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Introduction: Gastric cancer is a worldwide health concern, being one of the five most com-

mon malignant neoplasms worldwide. Currently, an open approach is the gold standard for 

surgical treatment. Incorporation of laparoscopy as a method of choice for gastric resections 

remains controversial because of limited evidence of eligibility. To date, there are no high-quality 

randomized quality trials on totally laparoscopic D2 total gastrectomies.

Aim: The aim of this study was to assess currently available literature and provide meta-

analysis on acquired data regarding short-term outcomes with a subgroup analysis of western 

and eastern studies.

Materials and methods: We performed a systematic review and meta-analysis according 

to the PRISMA guidelines. The primary outcomes of interest were morbidity and short-term 

complications.

Results: An initial reference search yielded 3,073 articles. Finally, we chose eight studies 

covering 1,582 patients that we included in the quantitative analysis. We did not find statisti-

cal differences regarding operative time, anastomotic leakage, surgical site infection, cardiac 

complications, pulmonary complications, or number of harvested lymph nodes. We found 

significant differences regarding length of hospital stay and morbidity in the Asian population.

Conclusion: This systematic review indicates that a laparoscopic approach for D2 total gastrec-

tomy does not increase morbidity. Furthermore, it allows for a shorter hospital stay. However, 

more randomized controlled trials are required to fully assess this approach because available 

data are of limited quality.

Keywords: systematic review, meta-analysis, total gastrectomy, laparoscopy

Introduction
Gastric cancer is one of the five most common malignant neoplasms worldwide, mak-

ing it a worldwide health concern.1 Radical resection with adequate lymphadenectomy 

is required to provide the best oncological response.2 Currently, an open approach 

is the gold standard. However, minimally invasive approaches such as laparoscopy, 

laparoscopic-assisted and robotic procedures have been introduced with success in 

oncological surgery of the stomach.3 Even though the first laparoscopic surgery for 

gastric cancer by Kitano was performed in 1993, incorporation of laparoscopy as 

a method of choice for gastric resections remains controversial because of limited 

evidence of eligibility. To date, no high-quality randomized quality trials regarding 

totally laparoscopic D2 total gastrectomies (TLDGs) have been conducted. Moreover, 
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most of the observational studies that are available focus on 

the Asian population, which is of great importance because 

there are as yet unexplained differences in many aspects 

of this disease and its treatment compared with western 

populations.4–6 Large randomized controlled trials (RCTs) 

are currently underway, but results are not expected until the 

next few years and the majority of them are being conducted 

in Asian countries.7,8 Our study aimed to assess currently 

available literature in this matter and provide meta-analysis 

on acquired data regarding short-term outcomes with a sub-

group analysis of western and eastern studies.

Methods
study selection
A systematic review of the literature was performed using the 

Medline, Embase and Cochrane databases to identify all eli-

gible studies that compared patients undergoing TLDG with 

patients undergoing open D2 gastrectomy (ODG). The search 

terms were: “laparoscopy,” “minimally invasive,” “classic,” 

“open,” and “gastrectomy.” These terms were combined using 

the Boolean operators “AND” and “OR.” The most recent 

search was performed on November 6, 2017.

Studies eligible for further analysis had to fulfill the 

following criteria: 1) comparison of patients undergoing 

TLDG versus ODG; 2) D2 lymphadenectomy; 3) publica-

tion in English. Studies were excluded when there was: 1) 

lack of comparative data; 2) insufficient data to analyze; 3) 

type of lymphadenectomy unknown 4) laparoscopy-assisted 

procedures or robotic procedures.

Outcomes of interest
Primary outcomes of interest involved perioperative 

parameters such as operative time, morbidity (described 

as the overall complication rate reported by the authors), 

anastomotic leakage, surgical site infections, cardiopulmo-

nary complications, and length of hospital stay. Secondary 

outcomes involved oncological effect: the R0 resection rate 

and lymph node yield.

Data extraction and quality assessment
All references were reviewed and evaluated by two teams of 

two researchers. In case of any doubts about eligibility for 

inclusion, an attempt was made to reach consensus within 

the group. If no resolution was possible, an arbitrary decision 

was made by another reviewer. Data from the included studies 

were extracted independently by all teams. Only full-length 

articles were eligible for extraction. When available, the fol-

lowing data were extracted: first author, year of publication, 

number of operated subjects, sex, age, tumor size, tumor 

stage, and outcomes of interest.

Non-randomized studies were evaluated according to 

the Newcastle–Ottawa Scale (NOS), which consists of three 

factors: patient selection, comparability of study groups, 

and assessment of outcomes. A score of 0–9 was assigned 

to each study, and studies achieving a score of 6 or higher 

were considered high quality. This study was performed 

according to the PRISMA guidelines and the Meta-Analysis 

of Observational Studies in Epidemiology (MOOSE) con-

sensus statement.9,10

Data analysis
Analysis was performed using RevMan 5.3 (freeware from 

the Cochrane Collaboration). Statistical heterogeneity and 

inconsistency were measured using Cochran’s Q tests and 

I2, respectively. Qualitative outcomes from individual stud-

ies were analyzed to assess individual and pooled risk ratios 

(RR) with pertinent 95% CI favoring patients undergoing 

revisionary surgery and by means of the Mantel–Haenszel 

random-effects method. When appropriate, mean and SD 

were calculated from medians and interquartile ranges using 

a method proposed by Hozo et al.11 Weighted mean differ-

ences (WMDs) with a 95% CI are presented for quantitative 

variables using the inverse variance random-effects method. 

Statistical significance was observed with a two-tailed 0.05 

level for hypotheses, and with 0.10 for heterogeneity testing, 

while unadjusted P-values were reported accordingly. Addi-

tionally, we introduced subgroups, dividing studies based 

on the nationality of the analyzed population to eastern and 

western groups.

Results
The initial reference search yielded 3,073 articles. After 

removing 1,513 duplicates, 1,250 articles had their titles 

and abstracts evaluated. This resulted in 140 papers suit-

able for full-text review. Finally, we chose eight studies that 

were included in the quantitative analysis, which covered 

1,582 patients (755 in the TLDG group and 827 in the ODG 

group). A flowchart of the analyzed studies is presented in 

Figure 1. The quality of the analyzed studies is moderate, 

with the majority scoring at least 7 points according to the 

NOS. Baseline information about the analyzed studies is 

presented in Table 1 and Figure 2. There were more patients 

with advanced tumors in open approach in comparison to the 

laparoscopic group. According to this division, three studies 

were based on a western population and five studies were 

based on an Asian population.
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The operative time was reported in all studies. There 

were no differences between analyzed groups, WMD: 13.2; 

95% CI [–14.77, –41.18]; P=0.35 (Figure 3). Topal et al,13 

Lu et al,15 and Ramagen et al16 reported shorter times for 

Figure 1 PRISMA flowchart.

132 full-text
articles excluded,
with reasons

1,110 records
excluded

1,250 records
screened

140 full-text
articles assessed
for eligibility

8 studies
included in
qualitative
synthesis

8 studies
included in
qualitative
synthesis
(meta-analysis)

1,250 records after
duplicates removed

3,073 records
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database
searching

Table 1 Baseline characteristics of included studies

First 
author

Year Study 
type

Country N, lap/
open

F/M Mean 
age, lap/
open

Tumor 
size, 
lap

Tumor 
size, 
open

T stage, lap T stage, open NOS 
score

Dulucq12 2005 C France 8/11 11/8 75/67 5.5 6.1   7
Topal13 2008 C Belgium 38/22 20/40 68/69 4.7 3.0 i 17, ii 7, iii 10, iV 4 i 7, ii 7, iii 6, iV 2 4
Kim14 2013 C Korea 139/207 126/220 58/56 3.2 4.0 i 107, ii 213, iii 15, iV 4 i 128, ii 34, iii 37, iV 8 9
lu15 2015 C China 252/252 83/421 nD nD nD i 52, ii 56, iii 144 i 56, ii 45, iii 151 9
Ramagen16 2015 CC Brazil 47/64 34/77 57.8/59.7 nD nD i 14,ii 13, iii 20 i 21, ii 16, iii 27 5
lu17 2016 CC China 61/61 46/76 59/57 nD nD i 18, ii 17, iii 26 i 18, ii 19, iii 24 8
shu18 2016 CC China 136/136 94/178 65/64 nD nD i 38, ii 98 i 39, ii 97 9
Wu19 2016 CC China 74/74 45/103 62/60 nD nD i 14, ii 60 i 12, ii 62 9

Abbreviations: C, cohort; CC, case-control; F/M, female/male; ND, no data; NOS, Newcastle–Ottawa Scale.

laparoscopy, whereas Wu et al,17 Lu et al,18 and Shu et al19 

reported the opposite. The heterogeneity was very high, 

I2=99%. Sensitivity analysis revealed three studies generat-

ing all heterogeneity –  Kim et al,14 Lu et al,17 and Ramagen 

et al.16 After removing those studies, open surgeries were 

shorter by an average of 50 minutes.

Morbidity was reported in seven studies. Only one study 

by Kim et al presented data in favor of laparoscopy. After 

pooling data, meta-analysis revealed significant differences 

between TLDG (105/708, 14.83%) and ODG (167/763, 

21.89%), RR: 0.67; 95% CI [0.51, 0.86]; P=0.002 (Figure 4). 

Subgroup analysis showed significant differences in the 

Asian population, RR: 0.63; 95% CI [0.47, 0.85]. A similar 

analysis of the western population did not show significant 

differences; however, the sample size was small. The hetero-

geneity was low, I2=17%.

Anastomotic leakage was reported in seven studies. There 

were no statistically significant differences either in total or 

within subgroups, RR: 0.67; 95% CI [0.36, 1.28]; P=0.23 

(Figure 5). The heterogeneity was low.

Surgical site infection was reported by four authors. There 

were no significant differences in the Asian group, RR: 0.44; 

95% CI [0.15, 1.3]; P=0.14. There was only one study in the 

western group and it also did not report a significant differ-

ence. The heterogeneity was low and after pooling subgroups, 

the result remained statistically insignificant (Figure 6).

Cardiac complications were reported only by two authors, 

whereas pulmonary complications were reported in five 

studies. There were no differences in cardiac complications 

between analyzed groups, RR: 0.6; 95% CI [0.13, 2.81]; 

P=0.52 (Figure 7). Analysis of pulmonary complications 

resulted in similar conclusions, RR: 0.68; 95% CI [0.41, 

1.14]; P=0.14 (Figure 8). In both outcomes, the heterogeneity 

of included studies was low, I2=0%.

Length of hospital stay was reported in seven studies. 

The analysis revealed laparoscopy was associated with a 
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Figure 4 Morbidity analysis.
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Figure 2 Tumor stage distribution among groups.
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2.36-day shorter hospital stay (9.59 days in TLDG group 

versus 12.42 days in ODG group), 95% CI [–3.30, –1.41]; 

P<0.0001 (Figure 9). All authors, except Kim et al, reported 

data in favor of laparoscopy. The heterogeneity of the studies 

was moderate, I2=70%.

The R0 rate was reported in six studies. There were no 

differences in analyzed material, RR: 1; 95% CI [0.99, 1.01]; 

P=0.97 (Figure 10). There was no heterogeneity between the 

included studies.

Lymph node yield was reported in seven studies. There 

were no differences in the number of harvested nodules 

between analyzed groups, WMD: –0.03; 95% CI [–1.01, 

0.95]; P=0.96 (Figure 11). Kim et al and Lu et al reported 

data in favor of an open approach, whereas Ramagen et al, 

Figure 6 surgical site infection analysis.
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Wu et al and Lu et al showed results in favor of a laparo-

scopic approach. The heterogeneity of included studies was 

high, I2=84%. Sensitivity analysis allowed reduction after 

removing studies by Lu and Shu to 67%; however, the result 

remained insignificant.

Discussion
This systematic review, based on 1,582 patients, showed that 

a laparoscopic approach for total gastrectomy with D2 lymph-

adenectomy is associated with significantly lower morbidity 

and shorter length of stay (LOS) with no negative impact on 

 short-term oncological outcomes. All of the included studies 

were observational; thus, the available data quality is lim-

ited. Compared with previous systematic reviews, our study 

incorporated a subgroup distinction for western and eastern 

populations.5,20,21 Another major difference in favor of this 

systematic review was the inclusion of totally laparoscopic total 

gastrectomies only. It is important because prior meta-analyses 

incorporated studies involving laparoscopic-assisted procedures 

or partial gastrectomy.5 This could possibly introduce bias 

because totally laparoscopic procedures with intracorporeal 

anastomoses are considered technically more demanding.22,23

Figure 7 Cardiac complications analysis.
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Figure 8 Pulmonary complications analysis.
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Laparoscopy is gradually gaining support in oncologi-

cal surgery. Its efficacy has been proven best in colorectal 

surgery in numerous high-quality RCTs and systematic 

reviews that followed.24–26 As for other neoplasms such as 

gastric cancer, we can currently rely only on data from 

observational studies, which in general show that the novel 

approach has been as good as the classic approach, and in 

some studies the novel approach provided better results. The 

only available RCTs regarding gastric cancer were focused on 

distal gastrectomies.27–29 RCTs regarding laparoscopic versus 

open gastrectomy for gastric cancer are ongoing in Japan 

(JCOG1401), China (CLASS02–01), Korea (KLASS03), 

and the Netherlands (STOMACH).

An important factor determining the difficulty of surgery 

and, as a result, the potential safety of the technique is the 

duration of the procedure. In our study, operative time at first 

did not differ in total between both approaches. However, 

the heterogeneity was very high. Authors’ reports varied 

from shorter times for laparoscopy, no difference in dura-

tion between the two procedures, or a shorter time in the 

Figure 9 length of hospital stay analysis.
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Figure 11 harvested lymph nodes analysis.
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open approach. After identifying three studies generating the 

majority of the heterogeneity, (Kim et al, Ramagen, and Lu), 

we decided to analyze the material without them. This deci-

sion resulted in shorter operative time by 50 minutes in favor 

of open surgery. On one hand, laparoscopy is associated with 

shorter time spent for proper abdomen closure. On the other, 

it is more technically demanding. Another possible explana-

tion is the learning curve. Most of the studies did not point 

out whether surgeons were still on the learning curve or how 

far beyond it they had gone. The next probable explanation is 

lack of information about how some authors defined operative 

time. That is, is it from opening to the closure of the abdo-

men or beginning of general anesthesia? Although operative 

time can be considered a reliable benchmark in assessing the 

operative technique, it would seem that the clinical relevance 

of this outcome is limited. One could say that it is safer to take 

a longer time to operate and reduce the chance of overlooking 

any avoidable complications. In our study, a longer opera-

tive time did not increase overall morbidity. On the contrary, 

morbidity in our study was lower in the laparoscopic group. 

This is important because the number of complications is 

another factor of surgery safety. It is interesting that in the 

subgroup of the western population, the difference was not 

present. The range of lymphadenectomy may also cause 

discrepancies in morbidity rate. Another factor underlining 

this assumption is the lack of significant differences in the 

rate of anastomotic leakages. That there was no heterogene-

ity between the western and Asian populations suggests 

also that, even though laparoscopic esophagoenterostomy is 

technically demanding and requires meticulous performance, 

the success rate of proper anastomoses is similar. Another 

factor that can affect the results is the nutritional status. None 

of the authors provided this information, which affects both 

short- and long-term results after gastrectomy.30,31 Finally, the 

experience of the laparoscopic surgeon is also an important 

factor to consider in regard to morbidity because gastrectomy 

is one of the most difficult surgeries; it involves the abdomen 

and sometimes the chest cavity. All of the above are among 

the many elements affecting the length of hospital stay. Our 

meta-analysis showed significantly shorter LOS for the lapa-

roscopic approach, which is in line with the contributions 

of the laparoscopic approach in different surgical fields.32 

However, an unbiased comparison of LOS between countries 

and hospitals is difficult because it is more associated with 

local customs than fulfilling clear objective discharge criteria.

The debate on the oncological advantages of various 

surgical and non-surgical approaches for gastric cancer 

persists. Currently a preferred surgical method of treatment 

is gastrectomy with D2 lymphadenectomy. In our study 

the R0 rate did not differ among the authors with a lack of 

heterogeneity. Adequate lymphadenectomy during surgery 

is a crucial part of patient survival. Available meta-analysis 

of D2 versus D1 lymphadenectomy by Seevaratnam et al 

and Mocellin et al shows greater mortality and morbidity in 

D2 resections; however, subgroup analysis showed that this 

does not occur in more up-to-date studies.33,34 Furthermore, 

long-term survival reported by El-Sedfy showed better results 

for patients with T3 cancers.35 While initial experiences with 

D3 lymphadenectomy showed promise, later RCTs and 

meta-analysis showed no additional benefit from extensive 

excision.36,37 In our study, we decided to include studies with 

D2 lymphadenectomy only. Analysis of lymph node yield 
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was associated with high heterogeneity. Most likely it was 

caused by different techniques and lack of standardization of 

lymphadenectomy. De Steur et al, in their study, showed that 

over 80% of patients did not receive proper lymph station 

excision.38 No differences in the R0 rate along with indiffer-

ent lymph node may show lack of oncological inferiority of 

laparoscopic approach to open; however, its true oncological 

value is yet to be determined with long-term survival rates. 

Chen et al, in their meta-analysis regarding minimally inva-

sive gastrectomies, showed no difference in 5-year overall 

survival; however extrapolating this to totally laparoscopic 

gastrectomies may be prone to bias because the subgroup 

analysis included only two studies.39 This is why the results 

of ongoing RCTs are so anticipated. None of the studies 

included in our review provided information on long-term 

survival, and from an oncological point of view, long-term 

survival is one of the most important outcomes.

Limitations
The main limitation of this study is the lack of randomized 

control studies. While most of the studies were of rather high 

quality, drawing valid conclusions may be prone to bias. The 

open approach group had more patients with more advanced 

cancer (stages III and IV), which could be associated with 

selection, and therefore potentially affect results. Further-

more, none of the analyzed studies provided information 

on the experience of the surgeons, which could drastically 

change results. Additionally, none of the papers provided 

meticulous information on the perioperative care protocol 

used in every unit. This is important because studies show 

how novel enhanced recovery after surgery (ERAS) protocols 

may improve short-term outcomes40–43 The main advantage 

of our study was the introduction of subgroups for western 

and Asian populations. It shows that, while we are getting 

sufficient data regarding the eastern population, the informa-

tion we have on western countries is scarce. Although we 

await the results of the STOMACH trial in the Netherlands, 

it is possible that the number of RCTs in Europe and the US 

may not increase because patients prefer minimally invasive 

surgery, which makes them reluctant to enroll in ongoing tri-

als comparing an open approach with laparoscopic surgery.44 

Furthermore, the prevalence of gastric cancer in Europe is 

lower than in Asia, which results in a lower annual number 

of gastrectomies. For this reason, to achieve sufficient patient 

numbers, multicenter studies are required. On one hand, it is 

good because we need to have data on the European popula-

tion as well. On the other hand, this may cause bias associated 

with surgical technique.  Nevertheless, to provide sufficient 

answers backed with high-quality data, we need RCTs.

Conclusion
This systematic review indicated that a laparoscopic approach 

for D2 total gastrectomy does not increase morbidity in com-

parison to an open approach. Furthermore, a laparoscopic 

approach allows for a shorter hospital stay. However, more 

RCTs are required to fully assess this approach because the 

available data are of limited quality.
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