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Summary: This paper describes a retrospective study of 34 mares which had been subjected to surgical elective ovariectomy using a standing 
laparotomy technique by two experienced veterinary surgeons at 13 different equine clinics in the Netherlands over a 9-year period (2010–
2018). Of the 34 mares that underwent surgery, 74 % (25/34) were Warmbloods. Fifty-nine percent (20/34) had a mass in the right ovary 
and 41% in the left ovary. The primary presenting signs were behavioural and fertility issues. The mean age of the horses was 10 years (5–18 
years). The procedure was performed in stocks with continuous infusion sedation and analgesia. Prior to surgery the horses routinely received 
antibiotics and non-steroidal anti-inflammatory drugs (NSAID’s). The surgical site was anaesthetized using an inverted L-block. The paracostal 
incision was performed in a “grid- or partial grid” fashion. The length of the incision varied from 15–30 cm depending on the size of the mass. 
The affected ovary was manoeuvred into the laparotomy wound and the ovarian pedicle was infiltrated with local anaesthetic solution. Shortly 
thereafter the pedicle was crushed with an emasculator and ligated with absorbable suture material. The ovarian mass was removed and the 
stump inspected for bleeding prior to wound closure in separate layers. The mares remained hospitalized for between 5 and 7 days. The mean 
diameter of the operated ovaries was 18.5 cm (10–25 cm). Surgical pathology was not always carried out but almost all cases showed a typical 
granulosa (theca) cell tumour (GCT) appearance and subsequent pathology, in 3 cases, confirmed that diagnosis. All laparotomy wounds 
healed per primam with only minor postoperative complications (seroma) and no further complications were reported over the following 3 
months; all horses returned to their normal activity. Ovariectomy via a standing flank laparotomy is a relative safe, basic, straightforward and 
economic surgical procedure for the removal of pathologically enlarged ovaries. The procedure requires only restraint, sedation and local 
anaesthesia with standard, non-specialized instruments. This approach can be considered as a viable and effective surgical option.
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Introduction

Historically, surgical techniques for ovariectomy, including 
standing colpotomy or flank laparotomy and flank, ventral 
or paramedian approaches under general anaesthesia, have 
been described (Trotter and Embertson 1992). Over the past 
decade minimally invasive surgery has become more appli-
cable in both human and veterinary medicine. Equine lapa-
roscopy was first reported in 1970 (Hendrickson 2012) and 
is the standard approach to modern surgical ovariectomy in 
mares (Caron 2012, Hendrickson 2012, Philips 2012). Some 
of the older techniques are also used in combination with 
laparoscopy (de Bont et al. 2010, Caron 2012, Colbath et 
al. 2017, Cokelaere et al. 2005, Farstvedt and Hendrickson 
2005, Goodin et al. 2011, Hendrikson 2012, Kummer et al. 
2010, Lund et al. 2014, Röcken et al. 2011, Smith and Devine 
2013, Tate at al. 2012, Vitte et al. 2014). The choice of sur-
gical technique is usually based on the size of the enlarged 
ovary, the temperament of the mare, the surgeon’s preference 
and the available surgical equipment (Goodin et al. 2011). 
The “old-fashioned” flank laparotomy in a standing horse is 
a basic, straight forward surgical procedure with relatively 
limited costs and is therefore a reasonable alternative to the 
laparoscopic option (Maurice 2005). This retrospective study 
describes the surgical procedure and outcome of standing 
flank ovariectomy approach in 34 mares carried out by two 
veterinarians in 13 equine clinics in the Netherlands, to de-
termine whether this technique is a serious option to consider. 

Materials and methods

Case records from a number of practices relating to cases 
subjected to standing ovariectomy by two veterinary sur-
geons between 2010 and 2018 in 13 different practices in 
the Netherlands were studied. Thirty-four mares fulfilled the 
inclusion criteria. The stated indications for surgery included 
behavioural problems (stallion-like behaviour, aggression), 
fertility issues (abnormal estrus cycle, impaired fertilization), 
hind limb lameness and recurrent or persistent abdominal 
pain. The tentative diagnosis of the ovarian mass was made 
by repeated rectal palpation (to establish which ovary was 
involved and the size and nature of the ovary) in combination 
with ultrasonography. Prior to surgery all cases had been sub-
jected to routine clinical evaluation and in some cases rou-
tine hematologic profiles. Additionally, serum hormone assays 
(testosterone, oestrogen, inhibin and anti-müllerian hormone 
(AMH) were performed in 4 cases. The more specific diagno-
sis was generally made by the macroscopic appearance of the 
ovarian mass after removal. Histopathologic examination of 
ovarian tissue was performed in 3 cases only.

Surgical technique

Patients ware fasted for 24 hours prior to surgery, restrained in 
stocks and the flank was clipped and disinfected. A 12 gauge 
catheter (Intraflon™) was placed in the jugular vein under asep-
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pony, 1 Quarter horse, 1 Friesian x Arabian horse and 1 Ara-
bian horse were operated. The right ovary was affected in 
59 % (n=20) of the mares and 41 % (n=14) involved the left 
ovary. No mare required a bilateral procedure. The mean age 
of the mares was (5 to 18 years); the age of 5 horses was 
unknown. The mean size of the ovaries removed was 18.5 cm 
(10  – 25 cm); the size of the ovary was not known in 8 cases. 
Unfortunately, this was not registered in the patient file.

Surgical pathology was only preformed in 3 cases for a  
variety of reasons with cost, being the most important and  
frequent reason. A definitive diagnosis regarding the ova-
ries was therefore not established in most cases; in 28 cases 
(82 %) a granulosa (theca) cell tumour (GCT) was suspected 
(Fig. 1) based on the characteristic gross pathology. In 2 cases 
a hematoma and in 1 case a teratoma was suspected based 
on the appearance of the ovary. In 6 mares the affected ovary 
was drained intra-abdominally prior to removal to facilitate 
the delivery of the ovary into the surgical site.

The size of the surgical incision depended on the size of the 
ovarian mass and varied from 15–30 cm. The surgery time 
varied from 45–100 minutes. The most important factors af-
fecting the surgical time were the size of the tumour and the 
consequent size of the wound and the extent of manipula-
tion required to manoeuvre large ovaries into the wound. In 
a few cases the external abdominal oblique muscle had to 
be partially dissected to gain a better access to remove the 
ovary mass. In some cases the moment of exteriorization of 
the ovary mass gave some reaction. Only 2 horses devel-
oped a seroma at the surgical site; only one mare required 
the wound to be drained. In both of these cases the wounds 
healed without further problems. Wound infection or dehis-
cence of the wound did not occur in any of the cases (Table 
1). Some horses had a slightly elevated rectal temperature 
(< 38.5 ̊C) for 1 or 2 days. Most of the horses recovered 
their full performance following the procedure and some 
had multiple foals thereafter. 

The costs, in the Netherlands, of the surgical procedure varied 
between €1000 – €1200.

tic conditions. Preoperative medication included penicillin-pro-
caine1 (15 mg/kg IM), gentamicin1 (6.6 mg/kg IV) and flunixin 
meglumine¹ (1mg/kg IV). The horses were pre-medicated with 
detomedine1 (10 µg/kg IV) and butorphanol1 (0.02 mg/kg IV), 
followed by continuous rate infusion of detomedine and butor-
phanol in an average dose of 0.3 µg/kg/min and 10–15 µg/
kg/min respectively (Hubbell 2009). The flank was anaesthe-
tized using an inverted L-block with approximately 60 ml of pro-
caine hydrochloride with adrenaline tartrate1. 

A paracostal incision was made through the skin and subcutis; 
the length of the incision was adapted to the estimated overall 
size of ovary (15–30 cm). The external and internal abdominal 
oblique muscle and transverse abdominal muscle were split in 
the direction of their fibres (“grid-technique”). In a few cases a 
“partial grid technique” was performed in which the external ab-
dominal oblique muscle had to be partially dissected. The peri-
toneum was perforated bluntly to gain entry into the abdomen. 

Where a large cyst was identified in the affected ovary this was 
punctured intra-abdominally prior to removal with a 12 gauge 
needle and the fluid drained via a silicone tube. The affected 
ovary was manoeuvred into the incision site and the pedicle of 
the ovary and parts of the mesosalpinx and mesovarium were 
locally infiltrated with 20 ml of procaine hydrochloride solu-
tion with adrenaline1. The pedicle was then crushed with an 
emasculator and ligated with polyglycolic acid USP 5/USP 6  
. Where a large mass was present the pedicle was divided 
and separately crushed and ligated consecutively. After the 
ovarian mass was removed the remaining stump was carefully 
checked for bleeding. 

The abdominal muscle incision was closed in 3 layers sepa-
rately with simple interrupted sutures using polyglactine 910 
USP 2, the subcutis was closed in a continues pattern with 
polyglactin 910 USP 2–0 and the skin sutured intradermally 
also with polyglactin 910 USP 2–0 or with simple interrupted 
sutures using nylon USP 0, to the preference of the surgeon. 

Post-operative management and follow up

The horses were confined to a stable at the clinic for approxi-
mately 5–7 days. Gentamicin (6.6 mg/kg IV) and benzyl peni-
cillin-procaine1 (15 mg/kg IM) were administered routinely for 
three days. Meloxicam1 (0.6 mg/kg) was administered for ap-
proximately one week post-surgery depending on the wound 
condition, the post-operative pain response and the overall 
condition of the horse. The wound and rectal temperature 
were daily checked by a veterinarian at the concerned clinic. If 
required, the skin sutures were removed 10 days post-opera-
tive at the owners premises. The owner was advised to restrict 
exercise with 2 weeks box rest followed by 2–4 weeks box rest 
with hand walking and access to a small paddock. Increasing 
exercise back to preoperative levels was introduced over the 
following 6–8 weeks. 

Results

Of the mares (n=34) that had surgery 74 % (n=25) were 
Warmblood and 15 % (n=5) were Friesian. Additionally, 1 

Fig. 1	 Cut section of a granulosa cell tumor showing multiple, 
variably sized and fluid filled cystic structures that are lined by neo-
plastic granulosa cells.   |    Der Anschnitt eines Granulosazelltumors 
zeigt multiple, unterschiedlich große und flüssigkeitsgefüllte zystische 
Strukturen, welche mit neoplastischen Granulosazellen ausgekleidet 
sind.
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Discussion

Much is published concerning laparoscopic ovariectomy 
in mares (de Bont et al. 2010, Caron 2012, Colbath et al. 
2017, Cokelaere et al. 2005, Farstvedt and Hendrickson 
2005, Goodin et al. 2011, Hendrikson 2012, Kummer et 
al. 2010, Lund et al. 2014, Röcken et al. 2011, Smith and 
Devine 2013, Tate at al. 2012, Vitte et al. 2014). The min-
imal invasive laparoscopic method is considered by most of 
these authors to be first choice treatment for a small (≤10 cm) 
and medium (>10–20 cm) sized ovarian masses or when the 
mare has to be spayed due to behavioural issues. In recent 
literature, laparoscopy is, in most cases, mentioned in com-
bination with laparotomy (de Bont et al. 2010, Cockelaere 
et al. 2005, Goodin et al. 2011, Röcken et al. 2011, Van-
haesebrouck et al. 2010). Laparoscopy in combination with 
a motorized morcellator technique (to reduce the size of the 
ovary) was advocated by Lund et al. (2014) and by Kummer 
et al. (2010). Smith and Devine (2013) and Tate et al. (2012) 
reported the combined use of laparoscopy and colpotomy. 
Röcken et al. (2011) described the treatment of 7 mares with 
relatively large ovarian tumours that initially involved laparo-
scopic dissection followed by a ventral midline laparotomy 
approach.

In our opinion there is limited benefit in laparoscopy if the in-
cision has to be extended anyway or the horse has to undergo 
consequential general anaesthesia. Furthermore, when finan-
cial resources are limited for the procedure, the option of a 
simple standing laparotomy should be considered as a viable 
option. However a possible restriction in performing a flank 
laparotomy is that the costal arch and the limited size of the 
sub-lumbar fossa can limit the available space to manoeuvre 
the affected ovary. It can therefore be challenging to deliver 
a very enlarged ovary into the laparotomy “grid” site. As a 
result of this, the operation site sometimes has to be adapted 
to a “modified grid”– or “partial grid” approach. Additional-
ly, the character of the horse, can be a significant factor on 
whether standing surgery can be performed safely. Overall 
it was remarkable how well tolerated this surgical technique 
was for the involved mares. Apparently sufficient sedation with 
effective analgesia and local infiltration at the surgical site 
results in a well-tolerated standing surgical flank procedure. 
However, extremely large tumours are generally best removed 
via a ventral midline or paramedial approach under general 
anaesthesia in dorsal recumbency (van der Zaag et al. 1996). 

In the present cases only minor issues were noticed at the 
wound site. The majority of the lesions healed quickly and 
normally by primary healing. This is possibly due in part to 
the “grid” – or “partial grid” approach; this approach re
duces the risk of haemorrhage and facilitates closure (Phillips 
2012). Furthermore, the horses showed little signs of discom-
fort post-operatively for both smaller and larger wounds. The 
horses in this series were all otherwise healthy and did not 
undergo general anesthesia and this probably contributed to 
the very satisfactory rate and quality of healing.

According to Philips (2012) and Vanderhaesebrouck et al. 
(2010) ligation of the pedicle is often difficult because of the 
limited visibility within the abdomen. However, in our series we 
found that once the ovarian mass was manoeuvred into the 

wound, there was sufficient visibility to provide accurate local 
anaesthesia and to subsequently crush and ligate the pedicle, 
mesovarium and mesosalpinx in one or two steps. 

A possible complication during laparoscopy while gaining 
entry into the abdomen is that the laparoscopic trocard can 
puncture an intestine or spleen (Palmer 2002). The advan-
tage of a flank laparotomy approach is that the peritoneum 
is bluntly perforated and therefore these risks negligible.

Other complications after laparoscopy such as gas retention or 
pneumoperitoneum are recognised in human surgery (Sabe-
zi Sarvestani and Zamiri 2014, Perugini and Callery 2001, 
Veekash et al. 2010). It is stated that gas retention in the peri-
toneal cavity plays an important role in inducing postoperative 
pain after laparoscopy (Sabezi Sarvestani and Zamiri 2014). 
In humans pneumoperitoneum can cause respiratory acidosis 
(presumably from absorption of the gas) but also can lead 
to hemodynamic alterations and even deep vein thrombosis  
(Perugini and Callery 2001). Complications are also en-
countered in small animal laparoscopic surgery; pneumop-
eritoneum and peritonitis of unknown origin after surgery are 
mentioned (Patel et al. 2014). Devick et al. (2018) recently 
evaluated residual pneumoperitoneum in mares associated 
with post-operative pain and concluded that active desuffla-
tion after surgery, to reduce the volume of gas, had no signif-
icant benefit. There are also occasional reports of fatal colitis 
following laparoscopy (personal communication M. Sloet). 
The cause of this is not clear, but it is assumed that factors 
such as stress and the concurrent use of antibiotics might play 
a role. None of the cases reported here showed any subse-
quent adverse complications. 

The laparotomic approach in a standing horse to remove 
pathologically enlarged ovaries is a relatively straightforward 
surgical procedure. Only basic, preferably experienced, surgi-
cal skills are needed and minimal equipment is required. The 
ovary is optimally exposed when accessed from the flank site 
and operating time (depending on the size of the mass and 
experience of the surgeon) is relatively short. Simple sedation 
and local anaesthesia should be sufficient in most cases and 
therefore the costs are significantly less than laparoscopic or 
ventral midline laparotomy. Furthermore, incisional problems 
seem to be relatively rare and post-operative complications 
are also unusual. Nevertheless, the veterinary surgeon (and 
owner) should be aware that all abdominal surgery carry risks 
and therefore, overall, should not be taken lightly.

In conclusion, in our case series the laparotomic approach 
to ovariectomy appeared to be a suitable, cost-effective and 
relative safe procedure carrying an overall good prognosis.
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Table 1	 Patient data of 34 mares with pathological ovarian enlargement.  |  Patientendaten von 34 Stuten mit pathologischer Vergrößerung der Ovarien

Date  Breed  Age  Main  
problem  Tools Site Susp  

diagnosis  Size       Remarks  Follow up

1 08-09-2010  Friesian  9  fertility  RE, US R Hematoma  ?  no remarks

2 25-11-2010  Warmblood  10  fertility  RE, US R GCT  20 cm  no remarks

3 13-05-2011  Friesian  7  fertility  RE, US L GCT  15 cm  same season pregn, 
5 foals after surg.

4 03-02-2012  Warmblood  ?  ? L GCT+cyst  ?  no remarks

5 22-08-2012  Warmblood  13  fertility  RE, US L GCT+cyst  25 cm  pregnant while 
operated

 normal birth, 
breeding

6 18-06-2013  Warmblood  8  behaviour  RE, US R Hematoma 
+cyst  25 cm  punction  in training

7 10-09-2013  Warmblood  7  behaviour  RE, US R GCT  25 cm  in training

8 02-06-2014  Arabofriesian  ?  RE, US L Teratoma  ?

9 10-06-2014  Warmblood  10  behaviour+ 
locomotion  RE, US L GCT  25 cm  training + breeding

10 02-09-2014  Friesian  10  fertility  RE, US, hist R GCT  25 cm  no remarks

11 02-12-2014  Warmblood  10  behaviour  RE, US R GCT+cyst  15 cm  in training

12 30-04-2015  Warmblood  ?  ?  RE, US R GCT  ?  no remarks

13 08-05-2015  Warmblood  17  behaviour  RE, US R GCT  25 cm  no remarks

14 12-05-2015  Warmblood  ?  fertility  RE, US R GCT  10 cm  breeding

15 01-07-2015  Warmblood  11  fertility  RE, US R GCT  20 cm  no remarks

16 02-05-2016  Warmblood  17  fertility  RE, US R GCT  15 cm  no remarks

17 26-05-2016  Warmblood  14  fertility  RE, US L GCT+cyst  20 cm  punction cyst/  
PO seroma  punction  no remarks 

18 13-07-2016  Warmblood  18  colic  RE, US L Cyst  ?  punction   
Adhes colon desc

 in training – low 
body score

19 10-10-2016  Quarter horse  ?  ?  RE, US R GCT  ?  no remarks

20 28-10-2016  Warmblood  11  fertility  RE, US L GCT+cysts  20 cm  punction  no remarks

21 14-03-2017  Warmblood 18  fertility  RE, US R GCT  ?  no remarks

22 08-05-2017  Arabian  6  ?  RE, US R GCT  15 cm  no remarks

23 09-05-2017  Warmblood  15  behaviour  RE, US L GCT  ?  training + breeding

24 22-05-2017  Warmblood  5  ?  RE, US R GCT  25 cm  no remarks

25 31-05-2017  Welsh Pony  8  behaviour  RE, US, test R GCT  10 cm  no remarks

26 11-07-2017  Warmblood  12  behaviour  RE, US, AMH L GCT+cyst  15 cm  in training

27 19-07-2017  Warmblood  10  fertility  RE, US L GCT  10 cm  breeding

28 03-10-2017  Warmblood  12  behaviour  RE, US R GCT+cysts  15 cm  punction  no remarks

29 09-10-2017  Warmblood  ?  ?  RE, US L GCT  ?  no remarks

30 31-01-2018  Friesian  7  behaviour+ 
locomotion  

 RE, US, test       
hist R GCT  12 cm  in training

31 13-04-2018  Warmblood  9  fertility  RE, US L GCT  15 cm  minimal seroma  no remarks

32 30-04-2018  Friesian  10  fertility  RE, US, test           
hist R GCT  15 cm  in training

33 24-05-2018  Warmblood  6  behaviour  RE, US L GCT+cysts  20 cm  punction  no remarks

34 25-07-2018  Warmblood  10  behaviour  RE, US R GCT  25 cm  no remarks

AMH = anti-müllerian hormone, GCT = Granulosa Cell Tumour, hist = histology, ? = unknown, test = testosterone, US = ultrasound, RE = rectal examination
AMH= Anti-Müller-Hormon, GCT= Granulosazelltumor, hist= Histologie, ?= unbekannt, test=Testosteron, US= Ultraschalluntersuchung, RE= rektale Untersuchung
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