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Background: With increased utilization of robotic technology, robotic adrenalectomy (RA) became
popular in certain high-volume centers as an alternative to conventional laparoscopic adrenalectomy (LA).
The aim of the present study was to evaluate clinical and surgical outcomes of RA in two high-volume
centers in Turkey.

Methods: Between 2012 and 2019, consecutive patients who underwent robotic transperitoneal
adrenalectomy in two referral centers for surgical endocrine diseases in Turkey were analyzed retrospectively.
Results: A total of 111 patients were analyzed. Mean diameter of the tumor in preoperative imaging
was 38.622.0 mm. Total operation time was 135.4+47.9 min. The analysis of the learning curve period
and the post-learning curve period in both centers demonstrated that the total surgery time decreased
from 152.68+48.6 to 118.8+37.1 min, and the console time decreased from 113.2+38.9 to 81.6+35.1 min
(P<0.0001). In 8 patients, complications arose during the surgery and postoperative complications were
observed in 10 patients. Intraoperative complication rate was 28% in patients with a tumor diameter of
greater than 50 mm (P<0.0001). There was no mortality.

Conclusions: Our study demonstrated that RA is a safe and effective procedure with low-morbidity and

without mortality in high number of cases.
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Introduction compared to an open surgery (3).

. . . . . Adrenalectomy is a complex operation technique
Since the introduction of transabdominal laparoscopic y p p d

adrenalectomy (LA) by Gagner et 2. (1) in 1992 and
retroperitoneoscopic adrenalectomy by Mercan er al. (2)

that entails meticulous dissection around major vascular

structures and organs (4). There are some important factors

in 1995, these two techniques became the standard in
adrenalectomy care. Laparoscopic approach has proven
to provide earlier ambulation, shorter hospital stay, faster
return to normal activities, and less blood loss when
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to conduct minimally invasive surgery on the adrenals
successfully: optimal exposure of the adrenal area that is
achieved by the endoscopic approach, the magnification

that is mostly beneficial throughout the dissection of an
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anatomically complex area such as retroperitoneum, adrenal
vascular supply that is well defined laparoscopically, and
adrenalectomy that is an ablative procedure and suitable for
an endoscopic approach (5).

Although generally accepted, laparoscopy has certain
drawbacks such as two-dimensional view, unstable camera
platform and rigid instrumentation (6). With the increased
use of robotics, robotic adrenalectomy (RA) became
common in certain high-volume centers as an alternative to
conventional LA. The advantages of the robotic system in
adrenalectomy include bimanual wristed instrumentation,
a three-dimensional high-definition view, tremor-filtration,
and individual camera operation. Furthermore, studies that
analyzed the learning curve for laparoscopic and robotic
adrenalectomy demonstrated a plateau after 30 LA cases,
20 RA cases (Brunaud ez #l.), and only 12 RA cases
(D’Annibale ez al.) (7-9).

The advantages of robotic technology over conventional
laparoscopy and the expected faster learning curve in
robotics allow the surgeons to carry out a complex but
minimally invasive dissection in a deep and narrow
area (10). These advantages could theoretically improve
the LA procedure and result in improved peri- and post-
operative outcomes. Certain studies suggested that patients
with prior abdominal surgery, tumor size >5 ¢cm and BMI
>30 kg/m’ were good candidates for robotic surgery (8-11).

Despite certain advantages of robotic technology over
the conventional laparoscopy, it has not been widely
accepted globally due to additional costs and controversies
about the most appropriate indications (12). And large
series that evaluated RA are currently not available.

The aim of the present study was to evaluate clinical and
surgical outcomes of RA in two high-volume centers in
Turkey.

Methods
Study population

All consecutive patients who underwent RA between
2012 and 2019 for surgical endocrine diseases in two
referral centers in Turkey (Ege University, Faculty of
Medicine, Department of Surgery, Izmir; University of
Health Sciences, Faculty of Medicine, Bakirkoy, Dr. Sadi
Konuk Training and Research Hospital, Department of
Surgery, Bakirkoy, Istanbul) were screened for inclusion
in the current chart review. All patients who underwent
RA between the age of 18 to 80 with an adrenal mass that
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required surgery based on size, hormonal activity, and
radiologic features including isolated adrenal metastasis of
another malignancy were included in the study. Exclusion
criteria were unsuitable cases for minimally invasive surgery,
suspicion of primary adrenal carcinoma, and presence of a
metastatic disease that requires extended resection.

Patient demographics, surgical and medical history,
comorbidities, body mass index (BMI), American Society
of Anesthesiologists (ASA) score, preoperative diagnosis,
diameter and localization of the tumor, operative time,
estimated blood loss, conversion rate to laparoscopic or
open surgery, morbidity and mortality rates, length of
hospital stay, re-admission to the hospital and postoperative
histopathologic findings were retrospectively evaluated.

In both institutions, perioperative management of the
patients was similar. Functional hormonal profile tests and
imaging studies were conducted by the Department of
Endocrinology or Surgery. All cases were discussed in the
multidisciplinary adrenal tumor board that includes general
surgery, endocrinology, pathology, radiology and nuclear
medicine specialists prior to the surgery. Patients with
preoperative Cushing’s manifestations were operated under
the appropriate steroid treatment protocol. Patients with
pheochromocytoma were prepared for the surgery with
alpha- and beta-blockers under similar protocols in both
institutions. Postoperatively, all patients received a standard
dose of analgesia and their Visual Analog Scale (VAS) scores
were recorded. When they received preoperative steroids,
the maintenance dose was continued. Follow-up visits were
conducted in endocrinology and general surgery outpatient
departments during the first week after discharge.

Operative technique

In both institutions, experienced robotic and endocrine
surgeons performed all the procedures. All console surgeons
had completed their training in accordance with Intuitive
certification pathway. All procedures were conducted
with daVinci® Robotic Surgical System (Intuitive Surgical
Inc., Sunnyvale, CA, USA). The first 11 cases at Bakirkoy
Training and Research Hospital, and all cases at Ege
University were performed with the Si system, and the
remaining cases at Bakirkoy were performed with the Xi
system. Before using the Xi system, all console surgeons at
the institution were trained for the Xi system that pertained
online and live training with the new docking setup
mock-up.

All procedures were performed under general anesthesia
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Figure 1 Placement of the trocars (A) and position of the robotic surgical team in the operating room for robotic transperitoneal right

adrenalectomy (B).
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Figure 2 Placement of the trocars (A) and position of the robotic surgical team in the operating room for robotic transperitoneal left

adrenalectomy (B).

with the transperitoneal approach. Patients were placed in
a lateral decubitus position, the table was flexed at kindey
level, and a supportive gel roll was positioned under each
case. Operation room setting and trocar placement were
lined with the side of the adrenal mass (Figures 1,2). The
pneumoperitoneum was created with an open technique,
and a 12-mm trocar was inserted for the robotic camera.
Two 8-mm trocars were used for the robotic arms (working
instruments) and a paraxiphoid 5-mm trocar (13) or 8-mm
robotic arm (14) were placed in a curved subcostal line for
the retraction of liver in right adrenal cases. The robot
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was placed over the ipsilateral shoulder of the patients.
The robotic arms were angulated to the port sites, and the
trocars were docked. An additional trocar was placed near
the umbilicus for assistance purposes (clip applier, energy
device, suction etc., when required). Fenestrated bipolar
forceps and permanent electrocautery hook with EndoWrist
(Intuitive Surgical Inc., Sunnyvale, CA, USA) were used
for the dissection of the adrenal gland. After the robot was
undocked, the specimen was removed with an EndoCatch
(Medtronic, Mansfield, MA, USA) specimen bag through
the paraumbilical trocar. The robotic procedure details
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that were implemented with the daVinci Si system were
previously described by both institutions (11,12). Excluding
the docking and linear trocar placement, the operative
technique was similar in the Xi system. Also, the Xi robot
was side docked ipsilaterally instead of diagonal placement
to the ipsilateral shoulder with the Si robot.

Ethics

All procedures conducted in this study that involved human
subjects were in accordance with the ethical standards
depicted by the Bakirkoy Dr. Sadi Konuk Training and
Research Hospital Ethics Committee (Registration Nr:
2019-01-19), with the 1964 Helsinki Declaration and later
amendments, and compatible ethical standards. Informed
consent was obtained from all participants in the study.

Statistical analysis

All study data were separately entered in a database (Excel®,
Microsoft Office) at both clinics and finally all data were
merged anonymously. Statistical analyses were conducted
on a software (SPSS version 25, IBM Corporation, Armonk,
NY, USA). Continuous variables were expressed as mean
+ SD or median and interquartile ranges. Categorical
variables were expressed as frequencies and percentages.
Student’s #-test was used to compare parametric continuous
variables, and the Mann-Whitney U test was used to
compare nonparametric variables. Categorical variables
were compared with the Chi-Square test. P values of 0.05
or less were considered statistically significant.

Results

The records of 111 patients (77 females, 34 males) who
underwent RA between 2012 and 2019 were evaluated in
the present study. Median patient age in both centers was
47 [21-74] years. Mean BMI value was 27.5+5.9 kg/m’. The
preoperative ASA scores of the patients were as follows:
22 patients (19.8%) were evaluated as grade I, 67 patients
(60.4%) as grade 1I, 21 patients (18.9%) as grade III and
1 patient (0.9%) as grade IV. There was a statistically
significant difference between the two centers based on ASA
scores (P=0.0004). Furthermore, the evaluation of patient
comorbidity with the Charlson Comorbidity Index (CCI)
demonstrated that the mean score was 3.4+1.4. Thirty-
six patients (32.4%) had a history of previous abdominal
surgery. Mean diameter of the tumor was determined as
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38.6£2.0 mm with preoperative imaging. Fifty-six patients
(50.4%) had tumor on the right side, 53 patients (47.8%)
had tumor on the left side, and 2 patients (1.8%) had
bilateral tumors. Based on preoperative hormonal activity,
operations were performed on 36 patients (32.4%) for
pheochromocytoma, on 27 patients (24.3%) for Cushing
syndrome, and on 17 patients (15.3%) for Conn’s syndrome.
Out of 31 (28%) patients with hormone inactive tumors, 5 had
solitary adrenal metastases. The rate of pheochromocytoma
was higher in Ege cases (P=0.007) (Zable 1).

Mean operative times at both centers were as follows:
Surgical set-up time was 30.35+16.5 min, docking time
was 9.4+5.5 min, console time was 92.1+38.3 min, and
total operative time was 135.4£47.9 min. Comparison of
the two centers demonstrated that the first center (Ege)
had completed the robotic surgery learning curve and was
considered experienced, and the second center (Bakirkoy)
had just completed the learning curve and was considered
beginner. In terms of operative times, the docking time
of the center that completed the learning curve was
significantly lower (P=0.002). Total operative time was
129.3£49.3 min in Ege and 147.1+43.5 min in Bakirkoy
(P=0.06). There was no significant difference between mean
surgical setup times. Mean blood loss was 59.9+11.2 mL.
The robotic operation could not be completed in 5 patients.
Four patients were converted to open surgery due to
bleeding, while 1 patient was converted to conventional
laparoscopy due to an overlap of the robotic arms.
Evaluation of postoperative complications with Clavien
Dindo classification demonstrated that 5 patients were
classified as class I and 5 patients were classified as class
IIIb. Mean postoperative length of hospital stay was
2.71.5 days (1able 2).

Intraoperative complications were observed in 8 patients
and in 10 patients complications arose postoperatively.
Intraoperative complications included splenic injury (n=2),
bleeding (n=3), diaphragmatic injury (n=1) and hematoma
in the serosa of the left colon was observed in the remaining
1 patient. The diaphragmatic injury was sutured robotically.
One patient was converted to conventional laparoscopy
due to the overlap of robotic arms, and the operation was
completed without any problems. Postoperative wound
infection was the most frequent complication (Table 3).

The most common finding in final histopathology report
was adrenocortical adenoma, which was observed in 55
(49.5%) patients, and the second most common finding
was pheochromocytoma, which was observed in 35 (31.5%)
patients (Table 4).
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Table 1 Demographics and clinical characteristics of merged RA serie and of each center separately

Parameter Merged RA cases (n=111) RA—Ege cases (n=73) RA—Bakirkoy cases (n=38) P value
Age (year), median (IQR) 47 [21-74] 47 [21-73] 46.5 [26-74] 0.31
Gender (female/male) 77/34 47/26 30/8 0.10
BMI, mean + SD 27.5+5.9 28.0+6.3 26.4+5.2 0.22
ASA score (n/%) 0.0004

1 22/19.8 21/28.8 1/2.6

2 67/60.4 43/58.9 24/63.2

3 21/18.9 9/12.3 12/31.6

4 1/0.9 - 1/2.6
CCl score, mean + SD 3.4+1.4 3.3+1.5 3.4+1.4 0.68
Previous abdominal surgery (n/%) 36/32.4 26/35.6 10/26.3 0.50
Tumor size (mm), mean + SD 38.6+2.0 40.2+2.5 35.7+3.5 0.30
Tumor side (n/%) 0.35

Right 56/50.4 35/48.0 21/55.3

Left 53/47.8 36/49.3 17/44.7

Bilateral 2/1.8 2/2.7 -
Hormonal activity (n/%) 0.007

Inactive 31/28.0 19/26.0 12/31.6

Cushing’s 27/24.3 14/19.2 13/34.2

Conn’s 17/15.3 10/13.7 7/18.4

Pheochromocytoma 36/32.4 30/41.1 6/15.8

RA, robotic adrenalectomy; SD, standard deviation; IQR, interquartile range; ASA, American Society of Anaesthesiologists; BMI, body
mass index; CCl, Charlson Co-morbidity Index.

Table 2 Perioperative outcomes of merged RA serie and each center separately

Parameter Merged RA cases (n=111) RA—Ege cases (n=73) RA—Bakirkoy cases (n=38) P value
Total operative time (min), mean + SD 135.4+47.9 129.3+49.3 147.1+43.5 0.06
Surgical setup time (min), mean + SD 30.35+16.5 32.1+16.4 26.8+16.1 0.11
Docking time (min), mean + SD 9.4+5.5 8.28+5.8 11.6+£4.0 0.002
Console time (min), mean + SD 92.1+38.3 84.0+40.2 107.6+28.9 0.002
EBL (mL), mean + SD 59.9+11.2 62.1+13.9 55.9+19.2 0.79
Conversion to laparoscopy or open (n/%) 5/4.5 5/6.8 - 0.03
Intraoperative complications (n/%) 8/7.2 6/8.22 2/5.3 0.55
LOS (day), mean + SD 2.7+1.5 2.6+1.4 2.9+1.9 0.27

Postoperative complications (n/%)
Clavien Dindo | 5/4.5 2/2.7 3/7.8 0.76
Clavien Dindo llib 5/4.5 5/6.8 -

RA, robotic adrenalectomy; SD, standard deviation; EBL, estimated blood loss; LOS, length of hospital stay.
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Table 3 Intraoperative and postoperative complications

Intraoperative complication (n=8)

Postoperative complication (n=10)

Spleen injury [2]

Bleeding [3]

Collision of robotic arms [1]
Diaphragm injury (robotic repair) [1]

Hematoma in the left colon serosa [1]

Adrenal insufficiency [1]
Incisional hernia [1]
Wound infection [6]
Atelectasis [1]

Urinary tract infection [1]

Table 4 Final histopathology results of patients

Final pathology results n/%
Pheochromocytoma 35/31.5
Adrenal cortical adenoma 55/49.5
Ovarian cancer metastasis 1/0.9
Myelolipoma 4/3.6
Ganglioneuroma 1/0.9
Hematoma 2/1.8
Adrenal cyst 4/3.6
Retroperitoneal paraganglioma 1/0.9
Lung adenocarcinoma 2/1.8
Adrenal cortical nodular hyperplasia 5/4.5
Adrenal cortical tumor with uncertain malignancy potential (borderline) 1/0.9

The first 20 cases were considered as the learning period
for each institution. The analysis of the learning period
and the post-learning period for both centers demonstrated
that total surgery time decreased from 152.68+48.6 to
118.8+37.1 min, and the console time decreased from
113.2+38.9 to 81.6+35.1 min (P<0.0001). No significant
decrease in the docking time was observed in the combined
data. Individual assessment of the centers demonstrated
that total operative time decreased from 145.1+48.9 to
113.8+37.6 min, and the console time decreased from
109.1+£42.3 to 73.6+34.6 min (P=0.0005) in Ege. At
Bakirkoy, total operation time decreased from 160.7+48.1
to 132.0£32.9 min (P=0.04), docking time decreased from
13.424.2 to 9.7+2.9 min (P=0.004), and the console time
decreased from 117.5+35.6 to 102.8+27.3 min (P=0.16)
(Table 5 and Figure 3).

The requirement for an extra trocar, conversion to
laparoscopy, conversion to open surgery, and intraoperative
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and postoperative complications were compared between
the learning curve period and the post-learning curve
period. In Ege, the requirement for an extra trocar in the
learning curve period was observed in 2 cases (P=0.0001).
Conversion to laparoscopy was conducted in 1 case during
the post-learning curve period (P=0.09). No significant
difference was determined between the two periods based
on conversion to open surgery, and intraoperative and
postoperative complications (7able 6).

The merged series was evaluated for the rate of
conversion to laparoscopy or open surgery, intraoperative
and postoperative complications, and re-hospitalization by
age, tumor diameter, BMI and total operation time using
the threshold values for each parameter. The intraoperative
complication rate was 28% in patients with a tumor
diameter greater than 50 mm (P<0.0001). Furthermore, a
tumor diameter greater than 50 mm increased the rate of
conversion to open or laparoscopic surgery, postoperative
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Table 5 Comparison of operative outcomes by experience (merged RA series and each center’s separately)

Parameter Learning curve period* (n=40) Post-learning curve period* (n=71) P value
Total operative time (min), mean + SD
Merged series 152.68+48.6 118.8+37.1 <0.0001
Ege 145.1+48.9 113.8+37.6 0.0005
Bakirkoy 160.7+48.1 132.0+32.9 0.04
Docking time (min), mean + SD
Merged series 9.68+0.9 9.6+0.7 0.94
Ege 6.1+0.9 9.6+0.9 0.03
Bakirkoy 13.424.2 9.7+2.9 0.004
Console time (min), mean + SD
Merged series 113.2+38.9 81.6+35.1 <0.0001
Ege 109.1+42.3 73.6+34.6 0.0005
Bakirkoy 117.5+35.6 102.8+27.3 0.16

*, first 20 cases in both institutions were counted in learning curve period; **, 53 of 71 cases in post learning curve period from Ege,

remaining 18 cases from Bakirkoy.
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Figure 3 Comparison of operative outcomes by experience: docking time (A), console time (B), total operative time (C).

complications, and re-hospitalization (P=0.076, P=0.422,
P=0.205, respectively). Similarly, an increase was identified
in all above-mentioned four parameters when the total
operation time was more than 110 minutes (P=0.432,
P=0.305, P=0.165, P=0.165; respectively, Table 7).
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Discussion

LA is the most widely preferred method in surgical
treatment of adrenal gland diseases. Technological
developments in laparoscopic surgery introduced significant
use of robotic systems in these procedures. Several studies
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Table 6 Detailed comparison of perioperative outcomes by experience (merged RA series and each center separately)

Parameter Learning curve period* (n=40) Post-learning curve period* (n=71) P value

Requirement of extra trocar' (n/%)

Merged series 2%/5 - 0.07
Ege 2/10 - 0.0001
Bakirkoy - - N/A

Conversion to laparoscopy (n/%)

Merged series - 11 0.23
Ege - 1/2 0.09
Bakirkoy - - N/A

Conversion to open (n/%)

Merged series 1/2.5 3/4.2 0.69
Ege 1/5 3/6 0.75
Bakirkoy - - N/A

Intraoperative complications (n/%)

Merged series 3/7.5 5/7 0.78
Ege 2/10 4/7.5 0.61
Bakirkoy 1/5 1/5.5 0.75

Postoperative complications (n/%)

Merged series 4/10 6/8.5 0.62
Ege 3/15 4/7.5 0.11
Bakirkoy 1/5 2/11.1 0.12

*, the first 20 cases from both institutions were counted in learning curve period; **, 53 of 71 cases in post learning curve period from Ege,
remaining 18 cases from Bakirkoy; ', placement of 5 trocars for Right RA and 4 trocars for Left RA was considered as initial trocar setup
for relevant side. Placement of additional trocars from initial setup was considered as “requirement of extra trocar”; ¥, these two cases
were bilateral and a total of 7 trocars were used per case.

Table 7 The effects of age, tumour diameter, BMI, and total surgery time on complications.

Variable Megn value  Cut off n %] Intrallopgrative Conversion laparoscopic Pos.top'erative Re-hospitalization
(min/max) value complication (n=8)  or open surgery (n=5) complication (n=10) (n=10)
Age (years) 47.5 [21-74] <50 68 [61] 5[7.4] 3[4.4] 7[10.3] 7[10.3]
>50 43 [39] 3[7.0] 2[4.7] 31[7] 31[7]
Tumor diameter 39 [5-120] <50 85 [77] 1[1.2] 2[2.4] 6 [7] 5[5.9]
(mm)’ >50 25 [23] 7 [28]* 3[12]* 312 4 [16]**
BMI (kg/m?) 27.5 [18-56] <30 77 [75] 6[7.8] 3[3.9] 8[10.4] 8[10.4]
>30 26 [25] 2[7.2] 2[7.7] 2[7.7] 2[7.7]
Operation time 135.4+47.9 <110 35[32] 1[2.9] 0[0] 11[2.9] 11[2.9]
(min) 552811 4110 75068 7 [9.3] 5 [6.6]* 9 (121 9 [12]*

T one patient had bilateral adrenal hyperplasia; *, P<0.0001; **, P<0.5.
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in the literature compared LA and RA methods. These
studies mainly concluded that RA was safer and feasible
with acceptable outcomes in adrenal gland surgery (15,16).
In our study, the merged outcomes of RA cases from two
high-volume endocrine surgery centers (~40 cases per
year) were investigated. During the assessments, we also
investigated whether the number of surgeries performed
with RA and increased experience of surgeons had an effect
on the operation time and the complication rate.

In current literature, there is no difference in tumor size
threshold for patient selection in both techniques, and any
candidate eligible for conventional laparoscopic surgery
is also eligible for robotic surgery. In our study, it was
observed that the mean tumor diameter was 38.6+2.0 mm,
which was comparable to the mean figure reported in
the literature (10,17). Thirty-six patients (32.4%) had a
history of abdominal surgery and it was shown that this
did not present an obstacle for robotic transperitoneal
adrenalectomy and posed no additional complication risk
(18,19). Estimated blood loss (59.9+11.2 mL), conversion
to open or laparoscopic surgery rate (4.5%) and length
of hospital stay (2.7+1.5 days) were consistent with the
data reported in the literature (10). We encountered
intraoperative bleeding in 3 of our patients and similar to
our findings, bleeding was the most common complication
observed in adrenal surgery in the literature (10,17,20).
One patient was converted to laparoscopic surgery due
to collision of robotic arms. This technical complication
could be prevented by placing the trocars at a proper
distance (~10 c¢m) from each other and measuring and
marking the trocar sites before the incision. Postoperative
complications in adrenal gland surgery could be categorized
into two complication types: surgical complications and
complications due to hormonal deficiency. We had 6 (5.4%)
wound site infections in our series, which was a higher
number than expected. As adrenal surgery is classified
as a clean surgery (21), the present study rate could be
considered high; however, no data were reported in the
literature, which indicated the fact that robotic surgery
increased surgical site infection. We had only one patient
with adrenal insufficiency.

Duration of surgery is one of the most frequently
criticized issues in RA. Compared to laparoscopic approach,
there is an additional docking period in RA. The literature
review demonstrated that the average total operation time
varied between 89 and 237 minutes. In our study, it was
determined that the mean duration of operation at both
centers was 135.4+47.9 minutes. Individual assessment

© Gland Surgery. All rights reserved.

823

of the two centers demonstrated a significant difference
between the docking and console times (P=0.002). This
difference could be explained by the fact that Ege operated
on more cases after they completed the learning curve when
compared to Bakirkoy.

Contrasting data were observed in the literature on
RA learning curve. Brunaud ez 4/. reported that 20 cases
should be sufficient, while D’Annibale et 4/. stated that their
learning curve lasted for 12 cases (8,9). In the present study,
the first 20 cases at both centers were evaluated individually
as well as in the merged series. In the merged series, it
was found that the decrease in total operative time after
the first 40 cases was statistically significant (P=0.0001). In
particular, it was observed that the change was significant
for the console time, which is expected to decrease more
with the increase in experience (P=0.0001). This finding was
consistent with previous studies. Robotic surgeries require
experienced robotic surgeons and a well-equipped team
for proper installation of the system and to tackle potential
problems preoperatively. Both the set-up and docking times
included in the total operative time depend on the training
level and experience of the assisting team. In the present
study, since both institutions are teaching institutions, the
number of team members who performed these installations
varied. Differences in training were reflected on the set-up
and docking times. In our study, the docking time at Ege
training series increased after the learning curve period.
The reason for this increase could be associated with the
training provided for the assisting team. In the present
study, this was one of the weaknesses in standardization.

In our study, the impacts of the learning curve on extra
trocar requirement, conversion to laparoscopy or open
surgery, and intraoperative and postoperative complications
were also analyzed. During the learning period, two
cases required one extra trocar (P=0.0001). There was no
significant difference in other parameters between the two
periods. RA surgery is performed by endocrine surgeons
who already have endoscopic surgical experience in high-
volume centers. The learning curve of the surgeon does
not depend on the applicability of the surgery, but on the
application of different instrument systems. Thus, there
was no difference between the learning curve period and
the post-learning curve period complication rates. The
literature on the comparison of LA and RA reported a
similar complication rate between the two (6,16,22).

In the present study, age, tumor diameter, BMI, and
operation duration, which could increase the complication
rate in RA, were evaluated separately. Based on
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intraoperative and postoperative complications, conversion
to laparoscopic or open surgery, and re-hospitalization,
there were no significant differences between the groups
that included patients who were younger and older than
50 years and patients with a BMI of under and over 30. There
are reports that demonstrated that the operative time in RA is
shorter when compared to LA in patients with a BMI of over
30 (22). Agcaoglu ez al. reported that BMI affected neither
operation time nor the complication rates (13).

In the current study, it was demonstrated that a tumor
diameter of greater than 50 mm was a crucial factor
in the development of intraoperative complications
(P<0.0001). Furthermore, it was found that conversion
to open surgery, postoperative complications, and re-
hospitalization rates were higher but the differences were
not significant. Previously, Greilsamer et /. showed that
a tumor diameter greater than 50 mm was an important
predictor of conversion to open surgery, and it increased the
complication rates. Thus, it is recommended that tumors
greater than 50 mm should be referred to high-volume
endocrine surgery centers (18).

The advantages of the robotic surgical system such as
bimanual wristed instrumentation, three-dimensional high-
definition view, tremor-filtration, and individual camera
operation are well documented. However, there are also
disadvantages such as lack of tactile feedback and cost-
effectiveness. It can be predicted that these disadvantages
will be solved with technological advances, and the system
will acquire several new advantages.

In conclusion, the operation time, which is a critical
issue in robotic surgery, decreases as the level of experience
increases. We suggest that masses greater than 50 mm
should be evaluated more carefully due to increased
intraoperative complication risk, especially in the beginning
of the learning curve. The present study assessed the
outcomes of 111 cases and demonstrated that RA was a low-
morbidity, safe, and effective procedure without mortality.
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