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KEY POINTS

� The incidence of complications associated with castration is considered low and the mor-
tality associated with the procedure very low, with rare fatalities occurring.

� Appropriate knowledge of technique and surgical procedure are imperative to aid in pre-
venting complications, in addition to well-maintained equipment.

� Prompt recognition and management of any complications encountered should be insti-
tuted to prevent further morbidity, death, or malpractice claims, and the importance of
client communications cannot be overemphasized when dealing with complications to
help prevent misunderstandings and lawsuits.

� Although most complications encountered are mild and can be resolved quickly with
appropriate therapy, eventration, hemorrhage, or infection should be considered emer-
gencies and strong candidates for referral.
INTRODUCTION

Castration is one of the most common surgical procedures performed in equine prac-
tice. Open, closed, and semiclosed techniques are described for castration of horses,
and the procedure may be performed in a standing, sedated animal or in a recumbent
animal under general anesthesia.1–3 Although a relatively routine procedure, complica-
tions can ccur, with reported complication rates ranging from 10.2% to 60%.1,4–6 Most
complications are mild and resolve rapidly with appropriate treatment, but more
serious or life-threatening complications can also occur. A thorough knowledge of
male reproductive anatomy and physiology combined with good surgical technique
is imperative to help reduce the rate of complications.
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PROCEDURE AND TECHNIQUES
Preoperative Assessment and Perioperative Care

All equids to be castrated should undergo a full physical examination before surgery,
including palpation of the testicles and inguinal rings to rule out the presence of a
possible cryptorchid or inguinal hernia, which may influence the surgical plan. At the
author’s institution, horses to be castrated under injectable general anesthesia gener-
ally have a short-term intravenous (IV) catheter placed in a jugular vein via aseptic
technique before surgery. To facilitate catheter placement and palpation of the testi-
cles before castration, animals in our practice are generally administered a combina-
tion of xylazine hydrochloride (0.5 mg/kg) and butorphanol tartrate (0.01 mg/kg IV) for
sedation.
All equids undergoing any surgical procedure should be current on tetanus prophy-

laxis. If a tetanus toxoid vaccine has not been administered in the preceding 6 months,
a booster vaccination is administered. If the tetanus status is unknown at the time of
castration, a tetanus toxoid vaccine is administered and a booster vaccination is
administered in 3 to 4 weeks.
The use of antimicrobials to prevent postoperative infections is debatable and

generally based on clinician preference. In a 1995 survey involving more than
23,000 castrations, Moll and colleagues7 showed that infectious/inflammatory compli-
cations were the most commonly encountered complications, and as part of that
study they showed that horses administered antimicrobials were significantly less
likely to develop infection compared with those that were not (2.9% vs 4% respec-
tively). More recently, a survey from an Australian group8 showed that only 10% of re-
spondents (n5 115 veterinarians) did not administer any perioperative antimicrobials,
with most (74%) of respondents administering 1 dose of procaine penicillin preoper-
atively and 1 dose 12 hours postoperatively. Another 2019 survey5 performed in the
United Kingdom found that almost all (97%; 460 out of 475) horses undergoing castra-
tion received a preoperative dose of antimicrobials, with procaine penicillin being the
mostly used antimicrobial. One randomized clinical trial9 has shown that administra-
tion of perioperative penicillin (25,000 U/kg) intramuscularly (IM) and a nonsteroidal
antiinflammatory drug (NSAID) to horses undergoing standing castration once daily
on the day of surgery and the following 2 days significantly reduced serum amyloid
A (SAA) concentrations on day 8 after castration compared with horses that were
only administered an NSAID.
Similarly, with regard to NSAID administration, there is much variation with regard to

protocols in the literature. Preoperative use of nonsteroidal antiinflammatories (phen-
ylbutazone 2.2 mg/kg; flunixin meglumine 1.1 mg/kg) is recommended in most in-
stances, with 98% of 466 patients in a recent UK-based survey5 on castration
complications having been administered an NSAID preoperatively. In that study,
phenylbutazone was the most commonly used NSAID, and postoperative administra-
tion was prescribed in only 39% of horses.
In general, at the authors’ institution, horses receive 1 preoperative dose (22,000 U/

kg) of IM procaine penicillin and a preoperative dose of flunixin meglumine (1.1 mg/kg)
IV. In more mature horses with larger scrotums, a postoperative protocol of oral phen-
ylbutazone (typically 2.2 mg/kg twice daily for 2–3 days) may be recommended.
Anesthetic Protocols and Surgical Techniques

Horses to be castrated under general anesthesia are premedicated with xylazine hy-
drochloride (1.1 mg/kg, IV), and, when sedation is deemed adequate, anesthesia is
induced with ketamine hydrochloride (2.2 mg/kg IV) and diazepam (0.05 mg/kg, IV)
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or midazolam (0.05 mg/kg IV). At the authors’ institution, the horses are placed in
lateral recumbency with the hind limbs restrained to facilitate surgery. Anesthetic
depth is monitored by heart rate, respiratory rate, movement (twitching of the ear,
movement of the limbs), palpebral reflex, and presence of nystagmus. The clinician
should note that, under total intravenous anesthesia, horses retain a palpebral reflex
and show some degree of nystagmus. When an additional dose of anesthetic agent
is deemed necessary to maintain an adequate plane of anesthesia, the authors typi-
cally administer half the induction doses of ketamine and xylazine (ie, ketamine
1.1 mg/kg IV and xylazine hydrochloride 0.5 mg/kg IV). Anesthetic management of
donkeys and mules is similar to horses but with subtle differences.10

The scrotal area is routinely prepared for surgery with dilute povidone-iodine fol-
lowed by intratesticular injection of 2% lidocaine hydrochloride, the dose of which
may vary according to the size of the horse (typically 10–15 mL per testicle). A recent
study11 showed that intratesticular injection of mepivacaine (10 mL) resulted in
improved cremaster muscle relaxation and fewer horses requiring additional doses
of ketamine compared with the same intratesticular volume of lidocaine in 34 stallions
undergoing castration using the Henderson Equine Castration Instrument (HECI).
For horses castrated under standing sedation, chemical restraint is achieved using a

combination of detomidine (0.01 mg/kg, IV) and butorphanol (0.01 mg/kg, IV). A twitch
may also be applied to facilitate restraint. Lidocaine (up to 20–30 mL/testicle in mature
stallions) is always injected intratesticularly followed by subcutaneous injection
(approximately 5–10 mL) along the planned incision sites on each side of the median
raphe.
In 1 study,1 31 horses were castrated while standing, of which 5 (16%) developed

complications, compared with 28 of 293 (9.6%) castrated under general anesthesia;
however, the odds of developing a complication did not differ between these 2 cate-
gories. These findings are similar to those in a previous study12 in which horses cas-
trated while standing had a complication rate of 22%, compared with a complication
rate of 6% for those in which castration was performed under general anesthesia with
primary closure of the scrotal incisions. In addition, a recent study6 of open standing
castration in thoroughbred racehorses in Hong Kong found that 60% (150 out of 250
horses) had some type of complication postoperatively, with scrotal swelling, funicu-
litis, and seroma formation being the most commonly encountered. The most obvious
advantage of castration in standing sedated horses is that it minimizes the inherent
risks associated with general anesthesia and recovery. It also costs less and often re-
quires fewer personnel to perform safely. However, the consistently higher complica-
tion rate observed in different studies deserves mention.
The 3 surgical techniques are open, closed, and semiclosed, with variations in the

technique used depending on clinician preference.1,5,6,8 The open technique requires
less dissection than the closed technique and is more commonly used when per-
formed standing castrations.6 Other retrospective studies1,7 have reported a higher
complication rate associated with the semiclosed technique compared with the
open and closed techniques. However, to date, no controlled study has been per-
formed to investigate the superiority of either technique. Potential reasons for an
increased complication rate associated with the semiclosed technique include
increased tissue handling, increased contamination, or longer duration of surgery,
compared with the closed or open techniques.
Scrotal incisions are generally allowed to heal by second intention and left unsu-

tured. Primary closure may also be performed; however, this is not typically performed
in the field and is more commonly performed in a hospital setting under aseptic
conditions.12



Kilcoyne & Spier262
The most commonly used emasculators include the Reimer and Serra emascula-
tors.1,7 These two emasculators differ in jaw profile. With the Serra emasculator, he-
mostasis is achieved by compression, stretching, and tearing of tissues, and the
spermatic cord is simultaneously crushed and transected by a single closing move-
ment of the jaws. With the Reimer emasculator, hemostasis results from the compres-
sion of tissues, and resection is performed by the operator at a later stage using a
separate handle on the device (Fig. 1). One survey7 reported a higher rate of hemor-
rhage associated with the use of the Reimer emasculator compared with the Serra
emasculator among respondents. However, a more recent an ex vivo study13 showed
the Reimer emasculator resisted significantly higher pressure compared with the Serra
emasculator using the open technique of castration, although no difference was noted
using the closed technique. One author’s (S.S.) preference is to use the Reimer emas-
culator on younger horses with small spermatic cords and the Serra emasculator on
more mature horses with larger cords. The second author (I.K.) uses the Reimer emas-
culator exclusively, irrespective of size. One additional technique used by the authors
where a larger spermatic cord is encountered in a mature horse when performing a
closed castration is to separate the cremaster muscle from the cord using blunt
dissection either with a hemostat or using a finger. The cremaster muscle is emascu-
lated separately for approximately 30 seconds, which helps to reduce the bulk of the
spermatic cord to be emasculated.
In recent years the popularity of the HECI (Fig. 2) in clinical practice has increased,

with multiple studies4,14 being published regarding the incidence and type of compli-
cations associated with its use. One study, of in 252 horses, found an overall compli-
cation rate of 10.7%, most of which were mild and resolved with treatment. This rate is
very similar to a previous retrospective study1 using traditional emasculators in which
an overall complication rate of 10.2% (33 of 324) was reported. Similar to previous
studies, the most common complications encountered by Hinton and colleagues4

included seroma formation and mild swelling. Interestingly, no horses included in
that study4 were found to have hemorrhage reported as a complication, compared
Fig. 1. Reimer and Serra emasculator. The Reimer emasculator (left) crushes the cord, and a
blade operated by a separate handle severs the cord distally. The Serra emasculator (right)
crushes and cuts the cord at the same time.



Fig. 2. Use of the HECI for a routine closed castration. Note placement of the emasculator
portion just distal to the testicle where it is clamped. With slight tension on the drill and
with the instrument held parallel to the cord, the testis is rotated slowly for about 5 turns.
The speed of the rotations is gradually increased while keeping slight tension on the cord.
After approximately 20 to 25 rotations, the cord separates about 8 to 10 cm proximal to the
instrument.
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with previous reports using traditional emasculators where postoperative hemorrhage
rates ranged from 1.8% to 2.4%.1,7,15 An additional study14 has investigated the use of
the HECI in horses undergoing closed castration using standing sedation; however,
that study reported a postoperative complication rate of 23%.
The importance of properly maintained surgical instrumentation, regardless of

which emasculator is used, should be emphasized. Cleaning following use in the field
and regular maintenance, including disassembly, thorough cleaning, and resteriliza-
tion, can help improve longevity and functionality, thus helping prevent complications
postoperatively.
Some veterinarians recommend the use of ligatures around the vasculature of the

spermatic cord in order to reduce the incidence of postoperative hemorrhage; how-
ever, it has also been suggested7 that placement of a suture could predispose to the
development of a scirrhous cord or infection, likely because of the presence of
foreign material. In 1 study,1 only 17 (5.2%) cases of a total of 324 had ligatures
placed as part of the castration procedure. The overall rate of hemorrhage as a
complication in this study was 6 out of 324 (1.8%), indicating that the use of ligatures
may not be necessary to prevent postoperative hemorrhage. Another study15 did not
find that placement of ligatures significantly reduced the incidence of postoperative
hemorrhage (2.3%), compared with a reported rate of 2.44%without ligatures.7 If the
clinician choses to use a ligature, it should be placed in a transfixing manner just
proximal to the placement of the emasculators on the spermatic cord. An absorbable
suture such as polyglactin 910 (Vicryl) is typically used and preferred to polydioxa-
none (PDS) because of its greater initial breaking strength, excellent handling prop-
erties, and most importantly the more rapid resorption time (56–70 days vs 180 days,
respectively).16
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However, the authors do recommend the use of ligatures in all donkeys and mules
undergoing castration. This procedure should be performed as a preventive measure
against any possible hemorrhage, because blood vessels of the spermatic cord have
been reported to be larger in donkeys and mules compared with horses.17

COMPLICATIONS AND MANAGEMENT
Postoperative Swelling and Seroma Formation

Postoperative swelling affecting the preputial and scrotal regions (Fig. 3) is the most
common complication following castration and can be seen up to 4 to 5 days after sur-
gery has been performed. In previous studies, the incidence of swelling and seroma
formation was 4.9%,1 8.7%,4 and 8.7%.5 Excessive swelling may be attributed to
inadequate drainage, inadequate exercise following surgery, excessive tissue trauma
at the time of surgery, or infection. Older horses have also been reported to be more
prone to development of excessive edema following castration, compared with
younger horses.4,18 Following castration, exercise, cold-water hosing of the area,
and administration of NSAIDs can help to minimize swelling.4 Excessive postoperative
swelling can be painful and may result in an unwillingness to exercise, causing prema-
ture closure of the surgical wound, further exacerbating the problem. Adequate post-
operative exercise consisting of hand walking or trotting for 20 minutes twice daily for
10 to 14 days can help prevent premature closure of the surgical wound and seroma
formation. Treatment generally involves administration of NSAIDs to reduce swelling
and increase the tolerance of the animal to exercise and moving around. Where
seroma formation has occurred, it is beneficial to digitally reopen the scrotal wounds
to facilitate drainage in an aseptic manner. Therapy with systemic antimicrobials
should be administered if discharge is observed, and prophylactically in cases of
seroma formation to prevent the development of an infection. Typically, at the author’s
institution, treatment with oral antimicrobials such as trimethoprim sulfadiazinea

(24 mg/kg orally twice daily) or minocycline (4 mg/kg orally twice daily) is recommen-
ded for 10 to 14 days.

Infection

Local infections of the scrotum and/or spermatic cord occur less commonly than
seroma formation.1,5,7,8 Infection may not be evident until many days after the surgery
was performed, with 1 study5 having documented signs associated with infection be-
ing reported an average of 10 days postoperatively. The use of ligatures has been
implicated as a cause for postoperative infection, potentially acting as a nidus7; how-
ever, there are conflicting reports in the literature, with no clear consensus on whether
or not ligatures contribute to an increased rate of infection. Infection may also follow
formation of a seroma, allowing the development of a septic seroma or scrotal
abscess.
Clinical signs of infection may include fever, swelling, lameness or stiffness of gait,

and drainage from the incisions. Many horses with seromas have similar clinical signs
to those mentioned for infection. Treatment involves opening of the scrotal incisions to
facilitate drainage, similar to that performed for a seroma. Exercise to help prevent
premature closure of the incisions and promote drainage should also be started.
Administration of broad-spectrum systemic antibiotics should be instituted. Ideally a
sample taken from deep within the scrotal incisions should be submitted for culture
and sensitivity to help direct antimicrobial therapy. Infections that do not resolve
a Equisul-SDT� Aurora Pharmaceutical, Northfield, MN 55057.



Fig. 3. Marked scrotal swelling in a 4-year-old horse 5 days after castration. The scrotal in-
cisions were reopened in an aseptic fashion to facilitate drainage, and treatment with
broad-spectrum antimicrobials was initiated.
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with initial medical therapy should be referred to a surgical facility because surgical
resection of infected tissue (typically the spermatic cord) may be warranted to resolve
the issue completely.19

Scirrhous cord, which may also be referred to as funiculitis, refers to the chronic
infection of the spermatic cord stump where the scrotal incisions heal but the stump
continues to be infected or abscess, eventually forming a draining tract. It may
develop as an extension of a scrotal infection or from a contaminated emasculator
or ligature. Thorough aseptic palpation and examination of the scrotal and inguinal
area can be diagnostic in identifying abnormal tissue; however, ultrasonography can
be extremely useful to evaluate for abscesses in the inguinal area and to visualize ab-
normalities of the spermatic cord that may require surgical resection (Fig. 4). In cases
where an early diagnosis of scirrhous cord is made, the animal may respond success-
fully following drainage and long-term (ie, 4–6 weeks) antimicrobial therapy (based on
culture and sensitivity testing). However, surgical resection of the infected spermatic
cord stump is often required for complete resolution (Fig. 5). Surgical excision can be
challenging in chronic cases because of the enlargement of the spermatic cord, which
can stretch the external inguinal ring, as well as the presence of extensive fibrous ad-
hesions that form in the scrotum. The condition has been historically associated with
Staphylococcus spp. However, a recent study19 from 2018 showed growth of Strep-
tococcus equi subspecies zooepidemicus, Staphylococcus aureus, Actinomyces spp,
and Bacteroides spp. from horses that underwent surgical resection of infected tissue.
Culture and sensitivity testing of any resected tissue should be performed to ascertain
appropriate antimicrobial therapy postoperatively. Prognosis seems to be good with



Fig. 5. Surgical resection of a scirrhous cord in a 10-year-old gelding that developed a drain-
ing tract at the castration site years after the castration was performed.

Fig. 4. Transverse ultrasonography image of a persistently infected right spermatic cord
remnant measuring 18.0 mm � 12.8 mm, obtained from the inguinal region of a 5-year-
old Andalusian gelding 8 months after castration. Treatment required 2 surgical revisions
and long-term antimicrobial therapy. Image acquired using a 13-MHz linear transducer at
a depth of 4 cm. (Courtesy of Betsy Vaughan DVM, DACVSMR, California.)
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appropriate treatment, with complete resolution of clinical signs and return to previous
use being documented in 14 of 16 horses that underwent surgical resection and for
which long-term follow up was available in 1 study.19

In addition, 1 report20 describing intra-abdominal abscess formation in 61 horses
included 3 horses that had abscesses in the inguinal region extending into the abdom-
inal cavity, all of which had undergone castration 21 to 150 days before examination.
Although abdominal abscesses are considered a rare complication following castration,
it is important to realize that simple infections, if not recognized in an expedited fashion
and treated appropriately, may progress to a much more arduous complication.
HEMORRHAGE

Some hemorrhage is normal following castration in the immediate postoperative period
when the horse stands following general anesthesia or immediately after the emascula-
tors have been removed. When bleeding occurs in the form of a steady drip or stream
(>1 drop/s) for an excessive period of time (>15 minutes), active intervention for hemo-
stasis should be made. The most common source of significant bleeding postopera-
tively is the testicular artery, but it can also occur from the testicular vein or
subcutaneous vessels. Initial therapy should be designed to identify and eliminate the
source of hemorrhage. The stump of the spermatic cord can be identified and the indi-
vidual bleeding vessel isolated and ligated, or, if enough of the cord can be exteriorized,
the entire cord can be emasculated again. However, this is usually not possible in a
standing animal and necessitates general anesthesia. If the source of the bleeding
cannot be identified, the scrotal incision can be packedwith sterile laparotomy sponges,
which can be left in place for 24 to 48 hours by suturing the scrotal incisions closed. It is
important to remember to leave long tails on the scrotal sutures to facilitate easier
removal once the packing is to be removed. These horses should be placed on
broad-spectrum systemic antibiotics as a precautionary measure to reduce the inci-
dence of infection. They should be maintained on stall rest to allow the clot to stabilize
and should not be exercised as per the usual postcastration recommendations.
Adjunctive medical therapies that have been reported to help curtail hemorrhage in

horses include use of antifibrinolytic drugs.21,22 The most commonly used is epsilon-
aminocaproic acid, a lysine analogue that works to inhibit plasminogen activator, and
stimulate release of a2-antiplasmin from endothelial cells.23 Typically the authors
administer 30 to 40 mg/kg diluted in 1 L of saline IV over 30 minutes, which can be
repeated up to 4 times daily; however, usually 1 or 2 doses are sufficient. A dose
for continuous-rate infusion is 10 to 15 mg/kg/h; however, this is not practical in a field
setting. An alternative to aminocaproic acid is tranexamic acid, also an antifibrinolytic
lysine analogue, with a dose in the literature ranging from 5 to 25 mg/kg IV every 8 to
12 hours.23

Other reported hemostatic agents include conjugated estrogens22 (0.05–0.1 mg/kg
IV, every 12–24 hours) and 10% formalin (10 mL of 4% formaldehyde solution [ie, 10%
formalin] diluted in 1 L of saline IV)24 (Table 1).
Immediate referral should be considered where substantial blood loss has occurred

or signs of hypovolemic shock are evident. It is important to remember that the packed
cell volume (PCV) may remain normal for up to 12 hours following acute hemorrhage
because of the time required for fluid redistribution and the effects of splenic contrac-
tion. Serial monitoring of PCV, total solids (TS), and lactate as the horse is rehydrated
gives an indication of the extent of blood loss. Loss of a large volume of blood, com-
bined with tachycardia, tachypnea, pale mucous membranes, lethargy, increasing pe-
ripheral lactate level (>4 mmol/L), and decreasing TS (<4 g/dL) may lead to the



Table 1
Hemostatic agents that have been reported to help curtail hemorrhage in horses

Drug Tradename Dose Frequency

Epsilon-aminocaproic
acid

Aminocaproic Acid
Injection USPa

250 mg/mL

30–40 mg/kg IV
10–15 mg/kg/h

q6–8 h
CRI

Tranexamic acid Tranexamic Acid
Injectionb 100 mg/mL

5–25 mg/kg IV slowly q8–12 h

Conjugated estrogens Premarinc 0.05–0.1 mg/kg IV q12–24 h

10% formalin — 10–30 mL of 10% formalin
in 1 L isotonic fluids

q12–24 h

Abbreviations: CRI, continuous rate infusion; q, every; USP, United States Pharmacopeia.
a Hospira, Inc, Lake Forest, IL 60045.
b Athenex, Schaumburg, IL 60173.
c Wyeth Pharmaceuticals LLC, a subsidiary of Pfizer Inc, Philadelphia, PA, 19101.
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decision to transfuse. A blood transfusion is likely to be needed during an acute
bleeding episode when the PCV decreases to less than 20%.25

The authors have observed horses that have bled into the peritoneal cavity postcas-
tration, resulting in a significant hemoabdomen. This condition can be visualized using
ultrasonography to observe the swirling nature of the blood within the peritoneal cavity
or the resultant clot formation. These horses are treated as described earlier, with the
decision to transfuse based on the hemodynamic stability of the horse; namely, moni-
toring for clinical evidence of hemorrhagic or hypovolemic shock and changes in lab-
oratory findings (PCV, TS, and lactate). It is important to remember that up to 75% of
red blood cells lost into a body cavity (ie, hemoperitoneum) are autotransfused back
into circulation within 24 to 72 hours.25

EVENTRATION

Eventration, although not a common postcastration complication, occurs when a
portion of intestine prolapses through the inguinal canal and out of the scrotal incision.
It typically occurs within 4 to 6 hours after castration but it has been reported up to
12 days following surgery.26 Eventration has been hypothesized to result following
increased abdominal pressure (such as straining because of abdominal pain), pres-
ence of a large inguinal ring, or potentially during a rough recovery from general anes-
thesia.24 Investigators in recent studies reported eventration in 0.4%,4 0.8%,5 and
0.1%8 of castrations, indicating that the incidence is very low in a general equine pop-
ulation, with seemingly no significant difference in incidence if traditional emasculators
or the HECI is used. In another study,1 eventration occurred in only 1 of 324 (0.3%)
horses. In that study, the incidence of eventration was low, despite the lack of use
of ligatures as part of the routine procedure in most horses. This finding suggests
that further investigation may be needed to determine whether ligatures provide an
advantage when castrating horses of breeds other than those reported to be at an
increased risk of eventration. One study15 found that common vaginal (parietal) tunic
ligation significantly reduced the incidence of omental herniation and eventration, with
only 1 of 131 (0.8%) evaluated horses developing eventration. That study focused on
the castration of young draft horses, a breed type reported to be at increased risk of
eventration after castration.
If postcastration eventration does occur, prompt emergency care is essential for a

successful outcome.27 Initial therapy should be designed to protect the prolapsed
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intestine from further damage and contamination and prepare the horse for transport
to a referral center. The protruding portion of bowel should be cleaned of all gross
contamination with sterile saline and then replaced into the scrotum, which is sutured
closed with a nonabsorbable suture or closed with several towel clamps. This proced-
ure is more easily accomplished with the horse under general anesthesia. If this is not
possible, either because of the amount of bowel that is prolapsed or because of an
inability to reanesthetize the horse, then a moist towel or drape should be made
into a sling and used to support the bowel during transport. Treatment with broad-
spectrum injectable antibiotics should be instituted along with an antiinflammatory
and tetanus prophylaxis. Once at a surgical facility, exploration by both an inguinal
and ventral midline approach is warranted, because a better determination of the
health of the entire small intestine can be made by fully examining the entire intestinal
tract and inguinal rings. Survival rates following surgical treatment of intestinal eviscer-
ation range from 36% to 87%, with the lowest survival rates associated with an
inguinal-only surgical approach, increased length of prolapsed bowel, and the need
to perform a resection and anastomosis.28,29

Protrusion of omental tissue through the inguinal rings (Fig. 6) can also occur
following castration. A thorough examination in a well-sedated horse should be per-
formed to assess the type of tissue protruding because occasionally subcutaneous
tissue may be found protruding through the scrotal incision. It is common to find
just a small amount of vaginal tunic or connective tissue protruding, which can either
be removed using scissors or left to dry without further intervention and close
Fig. 6. Omental prolapse in a 6-month-old horse 2 days after being castrated under general
anesthesia. The tissue was cleaned thoroughly, and emasculation of the omentum close to
the skin incision was performed standing. The horse was placed on broad-spectrum oral an-
timicrobials for 10 days and recovered without further incident.
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monitoring. In most cases of minor omental prolapse, emasculation of the protruding
omental tissue can be performed. The animal should be confined to a stall to prevent
more tissue prolapsing, and systemic antimicrobial therapy should be instituted to
prevent an ascending infection or peritonitis. Where severe herniation of omentum
has occurred, surgery under general anesthesia may be necessary to facilitate ligation
and transection of the tissue.

Peritonitis

Although cited as a complication of castration, septic peritonitis is a rare complication
that has been infrequently reported in the literature. The vaginal tunic derived from the
peritoneum continues through the inguinal canal to line the interior of the scrotum. It is
composed of 2 layers, the visceral tunic, which attaches firmly to the tunica albuginea
around the testis, and the parietal tunic, which is continuous with the parietal perito-
neum of the abdomen. As a result of this communication, many horses show a non-
septic inflammation or peritonitis, characterized by increased cell counts greater
than 10,000 cells/mL for up to 5 days following castration.30 However, this is usually
self-limiting and not particularly clinically significant.
In contrast, bacterial or septic peritonitis is a rare complication that has not been re-

ported in larger retrospective case studies in the recent past, but is limited to case re-
ports involving small numbers of horses.31,32 Bacterial peritonitis is diagnosed where
an increased nucleated cell count with the presence of an increased number of neu-
trophils (>90%), usually degenerative, is noted on cytologic evaluation of peritoneal
fluid following abdominocentesis. The presence of bacteria on cytologic evaluation
or a positive culture of the fluid can help confirm the diagnosis. Clinical signs may
include fever, depression, inappetence, or mild signs of colic. Treatment should
involve administration of systemic antimicrobials based on culture and sensitivity of
the peritoneal fluid, antiinflammatories, intravenous fluid therapy, and peritoneal
lavage through the use of an indwelling abdominal drain if indicated.

Hydrocoele Formation

A hydrocele is a painless accumulation of fluid within the vaginal cavity in stallions;
however, it may also be seen in geldings up to months or years following castration
(Fig. 7). Hydrocoeles occur infrequently after castration but are reportedly more com-
mon in mules.24 They are reported to form after an open castration is performed,
because the parietal tunic is not removed using this technique. The swelling that de-
velops may resemble a scrotal testicle or hernia, and on aspiration a clear, amber-
colored fluid is usually obtained. On palpation, the swelling may be reduced by
squeezing the fluid proximally toward the inguinal canal and into the abdominal cavity.
Drainage of the fluid may only temporarily relieve the condition, and these are consid-
ered cosmetic defects. Treatment involves the surgical resection and removal of the
parietal tunic under general anesthesia with the equid in dorsal recumbency. However,
surgical removal is rarely necessary.

Penile Damage

Penile damage during castration is almost exclusively iatrogenic and usually occurs
when a novice surgeon mistakes the penile shaft for a testicle. Although penile trauma
is frequently listed as a complication of castration, it is very infrequently reported in the
literature.33 If the penis is transected, the horse should be referred immediately to a
surgical facility for surgical repair or phallectomy. A thorough knowledge of the anat-
omy and the procedure to be performed should prevent this complication.



Fig. 7. Hydrocele in a 12-year-old castrated mule. Note the swelling in the scrotal area
resembling a residual testicle. On palpation, the swelling was noted to be fluidlike and
was easily reduced by squeezing the fluid proximally toward the inguinal canal.
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Continued Stallionlike Behavior

Serum concentrations of testosterone and estrogen rapidly decline within 6 hours af-
ter castration; however, castration is not always successful in eliminating habitual
stallionlike behavior. Historically, causes such as retention of epididymal tissue, ad-
renal cortex production of testosterone, and heterotopic testicular tissue have been
implicated in cases of continued stallionlike behavior, but most commonly the
persistent behavior is habitual or represents normal social interaction among hors-
es.24 In cases where the continued stallionlike behavior is excessive or there is little
information pertaining to the castration, hormonal testing is indicated to establish
whether there is residual testicular tissue present. Hormonal assays that may be use-
ful to determine whether the horse had undergone a unilateral castration include
baseline testosterone concentrations, baseline estrone sulfate concentrations, and
testosterone concentrations following human chorionic gonadotropin stimulation.34

More recently, antimullerian hormone (AMH) has been found to be a sensitive indica-
tor of hemicastrated unilateral cryptorchid horses35,36 (Table 2). Although concen-
trations of testosterone and estrogen in serum decrease rapidly in serum and
stabilize within about 6 hours, clinicians should note that AMH has a longer half-
Table 2
Hormonal assays to distinguish between geldings and horses with extrascrotal testicular
tissue i.e. cryptorchid

Mature Stallion Gelding Cryptorchid

Testosterone 800–2000 pg/mL <50 pg/mL 100–500 pg/mL

AMH — <0.15 ng/mL >0.15 mg/mL

Estrone Sulfate 140–200 ng/mL <0.1 ng/mL 35–60 ng/mL

Reference laboratory values provided by the Clinical Endocrinology Laboratory at the University of
California, Davis (www.vetmed.ucdavis.edu/labs/endo-lab).

http://www.vetmed.ucdavis.edu/labs/endo-lab
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life (1.5–2 days) and therefore concentrations take 10 to 14 days to reach baseline
after castration.35

In general, males should be isolated from mares for 2 days following castration un-
der routine circumstances. After 2 days, ejaculates are highly unlikely to contain suf-
ficient numbers of spermatozoa to cause pregnancy.37
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