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Abstract

AIM: To conduct a meta-analysis to compare Roux-en-Y (R-Y) gastrojejunostomy with gastroduodenal Billroth I (B-I) anastomosis after distal gastrectomy (DG) for gastric cancer.  

METHODS: A literature search was performed to identify studies comparing R-Y with B-I after DG for gastric cancer from January 1990 to November 2012 in Medline, Embase, Science Citation Index Expanded and the Cochrane Central Register of Controlled Trials in The Cochrane Library. Pooled odds ratios (OR) or weighted mean differences (WMD) with 95% conﬁdence intervals (95%CI) were calculated using either ﬁxed or random effects model. Operative outcomes such as operation time, intraoperative blood loss and postoperative outcomes such as anastomotic leakage and stricture, bile reﬂux, remnant gastritis, reﬂux esophagitis, dumping symptoms, delayed gastric emptying and hospital stay were the main outcomes assessed. Meta-analyses were performed using RevMan 5.0 software (Cochrane library). 

RESULTS: Four randomized controlled trials (RCTs) and 9 non-randomized observational clinical studies (OCS) involving 478 and 1402 patients respectively were included. Meta-analysis of RCTs revealed that R-Y reconstruction was associated with a reduced bile reﬂux (OR 0.04, 95%CI: 0.01, 0.14, P < 0.00001) and remnant gastritis (OR 0.43, 95%CI: 0.28, 0.66, P = 0.0001), however needing a longer operation time (WMD 40.02, 95%CI: 13.93, 66.11, P = 0.003). Meta-analysis of OCS also revealed R-Y reconstruction had a lower incidence of bile reﬂux (OR 0.21, 95%CI: 0.08, 0.54, P = 0.001), remnant gastritis (OR 0.18, 95%CI: 0.11, 0.29, P < 0.00001) and reﬂux esophagitis (OR 0.48, 95%CI: 0.26, 0.89, P = 0.02). However, this reconstruction method was found to be associated with a longer operation time (WMD 31.30, 95%CI: 12.99, 49.60, P = 0.0008). 

CONCLUSION: This systematic review point towards some clinical advantages that are rendered by R-Y compared to B-I reconstruction post DG. However there is a need for further adequately powered, well-designed randomized controlled trials comparing the same.

© 2013 Baishideng. All rights reserved.  
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INTRODUCTION  

Gastric cancer is one of the most common cancers worldwide with approximately 989 600 new cases and 738 000 deaths per year, accounting for about 8 percent of new cancers1[]
. Surgical resection is still the only option for providing definitive treatment of this malignant disease2[]
. Due to the early diagnosis of gastric cancer, there has been a significant improvement in the long-term survival of patients undergoing surgery within the past decade. Surgeons have therefore focused on improving the patients’ postoperative quality of life by modifying the surgical technique and the type of reconstruction performed after distal gastrectomy (DG)4


[ ADDIN EN.CITE ]
. The three mainly used reconstruction techniques after DG are: (1) gastroduodenal anastomosis (Billroth-I, B-I); (2) gastrojejunal anastomosis (Billroth-II, B-II); and (3) Roux-en-Y (R-Y) gastrojejunostomy. Although both B-I and R-Y anastomoses are recognized as standard reconstruction procedures after DG[5], it is yet to be established, which of these is the better of the two. The B-I reconstruction has been commonly performed, because of its technical simplicity, with only one anastomotic site and maintaining physiological intestinal continuity5


[ ADDIN EN.CITE , 6]
. However, gastroesophageal and duodenogastric reﬂux are well documented in patients who undergo this type of reconstruction following DG7[]
, and severe gastritis, esophagitis and gastric cancer can subsequently occur8-11


[ ADDIN EN.CITE ]
. The aforementioned complications seriously affect postoperative quality of life of patients undergoing DG12[]
. 
For several decades, R-Y reconstruction has been the preferred method to prevent reﬂux gastritis, esophagitis and decrease probability of gastric cancer recurrence 9


[ ADDIN EN.CITE , 10, 13, 14]
. However, the choice of surgical reconstruction is often based on personal preferences of surgeons, e.g., majority of surgeons in the East favor a B-I reconstruction, while R-Y is the procedure of choice in the West 9


[ ADDIN EN.CITE , 15]
. Although a few studies have directly compared B-I and R-Y techniques, these studies have failed to reach a consensus and establish which method is the best choice after DG for gastric carcinoma. Thus it is difficult to choose a particular type of reconstruction, based on the current evidence base. We therefore sought to compare the perioperative outcomes and postoperative complications of patients undergoing R-Y and B-I reconstruction after DG for gastric cancer by undertaking a meta-analysis of published data. 

MATERIALS AND METHODS

Literature search

A comprehensive literature search of Medline, Embase, Science Citation Index Expanded and the Cochrane Central Register of Controlled Trials in the Cochrane Library between January 1990 and November 2012 was carried out for comparing R-Y and B-I reconstructions after DG for gastric cancer. Medical subject headings as well as keywords “Roux-en-Y”; “Billroth-I”; “reconstruction”; “distal gastrectomy”; “gastric cancer” and “stomach cancer” were used. All abstract supplements from published literature were searched manually. Relevant papers were also identified from the reference lists of previous papers, including those obtained through the search of abstracts and recent international meetings. Randomized clinical trials (RCTs) and non-randomized observational clinical studies (OCS) with full-text descriptions were included. Final inclusion of articles was determined by consensus; when this failed, a third author adjudicated. The results of the search strategy are shown in Figure 1.
Inclusion criteria and exclusion criteria

Two authors identiﬁed and screened the search ﬁndings for potentially eligible studies. Inclusion criteria were: (1) English language articles published in peer-reviewed journals; (2) Human trials of patients with gastric cancer undergoing DG as the main procedure; (3) Studies with at least one of the outcomes mentioned; and (4) When similar studies were reported by the same institution or author, either the better quality study or the more recent publication was included. Following studies were excluded: (1) Abstracts, letters, editorials, expert opinions, reviews and case reports; (2) Studies without available data; (3) Studies without control group; and (4) Studies including patients with benign disease.

Outcomes of interest 

Perioperative outcomes and postoperative complications were evaluated. Operation time, intraoperative blood loss and hospital stay were the main perioperative outcomes to be assessed. Postoperative complications included anastomotic leakage and stricture, bile reﬂux, remnant gastritis, reﬂux esophagitis, dumping symptoms and delayed gastric emptying.

Data extraction and quality assessment

Data were extracted by two independent observers using standardized forms. RCTs were qualitatively analyzed using Jadad scoring system16[]
. Non-randomized OCS were similarly evaluated using Newcastle-Ottawa scoring system17[]
. The quality assessment was also carried out by two independent observers and is displayed in Tables 1 and 2. Quantitative data extracted from the selected studies including: population characteristics (study year, country, design, gender, mean age) and outcome parameters (operation time, intraoperative blood loss, hospital stay, anastomotic leakage and stricture, bile reﬂux, remnant gastritis, reﬂux esophagitis, dumping symptoms and delayed gastric emptying. 

Statistical analysis

Meta-analyses were performed by using Review Manager Version 5.0 software (The Cochrane Collaboration, Oxford, UK). For categorical variables, treatment effects were expressed as odds ratio (OR) with corresponding 95% confidence intervals (CI). For continuous variables, treatment effects were expressed as weighted mean difference (WMD) with corresponding 95%CI. Meta-analyses were performed using fixed- or random-effects model, depending on the absence or presence of significant heterogeneity. Heterogeneity was evaluated using the 2 test, with a P < 0.1 was considered significant; I2 values were used for the evaluation of statistical heterogeneity18[]
. If the test rejected the assumption of homogeneity of studies, then the random effects analysis was performed19[]
. Sensitivity analyses were also performed by removing individual studies from the data set and analyzing the effect on the overall results to identify sources of signiﬁcant heterogeneity. Funnel plots were constructed to evaluate potential publication bias.

RESULTS 

Study characteristics

There were 399 papers relevant to the search terms. Sixteen studies9


 ADDIN EN.CITE.DATA 


[ ADDIN EN.CITE , 10, 13, 14, 20-31]
 met the inclusion criteria. Four studies had previously been reported by the same institution27-29


[ ADDIN EN.CITE ,31]
. Three studies were excluded27-29


[ ADDIN EN.CITE ]
, however, one study had some outcomes which we can include31


[ ADDIN EN.CITE ]
. Finally, four RCTs 20


[ ADDIN EN.CITE , 26, 27,31]
, and 9 OCS 9


[ ADDIN EN.CITE , 10, 13, 14, 21-25]
 with 478 and 1402 patients respectively were included. All these studies have been carried out in Japan and Korea. The number of patients in the included studies ranged from 43 to 424. Characteristics of studies included in the meta-analysis are presented in Table 3.

Meta-analysis results

Included RCTs and OCS were analyzed separately to determine outcome measures in the study groups. All the results are summarized in Table 4. 

RCTs comparison: To date, 4 RCTs have been undertaken to compare R-Y with B-I reconstruction20


[ ADDIN EN.CITE , 26, 27, 31]
. However, two studies[27,31] have same study populations. All studies had a clear description of the sample size calculation and were found to be of high quality according to Jadad scoring system. The detailed results of meta-analysis are given in Figure 2.
Meta-analysis revealed that R-Y reconstruction was associated with a significant reduction in the incidence of bile reﬂux (OR 0.04, 95%CI: 0.01, 0.14, P < 0.00001) and remnant gastritis (OR 0.43, 95%CI: 0.28, 0.66, P = 0.0001). No significant differences were observed between the groups in terms of intraoperative blood loss (OR 26.99, 95%CI: -9.35, 63.33, P = 0.15), hospital stay (OR 2.96, -0.00, 5.93, P = 0.05), anastomotic leakage (OR 0.56, 95%CI: 0.12, 2.66, P = 0.47), stricture (OR 1.79, 95%CI: 0.52, 6.13, P = 0.92), reﬂux esophagitis (OR 0.49, 95%CI: 0.20, 1.23, P =0.13) and delayed gastric emptying (OR 2.31, 95%CI: 0.12, 44.41, P = 0.58). However, B-I reconstruction method took significantly less time to perform as compared to R-Y reconstruction (WMD 40.02, 95%CI: 13.93, 66.11, P = 0.003).

Only one study20


[ ADDIN EN.CITE ]
 reported incidence of dumping symptoms. The incidence of dumping symptoms was not significantly different between the two groups (OR 1.09, 95%CI: 0.14, 8.42, P = 0.93). 

OCS comparison: Nine OCS were included9


[ ADDIN EN.CITE , 10, 13, 14, 21-25]
. Forest plots are illustrated in Figure 3. Results suggested that R-Y reconstruction had significantly lower incidence of bile reﬂux (OR 0.21, 95%CI: 0.08, 0.54, P = 0.001), remnant gastritis (OR 0.18, 95%CI: 0.11, 0.29, P < 0.00001) and reﬂux esophagitis (OR 0.48, 95%CI: 0.26, 0.89, P = 0.02). No significant differences were found between the two reconstructive methods in terms of intraoperative blood loss (WMD 26.90, 95%CI: -46.54, 100.34, P = 0.47), hospital stay (WMD 1.40, 95%CI: -0.17, 2.97, P = 0.08), anastomotic leakage (OR 1.26, 95%CI: 0.40, 3.97, P = 0.70), stricture (OR 0.94, 95%CI: 0.31, 2.89, P = 0.91), dumping symptoms (OR 0.59, 95%CI: 0.32, 1.12, P = 0.11) and delayed gastric emptying (OR 0.95, 95%CI: 0.24, 3.74, P = 0.94). Results also suggest that B-I reconstruction require shorter operation time (WMD 31.30, 95%CI: 12.99, 49.60, P = 0.0008) as compared to R-Y procedure.

Publication bias

Funnel plot analysis of the studies in the meta-analysis reporting was performed on operation time after DG in RCTs and remnant gastritis in OCS respectively. None of the studies lay outside the limits of the 95%CIs, and there was no evidence of publication bias among the studies (Figure 4).

DISCUSSION

Surgical intervention plays a vital role in the survival of patients with resectable gastric cancer. However, there seems to be lack of consensus within surgeons with regards to the choice of reconstructive procedure after DG. The ideal gastrointestinal reconstruction procedure should minimize postoperative morbidity and improve quality of life32[]
. In current surgical practice, B-I and R-Y procedures are the commonly used reconstruction techniques following resection of distal stomach. To the best of our knowledge, B-I reconstruction has commonly been employed after DG for gastric cancer due to its simplicity, physiological advantage of allowing food to pass through the duodenum and ease of postoperative endoscopy allowing access to the papilla of Vater33


[ ADDIN EN.CITE , 34]
. However, two most common drawbacks of the B-I anastomosis, remnant gastritis and reflux esophagitis, as a consequence of the absence of the pyloric sphincter which allows reflux of duodenal contents into the remnant stomach and esophagus have been well reported35


[ ADDIN EN.CITE ]
. Furthermore, unregulated release of chyme into the duodenum results in rapid gastric emptying which manifests as dumping syndrome36[]
. It is important to note that reflux of duodenal contents into the esophagus is strongly associated with Barrett’s esophagus or esophageal cancer and remnant stomach cancer after gastrectomy37-39


[ ADDIN EN.CITE ]
.

 Traditionally R-Y reconstruction has been the reconstruction method of choice in total gastrectomy[34] and is being increasingly used to prevent duodenogastric and gastroesophageal reﬂux in DG10


[ ADDIN EN.CITE , 14, 21]
. The potential advantages of improved postoperative quality of life take precedence over the possible increased risk of postoperative complications due to two gastrointestinal anastomoses and increased operating time, when considering R-Y reconstruction. 

 Based on our analysis, which only includes high quality RCTs and OCS, we have addressed this issue, to the best of our effort, of the most appropriate gastrointestinal reconstruction following DG. It is important to note that the results come from a small number of RCTs and therefore, have to be interpreted with caution. Overall analyses for RCTs comparing R-Y with B-I reconstruction favor R-Y method in terms of preventing postoperative bile reﬂux and remnant gastritis, although we found no significant difference in reﬂux esophagitis between the two groups. The angle of His is significantly larger in patients who undergo B-I reconstruction compared to those with R-Y and this may be a factor contributing to reduced incidence of reflux symptoms in the latter group22


[ ADDIN EN.CITE , 28]
. We may not have detected an existing difference due to the smaller sample size of the included studies. As only one RCT[20] evaluated incidences of dumping syndrome, descriptive analysis was used, and no difference was found between the two groups with regards to dumping syndrome. 

 The operating time was signiﬁcantly shorter in B-I group compared to R-Y group, which can be explained by the additional anastomosis in R-Y reconstruction. Although it has been previously reported that anastomotic leak is higher in B-I reconstruction, possibly due to excessive devascularization of duodenal stump and tension on the anastomosis 20


[ ADDIN EN.CITE , 21, 27]
, we found no difference in the rate of anastomotic leak within the two groups. It may be largely due to the use of gastrointestinal stapling devices and the refinement of technique.

 Similarly, analysis of pooled data from the OCS, revealed a reduced incidence of bile reﬂux, remnant gastritis, reﬂux esophagitis and prolonged operative time in the R-Y reconstruction group. Consequently, based on the above findings, we can conclude that R-Y reconstruction following DG is likely to be superior to B-I reconstruction not only in preventing bile reflux and remnant gastritis, but also reﬂux esophagitis (OCS analysis only), as it reduces duodenogastric and gastroesophageal reflux 13


[ ADDIN EN.CITE , 28]
.

 We also analyzed data regarding intraoperative bleeding and duration of hospitalization and found no significant difference in either of these parameters within the two groups, although one would expect an earlier recovery of gastrointestinal function in R-Y reconstruction group.
 This review does have some limitations and hence the results should be interpreted with a degree of caution. Firstly, most data are extracted from OCS, with fewer RCT’s making it difficult to make firm conclusions. In addition, several important outcomes including remnant gastritis, dumping symptoms and delayed gastric emptying have not been reported adequately in the RCTs. It is important to mention that we were unable to analyze important outcomes including quality of life and incidence of gastric carcinoma in the gastric remnant due to lack of available data. We would therefore propose well-designed RCTs with adequate follow-up and emphasis on assessing important outcomes to clarify ambiguities surrounding the use of these reconstruction methods.

In summary, our systematic review demonstrates that RY reconstruction is likely to be more effective in preventing gastroesophageal reﬂux or duodenogastric reflux as compared to B-I. Furthermore, we have shown that based on results from RCTs and OCS, RY reconstruction may be used safely without increasing anastomotic leakage, anastomotic stricture and intraoperative bleeding. 

In conclusion, this systematic review points towards some clinical advantages that are rendered by R-Y compared to B-I reconstruction post DG. However there is a need for further adequately powered, well-designed randomized controlled trials comparing the same.
COMMENTS

Background

Currently, Billroth I (B-I) and Roux-en-Y (R-Y) reconstructions are commonly performed after distal gastrectomy for gastric cancer. However, deciding which of these reconstruction procedures is superior, remains controversial. Therefore, in order to help arrive at a possible consensus, we conducted a systematic review and meta-analysis to compare the clinical efﬁcacy and safety of B-I vs R-Y reconstruction following distal gastrectomy (DG) for gastric cancer.

Research frontiers

In order to compare the safety and effectiveness of the B-I and R-Y reconstructions, operative outcomes including operation time, intraoperative blood loss and postoperative outcomes such as anastomotic leakage and stricture, bile reﬂux, remnant gastritis, reﬂux esophagitis, dumping symptoms , delayed gastric emptying and hospital stay were included in this study.
Innovations and breakthroughs
Although existing randomized controlled trials and retrospective comparative studies have concluded that R-Y reconstruction could prevent gastroesophageal and duodenogastric reﬂux following DG, there was a need to further assess the clinical advantages of R-Y and B-I reconstruction based on high-level evidence. This meta-analysis reports that the R-Y reconstruction has some clinical advantages in reducing the incidence of bile reﬂux and remnant gastritis compared to the B-I technique. Also, R-Y reconstruction does not significantly increase postoperative complications.

Applications 

This study shows that R-Y reconstruction following DG for gastric cancer has some clinical advantages compared with B-I reconstruction. However, taking into account the limited number of studies, further adequately powered and well-designed randomized controlled trials should be undertaken to investigate the same.
Terminology

Following distal gastrectomy, three methods, namely, (1) gastroduodenal anastomosis or B-I; (2) gastrojejunal anastomosis or Billroth-II; and (3) R-Y gastrojejunostomy are mainly used for gastrointestinal tract reconstruction.

Peer review

This is an interesting study, which can point out to some extent, the direction in gastrointestinal tract reconstruction for the future gastrointestinal surgeon.
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Figure 1 Flow diagram depicting the process of identification and inclusion of selected studies.
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	Articles excluded (n = 355)

Not relevant: 148; Only abstracts: 95;

Reviews or expert opinions: 42; Letters: 33;

Case reports: 37
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Figure 2 Roux-en-Y vs Billroth I-randomized controlled trials comparison. A: Operation time; B: Intraoperative blood loss; C: Hospital stay; D: Anastomotic leakage; E: Anastomotic stricture; F: Bile reﬂux; G: Remnant gastritis; H: Reﬂux esophagitis; I: Delayed gastric emptying. Pooled weighted mean difference (WMD) or odds ratio (OR) with 95% confidence intervals (95%CI) was calculated using the fixed-or random effects model.
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B. Intraoperative blood loss
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C. Hospital stay
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D. Anastomotic leakage
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E. Anastomotic stricture
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F. Bile reﬂux 
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G. Remnant gastritis  
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H. Reﬂux esophagitis 
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I .Delayed gastric emptying
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Figure 3 Roux-en-Y vs Billroth I-observational non-randomized clinical studie comparison. A: Operation time; B: Intraoperative blood loss; C: Hospital stay; D: Anastomotic leakage; E: Anastomotic stricture; F: Bile reﬂux; G: Remnant gastritis; H: Reﬂux esophagitis; I: Dumping symptoms; J: Delayed gastric emptying. Pooled weighted mean difference (WMD) or odds ratio (OR) with 95% confidence intervals (95%CI) was calculated using the fixed-or random effects model.

A. Operation time
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B. Intraoperative blood loss
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C. Hospital stay
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D. Anastomotic leakage

[image: image13.emf]Study or Subgroup Fukuhara 2002 Kojima 2008 Tanaka 2011 Kumagai 2011 Namikawa 2011 Total (95% CI) Total events Heterogeneity: Chi² = 4.60, df = 3 (P = 0.20); I² = 35% Test for overall effect: Z = 0.39 (P = 0.70) Events 1 0 2 1 0 4 Total 29 68 51 95 38 281 Events 0 3 1 0 0 4 Total 41 65 50 329 47 532 Weight 7.7% 69.1% 18.9% 4.3% 100.0% M-H, Fixed, 95% CI 4.37 [0.17, 111.09] 0.13 [0.01, 2.57] 2.00 [0.18, 22.78] 10.46 [0.42, 258.88] Not estimable 1.26 [0.40, 3.97] Year 2002 2008 2011 2011 2011 Roux-en-Y Billroth-I Odds Ratio Odds Ratio M-H, Fixed, 95% CI 0.01 0.1 1 10 100 Favours Roux-en-Y Favours Billroth-I


E. Anastomotic stricture  
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F. Bile reﬂux
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G. Remnant gastritis
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H. Reﬂux esophagitis

[image: image17.emf]Study or Subgroup Shinoto2003 Nunobe 2007 Kojima 2008 Namikawa 2011 Kim 2011 Total (95% CI) Total events Heterogeneity: Chi² = 5.71, df = 4 (P = 0.22); I² = 30% Test for overall effect: Z = 2.32 (P = 0.02) Events 3 0 5 2 6 16 Total 14 182 68 38 20 322 Events 13 5 6 8 16 48 Total 23 203 65 47 59 397 Weight 24.9% 16.7% 18.3% 21.8% 18.3% 100.0% M-H, Fixed, 95% CI 0.21 [0.05, 0.96] 0.10 [0.01, 1.80] 0.78 [0.23, 2.69] 0.27 [0.05, 1.36] 1.15 [0.38, 3.51] 0.48 [0.26, 0.89] Year 2003 2007 2008 2011 2011 Roux-en-Y Billroth I Odds Ratio Odds Ratio M-H, Fixed, 95% CI 0.01 0.1 1 10 100 Favours Roux-en-Y Favours Billroth I


I. Dumping symptoms
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J．Delayed gastric emptying
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Figure 4 Funnel plot. A: Operation time-randomized controlled trial (RCT); B: Remnant gastritis-observational clinical studies (OCS). None of the studies lay outside the limits of the 95% confidence intervals (95%CI), and there was no evidence of publication bias.
A．Operation time-RCT
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B. Remnant gastritis-OCS
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Table 1 Quality assessment of the included randomized controlled studies based on the Jadad scoring system
	Author and year
	Randomized
	Appropriate
randomization
	Appropriately
double blinded
	Description of withdrawals
	Total Jadad score

	Ishikawa et al[20], 2005
	Yes
	Yes
	No
	Yes
	3

	Lee et al [26], 2012
	Yes
	Yes
	No
	Yes
	3

	Imamura et al [27], 2012 or Hirao et al [31], 2012
	Yes
	Yes
	No
	Yes
	3


Table 2 Newcastle-Ottawa scoring system for nonrandomized comparative studies

	Author and year
	Selection star
	Comparability star1
	Outcome star
	Total star

	Fukuhara et al[14], 2002
	3
	2
	3
	8

	Shinoto et al[10], 2003
	3
	2
	3
	8

	Osugi et al[9], 2004
	3
	2
	3
	8

	Nunobe et al[13], 2007
	4
	2
	3
	9

	Kojima et al[21], 2008
	3
	2
	3
	8

	Namikawa et al[22], 2011
	3
	2
	2
	7

	Tanaka et al[23],  2011
	3
	2
	3
	8

	Kumagai et al[24], 2011
	3
	2
	1
	6

	Kim et al[25], 2011
	3
	2
	2
	7


1Factors considered: Age, gender. 
Table 3 Characteristics of included studies in the meta-analysis

	Author and year
	Country
	Design
	Group
	Patients
(n)
	Male/female
(n)
	Mean age

(yr)

	Osugi et al[9],

2004
	Japan
	Retro
	R-Y

B-I
	18

25
	13/5

12/13
	60.2

64.7

	Shinoto et al[10], 2003
	Japan
	Retro
	R-Y

B-I
	20

43
	NR

NR
	63 ± 12

63 ± 9

	Nunobe et al[13], 2007
	Japan
	Retro
	R-Y

B-I
	182

203
	117/65

127/76
	58.8

58.7

	Fukuhara et al[14], 2002
	Japan
	Retro
	R-Y

B-I
	29

41
	23/6

19/22
	56.1

66.0

	Ishikawa et al[20], 2005
	Japan
	RCT
	R-Y

B-I
	24

26
	17/7

19/7
	64 (43–80)
61 (34–84) 

	Kojima et al[21], 2008
	Japan
	Retro
	R-Y

B-I
	68

65
	43/25

48/17
	62.8 ± 12.2

62.0 ± 8.9

	Namikawa et al[22], 2011
	Japan
	Retro
	R-Y

B-I
	38

47
	22/16

25/22
	71 (41–80) 
72 (33–86) 

	Tanaka et al[23],  2011
	Japan
	Retro
	R-Y

B-I
	51

50
	34/17

34/16
	65.2

66.2

	Kumagai et al[24], 2011
	Japan
	Retro
	R-Y

B-I
	95

329
	74/21

197/132
	62.7 (42–81)

63.5 (29–90) 

	Kim et al[25], 2011
	Korea
	Retro
	R-Y

B-I
	26

72
	21/5

54/18
	≥ 60 (9)

≥ 60 (41)

	Lee et al [26], 2012
	Korea
	RCT
	R-Y

B-I
	47

49
	28/19

31/18
	58.5 ± 10.7

60.0 ± 11.6

	Imamura et al [27], 2012 or  Hirao et al [31],2012
	Japan
	RCT
	R-Y

B-I
	169

163
	115/54

105/58
	63.9 ± 10.5

64.4 ± 9.3


Retro: Retrospective observational study; RCT: Randomized controlled trial; R-Y: Roux-en-Y; B-I: Billroth-I.
Table 4 Meta-analysis of outcomes of interest
	Outcome of interest
	Studies

	Patients
(n)
	OR / WMD
	95% CI
	P value

	RCT
	
	
	
	
	

	Operation time
	3
	478
	40.02
	13.93, 66.11
	0.003

	Intraoperative blood loss
	3
	478
	26.99
	-9.35, 63.33
	0.15

	Hospital stay
	3
	478
	2.96
	-0.00, 5.93
	0.05

	Anastomotic leakage
	3
	478
	0.56
	0.12, 2.66
	0.47

	Anastomotic stricture
	3
	478
	1.79
	0.52, 6.13
	0.36

	Bile reﬂux
	2
	145
	0.04
	0.01, 0.14
	< 0.00001

	Reﬂux esophagitis 
	3
	458
	0.49
	0.20, 1.23
	0.13

	Remnant gastritis
	2
	363
	0.43
	0.28, 0.66
	0.0001

	Delayed gastric emptying
	2
	363
	2.31
	0.12
	44.41

	OCS
	
	
	
	
	

	Operation time 
	4
	718
	31.30
	12.99, 49.60
	0.0008

	Intraoperative blood loss 
	3
	620
	26.90
	-46.54, 100.34
	0.47

	Hospital stay
	2
	522
	1.40
	-0.17, 2.97
	0.08

	Anastomotic leakage
	5
	813
	1.26
	0.40, 3.97
	0.70

	Anastomotic stricture
	3
	658
	0.94
	0.31, 2.89
	0.91

	Bile reﬂux
	6
	757
	0.21
	0.08, 0.54
	0.001

	Reﬂux esophagitis
	5
	719
	0.48
	0.26, 0.89
	0.02

	Remnant gastritis
	6
	784
	0.18
	0.11, 0.29
	< 0.00001

	Dumping symptoms
	4
	347
	0.59
	0.32, 1.12
	0.11

	Delayed gastric emptying
	4
	701
	0.95
	0.24, 3.74
	0.94


RCT: Randomized controlled trials; OCS: Non-randomized observational clinical studies; OR: Odds ratio; 

WMD: Weighted mean differences; 95% CI: 95% conﬁdence intervals.
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