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Abstract
Background and Purpose Submucosal tunneling endoscopic resection (STER) was initially used to remove submucosal tumors
(SMTs) located at the esophagus and cardia; only few researchers have reported the feasibility of STER for gastric SMTs beyond
cardia due to the technical difficulty, and little is known about the comparison of STER for cardia and non-cardia gastric SMTs.
The purpose was to compare the feasibility and efficacy of STER for cardia and non-cardia gastric SMTs, as well as to explore the
risk factors for failure of en bloc resection.
Methods We retrospectively collected the clinical data about patients with gastric SMTs who received STER at our hospital from
June 2012 to June 2018. Demographics, tumor size, procedure-related parameters, complications, hospital stay, and follow-up
data were compared between cardia and non-cardia SMTs. And multivariate analyses were conducted to look for the risk factors
for failure of en bloc resection.
Results A total of 46 SMTs were removed, and 25 of themwere located at cardia, while the other 21 at non-cardia position. There
was no significant difference between the two groups in terms of gender, age, tumor size, en bloc resection rate, operation time,
complications, and hospital stay (p > 0.05). No recurrence was noticed in all the cases. Multivariate analyses revealed that
irregular shape was an independent risk factor for failure of en bloc resection.
Conclusion STER is feasible for both cardia and non-cardia gastric SMTs, and the efficacy between cardia and non-cardia
location is comparable. Irregular shape was an independent risk factor for failure of en bloc resection.
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Introduction

With the widespread use of esophagogastroduodenoscopy
(EGD) and endoscopic ultrasonography (EUS), the diag-
nostic rate of gastric submucosal tumors (SMTs) has in-
creased obviously.1 Periodical surveillance by EGD and/
or EUS remains one of the recommended strategies; how-
ever, it involves issues related to the patient’s compliance
and stress, cost-effectiveness, and the risk associated with
repeated endoscopic procedures and delayed diagnosis of
malignancy.2,3 Moreover, a majority of the gastric SMTs

are gastrointestinal stromal tumors (GISTs), which have
malignant potential, especially when they are large in
diameter.1 Therefore, it is necessary to remove these
SMTs.

Current methods to remove gastric SMTs include sur-
gical and endoscopic resection.1,3,4 Endoscopic resection
has several advantages over surgical approaches, such as
minimally invasive, a shorter hospital stay, a lower cost,
etc.1,3,4 And current endoscopic modalities include en-
doscopic band ligation (EBL), endoscopic submucosal
dissection (ESD), endoscopic submucosal excavation
(ESE), endoscopic full-thickness resection (EFTR), and
submucosal tunneling endoscopic resection (STER).1,3,4

STER is a novel endoscopic technique and has several
advantages over other endoscopic methods, such as mu-
cosa integrity, easy to close the mucosal defect, etc.5–8

STER was initially used for treatment of SMTs located
at esophagus and gastric cardia,9–11 and gastric SMTs
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beyond cardia were not recommended for STER due to
technical difficulty. Until now, only several studies have
reported the feasibility of STER for gastric SMTs in
non-cardia location12–15; however, little is known about
the comparison of the efficacy of STER for gastric car-
dia and non-cardia SMTs. In this retrospective study, we
aimed to compare the feasibility and efficacy of STER
on SMTs located at the above two sites, as well as to
explore the risk factors for failure of en bloc resection.

Materials and Methods

Patients

This is a single-center, retrospective study and was ap-
proved by the ethics committee of the Second Xiangya
Hospital of Central South University, and all the pa-
tients signed informed consent. The inclusion criteria
of the study were as follows: (a) presence of gastric
SMTs originating from the muscularis propria (MP) lay-
er confirmed by EGD, EUS, and/or computerized to-
mography (CT), and the greatest diameter of SMT per
EUS and/or CT is ≤ 5 cm; (b) EUS shows no high-risk
features of malignancy, such as internal heterogeneity,
heterogeneous enhancement; (c) no signs of metastasis
or invasion outside the gastrointestinal tract during CT
examination; and (d) patient consent to undergo an
STER procedure at our hospital. Those patients who
could not tolerate anesthesia, those with severe cardio-
pulmonary disease or blood coagulation disorders (inter-
national normalized ratio > 2.0, platelet count < 100,000/
mm3), and those with multiple gastric SMTs or gastric
SMTs with co-existed esophageal SMT were excluded
from the study. Forty-six consecutive patients were ret-
rospectively included in the study between June 2012
and June 2018. Their demographics (age, gender), tumor
size, procedure-related parameters, complications, hospi-
tal stay, and follow-up data were retrospectively collect-
ed and recorded.

STER Procedure

STER was performed under general anesthesia through
tracheal intubation. A carbon dioxide insufflator (UCR;
Olympus) was used in all the procedures. Other equip-
ment and accessories included a high-frequency genera-
tor (VIO 200D; ERBE, Tübingen, Germany), an argon
plasma coagulation unit (APC300; ERBE), a hybrid
knife (ERBE), a dual knife (KD-650Q; Olympus), an
insulation-tip knife (KD611L, IT2; Olympus), an injec-
tion needle (NM-4L-1; Olympus), and hemostatic clips
(HX-600-90; Olympus).

STER was performed as follows: (a) identification of the
SMT: for SMTs located at gastric fundus, submucosal injec-
tion with methylene-blue was used to help locate the tumor;
(b) for cardia SMTs, submucosal injection was made at about
3~5 cm proximal to the SMT; submucosal injection at cardia
or lower esophagus for gastric fundus SMTs, while 2–3 cm
proximal to the SMT for gastric antrum or corpus SMTs; (c) a
longitudinal mucosal incision was made to create the tunnel
entry; (d) create the submucosal tunnel; (e) dissect the tumor;
and (f) close the mucosal entry. Figure 1 and Fig. 2 depict the
procedure of STER for cardia and antrum SMT, respectively.

Postoperative Management

All the patients were kept nil per os (NPO) for 48 h, a liquid
diet for 3 days, and returned gradually to a normal diet within
2 weeks. Intravenous proton pump inhibitor (PPI) and antibi-
otics were used for 3 days. A thoracoabdominal radiography
or sometimes a CT was performed for suspicious patients on
postoperative day 2 to check for the occurrence of emphyse-
ma, pneumothorax, pneumoperitoneum, etc.

Pathological Evaluation

The specimens were fixed, embedded with paraffin, and then
sectioned. Hematoxylin and eosin and immunohistochemical
staining (SMA, Ki67, CD34, CD117, S-100, desmin, Dog-1,
etc) were carried out to determine the characteristic of the
SMTs. The greatest diameter measured after removal of the
SMT was recorded as tumor size. A tumor with lobulated
outer margin was defined as a tumor with irregular shape.
En bloc resection was defined as the intact fibrous capsule
of the resected tumor and the absence of any remnant of tumor
observed on endoscopy.

Follow-up

Surveillance EUS was performed at 3, 6, and 12 months and
annually thereafter to observe healing of the wound and to
check for any residual tumor. And CT scanning was recom-
mended if any recurrence was noticed during EUS
examination.

Statistical Analysis

SPSS 21.0 software was applied for data analysis. Continuous
variables were presented as mean ± standard deviation and
analyzed using Student’s t test. And qualitative data were pre-
sented as frequencies and calculated using the Chi-square test
or Fisher exact test. Univariate and multivariate analyses were
conducted to look for the risk factors for failure of en bloc
resection. A two-tailed P value < 0.05 was considered as sta-
tistically significant in all cases.
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Results

General Clinical Characteristics

A total of 46 cases were retrospectively included during
June 2012 to June 2018, among whom 26 were females
and 20 were males, and the mean age was 46.9 ± 12.6 years.
All the patients underwent STER successfully, and the mean
operation time was 76.1 ± 29.5 min. A total of 46 SMTs
were removed with a mean diameter of 2.3 ± 1.3 cm, and
25 of them were located at the cardia, while the other 21
cases non-cardia (17 at gastric fundus, 2 at gastric antrum,
1 at gastric corpus, and 1 at gastric antrum-corpus junction).
Histologically, 25 cases were GISTs, 19 cases were
leiomyoma, 1 ectopic pancreas, and 1 myofibroblastic tu-
mor. Among the 25 GISTs, 14 were very low risk and the

other 11 were low risk on the basis of the National
Comprehensive Cancer Network guidelines.16 Three patients
(6.5%) encountered complications, namely 1 mucosal lacer-
ation, 1 pneumoperitoneum, and 1 pleural effusion and
pneumoperitoneum. The mucosal laceration was closed with
two clips without subsequent leakage, the one with pneumo-
peritoneum was resolved by abdominal puncture deflation,
and the one with both pleural effusion and pneumoperitone-
um was managed by conservative treatment with NPO and
antibiotics. No recurrence was noticed during a mean
follow-up of 27.9 months (range, 1–72 months).

Comparison Between Cardia and Non-cardia SMTs

Comparison results are shown in Table 1; there was no signif-
icant difference between cardia and non-cardia SMTs in

Fig. 1 Case illustration of STER
for cardia submucosal tumor. a
Esophagogastroduodenoscopy
revealed a submucosal tumor at
cardia. b We could see the tumor
in the submucosal tunnel. c
Dissected the tumor in the
submucosal tunnel. d Wound
surface after the tumor was
removed. e Close the mucosal
entry with clips. f The resected
tumor
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regarding to gender, age, tumor size, tumor growth way, op-
erator’s experience, tumor shape, operation time, rate of
complications,and en bloc resection, length of hospital stay,
and follow-up time; SMTs located in non-cardia are more
likely to be GISTs, while leiomyomas are the main patholog-
ical type for cardia SMTs. The results suggested that the effi-
cacy of STER for cardia and non-cardia SMTs was
comparable.

Risk Factors for Failure of En Bloc Resection

Univariate analysis revealed that large tumor size, irregular
shape, and long operation time were risk factors for failure
of en bloc resection, and multivariate analyses revealed that
irregular shape was an independent risk factor for failure of en
bloc resection (Tables 2 and 3).

Discussion

In the present study, we found for the first time that the effi-
cacy of STER for gastric cardia and non-cardia SMTs was
comparable.

STER is a relatively new technique, and several studies
have shown that STER is a feasible, safe, and effective for
treatment of gastric SMTs.7,8,12–14,17,18 Theoretically, STER
has several advantages over other endoscopic methods in the
following aspects. Firstly, STER could maintain the gastroin-
testinal mucosal integrity and the submucosal tunnel has a
good Bleak-proofing^ effect because of the distance between
the site of mucosal incision and tumor dissection, which
would promote early wound healing, reduce the duration of
NPO, the necessity of gastrointestinal decompression, and the
potential risk of gastrointestinal tract leakage and secondary

Fig. 2 Case illustration of STER
for antrum submucosal tumor. a
Esophagogastroduodenoscopy
revealed a submucosal tumor at
gastric antrum. b Create the
submucosal tunnel. c Dissected
the tumor in the submucosal
tunnel. d Wound surface after the
tumor was removed. e Close the
mucosal entry with clips. f The
resected tumor

J Gastrointest Surg (2019) 23:2129–21352132



infection.19,20 Secondly, the site of resection and clip closure
is not the same in the STER technique, and only a longitudinal
mucosal incision was performed during STER, while
circumferencial mucosal incision with a larger mucosal de-
fects is usually performed during other endoscopic treatments
(such as ESD, ESE, EFTR) which would reduce the tension
for suturing as the MP and serosal layer immediately under-
lying the mucosal incision is intact. Thirdly, the submucosal
tunnel in the STER technique helps maintain the visual field
and facilitates precise hemostasis. Several studies have com-
pared the safety and efficacy of STER with other endoscopic

methods for gastric SMTs.5–8 We found in our previous study
that the treatment efficacy between STER and EFTR was
comparable, but STER takes advantages over EFTR in a
shorter suture time and less clips to close the gastric wall
defect, which means that it is easy to close the defect when
using the STER technique.5,6 However, Du et al.8 found that
ESE (n = 40) was superior to STER (n = 47) with reduced
operation time and less clips required, without any compro-
mise in treatment safety and efficacy for cardial SMTs. Zhang
et al.7 conducted a comparison between STER and non-
tunneling methods (ESD, EFR) accompanying with a

Table 1 Comparison of clinical
characteristics and therapeutic
outcomes between cardia and
non-cardia SMTs

Cardia (n = 25) Non-cardia (n = 21) P

Sex, M/F 13/12 7/14 NS

Age, year 44.7 ± 13.2 49.5 ± 11.5 NS

Tumor size, mm 24.3 ± 15.7 21.0 ± 10.7 NS

Outside growth, yes/no 25/0 20/1 NS

Experienced operator, yes/no 15/10 18/3 NS

Irregular shape, yes/no 23/2 19/2 NS

Operation time, min 75.8 ± 27.1 76.4 ± 32.8 NS

Complications, % 4.0% (1/25) 9.5% (2/21) NS

En bloc resection, % 84.0% (21/25) 85.7% (18/21) NS

Histopathology 0.028
GIST 10 15

Leiomyoma 15 4

Ectopic panceas 0 1

Myofibroblastic tumor 0 1

Length of stay, day 6.9 ± 3.1 6.2 ± 1.0 NS

Follow-up time, month 24.4 ± 19.2 32.1 ± 20.8 NS

M/F male/female, NS not significant, SMTs submucosal tumors, GIST gastrointestinal stromal tumor

Table 2 Univariate analyses of
risk factors of failure of en bloc
resection

En bloc (n = 39) Failure of en bloc (n = 7) P

Sex, M/F 16/23 4/3 NS

Age, year 46.2 ± 12.4 50.6 ± 13.6 NS

Location NS
Cardia 21 4

Non-cardia 18 3

Tumor size, mm 20.3 ± 11.5 36.9 ± 15.1 0.002

Outside growth, yes/no 1/38 0/7 NS

Experienced operator, yes/no 28/11 5/2 NS

Irregular shape, yes/no 1/38 3/4 0.009

Operation time, min 70.5 ± 24.9 107.1 ± 35.6 0.002

Histopathology NS
GIST 21 4

Leiomyoma 16 3

Ectopic pancreas 1 0

Myofibroblastic tumor 1 0

M/F male/female, NS not significant, SMTs submucosal tumors, GIST gastrointestinal stromal tumor
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systematic review and found that STER has no distinct advan-
tages over endoscopic nontunneling methods, but has a longer
procedure time.

However, due to the specific anatomical and physiological
features of the stomach such as a large lumen, high flexibility,
unfixed position, and relative thick mucosa, creating a submu-
cosal tunnel may be more difficult than that of in the esopha-
gus, STER was only recommended for gastric SMTs located
at the cardia with the submucosal tunnel created from the
esophagus. Only few researchers have reported the feasibility
of STER for gastric SMTs beyond cardia, and technique mod-
ification is necessary. Lu et al.14 successfully treated 18 pa-
tients with gastric fundus SMTs with transcardiac tunneling
technique, 19 SMTs were removed, and en bloc resection was
achieved in all the patients without severe complications. The
same group reported a higher success rate of STER for gastric
SMTs; 43 of 45 cases were successfully treated with 47 SMTs
removed, of whom 18 cases located at gastric fundus.13 For
SMTs located at gastric fundus, transcardiac tunneling tech-
nique was used, while a submucosal tunnel was created 3 cm
proximal to the SMTs for other sites. Subsequently, Li et al.12

and Zhang et al.7 both demonstrated the feasibility of STER
for gastric SMTs. For gastric SMTs located at non-cardia lo-
cation, several technical pointers may be helpful to success-
fully remove the SMTs: (1) for SMTs at gastric fundus, some-
times submucosal injection with methylene-blue was used to
help locate the tumor, and transcardiac tunnel is recommend-
ed; for SMTs difficult to retrieve, a double-opening method
may be tried.17 (2) For SMTs located at gastric corpus or
antrum, a short submucosal tunnel is recommended (usually
2–3 cm proximal to the SMTs) to reduce technical difficulty.
Zhang and Li et al. reported a novel technique-endoscopic
mucosa-sparing lateral dissection (EMSLD) for gastric
SMTs.21–23 The procedure of EMSLD was as follows: mark
the border of the SMT, submucosal injection, semicircular
mucosal cut along the marks, separate the submucosal layer
to expose the SMT, dissect the SMT, replace the retained
mucosa to cover the wound, and close with clips. This meth-
od, to some extent, is a modified STER with extremely short
submucosal tunnel, which is very helpful to overcome the
difficulty to create submucosal tunnel in the stomach.
Although the above studies have demonstrated the feasibility,
safety, and efficacy of STER for non-cardia SMTs, little is
known concerning the comparison of STER between cardia
and non-cardia location. Herein, we found that STER is fea-
sible for both cardia and non-cardia gastric SMTs and found
for the first time that the efficacy of STER for gastric cardia

and non-cardia SMTs was comparable, which suggested that
STER could be applied to endoscopic resection of gastric
SMTs regardless of the tumor location in experienced hands.

Although piecemeal resection does not affect the long-term
outcome of leiomyoma,24 its influence on GISTs remains un-
known. What is more, a majority of gastric SMTs are GISTs,
and piecemeal resection does affect postoperative pathological
evaluation, en bloc resection should be achieved as possible as
we can. Although Du et al.8 reported a relatively low en bloc
rate (70.2%, 33/47) for cardia SMTs, no significant difference
was seen in the present study in regarding to en bloc resection
rate between cardia and non-cardia SMTs (84.0% vs 85.7%).
Currently, three studies have explored the risk factors for fail-
ure of en bloc resection,8,24,25 and reported risk factors includ-
ed irregular shape, large tumor diameter. We found that irreg-
ular shape was an independent risk factor for piecemeal resec-
tion during STER treatment for gastric SMTs. To the best of
our knowledge, this is the first time to demonstrate the risk
factors of failure of en bloc resection during STER for gastric
SMTs.

The present study has several limitations. Firstly, this was a
single center, retrospective study. Secondly, the sample size
was relatively small with only 46 cases enrolled, thus
warranting large-scale studies. Thirdly, although the mean
follow-up duration was 27.9 months, 12 patients had a
follow-up with less than 12 months with the minimum
follow-up of only 1 month; however, the follow-up time be-
tween cardia and non-cardia location is comparable; thus, it
has little effect on the study conclusion. Continuous follow-up
is ongoing to observe the long-term outcomes.

Conclusion

In conclusion, our study shows that STER is feasible for both
cardia and non-cardia gastric SMTs, and the efficacy between
themwas comparable, and irregular shape was an independent
risk factor for failure of en bloc resection. Randomized, large-
scale studies are warranted for a more confirmed conclusion.
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Table 3 Multivariate analyses of
risk factors for failure of en bloc
resection

B S.E Wald Sig. OR 95% CI of OR

Constant − 5.601 1.562 12.865 0.000 0.004 /

Irregular shape 3.350 1.269 6.972 0.008 28.500 2.371, 342.595
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