ovula tion in laparoscopically inseminated 
domestic cats. J Reprod Fertil 96:175-186, 1992 [R]). 

transfer of recovered embryos to recipients in
duced to ovulate with hCG.44 In another report, 
12 kittens were reported from 38 embryo trans
fers (32 per cent) to synchronized feline recip
ients.45 

Unovulated oocytes have been aspirated 
from ovarian follicles of the estrous queen, fer
tilized in vitro with ejaculated feline spermato
zoa, implanted in recipients induced to ovulate 

with hCG, and resulted in good quality em
bryos and/ or the birth of live kittens.46-49 

Feline embryos can develop into transfer
able morulae in vitro, but, with standard cui
hue techniques, there is partial developmental 
arrest from the morula to blastocyst stage.50-

52 

In vivo and in vitro growth rate of cat embryos 
produced after natural mating is comparable 
to that of embryos fertilized and cultured in 
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vitro, but development to the blastocyst stage 
is superior in embryos produced in vivo by 
natural mating.53

•
54 

First birth of kittens derived from frozen
thawed embryos transferred to recipient 
queens was reported in 1988.55

•
56 Donor queens 

were stimulated with FSH injected subcutane
ously (SC) over 6 days; hCG was injected IM 
over 2 days to induce ovulation. Surgical em
bryo recovery was accomplished via laparot
omy and flushing of each uterine horn. Em
bryos were exposed to glycerol, then frozen 
using an adaptation of a conventional method 
of freezing cattle embryos using sequential 
incubation in Hepes/Tyrodes buffer, 1,2-
propandiol, and sucrose prior to freezingY 
Rapid thawing was followed by overnight cul
ture and surgical transfer to recipient queens 
synchronized with the same regimen used in 
the donor queens. Eleven transfers of 137 em
bryos resulted in five litters of kittens with a 
total of 17 kittens (12.4 per cent survival rate 
after transfer).55•56 Following cryopreservation, 
most two- to four-cell feline embryos retain 
their capability for in vitro development to the 
morula/blastocyst stage in vitro and for some 
embryo viability in vivo (three live kittens 
from 58 embryo transfers).42 
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• 
• Feline Pregnancy 
II 

• 
• 
Physiology and Endocrinology 
of Normal Pregnancy 

Ovulation in the queen follows coitus by 24 to 
36 hours.1

- 3 Ova are fertilized in the uterine 
tube (oviduct), and then pass into the uterine 
horn as morulae by day 4 to 5 postcoitus (day 
3 to 4 postovulation).3A If the queen roams free, 
or is bred by more than one male, superfecunda
tion (i.e., fetuses present in one litter that have 
been sired by different males) may occur. 

Number of kittens per litter ranges from 1 
to 13.5•6 Average litter size in the queen has 
been reported as 3.3 to 5.6

-
9 In a survey of 

3171 kittens from 751litters, average litter size 
varied by breed; in the Burmese it was 5.0, 
in the Siamese 4.5, in the Persian 3.9, in the 
Abyssinian 3.5, and in the chinchilla cat 2.8.7 

Overall sex ratio at birth was 100 males to 92 
females (n = 3171), whereas a sex ratio of 47.3 
per cent male and 50.7 per cent female was 
reported in another study of 170 kittensY In 
a study of 77 litters, most (42) resulted from 
matings on 3 consecutive days, and the num
ber of kittens per litter was not affected by the 
number of days on which mating took place.3 

Plasma progesterone concentration in the 
pregnant queen increases from baseline ( < 1.0 
ng/ml) to more than 2 ng/ml starting 1 to 2 
days after ovulation, or 2 to 3 days after mat
ing.3 Plasma progesterone concentration in the 
pregnant queen then continues to increase, to 
peak concentrationsof 15 to 30 ng/ml by 25 
to 30 (range = 11 to 60) days of pregnancy, 
after which it slowly declines throughout the 
rest of pregnancy (Fig. 27-1).3,10·11 Despite ear
lier reports that ovariectomy can be done after 
day 45 of gestation without causing abortion 
and that placental production of progesterone 

414 

increases significantly during the latter part of 
gestation, recent work suggests that the feline 
corpora lutea are the main source of plasma 
progeserone in the pregnant queen, and that 
placental progesterone secretion is of minor or 
nonexistent importance.3

•
9
•
12

•
13 Although pro

gesterone declines at the end of pregnancy, 
low, baseline concentrations ( < 1 ng/ml) are 
not essential for the onset of parturition (Fig. 
27-1).11 

Plasma estradiol concentration, which peaks 
in the estrous queen at time of copulation, 
drops to baseline concentrations (8 to 12 pg/ 
ml) during the first 5 days after copulation, 
and stays low until days 58 to 62 of pregnancy. 
At that time, it rises slightly to 20 to 30 pg/ml, 
then starts to decline just before parturition.10 

Queens may show behavioral estrus during 
pregnancy. The feline ovary is not refractory to 
exogenous gonadotropin stimulation during 
midgestation.14

-
16 Periods of follicle growth 

and regression have been observed to occur 
continually even during the luteal phase in the 
queen.17 Estrous activity during gestation has 
been a suggested cause for superfetatiqn (i.e., 
simultaneous presence in the uterus of fetuses 
of different gestational age), which has been 
assumed to occur in the cat from anecdotal 
reports of queens delivering viable kittens up 
to several weeks apart. 18- 25 However, superfe
tation may be difficult to distinguish from ar
rested development unless all of the kittens 
are born alive and survive the neonatal period, 
which is not the case in many of these reports. 
Estrous activity during gestation also has been 
a suggested cause of abortion, which occurs 
fairly often in the queen. However, one author 
reports that pregnant queens showing signs of 
estrus do not have increased serum estradiol 
or demonstrate a luteinizing hormone (LH) 
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Figure 27-1. Mean :!: SEM (n = 12) serum progesterone profiles during the estrus-pregnancy interva l (days 1 to 54, where day 
1 is the first day of mated estrus) and parturition interval (from 9 days before parturition to 1 day after parturition). (From Schmidt 
PM, Chakraborty PK, Wi ldt DE: Ovarian activity, circu lating hormones and sexual behavior in the cat. II. Relationships during 
pregnancy, parturution, lactation and the postpartum estrus. Bioi Reprod 28:657- 671, 1983, w ith permission.) 

surge if bred, despite normal estrous and copu
latory behavior, suggesting that some estrous 
behavior during pregnancy may occur without 
follicle growth on the ovary.3 

Relaxin, a peptide hormone important for 
softening the fibrous connective tissues of the 
pelvis prior to birth, is produced by the £eta
placental unit of the cat.3 Plasma relaxin activ
ity measured in the pregnant queen by radio
immunoassay using two different antisera was 
first detected at about day 25 of pregnancy; it 
increased rapidly, plateauing at days 30 to 35, 
and then declined slightly in the last 10 to 15 
days prepartum (Fig. 27-2).26 Plasma relaxin 
concentrations were nondetectable during es
trus, pseudopregnancy, and after 24 hours 
postpartum, making this hormone one with 
potential value for pregnancy diagnosis in 
the cat. · 

Plasma prolactin increases at about day 35 
of pregnancy in the cat, plateaus at about day 
50, and increases suddenly just before deliv
ery; it increases more with the suckling stimu
lus during lactation (Fig. 27-3),27 Following 
weaning, prolactin concentrations of the queen 
return to basal levels within 1 to 2 weeks. 

The feline fetoplacental unit and the endo
metrium are reported to secrete prostaglandin 
F2" (PGF2a); concentrations begin to rise at 
about day 30, plateau at about day 45, and 
then increase greatly just before delivery.3 

Implantation and Placentation 

Feline morulae enter the uterine horn about 
5 days after copulation.3 By 8 days after copu
lation, blastocysts are 500 to 600 mm in diam
eter, and by 10 days after copulation some 
blastocysts have hatched (2300 X 1000 mm in 
size), while others have yet to hatch (1500 X 
1000 mm).3 

Transuterine migration of embryos was re
ported in 40.8 per cent of the embryos in 69 
feline pregnancies, and appears to be corre
lated positively with the difference in ovula
tion number between right and left ovaries.3 

Transuterine migration allows fetus number 
in the right and left uterine horns to become 
evenly distributed. 

Implantation occurs 12 to 13 days after ovu
lation.3·28 Placentation in the cat is endothelio
chorial (i.e., maternal and fetal circulations are 
separated by four tissue layers) and is zonary 
in shape.29-33 The border is brown due to mar
ginal hematomas.34 Fusion of embryonic mem
branes from adjacent embryos resulting in 
synchorial littermates has been reported in 
rare instances in the queen, as has identical 
twinning.35·36 Peak amniotic and allantoic fluid 
volumes in the fetal membranes of the cat have 
been reported as 26 and 24 ml, respectively.37 

Placental weight in the cat has been reported 
as 5.7 g on day 24 of gestation, 11.9 g on day 
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/ 

33, and 15.0 g on day 39 before reaching a 
plateau at midgestation.3 Placental transfer of 
maternal antibodies to the fetuses has been 
demonstrated in this species .38 

Pregnancy Diagnosis 

Clinical diagnosis of pregnancy in the queen 
may be made by abdominal palpation of fetal 
vesicles, by abdominal radiography, or by ab
dominal ultrasonography. Measurement of se
rum relaxin concentration is not now commer-
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cially available in the cat, but this assay may 
one day offer a blood test for this purpose. 

Palpation of the pregnant uterus per abdo
men is possible in the cat as early as day 15, 
when round dilations of the uterus can be de
tected (Fig. 27-4).9 Pregnancy diagnosis by 
palpation is recommended at 21 to 25 days 
after breeding, at which time the fetal vesicles 
are approximately 2.5 em in diameter, and 
identification of fetal vesicles by abdominal 
palpation is easiest.16•39- 41 After day 35 of gesta
tion, the segmental fetal dilations in the uterus 
of the pregnant queen tend to become conflu-

Figure 27-3. Mean concentrations of 
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Figure 27-4. Extrauterine view of fetuses developing within the gravid uterus of the cot. Individual fetuses ore evident as discrete 
mosses through 28 days, and tend to merge by day 35. Zonary placentas ore depicted by the lighter bond-like areas. 
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ent, making pregnancy diagnosis by this tech
nique more difficult. Late in gestation (after 
days 58 to 60) fetal heads and bodies often can 
be distinguished by careful and gentle palpa
tion of the tractable queen. Pregnancy diagno
sis by palpation may be inaccurate in the queen 
with a segmentally dilated pyornetritic uterus 
(see Chapter 32). Adverse sequelae to the preg
nancy caused by palpation of the uterus per 
abdomen have not been reported in the cat, 
but have been reported in other species. 

Use of radiographic examination for pre
sumptive pregnancy diagnosis as early as 17 
to 21 days after breeding, when segmental dila
tions of 1.2 to 2.5 ern may be observed, has 
been reported (Fig. 27-5).40 Radiographic iden-

Figure 27-5. Radiograph, lateral projec
tion, cat, 19th day of pregnancy. Three 
rounded uterine swellings are distinct in one 
row (asterisks), three other rounded shad
ows may be seen ventral to the above
mentioned structures. Between the arrows, 
an unexpanded, caudal uterine segment is 
visible. Original size. (From Tiedemann K, 
Henschel E: Early radiographic diagnosis 
of pregnancy in the cat. J Small Anim Pract 
14:567-572, 1973, with permission.) 

tification of calcification of fetal bones may oc
cur as early as 38 to 40 days after breeding. 
(Table 27-1).35,39

,4
2 Radiographic measurement 

of crown-rump length of kittens may be used 
to estimate fetal age (Table 27-2, Fig. 27-6).39 

Because of the potential danger of radiation 
exposure to developing fetuses, radiographic 
examination of the abdomen of a pregnant 
queen is not recommended until after day 40. 
Although the authors frequently have used 
late pregnancy (after day 56) radiography to 
assess high-risk pregnancies in the queen with
out noted adverse effect on the fetuses, routine 
use of this modality is recommended only 
when indicated; high-risk pregnancies are sus
pected in queens with previous dystocias, with 

• Cl D Table 27-1. Methods of Diagnosing Pregnancy in the Queen 

Method 

Palpation of uterus 

Radiography (not recommended 
for routine diagnosis due to 
fetal radiation exposure) 

Ultrasonography 

Days Gestation 

15 
28 
35 

>35 

17-21 
22-28 
28-30 
38-40 

43 
49 

52-53 
56-63 
16-25 

26 
28 

Data from Chan et al./'1 Markee and Hinsey,'·' and Vasseur and Feldman."' 

Findings 

-1 em dilations 
-2 em dilations 
-3 em dilations 
Difficult to identify fetuses until near the end 

of gestation 
1.2-2.5 em dilations 
1.9-3.8 em dilations 
3.0-3.8 em dilations 
Calcified mandible, cranium, scapula humerus, 

femur, vertebrae, ribs 
Calcified tibia, fibula, ileum, ischium 
Calcified metacarpals, metatarsals 
Calcified digits, sternum 
Molar teeth visible 
Fetal heartbeats first detected 
Fetal heads, limb buds, detected 
Fetal movement first detected 



• Table 27-2. Radiographic Identification 
of Fetal Age in the Cat 

Days Since Mating Crown-Rump Length (mm) 

38 
41 
44 
47 
50 •, 

53 
56 
58 
60 

Parturition (about 65) 

58 
75 
84 
94 

106 
114 
121 
130 
136 
145 

Adapted from Boyd JS: The radiographic identification of the vari
ous s tages of pregnancy in the domestic ca t. ] Small Anim Pract 
12:501- 506, 1971 , with permission. 

a history of pelvic fracture, with small litter 
size, with pre-existing metabolic disease, or 
with advanced (> 6 years) age. 

Transabdominal ultrasonography (Fig. 
27-7) is the authors' recommended modality 
for detection and monitoring of feline preg
nancy, both because ultrasonography can be 
used to detect fetal viability, which palpation 
and radiography cmmot, and because ultra
sound exposure may be safer than radio
graphic exposure for developing fetuses. 43.44 

Detection of feline fetal heartbeats by ultraso
nography is first possible at 16 to 25 days after 
breeding, and fetal morphology (e.g., fetal 
heads, limb buds) can be detected after day 
26.43

-
45 Normal fetal heart rate in the cat is sta

ble over the duration of pregnancy, and aver
ages 228.2 ±: 35.5 beats per minute.45 Fetal 
movement may be detected by ultrasound 
after day 28. Ultrasonography has been dem-

Figure 27-6. Radiograph, lateral projection, 
of the abdomen of a pregnant queen wi th 
unknown breeding date. C rown·rump leng th 
of one fetus (arrow) was l 20 mm, predicting 
a gestational age of 56 days, and predicting 
parturition day 9 days later (see Table 27-
2). The queen actua lly delivered her" kittens 
10 days following the day of the radiograph. 
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onstrated to be inaccurate in determining litter 
size, with inaccuracy increasing as litter size in
creasesY 

Use of serum progesterone to diagnose preg
nancy in the domestic cat has, unfortunately, 
been reported, but is unreliable.46 A serum pro
gesterone concentration of less than 5 ng/ml 
taken 6 days after breeding was considered a 
negative indication of pregnancy, and a con
centration exceeding 5 ng/rnl was considered 
a positive indication of pregnancy. However, 
there is a high probability of false-positives in 
queens that were bred, induced to ovulate, and 
did not conceive (but who would have serum 
progesterone exceeding 5 ng/ml), or in those 
that ovulated spontaneously in the absence of 
copulation (also with serum progesterone ex
ceeding 5 ng/ml).3.47 Because early pregnancy 
is not reported to exist in the queen with low 
(<1 ng/rnl) serum progesterone concentra
tion, false-negatives using this technique have 
not been reported. 

Care of the Pregnant Queen 

Veterinary care of the pregnant queen usually 
begins at time of pregnancy diagnosis, about 3 
to 4 weeks after breeding. At that time, general 
husbandry practices, to include isolation from 
outside cats, and provision of both supervision 
and privacy in a dry, warm queening area 
should be initiated. Normal pregnant females 
should be weighed weekly during pregnancy. 
Use of a queening box, to which the pregnant 
female is acclimated, may contribute to kitten 
survival postpartum. Boxes should be lined 
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Figure 27-7. Transabdominal ultrasound of a feline fetus in utero of 38 days' gestation. Fetal limbs, organs, and blood vessels 
visible. 7.5-MHz transducer. 

with blankets or towels that can be laundered, 
not with straw, hay, sawdust, or newspaper. 

Queens should be fed a normal prebreeding 
ration (i.e., quantity and quality) for the first 
3 to 4 weeks of gestation, when weight gain 
is minimal (Fig. 27-8).48 Approximate caloric 
needs for the adult, intact, nonpregnant queen 
are 110 calories/kg (50 calories/lb) of body 
weight per day.48 At about 3 weeks gestation, 
many queens undergo a short period of partial 

BodyWt. 

Lbs. Kgs. 

13.0 5.9 

12.0 5.5 

11.0 5.0 

10.0 4.5 

9.0 4.1 

8.0 3.6 

7.0 3.2 

6.0 2.7 

5.0 2.3 

0 6 9/ Q 2 

Weeks of Gestation Week~ of Lteldtion 

anorexia lasting 3 to 10 days that may be ac
companied by mild weight loss.48 From weeks 
4 through 6 of gestation, caloric intake should 
be increased gradually by about 50 per cent 
(to 165 calories/kg or 75 calories/lb body 
weight per day); during the final weeks of ges
tation, caloric intake approaching 220 calories/ 
kg or 100 calories/lb body weight per day 
may be indicated to maintain optimal body 
condition. The goal is to avoid both under-

6 

Figure 27-8. Body weight change of queens dur
ing gestation and lactation. (From Law ler DF, Bab
iak DM: Nutrition and management of reproduc
tion in the cot. Vet Clin North Am 16:495-519, 
1986, with permission.) 



Figure 27-9. Pocked cell volume in six cots dur
ing pregnancy, lactation (up to 65 days postpar
tum), and after lacta tion. Mean (circles) and 95 
percent confidence limi ts of the standard error 
(vertica l bars). (From Berman E: Hemogram of 
the cot during pregnancy and lactation and after 
lacta tion. Am J Vet Res 35:457-460, 1974, 
with permission.) 
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weight, which may contribute to difficulty 
maintaining lactation after delivery, and obe
sity, which increases risk of dystocia and kit
ten mortality.48 

Plasma volume expansion may occur in the 
pregnant queen as it does in human and canine 
pregnancy, because normocytic normoch
romic anemia is reported during the last third 
of pregnancy in this species.49

•
50 Physiologic 

anemia is manifested by relative decreased 
erythrocyte count, hemoglobin concentration, 
and packed cell volume. Reticulocytosis devel
ops in response to the anemia. Lowest mean 
packed cell volume (:X = 28.3 ± 4.1 SEM) oc
curred at 63 days' gestation in six queens .(Fig. 
27-9).49 Leukocyte counts (total and differen-

25 
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Gestation period (days) 

Figure 27-10. Distribution of gestation leng th in 104 feline 
li tters in eight breeds, about 55 per cent shortha ired. (From 
Jemmett JE, Evans JM: A survey of sexual behaviour and repro
duction of female cats. J Small An im Pract 18:3 1-37, 1977, 
w ith permission.) 

tial) and total plasma protein, however, re
mained unchanged.49 

Glucocorticoids, griseofulvin, and modified 
live virus feline panleukopenia vaccine are te
ratogenic in the queen, and their use should 
be avoided during pregnancy.51

•
52 Congenital 

malformations in kittens born to queens 
treated with griseofulvin in the first half of 
pregnancy include cleft palate, exencephaly, 
hydrocephalus, spina bifida, cyclopia and an
ophthalmia, atresia ani, atresia coli, and abnor
malities of the heart.51

•
52 

Length of Gestation in the Cat 

Length of feline gestation is reported to range 
from 52 to 74 days, timed either from the first 
or last breeding (Fig. 27-10).6

•
8

•
53

-
57 Reported 

mean gestation lengths in this species are 65 
days (n = 104), 65.8 days (n = 320), and 66.9 
days (n = 15).8

•
53

•
54 In one sh1dy of 320 litters 

from 64 queens, gestation length was not corre
lated with age of queen, parity, number of kit
tens per litter, mean weight of kittens born, 
weight gain during pregnancy, or genetic 
background.8 There was a high degree of varia
tion both within and between individuals. 

Pregnancy Loss 

Pregnancy Resorption, 
and Abortion 

Physiologic ovulation failure, fertilization fail
ure, and embryo loss occur in normal cats, in 
which only 86 to 88 per cent of mah1re follicles 
become corpora lutea, and only about 67 per 
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cent of corpora lutea result in kittens.58 In one 
report, 48 of 52 cats (92.3 per cent) mated three 
times ovulated [evidenced by the presence of 
ovarian corpora lutea at ovariohysterectomy 
(OHE)L and of these, 38 (79.2 per cent) pro
duced normal embryos or had normal implan
tation sites; 21 per cent failed to produce any 
fertilized or viable embryos.59 Aberrant histo
logic changes of the endometrium and corpora 
lutea are not reported to be primarily responsi
ble for the failure of the natural estrous, mated 
queen to produce good-quality embryos.60 Age 
and parity of the queen are related to success
ful production of kittens, with smaller litter 
size reported in primiparous and aging 
queens; although queens in breeding colonies 
can be productive for 8 to 10 years, replace
ment after 6 years of age is reported to main
tain peak colony performance.58 

Pregnancy loss that occurs after fertilization 
and implantation is common in the queen, and 
may be associated with infection, nutritional 
insufficiency, fetal chromosomal defect, or a 
maternal hormonal environment that is inade
quate to maintain pregnancy. Pregnancy loss 
may be associated with resorption of embryos 
in the first half of pregnancy, and/ or abortion 
of fetuses in the second half of pregnancy; with 
infectious etiologies, the outcome of resorption 
or abortion may depend on time during the 
pregnancy that infection occurs. 

INFECTIOUS CAUSES 

Infectious causes of spontaneous feline preg
nancy loss may be virat bacterial, or protozoal. 

Feline herpesvirus (FHV) (feline viral rhino
tracheitis virus) infection in pregnant cats may 
produce abortion, intrauterine fetal death and 
maceration, placental necrosis, and congenital 
fetal infection.61

•62 Experimental inoculation of 
FHV administered intravenously or intrana
sally to pregnant queens between 42 and 50 
days of gestation caused abortion of both live 
and dead fetuses, or fetal death in utero with 
partial maceration and autolysis.62 Abortion or 
fetal death occurred 6 to 26 days after experi
mental infection was induced. Other than pres
ence of a sanguineous vaginal discharge asso
ciated with impending abortion, other signs of 
illness were minimal and limited to mild 
serous nasal discharge and transient fever. 
Uterine lesions in affected cats included coag
ulation necrosis in the placental labyrinth, 
thrombosis of maternal vessels in the placenta, 
degeneration of the trophoblast and endome
trial epithelium in the junctional zone of the 

placenta, and separation of the placenta from 
the endometrium at the junctional zoneY 

Feline immunodeficiency virus (FIV), first 
recognized in 1986, is a lentivirus similar to 
the human immunodeficiency virus (HIV).63•64 

FIV has been isolated from cell-free seminal 
plasma and spermatozoa from experimentally 
infected cats.65 FIV can be transmitted horizon
tally to estrous queens by artifical insemina
tion with fresh semen from asymptomatic 
males chronically infected with the virus.66 At 
one time, transmission of the virus to kittens 
in utero was reported as uncommon or nonex
istent, and transmission in the saliva or milk of 
infected queens was considered rare, perhaps 
depending on phase of infection of the dam 
at the time kittens are born.67 In one report, 
experimental transmission of FIV to a seroneg
ative pregnant queen 6 weeks before parturi
tion was associated with elevated antibody ti
ters and virus isolation from peripheral blood 
lymphocytes in one of her five kittens, but 
mode of transmission (via colostrum or mater
nal saliva) was not determined.67 More recent 
studies, using molecular techniques for dem
onstration of fragments of the FIV genome or 
gene antigen secretion, have demonstrated 
that pregnant queens acutely infected with FIV 
can transmit the virus to their offspring via 
both prenatal and postnatal routes.68•69 In utero 
transmission resulted in arrested fetal devel
opment, abortion, stillbirth, subnormal birth 
weights, and birth of viable, virus-infected kit
tens. Queens infected prior to conception 
transmitted the virus to 71 per cent of their 
kittens, and 51 per cent of these kittens were 
virus positive on the day of birth; late in utero 
transmission occurred in approximately 20 per 
cent of the kittens, and intrapartum transmis
sion also was demonstrated.70 

Feline infectious peritonitis virus (FIPV), a 
coronavirus, is reported to be transmitted to 
kittens in utero, and reproductive failures in 
cats, particularly resorption, have been re
ported in catteries where feline coronavirus is 
endemic. 71

-
73 However, pathogenesis of FIPV is 

poorly understood, and its role in the pregnant 
queen may be more significant in causing kit
ten infection than in causing pregnancy loss. 
Pedigrees from some purebred cats with sus
ceptibility to FIPV can be traced to a few lin
eages, and a polygenic threshold model of in
heritance has been reported to describe the 
pattern observed, with a heritability of about 
50 per cent-74 This suggests that suspect cats 
should be removed from breeding programs. 



Feline leukemia virus (FeLV) is transmitted 
by in utero infection, which results in fetal or 
neonatal death in up to 80 per cent of kittens 
born to infected queens; 20 per cent of kittens 
born to infected queens may carry the infection 
into later life. 63 FeL V infection has been associ
ated with fetal resorption and abortion, but 
the effect crf the virus on the fetal-placental 
unit has not been reported?5·76 Ten of 11 cats 
(91 per cent) with complaints of infertility, fetal 
resorption, or abortion were found infected 
with FeLV.75 Five of six FeLV-recovered 
queens conceived from breedings to non
FeLV-exposed toms and delivered kittens of 
normal size (4.2 kittens), which included at 
least one kitten infected in utero. 77 None of the 
five queens became detectably viremic during 
pregnancy or lactation.77 

Feline panleukopenia virus (FPL V) infection 
of the pregnant queen includes viral passage 
across the placenta and fetal pathology that 
depends on stage of gestation at time of infec
tion. Abortion, stillbirth, neonatal death, or fe
tal cerebellar hypoplasia may occur in preg
nancies of infected queens.78 

Bacterial causes of pregnancy loss or abor
tion in the cat that have been reported include 
Brucella organisms or Salmonella cholera suis in
gested from exogenous sources (such as farm 
animal abortions in early reports), or aerobic 
bacteria and mycoplasma that are vaginal flora 
of the normal queen (Escherichia coli, Staphylo
coccus sp., Streptococcus sp., and others; see 
Chapter 24) that ascend into the uterus from 
the vagina causing uterine infection, fetal in
fection, or pyometra.79-82 Unilateral pyometra 
was described in the left horn of a queen carry
ing two viable fetuses in her right horn.82 Ex
perimental inoculation of feline T-strain myco
plasma into three pregnant queens resulted 
in kitten death (n = 2) or abortion (n = 1); 
mycoplasma was recovered from heart blood 
of kittens aborted from an infected dam.83 

Infection with the protozoan Toxoplasma gon
dii is reported as a cause of abortion in the 
domestic cat Abortion in infected queens fol
lowed maternal signs of emaciation, lymph
adenopathy, dyspnea, lethargy, diarrhea, and 
central nervous system disturbance.84 Abor
tion was reported in 1 of 12 cats acutely ill with 
systemic toxoplasmosis. 85 The affected queen 
aborted four partially formed fetuses on the 
second day of her illness; she died 6 days after 
the abortion, and was confirmed histologically 
to have generalized toxoplasmosis. However, 
there were no uterine lesions of the systemic 
disease. Abortion also occurred in 17 cats 
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chronically infected with toxoplasmosis.85 Ex
perimental trials failed to demonstrate trans
placental transmission and infection of kittens 
following oral infection of eight queens with 
T. gondii before or 16 queens during preg
nancy.86·87 In one report, fatal neonatal toxo
plasmosis in three kittens that died at 16, 18, 
or 32 days of age was assumed to have been 
acquired transplacentally because of the histo
logic finding of well-developed T. gondii cysts 
(known to take 4 weeks to form in experimen
tally infected animals) in the kittens' tissue.88 

Still, toxoplasmosis does not appear to be an 
important cause of abortion or pregnancy loss 
in the cat, except perhaps by its causing debili
tating systemic disease in the pregnant queen. 

NUTRITIONAL INSUFFICIENCY 

Nutritional insufficiency of taurine in the 
mother is reported to result in resorption, abor
tion, and stillbirth of fetuses from affected 
queens fed taurine-free diets or diets contain
ing up to 0.01 per cent taurine.89-92 Queens fed 
a diet containing 0.05 to 1 per cent taurine 
resulted in normal breeding performance.90-92 

Increased resorption of fetuses, reduced litter 
size, and increased incidence of stillborn kit
tens was observed in queens while on taurine
deficient diets, as well as after refeeding a 
taurine-enriched diet for 6 months.89 Thirty per 
cent of the ovulatory cycles of taurine
deprived queens resulted in delivery of kit
tens, with mean live litter size of 2.2 ::!:: 0.4 
kittens and mean stillborn litter sizes of 0.8 ::!:: 
0.4 kittens (mean ::!:: SEM). Remaining ovula
tory cycles resulted either in pregnancies with 
fetal resorption (38 per cent) or pseudopreg
nancies (32 per cent). Pregnancy loss in af
fected queens was associated with normal re
laxin secretion by day 20, followed by relaxin 
decrease by day 25 associated with the preg
nancy loss, which suggests presence of a post
ovulatory defect within the first 10 days after 
implantation not reversible upon refeeding a 
taurine-enriched diet for 6 months.89 

FETAL CHROMOSOMAL ERROR 

Fetal chromosomal error or defect is a reported 
cause of abortion or fetal death in many spe
cies. In the cat, trisomy of autosome D-2 was 
reported in a small macerated feline fetus pres
ent in the uterus with three normal live kit
tens.93 Abnormal karyotypes were detected in 
tissue from 4 of 25 (16 per cent) kittens exam
ined after spontaneous stillbirth or exploratory 
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laparotomy during pregnancy of consistently 
subfertile queens; three were mosaics (one 
38,XX/37,XX, and two 38,XX/39,XX), with 
normal cell lines coexisting with aberrant ones, 
and the fourth kitten (a stillbirth) was a 37,XO 
individuaJ.94•95 Macerated feline fetuses are en
countered occasionally, but rarely karyo
typed.96 

MATERNAL ENVIRONMENT INADEQUATE 
TO MAINTAIN PREGNANCY 

Abnormal maternal environment may include 
endocrine imbalance (e.g., estrus during preg
nancy, inadequate progesterone to maintain 
pregnancy) or placental disease of noninfec
tious origin (including umbilical cord aplasia).97 

Support for endocrine imbalance comes from 
observation of estrous signs during pregnancy, 
reported cases of superfetation, and demon
stration that the feline ovary is not refractory 
to exogenous gonadotropin stimulation during 
midgestation. Many cases of feline abortion oc
cur around day 40 of pregnancy, which, at one 
time, was thought to be the approximate time 
that ovarian (luteal) progesterone was being re
placed by placental progesterone; more recent 
studies, however, suggest that feline corpora 
lutea are the main source of plasma progester
one in the pregnant queen throughout gesta
tion, and that placental progesterone secretion 
is of minor importance or nonexistent.3

•
13 Most 

reported cases of feline abortion are not associ
ated with a recognized infectious cause, which 
may suggest presence of maternal endocrine 
abnormality.98 Treatment of recurrent aborting 
queens with 1.0 to 2.0 mg/kg repositol proges
terone intramuscularly (IM) every 7 days until 
7 days before parturition has been recom
mended. 99 Such treatment should not, however, 
be used in impending or first-time spontaneous 
abortion where infection and fetal defect have 
not been ruled out. Masculinization of female 
fetuses may occur in queens treated with pro
gesterone during pregnancy.98 

Multifocal placental necrosis and subse
quent fetal autolysis were observed in five 
pregnant female cats with a history of habitual 
abortion in the third to fourth week of preg
nancy.100 The pattern of histologic change sug
gested presence of primary placental disease; 
no bacterial, mycoplasmal, or viral etiology 
was identified. 

Clinical signs of pregnancy loss in the cat 
depend on the cause of the problem, and are 
highly variable, ranging from no external evi
dence of systemic illness to a 1 to 2 day course 

of sanguineous or purulent vaginal discharge 
(with or without abortion) to severe maternal 
compromise with toxemia or septicemia. Sys
temic infectious disease is associated with a 
variety of clinical signs depending on the etio
logic agent and affected organs. 

Diagnostic and therapeutic intervention 
should be attempted concurrently. Diagnosis 
is based on observation of abortion or non
pregnant status after a pregnancy has been 
confirmed (Table 27-3). Fetal culture, histol
ogy, and cytogenetic evaluation, if available, 
are indicated. Maternal hemogram, serology 
(e.g., FHV, FIV, FIPV, FPLV, FeLV, toxoplas
mosis), and cytology and culture of the vaginal 
discharge (if any) should be monitored and 
the dam treated supportively if necessary. In 
general, pregnancy loss is not life threatening 
to the queen, and prognosis for subsequent 
normal pregnancy is guarded to good. Occa
sionally, hemorrhage into the uterus at time 
of abortion will cause maternal death.101 Pro
gesterone therapy (1.0 to 2.0 mg/kg repositol 
progesterone IM) every 7 days starting 5 to 7 
days prior to previous time of abortion and 
continuing until 7 days before parturition 
should be instituted only after recurrent preg
nancy loss when infectious causes of abortion 
have been ruled out.99 

Extrauterine Mummified Fetuses 
("Ectopic Pregnancy'') 

The presence of mummified fetuses outside 
the uterus has been reported many times in 
the queen. 102- 123 Some authors refer to these 
kittens as ectopic pregnancies, implying that 
extrauterine fetal growth and placental attach
ment to a tissue other than endometrium can 
occur. These have been classified as primary 
if there is no evidence of uterine rupture and 
secondary if uterine rupture can be demon
strated. There is, however, no documented evi
dence that fertilized eggs can grow and 
develop placental attachment to omental 
mesentery and abdominal viscera in the queen. 
Absence of a grossly visible uterine scar does 
not preclude previous uterine rupture; one 
free-floating mass containing two aseptically 
necrotic fetuses was determined histologically 
to be surrounded by uterine wall that appar
ently ruptured segmentally from the left horn 
(Fig. 27-11).112 Some reports of extrauterine 
mummified fetuses can document trauma, 
supporting possible uterine rupture. Two cats 
reported to have primary ectopic pregnancy 
had mummified fetuses removed from the 
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• • • Table 27-3. Diagnostic Approach to Fetal Loss in the Cat 

Test 

Maternal: 
History of·.· 

Vaccinations 
Previous reproductive problems 
Trauma, drug use (steroids) 
Concurrent systemic illness 
Abortion 
Dystocia, if intrapartum 

Physical examination 
Abdominal palpation of uterus 
Vaginal palpation (after culture and cytology) 
Auscultation of fetal heart 
General physical examination 

Abdominal radiography (to confirm pregnancy, 
determine fetal crown-rump length, and uterine size) 

Uterine/ fetal ultrasonography 
Blood count, chemistries, urinalysis 

Serology I agent identification 
Feline herpesvirus 
Feline immunodeficiency virus 
Feline infectious peritonitis virus 
Feline leukemia virus 
Feline panleukopenia virus 
Toxoplasma gondii 

Serum progesterone assay 
Vaginal discharge cytology (to look for evidence of 

infection) 
Vaginal discharge culture (bacteria, mycoplasma, ± 

virus) 
Hysterotomy at subsequent gestation to confirm 

pregnancy and consider fetal karyotype (days 25 to 30) 
Fetal/p law! lal: 

Karyotype 
Gross pathology 
Histopathology 
Culture (bacteria, mycoplasma, ± virus of fetal stomach, 

lung, liver) 

To Confirm 
Presence of 
Fetal loss 

+ 
+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 

Purpose of Test 

To Establish To Evaluate 
Cause of Presence of 
Fetal loss Moternol Compromise 

+ 
+ 
+ 
+ + 

+ + 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 

+ 
+ 
+ 
+ + 

Adapted from Johnston SD, Raksil S: Fetal loss in the dog and cat. Vet Clin North Am 17:535-554, 1987, with permission. 

peritoneal cavity 18 and 11 months after 
OHE.124

•
125 These authors did not, however, rule 

out uterine rupture and fetal loss into the peri
toneal cavity prior to OHE . with mummified 
feh1ses that went unnoticed at the subsequent 
abdominal surgery. 

Clinical signs of illness usually are absent in 
queens w;ith extrauterine mummified fetuses 
unless hemorrhage or infection compromise 
uterine rupture. Most mummified feline 
fetuses are bacteriologically sterile and are 
discovered incidentally at OHE or other ab
dominal surgery. Fetuses may be found 
encapsulated in uterine tissue, wrapped in 
omental adhesions, or fetal bones denuded of 
tissue may be found free in the peritoneal cav
ity or protruding from an old uterine tear.126 

Treatment is surgical removal of fetuses at celi
otomy. 

Uterine Torsion 

Torsion of the pregnant uterus of the queen 
(Fig. 27-12) has been described in many case 
reports.127

-
155 Age of 24 affected queens ranged 

from 1 to 10 (:X = 3.5) years. Twelve queens 
were known to have had previous normal par
turitions; three queens were reported to have 
been in their first pregnancy, and no informa
tion on previous pregnancies was available f0r 
the others. Stage of pregnancy at time of diag
nosis ranged from 4 weeks' gestation through 
2 weeks after expected due date and was, in 
some cases, associated with signs .of dys-
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Figure 27-11. Ectopic mass, right ovary, and right uterine horn (a) and radiograph of ectopic mass (b) showing two fetal skeletons, 
taken from the abdomen of a 2 :l-year-old female domestic shorthair cat admitted for routine ovariohysterectomy. (From Johnston 
SD, Harish G, Stevens JB, Scheffler HG: Ectopic pregnancy w ith uterine horn encapsula tion in a cat. J Am Vet Med Assoc 
183:1001 -1 002, 1983, wi th perm ission. ) 

Figure 27-12. Intraoperative photog raph demonstrating the left 
uterine horn twisted 540 degrees on its long axis. The horn 
(solid arrow) conta ins two fetuses, and is engorged because 
of obstructed venous return. The right uterine horn is vis ible, arid 
apparently normal. (From Freeman Lj: Feline uterine torsion. 
Compend Cantin Educ Pract Vet 10:1078- 1082, 1988, 
w ith permission.) 

tocia.154
•
155 Clinical course ranging from 2 hours 

to 3 days (:X = 1.2 days, n = 9) was reported, 
and one affected queen was found dead within 
6 hours of onset of labor. 155 Clinical signs in
cluded depression (n = 17), anorexia (n = 10), 
collapse (n = 8), painful abdomen (n = 6), pale 
mucous membranes (n = 6), hypothermia 
(n = 5), presence of a sanguineous vaginal 
discharge (n = 4), shallow respiration (n = 3), 
tachycardia (n = 3), and straining. Diagnosis 
was made at exploratory surgery or at nec
ropsy following death or euthanasia. Eight 
queens were reported with 360- to 1080-degree 
torsions of the left horn, 10 queens were re
ported with 180~ to 540-degree torsions of the 
right horn, three queens were reported with 
180-degree torsions of the uterine body, one 
queen torsed both the uterine body and the 
left horn, one torsed the uterine body and right 
horn, and in one queen the torsion of a horn 



was undesignated as to side. Twenty-one of 
these queens were reported treated with ex
ploratory surgery, and 16 survived; one was 
found dead, one queen died, and two were 
euthanized without surgery. 

Presumptive diagnosis of uterine torsion in 
the pregnant queen is based on presence of 
signs of acute abdomen (i.e., shock, collapse, 
painful abdomen); abdominal ultrasonogra
phy of these queens is recommended in order 
to assess viability of fetuses. Treatment is ex
ploratory celiotomy to confirm the diagnosis 
and perform an OHE. Correction of the torsion 
alone with or without cesarean section cannot 
be advocated due to the frequency of tissue 
devitalization with this problem and the risk 
of recurrence. Status of the affected queen 
at time of diagnosis dictates use of support
ive (i.e., fluid, corticosteroid, antibacterial) 
therapy. 
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• 
Feline Parturition 

• 
• 

Physiology and Endocrinology 
of Onset of Parturition 

Duration of gestation from first day of breed
ing to delivery may range from 62 to 71 days 
(average= 66 to 67 days) in the cat.1 No strong 
correlation exists between litter size and gesta
tion length in the cat.1 Serum progesterone de
clines to 4 to 5 ng/ml just before parturition 
(days 63 to 65), to about 2 ng/ml on the day 

/ of parturition, and to less than 1 ng/ml irnme
diately after parturition (n = 4)_2-3 Although 
serum progesterone concentration declines 
near term in this species, baseline concentra
tions ( < 1 ng I ml) are not a prerequisite for 
onset of parhlrition} Feline serum progester
one concentrations may be measured using 
enzyme-linked immunosorbent assay (ELISA) 
test kits available for use in the dog.4 

Mean serum estradiol-17,8 is reported to 
peak at nearly 100 pg/ml8 days before parturi
tion, and then to drop to 17 to 36 pg/ml by the 
day of parturition.3 Mean serum luteinizing 
hormone concentrations are reported as low 
(1.9 to 5.8 ng/ml) during the 9 days prior to 
parturition.3 Plasma relaxin immunoreactivity 
declines from a plateau of 3 to 9 ng/ml in the 
last half of gestation to undetectable concentra
tions within 24 hours of delivery (see Fig. 27-
2).5·6 Feline serum prolactin concentration is 
about 40 ng/ml at parturition (see Fig. 27-3).7 

Seasonal distribution of parturitions of 
queens in the Northern Hemisphere includes 
deliveries throughout the year, with greater 
frequency in early spring and again in late 
summer (Fig. 28-1).8 In the Southern Hemi
sphere, deliveries peak in September to Octo
ber (early srring) and January to March (late 
summer).9•1 • 

Milk may be observed in the queen's mam
mary glands just prior to parturition, although 

this is uncommon, and she may seek a se
cluded place for delivery. The prepartum rec
tal temperature drop that precedes parturition 
in the bitch by about 8 to 12 hours usually is 
not observed in the pregnant queen. At onset 
of uterine contractions the queen becomes rest
less and may pant. Some Siamese queens will 
vocalize and call to their owners at onset of a 
first parturition.11 

Normal Parturition 

At time of parturition in the queen, pacing 
alternates with purring behavior. When con
tractions begin, the queen may assume a semi
squatting position, with the calcaneus bones 
pointed almost straight up and wide apart. 11 

When contractions subside the queen may lay 
down on her side and continue purring. Near 
the time of delivery the queen may appear to 
make a "nest" by turning around in the box 
while standing with her head lowered, smell
ing various parts of the floor of the box, and 
pawing at the bedding. Contractions of the 
skeletal musculature of the abdomen, delivery 
of fetuses, and delivery of placentas occur in 
variable orders and over variable lengths of 
timeY Fluid generally is expelled from the 
vulva prior to delivery of the first kitten. Once 
the head or the caudal portion of the fetus 
appears at the vulva, contractions may become 
slower and stronger, and 3 to 5 minutes may 
elapse until the kitten is completely expelled. 11 

The mother usually cleans the kitten vigor
ously by licking at the allantoamnion, which 
still covers the kitten. Posterior presentation is 
common, and does not predispose to dystocia. 
The allantochorion of each kitten usually is 
ruptured prior to or during delivery, and the 
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14 • KEY 
• r- + First period me an 

dmean 

Figure 28-1. Monthly distribution of total liijers born 
throughout the yeor in English catteri es. Fi rst period , 
1958-1963; second period , 1964- 1968. (From Rob
inson R, Cox HW: Reproductive performance in a cal 
colony over a 1 0-yeor period. Lab Anim 4:99- 11 2, 
1970 , w ith permission.) 

12 

£:i1o 
z w 
::J 

@8 
[ 

~6 
~ 
~4 
u 
cr 
:t2 

0 

• r-
• Second perio 

• • r--
• r- r- • - '----- • • 
• • • • • r-- • • 

JFMAMJJASOND 

queen will rupture the allantoamnion and 
sever the umbilical cord while cleaning and 
stimulating the kittens. 13 Placentas usually are 
ingested wholly or in part by the queen, al
though there is no known advantage or disad
vantage to her ingesting them.14 

Most queens deliver kittens with ease over 
a period of several hours. Average length of 
parturition in seven queens was 16.1 ± 14.3 
(SO) hours, with a range of 4 to 42 hours.1 

Occasionally, a queen will deliver live healthy 
kittens over 2 to 3 calender days, which 
stresses the importance of understanding the 
wide range of normal parturition lengths in 
this species before intervening.1 

First nursing by the kittens may not occur 
until 30 to 40 minutes following birth, by 
which time the kittens are dry and able to pull 
themselves up toward the nipples. 11 Kittens 
should ingest colostrum within the first 24 
hours of birth, and should be weighed daily 
for the first few weeks of life. 

Litter size in the cat ranges from 1 to 10 
kittens, with a modal litter consisting of 4 kit
tens (Fig. 28-2).8 In a survey of 189 female cats 
having a total of 370 litters and 1329 kittens, 
11.6 per cent of the kittens were stillborn and 
27.3 per cent of the kittens died before 8 weeks 
of age.15 In a mortality study of 294 domestic 
shorthair kittens, low-birth-weight kittens and 
one-kitten litters had greatest mortality.16 Fe
line stillbirth also ·has been associated with 
mixed Salmonella typhi"murium and leptospira 
infection.17 Feline kitten mortality is reported 
lowest in litters from queens that are not over
weight, that are in their fifth parity, and that 
deliver (large) litters of five kittens.16 

The sex ratio for live kittens has been re
ported as 99.3 males per 100 females (n = 

3357),8 and one male per one female (n = 56).1 

The sex ratio in stillborn and neonatal death 

kittens has been reported as 65.6 (n = 106) and 
79.7 (n = 208) males per 100 females, respec
tively.8 

Diagnosis and Management of 
Feline Dystocia 

Humphreys reports an incidence of 134 dys
tocias in 4077 (3.3 per cent) intact female cats 
(from a total of 19,355 cats seen in veterinary 
practice) during a 4~-year period.18 Gunn
Moore and Thrusfield reported dystocia in 5.8 
per cent of 2928 litters from 735 queens, and 
ranged from 0.4 per cent in mixed-breed cats 
to 18.2 per cent in litters in the Devon rex. 19 
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Figure 28-2. Histograms indicating distributions for total kittens 
born (4088), number of kittens born alive (391 1), and number 
of ki ttens weaned (3352) in 973 feline litters. (From Robinson 
R, Cox HW: Reproductive performance in a cat colony over a 
1 0-year period. Lab Anim 4 :99-1 12, 1970, w ith permission.) 



Pedigreed litters were at significantly higher 
risk than litters of cats of mixed breeding. Doli
cocephalic and brachiocephalic types were 
found to have a higher incidence of dystocia 
than mesocephalic breeds. 

Causes of feline dystocia include obstruction 
to fetal egress through the birth canal and in
sufficient br ineffective contractions by the 
uterus (uterine inertia) . Obstructive causes 
may be maternal or fetal in origin (Table 28-
1),19-21 whereas uterine contraction failure (in
ertia) is solely maternal in origin. Uterine in
ertia may be primary (failure to start 
synchronous uterine contractions) or second
ary (uterine fatigue). Of all causes identified, 
the most common cause of feline dystocia re
ported in the literature is primary uterine iner
tia (Table 28-1). The importance of this cause 
must be interpreted with caution, however, 
as criteria for diagnosing primary inertia are 
usually not reported in manuscripts on feline 
dystocia; since normal feline gestation may last 
as long as 71 days, it is unknown whether 
affected queens really had primary inertia, or 
whether veterinarians interceded in ·some 
queens that would have gone on to deliver 
normally if left alone. 

Obstructive dystocias may result from inad
equate size of the maternal birth canal due to 
bony or soft tissue impingement on the canal, 
from intrapartum uterine torsion or rupture, 
or from large fetal size (often associated with 
small litter size) or fetal deformity /monstros
ity (Fig. 28-3). 

Diagnosis of feline dystocia is based on fail
ure to start labor at term (primary inertia), 

Chapter 28 - FELINE PARTURITION 433 

failure to progress normally through labor (ob
struction or secondary inertia), or intrapartum 
maternal compromise (depression, shock). In
traparhun fetal compromise also is an indica
tion of dystocia; at present, however, use of 
real-time ultrasonography to monitor fetal 
heart rate is the only tool available to detect 
intrapartum fetal compromise objectively in 
this species. Normal fetal heart rate in the cat, 
which is stable over the duration of pregnancy, 
averages 228.2 ± 35.5 beats per minute (see 
Chapter 27). 

Diagnostic evaluation of all cases of dystocia 
should include collection of a history of previ
ous pregnancies, breeding dates at this preg
nancy, time of labor onset, and time of delivery 
of previous kittens, if any. Physical examina
tion should include confirmation of pregnant 
stah1s by abdominal palpation, digital exami
nation of the vagina if possible, rectal assess
ment of pelvic diameter if possible, and good 
general physical examination. Laboratory 
evaluation should include a hemogram, serum 
calcium, and plasma glucose determination to 
monitor maternal status; and abdominal radio
graphs to document fetal size, number, and 
position (Fig. 28-3). Need for other serum 
chemistries (blood urea nitrogen [BUN], elec
trolytes, blood gases) is indicated by the physi
cal status of the queen. 

Diagnosis of primary uterine inertia is based 
on length of pregnancy from breeding, which 
is complicated by the fact that many queens are 
bred over several days. Most queens deliver 
kittens 65 to 66 days from a single breeding, 
although multiple breedings over several days 

• • Table 28-1. Reported Causes of Dystocia in the Queen 

Ekstrand and 
Cause Linde-Forsberg20 

Obstructive causes-maternal 
Uterine prolapse 1 
Uterine torsion 1 
Uterine rupture 
Birth canal too narrow 8 

Obstructive causes-fetal 
Malpresentation 24 
Malformation 12 
Fetal oversize 3 
Fetal death 7 

Maternal uterine inertia* 94 
Total 150 

Reference 

Gunn-Moore 
and Thrusfield 19 

1 
1 
2 

11 

26 

18 
11 
32 

102 

Robbins and 
Mullen21 Total 

2 
2 4 

2 
1 

50 
8 20 

21 
1 19 
9 135 

20 272 

* Diagnosis of maternal uterine inertia in these studies were not, generally, rigorously distinguished from normal parturition in the 
queen, which may include normal onset of parturition up to 71 days after breeding, and dura tion of parturition up to 42 hours. Therefore, 
if these authors intervened in some pregnant queens that normally would have gone on to normal parturi tion, the numbers represented 
under this category of dystocia above would be artificially high. 
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of estrus coupled with early refractoriness to 
luteinizing hormone (LH) secretion and late 
refractoriness to repeated gonadotropin
releasing hormone (GnRH) stimulations when 
in estrus make precise calculation of parturi
tion date difficult. Primary inertia can be con
firmed only in the presence of gestation length 
exceeding 71 days from first breeding, or in the 
presence of serum progesterone concentration 
less than 2 ng I ml. 

Diagnosis of failure to progress while in la
bor is based on duration of the first and second 
stages of parturition. Because most queens de
liver their kittens over a period of several 
hours, a 4-hour course of labor before the first 
kitten and 2-hour course between kittens 
should be allowed. Partial expulsion of a fetus 
is a common problem experienced by queens 
during parturition; digital manipulation and 

Figure 28-3. lateral abdominal radio
graphs of o 4-yeor-old pregnant domes
tic shorthoir queen, depicting presence 
of hydrocephalic fetuses. 

delivery following vaginal lubrication usually 
are successful_22) 3 Occasionally, however, 
queens deliver healthy live kittens over a 2- to 
3-day period. Obstructive dystocias often are 
associated with uterine torsion24 or fetal over
size (Fig. 28-3) in the cat, which reinforces the 
importance of pretreatment radiographic or 
ultrasonographic imaging of the dam. Hydro
cephalus was detected in two kittens born to 
a pregnant queen vaccinated with live feline 
parvoviruB vaccine 6 weeks earlier; parvoviral 
DNA was detected in the brain of both 
kittens.25 

Diagnosis of intrapartum maternal compro
mise often is associated with failure to progress 
in labor when uterine ruph1re or uterine tor
sion is present.18

,
26

- 38 Signs of maternal compro
mise have been reported in pregnant queens 
aged 9 months to 8 years, and include depres-



sion, anorexia, weak vocalization, prolonged 
capillary refill time, tachycardia, and some
times collapse. 

In the absence of maternal compromise or 
known obstruction, a trial course of oxytocin 
(3 to 5 U intramuscularly [IM]) is indicated; 
injections may be repeated at 20- to 30-rninute 
intervals. This treatment is recommended in 
queens that have already delivered at least one 
kitten, and are known (from radiographs or 
ultrasound) to contain more in the absence of 
fetal oversize or malposition. Oxytocin treat
ment of the pregnant queen with a closed cer
vix (or the preterm queen) is risky, as it may 
cause placental detachment, fetal compromise, 
and death prior to delivery. In 97 cases of feline 
dystocia treated with oxytocin and/ or cal
cium, only 29 (29.9 per cent) of the cases were 
relieved by medical treatment alone.20 Because 
of the danger that oxytocin will cause placental 
separation and fetal compromise, this regimen 
is indicated only when facilities for cesarean 
section are available for queens that fail to re
spond. Use of intravenous (IV) calcium (0.5 
to 1.0 ml 10% calcium gluconate IV) in feline 
dystocias is controversial, because some 
queens show strong uterine contractions fol
lowing treatment despite presence of normal 
total serum calcium concentrations prior to 
treatment. 

Dystocia patients that fail to respond to oxy
tocin or patients showing maternal compro
mise should undergo immediate cesarean 
section with appropriate fluid therapy. 
Ovariohysterectomy (OHE) is indicated if 
uterine infection, decomposing fetuses, organ
grene is present. Shock, if not already present, 
should be anticipated when a large gravid 
uterus is removed from a compromised queen, 
and appropriate therapy instituted. 

Prognosis depends on the cause of dystocia, 
treatment used, and on time from onset of par
turition until veterinary intervention. Brand
ariz reported survival of 90 per cent of 20 
queens seen less than 30 hours after onset of 
labor; whereas only 75 per cent, 30 per cent, 
and none of eight, 10, and one queens seen 30 
to 40 hours, 40 to 60 hours, and more than 60 
hours after labor onset, respectively, sur
vived.39 

Anesthetic and Surgical 
Technique for Cesarean Section 
in the Queen 

Anesthetic techniques reported effective for 
cesarean section in the cat include: isoflurane 
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by mask administration with postoperative 
butorphanol (0.1 mg/kg IV) for analgesia21; 

glycopyrrolate (5 ,ug/lb preanesthetic), fol
lowed by mask administration of isoflurane40; 

atropine (0.04 mg/ kg IM), thiamylal sodium 
(4.4 mg/kg IV to effect), succinylcholine 
(0.5 mg/kg IV), intubation, controlled ventila
tion with 50% nitrous oxide and isoflurane 
(0.75 per cent)41

; and lidocaine (1 ml 2% lido
caine per 3 to 5 kg) epidurally.41 Ketamine 
should be avoided because of the depressive 
effect it has on the kittens. 

Speed usually is an important consideration 
in cesarean section, so preoperative prepara
tion (placement of IV catheter, shaving and 
preparation of the surgical site) should be com
pleted before induction of anesthesia. Routine 
surgical technique for cesarean section in the 
cat includes ventral midline incision from um
bilicus to pubis, incision of the linea alba, and 
hemostasis, followed by exteriorization of the 
gravid uterus. The exteriorized tissues are cov
ered with moist laparotomy sponges.41 Usu
ally, a single incision is made through an avas
cular region of the dorsal uterine wall at the 
cranial aspect of the body of the uterus, and 
kittens are "milked" down the uterine horns 
to the incision for delivery. Alternatively, if 
litter size is great, if fetal compromise is sus
pected, or if cesarean section is performed 
prior to the end of gestation and detachment 
of the placentas is anticipated to be difficult, 
incisions can be made in the dorsal aspect of 
each of the two uterine horns in order to facili
tate removal of all of the kittens and placentas. 
The amniotic sac is opened, and gentle traction 
is placed on the umbilical cord to facilitate 
removal of the placenta. The umbilicus is 
clamped, and the neonate, with placenta 
attached, is passed in a sterile towel to an assis
tant. If the uterus does not begin to contract 
following removal of the kittens, oxytocin (1 
to 2 U /kg IM or IV) is administered to facilitate 
uterine involution. The hysterotomy incision is 
closed with absorbable suture in a continuous 
inverting pattern, the uterus is returned to the 
abdomen, abdominal lavage is performed if 
fetal fluids entered the peritoneal cavity, and 
the incision site is closed routinely. 

En bloc OHE, which is removal of the uterus 
followed by hysterotomy and removal of the 
neonates, was reported in 26 cats with com
plete or partial uterine inertia refractory to 
medical treatment.:1 Criteria for confirming the 
diagnosis of inertia were not presented. Forty 
per cent of the queens were reported to have 
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partial primary inertia, and forty per cent had 
oversized, mal positioned, or maldeveloped fe
tuses. General anesthesia was induced by ad
ministration of isoflurane in a chamber or by 
mask. Lactated Ringer's solution (10 ml/kg/ 
h, IV) was administered from induction until 
extubation, and analgesia for postoperative 
pain was provided when needed by adminis
tration of IV butorphanol (0.1 mg/kg). The 
ovaries and body of the uterus were exterior
ized through a caudal ventral midline incision; 
vascular pedicles containing the ovarian artery 
and vein were isolated by breaking down the 
mesovarium and ligated. Double clamps were 
placed on each ovarian pedicle and on the 
body of the uterus adjacent to the cervix. The 
ovaries and uterus were removed by dividing 
between the clamps and were given to a team 
of assistants who opened the uterus and resus
citated the neonates. The ovarian and uterine 
pedicles were double ligated with chromic gut, 
and the abdomen was closed routinely.21 None 
of the animals died during surgery, although 
one cat bled excessively from the cut surfaces 
of her skin, subcutis, and abdominal muscula
ture. That cat had prolonged prothrombin 
time, and partial thromboplastin time, low 
platelet count, and positive fibrin degradation 
products consistent with disseminated intra
vascular coagulopathy. Postoperative compli
cations included anemia in two cats and an
orexia in two. One cat with hemoabdomen and 
anemia was explored after whole blood trans
fusion; although no source of hemorrhage was 
identified, the cat died 9 days after the first 
surgery. Rate of stillbirths in these cats was 58 
per cent (44 of 76 kittens). OHE at time of 
cesarean section is very controversial, with op
ponents claiming increased morbidity in the 
dam, and proponents arguing that a single an
esthetic experience is safer for the dam than a 
second experience for later OHE. En bloc OHE 
of the pregnant uterus is controversial, and has 
been associated with high neonatal morbidity 
and mortality; its advocates claim that the 
minimal duration of anesthesia and the mini
mal potential for peritoneal contamination 
with uterine contents are positive reasons for 
its use. 
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• C h a p t e r 29 

• The Postpartum Period in the Cat 
• 
• 
• 
• 
Care of the Normal Queen 

Most queens deliver their kittens easily, and 
require little more than privacy during both 
the time of parturition and the postpartum pe
riod. Within 24 hours after parturition, the 
queen's appetite returns, and her food con
sumption increases above prepartum amounts 
of food. 1 The lactating queen should be fed 
commercial cat food and fresh water ad libi
tum during lactation. Demand for milk by 
nursing kittens will increase for 20 to 30 days, 
and some queens will consume two to four 
times their ri.ormal adult maintenance ration 
while nursing. Food should not be restricted 
during this time (Table 29-1). When the kittens 
reach 3 to 4 weeks of age, and weaning begins, 
the queen's food intake may be gradually re
duced, down to adult maintenance levels 
when weaning is completed at about 6 to 8 
weeks. 

Colostrum is produced by the queen for 24 
to 72 hours postpartum, after which lactation 
gradually changes from colostrum to milk. 1 In 
the first 1 to 3 days of life, the newborn kitten 
can absorb whole dietary proteins, such as im
munoglobulins, which are present both in the 
colostrum and in queen's milk, and it is recom
mended that kittens receive colostrum or milk 
during this time to obtain optimal serum anti
body titers and adequate passive immunity.2 

Feline colostrum contains about 88 per cent 
water, 4 per cent protein, and 3.4 per cent fat. 
Feline milk contains about 82 per cent water, 
6.6 per cent protein, and 5.5 per cent fat. 3 Mean 
immunoglobulin G (IgG) concentration is 
higher in colostrum than in milk.4 Neither IgG 
nor IgA was detected in precolostral serum 
samples obtained from 46 kittens.4 Transferred 
IgG was reported to have a half-life in suckling 
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kittens of 4.4 ::t 3.57 and 4.15 ::t 1.29 days, 
respectively; transferred IgA had half-lives of 
1.93 ::t 1.94 and 2.03 ::t 0.33 days, in two sepa
rate studies, respectively.4•5 Foreign IgG, given 
orally up to 12 hours after birth, was detected 
in kittens' serum, whereas IgG given at or after 
16 hours was not found in any kittens' serum.4 

During the first 24 hours postpartum, the 
queen may not leave her kittens to eat, drink, 
defecate, or urinate.6 Food, water, and a litter 
pan should be provided adjacent to her kittens' 
box. After 7 to 8 days she will stay away from 
her kittens for longer intervals, and may come 
into estrus, mate, and conceive. During lacta
tion, cyclic elevations in serum estradiol have 
been reported, even when sexual behavior is 
not observed, until 1 to 4 weeks after removal 
of the suckling kittens.7 

Postpartum lochial discharge from the 
queen is scant, and often is not even noticed 
by the owner, as the postpartum queen cleans 
the vulva frequently. Postpartum uterine invo
lution in the queen is impacted by duration of 
lactation.8 Although the early phase (weeks 1 
and 2) of uterine involution are the same in 
nursing and non-nursing postpartum queens, 
and consist of intense phagocytosis in the en
dometrium and decrease in myometrial thick
ness, by week 3 and thereafter, uterine in
volution differs between these groups. The 
non-nursing queen shows ovarian follicular 
activity, which is associated with return to nor
mal (prepartum) uterine size and tone by the 
fourth week postpartum. The nursing queen 
shows retrogressive changes in the uterus by 4 
weeks postpartum, with continued involution 
(hyperinvolution) and changes resembling 
those of queens · that have been neutered for 
comparable periods.8 

The postpartum queen should be monitored 
frequently for signs of purulent vaginal or 
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• • • Table 29-1. Approximate Caloric Needs 
of the Female Cat 

Life Stage Food Source Calories• 

1 year + Cat ration 50 
Gestation Cat/kitten ration 50-75 
Parturition Cat/kitten ration 75 
Lactation Cat/kitten ration 75-100 
Weaning Cat ration 50 
Maintenance Cat ration 50 

• Per pound of body weight per day. 
From Lawler OF, Bebiak OM: Nutrition and management of repro
duction in the cat. Vet Clin North Am 16:512, 1986, with per
mission. 

mammary discharge, fever, inappetance, or 
neglect of the kittens. The mammary glands 
should be examined daily for signs of mastitis 
(i.e., swelling, redness, heat, pain). Some nurs
ing queens have no expressible milk; this is 
not indicative of agalactia if the kittens are 
showing normal activity and weight gain. 

Care of the Normal Neonates 

Birth weight for normal kittens is reported as 
100 :±: 10 g; low birth weight ( < 90 g) increases 
risk of neonatal mortality.9 Kittens are born 
with closed eyelids and external ear canals. 
The eyelids open at about 5 to 14 (average 
= 8) days, and the external ear canals open 
between 6 and 14 (average = 9) days of life.10 

Sexing of neonatal kittens can be difficult, as 
both the preputial opening and the vulva are 
slit-shaped openings directed caudally, and 
the testes may not be descended at birth.11 Mea
surement of anogenital distance may be used 
to distinguish the sexes, as 11 to 16 mm dis
tances in males and 6 to 9 mm distances in 
females at birth have been reported. 12 

The newborn kitten crawls slowly and irreg
ularly toward the warmth of the mother's 
body, moving its head side to side in a "scan
ning" manner until it comes into contact with 
its motherY Kittens climb onto the mother's 
body and nuzzle into the fur until they find a 
nipple. Normal kittens may begin to suckle as 
early as an hour after birth or as late as after 
delivery of the last kitten. The mother's licking 
behavior and cleaning of her kittens may move 
them into position near a nipple. After 2 or 3 
days, some kittens take specific nipple posi
tions with some regularity, while others nurse 
from any available space.13 After about day 30 
postpartum, when the kittens are ambulatory 
and can see, nursing behavior may be initiated 
almost entirely by the kittens, who follow the 

mother to attach to her nipples. By this time, 
the mother may try to evade some attempts at 
nursing by her kittens. Even if the mother does 
not evade her kittens, the young show a de
cline in nursing duration at this time as they 
continue to explore their environment. Normal 
kittens should be weighed every day, and 
should gain a minimum of 7 to 10 g/ day while 
nursing. 14 Frequent, gentle handling of neona
tal kittens is reported to improve physical and 
social development. 

Weaning of the kittens and provision of 
a litter pan for them can be started at 3 to 
6 weeks of age, or when kittens weigh over 
500 g. Canned, semimoist, or dry kitten food 
moistened with water all are suitable weaning 
rations. These should be provided in small 
amounts in a shallow dish; the young kittens 
will walk and fall into the dish, until they begin 
to learn normal eating behavior. Kittens 
weaned at 2 weeks of age are reported to be 
slower to learn and more suspicious, cautious, 
and aggressive than kittens weaned at 6 or 12 
weeks of ageY 

Kitten mortality within the first year of life 
was reported as 27.1 per cent (of kittens born 
alive) in a survey of 3116 kittens.15 Most neona
tal ( <3 days of age) mortality in kittens is 
caused by stillbirth (125 of 267 neonatal 
deaths); other causes include inadequate body 
weight, abnormal gross anatomy, and caimi
balization by the mother or other adult cats in 
the environment, which may include kittens 
with low birth weight or those with abnormal 
gross anatomy.9 Ninety-three of 125 (74 per 
cent) stillborn kittens had normal gross anat
omy at necropsy, but 46 of the 93 (49 per cent) 
had lower than normal body weight.9 Over
weight queens experienced increased mortal
ity of kittens in this study. 

Neonatal isoerythrolysis is a cause of neona
tal death in kittens with A or AB blood type 
born to, and nursing from, queens with type 
B blood.2

,
16

-
22 Since all type B queens have high 

anti-A antibody titers, even primiparous 
queens can deliver affected kittens.2 Affected 
kittens usually die acutely within the first 48 
hours of life, with hemoglobinuria (red to 
brown urine), anemia, weakness, gasping, ic
terus, and tail tip necrosis. Although percent
age of purebred domestic shorthair queens 
with type B blood in the United States is re
ported to be less than 5 per cent, percentage 
of type B queens reported in other breeds is 
higher, with Abyssinian (n = 194) at 19 per 
cent, Birman (n = 216) at 18 per cent, British 
shorthair (n = 85) at 59 per cent, Devon rex 
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(n = 100) at 43 per cent, Himalayan (n = 35) 
at 20 per cent, Persian (n = 170) at 24 per cent, 
Scottish fold (n = 27) at 15 per cent, and Somali 
(n = 27) at 22 per cent.22 Because of these inci
dences, blood typing prior to breeding is rec
ommended in these species. Kittens at risk for 
neonatal isoerythrolysis should not be allowed 
to nurse from their mothers for the first 24 
hours of life, and can be fostered onto a lactat
ing, type A queen or supplemented as orphans 
for 24 to 48 hours before being placed back 
with their mothers. Even if kittens are removed 
from the dam at first clinical signs, mortality 
is high.2 Normal packed cell volume (PCV), 
hemoglobin, red blood cell count, and white 
blood cell counts of kittens from birth through 
17 weeks of age are depicted in Figure 29-1.23 

Care of Orphan Kittens 

Orphan kittens must be provided a warm, 
moist environment free of drafts, must be pro-
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vided with milk or milk replacer delivered in 
appropriate amounts and at appropriate fre
quency, and must be stimulated to urinate and 
defecate. Although orphan kittens can be 
hand-raised successfully to normal adult ani
mals, it is always to the kitten's advantage to 
be grafted onto a lactating queen, if one is 
available, as long as there is not a risk of induc
ing neonatal isoerythrolysis, as the queen most 
efficiently provides the warmth, care, and nu
trition needed. Queen's milk obtained any 
time during lactation is a good source of anti
bodies for neonatal kittens if given during the 
first 1 to 3 days of life.4 Orphan kittens should 
be weighed daily to monitor weight gain and 
measure food intake. 

Commercial incubators, if available, are pre
ferred for the raising of orphan kittens, as tem
perature can be maintained at 88° to 92°F for 
the first week of life, at 80° to 85oF for the 
second, and at 75° to 80°F for weeks 3 to 5, 
with relative humidity set at 50 per cent.24 In 
the absence of an incubator, a box with soft, 
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Figure 29-1. Normal pocked cell volume (PCV), hemoglobin (Hb), red blood cell count, and white blood cell counts of kittens 
from birth through 17 weeks of age. (A) The PCV of kittens from birth to 17 weeks of age. (B) The Hb concentration of kittens 
from birth to 17 weeks of age. (C) The RBC count of kittens from bith to 17 weeks of age. (D) The WBC count of kittens from 
birth to 17 weeks of age. Bars indicate :!: 1 SEM. N = No. of kittens. (From Meyers·Wallen VN, Haskins ME, Patterson DF: 
Hematologic values in healthy neonatal, weanling, and juvenile ki ttens. Am j Vet Res 45:1322- 1327, 1984, with permission.) 
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•• Table 29-2. Experimental Milk Replacer 
for Kittens 

Quantities 

As Fed Dry Matter 
Ingredients (%) (%) Common 

Egg, whole, fresh 7 23 1 
Protein supplement* 4 43 25 g 
Milk, sweetened, 3 22 17m! 

condensed 
Corn oil 1 12 7ml 
Water 85 0 250 ml 

* Feline Probalance, Smith Kline Beecham Animal Health, Inc., 
Exton, PA. 
From Remillard RL, Pickett JP, Thatcher CD, Davenport DJ: Com
parison of kittens fed queens milk with those fed milk replacers. 
Am J Vet Res 54:901-907, 1993, with permission. 

clean bedding, a constant heat source (such as 
a heating pad covering part of the bottom of 
the box) and pans of water placed nearby to 
provide humidity, all in a small space, may be 
used. A thermometer should be hung inside 
the box. Other reported heat sources for raising 
kittens include use of hot water bottles and 
heat lamps; but a disadvantage of the former 
is that they begin to cool as soon as they are 
placed in the box, and of the latter that they 
sometimes dehydrate or burn the kittens and 
preclude provision of natural light/ dark 
cycles.24 

Orphan kittens, or neonatal kittens that fail 
to gain weight, should be supplemented with 
milk or milk replacer. If another lactating 
queen to which the kitten(s) could be grafted is 
not available, commercially available queen's 
milk replacer* or a homemade experimental 
milk replacer (EMR) similar in content to 
queen' s milk is preferred to the use of cow's 
or goat's milk (Tables 29-2 and 29-3).25 Recom-

mended amount of milk replacer to be fed 
varies with age and with kitten growth, but, 
as a general rule, is started at 5 ml/100 g body 
weight per day at birth; increased by 1 to 
2 ml/ day; and increased to approximately 20, 
25, 30, and 35 ml/100 g body weight per day 
during weeks 2, 3, 4, and 5 of life, respec
tively.24'25 Milk replacer should be warmed to 
25° to 37°C prior to administration. It is impor
tant not to overfeed, especially in the first sev
eral days of life. The daily amount of milk 
replacer should be divided into four feedings 
given at 6-hour intervals or at regularly spaced 
feedings between 7:00AM and 10:00 PM. If nurs
ing animals are being supplemented in order 
to maintain weight gain, they should be hand
fed 2 to 3 hours after the last nursing, in order 
to help alleviate any incompatibility between 
the dam's milk and the milk replacer.24 

Milk may be provided to orphan kittens us
ing a pet nurser (a smaller version of a human 
baby bottle) available at pet stores, or by a 
feeding tube directed through the esophagus 
into the stomach. The nurser is preferred by 
some, as this encourages the suckling reflex of 
the neonate, and the gradual delivery of milk 
to the stomach; in addition, the nurser is less 
likely than the feeding tube to compromise the 
kitten by the inadvertent delivery of milk to 
the lungs instead of the stomach. However, 
use of a pet nurser is very labor intensive and 
time consuming with multiple-kitten litters, 
and some veterinarians and trained techni
cians prefer use of an orogastric feeding tube. 
The orogastric tube for kittens should be a IS
inch, No. 8-Fr catheter. The tip of the tube 
should be placed on the outside of the body 
at the costal arch and the tube directed toward 
the mouth, where a mark or tape is affixed to 

• Table 29-3. Composition of Feline Milk, Compared to Milk of Other Species 

Experimental 
Queen's KMR Queen's Milk Replacer Cow's Goat's 

Nutrient Milk Milk Replacer (see Table 29-2) Milk Milk 

Per cent solids of mature milk 18.2 13.6 11.9 13 
Per cent protein-solids basis 40 42.2 46.7 25.6 27.4 
Per cent fat-solids basis 28 25 25.1 29.9 31.9 
Per cent lactose-solids basis 27 26.1 21.3 38.7 34.2 
Gross kilocalories per gram solids* 5.2 5.0 4.55 5.26 5.34 
Per cent calories from protein 30.8 33.9 19.5 20.5 
Per cent calories from fat 48.5 45.2 51.1 53.8 
Per cent calories from lactose 20.8 20.9 29.4 25.7 

*Gross kiloca lories calculated on the basis of 4, 9, and 4 calories per gram of protein, fat, and lactose, respectively. 
Adapted from Monson WJ: Orphan rearing of puppies and kittens. Vet Clin North Am 17:567- 576, 1987; and Remillard RL, Pickett JP, 
Thatcher CD, Davenport DJ: Comparison of kittens fed queens milk with those fed milk replacers. Am J Vet Res 54:901-907, 1993, 
with permission. 

* KMR, Kitten Milk Replacer; Pet-Ag, Inc., Elgin, IL. 
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the tube to designate appropriate length from 
the mouth to the stomach. The tip of the tube 
is then introduced to the dorsal aspect of the 
oropharynx with the head extended, and, as 
the kitten swallows, gently directed down the 
esophagus to the level of the mark. A small 
amount of milk is injected by syringe into the 
tube to confirm that the tube is in the stomach 
(no reaction to the test milk) and not the bron
chi (which elicits a cough). The rest of the mea
sured amount of milk may then be injected, 
and the tube removed. Records should be 
maintained of amounts fed and weight gain 
per day (see Fig. 8-13). 

In studies of puppies fed a commercially 
available milk replacer, (reversible) lens opaci
ties have been reported, and diets deficient 
in amino acids were reported to induce lens 
opacities in other species.25 In one report of 
15 2-week-old kittens randomly assigned to 
treatment groups receiving sole nutrition from 
queen's milk, commercially available kitten 
milk replacer (KMR*) or an experimental milk 
replacer (EMR; Table 29-2), the EMR diet was 
shown to support normal growth without de
velopment of lens opacities.25 The KMR and 
EMR were fed during treatment weeks 2 
through 5 of life. KMR supported normal kit
ten growth, but resulted in diarrhea and cata
ract formation, perhaps due to low arginine 
concentration. Subsequent to that study, the 
commercial kitten milk replacer had L-arginine 
added to the ingredient list. 

Stimulation of urination and defecation 
should be done for orphan kittens after every 
feeding by stroking the anogenital area with 
a warm wet cloth, which elicits the anogenital 
reflex. 10 The anogenital reflex disappears be
tween 23 and 39 days of age, and kittens can 
voluntarily eliminate by 21 days of age. 10 

Postpartum Disorders 
in the Queen 

Retained Placenta 

Retained placenta occurs occasionally in the 
queen. It may be diagnosed historically based 
on the owner's observation of parturition (al
though identical twin kittens that share a pla
centa may occur occasionally), and confirmed 
by abdominal palpation, ultrasound, or radiol
ogy of a placental mass in utero. Affected 
queens should be treated with 3 to 5 U oxytocin 
intramuscularly (IM); treatment with prosta
glandin F2" (PGF2") (0.25 mg/kg IM) should be 

instih1ted in queens that do not respond to 
three doses of oxytocin administered at 30-
minute intervals. Queens failing to respond to 
either treatment that are bright, eating, and 
nursing kittens (hence releasing their own oxy
tocin) can be sent home with instructions to 
watch carefully for signs of metritis (e.g., fever, 
anorexia, purulent vaginal discharge) . Re
tained placentas usually break down and pass 
in the lochial discharge of the nursing queen 
without causing metritis. If the retained pla
centa is associated with signs of metritis, and 
if medical therapy is unsuccessful, hysterot
omy or possibly hysterectomy may be indi
cated. 

Uterine Prolapse 

Prolapse of part or all of the feline uterus has 
been reported in queens ranging in age from 
10 months to 6 years. 26- 35 Eight of nine affected 
queens prolapsed within 2 hours of delivering 
their last kitten; one queen (an 18-month-old 
domestic shorthair) had never delivered a live 
litter, but may have aborted several weeks 
prior to prolapse. Eight of nine queens pro
lapsed both horns and part of the uterine body; 
one queen prolapsed only the right horn. With 
one exception (the queen that may have 
aborted), severity of clinical signs varied di
rectly with time from initial prolapse until vet
erinary assistance was sought.27 Queens seen 
immediately were clinically normal except for 
presence of the prolapse, while those seen 6 
to 48 hours after prolapse were anorexic, de
pressed, and exhibiting signs of shock. Uterine 
prolapse may occur after a queen's first preg
nancy or it may occur in a queen with multiple 
prior normal parturitions. One queen, treated 
with manual reduction and intrauterine infu
sion of an antibiotic/ estrogen solution, had a 
normal pregnancy and delivery (without re
currence of the prolapse) 4 months later.35 

Diagnosis is made by inspection of the pro
lapsed uterus. Treatment selected depends on 
the owner's wish for fuh1re reproduction in 
the queen, and on tissue devitalization, if any. 
Treatment options include amputation of the 
everted uterus (with ligation of the prolapsed 
ovarian and uterine vessels); manual reduction 
and repositioning by abdominal palpation and 
use of infusions; manual reduction followed 
by ovariohysterectomy (OHE); and partial 
manual reduction with final positioning via 
celiotomy. Prognosis improves if treatment is 
instih1ted rapidly. 
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Metritis 

Metritis in the queen usually is caused by as
cent of vaginal bacteria to a compromised 
uterus postpartum. Uterine compromise may 
be caused by prolonged delivery, trauma at 
delivery, retained placental tissue, or break
down of local host defenses. Signs of metritis in 
the queen include depression, anorexia, fever, 
neglect of kittens, and presence of a sanguine
ous or purulent vulvar discharge. Uterine en
largement can be detected by abdominal pal
pation or radiography. The hemogram usually 
reveals presence of an immature leukocytosis, 
and culture and cytology of the vulvar dis
charge usually reveal presence of Escherichia 
coli, staphylococci, or streptococci and poly
morphonuclear leukocytes (Fig. 29-2).36 

Therapeutic goals are to evacuate the uterus 
and provide a 4-week course of specific antibi
otic therapy. Uterine evacuation, if indicated 
by enlarged uterine size, can be accomplished 
with 0.25 mg/kg PGF2" IM; this therapy is con
traindicated if a thin-walled, friable uterus is 
suspected based on uterine radiography or ul
trasound. Occasionally, a large friable infected 
postpartum uterus will need to be removed 
surgically, but more often prognosis is good 
for complete recovery and future pregnancy 
if uterine evacuation and specific antibacterial 
therapy are used. 

Mastitis 

Inflammation of the mammary glands of the 
queen is caused by bacterial infection of the 
lactating gland postpartum or during pseudo
pregnancy.37·38 Enterobacteria, streptococci, 

Figure 29-2. M icroscopic appearance of 
the vulvar discharge from a queen w ith 
t3-hemolylic streptococcus metri tis. 

and staphylococci are commonly cultured 
from mastitic milk; routes of infection have not 
been well examined but are assumed to occur 
by ascending or hematogenous routes. There 
is no evidence to indicate that mastitis occurs 
with greater frequency in previously affected 
animals. 

Clinically, the queen shows one or more 
warm, painful mammary glands (Fig. 29-3) 
and elevated rectal temperature (103.5° to 
106.0°F); maternal anorexia, vomition, or leth
argy, and/ or acute illness in the suckling kit
tens may be present.37·38 Because elevated tem
perature may be an early sign of both mastitis 
and metritis, owners of lactating companion 
animals should be encouraged to monitor rec
tal temperahue daily throughout lactation if 
the queen permits. The affected queen may 
show depression, anorexia, and reluctance to 
care for her offspring. Her hemogram reveals 
an immahrre leukocytosis. Cytology of milk 
from affected glands shows presence of degen
erative neutrophils and bacteria (Fig. 29-4).38.39 

Quantitative culture of the mastitic milk usu
ally reveals a pure culhrre of a large number 
of bacteria that are susceptible to commonly 
used antibiotics. 

Therapeutically, the affected queen should 
be given broad-spectrum antibiotics, such as 
amoxicillin with clavulonic acid immediately; 
specific antibiotics are selected when milk cul
hrre results become available. If signs of dehy
dration, septicemia, or septic shock (i.e., tachy
cardia, hypotension, increased capillary refill 
time, muscle weakness, hyperventilation) are 
present, immediate intravenous fluid, antibi
otic, and steroid therapy are warranted. 
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Figure 29-3. G ross appearance of mastitis in the queen. 

When acute mastitis is diagnosed and 
treated early, and when mammary abscessa
tion is absent, the offspring may be allowed 
to continue nursing. Offspring ingest antibiot
ics in milk, and frequent nursing helps drain 

the mastitic gland, preventing galactostasis. In 
addition, nursing offspring may themselves be 
the source of the mammary infection, as has 
been documented in the human disease. Hu
man mothers under therapy for acute mastitis 
in the absence of abscessation continue to 
nurse without difficulty or infant illness; our 
experience with queens indicates that early 
and aggressive treatment of acute mastitis 
need not interrupt lactation. 

Acute mastitis may progress to abscessation 
or gangrenous mastitis or both. In both condi
tions, surgical drainage followed by immer
sion of the glands in a dilute povidone
iodine solution and warm water three times 
daily is effective. Specific parenteral anti
biotic therapy should be given, and offspring 
should not be allowed to nurse from the af
fected glands. 

Very little glandular tissue is present in non
lactating glands, so inflammation of them due 

Figure 29-4. M icroscopic appearance of 
milk from a normal feline mammary gland 
(A) and a mastitic gland (B) . 
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to trauma or laceration may be treated in the 
same way as simple skin wounds. 

Postparturient Hypocalcemia 

Hypocalcemia during lactation has been re
ported in queens from 14 months to 5 years of 
age.39-52 Affected queens usually have had two 
or more previous litters and are nursing five 
to seven kittens, although occasional cases in 
first-litter queens with three kittens or less 
have been reported. Clinical signs include in
coordination, stiff gait, and vomiting; these 
may progress to muscle fasciculation, tonic/ 
clonic convulsions with extensor rigidity, hy
perthermia, hyperpnea, and dilated fixed pu
pils. Diagnosis is based on physical findings in 
a lactating queen and presence of total serum 
calcium less than 8 mg/ dl. Treahnent should 
be instituted after blood is drawn and before 
calcium results are known if clinical signs are 
present. Treatment is slow intravenous admin
istration of a calcium solution to effect. Two 
to 5 ml of 10 per cent calcium gluconate is 
recommended as initial treatment, given over 
3 to 5 minutes, which is repeated as needed 
until remission occurs. Treatment regimens re
ported effective in the literature include 3 to 
10 ml of 5 to 50 per cent calcium gluconate 
or borogluconate sodium given intravenously 
(IV). The queen then may be discharged with 
an oral calcium supplement (250 to 500 mg 
calcium gluconate daily). Need to wean the 
kittens should be determined by their age and 
the mother's response to therapy; recurrence 
is an indication for weaning. Although some 
authors advocate the use of glucocorticoste
roids in treating postparturient hypocalcemia 
in the queen, these drugs are calciuretic, and 
their value in postparturient hypocalcemia has 
not been documented. 

Hypocalcemia also has been reported in 
pregnant queens 3 to 17 days prior to parturi
tion.53 Clinical signs included rapid onset of 
lethargy and anorexia, and affected queens 
exhibited trembling, muscle fasciculations, de
hydration, weakness, hypothermia, pallor, 
tachypnea, dyspnea, bradycardia, and/ or pan
ting. All affected queens had delivered kittens 
prior to this event. All responded to IV or sub
cutaneous (SC) calcium, and were maintained 
on oral calcium (100 mg/kg per os [PO] twice 
daily) until one month after parturition. All 
queened and lactated normally. 

Lactation Failure 

Lactation failure is poorly understood in the 
queen. Delayed lactation may occur if a cesar-

ean section was performed too early, and low 
milk production may occur due to inadequate 
intake of calories and fat postpartum; or inhibi
tion of milk letdown in the nervous queen may 
play a role. The postpartum queen should be 
encouraged to eat, and tempted, if necessary, 
with high-calorie, canned food. Oxytocin injec
tion or nasal spray may be used to induce 
milk letdown while kittens are held up to the 
nipples of nervous, first-time mother queens. 
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Prevention and Termination of 
• Feline Pregnancy 
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• 
Pet Overpopulation 

In 1988, 5.9 to 9.8 million cats were euthanized 
in animal shelters in the United States, accord
ing to estimates by the American Humane As
sociation's Animal Shelter Reporting Sh1dyY 
These numbers represent 10 to 20 per cent of 
the U.S. cat population. Such magnitude of 
euthanasia is associated with tremendous fis
cal cost to municipal animal shelters and emo
tional cost to persons performing euthm1asias 
of healthy animals. The U.S. cat population is 
projected to increase from about 58 million in 
1990 to 66 to 72 million by the year 2000 (Table 
30-1).3 Practicing veterinarians must promote 
cooperative solutions to the pet overpopula
tion problem, to include sterilization, preven
tion and/ or termination of unwanted preg
nancy, and animal behavioral counseling to 
decrease pet relinquishment. 

Surgical Sterilization of 
the Queen 

Ovariohysterectomy: Early 
Spay/Neuter 

Ovariohysterectomy (OHE) is a surgical 
means of controlling fertility . OHE causes per
manent estrus suppression, prevents · subse
quent ovarian and uterine disease and, if per
formed in the queen younger than 2 years of 
age, confers protection against later mammary 
neoplasia.4 Possible complications of OHE in 
adult female queens include anesthetic compli
cation, infection, and/ or wound dehiscence. 
In a retrospective study of 66 cats undergoing 
OHE, 22 (33 per cent) showed some adverse 
reaction to suture material, including swelling, 

inflammation, abscessation, seromas, edema, 
or dehiscence; there was no association be
tween type of adverse reaction and type of 
suture material (e.g., chromic gut, polydiox
anone, nylon) used.5 Undesirable sequelae of 
OHE in queens are rare, and, in general, are 
limited to increased weight gain associated 
with decreased caloric requirements.6 Occa
sional cases of acquired vaginoureteral fishllae 
with incontinence, or fibrous connective tissue 
colonic stricture with obstipation, both attrib
uted to development of post-OHE adhesions, 
have been reported.7

•
8 Urethral closure pres

sure and urethral sphincter pressure have been 
reported to be the same in spayed and in intact 
female cats.9 Incomplete ovariectomy may re
sult in recurrence of estrual cycling, starting 
as soon as several weeks to as long as several 
years after OHE (see Chapter 29). Ovariohys
terectomy at time of parturition or in lieu of 
cesarean section is discussed in Chapter 26. 

Early spay /neuter means ovariohysterec
tomy or castration of animals at 6 to 14 weeks 
of age instead of at the more conventional 6 
to 9 months of age. Early spay /neuter has been 
investigated as a partial means of alleviating 
the pet overpopulation problem. Owners of 
more than half of the pets adopted from shel
ters do not comply with spay I neuter contracts, 
which leads to repopulation of shelters by 
animals placed. As puppies and kittens are 
more desirable for adoption than are adult ani
mals, there is need to sterilize these animals 
prior to placement, despite their young age. In 
addition, pediatric sterilization of purebred 
pet-quality animals sold by breeders might 
prevent later violation of agreement not to re
produce these animals.6

•
10 

Several anesthetic regimens for early spay I 
neuter in 6- to 14-week-old kittens have been 

447 
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Table 30-1. Projections of Dog and Cat 
Populations (in Millions) at the National 
Level, Based on Three Series of 
Projections for the United States Human 
Population Size, As Presented By the 
Bureau of the Census 

Populations by Year 

1990 1995 2000 

Middle series 
Dogs 55.70 60.55 66.18 
Cats 58.38 63.28 69.00 

Low series 
Dogs 54.83 58.75 63.25 
Cats 57.47 61.41 65.95 

High series 
Dogs 56.70 62.55 69.54 
Cats 59.42 65.37 72.50 

From Nassar R, Mosier J: Projections of pet populations from 
census demographic data. JAm Vet Med Assoc 198:1 157-1159, 
1991, with permission. 

reported safe and effective. These include pre
anesthesia with atropine (0.045 mg/kg sub
cutaneously [SC]) followed by induction and 
maintenance of isoflurane inhalation anesthe
sia via mask.6 Induction of anesthesia with 
midazolam (0.22 mg/kg intramuscularly [IM]) 
and ketamine hydrochloride (11 mg/kg IM) 
followed by intubation or mask isoflurane in
halation anesthesia is reported as an effective 
anesthetic combination for neutering 6- to 14-
week-old female kittens, because of its ease 
of administration and rapid, calm recovery of 
treated animals.11 Food is withheld for 3 to 8 
hours prior to anesthesia. Heat loss before and 
during surgery should be minimized by using 
minimal hair clipping, warm surgical scrub, 
and warm water blankets during surgery 
and recovery. 

A 3- to 4-cm ventral midline skin incision is 
made 1 em caudal to the umbilicus, which is 
followed by extension with scissors and exteri
orization of the urinary bladder.10 Ovarian and 
uterine pedicles are clamped with hemostats 
and ligated with hemoclips or with 2-0 suture 
material after which the uterine body and ova
ries are removed. After examination of the ab
domen for bleeding, the ventral midline fascia 
is closed with a continuous pattern in 3-0 ny
lon, and the abdomen is closed with a continu
ous intradermal pattern using 3-0 nylon.10 Kit
tens are given a small meal within 1 hour of 
standing in order to maintain normal blood 
glucose concentrations. Forty-eight female kit
tens neutered with anesthetic and surgical 
techniques described had negligible morbidity 
(minor incisional swelling in 2) and no mortal-

ity.10•
11 The surgical wound infection rate was 

zero per cent, and antibiotics were not used. 
Care must be taken, when performing early 
spay/ neuter in the cat, to perform thorough 
preoperative examinations, to keep kittens 
warm, to handle delicate pediatric tissues care
fully, and to minimize/ control hemorrhage 
and hypoglycemia. 

Gonadectomy in female cats 7 weeks or 7 
months of age results in final long bone length 
about 10 per cent greater than intact litter
mates, because distal physeal closure is de
layed 5 to 7 months in these animals (Figs. 30-1 
and 30-2).6 In a study of urethral diameter in 
2-year-old queens, those gonadectomized at 7 
weeks of age had smaller prepelvic urethras 
(2.0 :±: 0.3 mm) than did those left intact (3.2 
:±: 0.8 mm).6 Urethral diameter of 2-year-old 
queens gonadectomized at 7 months of age 
was (2.3 :±: 0.9 mm) not different than that of 
animals neutered at 7 weeks (Fig. 30-3).6 Heat 
production, a measure of basal metabolic rate, 
was about 33 per cent higher in the intact 
queens than in cats gonadectomized at 7 weeks 
or 7 months of age.6 These data suggest that 
gonadectomy of female cats at 7 weeks of age 
is not associated with significant physical dif
ferences compared to female cats gonadecto
mized at 7 months of age. Both groups, how
ever, are slightly taller than intact queens, have 
smaller prepelvic urethras, and have lower 
heat production or metabolic rate, and there
fore require about 30% fewer calories than in
tact queens. 6 

Uterine Horn Occlusion/Ligation 

Uterine tube or uterine horn occlusion by elec
trocautery or ligation has been performed via 
laparotomy or laparoscopy in the queen.l2·13 

Laparoscopic examination of the uterus 1 year 
after electrocoagulation occlusion of one uter
ine horn midway along its length revealed an 
enlarged, thin-walled, fluid-filled uterine seg
ment cranial to the midcornus occlusion siteY 
Laparoscopic uterine horn occlusion is re
ported to be a rapid, safe, and effective proce
dure, but it does not prevent estrual cycling, or 
pyometra, nor does it offer protection against 
mammary cancer as does OHE of the young 
queen. 

Estrus Suppression 

Progestogens 

Estrus suppression in the queen traditionally 
has been accomplished medically with proges-
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Figure 30-1. Mean age at time of proximal and distal radia l physeal closure in male and female cats gonadectomized at 7 
weeks of age (G roup I) or 7 months of age (Group II) or left intact (G roup Il l). (From Root MY: The effect of prepuberal and 
postpuberal gonadectomy on the general hea lth and development of obesity in the male and female domestic cat. PhD Thesis, 
University of Minnesota, 1995, p 57, with permission.) 

I I I I I I 
Figure 30-2. Lateral radiographic view of the right forelimb of three 1 1-mon th-old feline litter sisters. G roup I (gonadectomy at 7 
weeks of age) and Group II (gonadectomy at 7 months of age) animals show closed proximal radial physes and open distal 
radia l physes. Group Ill (intact) animals show closure of both rad ial physes. I From Root MY: The effect of prepuberal and postpuberal 
gonadectomy on the general health and development of obesity in the mole and fema le domesti c ca t. PhD Thesis, University of 
Minnesota, 1995, p 60, w ith permission.) 
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togens or synthetic androgens. Megestrol ace
tate* is effective at a dose of 5 mg by mouth 
once daily for 5 days and then once weekly.14-17 

Medroxyprogesterone acetatet is reported ef
fective at a dose of 25 to 100 mg IM every 6 
to 12 months as required to suppress heat.18 

Although the queen does not appear as suscep
tible as the bitch to pyometra after progestin 
therapy, undesirable side effects associated 
with use of these drugs include cystic endo
metrial hyperplasia, mammary hypertrophy, 
mammary neoplasia, and diabetes mellitus.19-22 

Hyperglycemia, glucosuria, polydipsia, and 
polyuria may occur within 1 to 2 weeks after 
onset of megestrol acetate therapy.23 Blood 
sugar in affected animals usually returns to 
normal following insulin administration and 
cessation of megestrol acetate treatment. Two 
weeks of therapy with megestrol acetate (5 mg 
per os [PO] once daily) caused significant sup
pression of plasma adrenocorticotropic hor
mone (ACTH) concentrations and elevation in 
plasma insulin concentrations during treat
ment and for 2 to 4 weeks following treat
ment.24 Progestogens, though effective for es
trus suppression, are not Food and Drug 
Administration (FDA)-approved for estrus 
suppression in the queen, and are not recom
mended by the authors because of their unde
sirable side effects. If used for estrus suppres
sion, the progestogen of choice is megestrol 
acetate by mouth because its half-life is shorter 
than that of medroxyprogesterone acetate. 

Androgens 

Mibolerone+ is a synthetic androgen that has 
been used for long-term estrus suppression in 

* Ovaban; Schering-Plough Corporation, Kenilworth, NJ. 
t Depo-Provera; Upjolm Company, Kalamazoo, MI. 
:f: Cheque; Upjolm Company, Kalamazoo, MI. 

Figure 30-3. Mean diameters of the prepelvic 
urethra in 24-monlh-old female cols gonadeclo· 
mized ol 7 weeks of age (Group 1), 7 months 
of age (Group II), or left inlacl (Group Ill). (From 
Roof MV: The effect of prepuberal and poslpu
berol gonadectomy on the general health and 
development of obesity in the mole and female 
domestic col. PhD Thesis, Un iversity of Minne
sota , 1995, p 79, wi th permission.) 

queens at a dose of 50 }1-g (0.5 ml) by mouth 
once daily. 25 Mibolerone is associated with un
desirable side effects that include clitoral hy
pertrophy (two- to threefold increase in size), 
thickening of the cervical dermis, and urine 
spraying behavior with tomcat-scented urine. 

Induction of Ovulation 

Induction of ovulation by mechanical stimula
tion of the vagina using a teaser tom or glass 
rod, or by pharmacologic stimulation with 250 
IU human chorionic gonadotropin (hCG)§ IM, 
which has luteinizing hormone-like action, 
or 25 }1-g gonadotropin-releasing hormone 
(GnRH)II IM, which causes endogenous lutein
izing hormone release (see Chapter 23), may 
prevent normal return to estrous behavior by 
inducing a 45-day luteal phase (pseudopreg
nancy). It will not, however, shorten behav
ioral estrus for that season. Repeated pseudo
pregnancy induction may predispose the 
queen to pyometra. 26·27 

Pregnancy Termination 

Mismate Injection 

Administration of parenteral estrogen (2 mg 
repositol diethylstilbestrol [DES] IM, or 0.25 
mg estradiol cypionate [ECP] IM) 2 to 3 days 
after coitus has been reported effective at pre
venting pregnancy in the queen.28 Mechanism 
of action is reported as retardation of tubal 
transport of the fertilized egg.28 These products 
extend behavioral estrus in the queen, how
ever, and they may have other undesirable 
or dangerous side effects; therefore, estrogen 

§ Chorulon; Intervet Incorporated, Millsborough, DE. 
1/ Cystorelin; Sanofi Animal Health, Overland Park, KS. 
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mismate injections are not recommended in 
the cat. 

Induction of Abortion 

Abortion may be induced in cats with natural 
prostaglan9-in F2,_,~ (PGF2,_,). Doses of 0.5 or 1.0 
mg/kg SC given twice, 24 hours apart after 
day 40 of pregnancy, or five daily IM injections 
of 2 mg per cat after day 33 of pregnancy, have 
been reported to result in complete abortion 
within 1 to 6 days of the first injection.29

•
30 At 

the 2-mg dose, side effects started 10 minutes 
after injection, and lasted for about an hour. 
Side effects included prostration, nausea, vom
iting, diarrhea, and listlessness, which contin
ued for up to 3 hours.30 Plasma progesterone 
concentrations declined to concentrations less 
than 1 ng/ml within 24 hours of the first injec
tion. Plasma progesterone concentrations may 
be monitored to evaluate effectiveness of treat
ment. The authors do not recommend this 
treatment, because of the severity of side ef
fects. 

In the pseudopregnant queen, neither PGFz,_, 
(220 to 440 /Lg/kg SC twice daily on days 11 
to 15 or 21 to 25 postcoitum or 0.5 to 5.0 mg/ 
kg SC on days 4 and 5 or 12 and 13) nor an 
ester-containing synthetic prostaglandin ana
logue (TPT-methyl ester) (20 /Lg/kg on day 
11 or 21 postcoitus) was reported effective in 
inducing luteolysis and plasma progesterone 
decline. 31

•
32 

Induced abortion also has been reported in 
queens treated with the antiprolactin drug ca
bergoline, available in Europe.30 When admin
istered SC at 1.65 /Lg/kg divided twice daily 
for 5 days to five queens starting 30 days after 
mating, cabergoline induced abortion in four 
of the five. Queens aborted 7 to 10 days after 
the start of treatment with no adverse side 
effects or adverse sequelae. The single treat
ment failure cat showed only transient plasma 
progesterone decline after the start of cabergo
line treatment. In another study, cabergoline 
administered orally at 5 to 15 /Lg/kg/ d for 5 
days to 34 pregnant queens starting 25 to 48 
days from mating resulted in complete abor
tion in all queens at 34 to 53 days gestation.33 

Induced abortion also has been reported in 
two queens given feline ovarian antiserum on 
days 36 to 40 or 49 to 51 of gestation; these 
queens did carry some of the litter to term and 
to normal delivery.34 

'li Lutalyse; Upjol~ Company, Kalamazoo, MI. 
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Disorders of the Feline Ovaries 

Anomalies and 
Congenital Abnormalities 

Anomalies of the feline ovary include unilat
eral agenesis, gonadal dysgenesis, true her
maphroditism (presence of an ovotestis), and 
presence of three ovaries (supernumerary I ac
cessory ovary).1- 4 Absence of an ovary, and 
often of the ipsilateral uterine horn as well, is 
encountered occasionally. In one report, the 
right ovary, right uterine tube, right uterine 
horn, right half of the body of the uterus, and 
the broad and round ligaments on the right 
side were absent in a queen with unilateral 
vascular anomalies; the left uterine horn and 
ovary were normal in appearance and location, 
and the left uterine horn contained three em
bryos.4 Left ovarian aplasia was reported in an 
1 H:-year-old Siamese queen with a tendosyn
ovial sarcoma of the right ovary.5 

Ovarian dysgenesis refers to underdevelop
ment of the ovary; it may refer to ovarian hypo
plasia or to hermaphroditic and streak gonads, 
which consist of a thin, white ridge of tissue in 
place of the normal ovaries.2 In the cat, gonadal 
dysgenesis usually is associated with an abnor
mal sex chromosome complement, such as XO 
monosomy or mosaicism.6 Bilateral ovarian 
dysgenesis was reported in a 2~-year-old Bur
mese cat with primary anestrus and a 37,XO 
chromosome complement (Fig. 31-1).7 The 
ovaries and uterus were small (Fig. 31-2), and 
ovarian histology consisted of fibroblastic stro
mal elements and large aggregates of hyper
trophied interstitial cells; follicles or corpora 
lutea were not observed (Fig. 31-3). No so
matic abnormalities were present in the cat. 
Other 37,XO cats have been described with 
coarctation of the aorta and with spina bifida, 
and in one report where evaluation other than 

karyotype was not included. s-Jo These were kit
tens that died or were euthanized by 3 days 
of age, and gonadal histology was not re
ported. The XO female is an example of an 
abnormality of sexual differentiation due to 
numerical abnormality of the sex chromo
somes. In one report of the presence of fused 
placentae between two adjacent feline em
bryos of different sexes, the author suggested 
that female sterility might therefore occur in 
this species as it does in the bovine freemartin; 
gonadal histology of the kittens was not, how
ever, presented.11 

Unilateral ovarian dysgenesis was observed 
in two unrelated, pregnant, stray, domestic 
shorthair cats presented to the veterinary clinic 
of an animal shelter for ovariohysterectomy 
(0HE).12 Both cats were estimated to be less 
than 6 years of age. Cat 1 was orange-white 
with some tabby spots at the base of the tail; 
at OHE a uterus was removed that contained 
four fetuses, two in each horn. The average 
crown-rump length of the fetuses was 50 mm, 
corresponding to a stage of pregnancy of less 
than 38 daysY The right ovary was normal 
size, and corpora lutea were visible on the sur
face. The left ovary appeared to be a hypoplas
tic, 1-mm-diameter nodule which, histologi
cally, consisted of a network of small sex cords 
embedded in connective tissue, and lacking 
ovarian structures. Karyotype of lymphocytes 
revealed a 37,XO chromosome complement; 
karyotype of cultured fibroblasts from cat 1 
revealed two cell lines, the major line contain
ing 37,XO chromosomes, and the minor line 
containing 39,XXX chromosomes. Cat 2 was 
tabby and white; at OHE a uterus was removed 
that contained five fetuses, two in each horn 
and one in the uterine body. The average 
crown-rump length of the fetuses was 90 mm, 

453 
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Figure 31-1. G-bonded karyotype and chromosome spread of 37,XO co t, il lustrating the characteristic bonding pattern of the X 
chromosome of the domestic cot Iarrow). !From j ohnston SD, Buoen LC , Modi JE , et al: X-Chromosome monosomy [37,XO] in o 
Burmese co t with gonadal dysgenesis. JAm Vet Med Assoc 182:986-989, 1983, with permission.) 

corresponding to a stage of pregnancy of about 
47 daysY The left ovary was normal size, and 
corpora lutea were visible on the surface. The 
right ovary appeared to be a hypoplastic, 2 X 
1-mm nodule which, histologically, consisted 
of ovarian tissue with several small antral and 

Figure. 31-2. Gross appearance of the uterus and ovaries of 
a 37,XO Burmese ca t described in Figure 3 1-1 . 

preantral follicles, predominantly containing 
two oocytes of different sizes. No large folli
cles, corpora lutea, or luteinized interstitial tis
sue were observed, but remnants of atretic fol
licles, which often contained hyalinized zonae 
pellucidae, were present. Karyotype of lym
phocytes revealed two cell lines: the major one 
had a normal38,XX chromosome complement, 
and the minor one had a 37,XO chromosome 
complement; karyotype of cultured fibroblasts 
from cat 2 revealed the normal, 38,XX comple
ment. Three of the fetuses from cat 2 were 
karyotyped, and were normal (38,XX or 
38,XY); one of the five fetuses showed pala
toschisis, and the other four were grossly nor
mal, including grossly normal gonadsY 

True hermaphroditism requires presence of 
both ovarian and testicular tissue in the same 
individual; these tissues may be present in a 
single ovotestis or in two separate gonads 
within the same animal. In other species, 
ovotestes have been detected in phenotypic 
female individuals with XX/XY, XO/XY, or 
XXY sex chromosome complements.14 True 
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Figure 31-3. Histolog ic appearances of the ovary of o 37,XO cat (A) consisting of fibroblastic stromal elements and an absence 
of foll icles or corpora lu tea; and of the ovary of o normal queen (B). showing primordial fo llicular aggregates and in tersti tial cells. 
Hematoxylin and eosin stain ; 125x. (From Johnston SD, Buoen LC, Modi JE , et al: X-Chromosome monosomy [37,XO] in a 
Burmese cot wi th gonada l dysgenesis. JAm Vet Med Assoc 182:986-989, 1983, with permission.) 

hermaphroditism is rare in cats, and has not 
been reported in phenotypic females where 
both gonad histology and chromosome com
plement are known. True hermaphroditism 
has been reported in cats that are phenotypi
cally male, where both gonad histology and 
chromosome complement are known, sug
gesting that presence of testicular tissue in 
the embryo induces development of (male 
phenotype) secondary sexual characteristics, 
regardless of presence of ovarian tissue or 
karyotype. Ovotestes were reported in two 
phenotypic male calico-tortoise-shell cats 
with 38,XX/38,XY or 38,XX/57,XXY karyo
types.15 Presence of a left testis outside the 
body cavity and a right abdominal ovotestis 
was reported in a dissected laboratory cat in 
which secondary sexual characteristics were 
not reported.16 Another author reported re
moving a scrotal testis from a phenotypic male 

and later finding a rudimentary uterus, two 
normal uterine horns, and ovaries at explor
atory laparotomy; histologic examination was 
not reported, and karyotype was unknown.17 

Sheppard reported having seen one hermaph
rodite cat-a Siamese-in over 20,000 cases, 
but did not report gonadal histology. 18 Pres
ence of a cryptorchid testis was reported to 
the left of the vulva of a phenotypic female 
calico cat that had undergone routine OHE 6 
weeks earlier.19 The cat had a 38,)CX/57,XXY 
karyotype; the testis contained tubules lined 
by Sertoli cells with a few spermatogonia but 
no evidence of spermatogenesis. Presence of 
bilateral ovotestes was reported in a 4-year
old American shorthair cat examined for in
continence; on physical examination the cat 
had a normal penis but no scrotal testicles. The 
cat also had a thin-walled uterus that termi
nated at the urethra and acted as a urine reser-
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voir; hysterectomy resulted in cessation of 
signs of incontinence. 

Pseudohermaphroditism, or presence of 
phenotypic sex opposite that of gonadal sex, 
also is rare in the cat. Presence of abdominal 
testes was reported at the tip of the uterine 
horns of a 1-year-old phenotypic female blue 
tabby (male pseudohermaphroditism).20 The 
testes contained seminiferous tubules lined 
with Sertoli cells; no spermatogonia were seen. 
The authors examined 400 cells from the oral 
mucosa looking for Barr bodies (sex chroma
tin) and found none, suggesting that the cat 
was not a normal XX female. A 4-month-old 
kitten presenting with routine OHE at Angell 
Memorial Hospital was similarly found to 
have abdominal testes and an underdevel
oped uterus. 

Testicular feminization was reported in a 
6-month-old orange tabby cat with a normal 
female phenotype (vulva and clitoris), 38,XY 
chromosome complement, abdominal testes 
but no uterus, uterine tubes, epididymides or 
vasa deferentia, and absence of androgen re
ceptors in cultured fibroblasts from genital 
skin.21 Findings in this cat are identical to those 
in humans with testicular feminization, who 
are XY males with bilateral testes and normal 
testosterone production, but who develop as 
phenotypic females because the androgen re
ceptor is nonfunctional. Testes, found in the 
abdomen, the inguinal canal, or in the labia 
majora, have the histologic appearance of un
descended testes. Mullerian duct derivatives 
(the female tubular reproductive tract) are ab
sent. In humans, testicular feminization is in
herited as an X-linked trait, attributed to a mu
tation that blocks the function of the cytosolic 
androgen receptor. 

Female pseudohermaphroditism has not 
been confirmed in the cat and is rare in other 
species in the absence of virilizing drugs or 
hormones given to the mother during preg
nancy. 

The single report of a supernumerary (left) 
ovary in a cat described three ovaries found 
during routine OHE.1 The two left ovaries were 
about 1 em apart, and were individually 
smaller than the single right ovary, but their 
total mass was greater than that of the right 
ovary. Absence of ovarian histology in this 
report, and the documentation of paraovarian 
nodules (described in the section that follows) 
call this report into question. There is one re
port that documents presence of a granulosa 
cell tumor at the upper end of the left uterine 
horn in a 5-year-old Siamese queen.22 Right 

and left ovaries in this cat appeared normal, 
and the tumor was not connected with the left 
ovary, suggesting the possibility of the tumor 
arising in a supernumerary ovary. The not un
common observation of "ovarian remnants" 
that cause reproductive cycling in spayed 
female cats from which two ovaries were 
thought to have been removed may represent, 
in some queens, presence of a supernumerary 
ovary, or else presence of a normal mass of 
ovarian tissue which, embryonically, develops 
into two lobes or two separate structures. 

Diagnosis of ovarian anomalies is based on 
history of primary anestrus (ovarian agenesis 
or dysgenesis) on careful gross evaluation of 
internal and external genital organs, on histo
logic examination of the ovary, and on karyo
type of affected queens (see Chapter 10 for 
karyotype procedure). 

Ectopic Adrenocortical 
Paraovarian Nodules 

Ectopic adrenal gland nodules have been rec
ognized in many species. In the cat, they occur 
in the broad ligament of the ovary, within 1 
to 4 em of the ovary, as single, unilateral nod
ules, as bilateral nodules, or as two nodules 
on a single side.22 A survey of 499 female cats 
undergoing routine OHE revealed 11 (2.2 per 
cent) with paraovarian adrenocortical nod
ules.23 These nodules ranged in size from 2 
to 5 mm in diameter, and were smooth, well 
delineated, firm, and gold to tan. Paraovarian 
adrenocortical nodules are presumed to be 
islands from the adrenocortical anlagen that 
migrate abnormally, embryologically, with 
genital tissue from the urogenital ridge to the 
location of the ovary. They are reported to be 
of no clinical significance in the cat.23 

Ovarian Cysts 

Ovarian cysts have been reported to be com
mon in the cat, and their frequency is reported 
to increase with age; follicular cysts that arise 
from mature or atretic follicles are reported to 
be the most common type.2·24-27 Their cause in 
spontaneous disease is unknown, but they can 
be produced experimentally in immature cats 
treated with pregnant mare serum gonadotro
pin.28 Affected queens may be asymptomatic 
or may exhibit prolonged estrus if cells lining 
the cyst secrete estrogen.24 Prolonged estrus 
may be hard to distinguish from normal estrus, 



because the normal queen may cycle in and out 
of the follicular phase as frequently as every 4 
to 7 days. In the authors' experience, some 
owners describe a complaint of prolonged es
trus in a cat that is demonstrated to be cycling 
normally when serial vaginal cytology speci
mens and hormone levels are examined care
fully. 

Figure 31-4 depicts bilateral ovarian cysts 
in an 8-year-old Birman cat presented for infer
tility associated with (prolonged) estrus of 6 
weeks' duration. The queen had had two nor
mal litters more than 3 years earlier, and had 
been bred four times without conceiving; on 
physical examination she had a cornified vagi
nal smear, and two abdominal masses, deter
mined to be septate and fluid filled on abdomi
nal ultrasonography. Administration of 500 IU 
human chorionic gonadotropin (hCG) intra
muscularly (IM) did not result in luteinization 
of these structures, as determined by subse
quent vaginal cytology, serum progesterone 
concentrations, and ultrasound. Surgical resec
tion of the cysts was performed, sparing both 
ovaries, which resulted in the queen going out 
of estrus and exhibiting a noncornified vaginal 
cytology smear by 2 weeks postoperatively. 
Cyst fluid contained more than 6000 pg/ ml 
estradiol, and no detectable progesterone or 
testosterone. The cat subsequently conceived 
and delivered a normal litter of kittens. 

Figure 31-5 depicts a unilateral ovarian cyst 
in an asymptomatic domestic shorthair cat 
presenting for routine OHE. A large ovarian 
cyst containing more than 1400 ml dark fluid 
was reported in a 17-year-old female cat with 
abdominal distention, a left ovarian remnant 

Figure 31-4. Gross appearance of bi lateral, functional ovarian 
cysts in an B·year·old Bi rman queen w ith prolonged estrus and 
infertility. Surg ica l resection of the cysts, sporing the ovaries, 
resulted in resolution of cl inical signs. The cyst fluid conta ined 
more than 6000 pg/ml estradiol. The queen later became 
pregnant and delivered a normal li~er . 
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after previous OHE, and multiple scirrhous 
adenocarcinomas on the omentum. 26 

A subset of feline ovarian cysts are those 
that arise from the rete ovarii, a convoluted 
system of cell cords and tubes which, at birth, 
occupies most of the ovarian medulla and ex
tends into the periovarian tissue. Granulosa 
cells may develop, in part, from cells of the 
rete ovarii. Grossly visible cysts of the feline 
rete ovarii have been reported in 20 cats rang
ing in age from 7 months to 13 years (x = 6.7 
years, n = 13; age unknown in 7).25 There was 
no common reproductive history among the 
cats examined; 19 were domestic shorthairs 
and one was a Siamese. Cysts were visible 
grossly, ranged from 1 to 2.5 em in diameter, 
and were unilateral in 16 cats and bilateral 
in four. 25 Histologically, the cyst lining varied 
from single to several layers of cuboidal (n = 
12) to ciliated columnar (n = 8) epithelium. 
The significance of these cysts, or their rela
tionship to functional follicular cysts, is un
known. 

Ovarian cysts are diagnosed histologically; 
observation of signs of estrus, a cornified vagi
nal smear, elevated plasma estradiol concen
trations, and presence of an abdominal mass 
are contributory diagnostic findings if cysts are 
of follicular origin and are functional. Real
time ultrasonography also is indicated, if avail
able, to image large cysts. Differential diag
noses are normal cycling behavior and a 
functional granulosa cell tumor of the ovary. 
Treatment options include attempts to induce 
ovulation and follicular luteinization (500 IU 
hCG or 25 }Lg gonadotropin-releasing hor
mone [GnRH] IM), surgical resection of the 
cysts if medical treatment is unsuccessful, and 
ovariectomy if future reproduction is not de
sired. 

The Ovarian 
Remnant Syndrome 

The ovarian remnant syndrome describes 
presence of ovarian tissue and signs of estrus 
in a female cat after OHE.29

-
31 The cause may 

be failure to remove all of a normal ovary at 
OHE or presence of a partial or complete sepa
ration of a portion of normal ovary during 
development (the fragment may be located 
near the ovary or in the broad ligament) that 
is not detected at OHE.24.3° Rarely, presence of 
a supernwnerary ovary may be considered as 
the cause of estrus signs after bilateral OHE. 
Excision of the ovarian cortex from its vascular 
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supply and subsequent suturing of the cortex 
to the lateral abdominal wall in experimental 
cats resulted in signs of estrus 4 months after 
the surgery, suggesting that ovarian tissue 
may be active even after ligation of the ovarian 
artery.29 Ovarian hypertrophy occurs follow
ing unilateral or partial ovariectomy in cats.24

•
32 

Affected queens demonstrate normal signs 
of estrus, and may allow copulation, but do not 
become pregnant if bred. The estrous cycles 
usually show normal periodicity, but there 
may be a delay of months to years after OHE 
was performed before the estrous cycles ap
pear.31 In 11 cats described in one report, the 
mean age at time of diagnosis was 3 years, 
with a range of 1 to 10 years. 31 The time interval 
from OHE to return to estrus was 17 days to 
9 years (mean = 2 years, n = 6). In nine of the 
cats, the interval from recurrence of estrous 
cycles to time of veterinary diagnosis ranged 
from 4 days to 2.5 years. Vaginal cytology was 
consistent with estrus in six of eight of the cats, 
and mean serum estradiol concentration in 
seven cats at time of behavioral estrus (11.5 
to 43 pg/ml) was not as contributory as the 
cornified vaginal cytology specimens in mak
ing a diagnosis. Serum estradiol concentra
tions exceeding 20 pg/ml are reported present 
in the follicular phase of the estrous cycle of 
normal queens.33 In four affected cats, stimu
lation of ovulation and luteinization (using 
25 p..g GnRH IM during behavioral estrus) fol
lowed by measurement of serum progesterone 
concentration 2 to 3 weeks later resulted in 
serum progesterone concentrations of 3.3 to 
39.8 ng/ml. Poststimulation serum progester
one concentrations exceeding 2 ng/ml 
strongly support presence of ovarian luteal 
tissue. 

Diagnosis is based on confirmation of estrus 
(using observation of mating behavior and 

Figure 31-5. Gross appearance of on ovarian cyst 
in on asymptomatic domestic shorthoir col pre· 
sented for routine O HE. 

vaginal cornification), and on detection of se
rum progesterone concentrations exceeding 
2 ng/ml2 to 3 weeks after induction of ovula
tion at estrus in a neutered cat. 

Treatment is exploratory laparotomy and 
examination of both ovarian pedicles for re
tained or accessory ovarian tissue. Exploratory 
surgery is recommended within 3 to 6 weeks 
of induction of ovulation, at which time pres
ence of corpora lutea in a "grape cluster" ap
pearance on the surface of the ovarian remnant 
may make small remnants easier to identify 
(Fig. 31-6).33 Eleven of 11 cats explored for 
ovarian remnants in one study had remnants 
at the ovarian pedicle. The ovarian remnants 
were bilateral in three cats, and unilateral rem
nants were located at the right ovarian pedicle 
in three of the four cases in which the surgeon 
recorded the affected side. One remnant was 

Figure 31-6. Gross appearance of an ovarian remnant w ith 
corpora lutea removed from a 1-year·old Siamese col showing 
estrous behavior 1 week fol lowing ovariohysterectomy. (From 
johnston SD, Root MV, Olson PNS: Ovarian and testicular 
function in the domestic col: C linical management of sponlane· 
ous reproductive disease. Anim Reprod Sci 42:26 1-27 4, 
1996, wi th permission. ) 



found in the omental fat near the ovarian pedi
cle. One cat had histopathologic evidence of a 
granulosa cell htmor in excised ovarian rem
mint tissue. 

Ovarian Neoplasia 

The incidence of primary ovarian neoplasia in 
the cat is low. Surveys of 328, 571, and 254 
feline neoplasms revealed the presence of 0.4, 
0.3, and 0.2 per cent ovarian tumors, respec
tively.34-36 Occurrence and behavior of ovarian 
tumors are influenced by the tissue of origin 
within the ovary (Table 31-1).37 The granulosa 
cell tumor of sex cord-stromal origin is the most 
common primary ovarian tumor in the cat. 

Most feline ovarian tumors, regardless of 
histologic type, are associated with a palpable 
mass in the cranial or midabdomen. Abdomi
nal and thoracic radiographs and abdominal 
ultrasonography are indicated in all cases to 
assess tumor size and location, and evidence, if 
any, of the presence of metastases. Metastases 
occur by extension to abdominal surfaces or by 
lymphatic/hematogenous spread to regional 
lymph nodes and the thoracic cavity. A vaginal 
cytology specimen should be examined for 
cornification as evidence of estrogen secretion 
in suspect queens. Measurements of serum es
trogen, testosterone, and progesterone are of 
interest if functional tumors are suspected 
based on clinical signs of prolonged estrus, 
virilization, or pyometra. Evaluation of the 
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hemogram and serum chemistry profile is in
dicated prior to exploratory surgery. 

Epithelial Origin Feline 
Ovarian Tumors 
ADENOMA/CYST ADENOMA 

A cystadenoma described in a 9-year-old cat 
occurred with a lipoma (from neoplastic trans
formation of luteinized stromal cells of the 
ovarian cortex); clinical signs included persis
tent estrus, virilization, and cystic endometrial 
hyperplasia. 2•

36·38 

ADENOCARCINOMA 

A bilateral ovarian adenocarcinoma with spin
dle cell transformation was reported in a 5-
year-old cat with a palpable abdominal mass, 
ascites, and hair loss; metastases were present 
throughout the pelvis and in the peritoneum, 
liver, and lungs. The endometrium was histo
logically normaP8 

Germ Cell Origin Feline 
Ovarian Tumors 
DYSGERMINOMA 

Dysgerminomas are malignant tumors arising 
from undifferentiated germ cells of the ovary; 
they are comparable to the seminoma of the 
male.2

•
36·39-42 Dysgerminomas constitute about 

20 per cent of feline ovarian tumors. These 

• Table 31-1. Ovarian Tumor Types Reported in the Queen 

Tumor Type 

Epithelial origin 
Adenoma 
Cystadenoma 
Adenocarcinoma 

Germ cell origin 
Dysgerminoma 
Teratoma 

Sex cord origin 
Granulosa cell tumor 

Interstitial cell tumor 
Androblastoma/ 

Sertoli cell tumor 
Mesenchymal origin 

Leiomyoma 
Metastatic origin 

Uterine 
adenocarcinoma 

Number 
Reported 

1 
2 
2 

13 
3 

20 

6 
4 

Metastasis 
(Y/N)* 

y 

y 
N 

y 

N 
N 

(Y) 

Functional 
(Y /N)* References 

Nielsen36 

Y McEntee' and Norris et al.38 

Nielsen36 and Norris et al.38 

Y McEntee,' Nielsen,36 Norris et al.,38 

Andrews et al ,39 Dehner et al.,'10 Gruys 
et al.,'11 and Sbernardori and Nava'" 

Y Arnbjerg," Nielsen,"' Norris et al.,38 

Baker,"' Gelberg and McEntee,'16 and 
Fukushima and Konishi'18 

Y Norris et aL'8 and Gelberg and McEntee''" 
McEntee' and Hofman et al.'19 

McEntee' 

Nielsen36 

*Presence (Y) or absence (N) of metastasis or steroid-induced clinical signs has been reported. 
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tumors usually are slow-growing and unilat
eral, and range in diameter from 2 to 30 em; 
grossly they appear as nodular masses with 
bulging, tan cut surfaces with hemorrhage and 
necrosis. 40 Dysgerminomas generally occur in 
cats over 6 years of age, although bilateral 
dysgerminomas weighing 40 g each were re
ported in a 1-year-old shorthaired cat pre
sented for routine OHE.39 Ages of six queens 
with dysgerminomas from a series of 22 feline 
ovarian neoplasms were 1, 2, 5 (two animals), 
7, and 18 years.2 Metastasis by extension to 
adjacent omenhun was reported in a 7-year
old affected Siamese queen with signs of mas
culinization and in a 2-year-old cat from which 
the ovaries, the tumor, and the uterus had been 
removed at an earlier OHE.2A0 

TERATOMA (DERMOID CYSTS) 

Teratomas are germ cell tumors that show so
matic differentiation beyond the primordial 
germ cell stage into masses with three germ 
layers (ectoderm, mesoderm, entoderm) (Fig. 
31-7).38·41 They have been called dermoid cysts, 
because the masses typically include cysts 
lined by hair and keratinized squamous epi
thelium; they often contain sebaceous fluid, 
sweat glands, cartilage, fat, muscle fiber, bone, 
nervous tissue, connective tissue, teeth, and 
glandular epithelimn. Feline teratomas have 
been described ranging form a 1.5-cm benign 
cystic teratoma to a 1000-g unilateral solid 
ovarian teratoma.2 Teratomas have been re
ported in cats from 2 to 6 years of age.3M1A3 In 
one case, a solid teratoma was present with a 
unilateral dysgerminoma. In another, an extra
gonadal teratoma was present between the ad
renal glands in a domestic shorthaired cat from 
which a dysgerminoma had been removed 3 

Figure 31-7. Gross appearance of a teratoma in a feline ovary. 

Figure 31-8. Gross appearance of a unilateral granulosa cell 
tumor in the righ t ovary of a 4-year-old domestic longhair cat 
presenting for OHE because of hemorrhag ic vu lvar discharge 
and strain ing. 

months earlier; metastases of the dysgermi
noma were present in abdominal and thoracic 
lymph nodes, lung, liver, adrenals, and kid
neys at the time the teratoma was removed. 
Human teratomas have been described in me
tastases of dysgerminomas.41 A 2-year-old do
mestic shorthaired cat died suddenly of intra
abdominal hemorrhage from rupture of blood 
vessels associated with a 1.5-cm-diameter ter
atoma.40 

Sex Cord Stromal Origin Feline 
Ovarian Tumors 
GRANULOSA CELL TUMOR 

The granulosa cell hunor arises from ovarian 
sex cords; it is the most common primary ovar
ian tumor in the cat.2

•
22

•
36

•
3M 4-48 Granulosa cell 

tumors in female cats (Fig. 31-8) usually are 
functional, producting signs of prolonged es
trus or cystic endometrial hyperplasia, and oc
cur in cats between 3 and 16 years of 
age.2•22A4A5A7 Reported clinical signs include ab
dominal enlargement due to a palpable mass, 
ascites, vomiting, and alopecia. Tumor size 
may reach 5 X 5 X 5 em. Metastases to regional 
lymph nodes, omentum, liver, spleen, kidneys 
and/ or lungs were reported in six of eight 
cases.22•38·44A5 One bilateral and one extraovarian 
granulosa cell tumor (located at the upper end 
of the left uterine horn with no connection to 
the left ovary) have been reported in the cat.22•

38 

Some granulosa cell tumors produce estrogen, 
progesterone, or both. These tumors therefore 
may occur with paraneoplastic syndromes of 
prolonged estrus (vulvar swelling, occasional 
sanguineous vulvar discharge, attraction of 



males), estrogen-induced aplastic pancytope
nia, and/ or progesterone-induced endometrial 
hyperplasia and pyometra. In a review of nine 
cats with granulosa cell hnnors, at least four 
were reported to have signs of abnormal estrus, 
and four of the tumors had metastasized.46 

INTERSTITIAL CELL TUMOR 

Six cases of interstitial cell ovarian tumors have 
been reported in the queen. 38

,4
6 The tumors con

sisted of solid, orange-yellow to brown masses 
of tissue up to 5.1 X 3.6 em. One of these 
occurred in a 9-year-old cat with prolonged 
estrus.38 

ANDROBLASTOMA/SERTOLI CELL TUMOR 

Ovarian tumors arising from sex cord stroma 
that demonstrate a histologic pattern similar 
to that of Sertoli cell tumors of the testes have 
been reported in four female cats.2A9 One 
occurred in the right ovary of a 6-year-old 
domestic shorthaired queen with cystic en
dometrial hyperplasia; metastases were not 
reported.49 Three of these cases also were 
described as granulosa cell tumors with inter
stitial gland transformation.2 

Excision biopsy is the treatment of choice 
with all ovarian hunors of the queen. Complete 
OHE is recommended, because occasional tu
mors occur bilaterally, occasional extension to 
the uterus may occur, and cystic endometrial 
hyperplasia leading to pyometra may be pres
ent. Care should be taken not to rupture fluid
filled cysts in the tumor, as abdominal implan
tation of tumor cells from such fluid may 
occur. Prognosis is good if metastasis has not 
occurred and poor if it has. 
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• C h a p t e r 32 

• 
Disorders of the Feline Uterus ond Uterine 

• Tubes (Oviducts) 

• 
• 
Congenital Anomalies 

Uterine and uterine tube anomalies that have 
been described in the cat include segmental 
aplasia (uterus unicornis, segmental aplasia of 
the uterine horn, aplasia of the caudal uterine 
body and/ or cervix), uterine hypoplasia, par
tial fusion of the uterine horns, and duplication 
of a uterine horn.1

-
8 Uterus unicornis was re

ported in 21 cases from approximately 2.1,000 
admissions.8 In all cases, one ovary, uterine 
tube, and uterine horn were normal, and the 
others were absent except for a thread-like 
remnant of the uterine horn; right and left 
horns were affected equally.8 Uterus unicornis 
and unilateral renal agenesis were reported in 
a 7-month-old female domestic shorthair cat 
with two normal ovaries.7 Three embryos were 
found in the left uterine horn of the cadaver 
of an adult queen during routine laboratory 
dissection; the right ovary, uterine tube, uter
ine horn, right half of the body of the uterus, 
right broad and round ligaments, right kidney, 
and right ureter were absent, and the right half 
of the vesicular trigone was undeveloped.9 The 
right renal, ovarian, and uterine arteries and 
veins also were absent. The ipsilateral kidney 
often is absent in unilateral uterine agenesis 
in the cat.2.7·9 This condition is diagnosed as an 
incidental finding at ovariohysterectomy 
(OHE) or necropsy. 

Segmental aplasia of part of one uterine horn 
or of the uterine body and cervix has been 
reported in the cat; signs include failure to 
conceive when bred or abdominal distention 
with a fluid-filled uterus (Fig. 32-1).3

•
5 Surgical 

correction of these defects has not been de
scribed in this species; usual treatment is OHE. 

Bloom reported myometrial fusion of uter
ine horns that began at the bifurcation and 
extended cranially for several centimeters.1 

Uterine hypoplasia was present in a 37,XO 
Burmese cat and also in a 1-year-old cat with 
primary anestrus and rudimentary ovaries 
that was not karyotyped.6•

10 

Congenital cysts of the mesosalpinx that 
arise from mesonephric duct remnants (wolf
fian rests) were reported in five cats ranging 
from 1 to 15 years of age.11 These are simple 
tubular structures lined by low columnar to 
cuboidal cells, encountered incidently at ovar
iohysterectomy. Although these remnants may 
occur in concert with hyperplastic or inflam
matory changes in the uterus, they are not 
known to predispose to such changes. 

Hyperplasia of the Uterus and 
Uterine Tube 

Multiple, broad-based or pedunculated hyper
plastic endometrial polyps have been reported 
in 14 cats ranging in age from 4 to 15 yearsY 
The polyps protruded into the uterine lumen, 
and were lined by endometrial epithelium 
varying from columnar to squamous, depend
ing on stage of the estrous cycle. Two of the 
14 cats had concurrent pyometra. 

Bilateral papillary hyperplasia and stromal 
edema of the uterine tube was observed in 
an infertile 3-year-old Himalayan queen with 
bilateral occlusion of the tubes at the utero
tubal junction (Fig. 32-2). Villous hyperplasia 
of the oviduct and "blocked" uterine tubes 
have been reported in the queen, and utero
hlbal junction obstruction also has been de-
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Figure 32-1. Uterus with imperforate cervix and distended uter
ine body and horns from a H-year-old domestic shorthair cot 
presenting for routine ovariohysterectomy. The cot hod been 
cycling regularly prior to surgery, and had never been pregnant. 
The distended uterus was palpated as a caudal abdominal 
moss prior to surgery. 

scribedY·14 Diagnosis is based on histologic ex
amination of the tissues involved. 

Hydrometra!Mucometra 

Hydrometra, and mucometra, the accumula
tion of noninflammatory, clear to slightly 
cloudy, watery to viscid, sterile fluid in the 
uterine lumen, occurs occasionally in the 
cat.U5-17 Causes include impatency of the 
vulva, vagina, cervix, or uterus resulting from 
congenital anomaly, neoplasia, inflammation, 
and scarring or accidental ligation. Fluid vol
ume in the uterine lumen may reach 500 ml, 
and distention of the uterine body and/ or 
horns may be diffuse or segmental (Fig. 32-

Figure 32-3. Segmental hydrometra of the uterine horn in a 
1-year-old female cot. 

3).16 The uterine wall becomes thin as the 
uterus distends and the endometrium atro
phies.18·19 Clinical signs of illness may be absent 
or may be related to abdominal distention. Di
ameter of the affected uterine horn may reach 
4.5 em. Endometrial polyps ranging from 1.1 
to 2.0 em in length have been reported lining 
the uterus of a queen with hydrometra. 15 An 
enlarged uterus may be detected by palpation, 
abdominal radiography, or ultrasonography. 
Treatment is OHE. Hydrosalpinx has been re
ported in the presence of hydrometra.1 

Cystic Endometrial Hyperplasia/ 
Pyometra Complex 

Feline pyometra is a uterine inflammatory dis
order characterized by cystic endometrial hy
perplasia (CEH), a sequel to progesterone 

Figure 32-2. Histologic appearance of bi
lateral papil lary hyperplasia and stromal 
edema of the uterine tube in on infertile 3-
year-old Himalayan queen with bilateral 
occlusion of the tubes at the uterotubal junc
tion. Hematoxylin and eosin stain. 
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Figure 32-4. Diffuse enlargement of the feline uterus due Ia pyo
metra. 

stimulation of the endometrium, and by as
cending uterine infection with vaginal bacte
ria.20-23 It is one of the most common and im
portant reproductive disorders of the queen. 
Feline pyometra may involve diffuse or seg
mental enlargement of the uterus (Figs. 32-4 
and 32-5). . 

Pathogenesis 

Dow described 91 cases of the CEH/pyometra 
complex in the cat, and categorized affected 
animals as belonging to one of four groups 
based on increasing severity of histologic 
lesions of the endometrium (Table 32-1).24 

Pathologic lesions ranged from simple CEH 
(Fig. 32-6) to endometrial atrophy (Fig. 32-7). 
Because seventy-seven per cent of the affected 
queens with known breeding history were nul
liparous and because many cats in the study 

Figure 32-5. Segmental pyometra of the fe line uterus, following 
hysterectomy. !From Bradley Rl, Olson PN : Fel ine pyometra. 
Feline Pracl9: 17-22, 1979, with permission.) 

were reported to live in single-cat households 
without opportunity for copulation, presence 
of corpora lutea in the ovaries of at least 42 of 
the cats suggests that spontaneous ovulation 
may occur in this species. Ovulation results in 
secretion of progesterone by the corpora lutea; 
over time, progesterone stimulation of the en
dometrium may lead to cystic endometrial hy
perplasia. In a study of 44 cats with pyometra, 
19 had follicular phase ovaries, and 25 had 
luteal phase ovaries; some cats housed alone 
without opportunity for copulation had cor
pora lutea present, suggesting presence of 
spontaneous ovulation.25 In a report of 79 cats 
with pyometra from a single colony, 43 (54 per 
cent) had never been bred.26 Cats with pyome
tra may have elevated (i.e., >2 ng/ml) serum 
progesterone concentration, or may have low I 
baseline (i.e., < 2 ng/ml) serum progesterone 
concentration. Cystic endometrial hyperplasia 
and superimposed inflammatory changes of 
the uterus may persist beyond the end of the 
luteal phase. 

CEH/ pyometra also has been observed in 
intact and ovariectomized queens treated with 
exogenous progestogens, such as medroxy
progesterone acetate or megestrol acetate.27-31 

Histologic features of the feline uterus with 
pyometra include cystic endometrial hyper
plasia, endometritis, uterine polyps, and endo
metrial atrophy.25·32 

The bacterium most often isolated from fluid 
in the pyometritic uterus of the cat is Esche
richia coli, which also is one of the most com
monly isolated organisms from the vagina of 
healthy cats.21·24-26·33-37 Streptococcus sp., Staphy
lococcus sp., Pasteurella sp., Klebsiella sp., Mora
xella sp., and Pseudomonas sp. also have been 
cultured from feline pyometritic uteri, and 
from the vaginas of normal cats .37 Uterine tu
berculosis and brucellosis acquired from in
fected bovine tissues also have been reported 
in the cat, but these are rare in the United 
States.38-40 

Dow attempted to induce pyometra in ovari
ectomized queens by intrauterine injection of 
uterine contents from spontaneous cases; in
fection was established in 5 of 12 queens pre
treated with progesterone, but not in eight cats 
pretreated with estrogen.41 

These data support a pathogenesis of CEH 
in the luteal phase uterus of the middle-aged 
nulliparous queen followed by ascending bac
terial infection and signs (e.g., depression, an
orexia, purulent vaginal discharge, abdominal 
distention) referable to duration of illness and 
degree of cervical patency. While E. coli and 
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• Table 32-1. Clinicdl and Pathologic Features of the Cystic Endometrial Hyperplasia/Pyometra Complex in the Cat, As Described by Dow Based on 
Histologic Appearance of the Uterus 

Parameter 

Histologic appearance of 
reproductive organs 

Clinical signs / his tory 

Laboratory findings 
Uterine fluid findings 

Dow Stage I (n = 20) 

Cystic endometrial hyperplasia 
(CEH) 

None in 16; vulvar 
hemorrhage in 4 

Regenerative anemia (4) 
Sterile in 19; E. coli in 1 

Dow Stage II (n = 39) 

CEH; acute endometritis in superficial 
- half of endometrium; corpora lutea 

(CL) in 33; cystic follicles in 4; 
normal ovaries in 2. 

All were clinically ill; depression; 
anorexia; vulvar discharge (green, 
brown or red); 18 in estrus < 2 m o 
prior to presentation; 3 to 28 d 
duration. 

WBC = 23,000 to 74,000/ 11-l 
Volume = 3-1500 ml; E. coli in 32; {3-

h emolytic streptococci in 6; sterile 
in 1 

From Dow C: The cystic hyperplasia-pyometra complex in the cat. Vet Rec 74:141-147, 1962, with permission. 

Dow Stage Ill (n = 1 0) 

CEH; subacu te endometritis with 
plasma cell and macrophage 
infiltration of superficial half 
of endometrium; focal 
scattered endometrial 
abscesses and myometrial 
hypertrophy; recent or 
regressing CL in 9. 

Illness less marked and of longer 
duration than in Stage II; 
depression; anorexia; vulvar 
discharge (green, brown or 
red); weight loss; 5 in estrus 
< 2 mo prior to presentation; 
> 2 mo duration. 

WBC = 21,000 to 32,000/ 11-l 
E. coli in all; {3-hemolytic 

streptococci in 1 

Dow Stage IV (n = 22) 

Chronic endometritis with thin, 
atrophic endometrium; 
cervical fibrosis . 

Varied inversely w ith degree 
of cervical patency; 
inappetance, weight loss, 
interm.ittant vulvar 
discharge, and abdominal 
distention in 14; more 
serious illness in 8, w ith 
abdominal enlargement, 
scant (2) or no (6) vulvar 
discharge, vomiting, and 
collapse, and/or death (2). 

WBC = 24,000 to 61,000/ 11-l 
E. coli in 18; {3-hemolytic 

streptococci in 6; sterile in 1 
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Figure 32-6. Gross oppeoronce of cystic 
endometrial hyperplos io (Dow Stoge I) of the 
feline uterus, viewed from the serosal (A) ond 
mucosal (8 ) surfaces. 

,8-hemolytic Streptococcus sp. are the bacteria 
most commonly isolated from the cat with 
pyometra, other bacteria may occur alone or 
as mixed bacterial populations in the affected 
uterus. Some feline pyometra uterine fluids 
have been reported as sterile; some of these 

Figure 32-7. A trophic endometri ti s (Dow Stoge IV) in o 14-
yeor-old Persian cot. 

have been cultured for aerobic bacteria alone. 
Mycoplasma may be normal feline vaginal 
flora incriminated in ascending uterine infec
tion in the cat; some feline pyometra cultures 
historically reported as sterile may, in fact, 
have contained mycoplasma organisms that 
are not readily identified on routine aerobic 
bacterial culture. The role of anaerobic bacteria 
in feline pyometra is unknown; infection with 
anaerobic bacteria has been observed in cases 
of canine pyometra. Extragenital lesions that 
may occur in affected queens with pyometra 
include myeloid metaplasia of the liver, kid
neys, spleen, and adrenals; degenerative le
sions in the kidney, liver, and spleen; and con
gestion of the lungs and lymph nodes. 1 

In neutered queens, or those with ovarian 
remnants, uterine stump tissue remaining after 
subtotal hysterectomy can be affected by pro
gestogen therapy and undergo histologic 
changes of CEH and inflammation. Clinical 
signs are similar to those in the intact queen 
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with pyometra, and may include presence of 
a purulent or sanguineous vulvar discharge 
with variable depression, anorexia, weight 
loss, and a palpable caudal abdominal mass. 

History and Clinical Signs 

Age of affected animals ranges from 1 to 20 
years, with average age of about 7.5 years.24,26,32 

Estrus occurred within the 4 weeks preceding 
presentation in 49 of 63 (78 per cent) affected 
cats.26 Clinical signs of pyometra in 183 cats 
included purulent vulvar discharge (68 per 
cent), anorexia (40 per cent), abdominal disten
tion (40 per cent), dehydration (33 per cent), 
lethargy (32 per cent), pyrexia (20 per cent), 
vomiting (16 per cent), polyuria/polydipsia 
(9 per cent), and weight loss (3 per cent).26 The 
uterus was palpably enlarged in 39 per cent.26 

Leukocytosis was present in 66 per cent (109 
of 163) of affected cats examined, leukopenia 
was present in 5 per cent, and a normal white 
blood cell count was present in 28 per cent. 
Most common serum chemistry abnormali
ties included hyperproteinemia, hypokalemia, 
and azotemia.26 Serum progesterone exceeding 
1 ng/ml is present in affected cats with func
tional corpora lutea.25,26 

Diagnosis 

Presumptive diagnosis of pyometra in the in
tact queen is based on signalment, history of 
previous estrus and clinical signs, physical ex
amination, hemogram, and presence of a puru
lent vulvar discharge and / or enlarged uterus 
in the nonpregnant animal (Table 32-2). Vul
var discharge, if present, should be cultured 
for presence of aerobic bacteria and myco
plasma, and sensitivity to antibiotics should 
be determined for organisms isolated. Abdom
inal radiography or ultrasonography is indi
cated to define uterine size and shape for initial 
diagnosis, to rule out pregnancy (ultrasonog
raphy, after 21 days following estrus), and to 
establish a baseline for uterine size for the pa
tient destined for medical management. Mea
surement of serum progesterone concentration 
may be indicated in the patient managed medi
cally, in order to assess whether she is in the 
luteal phase at time of treatment onset, and in 
order to assess response to treatment.42 

Treatment 

Recommended treatment for CEH/ pyometra 
in the queen is OHE with concurrent fluid and 

antibiotic therapy. Recommended treatment 
for uterine stump granuloma is surgical re
moval of the granuloma and examination of 
the ovarian stumps for presence of retained 
ovarian tissue. The progressive and recurrent 
nature of this disorder in the cat, the absence 
of a safe and effective cervical dilating medica
tion for use in the patient with a closed cervix, 
and presence of a ruptured uterus (7 of 183), 
or uterine torsion in some affected animals are 
indications for complete OHE as treahnent for 
this disorder.33 Cats with dosed-cervix pyome
tra should be considered emergency patients 
requiring immediate surgery. Cats with open
cervix pyometra (diagnosed due to presence 
of a purulent vulvar discharge) are not emer
gency patients, and can undergo surgery as 
soon as is convenient following initiation of 
antibiotic therapy. In one study of 183 cats 
with pyometra confirmed at surgery, 8 per cent 
(15 of 183) died or were euthanized postopera
tively.26 Twenty per cent (38 of 183) had post
operative complications, which included an
orexia (n = 20), lethargy (n = 6), anemia (n = 
4), pyrexia (n = 3), vomiting (n = 3), icterus 
(n = 3), subcutaneous emphysema (n = 1), 
or sponge foreign body (n = 1); clinical signs 
resolved in all of these cats.26 

In females with reproductive value and an 
open-cervix pyometra (diagnosed by the pres
ence of a purulent vulvar discharge), uterine 
evacuation with prostaglandin F2" (PGF2")' a 
smooth muscle contracting drug, may be used 
concurrently with antibiotic therapy. Recom
mended doses of the tham-salt of PGF2" re
ported to be effective in treatment of feline 
open-cervix pyometra range from 0.05 to 0.5 
mg/kg subcutaneously (SC) once or twice 
daily for 2 to 5 days until uterine size decreases 
to normaJ.34A3-47 Prostaglandin analogues 
should not be used in the cat, because safe and 
effective doses have not been established. The 
authors recommend 0.25 mg/kg natural 
PGF2a * administered SC twice daily for up to 5 
days or until uterine size is normal, whichever 
occurs first. Within 1 to 60 minutes of drug 
injection the treated queen may show vocaliza
tion, panting, restlessness, grooming, tenes
mus, salivation, vomition, defecation, or diar
rhea.34 Reactions diminish in severity 
following subsequent treatments. Amount of 
vulvar discharge ni.ay increase during the first 
few days of treatment. 

When administered early in diestrus, PGF2" 
is not luteolytic in the queen.48 Doses of 0.5 or 

* Lutalyse; Upjohn Company, Kalamazoo, MI. 
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• • Table 32-2. Diagnostic and Therapeutic Plan for Pyometra in the Cat 

History 

1. Obtain general health history. 
2. Obtain history of time of last estrus, previous pregnancies, previous reproductive disorders. 

Physical 

1. Perform general physical examination; assess pulse rate and character, hydration status, capillary refill time, 
mucous membrane color, body temperature. 

2. Inspect vulva. Note quantity, consistency, and color of vulvar discharge, if present. 
3. Assess uterine size and consistency per abdominal palpation; note whether palpation of uterus is followed by 

increased vulvar discharge. 

Clinical Evaluation 

1. Examine vulvar discharge cytologically for presence of inflammatory cells. 
2. Culture vulvar discharge for aerobic and mycoplasma bacteria; request sensitivity information for aerobes. 
3. Confirm assessment of uterine size with radiology or ultrasonography. 
4. Draw blood for complete blood cotmt, serwn chemistries profile, and serum progesterone concentration. 

Treatment 

1. Initiate antibiotic therapy with any broad-spectrum antibiotic effective against gram-negative rods; change 
antibiotic if needed when culture results return. 

2. Correct fluid /electrolyte imbalance, if any. 
3. Choose medical or surgical treatment: 

a. Choose surgical treatment (ovariohysterectomy) for all cases of closed-cervix pyometra (no vulvar discharge); 
surgery should be performed quickly once the diagnosis is confirmed, because closed-cervix pyometra may be 
a life-threatening emergency. 

b. Choose surgical treatment (ovariohysterectomy) for most cases of open-cervix pyometra (vulvar discharge), 
because of the likelihood that pyometra will recur following medical therapy. Open-cervix pyometra usually is 
not a life-threatening emergency in the queen, so surgery should be performed as quickly as is convenient. 

c. Choose medical treatment for: 
i. the young to middle-aged valuable purebred queen in which the owner wishes to attempt future 

breeding, and 
ii. the occasional older queen that is a very poor surgical risk in which owner tmderstands the risk of 

recmrence of pyometra and potential need to retreat following a later estrus. 
d. If indicated, administer medical treatment as 0.25 mg/kg tham-salt of prostaglandin F2• SC twice daily for up 

to 5 days, depending on response of uterine size to myometrial contraction and uterine evacuation induced by 
prostaglandin. 

1.0 mg/kg SC given twice,24 hours apart after 
day 40 of pregnancy, or five daily intramuscu
lar (IM) injections of 2 mg per cat after day 33 
of pregnancy, have been reported to result in 
complete luteolysis and abortion within 1 to 6 
days of the first injection, suggesting that such 
treatment also may be effective for inducing 
luteolysis in pyometra.49,50 At the 2-mg dose, 
side effects started 10 minutes after injection 
and lasted for about an hour. Luteolysis in 
some but not all queens has been reported 
following administration of multiple injections 
up to 0.25 mg/kg each.44 Because of the small 
amount of information available on induction 
of luteolysis in the cat with pyometra, the au
thors strongly caution clinicians not to use this 
potentially dangerous drug for luteolysis in 
this species unless indication is clear and the 
owner understands the risks. Uterine evacua
tion alone usually is very beneficial to the cat. 

Prognosis for successful reproduction fol
lowing medical treatment of pyometra in the 

queen depends on severity of endometrial pa
thology at and following treahnent. The major
ity of cats reported in the literature treated 
with PGF2a have been able to conceive and 
deliver kittens following treatment.44A6A7 In one 
study, 18 of 20 queens (90 per cent) bred fol
lowing prostaglandin therapy for pyometra 
conceived and delivered live kittens; these 20 
came from a study population of 21 cats rang
ing in age from 10 to 96 months (mean = 32.4 
months).34 Older affected queens might be sus
pected of having more severe endometrial pa
thology and might, therefore, have a poorer 
prognosis for future fertility than younger 
queens. 

Inflammation of the feline uterine tube, sal
pingitis, usually is purulent, and usually oc
curs secondary to uterine inflammation.1'11 

E. coli pyosalpinx has been observed in a 
1-year-old cat, and bilateral pyosalpinx has 
been observed in a 4-month-old kitten with 
purulent uterine infection. 
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Neoplasia of the Uterus/ 
Uterine Tubes 

Uterine tumors constitute 1 to 2 per cent of 
tumors of the female reproductive organs of 
the cat (including mammary glands), or 0.2 to 
0.4 per cent of all feline tumors. 

Both epithelial (e.g., adenoma, adenocarci
noma) and mesenchymal (e.g., fibroma, fi
brosarcoma, leiomyoma, leiomyosarcoma, li
poma, and lymphosarcoma) tumors have been 
reported in the feline uterus; these may range 
in diameter from less than 1 em to greater than 
10 cm.4

•
51 -56 Uterine leiomyomas and leiomyo

sarcomas are the most common.53·57 Metastatic 
uterine adenocarcinomas have been described 
in the adrenals, brain, diaphragm, eyes, heart, 
kidney, liver, lung, ovary, and regional lymph 
nodes.53·58·59 A mixed mesodermal tumor, with 
both carcinomatous and sarcomatous ele
ments, was described in a queen with metasta
ses to the abdominal and thoracic lymph nodes 
and lungs; other mixed histologic types have 
not been reported in the cat.60 Primary uterine 
tumors occur in cats between 5 and 12 years 
of age. Uterine tumors often are diagnosed 
incidentally at OHE or postmortem. 

Clinical signs of uterine adenocarcinomas 
depend on tumor size and pattern of metasta
sis. Signs include ascites, anorexia, weight loss, 
purulent or hemorrhagic vulvar discharge, 
vomiting, constipation, dysuria, and presence 
of a palpable abdominal mass.55·61 Cats with 
thoracic metastases may have periodic cough; 
those with tumor spread to the central nervous 
system may have blindness or motor incoordi
nation.55·58·62 Diagnosis is based on uterine pal
pation, abdominal and thoracic radiographs, 
surgical exploration, and histopathologic ex
amination of tumor tissue. Ultrasonography 
has been used to detect uterine neoplasia in 
the diffusely enlarged uterus with pyometra 
(Fig. 32-8). 

The recommended treahnent for primary 
uterine neoplasia vyithout metastasis is OHE. 
Abdominal and thoracic radiographs are indi
cated prior to surgery in order to rule out pres
ence of metastatic disease. Wide surgical exci
sion without ovariectomy may be considered 
with a single leiomyoma if maintenance of the 
queen' s reproductive capacity is essential. Suc
cessful treatment regimens for metastatic uter
ine neoplasia in the cat have not been reported. 
Prognosis is good for benign tumors (such as 
leioni.yoma) and poor for malignant tumors 

Figure 32-8. Gross appearance of a uterine leiomyoma in a 
9·year·old queen; note distention of uterine horns with fluid. 

such as adenocarcinomas when metastases 
are present. 

Tumors of the uterine tubes have not been 
reported in the queen. 
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•C hap t e r 33 

Disorders of the Feline Vagina, Vestibule, 
• and Vulva 

• 
Congenital Anomalies 

Anomalies of the vagina and vulva that have 
been described in the cat include segmental 
aplasia of the cranial vagina (mtillerian duct 
system), presence of a common vulvovestibu
lar-anal opening, and rectovaginal fistula. 1 

Segmental aplasia causes signs similar to those 
of uterine body aplasia, such as conception 
failure in the cycling queen, and abdominal 
distention with an enlarged, fluid-filled uterus. 
Impatent vagina has been observed in a 4-year
old queen with pyometra and an imperforate 
hymen, and in a 3-year-old queen with vaginal 
distention and pyometra subsequent to one 
normal litter ( J. Holzworth, personal com:mu
nication, 1982). The latter queen was presumed 
to have developed adhesions and impatency 
following the first delivery. 

Common vulvovestibular-anal openings 
(Fig. 33-1) and rectovaginal fistulae may be 
corrected surgically.2 

Vaginal Prolapse 

Vaginal prolapse (nonobstetric) is rare in the 
queen, but may occur during estrus or anes
trus. A prolapsed vagina removed from a 14-
year-old anestrous domestic shorthair cat at 
ovariohysterectomy had histologic evidence of 
marked edema with surface ulceration and in
flammation; prolapse did not recur following 
excision. Treatment is surgical excision via epi
siotomy. 

Vaginitis 

Primary vaginitis is rare in the cat. Clinical 
signs include pollakiuria, dysuria, frequent 
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cleaning of the vulva, and vulvar discharge. 
Diagnosis is made by inspection, culture, and 
biopsy of the vaginal mucosa using an oto
scope speculum in the anesthetized cat. 
Primary vaginitis is reported to be rare and 
self-limiting, with no treatment indicated; sec
ondary vaginitis may occur following obstetric 
or coital trauma, pyometra, or viral rhinotra
cheitis infection.3

- 6 

Differential diagnoses include urinary tract 
disorder, pyometra, or uterine stump granu
loma, which are ruled out on the basis of uri
nalysis (cystocentesis sample) and palpation, 
radiographic and ultrasonic imaging of the 
urogenitaltract. Perivulvar inflammation may 
be caused by injury, urine scald, or primary 
bacterial infection. 

Neoplasia 

Vaginal hnnors are uncommon in cats, and 
reports in this species are of single occasional 
cases in spayed or intact older females (Fig. 
33-2).7

-
10 The most common primary vaginal 

tumor type in the cat is the leiomyoma, which 
may measure up to 7 X 7 X 8 cm.9

•
10 No vaginal 

tumors were observed in series of 464, 395, 
and 256 feline neoplasms from both sexes.11

-
13 

Two vaginal leiomyomas were observed in a 
series of 165 feline tumors (34 of the reproduc
tive organs, including mammary glands).9 The 
feline vagina occasionally may serve as a site 
for metastatic neoplasia. 

Clinical signs of vaginal tumors include 
bulging of the perineal region, prolapse of tu
mor tissue from . the vulva, dysuria, pollaki
uria, and constipation. Intraluminal tumors 
may become infected and cause sanguineous 
or purulent vaginal discharge. Initial diagnosis 
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Figure 33-1. Congenital common vulvovestibular-anal opening 
in a ki~en; the urinary catheter has been placed in the external 
urethra l orifice. 

is based on palpation and on retrograde vagi
nography and/ or cystourethrography to char
acterize size and extent of the mass. Abdomi
nal and thoracic radiography to look for tumor 
metastasis should be performed prior to surgi
cal excision. Exfoliative cytology may be diag
nostic and should be performed on accessible 
masses of the vagina and vestibule. Final diag
nosis is based on histopathologic examination 
after core or excision biopsy. 

Vaginal tumors should be treated by surgi
cal excision following thoracic and abdominal 
radiography to look for metastatic disease. 
Need for episiotomy depends on the tumor 
size and location within the vagina or ves
tibule. Prognosis for cure is good for leio
myomas. 

REFERENCES 

1. Bloom F: Pathology of the Dog and Cat. Evanston, IL, 
American Veterinary Publications, Inc, 1954. 

Figure 33-2. Vagina l neoplasm in a cat. (From Wolke RE: 
Vaginal leiomyoma as a cause of chronic constipation in the 
cat.J Am Vet Med Assoc 143:1104, 1963, w ith permission.) 

2. Raust R: Fistule recto-vaginale et absence d'anus chez 
une chatte. Rec Med Vet 112:335-337, 1936. 

3. Bittle JL, Peckham JC: Genital infections induced by 
feline viral rhino tracheitis and effects on newborn lit
ters. JAm Vet Med Assoc 158:927, 1971. 

4. Hoover EA, Griesemer RA: Experimental feline herpes 
infection in the pregnant cat. Am J Pathol 65:173-
184, 1971. 

5. Hoover EA, Griesemer RA: Pathogenicity of feline vi
ral rhinotracheitis virus and effect on germfree cats, 
growing bone and the gravid uterus. JAm Vet Med 
Assoc 158:929-931, 1971. 

6. Stein BS: The genital system. In Feline Medicine and 
Surgery. Santa Barbara, American Veterinary Publica
tions, Inc, 1975. 

7. Joshua JO: The Clinical Aspects of Some Diseases of 
Cats. Philadelphia, JB Lippincott, 1965. pp 119-140. 

8. Stein BS: Tumors of the feline genital tract. JAm Anim 
Hosp Assoc 17:1022-1025, 1981. 

9. Whitehead JE: Neoplasia in the cat. Vet Med Small 
Anim Clin 62:357, 1967. 

10. Wolke RE: Vaginal leiomyoma as a cause of chronic 
constipation in the cat. JAm Vet Med Assoc 143:1103-
1105, 1963. 

11. Cotchin E: Neoplasia in the cat. Vet Rec 69:425, 1957. 
12. Engle CG, Brodey RS: A retrospective study of 395 

feline neoplasms. JAm Arum Hosp Assoc 5:21, 1969. 
13. Schmidt RE, Langham RF: A survey of feline neo

plasms. JAm Vet Med Assoc 151:1325, 1967. 



• C h a p t e r 34 

• 
Disorders of the Mammary Gl,ands 

• of the Queen 

Anatomy of the Normal Feline 
Mammary Gland 

The queen has four pairs of mammary glands. 
These have been identified by various authors 
as thoracic, cranial abdominal, caudal abdomi
nal, and inguinal glands, or as two pairs of 
thoracic and two pairs of abdominal glands, 
or as paired glands numbered one through 
four, from cranial to caudalY The authors 
prefer the latter terminology. The nonlactat
ing mammary gland in the intact or neu
tered queen is occupied by a very small 
amount of dense stroma and fat, not by glan
dular tissue, and, except for the teat, usually 
cannot be distinguished from adjacent subcu
taneous tissue.1 The teat contains a relatively 
large amount of smooth muscle arranged in 
three layers; the distal third of the teat is occu
pied by four to eight teat ducts, lined by squa
mous epithelium and opening in a roughly 
circular pattern on the end of the teat. Proxi
mally, each teat duct connects with a teat sinus, 
which continues into a lobule of the gland. 
Outside the lining of the sinus, and continuing 
into smaller branching ducts from which secre
tory alveoli open, are contractile, myoepithe
lial cells.1 

Figure 34-1 depicts the lymphatic drainage 
and blood supply :of the four pairs of mam
mary glands of the cat.2 Pairs 1 and 2 have a 
common lymphatic system, and drain into the 
axillary lymph nodes. Pairs 3 and 4 also have 
a common lymphatic system, and drain into 
the superficial inguinal node. The lymphatics 
infrequently cross the midline, and rarely cross 
between glands 2 and 3.2 Small veins draining 
the mmrunary glands do cross the midline, 
however, and may be responsible for spread 
of malignant mammary tumors in pairs of 
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glands.JA Glands 1 and 2 are served by the 
axillary vessels, the intercostal vessels (later
ally), and the internal thoracic vessels (medi
ally); direct drainage of glands 1 and 2 through 
the chest wall via the internal thoracic or inter
costal veins may lead to mammary tumor 
spread to the thoracic cavity. Glands 3 and 4 
are supplied by the cranial and caudal super
ficial epigastric vesselsY 

Mammary Hypertrophy 

Mammary hypertrophy (i.e., mammary hyper
plasia, mammary dysplasia, fibroadenoma 
complex, mammary fibroadenomatosis, fibro
epithelial hyperplasia, fibroglandular mam
mary hypertrophy) was first reported ii1 1973 
as a benign fibroglandular proliferation of one 
or more mammary glands of the young queen 
(Figs. 34-2 and 34-3).5- 17 Later reports docu
mented presence of similar mammary changes 
in male and female cats of any age that were 
treated with progestogens. 11

•
13

•
14

•
18

-
21 Affec;ted 

mammary glands may be diffusely enlarged 
(Fig. 34-2) or may contain localized masses 
of variable size that cannot be distinguished 
grossly from mammary neoplasms. 

The condition usually occurs in young (13 
weeks to 2 years of age), pregnant or nonpreg
nant intact queens under the influence of luteal 
progesterone; one case was reported in a 5-
month-old queen, never observed to be in es
trus, that aborted two fetuses shortly after ex
amination for the mammary enlargement.11 

Occasionally, the condition is seen in older (9 
to 12 years) pregnant queens. 11

•
13 In most of 

these cases, the condition is characterized by 
rapid (over 2 to 5 weeks) diffuse enlargement 
of all of the mammary glands (Figs. 34-2 and 
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Figure 34-l. Blood supply and lymphatic dra in
age of the four pairs of mammary glands of the 
col. The lower port of the picture depicts the 
venous drainage: 1, axillary; 2 , branches of the 
infernal thorac ic ve ins penetrating the pectoral 
muscles; 3, crania l superficial epigastric; 4, pen
etrating in fercostols; 5, caudal superficial epi
gastric. The upper pori of this picture depicts the 
lymphatics and their relationship fo the dia
phragm and regional lymph nodes: A, axillary 
lymph node; B, lymphatics conecfing the two 
crania l thoracic mammary glands and the axil
lary lymph node; C, diaphragm; D, lymphatic 
connections between the two caudal abdominal 
mammary glands and the superficial inguinal 
lymph nodes; E, superficial inguinal lymph node. 
!From Og ilvie GK: Feline mammary neoplasia. 
Compend Conlin Educ Procf Vel 5:384-39 1, 
1983, wi th permission. ) 

34-3); occasionally, single localized hypertro
phic masses may occur.8

•
11

•
15 In one report of 

mammary hypertrophy in 21 intact queens 
with no history of exogenous progestogen 
therapy, 4 were known pregnant and 1 had 
been in estrus 2 to 3 weeks before onset of 
mammary enlargement; historic information 
was not available for 7.11 Nonpregnant affected 
queens may have been bred and failed to con
ceive, or may have ovulated spontaneously 
(see Chapter 25). Spontaneous remission and 
complete regression of the mammary enlarge-

ment usually follow luteolysis, ovariectomy, 
spontaneous abortion, or parturition. 

Mammary hypertrophy also has been ob
served in male and female cats of any age (in
tact or neutered) receiving exogenous proges
togens, such as medroxyprogesterone acetate 
(MPA) or megestrol acetate (MGA); in these 
cats, one or more nodules, ranging in size from 
1 to more than 50 cm3, may be detected, and, 
occasionally, transformation of hypertrophic 
to neoplastic tissue has been suspected.11

•
18 In 

one report of 11 queens (4 intact, 7 spayed) 

Figure 34-2. A: Gross appearance of diffuse mammary hypertrophy wi th ulceration in a 1 0-month-old pregnant domestic shorthoir 
col. Dimensions of the largest of these glands were 7 X 6 X 4 em. In B, necrosis of the right first mammary gland con be seen. 
!From Center SA, Randolph JF: Locfo fion and spontaneous remission of feline mammary hyperplasia following pregnancy. J Am 
Anim HospAssoc 21:56- 58, 1985, w ith perm ission.) 
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Figure 34-3. G ross oppeoronce of d iffuse mommory hypertro
phy in a l 0-yeor-old intact female domestic shorthair cat. 

with hypertrophic mammary nodules follow
ing MGA therapy, 6 had single nodules, 2 had 
nodules in two glands, and 3 cats had involv
ment of three or more glands.18 Size of the 
mammary nodules ranged from 1 X 1 X 
1 em to 5.2 X 4.2 X 2.5 em. The predominant 
histologic change in these nodules was fi
broepithelial hyperplasia (seven), lobular hy
perplasia (two), and duct ectasia (two).18 In 
these cases, remission usually does not follow 
cessation of progestogen therapy, and the nod
ule(s) should be removed smgically in order 
to confirm the diagnosis and distinguish hy
pertrophic from neoplastic nodules. 

Histologically, masses consist of well
demarcated, unencapsulated, benign fibre
glandular proliferation (Fig. 34-4).3.5·11

•
12

•
18

•
20

•
22 

There usually is no evidence of necrosis or 
inflammation except in smface epithelium 
when ulceration occurs in greatly enlarged tis
sue (Fig. 34-2B), and there usually is no evi
dence of lactation. In one report, however, of 

mammary hypertrophy in a 10-month-old 
pregnant domestic shorthair cat, the cat lac
tated normally after partmition despite persis
tence of the hypertrophic mammary enlarge
ment; this queen became pregnant again while 
lactating, showed some persistence of the hy
pertrophy during the second pregnancy, lac
tated normally following partmition, and un
derwent complete mammary regression after 
the kittens were weaned.8 In animals that have 
received MGA therapy, gross and histologic 
appearance differs slightly from that of the 
luteal phase disease, in that papillary out
growth into the ducts is present. 

Progesterone receptors, but not estrogen re
ceptors, have been detected in cytosols or nu
clei of affected mammary tissue, and the occm
rence of this disorder in luteal phase queens 
and cats receiving progestogen therapy indi
rectly supports an endocrine etiology.11 Occa
sionally, however, the disorder is reported in 
the neutered male or female cat in which no 
progestogen therapy is known to have been 
administered, in which case etiology is un
known. In the case of spayed female cats with 
mammary hypertrophy, the possibility of an 
ovarian remnant should be investigated (see 
Chapter 31). 

Evidence that progestogen therapy can lead 
to neoplastic transformation of hypertrophic 
mammary tissue over time is indirect, but is 
supported by reports of mammary carcinoma 
developing in female cats given progestogens 
for 4.5 months to 5.5 years, and by evidence 
that progestogens may enhance the growth of 
mammary tumors in this species.19•23- 25 In addi
tion, several reports document the diagnosis 
of mammary tumors in spayed female and cas-

Figure 34-4. Histolog ic appearance of fe
line mammary hypertrophy, demonstrating 
fibroepithel ia l hyperplasia wi th abundant 
stroma surrounding mammary ductules. He
matoxylin and eosin sta in. 
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trated male cats following long-term adminis
tration of MGA, whereas males and neutered 
females usually have greatly reduced risk of 
spontaneously developing this cancer.18·25 

Tentative diagnosis of mammary hypertro
phy in the cat is based on gross appearance, 
patient signalment, and history. Because of 
the highly · malignant nature of most feline 
mammary neoplasms, excision biopsy of all 
localized swellings is recommended, espe
cially in older animals, following thoracic and 
abdominal radiography to look for evidence 
of metastasis (see Mammary Neoplasia be
low). Biopsy of diffuse mammary enlarge
ment in young queens (Fig. 34-2) usually is 
not recommended, because signalment, his
tory and physical examination confirm the di
agnosis. 

Mammary hypertrophy in pregnant or non
pregnant luteal phase queens regresses spon
taneously after parturition or luteolysis if un
treated, so surgical removal of diffusely 
affected glands in young queens is not recom
mended. Ovariohysterectomy also will effect 
a cure. In progestogen-treated male and female 
cats, cessation of steroid therapy and complete 
surgical removal of the mass(es) are recom
mended, because these masses may not regress 
spontaneously following removal of the pro
gestogen source.5-7·10

-
13·15-17·20·21 Surgical removal 

also permits histologic confirmation of the di
agnosis and distinction from mammary neo
plasia. In addition, surgical removal and re
moval of progestogen therapy may decrease 
risk of neoplastic transformation of this tissue. 

Mammary Neoplasia 
INCIDENCE 

Mammary tumors are the third most common 
neoplasm in the female cat, following tumors 
of the skin and lymphoid tissue.26 The inci
dence is 25.4 in 100,000 queens per year. Mam
mary tumors have been reported to comprise 
56 of 395 (14 per cent) of all tumors, and 52 of 68 
(76 per cent) tumors of the female reproductive 
organs, of the queen.27-29 Less than 2 per cent 
of feline mammary tumors have been reported 
in the male cat (see Chapter 42). Intact female 
cats, like dogs, have a sevenfold greater risk 
of mammary cancer when compared with 
neutered females, although mammary tumors 
have been diagnosed in queens ovariohyster
ectomized at less than 1 year of age, so that 
early neutering does not completely eliminate 
the risk of this tumor.30·31 There is no evidence 

of an association between parity and risk of 
tumor development.32·33 Incidence increases 
most dramatically after 6 years and peaks (at 
200 in 100,000 queens) at 10 to 11 years, after 
which it declines.30·34 In one survey of 136 mam
mary tumors in 132 cats, Siamese (n = 52) were 
over-represented and had twice the risk of de
veloping mammary tumors as the other breeds 
(e.g., domestic, Persian, mixed) combined.25 

All four pairs of mammary glands are equally 
at risk of developing mammary tumors in 
the queen.2B,29,34 

Feline mammary tumors usually are malig
nant carcinomas, and the adenocarcinoma is 
the major type.3·25

•
29·35-37 In reports of 236 mam

mary tumors in cats, 202 (86 per cent) were 
carcinomas, 2 (0.8 per cent) were sarcomas, 4 
(1.7 per cent) were carcinosarcomas, and 28 
(12 per cent) were benign tumors.3·25·29 Of the 
202 carcinomas, 179 (89 per cent) were adeno
carcinomas, and 23 (11 per cent) were cm·cino
mas (i.e., spindle cell carcinoma, anaplastic 
carcinoma, and squamous cell carcinoma). 
Carcinomas usually present as multiple, large, 
poorly demarcated nodules; they readily in
vade lymphatics and blood vessels.32 

TUMOR BEHAVIOR 

Metastasis of malignant mammary tumors in 
the cat is common, and is reported, in various 
studies, to occur in 50 to 90 per cent of affected 
animals.2·22·32·34·38 Metastases were reported in 
339 of 657 (51.6 per cent) cases in a literature 
review of nine studies.38 Metastases were de
tected at necropsy in 120 of 129 cats with malig
nant mammary hunors and were found in the 
lungs (83.6 per cent) (Fig. 34-5), regional 
lymph nodes (82.8 per cent), pleura (42.2 per 
cent), and liver (23.6 per cent).34 Metastases 
also have been reported in the spleen, omental 
fat, pancreas, adrenals, kidneys, ovaries, peri
cardium, heart, brain, vertebrae, rib, tibia, and 
tibiotarsal bone.3·4·29·34·39-41 Despite the highly 
malignant nature of this tumor, and the fre
quent metastasis of mammary cancer to bone 
in dogs and humans, only five cases of skeletal 
metastasis have been reported in mammary 
carcinoma in the cat.3BA0.42 In a survey of 132 
cats with mammary tumors, 8 had other con
current neoplasia (i.e., lymphosarcoma [2], 
thyroid carcinoma, squamous cell carcinoma, 
endometrial adenocarcinoma, cervical leiomy
oma, intestinal adenoma, and malignant gran
ulosa cell tumor).25 Mammary tumors were 
described in two cats with single thoracic le
sions interpreted radiographically as metasta-
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ses that turned out to be a pulmonary abscess 
in one and a primary bronchoalveolar adeno
carcinoma of the lung in anotherY Ma1mnary 
tumors of different histologic type (i.e., mixed 
mammary tumor and adenocarcinoma or car
cinoma and adenoma) have been reported to 
occur in the same cat.25

•
44 

ETIOLOGY 

Reproductive hormones have long been sus
pected of having a role in the etiology of feline 

Figure 34-5. Gross appearance of a feli ne mammary ade
nocarcinoma in a l 0 -year-old intact female ca t (A) and 
gross appearance of cross section of the tumor after exc i
sion (B ). G ross appearance of the lungs showing infiltration 
by the mammary adenocarcinoma (C) in the affected ca t 
a t necropsy. 

mammary tumors, because (1) the great major
ity of these tumors occur in females, (2) early 
ovariectomy significantly decreases the risk of 
acquiring such tumors, and (3) administration 
of exogenous progestogens is suspected to 
cause tumor development and growth in this 
species. Although a hormonal etiology has not 
been proven, several reports document pres
ence of mammary adenocarcinomas in neu
tered or intact queens treated with repositol 
progesterone, megestrol acetate, or medroxy-

. progesterone acetate. 18
•
23

•
28

•
31

A
5 In one report, 39 
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female cats (34 neutered, 5 intact) were treated 
with oral progestogens for treatment of refrac
tory eosinophilic granuloma; 6 of the 39 (15 per 
cent) developed pathology of the mammary 
glands, which included mammary hypertro
phy (4), mammary carcinoma (1), and mam
mary adenocarcinoma (1). 31 Three of seven in
tact female cats that received semiannual 
injections of repositol progesterone developed 
mammary adenocarcinoma. 23·28 Two of 17 meg
estral acetate-treated cats (1 neutered female, 
1 neutered male) that developed morphologic 
changes in the mammary glands had carcino
mas; the other 15 developed hypertrophic or 
benign lesions.18 Progesterone has been re
ported to augment epidermal growth factor
induced proliferation in feline mammary ade
nocarcinoma cells cultured in vitro.46 

Steroid receptor proteins have been mea
sured in the cytosol of mammary tumor tissue 
in the cat.47-54 Identification of estrogen recep
tor (ER)- and progesterone receptor (PR)-rich 
tumors is clinically important in humans, be
cause these tumors regress after additive (such 
as antiestrogen) or ablative (e.g., ovariectomy, 
adrenalectomy, hypophysectomy) endocrine 
therapy. 55 In the first reports of receptor assay 
of feline mammary tumors, ER-rich tissues 
were detected in only 3 of 70 tumors, and PR
rich tissues were detected in 7 of 17 tumors.47-51 

A later study reported ER-positive tissue in 9 
of 17 malignant feline mammary tumors and 
PR-positive tissue in 5 of the 17, although in 
lower concentrations than those detected in 
receptor-rich human tumors.52·53 Although the 
veterinary literature states that ovariectomy at 
time of mammary tumor excision is not associ
ated with increased survival time, the appro
priate study to demonstrate survival after 
ovariectomy in estradiol and progesterone re
ceptor-rich patients has not been reported. 
The presence of progesterone receptors, but 
not estradiol receptors, in some feline tumors 
is puzzling, as induction of both estradiol and 
progesterone receptors is dependent on circu
lating estradiol; the presence of the progester
one receptor, then, in the absence of the estra
diol receptor is unexplained. A small. number 
of feline patients tested have not shown tumor 
regression after antiestrogen (tamoxifen) ther
apy, suggesting that these patients are notre
ally estradiol and progesterone receptor-rich 
with a masked estradiol receptor undetected 
by assay (S.D. Johnston, unpublished obser
vations, 1982). 

Although virus particles have been detected 
in some feline mammary tumors, little proof 

exists that viruses are causative agents in this 
species.2 Electron microscopic studies have in
dicated that at least 30 per cent of tumors stud
ied were positive for intracisternal type A viral 
particles, and C-type virus particles have been 
detected in electron microscopic examination 
of feline but not canine mammary hl
mors. 2·25·56-59 Feline mammary tumor tissue has 
been reported positive for feline leukemia vi
rus (FeL V) core antigens, and the immunosup
pressive effect of FeL V and feline immunode
ficiency virus may play a role in mammary 
tumorigenesis in this species. Some cats have 
lymphoma concurrently with mammary neo
plasia.56 Viral significance is unknown; one au
thor speculates that these viral particles may 
be passenger viruses and not the cause of 
marrunary tumors in the cat.31 

CLINICAL SIGNS 

The major clinical sign of mammary gland neo
plasia in the cat is presence of one or multiple 
mammary mass(es) in the middle-aged to 
older female. More than half of affected cats 
have multiple gland involvement, and many 
cats have simultaneous involvement of right 
and left mammary gland chains.2·25·31·60 Mam
mary tumors are firm, well- or poorly demar
cated nodules that vary in diameter from sev
eral millimeters to 10 em. They may adhere to 
the overlying skin, but rarely are adhered to 
the underlying abdominal wall, even when 
malignant.2 Involved nipples may be swollen, 
and may exude a tan or yellow fluid. At least 
one quarter of affected patients are reported to 
have ulcerated tumors.2 Involved lymphatics 
may be palpated as thick cords in the subcuta
neous tissues, and lymphedema of a limb or 
limbs may be present.2

•
32 Metastasis to regional 

lymph nodes may or may not be detected by 
palpation of increased size or abnormal consis
tency. The wide variety of metastatic patterns 
with malignant mammary tumors in the queen 
leads to a variety of clinical signs. These in
clude dyspnea (pulmonary metastases are the 
most frequent cause of death), cough, lymph
edema of one or more limbs, lameness, hind
quarter paresis, and emaciation. 

DIAGNOSIS 

Diagnosis of feline mammary tumors is based 
on palpation of masses in the gland and on 
tumor histology. Although fine-needle aspira
tion, scraping of ulcerated lesions, or cytology 
of fluid expressed from affected glands may 
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yield diagnostic cytologic samples from malig
nant tumors, an absence of neoplastic cells in 
the sample does not rule out malignancy; and 
examination of an excision biopsy may be nec
essary for definitive diagnosis. In general, tu
mors that are smaller (<2 em diameter), more 
highly differentiated (with tubule or acinar for
mation), with fewer mitotic figures and more 
regular nuclear size and shape are associated 
with a more favorable prognosis. Diagnostic 
evaluation should include thoracic and ab
dominal radiographs to look for metastases; 
these may be circular, well-defined radioden
sities or a diffuse interstitial pattern with 
lymphatic infiltration by tumor cells. Bony 
metastases are visualized radiographically as 
irregular osteolytic foci. Radioreceptor assay 
of estradiol and progesterone receptor in tu
mor tissue may be of interest if available. 

Differential diagnoses for feline mammary 
neoplasia include retention cysts in the post
lactational gland and mammary hypertrophy 
lesions (often nodular) in the female treated 
with progesterone.5•

11
•
13

•
18 Mmmnary hypertro

phy (diffuse or nodular) also may be seen 
in the luteal-phase cat, but affected patients 
generally are younger than those in the mam
mary tumor population.5•

11
•
13

•
18 Occasionally, in

flammation and necrosis at the tumor site in a 
lactating gland may be confused with mastitis, 
although the former is not usually seen with 
the fever, leukocytosis, and systemic illness 
seen in the queen with bacterial mastitis 
alone.61 

TREATMENT 

Treahnent of feline mammary neoplasia has 
been reported using surgical excision, chemo
therapy, immunotherapy, and endocrine ther
apy. The average time between detection of 
the primary tumor and death in untreated cats 
is 12 months.32 Radical surgical excision is rec
ommended in all but the most advanced cases, 
in which case chemotherapy is a therapeutic 
option. Incidence of recurrence and metastasis 
following surgical treatment is high.25 

Six kinds of surgical excision have been re
ported in cats with mammary carcinoma: (1) 
removal of the tumor alone; (2) removal of 
the gland bearing the tumor; (3) removal of 
affected gland(s), intervening lymphatics, and 
regional lymph nodes (en bloc dissection); (4) 
removal of the gland and adjacent glands if 
glands 1 and 2 or 3 and 4 are affected (half 
chain removal); (5) removal of the entire chain 
of four mammary glands plus or minus re-

gionallymph nodes (unilateral mastectomy); 
and (6) bilateral mastectomy with removal of 
axillary and inguinal lymph nodes (radical 
mastectomy). The most radical of these surger
ies, bilateral mastectomy with removal of axil
lary and inguinal lymph nodes in a two-stage 
procedure (one chain removed at each sur
gery), with a 2-week interval between surger
ies is recommended for three reasons. 62- 64 First, 
removal and histologic examination of the 
lymph nodes provides prognostic information 
(see Prognosis below).64 Second, radical sur
gery was associated with a significantly ( p < 
0.01) longer remission duration in 44 affected 
cats when compared to that of 46 affected cats 
treated with removal of affected and adjacent 
glands only; survival time also was longer, 
though not significantly longer, in the cats 
treated with the radical surgery.62 Third, serial 
histologic examination of all mammary glands 
and lymph nodes from 45 cats with mammary 
tumors revealed microscopic evidence of neo
plasia in grossly normal glands of eight af
fected cats.63 In addition, 22 (49 per cent) of 
the 45 tumor-bearing cats had metastasis to 
the regional lymph node(s), although nodes 
were clinically palpable in only 10. These find
ings support the use of radical mastectomy 
and lymphadenectomy in cats with mam
mary lesions. 

Chemotherapy of feline mammary adeno
carcinoma has been reported, but, in general, 
response to treatment has been poor, due to 
the advanced nature of the disease in treated 
cats. In addition, effect of treatment has been 
difficult to assess when various methods of 
pretreatment surgical excision and staging 
(such as regional lymph node histology) were 
used.32 However, cell lines derived from pri
mary feline malignant mammary tumors are 
sensitive to antineoplastic drugs (such as 
5-fluorouracil, methotrexate, cyclophospha
mide, prednisone, vincristine, and doxorubi
cin) and increased survival time has been 
reported in some affected cats treated with 
chemotherapy when compared to nontreated 
affected cats. Doxorubicin (25 to 30 mg/m2 

intravenously [IV] slowly) and cyclophospha
mide (50 to 100 mg/m2 orally on days 3, 4, 5, 
and 6 following doxorubicin administration), 
repeated at 21-day intervals, was reported to 
induce short-tenil partial or complete response 
in 50 per cent of cats with metastatic or nonre
sectable local disease. 65•66 Median survival 
times of responders and nonresponders were 
283 and 57 days, respectively, and longest sur
vival time was 344 days. Adverse side effects 
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included profound anorexia and moderate 
myelosuppression, which were managed by 
pretreatment with atropine (0.022 mg/kg) IV, 
reduced doxorubicin dose (20 mg/m2), and 
increasing the interval between treatments to 
5 weeks.65 

Immunotherapy of cats with mammary neo
plasia has been reported as ineffective in sev
eral sh1dies.32

•67- 69 Addition of the irnmuno
stimulant levamisole, per os, to surgical 
excision was ineffective in altering recurrence 
rate or survival time in treated, compared to 
control, cats treated with surgery alone.67 Use 
of the biologic response modifier liposome
encapsulated muramyl tripeptide-phosphati
dylethanolamine (L-MTP-PE) to attempt to 
stimulate monocyte cytotoxic activity follow-
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ing radical mastectomy did not improve the 
disease-free interval or survival time when 
compared to placebo-treated cats.68 In a ran
domized trial of 47 cats treated with radical 
mastectomy and lymphadenectomy with and 
without adjuvent immunotherapy, there was 
no statistically significant benefit conferred by 
adding bacille Calmette-Guerin (BCG) alone 
or BCG plus autochthonous h1mor cell vaccine 
to the surgery; median survival times for cats 
treated with surgery alone or surgery and BCG 
was 17.5 months, and for cats treated with 
surgery, BCG, ·and tumor cell vaccine was 
10.5 months.69 

Antiestrogen (such as tamoxifen) therapy is 
of therapeutic value in women with estrogen 
receptor-rich tumors. Tamoxifen was not, 
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Figure 34-6. Relationships between diameter o f the primary tumor (A), presence of tumor-positive lymph nodes (B), number of 
mi toses (C) and necrosis of the primary tumor (D) and survival of queens w ith mammary carcinoma. (From Weijer K, Hart AM: 
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• Table 34-1. Correlation ofT umor Size to Survival Time in 91 Cats 
with Mammary Adenocarcinoma 

No. of Cats 

54 
19 
18 

Tumor Size (cm3) 

1- 8 
9-27 
> 28 

(2 ern diameter) 
(2-3 ern diameter) 
(>3 em diameter) 

Median Survival Time 

>3 yr 
2 yr 
6 mo 

From MacEwen EG, Hayes AA, Harvey J, et al: Prognostic factors for feline mammary tumors. JAm Vet Med Assoc 185:201-204, 1984, 
with permission. 
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Figure 34-7. Remission duration (disease-free infer
val) (A) and survival time (8 ) in 90 cots with malignant 
mammary tumors, based on year and type of sur
gery. D = 1972 to 197 5 series-conservative su r
gery (removal of involved and adjacent glond[s]), 
46 cots; X= 1976 to 1980 series-radical surgery 
(bilateral radical mastectomy including the inguinal 
lymph node in a two-stage procedure; one chain 
removed of each surgery), 44 cots. Type of surgery 
was significantly ( p < 0.0 1) related to disease-free 
interval, but not to survival time. (From MacEwen 
EG, Hayes M, Harvey J, ef ol: Prognostic factors 
for feline mammary tumors. J Am Vet Med Assoc 
185:201-204, 1984, with permission.) 
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however, associated with hunor regression in 
three cats with advanced mammary adenocar
cinoma (S.D. Johnston, unpublished observa
tions, 1982). There is no evidence that ovario
hysterectomy is beneficial in intact female cats 
with mammary neoplasia.25

•
52 

PROGNOSIS 

Prognosis for cats with malignant mammary 
cancer was reported related to seven indepen
dent factors in a prospective follow-up sh1dy 
of 202 cats, of which 157 were treated surgi
cally by mastectomy (105) or block dissection 
(52); cats with more than one malignant mam
mary tumor were excluded.64 These factors 
were (1) age of the queen at time of diagnosis, 
with shorter survival times in older cats; 
(2) diameter of the primary tumor, with longer 
survival when diameter is less than 2 em (Fig. 
34-6A); (3) presence of tumor-positive lymph 
nodes, with longer survival if nodes are nega
tive (Fig. 34-6B); (4) presence of metastasis 
at first clinical examination associated with 
shorter survival time; (5) number of mitotic 
figures in tumor tissue, with longer survival 
with less than two mitotic figures per high
power field (Fig. 34-6C); (6) necrosis of the 
primary tumor, with longer survival when ne
crosis is minimal (Fig. 34-6D); and (7) histo
logic completeness of surgical treatment.34

•
62

•
64 

Other factors, such as breed, treatment de
lay, multiple localization, tumor volume, ul
ceration, infiltrating growth, pleomorphism, 
chronic inflammatory infiltrate, and type of 
surgical treatment (block vs. local dissection) 
that appeared related to survival before correc
tion for the seven independent factors above 
were found to be unrelated after correction for 
these factors. 64 For example, longhaired cats 
had a shorter survival time ( p = 0.030) because 
they more frequently had tumor-positive 
lymph nodes at first examination; treatment 
delay was associated with larger tumor diame
ter; and block dissection was associated with 
a worse prognosis than simple mastectomy, 
because the block dissection was done when 
regional lymph nodes were involved. 

In a study of 100 cats with malignant tumors, 
tumor size was the most significant prognostic 
factor (Table 34-1), and type of surgery (con
servative vs. radical) was significantly ( p < 
0.01) related to disease-free interval, but was 
not significantly related to survival time 
(Fig. 34-7 A,B).62 
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• C h a p t e r 35 

• 
• Clinical Approach to the Complaint of Infertility 

in the Queen 
• 
• 
• 
Infertility in the queen is a nonspecific, histori
cal complaint that relies on historical repro
ductive information for consideration of ap
propriate cause(s) and appropriate diagnostic 
plan(s). Infertile queens can be assigned to one 
of four groups: those with persistent anestrus, 
those with persistent estrus, cycling queens 
that refuse copulation with the male, and cy
cling queens that fail to conceive after copula
tion with a fertile male. 

Minimum Database for Queens 
with Infertility 

Elements of the reproductive and management 
history and some physical examination find
ings to be evaluated in the queen with a com
plaint of infertility are presented in worksheet 
form in Tables 35-1 and 35-2. In some cases, 
when complete historical information may not 
be available, findings listed on the worksheet 
may be used prospectively as part of a diag
nostic plan to evaluate, for example, interes
trous interval, evidence of ovulation, or evi
dence of spermatogenesis by the male. Blank 
copies of the worksheet may be provided to 
clients with fertile or infertile queens for record 
keeping in their catteries to assist in the compi
lation of useful data on reproductive perfor
mance in individual queens. 

Complete history (including vaccination his
tory and the presence of viral diseases, if any, 
in the cattery), physical examination, and rou
tine clinical pathology screening (e.g., com
plete blood count, serum chemistry profile and 
urinalysis, feline leukemia virus [FeLV] and 
feline immunodeficiency virus [FN] testing) 
are indicated in all queens at the beginning of 
the infertility work-up.1 

486 

Infertility in the Queen With 
Persistent Anestrus 

Causes of persistent anestrus in the queen in
clude inadequate photoperiod or season of the 
year, previous ovariohysterectomy (OHE), abnor
mality of sexual differentiation, progesterone
secreting ovarian cyst, progesterone-secreting 
functional ovarian neoplasm, and ovarian 
aplasia. Other possible causes, either reported 
rarely or reported in other species, include 
drug-induced (e.g., megestrol acetate or me
droxyprogesterone acetate) anestrus, immune
mediated oophoritis, and malnutrition or sys
temic illness associated with ovarian failure. 2 

Some queens, housed in colonies with other 
females that are dominant, may show lordosis 
behavior but fail to show outward signs of 
estrus even though they have normal waves 
of ovarian follicles, as evidenced by serum es
tradiol concentrations.3A 

Inadequate Photoperiod 
Inadequate photoperiod should be suspected 
if the queen's environment does not provide 
enough light exposure to read a newspaper 
for at least 14 h/ d. Seasonal persistent anestrus 
is normal when associated with decreasing 
(starts after June 21 in the Northern Hemi
sphere) or short day length. Diagnosis is con
firmed by response (onset of estrus) to 14 to 
16 hours of bright light per day; this response 
sometimes is enhanced by housing the affected 
queen with another, cycling, queen. Queens 
usually exhibit estrus within 1 to 2 months 
of onset of increasing photoperiod, and one 
author reports that 75 per cent of queens will 
develop synchronized estrus if housed with 
normally cycling queens for 3 to 4 months.1 
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• !I • Table 35-1. Worksheet for the Evaluation of Infertility in the Queen-Blank 

1. Signalment: Name/Case No: 
Breed: 
Color: 
Date of Birth: 

2. Reproductive History: 

Date of Estrus Onset Date of Dates and No. "After- Male ID Has Male Sired 
(Interestrous Interval) · Receptivity Numbers of Reactions"* and Age Other Litters? 

(No. of Days) Copulations Observed? YIN 
Y/N 

-

3. Comments: 

*After-reaction includes screaming (54%), striking out at tom (77%), vulvar licking (92%), frantic rolling (100%). 
t Ovulation confirmed by observation of serum progesterone > 1.5 ng / ml 2 to 6 weeks after breeding. 
+ L: D, Born live or born dead . 

Ovulation Date(s) of No. of Female No. of Male 
Confim1ed?t Parturition Kittenst (L: D) Kittens (L: D) 
YIN 
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00 •• Table 35-2. Worksheet for the Evaluation of Infertil ity in the Queen-Example 

1. Signalment: Name/Case No: 
Breed: 
Color: 
Date of Birth: 

2. Reproductive History: 

Jasmine/19-17-02 
Persian 
White 
4-14-96 

Date of Estrus Onset Date of Dates and No. "After- Male ID Has Male Sired 
(Interestrous Interval) Receptivity Numbers of Reaction" and Age Other Litters? 

(No. of Days) Copulation's Observed?* YIN 
Y/N 

1-27-97 1-27 to 1-31 (5) - - -

2-18-97 (23 d) 2-18 to 2-26 (8) 2-24 (3) Y-Y-Y Khan (3) y 

5-6-97 (79 d) 5-6 to 5-7 (2) - - -

1-03-98 (237 d) 1-03 to 1-08 (6) 1-05 (1) y Max (2) N 

1-30-98 (28 d) 1-30 to 2-05 (7) 2-01 to 2-02 (4) Y-Y-Y-Y Max (2) N 

3. Comments: 
4-20-99: Treated for open-cervix pyometra. 

* After-reaction includes screaming (54%), striking out at tom (77%), vulvar licking (92%), frantic roll ing (100%). 
t Ovulation confirmed by observation of serum progesterone > 1.5 ng/ ml 2 to 6 weeks after breeding. 
t L: D, Born live or born dead. 

-

-

Ovulation Date(s) of No. of Female No. of Male 
Confirmed?t Parturition Kittens+ Kittens (L: D) 
YIN (L:D) 

- - - -

N 4-26-97 2:0 1 : 1 
(67d) I 

- - - -

N Not - -

pregnant 

N 4-08-98 2:0 3:0 
(66d) 
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Previous Ovariohysterectomy 

Previous OHE usually is ruled out by the his
tory in purebred queens, but may be a difficult 
diagnosis to confirm if history is unknown. 
Identification of a ventral midline scar, palpa
tion of nonabsorbable sutures (if present), pal
pation of the uterus per abdomen (if present), 
ultrasonography of the abdomen to look for 
uterus and ovaries, and elevation in serum go
nadotropin concentrations (not generally com
mercially available) are contributory findings. 
In the absence of abnormal karyotype (see Ab
normality of Sexual Diffentiation below), the 
investigating clinician may consider either at
tempting to rule out this diagnosis by inducing 
estrus with follicle-stimulating hormone (FSH) 
(see below) or by exploratory laparotomy and 
examination of the region of the ovarian ped
icle(s). 

Abnormality of 
Sexual Differentiation 

Abnormality of sexual differentiation ill the 
queen is described in Chapter 31.5

-
10 Ovarian 

dysgenesis or presence of abdominal testes or 
ovotestes may occur in phenotypic queens 
with abnormality of sexual differentiation. Ab
normalities of sexual differentiation reported 
in the queen with persistent anestrus include 
abnormality of chromosomal sex (37,XO [Ta
ble 35-3], mosaicism), abnormality of gonadal 
sex (such as true hermaphroditism), and ab
normality of phenotypic sex (male pseudoher
maphrodites and individuals with testicular 
feminization). Bilateral ovarian dysgenesis 
was reported in a 2%-year-old Burmese cat 
with primary anestrus and a 37,XO chromo
some complement (see Fig. 31-1).6 The ovaries 
and uterus were small (see Fig. 31-2), and 
ovarian histology consisted of fibroblastic stro
mal elements and large aggregates of hyper
trophied interstitial cells; follicles or corpora 
lutea were not observed (see Fig. 31-3). No 
somatic abnormalities were present in the cat. 
Other 37,XO cats have been described, one 
with coarctation of the aorta and one with 
spina bifida. 6•

8
•
10 These were kittens that died or 

were euthanized by 3 days of age, and gonadal 
histology was not reported. The XO female is 
an example of an abnormality of sexual differ
entiation due to numerical abnormality of the 
sex chromosomes. The most common numeri
cal abnormality of the sex chromosomes in the 
cat, however, is that of mosaicism or chime
rism, where different cell lines are present in 

• • • Table 35-3. Case Example: Queen with 
Persistent Anestrus 

Signalment: 
Presenting 

Complaint: 
History: 

Physical exam: 

Initial problem 
list: 

Diagnostic plan: 

Results: 

Refined problem 
list: 

Therapy: 
Comment: 

2.5-year-old female, sable Burmese 
Persistent anestrus 

Housed all of her life in a cattery 
with adequate photoperiod and 
exposure to estrous queens 

Small (weight 3.2 kg; weighed 
70 g at birth, compared to 
littermates at 90 to 100 g); vulva 
appeared normal; uterus 
palpable per abdomen 

Persistent anestrus 

Karyotype of heparinized, venous 
blood 

37,XO karyotype (normal queen is 
38,XX) 

Later ovariohysterectomy revealed 
gonadal dysgenesis (see Figs. 
31-1 through 31-3) 

X-Chromosome monosomy with 
gonadal dysgenesis 

None 
Phenotypic queens with persistent 

anestrus caused by 
abnormalities of sexual 
differentiation may have 
karyotypes of 37,XO, 38,XX/ 
38,XY, or 38,XY (testicular 
feminization) 

the body. Mosaicism, such as 38,XX/57,XXY, 
has been reported in both male and female 
phenotype cats, including queens with persis
tent anestrus and queens that cycle and con
ceive kittens, depending on the gonadal tis
sue present. 

True hermaphroditism is rare in cats, and 
has not been reported in phenotypic females 
where both gonadal histology and chromo
some complement are known. True hermaph
roditism has been reported in cats that are 
phenotypically male, where both gonadal his
tology and chromosome complement are 
known, suggesting that presence of testicular 
tissue in the embryo induces development of 
(male phenotype) secondary sexual character
istics, regardless of presence of ovarian tissue 
or karyotype. In other species, ovotestes have 
been detected in phenotypic female individu
als with an XX/XY, XO/XY, or XXY sex chro
mosome complement.5 

Testicular feminization was reported in a 
6-month-old orange tabby cat with a normal 
female phenotype (vulva and clitoris), 38,XY 
chromosome complement, abdominal testes 
but no uterus, uterine tubes, epididymides or 
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vasa deferentia, and absence of androgen re
ceptors in cultured fibroblasts from genital 
skin. 11 This disorder, which is an inherited de
fect in humans, may be suspected in queens 
with the XY karyotype, abdominal testes, and 
absence of the female (mi.illerian duct) tubular 
tract. Male pseudohermaphroditism, which 
also has been reported in the cat, usually oc
curs with the XY karyotype, abdominal testes 
present at the tip of the uterine horns, and 
presence of derivatives of the mi.illerian duct 
system.5 Prognosis is grave for future fertility 
in affected queens. 

Progesterone-Secreting 
Ovarian Cyst or Functional 
Ovarian Neoplasm 

Progesterone-secreting ovarian cysts or func
tional ovarian neoplasms are possible, if un
common, causes of persistent anestrus in this 
species. Presumptive diagnosis is based on se
rum progesterone concentrations exceeding 
1.5 ng/ml in nonpregnant queens that persist 
beyond normal, or nonpregnant diestrus (40 
to 45 days), and on presence of an ovarian 
mass (see Chapter 31). Diagnosis is confirmed 
at exploratory laparotomy, and treatment is 
surgical excision. 

Ovarian Aplasia 

Ovarian aplasia that has been reported in the 
queen usually has been unilateral, not bilateral 
and, therefore, should be considered an un
common cause of persistent anestrus.12

•
13 

Induction of Estrus 

Induction of estrus may be attempted in the 
queen with persistent anestrus when a cause 
of this sign cannot be identified, and response 
to estrus induction treahnent is used both as 
a diagnostic and as a therapeutic tool. Recom
mended treatment is intramuscular (IM) injec
tion of 2 mg FSH daily until onset of estrus (3 
to 7 days) followed by natural mating or by 
250 IU human chorionic gonadotropin (hCG) 
IM to induce ovulation.14 Natural mating 
(three times daily for the first 3 days of estrus) 
followed by hCG (250 IU), IM on days 2 and 
3 of estrus) synergistically enhances the ovula
tory response of cats either in natural or in
duced estrus.15

•
16 FSH has been intermittantly 

commercially available in the United States. 

Infertility in the Queen With 
Persistent Estrus 

Causes of persistent estrus in the queen in
clude normal ovarian follicular function that 
either is misinterpreted as persistent estrus by 
the owner or is associated with prolonged sex
ual receptivity (into postestrus or diestrus), 
functional follicular cysts of the ovary, and 
functional ovarian neoplasia. 

Normal Ovarian Function and 
Estrous Behavior 

Normal ovarian function and estrous behavior 
are described in Chapter 25. The first step in 
investigating any complaint of persistent es
trus in the queen is to rule out the possibility 
that normal estrus is being misinterpreted as 
persistent by the owner, or that normal ovarian 
function is associated with sexual receptivity 
that extends beyond the time of the follicular 
phase. Feline estrous cycles may occur at 4- to 
30- (modal= 14 to 19) day intervals, and estrus 
durations of 4 to 12 days with very short post
estrus periods, when serum estradiol is less 
than 20 pg/ml, may appear, to the owner, to 
be persistent estrus. Duration of continuous, 
true estrus in the normal cat should not exceed 
19 days.4 Queens with a history of persistent 
estrus should be examined every 2 to 3 days 

. for 3 to 4 weeks with vaginal cytology (to look 
for persistent cornification) and, if available, 
serum estradiol concentrations to determine 
whether the queen is, in fact, cycling in and 
out of estrus. Examination of the vaginal smear 
is preferred, but smears may be difficult to 
collect from the estrous queen, and if the clini
cian is unsure of the cytology site obtained 
(vestibule vs. vagina), persistent serum estra
diol concentrations exceeding 20 pg/ml also 
support the diagnosis of true, persistent estrus. 
If examination or serum estradiol concentra
tions support normal cycling, the queen may 
be exposed to an experienced male for mating 
at time of peak serum estradiol concentrations, 
or induced to ovulate and go into the luteal 
phase by the administration of gonadotropin
releasing hormone (GnRH) (25 JLg, IM) or hCG 
(250 IU, IM). In some queens, manipulation of 
the photoperiod tb less than 10 hours of light 
exposure per day may induce seasonal an
estrus. 

A variation of normal estrous behavior in
volves ovarian follicle growth patterns in 
which follicular waves overlap so that serum 
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estradiol concentrations between follicular 
waves exceed 20 pg/ml (Fig. 35-1).4 This is an 
unusual type of ovarian follicle activity in the 
cat, but conception is possible if mating occurs 
during time of peak estradiol secretion.17 

Functional Follicular Cysts 
of the Feline Ovary 

Functional follicular cysts of the feline ovary 
(see Chapter 31) should be suspected in the 
queen with true persistent estrus.18

-
2° Follicular 

ovarian cysts, which arise from mature or 
atretic follicles, have been reported to be com
mon in the cat, and their frequency is reported 
to increase with age.18 

Figure 32-4 depicts bilateral ovarian cysts 
in an 8-year-old Birman cat presenting with 
infertility associated with (prolonged) estrus 
of 6 weeks' duration caused by functional 
ovarian cysts (Table 35-4). The cysts did not 
respond to an attempt to induce ovulation with 
administration of hCG, and were resected sur
gically. Following treatment, the queen cycled 
normally, conceived, and delivered a normal 
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Figure 35-1. Continuous estrous behavior in o queen with 
ovarian follicle waves that overlap • Follicle activity is depicted 
by plasma estradiol concen trations. The overlap was accentu· 
ated during the month of March. Copulation was allowed only 
once, on April 12. Ovulation did not follow this mating because 
copulation occurred between two follicle waves . The solid hori· 
zon ta l bars indicate sexual acceptance. The partially solid bars 
indicate proestrus-like activity. I From Stabenfeldt GH, Pedersen 
N C: Reproduction and reproductive disorders. In Pedersen NC 
[ ed ]: Feline Husbandry: Diseases and Management in the Multi· 
pie Cat Environment. Goleta , CA, American Veterinary Publica· 
lions, Inc, 1991, pp 143-153, w ith permission.) 

•• Table 35-4. Infertility Case Example: 
Queen with Persistent Estrus 

Signalment: 
Presenting 

complaint: 
History: 

Physical exam: 

Initial problem 
list: 

Diagnostic plan: 

Results: 

Refined problem 
list: 

Therapy: 

8-year-old female, Birman 
Infertility associated with 

persistent estrus 
Two normal litters more than 3 

years ago; signs of estrus for 6 
weeks; bred four times to a 
fertile male with no conception 
during that time; FeLV 
negative; FIP in cattery 

Normal TPR; cornified vaginal 
smear; palpable abdominal 
mass caudal to right kidney 

Persistent estrus; palpable left 
abdominal mass 

Abdominal ultrasound to rule out 
ovarian cyst or neoplasia 

Bilateral, septate, nonechogenic 
masses in the region of the 
right and left ovaries 

Functional ovarian (follicular) 
cysts 

500 IU hCG IM; no effect on 
serum progesterone 
concentrations or vaginal 
cornification; followed by 
exploratory laparotomy and 
bilateral cyst resection; cyst 
fluid contained >6000 pg/ ml 
estradiol; vaginal smear 
noncornified by 2 weeks 
postoperatively; subsequently 
cycled and delivered one 
normal litter 

litter. Functional ovarian cysts are diagnosed 
histologically after observation of signs of es
trus; cornified vaginal cytology; elevated 
plasma estradiol concentrations; and palpa
tion, imaging, or laparotomy evidence of an 
abdominal mass. · Differential diagnosis in
cludes presence of a functional ovarian neo
plasm. Treatment options for folliCular cysts 
in the queen include attempts to induce ovula
tion and follicular luteinization (250 to 500 IU 
hCG or 25 mg GnRH IM), surgical resection 
of the cysts if medical treatment is unsuccess
ful, and ovariectomy if future reproduction is 
not desired. Success of induction of ovulation 
is based on elevation of serum progesterone 
to a concentration exceeding 1.5 ng/ml by 1 
week after attempted induction of ovulation 
(mating or medical treatment), and decline in 
percentage cornification of exfoliated anuclear 
squame vaginal epithelial cells to less than 10 
per cent of the specimen by that time.4 

Functional Ovarian Neoplasia 

Functional ovarian neoplasia is less common 
than follicular ovarian cysts in cats with persis-
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tent estrus, but functional granulosa cell tu
mors have been reported in queens between 3 
and 16 years of age (see Chapter 31). Although 
the incidence of primary ovarian neoplasia in 
the queen is low, the granulosa cell h1mor 
is the most common of these hnnors, and 
the most common functional ovarian tumor, 
secreting estradiol, progesterone, or both.19 

About half of these tumors are functional and 
are associated with persistent estrus (with es
tradiol secretion) or cystic endometrial hyper
plasia (with progesterone secretion) or both. 
Queens with types of ovarian tumors other 
than granulosa cell tumors (e.g., cystadenoma, 
dysgerminoma, and interstitial cell tumor) oc
casionally have been reported to show persis
tent estrus (see Table 31-1). Excision biopsy is 
the treatment of choice with all ovarian hunors 
of the queen; the guarded prognosis associated 
with the granulosa cell tumor in the cat sup
ports the removal of both ovaries in the infer
tile queen with persistent estrus, rather than 
'attempt at surgical resection that preserves re
productive function. 

Infertility in the Cycling Queen 
that Refuses Copulation 
with the Male 

Refusal of copulation by a normal estrual 
queen may be caused by abnormal reproduc
tive behavior and/ or mate preference by the 
queen, or by vestibular /vaginal anomaly that 
precludes normal intromission.20 A male cause 
of copulation failure that has been reported in 
the domestic cat is presence of a penile hair 
ring that prevents complete penile protrusion 
and intromission (see Chapter 41); therefore, 
if copulation failure is suspected, the male also 
should be examined. 

Copulation failure is supported by obser
vation of mating(s) where the female "after
reaction" is not displayed, by measurement of 
low (<1.5 ng/ml) serum progesterone in the 
queen following mating attempt(s), and by 
failure to detect sperm in a postcoital vaginal 
wash. However, none of these observations 
provides absolute evidence of absence or pres
ence of copulation. After-reactions of scream
ing (54 per cent), striking out at the tom (77 per 
cent), vulvar licking (92 per cent), and frantic 
rolling (100 per cent) were observed in a study 
of 120 feline copulations.22 Even in the presence 
of these reactions and normal copulation, 

about 50 per cent of queens fail to ovulate 
after only a single copulation, so that the after
reaction alone does not confirm ovulation.23 

Serum progesterone concentration exceeding 
1.5 ng/ml by about a week after breeding sup
ports, but is not absolute evidence of, success
ful copulation, as some queens ovulate sponta
neously during the follicular phase, even in 
the absence of a male.24 Finally, presence of 
spermatozoa in the postcoital vaginal wash 
supports completion of normal copulation, but 
absence of spermatozoa does not rule it out. 

Some normal adult queens reject copulation 
with some male cats even when in estrus, sug
gesting sexual partner discrimination. 22

•
25 In 

one report of 38 observed estrous cycles in 14 
queens, the females did not allow the male to 
breed at 15 of the 38 (39 per cent), despite 
multiple attempts during exhibition of behav
ioral estrus and cornified vaginal cytology.22 

Breeding strategy in these queens is to try dif
ferent males, if available, or to introduce the 
queen and tom when she is not in heat, and 
try again at a later estrus. 

Vestibular /vaginal congenital abnormali
ties reported in the cat include segmental 
aplasia of the cranial vagina, presence of a 
common vulvovestibular-anal opening, im
perforate hymen, and rectovaginal fistula 18 (J. 
Holzworth, personal communication, 1982). 
These abnormalities are reported rarely, and 
the small size of the feline vestibule and vulva, 
which precludes digital examination of these 
organs, may prevent detection of most anoma
lies of this organ. One of the authors (MVRK) 
has diagnosed presence of a vulvar stricture 
preventing normal copulation in a queen that 
delivered a single, large kitten with vulvar 
tearing a year earlier. 

Infertility in the Cycling Queen 
that Accepts Copulation 
with a Fertile Male 

Infertility in the cycling queen that accepts cop
ulation with a fertile male may be caused by 
impatency of the tubular tract; infection of the 
cervix, uterus, and / or uterine h1bes; or anovu
latory cycles. In one report of 33 queens sub
jected to laparotoiny after continuing infertil
ity, 13 (39 per cent) had one or more pathologic 
conditions of the reproductive tract. 26 Other 
possible causes include subfertility associated 
with spontaneous chromosome anomalies of 
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the conceph1ses, immune-mediated infertility, 
in-breeding, stress, and hypoluteoidism. 

lmpatency of the Tubular Tract 

Impatency of the tubular tract secondary to 
segmental aplasias, tubal hyperplasia (see Fig. 
32-2), endometrial hyperplasia, or endome
trial scarring may occur in the queen.26-31 Three 
of 33 queens explored for infertility from the 
same colony had villous hyperplasia of the 
oviducts (uterine tubes) and three had infantile 
tracts; there was one case each of cervical and 
uteroh1bal junction obstruction.26 Table 35-5 
describes an infertile cat with normal copula
tion and normal ovulation that did not con
ceive due to bilateral obstruction of the lumen 
of the uterotubal junction. This cause should be 
suspected in queens that have never conceived 
despite good breeding management. Diagno
sis is confirmed at exploratory laparotomy and 

Table 35-5. Infertility Case Example: 
Infertility in the Cycling Queen that 
Accepts Copulation with a Fertile Male 

• 
Signalment: 
Presenting 

complaint: 
History: 

Physical exam: 

Initial problem 
list: 

Diagnostic Plan 

Results: 

Refined problem 
list: 

Therapy: 

DT =Due to. 

3-year-old female, Himalayan 
Infertility 

Bred at four different seasons with 
two different fertile males 
between ages 2 and 3; never 
pregnant; breedings were not 
observed; female and male were 
housed together; Last breeding 
occurred 2 weeks prior to 
presentation 

Normal; uterus palpable per 
abdomen 

Infertility DT unknown 

CBC/UA/ chemistries normal; 
FeL V negative; serum 
progesterone = 26 ng/ml; wait 
2 weeks for pregnancy 
diagnosis = negative; 
Exploratory laparotomy for 
uterine biopsy, uterine culture, 
saline uterine flush for patency 

Bilateral occlusion of the 
uterotubal junction; 
ovariohysterectomy and 
histologic examination revealed 
bilateral papillary hyperplasia 
of the uterine tube at the 
uterotubal junction 

Bilateral papillary hyperplasia of 
the uterine tube 

None 

gross inspection of the uterus and uterine 
tubes. 

Infection of the Cervix, Uterus, 
and/or Uterine Tubes 

Infection of the cervix, uterus, and/ or uterine 
tubes is a common cause of infertility in the 
cycling queen that accepts normal copula
tion.1·18·26·32-36 Infection usually is superimposed 
on underlying cystic endometrial hyperplasia 
(see Chapter 32). In one survey of 33 infertile 
queens examined at laparotomy, seven (21 per 
cent) had cystic endometrial hyperplasia, and 
one had cystic polypoid hyperplasia of the en
dometrium.26 In the cat, as in the dog, hyper
plastic and inflammatory changes of the uter
ine lining are common and appear to increase 
with age.33 These changes also may be more 
prevalent in intact, aged nulliparous females 
than in multiparous females.37 Infections of the 
tubular tract are suspected in the middle-aged 
to older queen that may have previously deliv
ered a normal litter. Presence of an elevated 
white blood cell count and imaging evidence 
of thickening of the uterine wall are contribu
tory findings, if present. Bacteria isolated from 
fluid in the infected uterus are described in 
Chapter 32 and include flora that normally 
reside in the feline vagina.38 Infection is con
firmed using exploratory laparotomy for uter
ine biopsy and uterine culture. Alternatively, 
breeding attempt while the queen is treated 
with broad-spectrum systemic antibiotics may 
result in successful pregnancy in some queens. 

Anovulatory Cycles 

Anovulatory cycles occur in about half of 
queens bred a single time when in estrus, as 
multiple stimulations of the vagina appear 
necessary to elicit a luteinizing hormone surge 
of adequate magnitude to induce ovulation 
(see Fig. 26-4).23 Anovulatory cycles are diag
nosed by measuring serum progesterone in 
queens 2 to 3 weeks following breeding; ovula
tion is associated with serum progesterone ex
ceeding 1.5 ng/ml, and ovulation failure is 
associated with serum progesterone less than 
this level. 

Other Causes 

Other causes of infertility in the cycling queen 
that accepts copulation include inbreeding, 
stress, and estrus suppression with progesta-
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tional drugs.21,35 In a study of 33 infertile labora
tory queens, 20 lacked pathologic abnormality 
of the reproductive organs.26 If impatency and 
infection of the reproductive tract and ovula
tion failure have been ruled out, selection of 
an unrelated male cat and sexual rest or stress 
reduction as possible should be attempted. 
Hypoluteoidism, or premature lysis of the cor
pora lutea with resulting pregnancy loss, has 
not been reported in the queen, but may occur 
in this species; diagnosis is based on evaluation 
of serial serum progesterone concentrations 
following breeding. 

Subfertility in the cycling queen caused by 
fetal chromosomal error has been described 
in queens with consistently small litter size 
accompanied by erratic and irregular estrous 
cycles.39-

41 Because early embryonic death with 
resorption was suspected, laparotomy was 
performed in three queens at about 4 weeks 
after mating. Fourteen conceptuses were 
karyotyped, and autosomal mosaicism 
(38,)CX/37,XX and 38,XX/39,XX) was detected 
in two.40 In another study, 4 (16 per cent) of 
25 kittens that died prenatally, were stillborn, 
or were liveborn with congenital defects, ex
hibited abnormal karyotypes, most with auto
somal mosaicism, similar to karyotypes re
ported in human abortuses and pregnancy loss 
in other speciesY 
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THE TOM 
• C h a p t e r 36 

Sexual Differentiation ond Normal Anatomy 
of the Tom Cot 

Differentiation of the 
Reproductive Organs of the 
Tom Cat 

The reproductive organs of the tom cat include 
the testes, epididymides, ductuli (vasa) defer
entia, prostate, bulbourethral glands, penis, 
and prepuce (Fig. 36-1). The process of sexual 
differentiation of the male cat begins at time 
of fertilization, when a Y-chromosome-bearing 
sperm penetrates an X-chromosome-bearing 
oocyte. The chromosomal complement of the 
normal tom cat is recorded as 38,XY. Embryo
logically, the gonads of the tom cat originate 
as undifferentiated tissue, the mesenchymal 
gonadal ridges, on the medial side of the meso
nephros.1 Following the migration of primor
dial germ cells from the yolk-sac endoderm to 
the gonadal ridges, undifferentiated gonadal 
tissue differentiates to testis in the presence of 
a normal Y chromosome, which contains an 
sry (sex determining region of the Y) region. 
Testosterone secreted by the interstitial cells 
of the fetal testes causes persistence of the 
mesonephric (wolffian) duct system, from 
which arise the epididymides and vasa defer
entia. Mi.illerian inhibiting substance (MIS) 
from the fetal Sertoli cells induces regression of 
the paramesonephric (mi.illerian) duct system 
which, in the female, develops into the tubular 
reproductive organs. 

The prostate arises from endodermal buds 
of the urethra and adjacent urogenital sinus.1 

The bulbourethral glands arise from the penile 
urethra.1 External genitalia form from the geni
tal h1bercle and genital swellings under the 
influence of dihydrotestosterone, converted 
from testosterone by the enzyme Sa-reductase. 
The genital tubercle becomes the penis, and the 
ventral urethral groove on the penis develops 
into the urethra following fusion of the ure
thral folds under the influence of dihydrotes
tosterone. During its early formation, the penis 
adheres to the prepuce via the balanopreputial 
fold; dissolution of this fold is an androgen
dependent event that occurs postnatally in 
most male mammals.2

•
3 In the cat, breakdown 

of this fold, and resulting ability to completely 
protrude the penis from the prepuce, occurs 
at about 7 to 12 months of age, unless the cat 
is castrated prior to that time, in which case 
the adhesion persists.4 At about 9 weeks of 
age, elongated pits become evident on the sur
face of the glans penis, from which androgen
dependent penile spines erupt between 9 and 
13 weeks of age.5 Diameter of the prepros
tatic and penile urethra of 2-year-old cats are 
not different in males castrated at 7 weeks, 7 
months, or left intact.4 

In the cat, as in many mammals, each testis 
descends from the abdominal cavity through 
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Figure 36-1. Gross anatomy of the male reproductive organs of the cat. 

the inguinal ring into the scrotum prior to 
birth. The testis is enclosed by the tightly ad
herent fibrous covering, the tunica albuginea, 
and also by layers ofvisceral (lamina parietalis 
tunica vaginalis) and parietal (fascia sper
matica interna) peritoneum drawn out of the 
abdominal cavity with it.6-

10 A potential space, 
the vaginal cavity (which is continuous with 
the peritoneal cavity), lies between the lamina 
parietalis tunica vaginalis and fascia spermatic 
interna. An incision through the scrotal skin, 
therefore, passes through the fascia spermatica 
interna (tunica vaginalis communis), the vagi-

nal cavity, the lamina parietalis tunica vagi
nalis (tunica vaginalis propria), and the tunica 
albuginea before entering testicular paren
chyma.6-9 Testes of normal kittens usually are 
descended at birth, but, prior to puberty (7 to 
10 months of age), cat testes move freely up 
and down in the inguinal canal.10

•
11 

Combined weight of both testes of male kit
tens at birth ranges from 20 to 58 mg.9

•
1° Com

bined testes weight in older kittens is reported 
as 100 mg at weaning, as 130 mg at 12 weeks 
of age, and as 500 mg at 20 weeks of age.10 

Thereafter, the testes increase in proportion to 
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body weight, with maximal combined testes 
weight of 4 g recorded in a 5-kg cat. 10 Total 
seminiferous tubule length in immature cat 
testes weighing 800 to 940 mg has been re
ported as 22.8 to 25.8 mY Diameter of feline 
seminiferous tubules is 60 to 90 fLm at birth, 
110 fLm at 20 weeks of age, and 130 to 175 fLm 
at 30 to 36. weeks of age, when spermatozoa 
are identified histologically.10

•
13 Mean diameter 

of seminiferous tubules of 10 tubules each dur
ing stage 7 in the testes of 2- to 3-year-old cats 
was reported as 182 to 210 fLm. 14 

Postnatal growth of the epididymides is 
rapid in the intact male kitten; combined 
weights of both epididymides of 14 mg at 
birth, 200 mg at weaning, and 500 mg at 20 
weeks of age have been reported.10 

Testes 

The testes of the adult male cat are spherical 
to ovoid structures approximately 1.5 X 1.0 X 
1.0 em each in size, with a 2- to 4-g combined 
weight, and are located in the scrotal sac ven
tral to the anus.10

•
15

-
17 Adult feline testicular 

weights were r~ported higher in June than in 
December and March in one study of male 
cats in North America; however, sperm were 
present in the seminiferous tubules during all 
seasons.18 The skin of the scrotum is covered 
by hair. The scrotal sac is distinguished exter
nally by a median groove corresponding to an 
inner fibrous septum that divides the sac into 
two halves.9 

Spermatogenesis 

Histologically, the testis of the domestic cat is 
composed of closely massed and convoluted 
seminiferous tubules and islands of interstitial 
cells (of Leydig) that almost fill the intertubular 
spaces (Fig. 36-2).19 The three major cell types 
of the testis are the interstitial cells, which se
crete testosterone in response to stimulation 
by luteinizing hormone (LH); the Sertoli cells, 
which are estrogen- and inhibin-secreting cells 
lining the seminiferous tubules that act as 
nurse cells to elongating spermatocytes; and 
the germ cells (i.e., spermatogonia, primary 
and secondary spermatocytes, spermatids, 
spermatozoa), which are present within the 
seminiferous tubules (Fig. 36-2).20•21 Interstitial 
cells change in appearance and number from 
the neonatal (i.e., testosterone-secreting fetal 
cells) to infant (i.e., no androgenic activity) 

to pubertal/ adult (i.e., mature, testosterone
secreting) periods in the cat.22 Sertoli cells de
crease in number per transverse seminiferous 
tubular section from about 25 at 1 day to 1 
month of age, to 17 to 18 at 4 to 5 months of 
age, to 10 to 13 at 5 to 7 months of age, to 8 
to 10 in adults.U Mature Sertoli cells in the cat 
have elongated nuclei, irregular outlines, and 
prominent nucleoli.13 

Testicular Steroid Regulation 
and Production 

Testicular function is mediated by LH and 
follicle-stimulating hormone (FSH) secretion 
from the anterior pituitary gland, under the 
influence of gonadotropin-releasing hormone 
(GnRH) released from the hypothalamus. LH 
stimulates testosterone secretion by the inter
stitial cells of the testis; LH secretion is inhib
ited by high circulating concentrations of LH 
or testosterone.23 FSH stimulates secretion of, 
and is itself inhibited by, estradiol and inhibin 
secretion by the Sertoli cells of the testis. Elec
trical stimulation of the medial preoptic region 
and the median basal hypothalamus increases 
LH secretion in the cat.24 Serum LH concen
trations are reported to vary widely (2.2 to 
29.2 ng/ml) in the cat, depending on assay 
system used23

; episodic LH activity has been 
reported in gonadectomized males at 20- to 3D
minute intervals.25 Serum FSH concentrations 
have not been reported in the domestic cat. 

Resting plasma testosterone concentrations 
in intact adult male cats range from nondetect- . 
able ( < 0.5 ng/ml) to more than 20 ng/ml. 14

•26- 32 

Mean plasma testosterone concentrations in 
blood collected from testicular veins of normal 
male cats are reported to range from 23.2 to 
36.8 ng / ml.14 Feline testosterone secretion is 
episodic, without diurnal rhythm.14•30 Both 
presence30 and absence14

•
18 of a positive effect 

of breeding season on circulating concentra
tions of testosterone in the cat have been re
ported. Serum testosterone concentrations de
cline in some male cats during manual 
restraint and/ or anesthesia.26

•
33 

Because single resting concentrations of tes
tosterone are so variable, due to the episodic 
nature of its secretion, stimulation of maximal 
testosterone secretion by administration of hu
man chorionic gonadotropin (hCG), which has 
LH-like activity, or GnRH, which stimulates 
endogenous LH release, permits clinical as
sessment of maximum testicular capacity to 
secrete testosterone.27 Resting serum testoster
one concentration in six cats ranged from non-
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detectable (<0.05 ng/ml) to 3.0 ng/ml; the 
range 4 hours after 250 IU hCG administered 
intramuscularly (IM) was 3.1 to 9.0 ng/ml, 
and 1 hour after 25 f.Lg GnRH IM was 5.0 to 
12.0 ng/ml (Fig. 36-3).29 Human chorionic go
nadotropin or GnRH stimulation tests may be 
used to demonstrate presence of a hidden, ab
dominal testis in animals in which cryptorchi
dism is suspected (see Table 39-2). Castration 
causes an immediate decrease in plasma 
testosterone to baseline concentrations (0 to 
0.5 ng/ml), suggesting that plasma levels of 
this hormone in the intact male are testicular 
in origin.30A1 

Mean plasma concentrations of androstene
dione in the intact male cat are reported at 0.31 
to 0.69 ng/ml in peripheral blood and 7.8 to 
25.7 ng/rnl in blood from the testicular veins.14 

Plasma androstenedione is not suppressed 
completely by castration, suggesting another 
source (such as the adrenal glands) for this 
hormone.30 Androstenedione is released in epi-

Figure 36-2. Histologic appearance of the 
adult cot testis, showing a cross section of o 
seminiferous tubule containing Sertoli cells (S) 
and development of germ cells to spermotids 
(s), with adjacent interstitial cells (1). 

sodic bursts, but no diurnal rhythm of secre
tion has been observed.30 

Mean plasma concentrations of 5a-dihydro
testosterone in the intact male cat are reported 
at 0.03 to 0.70 ng/ml in peripheral blood and 
6.4 to 25.7 ng/ml in blood from the testicu
lar veins.14 

Plasma estradiol concentrations in nor
mal intact adult male cats range from 12.1 to 
16.1 pg/mi.3°·31 

Epididymides, Ductuli (Vasa) 
Deferentia, and Spermatic Cord 

The epididymides are tightly coiled, contigu
ous, efferent ducts that adhere closely to the 
surface of the testes. The epididymides are the 
sites of sperm maturation and of storage of 
extragonadal reserves of sperm.9

•
34 The head of 

the epididymis is located at the dorsal cranial 
medial aspect of the testis; the epididymal 

10~---r---------------------------------------- Figure 36-3. Serum testosterone concentro· 
lions (mean ± l SEMI in six normal mole cots 
before, and at hourly interva ls after IM ad min· 
istrotion of 0.5 ml saline, 250 IU human chori· 
onic gonadotropin (hCG), or 25 p.g gonodo
tropin·releosing hormone (GnRH). 
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body curves around the dorsolateral aspect of 
the testis and becomes continuous with the 
tail of the epididymis at the dorsal caudal pole 
of the testis. The tail of the epididymis then 
passes medial to the surface of the testis and 
becomes the ductus deferens, which passes, 
with the rest of the spermatic cord, into the 
abdominal cavity via the inguinal ring and 
then over and down into the dorsal surface of 
the prostate, which is the site of its entry, at 
the colliculus seminalis, into the urethra (Fig. 
36-4). 35 There is no dilation of the ductus defer
ens (ampulla) at its entrance to the prostate.36 

The epididymides are composed of convo
luted h1bules similar to those of the testes, ex
cept that sperm maturation (i.e., shedding of 
cytoplasmic droplet, acquisition of motility 
and fertilizing capacity) occur here rather than 
sperm cell formation. At the end of the tail of 
the epididymis, the convoluted tubules empty 
semen into the ductus deferens, or vas defer
ens. Histologically, the ductus deferens is com
posed of a mucosal surface at its lumen, a tu
nica muscularis and an outer serosal surface; 
it is a convoluted h1be at its beginning and 
becomes straight as it approaches the inguinal 
ring. The ductuli deferentia of the cat lack am
pullae, and lose their muscular tunic before 
terminating at the prostatic urethra.37 Epithe
lial cells of the terminal vas deferens of the 
cat may phagocytize spermatozoa and other 
foreign particles; this phagocytic ability is 
independent of presence of testicular an
drogen.38·39 

Characteristics of spermatozoa recovered 
from the feline epididymides include about 50 

I 

Figure 36-4. Transverse section through the caudal prostatic 
urethra of the ca t. The colliculus seminalis indents the urethra 
dorsa lly, and glandular tissue is dispersed in the submucosa . 
Triple sta in; reduced from 12 x . !From Cullen WG, Fletcher 
TF , Bradley W F: Morphometry of the male feline pelvic urethra . 
J Urol l29: 186-1 89, 1983, w ith permiss ion. ) 

per cent progressive motility and about 50 per 
cent normal morphology.40 Epididymal sperm 
cells from the cat have the ability to capacitate 
and undergo first stages of fertilization with 
zona-free hamster oocytes.40 

The spermatic cord of the cat consists of the 
ductus deferens; the testicular artery, vein, and 
lymphatics; and a testicular nerve plexus on 
the artery.36 The testicular vein arises from a 
venous plexus, the pampiniform plexus, that 
surrounds the coiled testicular artery distally 
in the cord; the pampiniform plexus, contain
ing cool blood from the testis and epididymis, 
cools arterial blood flowing toward the testis, 
which contributes to a cooler testicular temper
ature in the scrotum than the core body tem
perature.36 The cord is enveloped in visceral 
and parietal layers of the vaginal tunic, which 
are separated by the vaginal cavity.36 

Prostate 

The prostate of the domestic cat is an organ 
that consists of four flattened spherical lobes 
(two cranial, two caudal) approximately 1 em 
in length that covers the urethra dorsally and 
laterally 2 to 3 em from the neck of the urinary 
bladder (Fig. 36-4).35 Histologically, the feline 
prostate is a compound tubular gland with 
tubules of varying diameter lined by secretory 
epithelium.37A1 Small lobules extend into the 
urethral muscle.37 Histochemical evaluation 
suggests that the feline prostate secretes fluid 
containing a protein-lipid complex, zinc, and 
acid phosphatase.37·41A2 Prostatic fluid collected 
by electroejaculation of cats following bilateral 
prescrotal vasectomy and excision of the bul
bourethral glands averaged 0.04 ml in volume, 
with mean specific gravity of 1.007, pH of 7.8, 
and osmolality of 331 mOsm/L (n = 6); this 
prostatic fluid contained albumin (mean ± 
SO, 0.115 ± 0.009 g/dl), acid phosphatase 
(7.0 ± 1.8 U /L), alkaline phosphatase (281 ± 
164 U/L), sodium (151 ± 17 mEq/L), chlo
ride (159 ± 0 mEq/L), and potassium (15.5 ± 
05 mEq/L).43 The feline prostate is an 
androgen-dependent organ that atrophies fol
lowing castration. Estrone has been reported 
to cause hypertrophy of the glandular epithe
limn of the prostate in immature male cats.44 

Bulbourethral Glands 

The bulbourethral glands are two 5-mm
diameter, pea-shaped glands located dorsolat-
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eral to the bulb of the penis at the ischial sym
physis that drain by simple ducts into the ure
thra at the root of the penisY These are 
tubuloalveolar glands completely enclosed by 
striated muscle, with histochemical staining 
reactions consistent with production of sul
fated mucopolysaccharides.37A5A6 Disseminate 
tubuloalveolar glandular tissue is reported 
present in the periurethral connective tissue of 
the pelvic urethra extending from the region 
of the prostate to the posterior aspect of the 
bulbourethral glands.37 Some authors suggest 
that this tissue is disseminate prostate gland, 
willie others suggest that it resembles bul
bourethral gland based on the presence of mu
cin secretory granules in both the bulboure
thral and disseminate gland but not prostate 
gland tissue.35

•
37 

Penis 

The penis is located ventral to the scrotum; it 
is composed of two corpora cavernosa penis, 
one on either side, and the corpus spongiosum 
penis, which lies in the middle.6-9.47 In the adult 
intact male, its free end, the glans, is a 5- to 
10-mm-long conical structure directed cau
dally that contains a band of 120 to 150 
androgen-dependent penile spines in six to 
eight circular rows (Fig. 36-5).5.48

-
50 These 

spines, which are directed away from the tip 
of the glans, are 0.1 to 0.7 mm both in length 
and in diameter at their base. Histologically, 
penile spines of the cat are composed of a con
nective tissue core covered by a heavily corni
fied epithelium, much like that of the spiny 
papillae of the eat's tongue.48•51 The surface of 

the distal 4 mm of the glans is smooth, as is 
the entire glans of the prepuberal and adult 
castrate cat. Following castration of the adult 
cat, spines regress rapidly, reaching hair-like 
structures in 5 to 6 weeks.48 In castrate male 
cats, which lack penile spines, spines recur un
der the influence of exogenous androgen ad
ministration, and regress in size when andro
gens are discontinued (Fig. 36-5D,E).48 The 
physiologic role of these spines in copulation is 
unknown; they have been proposed to provide 
sexual stimulation for the male or female, to 
impede withdrawal of the penis from the va
gina (as they are directed toward the base of 
the penis), or to increase vaginal stimulation, 
therefore favoring successful induction of ovu
lation. An os penis, which is 3 to 5 mm long, 
may be present inside the tip of the glans in 
the intact adult male cat. The os penis was 
present in three of nine medium-sized cats, 
and in 10 of 12 large-sized cats; no os penis 
was present in seven kittens or five small adult 
catsY All of the cats examined were intact 
males. 

The mean (±SD) length of the erect penis of 
five male cats during sexual arousal was 21.2 
± 2 mm, and the mean diameter (±SD) of the 
shaft was 5.1 ± 0.5 mm.50 

The cat does not have a cremaster muscle, 
but does have a striated levator scroti muscle 
that originates from the external anal sphincter 
muscle and inserts on the scrotal septum.36 

Bacterial Flora of the Feline 
Preputial Mucosa 

In a study of normal aerobic bacterial flora of 
the feline prepuce, 29 samples were collected 

Figure 36-5. Gross anatomy of the col penis. 
A: The glans penis of a 4-week-old kitten, w ith 
prepuce dissected away (4 X). B: The g lans 
penis of the adult mole cot, showing penile 
spines 14 .7x). 

11/ustrotion continued on opposite page 
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Figure 36-5. Continued C: The smooth glans of a 5-year-ald male cat, castrated at 4 months of age (4x). D and E: The glans 
penis of an adult male 6 weeks following postpuberal castration (D), and 14 days later (EL following implantation of a pellet of 
testosterone propionate, which induced reappearance of peni le spines (4.7x). (From Aronson LR, Cooper ML: Penile spines of 
the domestic cat: Their endocrine-behavior relations. Anal Rec 157:71-78, 1967, with permission.) 

at 1- to 2-week intervals from six young fertile 
male cats.29 Collection technique was to press 
a sterile cotton-tipped swab around the cir
cumference of the glans penis one time and 
then clip off the end of the swab into a trans
port tube containing 3 mllactated Ringer's sa
line (LRS) solution. Twenty-six of the 29 sam
ples contained a total of 67 isolates of aerobic 
bacteria. Ten of the 67 cultures contained more 
than 100,000 bacteria per milliliter (using de
scribed dilution in LRS) and 5 contained less 
than 10,000 bacteria per milliliter. Aerobic bac
teria cultured, in decreasing frequency, in
cluded Esherichia coli, Pseudomonas aeruginosa, 
Proteus mirabilis, Klebsiella oxytoca, Streptococcus 
sp., Enterococcus, Bacillus sp., and Staphylococ-

cus sp. In a study of Staphylococcus species in 
the cat, culture of Staphylococcus simulans (n = 
14), S. intermedius (n = 4), S. epidermidis (n = 
3), and S. xylosus (n = 1) was reported from 
the prepuce of clinically normal cats; 22 of 45 
cats cultured had staphylococcal species pres
ent on the prepuce.52 

Reproductive Behavior of the 
Normal Tom 

Puberty 
Puberty in the male cat is variably described 
as the time of first spermatogenesis, or the time 
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of first ability to ejaculate. Earliest histologic 
evidence of spermatogenesis in the cat occurs 
at approximately 20 weeks of age, and sper
matozoa are present when the testes exceed 
1 gin combined weight. 10 Sperm may be ejacu
lated in semen of male kittens as young as 7 
months of age, but the age at which mating 
begins varies with physical condition, body 
size, and season, with average onset of puberty 
occurring at 8 to 10 months of age or at body 
weight of 2.5 kg, whichever occurs first. 11

•
23

•
53 

Male cats maintained under controlled illumi
nation (12-hour light/ dark cycle) do not ex
hibit seasonable breeding behavior.54 

Copulatory Behavior 

Reproductive behavior in the male cat has been 
studied both by observing copulation in nor
mal animals and by observing reproductive 
behavior in animals compromised by additive 
or ablative endocrine and neurologic treat
ment. The free-roaming estrous queen may be 
courted by several males for 12 to 96 hours 
before she selects and accepts one.55 A normal 
male cat will approach an estrous female, 
touch her nose with his nose, and then investi
gate her perineal region.56·57 He may exhibit 
a flehmen reaction, by opening his mouth 
slightly and closing his eyes while sniffing, 
an action associated with reception of phero
mones of the female by the male's vomeronasal 
organ.58-60 The flelunen reaction in the cat is 
influenced by presence of testosterone in the 
male, as well as by fluid-borne chemical stim
uli in urine and vaginal secretions of the fe
male.60 He will then grasp the skin over the 
dorsal part of her neck with his teeth, mount 
her, and engage in treading activity with his 
hind legs while sliding down over the back of 
the female so as to position his penis appropri
ately for intromission (Fig. 36-6).56·57 Males 
grip estrous females an average of 16 seconds 
after being exposed to them, and achieve first 
intromission after an average of 107.5 sec
onds.61 Pelvic thrusting by the male is then 
followed by intromission and ejaculation, 
which occur in less than 20 seconds; the male 
then pulls away quickly to avoid being struck 
by the female in her after-reaction. As that 
reaction subsides the male usually will mount 
and breed her again. Mating continues until 
approximately seven intromissions have oc
curred, and a sexually exhausted male can be 
rearoused by a sexually fresh female.61 Copula
tion may not be completed if the male is not 
yet acclimated to his environment (a process 

that may take 1 to 2 months), if he does not 
grasp the female's neck firmly (aberrant neck 
grip) or if he releases her too soon, or if a penile 
hair ring precludes intromission, resulting in 
long bouts of unsuccessful pelvic thrusting.57 

Most cats will mate during the night instead 
of the day if allowed to do so under natural 
conditions. An experienced, receptive, and pa
tient female often is necessary to train young 
stud cats. 

Normal and abnormal types of aggressive 
behavior occur in male cats as in other male 
mammals. Intermale aggression, which is nor
mal in the cat, subsides in 80 to 90 per cent of 
male cats castrated for this reason; castration 
may not be an effective treahnent with other 
types of aggression in male cats.62 

Mating behavior usually ceases following 
castration of the male cat, but it may persist 
for as long as several years following castration 
of the experienced male cat. Mating behavior 
has been observed in castrates with and with
out superimposed bilateral adrenalectomy, 
performed to rule out an influence of adrenal 
androgens.2·63·64 Prepuberally castrated male 
cats may or may not show sexual behavior and 
copulation following testosterone replacement 
therapy as adults; environmental stimuli of es
trous queens were necessary to elicit sexual 
behavior after replacement therapy.63 

Normal copulatory behavior in the male cat 
is reported to result from sensory reception 
and cortical processing of visual, auditory, 
and olfactory stimuli from the estrous female 
and from the presence of functional testes as 
well as from an intact gonadal-hypothalamic
pituitary axis. At one time, experimental cats 
were subjected to induced lesions of different 
parts of the brain in order to sh1d y the role of 
the brain in sexual behavior. Early sh1dies of 
the effect of sensory deprivation on sexual be
havior revealed that ablation of the olfactory 
bulbs alone was not associated with decreased 
mating behavior in the male cat.65·66 Lesions of 
the frontal cortex caused interference with the 
motor pattern of mounting and copulating 
(i.e., delayed mounting, decreased frequency 
of intromissions, increased mountings without 
intromission, increased neck grips not fol
lowed by mounting), and lesions of the parietal 
or temporal cortex produced little change in 
mating behavior. Occipital cortex destruction 
sufficient to cause visual deficit prevented the 
male from easily locating and following the 
female, but did not interfere with copulation 
per se.67-69 Bilateral lesions of the medial preop
tic/ anterior hypothalamic area in combination 
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Figure 36-6. Mounting behavior in the 
mole cot. 

with olfactory bulbectomies eliminate . male 
sexual behavior in the cat.59 Adult male cats 
with lesions of the caudate nuclei show 
estrous-like behavior consisting of lordosis, 
deflection of the tail to the side of the peri
neum, rear limb treading, and vocalization; 
these changes are not associated with abnor
mal plasma concentrations of testosterone or 
estradiol (suggesting that the behavior is ob
served neurally) nor are they hormonally me
diated.31·69 

Aberrant sexual activity (i.e., mounting and 
copulatory behavior with anestrus, nonre
ceptive female cats, other male cats, kittens, ~r 
inanimate objects, such as small stuffed am
mals) has been observed in males with lesions 
of the temporal lobe of the cerebral cortex, 
particularly the amygdala and pyriform cor
tex; such behavior also has been observed in 
normal male cats without histopathology of 
the temporal cortex.70 

Normal sensory innervation of the glans 
penis is necessary for normal copulation, as 
sexually experienced male cats with surgically 
desensitized glans penes become disoriented 
and cannot achieve intromission; there is a 
subsequent nonseasonal decline in sexual be
havior with some recovery at onset of female 
cycling with increased photoperiod.3·71 -74 Fir
ing of cutaneous mechanoreceptors in the 
dermal core of the eat's penile spines may 
be necessary for oriented pelvic thrusting in 
this species.73 

Erection and Ejaculation 

Penile erection, emission of semen into the ure
thra, and ejaculation of semen from the tip of 
the penile urethra of the male cat are mediated 
by parasympathetic, sympathetic, and somatic 
nerve fibers. 75·76 Stimulation of parasympa
thetic fibers of the second sacral nerve roots 
produces erection. Subsequent stimulation of 
the sympathetic trunk at Ll-2 or of the hypo
gastric (sympathetic) nerve causes emission of 
seminal fluid into the urethra, and stimulation 
of the internal pudendal (i.e., parasympathetic, 
sympathetic, somatic) nerve results in ejacula
tion. Subsidence of erection is a result of subse-

. . f tl ti' tl 75 76 quent excitation o a sympa 1e c pa 1way. · 
Sympathetic stimulation either centrally or pe
ripherally does not have a visible effect (via 
cystoscope) on the opening to the urinary blad
der.76 Dooley et al. found more sperm in the 
urinary bladder of domestic cats following 
electroejaculation than in the antegrade ejacu
late; they also report the presence of variable, 
but often large numbers of sperm in the urine 
of cats following natural mating or ejaculation 
into an artificial vagina, suggesting that retro
grade flow of sperm and seminal plasma may 
be a normal phenomenon in the cat.77 

Prebreeding Examination 

Prebreeding examination of the tom includes 
review of vaccination h~story, and history of 
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reproductive and nonreproductive disease. 
General physical examination should include 
palpation of the testes for normal size and tex
ture, and protrusion of the penis to demon
strate presence of a normal preputial orifice, 
and presence of normal penile spines, and ab
sence of a penile hair ring. Diagnostic tests that 
may be indicated prior to breeding include 
serology to rule out viral disease (e.g., feline 
leukemia virus, feline immunodeficiency vi
rus), and blood typing of both the male and 
female to rule out AB mismatch, which may 
cause feline neonatal isoerthrolysis (see Chap
ters 26 and 29). 
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• 
Semen Collection and Evaluation in the Cat 

• 
• 
• 

Feline semen characteristics in samples col
lected by various collection methods are listed 
in Table 37-1. 

Semen Collection 

Feline sperm have been collected using an arti
ficial vagina with conscious ejaculation of the 
male cat, by electroejaculation of the anesthe
tized male, by vaginal lavage of the postcoital 
queen, and by collection of urine by cystocen
tesis from the tom following ejaculation. 

Toms must be trained to ejaculate into an 
artificial vagina (A V) (a 2-ml rubber pipette 
bulb with the bulb cut off and the cut end 
attached to a 3 X 44-mm test tube; the A V and 
test tube are placed in a 60-ml polyethylene 
bottle filled with 52°C water to provide an in
ternal working temperature of 44° to 46°C) 
(Fig. 37-1).12·16 Training is accomplished by 
repeated gentle handling of the tom in the 
presence of an estrous female. Three of five 
randomly selected laboratory cats could be 
trained to ejaculate into the A V after 2 weeks of 
handling and exposure to estrous queens.12

•
17·18 

Weekly semen collections of two toms for 3 
weeks using the artificial vagina varied greatly 
in volume and total sperm count, with rela
tively little change ii1 percentage of abnormal 
sperm or those with progressive motility.12 

When the same toms were collected three 
times weekly for 1 week the semen volume 
and sperm numbers were more constant and 
nearly equaled numbers in the weekly collec
tions. Daily semen collection from these two 
males caused a drop in sperm number by the 
fourth day to less than one half of the first 
day's count, but numbers then leveled off and 
held constant (14 to 45 million sperm per ejacu-
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late) for the rest of the 11-day period.12 This 
suggests that extragonadal reserves· were ex
hausted after 4 days of daily ejaculation, and 
that sperm numbers obtained thereafter were 
equivalent to the daily sperm output. Al
though this sh1dy was small, it suggests that 
male cats can be used at stud three times 
weekly without showing a drop in numbers 
of sperm per ejaculate. 

Electroejaculation was first reported in cats 
anesthetized with ketamine hydrochloride by 
Platz et al.; ejaculates were obtained during 
application of 180 2- to 8-V (volt) stimuli ap
plied via a Teflon and stainless steel rectal 
probe (Fig. 37-2).19 The effect of sequential 
and long-term ejaculation studies and effect of 
voltage and order of voltage application on 
semen quality of the ketamine hydrochloride
anesthetized male cat using an automatic stim
ulus delivery electroejaculator have been de
scribed.5·7·20·21 When four sequential ejaculates 
were obtained at single seminal collections 
performed weekly for 22 weeks there was a 
significant effect of cat and sequence of ejacu
late for both semen volume and number of 
sperm per ejaculate; repeated weekly anesthe
sia and electroejaculation did not alter ejacu
late quality significantly, although there was 
a trend for ejaculate volume to increase with 
time.5 In voltage application studies, number 
of sperm per ejaculate was shown to be af
fected by cat and by magnitude of voltage ap
plication, with more sperm collected at 4 or 
8 V than at 1 or 2 V; stimulation with 8 V 
resulted in urine contamination of some ejacu
lates.7 These authors propose that separate 
voltage thresholds for emission (epididymi
des, vasa deferentia) and ejaculation (urethral 
musculature) between cats may account for 



• • • Table 37-1. Fel ine Semen Characteristics 

Sperm Concentration No. of Sperm Per Progressively Sperm Morphol~gy, 
No. Volume Semen, ml Per ml x 106 Ejaculate, X 1 0 6 Motile Sperm, % % Seminal Plasma 
of No. of - -

Reference Cats Ejaculations X (Range) SD X (Range) SD X (Range) SD X (Range) SD N 10 20 Abn pH (Range) 

Semen Collected by Electroejaculation 

Platz et al.1 6 45 .2240 .0500 29.7 9.00 70.40 2.6 
Platz and 17 303 .2330 (.140-.738) 28.00 (9- 153) 60.00 (47-81) 

Seager' 
Wildt eta!.' 16 16 147.0 39.50 77.00 3.0 70.9 5.8 23.3 29.1 
Johnstone"' 4 38 .0640 . (.018-.202) 11.30 (3.1- 34.4) 
Pineda et a!.' 9 788 .1000 (.010-.400) 3.50 (0- 104.5) 
Dooley et al.' 8 8 .2380 (.100- .390) .0870 60.3 (.50-190) 66.75 15.46 (0.5- 49.4) 17.51 
Pineda and 14 32 .2300 (.100- .370) 50.51 (.55-153.9) 40.57 

Dooley' 
Dooley and 4 8. .2600 (.100-.490) .1300 42.70 (11.1-65.96) 20.51 65.00 (44- 85) 14.0 8.6 :<:: 0.09 

Pineda' 
Johnstone 6 60 .1250 .0110 6.6 :<:: 0.10 

et al.9 

Howard 18 .1240 .0100 167.6 43.60 84.40 5.9 71.6 
et al. 10 

Dooley et al. 11 8 8 .2000 .D700 33.50 35.90 

Semen Collected by Ejaculation into Artificial Vagina 

Sojka et al.12 6 24 .D400 (.01 - .12) 1730.0 (96-5101) 57.00 (3- 143) 78.00 (35-100) 1.6 7.4 (7.0- 8.2) 
Platz et al.1 6 183 .0338 .0048 60.70 12.90 82.50 2.7 
Dooley and 4 8 .0600 (.03- .09) .0200 60.97 (21.5-1 17) 31.05 58.00 (4-87) 27.0 8.3 :<:: 0.15 

Pineda' 
Pope et al.13 3 17 .0380 .0260 541.2 660.60 90.10 5.6 
Dooley et al." 5 5 .0200 (.01- .05) .0200 30.15 27.64 

Sperm Collected from Epididymides 

Niwa et a!.'"' Epid* (.2- 1.8) 
Hay and 74 (77.9- 127) (66-79) 32- 51 

Goodrowe'' 

Sperm Recovered from Male's Postejaculation urine 

Dooley et al. 11 8 8 38.65 22.06 
Dooley et al." 5 5 20.12 46.82 

Sperm Recovered from Vaginal Lavage Fluid after Mating (1.0 ml buffered saline) 

Dooley et al. 11 5 5 2.72 4.37 

• Epididymis and 20-mm vas deferens minced in 300 J.Ll extender. 
N = normal; 1° =primary abnormalities; 2° =secondary abnormalities; Abn = total abnormal 

Vl 
0 
\0 
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Figure 37-1. Components for an artificial vagina for tomcats (A and B) , and collection of semen from a trained male (C) 
Components include an assembled collection tube, a Pasteur pipette bulb, the 6 X 50-mm glass fest tube, and a l 0 0-ml polyethylene 
bottle, which serves as a warm wafer jacket (44° to 46°C) to control temperature . The collection apparatus is out of sight between 
the male's hind legs; the male is holding the teaser queen by the neck. (From Sojka NJ: M anagement of artific ial breeding in cats. 
In Morrow DA [ed]: Current Therapy in Theriogenolagy: Diagnosis, Treatment, and Prevention of Reproductive Diseases in Small 
and large Animals, 2nd ed. Philadelphia, WB Saunders, 1986, pp 805-808, with permission.) 

the high degree of variation in sperm number 
observed in this species. Electroejaculation of 
semen also has been reported in male cats an
esthetized with a mixture of xylazine and keta
mine given intravenous (IV) or with sodium 
thiopentone and atropine given intramuscu
larly (IM).4 Anesthetic and voltage protocols 
for electroejaculation of the tom cat are listed 
in Table 37-2. 

Vaginal lavage of the postcoital queen, or 
collection of a vaginal cytology specimen fol
lowing copulation, may reveal presence of 
spermatozoa (Fig. 37-3). When vaginal lavage 

with 1 ml saline was performed immediately 
after mating between five normal males and 
five normal females, 40,000 to 10,240,000 
sperm were recovered. 11 

The tom cat is reported to ejaculate from 15 
to 90 per cent (mean = 46.8 per cent) of the 
ejaculate retrograde into the urinary bladder 
during ejaculation (Table 37-3).6•11•21 Collection 
of urine by cystocentesis from the tom follow
ing ejaculation with examination of the urine 
sediment for sperm is a useful procedure in 
small animal practice to determine whether a 
cat is producing sperm. 
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Figure 37-2. Electric stimulator and Teflon rectal probe for 
elecfroejaculation of the tom cat. The probe is inserted 9 em 
info the rectum of the anesthetized cat, and variable numbers 
of 2· to 7·V stimuli are applied (see Table 37-2). (Courtesy or 
P-T Electronics , Boring , OR.) 

Semen Evaluation 

Semen Volume 

Evaluation of cat semen has been superficial, 
due to the difficulty with which this fluid is 
obtained as well as its small volume. Ejaculate 
volumes collected by artificial vagina have 
been reported to range from 0.01 to 0.12 ml, 
and those collected by electroejaculation from 
0.001 to 0.738 ml; these volumes have con
tained 3 to 143 million (A V), and 0.05 to 153 
million (electroejaculation) sperm per ejaculate 
(Table 37-1). Semen volume is determined us
ing a variable volume or 100-,ul calibrated pi
pette.2 

Spenn Cell Numbers 

Sperm concentration usually is determined us
ing a standard hemacytometer counting proce
dure, with undiluted semen, or at dilutions of 
1: 10,1:25, 1:50, or 1:100 with distilled water.5 

Sperm counted in the 1-mm2 area of the Neu
bauer hemacytometer and multiplied by 106 

comprise the sperm concentration per millili
ter in samples diluted 1 : 100. One must be cau
tious in comparing volume or sperm number 
values obtained by different investigators be
cause of observations that electroejaculation 
technique alters semen volume and sperm 
numberY For example, Johnstone reported 
great variation in quality between collections 
from the same cat, and smaller total numbers 
than reported by others; in Johnstone's elec
troejaculation protocol, however, maximum 
applied voltage was usually 2 or 3 V, whereas 

Pineda and Dooley reported that 4- or 8-V 
pulses resulted in greater numbers of sperm 
per ejaculate than 1- or 2-V pulses.4

'
7 Also, in

fluence of magnitude of voltage application on 
magnitude of retrograde ejaculation has not 
been reported.6 

Sperm counts in ejaculates collected by elec
troejaculation from 10 adult male cats under
going bilateral occlusion of the ductus defer
ens were zero in 3 of 10 at 2 days following 
occlusion; 3 of 10 and 4 of 10 produced sperma
tozoa until electroejaculations on days 5 and 
10, respectively, after ductus occlusion. All cats 
were azoospermic by day 10.22 

Progressive Motility of Spennatozoa 

Percentage of progressively motile sperm usu
ally is estimated by examining a drop of un
diluted semen at 400X magnification immedi
ately after semen collection; mean progressive 
motilities of 60 to . 90 per cent have been re
ported as normal in this species. 

Spenn Cell Morphology 

Feline sperm are approximately 26 ,urn in 
length, compared to dog spermatozoa, which 
are approximately 36 ,urn long.23 Percentage of 
morphologically abnormal sperm in the ejacu
late is determined by examining 200 sperm 
using phase-contrast microscopy or by routine 
light microscopy following staining with Diff
Quik* or eosin-nigrosin stain.t 

Normal feline sperm examined by the light 
and scanning electron microscopes are de
picted in Figure 37-4. Mean percentages of 
morphologically normal sperm have been re
ported at about 70 per cent in the cat (Table 
37-1). Morphologic abnormalities of the feline 
sperm that have been reported include macro
cephaly, microcephaly, double head, double 
tail, proximally coiled tail (Fig. 37-SA), bent 
midpiece, proximal and distal retained cyto
plasmic droplet (Fig. 37-SB,C), detached head, 
and bent tail (Fig. 37-5D).10 

* Diff Quik Stain Set; Harleco, Gibbstown, NJ. Prepare a 
smear of the semen on a clean glass slide, and allow to 
air-dry. Immerse slide for 5 minutes in each of the three 
(fixative, eosin stain, hematoxylin stain) fluids provided 
in the stain set, then rinse gently with distilled water and 
allow to air-dry. Examine under oil immersion (1000 X) 
without a coverslip. 
t Eosin-Nigrosin Morphology Stain; Society for Therio
genology, Hastings, NE. Mix one drop of semen with one 
drop of stain and draw, with a spreader slide, over a 
microscope slide. Allow to air-dry, and examine under oil 
immersion (1000 X) without a coverslip. 
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• • I! Table 37-2. Protocols for Electroejaculation in the Cat 

Reference 

2 

4 

5 

10 

Anesthesia · 

Ketamine HCl* (33 rng/kg) IM; or CI 
744t (5.5 rng / kg) IM 

Xylazine+ (1 rng/kg) i:M, and 
ketamine HCl (10 rng/kg) IM; or 
Na thioRentone§ (2.5%) and 
atropinell (0.65 rng / ml) IV to effect 

Ketamine HCl (30 rng /kg) IM 

Ketarnine HCI (25 rng /kg) IM 

* Ketaset; Bristol Lahoratories, Syracuse, NY. 
t Parke Davis & Co, Detroit, MI. 
:j: Bayer Aust Ltd, Botany, New South Wales. 

Rectal Probe'll 

12 X 1-crn diameter, Teflon 
3 1.5 X S-cm stainless steel electrodes, mounted 

ventrally 
Probe inserted 9 ern into rectum 

14 X 1-crn diameter, plastic 
Four strip electrodes 35 X 3 rnm every 90 degrees 
Probe inserted 9 em into rectum 

15 X 1-crn diameter 
Bipolar with three longitudinally directed nickel-silver 

electrodes 
Probe inserted 6 ern into rectum 
13 X 1-cm diameter, Teflon 
Three longitudinal stainless steel electrodes, 2.6 rnrn in 

width and 3.75 em in length 
Probe inserted 7-9 ern into rectum 

Voltage Applications 

Three sets of 60 stimuli; 5 minute rest between sets 
Each stimulus = 2 seconds up; 3 seconds on; 2 seconds off 
Set 1 = 15 stimuli each at 2, 3, 4, 5 V 
Set 2 = 5, 10, 15, 15, 15 stimuli at 2, 3, 4, 5, 6 V 
Set 3 = 5, 5, 5, 15, 15, 15 stimuli at 2, 3, 4, 5, 6, 7 V 
10 stimuli at low voltage, then one "maximum" stimulus; 

10-minute rest, then repeat 4-9 times 
Each stimulus = 3 seconds up; 3 seconds on; 3 seconds off 
Each stimulus at low voltage = 2 or 3 V (to muscle 

contraction) 
Four sets of 60 stimuli; 5-rninute rest between sets 
Each stimulus = 2 seconds up; 2 seconds rest 
Each set = 40 stimuli at 2 V and 20 stimuli at 3 V 

Three sets of stimuli (30, 30, and 20); 2- to 3-rninute rest 
between sets 

Each stimulus = 1 second up; 2-3 seconds on; abrupt 
return to 0 for 3 seconds 

Set 1 = 10 stimuli each at 2, 3, and 4 V 
Set 2 = 10 stimuli each at 3, 4, and 5 V 
Set 3 = 10 stimuli each at 4 and 5 V 

§ Ceva Chemicals; Aust Pty Ltd, Hornsby, New South Wales. 
II Parnell Laboratories Pty Ltd, Kirrawee, New South Wales. 
'[Probes available from P-T Electronics, Boring, OR; Beltron Instruments, Bryan TX; description of probe/ ejaculator construction in Dooley et a!." 
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Figure 37- 3. Vaginal cytology specimen 
from on estrous queen showing presence of a 
sperm head (arrow) w ith o cornified epithelia l 
cell . Hematoxylin and eosin. 

.:;. ,. 

Table 37-3. Volume of and Total Number of Spermatozoa in the Ejaculate; Volume of Urine, 
Spermatozoal Concentration, Motility, and Total Number of S£ermatozoa in the • Post~aculation Urine; and Percentage of Retrograde Flow of permatozoa into the Urinary 
Blad er of Cats During Semen Collection with an Artificial Vagina 

Ejaculate Postejaculation Urine 

Total No. of 
Spermatozoal 

Total N o. 
Cat Volume Spermatozoa Volume Concentration Spermatozoa Retrograde 
No. (ml) (JQ6) (ml) (1 06/ ml) Motility (JQ6) Flow (%) 

2 0.02 65.20 8.0 1.700 M 13.60 17.26 
3 0.05 54.34 10.4 0.890 M 9.26 14.56 
6 0.01 16.80 22.0 0.815 M 17.93 51.63 
7 0.02 9.57 2.0 7.275 M 14.55 60.32 
8 0.01 4.85 6.2 7.300 NM 45.26 90.32 

Mean 0.02 30.15 9.72 3.596 20.12 46.82 
SD 0.02 27.64 7.52 3.388 14.39 31.67 

M, motile spermatozoa; NM, nonmotile spermatozoa. 
From Dooley MP, Pineda MI-l, Hopper JG, I-Isu WI-I: Retrograde flow of spermatozoa into the urinary bladder of cats during electroejacula
tion, collection of semen with an artificial vagina and mating. Am J Vet Res 52:687- 691, 1991, with permission.) 
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Presence of intact acrosomes in sperm that 
have not undergone the acrosome reaction 
may be determined in cat semen samples 
stained with a solution of 1% fast green FCF 
(Eastman Kodak Co, Rochester, NY 14650), 1% 
rose bengal, and 40% ethyl alcohol in 0.1 M 
citric acid-0.2 M disodium phosphate bufferY 
Semen is diluted with 2.9% sodium citrate, and 
an equal volume of staining solution is added 
and incubated for 70 seconds at room tempera
ture. A drop of this mixture is then smeared 
onto a slide and air dried at 37°C. Acrosome 
status is evaluated at 1000X magnification; the 
intact acrosome stains purplish blue over the 
anterior portion of the sperm head. If acroso
mal loss has occurred, the anterior portion of 
the head is colorless to light pinkY 

Feline Sperm Cell Ultrastructure 

Tom cat sperm examined by transmission and 
scmming electron microscopy have elongated, 
oval shaped heads with two planes of symme
try (longitudinal and lateral) (Fig. 37-4).24 The 
neck tapers inwardly between the head and 
midpiece.24•25 Longitudinal section of the head 
and neck (Fig. 37-6A) shows a dense acroso
mal matrix, with electron-dense material sur
rounding the microtubules of the proximal 
centriole. Cross sections through the midpiece 
of the tom cat sperm (Fig. 37-6B and C) show 

Figure 37-4. Normal feline spermatozoan 
examined by light microscopy using eosin
nigrosin sla in ( 1 OOOx) (A) or scanning elec
tron microscopy (B). In the scanning electron 
micrograph, the midpiece tapers inword 
(arrows) in the neck area. (From Schmehl 
M L, G raham EF : Ultrastructure of the domes
tic 1om cal [Felis domestica] and tiger [Pan
thera tigris oltoica] spermatozoa. Theriogen
ology 31:861-874, 1989, with per
mission .) 

the central pair of microtubules surrounded 
by nine microtubule doublets and nine 
dense rods. 

Seminal Plasma Chemistries 

Seminal plasma pH and other chemistries in 
feline seminal plasma are listed in Tables 37-1 
and 37-4. Specific gravity, osmolality, and 
anion gap of feline seminal plasma are similar 
to those of blood serum. Significantly higher 
alkaline phosphatase is present in seminal 
plasma originating at the level of the testes 
and/ or epididymides, suggesting that, in the 
cat, as in the dog, this enzyme may serve as 
an epididymal marker (Table 37-4).26 

Seminal Plasma Microbiology 

Aerobic bacterial flora in ejaculated semen 
from normal cats include Escherichia coli, Pseu
domonas aeruginosa, Proteus mirabilis, Klebsiella 
oxytoca, Streptococcus and Staphylococcus (Table 
37-5)_27 These are probably normal urethral 
flora flushed out in the (low-volume) feline 
ejaculate, as they are the same as the organisms 
collected at preputial culture.27

•
28 In 29 semen 

samples from six young fertile males (with 
negative urine cultures collected by cystocen
tesis), 28 had positive bacterial growth, rang
ing from one isolate (n = 8 of 28) to four isolates 
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Figure 37-5. Abnormal feline spermatozoa examined by scanning electron microscopy (A) or light microscopy using eosin-nigrosin 
stain (lOOOx ) IB through D). Abnormalities include proximally coiled to il (o), proximal retained cytoplasmic droplet (b), d istal 
reta ined cytoplasm ic droplet (c), and bent ta il (d ). 

Illustration continued on following page 
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Figure 37-5. Continued 
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Figure 37-6. Ultrastructure of feline sperm examined by transmission electron microscopy. Longi tudinal section of the head and 
neck (A) show a distinct equatorial segment (es) and dense materia l (arrows), which surrounds the microtubules in the proxima l 
centriole. Crass sections through the midpiece (B and C) show the central pair of microtubules surrounded by nine microtubule 
doublets and nine dense rods. The plosmo membrane (arrows, B) covers the ring of mitochondria that encircles the microtubules. 
A section farther caudal (C) shows less dense, and occasionally bilobed (arrows) rods. (From Schmehl M L, Graham EF : Ultrastructure 
of the domestic tom cat [Felis domeslica] and tiger [Pan/hera tigris altaico] spermatozoa. Theriogenology 31 :861 - 87 4, 1989, 
w ith perm ission.) 
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Table 37-4. Feline Seminal Plasma Characteristics and Chemistries in Samples Collected by 
• • Electroejaculation from Six Male Cats Before and after Prescrotal Vasectomy or Prescrotal 

Vasectomy and Bulbourethral Gland Excision* 

Parameter 

Volume/ejaculate, ml 
pH 
Specific gravity 
Osmolality, mOsm/L 
Anion gap 
Albumin, g/dl 
Acid phosphatase, U /L 
Alanine transaminase, U /L 
Alkaline phosphatase, U /L 
Aspartate transaminase, U/L 
Calcium, mg/dl 
Chloride, mEq/L 
CO, total, mEq/L 
Glucose, mg/dl 
Phosphorus, mg/dl 
Potassium, mEq/L 
Protein, total, g/ dl 
Sodium, mEq/L 
Urea nitrogen, mg/dl 

*Means. 
t Standard errors. 

Seminal Plasma (5) 

0.125* co.oll)t 
6.6 (0.1) 
1.007 (0) 
323 (3) 
-6.5 (1.4) 
0.155 (0.008) 
23.6 (2.8) 
18.0 (5.6) 
160,355 (15,558) 
16 (2) 
< 4 
161 (1.4) 
11 .4 (0.5) 
1.0 (0.5) 
1.18 (0.17) 
14.1 (0.5) 
0.31 (0.04) 
166 (2) 
16.2 (0.5) 

Prostatic and 
Bulbourethral Fluid 

(P+B) 

0.165* (.019)t 
6.7 (0.1) 
1.006 (0) 
327 (2) 
-6.7 (2.5) 
0.115 (0.024) 
3.7 (1.1) 
41.2 (5.3) 
445 (170) 
13 (2) 
<4 
163 (3) 
12.3 (0.7) 
0 (0) 
0.20 (0.04) 
16.0 (0.6) 
0.17 (0.02) 
168 (1) 
14.0 (0.7) 

Prostatic Fluid (P) 

0.04* (0.006)t 
7.8 (0.6) 
1.007 (0) 
331 (3) 
-1 .4 (3.6) 
0.115 (0.009) 
7.0 (1.8) 
37.5 (9.4) 
281 (164) 
22 (4) 
< 4 
159 (0) 
12.4 (1.6) 
1.5 (0.5) 
0.75 (0.15) 
15.5 (0.5) 
0.19 (0.04) 
151 (17) 
15.5 (2.5) 

From Johnston SD, Osborne CA, Lipowitz AJ: Characterization of seminal plasma, prostatic fluid, and bulbourethral gland secretions in 
the domestic cat. In Proceedings of the 11th International Congress on Animal Reproduction and Artificial Insemination, Dublin, Ireland, 
1988, Vol IV, p 560, with permission. 

(n = 3 of 28) per sample. Twenty of the 60 
isolates contained more than 100,000 bacteria 
per milliliter of semen, 21 had 10,000 to 9S,OOO 
bacteria per milliliter of semen, and 19 had less 
than 10,000. 

Sperm Penetration Assays 

Penetration of zona-free hamster oocytes and 
zona-intact domestic cat oocytes by capaci
tated feline sperm has been reported.14·29-32 Per
centage penetration of zona-free hamster ova 
by normospermic cat spermatozoa was re
ported as 10.S per cent (n = 106S); percentage 
penetration of zona-intact cat ova by nor
mospermic cat spermatozoa was reported 
as 62.6 per cent (n = 222).30·31 Percentage 
penetration by teratospermic ( <40 per cent 
morphologically normal) cat spermatozoa 
was 2.8 per cent (n = 1076) and 14.6 per cent 
(n = 164), respectively. Hamster ova penetra
tion percentage of S per cent (12 of 238) and 
28 per cent (67 of 240) have been reported using 
fresh and overnight chilled feline epididymal 
spermatozoa, respectively.32 Feline sperm from 
the ductus deferens can fertilize feline ova in 
vitro without in vivo capacitation.29 

Semen Extension 
and Preservation 

Frozen Semen 

Pregnancy in domestic cats inseminated with 
frozen thawed semen was first reported in 
1976, with description of a one-kitten preg
nancy at 49 days following vaginal insemi
nation.19 

The feline semen freezing procedure first 
described involves mixing the ejaculate with 
200 p.l sterile 0.9 % NaCl solution (to increase 
total volume of ejaculate) and 200 p.l diluent 
at room temperah1re (22° to 23°C).1 The diluent 
is composed of 20% (v /v) egg yolk, 11% (w I 
v) lactose, and 4% (v /v) glycerin in deionized 
water, to which 1000 p.g streptomycin sulfate 
per milliliter, and 1000 IU penicillin G potas
sium per milliliter are added. The sample is 
then measured and 400 p.l subtracted from the 
total to determine initial ejaculate volume; if 
initial ejaculate volume exceeds 200 p.t a fur
ther volume of diluent is added to ensure a 
1: 1 semen: diluent (v /v) ratio. The sample is 
then equilibrated at soc for 20 minutes after 
which time a volume of 200 p.l plus initial 
ejaculate volume of soc diluent is added and 
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Table 37-5. Aerobic Bacteria in Feline 

• 
Semen Collected iz_ Electroejaculation 

0 and on Preputial ucosa from Young 
Adult Male Cats with Normal 
Semen Quality* 

Preputial 
Mucosa Semen 

Bacteria identified: 

Escherichia coli, 15 14 
,8-Hemolytic 

Pseudomonas aeruginosa 11 14 
Proteus mirabilis 10 10 
Klebsiella oxytoca 7 10 
Streptococcus sp. 8 5 
Escherichia coli, 4 1 

N onhemol ytic 
Enterococcus sp. 3 
Bacillus sp. 2 
Serratia odorifera 2 
Streptococcus 2 3 

enterococcus 
Staphylococcus sp. 2 
Yersinia intermedin 1 
Acinetobacter sp. 1 
No growth 3 1 
Total 70 61 

Number of Bacterial Isolates 

4 isolates 5 samples 3 samples 
3 isolates 9 samples 6 samples 
2 isolates 8 samples 11 samples 
1 isolate 4 samples 8 samples 
No growth 3 samples 1 sample 

Number of Colony-Forming 
Units per ml Sample 
Per Isolate: 

>100,000 10 isolates 20 isolates 
10,000 to 95,000 1 isolate 21 isolates 
<10,000 56 isolates 19 isolates 
No growth 3 samples 1 sample 

*Preputial cultures were collected by rolling a sterile, cotton
tipped swab around the circumference of the penis and transport
ing the swab to the laboratory in 3 mllactated Ringer's solution. 
II= 29, 
From Johnston SO, Root MV, Olson PNS: Ovarian and testicular 
function in the domestic cat: Clinical management of spontaneous 
reproductive disease. Anim Reprod Sci 42:261-274, 1996, with per
mission. 

the sample allowed to equilibrate at soc for an 
additional 10 minutes. The sample is frozen 
by dispensing single drops of diluted semen 
with a Pasteur pipette into 3 X 4-mm indenta
tions in a block of solid C02 (dry ice). Frozen 
pellets subsequently are deposited into a bath 
of liquid nitrogen, then transferred to labeled 
S- or 8-rnl Nalgene vials for liquid nitrogen 
storage.1 

Feline semen diluted 1 : 3 with glycerol
lactose-egg yolk media at soc was frozen for 
10 minutes in drop-sized pellets on dry ice, 
after which the pellets were stored in liquid 
nitrogen at -196°C. Semen stored 49 and 81 

days and then thawed in equal volumes of 
3.2% Na citrate resulted in 13 and 17 per cent 
fertilization rates, respectively, after being in
seminated vaginally into estrous queens.33 

Feline semen also has been frozen in straws, 
using a diluent composed of tes-tris (Test) egg 
yolk (20%) buffer (diluent volume not speci
fied).34 Samples were cooled to 4°C over 2 to 
3 hours; 4°C glycerol at a final concentration of 
S% was added after the semen sample reached 
4°C. Diluted samples were then loaded into 
0.2S-ml straws and cooled at 10°C/min to 
-80°C, after which straws were plunged into 
liquid nitrogen ( -196°C). Better post-thaw mo
tility, percentage of live sperm, and acrosome 
integrity were reported for freezing in straws 
compared to pellets.34 

Chilled Extended Semen 

Conceptions with feline semen stored at 4°C 
for up to 3 days following dilution with equal 
volumes of 37oC 3% buffered citrate-egg yolk 
media have been reported. The diluted sample 
is submerged in an 800-ml beaker of 37°C wa
ter and placed in a 4°C refrigerator to equili
brate to 4°C over 4 to S hours; samples stored 
for 0, 1, 2, and 3 days resulted in percentages 
of fertilized ova in queens of 100, 67, 30, and 
23 per cent, respectively.12·35 

Short-term storage of feline spermatozoa at 
4oC was reported for samples diluted in Test
yolk buffer as described for semen freezing, 
and held at 4°C for 24 hours.36 Motile spermato
zoa have been recovered from feline semen 
samples stored for up to 1 week in 32S mM 
N-tris (TES) buffer with 2 to 20% (v /v) egg 
yolk; the yolk, however, significantly de
creased the percentage of progressively motile 
cells, leading to the conclusion that cat sperm 
may be less susceptible to cold shock than are 
sperm of other species.37·38 
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Prevention of Fertility in the Tom Cot 
• 

• 
Indications for preventing fertility in the male 
cat include attempts to decrease the pet over
population problem (see Chapter 30), to con
trol feral cat colonies, and to exert desirable 
effects on reproductive and urine marking be
haviors afforded by castration in this species. 
Methods of preventing reproduction in the 
male cat include castration, vasectomy, injec
tion of sclerosing agents into the epididymides 
(chemical vasectomy), and administration of 
progestogens. 

Castration 

Castration is the most widely used method 
of preventing reproduction of the male cat, 
because it is easy, effective, irreversible, and 
it eliminates most objectionable reproductive 
behaviors of aggression, roaming, and urine 
marking. 

Castration is performed in male kittens or 
cats older than 6 weeks of age under general 
anesthesia. Kittens (6 to 14 weeks of age) 
should be fasted for no more than 4 hours 
preoperatively, maintained on a warm water 
blanket during surgery and recovery, and 
given a small meal within 1 hour of standing so 
as to prevent hypothermia and hypoglycemia, 
which are of special concern in pediatric pa
tients.1-3 Standard open technique of feline or
chiectomy includes incision of the scrotum, 
subcutaneous tissue, and parietal vaginal tunic 
over each testis. The parietal tunic is grasped, 
separated from the testis, and excised. The 
spermatic cord is occluded by ligation, by a 
knot on itself, or by tying the ductus deferens 
to the spermatic vessels.4 Ligation of the cord 
with suture is preferred in kittens (6 to 14 
weeks of age) because of the fragility of the 

spermatic cord blood vessels at this age. The 
spermatic cord is transected distal to the liga
ture/knot, and the testis is removed. The scro
tal incision is not suh1red.4 

Castration eliminates sexual behavior im
mediately in most toms, although the occa
sional experienced male may achieve erection 
and copulate with estrous queens after castra
tion.5 In one report, none of six cats without 
previous sexual experience exhibited mating 
behavior by 1 week after castration, while 4 
of 12 experienced males continued some neck 
grip, mounting, or pelvic thrusting behavior 
for as long as 5 weeks; one of the four contin
ued to copulate with estrous queens for up 
to 1.5 yearsP Prepuberal castration is most 
effective in eliminating or preventing undesir
able sexual behavior.6

•
8
-

10 Vasectomy has been 
associated with presence of spermatozoa in the 
feline ejaculate for as many as 49. days after 
vasectomy, suggesting that castrated cats 
should not be presumed sterile until at least 
this long following surgery. 11 Flushing the vasa 
deferentia with 10 to 12 ml of a 0.007% solution 
of trypan blue dye in 0.9% isotonic saline solu
tion immediately following vasectomy was re
ported to decrease the number of intact sper
matozoa in the ejaculate to zero by day 7_12 
Male cats undergoing prepuberal castration do 
not develop the thick cervical dermis and 
stocky neck that is typical of the male cat phe
notype. Castration causes immediate decrease 
in feline serum testosterone concentrations 
to nondetectable (<0.05 ng/ml) concentra
tions.13,14 

Desirable Effects of 
Feline Castration 
Desirable effects of castration of the tom in
clude decreased aggressive behavior, mount-

521 
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ing, roaming, urine marking, and urine 
odor.9•

13
•
15 Decline in fighting (88 per cent of 

cats), roaming (94 per cent of cats), and urine 
spraying (84 per cent of cats), were reported 
in 42 male cats castrated in adulthood.9

•
13 

Prepuberal castration usually prevents urine 
spraying.9

•
14

•
17 Approximately 10 per cent of 134 

prepuberally gonadectomized male and 5 per 
cent of 152 prepuberally gonadectomized fe
male cats were reported to show urine spray
ing behavior as adults; the male cats were more 
likely to spray if housed with female cats than 
with other male catsP Age of prepuberal cas
tration (6 to 10 months of age) had no influence 
on spraying later in life. Male cats castrated in 
adulthood usually show postoperative decline 
in urine marking. A rapid decline in urine 
spraying occurred in 78 per cent of 42 male 
cats castrated as adults, and another 9 per cent 
showed gradual decline in spraying.18 Age at 
castration was not related to the rate of decline. 

Undesirable Effects of 
Feline Castration 

Undesirable effects of castration include adhe
sion of the prepuce to the penis and delayed 
long bone physeal closure in cats castrated 
prior to 7 months of age, decreased nutritional 
caloric needs that may predispose to obesity, 
and surgical complications that may develop 
intra- or postoperatively. 

Breakdown ofpenile/preputial adhesion is 
an androgen-dependent event that occurs in 
most mammals postpartum.19

•
20 Male kittens 

n = 6) castrated at 7 weeks of age all showed 
persistence of such adhesion with inability to 
protrude the penis at 22 months of age; three 
of five castrated at 7 months of age showed 
such adhesion.1 Four of 10 male kittens cas
trated at 5 months of age showed variable 
adhesions of the prepuce to the penis; some 
adhesions could be separated partially by ma
nipulation, while in other areas a common stra
tified squamous epithelium joined the prepuce 
to the penis.19

•
20 None of the 10 male kittens 

castrated at 5 months of age and given replace
ment therapy with testosterone or 10 male kit
tens left intact as controls showed these adhe
sions. In theory, these adhesions may be 
associated with buildup of debris and urine, 
and predispose to local irritation, inflamma
tion, or ascending urinary tract infection, al
though observation of such adverse sequelae 
has not been reported.20 

Physeal closure is delayed 5 to 7 months 
in male cats gonadectomized at 7 weeks or 7 
months of age when compared to intact litter-

mates; this results in long bone length that is 
about 10 per cent longer than that of sexually 
intact littermates (see Fig. 30-1).1•21•22 In 24 male 
cats referred for repair of physeal fractures 
over a 4-year period, there were 12 fractures 
of unexpectedly open physes in neutered 
males 12 to 16 months of age; fractures in these 
cats involved open physes of the proximallm
merus, distal radius, distal femur, or distal 
tibia.21 No conclusions were drawn from the 
sample size as to whether the open physes 
predisposed to physeal fracture. 

Heat production, a measure of metabolic 
rate, was decreased an average of 28 per cent 
in cats castrated at 7 weeks or 7 months when 
compared to intact toms.23•24 This suggests that 
gonadectomized male cats may require intake 
of 28 per cent fewer calories than do sexually 
intact male cats in order to avoid signs of obe
sity. Heat production was not different be
tween male cats castrated at 7 weeks or 7 
months of age. 

Undesirable surgical complications of cas
tration in male cats include hemorrhage, scro
tal bruising and swelling, and infection at the 
incision site.4 Priapism due to a thrombotic 
remnant at the base of the spermatic cord has 
been reported; the cat required amputation of 
the penis.25 

Proposed undesirable effects of feline castra
tion that have been disproven in controlled 
sh1dies include proposed decrease in urethral 
diameter and proposed increase in lower uri
nary tract diseases in castrated, compared to 
intact, male cats. Studies have documented 
that there is no difference in urethral diameter 
of male cats left sexually intact, castrated pre
or postpuberally, or castrated prepuberally 
and given testosterone replacement therapy 
(Fig. 38-1 ).1•

10
•
19 Cats fed calculi-inducing diets 

showed no effect of castration on development 
or severity of urethral obstruction or lower 
urinary tract disorder signs.26 

If orchiectomy is incomplete, or if intra
abdominal testicular tissue remains as a cryp
torchid testis, reproductive behaviors (i.e., 
mounting, intromission), urine marking, and 
the thick cervical dermis of the male persist. 
Presumptive diagnosis of retained testicular 
tissue is based on persistence of the androgen
dependent penile· spines (see Chapter 36), or 
by measuring serum testosterone concentra
tions greater than 1 ng/ml1 hour after admin
istration of gonadotropin-releasing hormone 
(GnRH) (25 p.g intramuscularly [IM]) or 4 
hours after administration of human chorionic 
gonadotropin (hCG) (250 IU IM).27 
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Figure 38-1. Mean diameter (:±:SD) in mil
limeters of the preprostotic and penile ure
thra in mole cots gonadectomized at 7 
weeks of age (group I) or 7 months of age 
(group II) or left intact (group Ill). Diameter 
is not significantly different by group. 
(From Root MV: The effect of prepuberal 
and postpuberal gonadectomy on the 
general hea lth. and development of obe
sity in the male and female domestic cot. 
PhD Thesis, University of Minnesota, 
1995, w ith permission.) 

Vasectomy 

7 

0 

Vasectomy is performed in the anesthetized 
cat by double-ligating and surgically removing 
a section of each ductus deferens through a 
1.5- to 2.0-cm ventral midline incision just cra
nial to the scrotum. 11 •28-

30 Gentle caudal traction 
on the testes aids in identifying the spermatic 
cords after the skin incision is made, and the 
vasa deferentia are isolated by blunt dissec
tion. Alternatively, the ductus deferens may 
be identified intra-abdominally using a laparo
scope, and 1 to 2 em of the ductus is occluded 
using ancillary bipolar forceps and electroco
agulation.31 Live spermatozoa were present in 
ejaculates from vasectomized cats for up to 49 
days after prescrotal vasectomy, or 120 hours 
after intra-abdominal electrocoagulation of the 
ductus deferens. 11

•
31 Vasectomy does not alter 

libido or copulatory ability in adult male cats. 
Spermatogenesis was active in cats examined 
histologically 7 and 11 months following lapa
roscopic vasectomy by electrocoagulation, al
though spermatoceles of the ductus deferens 
and epididymis were presented in some an
imals.31 

Injection of Epididymal 
Sclerosing Agents 

Sclerosis of the epididymis, or chemical vasec
tomy, may be induced by injection of 0.05 or 
0.10 ml 4.5% chlorhexidine digluconate into 
the cauda of the feline epididymis. 11 This scle-

II 
Pre-prostatic 

m 
Group 

II 
Penile 

m 

rasing agent is injected through a 27- or 
30-gauge, 12.7-mm needle into the most prom
inent area of the cauda epididymis of the anes
thetized cat while the testis is fixed against the 
scrotum. Of eight cats so injected (four with 
0.05 and four with 0.10 ml per epididymis) 
long-lasting oligospermia (three) or azoosper
mia (four) was induced; four of the eight had 
some sperm (0.010 to 12.788 million) in the 
ejaculate 231 to 252 days after treatment, but 
only one of these had normal sperm numbers. 11 

Progestational Drugs 

Progestins have been used to alter feline sexual 
behavior and urine marking behavior, but 
their effect on semen quality is unknown.13•32-34 

Delmadinone acetate (DMA) at doses of 0.25 
to 1.0 mg/kg orally daily for 7 to 14 days or 10 
to 20 mg/kg subcutaneously (SC) once caused 
termination of roaming and in-house urine 
marking within 3 to 7 days; these behaviors 
returned in 3 to 12 months, requiring repeated 
treatmentY Complete control of sexual interest 
was reported in two toms given single oral 
doses of 5 mg of megestrol acetate, chlormadi
none acetate, or 2.5 mg DMA once weekly.34 

Full drug effects were reported to occur in less 
than 36 hours, and to be lost by 8 to 10 days 
following treatment. Medroxyprogesterone 
acetate, at a dose of 2.2 to 11 mg/ kg SC or 
IM, also has been used to alter male sexual 
behavior in this species, and is reported to 
affect spermatogenesis adversely, but quanti
tative studies on sperm numbers after treat-
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ment are not available. 13
•
33 Chronic progestin 

administration in the male cat may cause un
desirable side effects (e.g., diabetes mellitus, 
mammary hypertrophy, possibly mammary 
neoplasia), so it should not be used casually 
or for prolonged periods.13

•
35 
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• 
• Disorders of the Feline Testes 

and Epididymides 

• 
Disorders of the Testes 

Congenital Anomalies 

TESTICULAR APLASIA (MONORCHIA) 

Absence of one testis (monorchia) has been 
reported occasionally in the cat. In most cases, 
diagnosis was made at laparotomy to search 
for an abdominal cryptorchid testis, when the 
spermatic cord and testicular blood vessels 
were traced to a blunt terminus. The epididy
mis was present in the abdomen on the side 
of the missing testis in a case reported by 
McEntee.1 Two mixed-breed cats with monor
chidism, one with left side affected and one 
with right side affected, were detected in a 
population of 1345 cats presenting for orchiec
tomy over a 10-year period; 23 cats in this 
group were cryptorchid.2 Testicular aplasia 
was diagnosed in an Abyssinian and a Bur
mese cat in a retrospective study of 50 cryptor
chid cats castrated at the Animal Medical Cen
ter.3 Because the cryptorchid testis may be 
difficult to find at exploratory surgery, diagno
sis of monorchia should be confirmed using 
serum testosterone concentrations following 
excision of contralateral, scrotal testis (see 
Cryptorchidism below). 

ABNORMALITIES OF 
SEXUAL DIFFERENTIATION 

In the normal male cat, sex is determined at 
time of conception, when a Y -chromosome
bearing sperm penetrates the X-chromosome
bearing ovum and initiates fertilization. When 
a region on the Y chromosome called the sry 
(sex-determining region of theY chromosome) 
is present, undifferentiated gonadal ridge tis
sue begins to differentiate as testis. The testis 

then induces persistence and differentiation of 
the male tubular tract (the mesonephric or 
wolffian duct system) and external genitalia 
by secreting testosterone, and induces regres
sion of the internal female tubular tract (the 
paramesonephric or miillerian duct system) by 
secreting miillerian inhibiting substance (MIS). 
Major categories of abnormalities of sexual dif
ferentiation include numerical abnormalities 
of chromosomal sex (such as 39,XXY trisomy 
or 38,XX/38,XY chimeras or mosaics), abnor
malities of gonadal sex (such as presence of 
ovotestes in true hermaphrodites), and abnor
malities of phenotypic sex (such as male pseu
dohermaphrodites, or XY males with testes 
and a persistent uterus masculinus). Accurate 
diagnosis of abnormality of sexual differentia
tion relies on knowledge of the karyotype, 
gonadal histology, wolffian and/ or miillerian 
duct remnants in the abdomen, and external 
genitalia in the affected individual. 

Abnormalities of Chromosomal Sex: Tes
ticular Hypoplasia in the Male Tortoiseshell 
or Calico Cat. The male tortoiseshell (black 
and orange) or calico (black, orange, and 
white) (T-C) cat has been known since the early 
1900s to be exceedingly uncommon, and, when 
found, to have a high incidence of sterility.4-

12 

Incidence of male T-C cats is estimated at 1 in 
3000 T -C cats. 

First drawings of testicular histology of the 
male T-C cat were published in 1915; these 
showed presence of small seminiferous tu
bules lined by Sertoli cells and absence of sper
matogonia and spermatogenesisY In a 1931 
report of 14 adult male T-C cats on record, 5 
(36 per cent) were known sterile, 3 (21 per cent) 
were known fertile, and 6 were of unknown 
fertility. 14 Testes from six male T-C cats in
cluded four with absence of spermatogenesis 

525 
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and two with normal spermatogenesis when 
compared to testes of normal, non-T -C male 
cats. 15 One male tortoiseshell cat was reported 
to have sired 65 kittens in 2 years; and 11 tor
toiseshell males (none of which were reported 
fertile or infertile) were among the 43 sexed off
spring.16 

In early work first from England, and then 
the United States and Japan, careful descrip
tions of results of matings of orange, black, 
and T-C cats provided evidence that orange 
and black coat colors are sex-limited traits in 
the cat, and that black and orange may occur 
together in the female, but usually do not occur 
together in the male.17-30 Evidence indicated 
that orange coat color in this species is deter
mined by a single gene located on the X chro
mosome; black coat color may be a codominant 
allele at the same locus or an autosomal trait 
masked by the orange, sex-linked allele and 
unmasked by the nonorange allele (epistasis). 
Females homozygous for the orange trait are 
orange; those homozygous for black or nonor
ange are black, and those heterozygous for or
ange and nonorange contain scattered patches 
of both colors, and are tortoiseshell. Presence 
of (autosomal) white spotting in a tortoiseshell 
animal causes the calico appearance, and dilu
tion genes may alter appearance of the black 
to blue or orange to cream colors. Male cats, 
bearing only one X chromosome, should there
fore be able to show orange or black coat color, 
but not both. Females heterozygous for orange 
and black coat colors may show both colors, 
in a brindle or scattered patch fashion over the 
skin. The female pattern is due to random 
X-chromosome inactivation, which occurs in 
all female mammals early in embryonic devel
opment; the inactivated X chromosome in any 
given cell (which may be of maternal or pater
nal origin in different cells of the same animal) 
may be visible in some cells (e.g., buccal mu
cosa epithelium, polymorphonuclear leuko
cytes) as sex chromatin or the Barr body.31 -33 

Many theories were advanced to explain the 
coexistence of unusual coat color and sterility 
in the male T-C cat: somatic point mutation 
at the color locus, failure of sex linkage, sex 
reversal, meiotic nondisjunction, partial chro
mosome nondisjunction, crossing over of ho
mologous regions of the X and Y chromo
somes, and prenatal vascular anastomosis 
leading to freemartin-like chimerism. In 1961, 
however, just 5 years after the cytogenetic 
breakthrough teclmique for counting and ana
lyzing human chromosomes was first re
ported, and 2 years after it was discovered 

that the sex-chromatin-positive Klinefelter's 
syndrome men have an extra X chromosome 
(47,XXY), Thuline and Norby reported the 
presence of 39 chromosomes (instead of the 
normal 38) in two phenotypically male T-C 
cats.34 Both of these cats contained a female
type buccal mucosal smear (sex chromatin 
present), and absence of spermatogenesis on 
testicular histology was observed in one. Their 
report appeared slightly before one by Frota
Pessoa hypothesizing that male T-C cats might 
be XXY aneuploids like human Klinefelter's 
syndrome patients.35 Chu, Thuline, and Norby 
reported detecting a mixhue of diploid (38,XX) 
and triploid (57,XXX) cells from cultured so
matic cells of a sex-chromatin-positive male 
T-C cat with seminiferous tubules lined only 
by Sertoli cells.36 Their work was the first to 
document presence of more than one X chro
mosome and/or chimerism in the male T-C 
cat. At the time their paper appeared, the cor
rect chromosome number of the cat (38,XX or 
38,XY) had been established by a number of 
techniques and investigators.37 Figure 39-1 de
picts the karyotype and testicular histology of 
a male calico cat.34 

Between 1956 and 1984, 38 cases of male 
T-C cats were published that included karyo
type and information on fertility. 12

•
15·36-55 

Among these 38 animals were cats with one 
of eight different chromosome constitutions 
(Table 39-1); 10 were known fertile, and 25 
were known sterile. All of the 11 39,XXY cats 
were sterile, as were 2 chimeric-mosaics with 
multiple cell populations. Most of the 38,XY 
cats (assumed to be 38,XY /38,XY mosaics or 
chimeras) were fertile. 

Data presented in Table 39-1 must, how
ever, be interpreted with caution, because of 
the limitations and laboratory variability with 
the karyotype technique. First, in many reports 
blood lymphocyte culture is used to determine 
karyotype when, in fact, karyotype of the go
nad or skin may differ from that of blood cells. 
Second, culture technique may alter results; 
Chu et al. observed that triploid cells increased 
from 70 to 92 per cent of the total after 3 to 9 
weeks in culture; cell culture duration prior to 
karyotype usually is not specified in reports 
on these cats.36 Third, the decision to call a 
modal number of chromosomes (e.g., 39,XXY) 
the karyotype when a small percentage of cells 
contain 38 chromosomes often has been made 
subjectively, based on observation of occa
sional artifactual chromosome loss from cells 
of normal individuals; this may mean that 
some chimeric cats are incorrectly categorized 
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Figure 39-1. Karyotype !top) and testicular histology !low power, 160x) of a 2-year-old longhaired male cat, colored gray, 
cream, and white. The karyotype depicts 39,XXY from each of 45 cells counted at two separate laboratories from cultured skin 
fibroblasts. The testicular histology shows well-developed seminiferous tubules lined by Sertoli cells only. Evidence of spermatogonia 
is not seen. Tubules are surrounded by increased numbers of interstitial cells. !From Centerwall WR, Benirschke K: An animal model 
for the XXY Klinefelter's syndrome in man: Tortoiseshell and calico male cats . AmJ Vet Res 36: 1275-1280, 1975, with permission.) 

as 39,XXY aneuploids. These technique prob
lems also make difficult the task of assessing 
etiopathogenesis of the chromosome abnor
malities and their mechanism of adversely af
fecting fertility, because hypotheses may be 
based on incorrect karyotypes. Still, all of the 
fertile male T-C cats have had a detectable 
38,XY cell line, suggesting that normal 38,XY 
cells may exist in the gonads of these individu
als as well as in tissues cultured (Table 39-1).53 

In addition, Malouf et al. detected two histo
logically different populations of seminiferous 
tubules in a 38,XX/38,XY male calico cat; some 
showed normal spermatogenesis and some 

were completely devoid of germ cells, a condi
tion observed by us in a 38,XY male tortoise
shell cat (Fig. 39-2).47 

The XXY or chimeric chromosome status in 
the phenotypic male has been detected in a 
Himalayan cat with tortoiseshell points, in a 
Siamese crossbreed with calico points, in a 
blue-cream Burmese, and in three brown tor
toiseshell Burmese cats as well as in the T-C 
domestic shorthair and longhair breeds.45•50-

52 

Investigators have karyotyped these cats be
cause of their unusual coat color, which is a 
marker of the XXY or chimeric state; however, 
other male cats may carry abnormal genotypes 
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• • • Table 39-1. Chromosome Complements and Fertility in Male Tortoiseshell-Calico (T-C) Cats 

Chromosome Complement 

39,XXY 
38,XX/38,XY 
38,XY* 
38,XY /39,XXY 
38,XX/57,XXY 
38,XY /57,XXY 
38,XY /39,XXY /40,XXYY 
38,XX/38,XY/39,XXY I 40,XXYY 

Totals 

No. of Cats 

11 
7 
6 
6 
4 
2 
1 
1 

38 

• 38,)CY cats assumed to be 38,XY /38,XY chimeras. 

No. Fertile 

0 
3 
5 
1 
0 
1 
0 
0 

10 

No. Sterile 

11 
3 
1 
4 
4 
0 
1 
1 

25 

No. Unknown 

0 
1 
0 
1 
0 
1 
0 
0 
3 

Data from Jones," Jshihara,15 Chu et al.,36 San Juan Conference on Karyotype of Felidae,37 Biggers and McFeely,38 Centerwall and 
Benirschke,39 Gregson and Ishmael,'0 Hageltorn and Gustavsson," Jones," Konig eta!.," Long eta!.," Loughman and Frye,'; Loughman 
et a!.," Malouf et al.,47 Matano," McFeely et a!.," Moran et al.,;o Nicholas et al. ,;1 Pyle et a!., 52 Ramberg et al./3 Thuline,'" and Thuline 
and Norby.5; 

with normal coat color (e.g., black or orange). 
Any male cat known to be sterile since birth, 
of any coat color, should be examined for 
karyotype in order to rule out this abnormal
ity. The approximate 2 : 1 sterility: fertility ra
tio of male T-C cats (Table 39-1) may be biased 
because of selection of males for fertilityY-15.39 

Because of the various genotypes (Table 
39-1) and testicular histologies (i.e., normal 
spermatogenesis; some seminiferous tubules 
normal and some without spermatogonia; all 
tubules with Sertoli cells only) present in male 
T-C cats, it is difficult to advance a single ge
netic explanation for this phenomenon. Mech
anisms that may be involved include disjunc
tion of the sex chromosomes during meiosis 
(leading to a 20,:XX or 20,)CY gamete), fertiliza
tion of one ovum by two sperm (leading to a 
57,:XXY cell), mosaicism (i.e., an individual 
with cell populations of more than one geno
type derived from a single zygote through 
events such as somatic mutation, somatic 

crossing-over, mitotic nondisjunction) or chi
merism (i.e., an individual with cell popula
tions of more than one genotype arising from 
a mixture of different zygotes such as trans
plantation, chorionic vascular anastomosis, 
double fertilization, or participation of both 
zygotes into one developing embryo).56 Gene 
instability or mutation at the orange locus is 
a possible explanation for the fertile 38,XY 
male T-C cat; data from offspring of fertile 
male 38,XY cats support such an expla
nation. 50

•
57 

Abnormalities of Gonadal Sex: True Her
maphroditism. Abnormality of gonadal sex 
occurs when gonadal sex is not consistent with 
diploid chromosomal sex, or when an ovo
testes or ovary and testes are present in a single 
individual. Because of the small number of 
feline karyotyping services available, abnor
malities of gonadal sex have not been widely 
reported in this species. A right abdominal 

Figure 39-2. Histologic appearance of the 
sem iniferous tubu les of a mole ca lico co t 
w ith 38,XY chromosome complement. One 
tubule appears normal, and the other is lined 
by Sertol i cells with no evidence of sper
matogenesis. Hematoxylin and eosin stain. 
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ovotestis was present in a feline cadaver that 
also contained a left scrotal testis that was 
histologically normal; a right uterine tube 
and uterine horn, which entered the urethra 
through the region of the right side of the pros
tate gland, also were present.58 Bilateral ovo
testes were detected in a 4-year-old American 
shorthair cat examined for urinary inconti
nence of 7 months' and hematuria of 1 month's 
duration. 59 On retrograde urethrocystography, 
a bicornuate structure was identified dorsal 
to the urinary bladder which, at exploratory 
surgery, was found to be a thin-walled uterus. 
Urine dribbling ceased following surgical re
moval of the uterus and gonads. Ovaries and 
uterus were present in a 6-month-old pheno
typically male Siamese cat examined for show
ing signs of estrus; the gonads appeared to be 
ovaries grossly, but may, in fact, have been 
ovotestes due to the unusual finding of the 
penis (which should differentiate only under 
androgenic stimulation).60

•
61 (Alternatively, the 

eat's mother could have received or secreted 
virilizing hormones during pregnancy, in 
which case the kitten would be a female pseu
dohennaphrodite.) 

Abnormalities of Phenotypic Sex: Pseudo
hermaphroditism. Pseudohermaphrodites are 
individuals with external genitalia or excur
rent reproductive ducts of the gender opposite 
that represented by their gonads. Pseudoher
maphrodites are named by gonadal sex, so a 
male pseudohermaphrodite is an XY individ
ual with testes and the phenotype or tubular 
tract of the female. Insufficient or ineffec
tive androgen or androgen receptors or Sa-

reductase (i.e., the enzyme that converts testos
terone to dihydrotestosterone, which induces 
closure of the urethral and labioscrotal folds 
in the male) results in female external genitalia. 
Inadequate or ineffective MIS or MIS receptors 
results in persistence of the miUlerian duct sys
tem (uterus masculinus) internally. Male pseu
dohermaphroditism has been described in the 
cat as it has in other species, and the uterus 
masculinus has been observed in phenotypic 
males with testes as well as in the true her
maphrodites just described. Si?ns of sexual ex
citement were described in a 3-z-month-old kit
ten with one scrotal testis and a rudimentary 
uterus.62 Abdominal testes and uterus were 
present in a 1-year-old blue tabby cat with 
a vulva that was slightly less elongated than 
normal and that contained a small penis-like 
structure that could be protruded from the vul
var cleft.63 Barr bodies (inactivated X chromo
somes) were not observed during examination 
of 400 cells collected from the buccal mucosa, 
suggesting that the cat was a genetic male. 
A uterus masculinus was removed surgically 
from a 38,XY 6-year-old male castrate domestic 
longhair cat referred to the University of Min
nesota for persistent dysuria following peri
neal urethrostomy 2 weeks earlier; the uterus 
compressed the urethral lumen at the region 
of the trigone (Fig. 39-3).64 Pyometra of the 
uterus masculinus was detected in a 10-month
old neutered male cat with a history of inter
mittent antibiotic-responsive fever, lethargy, 
and stranguria; signs resolved following hys
terectomy.65 

Testicular feminization is a syndrome asso
ciated with normal male karyotype and func-

Figure 39-3. Radiographic (retrograde cystourethrog rophy) and grass appearance of a uterus mosculinus removed su rgically from 
a 38,XY 6·yeor-old mo le castrate domestic longhair cot with persistent dysuria and compression of the urethra/lumen at the region 
of the trigone. (From Osborne CA, johnston GR, Polzin DJ, et a/: Redefinition of the feline urologic syndrome: Feline lower urinary 
tract disease w ith heterogeneous causes. Vet C lin North Am 14:409-438, 1984, w ith permission.) 
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tional testes, but nonfunctional androgen 
receptors throughout the body; affected indi
viduals have female external genitalia, and 
lack internal wolffian (epididymis) and miille
rian (uterus) duct derivatives.66 Testicular fem
inization is sometimes called complete andro
gen resistance. This syndrome was reported in 
a 6-month-old tabby cat admitted for routine 
ovariohysterectomy; the external genitalia con
sisted of a vulva and clitoris of normal shape 
and size, and two abdominal testes were re
moved that had histologic features similar to 
those of undescended testes in other animals.66 

Serum testosterone concentrations were not 
measured prior to castration. No histologic ev
idence of epididymides was present, nor were 
androgen receptors present in fibroblasts cul
tured from genital skin. Testes usually are re
moved from human patients with this disorder 
because of the finding that gonadal neoplasia 
may occur; similar recommendation is indi
cated in the cat in order to confirm diagnosis.66 

CYSTIC RETE TESTIS 

Cystic rete testis was reported in the right testis 
of an 8-month-old cat presenting for routine 
castration (Fig. 39-4).67 Approximately 50 per 
cent of the right testis was occupied by an 
irregular shaped cyst that communicated with 
a 9 X 16-mm cyst in the head of the right 
epididymis. The right epididymis contained 
proteinaceous material but no sperm. The sem
iniferous epithelium of the affected testis con-

Figure 39-4. Midsagittal section of feline testis and epididymis 
from a ca t w ith cystic rete testis. Central cystic cavity is sur
rounded by testicular parenchyma. Arrow poi nts to portion of 
extratesticular cystic rete test is . (From Gelberg HB, McEntee K: 
Cystic rete testis in a ca t and fox. Vet Pathol 20:634-636, 
1983 , with permission.) 

tained focal areas of degeneration as well as 
active spermatogenesis. 

Cryptorchidism 

The normal feline testis descends into the scro
tum prior to birth; testes may, however, move 
freely up and down in the inguinal canal prior 
to puberty, so that definitive diagnosis of 
cryptorchidism should not be made in cats less 
than 7 to 8 months of age.68

•
69 One author has 

reported that the "vast majority" of cryptor
chid male kittens presenting for castration at 
less than 6 months of age have normal scrotal 
testes when re-examined 6 weeks later with 
no treatment.70 

Incidence of cryptorchidism in the cat has 
been reported as 0.37 per cent (23 of 6290 male 
cats presenting for castration at London clinics 
in 1 year) and 1.7 per cent (23 of 1345 cats 
admitted for castration).2•

7° Cryptorchidism 
was the most common congenital defect of the 
urogenital systems in 19,646 feline patients re
ported by Priester et al. (n affected = 14).71 

Feline cryptorchidism is more commonly uni
lateral than bilateral; only 1 of 10 (10 per cent), 
5 of 23 (22 per cent), and 5 of 50 (10 per cent) 
affected cats were bilateral cryptorchids.2•

3
•
70 

Location of the testes in 10 bilateral cryptor
chid cats was bilateral abdominal (7), bilateral 
inguinal ring (1), and right testis inguinal/left 
testis abdominal (2) .2•3 In 63 unilateral cryptor
chid cats, left and right testes were equally 
affectedP Locations of 43 unilateral cryptor
chid feline testes were abdominal (28 per cent), 
inguinal ring (14 per cent), and inguinal (58 
per cent).3 

· There are no data at present that demon
strate that cryptorchidism is a hereditary de
fect in the cat.72 Some authors suggest that it 
should be considered hereditary because of its 
heritable nature ii1 other species and because 
Persian cats are over-represented in surveys 
of affected cats.2

•
3 

Cryptorchid testes produce testosterone, so 
male phenotype (thick cervical dermis), libido, 
aggressive behavior, urine marking, and "tom
cat" urine odor usually are present in affected 
males. Cats with unilateral abdominal cryptor
chidism have been reported where male be
havior or yowling to get outdoors persisted 
after : unilateral castration of the scrotal testis; 
this behavior ceased following laparotomy 
and removal of the abdominal testis.73- 76 Bilat
eral cryptorchid cats are sterile, because of the 
higher temperature in the abdomen or at the 
inguinal ring; unilateral cryptorchidism may 
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occur in a fertile male.72 Affected testes usually 
lack spermatogonia and products of their mei
osis (i.e., spermatocytes, spermatids, sperma
tozoa), but contain normal complements of 
interstitial and sustentacular (Sertoli) cells. Af
fected toms usually are otherwise clinically 
normal, although a few have shown other con
genital defects. These include bilateral medial 
patellar luxation, congenitally shortened tail, 
kinked tail, tetralogy of Fallot, tarsal defor
mity, microphthalmia, and upper eyelid agen
esis. In dogs, there is an association between 
cryptorchidism and patellar luxation in breeds 
not at risk for the latter; the other defects in 
the cat have not been reported in association 
with cryptorchidism in other species.3 

Diagnosis of cryptorchidism is based on in
spection of the scroh1m of male cats at or after 
5 months of age; feline testes move up and 
down in the inguinal canal prior to puberty, 
so that inspection prior to that time may falsely 
suggest a diagnosis of cryptorchidism.69 When 
male cats of unknown history are presented 
with no scrotal testes, two diagnostic tests may 
be used as presumptive evidence of an occult, 
retained testis. The first of these is examination 
of the penis for presence of androgen
dependent penile spines, because penile spines 
atrophy by 6 weeks following complete castra
tion (see Chapter 36 and Fig. 36-5). Second, 
serum testosterone concentration following 
stimulation with human chorionic gonadotro
pin (hCG) or gonadotropin-releasing hormone 
(GnRH) may support a diagnosis of cryptor
chidism. Table 39-2 contains serum testoster
one concentrations in normal intact and 
cryptorchid male cats before and after stimula
tion with hCG or GnRH. Note that, because 
testosterone is secreted in pulsatile bursts, in
tact male cats may not have detectable serum 

concentrations at a single bleeding; therefore, 
provocative stimulation is required for diagno
sis. Diagnosis of cryptorchidism is confirmed 
by finding the retained testes at surgical explo
ration. 

Medical therapy with anterior pituitary or 
chorionic gonadotropin hormones is not effec
tive in inducing descent of cryptorchid feline 
testes.72

•
79 The veterinarian's decision, there

fore, is to do nothing or to recommend surgical 
removal of the retained testis or testes. Surgical 
removal is the treatment of choice in other 
species, where testicular neoplasia ·and/ or 
torsion of the spermatic cord are well
documented sequelae to cryptorchidism, and 
where the hereditary nature of the defect is an 
indication for bilateral castration of potentially 
fertile unilateral cryptorchid animals. In the 
cat, the heritable nature of this defect is not 
known, but is suspected. Spermatic cord tor
sion has not been documented in this species; 
and only a small number of feline testicular 
tumors have been reported, with only one af
fected animal also being a (bilateral) cryptor
chid.80 Neoplasia was not present in cryptor
chid testes removed from 14 cats, although all 
of these castrations were in young cats, and 
neoplasia of the cryptorchid testis usually oc
curs in older individuals in other species.69·73·74·81 

Both midline abdominal and inguinal ring 
surgical approaches have been described to 
find and remove cryptorchid testes in the 
cat.82-84 The retained testis may be located any
where between the caudal pole of the kidney 
and the scrotum; use of a spay hook to retrieve 
the vas deferens via an abdominal approach 
has been advocated by some authors, but is not 
recommended because of the risk of damaging 
the ureters. One author reported avulsion of 
a ureter from the trigone of the bladder when 

Table 39-2. Serum Concentrations of Testosterone in Normal intact and Cryptorchid Male 
Cats Before and After Administration of Human Chorionic Gonadotropin (hCG) or 
Gonadotropin-Releasing Hormone (GnRH) 

Animals 

Normal intact male cats 
DSH cat with two deep inguinal testes 
DLH cat with one testis in subcutis overlying 
the pubis7

" 

* Post-hCG samples drawn 4 hours after 250 IU hCG IM. 
t Post-GnRI-I samples drawn 1 hour after 25 l"g GnRH IM. 
:j: NO = nondetectable, <0.05 ng/ml. 
§ Post-hCG sample drawn 2 hours after 500 IU hCG IV. 
Data from Memon et al.,76 Johnston/7 and Johnston et a!." 

No. of Cats 

6 
1 
1 

Serum Testosterone Concentration 
(ng/ml) 

Resting 

ND:J:-3.0 
1.3 
0.68 

Post-hCG* 

3.1-9.0 

10.5§ 

Post-GnRHt 

5.0-12.0 
2.7 



532 Section IV - THE TOM 

a spay hook was used in an attempt to exterior
ize a retained testis.3 Because the retained testis 
usually is not palpable per abdomen, both in
guinal and abdominal approaches have been 
advocated. In the former, a ventral midline 
incision just cranial to the pubis permits blunt 
dissection and lifting of the inguinal fat pads, 
and visualization of the external inguinal 
rings.83 Alternatively, a ventral midline ab
dominal incision starting 4 em caudal to the 
umbilicus and extending 4 em caudally per
mits examination of the bladder, prostrate and 
internal inguinal ring; if the testis is not identi
fied, the incision can be extended cranially to 
examine the caudal pole of the kidney.3 

Memon et al. describe finding a cryptorchid 
testis that could not be located at two previous 
laparotomies by following the left duch1s def
erens from the prostate through the inguinal 
ring caudally into subcutaneous tissue and a 
fascial plane lateral to the symphysis pubis.76 

Gentle traction may be applied to the sperma
tic cord or gubernaculum at the inguinal ring 
while dissecting bluntly to expose the testis. 

Injury 

Injury and displacement of the testes are un
usual in cats because of the firm apposition 
of these organs to the body, but occasionally 
injury occurs following a cat being hit by a 
car or following bite wounds from a cat fight. 
Broad-spectrum antibiotic therapy, establish
ment of drainage in presence of infection, and 
application of cold packs to decrease inflam
mation are indicated in these cases.79 

Orchitis 

Orchitis is rare in the cat, but has been ob
served following testicular infection with tu
berculosis, Brucella spp., the feline infectious 
peritonitis (FIP) virus, or aerobic bacteria in
troduced by bite wounds; noninfectious 
lymphocytic orchitis also has been observed. 

Feline genital tuberculosis has been reported 
outside of the United States.85- 88 One or both 
testes may be involved; bilateral testicular en
largement to five times normal size with 
spermatic cord and epididymal enlargement 
occurred in a 2-year-old Siamese cat with dis
seminated tuberculosis and probable hema
togenous spread.87 

Feline orchitis due to brucellosis has been 
reported, although cats are considered resis
tant to natural infection with Brucella spp.79

•
89 

Bacterial orchitis in the cat, as in other spe
cies, is associated with scrotal swelling, pain, 
and redness. Appropriate treatment is aggres
sive therapy with a broad-spectrum antibiotic 
for 2 to 3 weeks. 

Scrotal distention due to FIP inflammation 
of the testicular hmics was reported by Stein 
and observed by the author in a 9-week-old 
kitten with bilaterally swollen testicles, fever 
(104°F), lethargy, and a negative titer to FIP 
(Fig. 39-5).79 Observed cases have not shown 
antemortem evidence of severe ascites, but fi
brinous fluid exudate was present in the peri
toneal cavity at necropsy, The vaginal cavity 
surrounding each testicle is continuous with 
the peritoneal cavity, and extension of a perito
neal inflammatory process, therefore, may oc
cur in the male. 

Reactive, lymphocytic aggregates (i.e., non
infectious orchitis) have been observed in the 
testes of two cats, ages 8 and 9 years, and two 
testicular sperm granulomas (dilated tubules 
with no observable germinal epithelium or 
Sertoli cells but tightly packed luminal sper
matozoa) were present in the oldest of these 
cats.90 Spermatozoa are antigenically different 
than tissues of the male that produced them, 
and normally are protected from encountering 
immunocompetent cells by the blood-testis 
barrier. Should a rent in this barrier occur (i.e., 
in the testis, epididymis, or vas deferens), a 
sperm granuloma may occur, with regional 
monocyte infiltration and inflammatory re
sponse. Sperm granulomas generally are not 
associated with abnormal clinical signs except 
for infertility, and are diagnosed by histology 
of affected testes. Their importance in congeni
tal or acquired infertility in the cat is unknown. 

Testicular Degeneration/Atrophy 

Atrophy is a nonspecific lesion of mammalian 
testes that may occur following nutritional, 
thermal, radiation, endocrine, inflammatory, 
metabolic, or immune-mediated testicular 
insult. 

Cats fed diets deficient in riboflavin, vitamin 
A, or essential fatty acids (specifically linoleate, 
which the cat testis can convert to arachido
nate) have been shown to undergo testicular 
degeneration and atrophy.91

-
94 Male cats fed a 

riboflavin-deficient diet for 6 months showed 
complete aspermia, with decreased numbers 
of spermatids and spermatocytes, and an occa
sional increase in number of Sertoli cells. 91 Four 
male kittens fed a raw-meat diet devoid of 
vitamin A from 12 weeks of age failed to show 
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Figure 39-5. Histologic appearance of the 
testis from a 9-week-old ki tten w ith bilaterally 
swollen testes due to feline infectious perito· 
nitis. The tunica albuginea and tun ica vagi· 
nolis hove multiple foci of necrotizing in· 
flam motion, w ith fibrinoid necrosis of vessel 
wa lls and fibrin throbi. The foci are com
posed of plasma cells, neutrophils and fi
brin. Hematoxylin and eosin stain. 

puberal testicular development.92 Three of four 
adult male cats fed a linoleate-deficient diet 
exhibited extensive testicular degeneration; 
very few sperm and some intraepithelial cysts 
were present in the epididymides.93 Excess di
etary vitamin A was reported to induce testicu
lar degeneration in cats after 12 to 15 months 
of a diet of liver.95 

Thermal effect on testicular function of the 
cat is best demonstrated by the histologic ap
pearance of abdominal cryptorchid testicles. 
Such testes generally show complete absence 
of spermatogenesis.75 Testicular atrophy also 
may occur following administration of sex ste
roids. 72

•
96 

Degeneration of seminiferous tubules and 
thickening of the seminiferous tubular base
ment membrane were reported to increase 
with age in a study of 42 pairs of feline testes 
and epididymides removed at routine castra
tion.90 In testes from one 9-year-old cat in
cluded in the study, severe seminiferous tubu
lar degeneration and absence of the germ cell 
line were observed with lymphocytic aggre
gates containing plasma cells, macrophages, 
and mitotic figures. 

Diagnosis of testicular atrophy is based on 
histologic examination of the testis or a biopsy 
sample of testis. Supporting diagnostics in
clude physical examination findings of small 
soft testes, azoospermia, and / or detection of 
insufficient (if suppressed by sex steroids) or 
elevated (with reduced testicular function) se
rum gonadotropins (i.e., luteinizing hormone 
[LH] and follicle-stimulating hormone [FSH]). 

Testicular Neoplasia 

The incidence of testicular tumors in cats is 
low; no testicular tumors were present in 56 

tumors in 11,909 cats, in 621 feline tumor cases 
from both sexes, or in surveys of 328 and 571 
feline neoplasms.97-100 

Occasional case reports have documented 
Sertoli cell tumors (SCTs), interstitial cell tu
mors, a seminoma, undifferentiated carcino
mas, and one testicular teratoma in aged male 
cats.1·80·99·101 -103 One report documents an SCT 
in the right testis and an adenoma and undif
ferentiated carcinoma in the left testis of a bilat
erally cryptorchid aged domestic shorthair 
cat.80 An interstitial cell tumor measuring 5 X 
9 mm at midsagittal section in a 11 X 13-mm 
testis section was an incidental finding at 
necropsy in a 13-year-old cat.1 A functional 
(testosterone-secreting) ectopic interstitial 
cell tumor was detected attached to an atrophic 
remnant of a spermatic cord in the subcutis 
near the scrohnn in a 12-year-old male cat cas
trated at 6 months of age that had been exhibit
ing urine marking for the past 2 years. 103 

Metastasis of a feline Sertoli cell tumor to 
the liver and spleen and of a malignant semi
noma to the lymph nodes and soft tissues of 
the sublumbar region have been reported.80·102 

Lymphosarcoma metastasizes to the testes oc
casionally, but always as part of more general
ized disease.102 

Testicular neoplasia is diagnosed by palpa
tion of a testicular mass in the scrotal or ectopic 
testis, followed by excision biopsy and histo
pathology. Paraneoplastic syndromes such as 
feminization or bone marrow suppression by 
estrogen secretion of SCTs have not been asso
ciated with testicular neoplasia in the cat. 
These tumors may occur unilaterally or bilat
erally.89 

Treatment of feline testicular neoplasia is 
orchiectomy of the affected testes. Hemicastra-
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tion may be considered in valuable breeding 
animals that are not cryptorchid, but bilateral 
orchiectomy is preferred because of the occur
rence of bilateral testicular tumors and because 
atrophy of the contralateral testis often occurs, 
reducing fertility. 

Prognosis for life of the animal is good in 
absence of metastasis. 

Disorders of the Epididymides, 
Spermatic Cord, and 
Vas Deferens 

Anomalies 

Congenital absence of the right vas deferens, 
kidney, and ureter has been reported in a cat.104 

Spermatogenesis was present in both the right 
and left testes, but the left testis (vas deferens 
present) contained germ cells in all stages of 
development, whereas the right testis showed 
few cells that had progressed to the spermatid 
stage.104 Aplasia of the left epididymis and vas 
deferens occurred in a 39,XXY male tricolor 
cat.43 A 9 X 16-mm cyst in the head of the 
right epididymis was detected and removed 
at routine castration from an 8-month-old cat 
(Fig. 39-4); the epididymal cyst communi
cated with a cyst occupying approximately 50 
per cent of the right testis.67 The epididymis 
contained proteinaceous material but no 
sperm, and it appeared that the efferent duct
ules of the right testes were distended with 
sperm that could not reach the epididymis. 
The left testis and epididymis were normal. 

Spennatoceles 

Spermatoceles are cystic dilations of the epi
didymal duct with accumulation of sperm in 
the cyst; they occur following congenital or 
acquired occlusion of the duct or a break in the 
epididymal epithelium leading to formation of 
a sperm granuloma.89 Spermatoceles have been 
described in pathologic surveys of testes ob
tained from clinically normal cats at routine 
castration, and in cats following electrocautery 
vasectomy or intra epididymal injection of scle
rosing agents to induce sterility.90

•
105

•
106 Al

though cystic dilations of the epididymis occa
sionally are palpable through the scrotum, 
there may, as often, be no palpable mass. Diag
nosis is confirmed by histologic examination. 

Inflammation 

Ftmiculitis, inflammation of the spermatic 
cord, may occur following infection acquired 

at castration. Chronic suppurative funiculitis 
(scirrhous cord) is sometimes seen in cats, and 
the severed end of the spermatic cord may be 
adherent to the scrotum or scrotal wound.107

•
108 

Abscessation may be present in these cases, 
and affected animals usually are febrile, lethar
gic, and anorexic. Testicular tuberculosis also 
may be associated with tubercular inflamma- . 
tion of the spermatic cord.109 
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Disorders of the Feline Prostate and 
Bulbourethral Glands 

Disorders of the Prostate 

With the exception of a small number of pros
tatic adenocarcinomas, prostate disease is al
most unknown in the cat. The normal feline 
prostate is not easily palpable, feline prostatic 
fluid is very difficult to collect, and the prostate 
atrophies after castration. 

Congenital anomaly of the feline prostate 
has not been reported.1 Prostatic atrophy 
occurs after castration or in androgen
insufficiency states, which may occur as abnor
malities of sexual differentiation. Squamous 
metaplasia and prostatic enlargement occur 
following experimental administration of es
trogen.2-4 Benign prostatic enlargement has 
been reported only a single time, in a 6-year
old intact male with clinical signs of straining 
to defecate and an enlarged prostate discov
ered at rectal palpation under anesthesia. 
When castration and stilbestrol therapy did 
not lead to prostate involution or remission of 
signs, the cat was euthanized; at autopsy a 
walnut-sized prostate was found to consist of 
a 0.5-inch central cyst and undifferentiated fi
brous connective tissue with much collagen 
and scattered remnants of ducts.5 Although 
Bloom reports that prostatitis does not occur 
in the cat, a 2-cm-diameter abscessed prostate 
was detected at necropsy of an aged cat at 
Angell Memorial Hospital (and J. Holzworth, 
personal communication, 1982).2 

A few cases of prostatic adenocarcinoma 
have been diagnosed in cats, with variable de
scription of clinical signs and presence of me
tastasis (Fig. 40-1)1'

6
- 8 (C. A. Osborne, personal 

communication, 1983). Four cases of prostatic 
adenocarcinoma were described in castrated 
male cats of ages 10, 15, 17, and 22 years6,9 

(C. A. Osborne, personal communication, 

DATE 

Figure 40-1. G ross appeara nce of a prostatic adenocarcinoma 
from a cot. (Cou rtesy of Dr. Carl Osborne, University of Minne
sota , College of Veterina ry Medicine.) 

1983). Clinical signs in affected cats included 
hematuria, dysuria, pollakiuria, and outflow 
obstruction of the urinary tract. A hard mass 
at the pelvic brim was palpated reCtally in two 
of these cats (C. A. Osborne, personal commu
nication, 1983). Irregularity and filling defects 
of the prostatic urethra were detected by retro
grade urethrography in one cat with prostatic 
adenocarcinoma and tumor metastasis to the 
lungs (Fig. 40-2).6 Since most prostatic adeno
carcinomas have been detected at necropsy in 
this species, there is little information about 
their biologic behavior or response to treat
ment. A prostatic fibroadenoma was reported 
in a 13-year-old male castrate cat.9 

Disorders of the 
Bulbourethral Glands 

Bloom reports that lesions of these accessory 
sex'organs of the cat are infrequent and are of 

537 
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little clinical significance.2 Atrophy (i.e., slight 
reduction in gland size, decreased number of 
acini, decreased size of glandular lumens, flat
tened to cuboidal epithelium, and increased 
stroma) occurs some time following castration. 
Inflammation (i.e., large, focal or diffuse infil
tration of lymphocytes, catarrhal changes with 
desquamation of lining cells into the glandular 
lumens) may be observed histologically in cats 
with cystitis or urethritis.2 Finally, focal cystic 
changes of bulbourethral gland acini may oc
cur in old, intact toms.2 Bulbourethral gland 
lesions in cats have been detected at routine 
necropsy, and are not associated with known 
clinical signs. 
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Disorders of the Feline Penis and Prepuce 

Congenital Anomalies 

Congenital defects of the penis are rare in cats; 
none were reported in 26 cats with single or 
multiple congenital defects of the urogenital 
systems from a patient population of 19,646 
cats seen at 10 North American veterinary col
lege clinics over approximately 5 years. 1 Con
genital defects of the penis that have been ob
served in cats include underdeveloped penis 
and hypospadias.2 A small penis was reported 
in a tortoiseshell and white cat with one hypo
plastic testis, a female internal genital tract and 
a chromosome constitution in some cells of 2n 
= 38,XX chromosomes, and in some cells of 
3n = 57,XXY chromosomes (38XX/57,XXY).3 

A small (3-mm) penis was observed in the va
gina of a 3-year-old domestic shorthair cat as
sumed to be a male pseudohermaphrodite.4 

Phimosis/Paraphimosis 

Phimosis is constriction of the preputial orifice 
that prevents protrusion of the penis. Congeni
tal phimosis was reported in an adult intact 
male domestic shorthair cat with signs of dys
uria; it also has been observed in association 
with signs of urethral obstruction in young or 
young adult cats; signs include dysuria, hema
turia, and distended bladder.5 Diagnosis is 
based on inspection of the prepuce and inabil
ity to protrude the penis. Differential diagno
ses include presence of hair rings that may 
encircle the penis and compress the lumen of 
the penile urethral (see Injury below) and pre
putial adhesion following prepuberal castra
tion (see Chapter 38). Treatment is surgical 
enlargement of the preputial orifice, generally 

by the removal of a broad V-shaped piece of 
tissue from the preputial orifice. 

Paraphimosis is presence of a constricting 
preputial orifice with a protruded penis caus
ing painful swelling of the penis and inability 
of penile retraction into the prepuce. If not 
corrected, paraphimosis leads to drying of the 
glans penis, and may result in penile gangrene. 
Paraphimosis is less common than phimosis 
in the cat, but may occur.5 Paraphimosis is 
diagnosed by inspection at physical examina
tion, and treatment is replacement of the penis 
after lubrication or surgical enlargement of the 
preputial orifice. 

Injury 

Penile injury may occur in cats due to cat fight 
trauma, pelvic/perineal injury if hit by a car, 
or presence of hair rings encircling the glans 
penis, which may obstruct urethral urine out
flow; penile hematoma may occur following 
urethral obstruction with crystals or discrete 
calculi, or following catheterization attempts 
to relieve urethral obstruction. 

Wooldridge described urethral obstruction 
in a 4-month-old intact male Persian cat pre
senting with abdominal pain and a distended 
bladder.6 Hair was observed protruding from 
the preputial orifice, and gentle traction on 
that hair caused extrusion of the penis, around 
which were seen several coils of hair. The penis 
was lacerated, suggesting a stricture. Removal 
of the hair ring resulted in good urethral pa
tency within several days time. Hart and 
Peterson reported on five adult male cats in 
which a hair ring around the base of the glans 
penis prevented intromission and successful 
mating.7 Behavior of the affected toms in-
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eluded persistent mounting with intense or 
prolonged pelvic thrusting. All of the rings 
could be removed easily by sliding them off 
of the shaft of the penis, and normal mating 
behavior was possible immediately thereafter.7 

Penile hematoma is a common sequel to ure
thral obstruction, and traumatic lesions of this 
organ may progress to gangrene of the distal 
portion of the penis.8 Diagnosis is based on 
history and inspection, and treatment includes 
antibacterial and anti-inflammatory drugs as 
well as use of gentle manipulation in attempt
ing to relieve urethral obstruction. 

Priapism 

Priapism is persistent abnormal erection of the 
penis (Fig. 41-1). Priapism in mammals may 
be caused by spinal cord injury, thromboem
bolism of the corpus cavernosus penis includ
ing that caused by trauma, amyloidosis and 
tumor metastasis, local inflatmnation, and 
drugs such as amphetamines. Priapism is a 
very rare disorder in the cat; it has been re
ported in nine cases.9- 11 

Six of seven affected cats in one report were 
Siamese, and four of these were neutered 
males.11 History in three neutered males and 
one intact male included trying to mate with 
an estrous queen. Presenting signs included 
priapism and slow, difficult urination. Five of 
the cats were treated with penile amputation 
and perineal urethrostomy (PU) and four re-

Figure 41-1. Priapism in a neutered male cat. N ale lhe dry 
pen ile lip, w hich is devoid of androgen-dependent penile spi nes 
because lhe ca l is neutered. (From Gunn-Moore DA, Brown PJ, 
Hall PE , Gruffydd:Jones Tj: Priapism in seven cals. J Sma ll Anim 
Pracl 36:262- 266, 1995, w ilh permission. ) 

covered well; one cat died 3 days following 
PU, and postmortem was not allowed. Similar 
microscopic changes were observed in the pe
nises of six affected cats undergoing penile 
amputation; these included thrombosis of the 
corpus cavernosum penis and superficial ero
sion or ulceration of the external surface of the 
penis (Fig. 41-2). 11 

Penile amputation and PU are recom
mended for affected cats because of the danger 

Figure 41-2. A seclion through lhe corpus cavernosum of lhe penis of a cat wilh thrombosis ond priapism, showing congestion 
and large haemoglobin crysta ls (arrows). Haemaloxylin and eosin; 175X. (From Gunn-Moore DA, Brown PJ, Hoh PE, G ruffydd
Jones Tj: Priapism in seven cals. J Small Anim Pracl 36:262- 266, 1995, w ilh perm ission.) 
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of gangrene and/ or urethral obstruction sec
ondary to priapism in this species. 

Neoplasia 

Tumors of the penis and prepuce have not 
been reported in the cat, except for single cases 
of penile carcinoma 12 and sarcoma.13 
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• 
• 

Disorders of the Mammary Gland 
in the Male Cat 

• 

Mammary Hyperplasia 

Mammary hyperplasia may occur in male cats 
(intact or neutered) receiving long-term ther
apy with progestrogens such as megestrol 
acetate (MGA) (Ovaban; Schering Corp., 
Kenilworth, NJ). Usually a hyperplastic nod
ule occurs in a single gland in affected male 
cats, but multiple nodules also have been re
ported. Eight neutered male cats with mam
mary hyperplasia (Table 42-1) have been re
ported with descriptions of 62 intact or 
neutered female cats.1-5 Progestogen-induced 
mammary nodules in male cats range in size 
from 1.0 cm3 to 11 X 8 X 5 em. 

Both diffuse fibroepithelial hyperplasia and 
intraductular papillary fibroepithelial hyper
plasia have been described in affected malesY 
Ultrastructure of hyperplastic mammary tis
sue from progestin-treated male and female 
cats is similar, and neither light microscopic 

nor electron microscopic examination of tissue 
permits distinction between mammary hyper
plasia in young intact females from lesions in 
older male and female cats given progestins.3 

Because mammary cancer has been reported 
in the male cat treated with progestogens, di
agnosis should be based both on history of 
drug therapy and on excision biopsy histol
ogy.5 Treatment is surgical excision of the 
mammary nodule and cessation of progesto
gen therapy. 

Neoplasia 

Although mammary neoplasia is very com
mon in the queen, incidence of this disorder 
in male cats is low. Seven reports of malignant 
mammary tumors in cats describe 438 females 
and 7 (1.6 per cent) neutered males.5-11 The 
cases of mammary neoplasia in male cats oc-

• Table 42-1. Clinical Features of Hyperplastic Mammary Nodules in Progestogen-Treated 
Male Cats 

Previous 

Age 
Progestogens 

(Years) Sex Breed Mass Total Dose Months Reference 

4 MC Unkown 11 X 8 X 5 em, gland 4 320 mg MGA 14 Hinton and Gaskell' 
5 MC Urtkown 3.5 x 3 x 1 em, cystic 600 mg MGA 48 Hinton and Gaskell' 
4.5 MC Domestic 2 X 1.5 em, gland 3 100 mg MDA 4 Hayden et aJ.2 
2 MC Domestic 1.5cm 150 mg MGA 2 Hayden et a!.' 

10 MC DLH 4 em diameter, gland L 4 260 mg MGA 6 Darn et al.4 

10 MC DSH 2 em fluid filled space 140 mg MGA 3 Hayden et a!.' 
w /0.8-cm mass, 
gland L 3 

3 MC DSH 4 X 3.5 x 3 em 92.5 mg MGA 4 Hayden et al.5 

3 MC Domestic 1-cm3 masses, glands L 3 180 mg MGA 3 Hayden et aJ.S 
R 3, and L 4 

MGA, megestrol acetate, given per as; MD A, medroxyprogesterone acetate, given IM; MC, male castrate; DLH, domestic longhair; DSH, 
domestic shorthair; L, left; R, right. 
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curred in castrated males; information on age 
at diagnosis, tumor type, clinical signs, metas
tasis, and survival time was not reported in 
most cases. A tubulopapillary carcinoma was 
observed in the third mammary gland (side 
not specified) of an adult male castrate domes
tic shorthair cat previously treated periodically 
with oral megestrol acetate.5 Two other males 
were reported with mammary carcinomas.10 

Diagnosis is based on palpation of mammary 
masses and tumor histology. Treatment is sur
gical excision of affected glands (simple mas
tectomy). Until more cases are reported, prog
nosis should be based on tumor histology and 
criteria developed for females. 
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Clinical Approach to the Complaint of Infertility 
in the Mole Cot 

• 

Infertility in the male cat has not been well 
characterized because of the difficulty in ob
taining semen in this species. There are, how
ever, diagnostic approaches to an infertility 
complaint that are possible for most small ani
mal veterinarians, and which are described 
here in a case work-up approach. Thorough 
approach to male infertility also relies on com
plete evaluation of the queen(s) in question 
(see Chapter 35). The four steps in the clinical 
approach to male infertility in this species are 
acquisition of a complete minimum data base, 
definition of the problem, diagnostic plans to 
rule out known causes of infertility, and thera
peutic plan. 

Acquisition of the Minimum 
Data Base 

History 

The goals of the history are to characterize 
the male's reproductive performance and to 
identify factors that may cause or contribute 
to infertility I sterility. Reproductive history in
cludes information on whether the male has 
shown interest in mounting and copulating 
with estrous females, whether prolonged 
mounting and pelvic thrusting have been ob
served, and whether apparently normal copu
lation resulting in a female "after-reaction" 
(signal of intromission and vaginal stimula
tion) has occurred. The after-reaction is charac
terized by the female's crying out, striking out 
at the tom, and frantic rolling with vulvar lick
ing (see Chapter 26). Number of females bred, 
numbers of breedings per queen, numbers and 
dates of litters sired, litter size, litter mortality, 
and interestrous intervals of queens that did 
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not conceive following breeding should be re
corded. 

Nonreproductive history that is of interest 
includes diet, vaccination history, presence of 
viral disease in the affected tom and in the 
cattery, presence of fever or other systemic ill
ness, and previous medical treatment, if any. 
All-meat diets or noncommercial diets may 
cause aspermia due to vitamin A deficiency or 
other nutritional causes of testicular degenera
tion (see Chapter 39). Medical therapy with 
steroids, including glucocorticoids, progesto
gens, or androgens, may suppress gonadotro
pin secretion and adversely affect spermato
genesis. Degree of inbreeding, if known, also 
may be of interest, as this practice in some 
species is associated with decreased fertility. 

Physical Examination 

A complete physical examination should be 
performed. Problem-specific physical exami
nation includes assessment of testicular size 
and consistency; small soft testes support a 
diagnosis of testicular hypoplasia or atrophy, 
while testicular enlargement supports an in
flammatory or neoplastic disorder. Coat color 
(looking for orange or cream together with 
black or smoke colors in the XXY or chimeric 
male), coat quality (an indicator of endocrine 
or nutritional imbalance), and presence of the 
thick cervical dermis of the male phenotype 
(which occurs only in the presence of andro
gens) should be noted. The penis should be 
protruded in order to rule out congenital phi
mosis or penile hair rings; and penile size and 
presence of penile spines (indicators of ade
quacy of gonadotropin and testosterone secre
tion) should be noted. 
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Semen Evaluation 

Confirmation that sperm are present in the 
ejaculate and that sperm numbers, progr~ssive 
motility, and morphology are normal IS the 
next step in the infertility work-up. At best, 
semen should be obtained by electroejacula
tion or by. collection into an artificial vagina 
(see Chapter 37) if one of these procedures is 
available, even as a referral service. 

If electroejaculation is not possible, the male 
should be allowed to copulate with an estrous 
queen. Following such copulation, a vaginal 
cytology specimen can be collected from the 
queen, a urine sample collected ?Y cystocen
tesis from the male, and both specimens exam
ined for presence of sperm. Normal sperm may 
enter the uterus quickly, leaving abnormal 
sperm in the vagina. Sperm recovered fr?m 
vaginal cytology samples may show a lugh 
percentage of morphologic defects, and their 
relation to original semen quality is unknown. 
These samples may, however, help distinguish 
cats with azoospermia from those with sperm 
in the ejaculate. Feline sperm may be recovered 
from the urinary bladder of the male by cysto
centesis following ejaculation, because cats de
posit some semen in the urinary bladder ev~ry 
time they ejaculate (see Chapter 37).1 As with 
the vaginal cytology sample, quality of sperm 
or seminal plasma obtained by this technique 
may not be a good indicator of total ejaculate 
quality, but sperm presence may enable the 
clinician to rule out azoospermia. 

Definition of the Problem 

Failure to Attempt Copulation: 
Poor Libido 

Poor libido is diagnosed based on owner ob
servation of the tom's behavior in the presence 
of an estrous queen. Causes of this problem 
include congenital and acquired (penile hair 
ring) phimosis, inadequate testosterone, and 
mate preference.2- 4 

Failure to Achieve 
Complete Intromission 

Failure to achieve complete intromission is di
agnosed based on prolonged mounting, neck 
biting, and treading along the queen' s flanks 
with pelvic thrusting, not accompanied by 
rapid dismount and the queen's after-reaction. 
In the absence of careful observation of breed-

ing behavior, failure of the estrous queen to 
have been induced to ovulate (serum proges
terone concentrations should exceed 1 ng/ml 
for about 40 days after breeding if ovulation 
occurred) supports this diagnosis. Causes of 
this problem are the same as those associated 
with failure to attempt copulation, as well as 
congenital vulvovestibulovaginal anomaly of 
the queen. 

Failure to Induce Ovulation 
in the Queen 

Failure of the tom to induce ovulation in the 
queen is suspected in queens that exhibit inter
estrous intervals less than 40 days after breed
ing, and is confirmed by demonstrating low 
( <1 ng/ml) serum progesterone concentra
tions in bred queens during the 40 days after 
breeding.5 Causes of ovulation failure include 
inadequate number of copulations (usually 
only one), inadequate vaginal stimulation at 
mating, congenital vaginal anomalies of the 
queen, and possibly inadequate secretion of 
luteinizing hormone (LH) by the queen.6 

Abnormal Semen Quality 

Abnormal semen quality is characterized as 
aspermia (no ejaculate), azoospermia (no 
sperm in a clear fluid ejaculate), oligospermia 
(low sperm numbers), asthenozoospermia 
( <25 percent progressively motile sperm), and 
teratozoospermia (abnormal sperm morphol
ogy). The most commonly reported cause of 
abnormal semen quality in this species is 
azoospermia caused by abnormal sexual dif
ferentiation associated with abnormal karyo
type (see Chapter 39).7

•
8 Twenty-five of 38 male 

calico/tortoiseshell cats, some with 39,)CXY 
and some with chimeric chromosome comple
ments, were reported sterile (see Table 39-1). 
Some chimeric cats have more than one popu
lation of seminiferous tubules, which may or 
may not produce sperm (see Fig. 39-2). 

Other possible causes of abnormal semen 
quality or absence of ejaculate in the tom in
clude testicular causes (e.g., congenital cysts, 
fever, infection, steroid administration, hypo
androgenism, radiation, thermal insult, 
trauma, systemic illness, degeneration, neopla
sia) and posttesticular causes (e.g., epididymal 
cysts, epididymitis, segmental aplasia of the 
wolffian duct system, congenital or acquired 
impatency of the colliculus seminalis, in
flammation of the prostate or bulbourethral 
glands). Most of these potential causes have 
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not been observed to cause infertility in the 
torn, in part because of the difficulty in collect
ing semen in this species and characterizing 
its quality under various conditions. 

Diagnostic Procedures to Rule 
Out Known Causes of Infertility 

Failure to Attempt Copulation: 
Poor Libido 

Diagnostic approach to poor libido is to con
firm observation of this behavior in the pres
ence of an estrous_ queen; to protrude and ex
amine the pertis for evidence of phimosis, 
penile hair ring, and penile spines; to perform 
a karyotype on lymphocytes from peripheral 
blood; and to attempt to breed the male to 
different estrous queens. Serum testosterone 
concentration may be measured following 
stimulation (described below) with human 
chorionic gonadotropin (hCG), which has LH
like activity, or gonadotropin-releasing hor
mone (GnRH), which induces release of en
dogenous LH. If reproductive disease is ruled 
out, one may observe response to treatment, 
which follows. 

Karyotype laboratory service is available 
at several veterinary colleges in North Amer
ica. In general, the sample requirement is 7 to 
10 rnl heparinized blood that must be trans
ported to the laboratory at room temperature 
in less than 24 hours from time of sample col
lection; this requires use of an oventight mail 
or courier service and coordination with the 
laboratory regarding day of receipt. While cir
culating blood lymphocytes usually have the 
same karyotype as the diploid spermatogonia 
of the testes, it is possible in chimeras that 
they may not, and that a normal lymphocyte 
karyotype may be present in an animal with 
an abnormal karyotype of testicular cells. 
Therefore, karyotype of testicular parenchyma 
itself or of fibroblasts from skin tissue obtained 
by punch biopsy may be of value. 

Resting serum testosterone in six normal 
cats ranged from nond~tectable ( < 0.05 ng/rnl) 
to 3.0 ng/ rnl (see Table 39-2).9

•
10 Serum tes

tosterone 1 hour after administration of 
25 f.Lg GnRH intramuscularly (IM) ranged 
from 5 to 12 ng/ rnl. Serum testosterone 4 hours 
after 250 IU hCG 1M ranged from 3.1 to 
9.0 ng/rnl. Serum gonadotropin (LH, follicle
stimulating hormone [FSH]) assay to detect 
insufficiency states (which might be indicators 
of therapeutic direction) or elevated concentra-

tions of these hormones (which occur after cas
tration or irreversible testicular atrophy) is not 
available commercially at present for this 
species. 

Failure to Achieve 
Complete Intromission 

Diagnostic approach to the problem of incom
plete intromission is the same as for poor li
bido. Low (< 1 ng/rnl) serum progesterone in 
the queen following the mating attempt indi
cates she did not ovulate; this may support 
the diagnosis of intromission failure, although 
some queens ovulate spontaneously in the ab
sence of vaginal stirnulation.11 In addition, 
about half of the queens undergoing a single 
normal intromission and insemination do not 
ovulate, so low progesterone may not distin
guish intromission failure from ovulation fail
ure.6 Contrast radiography of the vestibule and 
vagina of the estrous queen is indicated to look 
for congenital anomalies of the queen that pre
vent intrornission.U·13 

Failure to Induce Ovulation 
in the Queen 

Ovulation failure is diagnosed by demon
strating low ( < 1 ng/rnl) serum progesterone 
concentrations during the 40 days following 
intrornission.5 If intromission, insemination, 
and semen quality are normal, ovulation fail
ure may be confirmed by observing response 
to medical ovulation induction and repeat 
breeding (see Therapeutic Plan below). 

Abnormal Semen Quality 

Diagnostic tools for approach to abnonn.al se
men quality in the torn include collection of 
semen by electroejaculation, karyotype, mea
surement of alkaline phosphatase in urine fol
lowing ejaculation in the azoosperrnic cat (see 
Chapter 37), seminal plasma culture, testicular 
and epididymal ultrasonography, and testicu
lar biopsy. If the semen contains blood or evi
dence of infection, a retrograde urethrogram 
may be of value in localizing the site of origin 
or extent of the disease process.12

•
13 See Chapter 

39 for description of testicular disorders in the 
male cat. The diagnostic approach should be 
tailored to the signalment, history, and physi
cal examination findings of the male cat. 

Testicular biopsy is a valuable prognostic 
test in infertile male cats with a carefully docu
mented reproductive history and evidence of 
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azoospermia; biopsy is, however, invasive, ex
pensive, and there is danger of subsequent tes
ticular inflammation and immune-mediated 
reaction against sperm antigens, which nor
mally do not contact immunocompetent cells. 
Testicular biopsy should be performed with 
the patient under general anesthesia. Blunt 
dissection ·is made to the testis through a 
prescrotal incision; a 0.5-cm incision is made 
through the fascia spennatica interna into the 
vaginal cavity, and then a pointed blade is 
used to make a stab incision into the testicular 
parenchyma, resulting in protrusion of a small 
portion of seminiferous tubular tissue that can 
be sliced off for histology.14 Alternatively, a 
small wedge of tissue may be excised from the 
testicular parenchyma. Use of Bonin's fixative 
is advocated in preference to formalin in order 
to preserve testicular architecture.14 

Therapeutic Plan 

Failure to Attempt Copulation: 
Poor Libido 

Poor libido caused by congenital and acquired 
(penile hair ring) phimosis may be treated by 
removal of the hair ring or surgical correction 
of congenital phimosis. If the male has normal 
testes on physical examination and normal 
karyotype, libido may be improved by admin
istration of 25 J.Lg GnRH IM about 1 hour prior 
to attempted breeding. 

Failure to Achieve 
Complete Intromission 

Therapeutic plan for failure to achieve com
plete intromission is the same as that for poor 
libido. In addition, if abnormality of the female 
vagina or vestibule are diagnosed, surgical 
correction or artificial insemination (see Chap
ter 26) may be attempted. 

Failure to Induce Ovulation 
in the Queen 

Ovulation failure of the queen is treated by 
administering 25 J.Lg GnRH or 250 IU hCG IM 
to the queen at time of mating.15•16 Alterna
tively, mating may be attempted multiple 
times over 1 to 3 days during estrus. 

Abnormal Semen Quality 

Abnormal semen quality of the tom due to 
abnormal karyotype, most other testicular 

causes (e.g., congenital cysts, radiation, 
trauma, systemic illness, testicular degenera
tion or neoplasia) or post-testicular causes 
(e.g., epididymal cysts, epididymitis, segmen
tal aplasia of the wolffian duct system, congen
ital or acquired impatency of the colliculus 
seminalis, inflammation of the prostate or bul
bourethral glands) usually is not reversible. 
Sexual rest (3 to 4 months) may result in spon
taneous recovery of infertile males with prior 
fever, infection, steroid administration, or 
thermal insult. Administration of antibiotics 
for a 3- to 4-week course may be effective in 
treating bacterial infection of the male repro
ductive tract, remembering that such infection 
is extremely rare, and that cat semen normally 
contains high numbers of bacteria originating 
from the penile urethra at time of ejaculation.10 

In dogs with testicular neoplasia, unilateral or
chiectomy has been associated with subse
quent fertility from the contralateral testes, and 
the same may be possible in a similarly af
fected tom. 
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Condition 

BODY WALL 

Hernia 
Diaphragmatic 

Peritoneopericardial and 
pleuroperitonea! 

Hiatal 

Inguinal 

Umbilical 

Pectus excavatum 

BONES AND JOINTS 

Achondroplasia 
Appendicular 

Axial 
Anury 
Brachydactyly 
Brachyury (short tail) 

Carpal subluxation 

Cartilaginous exostosis 

Cervical calcinosis 
circumscripta 

Cervical vertebral instability 
(wobbler syndrome) 

Chondrodysplasia 
(dwarfism) 

Cranioschisis 

Ectromelia 

Elbow dysplasia (see 
Ununited anconeal 
process) 

Epiphyseal dysplasia 

Breeds Affected 

Weimaraner, German shepherd 

Brachycephalic breeds and 
Chinese shar pei 

Basset hound, cairn terrier, 
basenji, Pekingese, West 
Highland white terrier 

Airedale terrier, basenji, 
Pekingese, pointer, 
weimaraner 

Many breeds 

Basset hound, dachshund, 
miniature poodle, Scottish 
terrier 

Poodle, Scottish terrier 
Cocker spaniel 
Many breeds 
Beagle, cocker spaniel, English 

bulldog, toy griffon 
Labrador retriever, Irish setter 

German shepherd, Alaskan 
malamute, Yorkshire terrier 

Great Dane 

Basset hound, Doberman 
pinscher, English sheepdog, 
fox terrier, Great Dane, Irish 
setter, Rhodesian ridgeback, 
Sain t Bernard 

Alaskan malamute, Shetland 
sheepdog, Labrador retriever 

Cocker spaniel 

Pointer 

Beagle, poodle 

Remarks 

Peritoneopericardial hernias are more common 
than pleuroperitonea! hernias; presenting 
signs depend on amount of displaced tissue 
contained in the hernia · 

Defect of the phrenoesophagealligament that 
allows displacement of the gastroesophageal 
junction forward into the thoracic cavity 

Defect in formation of the aponeuroses of the 
inguinal ring and linea alba 

Failure of normal closure of the umbilical ring; 
increasing abdominal pressure with 
advancing age forces the omentum or 
occasionally the intestines into tl1e defect 

Intrusion of the sternum into the thorax; the 
ventral ends of the ribs turn medially to join 
dorsally the displaced sternebrae 

Cartilage of epiphyseal plate grows in irregular 
directions and is scant 

Chondrodystrophia fetalis 
Absence of one to all caudal vertebrae 
Reduced size and function of outer toes 
Condition that occurs in normally longer-tailed 

breeds 
Condition that occurs bilaterally and is limited 

to the carporadial joints; appears when 
puppies begin to walk at about three weeks 
of age 

Radiographically visualized as localized 
osteochondromatous outgrowths protruding 
from long bones, scapula, ilium, cervical and 
thoracic vertebrae, metatarsus, and phalanges 

Calcinosis masses typically attach to tendons 
inserting on lateral processes of C, and C5 

just below muscle; histopathologic 
examination reveals dense collagen, 
granulomatous reaction, and islands of 
trabecular bone and marrow 

Condition that exists when the ventral spinal 
canal is narrower dorsoventrally than the 
dorsal canal between C3 and C7; deformed 
vertebral bodies result in spinal neurosis; in 
basset hounds, a malformed c,_, may be 
involved 

Stunted forelegs, lateral deviation of paws, and 
sloping top line attributable to impaired 
endochondral bone growth 

Soft spots in the cranium (skull fissures); 
defects apparently are calvarium 
developmental abnormalities or persistent 
fontanels 

Condition in which the scapula is the only 
bone of the forelimb present 

Characterized by stippling defects of the 
epiphyseal sites; abnormal movement of the 
hindlimbs and a swaying gait result 

Table continued on opposite page 
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Condition 

Foramen magnum dysplasia 

Hip dysplasia 

Legg-Calve-Perthes disease 

Lumbosacral malarticulation 

Odontoid process dysplasia 
(nonunion with C2) 

Osteoporosis 

Panosteitis (enostosis) 

Patellar luxation 

Polydactyly 
Radial agenesis 

Radius, premature 
closure of 

Short spine 

Shoulder luxation 

Spina bifida 

Breeds Affected 

Chihuahua, cocker spaniel, 
Skye terrier 

Primarily large and giant 
breeds; also cocker spaniel 
and Shetland sheepdog 

Small breeds, including 
Manchester terrier, 
Pekingese, poodle, Chinese 
pug, schnauzer, wirehaired 
fox terrier 

German shepherd 

Chihuahua, Pekingese, 
Pomeranian, poodle, 
Yorkshire terrier 

Dachshund 

German shepherd, Basset 
hound, and other breeds 

Toy breeds 

Many breeds 
Many breeds 

Many breeds 

Greyhound, Shiba Ina 

Chihuahua, griffon, King 
Charles spaniel, miniature 
pinscher, miniature poodle, 
Pomeranian, wirehaired fox 
terrier 

Beagle, English bulldog 

Remarks 

Characterized by malformation of the occipital 
bone with enlargement of the foramen 
magnum and exposure of the cerebellum and 
brain stem; hydrocephalus may be present 

Deformity of coxofemoral joint attributed to 
disparity between development of the 
primary muscle mass and the skeleton; onset 
most frequent at five months of age 

Characterized by increase in trabular bone of 
the femoral head followed by aseptic necrosis 
secondary to ischemia; revascularization of 
the bone is followed by demineralization 

Condition in which compression is created on 
the cauda equina; attributable to subluxation, 
stenosis, or spondylosis of the lumbosacral 
articulation 

Condition that results in atlantoaxial 
subluxation; signs vary from neck pain to 
quadriplegia 

Condition caused by abnormal bone resorption 
but radiographically uniformly dense bones; 
puppies usually present as swimmers 

Excessive formation of bone in various states of 
maturity of the ulna, humerus, radius, femur, 
and tibia and excessive osteoblastic activity 
with formation of new bone by fibrous 
metaplasia; radiographically evident as 
opacity in the area of the nutrient foramen; 
intermittent leg lameness at 6 to 12 months 
of age 

Condition resulting from alteration of 
structures that maintain the normal position 
of patella; usually medial, being unilateral or 
bilateral; onset usually evident at four to six 
months of age 

Reappearance of first digit on the hindlimbs 
Complete lack of development of the radius 

evident as a unilateral or bilateral problem at 
an early age; lack of radial support for the 
carpus medially results in medial deviation 
of the paw 

When the distal radial physis prematurely 
closes, one side of the radius usually 
continues to grow while the other side closes; 
resultant deformity is angulation of the 
carpus and metacarpal bones toward the 
closed side; closure of the proximal radial 
physis results in progressive separation of 
the radial head from the distal humerus 

Abnormal development produces short 
vertebral column, kyphosis, and scoliosis; 
high shoulders and back sloping sharply to 
the tail are seen 

First occurs at three to four months of age; in 
severely affected individuals, may lead to 
medial shoulder luxation at early age; 
radiographs will confirm shoulder luxation if 
a flexed and rotated view of the shoulder 
region is taken 

Condition resulting from defective fusion of 
vertebral arches 

Table continued 011 following page 
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Condition 

Ulna, premature closure of 

Ununited anconeal process 
(elbow dysplasia) 

Vertebral anomalies 

CARDIOVASCULAR SYSTEM 

Aortic stenosis 

Atrial anomalies 

Endocardial fibroelastosis 

Mitral valve malformation 

Patent ductus arteriosus 

Persistent atrial standstill 

Persistent right aortic arch 

Pulmonic stenosis 

Stenosis of atrioventricular 
bundle (bundle of His) 

Breeds Affected 

Many breeds 

German shepherd, Labrador 
retriever, basset hound, 
French bulldog, Great Dane, 
bull mastiff, Great Pyrenees, 
Irish wolfhound, 
weimaraner, Newfoundland 

Brachycephalic and screwtail 
breeds: Boston terrier, 
English and French 
bulldogs, Pomeranian, 
Chinese pug 

Newfoundland, boxer, German 
shepherd, German 
shorthaired pointer, golden 
retriever 

Boxer and other breeds 

Many breeds 

Great Dane, German shepherd, 
English bulldog, Chihuahua . 

Poodle, Pomeranian, collie, 
German shepherd, Shetland 
sheepdog 

English springer spaniel 

German shepherd, Irish setter 

Beagle, English bulldog, 
Chihuahua, fox terrier, 
Samoyed, miniature 
schnauzer 

Chinese pug 

Remarks 

When the distal ulnar physis prematurely 
closes, majority of ulnar lengthening stops 
while the radius grows unabated; the 
resultant deformity is progressive bowing 
and twisting of the radius, as the ulna acts as 
a bowstring 

Failure of normal fusion of anconeal process to 
diaphysis of ulna; may be unilateral or 
bilateral; stunted and usually loose process 
contributes to elbow joint laxity and synovitis 
that produce progressive arthritic changes; 
frequently inapparent until secondary 
arthritis has occurred 

Hemivertebrae are shortened or misshapen 
vertebrae that occur when the right and left 
halves of the vertebral body develop 
asymmetrically or fail to fuse (most common 
site is T7•9 area); block or fused vertebrae 
occur when there is incomplete segmentation 
of two or more adjacent vertebrae; butterfly 
vertebrae result because of persistence or 
sagittal cleavage of the notochord, leading to 
sagittal cleft in the vertebral body; spinal 
cord compression often occurs with these 
vertebral anomalies 

Subvalvular most common form; a ridge of 
fibrocartilaginous tissue is located below the 
aortic valve; valvular and supravalvular less 
common 

Seldom recognized as individual anomalies and 
are usually with other cardiac defects; 
another atrial defect is cor triatriatum, which 
results from persistence of the embryonic 
eustachian valves within the right atrium 

Characterized by proliferation of elastic and 
collagenous fibers within the endocardium; 
left atrium and ventricle usually exclusively 
involved 

Dilatation of the mitral annulus, anomalies of 
valve leaflets, and altered chorda tendineae 
and papillary muscles 

Condition occurring when the normal fet11l 
vessel (ductus arteriosus) that shunts blood 
past the nonfunctional fetal lungs into the 
aorta fails to close within first two to three 
days of life 

Bradycardia of persistent atrial standstill does 
not respond to atropine; symptomatic dogs 
must be treated by permanent pacemaker 
implantation 

Aorta originates from right fourth aortic arch 
rather than left; communication with 
ligamentum arteriosus results in esophageal 
blockage 

Narrowing or obstruction between the right 
ventricle and pulmonary trunk; although 
stenosis may occur in supravalvular, 
valvular, or stibvalvular area, pulmonary 
stenosis attributable to valvular dysplasia is 
most common 

Individuals with stenosis of atrioventricular 
bundle have syncopal attacks that begin 
during the first several months of life 

Table continued on opposite page 
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Condition 

Tetralogy of Fallot 

Tricuspid valve dysplasia 

Ventricular preexcita tion 
syndrome 

Ventricular septal defect 

DIGESTIVE SYSTEM 
Anorectal defects 

Brachygnathia 
Cleft palate/ cleft 

lip complex 

Cricopharyngeal achalasia 

Dentition, abnormal 

Esophageal diverticula 

Lymphangiectasia, 
intenstinal 

Intestinal anomalies 

Meckel's diverticulum 

Megaesophagus, idiopathic 

Microcheilia 
Parotid salivary gland, 

enlargement of 

Prognathism 
Pyloric stenosis 

Breeds Affected 

Keeshond 

Great Dane, weimaraner 

Many breeds 

English bulldog 

Many breeds 

Many breeds 
Brachycephalic breeds, beagle, 

cocker spaniel, dachshund, 
Shetland sheepdog, 
schnauzer, Labrador 
retriever, Germ-an shepherd 

Toy breeds 

Many breeds 

Many breeds 

Many breeds 

Many breeds 

Many breeds 

Great Dane, German shepherd, 
Irish setter, dachshund, 
miniature schnauzer 

Schnauzer 
Dachshund 

Brachycephalic breeds 
Boxer, Boston terrier 

Remarks 

Tetralogy of Fallot includes ventricular septal 
defect, right ventricular outflow obstruction, 
hypertrophy of the right ventricle, and 
dextropositioned aorta that accept blood 
from both ventricles 

A spectrum of abnormalities, including 
anomalies of valve cusps, chorda tendineae, 
papillary muscles, and valvular tissues; 
enlargement of right atrium and ventricle 
occurs secondary to valvular incompetence 

An isolated abnormality that occurs in 
association with anatomic congenital defects 

Usually a single defect located high in the 
septmn just below the tricuspid and aortic 
valves 

Imperforate anus, segmental aplasia, 
rectovaginal fistula, rectovestibular fistula, 
anovaginal cleft, and rectal urethral fistula; of 
these defects, imperforate anus is the most 
co nun on 

Upper jaw is longer than the lower jaw 
Cleft lip usually occurs as unilateral defect in 

the lip or in the floor of the nostril; cleft 
palate may be identified as onset palatal 
rugae on the roof of the oral cavity, 
incomplete fusion of the soft palate, or 
oronasal fistula through a cleft palate 

Failure of cricopharyngeal muscle and part of 
the thyropharyngeal muscle to relax and thus 
permit a food bolus to move from the 
pharynx into the cranial esophagus 

Disorders affecting dentition include anodontia 
(absence of one or more teeth), retained 
deciduous teeth, supernumerary teeth, dens 
in dente, and shape abnormalities 

Segments of the esophagus typically involved 
with diverticula are areas just cranial to the 
thoracic inlet and diaphragm; periodic 
diverticularization of the esophagus at the 
thoracic inlet is considered to be a normal 
finding for most young English bulldogs 

Malformation of the lymphatic system that 
contributes to clinical signs reflective of 
protein-losing enteropathy 

Congenital defects of intestinal tract include 
atresia or duplication of an intestinal 
segment; usually incompatible with life 
unless surgical! y corrected 

Sacculation or appendage of the ileum derived 
from an unobliterated yolk stalk. 

Characterized by primary motor system 
disturbances of the esophagus that result in 
abnormal or unsuccessful transport of ingesta 
between the pharynx and stomach 

Reduced oral fissure 
Affected individuals present with enlarged 

parotid salivary glands and hypersalivation 
(profuse drooling) 

Upper jaw is shorter than lower jaw 
Probably caused by excessive secretion of the 

gastrointestinal hormone, gastrin, which is 
produced by the G cells in the stomach wall 
and has a potent trophic effect on pyloric 
circular smooth muscle as well as the mucosa 

Table continued 011 following page 
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Condition 

EAR 

Deafness 

External ear canal, 
malformations of 

Pinna, malformations of 

Breeds Affected 

Akita, Australian heeler and 
shepherd, border collie, 
Boston terrier, collie, 
bullterrier, cocker spaniel, 
dalmatian, dachshund, 
Doberman pinscher, English 
setter and bulldog, 
foxhound, fox terrier, Great 
Dane, Old English sheepdog, 
Scottish and Sealyham 
terriers, Norwegian clunker 
hound, Shetland sheepdog 

Brachycephalic breeds 

German shepherd, wirehaired 
terrier, collie, Irish setter 

ENDOCRINE AND METABOLIC SYSTEMS 

Adrenal hyperplasia 

Diabetes insipidus 

Diabetes mellitus 

Dysbetalipoproteinemia 

Glycogen storage disease 

Hyperchylomicronemia 

H ypoadrenocorticism 

Hypothyroidism 

Great Dane 

Miniature poodle, German 
shepherd, Boston terrier, 
Norwegian elkhound, 
schnauzer, German 
shorthaired pointer 

Keeshond, golden retriever, 
whippet, West Highland 
white terrier, Alaskan 
malamute, standard poodle, 
Old English sheepdog, 
Doberman pinscher, 
miniature schnauzer and 
pinscher, schipperke, 
German shepherd, Labrador 
retriever, Finnish spitz, 
Manchester terrier, English 
springer spaniel, chow 
chow, mixed breed 

Miniature schnauzer 

German shepherd 

Miniature schnauzer 

Many breeds 

Giant schnauzer, Scottish 
deerhound 

Remarks 

Lack or loss of the sense of hearing; congenital 
deafness is most common type; may be 
partial or complete and affect only one ear or 
both ears; unilateral deafness is most 
common form in dogs; of the 
electrodiagnostic techniques used for 
determining extent of deafness, recording 
brain stem auditory-evoked potentials and 
impedance audiometry are most frequently 
used; hearing loss occurs secondary to 
degeneration, hypoplasia, or aplasia of the 
spiral organ of the inner ear 

Incomplete development of canals or may be 
shorter, more tortuous than normal, or atretic 

Deviations in size and shape typical for breed, 
such as gross variations in size of the pinna 
(macrotia, microtia) or its complete absence 
(anotia) 

Deficiency in one of the enzymes (17-
hydroxylase) necessary for cortisol synthesis; 
signs include poor growth and those of 
glucocorticoid deficiency 

Can be hypothalamic-neurohypophyseal or 
nephrogenic in origin; hypothalamic
neurohypophyseal is most common; signs in 
puppies usually restricted to polyuria and 
polydipsia 

May become evident as early as two to six 
months of age; pancreatic lesions often 
include atrophy of B cells and associated 
noninflammatory atrophy of a few acinar 
cells; affected individuals usually exhibit 
decreased rate of growth in addition to 
polyphagia, polyuria, and soft or diarrheic 
stools 

Defective synthesis of APO lipoprotein; signs 
include abdominal distress and seizures 

Results from enzyme deficiency, amylo-1, 6-
glucosidase; signs reflect severity of 
hypoglycemia 

Results from enzyme deficiency, lipoprotein 
lipase; signs include abdominal distress and 
seizures with onset 

Signs caused by deficiency of glucocorticoids or 
rnineralocorticoids and glucocorticoids; 
congenital hypoplasia of adrenal glands 
probably causes early puppy death and thus 
goes unrecognized 

Results from thyroid dysgenesis, circulating 
thyroid hormone transport abnormalities, 
dyshonnonogenesis, congenital thyroid
stimulating hormone deficiency, and severe 
iodine deficiency; congenital defects probably 
cause early puppy death and thus goes 
unrecognized 

Table continued on opposite page 
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Condition 

Neonatal hypoglycemia 

Pituitary dwarfism 

Primary parathyroid 
hyperplasia 

Urea cycle defect 
(citrullinemia) 

EYE 
Aberrant canthal dermis 

Agenesis of the eyelid 

Anophthalmos 
Aphakia 

Blepharophimosis 

Cataracts 

Collie eye anomaly 

Dermoid 

Breeds Affected 

Toy breeds 

German shepherd, toy 
pinscher, weimaraner, spitz, 
carnelian beardog, giant 
schnauzer 

German shepherd 

Golden retriever, beagle 

Many breeds 

Many breeds 

Many breeds 
Saint Bernard 

Many breeds 

Afghan hound, cocker spaniel 
beagle, Boston terrier, 
Australian shepherd, 
Chesapeake Bay retriever, 
German shepherd, 
Bedlington and Sealyham 
terriers, golden retriever, 
Old English sheepdog, 
miniature schnauzer, 
Siberian husky, Staffordshire 
terrier, standard poodle, 
Welsh springer spaniel 

Smooth- and rough-coated 
collies, Shetland sheepdog 

Saint Bernard, German 
shepherd, dachshund, 
dalmatian 

Remarks 

Occurs during the nursing period because of 
inadequate glycogen or protein substrate 
stores or inunature liver enzyme systems; 
also occurs from failure to adapt to fasting 
during postweaning period; signs are related 
to severity 

Caused by deficiencies of growth hormone and 
sometimes other adenohypophyseal 
hormones; signs include proportional limb
to-trunk dwarfism, prognathism, altered 
mentation, delayed eruption of permanent 
teeth, retained puppy coat leading to 
eventual alopecia, and suppressed immune 
responses 

Affected individuals develop signs at two 
weeks of age; including stunted growth, 
muscular weakness, polyuria, and polydipsia 

Results from urea cycle enzyme deficiency, 
argininosuccinate synthetase; signs include 
vomiting; seizures, and altered mentation 

Encroachment of dermis at the nasal canthus 
on bulbar and palpebral conjunctiva 

Absence of varying segments of the eyelid 
margin, usually temporal one third of the 
upper eyelid 

Complete absence of the globe 
Congenital absence of the lens; usually occurs 

with other ocular defects 
Abnormal narrowing of the space between the 

eyelids 
In animals younger than six months of age, are 

classified as either congenital or juvenile; 
congenital cataracts are present at birth, 
although they may not be noticed until six to 
eight weeks of age; and may be inherited or 
secondary to in utero influences, so it is 
essential to question the owner regarding 
presence of cataracts in the sire, dam, 
previous litters, or pedigrees; juvenile 
cataracts develop from newborn period until 
six years of age; heredity is major factor, 
although other causes may contribute to 
juvenile cataracts formation; course of 
juvenile cataracts usually progressive, but 
rate at which progression occurs varies; 
complete opacification of the lens may occur 
in less than one year following diagnosis; if 
functional vision is present, congenital or 
juvenile cataracts in puppies usually undergo 
spontaneous resorption within the first year . 

Characterized by an array of posterior segment 
abnormalities; included in order of increasing 
severity are choroidal hypoplasia, optic nerve 
and scleral colobomas, and retinal 
detachment 

First noticed as skinlike appendage soon after 
eyelids open; usually involves temporal 
cornea and conjunctiva and affects one eye or 
both 

Table continued on following page 
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Condition 

Distichiasis 

Divergent strabismus 

Ectropion 

Enophthalmos 

Entropion 

Glaucoma 

Hemeralopia (day blindness) 

Heterochromia 

Iridocorneal abnormalities 

Microcornea 

Microphakia 

Microphthalmos with 
colobomas 

Microphthalmos 

Optic nerve colobomas 

Breeds Affected 

English bulldog, toy and 
miniature poodle, cocker 
spaniel, Pekingese, boxer, 
alsatian, Shetland sheepdog, 
Bedlington and Yorkshire 
terriers, Shih Tzu, Chinese 
pug, Saint Bernard 

Brachycephalic breeds 

Cocker spaniel, Saint Bernard, 
bloodhound, basset hound 

Saint Bernard, Great Dane, 
Doberman pinscher, golden 
retriever, Irish setter 

Many breeds 

Beagle, basset hound, cocker 
and English springer 
spaniels, poodle, Samoyed, 
wirehaired terrier 

Alaskan malamute 

Merled collie, Shetland 
sheepdog, Australian 
shepherd harlequin Great 
Dane, Siberian husky, 
Alaskan malamute, 
dalmatian, American 
foxhound, Norwegian 
clunker hound 

Many breeds 

Basenji, collie, Saint Bernard, 
miniature schnauzer, 
Australian shepherd, poodle 

Saint Bernard, beagle 

Australian shepherd, merled 
Shetland sheepdog, 
harlequin Great Dane 

Australian shepherd, Great 
Dane, collie, Shetland 
sheepdog, dachshund, 
miniature schnauzer, Old 
English sheepdog, akita, 
Cavalier King Charles 
spaniel, Bedlington and 
Sealyham terriers, Labrador 
retriever, Doberman 
pinscher 

Collie, Shetland sheepdog, 
Australian shepherd, basenji 

Remarks 

Extra row of eyelashes that protrude from 
orifices of Meibomian glands within the 
intermarginal space of the eyelid; upper, 
lower, or both eyelids may be involved 

First noted when eyelids open; normal ocular 
alignment develops during the second 
postnatal month 

Everted eyelids, allowing exposure of 
underlying bulbar conjunctiva; animals 
affected tend to display mucopurulent 
exudation and hyperemia of exposed 
conjunctiva and diminished Schirmer tear 
test values 

Recession of the globe within the orbit; most 
often associated with microphthalmos 

Inward deviation of the eyelid; lower eyelid is 
more commonly affected because of poorly 
formed tarsal plate 

Pressure increases occurring within the first 
year of life are rare, despite existence of 
congenital iridocorneal abnormalities 

Affected individuals are visually impaired in 
daylight, but function well at night and on 
overcast days; ocular fundus appears normal 

Variation in iris color, occurs commonly in 
subalbinotic animals; variations in tapetal 
development and degree of pigmentation in 
retinal pigment epithelium and choroid may 
occur simultaneously 

Congenital mesodermal remnants occur in 
corneal angle in basset hounds 

Affected eyes have more bulbar conjunctiva 
exposed medially and laterally but no 
apparent visual problems 

Margin of abnormally small lens along with 
elongated ciliary processes in microphakia 
may be seen following pupillary dilatation 

Large equatorial staphylomas, up to 20 diopters 
deep, are evident 

Failure of the globe to develop to normal size; 
characterized by varying degrees of 
enophthalmos with or without other ocular 
defects; commonly associated with other 
ocular defects, including colobomas, 
persistent pupillary membranes, cataract, 
equatorial staphylomas, choroidal hypoplasia, 
retinal dysplasia and detachment, and otic 
nerve hypoplasia; vision often impaired 

Pits or excavations in the optic disk that occur 
as part of the 'collie or shelty eye anomaly or 
as single lesions 
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Optic nerve hypoplasia 

Persistent hyperplastic 
primary vitreous 

Persistent pupillary 
membranes 

Progressive retinal atrophy 

Progressive retinal 
degeneration 

Pupillary anomalies 

Retinal dysplasia 

Retinal folds 

Stationary night blindness 

Tapetal hypoplasia 

Trichiasis 

Breeds Affected 

Beagle, dachshund, collie, 
Russian wolfhound, German 
shepherd, Great Pyrenees, 
Saint Bernard, miniature 
poodle 

Doberman pinscher, 
Staffordshire terrier, 
standard sclmauzer 

Basenji and other breeds 

Collie, Irish setter, Norwegian 
elkhound, miniature 
schnauzer, Cardigan Welsh 
corgi 

Borzoi 

Many breeds 

English springer spaniel, 
Labrador retriever, 
Bedlington terrier, cocker 
spaniel, beagle, akita, 
Australian shepherd, 
Doberman pinscher, Old 
English sheepdog, rottweiler, 
Yorkshire terrier 

Collie and other breeds 

Tibetan terrier, briard 

Beagle 

Many breeds 

HEMATOPOIETIC AND LYMPHATIC SYSTEMS 
Anasarca English bulldog 

Remarks 

Poor vision is common in bilaterally affected 
animals, although owners usually fail to 
recognize the vision deficit while the animal 
is with its siblings; unilateral lesions often 
incidental findings, as the puppy 
compensates with the unaffected eye; 
affected eyes exhibit sluggish to absent direct 
pupillary light reflexes; resting pupil size 
may be larger than normal; affected optic 
disk often less than half its normal size, its 
center is depressed, and periphery is 
pigmented 

Characterized by presence of fibrovascular 
membrane on posterior lens surface; results 
from persistence of hyaloid vasculature 
coupled with proliferation of mesoderm 
within the arborizing vascular tunic 
surrounding the lens 

Arise from anterior iris surface and represent 
remnants of embryonic vascular system 

Disorder affecting retinal photoreceptor layer; 
animals first demonstrate visual deficits in 
dim lighting; progressive loss of day vision 
then occurs, followed by total blindness and 
dilated pupils; retinal appearance varies with 
stage of disorder 

First occurs a t six months of age; initial retinal 
lesions appear as focal areas of 
hyperreflectivity in extreme peripheral 
tapetum; later, lesions coalesce into diffuse 
retinal degeneration 

Ventronasal, notchlike defect (coloboma) in 
pupillary border results in keyhole-shaped 
pupil; eccentric pupil (corectopia) may 
accompany multiple ocular defects in 
Australian shepherd 

Characterized by folds in outer retinal layers 
and by retinal rosettes, in which variably 
differentiated retinal cells are arranged 
around central lumen; more severe forms 
may demonstrate retinal detachment 
attributable to subretinal fluid accumulation; 
may occur alone or in association with other 
congenital ocular defects · 

Usually appear in nontapetal portion of the 
fundus; believed to be caused by transient 
growth differential between inner and outer 
layers of optic cup and usually disappear 
when dogs are about six months of age 

Night blindness first evident by six weeks of 
age; fundus of the briard appears normal, 
willie low-level illumination demonstrates 
increased tapetal granularity in the Tibetan 
terrier; Tibetan terrier may subsequently 
develop progressive retinal atrophy 

Lack of visible tapetum and uniform reddish 
brown fundus reflex evident 

Condition in which otherwise normal eyelashes 
are deviated from their normal position, 
allowing contact between the deviated 
eyelash and the cornea 

Affected individuals have generalized 
subcutaneous edema and fluid accumulation 
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Coagulation protein 
disorders 
Factor XII 
Factor XI 

Factor X 

Factor IX (hemophilia B) 

Factor VIII (hemophilia A) 

Factor VIII (von 
Willebrand's disease) 

Factor VII 

Factor II 

Factor I 

Erythrocyte defects 
Pyruvate kinase deficiency 

Stomatocytosis 

Familial nonspherocytic 
anemia 

Nonspherocytic hemolytic 
disorders 

Phosphofructokinase 
deficiency 

Glucose-6-phosphate 
dehydrogenase 
deficiency 

Cytochrome b5 reductase 
deficiency 

Elliptocytosis 

Breeds Affected 

Standard and miniature 
poodles, Gennan short
haired pointer English 
springer spaniel, Great 
Pyreness, weimaraner, Kerry 
blue terrier 

American cocker spaniel 

Many breeds 

Many breeds 

Many breeds 

Beagle, miniature schnauzer, 
Alaskan malamute, boxer, 
bulldog 

English cocker spaniel, boxer 

Saint Bernard, vizsla, Russian 
wolfhound 

Basenji, beagle, West Highland 
white terrier 

Alaskan malamute, miniature 
schnauzer 

Miniature poodle 

Beagle 

English springer spaniel 

Weimaraner 

Many breeds 

Mixed breed 

Remarks 

Not associated with bleeding diathesis; affected 
individuals may be predisposed to infection 
and/or thrombosis Severe Factor XI 
deficiency characteristically a minor bleeding 
diathesis that becomes major after trauma or 
surgery 

Individuals homozygous for gene usually 
stillborn or die within first weeks of life from 
massive pulmonary and/or abdominal 
hemorrhage; heterozygotes have mild to 
severe bleeding tendency 

Sex-linked hemorrhagic disorder; excessive 
bleeding from umbilical cord or tail or feet at 
time of tail-docking and dew-claw removal 
are common signs; hemarthrosis, gingival 
bleeding during tooth eruption, and 
spontaneous hematoma formation are other 
typical manifestations 

One of the most common inherited 
hemorrhagic disorders; bleeding tendencies 
are same as for Factor IX deficiency 

Attributable to defective or deficient Factor 
VIII-related antigen (von Willebrand factor) 
and is most common inherited bleeding 
disorder; bleeding tendencies are same as for 
Factor IX deficiency 

Usually not accompanied by detectable 
bleeding, although affected individuals may 
experience bruising or prolonged bleeding 
after surgery 

Disorders of prothrombin including detectable 
bleeding tendencies, usually epistaxis and 
gingival bleeding 

Affected individuals with dysfibrinogenemia or 
hypofibrinogenemia experience mild bleeding 
manifested by lameness and epistaxis; 
challenge with surgery or trauma results in 
life-threatening bleeding 

Premature red blood cell destruction and 
moderate to severe anemia with evidence of 
red blood cell regeneration 

Stomatocytes and polychromasia in association 
with autosomal recessive-transmitted 
chondrodysplasia in malamutes 

Markedly regenerative red blood cell response, 
hepatosplenomegaly, and bone marrow 
myelofibrosis and osteosclerosis 

Mild anemia and polychromasia 

Results in primary hemolytic disorder with 
appropriate bone marrow response 
(reticulocytosis) 

Generally no anemia or polychromasia 

May have no anemia, cyanosis, and exercise 
intolerance 

Attributable to 'decrease in red blood cell 
membrane protein, a protein band 4.1 
deficiency; affected red blood cells are 
mechanically unstable, resulting in mild to 
moderate regenerative hemolytic anemia 
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Increased osmotic fragility 

High-potassium 
erythrocy:tes 

Familial microcytosis 
Cyclic hematopoiesis 
Selective cobalamin 

malabsorption 

Familial macrocytosis and 
dyshematopoiesis 

Lymphoedema 

Methemoglobinemia 

Thrombasthenic 
thrombopathia 

Thrombopathia 

Thymic branchial cyst 

IMMUNE SYSTEM 
Combined 

immunodeficiency 

Complement deficiency 

Cyclic hematopoiesis 

Breeds Affected 

English springer spaniel 

Akita, Japanese mongrel 

Akita 
Gray collie 
Giant schnauzer 

Miniature and toy poodles 

English bulldog, Old English 
sheepdog, German 
shepherd, borzoi, Labrador 
retriever, Great Dane, 
poodle, Belgian and 
Tervuren shepherds 

Borzoi, English setter 

Otterhound 

Basset hound 

Many breeds 

Basset hound 

Brittany spaniel 

Collie, cocker spaniel, 
Pomeranian 

Remarks 

May have no anemia, polychromasia, 
poikilocytosis, and exercise-induced 
hyperthermia 

No anemia but increased erythrocyte and 
serum potassium (pseudohyperkalemia) 

No anemia but prominent microcytosis 
Intermittent cytopenias usually present 
Usually have moderate anemia, 

nonregenerative megaloblasts, 
hypersegrnented neutrophils, cachexia, and 
dementia 

No anemia, macrocytosis, hypersegmented 
neutrophils, and normal osmotic fragility 

Primary lymphoedema attributable to 
developmental abnormalities within 
lymphatic system: lymphatic channels may 
be aplastic, hypoplastic, or hyperplastic; 
lymph nodes may be normal, hypocellular, 
or absent; characterized by soft, pitting, 
nonpainful edema of one or more 
extremities, usually involving hindlimbs; 
rarely, abdominal or pleural effusions may 
develop 

Results from enzyme deficiency, NADH
methemoglobin reductase; affected animals 
have evidence of cyanosis, brownish mucous 
membranes and dark brownish blood that 
does not turn red on exposure to oxygen, 
and exercise intolerance. 

Intrinsic platelet disorder, defect distinguished 
by presence of bizarre, giant platelets and 
reductions in membrane glycoproteins II and 
III; platelets fail to support normal clot 
retraction, have reduced retention on glass 
bead surfaces, and fail to aggregate normally 
in response to adenosine diphosphate, 
collagen, and thrombin 

Intrinsic platelet disorder; affected animals 
exhibit signs typical of quantitative and 
qualitative platelet defects, including 
epistaxis, gingival bleeding, and petechiation; 
characterized by abnormal fibrinogen 
receptor exposure and impaired dense 
granule release 

Arises from remnants of branchial pouch 
epithelium, the embryonic precursor of 
thymic tissue; occurs in thymus or subcutis 
of the neck 

Affected individuals develop severe bacterial 
skin infections, stomatitis, and otitis within 
first few weeks of life and have 
lymphopenia, depressed T lymphocyte 
function with low serum IgA and IgG and 
variable IgM concentrations 

Absence of complement 3 and impaired 
function of phagocytes 

Basis for cyclic hematopoiesis is bone marrow 
stem cell defect resulting in cyclic fluctuation 
in neutrophils, reticulocytes, and 
thrombocytes from the bone marrow; 
additional defects in lysosomal function 
result in decreased bactericidal capacity of 
neutrophils; respiratory, umbilical, and 
septicemic infections are common 
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Granulocytopathy 

Pelger-Huet anomaly 

Pneumocystosis 

Selective IgA deficiency 

Thymic atrophy 

LIVER AND PANCREAS 
Biliary atresia 

Copper-associated 
hepatopathy 

Gallbladder anomalies 

Hepatic cyst 

Intrahepatic arterioportal 
fistulae 

Pancreatic hypoplasia 

Portosystemic venous shunts 
Intrahepatic 

Breeds Affected 

Irish setter, Doberman 
pinscher, weimaraner 

American foxhound, basenji 

Dachshund 

German shepherd, beagle, 
Chinese shar pei, Airedale 
terrier 

Weimaraner 

Bedlington and West Highland 
white terriers, Doberman 
pinscher · 

Many breeds 

Cairn terrier and other breeds 

Many breeds 

German shepherd, Doberman 
pinscher, Irish setter, beagle, 
Labrador retriever, Saint 
Bernard 

Doberman pinscher, golden 
and Labrador retrievers, 
Irish setter, Samoyed, Irish 
wolfhound 

Remarks 

Defect in neutrophilic bactericidal capacity; 
affected individuals are stlmted, have 
recurrent bacterial infections, and require 
continual antibiotic therapy 

Decreased lobulation of granulocytic cells; 
abnormal nuclear shape may contribute to 
reduced cell mobility and abnormal 
chemotaxis; not all affected animals have 
chemotactic defects, and none has increased 
risk of infection 

Most cases occur in animals younger than six 
months of age with suspected congenital 
immunodeficiency 

Affected animals have low or undetectable 
serum or secretory IgA concentrations or 
both and experience chronic recurrent upper 
and lower respiratory infections, otitis 
externa, and dermatitis; despite selective low 
IgA levels in many related animals, some 
animals will not be symptomatic 

Affected individuals with thymic atrophy can 
be detected within one to three months of 
age; signs include stlmted growth, chronic 
washing, and suppurative pneumonia; 
additional defects noted il1clude decreased 
growth hormone concentration and T cell 
function 

Failure of biliary tract to develop creates 
incomplete functional co1mection between 
liver and duodenum 

Age-related accumulation of copper in hepatic 
lysosomes associated with chronic active 
hepatitis; in the Bedlington terrier, only dogs 
homozygous for trait accumulate copper in 
the liver; in other breeds, copper 
accumulation probably related to degree of 
active liver disease 

Congenital malformations include trilobed or 
bilobed gallbladders; development of two 
separated gallbladders with cystic ducts 
united in a common duct; ductular bladders 
developing as supernumerary vesicles 
derived from hepatic, cystic, or <;ommon bile 
ducts; and trabecular bladders derived from 
vesicular outgrowths of liver trabeculae 

May be parenchymal or ductal in origin; most 
are of ductular origin, arising from one or 
more prilnitive bile ducts lackil1g connection 
with biliary tract and subsequently 
developing into retention cysts 

Result from failure of the common embryologic 
anlage to differentiate; contribute to portal 
hypertension and shunting through multiple 
portosystemic collaterals and ascites 

Associated with generalized reduction in 
pancreatic exocrine (acinar) cells, but islets of 
Langerhans remain intact 

Most often remnant of fetal ductus venosus 
that remains patent; other large intrahepatic 
venous communications may be present; 
ductus venosus is embryonic venous chmmel 
origil1ating from umbilical vein that traverses 
liver and drains into left hepatic vein and 
then into caudal vena cava 
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Extrahepatic 

Urea cycle enzyme 
deficiency 

NERVOUS SYSTEM 

Afghan myelomalacia 

Ataxia of fox terriers 

Cranial dysraphism 

Cerebellar abiotrophies 

Cerebellar hypoplasia 

Cerebellar vermis 
hypoplasia 

Degenerative changes in 
cerebellum 

Demyelination of miniature 
poodles 

Epilepsy 

Breeds Affected 

Miniature schnauzer and 
poodle, Yorkshire terrier, 
dachshund 

Golden retriever, beagle 

Afghan hound 

Smooth-haired and Jack 
Russell fox terriers 

Many breeds 

Kerry blue terrier, Gordon 
setter, and other breeds 

Chow chow, Irish setter, 
wirehaired fox terrier 

Boston terrier and bullterrier 

Airedale terrier, Fiimish 
harrier, Bernese mountain 
dog, bull mastiff, rough
coated collie, Irish setter, 
mii1iature poodle, beagle 

Miniature poodle 

Beagle, Belgian and Tervuren 
shepherds, keeshond, collie, 
dachshund, poodle, German 
shepherd, setters, retrievers, 
spaniels 

Remarks 

Shunt between portal vein and postcava or 
between portal vein and azygous vein; 
complete absence of portal vein entry into 
liver is unusual 

Significant reductions in trrea cycle enzyme 
argininosuccinate synthetase lead to inability 
to handle endogenous ammonia and signs of 
hepatic encephalopathy 

Demyelination with accompanying 
myelomalacia predominantly occurs in dorsal 
funiculi of caudal cervical spinal cord, all 
funiculi of thoracic segments, and ventral 
funiculi of the lumbar area 

Progressive demyelination of spinal cord 
segments, especially spinal cord segments of 
the pelvic limbs 

Defects occurring because of faulty closure of 
neural tube; conditions that may be seen in 
association with cranial dysraphism include 
anencephaly (brain is absent at birth or more 
commonly only the basal nuclei and 
cerebellum are well developed), exencephaly 
(braii1 is exposed as result of congenital cleft 
in skull), cranium bifida (open cleft in skull), 
encephalocele and meningocele (brain or 
meninges, respectively, protrude through 
congenital cleft in skull), and cyclopia 
(developmental anomaly characterized by 
single orbital fossa with either complete or 
partial agenesis of the globe) 

Loss of vital, nutritional substances; cerebellum 
is normal in gross appearance, but marked 
depopulation involving principally Purkinje 
cells is present; other areas of brain may be 
affected 

Uniform forms of cerebellar hypoplasia in 
which clinical signs of cerebellar d ysfunction 
are present at birth and do not progress 
occur 

Caudal cerebellar vermis is preferentially 
hypoplastic, although other portions of 
cerebellum often are hypoplastic to lesser 
degree and some have concomitant 
hydrocephalus 

Other breed-specific syndromes in which there 
are degenerative changes in the cerebellum 
alone or together with other areas of the 
central nervous system occur; clinical signs in 
some cases are progressive, whereas ii1 others 
they are apparently static 

Progressive demyelination involving principally 
the spinal cord leads to paraparesis at two to 
four months of age and subsequently 
tetraplegia 

Recmrence of seizmes; genetic predisposition 
suspected in several dog breeds, but 
potential heritable basis for epilepsy include 
beagle, Belgian and Tervuren shepherds, 
German shepherd, and keeshond 
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Hydrocephalus 

Hypertrophic neuropathy 

Hypomyelination, 
dysmyelination 

Lissencephaly 

Lysosomal storage diseases 
Ceroid lipofuscinosis 

Fucosidosis 
GM, gangliosidosis 

GM2 gangliosidosis 

Globoid cell 
leukodystrophy 

Glucocerebrosidosis 
Glycogenosis 
Sphingomyelinosis 

Motor neuronopathies 

Narcolepsy-cataplexy 

Neuroaxonal dystrophy 

Neuronal degeneration 

Peripheral vestibular 
disorders 

Progressive axonopathy 

Breeds Affected 

Maltese, Yorkshire terrier, 
English bulldog, Chihuahua, 
Lhasa apso, Chinese pug, 
toy poodle, Pomeranian, 
cairn and Boston terriers, 
Pekingese 

Tibetan mastiff 

Chow chow, springer spaniel, 
Samoyed, weimaraner, 
Bernese mountain dog 

Lhasa apso, Irish setter, 
wirehaired fox terrier 

English setter, cocker spaniel, 
Chihuahua, dachshund, 
Saluki, border collie 

English springer spaniel 
Beagle, English springer 

spaniel, Portuguese water 
dog 

German shorthaired pointer, 
Japanese spaniel 

Cairn and West Highland 
white terriers, poodle, 
bluetick hound, beagle, 
basset hound, Pomeranian 

Silky terrier 
German shepherd 
Poodle 

Brittany spaniel, collie, 
Swedish Lapland, rottweiler, 
pointer, Great Dane 

Doberman pinscher, Labrador 
retriever, miniature poodle, 
dachshund, beagle, Saint 
Bernard 

Shetland sheepdog, rottweiler, 
Chihuahua 

Cocker spaniel 

German shepherd, English 
cocker spaniel, Doberman 
pinscher, Shetland sheepdog 

Boxer 

Remarks 

Excessive accumulation of cerebrospinal fluid 
within skull; the terms internal and external 
denote excess fluid within or outside the 
ventricular system, respectively; congenital 
forms may occur because of structural defects 
that either obstruct cerebrospinal fluid 
outflow at the mesencephalic aqueduct or 
impede cerebrospinal fluid absorption 

Affected individuals have prominent 
concomitant demyelination and 
remyelination that occur at eight weeks of 
age and progresses to tetraparesis 

Reduced (hypomyelination) and abnormal 
(dysmyelination) myelination of the central 
nervous system occur, suggesting the 
responsible lesion may involve either failed 
or delayed differentiation of oligodendrocytes 

Marked reduction or absence of cerebral gyri; 
may occur as single entity or concurrently 
with cerebellar hypoplasia, cyclopia, and 
hydrocephalus 

Results from unknown, perhaps p-phenylene 
diamine, enzyme deficiency 

Results from enzyme deficiency, a-L-fucosidase 
Results from enzyme deficiency, 

,8-galactosidase 

Results from enzyme deficiency, 
,8-hexoseaminidase 

Results from enzyme deficiency, 
,8-galactocerebrosidase 

Results from enzyme deficiency, ,8-glucosidase 
Results from enzyme deficiency, a-glucosidase 
Results from enzyme deficiency, 

sphingomyelinase 
Degeneration of previously differentiated 

ventral horn cells of the spinal cord (spinal 
abiotrophies) 

Excessive daytime sleep (narcolepsy); periods 
of acute muscular hypotonia often seen in 
association with narcolepsy (cataplexy) 

Marked axonal distention (axonal spheroids) in 
central nervous system; signs manifested 
reflect predominant location of axonal 
spheroids within central nervous system 

Occurs in young cocker spaniels; causes ataxia, 
tremors, abnormal behavior, and seizures by 
several months of age 

Absence of signs of central vestibular disease in 
affected animals suggests that developmental 
lesions affecting peripheral labyrinth are 
involved; affected animals have signs of 
peripheral vestibular dysfw1ction, including 
head tilt, circling, and rolling at birth or 
within a few weeks 

Affected individuals have axons that are 
markedly enlarged in both peripheral and 
central nervous systems; pelvic limb ataxia 
typically begins at two months of age; other 
neurologic dysfunctions are noted as disease 
progresses 
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Pug encephalitis 

Sensory neuronopathies and 
neuropathies 

Spinal dysraphism 

Breeds Affected 

Chinese pug 

Dachshund, shorthaired and 
English pointers, border 
collie, Siberian husky 

Weimaraner 

Spongiform Labrador retriever, Samoyed, 
encephalopathies Silky terrier, dalmatian 

NEUROMUSCULAR SYSTEM AND MUSCLES 

Dermatomyositis 

Familial myoclonus 

Labrador retriever 
myopathy 

Myasthenia gravis 

Myotonia 

Scotty cramp 

X-linked muscular 
dystrophy 

Collie, Shetland sheepdog 

Labrador retriever 

Labrador retriever 

Jack Russell and smooth
coated fox terriers, springer 
spaniel 

Chow chow, Great Dane, 
Staffordshire terrier, 
Rhodesian ridgeback 

Scottish terrier, dalmatian 

Irish terrier, golden retriever 

Remarks 

Affected individuals have signs principally of 
forebrain dysfunction, including seizures, 
attitude change, and circling; marked, 
predominantly mononuclear pleocytosis 
noted in affected animals 

Loss of sensory nerve fibers, neuronal cell 
bodies, or both results in pelvic limb ataxia 
and / or hyporeflexia, urinary incontinence, 
gastrointestinal dysfw1ction, loss of conscious 
proprioception, depressed pain sensation, 
and self-mutilation of extremities 

Refers collectively to anomalies involving 
spinal cord, vertebral column, and skin 
subsequent to faulty closure of neural tube; 
meninges (meningocele), spinal cord or roots 
(myelocele), or both (meningomyelocele) may 
protrude through defective fusion of 
vertebral arch (spina bifida); neural lesions 
may be noted; spinal clefts (myeloschisis) 
may communicate with dilated central canal 
(hydromyelia) or cystic spaces within spinal 
parenchyma (syringomyelia) 

Manifested by multifocal neurologic 
dysfunction and marked vacuolation of 
central nervous system white matter 

Idiopathic inflammation of skin and muscles; 
family history of syndrome exists; almost all 
individuals with skin lesions have some 
degree of muscle involvement; signs range 
from mild symmetric temporalis muscle 
atrophy to generalized muscle atrophy and 
weakness; megaesophagus and trismus can 
develop in severely affected individuals 

Episodes of marked muscular hypertonicity 
that begins at three weeks of age; extensor 
rigidity and opisthotonos become more 
pronounced on stimulation 

Progressive degenerative myopathy first noted 
at three to four months of age as stiffness of 
gait and simultaneous advancement of pelvic 
limbs (bunny hop); signs do not progress 
significantly in some dogs beyond six to 
eight months of age 

Leads to failure of neuromuscular transmission 
because of congenital deficiency of 
acetylcholine receptors in postsynaptic 
membrane; may be first noted at six to nine 
weeks of age and older 

Persistent muscle contraction subsequent to 
either voluntary contraction or stimulation; 
prominent stiffness of gait noted when 
affected animals first become ambulatory and 
lessens with further exercise, being worse in 
pelvic limbs 

Characterized by paroxysms of muscular 
hypertonicity; episodes usually begin at six 
to eight weeks of age and are generally 
precipitated by fear or excitement 

Occurs homologous with Duchenne muscular 
dystrophy in hwnans; only affected males 
and homozygous females first show stilted 
gait and simultaneous advancement of pelvic 
limbs (bunny hop) at 8 to 10 weeks of age 
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REPRODUCTIVE SYSTEM 
Aplasia of the duct system 

Chimeras 
True hermaphrodite 

XX/XY chimeras with 
testes 

Chromosomal number 
abnormalities 
XXY syndrome 

XO syndrome 

Triple-X syndrome 

Chromosomal sex 
abnormalities 

Cryptorchidism 

Hypospadias 

Os penis deformity 

Breeds Affected 

Many breeds 

Many breeds 

Old English sheepdog 

Doberman pinscher 

Airedale terrier 

Many breeds 

Toy and miniature poodles, 
Pomeranian, Yorkshire and 
cairn terriers, dachshund, 
Chihuahua, Maltese, boxer, 
Pekingese, English bulldog, 
miniature schnauzer, 
Shetland sheepdog 

Boston terrier and other breeds 

Many breeds 

Remarks 

Failure of any part of testicular duct system to 
develop results in impaired transportation of 
spermatozoa to urethra, accumulation of 
sperm proximal to obstruction, and potential 
development of sperm granuloma and 
testicular degeneration 

True hermaphrodites have both ovarian and 
testicular tissue present in same individual; 
true hermaphrodite chimeras have either 
XX/XY or XX/XXY chromosome 
constitutions, enlarged clitoris, little testicular 
tissue, and external female appearance 

External genital opening with cranially 
displaced vulvalike structure, hypoplastic 
penis contained in vulvalike structure, no 
external scrotum or testes (testes are located 
near caudal pole of kidneys), and bicornuate 
uterus 

Not recognized as readily in dogs as in tortoise 
shell cats because the haircoat color paradox 
does not signal its presence; normal male 
external phenotype with 79,XXY chromosome 
constitution has small testes with 
seminiferous tubular dysgenesis and no 
evidence of spermatogenesis 

Occurs in females that have normal phenotype 
and not cycled by 24 months of age 

Occurs in females that have normal phenotype, 
underdeveloped genitalia, and not cycled by 
24 months of age 

Dogs have 78 chromosomes, including the X 
and Y chromosomes; affected phenotypic 
males and females with abnormal sex 
chromosome constitutions, except chimeras 
and mosaics, have underdeveloped genitalia; 
with few exceptions, individuals are sterile 

Normally, canine testes descend to scrotum by 
10 days after birth; if both testes are not 
within the scrotum by eight weeks of age, 
diagnosis of cryptorchidism is warranted; 
both males and females may carry gene for 
cryptorchidism and pass to offspring; 
heterozygous males, heterozygous females, 
and homozygous females are phenotypically 
normal carriers; only homozygous males are 
cryptorchid 

Abnormality in location of urinary orifice, 
being ventral and proximal to normal site in 
glans penis; urinary orifice may be located in 
glans penis (mild hypospadias), penile shaft 
(moderate hypospadias), or penoscrotal 
junction, scrotum, or perineum (severe 
hypospadias); may be accompanied by 
cryptorchidism, scrotal abnormalities, 
persistent Mi.Ulerian structures, and 
intersexuality , 

May result in deviation of penis and, 
depending on severity, inability to retract 
penis fully into preputial sheath; persistent 
exposure of portion of glans penis results in 
desiccation, trauma, or necrosis 

Table continued on opposite page 
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Condition 

Persistent penile frenulum 

Prepuce anomaly 

Pseudohermaphroditism 
Female 

Male 

Testicular hypoplasia 

Vaginal prolapse 

XX sex reversal 

RESPIRATORY SYSTEM 

Bronchial cartilage 
hypoplasia 

Bronchoesophageal fistula 

Laryngeal hypoplasia 

Laryngeal paralysis 

Pulmonary emphysema 

Primary ciliary dyskinesia 

Stenotic nares 

Tracheal collapse 

Tracheal hypoplasia 

Breeds Affected 

Many breeds 

Many breeds 

Many breeds 

Miniature schnauzer, poodle, 
Pekingese 

Many breeds 

Large breeds 

Cocker spaniel, beagle, 
Chinese pug, Kerry blue 
terrier, weimaraner, German 
shorthaired pointer 

Pekingese 

Many breeds 

Skye terrier 

Bouvier des Flandres, Siberian 
husky 

Many breeds 

English pointer, English 
. springer spaniel 

Brachycephalic breeds 

Brachycephalic and miniature 
breeds, especially 
Chihuahua, poodle, 
Pomeranian 

Brachycephalic breeds and 
Chinese shar pei 

Remarks 

Persistence of band of cormective tissue 
extending from ventral tip of glans pertis to 
either prepuce or ventral surface of penis 

Abnormal shortening of prepuce results in 
persistent exposure of glans penis; may result 
in desiccation, trauma, or necrosis 

Female hermaphrodite has XX chromosome 
constitution and ovaries but internal or 
external genitalia are masculinized 

Male hermaphrodite has XY chromosome 
constitution and testes but internal or 
external genitalia are to some degree those of 
female 

Abnormal development of the seminiferous 
tubular germinal epithelium; results in 
oligospermia or azoospermia and sterility; 
may be unilateral or bilateral and usually 
first noticed soon after puberty 

Protrusion of edematous vaginal tissue into 
vaginal lumen, often through vulva of intact 
female during time of estrogen stimulation 

Animals in which chromosomal and gonadal 
sex do not agree are called sex reversed; dogs 
with XX sex reversal have 78,XX 
chromosome constitution and varying 
amounts of testicular tissue in gonad; 
individuals are true XX hermaphrodites or 
XX males and have mild to severe gonadal 
masculinization 

Seen during first several months of life, usually 
as severe respiratory distress 

Connection between esophagus and airways 
that may allow saliva and ingested material 
to enter lungs 

Incompletely developed larynx; signs, when 
present, vary with degree of laryngeal 
narrowing 

Failure of larynx to abduct during inspiration 
produces muted bark and soft, moist cough; 
later, roaring sound of inspiratory dyspnea 
becomes dominant sign 

Abnormally large air spaces occur distal to 
terminal bronchi; affected individuals may 
show signs of respiratory distress as early as 
six weeks of age 

Abnormal functionii1g cilia of respiratory 
epithelium, resulting in reduced mucociliary 
clearance of respiratory secretions, inhaled 
particles, and ii1fectious agents 

Predisposes to laryngeal collapse by causing 
formation of a partial vacuum with 
inspiration; dyspnea, mouth breathing, and 
snoring sounds are common 

Occurs because malformations of tracheal rings 
cause dorsoventral flattenii1g of trachea 

Inadequate growth of tracheal rings; commonly 
associated with secondary respiratory tract 
ii1fections 

Table continued on following page 



566 Appendix - GUIDE TO CONGENITAL DEFECTS OF DOGS 

• Guide to Congenital Defects of Dogs Continued 

Condition 

SKIN 

Acanthosis nigricans 

Acral mutilation syndrome 

Acrodermatitis 

Alopecia universalis 

Aplasia cutis 
(epitheliogenesis 
imperfecta) 

Black hair follicular 
dysplasia 

Collagen disorder of the 
foot pads 

Color mutant alopecia 

Cutaneous asthenia (Ehlers
Danlos syndrome, 
dominant collagen 
dysplasia, dermal fragility 
syndrome, 
dermatosparaxis) 

Cutaneous mucinosis 

Dermatomyositis 

Dermoid sinus 

Digital hyperkeratosis 

Breeds Affected 

Dachshund 

German shorthaired and 
English pointers 

American bullterrier 

American hairless terrier, 
beagle 

Many breeds 

Black and white mixed breeds, 
bearded collie, basset hound, 
papillon, schipperke, 
dachshund 

German shepherd 

Doberman pinscher, Irish 
setter, chow chow, 
dachshund, standard poodle, 
Great Dane, greyhound, 
whippet, basset hound, 
Boston terrier, Chihuahua 

Beagle, dachshund, boxer, 
Saint Bernard, German 
shepherd, English springer 
spaniel, greyhound 

Chinese shar pei 

Collie, Shetland sheepdog 

Rhodesian ridgeback, Shih 
Tzu, boxer 

Irish terrier 

Remarks 

Cutaneous reaction pattern characterized by 
bilateral axillary hyperpigmentation, 
lichenification, and alopecia 

Sensory neuropathy that results in progressive 
mutilation of distal extremities; begins as 
biting and licking at paw(s) with hindlimbs 
being most severely involved 

At birth, affected individuals have skin 
pigmentation lighter than normal, are 
physically weak; cannot chew or swallow 
well, and retarded growth; by six weeks of 
age, skin lesions appear on foot pads, ears 
and muzzle, and around all body orifices 

Generalized Jack of hair coverage; adnexal 
abnormalities concurrently not present 

Discontinuity of squamous epithelium; present 
at birth as glistening red, well-demarcated 
defect in skin; defect is covered with one to 
three layers of flat to cuboidal epithelium 
and a stroma devoid of all adnexae 

Defective haircoat found only in black haircoat 
regions; includes hypotrichosis, fractured 
stubby hairs lacking normal sheen, and 
periodic scaliness of skin 

All foot pads are softer than normal, often 
tender; discrete ulcers may develop on one 
or more pads, especially the carpal and tarsal 
pads; lesions contain multifocal areas of 
collagenolysis and neutrophilic inflammation 

Ectodermal defect of color mutants 
characterized by partial alopecia, dry 
lusterless haircoat, scaliness, and papules; 
defects in melanization and cortical structure 
of affected hairs also occur 

Connective tissue disease characterized by 
loose, hyperextensive, abnormally fragile skin 
easily torn by minor trauma 

Produces peculiar puffed face appearance 
favored in some breed Jines and contributes 
to thickness of multiple skinfolds 

Idiopathic inflammation of skin and muscles; 
family history of syndrome exists; early skin 
lesions favor locations over bony 
prominences that are especially exposed to 
trauma; almost all individuals with skin 
lesions have some degree of muscle 
involvement 

Neural tube defect resulting from incomplete 
separation of skin and neural tube during 
embryonic development; sinus is tubular 
indentation of skin extending from dorsal 
midline as blind sac ending in subcutaneous 
tissue or extending through spinal canal to 
dura mater 

Hyperkeratosis of the foot pads of all four 
paws develops at an early age; affected pads 
tend to fissure, become secondarily infected, 
and painful 
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Condition 

Ectodermal defect 

Epidermal dysplasia 

Epidermolysis bullosa 

Hypotrichosis 

Ichthyosis 

Lichenoid-psoriasiform 
dermatosis 

Nevi 

Partial alopecia 

Seborrhea, congenital 

Tyrosinase deficiency 

Tyrosinemia 

Vitiligo 

URINARY SYSTEM 
Ectopic ureter 

Breeds Affected 

Miniature poodle, whippet, 
cocker spaniel, Belgian 
shepherd, Lhasa apso, 
Yorkshire terrier, miniature 
poodle 

West Highland white terrier 

Collie, Shetland sheepdog 

Beagle, Yorkshire terrier, 
Labrador retriever, Lhasa 
apso, Irish water spaniel, toy 
poodle 

West Highland white terrier, 
American pit bull terrier, 
Boston terrier, Doberman 
pinscher 

Springer spaniel 

German shepherd, miniature 
poodle and schnauzer, 
Shetland sheepdog 

Chinese crested dog, Mexican 
hairless dog, Chihuahua, 
Abyssinian sand dog, 
Turkish naked dog, Peruvian 
hairless dog, Xoloitzcuintli 

English springer spaniel 

Chow chow 

German shepherd 

Doberman pinscher, rottweiler, 
Belgian shepherd, Tervuren 
and German shepherds, Old 
English sheepdog, 
dachshund 

Siberian husky 

Remarks 

Affected individuals are bom with two thirds 
of normally haired parts of body exhibiting 
hairlessness; hairless skin is extremely thin 
and contains no cutaneous appendages 

Familial defect in keratinization that first 
presents as erythema and pruritus of 
extremities and ventrum, progressing to 
severe hyperpigmentation and seborrhea 

Probably a mild form of canine familial 
dermatomyositis in which muscle lesions are 
inapparent 

Incomplete ectodermal defect in that affected 
individuals have remnants of hair follicles 
and other epidermal appendages in skin; in 
some cases, may be confined to certain hair 
color pattern; hypotrichosis may also develop 
after birth as delayed-onset trait 

Extreme hyperkeratosis on all or part of skin 
and exaggerated thickening of digital, carpal, 
and tarsal pads; present at birth and becomes 
progressively more severe with age 

Asymptomatic, generally symmetric, 
erythematous, lichenoid papules and plaques 
initially noted on pinnae and in external ear 
canal and inguinal region; with time, lesions 
become more hyperkeratotic and spread to 
face, ventral trw1k, and perineal area 

Circumscribed developmental defect in skin; 
when nevus forms a hyperplastic mass, it is 
referred to as hamartoma; various other 
types include sebaceous, hyperpigmented 
epidermal, and mucocutaneous angiomatous 
nevi 

These breeds are bred specificially for varying 
degrees of alopecia and as such become 
accepted standard 

Affected individuals born with dry skin and 
discolored hair; patches of hyperkeratosis 
and scale then develop, and adherent scale 
and debris accumulate on hair shafts 

Changes in color of tongue, buccal mucosa, and 
portions of hair shaft are result of deficiency 
of tyrosinase, the enzyme necessary in 
chemical reactions that produce melanin 

Early-age onset of eye and skin lesions with 
mental retardation; serum tyrosine levels are 
elevated because of deficiency of cytosolic 
hepatic tyrosine aminotransferase; 
inflanunatory response to tyrosine crystals 
deposited in tissue results in eye and 
possibly skin lesions 

Loss of skin pigment, especially around nose, 
lips, buccal mucosa, and facial skin; foot 
pads and nails as well as haircoat may be 
affected 

May occur unilaterally or bilaterally and may 
be associated with other urinary tract 
anomalies; affected individuals, mostly 
females, have history of incontinence since 
birth or weaning 

Table continued on following page 
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Condition 

Malposition of urinary 
bladder (pelvic bladder) 

Renal defects 
Agenesis or absence of 

kidneys 

Amyloidosis 

Cystinuria 

Familial renal disease 

Fanconi's syndrome 

Fusion (horseshoe) kidney 

Polycystic kidneys 

Renal duplication 

Renal ectopia 

Renal glucosuria 

Renal hematuria 

Urate defect 

Urachal anomalies 

Ureterocele 

Breeds Affected 

Doberman pinscher 

Many breeds 

Chinese shar pei 

Dachshund, basset hound, 
bulldog, Chihuahua, 
Yorkshire and Irish terriers, 
mixed breed 

Basenji, cocker spaniel, 
Doberman pinscher, Lhasa 
apso, Shih Tzu, Norwegian 
elkhound, Samoyed, soft
coated wheaten terrier, chow 
chow, standard poodle 

Basenji 

Many breeds 

Cairn terrier 

English bulldog 

Many breeds 

Norwegian elkhound 

Many breeds 

Dalmatian 

Many breeds 

Many breeds 

Remarks 

Caudal malposition of urinary bladder; may be 
cause urinary incontinence and is associated 
with other urinary tract abnormalities 

Can be unilateral or bilateral and is usually 
accompanied by associated ureteral aplasia; 
is fatal and a recognized cause of fading 
puppy syndrome 

Renal function in affected individuals varies 
depending on degree and duration of renal 
involvement; advanced signs of renal failure 
eventually occur and typically are associated 
with severe proteinuria and hypoproteinemia 

Caused by specific defect in renal tubules; 
results in defective resorption of certain 
amino acids including cystine 

Renal function in affected individuals varies 
depending on degree and duration of renal 
involvement; polyuria and polydipsia, 
anorexia, lethargy, weight loss or inability to 
gain weight, and eventually nonregenerative 
anemia, azotemia, skeletal changes, 
gastrointestinal signs occur in most of 
affected individuals 

Caused by resorptive defect in proximal 
nephron leading to glycosuria, 
aminoaciduria, proteinuria, phosphaturia, 
renal tubular acidosis, and resorptive 
abnormalities of sodium, potassium, and 
urate 

Fusion of embryonic kidneys; usually incidental 
finding and not associated with clinical signs 

Characterized by variable number of fluid-filled 
cysts in renal parenchyma, ranging from 
extremely small to massive; affected 
individuals may be asymptomatic or show 
evidence of rapidly progressive renal failure 

Usually an incidental finding and not 
associated with clinical signs of altered renal 
function 

Arrest in normal embryonic ascent of kidney; 
kidney appears as caudal abdominal mass 
within pelvis or in sublumbar area; usually 
incidental finding and not associated with 
clinical signs 

Isola ted tubular defect for resorption of 
glucose; may predispose affected individuals 
to urinary tract infection 

For unknown reasons, may cause significant 
blood loss via urine; renal function may be 
not compromised even though there is 
persistent renal hematuria 

Urate metabolism and transport defect affect 
cell membranes, particularly hepatocytes, and 
renal tubular epithelium, which allows 
excessive secretory flux of urate into urine; in 
dalmatian, not a clinical problem unless there 
is an occurrence of urate uroliths 

Vary from complete persistence of urachus 
with communication between urinary 
bladder and umbilicus to blind cysts to 
cranioventral urachal diverticulum 

Dilatation of submucosal segment of 
intravesical ureter resulting in bulging of 
dilated segment into urinary bladder 
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Condition 

Urethral anomalies 

Urinary bladder anomalies 

Breeds Affected 

Many breeds 

English bulldog, Doberman 
pinscher 

Remarks 

Include hypospadias (urethral opening on 
underside of penis or on perineum), 
imperforate urethra, ectopic urethra, urethral 
aplasia (associated with penile aplasia), 
duplicate urethra, and urethrorectal fistula 

Include exstrophy of bladder (absence of 
ventral abdominal body wall and ventral 
bladder wall), duplication of urinary bladder, 
and agenesis of bladder 

• Reprinted from Hoskins JD, Taboada}: Congenital defects of the dog. Compend Cantin Educ Small Anim 14:873-897, 1992. 
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Abdominal, palpation, in diagnosis of pregnancy, in 
bitch, 73, 73 
in queen, 416, 417, 418, 41St 

Abdominal straining, during parturition, prolonged, 
and dystocia, 117-118, 119 

weak, and dystocia, 118 
Abortion, in bitch, 87-88. See also Pregnancy, in bitch, 

termination of; Pregnancy loss . 
in queen, 421 - 424, 425t. See also Pregnancy loss, in 

queen. 
induction of, 451 

Abscess(es), mammary, in queen, 444 
prostatic, in dog, 344, 345, 347 

Acanthosis nigricans, 566t 
Achalasia, cricopharyngeal, 553t 
Achondroplasia, 550t 
Acral mutilation syndrome, 566t 
Acrodermatitis, 566t 
Acrosome(s), in spermatazoa, 514 
ACIH (adrenocorticotropic hom1one), and parl:t.uition, 105 
Acute-phase protein(s), in diagnosis of pregnancy, 74-75 
Adenocarcinoma, in bitch, 221 

mammary, in queen, 478 
inflammatory, 134-135 

ovarian, in queen, 459, 459t 
prostatic, in cat, 537, 537-538 

in dog, 349 
uterine, in queen, 470 

Adenoma, interstitial cell, in dog, 326-327 
ovarian, in queen, 459, 459t 

Adenomyosis, 220 
Adipose tissue, adjacent to ovaries, 2, 2 
Adrenal hyperplasia, 554t 
Adrenal suppression, from megestrol acetate, 176 
Adrenocortical paraovarian nodule(s), ectopic, 456 
Adrenocorticotropic hormone (ACIH), and parl:t.uition, 105 
Aerobic bacteria, in reproductive tract, 393-394, 394t 

uterine, in cystic endometrial hyperplasia-pyometra 
complex, 210-211, 211t 

"After-reaction," during estrus, 398, 407, 492 
Agalactia, 138-139 
Agar gel immunodiffusion (AGID) test, for canine 

brucellosis, 89, 90t, 320 
Age, and infertility, 269 

and interestrous interval, 18 
and pregnancy loss, 97 
and prostate size, 337 

in dog, 281-282 
and semen quality, 290 

570 

Agglutination test(s), for canine brucellosis, 319- 320 
AGID (agar gel immunodiffusion) test, for canine 

brucellosis, 89, 90t, 320 
Aglepristone, for cystic endometrial 

hyperplasia-pyometra complex, 219 
Alkaline phosphatase (ALP), in neonatal pups, 154, 156t 

in semen, and fertility, 375 
Allergic contact dermatitis, scrotal, 335 
Ally-trenbolone, for hypoluteoidism, 96 

in bitch, 269 
for prevention of preterm labor, 125 

Alopecia, from follicular cysts, 197, 198 
in dog, 566t, 567t 

ALP. See Alkaline phosphatase (ALP). 
Aminoglycoside(s), for septicemia, in neonatal pups, 

161, 161t-162t 
Ammonii.un chloride, during pregnancy, 86t 
Amnion, position of, 72 
Amniotic sac, passage of, during parturition, 108, 108 
Ampicillin, for prostatitis, 346, 346t 
Anaerobic bacteria, in reproductive tract, 393-394, 394t 
Analgesic(s), during pregnancy, 83t 
Anasarca, in dog, 557t 
Anconeal process, ununited, 552t 
Androblastoma, in queen, 461 

and prostatic hyperplasia, 337-338 
for suppression of spermatogenesis, 310 

Androgen(s), in bitch, and persistent anestrus, 259 
during pregnancy, 69 
for contraception, 177t, 177-178 
for false pregnancy, 245 

in queen, for estrus suppression, 450 
Androstenedione, during diestrus, in bitch, 28 

plasma, in tom cat, 500 
Anejaculation, 372 
Anemia, during pregnancy, 71t 

in queen, 421 
in cystic endometrial hyperplasia-pyometra complex, 

213 
Anesthesia, before ovulation, and conception rates, in 

queen, 407, 409 
drugs for, during pregnancy, 83t-84t 
for cesarean section, in bitch, 122t, 122-123 

in queen, 435 
for early spay/neuter, of bitch, 173-174 

of queen, 448 
Anestrus, in bitch, 23-25, 28-29 

corpora lutea during, 11 
endometrium during, 14 



Anestrus (Continued) 
persistent, 258-262, 260t, 261, 263t 

abnormalities of sexual differentiation and, 261, 261 
drug-induced, 259 
hypothyroidism and, 259-261, 260t 
ovarian aplasia and, 261 
ovarian cysts and, 261 
ovariohysterectomy and, 258 
primaFy, 258-262, 260t, 261 
secondary, 262, 263t 
silent heat and, 258-259 
systemic disease and, 261 

progesterone assay during, 50 
uterine anatomy during, 3 
uterine tube histology during, 12 
in queen, 402-403 
persistent, abnormalities of sexual differentiation 

and,489 
inadequate light exposure and, 486 
induction of estrus for, 490 
ovarian aplasia and, 490 
ovarian cysts/neoplasia and, 490 
unknown previous ovariohysterectomy and, 489 

vaginal cultures during, 47t 
vaginal cytology during, 37-39, 37-39 

Anorectal defect(s), in dog, 553t 
Anorexia, during pregnancy, in bitch, 86 
Anovulatory cycle(s), and infertility, in bitch, 270 

in queen, 493 
Antiandrogen(s), for benign prostatic hypertrophy, 340 
Antibiotic(s), action of, pH partitioning and, 137 

and septicemia in neonatal pups, 160 
during pregnancy, 81t-82t 
for Cmnpylobacter infections, 92 
for canine brucellosis, 89-91, 320 
for cystic endometrial hyperplasia-pyometra 

complex, 216 
for mastitis, 134, 135t-136t, 137 

in bitch, 133 
for prostatitis, in dog, 346t, 346-347 
for Salmonella infections, 92-93 
for septicemia, in neonatal pups, 160-161, 161t-162t 
for vaginitis, 235 

in bitch, 237 
intrauterine, for metritis, in bitch, 130-131 

Antibody(ies), in neonatal pups, 153 
Anticonvulsant drug(s), during pregnancy, 85t 
Antifungal drug(s), during pregnancy, 82t 
Antimicrobial drug(s). See Antibiotic(s). 
Antineoplastic drug(s), during pregnancy, 82t-83t 
Antioxidant(s), in food, and pregnancy loss, 99 
Antiparasitic drug(s), during pregnancy, 82t 
Antiprogesten(s), for cystic endometrial 

hyperplasia-pyometra complex, 219 
Anury, 550t 
Aortic arch, right, persistent, 552t 
Aortic stenosis, 552t 
Aplasia cutis, 566t 
Appetite, during pregnancy, 78t, 78-79 
Arterioportal fistula(s), intrahepatic, 560t 
Artificial insemination, of bitch, with chilled extended 

semen, 59-60, 60t 
with fresh semen, 57-59, 59 
with frozen semen, 60t, 60-63, 61-62, 301-303, 302t 

of queen, 408-409, 411 
with chilled extended semen, 519 
with frozen semen, 518-519 

Artificial vagina, for semen collection, in cat, 508, 510 
in dog, 287-288, 288 

Aspartame, during pregnancy, 86t 
Aspermia, in male dog, 372 
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Aspiration biopsy, fine-needle, of mammary neoplasms, 
250, 251 

of prostate, 349-351, 351 
of testes, 321-322, 322 

Asthenozoospermia, 383-384 
Atrial anomaly(ies), 552t 
Atrial standstill, persistent, 552t 
Atrioventricular bundle, stenosis of, 552t 
Atrophic endometritis, in cystic endometrial 

hyperplasia-pyometra complex, in queen, 467 
Auditory reflex(es), in neonatal pups, 152t 
Autoimmune orchitis, in dog, 317-318 

and azoospermia, 376 
Autotransplantation, ovarian, 172 
Axonopathy, progressive, 562t 
Azasteroid(s), for benign prostatic hypertrophy, 

340-341 
Azoospermia, in cat, 545 

in dog, 374-378, 377t, 378 
etiology of, 376, 377t 
post-testicular, 375-376 
pretesticular, 375 
testicular, 375-376 

Azoospermic semen, evaluation of, 297 
Azotemia, in cystic endometrial hyperplasia-pyometra 

complex, 213 

Bacteria, in reproductive tract, of queen, 393-394, 394t 
in vaginal cytology, 34 

Bacterial culture(s), prebreeding, in bitch, 44-46, 
45t-48t 

Bacterial flora, in semen, 514, 518, 519t 
Bacterial infection(s), and cystic endometrial 

hyperplasia-pyometra complex, in queen, 465, 467 
and pregnancy loss, in bitch, 88-95, 90t. See also 

specific organism. 
in queen, 423 

Balanoposthitis, 360-362, 361 
clinical signs of, 360, 360 
diagnosis of, 360 
incidence of, 360 
organisms causing, 360 
treatment of, 360-361 

Bartholin's gland(s), anatomy of, 392 
Basal cell(s), normal, 32 
Behavior, and relinquishment of pets, 168, 170t 

during estrus, in bitch, 56 
early spay/neuter and, 174-175 
nonreceptive, in bitch, 264-265, 265 
sexual. See Sexual behavior. 

Benign prostatic hypertrophy (BPH), and 
hematospermia, 381, 381 

in dog, 337-341, 339 
clinical signs of, 338 
diagnosis of, 338-339, 339 
incidence of, 338 
treatment of, 339-341 

Benztropine mesylate, for priapism, in dog, 363 
Beta-hemolytic streptococci, and pregnancy loss, 93 
Biliary atresia, 560t 
Biopsy, core, of prostate, 350 

of testes, 322-323 
fine-needle aspiration, of mammary neoplasms, 250, 

251 
of prostate, 349-351, 351 
of testes, 321-322, 322 

incisional, of testes, 323, 323 
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Bitch, breeding of, 41-63. See also Breeding, of bitch. 
infertility in. See Infertility, in bitch. 
nonreceptive behavior in, 264-265, 265 
parturition in, 105-126. See also Parturition, in bitch. 
pregnancy in, 66-99. See also Pregnancy, in bitch. 
reproductive system of, anatomy of. See Reproductive 

system, of bitch, anatomy of. 
sexual differentiation in, 1-2, 2t 
superfecundation in, 72-73 
superfetation in, 72-73 

Bladder, in dog, congenital anomalies of, 569t 
malposition of, 568t 

Blepharophimosis, 555t 
Blindness, in dog, day, 556t 

night, stationary, 557t 
Blood pressure, in neonatal pups, 151 
Blood type, in cats, 406, 406, 406t 
Blood typing, and paternity of pups, 155-156 
Blood urea nitrogen (BUN), in neonatal pups, 155, 

156t 
Blood-brain barrier, in neonatal pups, 152 
Blue dome cyst, 246 
Body wall, congenital anomalies of, 550t 
Body weight, canine and reproductive capacity, 294, 

295t 
and scrotal width, 378, 379 

of pregnant/lactating queen, 420 
of pups, 158, 158 

bottle-fed, 165 
Bone, congenital anomalies of, 550t-552t 
Bone loss, after ovariohysterectomy, 172 
Bone marrow hypoplasia, from Sertoli cell tumors, 

326 
Bone marrow suppression, and persistent estrus, 

262 
Bottle feeding, of orphaned pups, 164, 164-165 
BPH. See Benign prostatic hypertrophy (BPH). 
Brachydactyly, 550t 
Brachygnathia, 553t 
Brachyury, 550t 
Brain, experimental lesions of, and sexual behavior, in 

tom cat, 504-505 
Breech posture, in pups, 109, 111 
Breed, and dystocia, 112 

and onset of puberty, 18, 19t 
Breeding, of bitch, 41-63. See also Mating, of bitch. 

day of, and litter size, 54 
general examination before, 41 
genetic screening before, 41 
natural mating for, 55-57, 57 
poor timing of, 264 

and conception failure, 265-266, 266 
reproductive examination before, 42-43, 42-44, 43t 
serologic testing before, 43-44, 44t 
vaginal cultures before, 44-46, 45t-48t 
vaginal cytology before, 35-39, 35-39 

of male dog. See also Semen, collection of. 
soundness form for, 291 

of queen, 406-412 
by artificial insemination, 408-409, 411 
examination before, 406, 407, 407t 
natural, 406-408, 408-410 

of tom cat, examination before, 505-506 
Broad ligament, anatomy of, in queen, 390 
Bromocriptine, in bitch, for estrus induction, 263t 

for false pregnancy, 246 
for pregnancy termination, 186, 187t 

Bronchial cartilage, hypoplasia of, 565t 
Bronchoesophageal fistula, 565t 

Brucellosis, canine, 319-321, 320 
and agglutination of sperm, 382 
and pregnancy loss, 88-91, 90t 
and scrotal dermatitis, 334 
clinical features of, 88-89 
control of, in kennels, 320-321 
diagnosis of, 89, 90t, 319-320 
in bitch, and vulvar discharge, 226t 
incidence of, 319 
pathogenesis of, 319, 320 
prebreeding testing for, 43-44, 44t 
transmission of, 89, 319 

to humans, 89-90 
treatment of, 89-91, 320-321 

Bulbourethral gland(s), in cat, anatomy of, 501-502 
disorders of, 537-538 

BUN. See Blood urea nitrogen (BUN). 
Bundle of His, stenosis of, 552t 

CA. See Chlormadinone acetate (CA). 
Cabergoline, in bitch, for estrus induction, 263t 

for false pregnancy, 245 
for pregnancy termination, 186, 187t 
in queen, for induction of abortion, 451 

Calcification, of fetal bones, 73, 74t 
Calcium, in bitch, for dystocia, 121 

for puerperal tetany, 142, 143t 
requirements for, during pregnancy, 78-79 
serum, during pregnancy, 71t 

Calcium channel agonist(s), as tocolytic agents, 125 
Calcium gluconate, postpartum, for hypocalcemia, in 

queen, 445 
Calculi, uterine, 221 
Campylobacter infection(s), and pregnancy loss, 

91-92 
Canine brucellosis. See Brucellosis, canine. 
Canine distemper virus (CDV) infection, and pregnancy 

loss, 94-95 
Canine herpesvirus infection, and balanoposthitis, 361 

and pregnancy loss, 94 
in neonatal pups, 162, 164 
vs. vaginitis, 237 

Canine parvovirus, in neonatal pups, 164 
type 2, and pregnancy loss, 94 

Canine prostatic secretory esterase (CPSE), in benign 
prostatic hypertrophy, 339 

Canthal dermis, aberrant, in dog, 555t 
Carbohydrate(s), metabolism of, progesterone and, 87 

regulation of, in neonatal pups, 148-149, 150t-151t 
Cardiac disease, during pregnancy, 87 
Cardiopulmonary function, in neonatal pups, 

150-152 
Cardiovascular anomaly(ies), 552t-553t 
Cardiovascular drug(s), during pregnancy, 84t 
Carnitine, in semen, and fertility, 375 
Carpal subluxation, 550t 
Cartilaginous exostosis, 550t 
Castration, and prostatic neoplasia, 348 

early, 174 
of cat, 521-522, 523 

and mating behavior, 504 
of dog, 307-308 · 

for benign prostatic hypertrophy, 340 
for cryptorchidism, 316 
for orchitis/epididymitis, 319 
for prostatitis, 347 
for Sertoli cell tumors, 326 
with repair of scrotal hernia, 334 



Cat. See also Queen; Tom cat. 
blood type in, 406, 406, 406t 
coat color of, as sex-limited trait, 526 
copulation in. See Copulation. 

Cataplexy, in dog, 562t 
Cataract(s), 555t 
Catarrhal endometritis. See Cystic endometrial 

hyperplasia-pyometr(l complex. 
Catheter(s), for artificial insemination, placement of, 58, 

59, 61, 61 
Caudal presentation, 111 
CCNU, for ovarian neoplasia, epithelial, 202 
CDV (canine distemper virus) infection, and pregnancy 

loss, 94-95 
Cellline(s), multiple, 194, 194 
Centrifuge tube(s), for semen collection, 287-288, 288 
Cephalosporin(s), for mastitis, in bitch, 134 

for septicemia, in neonatal pups, 161, 161t-162t 
Cerebellar disorder(s), 561t 
Cervical calcinosis circumscripta, 550t 
Cervical mucus, ferning patterns of, and timing of 

mating, 53, 55 
Cervical vertebra(e), instability of, in dog, 550t 
Cervix, in bitch, anatomy of, 3-4 

patency of, determination of, 217 
in cystic endometrial hyperplasia-pyometra 

complex, 209 
in queen, anatomy of, 392 

infection of, and infertility, 493 
Cesarean section, in bitch, 122t, 122-125, 124-125 

anesthesia for, 122t, 122-123 
care of pups after, 124-125, 124-125 
technique of, 123-124, 124 

in queen, 435-436 
Chemotherapy, for ovarian epithelial neoplasia, 202 

for transmissible venereal tumors, 240, 365 
for vaginal neoplasia, 239 
for mammary neoplasia, in bitch, 251 

in queen, 480-481 
for seminoma, 326 
for Sertoli cell tumors, 326 

Chilling, in neonatal pups, 146-147 
Chimera(s), 564t 
Chloramphenicol, for mastitis, 136t, 137 

for septicemia, in neonatal pups, 161, 161t-162t 
Chlorhexidine gluconate, for epididymal sclerosis, 309, 

523 
Chlormadinone acetate (CA), for benign prostatic 

hypertrophy, in dog, 340 
in bitch, 176-177 

Cholecystokinin, during pregnancy, 71 t 
Cholesterol, plasma, during pregnancy, 71t 
Chondrodysplasia, 550t . 
Chromosomal abnormality(ies), and pregnancy loss, in 

bitch, 97-98, 98, 98t 
in queen, 423-424 

in male dog, 312-313, 313 
Chromosomal sex, abnormalities of, 525-528, 527-528, 

528t 
Chromosome(s), and sexual differentiation, 1 
Ciliary dyskinesia, in dog, and asthenozoospermia, 

383-384 
primary, 565t 

Cingulum, anatomy of, in bitch, 7 
Ciprofloxacin, for prostatitis, 346, 346t 
Circulation, fetal, separation of, from maternal 

circulation, 70 
Cisplatin, for seminoma, 326 

for Sertoli cell tumors, 326 

Citrull.i.nemia, 555t 
Cleft palate/ cleft lip complex, 553t 
Clitoral fossa, epithelial cells in, 33, 33 
Clitoris, anatomy of, in bitch, 9 

in queen, 392 
hypertrophy of, in bitch, 233, 261 

Cloprostenol, for cystic endometrial 
hyperplasia-pyometra complex, 219 

for pregnancy termination, 183, 185t, 186 
Coagulation protein(s), disorders of, 558t 
Coagulopathy, and vulvar discharge, 227t 
Coat color, of cat, as sex-limited trait, 526 
Coitus. See Copulation. 
Collagen disorder(s), of foot pads, 566t 
Collie eye anomaly, 555t 
Colostrum, immunoglobulins in, 134 

in queen, components of, 438 
passive inununity from, in pups, 153 

Combined inununodeficiency, 559t 
Complement deficiency, 559t 
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Complement factor(s), during pregnancy, 71 t 
Conception, failure of, mistimed breeding and, 265-266, 

266 
in bitch, reproductive physiology and, 46-49, 49 

Conception rate(s), in bitch, after artificial insemination, 
with chilled extended semen, 60 

with fresh semen, 58-59 
with frozen semen, 63, 303 

in queen, after artificial insemination, with fresh or 
frozen semen, 408-409, 411 

Conformation, and dystocia, 112, 114 
Congenital anomaly(ies). See also specific anomaly. 

in dog, 550t-569t 
in kittens, griseofulvin and, 421 
in pups, 158 

Contraception, in bitch, 168-179, 169t, 171 , 172t, 
176-179, 177t. See also Sterilization, of bitclz. 

in male dog, 307-310, 309 
imrnunosterilization for, 310 
medical suppression of spermatogenesis for, 

309-310 
sclerosing agents for, 308-309, 309 
surgical sterilization for, 307-308 
vasectomy for, 308 

in tom cat. See Sterilization. 
intravaginal, devices for, 175, 176 
temporary, indications for, 168 

Contraction(s). See Uterine contraction(s). 
Copulation, failure of, in cat, 407-408 

in male dog, 373-374, 374 
in tom cat, 545, 546 

in cat, 407, 408 
in dog, 56, 57 

postures for, 374 
in queen, and ovulation, 396, 398 

number of, 407, 408 
refusal of, 492 

in tom cat, 504-505, 505 
Copulatory lock, in dogs, 283-284, 284 
Core biopsy, of prostate, 350 

of testes, 322-323 
Cori's disease, and hypoglycemia, in pups, 149 
Cornified cell(s), 33, 33 

during progression from proestrus to estrus, 36 
Corpus luteum (corpora luteal, cystic, 199 

estrous cycle and, in bitch, 10-11, 11 
histology of, in queen, 390 
number of, and litter size, 54, 68, 97, 98 

Corticosteroid(s), and parturition, 105 
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CPSE. See Canine prostatic secretory esterase (CPSE). 
CPV-2 (canine parvovirus type 2) infection, and 

pregnancy loss, 94 
Cranial dysraphism, 561t 
Cranial presentation, 111 
Cranioschisis, 550t 
C-reactive protein (CRP), in diagnosis of pregnancy, 75 
Cricopharyngeal achalasia, 553t 
CRP (C-reactive protein), in diagnosis of pregnancy, 75 
Cryotherapy, for transmissible venereal tumors, 365 
Cryptorchidism, and torsion of spermatic cord, 328 

in cat, 530-532, 531t 
clinical signs of, 530-531 
diagnosis of, 531, 531t 
incidence of, 530 
treatment of, 531-532 

in dog, 313-317, 314t, 317t, 564t 
and azoospermia, 376 
and fertility, 315 
and neoplasia, 315-316 
anomalies associated with, 314 
breed predilection for, 314, 314t 
castration for, 316 
diagnosis of, 316 
incidence of, 313-314 
pathogenesis of, 314-315 
treatment of, 316-317, 317t 
unilateral, 314 

Culture medium, for embryo transfer, in queen, 412 
for in vitro fertilization, of queen, 410 

Cutaneous mucinosis, in dog, 566t 
Cyclic hematopoiesis, in dog, 559t 
Cyclophosphamide, for mammary neoplasia, 480-481 

for ovarian epithelial neoplasia, 202 
for transmissible venereal tumor, 240, 365 

Cyst(s). See specific site and type. 
Cystadenoma, ovarian, 459, 459t 
Cystic endometrial hyperplasia-pyometra complex, in 

bitch, 207-220, 208t, 208-218 
and infertility, 269 
bacteriology of, 209-212, 211t 
clinical signs of, 212-213 
diagnosis of, 212-214, 214-215 

history in, 212 
imaging studies in, 214 
laboratory studies in, 213-214 
physical examination in, 213, 214 

differential diagnosis of, 214 
in queen, 464-470, 465, 466t, 467, 469t 

classification of, 465, 466t 
clinical signs of, 465, 466t, 468 
diagnosis of, 468, 469t 
pathogenesis of, 465-468, 466t, 467 
prognosis in, 469 
treatment of, 468-470, 469t 

incidence of, 207 
pathogenesis of, 207-208, 208t 
prevention of, 220 
recurrence of, 218-219 
signalment of, 212 
stages of, 208-209, 208-211 
treatment of, 214-220, 217t, 218 

algorithm for, 218 
medical, 216-220, 217t, 218 
surgical, 214-216 

Cystic rete testis, 530, 530 
Cystinuria, 568t 
Cystocentesis, for semen collection, 510, 513t 

Cystourethrography, retrograde. See Retrograde 
cystourethrogrnphy. 

Cytoplasmic body(ies), superficial cells with, 33, 33 

Daily sperm output (DSO), in dog, 290 
Day blindness, in dog, 556t 
Deafness, in dog, 554t 
Delmadinone acetate (DMA), and sterilization of tom 

cat, 523 
for benign prostatic hypertrophy, 340 
in bitch, 176-177 

Demyelination, in miniature poodles, 561t 
Dentition, abnormal, in dog, 553t 
Dermatitis, balanoposthitis with, 360 

scrotal, 334-335 
Dermatologic disorder(s), 566t-567t 
Dermatomyositis, 563t, 566t 
Dennoid(s), 555t 
Dermoid cyst(s), ovarian, 460, 460 
Dermoid sinus, 566t 
DES. See Diethylstilbestrol (DES). 
Dexamethasone, for induction of parturition, 126 

for pregnancy termination, 186 
Dextrose, for hypoglycemia, in neonatal pups, 149 
DHT. See 5a-Dihydrotestosterone (DHT). 
Diabetes insipidus, 554t 
Diabetes mellitus, during pregnancy, in bitch, 86-87 

in dog, 554t 
Diestrus, cytologic, timing of, for mating of bitch, 53, 54 

in bitch, 23:-25, 27t, 27-28 
hormonal features of, 27t, 27-28 
physiologic features of, 27t 

in queen, 402, 402 
lactation during, 27 
progesterone assay during, in bitch, 50 
progesterone levels during, 68 
progression from estrus, vaginal cytology during, 

36, 36 
prolonged, in bitch, and false pregnancy, 243-244 
vaginal anatomy during, in bitch, 6 
vaginal cultures during, 48t 
vaginal cytology during, 39, 39, 39 
vaginal mucosa during, in bitch, 7, 8 

Diet,and mammary neoplasia, 248 
and testicular degeneration, 532-533 
during lactation, 438, 439t 
during pregnancy, in bitch, 78t, 78-79 

in queen, 420, 420-421 
for prevention of puerperal tetany, 143 

Diethylstilbestrol (DES), for pregnancy termination, 181t 
for prevention of pregnancy, 450-451 
for urethral prolapse, 359 
for urinary incontinence, 172 
for vaginitis, 237 

Diff-Quik stain, 35, 35 
for evaluation of canine semen, 294-295 

Digestive system, congenital anomalies of, 553t 
Digital hyperkeratosis, 566t 
Dihydrostreptomycin, for canine brucellosis, 320 
5a-Dihydrotestosterone (DHT), and prostate function, 

337 
and sexual differentiation, 275, 276 

Dimethylsulfoxide (DMSO), during pregnancy, 86t 
Diphallia, in dog, 356, 357 
Distichiasis, 556t · 
Diverticula, 553t 
DMA. See Dehnadione ncetnte (DMA). 
DMSO (dimethylsulfoxide), during pregnancy, 86t 



DNA fingerprinting, of neonatal pups, 157 
DNA identification, with semen collection, 301, 301 
Dog. See also Bitch. 

congenital anomalies in, 550t-569t. See also specific 
anomaly. 

copulation In, 56, 57 
male, contraception in. See Contraception, in male dog. 

reproductive anatomy of. See Reproductive system, of 
male dog, anatomy of. 

sexual differentiation in, 275-277, 276-277 
Dopamine agonist(s), for estrus induction, 263t 

for pregnancy termination, 186, 187t 
"Dormitory effect," 257 
Doxapram, for respiratory support, after cesarean 

section, 124 
Doxorubicin, for mammary neoplasia, 480-481 
Drug(s). See also named drug or drug group. 

and persistent anestrus, 259 
during pregnancy, 79-80, 80t-86t 

DSO. See Daily sperm output (DSO). 
Ductus deferens, anatomy of. 281, 283 
Dwarfism, 550t 

pituitary, 555t 
Dysbetalipoproteinemia, 554t 
Dysgerminoma, in bitch, 203 

in queen, 459t, 459-460 
Dysmyelination, 562t 
Dystocia, in bitch, 110-125 

classification of, 113 
diagnosis of, 114-118, 116, 117t, 119 

prolonged abdominal straining and, 117-118, 
119 

prolonged gestation length and, 114-115, 116 
systemic illness and, 115-117, 117t 
uterine torsion and, 115-117, 117t 
vulvar discharge and, 118 

evaluation of. 118-120, 120 
laboratory studies in, 120 
physical examination in, 118 
radiography in, 118-119 
ultrasonography in, 119-120, 120 

fetal factors in, 112-114, 115 
maternal factors in, 110-112, 112t, 114 
obstructive, 118, 119 
treatment of, cesarean section in, 122t, 122-125, 

124-125 
manipulative, 120 
medical, 120-122, 122t 

in queen, 432-435, 433t, 434 
causes of, 433, 433t 
diagnosis of, 433 
incidence of, 432 
prognosis in, 435 
treatment of. 435 

treatment of. 120-125, 122t, 124-125 
with strong abdominal straining, 117 
with weak abdominal straining, 118 

Ear(s), congenital anomalies of. 554t 
Ecbolic agent(s), for metritis, 131 
Ecbolic drug(s), for cystic endometrial 

hyperplasia-pyometra complex, 219 
in bitch, 120-122, 122t 

Eclampsia, postpartum, 141-143, 143t 
Ectodermal defect(s), 567t 
Ectopic adrenocortical paraovarian nodule(s), 456 
Ectopic pregnancy, 424-425, 426 
Ectopic ureter(s), 567t 

Ectromelia, 550t 
Ectropion, 556t 
Egg yolk, as semen extender, 300 
Ejaculation, in cat, 505 

retrograde, 510, 513t 
in dog, failure of, 372-373 

Elbow, dysplasia of, 552t 
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Electrocardiography, in neonatal pups, 151-152 
Electrocautery, of transmissible venereal tumors, 

364 
Electroejaculation, for semen collection, 508, 510, 511, 

512t 
ELISA See Enzyme-linked immunosorbent assay (ELISA). 
Embryo, implantation of, in bitch, 70, 72, 72 

in queen, 415-416 
loss of. See Pregnancy loss. 
transuterine migration of. 70 

Embryo transfer, in queen, 409-412 
Emphysema, pulmonary, 565t 
Encephalitis, 563t 
Encephalopathy, spongiform, 563t 
Endocardial fibroelastosis, 552t 
Endocrine disorder(s), and pregnancy loss, in bitch, 

95-96 
in queen, 424, 425t 

in dog, 554t-555t 
Endometrial gland(s), estrous cycle and, 11, 13-14 
Endometrial polyp(s), 221 
Endometritis, atrophic, in cystic endometrial 

hyperplasia-pyometra complex, in queen, 467 
catarrhal. See Cystic endometrial hyperplasia-pyometra 

complex. 
Endometrium, histology of. 392 

in cystic endometrial hyperplasia-pyometra complex, 
208-209, 208-211 

trophoblastic invasion of, in subinvolution of 
placental sites, 139, 140 

Endoscope(s), for vaginoscopy, 42-43, 44 
Endotoxemia, in cystic endometrial 

hyperplasia-pyometra complex, 210-211 
Enophthalmos, 556t 
Enostosis, 551 t 
Enrofloxacin, for mastitis, 135t, 137 

for prostatitis, 346, 346t 
Entropion, 556t 
Environment, and pregnancy loss, in bitch, 98-99 

in queen, 424, 425t 
Enzyme-linked immunosorbent assay (ELISA), for 

canine brucellosis, 320 
for progesterone assay, 51, 56-57 

Eosin-nigrosin stain, for evaluation of canine semen, 
294 

Epidermal dysplasia, 567t 
Epidermolysis bullosa, 567t 
Epididymis, anatomy of, in dog, 278-281, 279-280 

in tom cat, 500-501, 501 
aplasia of, in dog, 313 
development of, 277, 277 
disorders of, in cat, 534 
sclerosing agents for, and sterilization, of cat, 523 

of dog, 308-309, 309 
Epididymitis, in dog, 317-321, 318, 320 

and oligozoospermia, 380 
clinical features of, 317 
diagnosis of, 318, 318 
pathogenesis of, 317 
treatment of, 318-319 

Epilepsy, 561t 
Epiphyseal dysplasia, 550t 
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Epithelial cell(s), prostatic, collection of, 338 
vaginal, cornification of, differential diagnosis of, 225 

in ovarian remnant syndrome, 200 
during diestrus, 39, 39 
during estrus, 399, 399 
during proestrus, in bitch, 17t, 18, 20 

in queen, 397, 399, 399 
estrous cycle and, 32, 32 
in clitoral fossa, 33, 33 
in normal vaginal cytology, 32-33, 32-33 
melanin in, 33, 33 

Epithelial neoplasia, ovarian, in bitch, 201-202 
in queen, 459, 459t 

Epitheliogenesis imperfecta, 566t 
Epostane, for pregnancy termination, 186-187 
Erection, failure of, in male dog, 371-372 

in tom cat, 505 
persistent. See Priapism. 
physiology of, 282-284 

Ergonovine, for postpartum hemorrhage, in bitch, 121 
Erythrocyte(s), disorders of, 558t-559t 

during proestrus, 36, 36, 37 
in neon a tal kittens, 440t 
in vaginal cytology, 33-34 

Escherichia coli, uterine, in cystic endometrial 
hyperplasia-pyometra complex, 210-211, 211t 

Escherichia coli infection(s), and pregnancy loss, 93 
Esophagus, diverticula of, 553t 
Estradiol, and cystic endometrial hyperplasia-pyometra 

complex, 212 
before parturition, 431 
during anestrus, 28-29 
during estrus, 397, 397, 399 
during proestrus, 21 
for pregnancy termination, 181t, 181-182 
in persistent estrus, 490-491, 491 
plasma, during pregnancy, 414 

17,8-Estradiol, and prostatic hypertrophy, 337-338 
Estradiol cypionate, for prevention of pregnancy, 

450-451 
Estrogen, and cystic endometrial hyperplasia-pyometra 

complex, 207-208, 208t 
during anestrus, 28-29 
during pregnancy, 68, 69, 77 
for benign prostatic hypertrophy, 340 
for estrus induction, 263t 
for false pregnancy, 245 
for pregnancy termination, 180-182, 181t 
for prevention of pregnancy, 450-451 
production of, by Sertoli cell tumors, 325, 325 
serum, challenge testing for, 258 

Estrogen assay(s), for timing of ovulation, 52-53 
Estrogen receptor(s), and mammary neoplasia, 479 
Estrogen-responsive urinary incontinence, after 

ovariohysterectomy, 171-172, 172t 
in bitch, and vulvar discharge, 227t 

Estrous behavior, in bitch, 19, 22, 56 
in queen, 397-398, 398, 406 

during pregnancy, 414 
normal ovarian function and, 490-491, 491 

Estrous cycle, in bitch, 23-25 
and corpora lutea, 10-11, 11 
and endometrium, 11, 13-14 
and estrus. See Estrus, in bitch. 
and gross appearance of vaginal mucosa, 55 
and proestrus. See Proestrus, in bitch. 
and uterine histology, 11, 13-14 
and uterine tube histology, 11, 12 
and vaginal epithelial cells, 32, 32 

Estrous cycle (Continued) 
and vaginal prolapse, 233-234 
changes in vaginal mucosa during, 4, 8 
classification of, 17t 
during puberty, 18 
frequency of, 17-18 
ovarian histology during, 9-11, 10-11 
seasonality of, 16-17 
vaginal cytology during, 35-39, 35-39 

progression from estrus to diestrus and, 36, 36 
progression from proestrus to estrus and, 35-36 

vulvar discharge during, 226t 
in queen, 396-403, 397-398 

and anestrus, 402-403 
and diestrus, 402, 402 
and estrus, 397-400, 399-401. See also Estrus, in 

queen. 
and ovarian histology, 390 
and postestrus, 400-402 
and proestrus, 396-397, 397, 398t, 399. See also 

Proestrus, in queen. 
exposure to light and, 396, 402 
length of, 396, 397 
puberty and, 396 

resumption of, weaning and, in queen, 402 
Estrus, behavior during. See Estrous behavior. 

from ovarian remnant syndrome, in queen, 458 
in bitch, 22-27, 23t, 23-26 

clinical features of, 22 
corpora lutea during, 11 
duration of, 22 
endometrium during, 13-14 
histologic features of, 22 
hormonal features of, 22-23, 23t, 24-26 
irregular, 264 
ovarian histology during, 10, 10 
ovarian remnant syndrome and, 199 
persistent, 262, 264 

follicular cysts and, 196t 
progesterone assay during, 50, 51t 
progression from proestrus, vaginal cytology 

during, 35-36 
progression to diestrus, vaginal cytology during, 

36,36 
suppression of, for cystic endometrial 

hyperplasia-pyometra complex, 220 
uterine anatomy during, 3, 5 
uterine tube histology during, 12 
vaginal cultures during, 47t 
vaginal cytology during, 38-39, 39, 39 
vaginal mucosa during, 6, 8 

in queen, 397-400, 399-401 
behavior during. See Estrous behavior, in queen. 
duration of, 398 
estradiol levels and, 397, 397, 399 

persistent, 490-492, 491, 491t 
follicular ovarian cysts and, 491, 491 t 
normal ovarian function and, 490-491, 491 
ovarian neoplasia and, 491-492 

suppression of, 448, 450 
vaginal cytology during, 399, 401 

induction of, for persistent anestrus, 262, 263t 
in queen, 490 

Extrauterine fetus(es), mummified, 424-425, 426 
Extremity(ies), sloughing of, in septicemia, in neonatal 

pups, 160, 160 
Eye(s), congenital anomalies of, 555t-557t 
Eyelid, agenesis of, 555t 



"Fading puppy syndrome," 159-162, 160 
Failure to thrive, in neonatal pups, 158, 158 
False pregnancy, in bitch, 243-246, 244 

clinical signs of, 243 
diagnosis of, 244 
incidence of, 243 
serum progesterone and, 243, 244 
treatment of, 244-246 
vestigial pack behavior and, 244 

Fanconi's syndrome, 568t 
Feeding, during pregnancy, in bitch, 78t, 78-79 

of orphaned pups, 164, 164-165 
tube, of neonatal pups, 162, 163 

Feeding tube(s), for orphaned kittens, 441-442 
Feline herpesvirus (FHV), and pregnancy loss, 422 
Feline immunodeficiency virus (FIV), and pregnancy 

loss, 422 
Feline infectious peritonitis virus (FIPV), and orchitis, 

532,533 
and pregnancy loss, 422 

Feline leukemia virus (FeLV), and pregnancy loss, 423 
Feline panleukopenia virus (FPLV), and pregnancy loss, 

423 
FeLV. See Feline leukemia virus (FeLV). 
Feminization, from Sertoli cell tumors, 325, 325-326 
Ferning pattern(s), of cervical mucus, and timing of 

mating, 53, 55 
Fertility, in bitch. See also Infertilihj, in bitch. 

after medical treatment of cystic endothelial 
hyperplasia-pyometra complex, 219 

in dog, cryptorchidism and, 315 
Fertilization, of queen, natural breeding and, 407, 410 

in vitro. See In vitro fertilization, of queen. 
Fetal circulation, separation of, from maternal 

circulation, 70 
Fetal distress, diagnosis of, in bitch, 119-120 

in queen, 433 
Fetal membrane(s), passage of, during parturition, 108, 

108 
Fetal monster(s), 114, 115 
Fetus, abnormal development of, and dystocia, 114, 115 

canine, drugs and, 80, 80t-86t 
osseous calcification of, 73, 74t 

death of, radiographic signs of, 119 
loss of. See Pregnancy loss. 
maceration of, 88 
mummification of, 88 

chromosomal abnormalities and, 98t 
in queen, 424-425,426 

position of, and dystocia, 112, 114, 115 
in pups, 109, 111 

posture of, and dystocia, 112, 114, 115 
in pups, 109, 111 

presentation of, and dystocia, 112, 114, 115 
in pups, 108, 111 

FHV. See Feline herpesvirus (FHV). 
Fibrinogen, in diagnosis of pregnancy, 74-75 
Fibrocystic disease, of mammary glands, 246 
Fibroelastosis, endocardial, 552t 
Finasteride (Proscar), for benign prostatic hypertrophy, 

340-341 
Fine-needle aspiration biopsy, of mammary neoplasms, 

250, 251 
of prostate, 349-351, 351 
of testes, 321-322, 322 

FIPV. See Feline infectious peritonitis virus (FIPV). 
FIV. See Feline immunodeficiency virus (FIV). 
Flehmen reaction, 504 
Fluid(s), for septicemia, in neonatal pups, 161 
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Fluprostenol, for pregnancy termination, 183, 185t 
Flutamide, for benign prostatic hypertrophy, 340-341 
Foam cell(s), normal cytology of, 33, 33 
Follicle-stimulating hormone (FSH), and azoospermia, 

377 
and induction of ovulation, in anestrus queen, 403, 

490 
in bitch, during pregnancy, 70, 77 

during proestrus, 21 
Follicular cyst(s), in bitch, 195-198, 196t, 197-198 

breed predisposition in, 195, 197 
clinical signs of, 197, 198 
differential diagnosis of, 197 
fluid composition in, 195, 196t 
hormonal effects of, 195, 196t 
imaging of, 198 
incidence of, 195 
pathogenesis of, 195 
pathology of, 197, 197-198 
size of, 195 
treatment of, 198 

in queen, and persistent estrus, 491, 491t 
Food, antioxidants in, and pregnancy loss, 99 
Foot pad(s), collagen disorders of, 566t 
Foramen magnum, dysplasia of, 551t 
Formula, commercial, and septicemia, in neonatal pups, 

160 
for orphaned kittens, 441t, 441-442 
for orphaned pups, 164 
milk from, vs. bitch's milk, 134, 135 

FPLV. See Feline panleukopenia virus (FPLV). 
Frenulum, penile, 356, 357 
FSH. See Follicle-stimulating hormone (FSH) . 
Funiculitis, 534 

Galactorrhea, in false pregnancy, 243-246, 244. See also 
·False pregnancy. 

in male dog, 368 
Galactostasis, 138 
Gallbladder, anomalies of, 560t 
Gangrenous mastitis, 134, 136 
Gastrin, during pregnancy, 71t 
Gastrointestinal drug(s), during pregnancy, 84t 
Gastrointestinal function, in neonatal pups, 152-153, 

153, 153t 
Gastrointestinal system, congenital anomalies of, 553t 
Genetic disorder(s), and pregnancy loss, 97-98, 98, 98t 

in neonatal pups, 157-158, 158 
Genetic screening, before breeding of bitch, 41 
Genital organ(s), homologies of, 2, 2t 
Genital tuberculosis, feline, 532 
Germ cell turnor(s), ovarian, in bitch, 203 

in queen, 459t, 459-460, 460 
Germinal cell aplasia, and azoospermia, 376 
Germinal cyst(s), 199 
Gestation. See also Pregnancy. 

prolonged, and dystocia, in bitch, 114-115, 116 
Gestational age, in pups, head diameter and, 74, 75t-76t 
GGT. See y-Glutamyltransferase (GGT). 
Glans penis, inflammation of, in dog, 360-362, 361 
Glaucoma, in dog, 556t 
Glucocorticoid(s), for induction of parturition, 126 

for pregnancy termination, 186 
Glucose, blood, regulation of, in neonatal pups, 

148-149, 150t-151t 
for dystocia, 121 

y-Glutamyltransferase (GGT), in neonatal pups, 154, 
156t 
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Glycerol, as semen extender, 300 
Glycogen storage disease, and hypoglycemia, in pups, 

149 
in dog, 554t 

GnRH. See Gonadotropin-releasing hormone (GnRH). 
Gonad(s), indifferent, differentiation of, 275 
Gonadal sex, abnormalities of, in male dog, 312 

in tom cat, 528-529 
differentiation of, in bitch, 1 

in male dog, 275, 276 
Gonadectomy, and radial physeal closure, in cat, 522 

in dog, 448, 449 
prepubertal, 172-175 

anesthesia for, 173-174 
complications of, 174-175 
indications for, 172-173 
technique of, 174 

Gonadotropin-releasing hormone (GnRH), and 
ejaculation, 372 

and libido, in dog, 374 
in tom cat, 547 

for cryptorchidism, 316-317, 317t 
for estrus induction, 263t 
for i.mmunosterilization, 179 
for induction of ovulation, 547 

Gonadotropin-releasing hormone (GnRH) agonist(s), for 
suppression of spermatogenesis, 310 

Gonadotropin-releasing hormone (GnRH) antagonist(s), 
for pregnancy termination, 187-188 

Granulocytopathy, 560t 
Granuloma, sperm, 321 
Granulosa cell tumor(s), ovarian, in bitch, 202-203 

in queen, 460, 460-461 
and persistent estrus, 491-492 

Griseofulvin, and congenital anomalies, 421 
Growth, early spay/neuter and, 174 
Gubernaculum, regression of, and testicular descent, 

314 
Gubernaculum testis, development of, 275-276 
Gynecomastia, 368 

hCG. See Human chorionic gonadotropin (hCG). 
Head, fetal, diameter of, and gestational age in pups, 

74, 75t-76t 
Heart rate, in neonatal pups, 151 

rectal temperature and, 146 
Heat, silent, in bitch, 18 

and persistent anestrus, 258-259 
split, in bitch, 18, 264 

Heat source(s), for neonatal pups, 147-148, 148 
for orphaned kittens, 440-441 
for whelping area, 79, 79 

Hematocrit, in neonatal pups, 153-154, 154 
Hematometra, 206-207 
Hematopoietic disorder(s), 557t-559t 
Hematospermia, 381, 381 
Hemeralopia, 556t 
Hemoglobin, in neonatal kittens, 440t 
Hemorrhage, from ovariohysterectomy, 170, 171 

postpartum, ergonovine for, 121 
Hepatic disorder(s), 560t 
Hepatic function, in neonatal pups, 149-150, 151t 
Hermaphroditism, in cat, 528-529 

in dog, 193, 564t 
clitoral hypertrophy in, 233 
uterine anomalies in, 206 

in queen, and ovarian anomalies, 454-455 
and persistent anestrus, 489 

Hernia(s), 550t 
inguinal, and dystocia, 117 
scrotal, 333-334 

Herpesvirus infection, canine, and balanoposthitis, 361 
and pregnancy loss, 94 
in neonatal pups, 162, 164 
vs. vaginitis, 237 

Heterochromia, 556t 
Hip dysplasia, 551t 

screening for, 41 
Hormonal therapy, for follicular cysts, 198 
Hormone(s), administration of, during pregnancy, SSt 
Horseshoe kidney(s), 568t 
Housing, history of, in infertility work-up of bitch, 257 
Human chorionic gonadotropin (hCG), and testosterone 

production, in tom cat, 499-500, 500 
for cryptorchidism, in dog, 316-317, 317t 
for in vitro fertilization, of queen, 410-411 
for induction of estrus, in queen, 490 

Humidity, for neonatal pups, 147 
Hydrocele(s), 334, 334 
Hydrocephalus, 562t 
Hydrocephaly, fetal, in kittens, 434 
Hydrometra, in bitch, 206-207 

in queen, 464, 464 
Hymen, residual, and dystocia, 112, 114 
Hyperadrenocorticism, and persistent anestrus, 261 
Hyperchylomicronemia, 554t 
Hyperestrogenemia, from follicular cysts, 196t, 197, 198 
Hypergammaglobulinemia, in cystic endometrial 

hyperplasia-pyometra complex, 214 
Hyperirrunune serum, equine, for cystic endometrial 

hyperplasia-pyometra complex, 220 
Hyperkeratosis, digital, 566t 
Hypertension, during pregnancy, 87 
H ypoadrenocorticism, 554t 
Hypocalcemia, during pregnancy, in queen, 445 

postpartum, in bitch, 141-143, 143t 
in queen, 445 

Hypoglycemia, in neonatal pups, 148-149, 150t-151t, 
555t 

Hypoluteoidism, and infertility, in bitch, 269 
and pregnancy loss, in bitch, 95-96 

in queen, 494 
Hypomyelinization, 562t 
Hypospadias, 357, 564t 
Hypothermia, prepartum, 68-69, 106t, 106-107, 107 
Hypothyroidism, and oligozoospermia, 380 

and pregnancy loss, 96 
in bitch, and persistent anestrus, 259-261, 260t 

prebreeding, screening for, 41 
Hypotrichosis, 567t 
Hysterectomy, and ovarian function, 3 
Hysterography, of congenital anomalies, 229-231, 

230-231 
Hysteropexy, for vaginal prolapse, 235 

Ichthyosis, 567t 
IgA (immunoglobulin A), deficiency of, 560t 
IgG (immunoglobulin G), in milk of queen, 438 
Immotile cilia syndrome, and asthenozoospermia, 

383-384 . 
Immune disorder(s), 559-560t 
Immune factor(s), in pregnancy loss, 97 
Immune function, and manm1ary neoplasia, 248 
Immunity, in neonatal pups, 72, 153 
Immunization, during pregnancy, 78 
Immunodeficiency, combined, 559t 



Immunoglobulin(s), in colostrum, 134 
Immunoglobulin A (lgA), deficiency of, 560t 
Immunoglobulin G (IgG), in milk of queen, 438 
Immunologic infertility, 270 
Immunosterilization, of bitch, 178-179, 178-179 

of male dog, 310 
Inununotherapy, for granulosa cell tumors, 203 

for mammary neoplasia, in bitch, 252-253 
in queen,, 481 

for transmissible venereal tumors, 239, 365 
Implantation, of embryo, in bitch, 70, 72, 72 

in queen, 415-416 
In vitro fertilization, of queen, culture medium for, 

410 
history of, 410-411 
spermatozoa capacitance and, 410 
success of, 410 
technique of, 411 

Inbreeding, 41 
and genetic disorders, 97 

Incisional biopsy, of testes, 323, 323 
Incontinence, urinary, in bitch, after 

ovariohysterectomy, 171-172, 172t, 174 
and vulvar discharge, 227t 

Incubator(s), for neonatal pups, 147, 148 
for orphaned kittens, 440 

Infection(s), and pregnancy loss, 88-95, 90t, 422-423. 
See also specific type and specific organism. 

Infertility, in bitch, abnormal sexual behavior and, 
265 

age and, 269 
anovulatory cycles and, 270 
clinical approach to, history in, 257-258 
cystic endometrial hyperplasia-pyometra complex 

and, 269 
hypoluteoidism and, 269 
hypothyroidism and, 96, 259-261, 260t 
inummologic, 270 
impatent tubular reproductive tract and, 270 
irregular estrus and, 264 
nonreceptive behavior and, 264-265, 265 
persistent anestrus and, 258-262, 260t, 261, 263t 
persistent estrus and, 262, 264 
poor timing of breeding and, 265-266, 266 
systemic disease and, 270 
uterine infection and, 266-269, 267, 268t, 269 

in male dog, 266 
agglutination of sperm and, 382-383 
asthenozoospermia and, 383-384 
azoospermia and, 374-378, 377t, 378 
breed predilection for, 375 
clinical approach to, 370-371 
failure of ejaculation and, 372~373 
failure of erection and, 371-372 
failure of normal copulation and, 373-374, 374 
hematospermia and, 381, 381 
oligozoospermia and, 378-381, 379, 380t 
post-testicular, 376 
pretesticular, 375 
spermatazoal abnormalities and, 295, 297-298 
teratozoospermia and, 381-382, 382 
testicula r, 375-376 

in male tortoiseshell/calico cat, 525-528, 527-528, 
528t 

in queen, anovulatory cycles and, 493 
case example of, 493t 
clinical approach to, 486, 487t-488t 
impatent tubular reproductive tract and, 493, 493t 
infection and, 493 
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Infertility (Continued ) 
ovarian cysts and, 457, 457 
persistent anestrus and, 486-490, 489t 

from abnormalities of sexual differentiation, 489 
from inadequate photoperiod, 486 
from ovarian aplasia, 490 
from ovarian cyst/neoplasia, 490 
from previous ovariohysterectomy, 489 

persistent estrus and, 490-492, 491, 491t 
refusal of copulation and, 492 

in tom cat, diagnosis of, 545-547 
failure of intromission and, 545, 546 
failure to attempt copulation and, 545, 546 
failure to induce ovulation and, 545, 546 
history in, 544 
physical examination in, 544 
semen evaluation in, 545 
semen quality and, 545-547 
treatment of, 547 

Inflammatory mammary adenocarcinoma, 134-135 
Infundibulum, anatomy of, 3 

in queen, 390-391 
Inguinal canal, development of, 276 
Inguinal hernia, and dystocia, 117 
Insemination, artificial. See Artificial insemination. 
Insemination catheter(s), placement of, 58, 59, 61, 61 
"Inside" tie, 56 
Insulin, requirements for, during pregnancy, in diabetic 

bitch, 86-87 
Insulin resistance, during pregnancy, 71t 
Interestrous interval, length of, 17-18 

prolonged, in bitch, 262, 263t 
prostaglandin F2• and, 183 

Intermediate epithelial cell(s), 32, 32 
during anestrus, 39, 39 
vs. superficial cells, 36, 36 

Interstitial cell adenoma, in dog, 326-327 
Interstitial cell tumor(s), ovarian, 461 

testicular, 533 
Intestine(s), congenital anomalies of, 553t 
Intrauterine insemination, of frozen semen, 61-62, 

61-62 
Intravaginal contraceptive device(s), 175, 176 
Intromission, failure of, in tom cat, 545, 546 
Involution, uterine, in bitch, 110 

in queen, 438 
oxytocin for, 129 

Iridocorneal abnormality(ies), 556t 
Isoerythrolysis, in neonatal kittens, 436, 439-440 
Isoquinolone(s), for pregnancy termination, 188 

Joint(s), congenital anomalies of, 550t-552t 
Joint pain, and failure of copulation, 373 

Karyotype, evaluation of, 194, 194-195 
in male cat, 546 

in male tortoiseshell / calico cat, 526, 527 
in ovarian dysgenesis, in queen, 453-454, 454 

Kennel(s), control of canine brucellosis in, 320-321 
Ketamine, for electroejaculation, 512t 
Kidney(s), congenital anomalies of, 568t 
Kitten(s), castration of, 521-522, 523 

mortality in, 439 
neonatal, care of, 439-440, 440 

isoerythrolysis in, 436, 439-440 
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Kitten(s) (Continued) 
nursing by, 432, 439 
orphaned, care of, 440-442, 441t 
sex ratio for, 432 
sexing of, 439 
teratogens in, 421 
weaning of, 439 

Labor. See also Parturition. 
failure to progress in, 434 
preterm, prevention of, 125 

Labrador retriever(s), matings involving B- and E-loci 
alleles in, 156t, 157 

Lactation, during diestrus, 27 
in bitch; relaxin during, 70 
in queen, and resumption of estrous cycle, 402 

body weight during, 420 
failure of, 445 
hypocalcemia during, 445 

Lactic acid, for testicular sclerosis, 309 
Laparotomy, for ovarian remnant syndrome, in bitch, 

200 
in queen,458,458-459 

Larynx, congenital anomalies of, 565t 
Legg-Calve-Perthes disease, 551 t 
Leiomyoma, in bitch, 221 

in queen, uterine, 470 
vaginal, 472 

Leukemia, feline, and pregnancy loss, 423 
Leukocyte(s), in neonatal kittens, 440t 

in neonatal pups, 154, 155 
in spermatozoa, 296, 298t 
in vaginal cytology, 34 

Leukocytosis, in cystic endometrial 
hyperplasia-pyometra complex, 213 

Leuprolide acetate, for suppression of spermatogenesis, 
310 

Leydig cell turnor(s), 326-327 
LH. See Luteinizing hormone (LH). 
Libido, in dog, stimulation of, for semen collection, 

287 . 
in male dog, and failure of copulation, 373-374 
in tom cat, poor, 545-547 

Lichenoid-psoriasiform dermatosis, 567t 
Light, exposure to, and estrous cycle, 396, 402 

and ovulation, in anestrous queen, 403 
inadequate, and persistent anestrus, 486 

"Limit dextrinosis," and hypoglycemia, in pups, 149 
Line breeding, 41 
Lipid(s), serum, in neonatal pups, 155, 156t 

solubility of, in antibiotics, and treahnent of mastitis, 
135t, 137 

Lissencephaly, 562t 
Lithiasis, uterine, 222t 
Litter, in bitch, size of, and dystocia, 115, 116 

in queen, sex ratio of, 414 · 
size of, 414, 432, 432 

number of corpora lutea and, 54, 68, 97, 98 
timing of cytologic diestrus and, 53, 54 

Liver, disorders of, 560t-561t 
Lochia, discharge of, 108, 109-110 
Lotrifen, for pregnancy termination, 186-187 
Lumbosacral malrotation, 551t 
Luteal cyst(s), 198 
Luteal phase, inadequate, and pregnancy loss, 95-96 
Luteinizing hormone (LH), and azoospermia, 377 

and progesterone secretion, 66 
for immunosterilization, 179 

Luteinizing hormone (LH) (Continued) 
in bitch, during anestrus, 28 

during diestrus, 27-28 
during pregnancy, 70 

in false pregnancy, 244 
in queen, and ovulation, 398-399 

anestrus, and induction of ovulation, 403 
in tom cat, secretion of, 499-500 
release of, after copulation, 407, 410 

Luteinizing hormone (LH) assay(s), for timing of 
ovulation, 52, 53t, 57 

Luteinizing hormone (LH) surge, and progesterone 
levels, 52 

in bitch, 22-23, 23t 
Luteolysis, in queen, prostaglandin F2• for, 468-469 
Lymph node(s), of mammary gland, 9, 9 
Lymphangiectasia, intestinal, 553t 
Lymphatic system, disorders of, 557t-559t 
Lymphedema, 559t 
Lymphocyte(s), in cystic endometrial 

hyperplasia-pyometra complex, 209, 209 
in vestibule, 7, 9 

Lysosomal storage disease(s), 562t 

Malnutrition, in bitch, and hypoglycemia in pups, 148 
in queen, and pregnancy loss, 423 

Mammary gland(s), abscesses of, from mastitis, 444 
anatomy of, in bitch, 9, 9, 131, 132 

in queen, 393, 393, 474, 475 
development of, 389 
dysplasia of, 246 
examination of, prebreeding, 43 
fibrocystic disease of, 246 
hyperplasia of, 542, 542t 
hypertrophy of, 474-477, 475-476 

clinical signs of, 474-475, 475-476 
diagnosis of, 477 
histologic features of, 476, 476 
medroxyprogesterone acetate and, 475-476 
progression to neoplasia, 476-477 
treatment of, 477 

inflammatory adenocarcinoma of, 134-135 
lymphatic drainage of, 393, 393, 474, 475 
neoplasia of, in bitch, 246-253, 247t, 252t-253t 

· benign, 246-247 
classification of, 246, 247t 
clinical signs of, 249 
diagnosis of, 249-250, 251 
incidence of, 246 
malignancy rates in, 246 
metastasis of, 249 
pathogenesis of, 247-248 
prognosis in, 253 
risk factors for, 247 
signalment of, 248-249 
staging of, 249-250, 252t 
treatment of, 250-253, 253t 

chemotherapy in, 251 
immunotherapy in, 252-253 
ovariohysterectomy with, 250 
radiation therapy in, 252 
surgical, 250, 253t' 

in male dog, 368-369 
in queen, 477-483, 478-482, 481t 

behavior of, 477~478, 478 
classification of, 477 
clinical signs of, 479 
diagnosis of, 479-480 



Mammary gland(s) (Continued) 
etiology of, 478-479 
incidence of, 477 
metastasis of, 477-478, 478 
prognosis in, 481 t, 481-482, 483 
treatment of, 480-483 

chemotherapy in, 480-481 
immunotherapy in, 481 
surgical, 480 
tamoxifen in, 481, 483 

in tom cat, 542-543 
vascular supply to, 393, 393, 474, 475 

Marsupialization, of prostatic abscesses, 347 
Mast cell tumor(s), scrotal, 335 
Mastectomy, for mammary neoplasia, in queen, 480, 

482, 483 
in bitch, 250, 253t 

Mastitis, in bitch, 131-138, 132-136, 133t-136t, 245 
acute, 131-134, 133t-136t, 133-136 

clinical features of, 131-132, 133, 133t 
and characteristics of milk, 132-133, 132- 133, 133t 
chronic, 135-138 
gangrenous, 134, 136 
treatment of, 132-133 

antibiotics for, 134, 135t-136t, 137 
in queen, 443-445, 444 

abscess from, 444 
and nursing, 444 
clinical signs of, 443, 444 
etiology of, 443 
treatment of, 443 

Mating, failure of, causes of, 56 
of bitch, by artificial insemination, with chilled 

extended semen, 59-60, 60t 
with fresh semen, 57-59, 59 
with frozen semen, 60t, 60-63, 61-62 

changes in vaginal resistance and, 66 
determination of ovulation in, 56 
ferning patterns of cervical mucus and, 53, 55 
gross appearance of vaginal mucosa and, 55 
natural, 55-57, 57 
timing of cytologic diestrus and, 53, 54 
timing of ovulation and, 49-55, 50-54, 53t 

estrogen assays for, 52-53 
luteinizing hormone assays for, 52, 53t, 57 
progesterone assays for, 49-52, 50, 52 
vaginal cytology for, 53, 54 

ultrasonography and, 55 
of tom cat, 504-505, 505 
receptivity to, in bitches, 18, 19 

Meckel's diverticultml, 553t 
Medroxyprogesterone acetate (MPA), and mammary 

hyperplasia, 475-476 
and sterilization, 523 
for benign prostatic hypertrophy, 340 
for estrus suppression, in bitch, 176 

in queen, 450 
for suppression of spermatogenesis, 309 
for vaginal prolapse, 235 

Megaesophagus, 553t 
Megestrol acetate (MGA), for suppression of 

spermatogenesis, 309 
in bitch, 175-176 

for false pregnancy, 245 
in dog, for benign prostatic hypertrophy, 340 
in queen, for estrus suppression, 450 

Melanin, in epithelial cells, 33, 33 
Melanoma, scrotal, 335 
2-Mercaptoethanol (2-ME), for RCAT, 89, 90t 
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Mesosalpinx, congenital cysts of, 463 
Metabolic disorder(s), 554t-555t 
Metergoline, for false pregnancy, 245 
Metestrum cell(s), normal cytology of, 33, 33 
Metestrus. See Diestrus; Postestrus. 
Methemoglobinemia, in dog, 559t 
Methotrexate, for transmissible venereal tumors, 240, 

365 
Methylene blue stain, 35 
Methyltestosterone, for suppression of spermatogenesis, 

310 
Metritis, in bitch, 220 

and vulvar discharge, 226t 
clinical feahtres of, 130, 130 
etiology of, 129-130 
septic, and dystocia, 115 
treatment of, 130-131 

in queen, postparhm1, 443, 443 
vs. pyometra, 207 

Metrorrhagia postpartum. See Subinvolution of placental 
sites (SIPS). 

MGA. See Megestrol acetate (MGA). 
Mibolerone, for irregular estrus, 264 

in bitch, 177t, 177-178 
for false pregnancy, 245 

in queen, for estrus suppression, 450 
Mibolerone, and clitoral hypertrophy, 233 
Microcheilia, 553t 
Microcornea, 556t 
Micropenis, 357-358 
Microphakia, 556t 
Microphthalmos, 556t 
Mifepristone (RU486), 126, 187 
Milk, composition of, 441t 

cytology of, 133t 
from bitch, components of, 438 

mastitis and, 132-133, 132-133, 133t 
from commercial formula, vs. bitch's milk, 134, 135 
from queen, with mastitis, 443, 444 

Milk replacer, for orphaned kittens, 441t, 441-442 
Mineral(s), trace, in prostatic fluid, 296, 299t 
Minocycline, for canine brucellosis, 91, 320 
Minute virus of canines (MVC), and pregnancy 

loss, 94 
in neonatal pups, 164 

MIS. See Miillerian inhibiting substance (MIS). 
Mismate injection(s), for prevention of pregnancy, in 

queen, 450-451 
Mitral valve, malformation of, 552t 
Monitor(s), for prediction of parhtrition, 107 
Monorchia, 525 
Monosomy, 194 
Monster(s), fetal, 114, 115 
Mosaicism, and persistent anestrus, in queen, 489 

and pregnancy loss, in bitch, 97, 98t 
Motility, of spermatozoa. See Spermatozoa, motility of. 
Motor neuropathy, 562t 
Motor reflex(es), in neonatal pups, 152t 
MPA. See Medroxyprogesterone acetate (MPA). 
Mucinosis, cutaneous, 566t 
Mucometra, in bitch, 206-207 

in queen, 464, 464 
Miillerian inhibiting substance (MIS), and sexual 

differentiation, in male dog, 275, 312 
in queen, 389 

Mummification, fetal, 88 
chromosomal abnormalities and, 98t 
in queen, 424-425, 426 

Muscle relaxant(s), during pregnancy, SSt 
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Muscular disorder(s), 563t 
MVC. See Minute virus of amines (MVC). 
Myasthenia gravis, 563t 
Mycoplasma, and infertility, 267 

and pregnancy loss, in bitch, 95 
in queen, 423 

in vaginal cultures, 45-46, 228 
Myoclonus, familial, 563t 
Myometrium, in cystic endometrial 

hyperplasia-pyometra complex, 209, 
209-211 

trophoblastic invasion of, in subinvolution of 
placental sites, 139, 140 

Myopathy, 563t 

Nafarelin acetate, for suppression of spermatogenesis, 
310 

Narcolepsy, 562t 
Nares, stenotic, 565t 
Natural mating, of bitch, 55-57, 57 
Necrospermia, 383 
Neonate(s). See specific species, e.g., Pup(s). 
Neoplastic cell(s), in vaginal cytology, 34, 34 
Neospora caninum infection(s), and pregnancy 

loss, 95 
Neubauer hemacytometer, for determination of 

spermatozoa concentration, 294, 294 
Neurologic disorder(s), 561t-563t 
Neurologic function, in neonatal pups, 152, 152t 
Neuromuscular blocking agent(s), for cesarean section, 

123 
Neuromuscular disorder(s), 563t 
Neutering. See also Sterilization. 

early, of male dog, complications of, 308 
Neutrophil(s), during diestrus, 39, 39 

vaginal, during proestrus, 397, 399 
Nevi, 567t 
Nifedipine, as tocolytic agents, 125 
Night blindness, stationary, 557t 
Nonreceptive behavior, 264-265, 265 
Norwegian catheter, for artificial insemination, 

61, 61 
Nosocomial infection(s), and septicemia in neonatal 

pups, 160 
Nursing, by kittens, 432, 439 

mastitis and, 444 
by pups, mastitis and, 133-134 

Nutrition, during lactation, in queen, 438, 439t 
during pregnancy, in bitch, 78t, 78-79 

in queen, 420, 420-421 

Obesity, after orchiectomy, in dog, 308 
after sterilization, 171, 174 : 

Obstructive dystocia, in bitch, 118, 119 
in queen, 433, 433t, 434 

OHE. See Ovariohysterectomy (OHE). 
Oligozoospermia, 378-381, 379, 380t 

diagnostic criteria for, 378-379 
drugs causing, 380t 
etiology of, 379-380, 380t 
seasonal, 379 
treatment of, 380-381 

Oocyte(s), life span of, and promotion of conception, 48 
Oophoritis, 200 
Optic nerve, disorders of, 556t-557t 

Orchiectomy, for cryptorchidism, 531-532 
for orchitis / epididymitis, in dog, 319 
for spermatic cord torsion, 328 
for sterilization, 307-308 
for testicular neoplasia, 324 

in cat, 533-534 
Orchiopexy, for cryptorchidism, 316 
Orchitis, in cat, 532 

in dog, 317-321, 318, 320 
and oligozoospermia, 380 
autoimmune, 317-318 

and azoospermia, 376 
clinical features of, 317 
diagnosis of, 318, 318 
pathogenesis of, 317 
treatment of, 318-319 

Orogastric feeding tube(s), for orphaned kittens, 
441-442 

Oronasal cavity, abnormalities of, in pups, 158, 158 
Orphaned pup(s). See Pup(s), orphaned. 
Os penis, fracture of, 359-360, 360 
Outcrossing, 41 
"Outside" tie, 56 
Ovaban. See Megestrol acetate (MGA). 
Ovarian artery, anatomy of, 2, 3 
Ovarian cyst(s), in bitch, 195-199, 196t, 197-198 

and vulvar discharge, 226t 
follicular, 195-198, 196t, 197-198 

breed predisposition in, 195, 197 
clinical signs of, 197, 198 
differential diagnosis of, 197 
fluid composition in, 195, 196t 
hormonal effects of, 195, 196t 
imaging of, 198 
incidence of, 195 
pathogenesis of, 195 
pathology of, 197, 197-198 
size of, 195 
treatment of, 198 

germinal, 199 
progesterone-secreting, and persistent anestrus, 261 
rete, 199 

in queen, 456-457, 457-458 
follicular, and persistent estrus, 491, 491t 
progesterone-secreting, and persistent anestrus, 490 

luteal, 198 
Ovarian remnant syndrome, in bitch, 199-200 

in queen, 457-459, 458 
causes of, 457-458 
clinical signs of, 458 
treatment of, 458, 458-459 

Ovariectomy, in bitch, 170-172, 171, 172t 
Ovariohysterectomy (OHE), for granulosa cell tumors, 203 

hemorrhage from, 170, 171 
in bitch, 170-172, 171, 172t 

and persistent anestrus, 258 
and risk of mammary neoplasia, 247 
for cystic endometrial hyperplasia-pyometra 

complex, 214-216 
for follicular cysts, 198 
for germ cell tumors, 203 
for pregnancy termination, 180 

in queen, for cystic endometrial 
hyperplasia-pyometra complex, 468, 469t 

for sterilization, 447-448, 449-450 
unknown history of, and infertility, 489 
with cesarean section, for uterine inertia, 435-436 

ovarian remnant syndrome after, 199-200 
with surgical excision of mammary neoplasia, 250 



Ovary(ies), autotransplantation of, 172 
cysts of. See Ovarian cyst(s). 
function of, and estrous behavior, 490-491, 491 

hysterectomy and, 3 
in bitch, agenesis of, 193 

anatomy of, 2-3, 2-3 
aplasia of, and persistent anestrus, 261 
blood supply to, 2-3, 3 
congenital· anomalies of, 193-195, 194 
histology of, during estrous cycle, 9-11, 10-11 
hypoplasia of, 193 
neoplasia of, 200- 203, 201 

diagnosis of, 201, 201 
epithelial, 201-202 
germ cell, 203 
incidence of, 200-201 
metastatic, 201 
pathogenesis of, 201 
sex cord/stromal, 202-203 

in queen, anatomy of, 390, 390 
aplasia of, and persistent anestrus, 490 
congenital anomalies of, 453-456, 454-455 
development of, 389 
dysgenesis of, 453, 454-455 
histology of, during estrous cycle, 390 
neoplasia of, 459t, 459- 461, 460 

and persistent anestrus, 490 
and persistent estrus, 491-492 
epithelial, 459, 459t 
germ cell, 459t, 459-460, 460 
sex cord/stromal, 460, 460-461 

supernumerary, 456 
Overpopulation, 168, 169t, 447, 448t 
Oviduct(s). See Uterine tube(s). 
Ovotestes, in hermaphroditism, 454-455 
Ovulation, and follicular histology, 10, 10-11 

determination of, for mating, 56 
in bitch, 22 

timing of, and promotion of conception, 48-49 
for mating, 49-55, 50-54, 53t 

estrogen assays for, 52-53 
luteinizing hormone assays for, 52, 53t, 57 
progesterone assays for, 49-52, 50, 52 
vaginal cytology for, 53, 54 

in queen, anesthesia before, and conception rates, 407, 
409 

anestrus, induction of, 403 
copulation and, 396, 398 
fa ilure to induce, 545-547 
induction of, for estrus suppression, 450 
spontaneous, 402 

timing of, and prediction of whelping date, 106t, 
106-108, 107 

vaginal cytology during, 36 
Oxytocin, for cystic endometrial hyperplasia-pyometra 

complex, 219 
for induction of parturition, 126 
for uterine involution, 129 
in bitch, for dystocia, 121 

for metritis, 131 
in queen, for dystocia, 435 

Packed cell volume, during pregnancy, in queen, 421 
in neonatal kittens, 440t 

Pain, and failure of erection, 370 
Pancreas, disorders of, 560t-561t 
Panosteitis, 551 t 
Papanicolaou stain, 35, 35 

Parabasal cell(s), during anestrus, 39, 39 
during diestrus, 39 
during estrus, 399, 401 
normal, 32, 32 
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Paramesonephric duct(s), development of, 1-2 
Paraovarian nodule(s), adrenocortical, ectopic, 456 
Paraphimosis, in cat, 539 

in dog, 358, 358-359 
Parasite(s), and pregnancy loss, 95 
Parotid salivary gland, enlargement of, 553t 
Parovarian cyst(s), 199 
Parturition, abnormal. See Dystocia. 

and vagii1al prolapse, 234 
in bitch, 1 05-126 

endocrinology of, 105 
onset of, prediction of, 106t, 106-108, 107 
prevention of, 125 
stage I of, 108 
stage II of, 108-110, 109- 111, 112t 
stage III of, 110, 112 

in queen, 431-436 
normal, 431-432, 432 
physiology of, 431, 432 
seasonal distribution of, 431, 432 

induction of, medical, 125- 126 
toxemia and, 86 

resuscitation after, 124, 124 
screening for fetal defects after, 124-125, 125 

Parvovirus, canine, in neonatal pups, 164 
Passive i.Jnmunity, from colostrum, in pups, 153 
Patellar luxation, 551 t 
Patent ductus arteriosus, 552t 
Paternity testing, of pups, 155-157, 156t, 157 
Pectus excavatum, in pups, 159 
Pelger-Huett anomaly, 560t 
Pemphigus erythematosus, and scrotal dermatitis, 335 
Penicillin, for mastitis, 134, 135t-136t 

for septicemia, in neonatal pups, 161t-162t 
Penile adhesion(s), after castration, 522 
Penile frenulum, 356, 357 
Penile spine(s), 502, 502-503 
Penis, amputation of, for priapism, 363 

in cat, amputation of, for priapism, 540-541 
anatomy of, 502-503, 502-503 
congenital anomalies of, 539 
mjury to, 539-540 
neoplasia of, 541 

in dog, anatomy of, 282-284, 284 
congenital anomalies of, 356-358, 357, 564t-565t 
hypoplasia of, 357 
neoplasia of, 363-364, 363- 365 
tratuna to, 359-360, 360 

size of, early gonadectomy and, 174 
Penrose drain(s), after treatment of prostatitis, 347 
Perineal urethrostomy, for priapism, 540-541 
Periparturient disorder(s), 129-143. See also Postpartum 

period, in bitch. 
Persistent hyperplastic primary vitreous, 557t 
Persistent pupillary membrane, 557t 
Persistent right aortic arch, 552t 
Pet(s), relinquishment of, reasons for, 168, 170t 
Pet nurser(s), for orphaned kittens, 441 
Pet overpopulation, 168, 169t, 447, 448t 
PGFM (plasma 13,14-dihydro-15-keto-prostaglandin 

F,,), and parturition, 105 
pH, of semen, 293 
pH partitioning, and action of antibiotics, 137 
Phenotype, and paternity, 155, 156t, 157 
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Phenotypic sex, abnormalities of, in tom cat, 529, 
529-530 

differentiation of, in bitch, 1 
in male dog, 275, 276 

Phenyltriazole isoindole(s), for pregnancy termination, 
in bitch, 1SS 

Phimosis, in cat, 539 
in dog, 358, 35S-359 

Photoperiod . See Light, exposure to. 
Physeal closure, gonadectomy and, in cat, 522 

in dog, 44S, 449 
Pituitary dwarfism, 555t 
Placenta, in bitch, relaxin in, 69-70 

removal of, during cesarean section, 123, 124 
transfer of drugs across, SO, SOt 

in queen, retained, 442 
Placental site(s), subinvolution of. See Subi11volution of 

placental sites (SIPS). 
Placentation, in bitch, 70, 72, 72 

in queen, 415-416 
previous sites of, 110, 112 

Placentitis postpartum. See Subinvolution of placental sites 
(SIPS). 

Plasma 13,14-dihydro-15-keto-prostaglandin F2., 

(PGFM), and parturition, in bitch, 105 
Plasma cell(s), in cystic endometrial 

hyperplasia-pyometra complex, in bitch, 209, 209 
PMSG (pregnant mare serum gonadotropin), for estrus 

induction, 262, 263t 
Pneumocystosis, 560t 
Polycystic kidney(s), 56St 
Polycystic mastopathy, 246 
Polydactyly, 551t 
Polyp(s), endometrial, 221 
Polyploidy, 195 
Pooled serum, from adult dogs, for septicemia, in 

neonatal pups, 161-162 
Portosystemic venous shunt, in dog, 560t 
Position, fetal, in pups, 109, 111 

and dystocia, 112, 114, 115 
Postestrus, in queen, 400-402 
Postpartum period, in bitch, agalactia in, 13S-139 

care during, 129 
galactostasis in, 13S 
hemorrhage during, ergonovine for, 121 
hypocalcemia during, 141-143, 143t 
mastitis during, 131-13S, 132-136, 133t-136t. See 

also Mastitis, in bitch. 
metritis during, 129-131, 130-131. See also Metritis. 
subinvolution of placental sites in, 139-141, 

140-141, 220 
in queen, 43S-445 

care during, 43S-439, 439t 
hypocalcemia during, 445 
lactation failure during, 445 
mastitis duripg, 443-445, 444 
metritis during, 443, 443 
nutrition during, 43S, 439t 
retained placenta during, 442 
uterine prolapse during, 442 

Posture, fetal, in pups, 109, 111 
and dystocia, 112, 114, 115 

Preanesthetic drug(s), during pregnancy, S3t-S4t 
Pregnancy, estrous behavior during, 414 

false. See False pregnancy. 
hormone profiles during, 67-70, 68 
in bitch, 66-99 

age and, 97 
and risk of mammary neoplasia, 247 

Pregnancy (Continued) 
anorexia during, S6 
cardiac disease during, S7 
diabetes mellitus during, S6-S7 
diagnosis of, 73, 73-77, 74t-77t 

abdominal palpation in, 73, 73 
acute-phase proteins in, 74-75 
radiography in, 73-74, 74t 
ultrasonography in, 74, 75t-76t 

drug administration during, 79-SO, SOt-S6t 
hormonal changes during, 24 
hypertension during, S7 
implantation in, 70, 72, 72 
maintenance of, 66-67 

progesterone and, 27 
management of, 77-SO, 7St-S6t, 79 

diagnostic testing in, SO 
nutritional, 7St, 7S-79 
physical examination in, SO 
whelping area for, 79, 79 

physiologic changes during, 24, 67, 67t 
vs. pathologic conditions, 70, 71t-72t 

placentation in, 70, 72, 72 
prevention of, 16S-179, 169t, 171, 172t, 176-179, 

177t 
surgical, 16S-175, 169t, 171, 172t. See also 

Sterilization, of bitch. 
pyelonephritis during, S7 
termination of, 179-1SS, 1Slt-1S7t, 183 

epostane in, 1S6-1S7 
estrogen in, 1S0-1S2, 1S1t 
glucocorticoids in, 1S6 
GnRH antagonists in, 1S7-1SS 
mifepristone in, 1S7 
nonhormonal compounds in, 1SS 
ovariohysterectomy in, 1SO 
physical examination before, 1SO 
prolactin inhibitors in, 1S6, 1S7t 
prostaglandins in, 1S2-1S6, 183, 1S4t-1S5t 

toxemia during, SO, S6 
transuterine migration of embryo during, 70 
vaccination during, 7S 
vaginal cultures during, 4St 

in queen, 414-427 
diagnosis of, 416-419, 417-420, 41St-419t 

abdominal palpation in, 416, 417, 41S, 41St 
radiography in, 41S, 41St-419t, 418-419 
ultrasonography in, 41St, 419, 419 

ectopic, 424-425, 426 
hypocalcemia during, 445 
implantation in, 415-416 
length of, 421, 421 
management of, 419-421, 420-421 

nutritional, 420, 420-421 
physiologic changes during, 414-415, 

415-416 
placentation in, 415-416 
prevention of, 447-44S, 449-450 
termination of, 450-451 

insulin resistance during, 71t . 
resorption of, 421-424, 425t. See also Pregnancy loss . 

Pregnancy loss, in bitch, S7-99, SSt, 90t, 98 
definition of, S7 -SS · 
diagnosis of, SS, SSt 
from endocrine disorders, 95-96 
from environmental factors, 9S-99 
from genetic disorders, 97-9S, 98, 9St 
from infections, SS-95, 90t 

bacterial, SS-93, 90t 



Pregnancy loss (Continued) 
parasitic, 95 
viral, 94-95 

from maternal endocrine abnormalities, 95-96 
in queen, 421-427, 425t, 426 

diagnosis of, 424, 425t 
from chromosomal abnormalities, 423-424 
from environmental factors, 424, 425t 
from infections, 422-423 
from nutritional insufficiency, 423 
from uterine torsion, 425-427, 426 
incidence of, 421-422 

Pregnant mare serum gonadotropin (PMSG), for estrus 
induction, 262, 263t 

Prepuce, in cat, bacterial flora of, 502-503 
in dog, anatomy of, 284, 284 

congenital anomalies of, 357, 565t 
hypoplasia of, 358 
neoplasia of, 363-365, 364 

Preputial adhesion(s), after castration, 522 
Presentation, fetal, in pups, 108, 111 

and dystocia, 112, 114, 115 
Preterm labor, prevention of, 125 
Priapism, in cat, 540, 540-541 

in dog, 362, 362-363 
Primary ciliary dyskinesia, and asthenozoospermia, 

383-384 
Proctoscope(s), pediatric, for vaginoscopy, 42, 44 
Proestrus, definition of, 18 

in bitch, 18-22, 19-21, 23-25 
behavioral signs of, 18, 19 
clinical features of, 18, 19 
endometrium during, 13 
histologic features of, 18, 20 
hormonal features of, 21 

in queen, 396-397, 397, 398t, 399 
vaginal cytology during, 397, 399 

ovarian histology during, 9, 10 
progesterone assay during, 50 
progression to estrus, vaginal cytology during, 

35-36 
sexual reflexes during, 18 
uterine anatomy during, 3, 5 
uterine histology during, 12 
vaginal cultures during, 47t 
vaginal cytology during, 36, 36, 37 
vaginal mucosa during, 4-5, 8 
vulvar morphology during, 266 

Progesterone, and carbohydrate metabolism, 87 
during pregnancy, 67-69, 68, 75, 77 
for prevention of preterm labor, 125 
in bitch, and cystic endometrial 

hyperplasia-pyometra complex, 207-208, 208t 
and maintenance of pregnancy, 27, 66 
and parturition, 105 
during anestrus, 28 
during proestrus, 21 
for hypoluteoidism, 96, 269 
for subinvolution of placental sites, 141 

in queen, and cystic endometrial 
hyperplasia-pyometra complex, 465 

and mammary hyperplasia, and progression to 
neoplasia, 476-477 

during diestrus, 402, 402 
repositol, for prevention of pregnancy loss, 424 
secretion of, by ovarian cysts, and persistent 

anestrus, 490 
luteinizing hormone surge and, 22, 23t 
secretion of, luteinizing hormone and, 66 
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Progesterone (Continued) 
serum, during pregnancy, 414, 415-416, 419 

in false pregnancy, 243-244, 244 
in ovarian remnant syndrome, 200 
in queen, before parturition, 431 
prostaglandin F2a and, 182, 183 

Progesterone assay, for timing of ovulation, 49-52, 50, 
52, 56-57 

Progesterone receptor(s), and mammary neoplasia, 
479 

Progestin(s), and sterilization, 523-524 
for benign prostatic hypertrophy, 340 
for contraception, 175-177 

Progestogen(s), after hysterectomy, and cystic 
endometrial hyperplasia-pyometra complex, 
467-468 

and mammary hyperplasia, 542, 542t 
and mammary neoplasia, 478-479 
and persistent anestrus, 259 
for estrus suppression, 448, 450 

Prognathism, 553t 
Prolactin, and maintenance of pregnancy, 66 

in bitch, and parturition, 105 
during diestrus, 27-28 
during pregnancy, 68, 69, 77 
during proestrus, 21-22 

in queen, during pregnancy, 415, 416 
plasma, in false pregnancy, 243 

Prolactin inhibitor(s), for pregnancy termination, 186, 
187t 

Proligestone, 177 
Proscar. See Finasteride (Proscar). 
Prostaglandin(s), for induction of parturition, 126 

for pregnancy termination, 182-186, 183, 
184t-185t 

Prostaglandin analog(s), for pregnancy termination, 183, 
185t, 186 

Prostaglandin F2a , and interestrous interval, 183 
for cystic endometrial hyperplasia-pyometra 

complex, 216-219, 217t, 218 
in queen, 468-469, 469t 

for induction of abortion, 451 
for metritis, in bitch, 131 
for pregnancy termination, 182-183, 183, 184t 
side effects of, 218 

Prostate, benign hypertrophy of. See Benign prostatic 
hypertrophy (BPH). 

in cat, anatomy of, 501, 501 
disorders of, 537, 537-538 

in dog, abscesses of, 344, 345, 347 
anatomy of, 281-282 
cysts of, 341-343, 343 

clinical signs of, 341-342 
diagnosis of, 342, 342 
pathogenesis of, 341 
treatment of, 342-343 

epithelial cells of, collection of, 338 
neoplasia of, 347-351, 349 

clinical signs of, 348 
diagnosis of, 348-349, 349 
metastatic, 349 
risk factors for, 348 

squamous metaplasia of, 343 
ultrasonic aspiration of, for neoplasia, 350-351 
ultrasonography of, 352 

Prostatectomy, for cysts, 343 
for prostatic neoplasia, 350 
for prostatitis, 347 

Prostate-specific antigen (PSA), 339 
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Prostatic fluid, in cat, 51St 
in dog, analysis of, 296, 299t 

cytology of, in prostatitis, 345 
Prostatic wash, 350 
Prostatitis, 343-347, 345, 346t 

and oligozoospermia, 379-380 
clinical signs of, 344 
diagnosis of, 344-346 
etiology of, 343-344 
treatment of, 346t, 346-347 

Prostatomegaly, in dog, from cysts, 342 
a-Prostol, in bitch, for pregnancy termination, 185t 
Protein(s), acute-phase, in diagnosis of pregnancy, 

74- 75 
coagulation, disorders of, 558t 
C-reactive, in diagnosis of pregnancy, 75 

PSA. See Prostate-specific antigen (PSA). 
Pseudocervix, 4, 4 
Pseudocyesis. See False pregnancy. 
Pseudohermaphroditism, female, and infertility, 375 

in cat, 529, 529-530 
in dog, 193-194, 194, 565t 

clitoral hypertrophy in, 233 
male, 312-313 

uterine anomalies in, 206 
in queen, 455 

Pseudopregnancy. See False pregnancy. 
Psychological factor(s), in failure of copulation, 374 
Puberty, 18, 19t 

in male dog, 276-277, 370 
in queen, 396 
in tom cat, 503-504 

Puerperal tetany, 141-143, 143t 
Pulmonary emphysema, 565t 
Pulmonary function, in neonatal pups, 150-152 
Pulmonic stenosis, 552t 
Pup(s), body weight of, 158, 158 

bottle-fed, 165 
care of, after cesarean section, 124-125, 124- 125 
growth of, commercial formula vs. bitch's milk and, 

134, 135 
neonatal, blood urea nitrogen in, 155, 156t 

blood-brain barrier in, 152 
carbohydrate regulation in, 148-149, 150t-151t 
cardiopulmonary function in, 150-152 
failure to thrive in, 158, 158 
gastrointestinal fw1ction in, 152-153, 153, 153t 
genetic disorders in, 157-158, 158 
heat sources for, 147-148, 147-148 
hepatic function in, 149-150, 151t 
immunity in, 72, 153 
laboratory profiles of, 153-155, 154-155, 156t 
neurologic function in, 152, 152t 
physiologic differences between adult dog, 

146-153, 147t-153t, 147-148, 153 
renal function in, 149-150 
septicemia in, 159-162,:160 
thermoregulation in, 146-148, 147t, 147-148 
tube feeding of, 162, 163 
viral infections in, 162, 164 

nursing of, mastitis and, 133-134 
orphaned, care of, 164-165, 164-165 

environmental temperatures for, 146, 147t 
partial delivery of, 118, 119 
paternity testing of, 155-157, 156t, 157 
pectus excavatum in, 159 
position of, 109, 111 
posture of, 109, 111 
presentation of, 108, 111 

Pup(s) (Continued) 
swimmer, 158-159, 159 
tooth eruption in, 153, 153t 
vaginal cultures from, 45t 
weaning of, 129 

Pupil(s), anomalies of, 557t 
Pyelonephritis, during pregnancy, 87 
Pyknotic cell(s), 36, 36 
Pyloric stenosis, 553t 
Pyoderma, in orphaned pups, 165, 165 
Pyometra. See also Cystic endometrial 

hyperplasia-pyometra complex. 
and vulvar discharge, 227t 
of uterine stump, 220 
vs. metritis, 207 

Queen, anestrus, induction of ovulation in, 403 
breeding of, 406-412. See also Breeding, of queen. 
cesarean section in, 435 
embryo transfer in, 409-412 
estrous cycle in. See Estrous cycle, in queen. 
in vitro fertilization of, 409-412. See also In vitro 

fertilization. 
infertility in. See Infertility, in queen. 
parturition in, 431-436. See also Parturition, in queen. 
pregnancy in, 414-427. See also Pregnancy, in queen. 
reproductive system of, anatomy of. See Reproductive 

system, of queen, anatomy of. 
bacterial flora in, 393-394, 394t 

sexual differentiation in, 389-390 
subfertility in, 494 

Queening box(es), 419-420 
Quinolone(s), for mastitis, 137 

Radiation therapy, for mammary neoplasia, 252 
for suppression of spermatogenesis, 310 
for transmissible venereal tumors, 365 

Radiography, in diagnosis of cystic endometrial 
hyperplasia-pyometra complex, 214 

in diagnosis of dystocia, 119 
in diagnosis of pregnancy, in bitch, 73-74, 74t 

in queen, 418, 418t-419t, 418-419 
inmammary neoplasia, 480 
in os penis fracture, 359, 360 
in prostatitis, 344 

Radioimmunoassay (RIA), for progesterone assay, 51, 
5lt, 57 

Radius, agenesis of, 551 t 
physeal closure in, gonadectomy and, in cat, 522 

in dog, 448, 449 
Rapid card agglutination test (RCAT), 43-44, 44t 

for canine brucellosis, 89, 90t 
Rapid slide agglutination test (RSAT), for canine 

brucellosis, 319-320 
RCAT. See Rapid card agglutination test (RCAT). 
Rectal temperature, and prediction of parturition, in 

bitch, 106t, 106- 107, 107 
in queen, 431 

in neonatal pups, 146, 147 
Red blood cell(s). See Erythrocyte(s). 
Reflex(es), in neonatal pups, 152, 152t 
Relaxin, during diestrus, 28 

during pregnancy, in bitch, 69-70, 77 
in queen, 415, 416 

Renal disease, in cystic endometrial 
hyperplasia-pyometra complex, 211, 213-214 

in dog, 568t 



Renal ftmction, in neonatal pups, 149-150 
Repositol progesterone, for prevention of pregnancy 

loss, 424 
Reproduction, in bitch, nonsurgical control of, 175-178, 

176, 177t 
surgical control of, 168-175, 169t, 171, 172t. See also 

Sterilization, of bitch. 
Reproductive capacity, of male dog, body weight and, 

294, 295t 
Reproductive history, in infertility work-up, of bitch, 

257-258 
of male dog, 370-371 

Reproductive system, of bitch, anatomy of, 2-9, 
2-9 
clitoris and, 9 
mammary gland and, 9, 9 
ovaries and, 2-3, 2-3 
uterine tubes and, 3 
uterus and, 3-4, 4-6 
vagina and, 4-7, 6-8 
vestibule and, 7, 9 
vulva and, 9 

examination of, before breeding, 42-43, 42-44, 43t 
of male dog, anatomy of, 275-284, 278-280, 278-284, 

282t, 283-284 
ductus deferens and, 281, 283 
epididymis and, 278-281, 279-280 
penis and, 282-284, 284 
prepuce and, 284, 284 
prostate and, 281-282 
scrotum and, 278-280, 278-281 
seminiferous tubules and, 279, 280 
spermatic cord and, 281, 283 
testes and, 278-281, 279-280 

congenital anomalies of, 564t-565t 
of queen, anatomy of, 389-394 

cervix and, 392 
clitoris and, 392 
mammary glands and, 393, 393 
ovaries and, 390, 390 
uterus and, 390-392, 391 
vagina and, 391, 391-392 
vestibule and, 392 
vulva and, 393 

bacterial flora in, 393-394, 394t 
of tom cat, anatomy of, 498 

bulbourethral glands and, 501-502 
epididynus and, 500-501, 501 
penis and, 502-503, 502-503 
prostate and, 501, 501 
sperm a tic cord and, 500-501, 501 
testes and, 499-500, sao 
vas deferens and, 500-501, 501 

tubular, impatent, and infertility, in bitch, 270 
in queen, 493, 493t 

Respiration, in neonatal pups, 151 
Respiratory disorder(s), 565t 
Respiratory support, of pups, after cesarean section, 

124, 124 
Resuscitation, after cesarean section, 124, 124 
Rete cyst(s), 199 
Rete ovarii, cysts of, 457 

in queen, 389 
Retention cyst(s), prostatic, 341-343, 342 
Retina, anomalies of, 557t 
Retrograde cystourethrography, in benign prostatic 

hypertrophy, 338, 339 
in prostatic neoplasia, 349, 352 
in prostatitis, 344 

Retrograde ejaculation, in cat, 510, 513t 
in dog, 372-373 

RIA. See Radioimnwnoassay (RIA). 
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Riboflavin, deficiency of, and testicular degeneration, 
532 

Right aortic arch, persistent, 552t 
Rocky Mountain spotted fever, and scrotal dermatitis, 

334-335 
RSAT. See Rapid slide agglutination test (RSAT). 
RU486 (mifepristone), 126, 187 
RU46534, for cystic endometrial hyperplasia-pyometra 

complex, 219 

Salivary gland, parotid, enlargement of, 553t 
Salmonella infection(s), and pregnancy loss, 92-93 
Salpingitis, in bitch, 221 
Sclerosing agent(s), epididymal, and sterilization, 523 

epididymal/testicular, and sterilization, 308-309, 309 
Scrotum, anatomy of, 278-280, 278-281, 333 

dermatitis of, 334-335 
hernia of, 333-334 
neoplasia of, 335 
vascular supply to, 278 
width of, body weight and, 378, 379 

Seborrhea, 567t 
Semen, alkaline phosphatase in, and fertility, 375 

carnitine in, and fertility, 375 
characteristics of, 509t 
chilled extended, for artificial insemination, of bitch, 

59-60, 60t 
of queen, 519 

collection of, in cat, 508-510, 510-511, 512t-513t, 513 
artificial vagina for, 508, 510 
cystocentesis for, 510, 513t 
electroejaculation for, 508, 510, 511, 512t 

in dog, 287-290, 288-289, 289t 
DNA identification with, 301, 301 
interval between, 289-290 
stimulation of libido for, 287 
vessels for, 287-288, 288 

evaluation of, in cat, 511-518, 514-517, 518t-519t, 545 
by sperm penetration assays, 518 
chemical, 514, 51St 
for motility of spermatozoa, 511 
for number of spermatozoa, 511 
for sperm cell morphology, 511, 514, 514-516 
for sperm cell ultrastructure, 514, 517 
for spermatozoal abnormalities, 515-516 
for volume, 511 
microbiologic, 514, 518, 519t 

in dog, 290-298, 291, 292t, 294-298, 295t 
cytology I culture for, 296, 298t-299t 
for color, 290, 293 
for concentration of spermatozoa, 293-294, 294, 

295t 
for morphology, 294-296, 296-298 
for pH, 293 
for progressive motility of spermatozoa, 293 
for volmne, 290 
form for, 291 
interpretation of, 297-298 

fresh, for artificial insemination, of bitch, 57-59, 59 
of queen, 408-409, 411 

frozen, for artificial insenunation, of bitch, 60t, 60-63, 
61-62 , 301-303, 302t 

of queen, 408-409, 411 
procedure for, 518-519 

infection of, 384 
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Semen (Continued) 
inflammatory sediment in, 384 
preservation of, canine, 298-303, 299t, 301 , 302t 

extended chilled, 300-301, 301, 303-304 
extenders for, 298-300, 299t 
frozen, 301-304, 302t 

feline, 518-519 
quality of, in cat, 545-547 

in dog, 289, 289t 
after unilateral orchiectomy, 319 
age and, 290 
breed and, 290 
collection interval and, 289-290 
normal parameters for, 292t 
orchiopexy and, 316 
prostatitis and, 344 

sperm concentration of, 509t, 511 
thawing of, 63, 302-303 
volume of, 509t, 511 

Semen extender(s), 298-300, 299t, 303 
Seminal fluid . See Semen . 
Seminiferous tubule(s), anatomy of, in cat, 499, 500 

in dog, 279, 280 
degeneration of, 533 
development of, 277, 277 
histology of, in male tortoiseshell/calico cat, 527, 528 

Seminoma(s), 326 
Sensory neuropathy, 563t 
Septic metritis, and dystocia, 115 
Septicemia, in neonatal pups, 159-162, 160 

clinical signs of, 160, 160 
risk factors for, 160 
treatment of, 160-162, 161t-162t, 163 

Serologic testing, before breeding, 43-44, 44t 
Serosal cyst(s), 220 
Sertoli cell(s), 279 
Sertoli cell tumor(s), in cat, ovarian, 461 

testicular, 533 
in dog, 324- 326, 325 

and gynecomastia, 368 
and oligozoospermia, 379 

Serum chemistry concentration(s), in neonatal pups, 
154-155, 156t 

Sex cord(s), development of, 275 
Sex cord tumor(s), in bitch, 202-203 

in queen, 460, 460-461 
Sexing, of newborn kittens, 439 
Sexual behavior, early spay/neuter and, 174-175 

in bitch, abnormal, 265 
in male dog, orchiectomy and, 307-308 
in tom cat, elimination of, 521 

experimental brain lesions and, 504-505 
Sexual differentiation, abnormalities of, in bitch, and 

persistent anestrus, 261, 261 
in dog, and failure of copulation, 373 
in queen, and persistent anestrus, 489 
in tom cat, 525-530, 527-530, 528t 

in bitch, 1-2, 2t 
in male dog, 275-277, 276-277 
in queen, 389-390 
in tom cat, 497-499, 498 

Sexual partner(s), preference for, 492 
Sexual reflex(es), in bitch, during proestrus, 18 
Shoulder, luxation of, 551t 
Silent heat, in bitch, 18 

and persistent anestrus, 258-259 
SIPS. See Subinvolution of placental sites (SIPS) . 
Skin disorder(s)! in dog, 566t-567t 

Smear(s), for vaginal cytology, 34t, 34-35, 34-35. See 
also Vaginal cytologt;. 

Somatostatin, during pregnancy, 71t 
Spaying, of bitch, 170-172, 171 , 172t 

and risk of mammary neoplasia, 247 
early, 172-175 

anesthesia for, 173-174 
complications of, 174-175 
indications for, 172-173 
technique of, 174 

of queen, early, 447-448, 449-450 
Sperm granuloma, 321 
Sperm penetration assay(s), 518 
Spermatozoa, in cat, abnormalities of, 515-516 

morphology of, evaluation of, 511, 514, 514-516 
motility of, 509t, 511 
number of, in semen, 509t, 511 
ultrastructure of, 514, 517 

in dog, abnormalities of, 295, 297-298 
evaluation of, 290-298, 291, 292t, 294-298, 295t. See 

also Semen, evaluation of. 
motility of, impaired, 383-384 

motility of, evaluation of, 293 
in chilled extended semen, 60, 60t, 519 

Spermatic cord, anatomy of, in dog, 281, 283 
in tom cat, 500-501, 501 

disorders of, in cat, 534 
torsion of, 328 

with cryptorchidism, 316 
Spermatocele(s), in cat, 534 
Spem1atocele, in dog, 321 
Spermatogenesis, in dog, 280, 281, 282t 

medical suppression of, 309-310 
in tom cat, 499, 500, 504 

Spermatogonia, 281 
Spermatozoa, agglutination of, 382-383 

in vaginal cytology, 33, 33 
Spina bifida, luxation of, 551t 
Spinal dysraphism, 563t 
Spine, short, 551t 
Split heat, 18, 264 
Spongiform encephalopathy, 563t 
Squame(s), 33 
Squamous cell carcinoma, in dog, penile, 363, 363 

scrotal, 335 
Squamous metaplasia, of prostate, 343 
SRY gene, 1 
Stain(s), for vaginal cytology, 34t, 34-35 
Stationary night blindness, in dog, 557t 
Sterility, in male tortoiseshell/calico cat, 525-528, 

527-528, 528t 
Sterilization, of bitch, cadmium chloride and, 169 

early spaying/neutering for, 172-175 
anesthesia for, 173-174 
complications of, 174-175 
indications for, 172-173 
technique of, 174 

ovariectomy for, 170-172, 171, 172t 
ovariohysterectomy for, 170-172, 171 , 172t 

of cat, 521-524 
castration for, 521_:522, 523 
epididymal sclerosing agents for, 523 
vasectomy for, 523 

of dog, obesity after, 171 
male, 307-308 

of queen, 447-448, 449-450 
Steroid hormone(s), and manunary neoplasia, in bitch, 

247-248 
production of, testicular, 499-500, 500 



Stool, of neonatal pups, 152, 153 
Strabismus, 556t 
Streptococcal infection(s), and pregnancy loss, 93 
Streptomycin, for canine brucellosis, 91, 320 
Stromal ovarian tumor(s), in bitch, 202-203 

in queen, 460, 460-461 
Subfertility, in male dog, management of, 297-298 

in queen, 494 
Subinvolution. of placental sites (SIPS), in bitch, 

139-141, 140-141, 220 
clinical features of, 139, 141 
incidence of, 139 
pathophysiology of, 139, 140 
treatment of, 141 
vulvar discharge from, 227t 

Superfecundation, in bitch, 72-73 
in queen, 406, 414 

Superfetation, in bitch, 72-73 
in queen, 414 

Superficial cell(s), during estrus, in bitch, 39, 39 
in queen, 401 

epithelial, 33, 33 
vs. intermediate cells, 36, 36 
with cytoplasmic bodies, 33, 33 

Swimmer pup(s), 158-159, 159 
Sympathomimetic drug(s), for retrograde ejaculation, 

373 

T cell(s), in neonatal pups, 153 
T3 (triiodothyronine), serum, factors affecting, 259-260, 

260t 
T4 (thyroxine), serum, factors affecting, 259-260, 260t 
Tamoxifen, for mammary neoplasia, in bitch, 251 

in queen, 481 
for pregnancy termination, 181 

Tapetal hypoplasia, 557t 
TAT. See Tube agglutination test (TAT) . 
Taurine, deficiency of, and pregnancy loss, 423 
Teat(s), anatomy of, in bitch, 131, 132 

in queen, 393, 393, 474, 475 
Teeth, abnormalities of, 553t 

eruption of, in pups, 153, 153t 
Temperature, environmental, for orphaned pups, 146, 

147t 
rectal, and prediction of parturition, in bitch, 106t, 

106-107, 107 
in queen, 431 

in neonatal pups, 146, 147 
Teratogen(s), in kittens, 421 
Teratoma, in bitch, 203 

in queen, 460, 460 
Teratozoospermia, 381-382, 382 
Testes, atrophy of, 321 

biopsy of, in diagnosis of azoospermia, 377-378, 378 
degeneration of, 321 

in cat, 532-533 
descent of, 276 

in cat, 498 
in dog, 313-314 

development of, 275-276 
feminization of, in cat, 529-530 

in queen, 456 
and persistent anestrus, 489-490 

hormones secreted by, 280-281 
hyperplasia of, in male tortoiseshell/ calico cat, 

525-528, 527-528, 528t 
in cat, anatomy of, 499-500, 500 

aplasia of, 525 

INDEX 589 

Testes (Continued) 
biopsy of, with history of infertility, 546-547 
congenital anomalies of, 525-530, 527-530, 528t 
cystic re_te, 530, 530 
injury to, 532 
neoplasia of, 533-534 
steroid production by, 499-500, 500 
weight of, 498-499 

in dog, anatomy of, 278-281, 279-280 
biopsy of, 321-323, 322-323 
congenital anomalies of, 312-313, 313 

functional compartments of, 279 
hypoplasia of, 565t 
neoplasia of, 324-327, 325 

and azoospermia, 376 
clinical signs of, 324 
diagnosis of, 324 
incidence of, 324 
Leydig cell, 326-327 
seminoma, 326 
Sertoli cell, 324-326, 325 
signalment of, 324 

retained, 313 
sclerosing agents for, 308-309, 309 
ultrasonography of, 327, 327 

undescended. See Cryptorchidism. 
Testicular cytology, in orchitis, 318 
Testosterone, in bitch, during diestrus, 28 

during pregnancy, 69 
during proestrus, 21 
for contraception, 177-178 
for mammary neoplasia, 251 

in cat, in cryptorchidism, 531, 531t 
secretion of, 499-500, 500 
serum, for infertility work-up, 546 

in male dog, and libido, 374 
and sexual differentiation, 312 
serum, and failure of erection, 370-371 

Tetany, puerperal, 141-143, 143t 
Tetracycline, for canine brucellosis, 91, 320 

for mastitis, 135t-136t, 137 
Tetralogy of Fallot, 553t 
Thermoregulation, in neonatal pups, 146-148, 147t, 

147-148 
Thrombopathia, 559t 
Thymus, atrophy of, 560t 

branchial cysts of, 559t 
Thyroid stimulating hormone (TSH), in canine 

hypothyroidism, 260 
L-Thyroxine, for hypothyroidism, 260-261 
Thyroxine (T4), serum, factors affecting, 259-260, 

260t 
TNM classification, of mammary neoplasia, 250, 

252t 
Tocolytic drug(s), 125 
Tom cat, copulation in, 504-505, 505 

prebreeding examination of, 505-506 
puberty in, 503-504 
sexual differentiation in, 497-499, 498 

Tortoiseshell/ calico cat, testicular hyperplasia in, 
525-528,527-528, 528t 

Toxemia, during pregnancy, and dystocia, 116 
in bitch, 80, 86 

Toxic milk syndrome, 138 
Toxoplasmosis, and pregnancy loss, in bitch, 95 

in queen, 423 
Trachea, congenital anomalies of, 565t 
Tranquilizer(s), for dystocia, 121 
Transcervical insemination, of frozen semen, 62 
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Translocation, 195 
Transmissible venereal tumor (TVT), in bitch, 239-240 

in male dog, 363-365, 364 
Transverse presentation, 111 
Triazole derivative(s), for pregnancy termination, 188 
Trichiasis, 557t 
Trichrome stain, 35, 35 
Tricuspid valve, dysplasia of, 553t 
Triiodothyronine (T3), serum, factors affecting, 259-260, 

260t 
Trimethoprim-sulfamethoxazole, long-term use of, 

346-347 
Triple-X syndrome, 564t 
Trisomy, 194 
Trophoblast(s), endometrial invasion by, in 

subinvolution of placental sites, 139, 140 
Trunk, fetal, diameter of, and gestational age in pups, 

74, 75t-76t 
Tube agglutination test (TAT), for canine brucellosis, 

319-320 
Tube feeding, of neonatal pups, 162, 163 

of orphaned pups, 164-165 
Tuberculosis, genital, feline, 532 
Tubular reproductive tract, impatent, and infertility, in 

bitch, 270 
in queen, 493, 493t 

TVT. See Transmissible venereal tumor (TVT). 
Tyrosinase, deficiency of, 567t 
Tyrosinemia, 567t 
TZP-4238, for benign prostatic hypertrophy, 340 

Ulna, premature closure of, 552t 
Ultrasonography, in bitch, for mating, 55 

in diagnosis of cystic endometrial 
hyperplasia-pyometra complex, 214, 215 

in diagnosis of dystocia, 119-120, 120 
in diagnosis of pregnancy, 74, 75t-76t 
of follicular cysts, 198 

in dog, in benign prostatic hypertrophy, 339 
in orchitis/epididymitis, 318 
in prostatic neoplasia, 348, 349 
in prostatitis, 344, 345 
in Sertoli cell tumors, 325, 325 
of prostate, 352 
of prostatic cysts, 342 
testicular, 327, 327 

in queen, in diagnosis of pregnancy, 41St, 419, 419 
of ovarian neoplasia, 201 

Urachal anomaly(ies), 568t 
Urate defect(s), 568t 
Urea cycle defect, 555t 
Urea cycle enzyme deficiency, 561t 
Ureaplasma, in bitch, and pregnancy loss, 95 

in vaginal cultures, 45-46, 228 
Ureter(s), ectopic, 567t 
Ureterocele, 568t 
Urethra, diameter of, early spay /neuter and, 448, 450, 

522, 523 
in cat, obstruction of, from penile injury, 539-540 
in dog, anomalies of, 569t 

male, prolapse of, 359 
Urinalysis, in cystic endometrial hyperplasia-pyometra 

complex, 214 
in prostatitis, 344 

Urinary disorder(s), 567t-569t 
Urinary incontinence, after ovariohysterectomy, 

171-172, 172t, 174 
estrogen-responsive, and vulvar discharge, 227t 

Urine, specific gravity of, in neonatal pups, 150 
spermatozoa in, cat, 510, 513t 
spraying of, by tom cat, prevention of, 522 

Uterine artery, anatomy of, 2-3, 3 
Uterine contraction(s), during parturition, stage I of, 108 

stage II of, 108 
Uterine culture(s), 267, 267, 268t 
Uterine horn(s), aplasia of, 206, 207 

occlusion of, for sterilization, 448 
Uterine inertia, and dystocia, in bitch, 110, 112 

in queen, 433t, 433-436 
Uterine stump, pyometra of, 220 
Uterine tube(s), in bitch, anatomy of, 3 

disorders of, 221 
histology of, 11 , 12 

in queen, anatomy of, 390-392, 391 
hyperplasia of, 463-464, 464 
infection of, and infertility, 493 

Uteroverdin, discharge of, 108, 109-110 
Uterus, calculi of, 221 

distention of, in cystic endometrial 
hyperplasia-pyometra complex, 213, 214 

in bitch, aerobic bacteria in, in cystic endometrial 
hyperplasia-pyometra complex, 210-211, 211t 

anatomy of, 3-4, 4-6 
congenital anomalies of, 206, 207 
histology of, estrous cycle and, 11, 13-14 
infection of, and infertility, 266-269, 267, 268t, 269 
involution of, 110 
neoplasia of, 220-221 
prolapse of, 220 
rupture of, 117 
size of, 3 
torsion of, signs of, 115-117, 117t 

in queen, anatomy of, 390-392, 391 
congenital anomalies of, 463, 464 
histology of, 392 
hyperplasia of, 463-464, 464 
infection of, and infertility, 493 
involution of, 438 
neoplasia of, 470, 470 
prolapse of, 442 
torsion of, and pregnancy loss, 425-427, 426 

involution of, oxytocin for, 129 
lithiasis in, 221 
vascular supply to, 391-392 

Uterus masculinis, 312-313 
in cat, 529, 529 

Uterus unicornis, 463 

Vaccination, dming pregnancy, 78 
Vagina, aplasia of, 231 

artificial, for semen collection, in cat, 508, 510 
in dog, 287-288, 288 

epithelial cells in. See Epithelial cell(s), vaginal. 
examination of, digital, 42, 42-43 

vaginoscopic, 42- 43, 43t, 44 
in bitch, abnormalities of, and nonreceptive behavior, 

264-265, 265 
anatomy of, 4- 7, 6-8 
congenital anomalies of, 228-233, 232 

clinical features of, 229 
diagnosis of, 229 
embryology of, 228 
treatment of, 229, 231 

neoplasia of, 237-240, 238 
benign, 237 
clinical signs of, 238, 238 



Vagina (Continued) 
diagnosis of, 238 
incidence of, 237 
malignant, 238 
pathogenesis of, 238 
treatment of, 238-239 
types of, 239-240 

prolapse of, 233-234, 233-235, 235t, 565t 
and nonreceptive behavior, 265 
clinical signs of, 234 
diagnosis of, 234 
differential diagnosis of, 234, 235t 
estrous cycle and, 233-234 
pathogenesis of, 233, 233 
stages of, 234, 234 
treatment of, 234-235 

in queen, anatomy of, 391 , 391-392 
congenital anomalies of, 472, 473 
neoplasia of, 472-473, 473 
prolapse of, 472 
segmental aplasia of, 472 

normal flora of, 225, 228t 
residual tissue in, and dystocia, 112, 114 
rupture of, during intrauterine insemination, 62, 62 

Vaginal anomaly(ies), and artificial insemination, 58 
Vaginal cavity, anatomy of, 498 
Vaginal conductance, changes in, and mating of bitch, 

55 
Vaginal culture(s), in bitch, prebreeding, 44-46, 45t-48t 

with vulvar discharge, 228 
in vaginitis, 236 

Vaginal cytology, 32, 32-39 
bacteria in, 34 
epithelial cells found in, 32-33, 32-33 
erythrocytes in, 33-34 
foam cells in, 33, 33 
for timing of ovulation, 53, 54 
in bitch, before termination of pregnancy, 180 

during estrus, 38-39, 39, 39 
in diestrus, 27, 27t 
in metritis, 130, 130-131 
in subinvolution of placental sites, 139, 140 
prebreeding, 35-39, 35-39 

in cystic endometrial hyperplasia-pyometra complex, 
213 

in ovarian remnant syndrome, 200 
in queen, after mating, 510, 513 

during diestrus, 402 
during estrus, 399, 401 
during proestrus, 397, 399 
in persistent estrus, 490 
procedure for, 400 

interpretation of, 35-39, 35-39 
during anestrus, 37-39, 37-39 
during diestrus, 39, 39, 39 
during estrus, 38-39, 39, 39 
during proestrus, 36, 36, 37 
during progression from estrus to diestrus, 36, 36 
during progression from proestrus to estrus; 35-36 

metestrum cells in, 33, 33 
neoplastic cells in, 34, 34 
obtaining smears for, 34t, 34-35, 34-35 
spermatozoa in, 33, 33 
superficial cells in, with cytoplasmic bodies, 33, 33 
white blood cells in, 34 

Vaginal discharge, in bitch, during estrus, 22 
during proestrus, 18, 19 

in cystic endometrial hyperplasia-pyometra complex, 
212 
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Vaginal epithelial cell(s). See Epithelial cell(s), vaginal. 
Vaginal mucosa, changes in, during estrous cycle, 4, 8 

gross appearance of, and timing of mating, 55 
Vaginal resistance, changes in, and mating of bitch, 55 
Vaginal septa, 228-229, 232, 265, 265 
Vaginal smear(s), method of obtaining and processing, 

34t, 34-35, 34-35. See also Vaginal cytolog~;. 
Vaginal tunic, anatomy of, 278, 279 
Vaginitis, in bitch, 235-237 

adult-onset, 236-237 
and vulvar discharge, 227t 
juvenile, 235-236 

in queen, 472 
Vaginography, of congenital anomalies, 229-231, 

230-232 
Vaginoscopy, appearance of mucosa during, and 

mating of bitch, 55 
prebreeding, 42-43, 43t, 44 

Vaginovestibular junction, anatomy of, 7 
Vagi110vestibular stricture(s), circumferential, 228-229, 

232 
Vas deferens, in cat, anatomy of, 500-501, 501 

disorders of, 534 
Vasectomy, i11 cat, 523 

in dog, 308 
Venereal tumor(s), transmissible, in bitch, 239-240 

in male dog, 363-365, 364 
Ventricular preexcitation syndrome, 553t 
Ventricular septal defect, 553t 
Vertebra(e), cervical, i11stability of, 550t 

congenital anomalies of, 552t 
Vestibular disorder(s), peripheral, in dog, 562t 
Vestibule, in bitch, abnormalities of, and nonreceptive 

behavior, 264-265 
anatomy of, 7, 9 

in queen, anatomy of, 392 
Vestibulitis, in bitch, 237 

and vulvar discharge, 227t 
Vestibulovaginal stenosis, 232 
Vestigial pack behavior, and false pregnancy, 244 
Vincristine, for transmissible venereal tumor, 240 

for transmissible venereal tumors, 365 
Viral infection(s), and pregnancy loss, in bitch, 94-95 

in neonatal pups, 162, 164 
Visual reflex(es), in neonatal pups, 152t 
Vitiligo, in dog, 567t 
Vogt-Koyanagi-Harada-like syndrome, and scrotal 

dermatitis, 335 
Vulva, agenesis of, 230, 232 

in bitch, abnormalities of, and nonreceptive behavior, 
264-265 

anatomy of, 9 
neoplasia of, 237-240 

benign, 237 
clinical signs of, 238 
diagnosis of, 238 
incidence of, 237 
malignant, 238 
pathogenesis of, 238 
treatment of, 238-239 
types of, 239-240 

in queen, anatomy of, 393 
Vulvar discharge, and dystocia, 118 

in bitch, 225-228, 226t-228t 
differential diagnosis of, 225, 226t-227t 
from vaginitis, 236 
vaginal cultures i11, 228 

Vulvovestibular-anal opening, common, 472, 473 
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Weaning, and resumption of estrous cycle, in queen, 
402 

of kittens, 439 
of pups, 129 

Weight. See Body weight. 
Whelping. See also Parturition. 

area for, 79, 79 
date of, prediction of, 106t, 106-108, 107 
timing of, cytologic diestrus and, 53, 54 

White blood cell(s). See Leukocyte(s). 
White blood cell Unopette system, for determination of 

spermatozoa concentration, 294 
WIN-49596, for benign prostatic hypertrophy, 340 
Wolffian rest(s), 463 

Xenoestrogen(s), and mammary neoplasia, 248 
X-linked muscular dystrophy, in dog, 563t 
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XO cat(s), ovarian anomalies in, 453-454, 
454-455 

persistent anestrus in, 489 
XX sex reversal, in dog, 565t 

and infertility, 375 
Xylazine, for electroejaculation, 512t 

Y chromosome, and sexual differentiation, 1 

Zinc arginine, for epididymal sclerosis, 309 
Zona pellucida, immunization with, for contraception, 

178-179, 178-179 




