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Abstract

Background: Single-incision laparoscopic right hemicolectomy (SILS) has long used in surgery for a long time.
However, there is barely a systemic review related to the comparison between the SILS and the conventional
laparoscopic right hemicolectomy (CLS) for the right colon cancer in the long term follow-up. Herein, we used the
most recent articles to compare these two techniques by meta-analysis.

Methods: We searched PubMed, Web of Science, Cochrane Library and Wanfang databases to compare SILS with
CLS for right colon cancer up to May 2019. The operative, postoperative, pathological and mid-term follow-up
outcomes of nine studies were extracted and compared.

Results: A total of 1356 patients participated in 9 studies, while 653 patients were assigned to the SILS group and
703 patients were assigned to the CLS group. The patients’ baselines in the SILS group were consistent with those
in the CLS group. Compared to the CLS group, the SILS group had a shorter operation duration (SMD — 23.49,

95%Cl —36.71 to — 10.27, P < 0.001, chi-square = 24.11), shorter hospital stay (SMD —0.76, 95% "Cl — 1.07 to — 045,

P < 0.001, chi-square =9.85), less blood loss (SMD — 846, 95% Cl — 14.59 to — 2.34; P < 0.05; chi-square = 2.26),
smaller incision length (SMD — 1.60, 95% CI —2.66 to —0.55, P < 0.001; chi-square = 280.44), more lymph node
harvested (SMD —0.98, 95% Cl — 1.79 to —0.16, P < 0.05; chi-square =4.61), and a longer proximal surgical edge
(SMD —0.51, 95% Cl —0.93 to —0.09, P < 0.05; chi-square = 2.42). No significant difference was found in other
indexes. After we removed a single large study, we performed another meta-analysis again. The operation duration
in the SILS group was still better than that in the CLS group.

Conclusion: SILS could be a faster and more reliable approach than CLS for the right colon cancer and could
accelerate patient recovery, especially for patients with a low BMI.
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Background

Conventional laparoscopic colectomy was reported by
Jacobs in 1991. This procedure became increasingly
popular in the clinic. Conventional laparoscopic right
hemicolectomy (CLS) can decrease postoperative pain
and accelerate patient recovery [1]. Additionally, laparo-
scopic trocar can cause severe trauma to the abdominal
wall and hemorrhage at the port site. Single-incision
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laparoscopic right hemicolectomy (SILS) was invented
by Remzi in 2008 [2]. A single incision can complete the
operation and facilitate the removal of the specimen. Ac-
cording to the previous studies on SLIS and CLS, SILS
has some advantages in safety and recovery [3-5]. How-
ever, there have been only two meta-analyses comparing
SILS with CLS so far. These analyses were reported by
Vettoretto et al. and Dong et al. in 2013 and 2018
respectively. Vettoretto et al. found no significant differ-
ence between the two techniques [6]. Dong et al. mainly
focused on right colon diseases (including Crohn’s
disease, polyp, and inflammation) and found that SILS
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had the advantages related to incision length, hospital
stay and blood loss [7].

However, considering SILS and CLS, which surgical
method is more suitable for the treatment of right colon
cancer? Does SILS have more advantages than CLS in
right colon cancer treatment? Could SILS replace CLS
to treat right colon cancer? In this paper, we will focus
on the right colon cancer and perform a meta-analysis
to evaluate the effects of SILS and CLS on patients with
right colon cancer.

Methods

Literature search

We performed this study according to the PRISMA guide-
lines (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis). The criteria for the guidelines included
patients, intervention, comparator, outcomes and study de-
sign (PICOS). Population: patients with right colon cancer;
Intervention: SILS or CLS; Comparator: clinical and patho-
logical outcomes of two methods; Outcomes: clinical and
long-term outcomes were expressed as the standardized
mean differences (SMD) with 95% confidence intervals
(95% CIs) for continuous data and relative risks (ORs or
RRs) with 95% ClIs for dichotomous outcomes.

We systematically searched all the useful studies in
PubMed, Medline, Cochrane Library and Wanfang
databases up to May 2019. The search terms are “sin-
gle-incision” OR “single-site” OR “single-port” AND
“colon cancer” OR “right colon cancer” AND “laparo-
scopic surgery”. The detail strategies from PubMed
are shown in Additional file 1: Table S1.

According to our search strategy, we retained relevant
literature and eliminated the duplicated records (Identi-
fication). After reading the titles and abstracts carefully,
we removed the literature, which was inconsistent with
our research (Screening). Based on the inclusion and
exclusion criteria, we removed the non-NRCT and
obtained the final studies for our research (Eligibility).
We tried our best to obtain the most comprehensive in-
formation of the related articles. We removed duplicated
studies, and studies with no SILS, CLS or laparoscopic
approaches, and only focused on the right colon cancer.
Reviews, letters, meetings, case reports, and no clinical
controlled studies were excluded.

Inclusion and exclusion criteria

The studies were reviewed carefully according to the cri-
teria as follows. The inclusion criteria were as follows: (1)
the outcomes between SILS and CLS for right hemicolect-
omy in right colon cancer were compared, (2) only studies
written in English were collected, and (3) RCNTs (retro-
spective comparative non-randomized studies)) PCNTs
(prospective comparative non-randomized studies), and
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comparative observational (cohort and case-control) stud-
ies were collected.

The exclusion criteria were as follows: (1) studies from
the same center should be removed to avoid data dupli-
cation, (2) reports without a distinct group of right
hemicolectomy in right colon diseases, or (3) the main
outcomes were not clearly reported.

Data extraction and quality control

The literature was independently searched according to
the rules of the Newcastle-Ottawa Scale (NOS) by two
reviewers (XL and JXZ) independently [8]. The following
data are shown in Table 1, including study characteris-
tics (the first author, publication data, study area, study
type, size, and study quality) and patient baselines (age,
gender, BMI, previous abdominal surgery, clinical stage,
and anastomosis type). The incision length in the CLS
group was the sum of all incisions. A third reviewer re-
solved all disagreements about the articles until a con-
sensus was reached. We contacted the authors of the
included studies with incomplete data but did not re-
ceive any additional information.

Statistical analysis

We used Revman 5.0 and Stata 11.0 to perform a meta-
analysis by the standardized mean differences (SMD) with
95% confidence intervals (95% Cls) for continuous data
and relative risks (ORs or RRs) with 95% ClIs for dichot-
omous outcomes. The statistical heterogeneity was esti-
mated by F* statistic and chi-square test. Begg’s test and
funnel plots were used to evaluate publication bias. When
F>50% and Begg’s test and the funnel plots indicated
publication bias, random effects models were used. When
P <50% and the funnel plot and Begg’s test showed no
publication bias, a fixed effects model was used. P <0.05
indicated significant differences. A sensitivity analysis was
conducted to decrease the impact of a single study.

Results

Study selection

We found 5637 related publications related to SILS and
CLS from the database and deleted 3665 duplicated re-
cords. After we reviewed over all the titles and abstracts
carefully, 1833 studies were deleted due to no SILS, CLS,
or right colon cancer. Finally, a total of 1356 patients
with right colon cancer in 9 English studies were in-
cluded [9-17] (Fig. 1). The SILS group had 653 patients
and the CLS group had 703 patients (Table 1). There
was no significant difference in the baseline characteris-
tics of patients (age, gender, BMI, ratio of pervious sur-
gery, and clinical stage) of the patients.
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Table 1 Characteristics of the included studies in the meta-analysis
Study Year Country Study type Patients (n) Age Sex (M/F) NOS stars
SILS/CLS SILS/CLS SILS/CLS
Curro [9] 2012 [taly R 10/10 60/59 4/6 3/7 6
Yun [10] 2013 Korea R 66/93 61/59 33/33 58/35 7
Takemasa [11] 2014 Japan p 69/69 65/66 31/38 36/33 7
Suzuki [12] 2016 Japan R 35/35 68/69 21/14 14/21 7
Yu [13] 2016 Korea p 38/92 63/65 21/19 45/47 8
Tokudka [14] 2016 Japan R 27/36 77/77 16/11 15/21 6
Chouillard [15] 2016 France R 336/256 61/65 160//176 128/128 8
Kim [16] 2017 Korea R 40/80 66/63 22/28 50/30 7
Song [17] 2018 China R 32/32 59/65 16/16 16/16 7
Study BMI Previous abdominal surgery (n) Clinical stage Anastomosis type
SILS/CLS SILS/CLS SILS (Z1I/1/1V) CLS (71/11/1v)
Curro [9] 25/26 2/3 NR NR End to end
Yun [10] 23.8/24.2 13/23 22/24/20/0 32/31/30/0 NR
Takemasa [11] 215/22.2 16/19 32/23/14/0 31/21/17/0 End to end
Suzuki [12] 26.2/25.0 14/12 7/12/16/0 8/10/17/0 NR
Yu [13] 24.6/24.3 8/31 NR NR NR
Tokudka [14] 23.1/219 7/9 NR NR End to end
Chouillard [15] 27/262 56/56 NR NR End to side
Kim [1€] 235/234 9/19 17/14/9/0 34/30/16/0 End to side
Song [17] 22.7/22.8 11/9 9/13/10/0 8/14/10/0 End to side

F female, M male, NR No record, R retrospective nonrandomized controlled trials, P prospective comparative nonrandomized trial, SILS single-port
laparoscopic right hemicolectomy, CLS conventional laparoscopic right hemicolectomy, NOS stars modified Newcastle Ottawa Scale

Fig. 1 Flowchart of the included studies

Total included records(N=5637)
Pubmed(N=1119);Embase(N=2561);Cochrane library(N=1893)
Wanfang database(N=59);CNKI database(N=5)

I Duplicated records(N=3665) |

Title and abstract screened(N:1972)|

Study excluded(N=1833)
Not right colon cancer(N=527)

Full articles screened(N=139)

“INot SILS and CLS(N=841)
Insufficient data(N=455)

Study excluded(N=130)

Review and abstract(N=81)
Not NRCT(N=49)

Relevant studies eligible(N=9)
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Quality assessment results

The quality was estimated according to the modified
Newcastle Ottawa Scale (NOS). The study quality
was low for 1 <scores<3, moderate for 4 <scores<
6, and high for 7 <scores<9. Seven studies had
achieved scores of 7 to 8 with high quality, while
other studies had moderate quality. The included
NRCTs all had moderate- to high-grade quality, and
the specific scores are shown in Table 1. This study
only included two prospective clinical trials. We did
not find any RCTs related to this study after search-
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Operative data

Operation duration, blood loss, and incision length

Six studies reported complete data on operation duration.
SILS was associated with significantly less operation time
than CLS in the random effects model (SMD - 23.49, 95%
confidence interval [CI] - 36.71 to — 10.27, P < 0.001, chi-
square = 24.11, P < 0.001, I* = 79.8%, Fig. 2a).

Depending on the available data from four studies,
SILS had less blood loss than CLS without significant
heterogeneity in the fixed effects model (SMD - 8.46,
95% CI -14.59 to -2.34; P<0.05; chi-square =2.26,

ing many studies.

P=0.5, > =0%, Fig. 2b) (Table 2).

complication (C-D grade)

-
a SILS CLS Mean Difference Mean Difference
Study or Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chouillard 2016 129 318 336 1681 483 256 22.2% -39.10[-45.92,-32.29) -2
Kim 2017 1959 505 40 2183 68 80 145% -2240[-44.01,-0.79)
Takemasa 2014 168 32 69 179 32 69 204% -11.00[-21.68,-0.32)
Tokudka 2016 2173 599 27 2213 693 36  99% -4.00(-3598, 27.98) N
Yu 2016 2072 496 38 2435 58 92 154% -36.30[-56.15,-16.45) —
Yun 2013 155 45 66 174 56 93 17.7% -19.00[-34.73,-3.27) =
Total (95% CI) 576 626 100.0% -23.49[-36.71,-10.27) >
Heterogeneity: Tau®= 193.07; Chi*= 24.11, df = 5 (P = 0.0002); F= 79% T T
Jestfor oversll efiectiZ=3.48,(=1,0005) Favours experimental Favours control
SILS CLs Mean Difference Mean Difference
Study or Subgroup _Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Chouillard 2016 249 69 336 983 472 256 426% -13.40(2277,-4.03) -
Takemasa 2014 41 32 69 46 33 69 31.9% -5.00 [-15.85, 5.85) =
Tokudka 2016 1341 2187 27 1056 1887 36 04% 2850[-74.48,131.48) ————*
Yu 2016 41 32 38 46 33 92 251% -5.00[(17.21,7.21) -
Total (95% CI) 470 453 100.0%  -8.46[-14.59, -2.39] *
Heterogeneity: Chi*= 2.26, df = 3 (P = 0.52); F= 0% Y56 =0 T
Testfor overall effect. Z= 2.71 (P = 0.007) Favours experimental Favours control
C SILS CLS Mean Difference Mean Difference
Study or Subgroup _ Mean SD_Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Chouillard 2016 29 06 336 49 06 256 253% -2.00(-2.10,-1.90]
Kim 2017 4 08 40 73 04 80 250% -3.30[356,-3.04]
Takemasa 2014 27 06 69 32 1.2 69 248% -050[-082-018]
Yu 2016 4 086 38 46 09 92 250% -0.60[-086,-0.34]
Total (95% CI) 483 497 100.0% -1.60[-2.66, -0.55] I

Heterogeneity: Tau?= 1.14; Chi*= 280.44, df =3
Test for overall effect: Z= 2.98 (P = 0.003)

d SILS CLS
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI

3.1.1 BMI>25

Chouillard 2016 72 336 64 256 561%  0.82(0.56,1.20)

Curro 2012 2 10 110 08% 225(0.17,29.77)

Suzuki 2016 4 35 5 35 44% 0.77(019,3.16)

Subtotal (95% CI) 381 301 61.2%  0.83[0.58,1.20]

Total events 78 70

Heterogeneity: Chi*= 0.59, df= 2 (P = 0.75), F= 0%

Test for overall effect Z= 0.97 (P = 0.33)

3.1.2 BMI<25

Kim 2017 740 15 80 81%  0.92(0.34,247) o
Song 2018 2 32 5 32 46%  0.36(0.06,2.01) —
Takemasa 2014 9 B9 13 B9 11.1%  0.65(0.26,1.63)] ——
Tokudka 2016 2 27 4 36 31% 064[0.11,3.79 e
Yu 2016 0 38 2 92 14% 0.47(0.02,10.02) —
Yun 2013 6 66 14 93 104%  0.56(0.20,1.55) -
Subtotal (95% CI) 272 402 38.8%  0.64[0.39, 1.06] L 4

Total events 26 53

Heterogeneity: Chi*= 1.04, df= 5 (P = 0.96); F= 0%

Test for overall effect: Z=1.74 (P = 0.08)

Total (95% CI) 653 703 100.0%  0.76 [0.56, 1.02] ¢
Total events 104 123

Heterogeneity: Chi*= 2.27, df= 8 (P = 0.97); F= 0% 0 o1 031 110 100‘

Testfor overall effect: Z=1.84 (P =0.07)
Test for subaroun differences: Not annlicable

SILS CLS

e
Study or Subgroup __Events Total Events Total Weight M-H. Fixed, 95% Cl M-H, Fixed, 95% CI
Chouillard 2016 16 336 12 256 84.2% 1.02[0.47,219]

Song 2018 1 32 1 32 6.3% 1.00(0.06,16.71)

Yu 2016 0 38 2 92 9.5% 047(0.02,10.02) —
Total (95% Cl) 406 380 100.0%  0.96 [0.47,1.97]

Total events 17 15

Heterogeneity: Chi*= 0.23, df= 2 (P = 0.89); F= 0%

Test for overall effect: Z=0.10 (P = 0.92)

Fig. 2 Forest plot of operative outcomes: a operation time, b blood loss, ¢ incision length, d postoperative complication, e postoperative

B=00000n:R=00% “o0 -50 0 50 100
Favours experimental Favours control

Odds Ratio Odds Ratio

M-H, Fixed, 95% CI

Favours experimental Favours contral

Odds Ratio Odds Ratio

001 01 1 10 100

Favours experimental Favours control
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Table 2 Comparison of operative data between SILS and CLS for the included studies

Study Operation time (min) Blood loss (ml) Incision length (cm) Complication Complication (C-D grade)
SILS CLS SILS CLS SILS CLS SILS CLS SILS CLS
Curro [9] 170 160 35 50 43 4.5 2 1 NR NR
Yun [10] 155+45 174 + 56 NR NR NR NR 6 14 0 2
Takemasa [11] 168 £ 32 179+32 41£32 46 £33 27+06 32+12 9 13 NR NR
Suzuki [12] 167 162 26 23 4 45 4 5 NR NR
Yu [13] 2072+496 2435+590 1285+85.1 1628 +56.5 40+06 46+09 O 2 NR NR
Tokudka [14] 2173+£599 2213+£693 1341£2187 1056+1887 NR NR 2 4 NR NR
Chouillard [15]  129.0+31.8 168.1+483 849+69.0 983 +£47.2 29+£063 49+06 72 64 16 12
Kim [16] 1959+505 2183+680 75 50 40+08 73+04 7 15 NR NR
Song [17] 175 145 65 100 4 7 2 5 1 1

SILS single-port laparoscopic right hemicolectomy, CLS conventional laparoscopic right hemicolectomy, NR no record

SILS had a shorter incision length than CLS in the
random effects model with high heterogeneity (SMD -
1.60, 95% CI -2.66 to -0.55, P<0.001; chi-square =
280.44, P < 0.001, I* = 99%; Fig. 2c).

Postoperative complication and postoperative complication
(C-D grade)

All included studies reported postoperative complication
and three studies reported postoperative complication
(C-D grade). There was no significant difference in post-
operative complication (OR 0.76, 95% CI 0.56 to 1.02,
P =0.07; chi-square = 2.27, P=0.97, > =0%, Fig. 2d) or
postoperative complication (C-D grade) (OR 0.96, 95%
CI 0.47 to 1.97, P =0.92; chi-square = 0.23, P = 0.89, I* =
0%, Fig. 2e) without statistical heterogeneity. The sub-
group analysis revealed that postoperative complication
was not associated with BML

Postoperative data

Conversion rates and hospital stay

Seven studies reported the conversion rate and showed
that SILS had a similar conversion rate as CLS (OR
1.62, 95% CI 0.94 to 2.80, P=0.08; chi-square =9.01,
P=0.17, I> =33%, Fig. 3a). A fixed effects model was
used without significant heterogeneity. When BMI > 25,
SILS had a higher conversion rate than that of CLS
without statistical heterogeneity (OR 2.84, 95% CI 1.38
to 5.87, P = 0.005; chi-square = 1.15, P = 0. 28, I* = 13%,
Fig. 3a) (Table 3).

Compared to the CLS group, the SILS group had a
shorter hospital stay (SMD -0.76, 95%CI -1.07 to -
0.45, P<0.001; chi-square=9.85, P=0.08, I* =49%,
Fig. 3b) in the fixed effects model.

Bowel movement, maximal pain score, and fluid intake

There was no significant difference in bowel movement
(SMD -0.06, 95%CI -0.38 to 026, P=0.72; chi-
square = 6.39, P=0.09, I* =53%, Fig. 3c), pain score

(SMD -0.54, 95%CI -159 to 0.51, P=0.32; chi-
square = 10.46, P< 0.01, I* = 81%, Fig. 3d), and fluid in-
take (SMD -0.04, 95%CI -0.72 to 0.65, P=0.92; chi-
square = 0.11, P=0.03, I* =79%, Fig. 3e) in the random
effects model with statistical heterogeneity.

Pathological and follow-up outcomes

Lymph node dissection, proximal surgical edge (PSE), and
distal surgical edge (DSE)

SILS had more lymph node dissection (SMD - 0.98,
95%CI —1.79 to -0.16, P=0.02; chi-square =4.61, P =
0.46, I =0%, Fig. 4a) and longer PSE (SMD -0.51,
95%CI —0.93 to -0.09, P=0.02; chi-square=2.42, P=
0.49, I =0%, Fig. 4b) than CLS in the fixed effects
model without huge heterogeneity. The DSE (SMD -
0.32, 95%CI -1.03 to 0.38, P=0.37; chi-square =0.28,
P=0.96, > = 0%, Fig. 4c) of SILS showed the same result
as that of CLS (Table 4).

Local recurrence and metastasis

SILS had similar local recurrence (OR 1.47, 95% CI 0.50
to 4.29, P=0.49; chi-square =254, P=0.28, I* =21%,
Fig. 4d) and metastasis (OR 0.76, 95% CI 0.27 to 2.15,
P=0.61; chi-square =1.76, P=0.62, I* = 0%, Fig. 4e) in
the fixed effects model without significant heterogeneity.

Subgroup group analysis

The study by Chouillard contained 592 patients and
could have an impact on the results. We removed this
study and conducted the meta-analysis again. The re-
sults indicated that four indexes were different from the
above results. Blood loss (SMD -4.79, 95% CI - 12.88 to
3.29, P = 0.25; chi-square = 1.16, P = 0.82, I* = 0%, Fig. 5a),
incision length (SMD -1.47, 95% CI - 3.32 to 0.38, P=
0.12; chi-square = 261.61, P<0.001, > =99%, Fig. 5b),
lymph node dissection (SMD -0.24, 95% CI -1.93 to
1.46, P = 0.78; chi-square = 3.66, P = 0.45, I = 0%, Fig. 5¢),
and DSE (SMD 0.64, 95% CI -0.89 to 2.18, P=0.41;
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Testfor overall effect: Z=1.72 (P = 0.08)
Test for subaroun differences: Not annlicable

-
SILS CLS Odds Ratio Odds Ratio
or Subgrouy Events Total Events Total Weight M-H,Fixed, 95% Cl M-H, Fixed, 95% CI
3.2.1 BMI>25
Chouillard 2016 32 336 8 256 39.6% 3.26[1.48,7.21) ——
Suzuki 2016 2 35 2 35 9.1% 1.00[0.13,7.53] —tr
Subtotal (95% Cl) 371 291 48.7%  2.84[1.38,5.87] -
Total events 34 10
Heterogeneity: Chi*=1.15, df=1 (P=0.28); F=13%
Testfor overall effect: Z= 2.82 (P = 0.005)
3.2.2 BMI<25
Kim 2017 1 40 1 80 31% 2.03(0.12, 33.29) N R
Song 2018 1 32 1 32 47% 1.00[0.06,16.71)
Takemasa 2014 1 69 2 63  9.5% 0.49[0.04, 5.56] —
Tokudka 2016 0 27 3 36 14.3% 017(0.01,352) &1 —
Yun 2013 1 66 5 93 19.7% 0.27 [0.03, 2.37) — &1
Subtotal (95% Cl) 234 310 51.3%  0.46 [0.15, 1.37] —~
Total events 4 12
Heterogeneity: Chi*= 2.01, df=4 (P=0.73); F= 0%
Test for overall effect: Z=1.40 (P = 0.16)
Total (95% CI) 605 601 100.0%  1.62[0.94,2.80] >
Total events 38 22 ) ) ) )
Heterogeneity: Chi*=9.01, df=6 (P=0.17); F=33% 0.01 01 10 100

Favours experimental Favours control

Testfor overall effect: Z=0.11 (P = 0.92)

SILS Mean Difference Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl

Chouillard 2016 49 22 336 55 23 256 727% -060[097,-0.23) i

Kim 2017 6.1 24 40 85 55 80 49% -240(-3.82,-0.99) 1

Takemasa 2014 8 23 69 85 128 69 13.4% -0.50[1.35,039)

Tokudka 2016 82 73 27 1.2 107 36 05% -3.00[-7.451.45] T

Yu 2016 125 29 38 146 67 92  36% -2.10[-3.75,-0.45) 1

Yun 2013 8 4 66 9 5 93 50% -1.00(-2.40,0.40]

Total (95% CI) 576 626 100.0% -0.76 [-1.07,-0.45]

Heterogeneity: Chi*= 9.85, df= 5 (P = 0.08); "= 49% ! + + 1

Testfor overall effect: Z= 4.76 (P < 0.00001) I WL

C SIiLS cLs Mean Difference Mean Difference

Study or Subgroup _Mean SD_Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI

Kim 2017 27 1 40 31 12 80 272% -0.40(-0.81,0.01)

Tokudka 2016 412 27 43 21 36 11.4% -0.30(-1.12,052]

Yu 2016 24 1 38 21 11 92 28.3% 0.30(-0.09, 0.69]

Yun 2013 3 1 66 3 1 93 331% 0.00[-0.32,0.32)

Total (95% Cl) 171 301 100.0% -0.06 [-0.38, 0.26]

Heterogeneity: Tau®= 0.05; Chi*= 6.39, df= 3 (P = 0.09); = 53% T 5 o0

Testfor overall effect Z=0.36 (P = 0.72) Favours experimental Favours control
SILS CLS Mean Difference Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI

Kim 2017 48 18 40 59 18 80 355% -1.10[1.78,-0.42] L

Takemasa 2014 43 3 69 53 35 69 289% -1.00(-2.09,0.09] b

Yu 2016 64 18 38 6 18 92 356% 0.40[-0.28,1.08]

Total (95% CI) 147 241 100.0% -0.54[-1.59,0.51]

Heterogeneity: Tau®= 0.69; Chi*= 10.46, df= 2 (P = 0.005); F=81% 1_1 0 _5'0 540 100#

Testfor overall effect Z=1.00 (P = 0.32) Favours experimental Favours control
SILS Mean Difference Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight I, Random,95% Cl I, Random, 95% CI

Kim 2017 27 13 40 31 1.2 80 481%  -0.40[-0.88, 0.08)

Yu 2016 34 1 38 31 1.2 92 51.9% 0.30-0.10,0.70)

Total (95% Cl) 78 172 100.0% -0.04[-0.72, 0.65]

Heterogeneity: Tau*= 0.19; Chi*= 4.79, df =1 (P = 0.03); F= 79% 5_1 pre _550 b 5’0 100’

Fig. 3 Forest plot of recovery outcomes: a conversion rate, b hospital stay, ¢ bowel movement, d pain score, e fluid intake

Favours experimental Favours control

J

Table 3 Comparison of Postoperative data between SILS and CLS for the included studies
Study Conversion Bowel movement (day) Pain score Hospital stay (day) Readmission Fluid intake (day)

SILS CLS SILS CLS SILS CLS SILS CLS SILS CLS SILS CLS
Curro [9] 0 0 NR NR NR NR 6 6 NR NR NR NR
Yun [10] 1 5 3+1 3+1 NR NR 8+t4 9+£5 1 2 NR NR
Takemasa [11] 1 2 NR NR 43+£30 53+£35 8+£23 85+28 0 0 NR NR
Suzuki [12] 2 2 NR NR NR NR 7 9 0 0 NR NR
Yu [13] NR NR 24+10 21+£1.1 64+18 60+18 125+£29 146%67 NR NR 34+1 3112
Tokudka [14] 0 3 4£12 43+21 NR NR 82+73 11.2+107 NR NR NR NR
Chouillard [15] 32 8 NR NR NR NR 49+22 55+23 NR NR NR NR
Kim [16] 1 1 2710 3112 48+18 59+18 61+24 85+55 NR NR 27+£13  31+£12
Song [17] 1 1 NR NR 4 4 10 10 0 0 NR NR

SILS single-port laparoscopic right hemicolectomy, CLS conventional laparoscopic right hemicolectomy, NR no record
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SILS CLS Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% ClI
Chouillard 2016 165 63 336 177 52 256 77.0% -1.20[-2.13,-0.27]
Kim 2017 283 135 40 256 113 80 28% 2.70[-2.16,7.56]
Takemasa 2014 239 67 69 237 74 69 11.9% 0.20[-2.16, 2.56]
Tokudka 2016 243 92 27 242 169 36 16% 010[-6.426.62]
Yu 2016 28 163 38 287 122 92  20% -0.70[-6.45, 5.05)
Yun 2013 24 N1 66 27 13 93 47% -3.00[-6.74,0.74)
Total (95% Cl) 576 626 100.0% -0.98[-1.79,-0.16]
Heterogeneity: Chi*= 4.61, df=5 (P = 0.46); F=0% L + T + |
L v -100  -50 0 50 100
Testfor averall effact 2=2.36 (P=0.02) Favours experimental Favours control
b SILS CLS Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chouillard 2016 67 3 336 73 24 256 926% -0.60[1.04,-0.16)
Kim 2017 179 89 40 177 82 80 1.6% 0.20[-3.09,3.49] T
Tokudka 2016 91 69 27 84 42 36 2.0% 0.70[-2.24, 364 r
Yun 2013 166 6.2 66 158 76 93 3.8% 0.80[1.35 295 [
Total (95% Cl) 469 465 100.0% -0.51[-0.93,-0.09]
Heterogeneity: Chi*= 2.42, df= 3 (P = 0.49), F= 0% ! t + J
o7 N 4100 -50 0 50 100
Test for overall effect. Z= 2.38 (P = 0.02) Favours experimental Favours control
c SILS CLS Mean Difference Mean Difference
Study or Subgroup _Mean SD_Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Chouillard 2016 69 49 336 7.2 45 256 854% -0.30[1.06,0.46) .
Kim 2017 173 9.2 40 183 116 80 3.4% -1.00[-4.82 282 T
Tokudka 2016 128 68 27 125 78 36 3.7% 030[3.34,394) T
Yun 2013 144 84 66 15 78 93 7.5% -060[3.17,1.97] A
Total (95% Cl) 469 465 100.0% -0.32[-1.03,0.38]
Heterogeneity: Chi*= 0.28, df= 3 (P = 0.96); F= 0% k + + J
L - 4100 -50 0 50 100
Test for overall effect. Z= 0.90 (P = 0.37) Favours experimental Favours control
SILS CLS Odds Ratio Odds Ratio
d
Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Kim 2017 0 40 2 80 307% 039002827 =
Song 2018 0 32 1 32 27.4%  0.32[0.01,8.23) ol
Yun 2013 6 66 3 93 419% 3.00(0.72,12.46) T
Total (95% CI) 138 205 100.0%  1.47[0.50, 4.29]
Total events 6 6
Heterogeneity: Chi*= 2.54, df= 2 (P = 0.28); F= 21% 0 o1 0=1 ; 1=0 100:
Testfor overall effect 2= 0.70 (P = 0.49) Favours experimental Favours control
SILS CLS Odds Ratio Odds Ratio
e
Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% CI M.H, Fixed, 95% CI
Kim 2017 1 40 1 80 7.7% 2.03[0.12,33.25) |
Song 2018 3 32 2 32 216%  1.55(0.24,9.97) B I R
Suzuki 2016 1 35 2 35 232%  049[0.04,561] — 1
Yu 2016 1 38 7 92 475%  0.33[0.04,2.76) —
Total (95% Cl) 145 239 100.0%  0.76 [0.27, 2.15] N
Total events 6 12
Heterogeneity: Chi*= 1.76, df = 3 (P = 0.62); F= 0% b t t J
o = 0.01 0.1 10 100
Test for overall effect: Z=0.52 (P = 0.61) Favours experimental Favours control
Fig. 4 Forest plot of mid-term outcomes: a lymph node harvested, b proximal surgical edge (DSE), ¢ distal surgical edge (DSE), d local
recurrence, @ metastasis

chi-square = 0.09, P =0.96, I* = 0%, Fig. 5d) were similar
in the two groups.

Other indexes were similar to the previous results, but
the operation time (SMD -18.41, 95% CI —27.98 to -
8.84, P<0.001; chi-square=5.78, P=022, > =31%,
Fig. 5e) for the SILS group was still better than that for
the CLS group.

Sensitivity analysis

Based on the similar baseline characteristics, Begg’s cor-
relation test (complication, P=0.34) revealed no clear
publication bias. The sensitivity analysis showed that the
good quality of research would not impact the final
results.

Discussion

In the near future, minimally invasive surgery will become
increasingly popular especially in colorectal surgery. This ap-
proach could reduce the length of incision and promote the
rapid recovery of patients. Medical devices and levels have
been developing and improving in recent decades [18]. Cur-
rently, an increasing number of laparoscopic surgeries have
replaced open surgery. Doctors are also pursuing smaller in-
cisions to solve more problems. Dong et al. had reported that
SILS was better than CLS in some data for right colon dis-
eases. We collected the evidence-based data to compare op-
erative, postoperative, pathological, and mid-term outcomes
between SILS and CLS in right colon cancer. The good qual-
ity of the included studies could provide reliable results.
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Table 4 Comparison of pathological and follow-up outcomes between SILS and CLS for the included studies
Study Lymph node resection (n) Proximal surgical edge (cm) Distal surgical edge (cm) Recurrence Metastasis
SILS CLS SILS CLS SILS CLS SILS CLS SILS CLS
Curro [9] 25 24 NR NR 155 13 NR NR NR NR
Yun [10] 24+ 11 27+13 144 +84 15+78 166+6.2 158+76 6 3 NR NR
Takemasa [11] 239+6.7 23774 NR NR NR NR NR NR NR NR
Suzuki [12] 16 15 NR NR NR NR NR NR 1 2
Yu [13] 280+163 287122 NR NR NR NR NR NR 1 7
Tokudka [14] 243+92 242+169 128+6.8 125+79 9.1+£69 84+42 NR NR NR NR
Chouillard [15] 165+63 17.7£52 69+49 72+45 6.7+30 73+24 NR NR NR NR
Kim [16] 283+135 256£113 173+92 183+116 179+89 17.7+82 0 2 1 1
Song [17] 17 17 8.75 12 10.5 12 0 1 3 2

SILS single-port laparoscopic right hemicolectomy, CLS conventional laparoscopic right hemicolectomy, NR no record

Test for overall effect: Z=1.55 (P=0.12)

SILS CLS

C
or Subgroup

a SILS CLS Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Takemasa 2014 41 32 69 46 33 69 555% -5.00 [[15.85, 5.85) -ﬂ:—
Tokudka 2016 1341 2187 27 1056 1887 36 06% 28.50(-74.48,131.48) >
Yu 2016 41 32 38 46 33 92 438% -5.00(17.21,7.21)
Total (95% CI) 470 453 100.0% -4.79[-12.88, 3.29]
Heterogeneity: Chi*= 0.40, df= 2 (P = 0.82); F= 0% ’-mo 5’0 > 5=u 100=
Testforoveralleffect Z=11.16/(P=0.25) Favours experimental Favours control
SILS CLS Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random,95% Cl I, Random, 95% Cl
- Kim 2017 4 08 40 73 04 80 334% -3.30[3.56,-3.04]
Takemasa 2014 27 06 69 32 12 69 333% -0.50[-082-0.18]
Yu 2016 4 06 38 46 09 92 334% -0.60[0.86,-0.34]
Total (95% Cl) 483 497 100.0%

Heterogeneity: Tau®= 2.65; Chi*= 261.61, df= 2 (P < 0.00001); F= 99%

-1.47 [-3.32,0.38]

00 -50 0 50 100
Favours experimental Favours control
Mean Difference

Mean Difference

Test for overall effect: Z= 3.77 (P = 0.0002)

\

Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Kim 2017 283 135 40 256 113 80 122% 2.70[-2.16,7.56)
. Takemasa 2014 239 6.7 69 237 74 69 51.9% 0.20[-2.16, 2.56]
Tokudka 2016 243 92 27 242 169 36 6.8% 0.10[6.42 6.62)
Yu 2016 28 16.3 38 287 122 92 8.7% -0.70[-6.45, 5.05)
Yun 2013 24 N 66 27 13 93 205% -3.00[-6.74,0.74]
Total (95% Cl) 576 626 100.0% -0.24 [-1.93, 1.46]
Heterogeneity: Chi*= 3.66, df= 4 (P = 0.45); F= 0% ‘_1 00 5:'0 5 5*0 100*
Testfor overall effect Z=0.27 (P = 0.78) Favours experimental  Favours control
SILS CLS Mean Difference Mean Difference
Study or Subgroup  Mean SD_Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Kim 2017 179 89 40 177 82 80 21.8% 0.20[-3.09,3.49]
Tokudka 2016 91 69 27 94 42 36 27.2% 0.70[-2.24,364)
Yun 2013 166 6.2 66 158 76 93 51.0% 0.80[1.35 295
Total (95% Cl) 469 465 100.0% 0.64[-0.89,2.18]
Heterogeneity: Chi*= 0.09, df= 2 (P = 0.96); F= 0% {100 50 0 510 100:
Testforoverall effectiz=0.02.(¢=0.41) Favours experimental Favours control
SILS CLS Mean Difference Mean Difference
Study or Subgroup __Mean _SD_Total Mean _SD Total Weight IV, Random, 95% Cl 1, Random, 95% CI
Kim 2017 1959 505 40 2183 68 80 151% -22.40[-44.01,-0.79) -
Takemasa 2014 168 32 69 179 32 69 36.2% -11.00[-21.68,-0.32) —
Tokudka 2016 2173 599 27 2213 693 36 7.9% -4.00[-35.98, 27.98) -1
Yu 2016 207.2 496 38 2435 59 92 17.2% -36.30[-56.15,-16.45) —_—
Yun 2013 155 45 66 174 56 93 237% -19.00(-34.73,-3.27) —
Total (95% Cly 576 626 100.0% -18.41[-27.98,-8.84] <&
Heterogeneity: Tau?= 36.25; Chi*= 5.78, df= 4 (P = 0.22); F= 31% 00 a0 2 P

Fig. 5 Forest plot of subgroup group: a blood loss, b incision length, ¢ lymph node harvested, d distal surgical edge (DSE), e operation time

Favours experimental Favours control
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The results showed that SILS had a shorter operation
time and incision length than CLS. The operation time for
SILS was 23.49 min shorter than that for CLS and the inci-
sion length for SILS was 1.6 cm shorter than that for CLS.
Due to the improvement in the device, SILS became easier
than before. The cooperation of the surgical term was im-
proved due to the high incidence of malignant tumors,
and the surgeon was becoming increasingly skilled. The
improved SILS port could contain more instruments,
which could reduce the operation duration and incision
length. SILS with a shorter operation duration and inci-
sion length may accelerate patient recovery, reduce post-
operative pain, and promote early activities [19].

SILS had less blood loss than CLS and it could be af-
fected by the surgeons’ experience and surgical skills of
the surgeon and other factors. However, intraoperative
blood loss was not easy to accurately measure, and the
amount of bleeding in the SILS group was only reduced
by 8 ml, which would not affect the postoperative recov-
ery of the patient. Therefore, although this indicator was
a positive result, it had no clinical significance. SILS also
resulted in a shorter hospital stay than that with CLS,
and we speculated a short incision could reduce the re-
covery time of patients and the length of hospital stay.
Although the hospital stay after SILS was only shortened
by 0.76 days, this effect shows a trend, and we hope that
the hospital stay may be shortened significantly in the
future. SILS had the advantages of incision length, blood
loss, operation duration, and hospital stay. Bowel move-
ment and pain score appeared to be the same in the two
groups herein, but these indexes were not the same in
the relevant studies [20].

Due to obesity, vascular variation, narrow pelvis, and
heavy mesentery, SILS would be more difficult than CLS
[21]. The main reason for the high conversion rate was ab-
dominal adhesion, especially in patients with a previous
abdominal history (23.3% patients had an abdominal his-
tory). We found that the conversion rate of the SILS group
with large BMI was higher than that of the CLS group, es-
pecially for patients with a large BMI (BMI > 25).

The complication rate was similar in the two groups.
Three studies reported complication (C-D grade), and
there was no difference between the two groups. We
suspected that this effect was related to the suitable
cases for SILS chosen by the doctor, and appropriate
treatment options facilitated the operation smoothly and
reduced the incidence of complications. Through the
development of medical devices and technological ad-
vancements, the skills of the surgeon have become
increasingly sophisticated with the increasing number of
surgical procedures. Thus, the complication rate of SILS
was similar to that of CLS [22]. The complication
rate was the main contributor to surgical technique
and operation time.
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Due to the large specimen of the right colon, CLS
needed to extend the umbilical incision to facilitate speci-
men removal. However, SILS with the single long incision
in the umbilicus might be more convenient to remove
specimens without increasing the length. SILS with a short
incision length might reduce postoperative pain, promote
early activities, and reduce the incidence of complication.

Six studies reported the type of ileocolonic anastomosis,
and these studies were all extra-corporeal anastomoses.
Three studies were end-to-end ileocolonic anastomoses,
and three studies were end-to-side ileocolonic anastomoses.
Lymph node dissection and PSE of SILS were better than
those of CLS, and DSE tended to be the same in the two
groups. In SILS, which had a larger incision than CLS, re-
moving more of the intestine from the abdominal wall was
easier and the surgical margin was better than those in
CLS. Due to the short development time of SILS, a lack of
clinical data might impact the results of distal metastasis
and produce bias. We expected more clinical studies to fur-
ther illuminate the relationship between the groups.

We removed a large study representing almost half of
all patients and performed a meta-analysis again. The re-
sults indicated that four indexes were different from the
above results. Blood loss, incision length, lymph node
dissection, and DSE were similar in the two groups.
After repeating the statistical analysis, the operation time
in the SILS group was still better than that in the CLS
group. Due to the large size of the single study, it may
cause potential selection bias and affect the results of
the study. After repeating the statistical analysis, the re-
sults of lymph node dissection, PSE, and DSE were simi-
lar to previous research [23].

In addition, the results of this study might have several
limitations. First, nine studies only contained a modest
number of patients and all the included studies were not
of the highest quality of evidence. All the included studies
were comparative nonrandomized clinical trials, and no
RCTs were included due to short development times. Sec-
ond, one study contained almost half of all patients and af-
fected the results. Third, different patient conditions and
medical facilities could cause potential selection bias. In
this study, there were only two European studies and
fewer people with a large BMI This potential selection
bias could affect the final results. Finally, the long-term
follow-up results were incomplete due to the short devel-
opment of SILS. Only a few articles had reported recur-
rence and metastasis data between the two techniques,
which would affect the follow-up outcomes. Furthermore,
RCTs with long follow-up outcomes were necessary to
compare SILS with CLS for patients.

Conclusions
In summary, this study had compared the reliability and
safety of the SILS and CLS for the treatment of right
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colon cancer. SILS had a shorter operation time, shorter
hospital stay, shorter incision length, less blood loss, bet-
ter lymph node dissection, and PSE than CLS. Complica-
tion, conversion, follow-up outcomes, and other data
were similar between SILS and CLS. After we removed
the large study, we performed the meta-analysis again.
The operation time in the SILS group was still shorter
than that in the CLS group. With the continuous devel-
opment of professional technology, future evidence of
improvements in the long-term outcomes might justify
the advantages and disadvantages of SILS and CLS for
treating right colon cancer. SILS had the advantages of
the only long incisions to remove specimens conveni-
ently without increasing the incision length. Therefore,
we propose that SILS could be a feasible model for right
colon cancer.
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