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SUMMARY 


Castration is one of the most frequently performed surgical procedures in equine practice. 

Although castration is a relatively simple procedure in the hands of an experienced equine 

practitioner, complications are not uncommon. Some of these complications such as 

haemorrhage and eventration may be life threatening. The aim of this study was to 

investigate the viability of laparoscopic testicular artery ligation as an alternative to the 

more conventional methods of castration and their associated complications. 

Twelve intact male donkeys varying in ages from 5 months to 13 years were used in this 

study. Ten donkeys underwent laparoscopic testicular artery ligation. This was performed 

with the donkeys standing in stocks and sedated with detomidine and butorphanol tartrate. 

Both left and right paralumbar fossae were appropriately prepared for surgery. Local 

anaesthesia was administered in an inverted L pattern at two portal sites. The first site was 

made midway between the ventral aspect of the tuber coxa and the first rib and the second 

site was made approximately 50mm ventral to the first. A skin incision was made at each 

site and a guarded trocar-cannula was inserted through each incision into the abdominal 

cavity. The laparoscope was inserted via the ventral portal into the abdomen. The 

testicular artery was then identified within the mesorchium in the dorsal aspect of the body 

wall. The artery was grasped with atraumatic laparoscopic forceps introduced through the 

central instrument portal of the laparoscope and clamped with a Filshie clip using a Filshie 

clip applicator, which was inserted into the abdomen via the dorsal portal. The procedure 

was then repeated on the opposite side. 

The ten donkeys which underwent laparoscopic assisted testicular artery ligation were 

unilaterally castrated on two separate occasions. These donkeys were castrated using an 

acceptable open castration technique. The first testes were removed at a specific time 

period after testicular artery ligation, while the second testes were all removed on the same 

day 9 months after the first group of donkeys underwent laparoscopic assisted testicular 

artery ligation. The remaining two donkeys which did not undergo testicular artery ligation 

were castrated using an acceptable open castration technique. Both testes from each of 

these donkeys were removed on the same day and were used as controls. 
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All the testes removed, excluding one testis which was lost to the study, were evaluated 

histologically. 

A total of twenty three testes were examined. Four testes were used as controls. Seven 

testes showed signs of ischaemic necrosis. Six testes showed seminiferous tubules in 

varying stages of degeneration and atrophy with no signs of normal tissue. Three testes 

showed 60-70% of seminiferous tubular atrophy with some active tubules still remaining 

while three of the testes showed no abnormalities and were histologically normal. One of 

the testes was accidentally misplaced at post mortem due to human error. 

The laparoscopic technique used was relatively quick and simple to perform with minimal 

complications. The Filshie clips were an effective device for ligation of the testicular artery 

when correctly applied. Avascular necrosis of the testicular tissue was not successful in all 

the subjects. This method has promise but requires further research in a greater number of 

subjects. 
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ABSTRACT 


The aim of this study was to investigate the viability of laparoscopic testicular artery ligation 

as an alternative to the more conventional castration methods in equids. 

Twelve intact male donkeys varying in age from 5 months to 13 years were used in this 

study. Two of these donkeys were castrated by means of an open technique. The 

remaining donkeys underwent testicular artery ligation under laparoscopic guidance. 

Ligation of the testicular artery was achieved by application of Filshie clips under 

laparoscopic visualisation. This was performed with the donkeys standing in stocks and 

sedated with a combination of detomidine hydrochloride and butorphanol tartrate. 

The ten donkeys which underwent testicular artery ligation were unilaterally castrated using 

an acceptable open castration technique on two separate occasions. The first testes were 

removed at a specific time period after testicular artery ligation, while the second testes 

were all removed on the same day 9 months after the first group of donkeys underwent 

laparoscopic assisted testicular artery ligation. The remaining two donkeys which acted as 

controls underwent a standard open bilateral castration procedure both testes being 

removed on the same day. All the testes removed, excluding one testis lost to the study, 

were evaluated histologically. Four testes were used as controls. Thirteen testes showed 

histological signs of ischaemic necrosis, degeneration and/or atrophy. Three testes showed 

histological tubular degeneration and atrophy as well as the presence of some normal 

tissue. The remaining three testes were histologically unchanged. One of the testes was 

accidentally misplaced at post mortem due to human error. 

Avascular necrosis of the testicular tissue was not successful in all the subjects. This 

technique shows promise but further research is required. 
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CHAPTER 1 

INTRODUCTION 

Castration is one of the most frequently performed surgical procedures in equine practice. 

Horses are usually castrated to eliminate stallion-like behaviour rendering the horse more 

docile and manageable. Some other indications for castration include tumours, orchitis, 

scrotal hemia and testicular trauma, to name a few 21,22,52. 

Traditionally, horses are castrated between one and two years of age. The age of 

castration is optional. Some owners prefer to delay castration until the horse is over two 

years of age so that masculine traits develop more fully 113. Others prefer to castrate when 

the horse is just a few months old to avoid the nuisance of masculine behaviour3
,21,22,52. 

Methods of castration described are: open, closed and semi_closed52
,113,116. The open 

technique is the most frequently used technique in equine practice and is generally 

performed in the standing horse with the aid of chemical restraint113
,116. This method is best 

suited for field use, but has higher risk of post-operative infection compared with the closed 

and semi-closed techniques47
. The closed and semi-closed techniques have the 

disadvantage of requiring general anaesthetic, a risk in itself, as well as aseptic theatre 

facilities, advanced expertise and added expense21 
,52,113. 

Although castration is a relatively simple procedure in the hands of an experienced equine 

practitioner, complications are not uncommon. These complications may range from simple 

swelling and oedema, to life threatening complications such as haemorrhage, eventration 
and peritonitis21 ,52,63.73,76,82,98,99. 

The purpose of this study was to investigate the viability of laparoscopic testicular artery 

ligation as an altemative to the more conventional methods of castration and their 

associated complications in the equine. 
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Laparoscopic procedures in general have decreased mortality and morbidity, and allow a 

rapid retum to exercise which is beneficial to all horses56,79. The life threatening 

complications associated with open castration and the complications associated with 

general anaesthesia are eliminated with the use of laparoscopic techniques38,40,46,80. 

However, laparoscopy is not without it's risks and complications. Haemorrhage at the 

portal, surgical and biopsy sites has been reported30.4o,46,86,103. Infection has been reported 

but is rare46
,103. Improper insertion of the trocar may cause damage to the viscera, the 

spleen and left kidney. Mild transient emphysema at the portal sites is not uncommon and 

is usually self Iimiting76,103. 

Ligation of vessels following isolation and transection is a time honoured method of 

controlling haemorrhage during surgical procedures. Well placed ligatures ensure 

haemostasis of damaged/or transected vessels. Ligation of vessels in laparoscopy may be 

achieved by using endoscopic stapling devices, Endoloops and extracorporeal knot tying 

techniques9,46,107. The endoscopic stapling devices although an excellent means of 

achieving haemostasis especially for larger vessels, are cost prohibitive46,107. Endoloops, 

which are a pretied suture loop with a sliding knot, can be used to ligate blood vessels. 

They are particularly useful for well isolated pedicles such as cryptorchid testes and 

ovaries9,44,46,107. When it is required to pass a ligature around a vessel that is not free from 

surrounding tissue, an extracorporeal knot is used46,107. This knot is tied outside of the body 

cavities and advanced to the tissue site with the aid of a knot introducer. Various types of 

knots are used, for example, the Roeder knot, the modified Roeder knot, the surgeon's knot 

and the fisherman's knot46,56,107. Choice of knot is dependent on the surgeon's preference 

and the requirement of the knot. 

In this study, Filshie clips (Figure 1) were chosen for their ability to lock on to the blood 

vessels once applied and thus minimiSing chances of migration55,108, Filshie clips are used 

in human female sterilisation. Female patients are sterilised by tubal application of Filshie 

clips 4,19,20,36,55,83. The Filshie clips are made up of titanium with a silicone rubber lining. 

They are 4mm in width and 12.7mm in length36,37,B3. USing the special Filshie clip 

applicator (Figure 2), the clip locks on to the fallopian tubes when occluded. As the tissue 

atrophies, the silicone expands thus preventing recannulisation and minimises clip 
migration36,37,55,83,1 OB. 
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From an economic point of view, the technique used in this study is more expensive than 

the routine standing open castration technique, but compares favourably with the closed 

and semi-closed techniques which require a general anaesthesia. The Filshie clips used in 

this study compared favourably with the cost of Endoloops and are less expensive than 

using stapling devices. 

Application of the Filshie clips to incorporate the testicular artery in its entirety was not 

without difficulty. A modification of the technique by ligation of the entire vascular bundle 

using an extracorporeal knot could be considered. This technique while more technically 

difficult may provide more reliable vascular occlusion and prevent potential venous return. 

This technique may be more time consuming but would be more economical. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Anatomy 

2.1.1 Blood Supply of the Testes 

The testes are supplied by the testicular artery3,26,52,66,71,101,106,110,122. In the horse the 

testicular artery (arteria testicular is) originates from the abdominal aorta at the level of the 

fourth lumbar vertebrae. The arteria testicularis initially runs ventrally over the dorsal body 

wall and then passes along the lateral abdominal wall in the proximal mesorchium, the plica 

vasculosa, to the internal inguinal ring where it becomes part of the spermatic cord. It joins 

the testis at its head (extremitas capita). Close to the extremitas capita the arteria 

testicularis gives off the ramus epididymales. The arteria iliaca intema gives rise to the 

arteria pudenda intema from which the arteria umbilica originates. This gives rise to the 

arteria ductus deferentis. It supplies the ductus deferens while following it towards the tail 

of the epididymis where it anastomoses with the ramus ductus deferentis from the 

epididymal rami of the testicular artery, The arteria prostatica arises from the arteria 

pudenda intema from which the arteria umbilica originates. This gives rise to the arteria 

ductus deferentis. It supplies the ductus deferens while following the ductus deferens 

towards the tail of the epididymis where it anastomoses with the ramus ductus deferentis 

from the epididymal rami of the arteria testicularis. The arteria prostatica arises from the 

arteria pudenda interna in the region of the greater sciatic notch cranial to the ischiatic 

spine. It runs laterally along the pelvic peritoneum in the direction of the prostate and gives 

off the rami ductus deferentis which anastomoses with the arteria ductus deferentis before 

the latter anastomoses with the ramus ductus deferentis from the epididymal rami of the 

arteria testicularis46 , 101,106. 

The vena testicularis arises from the caudal vena cava and it runs parallel with the arteria 

testicularis in the plica vasculosa to the internal inguinal ring. Surrounding the arteria 

testicularis it forms the plexus pampiniformis of the spermatic cord. The vena testicularis 

drains the epididymis by the rami epididymales which, together with the rami ductus 

deferentis of the vena prostatica, participate in the vascularisation of the ductus deferens. 
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The vena prostatica originates from the vena pudenda intema and it gives off the ramus 

ductus deferentis, The origin of the vein of the ductus deferens from the external iliac is not 

at the same level as the one of the artery. Thus the area drained by the vein of the ductus 

deferens is supplied by various arteries46,101,106, 

No anatomical publications could be found that indicates that the blood supply of donkeys' 

testes differ from that described in stallions, 

2.1.2 Complications of Castration 

The most common complications of castration in the equine include: excessive 

haemorrhage; infection; eventration; oedema and fly strike47,61,62,73,75,82,98,99,103,119, Less 

common complications include: unaltered behaviour; hydrocoele; varicocoele; peritonitis; 

penile trauma; penile paralysis; anaesthetic mortality and morbidity and injuries to 

personnel during the procedure21 ,47,61,62,73,75,82,98,99,103,118,119, 

With the exception of severe haemorrhage, peritonitis and eventration, the majority of 

castration complications are not considered life threatening75, 

Some of these complications are discussed further, 

2.1.2.1 Haemorrhage 

Cases of post castration haemorrhage are primarily a result of failure to achieve 

haemostasis75,82. Haemorrhage may be immediate or delayed up to several days62,75. 

Haemorrhage may be minor or severe enough to be life threatening62,75,82, Significant post 

operative haemorrhage usually originates from the testicular artery75,82,99. Other sources of 

haemorrhage include the scrotal skin, the deferent vessels or large pudendal vessels 

damaged by over-zealous dissection in the inguinal area75,99.. 

Haemorrhage may occur when emasculators are applied incorrectly or if defective or 

inferior emasculators are used63,82,. The most common error with the use of emasculators is 

reverse application so the distal stump is crushed and the proximal stump is 
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transected63,75,82. Other errors include; the positioning of the emasculator on an angle 

rather than perpendicular on the cord and cutting the artery tangentially, applying the 

emasculator to a spermatic cord that is under tension, or failing to apply proper instrument 

maintenance to ensure adequate function63,75,82,99. 

A small amount of haemorrhage is to be expected using the traditional open method of 

castration in which haemostasis is achieved with the emasculator and scrotal incisions are 

left open for drainage and healing by second intention75,99. This minor haemorrhage will 

usually cease within ten to fifteen minutes if the horse is allowed to stand quietly but if 

active haemorrhage continues the scrotum and stumps of the spermatic cord should be 

examined to locate the source75,82,99. 

Serious life threatening haemorrhage may not be obvious in rare cases in which the 

spermatic cord retracts proximally in such a way that haemorrhage from the testicular 

artery may enter the abdomen and go undetected in the initial post operative period. In this 

situation, horses may lose a substantial amount of blood in the several hours that pass 

after surgery before blood appears in the open scrotum. The first outward signs exhibited 

by the horse may be hyperpnoea. Other clinical signs of which the veterinarian should be 

aware which may indicate severe blood loss includes tachycardia, pale mucous 

membranes, weakness and/or ataxia, weak thready pulse and poor jugular distention63. 

2.1.2.2 Eventration 

Eventration; the protrusion of abdominal contents from a castration wound is regarded as 

the most serious complication of castration and is a life threatening complication and one 

which demands immediate attention21 ,61.62.75,82,119. Eventration typically occurs within the 

first twenty four hours after surgery. Some cases however have been reported up to six 

days post operatively63,75,82,99. The offending tissues are usually the small intestine and 

omentum which may prolapse through the vaginal ring and scrotal incision61 .62,75,82,99. In 

one study of visceral prolapse following castration, 33% of the cases involved the omentum 

and 67% involved the small intestine62,75. 

In one study, eventration was reported in 3% of 371 horses that were castrated. More 
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recently an incidence of 0.4 to 0.8% was reported for eventration after castration in larger 

groups of horses61 ,62. Fortunately eventration occurs infrequently. Initial studies sited 

72.6% mortality for equine patients with eventration; however, more recent studies report a 

substantially lower mortality rate (15%) for horses in which the condition was recognised 

early and appropriate therapeutic measures were taken63. 

The causes of eventration remain speculative. Some factors believed to be involved include 

a pre-existing but undetected inguinal hernia especially of the foal and of horses of pre

disposed breeds (e.g. Standardbred)99. Increased intra-abdominal pressure, position of the 

horse during surgery (Le. dorsal or lateral recumbency) and size of vaginal ring have also 

been incriminated in the development of eventration63. Eventration has also occurred in 

some cases where the scrotal wound was closed primarily but the vaginal tunic had not 

been closed63,75. 

2.1.2.3 Infection 

Infection associated with castration may become clinically evident as early as a few days 

post-operatively or as late as months or years after surgery. Wound infection of the 

scrotum usually remains localised62,102. Infection of the spermatic cord is an uncommon 

complication of castration that can occur from extension of scrotal infection or from a 

contaminated emasculator or ligature62,75. Infection of the spermatic cord (septic funiculitis) 

with streptococcal organisms is commonly referred to as champignon47,62,75. Champignon 

has frequently been associated with ligatures placed on the spermatic cord75 . These 

ligatures act as a nidus for persistent infection. Persistent, chronic spermatic cord infection 

is referred to as scirrhous cord and is usually associated with a low-grade staphylococcal 

infection47,62,75. Clinically it may be difficult to distinguish scirrhous cord from champignon62. 

Factors such as inadequate drainage, lack of exercise, retained clots, contamination, 

foreign bodies, excessive swelling and poor surgical technique increase the occurrence of 

post operative wound infection75,82. The most common surgical faults encountered include 

incorrect incision sites, too small scrotal incisions and over robust tissue handling75. More 

severe infections may become established either because a large number of bacteria were 

introduced into the wound due to poor technique and/or dirty surroundings63,75,99. 

 
 
 



18 

2.1.2.4 Peritonitis 

Although peritoneal inflammation occurs commonly following castration, bacterial peritonitis 

is a rare complication73,99. Because the vaginal and peritoneal cavities of the horse 

communicate, subclinical, non-septic peritonitis occurs in many horses following 

castration82,98,99. Septic peritonitis generally develops secondarily to an infection involving 

the spermatic cord98. Clinical signs of depression, fever, anorexia, colic, weight loss after 

castration may be strongly suggestive of peritonitis82,98,99. 

2.1.2.5 Oedema 

The most common complication of castration is oedema, causing swelling of the scrotum 

and prepuce62,75,102. Some degree of post operative swelling is normal and is therefore not 

considered a complication62,75,99.102. In an uncomplicated case, oedema peaks three to six 

days after surgery and usually recedes nine days after surgery21 ,62,75. Although post 

operative oedema rarely poses a life threatening crisis, it can lead to considerable 

discomfort for the horse and concern for the owne~1,62,99. Extensive swelling of the surgical 

site is usually the result of inadequate drainage of the wound caused by a lack of post 

operative exercise, obstruction of drainage by blood clots, too small scrotal incisions, 

incorrect incision sites and excessive surgical trauma62,75. This swelling may lead to 

secondary problems such as phimosis, impaired urination, paraphimosis and cellulitis or it 

may indicate infection or even leakage of urine from urethral penetration21 ,62. 

2.1.2.6 Hydrocoele 

Hydrocoele is an accumulation of fluid in the vaginal tunic63,75,99,102. This condition is 

believed to result from failure to resect an adequate amount of the vaginal tunic during the 

open method of castration or by not resecting enough of the vaginal tunic and spermatic 

cord in the closed or semi-closed techniques of castration63,75,99. A hydrocoele usually 

develops slowly and may not be noticed until a few months after castration75. A hydrocoele 

does not adversely affect the horse but can effect resale value as the horse may appear to 

still have a testis75 
. 
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2.1.2.7 Penile Paralysis 

Problems associated with the penis are not immediately life threatening but can be difficult 

and frustrating to manage and can eventually result in death62 
. When penile paralysis 

occurs as a complication of castration, excessive oedema, iatrogenic trauma, wound 

infection or use of phenothiazine-derivative tranquilisers are related to its occurrence62
,75,99. 

Iatrogenic trauma occurs when lay persons or inexperienced veterinarians attempt to 

castrate a horse. Prevention therefore lies in education of owners and adequate training of 

veterinarians62
,75. 

2.1.2.8 Penile Trauma 

Penile trauma including incisions into the corpus cavernosum penis or urethra and penile 
99amputation are unlikely complications of castration75
. . However, when lay persons or 

inexperienced veterinarians attempt to perform equine castration, these complications may 

be encountered75
,99. Damage to the penile fascia can result in paraphimosis and an 

99incision into the urethra may result in a urethral stricture or fistula62
. . 

2.1.2.9 Unaltered Stallion-like Behaviour 

Castration does not always eliminate objectionable stallion-like behaviour99 
. Geldings that 

display stallion-like behaviour are sometimes referred to as 'proud cut' or false rigs21 
,99. 

Alleged causes of false rigs include incomplete removal of epididymal tissue, heterotopic 

testicular tissue and production of high concentrations of androgens by the adrenal cortex 

and psychic causes. The epididymis contains no cells capable of producing androgens and 

therefore a portion left with the horse is probably incapable of causing stallion-like 

behaviour99 
. The presence of heterotopic testicular tissue in horses has not been 

demonstrated and the production of androgens by the adrenal cortex has never been 

shown to be responsible for stallion-like behaviour in geldings99
. One case however did 

suggest that remnants of the spermatic cord may contain testosterone-producing cells. 

Preoperatively, this horse had a history of routine castration, yet he demonstrated stallion

like behaviour and had resting levels of testosterone that were abnormally elevated for a 

gelding. Administration of HCG resulted in a two fold increase in the levels of baseline 

serum testosterone. On surgical exploration, no abdominal testicles were found. The 
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surgeon found considerable length of spermatic cord in both inguinal rings which were 

subsequently removed. Postoperatively, histological evaluation of the tissue removed found 

no tissue capable of producing testosterone. However this horse's stallion-like behaviour 

was eliminated postoperatively and follow-up baseline and HCG response testing indicated 

normal testosterone levels for a gelding. (Personal communication Dr S Palmer, New 

Jersey Clinic, New Jersey, PA). Objectionable stallion-like behaviour following castration is 

possibly psychic in origin and is part of the normal social interaction between horses99
. 

Continued stallion-like behaviour can occur following improper castration of a partial 

abdominal cryptorchid stallion21 ,99. Owners should be forewarned about the incidence of 

continued stallion-like behaviour following castration so that undeserved blame for 

performing an improper castration is avoided99 
. The excised testes and epididymes may 

be shown to the owner to eliminate the possibility of doubt by the owner that the horse was 

properly castrated in case the horse continues to show stallion-like behaviour99
. 

In this study, blood samples were taken to measure baseline serum testosterone levels 

before and after laparoscopic assisted testicular artery ligation. These results will be 

published at a later date in a separate publication. 

2.1.2.10 Fly Strike 

Fly strike is a possible complication after performing castration particularly in the warmer 

summer months. Prevention by regular application of a fly repellent around the wound and 

diligent wound care is essential102. 

 
 
 

http:2.1.2.10


21 


2.2 Laparoscopy 

2.2.1 Brief History of Laparoscopy 

Laparoscopy is the procedure that involves using a telescope to view the abdominopelvic 

cavity. Laparoscopy is derived from the Greek words, lapara, meaning flank and skopein, 

meaning to examineB6. The development of laparoscopic techniques in animals is 

historically unique. Unlike biomedical techniques, which were first perfected in animal 

subjects and later applied to humans, laparoscopy had its origins in human application46,B6. 

Only in the last decade have these techniques been applied to a wide variety of animal 

species for research, diagnostic evaluation and surgical procedures. The broad field of 

endoscopy of which laparoscopy is a specialised component, had its earliest beginnings 

with the light transmitter developed by Philip Bozzini in 1804. By the mid-1850s 

Desormeaux had developed an endoscope for examining the urinary bladder46. Jacobaeus 

is credited with the first use of the term laparoscopy to describe the technique of endoscopy 

in the peritoneal cavity46,Bo. Although Kelling did not use the term to refer to his own work, 

his earlier use of the techniques in dogs would establish him as the "father of veterinary 

laparoscopy" 46,BO,124. 

With the background of extensive human clinical studies, it has been relatively easy to 

adapt laparoscopic techniques for use in animals46,86. One of the first reports of 

laparoscopy in animals was conducted in dogs in the early 1900'S46,80.124. Oindoff (1920) 

reported on the successful development of endoscopic techniques in animals but did not 

specify the species used46, The increased desire in the 1950s and 1960s for a better 

understanding of reproductive function in animals stimulated interest in developing a means 

for directly observing the ovaries. In domestic animals, laparoscopy was first utilised in the 

cow by Goetzer (1926) and then by Leiss (1936) and Megale et a/ (1956)46. Ovulation in 

mares has been studied using laparoscopes inserted in the flank area. Additional 

descriptions of laparoscopic techniques for the use in the mare as well as the donkey were 

reported by Heinze et al (1972) and by Heinze and Klug (1973)46. 
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Uses of laparoscopic procedures are increasing in frequency, Refinement of techniques, 

advancement in instrumentation and increased experience are leading to even more 

widespread applications in human and veterinary medicine86, The number and variety of 

surgical procedures performed via laparoscopic guidance in horses have steadily increased 

during the 1990s and into the 21 sl century46,86. 

2.3 Laparoscopy and its Uses 

The laparoscopic technique involves the use of a rigid fibre optic telescope, called a 

laparoscope coupled to a light source and video imaging system for viewing40,46,56, 

Laparoscopic surgical technique is based on the principle of triangulation wherein the 

laparoscope and specialised laparoscopic instruments converge on the surgical site like the 

apex of a triangle38,40,46,56, Advances in laparoscopy have led to the development of many 

surgical techniques in humans that in general allow a shorter convalescence than the more 

conventional open approaches56, Examples of laparoscopic surgery in humans include, 

gall bladder excision, appendectomy; ovariohysterectomy, hernia repair, intestinal surgery, 

general diagnostic exploration and organ biopsies56, Laparoscopy in humans, equines, 

dogs, cats, birds and certain wildlife species has achieved international recognition as a 

proven surgical technique15,46,56,86, 

Laparoscopy in the equine has been used to perform various standing and recumbent 

procedures. Uses of laparoscopic procedures performed in the equine are many and 

include the following:

cryptorchidectomies1,27,40,41,44,46,54,56,57,58,88,115; ovariectomies28,31 ,40,46,50,53,56,78,80,85,87,94,95,105; 

ovariohysterectomy29,46, inguinal herniorrhaphy in stallionslcolts42,46.70; resection of umbilical 

structures in foals45,46; repair of ruptured bladders32,46,123; repair of scrotal hernias in 

foals46,65; repair of colonic and rectal tears14,46; colopexy16,46,111; adhesiolysis of intra

abdominal adhesions8,11,12,46.67; nephrectomy46,64; mesenteric rent repair46,109; closure of the 

renosplenic space46,69; aspiration of intra-abdominal abscesses46,86; organ biopsies46,86; 

management of post castration haemorrhage46,114,122; diagnosis of ischaemic necrosis of 

the descending colon46; diagnosis of subcapsular splenic haematoma46,72; diagnosis and 

management of uterine tears46; removal of uterine leiomyoma63; castration by in vivo 

ligation7.46,128; removal of cystic calculi6,46; for standing embryo transfer46; general 

abdominal exploration43,46 and as an aid in student teaching 10.46,48, 
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In a recent study a trial was performed on six intact pony stallions 128. The aim was to 

evaluate a laparoscopic method to castrate stallions. Under general anaesthetic they were 

placed in dorsal recumbency. One testis of each stallion was pulled into the abdominal 

cavity and removed. The vas deferens and testicular artery and vein of the testes were 

clamped, electrocauterised and ligated. These testes were left in place to undergo in situ 

destruction. Histologically, coagulative necrosis of the entire testis occurred128
. 

2.4 Advantages of Laparoscopy 

The advantages of laparoscopy include a relatively minimally invasive technique that can 

be done in standing or anaesthetised patients38,40,46,56,80. It has decreased morbidity 

allowing patients a rapid return to exercise38,4o,46,56,79. Once the necessary skills are 

mastered, procedures are relatively quick to perform, Standing laparoscopy has the 

advantage of not requiring general anaesthetic with its associated risks and extra 

expense40,46,56. 

2.5 Disadvantages of Laparoscopy 

The application of laparoscopic techniques in equine surgery has been more gradual8o. 

This is in part due to the expense of the required equipment, the skill level required to 

perform the procedures, limited training opportunities available for veterinary surgeons and 

physical limitations of equipment designed for use in man46,56,80. 

2.6 Complications of Laparoscopy 

Complications of laparoscopy are few, but need to be mentioned. Complications include 

the same complications in regular surgery as well as those more specific to laparoscopic 

surgeries40. 

Haemorrhage may occur at the portal sites, at the sites of biopsies, and at the sites of 

castration and ovariectomy30,40,46,86,103. Infection is rare at the portal sites or intra

abdominally46,103. Improper insertion of the trocar may cause damage to the viscera, the 

spleen and the left kidney30,40,46.103. Mild transient emphysema at the portal sites is not 
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uncommon and is usually self Iimiting76,103. Post operative abdominal discomfort occurs in 

a low percentage of cases. This discomfort may be as a result of the procedure performed, 

(e.g. ovariectomy) or the result of the insufflated carbon dioxide gas on the serosal surfaces 

of the intestines and the peritoneal cavity76,86,103. When carbon dioxide is used in the 

abdominal cavity it is converted to carbonic acid which can irritate the peritoneal 

surfaces68,86. Significant increases in cardiac work, end-tidal CO2 and calculated 

physiological shunt along with hypercapnia and acidosis have been reported after CO2 

pneumoperitoneum at 15mm Hg in dorsally recumbent, mechanically ventilated halothane 

anaesthetised healthy horses undergoing laparoscopy68. However pneumoperitoneum with 

CO2 during standing laparoscopy in healthy horses does not cause adverse alterations in 

cardiopulmonary, haemotological or plasma chemistry variables, but does induce a mild 

inflammatory response within the peritoneal cavity68. Retroperitoneal placement of 

insufflated gas is a complication which may force the surgeon to abort the procedure46,76. 

Diathermy injuries to adjacent intra-abdominal structures have been reported46,80. 

The presence of post operative pain, tachycardia, tachypnoea, anorexia, depression, fever 

or abdominal distension of horses following laparoscopic surgery, signals the presence of 

potential complications and must be investigated on an emergency basis46,80. 

Most of these complications can be avoided with careful attention to preoperative 

evaluation and intraoperative technique76
,80. Nonetheless, the advancement of equine 

laparoscopic surgery continues to develop in order to provide the same benefits of 

minimally-invasive surgery to horses that are enjoyed by their human counterparts80. 

2.7 Aims of th is Study 

Reported conventional techniques of castration in equids have potential life threatening 

complications and/or require general anaesthetic. The laparoscopic technique used in this 

study was developed in order to avoid the described complications. To date, no studies 

have been reported where ligation of the testicular artery alone, has been used to sterilise 

donkeys. The aim of this technique was to perform laparoscopic assisted intra-abdominal 

testicular artery ligation in order to cause avascular necrosis of the testes and thus 

destroying testicular tissue. 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 Subjects 

Twelve healthy entire male donkeys used in this study were acquired from the Department 

of Veterinary Tropical Diseases, Faculty of Veterinary Science, University of Pretoria, South 

Africa. The age of the donkeys ranged from 5 months to 13 years. Identification of the 

donkeys was by numbers previously branded on the hindquarters. Both the testes of the 

12 donkeys could be palpated distal to the superficial inguinal ring. The donkeys were 

randomly allocated into 6 groups of 2 donkeys as shown in Table 1. 

3.2 Husbandry Practices 

The donkeys were kept in open grass paddocks of the Department of Veterinary Tropical 

Diseases, University of Pretoria, South Africa where they were partaking in a helminthology 

trial. While in these paddocks the donkeys' feeding, watering and general care was the 

responsibility of the Department of Veterinary Tropical Diseases. Twenty-four hours prior 

to the surgical procedure being performed the donkeys were stabled in the outdoor open 

stalls belonging to the Department of Companion Animal Clinical Studies, Faculty of 

Veterinary Science, University of Pretoria, South Africa. The donkeys were fed with 

eragrostis teff and water was provided ad lib. All feed was withdrawn for a 12 hour period 

prior to surgery. Access to water was allowed ad lib up until the time of surgery. After the 

surgical procedure was completed the donkeys were kept in the outdoor open stalls of the 

Department of Companion Animal Clinical Studies where they were fed eragrostis teff and 

allowed access to water ad lib during the post-operative monitoring period until they were 

deemed fit to retum to the care of the Department of Veterinary Tropical Diseases. 
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3.3 Experimental Design 

Twelve healthy entire male donkeys were used in this study. Of the 12 donkeys used in 

this study, 10 donkeys underwent laparoscopic assisted intra-abdominal testicular artery 

ligation. Each of these ten donkeys was then unilaterally castrated on two separate 

occasions. The donkey's were castrated in lateral recumbency using an acceptable open 

castration technique. The initial unilateral castrations were performed at three week 

intervals. The second or final unilateral castration was performed on all ten donkeys on the 

same day 9 months after the first group of donkeys underwent laparoscopic assisted 

testicular artery ligation. 

The testes recovered after each castration procedure was placed in 10% buffered formalin. 

Histological sections of the testes and epididymes were prepared and evaluated by 

pathologists of the Department of Pathology, Faculty of Veterinary Science, University of 

Pretoria, South Africa. The two donkeys (Group 1) which were not subject to testicular 

artery ligation underwent bilateral castration, by means of an acceptable open castration 

technique. The testes from these donkeys were stored in 10% buffered formalin and 

histological sections of the testes and epididymes were prepared and evaluated by the 

same pathologists of the Department of Pathology, Faculty of Veterinary Science, 

University of Pretoria, South Africa. These histological sections of the normal testes were 

used as controls (Group 1). 

The Filshie clips (Figure 1) used for ligation of the testicular artery were recovered from all 

the donkeys that underwent laparoscopic assisted intra-abdominal testicular artery ligation. 

The Filshie clips were recovered either at post mortem or were retrieved laparoscopically 

(Table 2). The decision as to which donkey would be euthanased was taken by the 

Department of Veterinary Tropical Diseases, University of Pretoria, South Africa. 
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3.3.1 Pre-operative Procedures 

Twelve hours before commencement of surgery, all the donkeys underwent a complete 

physical examination and complete haematology counts were performed to establish 

clinical normality. The donkeys were fasted for twelve hours before surgery and ad lib 

water was allowed until the time of surgery. The donkeys were fasted to decrease the 

volume of the intestinal contents and consequently improve visualisation of the abdominal 

contents and limit the use of CO2 insufflation during the laparoscopic procedure. 

Premedication consisting of 1mt tetanus toxoid (Onderstepoort Biological Products, 

Pretoria, South Africa) administered intramuscularly, procaine penicillin at 20,000 iu/kg 

(Depocillin, Intervet, Spartan, South Africa) administered intramuscularly and 

phenylbutazone at 2.5 mg/kg (Phenylarthrite, Phenix, Logos AGvet, South Africa) was 

administered intravenously one hour prior to the surgical procedure. 

The donkeys were placed in stocks in the special procedures room of the Department of 

Companion Animal Clinical Studies, Faculty of Veterinary Science, University of Pretoria, 

South Africa. A sedative analgesic combination of detomidine hydrochloride 0.01 mg/kg 

bwt iv, (Domosedan, Ciba Geigy Pty Ltd) and butorphanol tartrate 0.025 mg/kg bwt iv, (Fort 

Dodge Animal Health, Fort Dodge, USA) was administered. 

The tail was tied to the stocks to keep it from entering the surgical field. The left and right 

paralumbar fossae were shaved and thoroughly scrubbed with chlorhexadine gluconate 

disinfectant soap (chlorhexadine gluconate 4g/100mt, ICI Pharmaceuticals, South Africa) 

and were sprayed with 1% povidone iodine (Betadine, Adcock Ingram Laboratories Ltd., 

Industria, Johannesburg, South Africa). The povidone iodine was removed by swabbing 

with sterile surgical swabs. This process was repeated three times with the last application 

not swabbed off. The surgical site was deemed asceptically prepared for the surgical 

procedure. The donkey was carefully draped with sterile surgical drapes to allow access to 

the left flank initially. The stocks on either side of the donkey were then draped with sterile 

surgical drapes to maintain an aseptic surgical field. 

Local anaesthesia Lidocaine 2%, (Centaur Laboratories, Johannesburg, South Africa) was 

infiltrated subcutaneously and intramuscularly in an inverted L pattern into the sites where 

the laparoscope and instrument portals were to be inserted. Approximately 10-15mt of 
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local anaesthetic was used per site. A 15mm long skin incision was made in the selected 

paralumbar fossa at the level of the ventral aspect of the tuber coxa and equidistant 

between the last rib and cranial border of the tuber coxa. A second 15mm long incision 

was made 50mm ventral to the first incision (Figure 3). A disposable 11 mm laparoscopic 

trocar-cannula with a 120mm working length and with a safety shield (Ethicon, Ethopath 

and Endosurgery, Johnson & Johnson Professional Products (Pty) Ltd, Halfway House, 

Johannesburg) was inserted through each skin incision and flank musculature into the 

peritoneal cavity. The guarded trocar-cannula was placed through the skin incisions into 

the peritoneal cavity in a slightly downward and caudal direction. Presence of the cannula 

in the peritoneal space was confirmed with the sound of air entering the abdomen. The 

trocar from the ventral portal was removed and replaced by a 10mm laparoscope (Karl 

Storz, GmbH & Co. KG, MittelstraP.,e 8, Tuttlingen, Germany) with a 0° viewing angle and 

central instrument portal. The laparoscope was then connected to a video imaging camera 

(Karl Storz, GmbH & Co. KG, MittelstraP.,e 8, Tuttlingen, Germany) and 300 Watt Xenon 

light source (Richard Wolf, Pforzheimer StraP.,e 32, Knittlingen, Germany) which were 

stationed in direct line of sight of the surgeon and the surgeon's assistant. If visualisation 

was inadequate, CO2 gas was used to insufflate the abdomen (flow rate, 0,5t per minute) to 

a pressure between 10-15 mm Hg through an insufflator (Wolf 2146 CO2 pneu-automat) 

connected by silastic tubing to the stopcock on the laparoscopic cannula. 

The testicular artery was identified and visualised running ventrally over the inner lumbar 

muscles and along the lateral peritoneal wall in the proximal mesorchium to the internal 

inguinal ring. A laparoscopic atraumatic grasping forceps was inserted into the abdomen 

via the central instrument port of the laparoscope. The testicular artery was firmly grasped 

with the atraumatic grasping forceps. A loaded Filshie clip applicator (Femcare, Unit A2, 

Millennium Way East, Nottingham, United Kingdom) (Figure 2) was inserted through the 

dorsal instrument portal. The testicular artery was then firmly held by the atraumatic 

grasping forceps and was then ligated by application of the Filshie clip (Figure 4). 

Once the Filshie clip was applied to the testiCUlar artery, the Filshie clip applicator was 

removed from the dorsal instrument portal. The testicular artery was then visualised to 

ascertain if the Filshie clip had been correctly placed over the testicular artery. (Figure 5). 

Once the surgeon was satisfied that the testicular artery was completely ligated the 

laparoscope and grasping forceps were removed from the ventral portal. If CO2 gas was 
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present in the abdomen it was allowed to escape via the two portal cannulas. The portal 

cannulas were then removed. The wounds were closed in a single layer in a simple 

interrupted suture pattern with 2/0 synthetic monofilament non-absorbable suture material 

(Ethicon, Ethopath and Endosurgery, Johnson & Johnson Professional Products (Pty) Ltd, 

Halfway House, Johannesburg) in the skin. The identical procedure was then repeated on 

the opposite side. 

Unilateral castration of the ten donkeys that underwent laparoscopic testicular artery 

ligation was performed using an acceptable open technique on two separate occasions 

(Table 3). The first testes were removed at a specific time period after testicular artery 

ligation, while the second testes were all removed on the same day 9 months after the first 

group of donkeys underwent laparoscopic assisted testicular artery ligation. These intervals 

were chosen to monitor the rate at which the testes would undergo ischaemic necrosis. 

The testes of the two donkeys (Group 1) which did not undergo testicular artery ligation 

were removed using a single acceptable bilateral open castration technique. These testes 

were used as controls. All the testes removed, excluding the one testis lost to the study, 

were evaluated histologically. 

3.4 Post-Operative Care 

The donkeys were returned to the outdoor open stalls belonging to the Department of 

Companion Animal Clinical Studies, Faculty of Veterinary Science, University of Pretoria, 

South Africa after surgery where they had immediate access to erograstis teff and water ad 

lib. The donkey's vital signs which included general habitus, temperature, heart rate, 

respiratory rate and capillary refill time were monitored twice daily for a five day period. 

The donkeys were also observed for any signs of abdominal pain. The surgical wounds 

were checked for any swelling, subcutaneous emphysema, haemorrhage and infection. If 

no complications were encountered, the donkeys were returned into the care of the 

Department of Veterinary Tropical Diseases, Faculty of Veterinary Science, University of 

Pretoria, South Africa. Suture removal from the wound sites was performed at the 

Department of Veterinary Tropical Disease fourteen days post-operatively. All procedures 

performed on the subjects in this trial were approved by the Ethics Committee of the 

Faculty of Veterinary Science, University of Pretoria, South Africa. 
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CHAPTER 4 

RESULTS 

Laparoscopic assisted intra-abdominal testicular artery ligation was performed on ten entire 

healthy male donkeys in this trial. The donkeys' ages ranged from 5 months to 13 years. 

The procedure was relatively simple and quick to perform. Surgical time of unilateral 

laparoscopic testicular artery ligation varied from 12 to 32 minutes with a mean of 22 

minutes. The testicular artery was clearly visualised on the dorsal aspect of the peritoneal 

cavity, whereas in contrast, visualisation of the testicular artery close to the lateral 

peritoneal wall and inguinal opening was impaired owing to numerous folds in the 

mesorchium. For this reason it was decided to ligate the testicular artery with the Filshie 

clip at the more dorsal aspect of the peritoneal cavity where visualisation of the testicular 

artery was superior. 

Abdominal insufflation with CO2 gas to aid in visualisation and ligation of the testicular 

artery was only required in donkey 14. 

One major complication was encountered during the laparoscopic procedure when the left 

dorsal colon of donkey 3 was perforated by the trocar. Perforation of the viscera occurred 

as a result of the incorrect technique used in the placement of the disposable guarded 

trocar-cannula system. The technique of trocar-cannula placement was reviewed and was 

subsequently corrected. This donkey was treated in the event of a possible peritonitis 

developing as a result of the perforation of the viscera. The donkey was treated with 

procaine penicillin (Depocillin, Intervet, Spartan, South Africa) administered intramuscularly 

at 20,000 iu/kg twice daily and gentamicin (Genta 50, Phenix, Logos AGvet, South Africa) 

6.6 mg/kg intravenously once daily for a period of seven days post-operatively. Donkey 3 

remained moderately depressed for four days after which it returned to normal health. 

Unfortunately this same donkey 3 died five days after being returned to the Department of 

Veterinary Tropical Diseases, University of Pretoria, South Africa. A diagnosis of acute 

babesiosis was made at post mortem. Signs of a resolving peritonitis were visible at post 

mortem. Both Filshie clips and testes of donkey 3 were recovered at post mortem and 
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were placed in 10% buffered formalin. 

In three of the donkeys 9, 11 and 14 signs of subcutaneous emphysema was observed 

around the wound sites. This was of little consequence and resolved without treatment 

within four days. All incisions healed by first intention. Cosmetic appearance of the incisions 

was excellent. 

Abdominal discomfort was noted in all the donkeys on application of the Filshie clip to the 

testicular artery. This discomfort was transient and no additional analgesia was required. 

Similar discomfort has been reported in women who have undergone laparoscopic tubal 

ligation with application of Filshie Cli pS4,34,37, To avoid this discomfort, human surgeons 

applied lidocaine gel to the Filshie clips before tubal ligation was performed. These 

patients were more comfortable one hour post operatively than those patients where no 

lidocaine gel was applied to the Filshie clips34. Due to this time delay and the transient 

nature of the discomfort, it was decided not to use the lidocaine gel in this study. This 

discomfort is thought to be the result of the pressure applied to the testicular artery34,37, 

No abdominal pain or discomfort was observed post operatively in any of the surgical cases 

including donkey 3 which had experienced the visceral perforation or donkey 14 in which 

abdominal insufflation with CO2 gas was required. 

A total of 23 testes were recovered from the 12 donkeys. The right testis of donkey 22 was 

lost to the study. This donkey died of acute heart failure two months after laparoscopic 

testicular artery ligation. The acute heart failure was diagnosed at post mortem and was 

unrelated to the surgical procedure, Unfortunately the right testis was mislaid at post 

mortem. 

At necropsy, the testes of donkeys 2 and 4 (controls Group 1), donkey 9 and the right testis 

of donkey 8 were firm and resilient on palpation and were macroscopically pinkish in colour. 

The testes of the remaining donkeys had a doughy consistency with little resilience on 

palpation. Macroscopically they were yellowish with a pale centre. 
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The testes of donkeys 2 and 4 in group 1 were used as a control. The 4 testes from these 

2 donkeys had histologically normal seminiferous epithelium with spermatids present and 

the epididymes in these testes were full of spermatozoa (Table 4). 

Histological findings of both testes of donkey 1 and 11, the left testis of donkey 22 and the 

right testis of donkey 20, revealed the seminiferous tubules in varying stages of ischaemic 

necrosis, degeneration and fibrosis (Table 4). 

The left and right testes of donkey 31, the right testis of donkey 14 and the left testis of 

donkey 25 showed histologically moderate diffuse testicular degeneration and atrophy with 

areas of intertubular connective tissue (Table 4). 

The left testis of donkey 14 and right testis of donkey 25 showed histologically that 

testicular atrophy was present, with 60% of the tubules undergoing degeneration and the 

remaining tubules still active. In donkey 8, the left testis showed locally extensive testicular 

degeneration with 70% of the tubules undergoing degeneration with the remaining tubules 

still active. Both the testes of donkey 9 and the right testis of donkey 8 were histologically 

normal. 

In summary, seven testes, the left and right testes of donkey 1, the left testis of donkey 3, 

the left and right testis of donkey 11, the right testis of donkey 20 and the left testis of 

donkey 22 showed signs that could be attributable to ischaemic necrosis. Six testes, the 

right testis of donkey 3, the right testis of donkey 14, the left testis of donkey 20, the left 

testes of donkey 25 and the left and right testes of donkey 31 showed seminiferous tubules 

in varying stages of degeneration and atrophy with some intertubular fibrous connective 

tissue. Three testes, the left testis of donkey 8, the left testis of donkey 14 and the right 

testis of donkey 25 showed 60-70% of seminiferous tubular atrophy with some active 

tubules remaining. Three testes, the right testis of donkey 8 and the left and right testes of 

donkey 9 showed no abnormalities and were histologically normal. The contents of the 

epididymes of the testes varied from being empty to some containing spermatozoa while 

others contained some proteinaceous debris (Table 4). 
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To summarise further, 68.4% the testes that underwent testicular artery ligation showed 

signs of ischaemic necrosis and atrophy, 15.8% showed signs of atrophy and degeneration 

with some normal testicular tissue still present, while the remaining 15.8% were normal. 

Two donkeys, 8 and 14 exhibited signs of unaltered masculine-like behaviour. This 

behaviour was noted when the female donkeys were re-introduced to the neighbouring 

paddocks three months after testicular artery ligation had been performed. 

All the Filshie clips were recovered from the donkeys that underwent the laparoscopic 

testicular artery ligation. The Filshie clips were either recovered at post mortem or by 

laparoscopic means. There was no evidence of any Filshie clip migration in any of the 

donkeys. There were no signs of any adverse reactions in the proximity of any of the 

Filshie clips. Macroscopically it was evident in the case of donkey 9 that the testicular 

artery on both the left and right side had not been ligated in their entirety. On close 

examination of the Filshie clips in donkey 9, a portion of the testicular artery was visibly 

protruding from the edge of the closed Filshie clip and as a result the testicular artery was 

not completely occluded. In no other cases was this macroscopically evident. An attempt 

was made to perform a histological examination of the tissue clamped within the Filshie 

clips. This however proved unsuccessful and we were unable to ascertain if the testicular 

artery in all the remaining cases had been completely ligated. 
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Table 1: Experimental Donkeys 

I 

Group No. Donkey No. Age (years) Weight (kgs) I 

1. 2 2.5 125 I 

4 5 148 
I 

2. 9 1.5 136 

20 3 164 

3. 8 4 146 j 

22 13 126 I 

I 
4. 1 0.5 90 

11 1.5 168 
5. 3 6 180 

25 3 122 
I 6. 14 13 162 

31 1.5 120 
Mean 4.71 140.58 

Standard Deviation 4.63 25.59 

Median 3.00 141.00 
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Table 2: Time and Method of Filshie Clip Removal 

Group No. Donkey No. Months post artery ligation 
removal 

Method of Filshie clip 
removal 

1. (Control 
Group) 

2 - -

14 - -
2. 9 19 post mortem 

I 

20 18 post mortem 

3. 8 16 laparoscopically 
• 

22 20 post mortem 

4. 1 20 laparoscopically 

11 20 laparoscopically 

5. 3 0.3 post mortem 

25 19 post mortem 

6. 14 18.5 post mortem 

31 20 laparoscopically 
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Table 3: Time period between Laparoscopy and Testicular Removal 

Group No. Donkey No. Left testis Right testis 

1. (Control 
Group) 

2 - -

4 - -

• 2. 9 223 days 7 days 

20 7 days 223 days 

3. 8 218 days 21 days 

22 21 days *
4. 1 42 days 218 days 

11 42 days 218 days 

5. 3 10 days 10 days 

25 84 days 194 days 

6. 14 194 days 117 days 

31 194 days 117 days 

Mean 103.5 125 

Standard Deviation 92.242 93.378 

Median 63 117 

Overall there is no difference between the left and right testes and the time at which the testes were 
removed 
* = missing testis 

Note: The decision as to which testes were removed at the initial castration depended on 

which side the donkey presented when cast during the open castration procedure Le. the 

uppermost testis was removed (e.g. if donkey lay on left side, right testis was removed and 

vice versa). 
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Table 4: Histopathological Findings of the Testes and Epididymes 

Group No. Donkey No. Left testis findings Right testis findings 

1. (Control 
Group) 

2 Seminiferous epithelium and 
spermatids were present 

- Epididymis was full of spermatozoa 

- Seminiferous epithelium and spermatids 
were present 

- Epididymis was full of spermatozoa 

I 
I 

4 - Seminiferous epithelium and 
spermatids were present 

- Seminiferous epithelium and spermatids 
were present 

- Epididymis was full of spermatozoa - Epididymis was full of spermatozoa 

2. 9 

20 

- Seminiferous epithelium and 
spermatids were present 

- E~ididymis was full of iWermatozoa 

- Diffuse but variable 
degeneration/atrophy of seminiferous 
tubules with mUltinucleate cells in 
lumen and no spermatids 

- Epididymis contained spermatozoa 

- Seminiferous epithelium and spermatids 
were present 

- Epididymis was full of spermatozoa 

- Seminiferous tubules in varying stages of 
ischaemic necrosis and 
degeneration/atrophy 

- Epididymis contained masses of cellular 
debris 

3. 8 Locally extensive testicular 
degeneration present 

- 70% of tubules underwent 
degeneration, the remainder were 
active 

- Seminiferous epithelium and spermatids 
were present 

- Focal lymphoid aggregate present 

- Epididymis full of spermatozoa 

22 - Testis was barely identifiable 

- Seminiferous tubules replaced by 
fibrous connective tissue 

- Not recovered 

- Epididymis contained proteinaceous 
debris 

4. 

5. 

1 

11 

3 

- Seminiferous tubules were in varying 
stages of ischaemic necrosis and 
degeneration/atrophy 

- Diffuse testicular atrophy composed of 
shrunken inactive seminiferous tubules 

- Epididymis contained spermatids 

- Multifocal segmental to global tubular 
coagulative necrosis and testicular 
degeneration were present 

- Epididymis contained spermatids and 
necrotic debris 

- Testicular necrOSis, degeneration and 
fibrosis were present 

- Areas of fibrosis contained pigment-laden 
macrophages 

- Epididymis contained few degenerate 
spermatozoa 

- Testicular atrophy with areas of fibrosis 
and degenerating tubules were present 

- Epididymis contained occasional 
spermatozoa 

- Diffuse testicular degeneration and fibrosis 
were present 

Occasional tubules contained spermatids 
however they appeared degenerate 

25 - Scattered degenerated atrophic 
seminiferous tubules with patchy 
increase intertubular connective tissue 
were present 

- Epididymis contained spermatozoa 

- Some testicular degeneration was present 

- 60% of tubules were undergoing 
degeneration, the remainder were active 

- Epididymis contained spermatozoa 

6. 14 - Testicular atrophy was present 

- 60% of tubules were undergoing 
degeneration, the remaining tubules 
were active 

Focal lymphoid aggregate was present 

- Epididymis contained spermatozoa 

Testicular atrophy with areas of fibrosis, 
haemorrhage and degenerating tubules 
were present 

- Lymphoid aggregates were present 

- Epididymis contained a few spermatozoa 

31 - Moderate diffuse testicular 
degeneration was present 

- Epididymis contained spermatids and 
cellular debris 

-

Diffuse testicular degeneration was 
present 

Epididymis contained spermatids 
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CHAPTER 5 

DISCUSSION 

The primary aim of this study was to determine if laparoscopically assisted intra-abdominal 

testicular ligation would result in avascular necrosis of the testicular tissue in donkeys, and 

if so, could this method be an option to replace the more conventional castration 

techniques. 

To date, no studies have been reported where testicular artery ligation alone has been 

performed to cause avascular necrosis of the testicular tissue in equids. In two studies the 

testicular artery and vein and vas deferens were electrocauterised and sharply divided and 

the testes left in situ to undergo avascular necrosis7
,12B. In a third study, the spermatic cord 

was crushed and double ligated and the testes left in situ to undergo avascular necrosis33 
. 

In a fourth study, a double ligation of the mesorchium was performed without transection 

leaving the testes in situ to necrose124
. The results of the studies were conflicting. In the 

first study, all the testes left to undergo in situ avascular necrosis were examined 

histologically which confirmed avascular necrosis of the testicular tissues of all the testes. 

In addition, baseline and stimulated testosterone concentrations were consistent with 

castration128. However, in the second study despite cauterisation and transection of the 

testicular artery and vein and vas deferens, the testis left to undergo avascular necrosis 

was examined histologically twelve months later and found to have mild degeneration. On 

gross examination, half the testis appeared normal whereas the other half was of irregular 

shape7
. Baseline and stimulated testosterone concentration were in this case consistent 

with the presence of viable testicular tissue. The survival of testicular tissue in this case 

was attributed to peritesticular angiogenesis before testicular necrosis was complete 

resulting in revasculisation of the testicular tissue and subsequent testosterone production7
. 

In the third study the testes were not studied histologically but testicular size and 

testosterone levels were measured. In this study testosterone levels declined rapidly while 

testes gradually atrophied33
. In the fourth study, success was measured by baseline and 

stimulated testosterone concentrations. A small failure rate was seen in clinical cases until 

the ductus deferens was included in the ligature 124. The difference in the results between 

the two studies where the testicular artery and testicular vein and the vas deferens were 
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electrocauterised and sharply divided and the testes left in situ to undergo avascular 

necrosis could possibly be attributed to the anatomical position of the testes. In the first 

study where the surgery was performed on six entire ponies, all the testes were in normal 

position in the scrotum. However, in the second study, the testis left in situ to undergo 

avascular necrosis was situated proximally in the inguinal canal and was not manually 

palpable7
. The inguinal canal area appears more vascular than the scrotal sac, which may 

have attributed to the peritesticular angiogenesis which occurred in this single testis. The 

testes in the third study where the spermatic cord was crushed and double ligated were 

also in the normal anatomical position in the scrotum. The position of the testes in the 

fourth study was not stipulated. All the testes in the donkeys used in this study were also in 

the normal anatomical position within the scrotum. 

The results in this study support the results found in the first, third and fourth studies (as 

described above). Seven of the 19 testes in this study showed ischaemic necrosis of the 

entire testicular tissue upon histological examination. A further six testes showed 

seminiferous tubules in varying stages of degeneration and atrophy with some intertubular 

fibrous connective tissue present with no signs of normal testicular tissue present. These 

histological changes of ischaemic necrosis, degeneration and atrophy of the seminiferous 

tubules were in our opinion caused by ligation of the testicular artery. However, three of 

the testes showed only partial (60-70%) degeneration of the seminiferous tubules leaving a 

percentage of the remaining testicular tissue viable. The presence of viable testicular 

tissue in these cases could be attributed to one of the following; incorrect Filshie clip 

application (i.e. technique failure), revascularisation by collateral blood supply, 

recanulisation of the testicular artery or angiogenesis by peritesticular tissue. 

Macroscopically these testes were soft and doughy on palpation and yellow and pale in 

colour. In this study, blood samples were taken to measure baseline serum testosterone 

levels before and after laparoscopic assisted testicular artery Ugation. For the purpose of 

the Masters Degree, blood results were not required but are the subject of a separate 

article to be published at a later date. 

The left and right testes of donkey 9 and the right testis of donkey 8 were histologically 

identical to the control donkeys 2 and 4 and were thus considered normal. In donkey 9 it 

was confirmed on macroscopic examination of the Filshie clips that bilateral testicUlar artery 

ligation was unsuccessful. On close examination of the Filshie clips in donkey 9 a portion 
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of the testicular artery was visibly protruding from the edge of the closed Filshie clip and as 

a result the testicular artery was not completely occluded. This donkey was one of the first 

in which the procedure was performed and probably lack of experience in the procedure 

resulted in this failure. The failure of the right testis in donkey 8 to undergo avascular 

necrosis degeneration and atrophy was probably also due to technique failure. This 

however, could not be confirmed on macroscopic examination of the Filshie clip and its 

contents. Macroscopically these testes were firm and resilient on palpation and pinkish in 

colour. 

The time period that the testes were left in situ did not appear to playa significant role in 

the avascular necrosis or the possible revasculisation for example: in donkeys 1 and 11 the 

left testis were removed at 42 days post testicular artery ligation and the right testis at 218 

days post testicular artery ligation but the histological results of all four testes were 

identical. In the case of donkey 20, the left testis was removed 7 days post testicular artery 

ligation and showed diffuse but variable degeneration and atrophy of the seminiferous 

tubules while the right testis which was removed at 223 days post testicular artery ligation 

showed varying stages of ischaemic necrosis and degeneration. In the case of donkey 25, 

the left testis which was removed at 84 days post testicular artery ligation showed scattered 

degenerated atrophic seminiferous tubules, while the right testis which was removed at 194 

days post testicular artery ligation showed only 60% of tubules were undergoing 

degeneration. 

The laparoscopic technique used in this study shows promise as an alternative to the more 

conventional castration techniques. However, further research is required before the 

technique can be recommended for use in equine practice. This research should include a 

larger number of subjects, preferably colts and/or stallions. A modification to the technique 

using a double ligation method or double ligation and transection should be considered. In 

addition to histopathology of the testicular tissue, baseline and stimulated testosterone 

concentrations should be measured. Modification to the technique would however increase 

the time and expense of the surgery but if successful, these modifications would outweigh 

the possible complications associated with conventional castration methods. 

The use of this technique in the cryptorchid case is a possibility in the future. Further 

research comparing laparoscopically assisted testicular artery ligation in abdominal and 
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inguinal cryptorchids would be an interesting study. 

A disadvantage of this technique is the visible and palpable dysfunctional testicular 

remnants retained in the scrotum. These remnants may be mistaken for testicular tissue by 

uninformed persons. 

Two of the donkeys in this study showed unaltered masculine-like behaviour. This has 

been seen in horses castrated by more conventional techniques and may be attributed to 

normal psychic behaviour or the presence of viable testicular tissue. 

Although greater costs and advanced expertise are required for this technique, these 

factors outweigh the risks associated with the more conventional castration techniques. 

Due to the variability in data and the low numbers of subjects used, this study does not lend 

itself to statistical analysis. For this reason, only descriptive statistics have been used. 
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of the testicular artery was visibly protruding from the edge of the closed Filshie clip and as 

a result the testicular artery was not completely occluded. This donkey was one of the first 

in which the procedure was performed and probably lack of experience in the procedure 

resulted in this failure. The failure of the right testis in donkey 8 to undergo avascular 

necrosis degeneration and atrophy was probably also due to technique failure. This 

however, could not be confirmed on macroscopic examination of the Filshie clip and its 

contents. Macroscopically these testes were firm and resilient on palpation and pinkish in 

colour. 
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identical. In the case of donkey 20, the left testis was removed 7 days post testicular artery 

ligation and showed diffuse but variable degeneration and atrophy of the seminiferous 

tubules while the right testis which was removed at 223 days post testicular artery ligation 
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inguinal cryptorchids would be an interesting study. 

A disadvantage of this technique is the visible and palpable dysfunctional testicular 

remnants retained in the scrotum. These remnants may be mistaken for testicular tissue by 

uninformed persons. 

Two of the donkeys in this study showed unaltered masculine-like behaviour. This has 

been seen in horses castrated by more conventional techniques and may be attributed to 

normal psychic behaviour or the presence of viable testicular tissue. 

Although greater costs and advanced expertise are required for this technique, these 

factors outweigh the risks associated with the more conventional castration techniques. 

Due to the variability in data and the low numbers of subjects used, this study does not lend 

itself to statistical analysis. For this reason, only descriptive statistics have been used. 
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CHAPTER 6 

CONCLUSIONS 

The laparoscopic assisted intra-abdominal testicular artery ligation method used in this 

study was relatively quick (mean 22 minutes) and simple to perform. Minimal intraoperative 

and post operative complications were encountered. Post operative discomfort was 

minimal and recovery was rapid and uncomplicated resulting in early return to normal 

exercise. The cosmetic outcome was excellent. 

The Filshie clips used to ligate the testicular artery, when correctly placed resulted in 

complete occlusion of the artery. No adverse tissue reaction was noted in the proximity of 

the Filshie clips and no migration of the Filshie clips was noted in any of the donkeys. The 

Filshie clips were considered an excellent choice for this procedure. 

Ligation of the testicular artery alone in order to cause avascular necrosis of the testicular 

tissue was successful in the majority of the donkeys. However, there is a high rate of 

failure (±32%) of this laparoscopic technique. For a sterilisation procedure, a 68% success 

rate is unacceptable. Considering the results in this study it was concluded that this 

method shows promise as an alternative to the more conventional castration techniques. 

The method itself should be modified prior to performing another study using the same 

technique in a larger study group. There is still uncertainty with regard to leaving the testes 

in situ after testicular artery ligation. Further research is needed before this method can be 

recommended for use in equine practice. 

Presently, if a laparoscopic castration method was elected, ligation of the testicular arteries, 

testicular veins and vas deferens and removal of the testes in their entirety would be, in the 

author's opinion, the method of choice. 
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