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Simple Summary: The aim of this study was to assess the feasibility and intraoperative complications of
performing ovariectomies in African lionesses using a wound retractor laparoscopic platform (Panthera
leo). Six lionesses (1 = 6) were included. The surgical procedures were carried out using three portals, with
a retractor platform positioned at the umbilical port and cannulas placed 3—4 cm from the cranial and
caudal to the device at the level of the midline. An ovariectomy was performed with a vessel-sealing
device. We evaluated the surgery time and the intraoperative and early postoperative complications. The
mean weight was 172.83 kg. The total surgery time was 49.33 min. The installation step took a mean of
10.33 min to complete. The mean ovariectomy time was 20 min. Controlled bleeding was observed at the
tip of the uterine horn in two cases due to excessive tissue thickness. The retrieval of dissected ovarian
tissue and annexes was easily performed. No other complications were observed. The use of the
laparoscopic platform during three-portal surgeries for laparoscopic ovariectomy in adult overweight
lionesses is feasible and without intraoperative problems. The retractor meant that there were no entry-
related issues due to the 25 mm mini-laparotomy. It also made it simpler to extract thick ovaries and
promptly re-establish the pneumoperitoneum.

Abstract: The aim of this study was to assess the feasibility and intraoperative complications of
performing ovariectomies in African lionesses (Panthera leo) using a wound retractor laparoscopic
platform. Six lionesses (1 = 6) were included. The surgical procedures were carried out through three
portals, with a retractor platform positioned at the umbilical port and cannulas placed 34 cm from the
cranial and caudal regions to the device at the level of the midline. An ovariectomy was performed with
a vessel-sealing device. We evaluated the surgery time and the intraoperative and early postoperative
complications. The mean weight was 172.83 kg. The total surgery time was 49.33 min. The installation
step took a mean of 10.33 min to complete. The mean ovariectomy time was 20 min. Controlled bleeding
was observed at the tip of the uterine horn in two cases due to excessive tissue thickness. The retrieval of
dissected ovarian tissue and annexes was easily performed. No other complications were observed. The
use of the laparoscopic platform during three-portal surgeries for laparoscopic ovariectomy in adult
overweight lionesses is feasible and without intraoperative problems. The retractor meant that there were
no entry-related issues due to the 25 mm mini-laparotomy. It also made it simpler to extract thick ovaries
and promptly re-establish the pneumoperitoneum.
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1. Introduction

Big felids cared for in many zoos and sanctuary facilities breed so effectively that
contraceptive methods are used to keep the population at a healthy size. Reproduction can
be avoided by separating the sexes or through permanent sterilization [1], in addition to
reversible contraception and gonadotropin-releasing hormone (GnRH) agonists [2-5],
progestins implants [6], and vaccines [7]. Although reversible contraception is desirable
since it permits natural social groupings to be preserved while maintaining the population’s
genetic health [2], surgical contraception has been utilized in animals with various
pathologies and medical disorders and in animals that should not be bred [1]. Furthermore,
for individuals who are genetically well represented or for whom reproduction might entail
potential health risks, permanent sterilization may be considered. Gonadectomy has been
performed safely in lions since 1950 [8]. However, every surgical operation in big felids
entails some inherent complications, both during surgery and in the postoperative period.

Since big felids have a very deep and wide abdominal cavity in comparison to other
carnivores, making it difficult to visualize and ligate the mesovarium, even with a large
ventral midline incision [9,10]. In an effort to reduce the risk of suture line dehiscence and
self-induced trauma, shorten recovery times, and reduce postoperative care, laparoscopic
gonadectomy associated or not with hysterectomy is a relatively modern method that has
been previously described [9,11,12].

Laparoscopic ovariectomies (OVE) have been described successfully in many big
felids, and they are preferred to laparoscopic ovariohysterectomies (OVH) because they
require smaller surgical ports and avoid the use of additional portals to perform broad
ligament dissection and cervix ligation. Furthermore, laparoscopic OVE is recommended,
since the ovary removal prevents the hormonal trigger that can lead to pyometra, a major
cause of morbidity in captive felids [13]. However, if uterine disease has been diagnosed,
the laparoscopically assisted surgery is strongly advised to limit the danger of uterine
rupture during organ manipulation and exteriorization [13,14].

Laparoscopic OVE has been successfully described in big felids when using three portals
[11,15,16] or single-portal techniques [10,17,18]. Both of these techniques use three tools, which
eliminates the need for transabdominal ovarian pedicle suspension to the abdominal wall,
which is required when performing a two-cannula ovariectomy, as described for dogs and
cats [19]. The use of a single portal, on the other hand, necessitates a distinct learning curve, a
higher level of surgical abilities, and articulated tools because the tight trajectory of straight
instruments causes shaft interference and the loss of triangulation [20].

The use of laparoscopic wound retractors was described for the treatment of pyometra
[21,22] and OVE/OVH [23], in several laparoscopically assisted procedures in dogs [23-25],
and in cryptorchidectomy in horses [26]. The main advantage of this new technique is that the
surgeon can easily interrupt the pneumoperitoneum by removing the cap, performing
extracorporeal procedures, or removing a large specimen from the abdomen, and then easily
resume the laparoscopic procedure after re-inserting the cap and re-insufflating the abdomen
to induce pneumoperitoneum once more.

We hypothesized that using a wound retractor laparoscopic platform for laparoscopic
ovariectomy in African lionesses (Panthera leo) would be possible, allowing us to complete the
surgery in a reasonable length of time and with a low risk of intraoperative complication.

2. Materials and Methods
2.1. Animal Welfare

The study was authorized with written informed consent by the zoo’s owner (Leo 3000
S.p.a, c/o Zoosafari di Fasano, Brindisi, Italy). The laparoscopic procedures were performed
by the first author (L.L.) and a zoo veterinary team. The study was approved by the Ethical
Committee for Clinical studies of the Dipartimento dell’Emergenze e Trapianti di Organi of
Universita degli Studi di Bari, “Aldo Moro” (Approval no. 03/2022). The study was performed
in January 2022.
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2.2. Inclusion Criteria

Adult (>4 years old) lionesses (female Panthera leo) were determined to be suitable for
laparoscopic OVE; subadults were excluded. Abdominal ultrasonography was conducted
prior to surgery to assess the reproductive system and the existence of pregnancy. Animals in
pregnancy or with uterine disorders were excluded from the sterilization program.

2.3. Capture and Anesthesia

The day before the planned surgery, suitable animals were separated from the rest of the
group in a different environment with the assistance of zoo personnel. A unique microchip
number was used to identify each animal. Before surgery, the animals were fasted for 8 h and
denied water for 3 h. The animals were darted with a combination of detomidine 0.05 mg/kg
and ketamine 2 mg/kg. After complete immobilization was obtained, the lionesses were
transported to the operative theatre. A 14-gauge intravenous cannula was inserted into the
cephalic vein, and propofol (1-2 mg/kg) was given to permit the insertion of an 18 mm ID
orotracheal tube. Heart rate, non-invasive arterial blood pressure, oxygen saturation (SpO2),
capnography, and body temperature were all monitored under anesthesia. The animals were
maintained with isoflurane in pure oxygen during the surgery with spontaneous ventilation.
All animals received a single dosage of 10 mg methadone intramuscularly. In the event of a
rapid change in HR, respiration rate, or blood pressure, an intravenous dosage of fentanyl 2
g/kg was administered as rescue analgesia. Cefazoline (20 mg/kg) and meloxicam (0.2 mg/kg)
were given intravenously 30 min before the procedure. At the end of the procedure, isoflurane
was discontinued, and the animals were moved to the recovery area with proper assistance.
For anesthetic reversal, atipamezole was administered i.m. at 5 fold the detomidine dose.

2.4. Instruments and Surgical Setting

The retractor (Endo Keeper model CG sized 265 mm length x 95 mm large Nelis, Bucheon
Techno Park, Ssangyong, South Korea) and a cover were included in the ring wound retractor.
The retractor component consisted of a doubled-over cylindrical sleeve made of transparent
polyurethane that formed a conduit. Tension was established in the retraction sleeve by
bringing the outer ring up to the inner one. This tension was necessary to retract the incision
and make adequate space for the laparoscopic instrument. To remove the device from the
incision following the surgery, a removal tag was put slightly above the inner ring. The cap
was manufactured out of a separate outer ring with a specific gas intake and a flexible port for
instrument insertion. The elastic port cap prevented gas loss and allowed the port to be opened
during use (Figure 1).

[a® -
g

Figure 1. Images of wound retractor laparoscopic platform employed: (a) cap; (al) instrumental
port; (a2) COz inlet plug; (b) retractor; (b1) outer ring; (b2) polyurethan cylindrical sleeve; (b3) inner
ring; (b4) removal tag.
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2.5. Surgical Procedure

The lioness was positioned in dorsal recumbency on a custom made electrically tilt-
able table. The abdomen was clipped and aseptically prepared for surgery.

The wound retractor port system was placed at 1 cm caudal to the umbilicus as the
first port according to the following technique. A 25 mm-long skin incision was made to
install the retractor, measured with a caliper. Blunt dissection was performed through the
abdominal fascia. By using a set of Kelly’s forceps, the peritoneum was dissected, and the
incision was enlarged using the surgeon’s finger. After mini-laparotomy, the inner ring
was squeezed to facilitate entry into the abdominal cavity. The ring was advanced using
the forceps, and the complete insertion of the inner ring was confirmed by digital palpa-
tion. The outer ring was rolled up until the right tension was achieved to secure the inner
ring to the abdominal wall and create a retraction on the laparotomy (Figure 2).

Figure 2. Installation of WRD laparoscopic platform. The WRD was inserted at midline ca. 1 cm caudal
to the umbilical scar. Cranial is on the right. (A) Inner ring placement through 25 mm mini-laparotomy.
The inner ring was squeezed to allow entrance in the abdominal cavity. (B) After the proper installa-
tion of the inner ring, the outer ring was adjusted for correct wound retraction and stable fixation to
the abdominal wall. (C) Complete WRD installation and wound retraction. (D) The cap was mounted
on the outer ring for tight portal sealing, CO2 gas tube connection, and instrument introduction.

The cap was applied to the outer ring, and the valve was connected to inject CO: gas
to obtain an intra-abdominal pressure of 8-10 mm Hg.

The laparoscope (10 mm diameter; 30° angle of vision, HOPKINS II, Karl Storz En-
doskope GMBH & Co. KG, Tuttlingen, Germany) was placed in the abdominal cavity. The
other two portals were created using two laparoscopic cannulas with a blunt trocar (11
mm diameter; 20 cm length; Karl Storz Endoskope), positioned in the midline, 3-4 cm
cranial and caudal to the ring (Figure 3), under laparoscopic visualization.
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Figure 3. Complete installation of the three portals. Cranial is on the right. The cranial and caudal
12 mm cannulas were placed in the midline 34 cm from WRD border.

Any complications related to the abdominal organs were recorded. The table was tilted
by 45°, with the lionesses in left lateral recumbency, and the grasping forceps were intro-
duced into the cranial cannula and the laparoscope into the central port one. The ovary was
grasped and suspended, and the ovarian pedicle, proper ligament, and suspensory ligament
were coagulated and transected using a 10 mm laparoscopic vessel-sealing device (LigaSure
Atlas, Medtronic, Milan, Italy) placed in the caudal port. After complete dissection, the tel-
escope was moved in the caudal port, and a set of 10 mm grasping forceps was introduced
to grasp the ovary. The cap was removed from the platform and the ovary was retrieved
through the wound retractor port. After re-establishing the pneumoperitoneum, and after
the lionesses were repositioned on the opposite recumbency, the right ovariectomy was per-
formed the same as the left one (Figure 4).
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Figure 4. Representative laparoscopic images of right ovariectomy. Caudal is on the left. (A) Ovary
inspection. (B) The ovary was grasped and suspended for ovarian vessel bound visualization. (C)
The ovarian vessel bound was clamped with the vessel-sealing device axially for complete dissec-
tion. (D) The mesovarium was dissected with the vessel-sealing device. (E) The uterine horn was
clamped and coagulated at the level of proper ovarian ligament with vessel-sealing device. Many
coagulation cycles were applied to complete dissection. (F) Complete Ovary dissection.

After the second ovary was retrieved, the lioness was repositioned in dorsal recum-
bency, the retractor was removed by unrolling the external ring, and the internal ring was
extracted by pulling the removal tag. The umbilical portal was closed with two layers of
PDS (0-USP, Ethicon, Milan, Italy) with interrupted mattress suture. The 11 mm portals
were sutured in one layer of PDS (0-USP, Ethicon, Milan, Italy) with a single interrupted
mattress suture (Figure 5).

Figure 5. Portals sutured. Cranial is on the right.

2.6. Clinical and Surgical Variables

The weight (kg, standard deviation (SD), range) was measured. Visual inspection
was used to establish the body condition score, which was based on a previously defined
scale [1].

The evaluated surgical variables were the total surgery time (min, mean + SD, range)
from the first skin incision to the last suture placement; the portal installation time (min, mean,
+ SD, range) from the first skin incision until the final cannula insertion; the ovariectomy time
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(min, mean * SD, range) from the last trocar placement to the second resected ovary retrieval.
Specimens retrieved were measured with a caliper (mm, mean + SD, range).

Furthermore, the number of attempts until correct cannula insertion, unintentional
abdominal organ damage, and any intraoperative complications were all documented.
The main surgeon awarded a semiquantitative score to the bleeding based on the follow-
ing criteria: 0 indicates no bleeding; 1 indicates light bleeding (a few drops, self-limiting,
with no effect on visibility); 2 indicates moderate bleeding (bleeding with minimal effect
on visibility, necessitating additional application of the vascular sealing device); and 3
indicates serious bleeding (with a need for conversion to open surgery and hemostasis).

2.7. Postoperative Regimen and Aftercare

After being extubated, the animals were placed in a cage in a comfortable environ-
ment, separated from other animals, to recover from anesthesia. Once fully recovered, the
lionesses were observed for variation of behavior and feeding, as well as indications of
pain and suffering and wound dehiscence and bleeding. The animals were returned to the
group and their normal habitat 24 h following their recovery.

3. Results
3.1. Clinical Study Population

No pregnant animals were detected during pre-surgical evaluation. Six (1 = 6) lion-
esses were included in the sterilization program. The mean weight was 172.83 kg (range
150-200 kg; SD 17.83). The median BCS was estimated to be 8 (range 7-9; SD 0.75). Table
1 summarize the results.

Table 1. Weight, BCS, and surgical variables. The table summarize weight (kg), body condition
score, total surgery time (min) from the first skin incision to the last scheme 45 recumbency. Time
variables are expressed in min, mean, median, standard deviation (SD), and range.

Mean Median SD Minimum Maximum
Weight 172.83 167.50 17.83 150.00 200.00
BCS 7.83 8.00 0.75 7.00 9.00
Installation time 10.33 9.00 4.59 5.00 18.00
Ovariectomy time 20.00 18.00 5.17 16.00 30.00
Total surgery g 33 47,50 8.61 40.00 61.00
time
3.2. Surgery

Laparoscopic OVE was completed in all lionesses without conversion to open sur-
gery. The rescue analgesia was not administered in any animal. The installation phase was
completed in a mean time of 10.33 min (range 5-18 min; SD 4.59 min). The WRD was
simply inserted through the 25 mm mini-laparotomy port. Nonetheless, the considerable
amount of subcutaneous fat necessitated meticulous dissection in order to reach the linea
alba. Even after the abdominal cavity was accessed, the excessive amount of falciform lig-
ament fat required special attention for WRD inner ring insertion. However, when the
ring was properly placed, the fat was pushed away, and optimum wound retraction was
achieved in all cases. Although the subcutaneous amount of fat made the linea alba diffi-
cult to view, the insertion of the caudal cannula was not problematic. The cranial cannula
placement, on the other hand, was more difficult due to the significant amount of fat in
the falciform ligament, which required the cannula to penetrate through the ligament in
certain cases for proper placement. No cases needed the re-insertion of cannulas, which
were inserted on the first try, and no entry-related complications were observed. The can-
nula location allowed optimal triangulation, with good organ manipulation, without the



Animals 2022, 12, 700

8 of 11

interference of instruments. The employment of a motorized custom-made surgical table
eased the tilting maneuvers necessary for ovary vision and manipulation at a 45° angle.
The mean ovariectomy time was 20 min (range 16-30 min; SD 5.17 min). The coagu-
lation of ovarian vessels was completed correctly with the aid of a vessel-sealing device,
even when the vessels were significantly wide, and the dissection of proper ligament and
mesovarium was conducted without difficulties. The dissection from the cranial uterine
horn, on the other hand, necessitated many applications of the vessel-sealing device. We
noticed tissue sliding from the instrument’s jaws and inadequate coagulation, necessitat-
ing additional coagulation cycles in some cases. In fact, we noticed grade 2 hemorrhage
from the cranial uterine horn in two cases, which necessitated several coagulations and
bleeding monitoring. Nonetheless, the bleeding was successfully managed and did not
necessitate conversion. The ease with which the platform cap could be removed and rein-
serted during the ovary extraction maneuver allowed the pneumoperitoneum to be re-
stored to the correct pressure without the need for platform repositioning. The ovary re-
trieval procedure was simple, with smooth passage from the retractor and no need to
widen the portal. The mean size of specimens was 42.1 mm in length (range 24.8-61.9 mm;
SD 14.4) and 30.7 mm in width (range 14.7-46.1 mm; SD 12.6). The total surgery time was
49.33 min (range 40-61 min; SD 8.61). Table 1 summarize the observed surgical variables.

3.3. Postoperative Evaluation

All animals recovered from anesthesia without issues and were returned to the rest
of the group after 24 h.

Postoperatively, no animals showed signs of anorexia, reluctance to move, isolation, or
altered social behavior. Unfortunately, physical clinical examinations were not performed
for all operated animals in the mid- or long term postoperatively to prevent re-capture or
physical and chemical restraint, which might cause further stress to the animals.

4. Discussion

The feasibility, surgical time, and acute perioperative complications of a three-portal
approach to laparoscopic OVE in adult, overweight female lionesses (Panthera leo) were
studied in this study. We used a wound retractor laparoscopic platform at the umbilical
portal for the first time, rather than the 11 mm cannula [11,12,16,18] or single-port multi-
cannulated platform, as previously reported for big felids [10,17,18].

All adult females with a mean weight of more than 170 kg and a BCS score of 8 were
included in the study cohort. All animals were overweight, with substantial abdominal
width and depth, according to the previously reported BCS scale for African lions [1].
Furthermore, the subcutaneous and falciform ligament fat in overweight lionesses were
significant enough to necessitate some special attention, requiring the elongation of sur-
gical time, to avoid entry-related complications and inadequate visualization, as previ-
ously described [10,16,18]. In this investigation, we used a wound retractor laparoscopic
platform to control these issues. The WRD was simply placed via a 25 mm mini-laparot-
omy, which provided sufficient space for correct subcutaneous dissection to reach the
linea alba for access to the peritoneal cavity. Furthermore, after the peritoneum had been
incised, the falciform ligament was readily dissected or pushed aside, and the WRD could
be firmly secured to the abdominal wall, resulting in a radial (360°) retraction on the mini-
laparotomy. We also advocate using cannulas with a diameter of 11 mm and a length of
20 cm for the cranial and caudal instrumental ports. Long cannulas, in particular, reduced
the possibility of unintentional cannula sliding back during surgical maneuvers or tilting
the animals to 45° recumbency. Furthermore, the cranial portal can be passed via or be-
neath the falciform ligament while being careful not to inadvertently injure the spleen by
using blunt trocars and under direct laparoscopic vision, as well as avoiding removing
the cannula. Although the use of a single-port multi-cannulated laparoscopic port has pre-
viously been proposed in these species [10,16,18], the use of the platform described in
other reports (SILS port) in an obese adult lioness may meet certain technical difficulties.
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The platform’s length is only available in specific sizes, but the WRD allows you to change
the distance between the inner and outer rings and the patient’s abdominal wall by up to
265 mm. Furthermore, the use of a single-port access with a multi-cannulated platform
restricts the size and number of instruments. Indeed, the number of cannulas available is
restricted to one 12 mm and two 5 mm, necessitating the employment of a 5 mm telescope
and a 10 mm vessel-sealing device, or a 10 mm telescope and a 5 mm vessel-sealing device.
As a result, surgeons may opt to use a 5 mm telescope with possible poor illumination of
the large abdominal cavity of adult patients. In the other hand, using 5 mm vessel-sealing
devices could create insufficient force when clamping thick tissues, especially on the tip
of the uterine horn. We discovered that in lionesses with a large tip of the uterine horn,
even the 10 mm vessel-sealing device required many application and coagulation cycles,
resulting in insufficient hemostasis and the requirement for further coagulation cycles and
bleeding monitoring in two cases. We also noticed that the thick tissues of the uterine horn
slipped from the instruments’ jaws in some circumstances. We reasoned that using tools
with longer jaws (more than 22 mm) would result in improved coagulation and compres-
sion. However, the use of various vessel-sealing devices besides LigaSure Atlas needs to
be considered further in future studies. The portal position chosen in our investigation
allowed us to use conventional shaft length (37 cm) equipment, eliminating the usage of
longer instruments (43 cm). To reduce the likelihood of difficulties reaching the ovary, we
recommend that instrumental ports be no more than 8-9 cm from the umbilical scar. Alt-
hough portal reduction and portal size were suggested in veterinary laparoscopy [19], the
use of the multiport approach in our study allowed for good tissue manipulation owing
to optimal instrument triangulation and avoided suspending the ovary to the abdominal
wall. We did not contemplate the two-portal procedure due to the large thickness of the
abdominal wall, which prevented the needle from passing through for the placement of
suspension sutures. Furthermore, in large felids, the utilization of single-portal ap-
proaches has been noted to have certain technical challenges. In particular, other authors
experienced instrument collision and the loss of triangulation in tigers and lionesses, re-
sulting in the surgical time being lengthened [10,17,18]. In our study, the mean total sur-
gical time was 49 min. This result was consistent with prior research in which big and
obese animals were operated upon [10,18]. The most time-consuming phase during the
operation was the ovariectomy. We suppose that the main cause was the employed vessel-
sealing device, which required several applications to complete the ovary dissections. The
mean ovarian size was 42 x 30 mm. Although the ovaries were removed from the abdo-
men during the ovariectomy time, this procedure had little impact on this phase. In fact,
even with large specimens, the application of WRD enabled the extraction of harvested
ovaries via the mini-laparotomy without difficulty. In fact, the radial retraction of the sur-
gical site allowed the specimens to pass through with minimal pressure and reduced tis-
sue trauma. The WRD implanted through the 25 mm mini-laparotomy eliminates the need
for the incision to be enlarged. In addition, because it removes the need for disposable
retrieval bags (USD 35-75), the wound retractor provides a low-cost (USD 20-30) alterna-
tive to standard port devices. Furthermore, while being designed to be a disposable de-
vice, the wound retractor with a cap can be reused several times after cold sterilization.
The plastic layer that covers the incisions protects the incision tissues and prevents dehy-
dration while also providing a smooth surface that facilitates extraction. After ovary ex-
traction, the WRD must be closed again to reestablish a firm seal for the pneumoperito-
neum required for the second ovary removal, as described for other single-port platforms
[18]. However, the platform cap is simply applied and removed, making the operation
easy and time-saving.

There were no complications during the early postoperative period. Unfortunately,
due to the big felids’ aggressivity and risks during management, the direct examination of
wounds was impossible, and in accordance with the zoo management's policy and zoo vets’
directions, we excluded further chemical restriction in mid- and long-term follow-ups, lim-
iting postoperative evaluation to observing from afar and the evaluation of variations in
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behavior and appetite, which represents an important limitation of this study. Another lim-
itation was the lack of a control group to examine alternative portal configurations or com-
parison in the use of other vessel-sealing devices, and more research should be conducted.

5. Conclusions

According to our findings, using a WRD laparoscopic platform during three-portal
procedures for laparoscopic ovariectomy in adult overweight lionesses is possible and
free of intraoperative complications. However, the surgeon should consider using vessel-
sealing devices with jaws able to adequately coagulate a thick uterine horn. Because of the
25 mm mini-laparotomy, the WRD did not lead to any entry-related problems. It also
made it easier to retrieve thick ovaries and re-establish the pneumoperitoneum quickly
and easily. As a result, the WRD laparoscopic platform might be an appropriate technol-
ogy to use for laparoscopic ovariectomy in adult obese lionesses.

Author Contributions: Conceptualization, L.L. and P.L.; Data curation, L.L. and F.S.; Formal anal-
ysis, L.L.; Investigation, L.L., P.L.,, AL, CA, M.S,, AS, M.G,, C.V,, A.C, and F.S.; Methodology,
L.L, P.L, and F.S.; Project administration, L.L.; Software, P.L.; Supervision, L.L., P.L., and F.S.; Writ-
ing—original draft, L.L., P.L., and F.S.; Writing—review and editing, L.L., P.L., and F.S. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was authorized with written informed consent
by the zoo owner (Leo 3000 S.p.a, c/o Zoosafari di Fasano, Brindisi, Italy). The surgical procedures
were performed by an experienced veterinary surgeon (L.L.) and a zoo veterinary team. The study
was approved by the Ethical Committee for Clinical studies of the Dipartimento dell’Emergenze e
Trapianti di Organi of Universita degli Studi di Bari, “Aldo Moro” (Approval no. 03/2022).

Informed Consent Statement: The study was authorized with written informed consent by the zoo
management (Leo 3000 S.p.a, c/o Zoosafari di Fasano, Brindisi, Italy).

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

European Association of Zoos and Aquaria. LION (Panthera leo) CARE MANUAL. Available online: http://www.eaza.net/as-
sets/Uploads/Standards-and-policies/Standards-for-the-Accommodation-and-Care-of-Animals-2014.pdf (accessed on 28 De-
cember 2021).

Guthrie, A,; Strike, T.; Patterson, S.; Walker, C.; Cowl, V.; Franklin, A.D.; Powell, D.M. The past, present and future of hormonal
contraceptive use in managed captive female tiger populations with a focus on the current use of deslorelin acetate. Zoo Biol.
2021, 40, 306-319. https://doi.org/10.1002/z00.21601.

Bertschinger, H.J.; Guimaraes, M.A.d.B.V; Trigg, T.E.; Human, A. The use of deslorelin implants for the long-term contraception
of lionesses and tigers. Wildl. Res. 2008, 35, 525-530. https://doi.org/10.1071/WR07141.

Herbert, C.A.; Trigg, T.E. Applications of GnRH in the control and management of fertility in female animals. Anim. Reprod. Sci.
2005, 88, 141-153. https://doi.org/10.1016/j.anireprosci.2005.05.007.

Bertschinger, H.J.; Asa, C.S.; Calle, P.P.; Long, J.A.; Bauman, K.; DeMatteo, K.; Jochle, W.; Trigg, T.E.; Human, A. Control of
reproduction and sex related behaviour in exotic wild carnivores with the GnRH analogue deslorelin: Preliminary observations.
J. Reprod. Fertil. Suppl. 2001, 57, 275-283.

Chuei, J.Y.; Asa, C.S.; Hall-Woods, M.; Ballou, J.; Traylor-Holzer, K. Restoration of reproductive potential after expiration or
removal of melengestrol acetate contraceptive implants in Tigers (Panthera tigris). Zoo Biol. 2007, 26, 275-288.
https://doi.org/10.1002/z00.20137.

Kawase, K.; Tomiyasu, J.; Ban, K.; Ono, R.; Ando, S.; Ono, A.; Kimura, R.; Tomisawa, K.; Matsui, M.; Shiihara, S.I. Contraceptive
effect of a gonadotropin-releasing hormone vaccine on a captive female African Lion (Panthera leo): A case study. ]. Vet. Med.
Sci. 2021, 83, 1454-1458. https://doi.org/10.1292/jvms.21-0032.

Modak, N.R. Castration of lions. Indian Vet. ]. 1950, 26, 420-421.

Steeil, ]J.C.; Sura, P.A.; Ramsay, E.C.; Reilly, S.; Seddighi, R.; Whittemore, J. Laparoscopic-assisted ovariectomy of tigers (Pan-
thera tigris) with the use of the LigaSure device. J. Zoo Wildl. Med. 2012, 43, 566-572. https://doi.org/10.1638/2011-0242R1.1.



Animals 2022, 12, 700 11 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Leclerc, A.; Decambron, A.; Commere, C.; Mulot, B.; Viateau, V.; Manassero, M. Laparoscopic ovariectomy with a single-port
multiple-access device in seven African lionesses (Panthera leo). |. Am. Vet. Med. Assoc. 2018, 252, 1548-1554.
https://doi.org/10.2460/javma.252.12.1548.

Kolata, R.J. Laparoscopic ovariohysterectomy and hysterectomy on african lions (panthera leo) using the ultracision® harmonic
scalpel®. J. Zoo Wildl. Med. 2002, 33, 280-282.

Aguilar, R.F.; Mikota, S.K.; Smith, J.; Munson, L.; Freeman, L.J.; Kolata, R. Endoscopic ovariohysterectomy in two lions (Pan-
thera leo). J. Zoo Wildl. Med. 1997, 28, 290-297.

McCain, S.; Ramsay, E.; Allender, M.C.; Souza, C.; Schumacher, J. Pyometra in captive large felids: A review of eleven cases. J.
Zoo Wildl. Med. 2009, 40, 147-151. https://doi.org/10.1638/2008-0008.1.

Rainey, B.; Singh, A.; Valverde, A.; Hoddinott, K.; Beaufrere, H.; Tindal, L.; Smith, D. Laparoscopic-assisted ovariohysterectomy
for the treatment of pyometra in a Bengal tiger (Panthera tigris tigris). Can. Vet. J. 2018, 59, 895-898.

Hartman, M.].; Monnet, E.; Kirberger, R.M.; Schoeman, J.P. Laparoscopic Salpingectomy in Two Captive Leopards (Panthera
Pardus) Using a Single Portal Access System. J. Zoo Wildl. Med. 2015, 46, 945-948. https://doi.org/10.1638/2015-0109.1.
Hartman, M.].; Monnet, E.; Kirberger, RM.; Venter, L.]J.; Bester, L.; Schulman, M.L.; Serfontein, T.; Fourie, R.; Schoeman, J.P.
Laparoscopic sterilization of the African Lioness (Panthera leo). Vet. Surg. 2013, 42, 559-564. https://doi.org/10.1111/j.1532-
950X.2012.01049.x.

Emerson, J.A.; Case, ].B.; Brock, A.P.; Vigani, A.; Graham, D.R; Isaza, R. Single-incision, multicannulated, laparoscopic ovari-
ectomy in two tigers (Panthera tigris). Vet. Q. 2013, 33, 108-111. https://doi.org/10.1080/01652176.2013.783951.

Hartman, M.].; Monnet, E.; Kirberger, R.M.; Schoeman, J.P. Effect of portal access system and surgery type on surgery times
during laparoscopic ovariectomy and salpingectomy in captive African lions and cheetahs. Acta Vet. Scand. 2016, 58, 18.
https://doi.org/10.1186/s13028-016-0199-2.

Dupre, G.; Fiorbianco, V.; Skalicky, M.; Gultiken, N.; Ay, S.S.; Findik, M. Laparoscopic Ovariectomy in Dogs: Comparison Be-
tween Single Portal and Two-Portal Access. Vet. Surg. 2009, 38, 818-824. https://doi.org/10.1111/j.1532-950X.2009.00601.x.
Lacitignola, L.; Guadalupi, M.; Massari, F. Single Incision Laparoscopic Surgery (SILS) in Small Animals: A Systematic Review
and Meta-Analysis of Current Veterinary Literature. Vet. Sci. 2021, 8, 144. https://doi.org/10.3390/vetsci8080144.
Becher-Deichsel, A.; Aurich, J.E.; Schrammel, N.; Dupre, G. A surgical glove port technique for laparoscopic-assisted ovario-
hysterectomy for pyometra in the bitch. Theriogenology 2016, 86, 619-625. https://doi.org/10.1016/j.theriogenology.2016.02.010.
Adamovich-Rippe, K.N.; Mayhew, P.D.; Runge, ].J.; Culp, W.T.; Steffey, M.A.; Mayhew, K.N.; Hunt, G.B. Evaluation of laparo-
scopic-assisted ovariohysterectomy for treatment of canine pyometra. Vet. Surg. 2013, 42, 572-578. https://doi.org/10.1111/j.1532-
950X.2013.12012.x.

Gower, S.B.; Mayhew, P.D. A wound retraction device for laparoscopic-assisted intestinal surgery in dogs and cats. Vet. Surg.
2011, 40, 485-488. https://doi.org/10.1111/j.1532-950X.2011.00818.x.

Steffey, M.A. Laparoscopic-Assisted Surgical Procedures. Vet. Clin. N. Am.-Small Anim. Pract. 2016, 46, 45-61.
https://doi.org/10.1016/j.cvsm.2015.07.002.

Case, ].B.; Ellison, G. Single Incision Laparoscopic-Assisted Intestinal Surgery (SILAIS) in 7 Dogs and 1 Cat. Vet. Surg. 2013, 42,
629-634. https://doi.org/10.1111/j.1532-950X.2013.12017 .x.

Lacitignola, L.; Imperante, A.; De Siena, R.; Acquafredda, C.; Trisciuzzi, R.; Stabile, M.; Confalonieri, E.; Crovace, A.M.; Staffieri,
F. Wound Retractor Laparoscopic Port System for Standing Laparoscopic Cryptorchidectomy in the Horse: A Case Report. .
Equine Vet. Sci. 2020, 92, 103168. https://doi.org/10.1016/j.jevs.2020.103168.



