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Abstract: 
A four-month-old mixed-breed intact female dog from a rescue organization was presented to the Cornell University Hospital for Animals (CUHA) Primary Care Surgery Service for an elective ovariohysterectomy. Due to a previous diagnosis of behavioral anxiety, surgery was initially delayed for a week to allow for the development of a trusting relationship with the dog’s caretakers. Surgery was then performed successfully, and she was discharged to the rescue organization for adoption. 
This paper will review the controversies surrounding the benefits and risks of surgical sterilization, the age at which surgery is performed, and the subsequent development of behavioral, skeletal, and other medical issues in dogs. The benefits in question include, but are not limited to, population control, reduction in mammary cancer, lack of benign prostatic hyperplasia, lack of pyometra, and increased life expectancy. The disadvantages mentioned include: finances, urinary incontinence, cancer, joint disorders, and peri-operative mortality

Introduction:
An 8.7kg, four-month-old, mixed-breed female puppy was presented to Cornell University Hospital for Animals’ (CUHA) Primary Care Surgery service for an ovariohysterectomy. Any previous medical history was unknown. The rescue delayed her arrival to CUHA by a week to attempt to aid her behavioral anxiety by creating a trusting relationship with her caretakers.
 Upon presentation, the puppy was quiet, alert, and nervous. She appeared euhydrated and fully ambulatory. At arrival, she weighed 8.7kg and had a temperature of 102.9F, a respiratory rate of 40 breaths/minute, and a heart rate of 100bpm. Her body condition score was 4/9. She had a 1-2 second capillary refill time with pink moist mucous membranes, and her vital parameters remained within normal limits during her entire hospitalization. No arrhythmias or murmurs were noted on cardiac auscultation.  The femoral pulses were bilaterally strong and synchronous with the heart rate. She had normal bronchovesicular sounds in all lung fields with no crackles or wheezes auscultated. Respiratory effort was normal.	Comment by Mary Caroline Smith: 8.7 kg and had a
A reducible umbilical hernia was noted on external examination, with mild juvenile pustular dermatitis (impetigo) on the caudoventral abdomen. No spay scar or tattoo was seen. Examination of the oral cavity found deciduous dentition consistent with the estimated age of the patient. Both hindlimbs had poorly attached dewclaws. 
Her bloodwork revealed that her blood urea nitrogen (15-26mg/dL), glucose (104 mg/dL), total solids (6.2 g/dL), and packed cell volume (45%) were within normal limits.
Upon arrival, she was frightened, and it was clear she had not been socialized. She did not know how to walk on a leash, was scared when touched, jumped at loud noises, and was unwilling to move from the back of her cage. Her procedure was subsequently scheduled for three days following presentation, to allow her to acclimatize prior to surgery. However, her fearful behaviors did not improve. 
Physical examinations were performed daily throughout hospitalization. She was given two meals a day, consisting of ½ can of wet Purina Proplan EN Gastroenteric food and a scoop of Purina Proplan puppy dry food. She was offered ad-lib water at all times. She was carried to the outside dog area three times daily. Food was removed from the cage at 8 p.m. the night before surgery.
Problem List:
Sexually intact female puppy 
Anxiety/fearful behavior
Reducible umbilical hernia
Juvenile pustular dermatitis
Treatment
Omeprazole (1.25mg/kg) and maropitant (Cerenia) (1.84mg/kg) were administered by mouth in food the night prior to surgery to reduce the risk of regurgitation and vomiting, which can lead to aspiration pneumonia. On the day of surgery, the patient was pre-medicated intramuscularly with hydromorphone and dexmedetomidine. Anesthesia was induced with intravenous propofol and maintained with inhalant isoflurane. During the surgery, she was maintained on a 5mL/kg/hr intravenous drip of lactated Ringer’s solution. 
She was placed in dorsal recumbency and was clipped, prepped, and draped in standard aseptic fashion. A ventral midline abdominal skin incision was made starting just cranial to the umbilicus and extending caudally. The subcutaneous tissues were dissected around the umbilical hernia and until the linea alba was visualized. The ovariohysterectomy was performed without any complications.
Post-surgery she was given hydromorphone subcutaneously for sedation and pain control. She was also given meloxicam subcutaneously for additional pain and anti-inflammatory control. She recovered anxiously and loudly from disorientation and possibly pain. No antibiotics were deemed necessary. 
The animal was discharged the day following surgery with no indications of pain or discharge on palpation of the surgical site. There was mild swelling and inflammation along the incision site, but there was still proper apposition. She was more frightened post-procedure than before, which could indicate that she had declined behaviorally and would need more rehabilitation than anticipated. Oral liquid meloxicam was dispensed at discharge for pain management and anti-inflammatory control. 
Prognosis:
The surgical prognosis was considered good since she was an apparently healthy puppy. Immediate postoperative complications can include incisional infection and dehiscence. With the surgery, she could be at a higher risk for long-term changes, such as urinary incontinence, joint disorders, behavioral disorders, and cancer.
The prognosis for her behavioral anxiety was fair with adequate rehabilitation, although this is largely dependent upon the amount of time the rescue organization and/or her future owner may be able to devote to behavioral modification. 
Discussion:
Although the surgery performed in this patient is considered a routine procedure, there are many considerations that should be taken into account prior to recommending or performing surgical sterilization of dogs. There are numerous speculated benefits and risks that might determine when, or if, to perform surgical sterilization in a given patient. Commonly cited benefits include population control, reduction in the incidence of mammary cancer in females, reduction of benign prostatic hyperplasia and testicular tumors in males, behavior modification, increased life expectancy, and lack of pyometra and uterine or ovarian cancers in females. 
Sterilization in young animals is intended to lower dog populations, thus decreasing the number of shelter impoundments. Shelter guidelines [1] suggest neutering animals as early as 6 weeks and before 4 months of age. The goal is to neuter prior to sexual maturity, thereby preventing unwanted litters and euthanasia of unwanted, unowned animals. The guidelines state that the top risk factor for owner relinquishment of a dog to a shelter is a sexually intact dog. However, Scarlett & Johnston’s study [2] showed that neutering may not have the intended effect. The study, conducted in Asheville, North Carolina, evaluated the difference in the number of admissions to the area’s shelter relative to the opening of a local high-volume spay/neuter clinic. There was no significant difference between the proportion of impoundments and euthanasia after the spay/neuter program was implemented compared with before opening. This study’s results may indicate that surgical sterilization alone does not cause a reduction in shelter impoundments and euthanasia. At the very least, it is unclear whether the time and money invested in these procedures are truly making a difference in dog overpopulation. However, it has also been stated [2] that a decrease in intake would only happen once a critical proportion of the population is sterilized, and it could be that this threshold had not been reached yet.
It is recommended to spay before the first estrus for a marked reduction in the risk of mammary cancer, but all studies conducted to date have the potential for moderate-severe bias that makes their findings difficult to interpret. A meta-analysis of 13 studies investigated the correlation between mammary cancer and reproductive status in female dogs [3]. Nine of the 13 were determined to have a high risk of bias and the remaining four studies showed a moderate risk of bias. None of the studies included three potentially important confounding factors: age, breed, and previous treatment with synthetics derivatives of ovarian steroids. Of the four studies that were deemed moderately biased, one—the same study that has perhaps been most often referenced throughout veterinary academia--reported a “strong protective effect” of neutering before the first estrus, before the second estrus, and after second estrus but before 2.5 years of age. However, cases and controls were not directly comparable, calculations had a lack of clarity, and no confidence intervals or p-values were provided. The same author stated that there was no significant association between malignant tumors in intact dogs and those spayed after 2.5 years of age. The second study with a moderate risk of bias stated that neutering yielded “some protective effect,” but provided no numerical data. The last two studies that were found to be at a moderate risk of bias found no significant evidence of an association between neuter status and the risk of mammary neoplasia. In light of these findings, it is important to consider the validity of this general statement commonly used to justify sterilization. 
Some clients neuter their animal to reduce aggression and unwanted behaviors. A recent study examined the impact of neutering on problem behaviors in dogs, taking into account the percentage of lifetime exposure to gonadal hormones (PLGH) and age at castration (AAC). Interestingly, McGreevy’s C-BARQ [4] study indicated that there is a higher incidence of unwanted behaviors in sterilized animals than those left intact. The study did indicate that intact dogs or dogs that had a higher AAC were more likely to howl when left alone and were more likely to engage in indoor marking. However, the majority of the behaviors assessed, 32/36, were deemed to have increased incidence when neutered early. A generalization of those behaviors is: that animals are more easily frightened, less adaptive to new situations, and more excitable. In comparison to intact animals, they do not do as well when approached by strangers, in their own territory, or in unfamiliar places.  However, for this study age of neutering relative to the timing of puberty was not retrieved, and in the future that could be something to solidify the evidence. The age of neutering relative to puberty can help determine if the behavior changes are due to reproductive status or if they are more related to pre- and post- puberty hormonal development. Different breed-specific studies for behavior might be useful both due to inherent breed differences and because different-sized dogs go through puberty at different ages. With the exception of howling when left alone and indoor marking, at present there is no study indicating the production of favorable behavior modifications with sterilization in dogs. 
A general benefit of sterilization is increased life expectancy when compared to the average life span in intact animals. A study by Hoffman, Creevy, and Promislow in 2013 [5] showed that sterilized male dogs had an average life expectancy that was 13.8% longer than that of intact male dogs. The female sterilized dogs had an even more dramatic increase, with a 26.3% increase in average life expectancy when compared to intact female dogs. The study also showed that dogs with different reproductive status have different likely causes of death. Sterilized dogs were more likely to die from neoplasia and immune-mediated diseases, while intact dogs were more likely to die from trauma, infectious disease, vascular disease and degenerative disease.
While the putative benefits of neutering are frequently discussed, the United States veterinary community often appears to not consider the disadvantages of neutering. Cost is one such consideration: substantial amounts of taxpayers’ money and owners’ finances have been used to pay for these voluntary procedures. Early sterilization has been associated with an increased incidence of joint disorders and cancers in certain breeds.  Urinary incontinence is a risk associated with spaying a female dog, especially a high-risk breed. Although neutering is the most common routine surgical procedure performed in dogs, it is still a procedure requiring open abdominal surgery (in females) and general anesthesia, with the attendant risks of morbidity and mortality. 
Multiple studies have investigated the increased risk of joint disorders in sterilized dogs, including hip dysplasia, elbow dysplasia, and cranial cruciate disease (CCLR), especially in large-breed dogs. Critics of these studies have suggested that neutering is associated with subsequent weight gain, which might explain the perceived difference in incidence of orthopedic disease between neutered and intact dogs.  However, studies by Hart, Hart, Thigpen, and Willits in 2014 and 2016 [6,7] showed no evidence of body condition score (BCS) being different in sterilized animals with or without one or more joint disorders, making it less likely that weight gain is the cause. Two separate studies have been performed evaluating the incidence of joint disorders in golden retrievers, Labrador retrievers, and German shepherds neutered at different ages. Differences were seen between genders and between those sterilized <6 months, 6-11 months, 1-2 years, and 2-8 years old. The early sterilized females and males showed a higher incidence of at least one joint disorder. The incidence became smaller with increasing age at sterilization and was smallest in intact dogs. For male golden retrievers, the highest incidence of at least one joint disorder was in males castrated <6 months (27%), and male German shepherds had the highest incidence in dogs castrated between 6-11 months (16.4%) (Table 1a). The type of joint disorder differed between breeds castrated at different ages. The Labrador retriever had no significant differences between intact animals and those castrated after 6 months. Male German shepherds showed no significant differences between intact males and those castrated after 2 years. The intact males had an incidence between 5-6.6% for males with at least one joint disorder.  The main joint disorder for golden retrievers and German shepherds in neutered males was hip dysplasia, and CCLR had the second highest incidence. The main joint disorders for Labrador retrievers in neutered males were elbow dysplasia and CCLR. Female golden retrievers had the highest incidence of at least one joint disorder in females spayed <6 months (20%), and female German shepherds had the highest incidence in dogs neutered between 6-11 months (17%) (Table 1b). There was no significant difference between intact females and those spayed after 2 years. The intact females had an incidence of 5% having at least one joint disorder. The main joint disorder for spayed female golden retrievers and Labrador retrievers was CCLR, especially in those neutered  <6 months & and 6-11 months. In comparison to female German shepherds, the main joint disorder was still hip dysplasia, similar to the males.	Comment by Mary Caroline Smith: and
Table 1a: Incidence of at least one joint disorder in males
	Breed
	<6 months
	6-11 months
	2-8 years
	Intact

	Golden retriever
	27.0%
	14.0%
	10.0%
	5.0%

	Labrador retriever
	12.5%
	-
	-
	5.0%

	German shepherd
	20.8%
	16.4%
	-
	6.6%



Table 1b: Incidence of at least one joint disorder in females
	Breed
	<6 months
	6-11 months
	2-8 years
	Intact

	Golden retriever
	20.0%
	12.0%
	-
	5.0%

	Labrador retriever
	10.0%
	10.0%
	-
	5.0%

	German shepherd
	12.5%
	16.4%
	-
	5.0%




The risk of urinary incontinence (UI) in female dogs has been postulated to increase secondary to sterilization, which was confirmed by a 2017 study [8]. There is a 2-16% prevalence of UI in neutered bitches. Of those UI dogs, the breeds at the highest risk were the Irish setter, Dobermann pinscher, bull mastiff, collie, and Dalmatian. Other factors that were associated with an increased incidence of UI were: neutered status, increased adult body weight relative to the breed mean, older animals, and insured animals. Those weighing at or above the breed mean adult bodyweight were 31 times more likely than those below the breed mean to have UI. Animals aged 9-12 years were almost 4 times more likely than younger animals to have UI. 53% of the cases in the study were insured, making them 1.5 times more likely than uninsured animals. Of all the incontinent bitches that were deceased by the end of the study, UI was the primary or a contributing reason for euthanasia in 16%. In light of this, it is particularly important to consider the repercussions of sterilization in one of the over-represented breeds.	Comment by Mary Caroline Smith: usually spelled with one n	Comment by Mary Caroline Smith: finish the sentence
There are retriever and German shepherd studies [6,7], which have suggested that sterilization may be associated with the development of lymphoma, hemangiosarcoma, and mast cell tumors. In these studies, castrated males had no significant difference of cancer formation in comparison to intact males. In contrast, neutered female golden retrievers had an increased risk of several cancers compared to intact females, with the incidence of cancer in intact females ranging from <1%-3%. Female golden retrievers sterilized <6 months had an incidence of 14% and those sterilized 6-11 months had an incidence of 11%, with lymphoma being the number one cancer documented. There was an 8% incidence of cancer in female golden retrievers sterilized between 2-8 years old, with mast cell tumors having the highest number documented. There were no significant findings with female German shepherds and Labrador retrievers with different reproductive statuses (Table 2).	Comment by Mary Caroline Smith: ranging	Comment by Mary Caroline Smith: an
Table 2: Female’s incidence of at least one cancer
[image: ]
A high-volume, high-quality spay and neuter clinic did a study [9] looking at peri-operative mortality. For the routine procedure done in dogs, 1 in every 10,000 dogs died within the first 24 hours following the procedure. The risk was twice as high in females when compared to males. No surgery or anesthesia is without risks, so this needs to be taken into account with the life expectancy studies to help make the decision to spay or neuter.
Conclusion
All of these studies regarding the effects of surgical sterilization were performed retrospectively and have some form of bias. This routine procedure is recommended and performed every day and yet the facts behind it are controversial and often outdated. However, the studies discussed in this paper give some insight on the effects of neutering based on breed, age group, and sex. In particular, certain breeds are more prone to urinary incontinence, joint disorders, and cancers when neutered or when neutered early in life. With the evidence of increased incidence in these breeds, the benefits and risks have to be contemplated with every procedure. This routine procedure is recommended and performed every day and the facts behind it are controversial, biased, and outdated. In the veterinary community, it is imperative to treat each animal as an individual and each client’s needs in mind.
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