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Abstract

Objectives

To conduct a systematic review and meta-analysis of studies comparing the gastric-tube vs.

whole-stomach for esophageal cancer in order to determine the optimal surgical technique

of esophagectomy.

Methods

A comprehensive literature search was performed using PubMed, EMBASE, ScienceDirect,

Ovid MEDLINE, Cochrane Library, Web of Science, Google Scholar, and Scopus. Clinical

trials that compared the gastric-tube versus whole-stomach for esophageal cancer were

selected. The clinical endpoints included anastomotic leakage, anastomotic stenosis, reflux

esophagitis, pneumonia, delayed gastric emptying, and thoracic stomach syndrome.

Results

A total of 6 articles (1571 patients) were included. Compared to the whole-stomach

approach, the gastric-tube approach was associated with a lower incidence of reflux esoph-

agitis (95% confidence interval [CI]: 0.16 to 0.81, p = 0.01) and thoracic stomach syndrome

(95% CI: 0.17 to 0.55, p < 0.0001). The rates of anastomotic leakage, anastomotic stenosis,

pneumonia, and delayed gastric emptying did not significantly differ between the two

groups.

Conclusions

The gastric-tube esophagectomy is superior to the whole-stomach approach, as it is associ-

ated with a lower incidence of postoperative reflux esophagitis and thoracic stomach syn-

drome. Our findings must be validated in large-scale randomized controlled trials.
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Introduction

Esophageal cancer is a common type of cancer worldwide, and is associated with a high mor-

tality rate [1, 2]. Surgical resection is the primary treatment for patients in the early and middle

stages of esophageal cancer [3, 4]. The most suitable method of digestive tract reconstruction

after esophagectomy for esophageal cancer is the anastomosis of the esophageal remnant with

the stomach, as this ensures a reliable blood supply [5, 6]. Currently, both the gastric-tube and

whole-stomach approaches are widely used for esophagogastric anastomosis [7, 8]. Some stud-

ies have concluded that the whole-stomach approach is superior to the gastric-tube approach,

as it provides better protection of the submucosal vessels and can slightly increase gastric

capacity [9, 10]. Furthermore, blood perfusion significantly decreases after tubular gastric sur-

gery [11]. In contrast, other studies have shown that the anatomical structure of the gastric

tube is more in line with physiological needs and could reduce the incidence of postoperative

complications owing to the low anastomotic tension associated with this technique [12]. To

determine the optimal technique, we conducted a systematic review and meta-analysis of stud-

ies investigating esophagectomy with gastric-tube and whole-stomach for the treatment of

esophageal cancer.

Materials and methods

Search strategy

The study was conducted according to the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses criteria (PRISMA) as shown in S1 File. On August 10, 2016, we conducted

an extensive literature search to identify all relevant studies published between January 1990

and August 2016, according to the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses. The following databases were scanned: PubMed, EMBASE, ScienceDirect,

Ovid MEDLINE, Cochrane Library, Web of Science, Google Scholar, and Scopus. The search

strategy was based on the combination of the following keywords or MeSH terms: (“esopha-

gectomy” OR “oesophagectomy”) AND (“gastric tube” OR “tubular stomach”). In addition,

we scanned the reference lists of the retrieved articles to identify relevant studies.

Selection criteria

We used the following inclusion criteria: (1) clinical trials comparing the gastric-tube and

whole-stomach for esophageal cancer, (2) studies including�10 patients in each group, and

(3) the most recent study in the case of duplication of data in more than one article.

Reviews without original data, case reports, meta-analyses, letters, expert opinions, and ani-

mal studies were excluded.

Data extraction

Data extraction was accomplished by two observers independently, using a standardized Excel

form. Any disagreement was resolved the help of a third investigator. The recorded data

included the following: first author, year of publication, study design, number of patients in

each arm (gastric tube or whole stomach), and rate of postoperative complications (anasto-

motic leakage, anastomotic stenosis, reflux esophagitis, pneumonia, delayed gastric emptying,

and thoracic stomach syndrome).

Quality assessment of included studies

We assessed the methodological quality of the included studies by using the Newcastle-

Ottawa Scale (NOS) in the case of non-randomized studies and the Jadad scale in the case of
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randomized controlled trials (RCTs). The 9-point NOS contains three main items: selection,

comparability, and exposure. Studies that scored 8–9 points on the NOS were deemed to be of

high quality, while those that scored 6–7 points were considered to be of medium quality [13].

The Jadad scale is a 5-point scale that evaluates the quality of studies on the basis of three

items: randomization, masking, and accountability of all patients (withdrawals and dropouts).

Studies that scored�3 points on the Jadad scale were considered to be of high quality [14].

Statistical analysis

We used STATA 12.0 (StataCorp. LP, College Station, TX, USA) and Review Manager 5.3

(The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark) to con-

duct the meta-analysis. A p-value< 0.05 was considered to indicate statistical significance.

Between-group differences in continuous variables were assessed using analysis of variance,

while those in categorical variable were assessed using pooled relative risk with 95% confidence

interval (CI). We used the I2 and Cochran Q statistics to evaluate heterogeneity among the

studies. A random-effects model was adopted when significant heterogeneity was present

(p� 0.10 and I2> 50%); otherwise, a fixed-effects model was used. The Egger test based on

anastomotic leakage was used to assess potential publication bias.

Results

Literature search and quality assessments

We initially identified 2539 publications from the database and reference-list searches. From

these, we selected 6 studies with 1571 patients (826 in the gastric-tube group, 745 in the whole-

stomach group) for the final analysis (Fig 1). Among the six studies, three were retrospective

studies, and three were RCTs. Quality assessments using the NOS and Jadad scales showed

that five studies were of good quality, and one study was of medium quality. The baseline char-

acteristics of the included studies and the main evaluation indexes are shown in Table 1.

Anastomotic leakage

All six articles evaluated the rate of anastomotic leakage. This rate did not significantly differ

between the gastric-tube and whole-stomach groups (95% CI: -0.04 to 0.05, p = 0.93). How-

ever, significant heterogeneity was present across the studies (p = 0.008, I2 = 68%; Fig 2).

Anastomotic stenosis

Four articles assessed the rate of anastomotic stenosis, which did not significantly differ

between the two groups (95% CI: 0.68 to 2.69, p = 0.43). However, significant heterogeneity

was present across the studies (p = 0.02, I2 = 70%; Fig 3).

Reflux esophagitis

Four articles reported the rates of reflux esophagitis. Reflux esophagitis was significantly more

common in the whole-stomach group than in the gastric-tube group (95% CI: 0.16 to 0.81,

p = 0.01). In addition, significant heterogeneity was present across the studies (p = 0.04, I2 =

64%; Fig 4).
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Fig 1. Flow diagram of study selection.

doi:10.1371/journal.pone.0173416.g001

Table 1. Characteristics of the studies included in the meta-analysis.

Study Groups NO. of

Patients

(n)

Reflux

esophagitis

(n)

Thoracic

stomach

syndrome (n)

Anastomotic

leakage (n)

Anastomotic

stenosis(n)

Pneumonia

(n)

Delayed

gastric

emptying (n)

Design Quality

(score)

1995 Collard [9] Gastric

tube

112 6 9 25 Retrospective 7

Whole

stomach

100 4 1 6

2004 Tabira [15] Gastric

tube

22 5 RCT 3

Whole

stomach

22 1

2009 Peng [16] Gastric

tube

120 6 2 12 3 0 RCT 4

Whole

stomach

120 31 4 15 15 15

2013 Shu [12] Gastric

tube

453 23 15 25 42 Retrospective 8

Whole

stomach

397 44 39 37 39

2015 Zhang [7] Gastric

tube

52 3 0 4 9 7 3 RCT 4

Whole

stomach

52 11 3 4 8 9 3

2016 Zhang [17] Gastric

tube

67 1 Retrospective 8

Whole

stomach

54 3

doi:10.1371/journal.pone.0173416.t001
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Pneumonia

Two articles mentioned the incidence of pneumonia, which did not differ between the gastric-

tube and whole-stomach groups (95% CI: 0.09 to 1.55, p = 0.18). However, significant hetero-

geneity was found across the studies (p = 0.09, I2 = 65%; Fig 5).

Fig 2. Forest plot of anastomotic leakage in the whole-stomach and gastric-tube groups.

doi:10.1371/journal.pone.0173416.g002

Fig 3. Forest plot of anastomotic stenosis in the whole-stomach and gastric-tube groups.

doi:10.1371/journal.pone.0173416.g003

Fig 4. Forest plot of reflux esophagitis in the whole-stomach and gastric-tube groups.

doi:10.1371/journal.pone.0173416.g004

Fig 5. Forest plot of pneumonia in the whole-stomach and gastric-tube groups.

doi:10.1371/journal.pone.0173416.g005
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Delayed gastric emptying

Two articles compared the rate of delayed gastric emptying between the gastric-tube and

whole-stomach groups. This rate did not differ between the two study groups (95% CI: 0.00 to

10.02, p = 0.42). However, significant heterogeneity across the studies was detected (p = 0.02,

I2 = 83%; Fig 6).

Thoracic stomach syndrome

Two articles compared the rate of thoracic stomach syndrome between the two study groups.

There was no evidence of heterogeneity between these two studies (p = 0.59, I2 = 0%). The inci-

dence of thoracic stomach syndrome was significantly higher in the whole-stomach group

than in the gastric-tube group (95% CI: 0.17 to 0.55, p< 0.0001; Fig 7).

Publication bias

The Egger test based on the data for anastomotic leakage suggested that there was no signifi-

cant publication bias (p = 0.186; Fig 8).

Discussion

Currently, esophagectomy is the primary treatment for the early and middle stages of esoph-

ageal cancer [3, 4]. Minimally invasive esophagectomy (MIE) could achieve similar long-term

survival rates and reduce perioperative complications as compared with open esophagectomy

(OE) [18, 19]. However, the change in the normal anatomical structure caused by esophagect-

omy (both MIE and OE) can lead to persistent gastrointestinal side effects, such as diarrhea,

anorexia, nausea, acid regurgitation, and dysphagia [20]. In our clinical practice, we have

found that many patients experience several episodes of intolerable gastrointestinal side effects

after esophagectomy. Esophagogastric anastomosis via the gastric-tube approach more closely

approximates the physiological form of the esophagus, and has been considered to reduce com-

plications and improve the postoperative quality of life in many studies [7, 17,21]. Nevertheless,

there is still some debate about the optimal reconstruction method after esophagectomy. The

Fig 6. Forest plot of delayed gastric emptying in the whole-stomach and gastric-tube groups.

doi:10.1371/journal.pone.0173416.g006

Fig 7. Forest plot of thoracic stomach syndrome in the whole-stomach and gastric-tube groups.

doi:10.1371/journal.pone.0173416.g007
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present meta-analysis therefore assessed six studies to provide the most comprehensive evi-

dence about this argument.

Our meta-analysis showed that the rate of reflux esophagitis was significantly lower in the

gastric-tube group than in the whole-stomach group. The following reasons might account for

this finding: (1) The shape of the stomach tube (wide above and narrow below) is closer to the

natural form of the esophagus, and can shorten the retention time of food in the stomach,

which can reduce the incidence of reflux. Barbera et al. measured the gastric emptying rate by

using a 99mTc-labeled mixed solid–liquid meal, and found that food passed faster in the finer

gastric-tube than in the whole-stomach [22]. (2) The oxyntic glands in the stomach, which are

composed of parietal cells, chief cells, and mucous neck cells, are mainly distributed in the gas-

tric corpus and gastric fundus. The reduction in gastric acid secretion after gastric-tube recon-

struction can effectively prevent the occurrence of reflux esophagitis [23, 24]. (3) The volume

of the tubular stomach is smaller than that of the whole stomach (21.4%–47.2% reduction)

[25]. Thus, the compression of the stomach by the lungs during coughing or breathing is

reduced, which can decrease the duration and amount of reflux [26].

The incidence of thoracic stomach syndrome was also significantly lower in the gastric-

tube group than in the whole-stomach group. The main reason for this is the bigger stomach

in the whole-stomach group, especially after eating [2]. A very large stomach compresses the

Fig 8. The Egger test for anastomotic leakage suggests that no publication bias is present in the pooled analysis.

doi:10.1371/journal.pone.0173416.g008
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lungs and mediastinum, which could restrict the recruitment of the lung on the surgical side

[12]. Atelectasis might decrease lung ventilation and increase the risk of pulmonary infection.

No statistical differences were found in the rates of anastomotic leakage and anastomotic

stenosis between the two groups. These findings may be explained the by following reasons:

(1) Although the tubular stomach increased the arterial blood supply to the anastomosis, it did

not improve the venous return and microvascular circulation, which might be more important

for the occurrence of anastomotic leakage [27]. (2) The occurrence of anastomotic complica-

tions does not depend only on blood supply and anastomotic tension [28]; other factors (such

as surgical approach, anastomotic method, gastric-tube size, and scar tissue hyperplasia) might

also play a role. Zhang et al. compared the rates of anastomotic leakage between patients who

had undergone esophagogastric anastomosis with hand suturing vs. stapling, and found that

the incidence of anastomotic leakage was lower after stapling than after hand suturing [29].

Lerut et al. reported that the incidence of anastomotic stenosis was slightly higher after hand

suturing than after stapling, especially in the case of double-layer anastomoses [30].

Our study has certain limitations. First, only 6 articles with 1571 patients were included in

this study, and this might have affected the quality of the results. Second, the surgical technique

(thoracolaparoscopic vs. open, two-field vs. three-field, hand suturing vs. stapling, etc.) was

not uniform between the included articles. These differences might have affected the compara-

bility of the data.

Conclusion

Our analysis suggests that gastric-tube reconstruction can decrease the incidence of reflux

esophagitis and thoracic stomach syndrome after esophagectomy for esophageal cancer. The

rates of anastomotic leakage and anastomotic stenosis did not significantly differ between the

two reconstruction methods. However, because of the significant heterogeneity across the

studies and the inherent limitations of our meta-analysis, this conclusion should be validated

through more large-scale, high-quality RCTs.
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