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Abstract 

Background: Da Vinci robotic surgery system, a novel type of surgery, was widespread in surgical field. However, the 
perioperative outcomes of robotic distal gastrectomy (RDG) are still controversy, despite several observational studies 
and randomized controlled trials (RCT) had been reported. Therefore, we performed a meta-analysis of propensity 
score-matched (PSM) and RCT studies to evaluated the perioperative feasibility and safety of RDG.

Methods: Studies were systematically searched in PubMed, Web of Science, Cochrane Library, and Embase database, 
and screened according to the defined limitations. The quality of PSM studies and RCT studies were respectively 
assessed by ROBINS-I and Cochrane risk-of-bias tool. Extracted data were analyzed by Review Manager 5.4.

Results: 7 PSM studies and 1 RCT with a total of 2763 patients were included in this analysis. The longer opera-
tive time (MD = 31.42, 95% CI [22.88, 39.96], p < 0.00001), less blood loss (MD = − 25.89, 95% CI [− 36.18, − 15.6], 
p < 0.00001), more retrieved lymph nodes (MD = 3.46, 95% CI [2.94, 3.98], p < 0.00001), shorter time to first flatus 
(MD = − 0.08, 95% CI [− 0.13, − 0.02], p = 0.006) and liquid intake (MD = − 0.13, 95% CI [− 0.22, − 0.05], p = 0.002) 
were observed in RDG group compared with LDG group. There are no statistically significant in time to start soft diet, 
postoperative hospital stays, overall complications, complications Grade I–II, complications Grade ≥ III, anastomotic 
leakage, bleeding, intra-abdominal bleeding, intraluminal bleeding, ileus, abdominal infection, delayed gastric empty-
ing and wound complications.

Conclusions: RDG showed less blood loss and more retrieved lymph nodes, revealed less time to first flatus and liq-
uid intake after operation. But the operative time was longer in RDG group than in LDG. The incidence rate of postop-
erative complications was comparable between RDG and LDG.
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Introduction
Gastric cancer (GC) has been identified as one of the 
most common cancers, the incidence of which is only 
second to lung cancer in China [1]. Radical gastrec-
tomy with regional lymph node dissection is always the 
standard procedure for patients with GC [2]. At present, 
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laparoscopic gastrectomy has been become the main-
stream surgical method due to its advantages of less inva-
siveness, less pain, better cosmetic effect, faster recovery, 
and shorter hospital stays compared with open gastrec-
tomy [3]. Although, 3D-laparoscopy can provide clear 
stereoscopic imaging effects, the limitations in straight 
instruments, amplified tremor, and the uncomfortable 
position of surgeons are still problems should not to be 
neglected [4]. The appearance of da Vinci robotic surgery 
system solved these problems well [5]. In recent years, 
this new type of surgery gradually gained the favor of 
surgeons, because of its 3D high-definition vision, multi-
degree-of-freedom rotatable wrist device, tremor filtra-
tion, better ergonomics, and remote surgical consultation 
[6]. However, several high-quality research should be 
needed to prove the short-term perioperative outcomes 
and long-term surgical outcomes of robotic surgery.

From the robotic gastrectomy (RG) first be reported by 
Hashizume et  al. in 2002 [7] up to now, several studies 
have compared the perioperative outcomes of RG with 
laparoscopic gastrectomy (LG) for patients diagnosed 
as GC [7–10]. Of which, many studies mixed distal gas-
trectomy, proximal gastrectomy, and total gastrectomy 
together for comparation [10, 11]. This can lead to very 
serious confounding bias, and affects the accuracy of 
almost all the perioperative outcomes, especially in the 
terms of operative time, blood loss, numbers of retrieved 
lymph nodes and the incidence of anastomotic leakage. 
Therefore, we performed a meta-analysis focused on dis-
tal gastrectomy for patients diagnosed as GC. Hitherto, 
only one meta-analysis of non-randomized controlled 
trials (non-RCT) compared robotic distal gastrectomy 
(RDG) with laparoscopic distal gastrectomy (LDG) for 
GC has been reported by Gong et al. in 2022 [12]. How-
ever, several studies being included are small sample 
volume studies and initial results in learning curve of 
robotic surgery [13–17], which are the major reason for 
high heterogeneity of many outcomes. In the hierarchy 
of research designs, the results of RCTs are considered 
the highest level of evidence. Propensity score-matched 
(PSM) analysis remove the confounding factors and over-
come possible selection bias in observational studies, 
improve the quality of evidence approach to the level of 
RCT [18]. In order to make a high-quality comparison 
on the safety and feasibility of RDG versus LDG, we per-
formed this meta-analysis only included PSM and RCT 
studies compared RDG with LDG for patients with GC.

Methods
Protocol and registration
This meta-analysis has been reported in line with 
PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) and AMSTAR (Assessing 

the methodological quality of systematic reviews) Guide-
lines [19, 20]. The protocol was registered in the PROS-
PERO database. Screening of articles, data extraction and 
quality assessment were independently undergoing by 
two reviewers. Any difference of opinions was discussed 
or adjudicated by a third reviewer.

Data sources and search strategy
We systematically searched the studies compared RDG 
with LDG for GC published before December 31, 2021 
in PubMed, Web of Science, Cochrane Library, and 
Embase database. The literature search formula in Pub-
Med were (“Robotic Surgical Procedures”[Mesh]) AND 
(“Laparoscopy”[Mesh]) AND (“Gastrectomy”[Mesh]) and 
(“Robotic Surgical Procedures”[Mesh]) AND (“Laparoscop
y”[Mesh]) AND (“Stomach Neoplasms”[Mesh]). The combi-
nation of free-text terms (robotic gastrectomy, laparoscopic 
gastrectomy, gastric cancer) was used in Web of Science, 
Cochrane Library, and Embase database. To find additional 
related studies, the references of eligible studies were manu-
ally searched.

Inclusion and exclusion criteria
The included studies should meet the following criteria: 
(1) Studies conducted on adult patients who had been 
diagnosed as GC and underwent distal radical gastrec-
tomy; (2) Comparative studies related to RDG and LDG; 
(3) At least 1 item of original data on interested perioper-
ative outcomes could be obtained; (4) PSM or RCT stud-
ies; (5) Studies published in English.

The exclusion criteria: (1) Studies were not conducted 
on GC patients; (2) The data of studies was unavailable. 
(3) Neither PSM nor RCT studies.

Data extraction and quality assessment
The original data of all the included articles were indi-
vidually evaluated and extracted by two reviewers using 
a standardized datasheet. The collected data includes: 
name of first author, publication year, study design, study 
period, sample volume, age, extent of lymph node dissec-
tion, reconstruction methods, operative time, blood loss, 
retrieved lymph nodes, time to first flatus, time to first 
liquid intake, time to start soft diet, postoperative hospi-
tal stays, overall complications, complications Grade I–II, 
complications Grade ≥ III, anastomotic leakage, bleeding, 
intra-abdominal bleeding, intraluminal bleeding, ileus, 
abdominal infection, delayed gastric emptying, wound 
complications, pneumonia, cardiac complications, and 
urinary infection.

The ROBINS-I tool was used to assess the qual-
ity of PSM studies [21] and the Cochrane risk-of-bias 
tool for RCT studies [22]. The certainty of evidence for 
all the outcomes were assessed using the Grading of 
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Recommendations, Assessment, Development and Eval-
uation (GRADE) approach [23].

Statistical analysis
Review Manager 5.4 was used for statistical analy-
ses. Mean difference (MD) with 95% confidence inter-
val (CI) were used for continuous data, and Odds ratio 
(OR) with 95% CI for dichotomous data. Heterogeneity 
was assessed using the Chi-squared (χ2) and I-squared 
(I2) tests. A fixed-effects model (FEM) was used when 
the heterogeneity is low (p > 0.1 and I2 < 50%), otherwise 
a random-effects model (REM) was used. Publication 
bias was assessed using funnel plots and Egger’s test. A 
p-value less than 0.05 is statistically significant.

Results
Characteristics of the included studies
A total of 873 relevant English publications from vari-
ous database were identified. 595 articles were filtered 
by titles and abstracts after duplicates removed. Then 
we obtained 69 articles for full-text assessment. Accord-
ing to the inclusion criteria, 7 PSM [24–30] studies and 
1 RCT study [8] with a total of 2763 patients were finally 
included in this analysis. The flow diagram is showed in 
Fig. 1A, and Table 1 presents the individual characteris-
tics of the selected studies. The risk of bias in PSM studies 
were assessed by ROBINS-I tool and present in Table 2. 
The risk of RCT was assessed by Cochrane risk-of-bias 
tool and present in Fig.  1B. The quality of evidence of 
every outcome was assessed by GRADE guideline and 
present in Table 3.

Surgical outcomes: operative time, blood loss 
and retrieved lymph nodes
Eight studies evaluated the operative time with a total of 
1381 patients in RDG group and 1382 patients in LDG 
groups. Due to the high heterogeneity on operative time 
in the eight studies (p < 0.00001, I2 = 89%), a REM was 
used. The present meta-analysis showed that operative 
time was longer in RDG group (MD = 31.42, 95% CI 
[22.88, 39.96], p < 0.00001) (Fig.  2A). Subsequently, we 
removed and re-entered each of these 8 studies in Review 
Manager 5.4 software, and found that the major reason 
for high heterogeneity lies with the studies of Isobe et al. 
[29] and Ye et al. [28]. Because the operative time in the 
studies of Isobe et  al. [29] was obviously longer than 
other studies (350.1 ± 58.1 in RDG group, 270.5 ± 63.7 in 
LDG group, MD = 79.6), and a very narrow 95% CI was 
observed in the studies of Ye et  al. [28] (95% CI [37.26, 
40.74]). However, the statistically results in these two 
studies were agree with other six studies and our meta-
analysis. The same result was obtained after a meta-
analysis for the six studies (MD = 24.38, 95% CI [20.66, 

28.11], p < 0.00001), heterogeneity was low (p = 0.68, 
I2 = 0%) and analyzed in FEM (Fig. 2B).

Eight studies with a total of 2763 patients reported 
blood loss. Due to the moderate heterogeneity (p = 0.04, 
I2 = 53%), a REM was used. The present meta-anal-
ysis showed that blood loss was less in RDG group 
(MD = − 25.89, 95% CI [− 36.18, − 15.6], p < 0.00001) 
(Fig. 2C). The moderate heterogeneity was owing to the 
less blood loss in the study of Isobe et al. [29] (12.5 ± 70.1 
in RDG group, 15 ± 36.3 in LDG group, MD = − 2.5) 
than other seven studies. Furthermore, there is no sig-
nificant difference in blood loss between RGD and LDG 
in the study of Isobe et  al. [29] (p = 0.234), which was 
not consistent with other seven studies. Subsequently, a 
meta-analysis without the study of Isobe et  al. [29] was 
performed, we observed that the blood loss was still less 
in RDG group (MD = − 26.85, 95% CI [− 32.72, − 20.97], 
p < 0.00001). Heterogeneity was low (p = 0.11, I2 = 42%) 
and analyzed in FEM (Fig. 2D).

Seven studies with a total of 2480 patients reported 
number of retrieved lymph nodes. Our meta-analysis 
suggested that the RDG group retrieved more lymph 
nodes than LDG group (MD = 3.46, 95% CI [2.94, 3.98], 
p < 0.00001). Heterogeneity was low (p = 0.24, I2 = 24%) 
and analyzed in FEM (Fig. 2E).

Postoperative recovery: time to first flatus, time to first 
liquid intake, time to start soft diet and postoperative 
hospital stays
Six studies with a total of 2199 patients reported time to 
first flatus. Our meta-analysis using a FEM (Heterogene-
ity: p = 0.11, I2 = 44%) revealed that time to first flatus 
was less in RDG group than in LDG group (MD = − 0.08, 
95% CI [− 0.13, − 0.02], p = 0.006) (Fig.  3A). Five stud-
ies with a total of 2481 patients reported time to first 
liquid intake. The meta-analysis using a FEM (p = 0.12, 
I2 = 45%) suggested less time to first liquid intake in 
RDG group (MD = − 0.13, 95% CI [− 0.22, − 0.05], 
p = 0.002) (Fig.  3B). Four studies with a total of 1246 
patients reported time to start soft diet. No significant 
difference was observed between RDG and LDG groups 
(MD = − 0.04, 95% CI [− 0.31, 0.23], p = 0.78) after ana-
lyzed by FEM (p = 0.42, I2 = 0%) (Fig. 3C). All the studies 
with a total of 2763 patients reported length of post-
operative hospital stays. No significant difference was 
observed between RDG and LDG groups (MD = − 0.21, 
95% CI [− 0.44, 0.01], p = 0.07) after analyzed by FEM 
(Heterogeneity: p = 0.91, I2 = 0%) (Fig. 3D).

Complications: overall complications, complications Grade 
I–II and complications Grade ≥ III
All the studies with a total of 2763 patients reported 
overall complications. No significant difference was 
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observed between the RDG and LDG groups (OR = 0.84, 
95% CI [0.68, 1.04], p = 0.11) after analyzed by FEM 
(Heterogeneity: p = 0.29, I2 = 18%) (Fig. 4A). Seven stud-
ies with a total of 2631 patients stratified postoperative 

complications into five grades according to the Clavien–
Dindo classification (CDC) [31–33]. Complications 
Grade I–II were considered as minor, Grade ≥ III were 
considered as severe complications. The present 

Fig. 1 Flow diagram showing study selection process for meta-analysis (A); Risk of bias in RCT (B)
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meta-analysis revealed no statistically significant in com-
plications Grade I–II (OR = 0.91, 95% CI [0.71, 1.18], 
p = 0.48, heterogeneity: p = 0.13, I2 = 39%) and complica-
tions Grade ≥ III (OR = 0.70, 95% CI [0.48, 1.03], p = 0.07, 
heterogeneity: p = 0.73, I2 = 0%) between RDG and LDG 
groups (Fig. 4B, C).

Surgical complications: anastomotic leakage, bleeding, 
intra‑abdominal bleeding, intraluminal bleeding, ileus, 
abdominal infection, delayed gastric emptying and wound 
complications
Anastomotic leakage
Five studies with a total of 2449 patients reported anas-
tomotic leakage. The meta-analysis indicated that there 
is no statistically significant between RDG and LDG 
groups (OR = 0.73, 95% CI [0.29, 1.81], p = 0.49) with 

low heterogeneity (p = 0.42, I2 = 0%), and these were 
analyzed by FEM (Fig. 5A).

Bleeding, intra‑abdominal bleeding and intraluminal 
bleeding
Of the eight studies, five, three and three studies pro-
vided data about bleeding, intra-abdominal bleeding 
and intraluminal bleeding, respectively. The present 
meta-analysis indicated that there are no statistically 
significant on these three items between RDG and 
LDG groups (OR = 0.89, 95% CI [0.46, 1.74], p = 0.74; 
OR = 0.54, 95% CI [0.20, 1.48], p = 0.23; OR = 0.84, 95% 
CI [0.27, 2.64], p = 0.77). All of them were analyzed by 
FEM, because of low heterogeneity (p = 0.50, I2 = 0%; 
p = 0.75, I2 = 0%; p = 0.64, I2 = 0%) (Fig. 5B–D).

Table 1 Characteristics of included studies

BI Billroth I, BII Billroth II, RY Roux-en-Y

Author year Design Study period Volume Age (mean ± SD) LND Reconstruction

RDG LDG RDG LDG

Hong et al. 2016 PSM 2008–2015 232 232 53.7 ± 11.5 55.0 ± 13.0 D1, D1 + , D2 BI, BII, RY

Li et al. 2018 PSM 2013–2017 66 66 55.2 ± 11.6 54.1 ± 11.4 D2 BI, BII

Li et al. 2020 PSM 2010–2019 516 516 54.63 ± 11.85 55.10 ± 10.24 D1, D2 BI, BII

Roh et al. 2020 PSM 2015–2017 51 51 58.1 ± 10.8 58.0 ± 11.1 D1 + BI, BII

Song et al. 2020 PSM 2016–2019 40 40 56.4 ± 12.8 58.1 ± 11.6 D2 BI, BII, RY

Ye et al. 2020 PSM 2014–2019 285 285 57.1 ± 8.3 57.0 ± 8.6 D2 BI, BII, RY

Isobe et al. 2021 PSM 2018–2020 50 50 69.2 ± 1.4 69.3 ± 1.4 D1, D1 + , D2 BI, BII, RY

Lu et al. 2021 RCT 2017–2020 141 142 59.4 ± 10.2 59.3 ± 11.3 D1 + , D2 BI, BII

Table 2 Risk of bias in PSM studies (ROBINS-I)

Domains:

D1: Bias due to confounding

D2: Bias in selection of participants into the study

D3: Bias in classification of interventions

D4: Bias due to deviations from intended interventions

D5: Bias due to missing data

D6: Bias in measurement of outcomes

D7: Bias in selection of the reported result

Study D1 D2 D3 D4 D5 D6 D7 Overall

Hong et al. [24] Low Moderate Low Low Low Low Moderate Moderate

Li et al. [25] Low Low Low Low Low Low Moderate Moderate

Li et al. [4] Low Moderate Low Low Low Low Low Moderate

Roh et al. [30] Low Low Low Low Low Low Moderate Moderate

Song et al. [27] Low Low Low Low Low Low Moderate Moderate

Ye et al. [28] Low Low Low Low Low Low Low Low

Isobe et al. [29] Low Moderate Low Low Low Low Low Moderate
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Ileus
Five studies with a total of 2429 patients reported ileus. 
No significant difference was observed between RDG and 
LDG groups (OR = 0.85, 95% CI [0.39, 1.88], p = 0.69) 
after meta-analyzed by FEM (Heterogeneity: p = 0.68, 
I2 = 0%) (Fig. 5E).

Abdominal infection
Four studies with a total of 1985 patients reported 
abdominal infection. No significant difference was 

observed between RDG and LDG groups (OR = 0.91, 
95% CI [0.38, 2.15], p = 0.83) after meta-analyzed by FEM 
(Heterogeneity: p = 0.89, I2 = 0%) (Fig. 5F).

Delayed gastric emptying
Four studies with a total of 1033 patients reported 
delayed gastric emptying. The meta-analysis showed no 
difference between RDG and LDG groups (OR = 0.55, 
95% CI [0.18, 1.66], p = 0.29) with low heterogeneity 

Table 3 GRADE assessment for all the outcomes

a There may be implementation bias and measurement bias
b Wide range of 95% confidence intervals were identified

Outcomes (No. of 
studies)

Certainty assessment No. of 
patients

MD (95% CI) or OR 
(95% CI)

Risk of bias Inconsistency Indirectness Imprecision Publication 
bias

Certainty

Operative time (8) Seriousa Not serious Not serious Seriousb None Low 2763 33.22 [24.32, 42.11]

Blood loss (8) Seriousa Not serious Not serious Seriousb None Low 2763 − 28.56 [− 40.29, 
− 16.83]

Retrieved lymph 
nodes (7)

Seriousa Not serious Not serious Not serious None Moderate 2480 3.46 [2.94, 3.98]

Time to first flatus 
(6)

Seriousa Not serious Not serious Not serious None Moderate 2199 − 0.08 [− 0.13, − 0.02]

Time to first liquid 
intake (5)

Seriousa Not serious Not serious Not serious None Moderate 2481 − 0.13 [− 0.22, − 0.05]

Time to start soft 
diet (4)

Seriousa Not serious Not serious Not serious None Moderate 1246 − 0.04 [− 0.31, 0.23]

Hospital stays (8) Seriousa Not serious Not serious Not serious None Moderate 2763 − 0.21 [− 0.44, 0.01]

Overall complica-
tions (8)

Seriousa Not serious Not serious Not serious None Moderate 2763 0.84 [0.68, 1.04]

Complications 
I–II (7)

Seriousa Not serious Not serious Not serious None Moderate 2631 0.91 [0.71, 1.18]

Complications ≥ III 
(7)

Seriousa Not serious Not serious Not serious None Moderate 2631 0.70 [0.48, 1.03]

Anastomotic leak-
age (5)

Seriousa Not serious Not serious Not serious None Moderate 2449 0.73 [0.29, 1.81]

Bleeding (5) Seriousa Not serious Not serious Not serious None Moderate 2429 0.89 [0.46, 1.74]

Intra-abdominal 
bleeding (3)

Seriousa Not serious Not serious Not serious None Moderate 1885 0.54 [0.20, 1.48]

Intraluminal 
bleeding (3)

Seriousa Not serious Not serious Seriousb None Low 1682 0.84 [0.27, 2.64]

Ileus (5) Seriousa Not serious Not serious Not serious None Moderate 2429 0.85 [0.39, 1.88]

Abdominal infec-
tion (4)

Seriousa Not serious Not serious Not serious None Moderate 1985 0.91 [0.38, 2.15]

Delayed gastric 
emptying (4)

Seriousa Not serious Not serious Not serious None Moderate 1033 0.55 [0.18, 1.66]

Wound complica-
tions (5)

Seriousa Not serious Not serious Seriousb None Low 2429 1.53 [0.77, 3.05]

Pneumonia (5) Seriousa Not serious Not serious Not serious None Moderate 2065 0.66 [0.41, 1.05]

Cardiac complica-
tions (4)

Seriousa Not serious Not serious Seriousb None Low 1965 1.81 [0.60, 5.43]

Urinary infection 
(4)

Seriousa Not serious Not serious Not serious None Moderate 1965 0.85 [0.27, 2.65]
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Fig. 2 Forest plots of surgical outcomes: A operative time; B operative time without Isobe et al. [29] and Ye et al. [28]; C blood loss; D blood loss 
without Isobe et al. [29]; E retrieved lymph nodes
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Fig. 3 Forest plots of postoperative recovery: A time to first flatus; B time to first liquid intake; C time to start soft diet; D postoperative hospital 
stays
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(p = 0.83, I2 = 0%), and these were analyzed by FEM 
(Fig. 5G).

Wound complications
Five studies with a total of 2429 patients reported 
wound complications. The meta-analysis showed no 
difference between RDG and LDG groups (OR = 1.53, 
95% CI [0.77, 3.05], p = 0.23) with low heterogeneity 
(p = 0.67, I2 = 0%), and these were analyzed by FEM 
(Fig. 5H).

Systematic complications: pneumonia, cardiac 
complications and urinary infection
Pneumonia
Five studies with a total of 2065 patients reported the 
incidence rate of pneumonia. The meta-analysis sug-
gested that RDG had a similar incidence rate of pneumo-
nia to that of the LDG group (OR = 0.66, 95% CI [0.41, 
1.05], p = 0.08) after analyzed by FEM (Heterogeneity: 
p = 0.78, I2 = 0%) (Fig. 6A).

Fig. 4 Forest plots of complications: A overall complications; B complications Grade I–II; C complications Grade ≥ III
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Fig. 5 Forest plots of surgical complications: A anastomotic leakage; B bleeding; C intra-abdominal bleeding; D intraluminal bleeding; E ileus; F 
abdominal infection; G delayed gastric emptying; H wound complications
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Cardiac complications
Four studies with a total of 1965 patients reported cardiac 
complications. No significant difference was observed 
between RDG and LDG groups (OR = 1.81, 95% CI [0.60, 
5.43], p = 0.29) after meta-analyzed by FEM (Heteroge-
neity: p = 0.91, I2 = 0%) (Fig. 6B).

Urinary infection
Four studies with a total of 1965 patients provided data 
about urinary infection. The present meta-analysis indi-
cated that there was no statistically significant between 
RDG and LDG groups (OR = 0.85, 95% CI [0.27, 2.65], 
p = 0.77). These were analyzed by FEM, because of low 
heterogeneity (p = 0.82, I2 = 0%) (Fig. 6C).

Publication bias
The potential role of publication bias was assessed 
by funnel plot. All studies lie inside the 95% CIs in the 
symmetrical funnel plot of postoperative hospital stays 
(Fig.  7A) and overall complications (Fig.  7B), indicating 
that there was no publication bias in these studies.

Discussion
Minimally invasive is one of the important directions of 
surgery. Laparoscopic radical gastrectomy is currently 
the most widely used minimally invasive technique for 
GC. Several studies have proven the excellent surgi-
cal and oncological outcomes [34–36]. In recent years, 
a new form of surgery, robotic gastrectomy gradually 

Fig. 6 Forest plots of systematic complications: A pneumonia; B cardiac complications; C urinary infection
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developed. More and more studies have explored the 
safety and feasibility of robotic gastrectomy for GC [8, 11, 
37]. However, their quality of evidence is jagged. Some 
studies compared the outcomes of RG and LG mixed dif-
ferent types of gastrectomy together [10, 24, 38]. But we 
all know that the extent of gastrectomy and lymph nodes 
dissection plays a critical role in the operative time, blood 
loss, number of retrieved lymph nodes, resection margin 
and incidence rate of various complications. Some studies 
reported the outcomes of small sample volume data and 
initial results in learning curve of robotic surgery [13–
17]. The results of remaining big sample volume studies 
compared RDG with LDG were yet not entirely consist-
ent. So that there are still controversies on the safety and 
efficacy of RDG in patients with GC. Therefore, a high-
quality meta-analysis is necessary, and we performed it 
only included PSM and RCT studies focused on distal 
gastrectomy for the first time. In summary, the present 
study revealed that RDG has better surgical outcomes, 
faster postoperative recovery, and similar incidence rate 
of complications compared with LDG.

The present meta-analysis showed that the operative 
time was significantly longer in RDG group compared 
with LDG group. This is also a universal result, because 
the additional time, nearly half an hour, was required for 
docking and preparation [39]. The overall mean differ-
ence (MD = 31.42, 95% CI [22.88, 39.96]) revealed by the 
resent meta-analysis in operative time was coincided with 
the time for docking. Therefore, it would be impartial 
for RDG to calculate operative time after docking when 
compared with LDG, but most of studies didn’t do as 
this. Another important factor that affects the operative 
time is learning curve. Kim et al. [40] have reported that 
approximately 25 cases were needed to overcome opera-
tive time-learning curve sufficiently to gain proficiency 

for RG. Huang et al. [41] also reported that both opera-
tive time and docking time decreased and stabilized after 
25 procedures for RG. The study performed by Li et  al. 
[25] revealed that the operative time in RG was similar 
to that in LG after overcoming learning curve. Among 
the included studies in this meta-analysis, only one RCT 
indicated that all the RDG were performed by surgeons 
with experience of more than 50 robotic operations for 
GC before joining the trial [8]. One PSM study indicated 
that RDG were performed by one surgeon with experi-
ence of 14 robotic operations for GC [27]. As to the rest 
of studies, just a handful of initial results within learning 
curve were incorporated, and the proportion is very low. 
But to get more rigorous results, some large sample RCT 
studies that exclude the results within learning curve are 
still needed.

The meta-analysis revealed that RDG was associated 
with less blood loss and more retrieved lymph nodes. 
Manipulating in the correct anatomical gap and com-
plete mesangial resection play a crucial role in reduc-
ing blood loss and ensuing the numbers of retrieved 
lymph nodes for radical gastrectomy [42]. The da Vinci 
vision system delivers highly magnified, 3D high-defini-
tion views of the surgical area, and it is more conducive 
to the identification of anatomical structures and gaps. 
The LDG included in the meta-analysis were performed 
using 2D laparoscopy with lowly magnified and 2D low-
definition views. The visual difference between RDG and 
LDG should be the main reason for the statistically sig-
nificant in blood loss and numbers of retrieved lymph 
nodes. Recently, 3D laparoscopy is widely used in surgi-
cal field. There is also study reported that 3D-LDG pre-
sented more retrieved lymph nodes and similar amount 
of blood loss [43]. Furthermore, the high degrees free-
dom EndoWrist and tremor filtering provided by da Vinci 

Fig. 7 Funnel plot of postoperative hospital stays (A) and overall complications (B)
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robotic surgery system benefit to the accuracy of opera-
tion, the bipolar Maryland forceps have a better hemo-
static effect.

For postoperative recovery, our meta-analysis sug-
gested that RDG had an earlier time to first flatus and 
liquid intake than LDG. However, there was no statisti-
cal differences in time to start soft diet and postopera-
tive hospital stays between the two groups. Time to first 
flatus is an important indicator to reflect the recovery of 
gastrointestinal function after gastrectomy. Theoretically 
time to first liquid intake often consistent with time to 
first flatus. However, it would influence the accuracy of 
the two outcomes seriously along with the widespread 
development of enhanced recovery after surgery (ERAS) 
[44, 45], which was not indicated in the included studies. 
Habitually some medical institutions like to give patients 
soft diet or discharge after the risk period of anastomotic 
leakage, so that these two indicators were sometimes 
subjected to subjective decisions. But we still believe 
that RDG can accelerate the recovery of gastrointestinal 
function in patients with GC. These maybe owing to the 
reduced para-injury, and less pain, stress, inflammation 
result from precise manipulation in RDG group. The only 
RCT included in the meta-analysis also indicated that 
RDG could improve the postoperative recovery course 
[8].

When assessing the quality and safety of operations, 
postoperative complication is an important considera-
tion. Here we counted the overall complications, surgical 
complications, and systemic complications. However, we 
did not find any differences between the two groups. We 
think this maybe result from that surgery in LDG group 
were performed by surgeons with extensive experience in 
laparoscopic surgery. The RDG group, on the other hand, 
contained data within the learning curve. Or the sample 
volume was not big enough to highlight the advantage of 
RDG.

Although all the studies included in the meta-analysis 
are high-quality evidences, 7 PSM studies and 1 RCT 
study, there are still some limitations in this study. First, 
only one RCT study compared RDG and LDG was pub-
lished up to now, and was included in this meta-analysis. 
Second, the results in RDG group were influenced more 
or less by outcomes within learning curve. Third, this 
meta-analysis assessed the short-outcomes and safety of 
RDG versus LDG, however, the long-term oncological 
outcomes cannot be ignored in robotic surgery.

Conclusion
In conclusion, RDG showed less blood loss and more 
retrieved lymph nodes, revealed less time to first flatus 
and liquid intake after operation. The incidence rate of 

postoperative complications was comparable between 
RDG and LDG. But the operative time in RDG was 
longer than LDG group, which we think was mainly 
delayed by docking. A much better result might be 
obtained in RDG group, if performed by surgeons mas-
tered in robotic surgery.
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