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Abstract: Recent advances in technology and the need to decrease surgical morbidity have led a rapid
progress in laparoscopic adrenalectomy (LA) over the past decade. Robotics is attractive to the surgeon
owing to the 3-dimensional image quality, articulating instruments, and stable surgical platform. The safety
and efficacy of robotic adrenalectomy (RA) have been demonstrated by several reports. In addition, RA has
been shown to provide similar outcomes compared to LA. Development of adrenal surgery has involved
the description of several surgical approaches including the anterior transperitoneal, lateral transperitoneal
(LT) and posterior retroperitoneal (PR). Among these, the most frequently preferred technique is LT
adrenalectomy, primarily due to the surgeon’s familiarity of the operative field, wider working space and
visibility. The LT technique is suitable for the resection of larger, unilateral tumors and in scenarios where
conversion to an open transperitoneal approach is warranted, it offers a lesser burden. Also, the larger view

of the entire abdominal cavity and excellent exposure of both adrenal glands and surrounding structures

provided by the LT technique render it safe and feasible in pediatric and pregnant individuals.
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Introduction

Adrenalectomy has been an evolving surgical technique
for the treatment of adrenal pathologies for more than a
century. The first planned adrenalectomy was performed
in 1914 by Perry Sargent (1) and since then, multiple
changes in the surgical approaches to the adrenal gland
have been developed. The advent of new technology and
the desire of surgeons to reduce surgical morbidity, have
contributed to the introduction of minimally invasive and
remote-access adrenal surgery in the past decade. Gagner
et al. (2) performed the first laparoscopic transperitoneal
adrenalectomy (LA) in 1992. Since then, laparoscopy been
regarded as the gold standard for the management of most
adrenal surgical disorders. The wide acceptance of LA
as a safe and effective procedure is primarily due to the
improved patient outcomes such as shorter hospitalization,
reduced pain and improved recovery. Furthermore,
recent advances in minimal invasive surgery and increase
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in familiarity of the technique have challenged surgeons
with laparoscopic skills to resect complex adrenal masses
laparoscopically. Notwithstanding these benefits, LA
has certain drawbacks including the 2-dimensional view,
unstable camera platform, and poor ergonomics for the
surgeon and rigid instrumentation.

Inspired by the drawbacks of laparoscopic surgery,
robotic technology has been recently introduced as an
armamentarium to minimal invasive adrenal surgery
owing to the 3-dimensional view, wristed instrument, and
stable camera platform (3). Theoretically, these advantages
can help develop the LA procedure, thereby leading to
improved perioperative and postoperative outcomes.
Although there have been numerous reports demonstrating
the safety and efficacy of robotic adrenalectomy (RA), the
current drawbacks associated with RA include its cost,
technical difficulties and the need of advanced training. In
addition, robotic surgery is an advanced technology that
requires a team with technical expertise to ensure successful
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Figure 1 Positioning of the patient for a I'T" laparoscopic/robotic

adrenalectomy. LT, lateral transperitoneal.

accomplishment of the procedure.

The location of the adrenal glands, in the upper
retroperitoneal space has led to the development of several
surgical approaches including the anterior transperitoneal,
lateral transperitoneal (LT) and the recently popularized
posterior retroperitoneal (PR) which was first described by
Mercan er al. (4). Proponents of each technique propose
its superiority; however a consensus on the indications
and choice of approach has not yet been reached. Among
these techniques the most frequently preferred is LT
adrenalectomy, since it provides a wider operative field,
visibility and anatomical familiarity for most surgeons (5-7).
The aim of this review is to summarize the available data
on laparoscopic and RA via the transperitoneal approach
in terms of indications, perioperative outcomes, cost and
recent developments.

Indications and patient selection

Current indications for transperitoneal adrenalectomy
are similar for both laparoscopic and robotic approaches,
and include all benign functional adrenal tumors, benign
non-functional tumors >4 cm or those demonstrating
significant growth on follow-up CT scan, as well as adrenal
metastases in selected patients with soft-tissue or solid-
organ primary tumors, usually in the setting of mono or
oligometastatic disease (8-10). Also the larger working
space and the familiarity of landmarks associated with the
LT technique make it more favorable for larger, unilateral
tumors, in which there is a small retroperitoneal space or
previous retroperitoneal kidney surgery. Furthermore, it
offers a lesser burden in events that conversion to an open
transperitoneal approach is required. An open technique
is the management of choice for lesions that are highly
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suspicious for adrenocortical cancer based on preoperative
clinical, biochemical and imaging findings (11-13). In
scenarios where evidence suggestive of gross extra-
adrrenal invasion during a laparoscopic/robotic-assisted
adrenalectomy exists, early conversion to an open approach
prior to any significant dissection is warranted to ensure
an effective execution of an oncologically sound procedure
consisting of en-bloc resection of the tumor, regional
lymphadenopathy and removal of contiguously involved
organs. In our institution we prefer LT adrenalectomy
for tumors >6 cm. If the tumor size is <6 cm, the distance
between the skin and Gerota’s space is not long (generally
<7 cm) and the 12" rib is rostral to the renal hilum, we
carry out the PR technique.

Operative technique

Patient preparation, positioning, and port placement are
the same for both laparoscopic and robotic techniques. The
patient is placed in a lateral decubitus position (Figure I).
Adrenalectomy is generally performed using four ports. It is
important to be able to configure the trocar placement such
that to give the 1% assistant an access to use the suction-
irrigator device and possibly a clip applicator. Generally, this
is the most medial port for right-sided adrenalectomy and
the most lateral port for left-sided procedures. In obese or
small patients, it might be necessary to change the location
of the 1st assistant port, depending on the anatomy.

For the robotic technique, we prefer to use the bipolar
Cadiere forceps, robotic harmonic scalpel, and a 30-degree
down scope to do the dissection (Figure 2). We do the
initial exposure including division of the right triangular
ligament and splenorenal ligament laproscopically, followed
by laparoscopic ultrasound, before we dock the robot.
We use 8 mm instruments for the lateral transabdominal
technique. The communication with the anesthesia team is
very important for a fast docking. The table might need to
be reversed in order not to block the docking of the robot.
Based on the patient’s anatomy, we rotate the table clockwise
in order to match the angle of dissection with the docking of
the robot. The robot is docked into position coming from
the ipsilateral shoulder of the patient and connected to the
robotic trocars. On the right side, the 1" assistant retracts
the liver and suctions using a long suction-irrigator tip. On
the left side, the 1" assistant, similarly, provides suctioning
and counter-traction with the same instrument. The
adrenal vein is divided using the Harmonic scalpel if <4 mm
and using clips if larger (Figure 3). We prefer metallic
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Figure 2 Intraoperative photograph showing the docking of

the robot and position of the instruments for transperitoneal
adrenalectomy. A down-viewing 30° scope is used with a grasping
instrument from the lateral and harmonic scalpel from the medial

port.

clips placed by the 1" assistant, but robotic locking clips
may also be used. After the adrenalectomy is complete,
the robot is undocked, and the gland is removed using a
specimen retrieval bag. After the operative site is irrigated
and suctioned, trocars are removed. Morcellation may be
required if the specimen is large (e.g., >3 cm). Hemostasis is
achieved laparoscopically and confirmed after desufflation
and reinsufflation. Fascia is closed for both 12 mm port sites.

Outcomes

Over the past decade, the safety and feasibility of RA
have been reported by several studies. A series of 30 RAs
performed by three surgeons at a single institution was
reported for the first time by Winter er 4/. in 2006. The
median operative time was 185 minutes. The operative time
for one of the surgeons improved significantly over time, at
a rate of 3 min per case. No conversions to laparoscopic or
open surgery were seen. A postoperative morbidity rate of
7% was encountered and this included; prolonged ileus (one
case) and hypoxia (one case). There was no perioperative
mortality. The median hospitalization was 2 days (14).

In 2008, Brunaud et a/l. prospectively evaluated 100
patients who had undergone robotic transperitoneal
unilateral adrenelectomy. There were no mortalities
and morbidity rate was 10%. The morbidities reported
were mainly wound infection (n=2), facial edema (n=1),
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ight renal vein

Kidney

Figure 3 Intraoperative photograph showing robotic dissection of
a right sided pheochromocytoma via LT approach. Owing to the
angulation of the grasping instrument, there is no collision with the
harmonic scalpel. Furthermore, the range of motion is much better
compared with rigid laparoscopic instruments, making dissection

easier. LT; lateral transperitoneal.

pneumonia (n=3) urinary tract infection (n=1), postoperative
anemia (n=1) and hematoma (n=1). The authors reported
a conversion rate of 4% to laparoscopy and 1% to
laparotomy. The mean operative time was 9935 min. The
mean operative time decreased by 5 min for junior surgeons
in every 10 cases whereas senior surgeons gained 2 min in
every 10 cases. They concluded that although the robotic
approach was not safer and cheaper than laparoscopic
surgery, it provided significant advantages to the surgeon,
such as more ergonomics and better image quality (15).

Giulianotti et a/. later reported a series of 42 patients
who underwent transabdominal lateral RA for various
unilateral benign and malignant adrenal tumors. They had
no conversions, but one intraoperative complication due
to capsular tear in a case of 6 cm pheochromocytoma. The
authors advocated that robotic adrenal surgery could be
beneficial for patients with higher BMI and large tumors
and that it could be a valid option in high volume centers in
terms of outcomes and feasibility (16).

A group from a university hospital in Sweden, also
reported their experience with 100 patients who had
undergone robotic LT adrenalectomy. They had a 7%
conversion rate where all the cases were converted to
open surgery. They demonstrated a correlation between
the BMI of the patient and the weight of the specimen
in converted cases (P=0.047 and P=0.066, respectively).
They had no mortalities reported and 13 patients had
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minor postoperative complications. Interestingly, findings
from this study showed that, patients operated for left-
sided tumor have a significantly higher postoperative
complication rate than right-sided tumors (18% wvs. 5%,
respectively) (17).

Our initial RA experience consisted of 50 patients. The
procedure was performed for both LT and PR approaches.
There was no difference when we compared the robotic
with the laparoscopic groups regarding demographics,
tumor type, and body mass index. For the LT approach,
despite larger tumor size in the robotic vs. the laparoscopic
group (4.7 vs. 3.8 cm), the operative times were similar (168
vs. 159 min). There was no difference between the two
approaches regarding the time spent for the individual steps
of the operation. In the PR approach, with similar tumor
sizes (2.7 vs. 2.3 c¢m), operative time was equivalent (166 vs.
170 min). Shorter time for hemostasis was significant in the
robotic group. For laparoscopic and robotic procedures, the
morbidity was 10% and 2%, respectively (18).

Recently the soaring interest for RA has led to reports
from several studies comparing RA to LA in terms of
perioperative outcomes. Advocates of the robotic approach
report its merits over laparoscopy owing to the better
surgical ergonomics and 3-dimensional view, however, a
consensus on whether one approach is superior over the
other hasn’t been reached yet since a large scale randomized
controlled trail comparing both approaches is lacking in the
current literature.

The first randomized trial comparing laparoscopic to RA
using a I'T" approach was published by Morino et 4/. (19) in
2004. The study which randomly assigned 20 patients with
benign adrenal lesions to each arm with exclusion criteria
including bilateral lesions and tumors >10 cm showed that RA
was associated with longer operative times (169 vs. 115 min),
increased perioperative morbidity (20% wvs. 0%), and higher
total costs ($3,467 vs. $2,737, excluding initial robot cost)
relative to the laparoscopic approach.

Brunaud and colleagues evaluated the quality of life of
patients’ after RA or LA. Overall, 21 patients were assessed
once preoperatively and twice postoperatively on validated
measures of physical pain, physical functioning, emotional
functioning, and anxiety. RA was compared with LA across
ten different measures at three different time points. Only
one significant difference between the two groups was
noted. At 6 weeks postoperative, the robotic group had
a significantly increased score of “role limitations due to
emotional problems”. There were no other significant
differences. The authors concluded that, perioperative
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quality of life is not a justifiable parameter on which to base
promotion of RAs (20).

Subsequently, a retrospective chart review of patients
who received either robotic (n=50) or laparoscopic (n=59)
unilateral LTA by the same authors reported that the
robotic approach was associated with less intraoperative
blood loss although longer operative times overall
compared with the laparoscopic approach (21). As expected,
a learning curve of 20 more cases on the robotic platform
nullified this difference in operative time. In addition, a
subset analysis showed that laparoscopic adrenalectomy (LA)
was associated with longer operative times in patients with
larger tumors (>5.5 cm) as well as in those with a BMI >30.

We have reported our experience with 63 patients
receiving either laparoscopic (n=32) or robotic PRA
(n=31). Tumor size, blood loss, and hospital stay were
similar between the two groups, as were overall skin to
skin operative times. After an initial learning curve of 10
cases, however, operative times were significantly shorter
in the robotic group (139 vs. 167 min), inclusive of robotic
docking times, which ranged from 5-30 minutes. Pain
scores on postoperative day 1 were lower in the robotic
group than in the laparoscopic group, which was attributed
to the potentially shorter operative time, and less pressure
on incisions as a result of fewer instrument changes and
articulating instrumentation (22).

A current meta-analysis of 600 patients from eight
retrospective studies and one RCT undergoing either
robotic (n=277) or laparoscopic (n=323) adrenalectomy,
showed no significant difference in operative time,
conversion rate, or postoperative complications was
observed between the two groups, although there was a
significantly shorter hospital stay (WMD—0.43 days) and
estimated blood loss (WMD—18.2 mL) in the robotic
group (23).

In 2008, a case-control study comparing robotic and
conventional unilateral laparoscopy included 48 patients
that underwent robotic unil’T" adrenalectomy at a single
institution. The patients were matched according to
tumor size, surgeon’s experience, and patient BMI with 48
LA patients. Findings from this study did not show any
statistically significant differences between RA and LA
groups with regard to demographic features, endocrine
disorders, side of lesion and tumor, patients BMI and
surgeon’s experience (senior vs. junior). Perioperative
outcomes were similar in both groups. Mean operative
time (87 vs. 86 min), morbidity (10% wvs. 17%), conversion
(5% wvs. 4%), and mortality (0% vs. 0%). In agreement with
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previously reported studies, the mean hospital stay was
shorter after RA than after LA (6.1 vs. 6.8 days; P=0.02) (24).

Notwithstanding the increase in interest for RA recently,
the technology still needs ample time to develop. Large
volume centers are needed to determine what differences, if
any, exist between robotic and conventional LA.

Laparoscopic and robotic surgery for large
adrenal tumors

Due to the technical difficulties, higher risk of complications
and concerns of malignancy, minimally invasive resection
of large adrenal tumors can be challenging (25,26). The
transperitoneal approach provides greater exposure for the
resection of larger adrenal tumors. (>5 cm). Lezoche et al.
compared the retroperitoneal approach to the anterior or
LT approaches for the resection of larger tumors. In their
study, the authors found that, the transperitoneal approaches
(anterior and lateral) are better for the resection of larger
adrenal masses and this was evidenced by a statistically
significant difference in mean gland diameter (27).

Resection of adrenal masses larger than 14 cm in
diameter through a restricted retroperitoneal space can
be challenging. This has been one of the major drawbacks
of the posterior approach (28). In a study comparing
the LT, anterior transperitoneal and retroperitoneal
approaches, although intraoperative time did not differ
significantly among the three approaches, a significantly
shorter operative time for the I'T" approach was reported.
In the same study, adrenal masses were significantly larger
in subjects in whom the transperitoneal approach was
preferred. The authors concluded that, for tumors >5 cm,
the transperitoneal technique should be the preferred
approach (29).

Our group previously reported a comparative study of
robotic vs. laparoscopic resection of large adrenal tumors.
The study included 25 patients with 25 tumors in the
robotic and 38 patients with 39 tumors in the laparoscopic
group. There was similarity in both groups in terms of
tumor size (6.5 vs. 6.2 cm, respectively). A shorter operative
time was observed in the robotic versus laparoscopic group
(159 vs. 187 min, respectively); while, estimated blood
loss was similar. Conversion rates were as follows; 4% uvs.
11% in the robotic and laparoscopic group respectively.
Hospital stay was shorter for the robotic group (1.4 vs.
1.9 days, respectively) and there was no morbidity in the
robotic group. A 2.7% morbidity rate was detected in the
laparoscopic group. Findings from our study showed that
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the use of the robot shortened operative time and decreased

the rate of conversion to open for adrenal tumors larger
than 5 cm (30).

Laparoscopic and robotic adrenalectomy (RA) in
pediatric patients and pregnant individuals

The role of minimally invasive approaches for
adrenalectomy in pediatric and pregnant patients is poorly
defined. Reports on the applications of laparoscopic and
robotic assistance for this group of patients are few in the
literature. Existing studies have shown the transperitoneal
approach to have considerable benefits including a larger
view of entire abdominal cavity and excellent exposure of
both adrenal glands and surrounding structures (31).

Eassa et al. reported the outcomes of LA in eight patients
with different adrenal tumors including aldosteronoma in
three, virilising tumor in two, non-functioning tumor in
one, Cushing’s syndrome in one and pheochromocytoma
in one. The mean operative time was 60 min, with minimal
intraoperative blood loss. Similar studies (32,33) have also
reported the safety and feasibility of the procedure in the
pediatric population.

In a series of 134 robotic pediatric surgical procedures,
including adrenalectomy in one patient, Alqahtani et a/.
reported that robot-assisted surgery appeared to be safe and
feasible for pediatric patients as well. The role of robotic
partial adrenalectomy as a safe procedure providing precise
dissection in a pediatric patient with VHL has also been
described (34). A different study about the first pediatric
robotic series in Spain concluded that, the learning curve
of robotic surgery was shorter than the conventional
laparoscopic surgery and the main obstacle in children was
the smaller size of the operative field (35).

Podolsky et al. operated on a patient diagnosed with right-
sided pheochromocytoma at 21 weeks of gestation through a
LT approach with no postoperative complications (36). The
authors advocated robotic adrenal surgery as a safe option
for pregnant women since it provides a better vision and
facilitates dissection in a limited space due to pregnancy.

Cost effectiveness

As the need to reorient health care around value for patients
has now become an intrinsic motivation in the practice of
medicine, further development of robotic adrenal surgery
may be limited unless improved quality focusing on patient
based outcomes can be used to justify the generally higher
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costs of this technology. The costs of robotic systems are
fixed with prices ranging between USD 1 million and USD
2.5 million per unit (37).

Higher costs are also generated from related periodic
maintenance, prolonged operative time, and associated
facility and staffing fees. In the context of growing health
costs in the United States, this represents a major concern
at the national policy level. In a 2005 study by Bodner ez 4/,
RA was estimated to be 1.5 times more costly than
traditional LA (38).

Similarly, a prospective evaluation of 100 robotic cases by
Brunaud ez a/. showed that, RA was 2.3 times more expensive
than LA (Euro 4,102 vs. Euro 1,799). The authors however
noted a decrease in the calculated cost difference as the
number of robotic cases increased and when depreciation
of the robotic system and laparoscopic equipment was
distributed over 10 years instead of 5 years (15).

A retrospective analysis of all cost studies of robot-
assisted procedures published since 2005 by Barbash ez 4.
found that, on average, across the full range of 20 types
of surgery for which studies exist, the additional variable
cost of using a robot-assisted procedure was about $1,600,
or about 6% of the cost of the procedure in 2007. For
unilateral adrenalectomies, the additional cost of using a
robot was estimated from 1,400 to 2,900 USD, or about
10% to 20% of the cost of that procedure (37).

The adoption and use of new technologies, even when
insurers do not explicitly provide reimbursement is an
undeniable role of an efficient health care system. Efficient
health systems should enhance the ability of medical
professionals and their patients to make informed choices.
Currently, intuitive surgical is the sole producer of robotic
surgical devices; however in the future, prices are expected
to decline if there is more competition in the market for
machines or related consumables.

Conclusions

The laparoscopic technology has presented new frontiers to
adrenal surgery thus enabling modification and refinement
of established conventional procedures. The integration
of robots into adrenal surgery has made it feasible to
offer alternatives to patients requiring surgical treatment
of adrenal disorders. Although there are many questions
regarding its cost, training and efficiency compared to
the laparoscopic approach, in the setting of our evolving
value-based health care system, these limitations must be
overcome quickly to merit continued development of these
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surgical techniques.
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