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1 | INTRODUCTION

During the second half of the last century, dogs and cats have gained an important place in many households and their numbers
have increased remarkably in many countries. While there are anecdotal estimates of pet ownership by country provided on websites
and in the lay literature, there is a lack of peer-reviewed data on the actual world population of dogs and cats, both owned and
unowned. These animals may easily reproduce once they achieve puberty if not constantly under control. Therefore, veterinarians
are continuously presented with requests to contain or eliminate reproductive behaviour or fertility as a whole in owned dogs and
cats.

The increased presence of small animals in our homes has been paralleled by an increase in dog and cat populations in suburban
areas where free-roaming stray or unsupervised animals reproduce uncontrolled, causing public health concerns. Animal shelters in
many areas are overcrowded by dogs and cats. Proactive rehoming, adoption and sterilisation policies are being promoted in many
parts of the world. However, shelter populations seem to have remained stable and have, despite all these efforts, increased in some
countries/areas/municipalities (Crawford et al., 2019). Therefore, controlling dog and cat reproduction has always been a key issue
for veterinarians working in animal welfare organisations and for small animal practitioners alike.

The historical approach to controlling dog and cat reproduction has been through surgical gonadectomy. For males, multiple surgi-
cal methods, approaches and means of haemostasis have been utilised with success and precise technique is generally based on surgeon
experience and preference. For females, removal of all (ovariohysterectomy, OHE) or part (subtotal ovariohysterectomy; SOHE) of
the uterus may be performed concomitantly with removal of the gonads. While many veterinary textbooks describe the OHE pro-
cedure with ligatures placed and subsequent transection made at the level of the uterine body, it is important to recognise that this is
both anatomically and physiologically incorrect. Some portion of the uterus will inevitably remain in the patient and therefore what is
being performed, is a SOHE (Megjia et al., 2020). SOHE should be avoided as it exposes the female to the risk of developing a uterine
stump condition should an ovarian remnant be present, or a progestogen treatment administered at a later date. Ovariectomy (OE)
alone is quicker, uses a smaller incision and is associated with less potential complications (Okkens et al., 1997). Consequently, in the
absence of uterine pathology, and if lack of gonadal hormones is both predicted and desired, these guidelines recommend OE as the
preferred surgical procedure for sterilisation of female dogs and cats.

Laparoscopic sterilisation is less painful and provides better visualisation of all pertinent structures, especially in small breed dogs.
Owner familiarity with minimally invasive surgery in humans is producing a large demand for its use in pets (Buote, 2022). Surgical
sterilisation techniques that maintain gonadal hormones such as vasectomy and hysterectomy have also been proposed as effective and
safe means of inhibiting reproduction in pets (Kutzler, 2020b; McCarthy, 2019; Zink et al., 2023).

Alternatives to the surgical removal of gonads for dogs and cats have existed since the second half of last century. The first drugs
commercially available for the control of reproduction in small animals were synthetic analogues of progesterone (progestogens)
that block the action of the hypothalamic—pituitary—gonadal (HPG) axis. Unfortunately, improper use in dogs and cats has led to
several case reports of side effects from overdosing (Romagnoli & Ferre-Dolcet, 2022; Romagnoli & Lopate, 2017). After care-
ful patient selection, progestogen use at the appropriate dose and duration can be a safe and effective method for reproduction
control.

Earlier this century a new category of active principles, long-acting preparations of gonadotropin-releasing hormone (GnRH)
agonists became available as veterinary drugs in some countries allowing for prolonged duration of reproduction control (Fontaine &
Fontbonne, 2011; Goericke-Pesch et al., 2013; Romagnoli et al., 2009; Trigg et al., 2006). The effect of a single administration of a
long-acting GnRH agonist implant varies from 6 to 12 months (depending on dosage) in dogs and is much longer in cats. Repeated
administration is effective and appears to be safe based on the limited data available (Brindli et al., 2021; Romagnoli et al., 2023).
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Therefore, its use in bitches for which surgery is not an option may be considered. Long-acting GnRH agonists are approved in some
countries for use in male dogs and cats and in prepuberal bitches; their off-label use is proving effective and safe in queens while
more data is needed to warrant its use in postpubertal bitches. Male dogs and cats may also be rendered sterile by local administra-
tion of chemical agents (Oliveira et al., 2013). Approaches such as vaccination against GnRH or, more recently, gene therapy causing
overexpression of Mullerian inhibiting substance are promising, particularly for females (Levy et al., 2005, 2011; Ochoa et al., 2023;
Vansandt et al., 2023; Vargas-Pino et al., 2013). The remarkable extent of current knowledge on this topic makes it increasingly
challenging for veterinarians to advise clients and stakeholders on the best approach to reproduction control for small animals. This
is particularly true for small animal practitioners given the emotional value clients usually place on pets. Reproduction control as a
presenting request has gone from the very simple “7 would like my pet to be spayed/neutered” to a very elaborate set of questions the
most intriguing of which are “how and ar whar age should it be done” and more recently and importantly “should we do it or not”? As
a consequence of the more important role dogs and cats are playing in our lives, shelter conditions have also been receiving increased
attention from the public and social media. Once in a shelter, rescued or captured animals are invariably gonadectomised, a practice
which continues around the world using a standard surgical approach. Reproduction of shelter animals needs to be blocked perma-
nently as this prevents further reproduction and increases their chances of being adopted. Therefore, surgical sterilization remains a
valid solution in certain situations because of its ease and cost-effectiveness. However, evidence is accumulating in favour of the effi-
cacy of newer surgical techniques which, in spite of maintaining reproductive behaviour, may offer the option of adopting healthier
animals.

Small animal practitioners need to acquaint themselves with current knowledge regarding reproductive control offering a host of
novel approaches replacing the potentially harmful practice of routine gonadectomy of young dogs and cats. The best options for
reproduction control in dogs and cats are the ones that have the least long-term health concerns which may be more pronounced
particularly in large and giant breed dogs (Benka et al., 2023). For owned pets, such a decision should be made on a case-by-case
basis in consultation with the owner with due consideration of species, sex, breed, purpose and lifestyle of the pet as well as financial
constraints. Albeit less ideal for the individual pet, methods for reproduction control in the shelter environment may differ to that of
owned animals. Effective strategies to curb reproduction of stray dogs and cats are lacking, may be cost- and labour-intensive and are
often regarded as controversial (Read et al., 2020; Wolf et al., 2019). Shelter policy makers will only agree to the selection of perma-
nent sterilisation options that are affordable and they oppose alternative options which maintain sexual behaviour in pets as that may
lessen the probability of adoption and increase pet abandonment. Veterinarians are in a key position to educate policy makers and the
pet-adopting public about alternative approaches with less long-term health concerns. Their action may in time lead to acceptance of
reproduction control options that better align with the health concerns of individual pets.

1.1 | Use of this document
These guidelines provide evidence-based scientific information on:

1. Achieving control of reproduction in dogs and cats with (spay-neuter, vasectomy, ovary-sparing techniques) or without surgery
(through the use of hormones, vaccines, locally sclerotizing agents).

2. The benefits and the detriments of both approaches for the long-term health of dogs and cats.

3. The most cost-effective and ethical reproduction control strategies in shelter animal populations and non-owned dog and cat
populations.

The purpose of this document is to assist veterinarians best apply current knowledge on surgical and medical reproduction control
methods in dogs and cats with animal welfare as the first and foremost priority. Animal welfare is an elaborate concept, which requires
sound scientific knowledge as well as applying common sense amidst the diverse settings of small animal practice. The risk of long-
term health concerns associated with routine gonadectomy may no longer be acceptable for all owned pets. The concerns of shelter
policy makers should be acknowledged. Cats and smaller breed dogs may be continued to be gonadectomised by traditional gonadec-
tomy at traditional ages. Conversely, vasectomy and ovary-sparing surgery should be offered as an alternative option to gonadectomy
following proper consultation with the prospective owners of large and giant breed dogs at risk.

There is not a single technique which is ideal in all situations or one which should never be used. Every approach to reproduc-
tion control has advantages and disadvantages depending on the practical/financial situation of the owner, genetics of the animal,
age, health, lifestyle and purpose for which the animal is kept. Over the last few decades evidence of long-term health concerns
associated with surgical gonadectomy such as orthopaedic, behavioural, endocrine and neoplastic conditions is continuing to
emerge. As a consequence, the development of alternative reproduction control methods for animals at risk ensued. As more data
becomes available on age of gonadectomy and individual breed risk, the choice of best reproduction control option based on
individual case by case in consultation with pet owners will improve. Although surgical gonadectomy may remain a valid option
for cats of both sexes and small and medium-sized female dogs, in large male and female dogs potential health concerns associated
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with gonadectomy may make alternative options more appropriate and should be considered both in client- as well as shelter-
owned animals.

The body of evidence regarding detriments and benefits of gonadectomy is complex, sometimes conflicting and differs depending
on sex, species, age of gonadectomy and breed. Arriving at the best possible decision for the individual pet requires wide and inten-
sive consultation with the pet owner. Considering the complex nature of this decision-making process and the multitude of factors
to consider, the reproduction control guidelines are intended to provide a tool for small animal practitioners and policy makers to
reach informed, consensual decisions while meeting the welfare interest of the animals, expectations of the pet owners and avoiding
possible litigation.

Whilst there is a general expectation that guidelines should be concise and consistent, this is not achievable with the reproduction
control guidelines. This is because there is a complex network of variables and circumstances that impact on the decisions of, should
I or should I not neuter and if so, at what age and what method should I use. Therefore, standard routine recommendations suited
as “best practice” for all animals cannot be made. What has become clear, however, is that the decision to routinely neuter all animals
not intended for breeding can no longer be supported for all categories of animals. Harmonising risk/benefit assessment with client
preferences, shelter requirements and most importantly, ultimate long-term welfare of the individual animal requires a thorough
understanding of the confounding elements involved. These include age at gonadectomy, species, sex, breed, animal lifestyle, purpose
of animal and whether the animal is owned and whether there is responsible pet ownership. In cases where there is responsible pet
ownership, best practice may be to leave the animals unaltered unless there is a medical necessity to intervene. This had been advo-
cated for decades in some parts of the world. In cases where permanent sterility is non-negotiable, hysterectomy may be suggested
as an option. Routine OE and OHE should be reserved for those animals at lower risk or for those animals where the elimination of
both reproduction and reproductive behaviour is necessitated.

2 | SURGICAL STERILISATION IN DOGS AND CATS

Sterilisation of dogs and cats is the most common surgical procedure performed by small animal practitioners worldwide (Green-
field et al., 2004). Numerous methods are employed successfully and can be divided into those that remove the source of gonadal
hormones and those that preserve them. The role of gonadal hormones on long term health is debated, and this issue is discussed in
detail later in this document.

2.1 | Surgical methods of sterilisation in dogs and cats associated with loss of gonadal hormones

2.1.1 | Female dogs

2.1.1.1 | Ovariectomy, subtotal ovariohysterectomy and ovariohysterectomy: Gonadectomy by removal of the
ovaries alone (OE), or with concomitant partial SOHE) or complete (OHE) removal of the uterus are the most common methods
of surgical sterilisation of female dogs (Fig 1). Preventing cystic-endometrial-hyperplasia-pyometra complex has been touted as
a reason for performing OHE but this condition will not occur without the presence of remnant ovarian tissue or an exogenous
source of progesterone (DeTora & McCarthy, 2011; Noakes et al., 2001). Uterine tumours can be prevented by removal of the
entire uterus, but the incidence of these is quite low and many are benign (Brodey, 1970; Saba & Lawrence, 2020). In addition,
to our knowledge uterine neoplasia has not been reported in a dog or cat that has had OE alone before 2 years of age (DeTora &
McCarthy, 2011). The incidence of uterine neoplasia if OE or SOHE is performed after 2 years of age is unknown and warrants
investigation. Advantages of OE over the alternate procedures include a smaller incision and therefore possibly less pain, shorter
surgical times, fewer sites for potential haemorrhage, less likely inadvertent ureter ligation and easier access to the ovarian pedicles
(DeTora & McCarthy, 2011; Okkens et al., 1997; Van Goethem et al., 2006). For these reasons, in the absence of uterine
pathology or pregnancy, OE is the preferred procedure for routine surgical sterilisation of female dogs if loss of gonadal hormones
is desired.

OE, SOHE and OHE can each be performed by either laparotomy or laparoscopy. With the exception of OHE, the incision can
be either on ventral midline or flank. Potential advantages of midline laparotomy include increased familiarity of regional anatomy
for most surgeons and ability to simultaneously explore the abdomen for other reasons if necessary. Potential advantages of the flank
laparotomy include less damage to mammary gland tissue if these glands are enlarged and easier visualisation of the incision after
surgery in shelter or feral population situations (McGrath et al., 2004). No significant difference in ease of surgical procedure, rate of
complications or pain has been consistently demonstrated between the laparotomy approaches, so choice is one of personal preference
and training (Griffin et al., 2016; Looney et al., 2008). Laparoscopic surgery is less painful than laparotomy and provides improved
visualisation and safety, especially in large breed dogs (Culp et al., 2009; Devitt et al., 2005; Fransson & Mayhew, 2015; Hancock
etal., 2005). Wound complications are less frequent after laparoscopic procedures (Charlesworth & Sanchez, 2019). Owner familiar-
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FIG 1. Sites of transection for surgical sterilisation of a female dog. (A) Basic anatomy of the female reproductive tract. (B) Ovariectomy. (C) Subtotal
ovariohysterectomy. Note that by placing forceps and transecting through the uterine body a short section of the distal uterine body remains. (D)
Ovariohysterectomy. Note that forceps are placed through or distal to the cervix, ensuring that the entire uterus including the uterine body have been
removed

ity with minimally invasive surgery in humans has produced a large demand for performing sterilisation procedures with this method
(Buote, 2022; Hsueh et al., 2018).

Each of the laparotomy procedures can be performed in paediatric (6- to 16-week-old) patients, provided several precautions are
taken (Faggella & Aronsohn, 1994; Kustritz, 2002; Looney et al., 2008; Oliveira-Martins et al., 2023; Olson et al., 2001; Porters
et al., 2015; Kustritz, 2002). Patients should be healthy, properly immunised for their age and have normal hydration status. A com-
plete pre-anaesthetic physical exam should be performed, and a warm preoperative and postoperative environment provided. While
traditional recommendation has been to avoid fasting greater than 4 hours to avoid hypoglycaemia, recent data suggests that hypo-
glycaemia does not occur in paediatric puppies 20.9 kg fasted for longer durations (Fudge et al., 2022). Puppies should be provided
food after surgery as soon as the patient is able to stand (Griffin et al., 2016). Tissue dissection must be meticulous to avoid damage
to delicate vital structures.

All animals surgically sterilised should be identified by tattoo, or other easily identified external means to avoid inadvertent reop-
eration at a later date (Looney et al., 2008; Mielo et al., 2022). Microchips are gaining popularity for pet identification, but inaccu-
racy of owner data, added expense and required access to an appropriate microchip reader limit their usefulness for identification of
sterilisation status (Brent, 2019). A green linear tattoo applied to the ventral aspect of the abdomen either on or immediately lateral
to the ventral midline is recommended for both female and male dogs (Griffin et al., 2016). If a flank approach is used for sterilisa-
tion of a female patient, the tattoo should be placed where a ventral midline incision would have been. Tattoo ink or paste can be
applied directly to the surgical incision after intradermal closure, placed in a separate cutaneous incision or injected intradermally
(Bushby, 2013; Griffin et al., 2016; Welborn et al., 2011).

A recent survey-based study including all USA and Canadian veterinary schools indicated that curricula included discussion of
sterilisation identifiers in only 31% of lecture-based training, 75% of spay/neuter laboratory training and 38% of clinical practice-
based training. The same study found that while 80% of shelters and 72% of spay/neuter clinics tattooed all owned animals, and 84%
of shelters and 70% of spay/neuter clinics tattooed all unowned animals, private practices identified sterilisation status after surgery
in only 5% of patients (Mielo et al., 2022). Enhanced training and implementation of sterilisation identifiers are needed throughout
the veterinary industry (Mielo et al., 2022).
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21.1.1.1 | Ventral midline laparotomy for ovariectomy in dogs: Location of the initial skin incision is often calculated by
dividing the distance between the umbilicus and pubis into thirds and making the incision the length of the cranial third. The length
of the incision depends on the dog’s size, amount of abdominal fat and surgical experience of the operator. The incision should not be
longer than needed but should always allow adequate exposure to safely perform the procedure. Inadequate exposure increases the risk of
haemorrhage from both the ovarian and uterine arteries, as well as incomplete removal of all ovarian tissue [ovarian remnant syndrome
(ORS)]. While cold instrument incision with a scalpel blade is most frequently used, electroincision with an electrosurgery device reduces
complications such as blood loss, incision redness and wound discharge without affecting clinical wound healing (Meakin et al., 2017).

A sharp or blunt dissection of the subcutaneous tissue along the midline is made with a scalpel blade or Metzenbaum scissors,
respectively. Once the linea alba is clearly identified it is elevated with a thumb forceps and punctured with a scalpel blade sharp side
facing up. The incision is extended towards both ends by cutting with a scissor or by using a blade with a tissue forceps or grooved
director as a guide (Fig 2).

The uterus is located dorsal to the bladder and ventral to the descending colon by advancing the hand into the abdomen between the
internal aspect of the abdominal wall (towards the palm of the hand) and the viscera (towards the dorsal aspect of the hand). Spay hooks
(Fig 3) are commonly used and may be helpful in locating the first uterine horn; however, they must be used with great care, especially

FIG 2. Grooved director. An instrument placed between the linea alba and abdominal viscera to guide a scalpel incision while protecting abdominal
viscera. It features a blunted point at one end and a butterfly-shaped handle at the other

FIG 3. Spay hook. An instrument used to retrieve and exteriorize the uterine horn. It has a curved tip working end with an ergonomic handle
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in very young animals, where potential risk of inadvertently damaging delicate intra-abdominal structures is increased. Either the left or
right uterine horn can be identified first based on personal preference. The spay hook is positioned so that the hook points towards the
body wall and is swept down the body wall to the inside fold of the ipsilateral rear leg. The point of the hook is then rotated 180° and
swept slightly towards the midline incision. If the uterine horn is engaged, tension will be felt on the hook. Too much tension indicates
that a ureter has likely been engaged. If so, the hook is disengaged, and another attempt made to engage the uterine horn (Valdez, 2022).
If repeated attempts fail to isolate the uterine horn the abdominal incision should be enlarged, or an alternate method, such as direct
palpation caudal to the kidney should be utilised. After the uterine horn is identified it is gently retracted and followed cranially until
the ovary is located. Application of local anaesthetic to the ovary at this point improves intraoperative analgesia (Cicirelli et al., 2022).

Forceps are placed on the proper ligament to use for retraction and the suspensory ligament is broken or stretched with digital
pressure. Performing this manoeuvre as close as possible to the diaphragm avoids inadvertent damage to the ovarian vessels. Sharp
transection is faster and may cause less pain (Shivley et al., 2019). Releasing the suspensory ligament may not be required in all dogs,
especially dogs who have previously given birth as there is increased laxity of the reproductive structures in these animals.

A window is made in the mesovarium immediately caudal to the ovarian vessels. Many methods for ligation of the ovarian pedicle
have been described and used with success. In one common technique three forceps are placed on the ovarian pedicle. A first ligature
is placed at least 2 to 3 mm distal to the most distal forceps and tightened. The most distal forceps is then “flashed” or released, and
a second ligature placed in the crush (Fig 4). The pedicle (not either of the sutures) is grasped with thumb forceps and cut between
the remaining two forceps. The middle forceps is removed and, after confirming lack of bleeding, the pedicle is released into the
abdomen. Forceps placed on the ovarian pedicle should never be lifted directly as tearing of the delicate tissue may ensue. Forceps
can be rolled 90° as needed for exposure, but any lifting should be done with the forceps on the proper ligament. Carmalt forceps are
designed to create haemostasis along a large vascular pedicle and are preferred for very large dogs. Crile, Kelly or mosquito forceps are
generally used for smaller patients (Fig 5). Each of these forceps are available in both straight and curved configurations and choice is
based on surgeon preference. In smaller dogs (<15 kg) some surgeons prefer to avoid pedicle forceps altogether. In very large dogs or
dogs with excessive fat, the pedicle can be very carefully divided into smaller pedicles for better ligature security.

After the ovarian pedicle is released into the abdomen single or double ligatures can be used to isolate and subsequently remove
the ovary. In the single ligature method, a circumferential ligature is first placed through the previously created window in the mes-
ovarium at the junction of the uterine tube and horn. Two forceps are then placed between the ligature and ovary. Cutting between
the two forceps will free the ovary. In the double ligature method, three forceps are placed at the junction of the uterine tube and horn,
and two ligatures are tied. The first ligature lies between the uterine horn and most caudal forceps and the second in the crush of the
most caudal forceps. Sharp transection between the two remaining forceps frees the ovary which is removed from the surgical field
(Fig 6) (Kutzler, 2020b). After confirming haemostasis, the second ovary is located by following the remnant uterine horn caudally to
the uterine body and then up the contralateral uterine horn. The procedure is then repeated on the opposite side.

Many different types of knot designs have been used successfully for ligation of both the ovarian pedicle and mesovarium in dogs.
Two-pass friction knots (miller’s, modified miller’s, constrictor and strangle knot) may be preferable to standard surgeon’s or square
knots, especially for inexperienced surgeons (Belluzzi et al., 2022; Erickson et al., 2020; Hazenfield & Smeak, 2014; Leitch et al., 2012)

Forceps #3
Forceps #2 l

Forceps #x

Site of transection
Suture #2
Suture #1

FIG 4. Sites of forceps and suture placement for transection of the ovarian pedicle. Note that forceps #1 is generally “flashed” and the suture placed
in the resulting crush
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Crile Forceps Kelly Forceps Mosquito Forceps

Carmalt Forceps

FIG 5. Common forceps used for occlusion of a vascular pedicle. Note that the Carmalt forceps are larger and have wide parallel serrations, whereas
the other types have finer perpendicular serrations. Serrations extend for the entire length of the jaw in mosquito and Crile forceps but only for part of
the length in Kelly forceps

(Figs 7 and 8). Square knots may slip on the first throw if the tissue is excessively thick, and surgeons” knots can bind or “lock-up” prema-
turely, creating a dangerous situation in which the surgeon falsely thinks the knot has been tightly applied when it is not (Smeak, 2019).
When forming a two-pass knot it is helpful to initially form the knot loosely on the jaws of a haemostatic forceps, then push it down
over the jaws into the appropriate position. This enables the construction of the knot in a site with ample room (Smeak, 2019).

Suture selection is generally based on surgeon preference. High-volume high-quality (HVHQ) sterilisation clinics sometimes
prefer ligation with chromic gut as it has relatively little memory and is less expensive than other materials (Valdez, 2022). Multi-
filament non-absorbable suture material and non-medical grade cable ties should be avoided due to increased risk of infection and
fistula formation (Pearson, 1973; Werner et al., 1992) (Fig 9). Suture material must not be shared among patients owing to risk of
disease transmission and cannot be re-sterilised (Druce et al., 1997; Vasseur et al., 1988). Triclosan-coated suture decreases adherence
of methicillin-resistant Staphylococcus pseudintermedius but there is no evidence that the use of this material decreases postoperative
infection rates in veterinary surgery (Morrison et al., 2016). Suture size is chosen based on the size of the pedicle, which is not always
proportional to the size of the dog. The most common sizes are 2-0 and 0, although smaller sizes are sometimes appropriate.

Recent advances in methods of surgical haemostasis have provided several additional options to improve the safety, efficacy and
speed of vessel attenuation during surgical procedures in dogs. Vascular clips (Fig 10) are available in multiple sizes and configura-
tions, and these provide a quick and secure method of vessel attenuation (Costa et al., 2016; Watts, 2018). Self-locking ties are par-
ticularly useful for pedicle ligation in areas difficult to access (Fig 11). Electrosurgical devices apply high-frequency (radiofrequency)
alternating polarity electrical current to biologic tissue as a means to cut, coagulate, desiccate or fulgurate tissue (Fig 12). Bipolar
electrosurgery forceps are likely quicker and safer than monopolar when used on the ovarian pedicle) (Van Goethem et al., 2003).
Vessel-sealing devices are available that use electrothermal bipolar electrosurgery energy and pressure to induce denaturing and fusion
of collagen and elastin within vessel walls, resulting in vascular occlusion (Peycke, 2015; Sackman, 2012). These devices come with a
variety of handheld instruments with jaws designed to deliver bipolar energy into the grasped tissues. A system generator measures the
electrical impedance of the tissues through a feedback mechanism and a precise amount of bipolar radiofrequency energy is generated.
Vessel-sealing devices create minimal thermal spread and may be approved for vessels measuring up to 7mm in diameter (Fig 13).
Data suggest that they are equally effective at preventing haemorrhage during surgical sterilisation, while decreasing surgical time
compared to standard suture methods (Cicirelli et al., 2023). Ultrasonic waves may also be used to effectively seal vessels up to 7 mm
in diameter (Fig 14). High-frequency vibrations (55.5kHz) produce lower temperatures than vessel-sealing devices and produce an
“oscillating saw” effect to cut tissues and denature proteins to seal vessels.

After assuring that all surgical sponges are accounted for, closure of the abdominal cavity is done routinely, remembering that the
external rectus sheath is the “holding layer” and must be included in suture bites. Most suture materials perform well for closing the linea
alba except for chromic gut whose tensile strength may not be maintained for a sufficient duration of time. A quilting subcutaneous
suture pattern has been described to reduce seroma formation and pain and is recommended (Travis et al., 2018) (Fig 15). Skin sutures
are generally avoided in shelter situations or in patients where suture removal would be challenging. A carefully placed intradermal pat-
tern and/or skin glue are useful in these situations. While intradermal patterns have traditionally been ended with a four-throw square
knot, a two plus one Aberdeen termination knot is smaller, equally secure and easier to bury (Regier et al., 2015) (Fig 16). While assuring
adequate strength, suture size should be as small as possible, as for every increase in size, volume increases four to six times and tissue
reactivity two to three times (van Rijssel et al., 1989). Glue should be placed on top of rather than in the surgical wound itself (Fig 17).
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FIG 6. Sites of forceps and suture placement for transection of the mesovarium in an ovariectomy procedure. (A) Single ligature procedure. (B) Double
ligature procedure See Fig 4 for placement of forceps and suture on the ovarian pedicle.

2.1.1.1.2 | Ventral midline laparotomy for subtotal ovariohysterectomy in dogs: Subtotal OHE involves the removal of
both ovaries with incomplete removal of all uterine tissue (Fig 1). This procedure is frequently performed by practitioners because
isolation and removal of the entire uterus distally (true OHE) is technically more difficult. Distal ligations with SOHE are generally
at the level of the uterine body. It should be noted that the preservation of uterine tissue inevitable with this procedure allows for the
potential development of subsequent uterine stump granuloma. Cystic endometrial hyperplasia (CEH) complex/pyometra can also
occur if there is an ovarian remnant or exogenous source of progesterone.

Surgical manipulations to perform SOHE are required more caudally in the abdomen than OE alone, so it is particularly impor-
tant that the urinary bladder be emptied by manual expression soon after anaesthetic induction. If this is not possible, the bladder
should be emptied by cystocentesis once the abdomen is open. The skin incision for SOHE must also be extended further caudally
than for OE, generally including the middle as well as cranial third of the distance between the umbilicus and pubis.
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FIG 7. Formation of a modified miller’s knot. (A) Working end passed over the top of the pedicle and around the pedicle. (B) Second pass around the
pedicle. (C) Working end over the top. (D) Working end tucked under both loops. (E) Cinched tight

Identification, isolation, ligation and transection of both ovarian pedicles are the same as previously described for OE. The meso-
metrium is then cut or bluntly dissected lateral to the uterine artery to the level of the uterine body. This tissue should be ligated or
electrocoagulated if highly vascularized.

Many techniques have been described and used successfully for uterine artery ligations and transection of the distal reproductive
tract. In one common technique, two forceps are first placed across the uterine body. Both uterine arteries are individually transfixed
caudal to the forceps, and then a third circumferential ligature placed caudal to these. Either traditional or modified transfixing sutures
can be used for this purpose. In the traditional method, the first throw of a square knot is placed incorporating about one-third of the
uterine body and uterine artery on the same side. The suture ends are then passed 360° around the tissue and a four-throw square knot
tied on the opposite side (Fig 18). The modified transfixation method is similar, except that a complete square knot is placed on the first
side (Fig 19). It is important to note that the transfixation sutures should be placed cranial (closest to the subsequent transection site)
to the subsequent circumferential ligation (Fig 20). This provides some protection to haemorrhage if one of the transfixation sutures
inadvertently penetrates a uterine artery. Similar to ligation of the ovarian pedicle, using a two-pass friction knot such as a miller’s knot
is advantageous for the circumferential ligature. The uterine body is then transected between the two forceps and the reproductive tract
removed from the surgical field.

Use of a vessel-sealing device has been reported for closure of uterine horns in dogs, but unacceptably low bursting strength was
measured when applied to uterine bodies 29 mm in diameter (Barrera & Monnet, 2012). Vessel-sealing devices are designed to seal
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FIG 8. Formation of a constrictor knot. (A) Working end passed over the top of the pedicle. (B) After a single loop is formed working end crossed
over the top of the standing end. (C) A second loop formed with the working end. (D) Working end crossed over the standing end a second time. (E)
Working end tucked beneath both loops. (F) Cinched tight

Serrated teeth

/

/

Locking mechanism

FIG 9. A commercially available cable tie. (A) Teeth on one end of the tie engage a locking mechanism on the opposite side. (B) Tie is tightened by
pulling on the free end. (C) Final tightening
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FIG 10. Vascular clips. (A) Vascular clips are available in several sizes and configurations. (B) Cassette with vascular clips. (C) Clip is loaded onto
applicator handle and ready for use
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FIG 11. Selflocking suture tie: (A) Self-locking ties provide a loop of suture with a preformed slip knot on the end of an application rod. (B) The
preformed knot is passed over the structure to be ligated. (C) Once in position the loop is tightened by pulling on the free end. (D) The rod is used to
push the knot securely against the pedicle. (E) Once secure the rod is released and the suture cut to appropriate length

vessel walls, not other soft tissue structures. If a vessel-sealing device is used in this situation, care should be taken to assure appropriate
size of the uterine body. Alternatively, the device can be used on the uterine vessels, and the body ligated with traditional methods.

Before closure, the cut surface of the remaining uterus is evaluated carefully for bleeding. Abdominal wall, subcutaneous and skin
closure is the same as described for OE.

2.1.1.1.3 | Ventral midline laparotomy for ovariohysterectomy in dogs: By definition, OHE involves the removal of
both ovaries and all uterine tissue, including the uterine body. OHE is not recommended when dogs are in heat as in addition to the
added risk of haemorrhage, damage may occur to the vaginal transection site if mating occurs soon after surgery. Because surgical
manipulations will be performed very caudal in the abdomen it is particularly important that the urinary bladder be emptied by
manual expression soon after anaesthetic induction. If this is not possible, the bladder should be emptied by cystocentesis once the
abdomen is open. To gain access to the entire reproductive tract, the skin incision must be extended further caudally than for OE or
SOHE. In nulliparous animals and very young animals where the uterus is less pliable, it is often necessary for the incision to extend
from just caudal to the umbilicus to just cranial to the pubic brim.

Identification, isolation, ligation and transection of both ovarian pedicles are the same as previously described for OE. The meso-
metrium is then cut or bluntly dissected lateral to the uterine artery to the level of the cervix and cranial vagina. This tissue should be
ligated or electrocoagulated if highly vascularized.
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FIG 12. Electrosurgery device. Note the ability to provide coagulation, cutting and fulguration of tissue as well as offer unipolar and bipolar application
of energy

To perform OHE correctly, all forceps and ligatures must be placed at the level of the cervix or cranial vagina. Sutures hold poorly
in the highly fibrocartilaginous canine cervix, so placement in the cranial vagina is preferred, especially in post-pubertal dogs. This
location is very caudal in the abdomen and exposure can be difficult. A surgical assistant is helpful for retraction when performing
this part of the procedure.

In one common technique, two forceps are placed across the cranial vagina at the junction with the cervix. Both uterine arteries
are individually transfixed caudal to the forceps, and then a third circumferential ligature placed caudal to these. Either traditional or
modified transfixing sutures can be used for transfixation of the uterine arteries. In the traditional method, the first throw of a square
knot is placed incorporating about one-third of the tissue and the uterine artery on the same side. The suture ends are then passed
360° around the tissue and a four-throw square knot tied on the opposite side. The modified transfixation method is similar, except
that a complete square knot is placed on the first side. It is important to note that the transfixation sutures should be placed cranial
(closest to the subsequent transection site) to the subsequent circumferential ligation. This provides some protection against possible
haemorrhage if one of the transfixation sutures inadvertently penetrates a uterine artery (Fig 21).

Similar to ligation of the ovarian pedicle, using a two-pass friction knot such as a miller’s knot is advantageous for this circumfer-
ential ligature. The vagina/cervix is then transected between the two forceps, allowing removal of the entire uterus and both ovaries.
The remaining tissue should be checked to ensure that no uterus remains, and the cut surface evaluated carefully for bleeding before
replacing back into the abdomen.

While successful use of a vessel-sealing device has been reported for closure of the uterine horn in dogs, uterine bodies 29 mm in
diameter failed at unacceptably low bursting strengths (Barrera & Monnet, 2012). OHE requires distal closure at the level of the cer-
vix or cranial vagina and bursting strength after application of a vessel-sealing device has not been investigated in this location. Until
such studies are available, the use of a vessel-sealing device for closure of the cervix or cranial vagina is not recommended.

2.1.1.1.4 | Flank laparotomy for ovariectomy and subtotal ovariohysterectomy in dogs: Flank laparotomy can be used
for the removal of both ovaries and most of the uterus, but exposure is inadequate for true OHE. Dogs are usually positioned in left
lateral recumbency with the right hind limb extended caudally and secured to the table (Reece et al., 2012). A cranial-caudal incision
is made in the right flank ventral to the iliac crest at the level of the fold of skin connecting the stifle to the abdominal wall. Similar to
ventral midline surgery, in young dogs it may be preferable to make this incision slightly more caudal. The external abdominal oblique
muscle or its aponeurosis, internal abdominal oblique muscle and rectus femoris muscles are sequentially exposed and separated
parallel to their muscle fibres by blunt dissection. After entering the abdominal cavity, a spay hook is used to retrieve the right
uterine horn which is followed to the right ovary. All subsequent intra-abdominal procedures are the same as for the ventral midline
laparotomy. If difficulty is encountered retrieving the second (contralateral) ovary bilateral flank incisions can be made (Janssens &
Janssens, 1991). Some surgeons feel that retrieval of the contralateral ovary is easier if the uterine body is ligated and released first
(Dorn, 1975). Closure must incorporate the transversus abdominis and internal and external abdominal oblique muscles.
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FIG 13. Vessel-sealing device. (A) Vessel-sealing devices offer a wide variety of handpieces for different applications. (B) Once the jaw is closed,
the system measures impedance of the tissue and chooses the appropriate energy setting. A feedback mechanism senses when tissue response is
complete and stops the cycle. (C) Vessels up to 7mm in diameter can be safely occluded. (D) Appearance of vessel-sealing 28 days after surgery.
Note the lack of inflammation

2.1.1.1.5 | Laparoscopic ovariectomy, subtotal ovariohysterectomy and ovariohysterectomy in dogs: While laparoscopic
sterilisation of all sized dogs is possible (Matsunami, 2022), the procedure is most beneficial in larger patients. Many different techniques
have been described and utilised with success. Removal of the uterus is not necessary for sterilisation, so most laparoscopic sterilisations
with loss of gonadal hormones are done by OE alone. Traditional laparoscopy can be performed using one or two port methods, and
a natural orifice transluminal endoscopic surgery has also been described (Arntz, 2019; Bakhtiari et al., 2012). Laparoscopic OE using
only a single port is likely quicker but requires either an operating laparoscope or a laparoscopic port that allows the introduction of
multiple instruments simultaneously (Gonzalez-Gasch & Monnet, 2015; Khalaj et al., 2012) (Fig 22). The two-port method utilises
one port for the telescope and camera (optical port), while the second port is the instrument port.

To perform laparoscopic OE using the two-port method dogs are positioned in dorsal recumbency and secured to an operating
table that allows for medial to lateral rotation. Port locations will vary based on the size of the patient. In a 40-kg dog, the first port
placed is for the telescope and generally located about 2 to 4 cm caudal to the umbilicus. This port can be placed using either a Veress
needle for initial insufflation or a Hasson technique. Abdominal insufflation with carbon dioxide to a pressure of 12 to 14 mmHg
is used to provide optimum visualisation while minimising adverse physiologic effects (Kolata & Freeman, 1999). Portal pressure
increases exponentially with intra-abdominal pressure, so the minimum pressure that allows adequate visualisation is preferred (Parlier
etal., 2024). Assisted ventilation is generally not required, but clinicians are advised to monitor for hypercapnia during the procedure
(Merlin et al., 2022). Initial introduction of the telescope is directed to the right to avoid inadvertent laceration of the spleen. An
instrument port is then placed 2 to 4 cm cranial to the umbilicus under visual guidance (Fig 23). The patient is rotated 45° lateral
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FIG 14. Typical components of an ultrasonic dissector and sealer
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FIG 15. Quilting subcutaneous suture pattern used on closure of a stifle incision. A transverse bite is taken in the deep fascia to eliminate dead space
and decrease likelihood of seroma formation. In the figure, one deep bite is taken after 4 horizontal passes for illustration. Generally, a deep bite would
be taken every two to three horizontal passes

and the ovary on the upside located. This often requires gentle manipulation of abdominal viscera with a grasper or “shaking” the
abdomen to improve visualisation of the relevant gutter. Once the ovary is identified the proper ligament is grasped through the
instrument port, held against the body wall and a large swaged-on needle with #2 suture material or a commercial OE hook (Fig 24)
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From: Regier, P.J., Smeak, D.D., Coleman, K., et al. (2015).
Journal of the American Veterinary Medical Association
247,260-266.

FIG 16. Aberdeen termination knot. The Aberdeen knot is an alternative to the square knot for ending a continuous line when the surgeon is left with
a loop and a free end. The 2+1 configuration is demonstrated. (A) An initial throw is taken through the end loop. (B) A second throw is taken through
the newly formed loop. (C) The end of the suture is passed through the final loop and cinched tight

FIG 17. Application of skin glue to close a dermal wound. Only small amounts are necessary, and the glue should be placed on top of rather than
deeply within the wound. In the picture, glue has been transferred from the commercially supplied tube to a 1.0 cc syringe and 25 g needle for more
precise application

is passed through the abdominal wall, ovarian pedicle and then back through the abdominal wall to “skewer” and stabilise the ovary.
A specially designed transabdominal organ retraction device may be useful in dogs with very thick abdominal walls where needle pas-
sage is difficult or impossible (Delaune et al., 2021). In this position, both the ovarian pedicle and soft tissue attachments between the
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FIG 18. Traditional method for transfixation of uterine arteries. (A) Suture is passed through about one-third of the uterine body and around the uterine
artery on the same side. (B) The first throw of a square knot is placed. (C) Suture ends are passed 360° around the uterine body and opposite uterine
artery. Square knot started. (D) A four-throw square knot is completed on the opposite side

uterine horn and ovary can be electrocoagulated, clipped or fused with a vessel-sealing device (Mayhew & Brown, 2007). Once free,
the ovary is retrieved through the instrument port. In large dogs with fatty pedicles, it is often necessary to enlarge the instrument
port somewhat for retrieval. The patient is then repositioned into the opposite lateral recumbency, and the procedure is repeated on
the opposite side.

Laparoscopic SOHE and OHE are often performed as a “laparoscopic-assisted” procedure with three ports (Fig 25). Position-
ing, placement of the camera and first instrument port, identification of the reproductive structures, transabdominal fixation of
the ovary to the abdominal wall and pedicle transection are the same as for two port OE. While maintaining the transabdominal
fixation suture a short section of proximal mesometrium is electrocoagulated or sealed with a vessel-sealing device to aid in future
retrieval of the uterus. The patient is then positioned into the opposite lateral recumbency, and the procedure is repeated on the
opposite side.

Once both ovarian pedicles have been transected the patient is repositioned into dorsal recumbency, the telescope rotated 180° to
view caudally, and a third port is placed in a pre-pubic location under direct camera visualisation. The telescope is then rotated back to
view in a cranial direction and one of the transfixed ovaries is identified. The ovary or proximal uterus is grasped with an instrument
placed through the pre-pubic port and retracted to the level of, but not through the port. By maintaining the fixation suture during
this manoeuvre, the ovary can be retrieved easily if it is inadvertently dropped. Once in this location, the third port site is enlarged
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FIG 19. Modified method for transfixation of uterine arteries. (A) Suture is passed through about one-third of the uterine body and around the uterine
artery on the same side. (B) The first two throws of a square knot are placed. (C) Suture ends are passed 360° around the uterine body and opposite
uterine artery. (D) A four-throw square knot is tied on the opposite side

sufficiently to allow the grasped ovary, uterine horn and uterine body to be delivered through the incision. Gentle manual retraction
is then used to retrieve the opposite side of the reproductive tract. The remainder of the procedure is performed extracorporeally with
ligature placement and transection the same as for the procedures performed by laparotomy.

Complete evacuation of the carbon dioxide gas used for insufflation is important before closure as any remaining gas distension is
painful. Port sites are closed in two layers with simple interrupted or continuous absorbable sutures in the external rectus sheath and
subcutaneous tissue. Skin glue can be utilised as needed. Each port site should be blocked with local anaesthetic to aid in postopera-
tive analgesia.

2.1.1.1.6 | Ventral midline laparotomy for surgical sterilisation of the periparturient female dog: Surgical sterilisation
of the periparturient female dog with loss of gonadal hormones can be accomplished either by performing SOHE after delivery of the
puppies by hysterotomy or using an en-bloc SOHE technique. While sometimes suggested, there is no evidence that simultaneously
performing either of these sterilisation procedures increases maternal risk provided adequate fluid therapy support is delivered (Guest
et al., 2023). Lactation is unaltered as it is dependent on oxytocin and prolactin, both derived from the pituitary, rather than
ovarian hormones. Special care should be taken to assess and stabilise the patient before surgery as many are haemodiluted and
haemodynamically unstable (De Cramer et al., 2016; Evci et al., 2023; Proctor-Brown et al., 2019).
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FIG 20. Location of forceps and ligatures for ligation and transection of the uterine body for subtotal ovariohysterectomy. Note that the transfixation
sutures are cranial to the circumferential suture. This provides some protection against possible haemorrhage if one of the transfixation sutures
inadvertently penetrates a uterine artery
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FIG 21. Location of forceps, ligatures and transection site of the cranial vagina for ovariohysterectomy. Note that all surgical manipulations are at
the level of the cranial vagina and that the transfixation sutures are cranial to the circumferential suture. Placing the circumferential suture in this
location provides some protection against possible haemorrhage if one of the transfixation sutures inadvertently penetrates a uterine artery

2.1.1.1.6.1 | Hysterotomy and concurrent subtotal ovariohysterectomy: The patient is placed in dorsal recumbency with
the head positioned 15° to 30° above the tail (Reverse Trendelenburg Position) to decrease pressure on the diaphragm, improve
respiration and decrease regurgitation. Rotation 10° to 15° to the side has been suggested to prevent supine hypotension syndrome
(Biddle & Macintire, 2000; Gilson, 2016) but several studies have failed to document this condition in dogs (Probst et al., 1987;
Probst & Webb, 1983). It is likely that compared to humans the pregnant female dog has adequate collateral circulation when the
caudal vena cava is compressed. Alternatively, the bicornuate canine uterus may actually not compress the centrally located caudal
vena cava. Regardless of cause, lateral rotation into an oblique position is unnecessary.

The skin incision is made on ventral midline from just cranial to umbilicus to the pubis, being cautious to avoid the mammary
glands and remembering that the linea alba is thinner and wider than usual due to abdominal stretching. The uterus is exteriorized
and packed off with moistened laparotomy sponges. A longitudinal incision is made in the body of the uterus of adequate length to
assure fetal removal without tearing. If a fetus is stuck in the pelvic canal, it should be removed first so it can be first for resuscita-
tion. Each fetus is then gently massaged towards the incision by “milking” towards the hysterotomy incision. Once visible in the
hysterotomy, the fetus is grasped, and gentle but steady traction is applied until the placenta releases from its zonary attachment.
Removal of the placenta is optional provided the cervix is open, so if the placenta is firmly attached it is best to allow it to pass on its
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FIG 22. Multiple access laparoscopic port. (A) A multiple access laparoscopic port allows insertion of multiple instruments through a single incision.
(B) Close up view. In this case, the camera, two working instruments and insufflation are all provided through a single incision

Grasping
instrument
L3

Telescope

FIG 23. Port placement for laparoscopic ovariectomy. (A) The telescope port will be placed about 2 to 4cm caudal to the umbilicus for a 40-kg dog.
The instrument port is placed a similar distance cranial to the umbilicus. (B) Both telescope and grasping instrument in place. Note the illumination of
the body wall at the site of the ovary
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FIG 24. Ovariectomy hook is large curved blunt ended metal hook used to pass through the abdominal wall and secure the ovary

-

i

Instrument

Telescope port

Pubic brim

f\ Instrument
port #2

FIG 25. Port placement for laparoscopic subtotal ovariohysterectomy or ovariohysterectomy. Note the additional port just cranial to the pubic brim
needed for exteriorization of the caudal reproductive tract

own. Increased uterine haemorrhage may occur with forceful removal. The neonate is freed from the amniotic sac and using a sterile
towel handed off to an assistant with the placenta attached for further care. Once all neonates have been delivered, the hysterotomy
incision is closed in a single layer simple continuous pattern to prevent abdominal contamination. Routine SOHE is then performed
as described previously. Special care should be taken to assess for excessive bleeding as vessels will be prominent in this situation.

Closure of the abdominal wall is routine, remembering that the linea is thinned and stretched under the influence of increased
abdominal pressure and relaxin. An intradermal pattern is recommended for skin closure to avoid damage by suckling puppies and all
antiseptics used for skin preparation should be carefully cleansed. Appropriate postoperative pain management should be emphasised
in these cases (Guest et al., 2023).
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21.1.1.6.2 | En-bloc subtotal ovariohysterectomy: En-bloc SOHE involves the removal of the ovaries and the majority of
the uterus before hysterotomy and delivery of the fetuses in a pregnant female dog. Surgical approach to the abdomen and uterine
exposure are the same as for sterilisation with hysterotomy and concurrent SOHE as described above. The vascular pedicle containing
the ovarian artery and vein is exposed on both sides, but no forceps are placed. Likewise, the broad ligaments are broken down to
the level of the cervix. Any fetus in the pelvic canal is gently manipulated back into the uterine body. Once all relevant structures are
exposed, double forceps are placed across each ovarian pedicle and the body of the uterus just cranial to the cervix. The ovaries and
uterus are immediately removed by dividing between the forceps and given to a team of assistants. The assistants then quickly open
the uterus and remove and resuscitate the neonates. Ligation of the ovarian pedicle and uterine remnant is then completed.

En bloc SOHE has been reported to provide equal safety to both the bitch and fetuses if done correctly (Robbins & Mullen, 1994).
The key to success is speed. In a single reported study, the mean time from forceps placement to delivery was 40 seconds (range 30 to
60 seconds), so a maximum time of 60 seconds is recommended (Robbins & Mullen, 1994). This method is likely most appropriate
in situations where the uterus is severely diseased, infectious material is suspected to be present or when the litter is known to be dead.
En bloc SOHE is not recommended if the fetuses are already bradycardic, and hypoxia is a major concern.

2.1.1.1.7 | Prevention and treatment of complications associated with ovariectomy, subtotal ovariohysterectomy
and ovariohysterectomy: Surgical sterilisation of female dogs is a major abdominal procedure and should be treated as such.
In most instances, sterilisation is performed on an elective basis, so any complication becomes more relevant. The incidence of
perioperative complications in dogs is 7.5 to 20.6%, with increasing likelihood in heavier patients (Adin, 2011; Burrow et al., 2005;
Fransson, 2017; Muraro & White, 2014). The great majority of complications are directly or indirectly caused by inadequate exposure,
so keyhole abdominal incisions should be avoided. With increased experience smaller incisions are possible, but the incision should
always be of adequate length to safely perform the procedure.

Haemorrhage either during or immediately after surgery is the most common complication reported and may occur from either
the ovarian pedicle, broad ligament or uterine arteries (Fig 26). Ovarian pedicle bleeding is generally caused by overaggressive manip-
ulation of vascular structures during attempts to gain visualisation, or poor ligation technique. Visualisation is improved by either
blunt or sharp transection of the suspensory ligament. This manoeuvre should be performed as close to diaphragm as possible to
avoid inadvertent damage to ovarian vessels. For traction, forceps can be placed on the proper ligament and used as a handle. Forceps
placed on the ovarian pedicle may be rolled 90° in either direction to assist ligature placement but should never be directly elevated,
or tearing of delicate tissue and vessels is likely.

Placement of two ligatures using a three forceps technique is frequently recommended for ligation of the ovarian pedicle, but when
using this method, care must be taken to assure that the most dorsal (away from the ovary) ligature is an adequate distance from the
most dorsal forceps. If less than 2 to 3 mm of tissue is allowed, the forceps will keep the tissues from tightening and complete vessel
attenuation is prevented. If this situation appears likely to occur, it is better to use a four-forceps method where a ligature is placed
in each of the two most dorsal forceps crushes (Fig 27). Surgeon’s knots can bind or “lock-up” on the first throw resisting further
tightening. This creates a dangerous situation in which the surgeon falsely thinks the knot has been tightly applied but it has not
(Smeak, 2019). More dependable ligation is achieved using two pass friction knots such as the miller’s, modified miller’s, strangle or
constrictor knot (Figs 7 and 8) on the first throw, and these are recommended especially in situations with very large or fatty pedicles.
Haemorrhage can also occur during pedicle ligation if the defect in the mesovarium is made too cranial. Subsequently, any ovarian or
uterine vessels caudal to the defect will be inadvertently transected without ligation.

FIG 26. Haemoabdomen after surgical sterilisation in a bitch. Bruising and abdominal seepage of blood are apparent
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FIG 27. Four forceps method for ligation of the ovarian pedicle. Four forceps are placed, and ligatures placed in the crushes of the two most dorsal
forceps

Each ovarian pedicle should be evaluated carefully after ligatures have been placed and the pedicle transected, recognising that
crushed tissue may not bleed even if the ligatures are loose. The simple process of tissue elevation may also mask bleeding, so it is
important to watch the pedicle closely as it is released and retracts back into the abdomen.

Excessive bleeding from the broad ligament is less common, but may occur in large, overweight or multiparous female dogs. While
simple retraction and digital disruption of this tissue is often utilised, ligation of larger vessels is recommended.

Uterine artery bleeding is usually caused by slippage of circumferential ligatures, so except in very small uteri, at least one trans-
fixation suture is recommended. Transfixation can be accomplished with either a traditional or modified method. In the traditional
method, a bite is taken through tissue encompassing the vessel and tightened with the first half of a square knot. Both ends of the
suture are passed around the structure to the opposite side and tied with a four-throw square knot. The modified method is similar
except that a two-throw square knot is placed on the first side (Figs 18 and 19). To help prevent bleeding caused by inadvertent pen-
etration of a vessel, transfixation sutures should always be combined with a simple circumferential suture placed further away from
the cut edge. If transfixation is not utilised, two-pass friction knots such as the miller’s knot are recommended.

Elective surgical sterilisation should be avoided during oestrus, especially by inexperienced surgeons, as increased vascularity and
turgidity of reproductive structures increases the difficulty of obtaining secure ligations. If surgery is performed during oestrus, the
use of a vessel fusion device greatly simplifies the procedure and improves safety. Owners of female dogs sterilised during oestrus with
ligations at the level of the cervix or cranial vagina (OHE) must be cautioned to keep their dog separated from intact male dogs, as
breeding may perforate the healing tissue and cause peritonitis. If sterilisation is delayed because of oestrus, surgery should not be
performed for 2 months or at least until serum progesterone concentration has dropped to <2.0 ng/mL, as female dogs will lactate if
surgery is performed during this progesterone-dominated period.

If excessive bleeding is noted before closure, the incision should immediately be enlarged to allow complete evaluation of all
potential sites. Attempts to assess and mitigate excessive haemorrhage without adequate exposure generally fail and increase the risk
of inadvertent damage to other structures. Having a second surgeon scrub in as an assistant to aid retraction is recommended, and
the availability of surgical suction with an attached tip designed for this situation is helpful. Either a Poole or Yankauer suction tip is
appropriate (Figs 28 and 29). If bleeding is identified at one site, all sites should still be examined as multiple sources of haemorrhage
are possible. Both ovarian pedicles are located caudal to their respective kidney and are exposed by retracting the colon towards the
midline on the left and descending duodenum towards the midline on the right. This manoeuvre allows their respective mesenter-
ies to act as a sling and displace abdominal viscera. The uterine vessels at the cervix are exposed by retroflexing the urinary bladder
caudally and ventrally. Once the sites of bleeding are identified additional ligatures are placed. Vascular clips are particularly useful in
this situation as they provide secure ligations while requiring less elevation of affected vessels (Fig 10).

Bleeding not detected and remedied at surgery will result in delayed haemoabdomen. Patients recover poorly, have pale mucous
membranes and are tachycardic. Diagnosis is confirmed with serial determination of packed cell volume, abdominocentesis and/or
abdominal ultrasound. If progressive haemoabdomen occurs, emergency exploratory laparotomy is required, with identification and
management of affected vessels as described above.

Intermittent mild vaginal bleeding may occur for days to weeks after surgery, but more severe bleeding is typically caused by suture-
associated erosion of a uterine vessel. Treatment generally requires revision surgery and ligation of the bleeding vessel.
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FIG 28. Poole suction tip. The Poole suction tip has a central solid tube contained within a fenestrated sheath to prevent obstruction by abdominal
viscera. It is particularly useful for evacuating pooled blood or other abdominal fluids

Granulomas at the site of ovarian pedicle ligation are usually caused using braided non-absorbable suture material, often supplied
in a cassette. They have also been reported after the use of non-implant grade commercially available cable ties (Werner et al., 1992)
(Fig 9). Once a granuloma has formed it may cause a secondary fistulous tract, which generally ruptures in the flank area. The use of
braided non-absorbable suture material or non-surgical grade implants of any type should be avoided. Treatment requires removal of
causative material, re-ligation of ovarian vessels if needed and excision of the fistulous tract.

Inadvertent ligation or transection of one or both ureters is a severe potential complication of surgical sterilisation of female dogs
(Plater & Lipscomb, 2020) (Fig 30). The true incidence of this complication is unknown because with unilateral ligation, some ani-
mals may never develop clinical signs. Ligation can occur either proximally at the level of the ovarian pedicle or distally at the uterine
body. Distal ligation is most common and is generally associated with failure to empty the urinary bladder before surgery. If there is
any distension of the bladder noted at surgery, it should be emptied by manual expression or cystocentesis.

If inadvertent ureter ligation is noted at surgery, the offending suture can sometimes be gently cut free using magnification. Ureter
ligation detected shortly after surgery is generally manifest by clinical signs of hydroureter, hydronephrosis and acute renal failure. In
this situation, emergency laparotomy is indicated to remove the suture and stent the affected site if possible. Studies indicate that nor-
mal kidney function will return if complete obstruction is alleviated after 4 days, whereas 46% of glomerular filtration rate and tubu-
lar function return after 14 days and none after 40 days (Fink et al., 1980; Hardie & Kyles, 2004; Vaughan Jr. & Gillenwater, 1971;
Vaughan Jr. et al., 1973). If removal is impossible or the ureter has been transected, resection and anastomosis can be attempted, or if
the injury is very distal the intact proximal ureter can be anastomosed to the urinary bladder (Hardie & Kyles, 2004). If the ipsilateral
kidney is functional, but the ureter irreparably damaged, a subcutaneous ureteral bypass system may be used to divert urine from
the kidney to the urinary bladder. Patients with chronic ureter ligation do not have a functional ipsilateral urinary tract, so unilateral
ureteronephrectomy is required.

ORS is caused by the presence of residual functional ovarian tissue after gonadectomy. Residual ovarian tissue produces endog-
enous hormones, resulting in clinical signs of oestrus in a presumably spayed animal. This syndrome has been associated with poor
visibility of the ovarian pedicles, friable ovarian tissue, improper placement of ligatures or forceps and the use of keyhole incisions
(DeNardo etal., 2001; Kustritz & Rudolph, 2001; McEntee, 1990; Miller, 1995; Wallace, 1991). Most ovarian remnants are associ-
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FIG 29. Yankauer suction tip. The Yankauer suction tip has a large opening surrounded by a bulbous head to allow effective removal of fluid without
damaging surrounding tissue

FIG 30. Ureter ligation. Inadvertent ligation of the ureter during surgical sterilisation has caused severe renal hydronephrosis

ated with residual tissue located at or near an ovarian pedicle. The right side is reported more frequently, likely because of the more
cranially located and difficult to expose location (Ball et al., 2010; Fontes & McCarthy, 2020; Muraro & White, 2014) (Fig 31).
Remnant ovarian tissue has also been reported free in the abdominal cavity, likely caused by fragmentation of the ovary at surgery
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FIG 32. Ovarian remnant syndrome. Ovarian tissue free in the abdomen. This patient had multiple previous laparotomies without identification of
remnant tissue

(Fontes & McCarthy, 2020) (Fig 32). The recommended treatment for ORS is surgical removal of the remnant tissue. Ovarian
remnants are more easily visible when active structures are present as both mature preovulatory follicles and /or mature corpora
lutea cause the ovarian remnant to stand out against the abdominal viscera background. Therefore, surgery should be performed
while the animal is either in oestrus or in dioestrus. Exploratory laparotomy or laparoscopy should focus on the ovarian pedicles,
but the entire abdominal cavity should be examined carefully. All suspected tissue should be excised and submitted for histologic
examination.

Other reported complications of surgical sterilisation are typical of all abdominal surgeries, including incisional dehiscence (Fig 33),
seroma and wound infection. It is often recommended that concomitant dental scaling be avoided with other surgical procedures as
bacteraemia is a frequent sequela and organisms may secondarily colonise the surgical site (Nieves et al., 1997). To our knowledge,
no direct association has been established between dental scaling and increased risk of surgical infection after any surgical sterilisation
procedure. Performing concomitant dental scaling should be avoided, if possible, but such factors as current significance of the dental
disease to patient health, quality of life, advisability of having multiple anaesthetic episodes and owner financial concerns should also
be considered. If concomitant dental scaling is performed, appropriate systemic antimicrobial prophylaxis and oral antiseptic rinse
will decrease bacteraemia and should be provided (Bowersock et al., 2000).
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FIG 33. Bowel evisceration after incisional dehiscence
2.1.2 | Female cats

2.1.2.1 | Ovariectomy, subtotal ovariohysterectomy and ovariohysterectomy: As with dogs, cats can be surgically
sterilised with removal of the ovaries alone (OE), or with concomitant partial (SOHE) or complete (OHE) removal of the uterus.
The cervix is poorly differentiated from the uterine body in cats so differentiating between the latter two procedures at surgery is
sometimes impossible. Each of the methods except OHE can be performed utilising a ventral midline or flank laparotomy. The flank
approach does not allow adequate visualisation for complete removal of the entire uterus. Evidence is conflicting, but there is likely
little clinically significant difference with regard to postoperative pain and wound complications between the two approaches (Coe
et al., 2006; Grint et al., 2006; Swaffield et al., 2019). Laparoscopic sterilisation can be performed in cats but is rarely indicated or
recommended due to small patient size and minimal invasiveness of a laparotomy in these patients.

Some method of easy external identification of sterilisation status should be provided (Griffin et al., 2016, 2020). Tattoo location
and methods of application for owned indoor cats are the same as previously described for dogs. Sterilisation of community and
feral cats should always be confirmed by ear tipping. Most sterilisation programmes in the USA recommend tipping the left ear, but
some organisations remove the right tip or perform the procedure on one side or the other based on the sex of the cat (Dalrymple
etal.,, 2022; Griffin et al., 2020). Consistency across programmes would be desirable. Regardless of side, enough of the ear tip should
be removed to allow easy visualisation from a distance. Ear notching is not recommended because torn ear flaps are a frequent occur-
rence in free roaming cats and are easily mistaken for surgically notched ears. In cold climates, frostbitten ear tips may appear cropped
but can often be differentiated because of their thickened irregular border (Griffin et al., 2020).

The precise method of ear tipping can vary based on surgeon preference but in most clinical situations would be considered a con-
taminated procedure. Clipping is optional and some surgeons feel should be avoided due to risk of causing pinnal abrasions (Griffin
et al., 2020). An andiseptic solution such as chlorhexidine or betadine is used to remove any gross debris and decrease bacterial load. In
one common method (Griffin et al., 2020) a large straight haemostat such as a Carmalt forceps is placed across the pinna perpendicular
to its long axis, exposing about one-third of the ear tip. Straight haemostats rather than curved are recommended so that the subsequent
resection provides a distinctive straight edge that does not resemble normal ear curvature. Surgical scissors are then used to excise the distal
ear tip by cutting along the edge of the instrument. The most common complication of clinical significance is excessive or delayed bleed-
ing, reported in about 5% of cases (Dalrymple et al., 2022). Leaving the forceps in place for several minutes after resection (e.g. during a
subsequent surgical sterilisation) and/or application of a cauterising agent such as silver nitrate to the cut surface will aid with haemostasis.

Unlike in the female dog, elective surgical sterilisation may be performed during oestrus as the extent of increase in vascularity and
turgidity of feline reproductive structures is of no clinical significance.

2.1.2.1.1 | Ventral midline laparotomy for ovariectomy in cats: Location of the initial skin incision is often calculated
by dividing the distance between the umbilicus and pubis into thirds and making the incision the length of the cranial third. The
length of the incision depends on the cat’s size, amount of abdominal fat and surgical experience of the operator. The incision
should not be longer than needed but should always allow adequate exposure to safely perform the procedure. All other aspects of
the laparotomy, identification and exteriorization of the uterine horns and ovaries are the same as for dogs. If using a spay hook it
is common to inadvertently hook the fat pad that lies lateral to the bladder. The uterine horn in the cat resides just cranial to this
structure. If the fat pad is exteriorized it is grasped and the spay hook directed just cranial to engage the uterine horn (Valdez, 2022).
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FIG 34. Auto-ligation of the ovarian pedicle in a cat. (A) Ovarian pedicle isolated. (B) Separate suspensory ligament from the pedicle. (C) Cut the
suspensory ligament. (D) Vessels separated from uterine horn. (E) Single overhand throw placed in the pedicle and clamped. (F) Pedicle cut. (G)
Uterine horn clamped. (H) Pedicle knot completed by pulling over the top of the haemostat. (1) Follow uterine horn to opposite side and repeat.
(Images from Dr. April Paul)

For pedicle ligation a single forceps is placed across the proper ligament and proximal uterine horn for manipulation. If needed for
adequate visualisation, the suspensory ligament is cut, digitally broken or stretched. Many surgeons prefer to ligate the ovarian pedicle
in cats without the use of forceps. In this method, a single ligature is placed around the ovarian pedicle and the ovarian pedicle tran-
sected between the ligature and the ovary. The two forceps method described previously for dogs can also be utilised, using mosquito
forceps rather than the larger Kelly, Crile or Carmalt forceps recommended for canine patients.

A recently described method for pedicle ligation in cats is auto-ligation (Fig 34). After gaining experience with the technique,
auto-ligation is quicker, safe and avoids the necessity of using suture (Rigdon-Brestle et al., 2022). This method is easier in larger cats,
and the procedure should not be done in kittens until the surgeon is comfortable with larger patients (Valdez, 2022). To perform
auto-ligation the ovarian pedicle is first fanned out and the suspensory ligament cut. A window is made in the mesovarium between
the ovarian vessels and uterine artery and a single overhand throw is started in the pedicle with a needle driver. After placing the first
half of the throw, the jaw of the needle driver is clamped. The uterus and uterine artery are then clamped at the level of the proper
ligament to provide haemostasis. Finally, the pedicle is transected between the knot and ovary, and the overhand throw is completed
by pushing the knot over the tip of the needle driver. For added safety some surgeons prefer to clamp the ovarian pedicle with a
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mosquito forceps on the opposite side of the needle driver from the ovary before transecting the pedicle. This forceps is released once
secure pedicle ligation is confirmed.

Once the pedicle is transected, a single suture is passed around the junction of the uterine tube and horn and tied. Two forceps are
then placed between the ligature and ovary. Cutting between these forceps will free the ovary, which can be removed from the surgery
site (Fig 6). The procedure is then repeated on the opposite side.

2.1.2.1.2 | Ventral midline laparotomy for subtotal ovariohysterectomy and ovariohysterectomy in cats: Location of
the surgical incision for ventral midline laparotomy is slightly more caudal than for OE, often centred midway between the umbilicus
and pubis. All other aspects of the laparotomy, identification of reproductive structures, exteriorisation of the ovaries and methods of
pedicle ligation are the same as for OE. The cervix is poorly differentiated from the uterine body in cats so determining how much, if
any cervix has been removed at surgery is often impossible. A single circumferential miller’s knot is placed as far caudal to the uterine
bifurcation as practical, and the tissue transected at least 3 mm cranial to that site. Forceps are generally neither required nor indicated.

21.2.1.3 | Flank laparotomy for ovariectomy and subtotal ovariohysterectomy in cats: Techniques for both right and left
flank laparotomy have been described in cats, but the right is often preferred because it is easier to access the more cranially located right
ovary, and because the omentum covers the viscera when approached from the left (Howe, 2006; Krzaczynski, 1974; McGrath et al., 2004;
Munif et al., 2022) (Fig 35). For the right flank laparotomy cats are placed in left lateral recumbency and a dorsal to ventral incision made
just caudal to the midpoint between the last rib and iliac crest. In most cats, the incision length is about 2 cm. As with dogs, the abdominal
wall is entered through a grid approach. The remainder of the surgery is then the same as described for ventral midline laparotomy in cats.

21.2.1.4 | Laparoscopic ovariectomy, subtotal ovariohysterectomy and ovariohysterectomy in cats: Laparoscopic
sterilisation can be performed in cats but is rarely indicated or recommended due to small patient size and lack of evidence for
decreased morbidity or better alleviation of pain after surgery (Coisman et al., 2014). Laparoscopic OE is sometimes performed on
large cats (lions, tigers) maintained in zoo collections to avoid large incisions and allow early release back into exhibits.

2.1.3 | Male dogs

2.1.3.1 | Orchiectomy in dogs with descended testes: Orchiectomy in dogs with descended testes can be accomplished
with either a prescrotal or scrotal incision. While historically avoided, the scrotal approach is gaining increased popularity, especially
in smaller dogs and in high-quality-high-volume-spay-neuter clinics (Brunn, 2022; Woodruff et al., 2015). In addition to incision
location, male gonadectomy may be performed with either an open (vaginal tunic opened) or closed (vaginal tunic left intact)
method. Bilateral orchiectomy is 100% effective as a sterilisation method. The duration of continued fertility after orchidectomy
is debated. While it has been reported that some sperm (<1 million) may remain in the ejaculate for up to 21 days after vasectomy
(Pineda et al., 1976; Schiff et al., 2003) to our knowledge there are no reports of pregnancy being established after orchiectomy.

2.1.3.1.1 | Prescrotal orchiectomy in dogs: All dogs should be examined carefully before surgery to confirm that both testes
are descended into the scrotal sac. The prescrotal and inguinal areas are both clipped and surgically prepped. Clipping the scrotal
area is a matter of debate. This area is very fragile and sensitive, especially in older dogs, and clipping can predispose to irritation
and subsequent self-mutilation (Fig 36). Some surgeons prefer to simply apply antiseptics to the scrotum and avoid clipping entirely,
especially in short haired dogs.

To perform prescrotal orchiectomy dogs are placed in dorsal recumbency and the first testis is pushed forward to the prescrotal area.
A single, 2 to 5 cm long incision is then made on midline directly over the advanced testis. This incision needs to be slightly longer than
the longitudinal length of the testis being removed. While maintaining the testis in this position, the subcutaneous tissue and spermatic
fascia are incised with a scalpel blade. The scrotal ligament is then either incised or broken down digitally. Fascia and fat surrounding
the spermatic cord are removed with a gauze sponge. While many surgeons perform this manoeuvre by pushing the relevant tissue into
the surgical wound, it is preferable to pull it towards the testis, thus removing any damaged and avascular tissue rather than preserving it.

For open prescrotal orchiectomy, the vaginal tunic is incised longitudinally with a scalpel blade (Fig 37). Care should be taken to
avoid incision through the tunica albuginea into the testis itself as unwanted haemorrhage will ensue. Many methods for ligation of
the spermatic cord have been described and used with success. Forceps are generally not required at the site of ligature placement,
especially in small dogs, but can be used at the surgeon’s discretion. Two ligatures of size 0-0 to 3-0 absorbable material tied tightly are
adequate. As with the ovarian pedicle, it may be beneficial to use a two-pass friction knot such as a miller’s or constrictor knot in this
situation. Ligation with surgical clips or a vessel-sealing device can decrease surgical time (Kanca & Yaman, 2022). Once the ligatures
are completed two forceps are placed across the spermatic cord, which is then cut between them (Fig 38). In prepubertal gonadectomy
(dogs 6 to 14 weeks of age) an alternate method is to first transect the vas deferens near the testis, and then tie the vas to the spermatic
vessels with several square knots. The procedure is then repeated on the opposite side.
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FIG 35. Flank subtotal ovariohysterectomy in a cat. (A) Incision in the right flank. (B) Minimal dissection is required to visualise the right uterine
horn. (C) Right uterine horn gently elevated to visualise the right ovary. (D) Further elevation uterine horn. (E) Uterine horn grasped and clamped.
(F) Uterine horn followed caudally. (G) Continued retraction allows identification of the uterine bifurcation and left uterine horn. (H) Left uterine horn
temporarily clamped. (I) Right uterine horn ligated routinely. (J) Right uterine horn transected. Note that a large amount of uterine horn is retained
in this patient. The uterus can be removed to the level of the uterine body if desired. (K) Right ovarian pedicle exposed. (L) Right ovarian pedicle
has been twisted before ligation. (M) Routine ligation right ovarian pedicle. (N) Right ovarian pedicle transected and rel d. (0) Pr repeated
on opposite side and closure begins with identification of the deep abdominal muscles. (P) Abdominal wall closure. (Q) Final closure can utilise an
intradermal pattern or skin sutures (Images from Dr. S. Schafer-Somi)
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FIG 36. Severe scrotal irritation after clipping for orchiectomy
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FIG 37. Major structures contained within the spermatic cord
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FIG 38. Typical method for ligation and transection of the spermatic cord in a dog. Two ligatures are placed first. Forceps are placed caudal to the
ligatures and transected between them allowing for removal of the testis
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FIG 39. Alternative method for ligation and transection of the spermatic cord in a dog. Four forceps are placed first. A ligature is placed in the crush
of each of the two most cranial forceps and then the cord is transected between the two most caudal forceps. Some surgeons prefer to transfix one of
the ligatures to the cremaster muscle or use at least a single two-pass friction knot

For closed prescrotal orchiectomy the vaginal tunic is not incised. Because the vascular structures are separated from direct con-
tact with the ligatures, some surgeons prefer placing these ligatures in sites that have been pre-crushed with forceps (Fig 39). Knot
configurations such as the miller’s knot are particularly appropriate. Transfixation of one of the two ligatures to the cremaster muscle
will also aid in preventing slippage. In prepubertal gonadectomy the structures are very small, and auto-ligation of the cord can be
performed as described below for male cats.

Closure with either open or closed prescrotal orchiectomy is generally with 3-0 or 4-0 absorbable suture material in the subcutaneous
tissue and 3-0 or 4-0 absorbable suture material placed in an intradermal pattern. Using a back-and-forth pattern, a single strand of
suture can be used for both layers and knotted at one end (Valdez, 2022). Skin sutures should be avoided, as dogs have a high propen-
sity for licking at them if placed in this area. Skin glue can be placed if needed. Placement of a scrotal implant for cosmetic purposes is
not recommended due to increased risk of infection and other complications after surgery as well as ethical concerns (see Chapter 6).
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2.1.3.1.2 | Prevention and treatment of complications associated with prescrotal orchiectomy in dogs: Excessive
haemorrhage is by far the most frequent complication of prescrotal gonadectomy in dogs (Adin, 2011). Bleeding is usually from the
vaginal tunic or small subcutaneous vessels, causing peri-incisional bruising and scrotal haematoma. A more severe situation results
when bleeding originates from testicular vessels, causing haemoabdomen.

Bruising and scrotal hematoma appear to be more common when the open method of orchiectomy is used (Hamilton
et al., 2014; Hedlund, 2002) so the closed method is recommended when possible. Any bleeding within the subcutaneous tissues
should be addressed before closure. Scrotal haematoma requires passage of blood into the scrotal sac, so it cannot occur if the
openings into the scrotal sacs created during surgery are closed carefully. Scrotal ablation is recommended in giant breed dogs
where the large amount of dead space and increased local vasculature may predispose to this problem. Incisional bruising and
mild scrotal haematoma will generally resolve with cryotherapy and exercise restriction. More severe scrotal haematoma requires
scrotal ablation.

Bleeding from testicular vessels is caused by inadequate ligation and is generally not detected during surgery. Retraction of
the affected vessels causes post-operative haemoabdomen, often with no associated external signs of bleeding. Patients recover
poorly, have pale mucous membranes and are tachycardic. Diagnosis is confirmed with serial determination of packed cell volume,
abdominocentesis and/or abdominal ultrasound. If progressive haemoabdomen is detected, emergency exploratory laparotomy is
required. To prevent this complication, the cut surface of the spermatic cord should be carefully visualised after transection, recog-
nising that if forceps were used the crushed tissue may not bleed even if ligatures are inadequate. All tension should be eliminated
before evaluation, as tension alone may also obscure haemorrhage. Many different methods of ligation are acceptable provided
the surgeon has comfort and experience with the technique. The open method of orchiectomy has been recommended for large
and giant breed dogs because direct vessel contact is theoretically more secure, but no data supports this, and the closed method
is acceptable provided secure ligatures can be achieved. Surgeon’s knots can bind or “lock-up” prematurely, creating a dangerous
situation in which the surgeon falsely thinks the knot has been tightly applied when it is not (Smeak, 2019). More dependable
ligation is achieved using two pass friction knots such as the miller’s, modified miller’s, strangle or constrictor knot on the first
throw (Figs 7 and 8).

2.1.3.1.3 | Scrotal orchiectomy in dogs: Other than the location of the incision and closure, the surgical procedure and open
versus closed options are the same for scrotal orchiectomy as with the prescrotal approach (Miller et al., 2018) (Fig 40). In addition,
a suture-less scrotal technique can be utilised in paediatric and small dogs. In this method, each testis is individually exteriorized
with gentle traction to break down fibrous attachments between the testes and scrotum. A haemostat is then directed parallel to the
spermatic cord, pointed in a proximal direction and twisted to form a simple overhand knot. Finally, the spermatic cord is cut distal
to the haemostat and the cut end slipped over the end to complete the knot (Miller et al., 2018). Deep tissues are either not closed or
apposed with one to two simple interrupted buried absorbable sutures. The skin is closed with either skin glue or allowed to heal by
second intention. Scrotal orchiectomy has been associated with less self-inflicted post-surgical trauma and decreased surgery times in
small (0.9 to 11.4kg) paediatric and juvenile dogs (Miller et al., 2018; Woodruff et al., 2015).

2.1.3.1.4 | Orchiectomy in dogs with scrotal ablation: Orchiectomy with scrotal ablation is required in situations
where scrotal skin is damaged, and often recommended for giant breed dogs, where the large amount of potential dead space and
increased scrotal vasculature may predispose to development of scrotal haematoma with other methods. Alternatively, owners may
request this method for cosmetic reasons.

To perform scrotal ablation an elliptical incision is made around the base of the scrotum and subcutaneous tissue dissected cir-
cumferentially to isolate both spermatic cords. This incision should be close to the scrotum to provide adequate skin for subsequent
closure without tension. The surgical procedure, including open versus closed options is then the same as for orchiectomy with
other surgical approaches. The surgical wound is closed in three layers. A simple continuous or interrupted pattern is used to close
the dead space and relieve tension, followed by a simple continuous pattern in the subcutaneous tissue and a buried intradermal
pattern in the skin. Skin glue can be added if needed, but skin sutures should be avoided to prevent irritation and licking by the
patient (Fig 41).

2.1.3.2 | Orchiectomy in dogs with cryptorchid testes: Although normal testicular descent in dogs should be complete
by about 10 days after birth, it is recommended to wait until 6 months of age before declaring a dog cryptorchid, as this is when the
inguinal ring completely closes (Johnston, Kustritz, & Olson, 2001a). Cryptorchid testes are at increased risk of becoming neoplastic
so they should always be removed (Hayes et al., 1985; Pendergrass & Hays, 1975).

Unilateral cryptorchids are assumed to be fertile and since cryptorchidism is often a genetically linked trait, affected dogs should
not be bred (Romagnoli, 1991). Considering potential health risks associated with loss of gonadal hormones, the descended (scrotal)
testis may be maintained in situ provided that a reccommendation is made not to breed. Otherwise, complete gonadectomy or vasec-
tomy should be advised.
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FIG 40. Scrotal orchiectomy in a dog. (A) Incision made directly over the testis. (B) Testis retracted, and spermatic cord exposed. (C) First forceps
placed and a single circumferential ligature tied. (D) S d forceps placed and spermatic cord transected between the forceps. (E) The incision can
be closed with a single interrupted buried suture or left open (Images from Dr. April Paul)

If the descended testis is preserved, owners should be informed about the potential for increased risk of neoplasia in this testis.
In humans, the descended testis of a unilateral cryptorchid male has been estimated to have a 3.6 times increased risk of becoming
neoplastic (Prener et al., 1996). Studies in dogs are limited, but while morphologic changes have not been confirmed, immunohisto-
chemical markers suggestive of potential for future malignant transformation are elevated in the descended testis (Pecile et al., 2021;
Veronesi et al., 2009). Regular palpation of the descended testis is critical if it is preserved.

In cases of unilateral cryptorchidism determination of the affected side is useful for surgical planning and this can be accom-
plished by pushing the descended testis forward and determining which inguinal ring it is directed towards, and/or by preoperative
abdominal ultrasound. If one testis remains in the scrotal sac, it should always be left in situ unless the cryptorchid testis is removed
so there is no confusion later regarding sterilisation status. Cryptorchid testes may be located anywhere along the normal path of
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Spermatic cord

FIG 41. Orchiectomy with scrotal ablation. (A) Scrotum after surgical preparation. (B) Scrotum and testes elevated and elliptical incision around base
is begun. (C) Isolation of both spermatic cords. (D) Routine orchiectomy bilateral. (E) Elimination of dead space and intradermal skin closure
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FIG 42. Normal testicular descent and forms of abnormal testicular descent
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FIG 43. Extra-inguinal cryptorchid testis. (A) Incision is made directly over the palpable testis. The scrotal ligament can be broken down digitally or
ligated as necessary to improve exposure. (B) Once exposed, routine open or closed orchiectomy is performed (Photos from Dr. S. Schéfer-Somi)

descent between the caudal pole of the kidney and scrotal sac and are classified and treated accordingly. Extra-inguinal cryptorchid
testes are located between the superficial inguinal ring and scrotal sac, inguinal cryptorchid testes are situated within the inguinal
canal and intra-abdominal cryptorchid testes are found in the caudal or mid-abdomen between the kidney and deep inguinal ring

(Fig 42).

2.1.3.2.1 | Cryptorchidectomy of an extra-inguinal testis: A testis located outside the inguinal canal is generally easily
palpable and can often be removed by pushing it caudally to a prescrotal position where it can be excised routinely. Alternatively, an
incision can be made directly over it (Fig 43). Either an open or closed surgical technique of orchiectomy is appropriate once the
testis is exposed.

2.1.3.2.2 | Cryptorchidectomy of an inguinal testis: A testis trapped within the inguinal canal cannot be palpated externally
and is not visible within the abdominal cavity. Cryptorchidectomy in this situation requires incision directly over the inguinal canal.
Meticulous dissection is necessary, with close attention paid to haemostasis, as the testis must be carefully distinguished from inguinal
fat and lymph node. Once the testis and associated structures are exposed, removal is the same as for a descended testis.

2.1.3.2.3 | Ventral midline laparotomy for cryptorchidectomy of an intra-abdominal testis: Abdominally retained testes
in dogs are usually removed through a combined parapreputial skin and caudal ventral midline abdominal incision. The use of small
laparotomy incisions and a spay hook to retrieve retained testes has been reported, but potential complications are unacceptable,
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FIG 44. Ventral midline parapreputial approach to the caudal abdomen. Note the large branches of the caudal superficial epigastric vessels that may
require ligation and preputial muscles requiring transection

and this technique is not recommended (Bellah et al., 1989; Kirby, 1980; Schultz et al., 1996). Adequate exposure is critical when
performing cryptorchidectomy. A ventral midline preputial approach to the caudal abdomen has been described and eliminates
the need for extensive subcutaneous dissection while decreasing potential problems with haemorrhage from the caudal superficial
epigastric vessels (Daniel et al., 2016) (Figs 44 and 45). This method may be appropriate if the retained testis is known to be located
in the caudal abdomen near the deep inguinal ring.

Bilateral retained testes are often located caudal to the kidney while a unilateral retained testis is more commonly located in the
caudal abdomen lateral to the bladder. The key to finding a retained abdominal testis is to first identify the vas deferens at the prostate,
then to follow the vas to the retained testis (Fig 46). Following this rule will avoid reported complications such as inadvertent prosta-
tectomy, ureteral damage, urethral transection and lymph node excision. Once the retained testis is identified and isolated, removal
is the same as for a descended testis.

2.1.3.2.4 | Laparoscopic cryptorchidectomy in dogs: Laparoscopic cryptorchidectomy is a quick, efficient and minimally
invasive technique that provides excellent visualisation of all involved structures. To perform the procedure, the patient is first
placed in a head-down (Trendelenburg) position and a urinary catheter is placed. The Trendelenburg position shifts the abdominal
viscera forward to improve exposure, while the urinary catheter evacuates the urinary bladder during the procedure. The abdomen is
distended with carbon dioxide gas to a pressure of 10 to 15 mmHg using either a Veress needle or Hasson technique. The optical port
is placed just caudal to the umbilicus and the caudal abdominal region is explored. If the retained testis is not easily visualised, the
inguinal ring should be examined closely to see if the vas deferens and testicular vasculature extend into the inguinal canal. If they do,
the laparoscopic procedure is abandoned and converted into routine open surgery for retrieval of an inguinal testis.

Once an intra-abdominal testis has been located, additional instrument ports are placed on each side just lateral to the rectus
abdominis muscle about halfway from the umbilicus to the pubis. A grasping instrument is passed through the instrument port on
the affected side to grasp and stabilise the testis away from abdominal viscera. Ligation of the testicular vasculature and associated
structures is accomplished by stainless steel clips, or a vessel-sealing device passed through the opposite instrument port. The instru-
ment port on the affected side is then enlarged slightly, and the testis is removed (Fig 47).

An alternate “laparoscopic assisted” technique can also be employed. In this technique, the retained testis is identified as previously,
but an instrument port is created only on the affected side. The testis is grasped, brought against the body wall and then exteriorised
by enlarging the instrument port. Ligation of vascular and associated structures is accomplished extracorporeally, and the ligated
stump is returned to the abdomen (Fig 48).

2.1.4 | Male cats
2.1.4.1 | Orchiectomy in cats with descended testes

2.1.4.1.1 | Scrotal orchiectomy in cats: Scrotal orchiectomy has been the standard of care for sterilisation of male cats for
many years. The procedure can be done in either dorsal or lateral recumbency with either both legs or just the upper leg pulled
forward. Scrotal hair can either be gently clipped or plucked. A single midline or separate incisions over each testis are possible, but a
single incision provides less opportunity for bleeding. Gentle even traction is used to extrude the testis and expose the spermatic cord.
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FIG 45. Ventral midline preputial approach to the caudal abdomen. (A) Positioning in dorsal recumbency. (B) Skin incision directly over penis and
prepuce This incision generally extends from about 1.0 cm caudal to the fornix of the prepuce to the base of the prepuce. (C) Dorsal dissection
exposes the internal lamina of the prepuce. (D) The penis underlying the exposed internal lamina is retracted laterally to expose the body wall. (E)
Body wall exposed. (F) Incision through the linea alba exposes the caudal abdominal viscera. (G) Routine closure. Note that in the case demonstrated
the incision has been extended caudally to include access for orchidectomy of a descended testis. (H) The skin incision can also be lengthened
cranial if further abdominal exposure is necessary
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FIG 46. Locating an abdominal cryptorchid testis. (A) The safest method to locate a cryptorchid testis is to palpate the prostate gland at the bladder
neck. The vas deferens on each side enters at this site. (B) The vas deferens is followed to the retained testis

As with dogs, both open (vaginal tunic opened) and closed (vaginal tunic left intact) techniques are possible at this point. Structures
can be ligated with absorbable suture material, surgical clips or a vessel-sealing device.

A common option for male cat orchiectomy that eliminates the need for sutures is auto ligation. The method is generally performed
using a closed technique but can be done open as well. For auto-ligation a mosquito forceps is first directed parallel to the spermatic
cord, pointed in a cranial direction. The forceps are then twisted around the cord by passing first under, then over and finally back
under the spermatic cord. While holding the forceps in position, the spermatic cord with attached testis is brought over the top and
grasped with the tip of the forceps, forming a loop. Transection of the cord on the testicular side allows removal of the testis. The free
end of the spermatic cord is then pulled through the loop and tightened, forming a simple overhand knot (Hedlund, 2002).

A second sutureless option for male cat orchiectomy requires open technique. After the vaginal tunic has been opened a window is
made between the vas deferens and testicular vessels. The vas deferens is transected near the testis and following removal of the testis
the vas is tied to the spermatic vessels with several square knots (Hedlund, 2002).

It should be noted that a final sutureless method, orchiectomy by simple traction, is unacceptable. Simple traction depends on ves-
sel spasm to prevent haemorrhage and was utilised historically to provide speed of operation in non-sedated patients (Hobday, 1924).
Orchiectomy using simple traction or any surgery without adequate sedation and analgesia is inhumane. Depending on vessel spasm
to provide haemostasis given the availability of multiple superior options, has no place in modern veterinary practice.

Regardless of surgical method, the scrotal incision is frequently left open as this provides drainage and helps reduce the incidence
of post-surgical self-inflicted trauma.

2.1.4.2 | Orchiectomy in cats with cryptorchid testes: The incidence of cryptorchidism in cats has been reported to be
between 0.4 and 3.8% with an increased risk in the Persian breed (Henderson, 1951; Millis et al., 1992; Richardson & Mullen, 1993).
The condition is presumed to be heritable, and a polygenic mode of inheritance has been suggested (Herron & Stern, 1980). Although
normal testicular descent is generally complete before birth in cats a definitive diagnosis should not be made in cats less than seven to
8 months of age (Sojka, 1980). As with dogs, cryptorchid testes may be located anywhere along the normal path of descent between
the caudal pole of the kidney and scrotal sac and are classified and treated accordingly. Extra-inguinal cryptorchid testes are located
between the superficial inguinal ring and scrotal sac, inguinal cryptorchid testes are situated within the inguinal canal and intra-
abdominal cryptorchid testes are found in the caudal or mid-abdomen between the kidney and deep inguinal ring.

2.1.4.2.1 | Cryptorchidectomy of an extra-inguinal testis: Extra-inguinal cryptorchid testes are easily palpated in cats and
can generally be removed routinely by manipulating the testis into a scrotal location or incising directly over it.

2.1.4.2.2 | Cryptorchidectomy of an inguinal testis: A testis trapped within the inguinal canal cannot be palpated externally
and is not visible within the abdominal cavity. Most commonly, a cryptorchid testis is identified as inguinal during abdominal
exploration. If a testis is not easily identified in the abdomen, the vas deferens should be identified as it enters the prostate and
followed distally. If the vas extends into the deep inguinal ring and a testis cannot be palpated in the scrotal sac, then the testis is either
inguinal or the animal has had an orchiectomy performed previously.
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FIG 47. Laparoscopic cryptorchidectomy. (A) Positioning for laparoscopic cryptorchidectomy. The television monitor is placed towards the caudal
aspect of the patient. (B) The optical port is placed just caudal to the umbilicus and two instrument ports are located lateral to the rectus abdominus
muscle, halfway between the umbilicus and pubis. (C) Visualisation of the cryptorchid testis and associated structures. (D) Instrument port #1 is
seen penetrating the abdominal wall on the affected side. This port will be used to grasp and retract the testis. (E) Once the testis is elevated and
retracted a vessel-sealing device is applied through instrument port #2 and across the vascular structures. (F) Instrument port #1 is enlarged slightly
to allow retrieval of the testis. (G) Final retrieval

Testes located in this area require incision directly over the inguinal canal. Meticulous dissection is necessary, with close attention
paid to haemostasis, as the testis must be carefully distinguished from inguinal fat and lymph node. Once the testis and associated
structures are exposed, removal is the same as for a descended testis.
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FIG 48. Laparoscopic assisted cryptorchidectomy. (A) Using an optical port and single instrument port the cryptorchid testis is visualised, grasped
and retrieved. (B) Ligations are performed extracorporeally

2.1.4.2.3 | Ventral midline laparotomy for cryptorchidectomy of an intra-abdominal testis: Abdominally retained testes
are removed through a ventral midline caudal abdominal skin incision in cats. As with dogs, the key to finding a retained abdominal
testis is to first identify the vas deferens at the prostate, then follow the vas to the retained testis. Once the retained testis is identified
and isolated, removal is the same as for a descended testis.

2.2 | Surgical sterilisation of dogs and cats with preservation of gonadal hormones
2.2.1 | Female dogs

2.21.1 | Hysterectomy: HE is the most common method for surgical sterilisation when preservation of gonadal hormones
is desired. The terms “ovary-sparing spay” and “ovary-sparing hysterectomy” have also been used to describe this procedure. Ovary-
sparing spay is actually incorrect, as “spay” by definition indicates removal of the ovaries. Use of the term ovary-sparing hysterectomy
is redundant, as hysterectomy alone precisely describes the procedure performed.

Preoperative preparation and postoperative management of dogs with hysterectomy is the same as for OHE. Owners should be
reminded that after gonad sparing sterilisation female dogs will still demonstrate behavioural heat and attract male dogs during this
period. Vaginal perforation has been reported after breeding both in intact female dogs and dogs sterilised by routine SOHE that were
in oestrus at the time of surgery (Lunn et al., 2009; Morey, 2006). There is no evidence of increased risk of perforation in a female
dog bred after hysterectomy, compared to intact female dogs and female dogs sterilised by other methods, however long-term data
after hysterectomy are missing. Some clinicians recommend annual ultrasound exam of the mammary glands and ovaries to increase
the likelihood of early detection of potential mammary gland and ovarian pathology.
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FIG 49. Location of forceps, ligatures and transection site of the mesosalpinx for a hysterectomy procedure

Identification of animals sterilised using hormone-sparing methods is particularly important to avoid confusion and unnecessary
reoperation. Unfortunately, a recent survey indicated that this is rarely practiced (Brent, 2019). Only 14.3% of veterinarians offering
hormone-sparing sterilisation provided some means of external identification after hysterectomy and 31.8% after vasectomy. A simple tat-
too (green “X” for hysterectomy and green “V” for vasectomy) placed at the same site as used for routine gonadectomy is recommended.

2.21.1.1 | Ventral midline laparotomy for hysterectomy in dogs: Surgical manipulations will be performed very caudal
in the abdomen, so it is important that the urinary bladder be emptied by manual expression soon after anaesthetic induction. If this
is not possible, the bladder should be emptied by cystocentesis once the abdomen is open. The surgical incision for hysterectomy
generally extends from just caudal to the umbilicus to the pubic brim. Identification and exposure of both the ovaries and uterus are
the same as for OHE.

Once the first ovary is identified it is elevated with a haemostat placed on the proper ligament and a window made in the meso-
salpinx at the junction with the uterine horn. In the committee’s experience, releasing the suspensory ligament to facilitate exposure
while leaving the ovary in situ does not appear to have negative consequences on hormone production.

Several methods of ligation can now be used with success, but regardless of technique, it is critical that all uterine tissue be removed
to prevent increased risk of future cystic endometrial hyperplasia complex. Studies indicate that remnant tissue is most likely at the
proximal ligation site, so particular caution is advised in this location (Mejia et al., 2020). The surgeon needs to recognise the close
proximity of the uterine horn to the ovary; only a few millimetres of mesosalpinx separate the structures. Fat in the ovarian bursa often
obscures visualization of the ovary, but the opening of the ovarian bursa into the peritoneal cavity is generally seen with the darker
pink fimbriae of the uterine tube marking its location. In one common method, three forceps are placed across the mesosalpinx and
two ligatures are placed. The first ligature lies between the ovary and most proximal forceps and the second in the crush of the most
proximal forceps. The mesosalpinx is then sharply transected between the two-remaining forceps (Kutzler, 2020b) (Figs 49 and 50).
Using a knot design that has inherent resistance to slippage on the first throw such as a miller’s knot may be advantageous, especially
in large breed dogs. If proximity of the cranial uterine hormone and ovary prevent definitive separation with multiple forceps, a
single transfixing suture should be considered to minimize risk of leaving residual uterine glandular tissue after surgery (Mejia et al.,
2020). Vessel-sealing devices, bipolar electrosurgical forceps or vascular clips can also be used for ligation and decrease surgery times.

Once the uterine horn is separated from the ovary, it is followed to the uterine body and then the opposite uterine horn and ovary.
At this point, either the ovary-sparing procedure can be repeated, or the contralateral ovary removed. Removal of the opposite ovary
does not alter the hypothalamic—gonadal axis and has the advantage of potentially decreasing the risk of subsequent ovarian pathology.

The broad ligament is then cut or bluntly dissected lateral to the uterine artery to the level of the vagina. Studies indicate the pres-
ence of glandular tissue responsive to gonadal hormones within the cervix, so transection should be at the level of the cranial vagina
rather than cervix (Mejia et al., 2020). Several methods for ligation and transection can be used with success, but regardless of tech-
nique the uterine arteries should be individually transfixed. This location is very caudal in the abdomen and exposure can be difficult.
A surgical assistant is helpful for retraction when performing this part of the procedure.
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Properligament

FIG 50. Intraoperative view of approach, forceps, ligatures and transection site of the mesosalpinx for hysterectomy in a bitch. (A) Urinary bladder
completely emptied. (B) Proper ligament grasped for retraction. (C) Triple clamp mesosalpinx. (D) Ligature between cranial forceps and ovary. (E)
Second ligature in crush of most cranial forceps. (F) Transect between middle and distal forceps

In one common technique, two forceps are placed at the junction of the cervix and vagina. Both uterine arteries are individually trans-
fixed caudal to the forceps, and then a third circumferential ligature placed caudal to these. Similar to ligation of the ovarian pedicle, use of
a knot configuration with inherent resistance to slippage on the first throw such as a miller’s knot is advantageous for this circumferential
ligature. The vagina is then transected between the two forceps (Figs 51 and 52). Remaining tissue should be checked to assure no uterus
remains, and the cut surface evaluated carefully for bleeding before replacing back into the abdomen. Some surgeons prefer to place all liga-
tures without forceps, and then cut cranial to the ties through the cranial vagina, leaving at least 3 mm between the sutures and cut surface.
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FIG 51. Location of forceps, ligatures and transection site of the cranial vagina for a hysterectomy procedure. Note that the transfixation sutures are
cranial to the circumferential suture. This provides some protection against possible haemorrhage if one of the transfixation sutures inadvertently
penetrates a uterine artery

While successful use of a vessel-sealing device has been reported for closure of the uterine horn in dogs, uterine bodies 29 mm in
diameter failed at unacceptably low bursting strengths (Barrera & Monnet, 2012). Hysterectomy requires distal closure at the level
of the vagina and bursting strength after application of a vessel-sealing device has not been investigated in this location. Until such
studies are available use of a vessel-sealing device for closure of the cervix or cranial vagina is not recommended.

Closure is the same as for routine OHE.

2.2.1.1.2 | Flanklaparotomy for hysterectomy in dogs: Flank laparotomy does not allow sufficient exposure for hysterectomy
and is not recommended.

2.2.1.1.3 | Laparoscopic hysterectomy in dogs: Laparoscopic hysterectomy is often performed as a “laparoscopic assisted”
procedure with either one or three ports (Fig 53). The single port method requires either an operating laparoscope or use of a port
designed to accommodate both the camera and multiple laparoscopic instruments (Fig 22). For the three-port method, patient
positioning, placement of the camera and first instrument port, and identification of the first ovary are the same as described
previously for two port OE (Fig 23). This port is placed in a prepubic position. Once the first ovary is identified it is temporarily
secured to the abdominal wall using an OE hook or #2 suture material attached to a large swaged on needle. The needle is passed
through the abdominal wall, proximal uterine horn and then back through the abdominal wall to “skewer” and stabilise the ovary.
In this position the ovary can be separated from the proximal uterine horn using electrocoagulation or a vessel-sealing device. It
is critical to perform this manoeuvre directly adjacent to the ovary as any remaining uterine tissue may predispose to subsequent
pyometra. Transecting a short section of proximal mesometrium facilitates subsequent retrieval of the uterine horn. The procedure is
then repeated on the opposite side.

After both ovaries are separated from the uterine horns, the patient is positioned into dorsal recumbency, the telescope rotated
180° to view caudally, and a second instrument port is placed in a pre-pubic location under direct visualisation. The telescope is then
rotated back 180° to view cranially and one of the transected proximal uterine horns identified. This is facilitated by lifting on the
transabdominal fixation suture. The proximal uterus is grasped with an instrument placed through the pre-pubic port and retracted
to the level of, but not through the port. Once in this location, the port site is enlarged sufficiently to allow the horn to be delivered
through the incision. After the first horn is delivered, it is followed to the uterine body and opposite horn, which is also retrieved.
The remainder of the procedure is then performed extracorporeally as an open hysterectomy. Closure of the port sites is the same as
for laparoscopic OE.

2.2.1.2 | Salpingectomy: Unilateral or bilateral salpingectomy is sometimes performed in women for a variety of health
concerns including contraception, infections and decreasing the risk of cancer. The procedure is generally performed laparoscopically.
Bilateral salpingectomy provides sterilisation with preservation of gonadal hormones but is not recommended in dogs as persistent
gonadal hormones with an intact uterus predispose to the development of CEH/pyometra complex.
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FIG 52. Intraoperative view of forceps, ligatures and transection site of the cranial vagina for hysterectomy in a bitch. (A) Exposure of entire
reproductive tract including cervix and cranial vagina. (B) Two forceps placed caudal to cervix. (C) Both uterine arteries are transfixed. Note that
in the figure each uterine is transfixed to the uterine wall without passing the suture circumferentially. (D) Circumferential ligature placed caudal to
transfixation sutures. A two-pass friction knot may be preferred in this location. (E) Final transection between the two forceps
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FIG 53. Laparoscopic assisted hysterectomy. (A) Laparoscopic view of the ovary and suspensory ligament. (B) Elevation of the proximal uterine horn.
(C) Stabilisation of the proximal uterine horn with a transabdominal fixation suture. (D) Vessel-sealing device being applied to the junction of the
uterine tube and ovary. (E) Vessel sealing at the junction of the uterine tube and ovary. (F) Proximal broad ligament fused to increase mobility. (G)
Isolation of ovary on opposite side. (H) Vessel fusion on the opposite side. (I) Camera directed caudal to visualise additional port placement at the
pubic brim. (J) Obturator placed for pubic brim port under direct visualisation. (K) Proximal uterine horn on one side is grasped with an instrument
through the pubic brim port. It is then retracted through the caudal port and the process repeated on the opposite side until both uterine horns are
exteriorized. The remainder of the procedure is performed extracorporeally as described for hysterectomy by laparotomy (Fig 52)

2.2.1.3 | Ovarian tissue implant: Ovarian tissue implant refers to bilateral removal of the ovaries with or without simultaneous
partial or complete removal of the uterus, followed by re-implantation of ovarian tissue into an area of portal vein drainage. Sites for
re-implantation are most commonly beneath the stomach serosa or small intestine (Arnold et al., 1992; Le Roux, 1983; Le Roux &
Van Der Walt, 1977). While ovarian tissue implant procedures preserve gonadal hormones, they are not recommended for surgical
sterilisation. If the uterus remains in situ as with OE or SOHE CEH/pyometra complex can occur. OHE with reimplantation of
ovarian tissue eliminates the risk of CEH/pyometra complex and provides sterilisation with preservation of gonadal hormones, but
hysterectomy is a simpler, safer and more reliable procedure.
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FIG 54. Sites of forceps and suture placement for transection of the mesovarium in a feline hysterectomy procedure

2.2.2 | Female cats

Sterilisation of female cats with preservation of gonadal hormones is rarely recommended for client-owned animals due to behaviour
issues associated with frequent hormonal cycling and high incidence of malignant mammary gland tumours in intact females (Mis-
dorp et al.,, 1991; Overley et al., 2005). Sterilisation with preservation of hormones is occasionally recommended in research situa-
tions and has been suggested as potentially a more effective method to control community cat populations (McCarthy et al., 2013;
Mendes-de-Almeida et al., 2006; Mendes-de-Almeida et al., 2011).

2.2.2.1 | Hysterectomy

2.2.2.1.1 | Ventral midline laparotomy for hysterectomy in cats: The surgical approach, identification and isolation of
reproductive structures for HE in cats is the same as described for OHE, as access to both the proximal and distal extents of the uterus
is required. To separate the proximal uterine horn, two forceps are placed across the mesosalpinx, directly abutting the ovary and a
single circumferential ligature placed between the most cranial forceps and ovary. The tissue is then transected between the forceps
(Fig 54). Some surgeons prefer to avoid forceps altogether in this situation and simply place a single ligature across the mesosalpinx,
followed by transection between the ligature and uterine horn, leaving at least 3 mm normal tissue.

Identification of the cervix is difficult in cats as it lacks the highly cartilaginous nature seen in dogs. Ligatures are placed caudal to
the uterine bifurcation, but whether this tissue is uterine or cervical is often unknown. Regardless of anatomic location, forceps are
generally neither required nor indicated. A single circumferential miller’s knot is placed caudal to the uterine bifurcation and the tissue
transected at least 3 mm cranial to that site (Fig 55).

2.2.3 | Male dogs

2.2.3.1 | Vasectomy: Vasectomy in male dogs is generally performed using either a prescrotal (Clinton, 1972; McCarthy, 2019;
Rubin, 1977) or laparoscopic (Silva et al., 1993; Wildt et al., 1981) surgical approach. The laparoscopic vasectomy is most commonly
indicated when combined with a second laparoscopic abdominal surgery such as prophylactic gastropexy. Alternate methods reported
include implantation of an intravasal filtering device, ultrasound ablation, non-invasive laser surgery and electrocoagulation (Chen
et al., 2010; Cilip et al., 2011; Rao et al., 1980; Roberts et al. 2002a). After vasectomy, the seminiferous tubules will continue to
produce sperm, so the epididymis may initially distend and dilate. Rarely, a spermatocele may cause epididymal fluid to extravasate,
causing an inflammatory reaction or sperm granuloma (Mayenco Aquirre et al., 1996; Perez-Marin et al., 2006). Scrotal di