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Abstract

Among the main benefits of laparoscopic adrenalectomy (LA) compared to open adrenalectomy (OA) the
rapid recovery of patients with decreased length of stay in hospital can be highlighted. The objective of this
study was to compare the open adrenalectomy with laparoscopic adrenalectomy in swine. Thirty-two swine
were operated. The animals had been divided into four groups (n = 8), one group was submitted to OA and
the other to LA, together with its respective control group. Parameters were evaluated regarding operative
time, body temperature, hematocrit, postoperative and intraoperative complications and time to
deambulation. There was no meaningful difference between operative and deambulation times, even though
the latter having been higher in the group submitted to OA. The most frequent intercurrences were in bowel,
damage to adrenal vessels and renal hematoma. There were no significant blood losses, and observed
hypothermia did not have any clinical impact. Laparoscopy in swine experimental adrenalectomy is a
reliable technique that can serve as a reference for the surgical treatment of patients with adrenal diseases
with surgical indications in other animal species.

Keywords: adrenal glands; animal models; blood supply; laparoscopy.

Cienc. anim. bras. v.16,n.2, p. 287-297 abr./jun. 2015



288 GAMA FILHO, J.B. et al.

Resumo

Dentre os principais beneficios da adrenalectomia laparoscopica (AL) frente a adrenalectomia aberta (AA)
destaca-se a rapida recuperacdo dos pacientes com diminui¢do do tempo de internagdo. O objetivo deste
estudo foi comparar a adrenalectomia aberta com a adrenalectomia laparoscopica em suinos. Foram operados
32 suinos, distribuidos em quatro grupos (#=8), sendo um grupo submetido a AA e outro grupo a AL, com
seus respectivos grupos controle. Foram avaliados pardmetros referentes a tempo operatdrio, temperatura
corporal, hematdcrito, intercorréncias operatorias e tempo de deambulacdo. Na@o houve diferenca
significativa entre os tempos operatorios e de deambulacdo, apesar deste ultimo ter sido maior no grupo
submetido & AA. As intercorréncias mais frequentes foram acidentes em algas intestinais, lesdes em vasos
adrenais e hematoma renal. As perdas sanguineas ndo foram significativas, a hipotermia observada ndo
apresentou repercussao clinica. A laparoscopia para adrenalectomia experimental em suinos ¢ uma técnica
confidvel podendo servir como referéncia para o tratamento de doencgas adrenais com indicagdes cirargicas
em outras espécies animais.

Palavras-chave: glandulas supra-renais; irrigacdo sanguinea; videocirurgia.

Recebido em: 02 julho 2012.
Aceito em: 23 janeiro 2015.

Introduction

Adrenal diseases are among the main endocrine disorders in pets, mainly dogs and ferrets"-?, but it
has also been reported in cats® and horses™. In humans, laparoscopic adrenalectomy (LA) has been
consolidated as a key feature for the treatment of neoplastic diseases, which require surgical
treatment, as in cases of non-invasive, under 6-cm tumors, with no evidence of metastases”. On the
other hand, open adrenalectomy (OA) in humans should be considered in cases where tumors are
larger than 8 cm, having infiltrative characteristics, signs of metastases, the imaging studies are
suggestive of malignancy and in cases where patients have multi secretory tumors or family history
of malignant pheochromocytoma. Other indications of OA include adrenal disorders that course
with rapid development of virilization, feminization and Cushing's syndrome'®. Despite resistance
to the choice of LA, particularly because of the need for technical improvementm, this method has
emerged as the elective intervention method in adrenal glands®. For animals with severe systemic
changes such as uncontrolled bleeding disorders, severe cardiopulmonary disease, basic acid
disorders and hypertension LA is contraindicated, as well as in cases of larger tumors than 6 cm or
very vascularized?.

Some studies showed lower morbidity when comparing LA to OA"?. Comparative studies relating
OA to LA indicate that the operation time is longer in LA, as well as similarities between the rates
of postoperative complications(“). In contrast, the main benefits of LA contrasting with OA
highlight the rapid recovery of patients, with an average of 2.7 days in LA"? and 11 days in OA"?.
It appears that patients undergoing LA have shorter convalescence time when compared to OA and
thus need less medication. The most frequent complications of laparoscopic adrenalectomy are
related to blood loss, resulting from the vascular variation found in adrenal glands'®.

Studies for providing minimally invasive methods in veterinary medicine are increasing. The
possibility of using animal begins to detach from the time when its resources and methods of

implementing the research stage and can be produced for many procedures such as liver biopsy ',
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sexing of exotic animals'®, ovariohysterectomies"'” and colopexies"®. However, when more
complex procedures are needed, operative parameters and techniques should have a standardized
design and objective definition'?.

The objective of this study was to compare open adrenalectomy with laparoscopic adrenalectomy in
swines as an experimental model. Therefore, parameters related to operative time, operative

complications, changes in body temperature and time to deambulation were analysed.

Materials and Methods

The study was approved by the Ethics Committee of the Animal (CEUA) Institute of Biological
Sciences, University of Brasilia (No. UnBDOC 32946/2009), and developed at the Center for
Teaching and Training Experimental Health Sciences, Federal District and School of Veterinary
and Animal Science, Federal University of Goias. We used 32 healthy, tri-cross, male swines (Sus
scrofa domesticus), with 16 kg average weight, coming a farm properly inspected by the health
agency.

The animals were divided into four groups (n = 8): group G1 underwent laparotomy with resection
of the left adrenal; group G2 (open or false sham treated) was submitted to laparotomic procedure
without resection of the adrenal; group G3 was submitted to laparoscopic procedure with resection
of the left adrenal; and G4 (laparoscopic or false sham treated) submitted to the laparoscopic
procedure without resection of the adrenal. The operative time (OT) for G2 and G4 (falsely treated)
were not considered for statistical analysis. To evaluate the possible blood loss, hematocrit was
analyzed five days before the surgical procedure and five days after in hematological centrifuge for
micro-hematocrit determination. The animals were submitted to food and water fasting for 12
hours. Smg/kg of azaperone intramuscularly (IM) was used as premedication. Extensive shaving of
the ventro-lateral abdomen was done, and after 15 minutes anesthesia induction was performed with
propofol 5mg/kg intravenously (IV) and anesthesia maintenance with isoflurane 3%. Immediately
after, the antisepsis was made with antiseptic solution of 2% povidone iodine (PVPI) and 0.1%
iodine ethanol.

Left adrenal approach using the open technique in animals in G1 was performed with a para-costal
incision of about 15 cm, as described by Park and Gagner®”. This was followed by the section of
the external and internal abdominal oblique muscle, with subsequent displacement of left kidney,
spleen, intestinal wall and apex of the pancreas (Figure 1A), and dissection of peritoneum and
periglandular fat with monopolar thermal cautery. The accessory renal arteries and the aorta
branches were connected, while the other vascular structures were etched (Figures 1B and 1C).
Etching renal arteries and vein branches was performed en-bloc with 3-0 nylon monofilament
(Figure 1D). To end the procedure, the inventory of the surgical site was conducted and the
abdomen closed in layers using simple stitches with 3-0 monofilament nylon.

Laparoscopic adrenalectomy technique adopted in animals in G3 was trans-abdominal, as described
by Kollmorgen et al."®, with a change of position and pressure of CO,, which was set at 10 mmHg,
as recommended by Sood et al.*". The animals were restrained in right lateral decubitus, with
support on the edge of the right costal arch, promoting elevation of the area of surgical access.
Subsequently, the pneumoperitoneum was installed using a small skin incision, retracting the
abdominal wall and inserting a Veress needle in the middle third of the caudal margin of the last rib.
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Then, the site was demarcated for the creation of abdominal access portals. The first portal, of 11
mm, for inserting the 10 mm optical, at a 0° angle, was created laterally between the ventral midline
and the dorsal line. The second one, of 5 mm, was formed in the middle third of the caudal margin
of the last rib. The third one, of 11mm, was installed in the left mesogastric region, and the last one,
a portal of Scm, in the left epigastric region. Maryland seizure type grippers, a seizure type grasping
forceps, a monopolar electrocautery hook, a Mayo endoscopic needle holder, a clipper and a pair of
endoscopic Metzembaun scissors were used.

Figure 1: Sequence of the open left adrenalectomy in swines with para-costal approach. A —
displacement of adjacent organs for glandular identification (arrow); B — identification of the left
adrenal, next to the left kidney; C — dissection with the aid of thermal cautery and a detail of the tail
of the pancreas; D — etching of the renal branches and presentation of the adrenal bed.

The approach of the adrenal gland began with the displacement of the left kidney with the aid of
seizure type grasping forceps, in order to resect the peritoneum and locate the gland (Figure 2A),
followed by the displacement of the intestines, spleen and pancreas, and then by the resection of the
gland with the aid of the hook and the Maryland seizure type grippers, from its lateral edge in dorsal
and cranial-caudal sense, and the homeostasis of vessels from aortic origin and branches of the
celiac and lumbar vessels through thermo cauterization (Figure 2B), isolation as well as double
clipping of the renal and vein artery branches were carried out (Fig. 2D). This was followed by
inspection of the surgical site and removal of the gland by the 11-mm portal. Two microchips,
inflator 9L, 300W xenon light source, instrument and endoscopic devices (Karl Storz, Germany),
and thermocautery hook (WEN-Sao Paulo-SP) were used to process image.

Animals were monitored during the operative procedures; they were assessed on the following
variables: operative time (OT), oxyhemoglobin saturation (SpO;), heart rate, type of surgical
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complications, temperature, average time to deambulation and mean arterial pressure (MAP). The
resulting values of the oxyhemoglobin saturation level, heart rate, temperature and MAP (not
invasive) were obtained using a calibrated Multiparametric Vital Sign Monitor (a Hewlett-Packard
mod. 78354c, Germany). The records of the operative parameters were performed every ten minutes
throughout the OT.

Figure 2: Sequence of laparoscopic adrenalectomy in swines: A — displacement of organs adjacent
to the adrenal; B — identification and medial/lateral and cranial/caudal dissection; C — identification
of the renal artery and vein branches; D — clipping of the branches of the originating renal artery and
vein

Upon completion of the procedures, the animals were transferred to the recovery room after
anesthesia and monitored until they showed physiological stability. At this point, deambulation time
was recorded (time counted from the end of anesthesia until the animal spontaneously started to
walk). After this period the animals were sent to the recovery housing for monitoring drinking
water, food intake and treatment of surgical incisions. During the first five days after surgery, they
were submitted to antibiotic therapy with Enrofloxacin Smg/kg, and postoperative analgesia with
Ketoprofen Img/kg, subcutaneously. 1mg/kg Ketoprofen was administered for post-operative
analgesia, subcutaneously, once daily for five days and daily curatives with Saline 0.9%, and
antiseptic with 2% povidone iodine solution, until the removal of suture stitches, which occurred on
the tenth postoperative day.

The surgical techniques were evaluated regarding operative time, body temperature, hematocrit,
postoperative and intraoperative complications and time to deambulation. Statistical analysis was
performed with descriptive data and Student T test to evaluate two groups. For the evaluation of
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three or more groups, analysis of variance (ANOVA) was performed, followed by tests of normality
Shapiro-Wilk, Levene’s test and Tukey test for multiple comparisons and Kruskal-Wallis test. D

ata were processed using the statistical analysis program SPSS (Statistical Package for Social
Sciences) version 16.0.

Results

Operative time average of Gl was 66min75s, while in G3 it was 76 minutes, 14min03s and

16min62s standard deviation, respectively. The median values were 68min50s for G1 and 75min50s
for G3 (Table 1).

Table 1: Mean + standard deviation and operative time of adrenalectomy in swine; median in minutes
of open and laparoscopic groups

Group Mean + SD Median Min
Gl 66.75 +14.03 68.50 49
G3 76.00 £ 16.62 75.50 55

No statistical differences were observed regarding OT in both treated groups when using Shapiro-
Wilk test, with significance level of P <0.05. Five animals of G3 showed intercurrences in vessels
of the adrenal glands, resulting in little blood loss, whereas in G1, only one animal had such
complication. Two animals presented lesions in bowels, one animal in G1 and another in G3. In G1,
it was due to a cut by the blade of the scalpel and, in G3, it was due to the formation of

pneumoperitoneum, by a Veress needle. Both were located in the colon. There were kidney bruises
in three animals of G3 (Table 2).

Table 2: Frequency of types of surgical intercurrences in laparoscopic and open adrenalectomy in
swine

Gl G3 total
Types of intercurrences
n % n % n %
Adrenal vessels accidents 1 12.5 5 62.5 6 18.8
Bowel imnjury 1 125 1 12.5 2 6.3
Renal Hematoma formation 0 0 3 375 3 9.4

n = number of animals that presented operative complications
Total processed considering the sum of the four groups

In relation to the hematocrit of the animals on the fifth postoperative day (PO), any significant
changes were identified (Table 3).

The average BT (body temperature) of the animals of G1 was 36.9 °C, with standard deviation of
0.68 and variance of 0.46. On the other hand, the average BT of G2 was 37.2 °C, with standard
deviation of 0.69 and variance of 0.48. In G3, the mean BT was 36.5 °C, with standard deviation of
0.38 and variance of 0.14. In G4 the average BT recorded was 36.8 °C, with standard deviation of

Cienc. anim. bras. v.16,n.2, p. 287-297 abr./jun. 2015



Laparoscopic technique versus open technique in swines adrenalectomy 293

0.40 and variance of 0.15. There was no statistical difference among groups (P> 0.05). The medians
of studied groups were 37 °C for G1, 37.4 °C for G2 and 36.7 °C for G3 and G4 (Table 4).

Table 3: Mean values + hematocrit standard deviation n in swine submitted to open and laparoscopic
adrenalectomy in relation to sampling times

Hematocrit Group n Mean / standard deviation
Gl 8 3475+ 1.66
Five days before surgery G2 8 33.50£2.56
G3 8 33.00+1.85
G4 8 32.13+£223
Gl 8 32.13+135
. G2 8 32.38+489
Five days after surgery G3 g 3175 + 128
G4 8 32.13+145

Table 4: Mean values + standard deviations and minimum and maximum values of the average BT
of swine during the course of OA and LA 1n degrees Celsius (°C)

Group BT Mean + standard deviation (°C) Min Max
Gl 36.9+0.67 358 379
G2 37.2+0.69 359 380
G3 36.5+0.37 36.0 36.9
G4 36.7+0.39 36.3 374

TD (time to deambulation) means were 83 minutes for G1, 76min75s for G2, 54min25s for G3 and
45min38s for G4, with standard deviations of 40 minutes, 12min82s, 22min46s and 22min,
respectively. The analysis of variance showed a significant difference between the G4 and G1 (P

<0.05) (Figure 3).
G1 G2 G3 G4

Figure 3: Mean time to deambulation after OA and LA 1n swine.

5885882388
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Discussion

The average OT found in this study was not significantly different among the treated groups. These
results are similar to those found by Kollmorgen et al.'?, who carried out a comparative study of
open and laparoscopic adrenalectomy in swine. This similarity converges only in the absence of
significance, once the means of OT in the study conducted by these authors were 37min6s + 7 min
for LA and 36min6s = 9min for OA, while the averages recorded in this study were higher. On the
other hand, Park and Gagner®”, in an experimental study of adrenalectomy in swine, found similar
results to those found in this work, with average OT to LA of 60 minutes to the procedure in the left
adrenal and 90 minutes for the right adrenal, what was attributed to the proximity of the right gland
to the vena cava and hepatic vessels, requiring a longer time for execution of dissection maneuvers.
In comparative studies of laparoscopic and open adrenalectomy in humans OT is larger, since it
relates to operations in adrenal tumors. A non-randomized retrospective study conducted by
Mikhail et al."® evaluated the results of five patients who underwent LA and seven who underwent
OA, and bserved the average OT for the performance of LA was higher than that of OA. As well as
the resultsthe results obtained by Yoshimura et al.®? their study had average time of 376 minutes
for LA and 133 minutes for OA. It is a consensus that OT is a disadvantage of laparoscopic
adrenalectomy when compared to open adrenalectomy; however, according to Eto et al.*”, as this
method becomes more established, there will be a larger number of trained professionals, resulting
in the improvement of skills and thus reducing the operative time of laparoscopic adrenalectomy.
These considerations are confirmed by Smith et al.'?, who assessed different studies between 1995
and 1997, and found that the OT has been gradually decreasing over the years, with records of 254
minutes in 1995 and 152 minutes in 1998.

The intercurrences in this study were primarily related to the treated groups, G1 and G3. Bowel
lesions occurred in one animal in group G1 at the time of the abdominal incision. In group G3, a
bowel perforation was caused by a Veress needle at the beginning of the pneumoperitoneum
formation. These accidents occur due to the gas buildup in the colon. These occurrences did not
result in damage to the procedures, since the shortcomings could be corrected accordingly.
Hendrickson®? reported that, in minimally invasive procedures, the occurrence of accidents at the
time of pneumoperitoneum formation is frequent, either by inserting a Veress needle or installing
the gates with trocaters. Considerations of injuries caused by the Veress needle were made by Brun
et al."®, who highlighted the spleen as the main organ affected during LA in dogs. Although in the
present experiment such lesions have not been observed, the potential risk of using this needle
during pneumoperitoneum creation should be taken into consideration.

The bruises formed in the kidney cranial pole of three animals in group G3 were caused by the
traction exerted on the body at the time of its displacement to the location and exposure of the
surgical site. Other complications presented in this study were vascular accidents, observed in G1
and G3. In both groups, the involved vessels were branches of the renal and aorta arteries, and
adrenal veins. As shown in Assalia and Gagner'*”, such accidents with subsequent blood loss and
need for conversion are common occurrences in LA. Similar results were observed in this study,
which showed a higher incidence of vascular accidents in laparoscopic procedures than in the open
ones. However, blood loss was not significant, which was confirmed by the maintenance of
hematocrit within normal reference values in all animals.

Cienc. anim. bras. v.16,n.2, p. 287-297 abr./jun. 2015



Laparoscopic technique versus open technique in swines adrenalectomy 295

Overcoming obstacles posed by the diversity of the adrenal vascular represents a great challenge,
both in OA and in LA. In this study, the use of optical resources promoted better visibility
facilitating vascular homeostasis in laparoscopic procedures, unlike what happened in the open
procedure, where the vascular identification of homeostasis was performed with a higher degree of
difficulty, resulting in blood loss. However, Parnaby et al.*®, in a retrospective study, demonstrated
that human adrenal venous drainage presents great variability, especially in cases of
pheochromocytoma. Also, it was highlighted that the operative complexity resulting from this
vascular restructuring is solved by the greater accuracy of LA, mainly for the easy vascular
identification favored by optical resources available for the implementation of this technique.
During surgical procedures, all studied groups showed a decrease in BT, with an average
temperature of 36.9 °C in G1 and the highest decrease, 36.5 °C, in G3. These variations, although
not showing clinical significance, characterize a normal pattern for swine subjected to experimental
procedures®”. BT variations may be related to the type of anesthesia, temperature of the operating
room or even the action of CO, in abdominal cavity during pneumoperitoneum, this may be the
justification for the laparoscopic groups to have shown average temperature below the groups
submitted to OA®Y.

The TD of the animals in G1 and G3 was similar and can be correlated to the findings of Malm et
al."”, who observed, in a comparative study of bitches submitted to open and laparoscopic
ovariohisterectomias, the time for spontaneous locomotion was the same in both groups. In humans,
these results have been different, with TD significantly lower in patients undergoing LA, as
described by Elashry et al.*”, showing TD of patients undergoing human LA was significantly
lower than for OA.

During animal recovery period, parameters regarding water and food ingestion and evolution of
surgical wounds were evaluated. We found that two hours after the recovery of deambulation
capacity, all of them fed themselves spontaneously. Similar results were found by Malm et al.'”,
demonstrating that after the surgical procedures most animals returned to their feeding capacity.
The average time to return to spontaneous feeding in patients undergoing human LA and OA may
be 24 to 72 hours®*”. Surgical wounds in this study were monitored daily until the stitches were
removed. Wound dehiscence occurred in two animals in G1 and G2. The same pattern of
complications in surgical wound was verified by Kollmorgen et al."®, when evaluating OA in
swine. These findings were associated by these authors to large incisions required for the
implementation of OA, which may justify the surgical wound dehiscence observed in this study.

Conclusions

We may conclude laparoscopic adrenalectomy in swine:

* Presented similar operative time to open adrenalectomy;

* Did not promote significant changes in body temperature when compared to the open technique;

* May be related to the increased quantity of operative intercurrences;

* Presented similar time to deambulation as open adrenalectomy;

* Improved recovery of surgical wounds when compared to open adrenalectomy;

* Is a reliable technique that can serve as reference for the surgical treatment of animals with
adrenal diseases with surgical indications.
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