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Summary 
Background: Despite the regularity with which castration is performed, the and types of complications and current best practice is unknown.
Objectives: To perform a prospective audit of routine equine castrations performed in general practice to determine complication rates and factors associated with them.
Study Design: Multi-centre, prospective audit of castrations.
Methods: Data on castrations were collected on the day of surgery from 18 veterinary practices; 30 days post-operatively follow up was obtained and complications recorded. Frequency of complications were reported, and multilevel, multivariable logistic regression models used to investigate factors associated with the most common complications of bleeding in the first 24 hours, stiffness of gait and/or swelling and discharge and/or infection. 
Results: Data were collected on 495 castrations performed by 53 participating veterinary surgeons. Over two thirds of surgeries were performed outside, 21% were performed under standing sedation and 79% were recumbent. Almost all (98% and 97%) patients received pre-operative non-steroidal anti-inflammatories (NSAIDs) and antibiotics respectively. One or more intra-operative complications were reported in 14.5% of procedures; most common were bleeding and excessive movement.. Follow up to 30-days was available for 392 equids. One or more complications were reported in 44 castrations (11.2%) . Swelling was the most common, then infection and stiffness of gait. Serious complications were rare.
Main Limitations: It is possible there was bias towards submission of data for procedures where complications occurred. The low complication rates reduced the power to determine factors associated with complications. Minor complications may go unreported by owners and may be underrepresented.
Conclusions: Overall complications associated with castration are low and mortality rare. Findings from this study can be used as guidelines for practices to perform regular audit to determine if their negative outcomes are comparable or warrant further investigation.
 
Introduction 
Most published literature on incidence, management and outcomes of complications in equine castrations is based on retrospective analysis of case records [2,3], surveys of veterinary surgeons [1,4,5] and specific case discussion [6-8]. There are a limited number of prospective studies published [9]. The literature on welfare implications of castration and best practice are limited [1] and there have been few studies that have taken a multivariable approach to evaluate factors associated with complications. Comparison between studies is challenging; there is a lack of consistency in definition of complications, surgical techniques and instruments used, age and breed of study populations, veterinarian experience and differences in duration of follow up.
 
Castration is generally considered routine by both owners and veterinarians but complications can occur and are a common cause of malpractice claims in equine practice [10]. Complications resulting from castration can include scrotal swelling, oedema, haemorrhage, omental herniation, eventration, penile trauma, bacterial infection of the spermatic cord (also called schirrous cord), incisional infections, hydrocele formation and peritonitis [6,8,11]. Most postoperative complications are mild and resolve with minimal intervention but eventration, haemorrhage, and peritonitis may be life-threatening [12]. Reported prevalence of castration complications varies from 10-38% depending on the population studied [2,6,13,14] whilst a 
mortality rate of 0.3% was reported in a US population [2].
 
Clinical audit is the systematic critical analysis of medical care [15], it should be a continuous process that uses the best available evidence to improve patient care. There is variation in the detailed description of audit schematics within the veterinary literature, some of which may be explained by the lack of evidenced-based standards for first opinion veterinary practice [15,16,17]. Its importance in defining, monitoring and improving standards of care is well recognised in both human and veterinary medicine but despite this veterinary clinical audit data is rarely published [17]. The Royal College of Veterinary Surgeons (RCVS) Practice Standards Scheme (PSS) now mandate that all practices demonstrate routine audit as part of their clinical governance procedures [18]. 
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The aim of this study was to perform a multi-centre, prospective survey of complications associated with equine castrations performed in a group of general equine practices in the UK, in order to provide the evidence for continuous audit.  
 
Materials and Methods
Data Collection
Horses of any age undergoing field castrations were recruited. Field castrations were defined as all  equine castrations performed either at client’s yard or in a clinic, with the patient standing and sedated or recumbent under injectable general anaesthesia. Procedures performed under inhaled anaesthesia and all cryptorchid castrations were excluded.
 
All equine veterinarians from XLEquine practices were invited to participate in the audit. XL Equine is a group of independent equine practice from across the UK doing primarily non-racing, first opinion work. An invitation was sent by e-mail describing the aim of the study, emphasising the confidentiality of results, and stating how the results were to be used. The email explained that participation was voluntary and anyone wishing to be excluded should contact by reply. This was followed one week later with a second email explaining the study details and requesting that veterinarians complete a recording form following all castrations performed and a follow up form at 30 days post-operatively. Links were provided for these forms which were available via a secure on-line portal or as a PDF to download and return by post. Where forms were completed on line an automatically generated reminder email for the follow up was sent 30 days following submission of the initial recording form. Veterinarians submitting paper forms without follow up were contacted by telephone before the end of the data collection period.
 
With an estimated frequency of complications of 10% a sample size of 217 was calculated to allow estimation of prevalence with 95% CI and 3% precision. Analysis of risk factors associated with complications required a larger sample size, so the aim was to collect data on at least 280 castrations to allow estimation of odds ratio greater than 3 for exposure of 20% or more. Sample size calculations were performed using Epi Info™ (Centres for Disease Control and Prevention). Castrations performed between 1st June 2015 and 21st April 2017 qualified for inclusion. 
 
Recording Form
A two-part recording form was designed; part one to be completed on the day of castration and part two 30 days post-operatively (Supplementary Information 1). Part one asked for details on surgeon, patient characteristics, subjective assessment of the environment, surgical protocols, pharmacological protocols and complications intra-operatively or immediately post operatively (Table 1). Part two covered whether follow up contact was made with the owner; respondents were asked to specify if this was by telephone or a visit and for details of any complications during the 30-day period post-operatively. Where complications occurred, veterinarians were asked to provide detail regarding the type of complication, the time post-operatively they occurred, treatment and outcome. When a part 2 form was completed and submitted but no follow up was performed we assumed that no significant complications were observed by the owner that warranted reporting to their veterinary surgeon. Complications occurring after the 30-day period post-operative period were excluded. 
 
Statistical Analysis
All data from recording forms were reviewed and entered into a spreadsheet program (Microsoft Excel 2007, Microsoft Corporation). Descriptive statistics including percentages for categorical data and mean and/or median for continuous variables, were used to describe the demographics of patients. Percentages with 95% confidence intervals (95%CI) were used to report prevalence of complications. The three most common complications were identified as bleeding in first 24 hours, and the combined outcomes stiffness gait and/or swelling, and discharge and/or infection. Univariable and multivariable analyses of these three complications was performed on all procedures with a complete data set. Univariable associations between outcomes and categorical variables were assessed using chi-square tests or Fisher’s exact tests where expected values were less than 5. Univariable logistic regression was used for assessment of the continuous variable, age. Analysis were performed in Minitab (Minitab version 17.1.0, Minitab Inc.)
 
The data were clustered within veterinary surgeon and within practices, hence factors affecting the three complication outcomes were examined using separate multivariable, multilevel logistic regression models. Within-vet and within-practice clustering were accounted for by incorporation of second and third-level random intercept terms in all multilevel models. All variables showing some association with the presence of a complication on univariable analysis (P-value <0.25) were considered for incorporation into a multilevel multivariable model for that outcome. The final models were constructed by a manual backwards stepwise procedure where variables with a Wald P-value <0.05 were retained in the model. First order interaction terms were tested for biologically plausible variables remaining in the final models. Multivariable calculations were performed using 2nd order penalised quasi-likelihood estimates and used the MLwiN statistical software package (MLwiN Version 2.35 Centre for Multilevel Modelling, University of Bristol, UK). 

Results
Forms for a total of 495 castrations performed by 53 individual veterinarians from 18 equine practices across the UK were collected. Of these, 4% were excluded due to lack of a primary recording form or falling outside inclusion criteria. The remaining 475 animals were comprised of 396 Native Ponies, 47 Thoroughbreds/ Sports Horses, 4 Heavy Horses, 17 other breeds, 10 Donkeys and 1 Zebra. Age ranged from 2 months to 25 years with a median (Interquartile range, IQR) of 1 year (1,2; n=475). Weight ranged from 80-625kg with median (IQR) of 220kg (155,270; n=205). 
 
Over two thirds (333, 70%) of surgeries were performed outside, 117 (25%) were performed in a stable or barn and 26 (5%) at a veterinary clinic. One hundred and one (21%) were performed with the horse  standing and sedated and 374 (79%) with the horse recumbent under injectable general anaesthesia. Most castrations were performed using the closed technique (335, 71%), with ligatures used in 371 (67%) cases and 320 (68%) had emasculators applied for 0-2 minutes. Almost all (466, 98% and 460, 97%) patients received pre-operative NSAIDs and antibiotics, respectively. Phenylbutazone and procaine penicillin were most commonly used pre-operatively. Post-operative NSAIDs and antibiotics were prescribed for a variable period in 39% and 20%, respectively. Phenylbutazone and trimethoprim sulpha most commonly prescribed post-operatively.. No animals received antibiotics defined as the highest priority critically important by World Health Organisation (21). Post-operatively, 92% of horses were turned out with the majority unrestricted (83%). (Demographic data can be found in Supplementary information)
 
A total of 171 intra-operative complications were reported in 69 (14.5%, (95%CI 11.6, 18.0)) procedure as multiple complication were observed during the same surgery. The most common complications were bleeding and excessive movement during the procedure, followed by a break in sterility (Table 2). Bleeding as a complication was reported during surgery in 65/475 procedures with a further 4 cases reporting bleeding within the first 24 hours of castration; these results were combined to form the outcome ‘bleeding in the first 24hours’ for the purposes of analysis. We assumed that where no complication was reported in the other 406 procedures, no complication was perceived by the surgeon.
 
As 83 procedures (17%) had no part 2 form completed follow up was unknown and these were exclude. Analysis of post-operative complications was performed on 392 procedure. Follow up was reported in 73 (15.4%) cases; 25 (34%) by telephone, 39 (53%) by visit and in 9 (12%) cases follow up method was unknown. No follow up was reported performed in 319 (67.2%) cases. Multiple complications were observed in the same surgery resulting in the reporting of 81 complications across 44 (11.2%; 95% CI 8.5, 14.7) procedures in the 30 days post castration. One or more complications were reported in 60% (44/73) of procedures where follow up was performed. For the remaining 40% (29/73) where follow up was reported, no complications were recorded. We assumed that when a part 2 from was completed and submitted and no complications were recorded either none were observed by the owner significant enough to warrant reporting to their veterinary surgeon or, non were observed where routine follow up was performed

Swelling was most common, followed by infection and stiffness of gait (Table 2). Only 4 (1%) procedures reported eventration and/or herniation and 1 individual reported bleeding >24hrs after castration. The single case of bleeding >24hrs occurred 7 days after castration and this individual also presented with colic at 12 hours post castration and, swelling at 8 days post castration. The castration site swelling was treated by cleaning and lavaging the wounds and a course of antibiotics, although discharge and infection were not recorded. Of the 4 cases of eventration and herniation only 1 required management under general anaesthesia to replace prolapsed omental tissue and surgically close the inguinal ring. The remaining three cases involved prolapse of a small amount of vaginal tunic or connective tissue that was either removed surgically with the patient standing or left to dry without further intervention; all cases made full recoveries. The case of facial nerve paralysis was noted 48 hours following castration in recumbency and resolved with time. 
 
Stiffness of gait and/or swelling were reported in 38 (9.7%) procedures on average 6.3 days post-operatively (standard deviation [SD} 3.95, range 0-16). Only 4 procedures reported stiffness of gait in the absence of swelling. Veterinarians reported treating stiffness with combinations of cold water lavage, hand walking and NSAIDs, no additional prescribed antibiotics were recorded. Swelling was treated with lavage commonly following manual re-opening of surgical incisions, exercise in the form of hand walking, lunging and turnout and in 62% (21/34) cases additional NSAIDs and/or antibiotics were prescribed. Discharge and/or infection were reported in 18 (4.6%) procedures on average 10.13 days post-operatively (SD 7.13days, range 0-30 days), treatment included lavage, antibiotics and NSAIDs. Almost half (16/38) of cases reporting stiffness of gait and/or swelling also reported discharge and/or infection; while nearly all (16/18) of those reporting discharge and/or infection also reported stiffness of gait and/or swelling. Within the 30-day post castration period one horse required a general anaesthetic for treatment of scirrhous cord, this went on to require a whole blood transfusion following severe bleeding 12-24hrs after scirrhous cord debridement. 
 
During the study 4/392 (1%) horses were recorded as having died during the 30-day post-operative period. None of these cases reported any intra-operative complications and all post-operative complications were reportedly resolved at time of death. In two cases, one from colic and one from complications associated with low albumin, the veterinarians stated that the deaths were possibly unrelated to castration. In the remaining cases, one from diarrhoea and one from endotoxemia associated with possible obstructive colic, no comment regarding association with castration or timing of death in relation to castration was made. 

Results of univariable analysis of the 3 outcomes: bleeding in first 24 hours, stiffness of gait and/or swelling, and discharge and/or infection are shown in Supplementary Information Table 3-6.. 

Final multilevel, multivariable models are shown in Table 3. . A number of explanatory variables were associated with the risk of complications.  Age of horse,  a break in sterility, difficulty in surgical access and intra-scrotal/tunic haematoma were associated with bleeding in the first 24 hours.  Age of horse, excessive movement during surgery and bleeding in the first 24 hours were associated with an increased risk of stiffness of gait and/or swelling, while the use of antibiotics pre-operatively was associated with reduced odds. Performing castrations standing and excessive movement during surgery were associated with increased risk of discharge and/or infection.
 
There was substantial clustering within veterinary surgeon for the outcome ‘bleeding in the first 24 hours’ but little effect of clustering for the other outcomes. No significant interaction terms were identified between variables remaining in the final models.
 
Discussion
The results of this study suggest the frequency of both intra-operative and post-operative complications are relatively low in this population compared to other published data [2,5,15]. It is likely that not all veterinarians in all participating practices submitted data for every castration during the study period. Response rates varied between practices and between veterinarians within practices which may have introduced bias if those not responding had a higher rate of complications or conversely, those responding in low numbers may only have submitted problem castrations thus increasing complication rates.  In addition, although practices were spread across the UK and see a general horse population, the veterinary surgeons who  responded submitted data on a large proportion of Native horse breeds. The veterinary practices were not based in the predominant racing areas of the UK; therefore Thoroughbreds were underrepresented in this study making comparisons to other studies with populations difficult(3,4,5)

Reporting of post-operative follow up being performed was low (15.4%) but where follow up was carried out complications were reported in 60% of cases.. This would suggest that routine, active follow up by this population of veterinarians is not common practice post castration and suggests follow up is mostly initiated by clients perceiving a problem. Reporting of post-operative problems is likely to vary according to owner perceptions of severity, or owner experience, however this needs further clarification. The overall incidence of complications and especially stiffness of gait and/or swelling may be higher than reported here as mild cases may self-cure or may be treated by owners, and therefore, not reported to a veterinary surgeon. Stiffness of gait and swelling or, discharge and infection were combined for analysis due to the likely correlation between these individual complications.  Analysis suggests correlation between stiffness of gait and/or swelling, and discharge and/or infection as almost half of cases that reported stiffness of gait and/or swelling also reported discharge and/or infection and nearly all of those reporting discharge and/or infection also reported stiffness of gait and/or swelling. Excessive movement during surgery was a risk factor for both suggesting that where this has been unavoidable the patient should be closely monitored in the post-operative period as intervention may be required.

Techniques used during castration are commonly based on individual clinician’s experience, client expectations, cost implications, facilities and support available [20]. The use of ligatures, open versus closed surgical technique and castration of the horse standing versus recumbent have all previously been reported to be associated with increased complication rates [2,12,14,21]. While some of these variables were significanr on univariable analysis, they were not retained in the final multilevel, multivariable model. This may be due to the low power to determine multivariable associations resulting from the low number of complications or, that other factors correlating with technique and position were more important. Castration of older animals has been associated with an increase in complications [12,21,22]; this study showed increasing age associated with both increased risk of bleeding and post-operative stiffness of gait and/or swelling. 
 
Results represent associations and, in some cases, it is difficult to ascertain if these are due to cause or effect. For example, with ‘bleeding in the first 24 hours’, it is possible, in at least some cases, that the break in sterility and difficulty in surgical access occurred because bleeding was evident. Similarly, the use of postoperative antibiotics and NSAIDs may have been influenced by intra-operative events. A higher proportion of horses received postoperative antibiotics if there was bleeding (bleeding 46.5% versus no bleeding 15.4%) or a perceived break in sterility (break in sterility 47.4% versus no break in sterility 22.9%).  Intrascrotal/intra-tunic haemorrhage was rare (2.1%) but it is a plausible risk factor for subsequent bleeding. The clustering within veterinary surgeon indicated variation in risk in of bleeding across veterinary surgeon. However no significant association was shown with years qualified. This suggests that this may be an individual veterinary surgeon effect, it may be related to variation in the population being treated or perhaps experience of performing castrations, which was not measured in this study. 
 
Previously, reported use of NSAIDs at castration has been low. A recent US study showed only 9% of equids received them peri-operatively [2], while a 2005 UK survey [1] reported 45.4% of veterinarians gave no additional NSAIDs post-operatively, 17.7% occasionally administered them and 36.9% gave them routinely. In this audit 98% patients received pre-operative NSAIDs and 39% received them routinely post-operatively indicating a positive step in equine welfare. Pre-operative antibiotics were given to 97% of patients and their use was associated with a reduction in stiffness of gait and/or swelling postoperatively. Only 20% of patients received routine postoperative antibiotics, this likely reflects individual practitioner’s choices and perceived risk,. This study would suggest the use of antibiotics can be limited in most cases, to the pre-operative period only, reducing unnecessary prescribing in line with the goals of responsible antimicrobial stewardship [23].
 
The main reason for undertaking a clinical audit is to improve clinical effectiveness, standardise care throughout the practice(s) and as a basis for general improvement. Veterinary clinical audit requires the establishment of evidence-based clinical guidelines to audit against [24]. This creates challenges for busy veterinarians in general practice as it often first involves the creation of baseline evidence [16].  Implementation in veterinary practice can be limited by a lack of understanding in the clinical auditing process and by the time and effort required to set up and execute an audit [24]. Clinical audit as part of clinical governance is now a mandatory part of RCVS PSS [18], thus the veterinary profession will need to evolve to embrace it. Data from this study has been reported back to participating practices to complete this audit cycle and form the basis for future monitoring.

 In conclusion, the findings of this study suggest overall complications associated with equine castration are low in the population studied and generally resolve fully with limited therapeutic intervention. Intra-operative complications are indicators of increased risk of post-operative issues. The findings from this study can be used as a standard against which UK first-opinion equine practices, can perform clinical audit to determine if their negative outcomes are above average and warrant further investigation.
Authors declaration of interests
No competing interests have been declared
Ethical animal research
Ethical approval was granted by the University of Liverpool Research and Ethics Committee (VREC344).
Sources of funding
None
Acknowledgements
The authors are grateful to veterinarians and staff at XL Equine for time taken completing the recording forms
Authorship
Claire Hodgson contributed to study design, execution, data collection and statistical analysis. Gina Pinchbeck contributed to study design and statistical analysis. All authors contributed to manuscript preparation and approved the final version of the manuscript.
Supplementary Information Items
PDF Recording Forms- Day 0 & Day 30
Supplementary Data Tables
· Table 1. Demographic data for 495 field castrations performed between June 2015 and April 2017 by 53 vets at 18 practices
· Table 2. Breed Categories
· Table 3. Univariable chi square analysis of independent variables associated with the outcome bleeding in the first 24 hours in 392 equines castrated between June 2015 and April 2017
· Table 4. Univariable chi square analysis of independent variables associated with the outcome stiffness of gait and swelling in 392 equines castrated between June 2015 and April 2017
· Table 5. Univariable chi square analysis of independent variables associated with the outcome discharge and infection in 392 equines castrated between June 2015 and April 2017
· Table 6. Univariable logistic analysis of continuous variables associated with the outcomes ‘bleeding in the first 24 hours’, ‘swelling and/or stiffness of gait’, and ‘discharge and/or infection’ in 392 equines castrated between June 2015 and April 2017.

References 
1. Price, J., Eager, R.A., Welsh, E.M. and Waran, N. (2005) Current practice relating to equine castration in the UK. Res. Vet. Sci. 78, pp. 277-280.
2. Kilcoyne, I., Watson, J.L., Kass, P.H. and Spicer S.J. (2013) Incidence, Management and outcome of complications of castration in equids: 324 cases (1998-2008). J. Am. Vet. Med. Assoc. 242, pp. 820-825. 
3. Rosanowski, S.M., MacEoin, F., Graham, R.J.T.Y. and Riggs, C.M. (2017) Open standing castration in Thoroughbred racehorses in Hong Kong: Prevalence and severity of complications 30 days post-castration. Equine Veterinary Journal Version of Record online : 7 OCT 2017, DOI: 10.1111/evj.12758 
4. Owens, C.D., Hughes, K.J., Hilbert. B.J., Heller, J., Nielsen, S. and Trope, G.D. (2018) Survey of equine castration techniques, preferences and outcomes amongst Australian veterinarians. Aus. Vet. J. 96, pp. 39-45
5. Moll, H.D., Pelzer, K.D., Pleasant, R.S., Modransky, P.D. and May, K.A. (1995) A survey of equine castration complications. J. Eq. Vet. Sci. 15, pp. 522-526. 
6. Schumacher, J., Scrutchfield, W.L. and Martin, M.T. (1987) Peritonitis following castration in 3 horses (Review Article). J. Eq. Vet. Sci. 7, pp. 220-221.
7. Torres, F., Gasparin, J. and Bassi Andreas, M. (2013) Herniation of small intestine through the femoral canal after castration in a 3-year-old thoroughbred. Equine vet. Educ. 25, pp. 558-562. 
8. Beavers, K.N. and Mitchell, C. (2017) Uncommon castration complication: Penile amputation and sheath ablation. Equine vet. Educ., Version of Record online: 16 JAN 2017, DOI: 10.1111/eve.12712. 
9. Gracia-Calvo, L.A., Martin-Cuervo, M., Jiménez, J., Vieítez, V., Durán, M.E., Argüelles, D. and Ezquerra, L.J. (2012) Intra and postoperative assessment of re-sterilised Ligasure Atlas for orchidectomies in horses: clinical study. Vet. Rec. 171, pp.98
10. Wilson, J.F. and Quist, C.F. (1992) ‘Professional liability in equine surgery’, In: Equine surgery 1st edn., Ed: J.A Auer, Elsevier Saunders, Philadelphia, pp.13–35.
11. Searle, D., Dart, A.J., Dart, C.M. and Hodgson, D. (1999) Equine castration: review of anatomy, approaches, techniques and complications in normal, cryptorchid and monorchid horses. Aus. Vet. J. 77, pp. 428–434. 
12. Kilcoyne, I. (2013) Equine castration: A review of techniques, complications and their management. Equine vet. Educ. 25, pp. 476–482.
13. Embertson, R.M. (2009) Selected urogenital surgery concerns and complications. Vet. Clin. N. AM.: Equine Pract. 26, pp 643-661. 
14. Mason, B.J., Newton, J.R., Payne, R.J. and Pilsworth, R.C. (2005) Costs and complications of equine castration: a UK practice-based study comparing ‘standing nonsutured’ and ‘recumbent sutured’ techniques. Equine vet. J. 37, pp. 468–472.
15. Mair, T.S. (2006) Evidence-based medicine and clinical audit: what progress in equine practice? Equine vet. Educ. 18, pp. 2-4.
16. Waine, K. and Brennan, M. (2015) Clinical audit in veterinary practice: theory v reality. In Practice 37, pp.545-549
17. Wylie, C.E. (2015) Prospective, retrospective or clinical audit. Equine vet. J. 47, pp. 257-259.
18. Royal College of Veterinary Surgeons (2017) RCVS Practice Standards Scheme Equine Modules and Awards Manual (May 2017, v1.21); Available from https://www.rcvs.org.uk/setting-standards/practice-standards-scheme/
19. WHO (2017) Critically important antimicrobials for human medicine, 5th revision. Available from http://www.who.int/foodsafety/publications/antimicrobials-fifth/en/
20. Embertson, R.M. (2009) Selected urogenital surgery concerns and complications. Vet. Clin. N. Am.: Equine Prac. 26, pp 643-661. 
21. Schumacher, J. (1996) Complications of castration. Equine Vet. Educ. 8, pp. 254-259.
22. Schumacher, J. (2012) Testis. In: Equine Surgery 4th edn., Ed: J.A Auer, Elsevier Saunders, Philadelphia, pp. 804-840. 
23. Bowen, M. (2013) Antimicrobial Stewardship: a time for change. Equine vet. J. 45, pp. 127-129.
24. Viner, B. (2009) Using audit to improve clinical effectiveness. In Practice 31, pp. 240-243. 

Table 1. Independent variables examined on recording form in 475 equines castrated under 	field conditions between June 2015 and April 2017 
	Independent Variables
	Description

	Practice ID
	Anonymised unique ID

	Veterinary surgeon ID
	Anonymised unique ID

	Time Veterinary surgeon Qualified
	Years

	Horse Age
	Years

	Horse Weight
	Kgs

	Horse Breed
	Native; Others

	Adverse Conditions
	Hot, Wet, Flies, Muddy

	Cleanliness
	Poor vs Good/Moderate/excellent

	Patient Compliance
	Poor vs Good/Moderate/excellent

	Where Surgery Performed
	Clinic, Inside (Stable/Barn), Outside (Field/School)

	Assistant Present
	Yes/No

	Patient Position
	Recumbent or Standing

	Quality Anaesthesia/ Sedation
	Too light/deep vs Good

	Time Emasculators Applied
	Minutes

	Ligatures Used
	Yes/No

	Quality of Recovery
	Poor vs God/Moderate

	Antibiotics Used
	Pre-operatively and immediately post-operatively

	NSAIDs Used
	Pre-operatively and immediately post-operatively

	Turned Out
	Where and how long (hrs)



Table 2: Frequency of intra (n=475) and postoperative (n=392) complications in equines castrated under field conditions between June 2015 and April 2017
	Complication
	N
	% (95% CI)

	Intra-operative (n=475)
	
	

	None
	406
	85.5% (82.1,88.4)

	Break in sterility
	22
	4.6% (3.0,6.8)

	Excessive movement
	51
	10.7% (8.2,13.8)

	Problem with surgical access
	16
	3.4% (2.0,5.3)

	Bleeding in 1st 24hrs
	69
	14.5% (11.6,17.9)

	Intrascrotal/tunic haemorrhage
	10
	2.1% (1.1,3.7)

	Other*
	3
	0.6% (0.02,1.7)

	Post-operative (n=392)
	
	

	None reported
	348
	88.8% (85.4,91.6)

	Stiffness of gait
	11
	2.8% (1.5,4.8)

	Swelling
	34
	8.7% (6.2,11.8)

	Bleeding >24hrs
	1
	0.3% (0, 1.2)

	Discharge
	9
	2.3% (1.1,4.1)

	Infection
	14
	3.6% (2.1,5.8)

	Eventration
	3
	0.8% (0.2,2.0)

	Herniation
	2
	0.5% (0.1,1.6)

	Other**
	7
	1.8% (0.8,3.5)


 * Includes problems with emasculators, hair in surgical field and poor body condition
 ** Includes cases exhibiting signs of one or more of facial nerve paralysis, severe haemorrhage in 12-24hrs following schirrous cord operation, inappetance, diarrhoea, endotoxaemia, colic and low albumin

Table 3: Multivariable, multilevel logistic regression models of factors associated with: bleeding in first 24 hours (n=58), stiffness of gait and/or swelling (n=38) and discharge and/or infection (n=18) in 392 equines castrated between June 2015 and April 2017. The model allows for clustering within veterinarian and practice.
	Outcome
	Odds Ratio
	95% CI
	P- Value

	Bleeding in first 24 hours
	
	
	
	

	Break in Sterility
No
Yes
	Ref
9.94
	2.14
	46.23
	0.003

	Difficulty in Surgical Access
No
Yes
	Ref
9.23
	2.05
	41.60
	0.004

	Intrascrotal/tunic haemorrhage
No
Yes
	Ref
58.13
	1.73
	1948.59
	0.023

	Horse Age (Years)
	1.23
	1.06
	1.42
	0.006

	Practice Variance (s.e.)
	0.26 (1.38)
	
	
	

	Veterinary Variance (s.e)
	4.99 (2.34)
	
	
	

	
	
	
	
	

	 Stiffness of gait and/or swelling
	
	
	
	

	Horse Age (Years)
	1.21
	1.04
	1.41
	0.016

	Excessive Movement
No
Yes
	Ref
4.88
	1.75
	13.59
	0.002

	Bleeding in first 24 hrs
No
Yes
	Ref
2.81
	1.12
	7.05
	0.027

	Antibiotics Pre-operatively
No
Yes
	Ref
0.14
	0.02
	0.93
	0.042

	Practice Variance (standard error, s.e.)
	0.94 (0.73)
	
	
	

	Veterinary Variance (s.e)
	0.19 (0.45)
	
	
	

	
	
	
	
	

	Discharge and/or infection
	
	
	
	

	Patient Position:
Knockdown
Standing
	Ref
4.12
	1.50
	11.29
	0.006

	Excessive Movement
No
Yes
	Ref
3.98
	1.28
	12.40
	0.02

	Practice Variance (s.e.)
	0.00
	
	
	

	Veterinary Variance (s.e)
	0.00
	
	
	


P values are from Wald chi-squared test
Ref= Reference Category
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