Electrosurgical bipolar vessel sealing for a standing flank ovariectomy in beef heifers
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Abstract

Traditional ovariectomy techniques for heifers (e.g. colpotomy) have adverse effects ranging
from hemorrhage to mortality. Electrosurgical bipolar vessel sealing devices offer a superior ligation of
ovarian pedicle and associated structures. In ruminants, standing flank laparotomy has been used for
abdominal visibility. We performed ovariectomy in 2 companion beef heifers via a unilateral flank
approach, combined with electrosurgical ligation. Surgeries were performed in standing animals, under
local anesthesia, with no observed short- or long-term adverse effects. This technique is worth
considering for cases where the security of electrosurgical ligation combined with the accessibility of a
flank laparotomy are desired. Additional research is needed to determine the viability of the technique for
cattle of various ages and breeds.
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Introduction

Various techniques are described for ovariectomy in bovine practice. Ovariectomy is performed to
suppress estrus in feedlot heifers, for brucellosis control, for research purposes, and for diseased ovary
removal.! While routine, surgical removal of bovine ovary is not without risks, as intraoperative and/or
postoperative hemorrhage is a potential life threatening complication.? Vaginal approaches to
ovariectomy, common in feedlot heifers, offer convenient access. However, care must be taken to avoid
damaging viscera or uterine vessels by the ovariectomy instrument, as these approaches dictate that the
technique is performed blind, albeit with guidance via transrectal palpation.' Flank approaches offer
better visualization of the ovarian and uterine structures, but can still present challenges with hemostasis
and suture security. Mortality from the current described techniques ranged from 0.26 - 6%, with certain
animal welfare concerns.** In ovariectomy via colpotomy, as currently practiced, failure to confirm
hemostasis after ovary removal increased risks of bleeding from the ovarian pedicle.””’

Electrosurgical bipolar vessel sealing devices are utilized in multiple areas of veterinary medicine
for hemostasis, ranging from small intestinal resection and anastomoses in horses® to enucleation in
rabbits.” LigaSure™ (LS) is an electrosurgical bipolar vessel sealing device (Covidien LS1020 LigaSure
Atlas, Medtronic, Minneapolis, MN) used in many areas of veterinary medicine to minimize hemorrhage
and to reduce surgery time. The LS device was successfully used to seal vessels of <7 mm in diameter in
equine models.® Use of this device had profoundly decreased hemorrhage in pet pig ovariohysterectomy
procedures, wherein hemorrhage has been a complication associated with standard ligation technique.'®!!

Recently laparoscopic ovariectomy with a LS device has been described for cattle.” Although this
technique has multiple benefits, including a minimally invasive incision and direct observation of vessel
sealing, it requires many people to manage equipment and 1 more person to provide guidance via
transrectal palpation.” Another recent unilateral ovariectomy technique via flank incision used an
endoscopic articulating linear cutter instrument for ligation.'? Although this technique provided excellent
visualization of structures and hemostasis, drawbacks exist in staples cost and possibility of foreign body
(stainless steel staple) occurrence within the abdomen of a food animal, poses a safety risk in the ‘food
chain’. Therefore, the goal was to demonstrate the feasibility of adopting LS for hemostasis in a standing
bilateral laparoscopic ovariectomy via a unilateral standard flank incision. This amalgamation of existing
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techniques could allow for excellent hemostasis with the ease of a standard procedure performed through

a conventional abdominal laparotomy approach.

Method

Ex vivo

Procedure was refined on a cadaver bovine uterus (Figures 1 & 2). Initially, the right ovary was
identified and held in the left hand of the operator. Ligation with the LS device started with the
mesovarium and mesosalphinx, continuing with multiple bites until the right ovary was free from the
broad ligament. Distal aspect of the right uterine horn was then evaluated for cauterization and released.

Procedure was repeated for the left ovary.

Figure 2. Ex vivo description of left
ovariectomy.

A. Left ovary held by operator's left hand and
Ligasure jaws encompassing mesovarium,
mesosalphinx, and uterine tube.

B. Placement of jaws after initial ligation, to
further advance through mesovarium and broad
ligament.

C. Positioning for final advancement to ligate
through remaining broad ligament

D. Uterus after bilateral ovariectomy

E. Ligated ovary, demonstrating ligation through
pedicle and complete detachment of mesovarium
and mesosalphinx.
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Figure 1. Ex vivo description of
right ovariectomy

with Ligasure device.

A. Right ovary held by operator’s left
hand, Ligasure jaws encompassing
mesovarium, mesosalphinx, and
uterine tube.

B. Positioning of Ligasure jaws.

C & D. After first cautery ligation,
demonstrating advancement of
Ligasure jaws through

remaining mesovarium and broad
ligament.
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In vivo

Two 1-year old mixed breed intact beef heifers, owned by a local farm animal sanctuary, were
presented for bilateral ovariectomy. Client elected this procedure due to the desire to eliminate mounting
behavior exhibited by the heifers during estrus, as 1 of them was blind and presented a safety risk. Both
heifers were on a grass hay diet and raised together in an ~ 2-acre paddock. They spent most of the day
outside and went into an indoor stall at night.

Heifer 1 was bright, alert and responsive, weighting 365 kg with a body condition score of 5/9.
Physical examination findings were within normal limits. Packed cell volume (PCV) and total protein
(TP) were within reference range at 31% and 6.8 g/dl respectively.

Heifer 2 was also bright, alert and responsive, weighing 319 kg with a body condition score of
4/9. She had bilateral absence of menace, dazzle and presence of pupillary light response reflexes and
palpebral reflex. Both eyes also exhibited ventral strabismus, rotatory nystagmus, hypermature cataracts,
uveitis, posterior synechiae, anterior synechiae, and retinal detachment. Despite being nonvisual, the
second heifer was able to ambulate, eat and drink well on her own. No blepharospasm was observed.
Through extensive previous workup and consultation with veterinary ophthalmology specialists, the
heifer was determined to be in pain from her eye pathology and previous inflammation had been managed
with oral meloxicam (Meloxicam Tablets USP, Zydus Pharmaceuticals, Pennington, NJ) and topical
ketorolac (Ketorolac Ophthalmic Solution, Sandoz, Princeton, NJ). Heifer 2 had a grade V/VI, right
basilar systolic heart murmur that was associated with a small, previously diagnosed, congenital
ventricular septal defect. PCV and TP were within reference range at 36% and 6.6 g/dl respectively.

Both animals were deemed acceptable candidates for the surgical procedure and fasted for 24 hours
prior to surgery. Prophylactic antibiotic coverage was provided subcutaneously with 2.5 mg/kg of
tulathromycin (Draxxin, Zoetis, Parasippany-Hills, NJ). Preoperatively, 1.1 mg/kg of flunixin meglumine
(Banamine, Merck, Kenilworth, NJ) was given intravenously and vaccinated with a booster vaccination
for Clostridium perfringens (types C and D) and tetanus toxoid (BarVac CD/T, Boerhinger Ingelheim,
Ingelheim am Rhein, Germany).

Heifer 1 was premedicated intravenously with 0.05 mg/kg of butorphanol (Butorphic, Akorn Inc.,
Lake Forest, IL) and intramuscularly with 5 mg of xylazine (Anased, Lloyd Labs, Shenandoah, IA).
Heifer was placed in a mobile cattle restraint chute for the procedure. Left flank was clipped and
aseptically prepared, first with a preliminary scrub and then in an aseptic fashion using chlorhexidine and
alcohol. A distal paravertebral block was performed with 2% lidocaine (Lidocaine Injectable, Aspen
Pharmaceuticals, Irvine, CA) on the spinous processes of the 1* lumbar, 2™ lumbar, and 4" lumbar
vertebra, and a line block on the caudal flank area was performed, all with 2% lidocaine. The surgery site
was finally aseptically prepared with alternating scrubs of chlorhexidine and alcohol. A 14 cm vertical
incision was made using a #10 blade cranioventral to the tuber coxae. Skin, subcutaneous tissue, and
external abdominal oblique were incised and the remaining muscle layers and peritoneum were bluntly
dissected by hand in a grid technique. While incising through the body wall, bleeding was controlled by
applying pressure to soft tissues with 4 x 4 gauze. Left and right ovaries were manually palpated and
visually identified. Although ovaries were visualized, we were not able to be completely exteriorize them
to the level of the incision. A 37 mm LS (Covidien LS1020 LigaSure Atlas, Medtronic) was introduced
into the abdomen (Figure 3a) with 1 hand over the jaws, protecting surrounding soft tissues. With 1 hand
in the abdomen, the right ovary was isolated and the LS was placed caudal to the ovary, over the uterine
tube, ensuring no other tissue was incorporated. Right ovarian pedicle was clamped, cauterized, severed,
and the ovary was removed with the pedicle assessed with 4 x 4 gauze for bleeding prior to proceeding to
the left ovary. Left ovary was then palpated, identified, and LS was used in the same manner to remove
the ovary. Left pedicle was visually evaluated for any signs of hemorrhage and after examination was
released back into the abdominal cavity. Peritoneum and transversus abdominus were closed with 1
polydioxanone suture (PDS II, Ethicon, US) in a simple continuous pattern. Remaining muscle layers and
subcutaneous tissues were closed with 1 PDS in a simple continuous pattern. Skin was closed with 2-0
polyamide suture having ‘S curved’ needle (Braunamid, Braun, Tuttlingen, Germany) using a Ford
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interlocking pattern. A single simple interrupted suture was placed at the ventral aspect of the incision.
The area was cleaned, and an aluminum spray (Aluspray, Neogen, France) bandage was applied.

Figure 3. A: Position of the operator advancing the Ligasure device through a flank incision for ovarian ligation.
B: Closeup view of the ovary after removal (note complete ligation through pedicle).

Heifer 2 was premedicated with butorphanol (Butorphic, Akorn Inc.,). Heifer was restrained,
prepped and had a distal paravertebral nerve block as described for the first heifer. An additional inverted
L block over the incision was performed with 2% lidocaine (Lidocaine Injectable, Aspen
Pharmaceuticals). Surgery site was finally aseptically prepped with alternating scrubs of alcohol and
chlorhexidine. A 15 cm vertical incision was made using a #10 blade cranial and ventral to the tuber
coxae. Skin, subcutaneous tissue, and muscle layers were then dissected as described for the first heifer.
LS was introduced, ovarian pedicles ligated, and incisions closed as described for the first heifer.

Outcome

Duration of surgeries were 80 and 77 minutes respectively and heifers tolerated surgeries well.
Ovaries appeared normal and had clear margins (Figure 3b). Day after surgery, heifer 1 had a PCV of
34% and TP of 6. 8 g/dl and heifer 2 had 33% and 6.6 g/dl respectively. Transabdominal ultrasonography
on day 2 postsurgery revealed no evidence of free fluid and peristalsis was noted in both heifers. Skin
sutures were removed on day 10 postsurgery by the referring veterinarians and no complications were
evident. Client reported at 8 months postovariectomy that there was no estrous behaviour in heifers.

Discussion

In equine practice, ovariectomies are commonly performed for disease, performance, and
behavioural reasons. We explored the feasibility of combining electrosurgical vessel sealing as described
for laparoscopic ovariectomy in cattle and adopted a flank approach as described for unilateral
ovariectomy.”!'> Combination of these aspects formed a hybrid technique that was well tolerated by 2
heifers and allowed for a relatively quick ovariectomy with good vessel ligation. As anticipated, estrous
behavior was absent and furthermore there were no postoperative complications.

Currently, specific effects of LS ovariectomy within the bovine abdomen or with respect to changes
to the peritoneal environment are not known. Stallions that underwent standing laparoscopic
cryptorchidectomy with a LS device had higher total nucleated cells in peritoneal fluid at 24 hours
postprocedure compared to stallions that had standard ligatures.'* However, at 72 hours, no differences
were observed between groups for peritoneal nucleated cell count, red blood cell count, or total protein.'
Although abdominocentesis was not performed in our cases, there was no clinical evidence of peritonitis
as both heifers postsurgically had normal physical examination parameters and adequate appetite.

A unilateral ovariectomy technique utilizing a linear stapler that could potentially be modified for
bilateral ovariectomy procedures in cattle was described.'> However, a relative paucity of information
exists regarding the migration of staples in cattle. In humans the migration and use of linear staples has
led to multiple uncommon adverse effects, including volvulus, serosal laceration, and leakage.'*'®
Although beef heifers that had surgeries were companion animals, in the United States, companion food
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animal species are still considered food animals from a regulatory perspective.'’”"'* With this
categorization leaving a metallic object in a food animal would be a food safety risk due to carcass
contamination. Our technique would alleviate this carcass risk as no foreign material was used for ovarian
ligation.

Tulathromycin was utilized as a prophylactic antimicrobial due to broad spectrum action and ability
to penetrate into tissues.’’*! Often anecdotally discussed for abdominal surgeries in the bovine,
intraabdominal treatment of penicillin was not considered, due to no empirical data suggesting the
superiority of this route of treatment.? In hindsight, antimicrobial prophylaxis may not have been
necessary, as ovariectomies are generally clean procedures and both heifer surgeries were completed in
< 90 minutes. Prevention of nociceptive pain wind-up was provided with premedication with a
nonsteroidal antiinflammatory drug (NSAID) flunixin meglumine. Although not labelled for prevention
or treatment of surgical pain, flunixin has been demonstrated to decrease cortisol concentrations in calves
undergoing surgery.* Transitioning from 1 NSAID to another can potentially lead to complications,
however there are several cases of ruminants being initially treated with a single dose of flunixin and then
being transitioned to meloxicam without adverse effects.”*** Heifers in our case study did not demonstrate
any evidence of abomasal ulceration and postoperatively were maintained on oral meloxicam (1 mg/kg)
once daily for 5 days. Treatment with NSAIDs (ketoprofen or meloxicam) in dairy cows after flank
laparotomy (rumen fistula placement) improved outcomes of pain with no difference between them.*®

A higher fasting time of at least 36 hours was recommended”’ as a means to reduce rumen volume
and increase visualization of the abdomen, although 24 hours may be sufficient.” We fasted the animals
for 24 hours prior to surgery. Four authors of this report who performed surgeries were able to easily
identify and manipulate both ovarian pedicles in each animal. Transrectal guidance by an assistant, as
described for manipulation of the ovaries for laparoscopic ovariectomy in cattle,” was not necessary for
our cases. However, this technique will be useful in cases difficult to identify and ligate an ovarian
pedicle. If a unilateral approach is not sufficient for identification of the opposite ovary, a bilateral flank
approach is warranted.”’

Clinicians should exercise caution when using a LS or other electrosurgical device, since electric
sparks are possible with electrosurgical instruments.”® Additionally, authors took care to identify ovarian
pedicle with their hand to avoid thermal injury to adjacent tissues. Thermal injury after LS procedures has
been reported in people, with specific examples being anal stenosis after LS hemorrhoidectomy,? and
ureteral lesions after perirenal fat dissection.*® According to the manufacturer, the tissue sealed and
cauterized with a LS can reach 100°C that can spread laterally to up to 2 mm.** Additionally, care should
be taken to not include too much tissue in the instrument jaws, as this could lead to unnecessarily repeated
cycles, and increased lateral thermal damage. Caution should be used to clearly ligate only the ovarian
pedicle and no surrounding tissues.

Standing sedation was achieved with butorphanol in heifer 2 with additional xylazine (5 mg, total
dose) in heifer 1. While both surgeries were completed in a timely fashion, future applications of this
technique could evaluate other sedation techniques such as the butorphanol-ketamine-xylazine for
standing sedation.’! While generally regarded as safe, clinicians should be aware that this combination
has been associated with regurgitation in other large ruminant species, so care should be taken when
assessing patients for this sedation technique.*?

Pain scores are not known for LS procedures compared to standard technique in cattle. In cats
undergoing, LS versus open ovariectomy, no difference in pain scores were noted.*® Similarly, in women
undergoing hysterectomy via LS or RoBi bipolar forceps, no difference was noted between groups and
postoperative pain scoring.** In mares undergoing laparoscopic ovariectomy, pain was reduced by the
mesovarian injection of lidocaine, when compared to intraovarian injection.*® Epidural anaesthesia has
also been of benefit for cattle undergoing laparotomy.***” Future investigation of our technique could
involve mesovarian lidocaine injection and epidural anaesthesia.

In other species, primarily dogs and cats, there are reports of remnants of ovarian tissue
revascularizing and contributing to signs of estrus and cyclicity. In previously mentioned techniques for
ovariectomy in cattle, ovaries are generally dropped into abdomen after excision (as with the Willis spay
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tool). There are little to no reported data that proves this is a potential complication in cattle. This was
attributed to ovariectomies being primarily done in heifers that enter a feedlot where their lifespan is too
short to observe any potential effects of revascularization. For large animals, options include colpotomy,
laparoscopic, ventral, and flank incisions. In mares, standing laparoscopic ovariectomy may be performed
for elective or pathologic conditions.***! Standing laparoscopic ovariectomy in mares provided good
access with low morbidity regardless of the method of hemostasis used (linear stapler, bipolar sealing
device, modified Roeder’s knot, vessel sealing system or laser).*? However, 11% of mares that developed
some form of a postoperative complication, ranging from incisional seromas and infection to fever and
abdominal discomfort.** Additionally, mares that underwent standing laparoscopic ovariectomy had
similar cortisol concentrations, regardless of the method of mepivacaine application (topical or injection
into ovarian pedicle).** Similar studies are needed in cattle.

‘Dropped ovaries’ revascularizing in omentum is possible in mares, however, not confirmed when
a mare was examined several months after a procedure.* Generally, mares live much longer than several
months and the question of whether revascularization can occur may still remain. Ovarian remnant
revascularization and hormone production occurred in 8 of 9 cats.* Since these heifers reside at a farm
sanctuary where they are likely to live for multiple years beyond the lifespan of a normal production
animal, removal of ovaries as described reduces any risk of potential revascularization of the ovaries.

We recognize the limitations (small number of animals and the controlled conditions in which the
procedures were performed) of our report. While the heifers were clinically observed for 4 days
postoperatively, they were not evaluated via abdominocentesis for inflammatory changes. Future studies
need to evaluate the effect of LS ovariectomy on inflammation in the abdominal environment, as well as
pain from the technique. Further exploration of the feasibility of the technique in cattle of various breeds
and ages, as the heifers in our study were young and both of beef breeds. The LS is not the only electronic
vessel sealing device in practice, additional investigations on the use of other devices (e.g. ENSEAL®
[SurgRx, Redwood City, CA] used for equine ovariectomy*®) are warranted.

Conclusion

Ovariectomy using a LS device through flank laparotomy incision was well-tolerated in heifers
with no adverse effects or complications. Electrosurgical vessel-sealing (via a LS device) for standing
flank ovariectomy was feasible. Although not necessarily practical in a field setting (on farm), a left flank
approach for bilateral LS ovariectomy is worth considering to minimize complications (reduced
haemorrhage, no foreign material left in abdomen, and complete removal of ovaries).
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