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INTRODUCTION

Pediatric gonadectomy is defined as ovariectomy or ovariohysterectomy, or castra-
tion, at 6 to 16 weeks of age. Significant research has been done regarding benefits
and detriments of gonadectomy surgery. The reader is referred to extensively refer-
enced review articles for detailed information.1–4 Much of the published research looks
at the large populations of gonadectomized versus intact animals without regard for
age at the time of gonadectomy. The few studies that have specifically addressed
age have shown no significant differences in long-term behavioral or medical out-
comes of dogs and cats spayed or castrated at less than 24 weeks of age in compar-
ison with those gonadectomized later, with the exception of increased incidence of
infectious disease in one group of dogs gonadectomized when young that had
come from one specific source.5,6

This article focuses on anesthetic and surgical techniques and what is known
regarding timing of gonadectomy, especially regarding performance of these sur-
geries in pediatric dogs and cats. It is important to remember that association between
many of the disorders described and gonadectomy is not necessarily an indication of
cause and effect, and that other factors, including breed, environment, and body con-
dition, may play a role. These factors are not specifically addressed here.
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KEY POINTS

� Pediatric anesthesia and surgery are safe, with decreased surgery time and quick patient
recovery.

� The primary benefit of prepuberal gonadectomy in bitches and queens is decreased inci-
dence of mammary neoplasia later in life.

� Detriments associated with gonadectomy at any age include various cancers, orthopedic
problems including anterior cruciate ligament injury, and obesity.
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ANESTHESIA AND SURGERY

Gonadectomy is an elective procedure, and should not be performed on animals that
are not healthy and are not well able to tolerate anesthesia. The vaccination series
need not be complete if the animal has received colostrum. All puppies and kittens
should receive a complete physical examination and should be treated for internal par-
asites and, if necessary, for external parasites, before surgery.
Puppies and kittens tolerate anesthesia and surgery well, with quick recovery time.

In one study evaluating student completion of ovariohysterectomy and castration sur-
geries in dogs and cats aged 8 to 16 weeks compared with animals older than
6 months, surgery times for cat spays, dog spays, and dog castrations were
decreased by 6%, 29%, and 85%, respectively.7 With completion of pediatric sur-
geries, students reported increased confidence in pediatric anesthesia and pediatric
surgeries of all types, and improved general surgical skills.8

Concerns specific to anesthesia of pediatric animals include stress, hypoglycemia,
hypothermia, and appropriate use of anesthetics and anesthetic equipment in physi-
cally small animals.9 To minimize stress, it is recommended that pediatric animals
remain housed in groups until induction of anesthesia, and that the induction area
be as calm and quiet as possible. Pediatric animals have relatively little muscle
mass with consequently smaller glycogen stores then adult animals, and have
reduced capacity to raise blood sugar by glycogenolysis or gluconeogenesis because
of immature hepatic function. Presurgical fasting time must be minimized, and the an-
imal should be fed immediately on recovery.10 Hypothermia occurs readily in pediatric
animals because they have little body fat, a reduced ability to shiver to maintain their
body temperature, and relatively greater surface area, permitting more rapid loss of
body heat. Pediatric animals should be maintained on a warmed surface, preferably
a warm-water circulating pad or similar diffuse heat source, from the time of induction
through surgery and recovery. Surgical preparation liquids should be warmed before
being applied to the animal.11

Studies evaluating induction time and quality, analgesia, maintenance of anesthetic
depth, and recovery time and quality have proposed optimal anesthetic protocols for
pediatric animals (Table 1).12,13 There are published protocols using only inhalant
anesthesia; these are not recommended because of the protracted excitation phase
in animals induced by a mask, and because sufficient analgesia is not provided.

Table 1
Optimal anesthesia protocols for spay-castration of puppies and kittens

Species/Gender Optimal Anesthesia Protocol

Canine, male Propofol (6.5 mg/kg IV) 15 min after atropine (0.04 mg/kg IM) and
oxymorphone (0.22 mg/kg IM). Use of midazolam (0.22 mg/kg IM) and
butorphanol (0.44 mg/kg IM) instead of oxymorphone produced less
sedation but good analgesia

Canine, female Propofol (3.4 mg/kg IV) 15 min after atropine (0.04 mg/kg IM) and
oxymorphone (0.11 mg/kg IM). Intubation-inhalant for maintenance

Feline, male Tiletamine-zolazepam (11 mg/kg IM)

Feline, female Midazolam (0.22 mg/kg IM) and ketamine (11 mg/kg IM). Intubation-
inhalant for maintenance

Abbreviations: IM, intramuscular; IV, intravenous.
Data from Goeree G. Pediatric neuters can be technically challenging. Can Vet J 1998;39:244; and

Faggella AM, Aronsohn MG. Evaluation of anesthetic protocols for neutering 6- to 14-week-old
pups. J Amer Vet Med Assoc 1994;205:308–14.
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Surgical techniques for ovariectomy and ovariohysterectomy are the same as for
adult animals. It is not uncommon to find a significant volume of serous intra-
abdominal fluid on laparotomy (Fig. 1).11 Care should be taken in handling and stretch-
ing friable pediatric tissues.12 The ovarian vessels and uterine vessels and body may
be ligated with suture material or with hemostatic clips. The linea alba may be closed
with either absorbable or nonabsorbable suture material. Closure of the skin with
absorbable suture material in a subcuticular pattern may minimize self-trauma at
the incision site.12 Use of tissue glue to close the skin is discouraged, as there may
be insufficient cohesion of tissues.11

Both testes usually are descended into the scrotum by 12 to 14 weeks of age in
dogs and by birth in cats. Because the inguinal canal does not close until about
6 months of age in dogs and 7 to 8 months of age in cats, and because there is greater
anesthetic and surgical risk associated with removal of a retained testis than a
descended testis, it may behoove veterinarians to defer surgery and wait for testicular
descent rather than to perform surgery in a young animal that requires laparotomy for
complete castration.
Castration in cats is performed as in adult animals. Tying of the spermatic cord onto

itself is discouraged because the spermatic cord is short and the tissues are friable.11

Castration in very young puppies may be performed as in cats, with bilateral scrotal in-
cisionsandhealingof incisionsbysecond intention, ormaybeperformedwith aprescro-
tal incision and subcuticular closure with absorbable suture material, as in adult dogs.12

BENEFITS OF GONADECTOMY
Societal

The primary societal benefit of gonadectomy, and the primary reason veterinarians
perform pediatric gonadectomy in dogs and cats, is population control.14 It is currently
estimated that 5 to 7 million dogs and cats enter humane societies yearly in the United
States, and that approximately 3 to 4 million are euthanized.15 Pediatric gonadectomy
is more commonly performed at humane organizations than at veterinary practices,
largely for reasons of population control. Historically, only about 50% to 60% of those
adopting animals from humane organizations have had their animal spayed or cas-
trated despite subsidizing the cost. Gonadectomy performed before adoption ensures
that those adopted animals will not repopulate their shelter with their offspring, may

Fig. 1. Ovariohysterectomy in a puppy. Note small size of the uterine horn and ovary, and
presence of serous fluid. (Courtesy of MN Spay Neuter Assistance Program, Plymouth, MN;
with permission.)

Pros, Cons, and Techniques of Pediatric Neutering 223



increase adoptability of those animals, and increase retention of the animals in their
adoptive homes.14

Behavioral

It is not difficult to hypothesize the effects of gonadectomy on behavior. Gonadectomy
is associated with changes in neurosteroid biosynthesis in the brain.16 Testosterone,
estrogen, and progesterone are reported to have an anxiolytic effect, perhaps through
stimulation of release of oxytocin and opioids; this effect may be lost with
gonadectomy.17–19

Reproductive behaviors are decreased by performance of gonadectomy, with fe-
males showing no behavioral changes associated with estrus, and males showing
less roaming, mounting, and urine marking (dogs) and urine spraying and sexual
aggression (cats). Changes in urine-spraying behavior in both male and female cats
also are affected by environmental factors, including other cats in the household
and similar stimuli.20,21 Gonadectomy will not effect change in inappropriate behaviors
that are not driven by testosterone or estrogen (eg, fear-based aggression).

Medical

Mammary neoplasia
For female dogs and cats, the greatest benefits are decreased risk of development of
mammary neoplasia when aged and lack of development of pyometra. Incidence of
mammary neoplasia in cats is 2.5% and is virtually always malignant adenocarci-
noma.22–24 Mammary neoplasia is 7 times more likely to occur in aged queens than
in spayed female cats, with the greatest decrease in incidence associated with
spaying before the first estrus.24 Incidence of mammary neoplasia in dogs is 3.4%,
with about 50% being benign fibroadenomas and 50% malignant adenocarci-
nomas.22,25–32 Incidence is greatly decreased by spaying, especially by spaying
before the first heat.1,33,34 A recent attempt to determine the significance of these
data by systematic review of the veterinary literature was unable to identify strong ev-
idence suggesting that spaying decreases the risk of mammary cancer; however, this
systematic review is based on work in human medicine and requires a massive body
of literature, which does not exist in veterinary medicine.35

Pyometra
Pyometra, an acute manifestation of infection overlying chronic development of cystic
endometrial hyperplasia and exacerbated by endometrial reactivity under the influ-
ence of progesterone, is common in aged bitches, with a reported incidence of
23% to 25% by 10 years of age, and also occurs in queens.36,37 Ovariohysterectomy
at the time of diagnosis is curative, but mortality with surgical management is 0% to
17% in dogs and 8% in cats.38,39

Benign prostatic hypertrophy
With increasing age, the prostate of male dogs gradually increases in both cell number
(hyperplasia) and size (hypertrophy). This process, termed benign prostatic hypertro-
phy (BPH), is manifested clinically in 50% of dogs by 2 to 3 years of age and in 75% to
80% by 6 years of age.40–42 Castration is associated with loss of secretory epithelial
cells and decrease in prostate size, with resolution of clinical signs.43 The smaller
prostate also is less likely to become infected.

Testicular neoplasia
Testicular neoplasia is a common neoplasm of aged dogs, with a reported incidence
of 0.9%.44 Three tumor types commonly are identified: Sertoli cell tumor, interstitial
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cell tumor, and seminoma. Metastasis is uncommon, and castration at the time of
diagnosis is curative.

General considerations
In a large study of 1660 cats, gonadectomy before 5.5 months of age was associated
with a decreased incidence of feline asthma in males and females, and a decreased
incidence of abscesses, aggression toward the veterinarian, and urine spraying in
male cats.45 In a large study of 1842 dogs, gonadectomy at less than 5.5 months
was associated with decreased frequency of episodes of separation anxiety and sub-
missive urination.46

DETRIMENTS OF GONADECTOMY
Behavioral

Several behavioral changes have been associated with gonadectomy in dogs and
cats. As mentioned earlier, behaviors not associated with testosterone or estrogen
secretion are unlikely to be affected by gonadectomy. Some studies identified a
greater number of aggressive dogs among gonadectomized populations, but these
studies were done at humane organizations where it may well be that the dogs
were gonadectomized in an attempt to control inappropriate behaviors and when
this failed, were relinquished. Two differing types of behavior change have been spe-
cifically associated with gonadectomy. Increased reactivity and aggression have been
identified in dogs after gonadectomy47–51; this may be associated with prior training or
may be breed specific.52,53 In one study, dogs castrated at less than 5.5 months of age
were more likely to show aggression toward family members and strangers, and to
bark excessively, in comparison with dogs castrated later in life.46 Other studies refute
these findings, with either no change in behavior or a decrease in aggressive behaviors
noted with gonadectomy.50,51,54–56 Cognitive decline was demonstrated to occur
more quickly in one population of dogs after gonadectomy.57 However, studies eval-
uating histologic changes in the brain associated with cognitive decline did not sup-
port gonadectomy as a causative factor.58 In one survey of male and female cats
gonadectomized at 6 to 13 weeks versus 6 to 7 months of age, no negative changes
in behavior were noted.59

Questions regularly arise regarding changes in working ability of dogs after go-
nadectomy. In one study of male guide dogs, there were no differences in behavior
or in placement rate as a working dog when comparing dogs castrated at 7 to
8 weeks, 6 to 8 months, or 10 to 14 months of age.60 One publication describing
management of dogs housed with flocks of sheep recommended castration, as it
decreased premature death of those dogs caused by roaming with subsequent
vehicular accidents, trapping, shooting, or poisoning.61 Finally, one study evaluating
effects of breed, gender, and intact status on trainability in dogs showed no effect of
spaying on trainability of female dogs of any breed, no negative effect of castration
in males of any breed, and a positive effect of castration on trainability of male dogs
of one breed.62

Medical

Surgical complications
The complication rate after ovariohysterectomy has been reported as 6.1% to 27% in
bitches and 2.6% to 33% in queens.63,64 Intraoperative bleeding is of greatest
concern in animals spayed while in estrus, and so is not a concern in prepuberal
animals. Most complications are mild, not requiring veterinary intervention, and inci-
dence is lower in young than in adult animals.10,63
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Obesity
Retrospective surveys have consistently demonstrated increased body condition in
dogs and cats after gonadectomy.65,66 Research in rodents has shown an association
between circulating steroid hormone concentrations and the concentration of adipo-
nectin, a protein secreted by adipocytes that regulates lipid and glucose meta-
bolism.67 In cats, a decline in metabolic rate has been demonstrated after
gonadectomy.68,69 Other changes in cats postgonadectomy include increase in
body weight of up to 20% greater than their initial weight, increase in insulin-like
growth factor 1 and leptin, and increase in fasting glucose and triglyceride concentra-
tions, suggesting profound changes in glucose metabolism.70,71 In dogs, specific
research documenting hormone changes and change in metabolic rate has not
been published. Gonadectomy before 6 months of age was associated with a lower
incidence of obesity in dogs in one study.46 Obesity can be controlled by the animal’s
owner with appropriate diet and exercise.

Neoplasia
Incidence of several different types of cancers has been associated with gonadec-
tomy in dogs, including prostatic carcinoma in male dogs, lymphosarcoma in male
dogs, transitional cell carcinoma in female dogs, mast cell tumors in female dogs,
and hemangiosarcoma and osteosarcoma in both male and female dogs. Cause
and effect have not been defined. Because it also has been reported that life span
is increased in animals that have been spayed or castrated, one might question
whether this increased incidence is simply due to greater longevity in the gonadecto-
mized population of dogs.1

Incidence of prostatic carcinoma in dogs is low, at 0.2% to 0.6%.72,73 The reported
increase in risk of developing prostatic carcinoma after castration is 2.4- to
4.3-fold.72–75 Cause and effect are not defined.
Lymphosarcoma in golden retrieverswas reported to be significantlymore common in

malescastratedbefore1yearofage than in intactmales; nocaseswere reported inmales
castrated when older than 1 year of age in that study.76 There is a breed risk for lympho-
sarcoma in golden retrievers, and cause and effect with gonadectomy are not defined.
Transitional cell carcinoma is reportedly more common in female dogs after ovario-

hysterectomy, with a 2- to 4-fold increase in risk.77,78 Cause and effect are not defined.
Incidence of mast cell tumors was increased in female golden retrievers spayed af-

ter 1 year of age.76 Cutaneous mast cell tumors were more common in spayed female
dogs of various breeds than in intact female dogs.79 Cause and effect are not defined.
Overall incidence of hemangiosarcoma, either of major vessels or the spleen, is

0.2% in dogs and 0.03% in cats.1 Hemangiosarcoma was 4 times more common in
female golden retrievers spayed after 1 year of age than in bitches spayed before
1 year of age or left intact in one study; in general, there is increased risk by a factor
of 2.2 for splenic hemangiosarcoma and by a factor of 5 for cardiac hemangiosarcoma
in spayed female dogs in comparison with intact bitches.76,80,81 In male dogs, the
overall risk of hemangiosarcoma is increased by a factor of 2.4 after castration.80,81

Cause and effect are not defined.
Osteosarcoma is an uncommon tumor of dogs with high morbidity and mortality,

with a reported incidence of 0.2%.4 Gonadectomy is a risk factor, with a 1.3- to
2-fold increased risk reported.82,83 Cause and effect are not defined.

Orthopedic problems
Injury or rupture of the cranial cruciate ligament has been reported to be more likely to
occur in gonadectomized dogs than in intact dogs, even after accounting for the effect
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of obesity.76,84–87 Cause and effect have not been identified, although hypothesized
associations include changes in biomechanics resulting from hormonal change, and
changes in structure of the stifle caused by alterations in growth-plate closure of
the distal femur and proximal tibia, changing the tibial plateau angle and presumably
putting more pressure on the cruciate ligaments. In rabbits, gonadectomy is associ-
ated with a decreased concentration of collagen in the cruciate ligaments.88

Canine hip dysplasia also is reported to be more common in gonadectomized than
in intact dogs.46,89 In a recent study of golden retrievers, the incidence of hip dysplasia
was 10.3% in males castrated before 1 year of age compared with 5.1% in those left
intact; no such effect of gonadectomy was demonstrated in female dogs in this
study.76 One hypothesized mechanism is alteration in hip-joint conformation caused
by delays in physeal closure. In one study, although the incidence of hip dysplasia
was higher in dogs gonadectomized when younger than 5.5 months, severity of dis-
ease was less than in dogs gonadectomized later in life.46

Closure of the growth plates of long bones depends on sex steroids. Growth-plate
closure is delayed in dogs and cats that are gonadectomized prepuberally.90–94 The
clinical significance of this change is not known. Capital physeal fractures are report-
edly more common in cats gonadectomized prepuberally, but obesity may have been
a complicating factor in this study.95

General considerations
External genitalia of dogs and cats gonadectomized prepuberally is infantile
compared with animals gonadectomized postpuberally or left intact.91,96 Male cats
castrated at 7 weeks of age were less likely to be able to extrude their penis from
the prepuce in comparison with male cats castrated at 7 months of age or left intact.96

The significance of these changes was not reported in these studies. It is hypothesized
that maintenance of a juvenile vulva in female dogs, especially those who become
overweight and have urinary incontinence, is associated with an increased incidence
of perivulvar dermatitis and, perhaps, chronic vaginitis. In a large study evaluating
long-term outcomes of dogs relative to age at gonadectomy, female dogs spayed
before 5.5 months of age were more likely to develop cystitis, but none of the dogs
described had more than 2 episodes of cystitis.46

Urinary incontinence, more specifically urethral sphincter mechanism incompe-
tence, is more common in spayed than in intact female dogs, with an incidence of
5% to 20%.97–100 In one large study, female dogs spayed at less than 3 months of
age were at greatest risk; recent work refutes this, showing no correlation between
age at gonadectomy and incidence of urinary incontinence.46,97 A recent attempt to
determine the significance of these data by systematic review of the veterinary litera-
ture was unable to identify strong evidence demonstrating an association between
age at ovariectomy and onset of urinary incontinence; however, this systematic review
is based on work in human medicine and requires a massive body of literature, which
does not exist in veterinary medicine.101 Specific cause and effect have not been
defined, although it has been demonstrated that by 12 months after removal of
ovaries, urethral closure pressure is significantly reduced.102,103 This condition is
more common in larger dogs than in small dogs.97

SUMMARY

There is much conflicting evidence in the veterinary literature regarding benefits and
detriments of gonadectomy, with few of such studies directly addressing the effect
of age at the time of surgery. One study asked veterinarians to rate morbidity and mor-
tality of various disorders and multiplied this value by incidence to create an impact
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score, to help guide veterinarians as they educate clients or make decisions for stray
animals in shelters (Table 2).104

For both species and genders, obesity is a significant detriment of gonadectomy.
Veterinarians can use this opportunity to talk to clients about proper nutrition and ex-
ercise for maintenance of normal body weight. Setting aside obesity, the clear benefit
of ovariohysterectomy for bitches and queens is evident. For male dogs, the high inci-
dence of BPH artificially increases this impact factor. Because castration at the time of
clinical manifestation of BPH is curative and because dogs are unlikely to develop clin-
ical manifestations of this disorder until 2 to 3 years of age, castration can safely be
deferred until that time in most dogs.40–42 Benefits for male cats are primarily behav-
ioral and are not readily assessed using impact factors. Because normal male cat
reproductive behavior precludes their being good house pets and is readily controlled
by castration, it is recommended that male cats be castrated prepuberally if they are
not to be used for breeding.105

REFERENCES

1. Reichler IM. Gonadectomy in dogs and cats: a review of risks and benefits. Re-
prod Domest Anim 2009;44(Suppl 2):29–35.

2. Root Kustritz MV. Effects of surgical sterilization on canine and feline health and
on society. Reprod Domest Anim 2012;47(Suppl 4):214–22.

3. Root Kustritz MV. Determining the optimal age for gonadectomy of dogs and
cats. J Am Vet Med Assoc 2007;231:1665–75.

4. Root Kustritz MV. Optimal age for gonadectomy in dogs and cats. Clin Ther
2010;2:177–81.

5. Howe LM, Slater MR, Boothe HW, et al. Long-term outcome of gonadectomy
performed at an early age or traditional age in dogs. J Am Vet Med Assoc
2001;218:217–21.

6. Howe LM, Slater MR, Boothe HW, et al. Long-term outcome of gonadectomy
performed at an early age or traditional age in cats. J Am Vet Med Assoc
2000;217:1661–5.

Table 2
Impacta on health of male and female dogs after gonadectomy

Disorder Female Dog Male Dog Female Cat Male Cat

Mammary neoplasia 124 — 119 —

Pyometra 1100 — — —

Surgical complications �20 �16 �7 �3

Osteosarcoma �2 �2 — —

Hemangiosarcoma �2 �2 — —

Transitional cell carcinoma �7 �7 — —

Prostate neoplasia — �3 — —

Testicular neoplasia — 15 — —

Urethral sphincter mechanism
incompetence

�66 — — —

Benign prostatic hypertrophy — 1368 — —

Rupture of the cranial cruciate ligament �11 �11 — —

Obesity �14 �13 �28 �26

a Positive impact score 5 benefit from gonadectomy; negative impact score 5 detriment from
gonadectomy.

Root Kustritz228



7. Richardson EF, Gregory CR, Sucre E. Enhancement of the surgical education of
fourth year veterinary students by participation in juvenile ovariohysterectomy
and castration program [abstract]. Vet Surg 1994;23:415.

8. Howe LM, Slater MR. Student assessment of the educational benefits of a pre-
pubertal gonadectomy program (preliminary findings). J Vet Med Educ 1997;24:
12–7.

9. Root Kustritz MV. Early spay-neuter in the dog and cat. Vet Clin North Am Small
Anim Pract 1999;29:935–43.

10. Aronsohn MG, Faggella AM. Surgical techniques for neutering 6- to 14-week-old
kittens. J Am Vet Med Assoc 1993;202:53–5.

11. Goeree G. Pediatric neuters can be technically challenging. Can Vet J 1998;
39:244.

12. Faggella AM, Aronsohn MG. Evaluation of anesthetic protocols for neutering 6-
to 14-week-old pups. J Am Vet Med Assoc 1994;205:308–14.

13. Faggella AM, Aronsohn MG. Anesthetic techniques for neutering 6- to 14-week-
old kittens. J Am Vet Med Assoc 1993;202:56–62.

14. Farnsworth MJ, Adams NJ, Seksel K, et al. Veterinary attitudes towards pre-
pubertal gonadectomy of cats: a comparison of samples from New Zealand,
Australia and the United Kingdom. N Z Vet J 2012. http://dx.doi.org/10.1080/
00480169.2012.738591.

15. American Society for the Prevention of Cruelty to Animals. Pet statistics. Avail-
able at: http://www.aspca.org/about-us/FAQ/pet-statistics.aspx. Accessed
March 21, 2013.

16. Ryzhavskii BY, Zadvornaya OV. Effect of gonadectomy on activity of neuronal
3b-hydroxysteroid dehydrogenase in some brain structures. Bull Exp Biol Med
2012;153:784–6.

17. Justel N, Ruetti E, Bentosela M, et al. Effects of testosterone administration and
gonadectomy on incentive downshift and open field activity in rats. Physiol Be-
hav 2012;106:657–63.

18. Mong JA, Pfaff DW. Hormonal and genetic influences underlying arousal as it
drives sex and aggression in animal and human brains. Neurobiol Aging
2003;24:583–8.

19. Root Kustritz MV. Reproductive behavior of small animals. Theriogenology 2005;
64:743–6.

20. Hart BL, Cooper L. Factors relating to urine spraying and fighting in prepuber-
tally gonadectomized cats. J Am Vet Med Assoc 1984;184:1255–8.

21. Rosenblatt JS, Aronson LR. The influence of experience on the behavioural ef-
fects of androgen in prepuberally castrated male cats. Anim Behav 1958;6:
171–82.

22. Dorn CR, Taylor DO, Frye FL, et al. Survey of animal neoplasms in Alameda and
Contra Costa Counties, California. I. Methodology and description of cases.
J Natl Cancer Inst 1968;40:295–305.

23. Verstegen J, Onclin K. Mammary tumors in the queen. Proceedings, Society for
Theriogenology Annual Meeting. Columbus (OH), 2003. p. 239–45.

24. Hayes HM, Milne KL, Mandel CP. Epidemiological features of feline mammary
carcinoma. Vet Rec 1981;108:476–9.

25. Dorn CR, Taylor DO, Schneider R, et al. Survey of animal neoplasms in Alameda
and Contra Costa Counties, California. II. Cancer morbidity in dogs and cats
from Alameda County. J Natl Cancer Inst 1968;40:307–18.

26. Fidler IJ, Brodey RS. The biological behavior of canine mammary neoplasms.
J Am Vet Med Assoc 1967;151:1311–8.

Pros, Cons, and Techniques of Pediatric Neutering 229



27. Moe L. Population-based incidence of mammary tumors in some dogs breeds.
J Reprod Fertil 2001;57:439–43.

28. Richards HG, McNeil PE, Thompson H, et al. An epidemiological analysis of
canine-biopsies database compiled by a diagnostic histopathology service.
Prev Vet Med 2001;51:125–36.

29. Cotchin E. Neoplasms in small animals. Vet Rec 1951;63:67–72.
30. Moulton JE, Taylor DO, Dorn CR, et al. Canine mammary tumors. Pathol Vet

1970;7:289–320.
31. Hampe JF, Misdorp W. Tumours and dysplasias of the mammary gland. Bull

World Health Organ 1974;50:111–33.
32. Brodey RS, Goldschmidt MH, Roszel JR. Canine mammary gland neoplasms.

J Am Anim Hosp Assoc 1983;19:61–90.
33. Schneider R, Dorn CR, Taylor DO. Factors influencing canine mammary cancer

development and postsurgical survival. J Natl Cancer Inst 1969;43:1249–61.
34. Verstegen J, Onclin K. Etiopathogeny, classification and prognosis of mammary

tumors in the canine and feline species. Proceedings, Society for Theriogenol-
ogy Annual Meeting. Columbus (OH), 2003. p. 230–8.

35. Beauvais W, Cardwell JM, Brodbelt DC. The effect of neutering on the risk of
mammary tumours in dogs—a systematic review. J Small Anim Pract 2012;53:
314–22.

36. Hagman R, Lagerstedt AS, Hedhammer A, et al. A breed-matched case-control
study of potential risk-factors for canine pyometra. Theriogenology 2011;75:
1251–7.

37. Potter K, Hancock DH, Gallina AM. Clinical and pathologic features of endome-
trial hyperplasia, pyometra, and endometritis in cats: 79 cases (1980-1985).
J Am Vet Med Assoc 1991;198:1427–31.

38. Johnston SD, Root Kustritz MV, Olson PN. Disorders of the canine uterus and
uterine tubes (oviducts). In: Johnston SD, Root Kustritz MV, Olson PN, editors.
Canine and feline theriogenology. Philadelphia: WB Saunders; 2001.
p. 206–24.

39. Johnston SD, Root Kustritz MV, Olson PN. Disorders of the feline uterus and uter-
ine tubes (oviducts). In: Johnston SD, Root Kustritz MV, Olson PN, editors.
Canine and feline theriogenology. Philadelphia: WB Saunders; 2001. p. 463–71.

40. Zirkin BR, Strandberg JD. Quantitative changes in the morphology of the aging
canine prostate. Anat Rec 1984;208:207–14.

41. Berry SJ, Strandberg JD, Saunders WJ, et al. Development of canine benign
prostatic hyperplasia with age. Prostate 1986;9:363–73.

42. Lowseth LA, Gerlach RF, Gillett NA, et al. Age-related changes in the prostate
and testes of the beagle dog. Vet Pathol 1990;27:347–53.

43. Al-Omari R, Shidaifat F, Dardaka M. Castration induced changes in dog prostate
gland associated with diminished activin and activin receptor expression. Life
Sci 2005;77:2752–9.

44. Hahn KA, VonDerHaar MA, Teclaw RF. An epidemiological evaluation of 1202
dogs with testicular neoplasia [abstract]. J Vet Intern Med 1992;6:121.

45. Spain CV, Scarlett JM, Houpt KA. Long-term risks and benefits of early-age
gonadectomy in cats. J Am Vet Med Assoc 2004;224:372–9.

46. Spain CV, Scarlett JM, Houpt KA. Long-term risks and benefits of early-age
gonadectomy in dogs. J Am Vet Med Assoc 2004;224:380–7.

47. Borchelt P. Aggressive behavior of dogs kept as companion animals—classifi-
cation and influence of sex, reproductive status and breed. Appl Anim Ethol
1983;10:45–61.

Root Kustritz230



48. Gershman K, Sacks J, Wright J. Which dogs bite—a case control study of risk
factors. Pediatrics 1994;93:913–7.

49. Messam LL, Kass PH, Chomel BB, et al. The human-canine environment: a risk
factor for non-play bites? Vet J 2008;177:205–15.

50. Podberscek AL, Serpell JA. Environmental influences on the expression of
aggressive behavior in English spring spaniels. English Cocker Spaniels
1997;52:215–27.

51. Guy N, Luescher U, Dohoo S, et al. Demographic and aggressive characteris-
tics of dogs in a general veterinary caseload. Appl Anim Beh Sci 2001;74:15–28.

52. Perez-Guisado J, Munoz-Serrano A. Factors linked to dominance aggression in
dogs. J Anim Vet Adv 2009;8:336–42.

53. Reisner IR, Houpt KA, Shofer FS. National survey of owner-directed aggression
in English Springer Spaniels. J Am Vet Med Assoc 2005;227:1594–603.

54. Hsu Y, Sun L. Factors associated with aggressive responses in pet dogs. Appl
Anim Behav Sci 2010;123:108–23.

55. Van den Berg L, Schilder MB, De Vries H, et al. Phenotyping of aggressive
behavior in Golden Retriever dogs with a questionnaire. Behav Genet 2006;
36:882–902.

56. Bennett PC, Rohlf VI. Owner-companion dog interactions: Relationships be-
tween demographic variables, potentially problematic behaviours, training
engagement and shared activities. Appl Anim Behav Sci 2007;102:65–84.

57. Hart BL. Effect of gonadectomy on subsequent development of age-related
cognitive impairment in dogs. J Am Vet Med Assoc 2001;219:51–6.

58. Waters DF, Shen S, Glickman LT. Life expectancy, antagonistic pleiotrophy, and
the testis of dogs and men. Prostate 2000;43:272–7.

59. Wright JC. Early-age gonadectomy and the behavior of kittens reared in a house-
hold setting. Proceedings,Midwest Veterinary Conference. Columbus (OH), 2001.

60. DeSapio A, Van de Coevering P, Williams JD, et al. Effects of early-age gonad-
ectomy on a male guide dog population. Proceedings, International Working
Dog Breeding Conference. Melbourne (Australia), 2005.

61. Green JS, Woodruff RA. ADC guarding program update: a focus on managing
dogs. Proceedings, Vertebrate Pest Conference. Sacramento (CA), 1990. Avail-
able at: http://digitalcommons.unl.edu/vpc14. Accessed March 20, 2013.

62. Serpell JA, Hsu Y. Effects of breed, sex, and neuter status on trainability in dogs.
Anthrozoos 2005;18:196–207.

63. Romagnoli S. Surgical gonadectomy in the bitch and queen: should it be done
and at what age? Proceedings, Southern European Veterinary Conference. Bar-
celona (Spain), 2008. Available at: http://www.ivis.org/proceedings/sevc/2008/
romag1.pdf. Accessed March 18, 2013.

64. Pollari FL, Bonnett BN, Bamsey SC, et al. Postoperative complications of elec-
tive surgeries in dogs and cats determined by examining electronic and paper
medical records. J Am Vet Med Assoc 1996;208:1882–6.

65. Courcier EA, Mellor DJ, Pendlebury E, et al. An investigation into the epidemi-
ology of feline obesity in Great Britain: results of a cross-sectional study of 47
companion animal practices. Vet Rec 2012;171:560–4.

66. McGreevy PD, Thomson PC, Pride C, et al. Prevalence of obesity in dogs exam-
ined by Australian veterinary practices and the risk factors involved. Vet Rec
2012;156:695–702.

67. Yarrow JF, Beggs LA, Conover CF, et al. Influence of androgens on circulating
adiponectin in male and female rodents. PLoS One 2012;10:e47315. http://dx.
doi.org/10.1371/journal.pone.0043715.

Pros, Cons, and Techniques of Pediatric Neutering 231



68. Root MV, Johnston SD, Olson PN. Effect of prepuberal and postpuberal gonad-
ectomy on heat production measured by indirect calorimetry in male and female
domestic cats. Am J Vet Res 1996;57:371–4.

69. Fettman MJ, Stanton CA, Banks LL, et al. Effects of neutering on bodyweight,
metabolic rate and glucose tolerance of domestic cats. Res Vet Sci 1997;62:
131–6.

70. Belsito KR, Vester BM, Keel T, et al. Spaying affects blood metabolites and ad-
ipose tissue gene expression in cats. Proceedings, Nestle Purina Nutrition
Forum. St Louis (MO), 2007.

71. Martin LJ, Siliart B, Dumon HJ, et al. Spontaneous hormonal variations in male
cats following gonadectomy. J Feline Med Surg 2006;8:309–14.

72. Bell FW, Klausner JS, Hayden DW, et al. Clinical and pathologic features of
prostatic adenocarcinoma in sexually intact and castrated dogs: 31 cases
(1970-1987). J Am Vet Med Assoc 1991;199:1623–30.

73. Teske E, Naan EC, Van Dijk EM, et al. Canine prostate carcinoma: epidemiolog-
ical evidence of an increased risk in castrated dogs. Mol Cell Endocrinol 2002;
197:251–5.

74. Obradovich J, Walshaw R, Goulland E. The influence of castration on the devel-
opment of prostatic carcinoma in the dog: 43 cases (1978-1985). J Vet Intern
Med 1987;1:183–7.

75. Sorenmo KU, Goldschmidt M, Shofer F, et al. Immunohistochemical character-
ization of canine prostatic carcinoma and correlation with castration status
and castration time. Vet Comp Oncol 2003;1:48–56.

76. Torres de la Riva G, Hart BL, Farver TB, et al. Neutering dogs: Effects on joint
disorders and cancers in Golden Retrievers. PLoS One 2013;8:e55937. http://
dx.doi.org/10.1371/journal.pone.005937.

77. Knapp DW, Glickman NW, DeNicola DB, et al. Naturally-occurring canine tran-
sitional cell carcinoma of the urinary bladder. A relevant model of human inva-
sive bladder cancer. Urol Oncol 2000;5:47–59.

78. Norris AM, Laing EJ, Valli VE, et al. Canine bladder and urethral tumors: a retro-
spective study of 115 cases (1980-1985). J Vet Intern Med 1992;6:145–53.

79. White CR, Hohenhaus AE, Kelsey J, et al. Cutaneous MCTs: associations with
spay/neuter status, breed, body size, and phylogenetic cluster. J Am Anim
Hosp Assoc 2006;47:210–6.

80. Prymak C, McKee LJ, Goldschmidt MH, et al. Epidemiologic, clinical, patho-
logic, and prognostic characteristics of splenic hemangiosarcoma and splenic
hematoma in dogs: 217 cases (1985). J Am Vet Med Assoc 1988;193:706–12.

81. Ware WA, Hopper DL. Cardiac tumors in dogs: 1982-1995. J Vet Intern Med
1999;13:95–103.

82. Priester WA, McKay FW. The occurrence of tumors in domestic animals. Natl
Cancer Inst Monogr 1980;54:269.

83. Ru G, Terracini B, Glickman LT. Host related risk factors for canine osteosar-
coma. Vet J 1998;156:31–9.

84. Amiel D, Ishizue KK, Harwood FL, et al. Injury of the anterior cruciate liga-
ment: the role of collagenase in ligament deterioration. J Orthop Res 1989;
7:486–93.

85. Duval JM, Budsberg SC, Flo GL, et al. Breed, sex, and body weight as risk fac-
tors for rupture of the cranial cruciate ligament in young dogs. J Am Vet Med
Assoc 1999;215:811–4.

86. Slauterbeck JR, Pankratz K, Xu KT, et al. Canine ovariohysterectomy and orchi-
ectomy increases the prevalence of ACL injury. Clin Orthop 2004;429:301–5.

Root Kustritz232



87. Whitehair JG, Vasseur PB, Willits NH. Epidemiology of cranial cruciate ligament
rupture in dogs. J Am Vet Med Assoc 1993;203:1016–9.

88. Light VA, Montgomery RD, Akingbemi BT. Sex hormone regulation of collagen
concentrations in cranial cruciate ligaments of sexually immature male rabbits.
Am J Vet Res 2012;73:1186–93.

89. Van Hagen MA, Ducro BJ, Van Den Broek J, et al. Incidence, risk factors, and
heritability estimates of hind limb lameness caused by hip dysplasia in a birth
cohort of boxers. Am J Vet Res 2005;66:307–12.

90. May C, Bennett D, Downham DY. Delayed physeal closure with castration in
cats. J Small Anim Pract 1991;32:326–8.

91. Salmeri KR, Bloomberg MS, Scruggs SL, et al. Gonadectomy in immature dogs:
effects of skeletal, physical, and behavioral development. J Am Vet Med Assoc
1991;198:1193–203.

92. Houlton JE, McGlennon NJ. Castration and physeal closure in the cat. Vet Rec
1992;131:466–7.

93. Root MV, Johnston SD, Olson PN. The effect of prepuberal and postpuberal
gonadectomy on radial physeal closure in male and female domestic cats.
Vet Radiol Ultrasound 1996;38:42–7.

94. Stubbs WP, Bloomberg MS, Scruggs SL, et al. Effects of prepubertal gonadec-
tomy on physical and behavioral development in cats. J Am Vet Med Assoc
1996;209:1864–71.

95. McNicholas WT, Wilkens BE, Blevins WE, et al. Spontaneous femoral capital
physeal fractures in adults cats: 26 cases (1996-2001). J Am Vet Med Assoc
2002;221:1731–6.

96. Root MV, Johnston SD, Johnston GR, et al. The effect of prepuberal and post-
puberal gonadectomy on penile extrusion and urethral diameter in the domestic
cat. Vet Radiol Ultrasound 1996;37:363–6.

97. Forsee KM, Davis GJ, Mouat EE, et al. Evaluation of the prevalence of urinary
incontinence in spayed female dogs: 566 cases (2003-2008). J Am Vet Med As-
soc 2013;242:959–62.

98. Arnold S. Urinary incontinence in castrated bitches. Part I. Significance, clinical
aspects and etiopathogenesis. Schweiz Arch Tierheilkd 1997;139:271–6.

99. Stocklin-Gautschi NM, Hassig M, Reichler IM. The relationship of urinary incon-
tinence to early spaying in bitches. J Reprod Fertil 2001;57:233–6.

100. Angioletti A, DeFrancesco I, Vergottini M, et al. Urinary incontinence after
spaying in the bitch: incidence and oestrogen therapy. Vet Res Commun
2004;28(Suppl 1):153–5.

101. Beauvais W, Cardwell JM, Brodbelt DC. The effect of neutering on the risk of uri-
nary incontinence in bitches—a systematic review. J Small Anim Pract 2012;53:
198–204.

102. Reichler IM, Pfeiffer E, Piche CA, et al. Changes in plasma gonadotropic con-
centrations and urethral closure pressure in the bitch during the 12 months
following ovariectomy. Theriogenology 2004;62:1391–402.

103. Byron JK, Graves TK, Becker MD, et al. Evaluation of the ration of collagen type
III to collagen type I in periurethral tissues of sexually intact and neutered female
dogs. Am J Vet Res 2010;71:697–700.

104. Root Kustritz MV. Use of an impact score to guide client decision-making about
timing of spay-castration of dogs and cats. Clin Ther 2012;4:481–5.

105. Hart BL, Barrett RE. Effects of castration on fighting, roaming, and urine spray-
ing in adult male cats. J Am Vet Med Assoc 1973;163:290–2.

Pros, Cons, and Techniques of Pediatric Neutering 233




