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ABSTRACT

Background and Objective: Laparoscopic adrenalec-
tomy is now the preferred approach for most adrenal
tumors. As minimally invasive surgery departments gain
familiarity with the robotic platform, the safety profiles
and efficacy of robotic adrenalectomy has been an area
of continued discussion. The objective of this study is to
outline our experience with transitioning to the robotic
platform and determining the effectiveness and safety of
transperitoneal robotic adrenalectomy.

Methods: We performed a single-center, retrospective
review of 37 patients who underwent transperitoneal robotic
adrenalectomy between August 1, 2010 and August 31, 2020.
Outcomes included patient morbidity, hospital length of
stay, operative time, estimated blood loss, gland volume, pa-
thology, and postoperative complications.

Results: Sixty-five percent of the total robotic adrenalecto-
mies were of the left adrenal gland. The average operating
room time was 213 minutes. The average gland volume
was 71 cm?, estimated blood loss was 74 mL and length of
stay was 1.4 days. There were no significant differences in
outcomes between the right and left total robotic adrena-
lectomies. Approximately one-third of our cohort had an
adrenal cortical adenoma, while only one patient had adre-
nal cortical carcinoma. Four patients experienced postop-
erative complications that resulted in unplanned hospital
readmissions and there was one mortality.

Conclusions: Although the standard of care for most
adrenal tumors is laparoscopic resection, our 10-year
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experience has shown that robotic adrenalectomy is
highly effective and can be a valuable tool in the com-
munity and academic setting.

Key Words: Robotic surgery, Adrenalectomy, Adrenal
gland neoplasm.

INTRODUCTION

Over the past two decades, adrenal surgery has progres-
sively evolved alongside advances in surgical technology.
As such, there has been a transition from open surgery as
the mainstay of surgical management to minimally invasive
approaches. Laparoscopic adrenalectomy is now considered
the preferred surgical approach for most adrenal patholo-
gies. It is safe and effective when compared to open adre-
nalectomy."” However, like the adoption of the robotic
platform across other surgical specialties, there has been a
shift to robotic adrenalectomies given its inherent advan-
tages including high-definition three-dimensional visual sys-
tems, enhanced degree of flexibility with the capability of
360-degree rotation and improved depth perception, dexter-
ity, and ergonomics. Consequently, robotic surgery may be
invaluable as the resection of the adrenal gland requires
careful dissection along major vessels and organs as well as
fine dissection in limited spaces such as the retroperito-
neum.? The safety profile and feasibility of robotic adrenal-
ectomy has been elucidated in multiple series. Compared to
conventional laparoscopic surgery, this technique is associ-
ated with decreased blood loss, reduced patient morbidity,
and shorter hospital stay.*” Over the past decade, minimally
invasive surgery (MIS) departments have gained experience
and familiarity with the robotic platform and expanded its
utilization into adrenal surgery. Therefore, this study aims to
determine the effectiveness and safety profile of transperito-
neal robotic adrenalectomy in our MIS practice.

METHODOLOGY

1. Study Design

This is a quality improvement study of 37 patients who
underwent transperitoneal robotic adrenalectomy (TRA)
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Figure 1. Robotic docking and patient positioning for right (A) and left (B) Transperitoneal Robotic Adrenalectomy.

between August 1, 2010 and August 31, 2020 at a univer-
sity affiliated, community-based, tertiary care hospital.
Robotic adrenalectomy was performed utilizing the
DaVinci $i™ and Robotic Xi Surgical System (Intuitive
Surgical Sarl, Aubonne, Switzerland). Indications for
TRA included advanced/functional adenomas and con-
cern for malignancy. Data was queried from our elec-
tronic medical records (EPIC, Epic Systems Corporation,
Verona, Wisconsin) and data compilation was per-
formed by trained, unblinded reviewers in accordance
with retrospective review guidelines.® All operations
were performed by a single surgeon.

2. Pre-operative Assessment

Indications for TRA included hormone-producing neoplasms
of any size (hyperaldosteronism, pheochromocytoma, pri-
mary adrenal hypercortisolism, adrenal hypersecretion of
estrogens/androgens) and hormone inactive lesions that
were greater than or equal to 4cm. To ensure we
selected patients with a low likelihood of malignancy,
we excluded patients who displayed locoregional inva-
sion on computed tomography or magnetic resonance

imaging. Perioperative planning included a multidisciplinary
team from Surgery, Endocrinology, and Anesthesiology.
Pre-operative management of patients with pheochromocy-
toma was in accordance with The Endocrine Society’s
Clinical Practice Guidelines”

3. Operative Technique

3.1 Robot-Assisted Left Transperitoneal Adrenalectomy
Patients were placed in the right lateral decubitus posi-
tion and the operating table was flexed to optimize ex-
posure of the left retroperitoneum. The patient was
secured to the surgical table and a shoulder roll was
placed. All pressure points were padded with foam to
avoid injury. The robot was docked (Figure 1a) and
four trocars were placed (Figure 2a). Following entry,
the lateral attachments of the spleen were mobilized
from the anterior abdominal wall. The peritoneum was
then incised allowing access to the retroperitoneum
and a medial rotation of the spleen and pancreas was
achieved to the level of the falciform ligament. The
splenic vein was identified and preserved. In our

Figure 2. Trocar placement in right (A) and left (B) Transperitoneal Robotic Adrenalectomy.
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practice, we exposed the left crus of the diaphragm
and the greater curvature of the stomach as we believe
it improves visualization. The left renal vein was then
identified within the hilum of the kidney followed by
the identification of Gerota’s fascia. The perinephric fat
was dissected revealing the left adrenal gland and
accessory adrenal veins. These are carefully dissected,
clipped, and divided. The remainder of the gland was
dissected free from the kidney (posteriorly and inferi-
orly), the aorta (medially) and the diaphragmatic
attachments near the left crus (Figures 3a, 3b). The
gland was placed in a laparoscopic specimen bag and
removed. Following completion of the procedure,
hemostasis was confirmed, the robot was undocked,
trocars removed, and port sites closed.

3.2 Robot-Assisted Right Transperitoneal Adrenale-
ctomy

The patient was placed in the supine position with a roll
to bump the right upper abdomen. The robot was docked
(Figure 1b) and trocars were placed (Figure 2b). A liver
retractor was used to elevate the liver and expose the
upper abdominal peritoneum cephalad to the hepatic
flexure. This was incised, providing access to the retroper-
itoneum. Gerota’s fascia was reflected medially and the
right kidney and adrenal were exposed. The medial
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aspect of the gland was first dissected free, defining
the cephalad plane between the gland and inferior
vena cava. The right adrenal vein was skeletonized,
clipped, and divided. The remaining attachments were
dissected using a combination of ultrasonic shears and
electrocautery, detaching the gland from the kidney
(inferior posterior) and the liver and diaphragm (supe-
rior). During this dissection, the hepatic veins and
vena cava were identified and protected to avoid unin-
tentional injury. The gland was then placed in a lapa-
roscopic specimen bag and removed. Following
completion of the procedure, hemostasis was con-
firmed, the robot was undocked, trocars removed, and
port sites closed.

4. Data Collection

Demographic data such as sex, body mass index
(BMD), Charleston comorbidity index (CCD, and pres-
ence of previous abdominal surgery were collected.
Outcomes included mortality, operative time (time
from incision to completion of closure), estimated
blood loss (EBL), length of stay (LOS), gland volume,
gland pathology, and Clavien-Dindo classification'® of
postoperative complications within 30 days of the
procedure.

Pt L

Figure 3. Intraoperative images of the right (A,B) and left (C,D) Transperitoneal Robotic Adrenalectomy. A) The right adrenal gland
after exposure and clipping of the adrenal vein that is followed by dissection of the right adrenal gland (B). C) The exposed left adre-

nal gland followed by the isolation of the left adrenal vein (D).
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Table 1.
Baseline Demographic Data of Patients Who Underwent
Transperitoneal Robotic Adrenalectomy

Description
Sample size, n 37
Sex, n (%)

Male 14 (38)
Female 23 (62)
Age in years, mean * SD 554 * 12

BMI, mean * SD 317
CCI, mean = SD 3.8+ 1.7
Previous abdominal surgery, n (%) 28 (76)

SD, standard deviation; BMI, body mass index; CCI, Charleston
Comorbidity Index.

5. Statistical Analysis

Collected data were expressed as either sum (n) and per-
centage (%) or mean and standard deviation (SD).
Statistical comparisons were made with a two-sample,
two-tailed T-test using Microsoft Excel data analysis soft-
ware (Microsoft Corp, Redmond, WA). A p-value of < 0.05
was considered statistically significant.

RESULTS

In our cohort of 37 patients, 62% were female, the average
age was 55years old with a CCI of 3.7 and BMI 31. Further
demographic information is shown in Table 1. Over 75% of
the patients had prior abdominal surgery. Sixty-five percent
of the adrenalectomies were of the left adrenal gland. No
bilateral adrenalectomies were performed. The average
operating room time for all TRAs was 213 minutes. The aver-
age gland volume, EBL, and LOS were, 71 cm?, 74 mL, and
1.4 days, respectively. There were no significant differences

in operating time, gland volume, EBL, or LOS between the
right and left TRA groups (Table 2). One-third of our cohort
had adrenal cortical adenomas, nine were biologically
active, and only one patient had an adrenal cortical carci-
noma (Table 3). All margins were pathologically negative.
There were no blood transfusions in our cohort. None of
the procedures were converted to a laparoscopic or open
approach. Four patients (11%) experienced postoperative
complications, three of which resulted in unplanned hospi-
tal readmission. One patient presented with a Clavien-
Dindo 1T complication of a type 1 non-ST elevation myocar-
dial infarction 22 days from the index operation. She recov-
ered well and was discharged in stable condition. The
second patient was readmitted one day after discharge for
management of hypocortisolism and a urinary tract infection
(Clavien-Dindo II complication). He was treated and dis-
charged home five days later in good condition. The third
patient was readmitted 11 days after his index procedure
with a wound hematoma (Clavien-Dindo II complication)
that was managed nonoperatively. He was discharged from
the hospital the following day. The single mortality in the
study was a patient who suffered a postoperative ST eleva-
tion myocardial infarction (STEMD requiring urgent car-
diac intervention with subsequent arrest (Clavien-Dindo
V complication).

DISCUSSION

Since its description by Gagner et al. in 1992,'' laparo-
scopic adrenalectomy has become the standard of care
for the management of both functional and nonfunctional
neoplasms of the adrenal gland. When first introduced,
minimally invasive adrenal surgery of large tumors was
associated with inferior outcomes due to prolonged oper-
ative times, increased blood loss, tumor spillage, and cap-
sular rupture. These procedures were also associated with
high conversion rates.'” As surgeon familiarity with this
technique improved, so did the outcomes and the

Intraoperative Data of Right and Left Transpegg?(?r}:a?‘Robotic Adrenalectomies and Final Pathology
Description Total Right TRA Left TRA P-Value
Sample size, n (%) 13 (35) 24 (65)
Mean Operative Time (min), mean * SD 213+ 87 205 * 106 216+ 77 0.72
Mean Size of Resected gland (cm?), mean = SD 71+ 63 58 £ 64 77 =64 0.40
Mean Estimated Blood Loss (mL), mean * SD 74+ 83 80 + 84 09 =83 0.95
Mean Length of Stay (days), mean = SD 1.4*+0.7 1.3+8.5 1.3+0.6 0.71

TRA, transperitoneal robotic adrenalectomy; SD, standard deviation.
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Table 3.

Final Pathology of Retrieved Specimens
Description n (%)
Adrenal cortical adenoma 12 (32)
Pheochromocytoma 5(14)
Benign adrenal cortical neoplasm 514
Cortical hyperplasia 4(1D)
Vascular adrenal cyst 3(®
Adrenal cyst 3(8)
Myolipoma 205
Adrenal cortical carcinoma 13
Other* 205

*Other includes: adrenal medullary hyperplasia, separate nod-
ule of paraganglioma/extra-adrenal pheochromocytoma; inva-
sive high-grade neuroendocrine tumor.

resectability of large tumors. Once a contraindication, a
threshold larger than 6 cm has now become a matter of
debate. Currently, relative contraindications to the mini-
mally invasive adrenalectomy include adrenocortical can-
cer and malignant pheochromocytoma. Locoregional
invasion is an absolute contraindication and mandates
laparotomy.'*'* Following the development of minimally
invasive retroperitoneal access by Garu et al. and
Madsessi et al. in 1993, the posterior retroperitoneal
approach has become an additional option that can be
used in select patients.'>!'® Although the level of evidence
is weak, the American Society of Gastrointestinal and
Endoscopic Surgery has provided the following recom-
mendations in patient selection for posterior retroperito-
neoscopic and lateral transabdominal adrenalectomy:

® A retroperitoneal approach may be preferred in a patient
with previous abdominal surgical procedures as there are
fewer complications and shortened operative times

® The retroperitoneal approach has the advantage of
eliminating patient repositioning for patients under-
going bilateral adrenalectomies

® There is a preference to use the lateral transabdominal
approach in patients that are morbidly obese patients
(BMI > 35 kg/m?) or have large tumors (> 6 cm).

Despite the above recommendations, surgeons should
use the technique most familiar to ensure the best patient
outcomes."”

It has been well established that laparoscopic surgery is
associated with shorter hospital LOS, less postoperative
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pain, rapid postoperative recovery, and lower patient
morbidity."® Over the past two decades, there has been
widespread use and adoption of the robotic platform as it
ameliorates many limitations of laparoscopic surgery
including inadequate tailoring of operative ergonomics,
two-dimensional vision, loss of depth perception, rigid
instruments, and only four degrees of freedom.? Despite
these advantages, the overall benefit of robotic adrenalec-
tomy compared to conventional laparoscopic adrenalec-
tomy remains highly debated. Here we will review the
current literature on complications, operative times, and
cost; as well as discuss our experience.

Postoperative morbidity and mortality are similar between
the laparoscopic and robotic approaches. There are no dif-
ferences in ileus, surgical site infection, wound infection,
postoperative hematoma, urinary tract infection, adjacent
organ injury, and hemorrhage.' In our cohort, there were
four postoperative complications (11%) including myocar-
dial infarction, urinary tract infection, and hematoma that
occurred within 30 days of the index procedure. We had
one postoperative mortality due to STEMI. Upon further
review, this patient had a CCI of 8 as well as a 7.3% risk of
severe complication (average risk of 3.6%) and a 1.1% risk
of death (average risk of 0.2%) based on the American
College of Surgeons National Surgical Quality Improvement
Program surgical risk calculator.” Our data closely mirrors
that of other small series. Branaud et al. followed a cohort of
100 patients who underwent robotic transperitoneal adre-
nalectomy. They had 10 (10%) postoperative complications
(3 Clavien grade I and 7 Clavien grade II complications). In
this series, one robotic approach required conversion to lap-
aroscopy and another required conversion to open adrenal-
ectomy.” Similarly, in a series of 30 patients undergoing
unilateral transperitoneal adrenalectomy, D’Annibale et al.
had 3 (10%) postoperative complications as well as 2 intrao-
perative complications (6.7%) with one conversion to open
adrenalectomy (3.3%).> Several reviews have reported rates
of conversion from robotic adrenalectomy to laparoscopic
and open adrenalectomy as high as 6% and 7%, respec-
tively.”'® Conversion rates during minimally invasive adre-
nalectomy are higher for tumors > 6 cm in size, as removal
of these large tumors can be technically challenging.
However, in a single-center review by Agcaoglu et al. com-
paring 62 patients undergoing robotic (n =24) and laparo-
scopic (n=38) adrenalectomy of tumors > 5 cm, the robotic
approach was associated with significantly less conversion
rates, less blood loss, and a shorter hospital stay despite sim-
ilar tumor sizes between these groups.*'

Much of the data regarding robotic adrenalectomy is from
small cohort studies. Recently, there have been some
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meta-analyses comparing robotic and conventional lapa-
roscopic adrenalectomy. In 2019, Samreen et al. analyzed
1,006 patients (668 undergoing laparoscopic adrenalec-
tomy and 338 undergoing robotic adrenalectomy) from
the National Inpatient Sample (NIS) database. They did
not find any significant difference in complications or
conversions between the two groups but showed a sig-
nificantly shorter LOS in patients undergoing robotic ad-
renalectomy.”* A 2017 meta-analysis of 27 studies
comparing a total of 1,162 patients undergoing robotic
(n = 747) and laparoscopic (n=415) adrenalectomy
showed no significant difference in intraoperative or
postoperative complications, mortality, conversion rates
or blood loss. Robotic adrenalectomy was associated
with a significantly shorter length of stay as well as lon-
ger operative times. Further, there were only two
recorded mortalities related to postoperative respiratory
failure and another to arrythmia.*?

When transitioning from conventional laparoscopic to
robotic approaches, many authors observe that operative
times decrease significantly between the first 20-50 cases,
with the most significant differences occurring with junior
surgeons.””>** There are mixed results between large
meta-analyses on the differences of operative times
between laparoscopic and robotic approaches.*™*> Makey
et al. observed that surgeon experience, first assistant
training level, and tumor size are independent factors
associated with mean operative times. As such, the length
of time increased with the complexity of the operation.?®
There is significant heterogenicity in operative times
based on surgical approach between laparoscopic (77—
256min), posterior retroperitoneoscopic (51-214 min),
and open (85-180min) procedures.”® A recent review of
12 small cohort studies in patients undergoing robotic ad-
renalectomy showed operative times can vary widely (89—
234min)."® In our study, the average operative time for
robotic adrenalectomy was 229 min, with no difference
based on laterality. This time appears consistent with
what has been found in the literature.'"® Our operative
time did not decrease with more operations, nor did the
operative time increase with an increase in tumor size.
Further, all operations were performed by a single sur-
geon with the assistance of a second surgeon or a fellow.

Cost data was not included in our case series; however,
there are relevant cost considerations when utilizing the
robotic platform. Whether there are increased costs
associated with robotic adrenalectomy remains contro-
versial. There are a myriad cohort studies that have
shown an increased cost with the robotic approach
more than 1.5 times when compared to conventional
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laparoscopic surgery.”” Additionally, a recent retrospec-
tive review of data from the NIS database showed a sig-
nificantly higher total cost of robotic adrenalectomy
compared to conventional laparoscopic adrenalec-
tomy.?! However, Feng et al. recently showed that the
relative cost for both procedures does not differ. The
authors concluded that restricting the number of robotic
instruments and energy devices may limit the cost of robotic
surgery, which is a strategy that we have employed in our
practice.”®

CONCLUSION

We have shown that robotic adrenalectomy is a highly effec-
tive, minimally invasive procedure at our university affili-
ated, community-based, tertiary hospital. The authors
acknowledge that this 10-year experience may or may not
be replicated as it represents a single surgeon at a single
institution and thus lacks external validity. Minimally inva-
sive adrenalectomy has been associated with decreased hos-
pital LOS, decreased EBL, acceptable safety margin, and
potentially decreased operative times. This study demon-
strates that adrenal surgery can safely be converted from a
laparoscopic to robotic approach. We anticipate improve-
ment of outcomes as surgeons gain experience and the
technology of the robotic platform advances. Future studies
should focus on multicenter/surgeon experiences to pro-
vide better external validity for robotic adrenalectomy.
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