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Abstract \
Background: Robotic-assisted gastrectomy has been used for treating gastric cancer since 2002. This meta-analysis was |
conducted to systematically evaluate the efficacy of Da Vinci robotic distal subtotal gastrectomy (RDG) or laparoscopic distal subtotal
gastrectomy (LDG) in patients with gastric cancer.

Methods: We conducted searches in domestic and foreign databases, and collected literature in Chinese and English on the
efficacy of RDG and LDG for gastric cancer that have been published since the inception of the database. RevMan 5.4.1 was used for
meta-analysis and drawing and Stata14.0 was used for publication bias analysis.

Results: A total of 3293 patients in 15 studies were included, including 1193 patients in the RDG group and 2100 patients in the
LDG groups respectively. The meta-analysis showed that intraoperative blood loss was significantly lower and the number of
resected lymph nodes was higher in the RDG group compared to that in the LDG group. In addition, the times to first postoperative
food intake and postoperative hospital stay were shortened, and there was a longer length of distal resection margin and prolonged
duration of operation. No significant differences were found between the 2 groups with respect to the first postoperative anal exhaust
time, length of proximal resection margin, total postoperative complication rate, postoperative anastomotic leakage rate, incidence of
postoperative gastric emptying disorder, pancreatic fistula rate, recurrence rate, and mortality rate.

Conclusion: RDG is a safe and feasible treatment option for gastric cancer, and it is non-inferior or even superior to LDG with
respect to therapeutic efficacy and radical treatment.

Abbreviations: Cl| = confidence interval, LDG = laparoscopic distal subtotal gastrectomy, LG = laparoscopic-assisted
gastrectomy, OR = odds ratio, RDG = robotic distal subtotal gastrectomy, RG = robotic-assisted radical gastrectomy, WMD =

weighted mean difference.
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1. Introduction

Gastric cancer, a malignant tumor of the digestive tract, is the
fourth most common cancer worldwide and is more common in
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developing countries.!! Surgery and chemotherapy are the

mainstay of treatment for gastric cancer, and surgical resection
is the predominant approach. The first laparoscopic-assisted
gastrectomy (LG) was reported by Kitano et al'®! in 1994, With
the development of minimally invasive surgical approach for
gastric cancer, laparoscopic instruments exhibited several
disadvantages, such as limited motion in a confined space,
two-dimensional view, and obscure vision during surgery.
Therefore, based on laparoscopic technique, Intuitive Surgical
has developed the Da Vinci robotic surgical system, which was
first applied for gastrectomy in 2002 by Hashizume et al.’®!
Subsequently, robotic-assisted radical gastrectomy (RG) has been
widely performed in various countries, and a large number of
clinical studies have verified its safety and prognostic effects.
Currently, there have been multiple meta-analyses on the
comparison of short-term effects of LG and RG for gastric
cancer, and, most of the articles included patients undergoing
total gastrectomy. However, robotic distal subtotal gastrectomy
(RDG) mainly refers to a surgical method of distal gastrectomy
using a Da Vinci robotic device. Despite several articles that
included patients undergoing distal gastrectomy, some disparities
are present in some results and conclusions. In addition, with the
continuous development of Da Vinci robotic surgical system,
research data on RG are constantly being updated. Therefore, in
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this study, we performed a meta-analysis of available compara-
tive studies to compare the efficacy of laparoscopic distal subtotal
gastrectomy (LDG) and RDG for gastric cancer.

2. Materials and methods

Ethical approval and patient consent were not required because
this was a meta-analysis of previously published studies. This
meta-analysis is conducted and reported in adherence to PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses).

2.1. Search strategies

We systematically searched the databases of PubMed, Embase,
Web of Science, the Cochrane library, full-text database of digital
journals (Wanfang data), full-text database of Chinese journals
(CNKI), and other databases for the comparison of the efficacy of
LDG and RDG for gastric cancer. For each database, we used the
following 5 keywords: “robotic”, “laparoscopy”, “gastrecto-
my”, “gastric cancer”, “gastric neoplasms” in English as well as
“robots”, “laparoscopy”, and “gastric cancer” in Chinese from
the inception of each database. In addition, we expanded the
scope of retrieval databases through the “extension in Chinese
and English” function to avoid missed retrieval. Finally, in
PubMed, 336 documents were retrieved using the keywords
“robotic,” “gastrectomy,” and “laparoscopy;” 315 documents
were retrieved using the keywords “robotic,” “gastric cancer,”
and laparoscopy;” 282 documents were retrieved using the
keywords “robotic,” “gastric neoplasms,” and “laparoscopy.”
In Embase, 452 documents were retrieved using the keywords
“robotic,” “gastrectomy,” and ”laparoscopy;” 379 documents
were retrieved using the keywords “robotic,” “gastric cancer,”
and ”laparoscopy;” and 363 documents were retrieved using the
keywords “robotic,” “gastric neoplasms,” and ”laparoscopy.
In Web of science, 91 documents were retrieved using the
keywords robotic,“ “gastrectomy,” and “laparoscopy;” 82
documents were retrieved using the keywords ”robotic,* ”gastric
cancer,” and “laparoscopy;” and 17 documents were retrieved
using the keywords “robotic,“ ”gastric neoplasms,” and
“laparoscopy”.
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2.2. Inclusion and exclusion criteria

Studies were included if they fulfilled the following criteria:
randomized or non-randomized controlled studies published on
RDG and LDG for the treatment of gastric cancer; studies
focusing only on patients with gastric cancer undergoing distal
radical gastrectomy; at least 1 item of data provided on clinical
efficacy comparison of RDG and LDG; studies with original data;
for continuous variables, mean and standard deviation or mean
and extreme values provided; for count data, the number of
incidents and total number of samples provided; for binary
variables, a combined odds ratio (OR) value and 95% confidence
interval (CI) provided or a regression coefficient that could be
converted into an OR value and 95% CI and its standard
deviation provided. The following studies were excluded:
comparative study of non-LDG and RDG; studies on patients
only undergoing palliative subtotal gastrectomy, cytoreductive
surgery, gastric volume reduction surgery, or short circuit
surgery; studies without necessary comparison data; published
literature with duplicated data.
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2.3. Data extraction

The data were extracted independently by 2 researchers. Any
disagreement was resolved through discussion or judged by the
third researcher. The extracted data included the following:
general information, including author, year of literature
publication, research type, sample size, body mass index;
outcome indicators, including duration of operation and
intraoperative blood loss, the number of resected lymph nodes,
length of proximal and distal resection margins, postoperative
hospital stay, first postoperative anal exhaust time and time to
first postoperative food intake, postoperative total complication
rate, postoperative anastomotic leakage rate, postoperative
gastrointestinal emptying disorder rate, postoperative pancreatic
fistula rate, recurrence rate, and mortality rate.

2.4. Literature quality evaluation

In this study, the modified Newcastle Ottawa Scale recommended by
Ji et al* was used to evaluate the quality of the selected studies.
Quality evaluation was performed in 3 aspects, including the
research design (I: presence or absence of randomized controlled
study; II: presence or absence of inclusion criteria; IIl: presence or
absence of a total sample size of over 100 cases), comparability (a:
sex; b: age; c: body mass index; d: tumor location; e: tumor staging),
and result evaluation (lymph node dissection). Each item that met the
criteria was marked “*”, with a total of 9 “*”; the score of 6 “*”
points and above suggested high-quality of the included studies.

2.5. Statistical analysis

RevMan 5.4.1 (The Cochrane Collaboration, Oxford, England)
was used for meta-analysis and drawing. The Software Stata14.0
(StataCorp LP, Texas, United States) was used for publication
bias analysis. Count data uses OR value, continuous variables
were evaluated to obtain weighted mean difference (WMD) for
comparison and meta-analysis, and the effect size was calculated
with 95%ClIs for each outcome. Statistical heterogeneity among
studies was evaluated by using the I* and the Q tests. If the I*
value was >50% and P<.1, it indicated heterogeneity, and a
random-effects model was used for meta-analysis. We used a
fixed-effects model if no heterogeneity was found between studies
when I?<50% and P>.1. The original data, which were
represented by the median and interquartile range, were
converted to the mean and standard deviation. Sensitivity
analysis was performed with a one-by-one exclusion method.

3. Results

The initial search of databases identified 2920 studies, and 1587
duplicate articles were excluded. Another 1274 studies were
excluded after a combined review of the titles and abstracts. After
careful review of full-text articles, 44 studies were excluded due to
ineligible patients, lack of significant data, and lack of control
group. Finally, we obtained 135 articles, consisting of 8 studies in
Chinese and 7 studies in English, with a total of 3293 patients for
inclusion. Approximately 1193 patients were in the RDG group
and 2100 patients in the LDG group (Fig. 1). The basic
characteristics of the selected literature are shown in Tables 1 and
2. The literature quality evaluation is shown in Table 3.

3.1. Meta-analysis results
3.1.1. Duration of operation. Fifteen articles reported on

duration of operation. The heterogeneity between studies was

[5-19]
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Articles included in meta-analysis

Figure 1. Flow diagram of the study selection process.

significant (I*=98%; P<.1), and a random-effects model was
used. The results showed that the duration of surgery was longer
in the RDG group than in the LDG group [WMD, 31.420 (95%
Cl, 15.674-47.167); P<.0S5] (Fig. 2).

3.1.2. Intraoperative blood loss. Fourteen articles!® 111!

reported on intraoperative blood loss. The heterogeneity between
studies was significant (I*=96%; P<.1), and a random-effects
model was used. The results showed that intraoperative blood

General characteristics of included articles.

Reference (year) Country Study period Design No. of patients (n) Population LND
RDG LDG
Eom et al (2012) Korea 2009-2010 NRCT 30 60 EGC+AGC D1+D2
Park et al (2012) Korea 2010-2011 NRCT 30 120 EGC+AGC D1+
Zhao et al (2013) China 2012 NRCT 30 30 EGC+AGC D1+D2
Kim et al (2013) Korea 2003-2013 NRCT 172 481 EGC+AGC D1+D2
Xue et al (2014) China 2012-2014 NRCT 50 60 EGC+AGC D1+D2
Kim et al (2015) Korea 2003-2013 NRCT 87 288 EGC+AGC D1+D2
Lee et al (2015) Korea 2003-2010 NRCT 133 267 EGC+AGC D2
Xue et al (2016) China 2012-2014 NRCT 35 35 AGC D2
Cianchi et al (2016) Italy 2008-2015 NRCT 30 41 EGC+AGC D1+D2
Teng et al (2017) China 2016-2017 NRCT 41 58 EGC+AGC D1+D2
Li et al (2018) China 2015-2017 NRCT 50 56 AGC D2
Liu et al (2018) China 2012-2017 NRCT 156 11 EGC+AGC D1+D2
Peng et al (2018) China 2015-2017 NRCT 120 120 EGC+AGC D2
Peng et al (2018) China 2015-2017 NRCT 60 60 EGC+AGC D2
He et al (2019) China 2016-2018 NRCT 146 127 AGC D2
Matsunaga et al (2020) Japan 2011-2017 NRCT 23 186 EGC+AGC D1+D2

AGC=advanced gastric cancer, EGC =early gastric cancer, LDG = laparoscopic-assisted distal subtotal gastrectomy, LND =Ilymph node dissection, NRCT = non-randomized controlled trials, RDG = robotic-

assisted distal subtotal gastrectomy.
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General characteristics of included articles (to be continued).

Reference (year) Sex (M/F) Age (years) (mean-SD) BMI (kg/m?) Resection extent
RDG LDG RDG LDG RDG LDG
Eom et al (2012) 21/9 41/21 52.8 (28-74)" 57.9 (34-78)" 24.2 (17-35)" 24.1 (19-30)" Distal subtotal
Park et al (2012) 18/12 65/55 50 (45-54)" 55 (45-64)" 23.9 (21.5-25.2)" 23.6 (21.9-25.5)" Distal subtotal
Zhao et al (2013) 22/8 23/7 71.8+5.7 72.4+52 23.6+1.6 239+1.8 Distal subtotal
Kim et al (2013) 103/69 294/187 55.2+13.0 61.3+11.9 23.7+29 23.6+29 Distal subtotal
Xue et al (2014) 37113 42/22 56.9+10.6 56+13.8 244428 23.8+37 Distal subtotal
Kim et al (2015) 46/41 170118 541 +12 60.5+11 241+34 24+34 Distal subtotal
Lee et al (2015) 85/48 154/113 56.3+13.2 59.2+11.7 232+2.7 23.7+£28 Distal subtotal
Xue et al (2016) 26/9 25/10 59.2+9.6 56.2+14.1 246+29 23.4+23 Distal subtotal
Cianchi et al (2016) 14/16 19/22 73 (45-86)" 74 (40-87)° 27 (23-38)" 26 (23-30)" Distal subtotal
Teng et al (2017) 29/12 40/18 58+11.2 59+9.8 24.25+2.01 24.64+2.8 Distal subtotal
Li et al (2018) 35/15 37119 65.6+8.3 66+7.4 24.3+2.1 246+26 Distal subtotal
Liu et al (2018) 114/42 76/35 59.2+115 60.2+11.6 241431 23.4+33 Distal subtotal
Peng et al (2018) 78/42 82/38 - - 24.37+3.0 24.45+3.41 Distal subtotal
Peng et al (2018) 39/21 42/18 - - 2447 +2.74 24.21+3.57 Distal subtotal
He et al (2019) 103/43 86/41 60.2+10.5 59.3+11.6 21.9+32 221+31 Distal subtotal
Matsunaga et al (2020) 15/8 127/59 66.6+11 68.9+11.4 22719 225+3.0 Distal subtotal

BMI=body mass index, F=female, LDG = laparoscopic-assisted distal subtotal gastrectomy, M=male, RDG =robotic-assisted distal subtotal gastrectomy, SD =standard deviation.

" Median (range).

loss was significantly lower in the RDG group than in the LDG
group [WMD, -29.561 (95%CI, -43.010 to -16.111); P<.05]
(Fig. 3).

3.1.3. Number of resected lymph nodes. Fourteen articles®~
18] reported on the number of resected lymph nodes. The
heterogeneity between studies was significant (I*=82%; P <.1),
therefore, a random-effects model was used. The results showed
that the number of resected lymph nodes was higher in the RDG
group than in the LDG group [WMD, 3.528 (95%CI, 2.071-
4.985); P<.05] (Fig. 4).

3.1.4. The time to first postoperative food intake. Ten
articles™”%127181 reported the time to first postoperative food
intake. There was heterogeneity between studies (I*>=51.0%;
P <.1), and a random-effects model was used. The results showed
that the time to first postoperative food intake was shorter in the
RDG group than in the LDG group [WMD, -0.306 (95%CI, —
0.430 to —0.181); P<.05] (Fig. 5).

3.1.5. Length of distal resection margin. Five articles!>**?10:181

reported on the length of the distal resection margin. The
heterogeneity between studies was significant (I>=0.0%; P>.1),
therefore, a fixed-effects model was used. The result showed that
the length of distal resection margin was greater in the RDG
group than in the LDG group. [WMD, 0.207 (95%CI, 0.015-
0.398); P=.03] (Fig. 6).

3.1.6. Postoperative hospital stay. Fourteen articlesl>~>1771°!

reported length of hospital stay, and there was heterogeneity
between studies (I>=87%; P <.1); therefore, a random-effects
model was used. The results showed that the length of hospital
stay was shorter in the RDG group than in the LDG group
[WMD, —0.649 (95%CI, -1.232 to -0.067); P=.03] (Fig. 7).

3.1.7. The first postoperative anal exhaust time. Eight
articles!”? 101271417181 venirted on the first postoperative anal
exhaust time, and significant heterogeneity was found between 2

Quality scores of included articles.

Reference (year) Research design Intra-group comparison Evaluation of results (the number of resected lymph nodes) Score
| Il m a b c d e
Eom et al (2012) - * - * * * * 7
Park et al (2012) - ) * ) ! * ) ) * 8"
Zhao et al (2013) - * - ) * * * ) * 7"
Kim et al (2013) - * ’ ) * * - ) * 7"
Xue et al (2014) - ) i * ) * - * * 7
Kim et al (2015) - : : ) : - : ’ 7
Lee et al (2015) - ) ’ ) "’ * - ) * 7"
Xue et al (2016) - * - ) ) * * * 6"
Cianchi et al (2016) - * - ) ’ * ) ) * 7
Teng et al (2017) - * - ) ) * * * 6"
Li et al (2018) - * i * * * ! * 7"
Liu et al (2018) - * ) ) * * - * * 7"
Peng et al (2018) - . i ) - * - ) * 6"
Peng et al (2018) - * * - * - * * 6"
He et al (2019) - * i * * - * * 7"
Matsunaga et al (2020)  — * * ! * - * - 6"
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RDG group LDG group Mean Difference Mean Differenc
S dy o1 haroup o, D ota B [e do Q5% = 1
B.W. Eom 2012 2291 355 30 1894 368 60 62% 39.70 [23.95, 55.45] .
J. Y. Park 2012 2244 42 30 1446 428 120 62% 79.80 [62.93, 96.67) Gl
Zhao K 2013 156.7 149 30 159 271 30 65% -2.30[-13.37,8.77] L 1
H.-l. Kim 2013 2064 383 172 167.1 552 481 66% 39.30 [31.74, 46.86)
Xue Yg 2014 2116 375 50 1759 274 60 64% 35.70 (23.21, 48.19) -
Young-Woo Kim 2015 2484 401 87 230 558 288 6.5% 18.40 [7.79, 29.01) Tinig
Juhan Lee 2015 2175 378 133 171 524 267 65% 46.50 [37.51, 55.49) .
Xue Yg 2016 2221 76 35 1731 214 35 66% 49.00 [41.48, 56.52] -
Fabio Cianchi 2016 3126 15.7 30 2626 86 41 66% 50.00 [43.80, 56.20] v
Teng D 2017 2202 367 41 1704 676 58 60% 49.80 (29.09, 70.51) e
Li Sy 2018 1654 202 50 1856 15.1 56 6.6% -20.20[-27.05, -13.35) =
Liu X 2018 2228 429 156 1896 371 111 65% 33.20 (23.56, 42.84] ha
Peng H 2018 1853 342 120 1955 27 120 66%  -10.20[-18.00, -2.40] -
Peng H 2018(2) 1874 325 60 205 227 60 65%  -17.60[-27.63,-7.57] N
He Ph 2019 181.9 387 146 1916 356 127 65% -9.70 [-18.52, -0.88) ke
Tomoyuki Matsunaga 2020 541 144 23 329 77 186 34% 212.00[152.12, 271.88] g
Total (95% CI) 1193 2100 100.0% 31.42 [15.67, 47.17) .

Helerogeneity: Tau® = 968.80; Chi* = 621.31, df = 15 (P < 0.00001); I = 98%

Test for overall effect: Z = 3.91 (P < 0.0001) b . e

RDG group LDG group

Figure 2. Comparison of duration of operation.

RDG group LDG group Mean Difference Mean Difference
3 dv or Subaroup le; S O [} < ota £lg V. Random, 95% R 1C1Q1 2
B.W. Eom 2012 1528 1225 30 883 675 60 39% 64.50[14.20, 114.80] E—
J. Y. Park 2012 857 701 30 653 338 120 6.4% 20.40 [-5.40, 46.20] i T
Zhao K 2013 38 179 30 85 408 30 7.5% -47.00[62.94,-31.06] —
H.-1. Kim 2013 508 716 172 1349 2467 481 6.5% -75.10[-99.61,-5059] —
Xue Yg 2014 1018 687 50 1628 915 60 59% -61.00[-9098,-3102] —
Juhan Lee 2015 47 579 133 B87.1 2169 267 62% -40.10 [67.92,-12.28] —_—
Xue Yg 2016 1109 1102 35 167.1 1058 35 38% -5620[-10683,-557 ¥
Fabio Cianchi 2016 995 76 30 1187 107 41 83% -19.20[-23.45,-14.94] -
Teng D 2017 1014 507 41 1381 739 58 6.5% -36.7061.25,-12.15) A———
Li Sy 2018 508 121 50 883 146 56 83% -37.50[-42.59,-32.41] -
Liu X 2018 1021 283 156 1052 197 111 82%  -3.10(-8.86.2.66] -r
Peng H 2018 993 242 120 166 317 120 82% -66.70 [-73.84,-50.56] =
Peng H 2018(2) 978 245 60 1565 34 60 7.9% -58.70[-69.30,-48.10] ———
He Ph 2019 1186 377 146 1342 489 127 80% -1560(-26.07, 5.13] —
Tomoyuki Matsunaga 2020 864 1059 23 408 556 186 44% 4560 (1.59, 89.61]
Total (95% CI) 1106 1812 100.0% -29.56 [-43.01, -16.11] <>

Heterogeneity: Tau® = 563,10; Chi* = 315,79, df = 14 (P < 0.00001); F = 96%

Test for overall effect: Z = 4.31 (P < 0.0001) " b 0 % %00

RDG group LDG group

Figure 3. Comparison of intraoperative blood loss.

RDG group LDG group Mean Difference Mean Difference
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B.W. Eom 2012 302 118 30 334 143 60 3.9% -3.20 [-8.76, 2.36)
J. Y. Park 2012 358 13.2 30 346 143 120 4.0% 1.20 [-4.17,6.57)
Zhao K 2013 308 63 30 281 51 30 65% 2.70 [-0.20, 5.60] -
H.-l. Kim 2013 373 135 172 368 133 481 7.2% 0.50[-1.84,2.84) S| R
Xue Yg 2014 287 54 50 217 98 60 66% 7.00 [4.15, 9.85) _—
Young-Woo Kim 2015 371 129 87 341 121 288 64% 3.00 [-0.05, 6.05] T
Juhan Lee 2015 41.2 131 133 399 133 267 6.7% 1.30 [-1.44, 4.04) =1 =
Xue Yg 2016 208 57 35 227 102 35 54% 7.10(3.23, 10.97] —t
Fabio Cianchi 2016 391 37 30 305 2 41 81% 8.60 [7.14, 10.06] _—
Teng D 2017 201 42 #1 273 82 88 1™ 1.80 [-0.06, 3.66) |
Li Sy 2018 265 72 50 252 75 56 6.7% 1.30 [-1.50, 4.10) T [
Liu X 2018 253 87 156 218 86 111 7.5% 3.50 [1.40, 5.60] s T
Peng H 2018 266 83 120 217 42 120 79% 490 [3.24, 6.56] o i g
Peng H 2018(2) 262 T4 60 217 43 60 7.5% 4.50 [2.40, 6.60] -
He Ph 2019 327 69 146 282 T4 127 7.9% 4.50[2.83,6.17) Dy
Total (95% Cl) 1170 1914 100.0% 3.53[2.07,4.99) <

Heterogeneity: Tau® = 6.26; Chi* = 76.17, df = 14 (P < 0.00001); ¥ = 82%

Test for overall effect: Z = 4.75 (P < 0.00001) e - ¢ e L

RDG group LDG group

Figure 4. Comparison of the number of resected lymph nodes.
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Figure 5. Comparison of time to first postoperative food intake.
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Figure 6. Comparison of the length of distal resection margin.
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Figure 7. Comparison of the length of postoperative hospital stay.

studies (I>=92%; P < .1); therefore, a random-effects model was
used. The findings suggested that the first postoperative anal
exhaust time in the RDG group was not significantly different
from that in the LDG group [WMD, -0.276 (95%CI, -0.590 to
0.037); P=.08] (Fig. 8).

3.1.8. Length of proximal resection margin. Five
articles®®%1%18! reported on the length of proximal resection
margin, and there was heterogeneity between 2 studies (I = 66 %;

P <.1); therefore, a random effects model was used. The results
indicated that there was no difference in the length of the
proximal resection margin between the RDG and the LDG
groups [WMD, -0.245 (95%CI, -0.680 to 0.191); P=.27]
(Fig. 9).

3.1.9. Total postoperative complication rate. Thirteen
articles!®>®3-1315-191 reported the total postoperative complica-
tion rate, and the heterogeneity between studies was significant
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Figure 8. Comparison of the first postoperative anal exhaust time.
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Figure 9. Comparison of the length of proximal resection margin.
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(I*=0.0%; P>.1), and a fixed-effects model was used. The the incidence of postoperative anastomotic leakage and there was
results showed that the incidence of postoperative complications  significant heterogeneity between studies (I*=0.0%; P>.1);
in the RDG group was not significantly different from that in the  therefore, a fixed-effects model was used. The results showed that
LDG group (OR=0.923; 95%CIL, 0.716-1.189; P=.54) theincidence of postoperative anastomosis in the RDG group did

(Fig. 10). Among the 13 articles, 9 articles!”-810:14-191

reported  not differ significantly from that in the LDG group (OR=0.841,
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Figure 10. Comparison of incidence of postoperative complications.
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Figure 11. Comparison of incidence of postoperative anastomotic fistula.
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Figure 12. Comparison of incidence of postoperative gastrointestinal emptying disorder.

95%CI, 0.447-1.581, P=.59) (Fig. 11). There were 6
articles!>* 121316181 renorting the incidence of postoperative
gastric emptying disorder, and heterogeneity between studies was
significant (I*=0.0%; P>.1); therefore, a fixed-effects model
was used. The results indicated that the incidence of postopera-
tive gastric emptying disorder in the RDG group was not different
from that in the LDG group (OR=1.444, 95%CI, 0.624-3.338,

P=.39) (Fig. 12). There were § articles!™!>1¢1819 reporting the
incidence of postoperative pancreatic fistula, and there was
significant heterogeneity between studies (I*=0.0%; P>.1);
therefore, a fixed-effects model was used. The results showed that
there was no difference in the incidence of postoperative
pancreatic fistula between the RDG group and the LDG group
(OR=0.590, 95%ClI, 0.197-1.771, P=.35) (Fig. 13).
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Figure 13. Comparison of incidence of postoperative pancreatic fistula.
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Figure 14. Comparison of postoperative recurrence rate.

3.1.10. Recurrence rate. Three articles!”'>'® reported the

recurrence rate of gastric cancer in patients and the heterogeneity
between studies was significant (I*=0.0%; P> .1); therefore, we
used a fixed-effects model. The results showed that the recurrence
rate of the RDG group did not differ significantly from the LDG
group (OR=0.689, 95%ClI, 0.387-1.226, P=.21) (Fig. 14).

3.1.11. Mortality. In 6 articles, 1%1213:18] patient quality of life
was followed up for a long period of time and the mortality of
patients was reported. The heterogeneity between studies was
significant (I?=0.0%; P> .1), and a fixed-effects model was used.
The results suggested that no significant difference was found in
the mortality between the RDG group and the LDG group [OR,
0.689; 95%CI, 0.374-1.270; P=.23] (Fig. 15).

3.2. Sensitivity analysis

The one-by-one exclusion method was used to analyze the
sensitivity of all outcome indicators, and no sensitivity study was
shown, indicating that the results of this analysis were stable
(Fig. 16).

3.3. Publishment bias analysis

The Egger test was used to analyze all the outcome indicators
included in the study, and the results suggested that there was no
significant publication bias in the outcome indicators of each
study (Fig. 17).

4. Discussion

A large number of clinical studies have confirmed LDG to be a
safe and radical treatment option, and the indications for surgery
for early gastric cancer have been gradually expanded to include
advanced gastric cancer. As a further extension of laparoscopic
technique, Da Vinci robotic surgical technique has numerous
advantages over traditional laparoscopic technique. Additional-
ly, its safety and efficacy in gastric cancer surgery have also been
verified by multiple studies. However, efficacy of robotic-assisted
surgery, as compared with laparoscopic surgery, has not been
established in high-quality studies. This study aims to provide a
basis for the choice of clinical treatment via meta-analysis.
Duration of operation is one of the important indicators to
measure the quality and accessibility of surgery in clinical
research. The results of this meta-analysis showed that the
duration of operation was significantly longer in the RDG group
than in the LDG group. This might be associated with the extra
time required to assemble the manipulator arms and debug the
equipment, and the different learning stage the surgeon is in.
Currently, in laparoscopic surgery, lymph node dissection and
gastrointestinal reconstruction are time-consuming. Since all
included studies in this meta-analysis focus on distal gastrectomy,
the time spent on laparoscopic-assisted radical gastrectomy was
shorter. In addition to the above steps that were time-consuming,
the Da Vinci robotic surgical system requires an additional
process of instrument assembly before RDG, and studies*”! have
reported that the average duration of this procedure is (62.9 +
24.6) minutes, thereby significantly prolonging RDG. In addition,

RDG group LDG group Odds Ratio Odds Ratio
—Study or Subgroup ___Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
H.-l. Kim 2013 0 172 3 481 73% 0.40[0.02, 7.71] -
Xue Yg 2014 4 50 8 60 264% 0.57 [0.16, 2.00] i
Young-Woo Kim 2015 1 87 1 288 18% 3.34[0.21,53.91)
Xue Yg 2016 3 35 4 35 14.4% 0.73 [0.15, 3.51] T—
Fabio Cianchi 2016 1 30 2 41  65% 0.67 [0.06, 7.78]
He Ph 2019 9 146 11 127 436% 0.69[0.28, 1.73] — .
Total (95% CI) 520 1032 100.0% 0.69 [0.37, 1.27) =
Total events 18 29 ! . . )
Heterogeneity: Chi* = 1.47, df =5 (P = 0.92), I = 0% 0.01 0.1 1 10 100

Test for overall effect: Z = 1.19 (P = 0.23)

RDG group LDG group

Figure 15. Comparison of mortality rate.
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Figure 16. Sensitivity analysis.

insufficient experience of surgeons in using robotic surgical
systems also leads to the prolonged operation. Kim et al'® believe
that the surgeon will be proficient in RG after the learning curve is
overcome, thus shortening the duration of RG. Huang et al*!!
compared surgeons in the middle and later stages of the learning
curve between RG and LG, and found that the duration of RG
was shorter than that of LG. Therefore, after the learning curve is
overcome, duration of RG may be significantly shortened.
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Figure 17. Publishment bias analysis.
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In addition to the duration of operation, intraoperative blood
loss is the major concerns of surgeons as one of the quality
indicators. The results of this meta-analysis showed that the
intraoperative blood loss of RG was significantly less than that of
LG. In the included studies, the mean blood loss volume was
83.08 mL in RDG group, as compared with 111.97mL in LDG
group. This is because the robotic surgical system has inherent
advantages in surgical procedure compared to laparoscopy. RDG
provides surgeons with the benefit of three-dimensional operative
field, which was magnified by 10 to 15 times, and helps surgeons
to observe the relationship between blood vessels and surround-
ing tissues more directly and clearly and recognize the tissue
structure. In addition, the “hands™ of the robotic surgical system
— the manipulator arm will help avoid unintentional tremor of
human hands, which improves the stability and accuracy of the
operation, thereby ensuring safety of dissection and ligation of
gastric blood vessels. And studies have shown that robotic
surgery can better dissect blood vessels in narrow surgical areas
and reduce bleeding.”**! In addition, robotic surgery will make
lymph node dissection around the stomach safer and more
effective. It is well-known that the focus of radical gastrectomy is
whether the lymph nodes within the relevant range are
thoroughly cleaned. Extensive dissection of a sufficient number
of lymph nodes can not only improve the accuracy of the patient’s
tumor node metastasis staging, but also reduce the risk of
recurrence and metastasis of patients,**! therefore, the number of
resected lymph nodes is one of the important indicators of the
efficacy of radical gastrectomy. This meta-analysis showed that
the number of resected lymph nodes during RDG was much
greater than that during LDG (25.3-41.2 vs 21.7-39.9).
Therefore, RDG is superior to LDG with respect to the mean
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number of resected lymph nodes, and RDG can better reduce the
risk of potential recurrence caused by lymph node metastasis.

Early resumption of food intake after gastrectomy for gastric
cancer can help patients recover rapidly. The results of this meta-
analysis showed that the time to first food intake after RDG was
shorter than that after LDG. This may be partially explained by
the fact that during LDG, cooperation of 2 surgeons are generally
needed. Therefore, excessive intestinal canal traction may be
caused due to the different traction force of the 2 surgeons in the
process of tissue dissection, resulting in aggravation of intestinal
stress. Blood vessels are easily damaged in this process, causing
bleeding and intestinal paralysis, thereby prolonging the recovery
time of intestinal peristalsis after surgery. In RDG, 4 simulated
wrist instruments are available that can rotate in multiple angles
in the body, which achieve the same effect of tissue traction
during the operation, avoiding excessive traction of the relevant
tissues, reducing the blood loss volume, and shortening the
duration of intestinal paralysis. This is conducive to the recovery
of intestinal peristalsis function after surgery, thereby shortening
the time for the first food intake after RDG. In addition, RDG
also shortens the postoperative hospital stay. The results of this
meta-analysis showed that there was no significant difference in
the first anal exhaust time in RDG and LDG groups, but the
postoperative hospital stay in the RDG group was shorter than
that in the LDG group. This indicates that given no significant
difference found in the first anal exhaust time between the 2
groups, since the gastrointestinal stress of patients undergoing
RDG is mild, they can consume food orally after early anal
exhaust, thus speeding up the recovery of the patients after RDG
and shortening the postoperative hospital stay.

In addition to the above indicators, the results of this meta-
analysis indicated that the length of proximal resection margin of
the RDG group was not different from that of the LDG group,
but the length of distal resection margin of the RDG group was
greater than that of the LDG group. The mean length of the RDG
group and the LDG group was 5.3cm and 4.6 cm respectively,
which was contrary to the results of previous meta-analyses./**!
According to the latest Japanese guidelines,>’! the safe distance
from resection margin to the lesion for invasive gastric cancer is
over 3cm, which shows that RDG is non-inferior or even superior
to LDG in the radical resection of primary tumors.

In order to further analyze whether there was a disparity in the
short-term prognosis of patients after RDG and LDG, in addition
to the total postoperative complications, this meta-analysis also
included the incidence of anastomotic leakage, postoperative
gastrointestinal tract emptying disorder and pancreatic fistula,
which showed no significant difference. In order to compare the
long-term prognostic effects of the 2 procedures, this meta-
analysis included postoperative recurrence rate and mortality.
The longest follow-up time for postoperative recurrence rate was
40months. There was no significant difference between the 2
surgical options, indicating that RDG was comparable to LDG in
terms of safety and survival.

This meta-analysis has several advantages: New literature was
included; All patients selected had undergone distal radical
gastrectomy; The recurrence rate and mortality rate of patients
after radical gastrectomy were systematically analyzed. There is
no publication bias in the outcome indicators, and the conclusion
is stable. The meta-analysis also has several limitations: All
included articles are retrospective and high-quality randomized
controlled studies are lacking; Some indicators are not included in
the articles, which may reduce the credibility of the conclusion;
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The included articles showed incomplete data, and the positive
lymph node dissection rate and the S-year survival rate after
surgery were not compared.

5. Conclusion

RDG is a safe and feasible procedure for distal gastrectomy,
which is non-inferior or even superior to conventional laparos-
copy. In view of the certain limitations of this study, a systematic
analysis of multiple high-quality, multicenter clinical randomized
controlled studies is needed to confirm this conclusion. With the
development of medicine, RDG will be a promising approach for
gastric cancer.
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