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Abstract

Background In recent years, submucosal tunneling endo-

scopic resection (STER) has emerged as a novel thera-

peutic endoscopic technique for upper gastrointestinal

submucosal tumors (SMTs). The aim of this study was to

evaluate the safety and efficacy of STER for upper gas-

trointestinal SMTs.

Methods A systematic search of both English and Chinese

databases was performed until November 15, 2015. Com-

plete resection and en bloc resection rates were considered

the primary outcome measures. Prevalence of complica-

tions was considered the secondary outcome measure. A

random-effects model was used to generate conservative

estimates of the prevalence of the main outcome variables.

All data analyses were performed using Meta-Analyst

software (version beta 3.13).

Results A total of 28 studies were included in the final

meta-analysis. The pooled complete resection and en bloc

resection rates were 97.5 % (95 % CI 96.0–98.5 %) and

94.6 % (95 % CI 91.5–96.7 %), respectively. The common

complications associated with STER were air leakage

symptoms and perforation. The pooled prevalence of air

leakage symptoms was 14.8 % (95 % CI 10.5–20.5 %) for

subcutaneous emphysema and pneumomediastinum, 6.1 %

(95 % CI 4.0–9.0 %) for pneumothorax and 6.8 % (95 %

CI 4.7–9.6 %) for pneumoperitoneum. Additionally, the

pooled prevalence of perforation was 5.6 % (95 % CI

3.7–8.2 %). Only a few cases of bleeding were reported in

two studies.

Conclusions STER is a highly feasible and safe treatment

option for upper gastrointestinal SMTs.

Keywords Endoscopic resection � Submucosal tunnel �
Gastrointestinal tumor � Submucosal tumor

Abbreviations

STER Submucosal tunneling endoscopic resection

SMTs Submucosal tumors

SEP Subcutaneous emphysema and

pneumomediastinum

GIST Gastrointestinal stromal tumor

GCT Granular cell tumor

CFT Calcifying fibrous tumor

EUS Endoscopic ultrasonography

MP Muscularis propria

ESE Endoscopic submucosal excavation

EFR Endoscopic full-thickness resection

POEM Peroral endoscopic myotomy

Most upper gastrointestinal submucosal tumors (SMTs) are

regarded as clinically benign if they are smaller than

30 mm in size. However, some of these tumors do have a

malignant potential (especially gastrointestinal stromal

tumors, GISTs), which cannot be detected by endoscopic

ultrasonography (EUS). Management by periodic endo-

scopic surveillance may lead to missed or delayed diag-

nosis of malignancy [1]. Moreover, such periodic

endoscopic follow-ups can not only be stressful and trou-

blesome for patients but can also cause long-term financial

burdens. Gastrointestinal SMTs originating from the proper

muscle layer (muscularis propria, MP) are routinely

resected using a surgical operation [2]. However, with the
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development of endoscopic techniques in recent years,

endoscopic operations, including endoscopic submucosal

excavation (ESE), submucosal tunneling endoscopic

resection (STER) and endoscopic full-thickness resection

(EFR), could provide both a definitive histologic diagnosis

and a minimally invasive therapeutic approach to such

tumors [3].

STER uses a submucosal tunnel as an operating space

to resect targeted tumors. This technique originated from

the technique of peroral endoscopic myotomy (POEM).

The main advantage of STER is the maintenance of GI

tract mucosal integrity while achieving an en bloc resec-

tion of SMTs [4, 5]. Compared with ESE and EFR, this

method may reduce the risks of postoperative gastroin-

testinal tract leakage and secondary infection. Several

studies have attempted to assess the efficacy and safety of

STER for upper gastrointestinal SMTs in recent years,

especially in China. However, most of these studies had

limited samples. The aim of this systematic review was to

pool the results of the STER procedures to evaluate its

effectiveness and address relevant clinical and technical

issues.

Methods

This study did not require ethical approval or informed

consent because only published materials were included.

Search strategy

This study was conducted following the meta-analysis of

observational studies in epidemiology guidelines [6]. A

systematic literature search was performed in English

databases, including PubMed, Embase, Web of Science and

the Cochrane Library, and Chinese databases, including

Chinese biomedicine literature database (CBM), Chinese

technological periodical full-text database (VIP) and Chi-

nese periodical full-text database (CNKI). Relevant pub-

lished articles were searched until November 15, 2015. The

medical terms ‘‘submucosal tunneling endoscopic resec-

tion,’’ ‘‘STER,’’ ‘‘endoscopic resection,’’ ‘‘submucosal

tunnel,’’ ‘‘gastrointestinal tumor’’ and ‘‘gastrointestinal

neoplasms’’ were used in the search. References of relevant

articles were also scanned for potential missed studies.

Study selection

The inclusion criteria were as follows: (1) clinical studies

focused on the efficacy and safety of STER for upper

gastrointestinal SMTs; (2) clinical outcomes, such as

resection rates and complications, were reported; and (3)

full-text articles could be obtained. The exclusion criteria

were as follows: (1) experimental studies in animal models;

(2) studies including participants without upper gastroin-

testinal submucosal tumors; (3) studies including patients

who were duplicated in similar studies; and (4) abstracts or

unsuitable publication types, such as comments, reviews,

guidelines or case reports. There was no language restric-

tion in the selection. Two investigators independently

evaluated each study for eligibility, and any disagreements

were resolved by discussion.

Data extraction

A predefined data sheet was developed by the two

reviewers who independently extracted the data. The fol-

lowing characteristics were collected from each study: (1)

study and population characteristics, including first

author’s name, year of publication, country of origin,

number of patients, number of lesions, age distribution,

gender distribution and study design, and (2) technical and

clinical characteristics, including complete resection rate,

en bloc resection rate, location of lesions, diameter of

lesions (in mm), procedural time (in minutes), days of

hospitalization (in days), follow-up duration (in months),

result of histology, prevalence of complications and

recurrence of tumors. We did not attempt to contact the

corresponding authors for any missing data.

Outcome measures

The main outcome measures were complete resection

rate, defined as complete tumor removal with negative

margins established, and en bloc resection rate, defined

as complete removal of the tumor into one non-frag-

mented piece. Short-term complications (most commonly

air leakage symptoms, perforation and bleeding) and

long-term oncologic outcomes (local recurrence rate)

were carefully recorded as secondary outcome measures.

We performed a subgroup analysis in the process of

pooling the prevalence of complications based on lesion

location because the incidence of complications was

diverse in different locations in the upper gastrointestinal

tract.

Quality assessment

The Downs and Black quality checklist was used to eval-

uate all studies. This checklist was designed to ensure the

quality of both randomized and nonrandomized studies [7]

and provides an overall numeric score of 30 points based

on 5 domains as follows: reporting (overall quality),

external validity (ability to generalize findings), bias (in-

tervention and outcome measures), confounding (bias in

sampling) and power (negative findings). Two reviewers
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judged the quality results independently. A final score for

each study was determined using the average of the two

reviewers’ scores.

Statistical analysis

The prevalence of the main outcome variables in each study

was combined to yield a pooled prevalence with a 95 % CI

for all studies. Data were pooled using a random-effects

model to generate a more conservative estimate of the

prevalence. Heterogeneity among studies was assessed by

using Cochran’s Q test and an inconsistency index (I2).

Heterogeneity was present if the P value was less than 0.05

for Cochran’s Q test, while values of I2 of 25, 50 and 75 %

represented low, moderate and high heterogeneity, respec-

tively [8]. All data analyses in this study were conducted

using Meta-Analyst software (version beta 3.13) [9].

Results

Search results

A flow diagram of the systematic review is shown in

Fig. 1. After an initial search, 282 studies were identified.

The studies included 191 English articles and 91 Chinese

articles. Of these articles, 49 studies were selected for

further full-text evaluation after excluding duplicates and a

review of the remaining titles and abstracts. Of the

remaining 49 records, 28 studies fulfilled the criteria for

inclusion for a quantitative synthesis (meta-analysis) [10–

37]. The reasons for the final exclusion of 21 studies were

as follows: (1) different endoscopic techniques (ESE and

EFR) were used; (2) insufficient data about the clinical

outcomes were provided; and (3) possible cohort overlaps

between studies were found.

Study characteristics

The included studies were published between 2011 and

2015. All but one of the studies, which were performed in

Japan, were conducted in China. There were 20 retro-

spective and 8 prospective studies included, comprising a

total of 1041 patients and 1085 lesions. More male patients

were discovered in the included studies. The total M/F ratio

was 611/387 out of 27 studies. The median of the mean

ages across all studies was 48.0 years (range

36.7–54.2 years). The median of the mean days in the

hospital (reported in 18 studies) was 4.9 days (range

2.3–12.6 days), and the median of the mean follow-up

Fig. 1 Flow diagram of studies

included in this meta-analysis
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periods (reported in 16 studies) was 7.1 months (range

1.9–18.0 months). All included studies were assessed as

medium to high quality according to the criteria from the

Downs and Black quality checklist. The study character-

istics of the included studies are given in Table 1. The

clinical characteristics are given in Table 2.

Efficacy outcomes

A complete resection rate was reported in 27 studies except

one [28]. The pooled prevalence was 97.5 % (95 % CI

96.0–98.5 %), which is shown in Fig. 2. No significant

heterogeneity was detected in the analysis of the complete

resection rate (I2 = 0.0 %, Q = 0.894, p = 0.500). An en

bloc resection rate was reported in 18 studies, and the

pooled prevalence was 94.6 % (95 % CI 91.5–96.7 %),

which is shown in Fig. 3, with low heterogeneity detected

among the studies (I2 = 23.2 %, Q = 0.961, p = 0.099).

Safety outcomes

As shown in Table 3, air leakage symptoms frequently

occurred in the upper gastrointestinal STER procedures,

which generally consisted of subcutaneous emphysema and

pneumomediastinum (SEP), pneumothorax and pneu-

moperitoneum. SEP was the most commonly reported

complication, with a pooled prevalence of 14.8 % (95 %

CI 10.5–20.5 %) from 17 studies. A moderate hetero-

geneity was identified (I2 = 28.5 %, Q = 0.977,

p = 0.018). The esophagogastric junction was the most

common predilection site (26.1 %, 95 % CI 17.9–36.4 %)

for SEP rather than the esophagus or stomach (Fig. 4). The

pooled prevalence of pneumothorax was 6.1 % (95 % CI

4.0–9.0 %) from 7 studies (Fig. 5). No evidence of

heterogeneity (I2 = 0.0 %, Q = 0.950, p = 0.454) was

identified. The pooled prevalence of pneumoperitoneum

was 6.8 % (95 % CI 4.7–9.6 %) from 9 studies (Fig. 6).

Table 1 Study and population characteristics of the included studies

Authors Year Country Patients (n) Lesions (n) Mean age (year) M/F Type Quality score

Xu [10] 2011 China 26 26 50.8 15/11 Retrospective 20

Gong [11] 2012 China 12 12 43.3 6/6 Prospective 19

Inoue [12] 2012 Japan 7 7 51.3 4/3 Prospective 19

Xu [13] 2012 China 5 5 47.8 3/2 Retrospective 18

Zhao [14] 2012 China 16 20 54 9/7 Prospective 20

Ge [15] 2013 China 17 17 46 9/8 Prospective 21

Jiao [16] 2013 China 33 37 50 17/16 Retrospective 21

Liu [17] 2013 China 12 12 42.5 8/4 Retrospective 19

Wang [18] 2013 China 18 18 36.7 11/7 Retrospective 22

Jiang [19] 2013 China 12 12 44.9 8/4 Retrospective 20

Lu [20] 2014 China 42 45 50.9 18/24 Retrospective 23

Min [21] 2014 China 5 5 47.2 3/2 Retrospective 19

Wang [22] 2014 China 57 57 48 29/28 Prospective 21

Xiong [23] 2014 China 17 17 42.1 7/10 Retrospective 20

Yang [24] 2014 China 23 23 51 12/11 Retrospective 20

Ye [25] 2014 China 85 85 48 47/38 Prospective 24

Li [26] 2014 China 13 13 45.3 8/5 Retrospective 20

Xu [27] 2014 China 28 28 50.4 15/13 Retrospective 20

Chen [28] 2014 China 290 290 49 195/95 Retrospective 24

Lu [29] 2015 China 43 47 54.2 NA Retrospective 21

Wang [30] 2015 China 80 83 44 49/31 Retrospective 22

Xiong [31] 2015 China 50 50 46.3 28/22 Prospective 21

Zhang [32] 2015 China 23 49 52 18/5 Prospective 20

Zhao [33] 2015 China 48 48 51.1 32/16 Retrospective 21

Zhou [34] 2015 China 21 21 46.2 18/3 Retrospective 21

Li [35] 2015 China 18 18 45 11/7 Retrospective 21

Ruan [36] 2015 China 26 26 52 20/6 Retrospective 20

Wei [37] 2015 China 14 14 48.2 11/3 Retrospective 19

M/F male/female ratio; NA not available
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Again, no evidence of heterogeneity (I2 = 0.0 %,

Q = 0.928, p = 0.496) was identified. The esophagogas-

tric junction and stomach were the most common

predilection sites for pneumothorax (10.7 %, 95 % CI

4.6–22.9 %) and pneumoperitoneum (9.6 %, 95 % CI

5.2–17.2 %), respectively.

Furthermore, the pooled prevalence of perforation was

5.6 % (95 % CI 3.7–8.2 %) from 6 studies (Fig. 7). No

heterogeneity was discovered (I2 = 0.0 %, Q = 0.915,

p = 0.499). Perforation was most likely to occur in the

stomach with a pooled incidence rate of 8.7 % (95 % CI

4.5–16.2 %). Only two studies reported a bleeding occur-

rence, and the definitions of bleeding from these studies

were diverse. Wang et al. [18] reported the prevalence of

bleeding was 17 %, which could be managed successfully

using conservative approaches. However, Chen et al. [28]

defined bleeding as major bleeding ([200 mL) with a

prevalence of 1.7 %, and the bleeding could only be

stanched by coagulation. No local recurrence was found in

any of the included studies during the follow-up periods,

and no STER-related deaths occurred.

Discussion

Our systematic review and meta-analysis showed that

STER is a highly feasible and safe treatment option for

upper gastrointestinal SMTs. In a pooled population of

1041 patients, both the complete resection rate (97.5 %)

and en bloc resection rate (94.6 %) of STER should be

viewed as reasonable. The prevalence of complications

should also be considered more acceptable compared to

surgical operations [38].

The STER technique was first reported by Xu et al.[39]

from China. A standard procedure for STER includes the

following steps: (1) injecting a mixed solution orally

3–5 cm from the proximal margin of the SMT to make a

fluid cushion; (2) a 2-cm longitudinal mucosal incision is

made using a hook knife at the top of the fluid cushion to

provide mucosal entry to the submucosa; (3) a submucosal

tunnel to the lesion is created with a hook or hybrid knife

between the submucosal and muscular layers; (4) an

endoscopic resection is meticulously performed with an

insulated-tip, hook or hybrid knife until the tumor is

completely dissected; (5) all visible blood vessels on the

edge of the resection are coagulated with hot biopsy for-

ceps or argon plasma coagulation; and (6) the mucosal

incision site is then closed with several clips. Using STER

offers several advantages. First, the integrity of the diges-

tive tract mucosa and submucosa can be preserved to

promote wound healing. Second, a 5-cm submucosal tunnel

offers a good leak-proofing effect, which can reduce the

risk of a digestive tract fistula and pleural/abdominalT
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Fig. 2 Forest plot: complete resection rate and pooled estimates
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infection during the procedure. Third, the MP layer can be

observed directly in the submucosal tunnel. Hemorrhagic

spots can be immediately detected and successfully man-

aged with hemostasis, which also reduces the risk of major

or delayed bleeding.

The results of our study show that STER has both high

complete resection and en bloc resection rates. Notably,

several factors may influence the resection rate. First, the

maximum resectable lesion size should be less than 35 mm

in diameter, which is recommended by the most

researchers because large tumors could cause loss of

endoscopic visualization in a limited submucosal space

[12, 16–18, 40]. Although some cases for employing STER

in larger tumors have been reported by a few researchers,

their results may not be satisfactory with failure of en bloc

resection and/or complete resection [11, 12, 41]. Second, a

tumor originating from the deep layer of the MP should be

considered a non-applicable option for using STER. It is

difficult to excise such lesions in an en bloc resection. A

deep portion of the MP layer is usually associated with a

high risk of perforation, chronic fistula formation and

secondary infection [25, 26]. Third, to achieve high

resection rates, a clear field of vision should be obtained.

The tunnels should extend at least 2 cm distal to the tumor

to ensure a satisfactory endoscopic view and leave enough

working space for resection [30].

There was a general low complication rate for STER

according to our research. Although the air leakage

symptoms occur commonly, most of them can be treated

with conservative approaches [16, 17, 24, 25, 28]. When

SEP, pneumothorax or pneumoperitoneum occurs, gas

insufflation should be used cautiously. Oxygen saturation

Fig. 3 Forest plot: en bloc resection rate and pooled estimates
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and abdominal signs should be monitored closely. A

punctuation or thoracic closed drainage should be applied

timely. Furthermore, CO2 is recommended for gas insuf-

flation because of its quick absorption by the gastroin-

testinal tract [14, 15, 17, 22, 24].

We realized that perforation occurred more frequently in

the stomach, although the reasons for this were not defi-

nitely clear. One explanation may be that a tunnel is dif-

ficult to build in the gastric fundus and lesser curvature,

which leads to the potential of harmful operations. The

direction of tunneling is opposite the direction of endo-

scope advancement as a result of its retroflexion in this part

of the stomach [29]. We also realized that, although the

muscularis propria is rich in blood vessels, the incidence

rate of bleeding in our review was low, which may be

mainly because the operating area in the tunnel was washed

and hemostasis was carefully executed during the operation

[25]. During the follow-up period of all the included

studies, no tumor recurrence and no STER-related deaths

were found. Notably, the ideal follow-up strategies after

STER are still unknown [42].

Some technical challenges also existed for STER. First,

the indication for STER is limited by the lesion size and

depth. EUS was still conventionally needed to identify the

size, border and originating layer of the SMTs prepared for

the operation [36]. Second, not all parts of the gastroin-

testinal tract are suitable for tunneling. Tumors in the upper

esophagus leave no spare length for tunneling. As men-

tioned above, a tunnel is also sometimes difficult to build in

the stomach. Third, the tunnel mucosa must be kept intact

during the procedure, especially when excavating the

lesion because leak-proofing only works effectively when

the tunnel mucosa maintains integrity [25].

There are several limitations to our study. First, most of

the included studies were conducted in China. Therefore, it

is difficult to represent the characteristics of patients

Table 3 Complications and tumor recurrence in the collected studies

Authors Complication Recurrences

Xu [10] Subcutaneous emphysema and pneumomediastinum 3, Pneumothorax 1 0

Gong [11] Subcutaneous emphysema and pneumomediastinum 2, Pneumothorax 2 0

Inoue [12] None 0

Xu [13] None 0

Zhao [14] Subcutaneous emphysema and pneumomediastinum 1 0

Ge [15] Subcutaneous emphysema and pneumomediastinum 2 0

Jiao [16] Subcutaneous emphysema and pneumomediastinum 3, Pneumothorax 1, Perforation 1 0

Liu [17] Subcutaneous emphysema and pneumomediastinum 8, Pneumothorax 4, Pneumoperitoneum 3 0

Wang [18] Bleeding 3 0

Jiang [19] Subcutaneous emphysema and pneumomediastinum 1, Pneumoperitoneum 1 0

Lu [20] Subcutaneous emphysema and pneumomediastinum 1, Perforation 6 0

Min [21] Subcutaneous emphysema and pneumomediastinum 1 0

Wang [22] Subcutaneous emphysema and pneumomediastinum 12, Pneumothorax 5, Pneumoperitoneum 3 0

Xiong [23] Subcutaneous emphysema and pneumomediastinum 3, Pneumoperitoneum 2 0

Yang [24] Subcutaneous emphysema and pneumomediastinum 3, Perforation 2 0

Ye [25] Subcutaneous emphysema and pneumomediastinum 8, Pneumothorax 6, Pneumoperitoneum 4 0

Li [26] Subcutaneous emphysema and pneumomediastinum 3, Pneumothorax 1, Pneumoperitoneum 1 0

Xu [27] Subcutaneous emphysema and pneumomediastinum 1 0

Chen [28] Subcutaneous emphysema and pneumomediastinum 61, Pneumothorax 22, Pneumoperitoneum 15, Major bleeding 5 0

Lu [29] Pneumoperitoneum 4, Perforation 3 0

Wang [30] Subcutaneous emphysema and pneumomediastinum 2, Pneumothorax 1, Perforation 1 0

Xiong [31] Pneumoperitoneum 5, Perforation 5 0

Zhang [32] Subcutaneous emphysema and pneumomediastinum 3, Pneumothorax 2, Pneumoperitoneum 1 0

Zhao [33] Subcutaneous emphysema and pneumomediastinum 6, Pneumoperitoneum 2 0

Zhou [34] Subcutaneous emphysema and pneumomediastinum 9 0

Li [35] Subcutaneous emphysema and pneumomediastinum 2 0

Ruan [36] Subcutaneous emphysema and pneumomediastinum 11, Pneumothorax 2, Pneumoperitoneum 1 0

Wei [37] Subcutaneous emphysema and pneumomediastinum 1, Pneumothorax 1 0
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Fig. 4 Forest plot: prevalence of SEP during STER, stratified by tumor location (esophagus, stomach and the esophagogastric junction)
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Fig. 5 Forest plot: prevalence of pneumothorax during STER, stratified by tumor location (esophagus, stomach and the esophagogastric junction)
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Fig. 6 Forest plot: prevalence of pneumoperitoneumduringSTER, stratified by tumor location (esophagus, stomach and the esophagogastric junction)
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Fig. 7 Forest plot: prevalence of perforation during STER, stratified by tumor location (esophagus, stomach and the esophagogastric junction)
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worldwide, and the results may not be generalizable to

Western countries. Second, most studies included in this

systematic review were retrospective studies performed in

single centers. Thus, selection bias could not be excluded.

Third, most of the included studies were observational

studies, and a group comparison was only conducted in one

study. More prospective studies are necessary to compare

the efficacy and safety of STER with other endoscopic

techniques and surgical operations.

Conclusions

In conclusion, our study showed that STER is a highly

effective and safe procedure. Additional data from ran-

domized controlled studies are needed to further validate

these findings as well as to compare its effectiveness with

other therapeutic modalities.
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