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Abstract

Background: Castration is the most common surgical procedure in domesticated
equids; surgical techniques used and perioperative management vary considerably.
Obijectives: To identify and chart the current evidence on perioperative complica-
tions associated with different methods of surgical castration in domesticated equids.
Study design: Joanna Briggs Institute systematic scoping review.

Method: CAB Abstracts, Medline and Embase databases were searched using terms
related to equine castration complications. Two authors independently and blindly
screened publications against eligibility criteria. Data on study methods, perioperative
management, surgical techniques, and perioperative complications were extracted.
Surgical techniques were grouped into categories depending on technique; open,
closed or half-closed, and whether the parietal tunic was open or closed at the end of
surgery.

Results: The search identified 1871 publications; 71 studies met the final inclusion
criteria. The data reported 76 734 castrations, most of which were open or closed,
with the vaginal tunic remaining open at the end of surgery. Twenty-five studies
reported information regarding surgical techniques and perioperative management,
allowing detailed charting and comparisons, of which analgesia and antimicrobial
usage varied notably. Eighteen different complications were reported, with swelling
or oedema being the most common. Evisceration was most commonly reported in
draught breeds and Standardbreds, and the risk appeared low if the parietal tunic
was closed at the end of surgery.

Main limitations: Grey literature and studies not available in English were not
included. Existing studies varied greatly in perioperative management, surgical tech-
niques and reporting of outcomes, making evidence consolidation problematic.
Conclusion: A lack of consensus regarding complication definitions creates uncer-
tainty and discrepancies between complication rates associated with different surgi-
cal techniques and perioperative management. The implementation of standardised

systems for describing surgical techniques and complications is recommended for
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future studies. A number of studies did not follow current recommendations for peri-

operative analgesia and use of antimicrobials.
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1 | INTRODUCTION

Castration of domesticated equids is the most common surgical pro-
cedure in equine veterinary practice performed worldwide. Despite
this or potentially because of this, there is widespread variation in the
perioperative management and surgical techniques used. There are
numerous approaches to the surgery and the quality of evidence
regarding various castration methods is limited. Most complications
reported for this routine procedure are mild® and serious complica-
tions are infrequent but can be fatal.>~¢

There are three definitions currently recognised for the surgical
technique of castration: open, closed and half-closed.” The definitions
are dependent on whether the parietal tunic is incised before removal
of the testicle and whether a portion of the parietal tunic is removed.
The parietal tunic and the visceral tunic together make up the vaginal
tunic. With any of these techniques, the parietal tunic can be closed
or left open at the end of surgery. There is a lack of consistency when
defining surgical techniques.®2 Considerable overlap is found relating
to the terms ‘open’ and ‘closed’ when discussing surgical technique,
whether the parietal tunic remains open or is closed at the end of sur-
gery and whether skin closure has been performed. Reported compli-
cation rates range from 2.1% to 60%.23>69-13

A scoping review is a useful initial step to identify existing
research, pinpoint gaps in the current research, clarify fundamental
definitions and map out the literature, irrespective of quality.}4"1¢
Currently there are narrative reviews on complications of castration
but no published systematic reviews. Scoping reviews are particularly
valuable when a body of literature exhibits a vast, complex nature not
amenable to a more precise systematic review, which is the case for
this topic.2” A systematic review would be more appropriate for spe-
cific questions on a topic with less variability within the available liter-
ature. This scoping review aims to identify the literature available on
the outcomes of castration and evaluate whether associations can be
made between complications and varied management and techniques.
These reviews provide researchers with a comprehensive understand-
ing of the existing evidence, influencing not just future research but
also evidence-based guidelines and policies to assist veterinary
surgeons.'®

The objectives include (1) performing a systematic search of the
databases to establish the current peer-reviewed literature on intrao-
perative and postoperative complications following surgical castration;
(2) obtaining relevant data on castration complications to map and
chart the findings, specifically analysing associations with the castra-
tion technique, use of antimicrobials and analgesia provided; (3) evalu-

ating whether castration technique has any reported influence over

the type or rate of complications identified; (4) identifying any knowl-

edge gaps to construct recommendations for future studies.

2 | MATERIALS AND METHODS

21 | Protocol and registration

This scoping review adheres to the Joanna Briggs Institute system-
atic scoping review protocol guideline,'* and follows the preferred
Reporting Items for systematic reviews and Meta-Analyses Exten-
sion for Scoping Reviews (PRISMA-ScR) framework.'® The proto-
col for this review was registered on Open Science Framework
(http://osf.io/79yxz/).

2.2 | Eligibility criteria

A paper was included in the study if the criteria were met, the full text
of the paper was available in English and could be accessed from any
of the Nottingham University libraries, e-libraries or free online Open
Access. Studies that did not report any outcome data during or after
castration, were not included. The full eligibility criteria are displayed
in Table 1.

An Equid was required to have two healthy testicles descended
into the scrotum before undergoing castration to be eligible for inclu-
sion. The testicles had to be free of neoplasia, orchitis, infection,
trauma or testicular torsion to be considered healthy.

For this scoping review, the following definitions were used:
(1) surgical castration = the removal of two testicles; (2) surgical
complication = as defined in each individual manuscript; (3)
intraoperative = the period during a surgical procedure; (4)
postoperative = the period after a surgical procedure has finished.
There is no time limit on this period. If the complication has tran-
spired from the surgery, it will be considered as a postoperative

complication.

2.3 | Information sources
Three databases were used for the searches: CAB Abstracts
(1973-present), Embase (1974-present) and Medline In-Process &
Non-Indexed Citations and Ovid MEDLINE (1946-present).

Medline and CAB Abstracts are reported as the two key veteri-
nary literature databases.r” A previous scoping review found some
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TABLE 1 Inclusion and exclusion criteria for a scoping review of castration complications in domesticated equids.

Criteria
Population

Exposures

Intervention

Outcome

Language

Study design

Publication type

Inclusion
All types of male domesticated equids.

Entire males (colts and stallions) presented for castration
with two healthy testicles descended into the scrotum.

Surgical castration (confirmed by the removal of two
testicles) using procedures that include open, closed, half-
closed or modified versions of these techniques,
understanding sedation or general anaesthesia.

Papers including intraoperative and/or postoperative
complications.

English or papers with available translation.

Case series, randomised controlled trials, cohort, case

control, cross-sectional studies and individual case reports.

Peer reviewed journals, conference abstracts.

Exclusion
Non-equids and hermaphrodites.

Cryptorchids
Neoplasia, orchitis, infection, trauma, testicular
torsion

Non-surgical castration.

Papers where intraoperative and/or
postoperative complications are not reported.
Anaesthetic morbidity and mortality.

Papers with no English translation available.

Textbook chapters
Review articles

Non-peer reviewed journals.

specific equine journals are not covered by CAB Abstracts or Medline,
therefore Embase was included in the search databases.” The search

was performed on 17 January 2024.

2.4 | Search strategy

The PICO search strategy was reviewed by a librarian from the Uni-
versity of Nottingham and all authors (Data S1). The results of the
search were downloaded onto EndNote 20. Any duplicates were
removed by the primary researcher (E) (Figure 1). Two authors (E.R.
and S.F.) reviewed the titles and abstracts independently, one of
which (S.F.) is an accredited JBI reviewer. Any titles or abstracts that
were unclear, ambiguous or where the two authors disagreed were
retained until the next stage. The primary author independently
assessed the full text of the final included papers, and any ambiguous
studies were discussed by two authors (E.R. and S.F.), both authors
agreed on the final included studies. The reference lists of all retrieved
studies were hand-searched for additional relevant studies.

2.5 | Data charting process

Final papers were analysed, and the relevant data were extracted by
the primary author using a data extraction template (Table S1). Studies
that contained sufficient detail regarding surgical technique, outcomes
and perioperative management for this to be extracted and charted
were analysed separately (Tables 2, 3, and S2). Data from individual
case reports and studies that lacked information about perioperative
management and surgical technique were reviewed and charted sepa-
rately (Tables S3 and S4).

Data were analysed according to the surgical technique of open,
closed or half-closed and whether the parietal tunic was left open or

closed at the end of the surgery, resulting in six different categories

Unable to obtain full paper.

(Table 4). There is variation in the current literature and studies of
how these techniques are described, and therefore, the following defi-
nitions were used for this study: the open technique involves incising
the parietal tunic to exteriorise the testicle, cutting the ligament of
the tail of the epididymis, and transecting the spermatic cord, ulti-
mately the parietal tunic remains; the closed technique does not
involve opening the parietal tunic to expose the testicle, but instead,
removal of the testicle inside the parietal tunic and a portion of the
parietal tunic is removed; the half-closed technique involves an open-
ing into the parietal tunic to expose the testicle and inspect the con-
tent, although the parietal tunic is removed along with the testis and a
portion of the spermatic cord.” If sutures are placed to prevent free
communication through the parietal tunic, the tunic itself would be
considered closed at the end of surgery. The parietal tunic can
be closed or left open with any of the three surgical techniques of
open, closed or half-closed, which is where the majority of confusion
around these definitions transpires. Closure of the parietal tunic can
be achieved by ligating the spermatic cord and including the parietal
tunic, or by suturing the parietal tunic alone.

All reported surgical techniques corresponded to one of the six
surgical groups, despite descriptions of modified versions. A method
of opening the parietal tunic to remove the testicle and cord,
before suturing closed the tunic was classified as a half-closed
technique in one study,?° and modified open in another.” While
there are similarities between techniques, the parietal tunic has
remained in both cases, and therefore, these techniques were
categorised as open in this review and grouped in Category 2. A
further study reported a modified half-closed technique by trans-
ecting the cord without the parietal tunic and then replacing the
stump into the parietal tunic and performing another emasculation
to remove the tunic.?” This technique has been categorised as
half-closed and grouped in Category 5.

No further analysis was conducted to evaluate the risk of bias or

methodological quality, in line with the scoping review protocol.*>®
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3 | RESULTS

3.1 | Selection of sources of evidence

A total of 1871 studies were identified on the initial database
searches. Following duplicate removal, 1225 titles were reviewed
against inclusion and exclusion criteria, 638 abstracts were
reviewed and 71 papers met the final inclusion criteria and were
reviewed (Figure 1).

Twenty-five of the 71 papers included adequate information
regarding the surgical procedure and reported outcomes for full analy-
sis (Table S2). Fourteen papers were individual case reports (Table S3),
and 32 papers did not include any information regarding the original
castration procedure or lacked reporting of outcomes. This included
anaesthesia-related studies, which predominantly evaluated pain dur-
ing the procedure and postoperatively (Table S4).

3.2 | Study characteristics

The 71 included papers were published between 1972 and 2023, with
58 published after 2000 and 18 published from 2020 onwards. Two
of the studies were conducted across multiple countries and the
remaining 69 were from single countries: USA (n = 18), Brazil (n = 9),
UK (n = 8), Canada (n = 5), Australia, Italy, Germany and Switzerland
(n = 4), Denmark and Egypt (n = 3), South Africa (n = 2) and Spain,

Belgium, Sweden, Iraq and Hong Kong (n = 1). There were a range of
study designs, the most common being randomised controlled trials
(19/71), retrospective case series (18/71) and individual case
reports (14/71).

The only reported intraoperative complication was haemorrhage.
There were no reports of intraoperative penile damage but one docu-
mented case of postoperative penile paralysis,®> and a case report of
a chronic penile retroversion through a scrotal incision.> Eighteen
types of postoperative complications were reported within the studies
from a total of 76 734 cases (Tables S2-S4). The most common
reported complication was swelling or oedema, followed by pyrexia
and then by surgical site infection, septic funiculitis, evisceration, ser-
oma, and surgical site discharge. The remaining complications were
less frequently reported: septic peritonitis, hydrocele, haematoma,
subcutaneous tissue prolapse, adhesions, lameness or stiffness, teta-
nus, penile paralysis and penile retroversion through a scrotal incision
(Tables S2-54).

The classification systems implemented for the degree of oedema
or swelling, haemorrhage and pyrexia varied remarkably between
studies. Mild swelling or oedema was either not recorded, or was dis-
cussed but not included in the overall complication rates in most stud-
ies.”1112:30 gome studies also excluded moderate cases of swelling.2®
Two large studies included mild cases of swelling in their complication

rates,13'35

resulting in much higher complication rates of up to 60%.
Several classification systems were implemented to categorise

the severity of swellings.”** One study classified mild scrotal swelling
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Seroma Haematoma

Lameness/

Septic

Incisional Septic

Surgical

site
Pyrexia infection Colic drainage Funiculitis peritonitis stiffness

Subcutaneous

tissue

Intestinal

Omentral
Haemorrhage evisceration evisceration prolapse

Swelling/

Skin
sutured oedema

Parietal
tunic

Emasculators sutured

Spermatic

cord
ligation

Surgical
Group technique Approach

(Continued)

TABLE 2
Author
and year

as less than 5 cm or moderate as more than 5 cm, and severe as more
than 10 cm.*? A similar system employed pictures to categorise swell-
ing into five grades, mild, mild-moderate, moderate, moderate to
severe and severe.C A further five-point grading system with images

was utilised, although no labelling of mild, moderate or severe took

37

place.®” Other studies simply labelled swelling more than 3 cm,*®

swelling larger than fist size®® or swelling that required veterinary

13

attention, as a complication.6

Some bleeding from the surgical site can be considered normal,
with most studies only classifying haemorrhage as a complication
when it is severe or requires veterinary intervention.® Severe haemor-
rhage has been classified as a stream of blood for more than 15 min
that prompted measures to stop the bleeding.® Time frames of
15-20 min,%? and 30 min have also been used.'> Moderate haemor-

21

rhage has been reported as a complication, defined as dripping of
blood that stopped spontaneously within 15 min, prompting closer

observation but not requiring additional veterinary intervention.®

27

Pyrexia is not a specific complication of castration, but a common
postoperative finding when temperatures are monitored. In this

32
11

review, some studies categorised pyrexia as a complication if the tem-

perature was more than 39.0°C for at least 24 h.3°

Another study
considered pyrexia of more than 38.4°C within the first 48 h as nor-
mal and pyrexia of more than 39.4°C after this time frame as a compli-
cation.’* These cases resolved spontaneously without treatment but
created a complication rate of 20.2%. Most studies did not monitor

temperature or did not consider pyrexia as a complication.”

3.3 | Results of individual sources of evidence

12

There were 25 of 71 studies containing comprehensive information

23

regarding the surgical castration procedure and reported outcomes

(Table S2). The surgical techniques and complications observed in

29
105

each of these studies are reported in Table 2 and the perioperative
management in Table 3. All individual cases were grouped according
to the surgical technique used for castration and whether the parietal
tunic was open or closed at the end of surgery (as defined in Table 4).

There was only one case of omental or intestinal evisceration in
groups where the parietal tunic was closed at the end of surgery
(Figure 2). There were 25 of 1065 (2.35%) cases of evisceration in
Group 1 (open technique with an open parietal tunic at the end of sur-
gery) and 34 of 959 (3.55%) evisceration cases in Group 3 (closed

technique with an open parietal tunic at the end of surgery) (Figure 2).
One case of intestinal evisceration that had a ligature placed to close

the parietal tunic was excluded from analysis due to the presence of

™ ©
= =
e e
[v) [s)
%] n

Scrotal
Scrotal

3

an inguinal hernia at the time of castration.’® Standardbreds and
draught breeds were overrepresented within the evisceration cases.

Closed
Open
Open
Open
Closed

Emasculators were used in 17 of 25 studies, held in place
between 1 and 5 min (Table 2). No emasculators were used in five

3
1
1
1
3

studies, the Henderson device was used for two studies, the Ligasure
Atlas (LSA) device for one study and one did not report on the use of

emasculators. Of 25 studies, 18 studies used a scrotal approach and

Racine et al.,
Rosanowski
etal, 2018
Schumacher
etal, 1988 >
Shoemaker
et al., 2004'°

2
2019°
6
10
Note: This table reports the surgical technique utilised in each study and includes information on the approach, whether the spermatic cord was ligated, if emasculators were used, parietal tunic closure and skin closure. The number of complications reported in

each study are also presented. There is great variation between individual studies and their reported complications.
Abbreviations: AL, absorbable lactomer; CGT, catgut; G631, glycomer 631; green, yes; P910, polygalactin 910; PDS, polydiaxanone; PGA, polyglycolic acid; PGC, poliglecaprone 25; PGN, polyglyconate; PS, polysorb; red, no; T, transfixed.

2Two cases of surgical site infection and one septic funiculitis excluded in this study due to a high preoperative SAA.

PIntraoperative complication.
€26 Cases had ligatures and the rest did not.

9 studies closed the skin incisions. Of 25 studies, 12 studies applied at
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g £ present. In contrast, another study comparing a group that received
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‘% 5 ° g gcao case of surgical site infection from the antimicrobial group.?®
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& S 5SS S X 00 89 i a case of large colon evisceration postoperatively.*® There was a lack
cC a© =
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©
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o 2 § e due to the numerous changing variables. It is clear that the open,
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2 5 E &‘g é § _‘% IS : g and pain, and this contributes to the disparity in reported complica-
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TABLE 4 A table to classify the surgical technique performed for

castration of domesticated equids.

Parietal tunic at the end of

Group  Surgical technique surgery

1 Open Open
The parietal tunic is (no closure of the parietal
incised to exterorise the tunic performed)

2 t.estlcle, cutting th.e Closed
I|g?rr'16nt _Of the tail of the (sutures used to close parietal
epldldyn.wls, and . tunic preventing free
transecting the spermatic communication through the
cord, ultimately the tunic)
parietal tunic remains.

3 Closed Open
There is no opening of (no closure of the parietal
the parietal tunic to tunic performed)

4 expose the testicle but Closed
instgad,‘rer.noval of the (sutures used to close parietal
testple inside th'e parietal tunic preventing free
tunic ar.1d & port.lorl off communication through the
the parietal tunic is tunic)
removed.

5 Half-closed Open
The parietal tunic is (no closure of the parietal
opened to expose the tunic performed)

6 testicle and inspect the Closed

content, although the
parietal tunic is removed
alongside the testes and
a portion of spermatic
cord

(sutures used to close parietal
tunic preventing free
communication through the
tunic)

In the human literature, postoperative pyrexia starting more than
48 h following surgery was more likely to be associated with infection,
and pyrexia within this time frame was not.** In horses undergoing
colic surgery, a similar trend was found, concluding that pyrexia start-
ing more than 48 h after surgery resulted in higher infection rates.*2
Most studies did not monitor pyrexia or consider it a complication;
however, studies that did record temperatures varied in their defini-
tions and the acceptable time frame for its occurrence.

The risk of evisceration has been shown to be comparable
between the open and closed techniquesm; however, we need further
information regarding the parietal tunic status to effectively make
comparisons. This review indicated the risk of evisceration is much
higher when the parietal tunic is left open at the end of the surgery,
with only one case of evisceration reported when a ligature was
placed from a total of 60 evisceration cases (Figure 2). If the parietal
tunic is appropriately closed during castration, the risk of evisceration
appears to be minimal. Evisceration cases were overrepresented by
Standardbreds and draught breeds, although it is important to note
that the quality or bias of included studies has not been fully evalu-
ated. Further research is required to determine the statistical strength
of this finding. It is our recommendation to close the parietal tunic if
there is a suspected increased risk of evisceration.

A future classification system to categorise the surgical technique

utilised for routine castration is proposed in Table 5 to eliminate any

uncertainty surrounding the terms ‘open’ and ‘closed’. The classifica-
tion system focuses on the two most relevant aspects of the surgical
technique including whether any of the parietal tunic remains and
whether the parietal tunic is sutured and considered closed at the end
of surgery. Having a clear reporting system will potentially enhance
future research by providing consistency and clarity and enabling
meta-analysis of combined datasets in the future.

Castration can be performed standing or recumbent, with a range
of approaches and techniques, with or without the use of ligatures
and with the option of leaving the surgical sites open to heal by sec-
ond intention or closing them. Specific instrumentation can also be
used for castration. The most common of these is emasculators with
19 of 25 papers utilising them. The Equine Henderson Castration
Instrument (EHCI)®>® and LSA device?’ were also reported in place of
emasculators. Laparoscopy has been proposed for use in normal des-
cended testicles,*® although no cases were identified in this review,
likely due to most studies leaving the testicles in situ.

There is a lack of consensus on what is considered a complication
and what is considered a ‘normal’ surgical consequence of castration.
Complications such as evisceration, septic funiculitis and surgical site
infection are clearly considered abnormal (although there were varia-
tions in how infection was defined). For common problems, such as
haemorrhage and swelling, an element of this can be considered ‘nor-
mal’ depending on the technique.?®*23 Understanding the point at
which swelling and haemorrhage become abnormal is vague and alters
individual interpretation. Within equine practice, haemorrhage,
oedema, pyrexia, pain and some tissue protrusion are often consid-
ered acceptable or a normal post-castration finding and many papers
do not include these as complications, varying in how they define and
categorise them. It should be noted that these complications would
not be considered normal in other species, such as the dog or man.
Complication rates are also highly dependent on how they are moni-
tored and reported, for example, whether pain and swelling is
assessed by the attending vet or the owner in the subsequent hours
or days. It is, therefore, very likely that complications associated with
equine castration are under-reported and have a higher incidence
than what is reported in the literature.

Any infection following castration is a complication. Once again,
how infection is defined fluctuates between studies. Swelling with
pyrexia and discharge that requires treatment is included in most defi-
nitions of surgical site infections, but that was not universally applied
in castration studies.®*?2> Purulent discharge from the incisions was
required to define a surgical site infection in one study,?® whereas this
was not essential for other studies. One survey from 1995 concluded
that higher infection rates were reported when ligatures around the
spermatic cord were used.>> According to a later survey, vets refer to
this study as to why they prefer not to place a ligature.** From the
25 studies in this review, there are more reports of septic funiculitis in
cases of non-sutured spermatic cords to sutured. Suggestions that
leaving the parietal tunic in situ increases cases of septic funiculitis
have also been made.*® In a study of 238 equids, no cases of septic
funiculitis were reported following an open technique,** although this

may be from a lack of reporting.
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FIGURE 2 A bar graph to show the number of cases of domesticated equids castrated within each surgical technique group and the number
of intestinal or omental eviscerations reported in a scoping review of castration complications in domesticated equids. This graph displays the
data extrapolated from studies in this scoping review on evisceration cases and the surgical techniques used. Groups 2, 4 and 6 all had ligatures
placed during castration to close the parietal tunic and there was only 1 evisceration case out of 672 castrations. The parietal tunic in Groups 1, 3
and 5 remained open at the end of surgery and 59 evisceration cases out of 2104 castrations were recorded.

The studies in this review did not show any clear trend towards
the use of sutures being associated with increased risk of infection,
but it is clear that the definition and reporting of infection need stan-
dardising. During one study, six cases were excluded from the results
due to having a high preoperative serum amyloid A (SAA) of more
than 10 mg/L.2° Interestingly, three of six (50%) developed a postop-
erative infection, two surgical site infections and one septic funiculitis.
This suggests SAA levels could serve as an indicator for increased
infection risk following surgery, highlighting the potential value of tak-
ing preoperative biomarkers like SAA. Further research to explore this
association is necessary.

4.2 | Analgesia

There is clear evidence that surgical castration induces a significant
pain response in equids, as demonstrated by high pain scores and vari-
ous biomarkers.*~5° However, perioperative analgesia is very variable
between studies, with 2 of 25 papers lacking any analgesic provision
and a further six papers not stating whether any analgesia was admin-
istered (Table 3). This is concerning, as a survey in 2018 also revealed

that 25% of veterinarians did not administer any analgesia.**

Local anaesthetic has been shown to reduce postoperative
pain.*4>1 When combined with flunixin, it is superior to using flunixin
alone for pain reduction.”? In addition, intrafunicular anaesthesia was
reported to be more effective at lowering postoperative IL-6 and
TNF-o compared with intratesticular.>® The exact number of horses
experiencing postoperative pain is unknown. Mild pain may be unde-
tected or unreported by owners and most studies accept an element
of pain as a normal post-castration finding. Flunixin has been reported
to be superior to meloxicam and firocoxib for analgesia.?® Although in
one study, signs of colic interpreted as postoperative pain were
reported in 8.8% of stallions, despite preoperative flunixin, intraopera-
tive morphine and postoperative phenylbutazone.'* This was the only
study to report the use of morphine for analgesia.

There is enough evidence, alongside the British Equine Veterinary
Association (BEVA) guidelines, based on a systematic review of
NSAIDs, to conclude that preoperative administration of NSAIDs
should be carried out prior to surgery and continued for at least
3 days after surgery.”® Local anaesthesia should be utilised for horses
undergoing general anaesthesia and not just standing castrations.>®
The use of preoperative butorphanol alone is not adequate analgesia
and buprenorphine, although it provides some analgesia, should not

be relied upon as the sole analgesic agent.”® These minimum
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TABLE 5 Atable to display a classification system for the surgical
castration technique of domesticated equids.

Classification of
surgical castration

technique Definition

Type 1a The parietal tunic is incised to exteriorise the

testicle, cutting the ligament of the tail of the
epididymis, and transecting the spermatic cord.
None of the parietal tunic is removed.

There is no closure of the parietal tunic.

Type 1b The parietal tunic is incised to exteriorise the

testicle, cutting the ligament of the tail of the
epididymis, and transecting the spermatic cord.
None of the parietal tunic is removed.
Ligatures are placed to close the parietal tunic.

Type 2a The testicle is removed within the parietal tunic

or an incision is made into the parietal tunic to
expose and inspect the contents, and a portion
of the parietal tunic is removed alongside the
testicle.

There is no closure of the parietal tunic.

Type 2b The testicle is removed within the parietal tunic

or an incision is made into the parietal tunic to
expose and inspect the contents, and a portion
of the parietal tunic is removed alongside the
testicle.

Ligatures are placed to close the parietal tunic.

recommendations were not followed in a significant number of stud-
ies. Standardised recording of perioperative treatment and pain scor-

ing is also required to improve the evidence base.

4.3 | Antimicrobials

Appropriate antimicrobial use in equine medicine is crucial due to the
emergence of multi-drug-resistant microbes and regulators have
become concerned with prophylactic use.>* Sub therapeutic levels are
thought to contribute to resistance.>* Surgery should firstly be classi-
fied as clean, clean-contaminated, contaminated, or high risk before
deciding on antimicrobial protocol.>® There is no evidence to support

55,56 and

the use of antimicrobials preoperatively for a clean surgery,
Australian guidelines advise no preoperative antimicrobials are
required for field castration.”” Standing castrations can be difficult to
maintain a clean aseptic surgical site, both in an ambulatory and a hos-
pital setting. In these situations, prophylactic antimicrobials may be
indicated, although they should not be used to replace aseptic surgical
techniques.

Administering penicillin perioperatively resulted in a significantly
lower SAA postoperatively?>=% however, no conclusion was made if
antimicrobials reduce infection rates. Overall, no two papers used the
same antimicrobial protocol which creates difficulty when comparing
literature.

It has been reported throughout the literature that to prevent sur-

gical site infections, antimicrobials must be present at effective

concentrations when the first incision is made.>* The guidelines for
human medicine advise, in general, for antimicrobials to be adminis-
tered within 60 min of the first incision, and for some groups, such as
fluoroquinolones, up to 120 min before the first incision.>® Studies
have revealed that the therapeutic concentrations of intravenous gen-
tamicin and sodium penicillin reach peak levels at the surgical site
within 15-30 min.>>° A separate study found that intra-muscular
procaine benzylpenicillin can take up to 4 h to reach peak effect.®!
The timing of administration before surgery is an important factor in
ensuring peak efficacy is achieved, although these will invariably
change depending on several factors, including dose and route of
administration.

Using the ‘BEVA protect me tool kit’, penicillin would be an
appropriate first-line choice if antimicrobials were indicated and
there is no indication for postoperative antimicrobials.®? Using this
guide, ceftiofur is considered an inappropriate choice for castration.
This is further supported by the World Health Organisation, classify-
ing third and fourth-generation cephalosporins as Highest Priority
Critically Important Antimicriobials confirming ceftiofur is inappro-
priate to use prophylactyically.®® Penicillin and gentamicin combined
should only be utilised when the surgery is classified as contami-
nated. Procaine benzylpenicillin is a time-dependent antimicrobial
and should be given intramuscularly every 12 h if continued postop-
eratively.>* There were six studies identified in this review using pro-
caine benzylpenicillin intramuscularly every 24 or even 48h.
Antimicrobials are not required preoperatively for a clean surgery. If
preoperative antimicrobials are used, they should be administered
with enough time to reach sufficient concentrations at the surgical

site before the first incision.

44 | Limitations
Scoping reviews do not assess the validity or method quality of
included studies, causing an obvious limitation when interpreting clini-
cal findings. The risk of bias was also not assessed in this review. This
study did not include grey literature or studies where there was no
English translation, and studies where the full text was not available
were excluded. This may have excluded some studies which had suit-
able data for analysis. Grey literature is not peer-reviewed, therefore,
would be excluded using the eligibility criteria. It is likely that inci-
dence rates of serious complications may be higher than reported
within the published literature. It is more beneficial to source from
grey literature when negligible results are found using search data-
bases, for instance, in drug trials. The chosen search databases were
found in accordance with a study that analysed the coverage of veter-
inary journals by bibliographic databases, revealing CAB abstracts give
almost complete coverage of veterinary journals and is the recom-
mended database for these reviews.!”

The search terms were constructed by all authors and reviewed
by a librarian, although it is possible due to the breadth of terms for
the numerous complications that not all papers were found. Another

limitation was the inconsistency in reporting of surgical technique and
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outcomes across different papers which reduced the data available
for analysis. A number of relevant papers were charted separately as
although they included data on various complications, the original cas-
tration technique and protocols were all grouped together or the pop-
ulation also contained cryptorchids, so a technique or protocol could
not be directly associated with the specific complication.83>#464-66
Some studies also stated the technique used but did not give any
description, and it was assumed that the technique stated was correct.
Cryptorchids and castration leaving the testicles in situ were both
excluded from this review because the surgical techniques differ and
all authors felt the complications observed could alter the results of

this review.

5 | CONCLUSION

This scoping review assembled and condensed the literature avail-
able on complications following castration of equids, with two testi-
cles descended into the scrotum. The existing studies report similar
methodologies and aims, however vary greatly in the surgical tech-
nique used and in the perioperative management, and there is a
clear lack of consensus on what is considered a complication. A uni-
versal standard to define the complications would help to reduce
variability associated with individual interpretation. Consistent defi-
nitions are necessary for vets and owners to distinguish between
normal postoperative outcomes and what is considered a complica-
tion. There are multiple large population studies published in this

2-510.1213.64 jlthough it is problematic to draw meaningful

area,
conclusions due to variations between perioperative protocols and
surgical techniques and a lack of reporting of defined outcomes
from specific populations.

The definitions for surgical technique are mostly used correctly in
this review; however, it is challenging to compare techniques solely
based on an open, closed, or half-closed technique. There is a need
for a new classification system when reporting surgical technique, to
include additional information on whether the parietal tunic is open or
closed at the end of surgery, and this is proposed in Table 5. This
study also highlighted issues with analgesia and antimicrobial use for
castration in the horse, which have implications for equid welfare and
antimicrobial resistance and must be addressed going forwards. A
large multicentre prospective study is essential to further assess risk
factors for castration complications.

FUNDING INFORMATION
School of Veterinary Medicine and Science, University of Nottingham,
Nottingham, UK.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interests.

AUTHOR CONTRIBUTIONS
Elise B. K. Rodden: Investigation; funding acquisition; writing - origi-

nal draft; methodology; validation; visualization; writing - review and

editing; software; formal analysis; project administration; data cura-
tion; resources. Joanna M. Suthers: Methodology; writing - review
and editing. Evita Busschers: Writing - review and editing; methodol-
ogy. John H. Burford: Writing - review and editing; methodology;
funding acquisition. Sarah L. Freeman: Investigation; funding acquisi-
tion; methodology; writing - review and editing; supervision; data
curation; validation; project administration; formal analysis;

writing - original draft.

DATA INTEGRITY STATEMENT

Elise Rodden and Sarah Freeman had full access to all the data in the
study and takes responsibility for the integrity of the data and
the accuracy of data analysis.

ETHICAL ANIMAL RESEARCH
Research ethics committee oversight not required by this journal:

review of existing published data.

INFORMED CONSENT
Not applicable.

PEER REVIEW
The peer review history for this article is available at https://www.
webofscience.com/api/gateway/wos/peer-review/10.1111/evj.14122.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data were cre-

ated or analysed in this study.

ORCID
Elise B. K. Rodden

Joanna M. Suthers

https://orcid.org/0009-0000-1564-048X
https://orcid.org/0000-0002-3885-7363
https://orcid.org/0000-0001-8361-5788
https://orcid.org/0000-0003-0505-1520
https://orcid.org/0000-0002-3119-2207

Evita Busschers
John H. Burford
Sarah L. Freeman

REFERENCES

1. Kilcoyne |, Spier SJ. Castration complications: a review of castration
techniques and how to manage complications. Vet Clin North Am
Equine Pract. 2021;37(2):259-73.

2. Carmalt JL, Shoemaker RM, Wilson DG. An evaluation of common
vaginal tunic ligation during field castration in draft colts. Proc Am
Assoc Equine Pract. 2008;40(6):381-2.

3. Hinton S, Schroeder O, Aceto HW, Berkowitz S, Levine D. Prevalence
of complications associated with use of the Henderson equine cas-
trating instrument. Equine Vet J. 2019;51:163-6.

4. Hutchins DR, Rawlinson RJ. Eventration as a sequel to castration of
the horse. Aust Vet J. 1972;48:288-91.

5. Racine J, Vidondo B, Ramseyer A, Koch C. Complications
associated with closed castration using the Henderson equine cas-
tration instrument in 300 standing equids. Vet Surg. 2019;48(1):
21-8.

6. Koenig JB, Sinclair M, Sorge US. Comparison of the use of a braided
multifilament transfixation suture for field castration with other cas-
tration techniques. Equine Vet Educ. 2019;31(8):427-31.

7. Auer JA, Stick JA. Equine surgery. 5th ed. London: W.B. Saunders;
2018.

85U80|7 SUOWIW0D 3A 8.0 (e (dde 8Ly Aq peusenob e sajolie YO ‘8sn Jo Sa|ni Joy ArIqIT8UIUO 8|1 UO (SUOIPUOD-pUe-SW.B/Wo0" A3 [ AReiq 1 [pul|uo//Sdny) SUORIPUOD pue SWe 1 8y} 88S *[7202/.0/ST] uo Ariqiauliuo A8IMm ‘WeyBumoN JO AseAIUN AQ Z2THT [he/TTTT 0T/10p/u0o A8 i Ariq1 Ul U0 BASG)//SdNY WO} pepeouMOd ‘0 ‘90EEZH0T


https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/evj.14122
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/evj.14122
https://orcid.org/0009-0000-1564-048X
https://orcid.org/0009-0000-1564-048X
https://orcid.org/0000-0002-3885-7363
https://orcid.org/0000-0002-3885-7363
https://orcid.org/0000-0001-8361-5788
https://orcid.org/0000-0001-8361-5788
https://orcid.org/0000-0003-0505-1520
https://orcid.org/0000-0003-0505-1520
https://orcid.org/0000-0002-3119-2207
https://orcid.org/0000-0002-3119-2207

RODDEN ET AL

13

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Hodgson C, Pinchbeck G. A prospective multicentre survey of compli-
cations associated with equine castration to facilitate clinical audit.
Equine Vet J. 2019;51:435-9.

Crosa AT, Desjardins MR. Minimally invasive, compartmentalized,
modified open castration technique with primary closure in equids.
J Am Vet Med Assoc. 2018;253:897-906.

Shoemaker R, Bailey J, Janzen E, Wilson DG. Routine castration in
568 draught colts: incidence of evisceration and omental herniation.
Equine Vet J. 2004;36(4):336-40.

Kummer M, Gygax D, Jackson M, Bettschart-Wolfensberger R,
Furst A. Results and complications of a novel technique for primary
castration with an inguinal approach in horses. Equine Vet J. 2009;
41(6):547-51.

Mason BJ, Newton JR, Payne RJ, Pilsworth RC. Costs and complica-
tions of equine castration: a UK practice-based study comparing
‘standing nonsutured’ and ‘recumbent sutured’ techniques. Equine
Vet J. 2005;37(5):468-72.

Rosanowski SM, MacEoin F, Graham RJTY, Riggs CM. Open standing
castration in Thoroughbred racehorses in Hong Kong: prevalence and
severity of complications 30 days post-castration. Equine Vet J.
2018;50(3):327-32.

Peters MD, Godfrey CM, Khalil H, Mclnerney P, Parker D, Baldini
Soares C. Guidance for conducting systematic scoping reviews. Int J
Evid Based Healthc. 2015;13:141-6.

Arksey H, O'Malley L. Scoping studies: towards a methodological
framework. Int J Soc Res Methodol. 2005;8:19-32.

Armstrong R, Burford B, Doyle J, Waters E. ‘Scoping the scope’ of a
Cochrane review. J Public Health. 2011;33:147-50.

Grindlay DJ, Brennan ML, Dean RS. Searching the veterinary litera-
ture: a comparison of the coverage of veterinary journals by nine bib-
liographic databases. J Vet Med Educ. 2012;39:404-12.

Tricco AC, Lillie E, Zarin W, O'Brien K, Colquhoun H, Kastner M, et al.
A scoping review on the conduct and reporting of scoping reviews.
BMC Med Res Methodol. 2016;16:15.

de Souza TC, Suthers JM, Busschers E, Burford JH, Freeman SL. A
scoping review of the current evidence on treatment and outcomes
following synovial sepsis. Equine Vet J. 2021;54:467-80.

de Moura Alonso J, de Melo Neto GB, Dos Santos B, Mogollén
Garcia JD, Pinheiro Paim K, Pinheiro Ferreira JC, et al. Inflammatory
response of miniature horses subjected to open and half-closed orchi-
ectomy techniques. Vet Rec. 2021;189(7):e240.

Barber SM. Castration of horses with primary closure and scrotal
ablation. Vet Surg. 1985;14:2-6.

Barreto RA, Rodrigues LA, Albuguerque JP, de Sousa FJ, Firmino PR,
Sousa RS, et al. A novel orchiectomy surgical procedure in donkeys
(Equus asinus africanus) with parascrotal access. Pol J Vet Sci. 2022;
25(2):295-302.

Bergstrom T, Frey M, Rao S, Bass L. Evaluation of long-acting ceftio-
fur crystalline free acid as a pre-operative antibiotic in field castra-
tions. Proc Am Assoc Equine Pract. 2020;459-60.

Birrell JR, Schulman ML, Botha AE, Ganswindt A, Fosgate GT,
Bertschinger HJ. Vaccination against GnRH as a prelude to surgical
castration of horses. Equine Vet J. 2021;53(6):1141-9.

Busk P, Jacobsen S, Martinussen T. Administration of perioperative
penicillin reduces postoperative serum amyloid A response in horses
being castrated standing. Vet Surg. 2010;39(5):638-43.

Eesa MJ. Castration by closed method in equine. Iragi J Vet Sci. 2005;
19:71-6.

Giusto G, Caramello V, Gandini M. A modified semi-closed castration
technique in 15 horses. Soc Ital Sci Vet. 2016;491-2.

Gobbi FP, Di Filippo PA, Mello LDM, Lemos GB, Artins CB,
Albernaz AP, et al. Effects of flunixin meglumine, firocoxib, and
meloxicam in equines after castration. J Equine Vet. 2020;94:
103229.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Gracia-Calvo LA, Martin-Cuervo M, Jiménez J, Vieitez V, Duran ME,
Arglelles D, et al. Intra and postoperative assessment of re-sterilised
Ligasure Atlas for orchidectomies in horses: clinical study. Vet Rec.
2012;171:98.

Haucke K, Kuhn M, Lubke-Becker A, Mahimann K, Lischer C. Two
regimes of perioperative antimicrobial prophylaxis for equine castra-
tion: clinical findings, acute-phase proteins, and bacterial cultures.
J Equine Vet. 2017;57:86-94.

Ibrahim A, Mahmoud UT, Ali MM, Ragab SMM. Evaluation of the sub-
capsular technique for primary closure castration in donkeys (Equus
asinus). Sci Rep. 2021;11:14080.

Jacobsen S, Jensen JC, Frei S, Jensen AL, Thoefner MB. Use of serum
amyloid A and other acute phase reactants to monitor the inflamma-
tory response after castration in horses: a field study. Equine Vet J.
2005;37(6):552-6.

Petrizzi L, Furst A, Lischer C. Clinical evaluation of a vessel sealing
device (LigaSure™) for haemostasis of the testicular vessels for castra-
tion of stallions using an inguinal approach and primary closure. Wien
Tierarztl Monatsschr. 2006;93:120-6.

Schumacher J, Spano JS, McGuire J, Scrutchfield WL, Feldman RG.
Effects of castration on peritoneal fluid in the horse. J Vet Int Med.
1988;2(1):22-5.

Moll HD, Pelzer KD, Pleasant RS, Modransky PD, May KA. A sur-
vey of equine castration complications. J Equine Vet. 1995;15:
522-6.

Loyd AF, Husby KA. Surgical correction of chronic penile retroversion
through a castration incision in a horse. Equine Vet Educ. 2024;36:
e50-4.

Bergstrom T, Frey M, Rao S, Bass L. Comparison of post-operative
inflammatory response in horses undergoing elective castration trea-
ted preoperatively with ceftiofur crystalline free acid or procaine pen-
icillin G. Equine Vet Educ. 2021;34:409-16.

Sanz MG, Sellon DC, Cary JA, Hines MT, Farnsworth KD. Analgesic
effects of butorphanol tartrate and phenylbutazone administered
alone and in combination in young horses undergoing routine castra-
tion. J Am Vet Med Assoc. 2009;235(10):1194-203.

Barakzai S, Perkins J. Complications of equine castration. UK Vet
Companion Anim. 2006;11:12-6.

Ivens PAS, Piercy RJ, Eliashar E. Inguinal herniation of the large colon
in a cob gelding four weeks after castration. Vet Rec. 2009;165(13):
380-1.

Lesperance R, Lehman R, Lesperance K, Cronk D, Martin M. Early
postoperative fever and the “routine”; fever work-up: results of a
prospective study. J Surg Res. 2011;171:245-50.

Freeman KD, Southwood LL, Lane J, Lindborg S, Aceto HW. Post
operative infection, pyrexia and perioperative antimicrobial drug use
in surgical colic patients. Equine Vet J. 2012;44:476-81.

El-Khamary AN, El-Sherif MW. Laparoscopic castration in stallions
with two different testicular blood vessels occluding techniques.
J Hell Vet Med Soc. 2019;70:1429-34.

Owens CD, Hughes KJ, Hilbert BJ, Heller J, Nielsen S, Trope GD. Sur-
vey of equine castration techniques, preferences and outcomes
among Australian veterinarians. Aust Vet J. 2018;96(1-2):39-45.
Schumacher J. Complications of castration. Eastern States Vet Assoc.
2004;8:199-201.

Abass M, Picek S, Garzon JFG, Kihnle C, Zaghlou A, Bettschart-
Wolfensberger R. Local mepivacaine before castration of horses
under medetomidine isoflurane balanced anaesthesia is effective to
reduce perioperative nociception and cytokine release. Equine Vet J.
2018;50(6):733-8.

Dalla Costa E, Minero M, Lebelt D, Stucke D, Canali E, Leach MC.
Development of the Horse Grimace Scale (HGS) as a pain assessment
tool in horses undergoing routine castration. PLoS One. 2014;9(3):
e92281.

85U80|7 SUOWIW0D 3A 8.0 (e (dde 8Ly Aq peusenob e sajolie YO ‘8sn Jo Sa|ni Joy ArIqIT8UIUO 8|1 UO (SUOIPUOD-pUe-SW.B/Wo0" A3 [ AReiq 1 [pul|uo//Sdny) SUORIPUOD pue SWe 1 8y} 88S *[7202/.0/ST] uo Ariqiauliuo A8IMm ‘WeyBumoN JO AseAIUN AQ Z2THT [he/TTTT 0T/10p/u0o A8 i Ariq1 Ul U0 BASG)//SdNY WO} pepeouMOd ‘0 ‘90EEZH0T



14

RODDEN ET AL.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Love EJ, Taylor PM, Clark C, Whay HR, Murrell J. Analgesic effect of
butorphanol in ponies following castration. Equine Vet J. 2009;41(6):
552-6.

Medeiros do Nascimento RC, Graboschii ACG, da Fonseca LS, Rocha
Silva A, Cordeiro Souto P, Abreu da Fonseca L, et al. Pain assessment
and acute phase response in donkeys submitted to inguinal orchiec-
tomy. J Equine Vet. 2023;123:104223.

Oliveira MGC, Luna SPL, Nunes TL, Firmino PR, de Lima AGA,
Ferreira J, et al. Post-operative pain behaviour associated with surgi-
cal castration in donkeys (Equus asinus). Equine Vet J. 2020;53:
261-6.

Vullo C, Crupi R, Di Paola R, Cuzzocrea S, Gugliandolo E, Biondi V,
et al. Intratesticular versus intrafunicular lidocaine to reduce perioper-
ative nociception and immunological response in ponies undergoing
field castration. Vet Sci. 2022;9(12):664.

Dalla Costa E, Dai F, Lecchi C, Ambrogi F, Lebelt D, Stucke D,
et al. Towards an improved pain assessment in castrated horses
using facial expressions (HGS) and circulating miRNAs. Vet Rec.
2021;188(9):e82.

Bowen IM, Redpath A, Dugdale A, Burford JH, Lloyd D, Watson T,
et al. BEVA primary care clinical guidelines: analgesia. Equine Vet J.
2020;52(1):13-27.

Hardefeldt LY. Dosing equine antimicrobials: ensuring clinical success
and avoiding antimicrobial resistance. Equine Vet Educ. 2020;32:
284-5.

NICE. Surgical site infections: prevention and treatment. 2020. https://
www.nice.org.uk/guidance/ng125/chapter/Recommendations. Accessed
29 Jun 2023

Wilson A, Mair T, Williams N, McGowan C, Pinchbeck G. Antimicro-
bial prescribing and antimicrobial resistance surveillance in equine
practice. Equine Vet J. 2023;55(3):494-505.

Australian Veterinary Prescribing Guidelines. Equine Surgical Guide-
lines. https://vetantibiotics.science.unimelb.edu.au/equine-guidelines/
equine-surgical-guidelines/. Accessed 29 Jun 2023

Bratzler DW, Dellinger EP, Olsen KM, Perl TM, Auwaerter PG,
Bolon MK, et al. Clinical practice guidelines for antimicrobial pro-
phylaxis in surgery. Am J Health-Syst Pharm. 2013;70:195-283.
Dallap Schaer BL, Linton JK, Aceto H. Antimicrobial use in horses
undergoing colic surgery. J Vet Int Med. 2012;26:1449-56.

60.

61.

62.

63.

64.

65.

66.

Wilson KE, Bogers SH, Council-Troche RM, Davis JL. Potassium peni-
cillin and gentamicin pharmacokinetics in healthy conscious and anes-
thetized horses. Vet Surg. 2023;52:87-97.

Uboh CE, Soma LR, Luo Y, McNamara E, Fennell MA, May L, et al.
Pharmacokinetics of penicillin G procaine versus penicillin G potas-
sium and procaine hydrochloride in horses. Am J Vet Res. 2000;61:
811-5.

BEVA. BEVA Protect Me Toolkit. https://www.beva.org.uk/Portals/
0/Documents/ResourcesForVets/PROTECTME/ProtectMe%20-%20
Full%20Toolkit.pdf. Accessed 25 Oct 2023

Collignon PC, Conly JM, Andremont A, McEwen SA, Aidara-Kane A.
World Health Organization ranking of antimicrobials according to
their importance in human medicine: a critical step for developing risk
management strategies to control antimicrobial resistance from food
animal production. Clin Infect Dis. 2016;63:1087-93.

Kilcoyne |, Watson JL, Kass PH, Spier SJ. Incidence, management, and
outcome of complications of castration in equids: 324 cases
(1998-2008). J Am Vet Med Assoc. 2013;242(6):820-5.

Duggan M, Mair T, Durham A, Pengelly T, Sherlock C. The clinical fea-
tures and short-term treatment outcomes of scirrhous cord: a retro-
spective study of 32 cases. Equine Vet Educ. 2021;33(8):430-5.
Haffner JC, Vidal G, Davis EW. Online survey: evisceration post equine
castration with evaluation of independent variables of method, position,
and breed. Proc Am Assoc Equine Pract. 2018;64:408-10.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Rodden EBK, Suthers JM,
Busschers E, Burford JH, Freeman SL. A scoping review on
intraoperative and postoperative surgical castration
complications in domesticated equids. Equine Vet J. 2024.
https://doi.org/10.1111/evj.14122

85U80|7 SUOWIW0D 3A 8.0 (e (dde 8Ly Aq peusenob e sajolie YO ‘8sn Jo Sa|ni Joy ArIqIT8UIUO 8|1 UO (SUOIPUOD-pUe-SW.B/Wo0" A3 [ AReiq 1 [pul|uo//Sdny) SUORIPUOD pue SWe 1 8y} 88S *[7202/.0/ST] uo Ariqiauliuo A8IMm ‘WeyBumoN JO AseAIUN AQ Z2THT [he/TTTT 0T/10p/u0o A8 i Ariq1 Ul U0 BASG)//SdNY WO} pepeouMOd ‘0 ‘90EEZH0T


https://www.nice.org.uk/guidance/ng125/chapter/Recommendations
https://www.nice.org.uk/guidance/ng125/chapter/Recommendations
https://vetantibiotics.science.unimelb.edu.au/equine-guidelines/equine-surgical-guidelines/
https://vetantibiotics.science.unimelb.edu.au/equine-guidelines/equine-surgical-guidelines/
https://www.beva.org.uk/Portals/0/Documents/ResourcesForVets/PROTECTME/ProtectMe%20-%20Full%20Toolkit.pdf
https://www.beva.org.uk/Portals/0/Documents/ResourcesForVets/PROTECTME/ProtectMe%20-%20Full%20Toolkit.pdf
https://www.beva.org.uk/Portals/0/Documents/ResourcesForVets/PROTECTME/ProtectMe%20-%20Full%20Toolkit.pdf
https://doi.org/10.1111/evj.14122

	A scoping review on intraoperative and postoperative surgical castration complications in domesticated equids
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Protocol and registration
	2.2  Eligibility criteria
	2.3  Information sources
	2.4  Search strategy
	2.5  Data charting process

	3  RESULTS
	3.1  Selection of sources of evidence
	3.2  Study characteristics
	3.3  Results of individual sources of evidence

	4  DISCUSSION
	4.1  Summary of evidence
	4.2  Analgesia
	4.3  Antimicrobials
	4.4  Limitations

	5  CONCLUSION
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	AUTHOR CONTRIBUTIONS
	DATA INTEGRITY STATEMENT
	ETHICAL ANIMAL RESEARCH
	INFORMED CONSENT
	PEER REVIEW
	DATA AVAILABILITY STATEMENT

	REFERENCES


