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Abstract

Background Minimally invasive surgery, such as laparoscopic adrenalectomy and robotic adrenalectomy, has become a treat-
ment of choice for benign adrenal tumors. Efforts are ongoing to minimize the invasiveness of the procedure and to reduce
the number of port sites. The primary endpoint of this study was the safety and feasibility of a reduced-port site technique
for robotic posterior retroperitoneal adrenalectomy (RPRA).

Methods This study retrospectively analyzed 74 RPRAs performed by a single surgeon, including 30 conventional three-port
site early-phase RPRAs, 30 three-port site late-phase RPRAs, and 14 reduced-port site RPRAs. Reduced-port site RRPA
was defined as using two port sites: one for a multi-glove port and one for an additional side port. The clinicopathological
features and surgical outcomes were compared in these three groups.

Results No major complications were observed following RPRA in the three groups of patients. Operation time, pain score,
and hospital stay did not differ significantly among these three groups.

Conclusions RPRA using a reduced-port site system was safe and feasible and may be a good alternative to conventional
three-port site RPRA for benign adrenal tumors in certain situations.

Keywords Robotic posterior retroperitoneal adrenalectomy - Reduced-port sites - Two port sites - Benign adrenal tumor

Laparoscopic adrenalectomy has become a standard surgical
treatment option for patients with benign adrenal diseases,
with transperitoneal laparoscopic adrenalectomy being the
most frequent type of minimally invasive surgical technique
[1, 2]. Alternative approaches, such as lateral retroperitoneal
adrenalectomy and posterior retroperitoneal adrenalectomy
(PRA), were developed to eliminate the need for mobiliza-
tion of adjacent structures, including the intestines, spleen,
and liver, and to reduce the risk of laparoscopic associated
complications [2-4]. PRA has shown benefits over the
transperitoneal approach, including fewer complications,
less pain, and shorter operation time and hospitalization
[5]. Robotic PRA (RPRA) may achieve better outcomes in
certain situations, especially in PRA for patients with limited
working space [6, 7].
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Minimally invasive surgical techniques, such as lapa-
roscopic and robotic procedures, may be further modified
by reducing the number of port sites [8]. In a single-site
system, for example, most of the instruments required for
surgery are introduced via a single port [9]. A single-site
robotic system with magnified camera views, instrument
articulation, and rotation motion was shown to be feasible
when performed by experienced surgeons [9, 10]. However,
this single-site system has drawbacks in that placing every
instrument through a single port site requires the devices
to be curved and requires the switching of right and left
positions to the opposite sites. These conditions limit right
and left arm movements and result in collisions between
instruments.

This study attempted to reduce the actual number of port
sites on the patients while maximizing the number of robot
arms and assistant devices to increase the quality of sur-
gical procedures while maintaining safety equal to that of
conventional adrenalectomy using three or more port sites.
The primary endpoint was the safety and feasibility of the
reduced-port site technique for RPRA.
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Materials and methods
Study design

This retrospective study was designed to assess the safety
and feasibility of reduced-port site RPRA performed by a
single experienced surgeon. Reduced-port site surgery is
defined as surgery that uses two port sites, a multi-glove
port, and an additional side port. This study was approved
by the Institutional Review Board of the Asan Medical
Center (2018-1454).

In the first step, the paraspinous port incision was omit-
ted to reduce complications related to back muscle and
nerve injury. Animal experiments were performed, omit-
ting the paraspinous port incision and making incisions
only for two port sites. This technique was subsequently
applied to patients. We used DaVinci Xi robotic system
for RPRA in all cases. To analyze the feasibility of the
new technique, patients who underwent RPRA were sub-
divided into three different phases according to the time of
surgery: (1) conventional three-port site early-phase, (2)
conventional three-port site late-phase, and (3) reduced-
port (two-port) site. Early-phase was defined as the first
series of patients who underwent RPRA using the con-
ventional three-port site method prior to overcoming the
personal learning curve; late-phase was defined as the last
series of patients who underwent RPRA using the con-
ventional three-port site method just prior to introducing
the new reduced-port site method; and reduced-port site

Fig. 1 Study population

was defined as consecutive patients who underwent RPRA
using two port sites.

Clinicopathological features of the three sets of patients
were recorded, including age at operation, gender, height,
weight, body mass index (BMI), and length of hospital stay.
Other variables that were recorded included the type of dis-
ease, the size and site of the adrenal tumor, the mean opera-
tion time, and the numeric rating scale (NRS) pain score.
These factors were compared in the three patient groups.

Patient population

From January 2016 to December 2018, 410 patients under-
went adrenalectomy in our institution, including 12 who
underwent open adrenalectomy, 18 who underwent lapa-
roscopic transperitoneal adrenalectomy (LTA), and 380
who underwent PRA. For this study, the patients in PRA
group with malignant tumors, such as adrenocortical carci-
nomas and malignant pheochromocytomas, and those with
metastatic adrenal lesions from other primary carcinomas
(n=30) and laparoscopic PRA patients (n=240) were
excluded. Of the 110 patients who underwent robotic adre-
nalectomy for benign adrenal disease, 74 underwent RPRA
for adrenal tumors < 6 cm in diameter and were enrolled in
this study. These included the first 30 consecutive patients
who underwent RPRA using the conventional three-port site
method (early-phase), the last 30 patients who underwent
RPRA using the conventional three-port site method (late-
phase), and the 14 patients who underwent RPRA using the
two-port site method (Fig. 1).
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Surgical techniques

The conventional three-port site technique RPRA consisted of
making a 1.5-cm incision at the end of the tip of the twelfth rib
and a 1.0-cm incision at the end of the tip of the eleventh rib,
at least 1.0 cm apart from the tip to avoid the subcostal nerve
injuries. A third incision for the third port, about 1.0 cm in
size, was made lateral to the paraspinous muscles in alignment
with the first port site. A camera arm was inserted into the port
site at the twelfth rib, and two robot arms with rigid grasping
instruments and acting energy devices were inserted into the
two other side ports.

Reduced-port site RPRA consisted of making a 2.0-cm
incision at the end of the tip of the twelfth rib and a 1.0-cm
incision at the end of the tip of the eleventh rib, at least 1.0 cm
apart from the tip. The port site at the twelfth rib consisted of
a multi-glove port (GLOVE port, Nelis Medical, bucheon-si/
South Korea), containing a rigid robot camera arm, a rigid
robot instrument arm, and an assistant instrument, for example,
suction and irrigation. Another rigid robot arm was inserted
into the port site at the eleventh rib place. The curved devices
made for single-site port surgery were not used for the multi-
glove port site. Rather, rigid instruments made for conven-
tional three-port site robotic surgery were used. The retrop-
eritoneal space was insufflated with CO, at a rate of 4-6 L per
minute to a pressure of 12—-15 mmHg.

Indications and patient selection for RPRA

The selection of a conventional open or laparoscopic
approach was based on each individual patient’s charac-
teristics and on the anatomic and pathological features
of the adrenal gland tumors. The indications for robotic
PRA were similar to those for the laparoscopic approach.
In addition to known indications for minimally invasive
adrenalectomy, patient selection was based on body habi-
tus and intra-abdominal adhesions, according to National
Institutes of Health(NIH) and American Association of
Endocrine Surgeons(AAES)/American Association of
Clinical Endocrinologists(AACE) guidelines [11]. In gen-
eral, patients were selected for PRA if their adrenal tumors
were benign and less than 6 cm in size and if they were
not expected to have significant retroperitoneal adhesions
due to kidney surgery. Other indications for PRA included
a short distance between the skin and Gerota’s space (gener-
ally <7 cm) and positioning of the twelfth rib rostral to the
renal hilum [12, 13].

Animal experiments assessing reduced-port site
RPRA

Swine weighing ~20-25 kg were maintained according to
the rules for animal studies of the Asan Institute for Life

Science. Anesthesia was induced with propofol. After
endotracheal intubation, anesthesia was maintained with
halothane. The pigs were placed in the prone position. The
reduced-port site approach was introduced. The kidney and
adrenal gland were mobilized, and the adrenal gland was
removed. Four consecutive RPRAs using two port sites were
successfully performed in two pigs (Fig. 2). There were no
troublesome collisions between the rigid robot instruments
at the multi-glove port site, and the robot arms were manipu-
lated comfortably throughout these procedures.

Patient positioning and port sites for reduced-port
site RPRA

Incision of about 2.0 cm in length was made at the end of
the tip of the twelfth rib and a 1.0-cm incision at the end of
the tip of the eleventh rib. In this technique, the incision near
the paraspinous muscles was omitted (Fig. 3).

Postoperative management

Postoperative pain control consisted of routine administra-
tion of oral non-steroidal anti-inflammatory drugs (NSAIDs)
(acetaminophen plus tramadol hcl 325/37.5 mg) twice daily,
with intravenous narcotic (ketorolac tromethamine 30 mg)
administered intermittently at the request of the patient on
operative day and postoperative day 1 when the NRS pain
score is 4 or higher. Postoperative pain was assessed using
a NRS (with scores ranging from 0 to 10), 30 min after sur-
gery in the post-anesthesia care unit (PACU), and 4, 8, 12,
16, 24, 32, 40, and 48 h after surgery. No morbidities were
recorded and patients were generally discharged on postop-
erative day 2, except for patients with Cushing’s syndrome.
Cushing’s syndrome patients were generally discharged on
postoperative day 3 for intravenous hydrocortisone steroid
supplementation. Oral diet was resumed 3 h after adre-
nal surgery. Postoperative morbidity and mortality were
assessed at 2 weeks in the out-patient clinic.

Statistical analysis

Continuous variables are reported as mean + standard devia-
tion with ranges and compared by ANOVA tests. Categorical
variables are reported as absolute numbers and percentages,
and compared by the y? test or Fisher’s exact test, as appro-
priate. Relationships between phase and duration of surgery
are analyzed by scatter plots with Pearson’s correlation coef-
ficients and illustrated as box plots. All statistical analyses
were performed using SPSS version 20.0 for Windows
(SPSS Inc., Chicago, IL), with p values < 0.05 considered
statistically significant.
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Fig.2 Preclinical testing of two-port site robotic posterior retroperitoneal adrenalectomy in pigs. A Placement of two port sites, including a
multi-glove port, on the right side. B Docking of the rigid robot arm instruments with a camera
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Fig. 3 Patient positioning and port sites for reduced-port site robotic posterior retroperitoneal adrenalectomy on the left side of a patient. A
Placement of two port sites on the left side. B Positioning of the instruments in the two ports

Results

The clinicopathological characteristics of the 74 patients
are shown in Table 1. There were no differences in age,
gender, height, weight, BMI, types of disease, or sizes
and sites of adrenal tumors among the three groups. There
was a difference in hospital stays, mean operation time,
and NRS pain score with significance (p <0.05). Hos-
pital stay was significantly longer (p <0.05) for patients
who underwent conventional three-port site early-phase
RPRA than for the other groups, and mean operation time
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gradually decreased over time from early-phase three-
port to late-phase three-port to two-port surgery. NRS
pain score on the first postoperative day was significantly
lower (p < 0.05) for patients who underwent reduced-port
site RPRA than for the other two groups. Patients in the
reduced-port group showed far greater scar satisfaction
than patients in the three-port groups. None of the patients
who underwent two-port site RPRA reported numbness of
the lateral abdominal trunk and thigh during the hospital
stay and thereafter. With the patients in the conventional
three-port site group, 8 patients (13.3%) complained of
numbness at operated site trunk and/or thigh from the first
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Table 1 Clinicopathological characteristics of the three groups of patients who underwent robotic posterior retroperitoneal adrenalectomy
Characteristics Three-port early-phase RPRA Three-port late-phase RPRA Two-port site RPRA p value
(n=30) (n=30) (n=14)
Age (years) 471+11.5 46.1+11.5 47.8+12.0 0.884
Gender
Male 7 (23.3%) 9 (30.0%) 2 (14.3%) 0.520
Female 23 (76.7%) 21 (70.0%) 12 (85.7%)
Size of adrenal tumor (cm) 2.9+ 1.3 (range, 1.0-5.1) 2.5+ 1.3 (range, 0.9-5.0) 2.1+0.7 (range, 1.34.0) 0.123
Height (cm) 161.4+6.5 163.1+7.8 160.0+6.4 0.355
Weight (kg) 63.3+124 67.0+14.1 62.7+11.4 0.459
BMI 243+43 25.1+4.3 249+35 0.763
Hospital stay (days) 49+1.8 3.5+0.9 39+19 0.002
Types of disease 0.281
Pheochromocytoma 14 (46.7%) 7 (23.3%) 3(21.4%)
Cushing’s syndrome 8 (26.7%) 11 (36.7%) 3(21.4%)
Primary aldosteronism 7 (23.3%) 7 (23.3%) 5(35.7%)
Other benign diseases 1(3.3%) 5(16.7%) 3(21.4%)
Site of adrenal tumor 0.889
Right 12 (40.0%) 13 (43.3%) 5(35.7%)
Left 18 (60.0%) 17 (56.7%) 9 (64.3%)
Mean operation time (min) 127.7+49.3 (range, 67-260) 101.7 +31.8 (range, 50-205) 98.4+26.6 (range, 61-147) 0.017
NRS pain score
Day of surgery 5.8+ 1.6 (range, 3-10) 5.3+1.2 (range, 3-8) 5.4+ 1.3 (range, 4-8) 0.374
POD 1 2.6+ 1.2 (range, 0-7) 2.6+ 1.0 (range, 1-5) 1.8+0.8 (range, 1-4) 0.043
POD 2 1.7+ 1.2 (range, 0-4) 1.5+0.8 (range, 0-5) 1.1+0.7 (range, 0-2) 0.124

Results reported as mean + SD, mean + SD (range), or number (%)

RPRA robot posterior retroperitoneal adrenalectomy, BMI body mass index, NRS Numeric rating scale, POD postoperative day

day of surgery. However, the numbness decreased gradu-
ally during the hospital stay and all of them were relieved
before the first day of follow-up visit. None of the patients
in any of the three groups experienced any intraoperative
or postoperative complications, and none required conver-
sion to open surgery.

Because operation time differed significantly among the
three groups, operation time was evaluated with box plots
to compare their patterns (Fig. 4). For comparison, outli-
ers in operation time among patients who underwent con-
ventional three-port site early-phase and late-phase RPRA
were assessed in separate plots. None of the patients who
underwent reduced-port site RPRA were an outlier in opera-
tion time. Mean operation time was significantly longer for
patients who underwent conventional early-phase three-port
RPRA than for those who underwent late-phase three-port
RPRA (128 vs. 102 min, p =0.032), but operation times for
reduced-port RPRA did not differ from those for early-phase
(p=0.06) and late-phase (p=0.963) three-port RPRA.

Scatter plot evaluation showed that for the first 30 patients
who underwent conventional three-port RPRA, the opera-
tion time ranged from 67 to 260 min and decreased as the
number of patients increased (Fig. 5). Operation time for
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Fig.4 Box plots of the overall operation times required for early-
phase and late-phase conventional three-port site robotic posterior
retroperitoneal adrenalectomy and for newly developed two-port site
robotic posterior retroperitoneal adrenalectomy
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the last 30 patients who underwent conventional three-port
RPRA ranged from 50 to 205 min, plateauing near 100 min.
In comparison, operation time for the 14 patients who
underwent two-port RPRA ranged from 61 to 147 min and
decreased as the number of patients increased.

Discussion

Laparoscopic adrenalectomy is regarded as the treatment
of choice for benign adrenal tumors [14—16]. Safety may be
enhanced by reducing the invasiveness of the procedure by,
for example, reducing the number of ports and the length of
incisions. Reduced-port adrenalectomy has been reported to
reduce postoperative pain and administration of analgesics
[17-19]. Although advances in single-site surgery have ena-
bled reduced-port surgery, single-site PRA has several draw-
backs compared with multiport PRA, including collisions
between instruments and unfamiliar movements of instru-
ments lengthening operation time [20]. Moreover, surgical
outcomes, including complication rates and operation times,
were poorer using a single-port than using a conventional
multiport approach [9, 20-23].

The present study showed that reduced-port site RPRA
would result in less pain than conventional three-port site
RPRA, with the two types of surgery having similar opera-
tion times. Theoretically, reducing the number of ports that
are required in minimally invasive surgery for adrenal dis-
ease would further minimize the invasiveness of the proce-
dure. The present study found that pain on postoperative day
1 and the duration and dose of analgesics were significantly
lower for patients who underwent reduced-port site RPRA
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Fig.5 Scatter plots of the operation times required for early-phase
and late-phase conventional three-port site robotic posterior retroperi-
toneal adrenalectomy and for newly developed two-port site robotic
posterior retroperitoneal adrenalectomy
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than for those who underwent conventional three-port site
RPRA (p <0.05). Although the surgeon who performed
these operations had experience in laparoscopic PRA,
a learning curve was required for RPRA. However, after
short-term experience with three-port conventional RPRA,
the learning curve of reduced-port RPRA was not long.

The need for minimizing the invasiveness of multiple port
sites associated with laparoscopic or robotic procedures, a
single-port surgery was developed, allowing a majority of
the instruments required for surgery to be introduced through
asingle port [9, 17, 19, 20, 22, 24]. A systematic review and
meta-analysis of nine studies of laparoendoscopic single-
site (LESS) adrenalectomy through a rectoscope tube [20],
first reported in 2005 [24], found that operation time was
longer, postoperative hospital stay was shorter, and NRS
pain scores were lower in all nine studies [20]. Although
many patients have undergone LESS adrenalectomy, the
number of patients has tended to decrease over time [22].
Our study found that NRS pain score was lower for patients
who underwent reduced-port site RPRA than for those who
underwent conventional three-port site RPRA.

Learning curves for laparoscopic single-site adrenalec-
tomy were found to be affected by collision between instru-
ments, as surgical space is limited by tumor size and obe-
sity. Improvements in crossover technique occurring after 30
operations may reduce the difficulty of LESS adrenalectomy
[25]. This study found that the learning curve was shorter
for reduced-port site RPRA than for conventional three-port
site RPRA. Surgeons who are able to manipulate the robotic
system can better avoid collisions and so are able to focus
more comfortably on the RPRA procedures.

Although reducing the number of port sites can reduce
postoperative pain, reduced-port site RPRA should yield a
quality of surgical outcome similar to or better than that of
conventional three-port site RPRA. Therefore, rigid robot
arms, rather than curved single-site instruments, were used
at the multi-glove port site. This procedure enabled com-
fortable endo-wrist articulation while using three to four
robotic arms with at least one additional assistant instru-
ment. Reduced-port site RPRA was able to utilize the extra
port within the multi-glove port site for suction, irrigation,
and counter-retraction. The patient’s scar satisfaction and
numbness around the incision area were also far better with
two port sites than it was with three port sites. None of the
patients who underwent two-port site RPRA experienced
numbness at the lateral abdominal trunk or thigh.

To our knowledge, this is the first report to describe a new
technique of two-port site RPRA using a multi-glove port
and rigid robot arms. This study showed that this reduced-
port site RPRA method can be performed safely with rea-
sonable operation times and less pain. All patients were dis-
charged uneventfully. Thus, reduced-port site RPRA was as
safe and feasible as conventional three-port site RPRA.
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The present study had several limitations. First, it was a
retrospective study involving a small number of patients who
underwent surgery at a single center. Thus, patient selection
biases were unavoidable. In addition, the surgical indica-
tions for reduced-port site RPRA were dependent on the
policies of a single, albeit experienced, surgeon, suggesting
the need for other surgeons to validate the reduced-port site
technique.

Conclusion

This study described an RPRA technique involving a reduc-
tion in the number of actual port sites while maximizing
the acting number of robot arms. This method maintained
the quality of surgical procedures, with outcomes similar to
those of conventional three-arm RPRA. This reduced-port
site method may be an alternative to conventional three-port
site RPRA for removing benign adrenal tumors in certain
situations. Future comparative studies are needed to confirm
the consistency and efficacy of this procedure.
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