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Abstract

Objective This prospective randomized trial compared the invasiveness of laparoscopic gastrectomy using a single-port
approach with that of a conventional multi-port approach in the treatment of gastric cancer.

Summary Background Data The benefit of single-port laparoscopic gastrectomy (SLG) over multi-port laparoscopic gas-
trectomy (MLG) has yet to be confirmed in a well-designed study.

Methods One hundred and one patients who were scheduled to undergo laparoscopic distal gastrectomy for histologically
confirmed clinical stage I gastric cancer between April 2016 and September 2018 were randomly allocated to SLG (n=50)
or MLG (n=51). The primary endpoints were the postoperative visual analog scale pain scores. Secondary endpoints were
frequency of use of analgesia, short-term outcomes, such as operating time, intraoperative blood loss, inflammatory reac-
tions, postoperative morbidity, and 90-day mortality.

Results The postoperative pain score was significantly lower in the SLG group than in the MLG group (p <0.001) on the
operative day and the postoperative day 1-7. Analgesics were administered significantly less often in the SLG group than in
the MLG group (1 vs. 3 days, p=0.0078) and the duration of use of analgesics was significantly shorter in the SLG group
(2 vs. 3 days, p=0.0171). The operating time was significantly shorter in the SLG group than in the MLG group (169 vs.
182 min, p=0.0399). Other surgical outcomes were comparable between the study groups.

Conclusions SLG was shown to be safe and feasible in the treatment of gastric cancer with better short-term results in terms
of less severe pain and may be suitable for treatment of cStage I gastric cancer.

Clinical trial registration: UMIN000022218
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The introduction of laparoscopic surgery has significantly
improved the outcome after gastrectomy for gastric cancer
because it is associated with less blood loss, more rapid
recovery, less pain, and a shorter postoperative hospital stay
[1-8] with more acceptable oncologic outcomes than the
open approach [9, 10]. This demonstration of superiority has
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allowed development of less invasive procedures. Single-
port surgery, which is performed via one port in the umbili-
cus, is the goal of minimally invasive surgery in the clinical
setting.

Since the first report of single-incision trans-umbilical
laparoscopic distal gastrectomy (SLG) for gastric cancer by
Omori et al. [11], this surgical strategy has been introduced
in several institutions, mainly in East Asian countries such
as Japan and Korea [11-15]. Although SLG is reportedly
difficult because of the propensity for instrument collisions,
lack of triangulation, and the limited number of available
ports [11, 12, 14], standardization of this procedure could
result in a relatively simple operation [16]. Nevertheless,
this surgical approach is not common worldwide because of
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lack of data on the effectiveness of SLG and the difficulty
of the procedure.

In a case-matched comparative study, SLG with
D1 +lymphadenectomy was associated with a similar oper-
ating time but less blood loss, and less pain than MLG [14].
In a previous propensity score-matched comparative study,
we showed that SLG with D2 lymphadenectomy for clini-
cal stage I-III gastric cancer was less invasive in terms of
less blood loss, less postoperative pain, more rapid bowel
recovery, a shorter postoperative hospital stay, a less severe
inflammatory reaction, and more acceptable oncologic out-
comes than MLG [15]. The 5-year overall survival rate in
patients with advanced (stage II-1V) gastric cancer was com-
parable between SLG and MLG [17]. However, a retrospec-
tive study reported by Kim et al. showed that postoperative
pain was similar between an SLG group and an MLG group
[18].

Although single-port gastrectomy for gastric cancer has
been reported to be safe and feasible in non-randomized
retrospective studies, the efficacy of this surgery remains
controversial, with no confirmatory data from a randomized
controlled trial published thus far. Therefore, the aim of this
randomized controlled study was to compare postoperative
pain, surgical outcomes, and the postoperative course in
patients undergoing SLG or MLG for gastric cancer.

Methods
Trial design

This single-center, open-label, prospective randomized
controlled trial was conducted to evaluate MLG versus
SLG in patient with clinical stage I gastric cancer, oper-
ated between April 2016 and September 2018. Superiority
of SLG to MLG with regards to reduced postoperative pain
was hypothesized. The study was approved by the Institu-
tional Review Board of Osaka International Cancer Institute
(No. 1512046225). All patients provided written informed
consent. The data were collected and analyzed in accord-
ance with the Declaration of Helsinki (1975). Patients were
withdrawn from the study if they withdrew consent or expe-
riences a serious adverse event. The study is registered in the
University Hospital Medical Information Network—Clinical
Trials Registry (UMIN000022218).

Sample size calculation

According to a previously published report, postoperative
pain score using the VAS (Visual analog scale) score on
POD 1 was 4.5 in an SLG group and 5.5 in an MLG group
[14]. The sample size was calculated based on a statisti-
cal power of 80% to detect an absolute difference in scores
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for each category, assuming a 20% reduction in the SLG
group compared with the MLG group at an alpha of 0.05
and allowing for a dropout rate of 20%. It was found that 100
patients would need to be enrolled in the study.

Participants

This single-center prospective randomized Phase II study
included patients who underwent distal gastrectomy with
D1 + or D2 lymphadenectomy in our institute. Eligible par-
ticipants were histologically proven gastric cancer (clinical
stage 1) and were aged 20-80 years. The following exclu-
sion criteria were applied: history of laparotomy, body mass
index > 30; previous or other concomitant cancer; a renal,
hepatic, or metabolic disorder (e.g., severe diabetes); cardiac
disease; and a history of gastrectomy.

Study endpoints

The primary study endpoint was the visual analog scale
(VAS) pain score at rest on postoperative days (PODs) 1.
The secondary endpoints were VAS pain score 6 h after the
operation and on postoperative days (PODs) 2—7, frequency
of administration of additional analgesics, and duration of
use of analgesia, the perioperative outcomes, including
operating time, estimated blood loss, postoperative mor-
tality and morbidity, postoperative inflammatory reaction,
postoperative time to flatus, postoperative time to resuming
oral intake, and postoperative hospital stay.

Randomization

Using an internet randomization module, the subjects were
randomly allocated to an SLG group or an MLG group in a
1:1 ratio using a minimization method with a random com-
ponent to balance the arms based on sex, age, and body mass
index. The patients were enrolled to the study by the respon-
sible surgeon before surgery. Patients and all investigators
were unmasked to treatment assignment. Laparoscopic distal
gastrectomy was performed using a single-port or multi-port
approach by the same team of surgeons (TO, KY, YY).

Data collection

The data were collected prospectively and recorded in a
computer database at our hospital. In the SLG group, con-
version to MLG was defined as addition of any port to the
abdominal wall to complete the procedure. An open conver-
sion was defined as any extension of the primary incision for
reasons other than specimen extraction or the reconstruction
procedure. The indications for conversion were recorded.
Morbidity was stratified as recommended by Dindo et al.
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[19]. The Japanese Classification of Gastric Carcinoma, 3rd
English Edition JCGC), was used for TNM staging [20].

Pain assessment

Firstly, pain variables were evaluated using a VAS at rest and
on movement (during walking) at 6 h after surgery and on
PODs 1-7. Next, the abdomen was divided into four areas
(umbilical, upper abdomen, right abdomen, left abdomen)
and pain was evaluated for each area using a VAS.

SLG procedures

We have previously reported our surgical procedure for
single-port laparoscopic distal gastrectomy [13, 15, 16, 21].
Briefly, the patient is placed in the reverse Trendelenburg
position with legs apart, the surgeon positioned between the
patient’s legs, and an assistant on each side of the patient. A
trans-umbilical laparotomy is created through a 2.5-3.0-cm
vertical umbilical incision, and a wound-sealing device (Lap
protector; Hakko, Nagano, Japan) is applied. Single-incision
laparoscopy is then performed via a commercially available
access port (EZ access; Hakko, Nagano, Japan). Pneumop-
eritoneum is established by insufflation of carbon dioxide
at a pressure of approximately 8—12 mmHg according to
the patient’s body habitus. A 10-mm high-definition flexible
scope (ENDOEYE flexible HD camera system; Olympus
Medical Systems Corp., Tokyo, Japan) is used to view the
surgical field.

Conventional straight forceps and an ultrasonic coagula-
tion cutting device (Harmonic ACE, Ethicon Endosurgery,
Cincinnati, OH, USA) are used for gastric mobilization and
lymph node dissection. For D2 lymph node dissection, we
routinely check each anatomic landmark according to the
JCGC criteria [15-17]. Distal gastrectomy is performed
intracorporeally with an adequate proximal margin [22].
Finally, reconstruction is performed using the intracorporeal
anastomotic technique [13, 21].

MLG procedures

We have also previously reported our surgical procedure
for multi-port laparoscopic distal gastrectomy [23]. Briefly,
the patient is placed on a table in the supine position with
legs apart. A trans-umbilical laparotomy is created through
a2.5-3.0-cm vertical umbilical incision in the same manner
as for the SLG procedure. After application of the wound-
sealing device (Lap protector), the camera trocar is cov-
ered with the EZ access device. Pneumoperitoneum is then
established by insufflation of carbon dioxide at a pressure of
approximately 8—12 mmHg according to the patient’s body
habitus Standard MLG includes five ports (one for camera
port in the umbilicus, two 5-mm ports in the right abdomen,

one 5-mm port in the left abdomen, and one 12-mm port in
the left abdomen). The D2 lymphadenectomy procedures
were performed in the same manner as that used for SLG.
Reconstruction was performed using the previously reported
intracorporeal anastomotic technique [13, 24-26].

Postoperative care

The perioperative management protocol was similar for
all patients and followed our hospital’s clinical pathway.
For 48 h after surgery, patients received basal analgesia
by continuous intravenous infusion of fentanyl. Additional
analgesia, such as non-steroidal anti-inflammatory drugs,
was given on patient request. No patients received epidural
analgesia. A soft diet was resumed after the first passage of
flatus.

Statistical analysis

Patient data were analyzed on an intention-to-treat basis. All
statistical calculations were performed using JMP v11.2.0
software (SAS Institute, Inc., Cary, NC, USA). The demo-
graphic and clinicopathological characteristics are summa-
rized descriptively. All quantitative values are expressed as
the mean and standard deviation unless otherwise stated.
Student’s t-tests or Mann—Whitney U tests and Pearson’s
Xz tests were used to compare continuous and categori-
cal variables, respectively. All values were two-tailed, and
p-values < 0.05 were considered significant.

Results
Patient flow

Between April 2016 and September 2018, 101 patients were
assessed for eligibility. All patients were randomly assigned
to SLG group (n=50) or MLG group (n=51) (Fig. 1). All
patients underwent distal gastrectomy as scheduled. One
patient in the MLG group underwent open conversion due
to intraoperative hemorrhage and was excluded from the
postoperative pain assessment.

Baseline patient characteristics

There was no statistically significant between-group
difference in patient characteristics, including age, sex,
body mass index, ASA physical status, type of tumor,
type of reconstruction, and clinical TNM stage (Table 1).
D2 lymphadenectomy tended to be more common in the
SLG group than in the MLG group (76.0% vs. 58.9%),
but not significantly so (p =0.064). The distributions of
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Fig. 1 Patient flow chart. BMI
body mass index, MLG multi-
port laparoscopic gastrectomy,
SLG single-port laparoscopic
gastrectomy

Enrolled (n=101)

Stratification factor
age, sex, BMI

Randomized

’ Allocated to standard (n=51) ‘

| Allocated to intervention (n=50) |

| Underwent MLG (n=51) l

| Underwent SLG (n=50) l

‘ Analyzed for surgical outcomes (n=51) l ’ Analyzed for surgical outcomes (n=50) ‘

Not evaluated due to

open conversion (n=1)

| Analyzed for postoperative pain (n=50) | | Analyzed for postoperative pain (n=50) |

pathological T stage, node status, and tumor stage accord-
ing to the JCGC classification were similar [20].

Operative outcomes

Table 2 shows the perioperative results. The operating
time was significantly shorter in the SLG group than in
the MLG group (169 [121-275] min vs. 182 [84—345] min,
p=0.0399). Estimated blood loss was not significantly dif-
ferent between the two groups. One patient in the MLG
group required transfusion and conversion to open surgery
as a result of intraoperative hemorrhage. There were no
conversions to the multi-port approach or open approach
in the SLG group.

The postoperative complications are shown in Table 2.
Early complications occurred in 4 patients (8%) in the
SLG group and in 6 (11.8%) in the MLG group; the dif-
ference was not significant. Complications in the SLG
group included wound infection and delayed gastric emp-
tying, which were improved by conservative treatment.
Complications in the MLG group included wound infec-
tion, delayed gastric emptying, and intra-abdominal fluid
collection, which were improved conservatively. There
were no severe complications (Clavien—Dindo grade 11
or higher) in either group. There was no cases of anas-
tomotic leak, pancreatic fistula, or pneumonia in either
group, or any instances of abdominal incisional hernia or
anastomotic stenosis. There was no in-hospital mortality
in either group.
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Postoperative clinical course

Postoperative recovery was similar in the two groups. As
shown in Table 3, there was no significant between-group
difference in median time to first flatus or defecation. Oral
intake of fluid resumed 2 days after surgery and a soft diet
within 3 days; time to oral intake was equivalent between the
two groups. Postoperative inflammation was also assessed.
There was no significant between-group difference in the
postoperative white blood cell count or serum C-reactive
protein level on POD 1 and POD 3. The postoperative hos-
pital stay was comparable between the two groups.

Postoperative pain

The postoperative VAS pain score at rest was significantly
lower in the SLG group than in the MLG group 6 h after
surgery (2.9+0.4 vs. 6.1 +0.4, p<0.0001), POD 1 (2.0+0.3
vs. 4.8+0.3, p=0.0001), POD 2 (1.0+0.2 vs. 3.3+0.2,
p<0.0001), POD 3 (0.3+0.2 vs. 2.5+0.2, p<0.0001),
POD 4 (0.1+0.2vs. 1.4+0.2, p<0.0001), POD 5 (0.1+0.2
vs. 1.0+0.2, p<0.0001), POD 6 (0.0+0.1 vs. 0.6 +0.1,
p<0.0001), and POD 7 (0.0+0.1 vs. 0.5+0.1, p<0.001;
Fig. 2A). Postoperative VAS pain score on movement was
also significantly lower in the SLG group than in the MLG
group 6 h after surgery (4.1+0.3 vs. 7.4+0.4, p <0.0001),
POD 1 (3.3+0.3vs.5.9+0.3,p=0.0001), POD 2 (2.4 +0.3
vs. 4.9+0.3, p<0.0001), POD 3 (1.4+0.2 vs. 4.3+0.3,
p<0.0001), POD 4 (0.6+0.2 vs. 3.3+0.2, p<0.0001), POD
5(0.3+£0.2 vs. 2.5+0.2, p<0.0001), POD 6 (0.1 +£0.1 vs.
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Table 1 Patient demographics and clinicopathological characteristics

SLG (n=50) MLG (n=51) p-value

Age, years, mean +SE 64.7+1.4 63.9+1.4 0.723

Sex, male/female, n 24/26 32/19 0.135

BMI, kg/m?, mean +SE 22.1+04 22.7+0.4 0.390

ASA physical status, n 0.187
172/3 12/38/0 7/44/0

Main lesion, n 0.509
Upper/Middle/Lower 1/31/18 0/35/16

Type of reconstruction, n 0.320
Billroth I/Rou-en-Y 50/0 50/1

Degree of lymphadenec- 0.064
tomy
D1+/D2 12/38 21/30

Clinical T status, n 0.394
cT1/T2 45/5 43/8

Clinical N status, n 0.149
cNO/cN + 48/2 51/0

Clinical stage, n 0.796
IA/IB 44/6 4477

Pathological T status, n 0.876
pT1/T2/T3/T4 43/3/3/1 41/5/4/1

Pathological N status, n 0.642
pNO/ pN + (N1/N2/N3) 38/12 (7/3/32) 40/11 (9/1/1)

Pathological stage, n 0.499
i 42/6/2 42/9/0

Curability 1.000
RO/R1 50/0 51/0

Type of tumor, n 0.758
Differentiated/undiffer- 22/28 24/27

entiated

TNM staging was based on the Japanese Classification of Gastric
Carcinoma, 3rd English Edition

ASA American Society of Anesthesiologists, BMI body mass index,
MLG multi-port laparoscopic gastrectomy, SLG single-port laparo-
scopic gastrectomy

1.9+0.2, p<0.0001), and POD 7 (0.1 +£0.2 vs. 1.4+0.2,
p<0.001; Fig. 2B). In the SLG group, pain at rest improved
rapidly on POD 3 and was almost fully alleviated (VAS
score 0.2), and pain at movement resolved on POD 4 (VAS
score 0.6). In the MLG group, resolution of pain at rest was
slow (VAS score 0.6 on POD 6) and there was still pain on
the date of discharge (VAS score 1.4 on POD 7). Analgesics
were administered significantly less often in the SLG group
than in the MLG group (1 [0-15] vs. 3 [0-14], p=0.0078)
and the duration of use of analgesics was significantly
shorter in the SLG group (2 [0-6] days vs. 3 [0-9] days,
p=0.0171).

When pain was evaluated for four area (umbilical, upper
abdomen, right abdomen, left abdomen), the pain was sig-
nificantly lower in the SLG group than that in the MLG

group for each area. The SLG group had almost or no pain
in the right or left abdomen (mean VAS score 0.0-0.1),
whereas the MLG group had pain in the right abdomen
on the day of surgery and on PODs 1 and 2 (VAS scores
2.5+0.5,1.5+0.3, and 1.1 +£0.2, respectively) but almost
no pain on POD 3 (VAS score 0.8 +0.2). The MLG group
had pain in the left abdomen on the day of surgery and on
POD 1 (VAS scores 3.4 +0.5 and 1.8+ 0.3, respectively) but
almost no pain on POD 2 (VAS score 0.9 +£0.2). There was
not significant difference between the left abdomen and right
abdomen (p=0.417 on POD 1). Pain was significantly less
severe in the SLG group than in the MLG group postopera-
tively when evaluated in the umbilical portion (VAS score
in SLG vs. MLG: 2.7+0.3 vs. 6.2+0.5, p<0.0001 on the
day of surgery, 1.8 +0.2 vs. 4.3+0.3, p<0.0001 on POD
1,0.8+0.1vs.3.0+0.3, p<0.0001 on POD 2,0.2+0.1 vs.
2.3+0.3, p<0.0001 on POD 3) and upper abdomen (VAS
score in SLG vs. MLG: 2.7 £0.3vs. 6.2+0.5, p <0.0001 on
the day of surgery, 0.6 +0.2 vs. 3.4+0.6, p=0.0001 on POD
1,0.2+£0.1vs. 1.8+0.3, p=0.0115 on POD 2,0.2+0.1 vs.
1.1+0.3, p=0.0198 on POD 3).

Long-term outcomes

Patients were followed for 31.7 (range 18.1-45.7) months
postoperatively, corresponding to 31.7 (range 18.1-43.9)
months in the SLG group and 31.6 months (range 18.8-45.7)
in the MLG group (p =0.380). Relapse-free survival was
similar in the SLG and MLG groups (100% vs. 100%). No
patients suffered from umbilical hernias in both groups dur-
ing the follow-up periods.

Discussion

This is the first randomized controlled trial to compare the
outcomes of single-port laparoscopic gastrectomy (SLG)
and multi-port laparoscopic gastrectomy (MLG) for the
treatment of gastric cancer. The primary goal of the study
was to demonstrate the effectiveness of SLG in reducing
postoperative pain. The results clearly show that the post-
operative VAS pain score was significantly lower after SLG
than after MLG both at rest and on movement. Furthermore,
the SLG group required less additional analgesia than the
MLG group and had a shorter duration of use of analge-
sia. The benefit of SLG was shown to be associated with a
reduced postoperative pain profile.

Three short-term studies have compared the outcomes,
including postoperative pain, between SLG and MLG for
relatively early gastric cancer [14, 15]. All studies were
retrospective analyses of prospectively collected SLG and
MLG data. However, a literature search did not identify any
relevant prospective randomized studies. A case-matched
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Table 2 Intraoperative and
postoperative findings

SLG MLG p-value
Operating time, min, median (range) 169 (121-275) 182 (84-345) 0.0399
Estimated blood loss, ml, mean + SE 12.9+28.8 43.8+28.6 0.445
Transfusion, n 0 1 0.310
Conversion, n 0 1 0.310
To conventional LDG 0 -
To open surgery 0 1
Lymph nodes retrieved, n 48.3+2.2 49.3+2.2 0.7428
Complications?, n (%) 4 (8%) 6 (11.8%) 0.5265
Grade 1
Wound infection 1
Delayed gastric emptying 1 0
Grade 11
Anastomotic leak 0 0
Pancreatic fistula 0 0
Delayed gastric emptying 0 1
Intra-abdominal fluid collection 0 1
Wound infection 3 3
Postoperative mortality 0 0 1.000

LDG laparoscopic distal gastrectomy, MLG multi-port laparoscopic gastrectomy, SLG single-port laparo-

scopic gastrectomy

#Complication graded according to Clavien—Dindo classification [19]

Table 3 Postoperative course

) - SLG MLG p-value
and inflammatory reactions
Time to first flatus, days® 2(1-4) 2(1-4) 0.123
Time to first defecation, days® 4 (1-7) 4 (2-7) 0.802
Time to oral intake, days*
Liquid 2 (2-10) 2 (2-4) 0.556
Diet 3(3-11) 3 (3-5) 0.556
Pain control
Frequency of administration of analgesia® 1(0-15) 3(0-14) 0.0078
Duration of use of analgesia, days® 2 (0-6) 3(0-9) 0.0171
Postoperative hospital stay, days* 7(6-19) 7 (6-11) 0.376
While blood cell count, X 103/p1, mean + SD
POD 1 10,248 +386 97134383 0.327
POD 3 78624356 7879 +353 0.974
C-reactive protein, mg/dl, mean+SD
POD 1 32+0.3 3.6+0.3 0.288
POD 3 8.1+0.8 8.7+0.8 0.636

MLG multi-port laparoscopic gastrectomy, SLG single-port laparoscopic gastrectomy

*Values were showed the median (range)

comparative study by Ahn et al. showed that SLG with
D1 +lymphadenectomy was associated with a lower VAS
score on the day of surgery and POD 1 compared with MLG
[14]. In another study, SLG with D2 lymphadenectomy was
associated with less frequent use of analgesia compared with
MLG [15]. In contrast, a study by Kim et al. found no signif-
icant between-group differences in postoperative VAS pain
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scores [18]. Therefore, the efficacy of SLG is controversial,
and there is no confirmatory data from previously published
randomized controlled trials.

Postoperative pain is an important consideration when
evaluating the efficacy of a surgical approach considering
that a lower pain level can allow earlier ambulation and
aid a fast-track protocol. A meta-analysis of randomized
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controlled trials comparing conventional care with fast-track
care in patients who had undergone laparoscopic gastrec-
tomy for gastric cancer found that the fast-track groups had
a shorter hospital stay, a shorter time to flatus, and a lower
C-reactive protein level [27]. In a prospective randomized
controlled study of the efficacy of SLG in the treatment of
morbid obesity, reduction of pain on movement was found
to be more important than that at rest because it contrib-
uted to early mobilization [28]. In our study, we found that
patients who underwent SLG had less postoperative pain
on the day of surgery and on PODs 1-7 than those who
underwent MLG. Pain at rest improved rapidly and was
almost completely resolved by POD 3 in the SLG group
(VAS score 0.2) but improved more slowly and was not fully
relieved until POD 6 in the MLG group. The pain profile on
movement was similar in that pain was relieved earlier in the
SLG group (on POD 4), but the pain remained on the day of
discharge in the MLG group. There was no significant dif-
ference in bowel recovery, postoperative inflammatory reac-
tion, or postoperative hospital stay between the two groups,
mainly because the same clinical pathway was used. How-
ever, this rapid improvement of pain in patients who receive
SLG may lead to earlier ambulation, shorter leave of absence
from work, and better quality of life.

Earlier pain relief in our SLG group can be attributed to
reduced parietal pain as a result of fewer incisions in the
abdominal wall. These incisions can be painful as a result
of trauma alone or because of the fascial tension caused by
closure. Pain was assessed at four sites: the umbilicus, upper
abdomen, right abdomen, and left abdomen, and VAS pain
score at each site was significantly lower in the SLG group
than in the MLG group. The SLG group had little or no pain
in the right and left abdomen (mean VAS score 0.0-0.1),
whereas the MLG group had pain in the left and right abdo-
men on POD 1 (VAS scores 1.5+0.3 and 1.8 +0.3, respec-
tively). There was not significant difference between the left
abdomen and right abdomen. This suggests that both the

5-mm and 12-mm trocars produced constant pain, and that
differences in trocar diameter did not affect postoperative
pain. Interestingly, in the present study, pain in the upper
abdomen, where no incision was made, was significantly less
in the SLG group than in the MLG group. Upper abdominal
pain may be associated with visceral pain in response to
gastric mobilization and peripancreatic lymphadenectomy.
Because of the limited number of forceps that can be used
in SLG, supra-pancreatic lymph node dissection must be
performed meticulously without pressing and retracting the
pancreas or other visceral organs. These procedures attenu-
ate postoperative damage and may account for the reduction
in pain after SLG.

SLG is technically difficult due to absence of triangula-
tion, collision of the surgical instruments used, and lack of
counter traction. Nevertheless, the operating time is report-
edly similar for SLG and MLG even when performing D2
gastrectomy [14, 15, 17, 18]. Furthermore, in the present
study, we found that the operating time was significantly
shorter in the SLG group (169 min) than in the MLG group
(182 min) without any significant difference in blood loss.
We have experienced about 500 single-port gastrectomy
for gastric cancers, so the procedures have been completely
standardized [16]. The time for intracorporeal procedures
such as gastric mobilization, lymph node dissection, and
reconstruction, was not significantly different between two
groups (data not shown). MLG had a higher number of
ports than SLG and required additional time for procedures
such as trocar insertion and wound closure at the trocar site.
Beneficial effect of SLG is a shortened operative time with
minimal skin incision.

A multi-institutional prospective study reported an overall
postoperative complication rate of 9.1-13.0% and a severe
complication rate (grade III or higher) of 3.6-5.1% with
multi-port laparoscopic distal gastrectomy for relatively
early gastric cancer [5, 29]. An overall complication rate of
12-20.8% and a severe complication rate of 5.0-5.1% have
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been reported with single-port laparoscopic distal gastrec-
tomy [14, 18]. A previous study in patients with advanced
gastric cancer found that the complication rate was lower
for SLG than for MLG [17]. In our study, the overall post-
operative complication rate was similar in the SLG and
MLG groups (8% vs. 11.8%) and lower than that in previous
reports (12-20.8%). No severe complications were observed
in either group. The rate of Clavien—Dindo grade II intra-
abdominal complications, such as intra-abdominal abscess
and delayed gastric emptying, tended to be lower in the SLG
group (0%) than in the MLG group (4%). These results sug-
gest that SLG is safe and feasible.

This study has several limitations that should be consid-
ered when interpreting the data. First, although the patient
characteristics were well balanced, there were more patients
with D2 gastrectomy in the SLG group than in the MLG
group. However, operative time was shorter in the SLG
group than in the MLG group, and the short-term surgi-
cal outcomes were comparable between the study groups.
Second, we did not evaluate the total amount of analgesia
used when assessing postoperative pain. In our study, addi-
tional analgesics, such as NSAIDs, were administered at the
patient’s request. The type of analgesia administered was
determined by physician choice. It was difficult to compare
the amount of analgesia administered between two groups
because the type of analgesic administered varied from
patient to patient. Therefore, instead of this assessment,
we evaluated the frequency of analgesic administration and
the duration of analgesic use. Thirdly, the long-term out-
comes could not be clearly evaluated because the follow-up
period was too short. We are planning to evaluate long-term
outcomes in this cohort once the follow-up period reaches
five years. Finally, the study had an open-label design and
a small sample size. The patients who underwent the SLG
group might have reported much less pain because of their
satisfaction for small scar. So, a large-scale, multicenter,
double-blind randomized controlled study is needed to con-
firm the feasibility and efficacy of the single-port approach.

Conclusions

When compared with our MLG group, our SLG group had
less postoperative pain, a shorter operating time, and a more
acceptable morbidity rate. These findings suggest that SLG
is safe and feasible for patients with cStage I gastric cancer.
Specifically, SLG is less invasive, causes minimal scarring,
and allows rapid postoperative recovery. SLG may be an
attractive minimally invasive option for the treatment of gas-
tric cancer. Multicenter, large-scale prospective randomized
trials are required to confirm its feasibility and effectiveness.
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