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complication was observed following RRDG (0.0% [80% 
CI (0.0–11.4%)]). Medians of operation time, blood loss, 
the number of retrieved lymph nodes, days until gas pass-
ing, and hospital stay were 190  min, 20  mL, 48, 3, and 
5 days, respectively.
Conclusions  Deemed safe and feasible through the pre-
sent trial, RRDG could be a valid alternative to conven-
tional robot distal gastrectomy for managing early gastric 
cancer. Our reduced-port robotic surgery using the Single-
Site system and a third robotic arm could potentially be 
applicable as a highly advanced, minimally invasive sur-
gery for other solid organ diseases.

Abbreviations
RRDG	� Reduced-port robotic distal gastrectomy
CI	� Confidence interval

Gastrectomy with lymph node dissection offers the best 
chance of curing gastric cancer. With advances in instru-
ments and technique, laparoscopic gastrectomy has 
emerged as a preferred treatment for early gastric cancer, 
showing favorable short-term surgical outcomes and com-
parable long-term oncologic outcomes to open surgery 
[1–3].

To minimize trauma associated with laparoscopic sur-
gery, surgeons have developed procedures, wherein a 
majority of the instruments required for surgery are intro-
duced via a single periumbilical port and the ports along 
the flank are eliminated, which are called reduced-port lap-
aroscopic surgery [4–7]. Inevitably, however, crowding of 
multiple surgical instruments within the periumbilical port, 
restricting the surgeon’s ability to move the instruments, 
emerged as a major limitation of reduced-port surgery 

Abstract 
Introduction  Theoretically, reducing the number of ports 
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to undergo robotic surgery for early gastric cancer were 
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underwent RRDG. The primary endpoints were 30-day 
morbidity and mortality.
Results  No intraoperative event requiring conversion 
to laparoscopic or open surgery occurred, and no major 
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for gastric cancer, especially in performing lymph node 
dissection.

Exhibiting the potential to improve upon limitations to 
the movement of surgical instruments during reduced-port 
surgery, robotic surgical systems equipping the da Vinci® 
Single-Site™ instrumentation (Intuitive Surgical, Sunny-
vale, CA, USA) offer surgeons a unique surgical environ-
ment in which a scope, two robotic arms, and an assistant 
instrument can be employed via a single port. Introducing 
the robotic system facilitates more intuitive control of the 
instruments within the operative environment by compen-
sating for the crossing of the two robotic arms within the 
Single-Site port. Application of this system has proven suc-
cessful in cholecystectomy, hysterectomy, and colectomy 
[8–11].

The aim of this prospective study was to assess the 
safety and feasibility of reduced-port robotic distal gastrec-
tomy (RRDG) using the Single-Site system for early gas-
tric cancer. To clarify the value of RRDG, we compared 
the surgical outcomes of the novel procedure with those for 
conventional robotic distal gastrectomy (CRDG).

Methods

Study design

This study was conducted as a prospective, single-arm, 
phase I/II clinical trial by a single surgeon, and was 
approved by the Institutional Review Board of Sever-
ance Hospital, Yonsei University Health System (4-2014-
0864). The study protocol was registered at clinicaltrial.gov 
(NCT02347956).

Patients

From January 2015 through October 2015, 40 patients 
with pathologically confirmed adenocarcinoma of the mid-
dle to distal stomach who were scheduled to receive distal 
robotic gastrectomy were asked to participate in the study. 
After receiving explanations on the clinical trial, patients 
who agreed to participate in the trial underwent RRDG; 
those who declined underwent CRDG. Inclusion criteria 
were tumors clinically confined to the mucosa or submu-
cosa that did not fulfill criteria for endoscopic mucosal 
dissection. Exclusion criteria were patients with advanced 
cancer deeper than the submucosa or early lesions curable 
by endoscopic resection; patients who had received sys-
temic chemotherapy, radiotherapy, or both; and patients 
who required D2 lymphadenectomy and other organ resec-
tion were excluded. Finally, 19 patients who agreed to 
participate in the trial underwent RRDG. 21 patients who 
declined RRDG underwent CRDG.

Clinical patient characteristics and outcomes included 
age, gender, American Society of Anesthesiologists score 
(ASA), location of tumor, reconstruction method, T and N 
classification, operation time, docking time, intraoperative 
bleeding, conversion to laparoscopy or open surgery, the 
number of retrieved lymph nodes, pathologic margin status, 
days until gas passing, hospital stay, visual analogue scale 
(VAS) score, white blood cell (WBC) count, C-reactive 
protein (CRP) level, morbidity, mortality, and re-admission 
to the hospital. Operation time was defined as skin-to-skin 
time. Patients were followed up every 3 months for 2 years 
and every 6 months thereafter for the duration of the sched-
uled follow-up period. We also compared the surgical out-
comes of CRDG as an internal control to clarify the clinical 
impact of RRDG.

Surgical technique

All robotic distal gastrectomies were performed using the 
da Vinci Si Surgical System (Intuitive Surgical, Sunnyvale, 
CA, USA). RRDGs were performed using the Single-Site 
system and a third robotic arm. For comparison, schematic 
illustrations of reduced-port laparoscopic distal gastrec-
tomy and RRDG using the Single-Site system are provided 
in Fig. 1A, B: Note the criss-crossing of the cannulae. As 
described above, equipping the da Vinci Single-Site system 
allows for intuitive control of ipsilateral instruments. The 
first and third robotic arms can be controlled with the sur-
geon’s left hand, with the right hand controlling the second 
robotic arm.

In CRDG, the first and second arms are utilized as the 
right and left hands of the surgeon, respectively (Fig. 1C). 
The third arm is used for traction of the stomach. In RRDG, 
the first robotic arm is used for traction, while the second 
and third robotic arms are used as the right and left hands 
of the surgeon, respectively (Fig. 1D).

The reduced-port approach was begun by making a 
transumbilical incision of about 2.5 cm in length, through 
which a Single-Site™ port (428,065, Intuitive Surgi-
cal) was inserted. The Single-Site™ port comprises four 
lumens for instrumentation: one lumen for an 8.5-mm 
endoscope (8.5  mm Endoscope Cannula, 400,263, Intui-
tive Surgical), two for 5-mm curved cannulae (5 × 250 mm 
curved cannula, 428,071 and 428,072, Intuitive Surgical), 
and one for a 10-mm accessory port (10  mm Accessory 
Cannula, 428,076, Intuitive Surgical) for use by an assistant 
(Fig. 2A). Next, for equipping ultrasonic shears, an 8-mm 
straight cannula (8-mm instrument cannula, 420,002, Intui-
tive Surgical) was inserted along the right flank (Fig. 2B) 
in a port-in-port fashion via a 12-mm port (XCEL®, Ethi-
con Endo-surgery, Cincinnati, OH, USA). Finally, a 12-mm 
assistant port (XCEL®, Ethicon Endo-surgery) was placed 
along the left flank. In patients with a thin body habitus 
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Fig. 1   Schematic illustration. Illustrations of A reduced-port laparo-
scopic distal gastrectomy and B reduced-port robotic distal gastrec-
tomy using the Single-Site™ system and a third robotic arm. Com-

parison of instrumentation for C conventional and D reduced-port 
robotic distal gastrectomy. *DOF degree of freedom
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and when less complicated surgery was anticipated, the left 
assistant port was not inserted.

After port insertion, the robotic cart was placed over the 
patient along the midline. After docking the camera can-
nula to the robotic camera arm, two curved cannulae for 
robotic arms 1 and 2 were inserted through the Single-Site 
port and docked to robotic arms 1 and 2: the camera was 
used to visualize the tips of the inserted curved cannulae 
to ensure that they did not cause injury to intra-abdominal 
organs during their insertion. Once completed, Cadiere for-
ceps (428,055, Intuitive Surgical) were inserted through 
the curved cannula docked on the first arm for use in trac-
tion of the stomach. A needle driver (EndoWrist Needle 
Driver, 420,117, Intuitive Surgical) was then introduced 
through the curved cannula docked on the second robotic 
arm to guide dissection. After the Single-Site system was 
fully fitted, the third robotic arm could be docked on the 

patient (Fig. 2C). On the console display, the final locations 
of the instruments in the abdominal cavity were as follows 
(Fig. 2D): the Cadiere forceps and needle driver are located 
on the left and right, respectively. Ultrasonic shears can be 
seen on the left side of the surgical view. Graspers inserted 
through the assistant port can be seen on the right.

Dissection and reconstruction procedures were basically 
the same for both RRDG and CRDG. Details on the surgi-
cal procedures for performing CRDG have been described 
previously [12].

Postoperative management and complication 
assessment

Management of both patient groups followed the same 
protocol. After 2 days of postoperative analgesics by con-
tinuous intravenous infusion of fentanyl under patient 

Fig. 2   Single-Site™ port, instrumentation, and surgical view. A Composition of the Single-Site™ port and B trocar placement. C Patient and 
robotic cart after docking. D Surgical view on the console after installation of all surgical instruments
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control, administration of the oral pain killer Ultracet ER 
(Janssen-Ortho, LLC, Gurabo, Puerto Rico) was initiated 
on postoperative day 3. Postoperative pain assessment 
was performed in all patients using VAS, with possible 
scores ranging from 0 to 10. Pain scores were recorded 
in a post anesthesia care unit (PACU; at 30 min after sur-
gery), and then recorded at 6, 24, and 48 h after surgery. 
Sips of water and a clear liquid diet were resumed at 2 
and 3  days after the operation, respectively. A soft diet 
was permitted on the evening of the third day after sur-
gery. Thirty-day morbidity and mortality were assessed 
by Clavien-Dindo classification and monitored on a 
weekly basis [13, 14].

Outcomes

The primary safety endpoint was defined as the develop-
ment of major complications of Clavien-Dindo classifica-
tion grade III or higher [13, 14]. All events were discussed 
and judged during weekly quality control meetings. The 
secondary endpoints were operation time, intraoperative 
blood loss, conversion rate, the number of retrieved lymph 
nodes, pathologic margin status, recovery of bowel func-
tion (days until gas passing), length of hospital stay, post-
operative pain (VAS score), and postoperative laboratory 
results, including WBC counts and CRP levels.

Statistical analysis

The sample size for testing the primary endpoint was cal-
culated using PASS 2000 (NCSS Statistical Software, 
Kaysville, Utah, USA) on the basis of previous studies 
reporting complication rates of 4, 4.5, 15.7, and 15.4%, 
respectively [3, 15–17]. An expected value of 4% and a 
threshold value of 15% were set using two-sided testing at a 
20% significance level and 70% power. The necessary sam-
ple size in this trial was deemed to be 19 cases on the basis 
of a single-stage design to test the null hypothesis (a com-
plication rate ≥15%) versus an alternative hypothesis (com-
plication rate ≤4%). If the number of confirmed complica-
tions was two or less, then the null hypothesis was to be 
rejected. The complication rate estimate and its 80% con-
fidence interval (CI) were calculated. Categorical variables 
are expressed as numbers and percentages, and continuous 
variables are reported as medians with minimum and maxi-
mum values. All p-values less than 0.05 were regarded as 
significant, and all statistical tests were two-sided. We ana-
lyzed secondary outcomes with the Mann–Whitney U test 
and dichotomous outcomes with the χ2 or Fisher exact tests. 
All analyses were conducted using SAS software (version 
9.2; SAS Institute, Cary, NC).

Results

Table  1 shows details on the characteristics of the 
patients who participated in the trial. The characteris-
tics of the patients were not significantly different from 
usual patients, except that the weight of the RRDG group 
was less than that of the CRDG group (60 kg [46–75] vs. 
75 kg [56–100], p < 0.001).

Table  2 list the operative and postoperative param-
eters. Operation time and docking time for RRDG were 
190 min (125–279) and 7 min (2–15), respectively. These 
times were significantly longer than those for CRDG 
(operation time: 137  min [117–174], p < 0.001; dock-
ing time: 3  min [1–9], p < 0.001). None of the patients 

Table 1   Patient characteristics

RRDG reduced-port robotic distal gastrectomy, ASA American Soci-
ety of Anesthesiologists
a Including endoscopic mucosal resection

RRDG (n = 19)

Age, years 49 (34–70)
Sex
 Male 8 (42.1%)
 Female 11 (57.9%)

Height (cm) 164 (155–176.0)
Weight (kg) 60 (46.0–75.0)
ASA
 1 7 (36.8%)
 2 12 (63.2%)
 3 0 (0%)

Previous operation
 No 13 (68.4%)
 Stomacha 3 (15.8%)
 Abdomen 2 (10.5%)
 Extra-abdominal operation 1 (5.3%)

Circular location
 Anterior wall 4 (21.1%)
 Greater curvature 3 (15.8%)
 Lesser curvature 5 (26.3%)
 Posterior wall 7 (36.8%)

Tubular location
 Antrum 0 (0%)
 Mid-body 3 (15.8%)
 Lower-body 16 (84.2%)

Depth of invasion
 Mucosa 12 (63.2%)
 Submucosa 6 (31.6%)
 Muscle 1 (5.3%)

N classification
 N0 18 (94.7%)
 N1 1 (5.3%)
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required intraoperative or postoperative blood transfu-
sions. All robotic surgeries were successfully completed 
without converting to open or laparoscopic surgery. Time 
to recovery of bowel function; days until starting sips of 
water, a liquid diet, and a soft diet; and hospital stay were 
3, 2, 3, 3, and 5 days, respectively. Both surgery groups 
showed similar postoperative recovery. VAS scores for 
postoperative pain were highest at 6 h after surgery and 
gradually decreased at 24 and 48 h. WBC and CRP lev-
els showed peak elevations on the day of the operation 
and postoperative day 3, respectively. No significant 
differences were noted in VAS score and WBC levels 
between the two groups. CRP levels after RRDG were 
significantly lower at postoperative days 1 and 3, com-
pared to the CRDG group (POD#1: 27 mg/L [8–85] ver-
sus 35.8  mg/L [26–155], p = 0.006; POD#3: 43.3  mg/L 
[15–147] versus 83.7  mg/L [26–155], p = 0.013). At a 
median of 9  months of follow-up (range 4–13 months), 
all patients were free of disease. No late major complica-
tions or re-admission were observed.

Postoperative complications are summarized in Table 3. 
Assessed by the Clavien-Dindo system, no major compli-
cation, grade III or higher, developed in the RRDG group 
(80% CI [0.0–11.4%]).

Discussion

To our knowledge, this is the first trial to outline the surgi-
cal outcomes of RRDG. Applying the novel technique, we 
were able to successfully perform RRDG without instances 
of robot system-related events, insufficient lymph node dis-
section, major clinical events, or intraoperative difficulties 
necessitating conversion to laparoscopic or open surgery. 
The hypothesis of our study was that if the number of con-
firmed complications was two or fewer during this trial, the 
new technique could then be regarded as a safe procedure. 
Since no major complications were identified, our results 

Table 2   Operative and postoperative parameters

RRDG (n = 19)

Operation time (min) 190 (125–279)
Docking time (min) 7 (2–15)
Console time (min) 104 (70–175)
Bleeding (ml) 20 (10–132)
Transfusion
 Yes 0 (0%)
 No 19 (100%)

Reconstruction
 Gastroduodenostomy 6 (31.6%)
 Gastrojejunostomy 13 (68.4%)

Conversion to laparoscopy or open
 Yes 0 (0%)
 No 19 (100%)

Retrieved lymph nodes 48 (21–82)
Pathologic margin
 Proximal margin (cm) 5.3 (1.8–11.0)
 Distal margin (cm) 7.0 (2.5–13.9)

Gas passing (days) 3 (2–5)
Sips of water (days) 2 (2–2)
Liquid diet (days) 3 (2–3)
Soft diet (days) 3 (3–4)
Hospital Stay (days) 5 (4–8)
Pain (VAS score)
 PACU 5 (3–8)
 6 h 7 (2–9)
 24 h 4 (1–8)
 48 h 3 (0–8)

WBC (/μL)
 Pre-OP 6100 (3870–10,300)
 OP day 14,500 (9,900–17,990)
 POD #1 9870 (7390–12,400)
 POD #3 7020 (5390–12,600)
 POD #5 6,830 (4,510-9,290)
 POD #21 5,430 (4,510-8,380)

C-reactive protein (mg/L)
 Pre-Op 1 (0–1)
 Op day 1 (1–4)
 POD #1 27 (8–85)

  POD #3 43.3 (15–147)
 POD #5 33.4 (8–99)
 POD#21 1 (1–13)

Late complicationa

 IDA 1
 Dumping syndrome 0
 Vitamin B12 deficiency 0

Re-admissiona

 Yes 0 (0%)
 No 19 (100%)

Table 3   Primary endpoint: thirty-day postoperative complications

RRDG reduced-port robotic distal gastrectomy
a 80% Confidence interval of major complications following reduced-
port robotic gastrectomy was 0.0–11.4%

RRDG (n = 19)

Clavien-Dindo classification
 0 14 (73.7%)
 1 4 (21.1%)
 2 1 (5.3%)
 3 or more 0 (0%)a

Details on complications
 Fever 4
 Hemoglobin down 1RRDG reduced-port robotic distal gastrectomy, CRDG conventional 

robotic distal gastrectomy, VAS visual analogue scale, PACU post 
anesthesia care unit, WBC white blood cell, OP operation, POD post-
operative day, IDA iron deficiency anemia
a Median follow-up period was 9 months
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suggest that RRDG using the Single-Site system and a third 
robotic arm is feasible and safe for use in early gastric can-
cer patients requiring D1+ lymphadenectomy.

During the trial, we experienced advantages of RRDG 
over conventional robot or reduced-port laparoscopic 
approaches. First, compared with CRDG, RRDG helped 
reduce surgical trauma and adverse risks associated with 
multiple ports. Other studies have also made efforts to 
reduce the number of ports during surgery in an attempt to 
reduce surgical trauma and subsequent risks of pain, unnec-
essary scar, and organ damage [18, 19]. To evaluate surgi-
cal trauma associated with CRDG and RRDG, we assessed 
and compared pain scores and inflammatory laboratory 
results, including WBC counts and CRP levels. Accord-
ing to our results, lower CRP levels for RRDG could be 
regarded as an indicator of less trauma, highlighting the 
potential clinical impact of the reduced-port surgery on 
reducing trauma following gastrectomy. Second, compared 
with a laparoscopic reduced-port approach, robotic sys-
tems provide surgeons with articulated movements and bet-
ter ergonomics. Moreover, the Single-Site system enabled 
us to manipulate ipsilateral robotic arms with automatic 
swapping of the left and right robotic arms. Furthermore, 
our procedure could be performed without technical dif-
ficulty requiring only one assistant. In this regard, RRDG 
could be preferable to conventional robot or laparoscopic 
reduced-port approaches. The only unsatisfactory outcome 
of RRDG in this study was a longer operation time. Not-
withstanding, we have performed more than 150 surgeries 
applying the conventional approach, and our experience 
with the reduced-port approach is only in the initial learn-
ing phase [20, 21]. Once we overcome the necessary learn-
ing curve, we expect that operation times for RRDG will be 
close to that of CRDG in due time.

Limitations to the study design warrant consideration. 
First, the present study was conducted as a single-arm, 
phase I/II clinical trial to assess the safety and feasibility of 
RRDG. To outline the surgical outcomes of the novel pro-
cedure, we compared perioperative data to those for CRDG 
performed during the same period as an internal control. 
However, larger, multi-institutional, randomized, and con-
trolled studies are required to validate the value of RRDG. 
Second, this study reported only short-term outcomes. 
Long-term surgical outcomes and oncologic results should 
be assessed in the future.

Even though many studies on reduced-port surgery 
have yet to show clear advantages over conventional mini-
mally invasive surgery [17, 22], moving forward, we still 
expect to record a clinically meaningful impact for RRDG 
on surgery-induced trauma after further accumulation of 
experience with the procedure. We believe that RRDG 
may lay the foundation for achieving radical, pure single-
port gastrectomy in the future. This belief is in line with 

the thoughts of the pioneer who developed robotic single-
site cholecystectomy and proclaimed that a simple single-
site surgical procedure can pave the way for more complex 
surgical procedures that are currently feasible only with the 
use of multiple ports [23].

In conclusion, our results suggest that RRDG offers 
acceptable feasibility and safety as a valid alternative to 
CRDG. Our reduced-port robotic surgery using the Single-
Site system and a third arm could also be potentially appli-
cable as a highly advanced, minimally invasive surgery for 
other solid organ diseases.
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