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Abstract 15 

Reasons for performing the study: Complications following open standing castration (OSC) in 16 

Thoroughbred racehorses are well recognized but variation in their prevalence and severity 17 

between populations is not well documented.  18 

Objectives:  To describe the prevalence and severity of complications in the 30-days following 19 

OSC.  20 



Study design: A retrospective cohort study of veterinary clinical records relating to horses that 21 

underwent OSC between July 2007 and July 2012. 22 

Methods: Complications were graded on a severity score from N, no complications, to C3, 23 

severe complications.  Additional data were accessed for each horse including age, import 24 

date, racing history, trainer and veterinarian performing the castration. Bacterial culture and 25 

antimicrobial sensitivities were performed on a limited number of castration wounds that 26 

became infected.  27 

Results: In total 250 horses were castrated in Hong Kong using the OSC technique over the 28 

period of the study. Sixty percent (150/250) of horses experienced some type of post-29 

castration complication, with eight horses experiencing a severe (C3) complication requiring  30 

intensive veterinary treatment.  Scrotal swelling, funiculitis and seroma formation were 31 

present in 70.0%, 36.7% and 24.7% of cases, respectively. Most horses experiencing 32 

complications required wound reopening (87.3%; 131/150), and/or an extended course of 33 

first-line antimicrobials and/or non-steroidal anti-inflammatory drugs (75/150; 44.7%).  Eight 34 

horses had cultures submitted for bacterial sensitivity, with 16 bacterial isolates grown. In 35 

vitro, the bacteria cultured were sensitive to enrofloxacin (81%; 13/16) and ceftiofur (100%; 36 

16/16). Resistance was detected to penicillin, gentamicin, oxytetracycline, metronidazole, and 37 

trimethoprim-sulphadiazine.  38 

Limitations: Differences in post-castration management cannot be accounted for in this study.  39 

Conclusions: Complications following OSC in horses in Hong Kong was common. The majority 40 

were mild and were successfully treated using antimicrobials and simple wound management.  41 

Given the high rate of complications and antimicrobial usage identified in this study, a review 42 

of the technique is warranted.  43 

44 



Introduction 45 

Three surgical techniques are commonly used for equine castration: 1. Open, in which 46 

the parietal tunic surrounding the testicle is incised and, usually, retained, 2. Closed, where 47 

the portion of the parietal tunic surrounding the testis and distal spermatic cord is removed, 48 

and 3. Half closed, where an incision is made through the exposed parietal tunic at the cranial 49 

end of the testis or distal end of the spermatic cord allowing the testis and part of the 50 

spermatic vasculature to be prolapsed through the incision prior to removal [2]. The 51 

procedure can be performed in a standing sedated patient or under general anaesthesia [3-52 

5]. Open standing castration (OSC) in a standing sedated patient relies on infiltration of local 53 

anaesthetic into the testes [6]. While there are many variations in finer aspects of the 54 

technique, the principles of incision of the skin, fascia and parietal tunic, causing the testicle 55 

to prolapse from the scrotum, are common to all. The ligament of the tail of the epididymis is 56 

severed and the testis, associated neurovascular cord, epididymis and distal portions of the 57 

vas deferens are crushed and transected using emasculators [7].  58 

While the castration procedure is relatively straightforward, post-operative 59 

complications including excessive oedema of the scrotum and surrounding tissues, infection 60 

and fever, haemorrhage, lameness, hydrocele formation, peritonitis, eventration, penile 61 

paralysis, scirrhous cord formation and death are well recognised [4; 5; 7; 8]. Previous studies 62 

have documented the prevalence of complications associated with castrating horses using the 63 

standing sedated method to be between 16% and 22%, compared to 6% to 10% when 64 

castration was carried out under general anaesthesia [9-11]. Oedema and localised sepsis 65 

(infection of the spermatic cord, henceforth called funiculitis) have been reported by 66 

veterinarians as the most common complication following castration using the open standing 67 

method, with a prevalence of 22% to 27% [4; 10].   68 



Thoroughbred flat racing has occurred in Hong Kong since 1884 and is administered 69 

by the Hong Kong Jockey Club (HKJC). All horses are imported as there is no breeding in the 70 

region [12].Fillies are rarely imported. The majority of colts are castrated at some stage in 71 

their career and OSC has long been the method of choice.  To date there have been no studies 72 

on complications following castration of horses at the HKJC and little on intensively managed 73 

racing populations elsewhere. Therefore, the objective was to describe the prevalence and 74 

severity of complications in the 30-days following castration using the OSC technique in this 75 

population. Additionally, the study aimed to describe the choice of prophylactic antimicrobials 76 

and non-steroidal anti-inflammatory drugs (NSAID) and the sensitivity of bacteria in cases 77 

where infection occurred.  78 

Methods 79 

Study design, sample population 80 

The study was a retrospective cohort study of horses castrated at the Sha Tin training 81 

complex, Hong Kong, between July 2007 and July 2012. The training complex provides full 82 

time stabling and training facilities to approximately 1,250 horses with 24 licenced trainers. 83 

The racing season extends from early September until mid-July, the break coinciding with the 84 

hottest time of the year. Approximately one third of the horse population is replaced each 85 

racing season. The Department of Veterinary Clinical Services (DVCS) at the HKJC is the sole 86 

provider of veterinary care for this population of horses. All clinical records of horses in 87 

training at the HKJC are collated within the Veterinary Medical Information System (VMIS), a 88 

custom designed Microsoft Access database. A search of all horse records stored within the 89 

database was conducted using the key word “castration”. For a horse to be eligible for 90 

inclusion in the study two testicles had to have been removed using Serra-type emasculators 91 

with an OSC technique.  92 



Open standing castration was defined as the technique described by Beard [6]. Briefly, 93 

in a sedated standing horse both testes and subcutaneous space along the proposed incision 94 

lines were anesthetised by infiltration of local anaesthetic. The skin and parietal tunic were 95 

subsequently incised, allowing the testicle to prolapse out of the tunic and scrotal fundus. The 96 

ligament of the tail of the epididymis was transected and sterile Serra type emasculators were 97 

placed directly around the spermatic cord [7].  Individual veterinarians applied minor 98 

variations to the basic technique, such as ligation of the testicular blood vessels, removal of 99 

the median raphe and digital stretching of the wound incisions on completion of the 100 

castration. Surgeons typically stood on the left of the horse and completed the procedure on 101 

the right testicle before repeating it on the left side. Skin incisions are left open for the wounds 102 

to drain and heal by secondary intention.    103 

Veterinary records of all the horses that had been castrated were examined.  Cases 104 

that did not meet the criteria were excluded.  The following data were recorded for each case:  105 

age, import date, trainer, veterinarian who performed the castration, date of last race, 106 

eligibility to race, including pending Official Veterinary Examination (OVE) and relevant clinical 107 

records for the 30-days after castration. An OVE is issued by the HKJC Veterinary Regulatory 108 

Department in response to a recorded injury or poor race performance and further racing is 109 

not allowed until the horse undergoes and passes a health check by a regulatory veterinarian. 110 

Case definition 111 

Data on complications that occurred in the 30 days following castration were 112 

extracted from the clinical notes in the VMIS. The data were reviewed and the severity of 113 

complication was categorised into one of five groups: N, NEX, C1, C2 or C3, depending on 114 

specific keywords:  115 



 Group N had no record of complications and horses were administered first-line 116 

antimicrobials and NSAID for less than or equal to seven days.  “First-line 117 

antimicrobials” were procaine penicillin, trimethoprim-sulphadiazine (TMPS) and 118 

oxytetracycline, given at standard dose rates.  119 

 Cases categorised as NEX had no record of complications and received an extended 120 

course (longer than seven days) of the first-line antimicrobial and/or NSAID.   121 

 Cases categorised as C1 had a record of mild complications, which included mild 122 

swelling of the scrotum due to seroma formation, mild localised infection or 123 

discharge, funiculitis, a single digital opening of the scrotal wound for the purposes 124 

of drainage, mild colic (heart rate (HR)<45beats per minute (bpm)) that responded 125 

to conservative treatment, or post-operative bleeding requiring haemostasis using 126 

clamp or packing.   127 

 Cases categorised as C2 had a record of moderate complications, which included 128 

moderate swelling of the scrotum due to seroma formation requiring digital 129 

opening of the wound on one or more occasions, funiculitis in the form of a 130 

moderately hardened and warm scrotum, loose faeces, moderately painful colic 131 

signs (HR 45-60 bpm) that responded to conservative treatment or an episode of 132 

pyrexia (temperature>38.6°C (101.5°F) but <39.7°C (103.5°F)).   133 

 Cases categorised as C3 had a record of at least one severe complication that 134 

required urgent and/or sustained veterinary attention. This included records of 135 

pyrexia >39.7°C, excessive and prolonged haemorrhage at the time of surgery, 136 

severe colic (HR>60) that required hospitalisation, colitis, peritonitis, scirrhous cord 137 

or other conditions requiring aggressive medical and/or surgical intervention.  138 



A putative diagnosis of localised infection or funiculitis was made when purulent material was 139 

present at the wound associated with gross thickening of the spermatic cord and/or culture 140 

of potentially pathogenic bacteria. In addition, localised infection or funiculitis was presumed 141 

if the horse had been prescribed a course of reserved antimicrobials (enrofloxacin or 142 

ceftiofur).  Reserved antibiotics were prescribed on the basis of bacterial culture and 143 

sensitivity or empirical knowledge that these antibiotics were effective against bacteria 144 

resistant to first-line drugs in the prevailing environment. 145 

Culture and sensitivity 146 

In cases for which culture and sensitivity was performed, a sample was collected from 147 

the depth of the surgical wound using an aerobic, Amies agar gel1 swab. Briefly, within 3 hours 148 

of collection the swab was plated onto blood agar and McConkey growth medium and 149 

incubated at 37°C. A first visual inspection at 24 hours allowed subculture onto blood agar of 150 

any moderate or heavy growths thought to be pathogenic using established colonial 151 

morphological characteristics [13].  All plates were returned to the incubator for a further 24 152 

hours at 37°C. At 48 hours after the initial plating, the bacterial colony on the sub-cultured 153 

blood agar plates were individually harvested and mixed in saline to form a suspension. The 154 

suspension was added to ID 32 E cupules and a reagent strip incubated at 37°C for a further 155 

24 hours for the purpose of bacterial identification. Excess suspension was then swabbed onto 156 

Mueller Hinton2 2 agar plates and an antimicrobial disk dispenser3 was used to discharge 7 157 

antimicrobial impregnated disks in order to measure bacterial sensitivity. The antimicrobials 158 

tested were ceftiour, enrofloxacin, gentamicin, oxytetracycline, metronidazole, penicillin G 159 

                                                 
1 Copan Amies agar gel swab.  www.copaninnovation.com 
2 Biomerieux 
3 Oxoid antibiotic disk dispenser 



and TMPS.  At 72 hours, the ID 32 E reagent strip was processed using the mini API4 and a 160 

digital recording of the bacteria identified was produced.  161 

Statistical analyses  162 

Data were stored in a purpose designed Microsoft Excel spreadsheet.  Data were 163 

described using counts and percentages or using medians and interquartile ranges (IQR) when 164 

continuous.  A binary outcome of complication (1: horses in C1 to C3 categories) and no 165 

complication (0: horses categorised as N or NEX) was defined.  While each castrated horse 166 

could only have one trainer and treating veterinarian, within trainers, one trainer 167 

could have multiple treating veterinarian and similarly treating veterinarians could 168 

treat horses from multiple trainers (Supplementary Table 1).  As such, univariable 169 

logistic regression models with random effect terms for i) trainer, ii) veterinarian and 170 

iii) trainer and veterinarian were assessed for associations to the outcome of complication 171 

(yes/no).  For the analyses, age was categorised as 2, 3, 4 and 5+ years. 172 

Associations between time until return to galloping or training and complication 173 

category was determined using the Kruskal-Wallis test.  All statistical analyses were conducted 174 

in Stata IC version 11 (StataCorp, College Station, TX, USA). 175 

Results 176 

Description of the study population 177 

Between July 2007 and July 2012, 280 racehorses in training were castrated. Thirty 178 

horses were omitted from the study as they did not meet the inclusion criteria: 24 horses were 179 

castrated using general anaesthetic, of which six were cryptorchid surgeries, four horses were 180 

imported with only one testicle (n=2) or as cryptorchids (n=2), one horse developed peritarsal 181 
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sepsis and required adjunctive treatment and one horse had inconsistent notes relating to the 182 

castration. In total, 250 cases remained eligible for inclusion in the study (Figure 1). Across all 183 

years, 24.4% (61/250) of horses were castrated in the month of July (Supplementary Figure 184 

1).  185 

One horse was missing data for performance and demographic variables (age, sex and 186 

racing history).  The number of castrations where a complication occurred and the total 187 

number of castrations is presented in Supplementary Table 2.  All other horses in the 188 

study population were aged between 2 and 7 years (median 3, IQR 3 to 4 years) and had been 189 

in Hong Kong a median of 171 days (IQR 86 to 270 days) before being castrated. Fifty-six 190 

percent (140/249) of horses had raced in Hong Kong prior to being castrated. Of the horses 191 

that had raced, the median time between last race and castration was 10 days (IQR 5 to 27 192 

days). Thirty-three horses had a pending OVE at the time of castration, 12 horses (4.8%) were 193 

injured in the 30-days prior to castration. Horses included in the study were in the care of 24 194 

different trainers, with a median of 10 (IQR 7 to 13) horses per trainer. Thirteen veterinarians 195 

performed castrations with a median of 8 (IQR 5 to 25) castrations each. The maximum 196 

number of castrations performed by one veterinarian was 65.   197 

Post-castration complications 198 

Forty percent (100/250) of horses experienced no complications.  Sixty-six horses 199 

(26.4%) were categorised as N and 34 horses (13.6%) as NEX. With trainer (P=0.002), or 200 

veterinarian (P=0.001) or veterinarian and trainer held constant (P<0.001), there was no 201 

statistically significant association between a horse having a post-castration complication and 202 

horse signalment or the month, season or year of castration (Supplementary Table 3).  203 

Caterpillar plots of each of the random effects investigate are presented in 204 

Supplementary Figure 2.  205 



Of the 150 horses that experienced complications, 85 (56.7%) were categorised as C1, 206 

57 (38.0%) as C2 and 8 (5.3%) as C3. Most of the horses with complications had a record of 207 

scrotal swelling (70.0%; 105 horses), followed by funiculitis (36.7%; 55 horses) and seroma 208 

formation (24.7%; 37 horses) (Table 1).  Most horses with complications (87.3%; 131 horses) 209 

had a record of digital opening of the wound. In the C2 complication category, 75.4% (43/57) 210 

of horses received at least one digital opening of the wound; 15 once and 28 more than once. 211 

In the C1 category, 30.6% (26/85) of horses had a record of digital opening of the wound and 212 

one horse in the C3 group. Horses in the C3 category experienced colic (n=1), colitis (n=2), 213 

severe haemorrhage (n=2), moderate scrotal swelling, funiculitis and pyrexia of >39.7°C (n=1), 214 

thrombophlebitis and pyrexia of >39.7°C (n=1) and scirrhous cord (n=1). Six of the eight C3 215 

horses were hospitalised.  216 

Antimicrobial use 217 

Post-surgery medication use was unavailable for six horses; therefore, data were 218 

analysed for 244 horses. One horse did not receive first-line antimicrobials at the time of 219 

surgery and one horse did not receive first-line antimicrobials but received reserved 220 

antimicrobials (enrofloxacin and ceftiofur).  One hundred and nine horses (44.7%) received an 221 

extended course of the first-line antimicrobials and/or NSAID.  An extended course of first-222 

line antimicrobials and/or NSAID were used in 48% (41/85) of horses grouped as C1, 53% 223 

(30/57) in the C2 group and 50% (4/8) in the C3 group. Reserved antimicrobials were used in 224 

42% (36/85), 81% (46/57) and 38% (3/8) of C1, C2 and C3 complications, respectively.  Overall, 225 

9% (8/85) of C1, 39% (22/57) of C2 and 13% (1/8) of C3 horses received both an extended 226 

course of first-line antimicrobials and reserved antimicrobials. Enrofloxicin and ceftiofur were 227 

both used in 22 horses, regardless of complication category.   228 

Return to racing 229 



In total, five horses failed to return to galloping after OSC.  Horses for which no 230 

complication was recorded returned to galloping a median of 29 days (IQR 16 to 50; n=98) 231 

after castration. The interval was 37 days (IQR 25 to 51; n=147) for horses with complications 232 

(Figure 2).  There was a significant difference between the complication categories and the 233 

time horses took to return to galloping (P=0.002).  Twenty four horses did not return to racing.  234 

Horses returned to racing a median of 95.5 (IQR 68 to 145.5; n=92) and 108.5 (IQR 75 to 165; 235 

n=134) days post-castration for no complications and complication groups, respectively.  Eight 236 

horses in the C2 group failed to return to racing.  There was a significant difference between 237 

the complication categories and the time horses took to return to racing (P=0.03).  238 

Culture and sensitivity 239 

Eight horses (28.3% of horses with purulent drainage and/or funiculitis; 5.3% of horses 240 

with complications) had samples collected for culture and sensitivity.  TMPS had been used 241 

prophylactically at the time of castration in seven of these and oxytetracycline in the other 242 

horse.  243 

Seventeen different bacterial isolates were cultured.  Five isolates were gram 244 

positive: Streptococcus equi subspecies zooepidemicus (n=4), Staphylococcus aureus (n=1). 245 

Twelve isolates were gram negative: Escherichia coli (n=5), Proteus mirabilis (n=4), Klebsiella 246 

pneumonia (n=2) and Morganella morganii (n=1).   247 

Sensitivity testing showed that the bacteria cultured were resistant in vitro to 248 

oxytetracyclines (n=15; 88%), TMPS (n=14; 82%), gentamicin (n=8; 47%), metronidazole 249 

(n=15; 88%) and penicillin (n=12; 71%).  Bacteria cultured were sensitive to enrofloxacin in 13 250 

out of 17 cases (76%) and all samples were sensitive to ceftiofur (n=17; 100%).  In vitro, four 251 

of the six bacteria cultured were susceptible to the combination of gentamicin and penicillin; 252 

S. equi subspecies zooepidemicus, S. aureus, E. coli and P. mirabilis.   253 



Discussion 254 

This retrospective study of clinical records from a closed population of horses found 255 

that 60% of all horses castrated in Hong Kong using the OSC technique suffered some type of 256 

complication within 30-days of the procedure. This is two to three times higher than has been 257 

reported in other studies utilising survey-based data collection of veterinary clinical records. 258 

There are several possible explanations for the high prevalence of complications here. It is 259 

conceivable that clinicians who undertook the procedures in the current study had less ability 260 

or were less diligent in their practice than those involved in previous studies. This seems 261 

unlikely, as all the veterinarians who undertook the castrations that were the subject of study 262 

were experienced and made every effort to practice to the highest standard. Another 263 

possibility is that the surgical techniques practiced or the post-operative care were 264 

suboptimal. However, the OSC technique is relatively standard and varies little between 265 

centres, as does the post-operative care. There may be factors associated with the 266 

environment, such as type of bedding, sand on exercise tracks or climatic conditions that 267 

predisposed to complications. The weather is hot and humid over the spring and summer in 268 

Hong Kong, which may be considered a risk factor for complications post castration. However, 269 

analysis of the data revealed no association between month or season and rate of 270 

complication. Further investigation of other potential risk factors, particularly stable 271 

management, is warranted. Another possibility is that the recording of “complication” was 272 

more comprehensive here than in previous studies. Using a higher threshold for the definition 273 

of complication (C2 and C3 only) would have meant a complication rate which is closer to 274 

other studies [9-11]. A requirement to diligently maintain accurate clinical records together 275 

with daily attendance of stables by each veterinarian may have resulted in a greater 276 

proportion of horses with complications being recorded. This would be particularly pertinent 277 

with mild complications that may not have received veterinary attention in other populations.  278 



While most of the complications were mild or moderate in nature, eight horses (3.2%) 279 

experienced complications that were graded as severe. The horses with mild to moderate 280 

complications were managed successfully with minimal intervention, including further 281 

antimicrobial and/or NSAID medication and wound drainage. The majority of horses with 282 

severe complications required hospital-level intervention.  No horses castrated in Hong Kong 283 

over the five-year study period died due to complications associated with the OSC procedure. 284 

Other than death, the range of complications was comparable to those reported in previous 285 

studies [4; 5; 7; 8].  OSC is considered a clean, contaminated procedure and for this reason it 286 

is routine practice to administer prophylactic antimicrobials and NSAID at the time of surgery 287 

[9; 14; 15], with the prophylactic use of antimicrobials discontinued by 24 hours post-surgery 288 

[16].  This was the case in the current study, with only two horses not receiving prophylactic 289 

antimicrobials. Conversely, compared to Kilcoyne et al. [9] the continuation of antimicrobial 290 

treatment beyond prophylaxis, as reported here, in some cases for extended periods of time 291 

after surgery, is unusual.  The extended use reported here reflects the perception by clinicians 292 

that infection occurs as a consequence of contamination of the wounds post-operatively 293 

rather than at the time of the procedure.  294 

In the cases here where culture and sensitivity was performed, bacteria were 295 

identified that were resistant to a wide spectrum of antimicrobials, including those routinely 296 

used for prophylactic therapy during OSC. Ideally antimicrobial therapy is based on findings 297 

from culture and sensitivity of bacteria involved. However, this approach requires delaying 298 

therapy at least 72 hours and clinicians were cognisant that bacteria involved were most likely 299 

to be sensitive to enrofloxacin and ceftiofur. This is substantiated by the observation that 300 

these “reserved” antimicrobials were effective at resolving infections, with or without culture 301 

and sensitivity results prior to treatment.  Nevertheless, the use of antimicrobials, particularly 302 

those in the reserved category,  needs to be protected [18].  At the time of this study, a 303 

consensus statement regarding specific criteria for the use of antimicrobial therapy at the 304 



HKJC had not been developed and, therefore, selection of antimicrobials was made by the 305 

individual veterinarian [17].  Subsequent to this study and in-line with a general shift in policy, 306 

the DVCS now reviews and audits all cases that are prescribed antimicrobial drugs on a 307 

monthly basis.  308 

While only 28% of horses with signs of infection had samples submitted for culture 309 

and sensitivity analysis, this study has identified potential patterns of antimicrobial resistance 310 

amongst bacteria involved in post-operative infection in this specific group of horses. The use 311 

of TMPS and oxytetracylines as first-line antimicrobials may be potentially contraindicated 312 

based on these limited results. Bacteria isolated showed greater sensitivity to, a combination 313 

of penicillin and gentamicin than to TMPS and oxytetracyclines. In addition, this combination 314 

had a broadly similar in vitro sensitivity to enrofloxacin and ceftiofur. While the prophylactic 315 

use of penicillin during castration has been reported [4], it is not routinely used in racehorses 316 

due to the requirement for frequent intravenous administration as the sodium salt and to the 317 

long withdrawal times prior to racing when used in preparations containing procaine.  Given 318 

that the majority of horses, regardless of whether or not they experienced a complication, did 319 

not race for 68-days following castration, the concern over the use of procaine penicillin does 320 

not appear to be warranted. 321 

This study is limited by the fact that 13 different veterinarians performed the 322 

castrations on the horses that were studied. Therefore, there will inevitably have been 323 

variation in the OSC techniques used, therapies prescribed and data recording practices at the 324 

time of surgery and during subsequent aftercare. In addition, management of horses in the 325 

days following castration by trainers was not recorded. Variation in stable practices could have 326 

affected the number and severity of complications experienced and this is something worthy 327 

of further investigation. Due to the high number of veterinarians performing the surgeries and 328 

different management practices by trainers post-castration, it is difficult to quantify the 329 



effects of these factors on the complications described, although their effects were significant. 330 

The HKJC provides a unique opportunity to follow the outcome of horses after procedures like 331 

castration. However, the intensive housing of horses at the HKJC, the way they are managed 332 

mean that the data should be interpreted with caution in relation to other centres.  333 

Conclusion 334 

While the prevalence of complications following OSC was high, the vast majority of 335 

complications were mild or moderate in nature. The severity of complication did not adversely 336 

affect the subsequent ability to race.  Multidrug resistance was detected in a limited number 337 

of samples from horses in which infection arose at the surgical site.  Ceftiofur and enrofloxacin 338 

were shown to be efficacious following bacterial culture and sensitivity testing and were 339 

commonly used to manage post-castration complications. These “reserved” antimicrobials 340 

were often prescribed in the absence of culture and sensitivity testing, on the basis of past 341 

experience by clinicians at the time. This study provides an opportunity to improve welfare 342 

and antimicrobial usage through an examination of existing OSC protocols in order to better 343 

inform future best-practice if the OSC technique is to remain the predominant method of 344 

castration in Hong Kong.  345 

Acknowledgements 346 

We gratefully acknowledge the support of Tige Yip and Iris Yu for extracting the data 347 

from the database and the team at the HKJC DVCS.  348 

Conflict of interest 349 

The authors note not conflict of interest 350 

 351 



Figure 1: Flow chart of inclusion criteria, complication categorises and antimicrobial 352 

treatments for horses undergoing castration at the Hong Kong Jockey Club (2007 to 2012).  353 

 354 



Figure 2: The number of days until first gallop (A) and first race (B) for horses castrated at the 355 

Hong Kong Jockey Club between 2007 and 2012. Note: (A) scaled to include all horses that 356 

galloped <150 days’ post-castration, (B) scaled to include all horses that raced in <300 days’ 357 

post-castration.  358 

 359 



Supplementary Figure 1: Horses castrated per month by the open standing technique at the 360 

Hong Kong Jockey Club between 2007 and 2012 (n=250) 361 

 362 

Supplementary Figure 2:  Caterpillar plots of the random effect terms (and standard errors) 363 

for the random effect of veterinarian, trainer and trainer and veterinarian for logistic 364 

regression analysis for risk factors for castration complications (yes/no) in the 30-days post 365 

open standing castration.  Data collected from 250 open standing castrations conducted at 366 

the Hong Kong Jockey Club between 2007 and 2012* 367 

 368 

Supplementary Table 1: Number of open standing castrations (number of complications in the 369 

30-days post castration) performed by veterinarians for each trainer at the Hong Kong Jockey 370 

Club. Data collected from 250 open standing castrations conducted at the Hong Kong Jockey 371 

Club between 2007 and 2012* 372 

 373 

Supplementary Table 2: The number and percentage of castration complications (yes/no) in 374 

the 30-days post open standing castration, stratified by exposure variables. Data collected 375 

from 250 open standing castrations conducted at the Hong Kong Jockey Club between 2007 376 

and 2012* 377 

 378 

Supplementary Table 3: Univariable logistic regression analysis results for risk factors for 379 

castration complications (yes/no) in the 30-days post open standing castration, including a 380 

random effect term for i) trainer and veterinarian, ii) veterinarian and iii) trainer. Data 381 

collected from 250 open standing castrations conducted at the Hong Kong Jockey Club 382 

between 2007 and 2012* 383 

  384 



References 385 

[1] Kilcoyne, I. (2013) Equine castration: A review of techniques, complications 386 

and their management. Equine Veterinary Education 25, 476-482. 387 

 388 

[2] Schumacher, J. (2012) Testis. In: Equine Surgery (Fourth Edition), Eds: J.A. 389 

Auer and J.A. Stick, W.B. Saunders, Saint Louis. pp 804-840. 390 

 391 

[3] Kramer, J. (2006) Chapter 34 - Castration. In: Manual of Equine Field Surgery, 392 

Eds: D.A. Wilson, J. Kramer, G.M. Constantinescu and K.R. Branson, W.B. 393 

Saunders, Saint Louis. pp 182-195. 394 

 395 

[4] Moll, H.D., Pelzer, K.D., Pleasant, R.S., Modransky, P.D. and May, K.A. (1995) 396 

A survey of equine castration complications. Journal of Equine Veterinary 397 

Science 15, 522-526. 398 

 399 

[5] Searle, D., Dart, A., Dart, C. and Hodgson, D. (1999) Equine castration: review 400 

of anatomy, approaches, techniques and complications in normal, cryptorchid 401 

and monorchid horses. Australian veterinary journal, 428-434. 402 

 403 

[6] Beard, W. (1991) Standing urogenital surgery. The Veterinary clinics of North 404 

America. Equine practice 7, 669-684. 405 

 406 

[7] Schumacher, J. (1996) Complications of castration. Equine Veterinary 407 

Education 8, 254-259. 408 

 409 

[8] Torre, F., Gasparin, J. and Bassi Andreasi, M. (2013) Herniation of the small 410 

intestine through the femoral canal after castration in a 3-year-old 411 

Thoroughbred. Equine Veterinary Education 25, 558-562. 412 

 413 

[9] Kilcoyne, I., Watson, J.L., Kass, P.H. and Spier, S.J. (2013) Incidence, 414 

management, and outcome of complications of castration in equids: 324 cases 415 

(1998–2008). Journal of the American Veterinary Medical Association 242, 416 

820-825. 417 

 418 

[10] Mason, B.J., Newton, J.R., Payne, R.J. and Pilsworth, R.C. (2005) Costs and 419 

complications of equine castration: a UK practice-based study comparing 420 

‘standing nonsutured’ and ‘recumbent sutured’ techniques. Equine Veterinary 421 

Journal 37, 468-472. 422 

 423 

[11] Schroeder, O.E. and Berkowitz, S.J. (2014) Incidence of complications 424 

associated wtih use of the Henderson equine castrating instrument. In: American 425 

Association of Equine Practitioners Proceedings, Salt Lake City, Utah, United 426 

States of America. p 316. 427 

 428 

[12] Hurley, M.J., Riggs, C.M., Cogger, N. and Rosanowski, S.M. (2016) The 429 

incidence and risk factors for shipping fever in horses transported by air to Hong 430 

Kong: Results from a 2-year prospective study. The Veterinary Journal 214, 34-431 

39. 432 

 433 



[13] Quinn, P.J., Markey, B.K., Leonard, F.C., FitzPatrick, E.S., Fanning, S. and 434 

Hartigan, P. (2011) Veterinary microbiology and microbial disease, John Wiley 435 

& Sons. 436 

 437 

[14] Busk, P., Jacobsen, S. and Martinussen, T. (2010) Administration of 438 

Perioperative Penicillin Reduces Postoperative Serum Amyloid A Response in 439 

Horses Being Castrated Standing. Veterinary Surgery 39, 638-643. 440 

 441 

[15] May, K.A. and Moll, H.D. (2002) Recognition and management of equine 442 

castration complications. Compendium on continuing education for the 443 

practising veterinarian - North American Edition 24, 150-165. 444 

 445 

[16] Southwood, L.L. (2006) Principles of Antimicrobial Therapy: What Should We 446 

Be Using? Veterinary Clinics of North America: Equine Practice 22, 279-296. 447 

 448 

[17] Traub-Dargatz, J.L. and Dargatz, D.A. (2009) Antibacterial drug resistance and 449 

equine practice. Equine Veterinary Education 21, 49-56. 450 

 451 

[18] Bowen, M. (2013) Antimicrobial stewardship: Time for change. Equine 452 

Veterinary Journal 45, 127-129. 453 

 454 

[19] Russell, C.M., Axon, J.E., Blishen, A. and Begg, A.P. (2008) Blood culture 455 

isolates and antimicrobial sensitivities from 427 critically ill neonatal foals. Aust 456 

Vet J 86, 266-271. 457 

 458 

[20] Toombs-Ruane, L.J., Riley, C.B., Kendall, A.T., Bolwell, C.F., Benschop, J. 459 

and Rosanowski, S.M. (2015) Antimicrobial Susceptibilities of Aerobic Isolates 460 

from Respiratory Samples of Young New Zealand Horses. Journal of 461 

Veterinary Internal Medicine 29, 1700-1706. 462 

 463 

[21] Toombs-Ruane, L.J., Riley, C.B., Kendall, A.T., Hill, K.E., Benschop, J. and 464 

Rosanowski, S.M. (2015) Antimicrobial susceptibility of bacteria isolated from 465 

neonatal foal samples submitted to a New Zealand veterinary pathology 466 

laboratory (2004 to 2013). New Zealand Veterinary Journal, 1-14. 467 

 468 
 469 


