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Abstract

Background and aims Submucosal tunneling endoscopic resection (STER) is increasingly used for the treatment of sub-
mucosal tumors (SMTs) originating from the muscularis propria layer; however, endoscopic submucosal excavation (ESE)
is still performed in many hospitals for its low-skill and experience requirements. This study aimed to compare STER with
ESE for cardial SMTs.

Methods From March 2013 to February 2017, patients with cardial SMTs undergoing STER (n=47) and ESE (n=40)
were retrospectively assessed. Clinicopathological, endoscopic, and complication data were compared between STER and
ESE groups.

Results The 87 enrolled patients included 31 females and 56 males, aged 48.2 +9.8 years. Mean tumor size was 22.0 mm
(range 5.0-80.0 mm) as evaluated by pathology. Demographic and lesion features were similar in both groups. Despite similar
hospital stay duration and cost, ESE was superior to STER with reduced operation time (34 vs. 46 min, P=0.013) and less
clips required (3 vs. 5, P=0.000). En bloc resection rates, complete resection rates, hospital stay duration, cost, complica-
tions, and hemoglobin levels were similar in both groups. Irregular-shaped SMTs were more likely to achieve piecemeal
resection in both STER and ESE groups (all P <0.05). Meanwhile, the piecemeal resection rate was significantly higher for
larger tumors in the STER group.

Conclusion Compared with ESE, STER does not show overt advantages for cardial SMTs. However, ESE is superior to STER
for reduced operation time. Irregular tumor shape seems to be a risk factor for piecemeal resection in both STER and ESE.

Keywords Submucosal tunneling endoscopic resection - Endoscopic submucosal excavation - Submucosal tumor -
Muscularis propria

Submucosal tumors (SMTs) are a class of protruding lesions
covered with normal mucosa, and often found incidentally.
Most SMTs are thought to be benign, while some have
malignant potential, especially the large ones originating
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from the muscularis propria (MP) layer [1-4]. Treatments
vary depending on the type of SMTs. However, without
resection, accurate diagnosis is challenging even with endo-
scopic ultrasound-guided fine needle aspiration (EUS-FNA)
or biopsy [5, 6].

The National Comprehensive Cancer Network (NCCN)
guidelines recommend gastrointestinal stromal tumors
(GISTs) >2 cm to be resected, while endoscopic surveil-
lance remains an option for GISTs <2 cm in size without
high-risk features. However, the European Society for Medi-
cal Oncology (ESMO) and Japanese GIST guidelines rec-
ommend all GISTs to undergo resection once diagnosed [5,
7, 8]. In addition, long-term follow-up adds to the financial
burden and psychological stress to patients, and may delay
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tumor diagnosis and treatment [9]. Overall, resection of
SMTs seems crucial.

In the past, surgical resection was the only option for
SMTs originating from the MP layer. New endoscopic tech-
niques, including endoscopic submucosal excavation (ESE)
and submucosal tunneling endoscopic resection (STER),
were shown to be feasible, safe, and effective in treating
SMTs of MP [6, 10-12]. Adapted from endoscopic submu-
cosal dissection (ESD) which is effective for submucosal
lesions originating from mucosal and submucosal layers,
ESE was introduced for lesions arising from the MP layer
[11-15]. Inspired by the tunneling technique in peroral endo-
scopic myotomy (POEM), STER was reported by Xu et al.
who created a tunnel between the submucosal and MP layers
to maintain mucosal integrity while treating SMTs originat-
ing from the MP layer [6]. These two endoscopic techniques
seem to be less invasive than surgery, whether in the open
or laparoscopic approach. Although STER is currently more
popular and considered to be more efficient, ESE is still per-
formed in many hospitals due to low-skill and experience
requirements. Only one previous study has compared these
two methods for the treatment of cardial SMTs in 27 patients
[14]. In this retrospective study, we aimed to compare the
safety and efficacy of the two endoscopic techniques, also
evaluating the factors involved.

Patients and methods
Patients

From March 2013 to February 2017, endoscopic resection
was performed in 89 consecutive patients diagnosed with
cardial SMTs originating from the MP layer in our Gastro-
intestinal Endoscopic Center. Among the 89 patients, 49 and
40 underwent STER and ESE, respectively. We retrospec-
tively assessed 87 patients after excluding 2 individuals who
simultaneously underwent STER and POEM [16].

Patients were considered eligible for endoscopic resection
if they met the following criteria: (1) cardial SMTs originat-
ing from the MP layer confirmed by endoscopic ultrasound
(EUS) and/or computed tomography (CT); (2) age > 18
years; (3) no high-risk features of malignancy as assessed
by EUS; (4) no signs of metastasis or invasion outside the
digestive tract; (5) signing of informed consent. STER is no
longer suitable for lesions without intact mucosal surface.
Exclusion criteria were (1) reluctance to undergo endoscopic
resection or inability to provide signed informed consent;
(2) inability to tolerate anesthesia; (3) SMTs adhesive to
serosa evaluated by EUS; (4) SMT with high risk of pro-
cedure-related perforation; (5) SMTs with abundant tumor
blood supply; (6) high-risk of operation or pregnancy; (7)
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coagulopathy (international normalized ratio > 1.5 and/or
platelets < 50,000).

Procedures of STER and ESE

Upper abdominal enhanced CT and EUS (ProSound F75,
Aloka, Tokyo, Japan; GF-UCT260, Olympus; Tokyo,
Japan) or miniprobe endoscopic ultrasonography (mEUS)
(MAJ-935, Olympus, UM-2R/UM-3R, Olympus) were per-
formed to determine SMT features such as size, location,
and depth before the operation. Patients were fasted for 8 h.
Both ESE and STER procedures were mainly performed
by three experts with over 100 and 50 previous ESD and
POEM cases, respectively. A single-channel gastroscope
(GIF Q260J/GIF Q290J; Olympus) equipped with a trans-
parent cap (D-201-11802; Olympus), a high-frequency
generator (VIO 200D; ERBE, Tiibingen, Germany), and
an argon plasma coagulation unit (APC300; ERBE) were
employed for these procedures. To achieve CO2 insufflation,
a carbon dioxide (CO2) insufflator (UCR; Olympus) was
used. Other equipment and accessories included an injection
needle (NM-4L-1; Olympus), a triangular knife (KD-640L;
Olympus), an insulation-tip knife (KD611L, IT2; Olympus),
a dual knife (KD-650L; Olympus), a snare (ASM-1-S or
ASJ-1-S; Cook, Limerick, Ireland), and clips (HX-610-135;
Olympus). The solution used to make a fluid cushion was
mixed by 100 mL saline, 2 mL indigo carmine, and, 1mL
epinephrine. Hot biopsy forceps (FD-410LR; Olympus)
were used for hemostasis during the procedures. The patients
were in the left-lateral position, under intravenous anesthesia
in both procedures.

Standard STER was conducted mainly as previously
reported [6] with minor modifications in our study (Fig. 1).
After evaluation of the mass, submucosal injection of several
milliliters of the mixture solution was performed at 3-5 cm
proximal to the tumor with an injection needle. Then, a
mucosal incision (longitudinal, transverse, or inverted T)
was made using a triangular knife as the tunnel entrance.
Subsequently, a triangular knife was used to establish a
tunnel ending at 1-2 cm distal to the tumor, between the
submucosal and MP layers. After complete exposure of the
SMT, an insulation-tip knife, a triangular knife, or a snare
was used for tumor resection. Finally, clips were used for
incision closure.

The ESE procedure was similar to ESD, although the
former targeted lesions of the MP layer (Fig. 2). First,
the lesion was marked circumferentially with a dual
knife. Then, the mixture solution was injected into the
submucosa around the lesion using an injection needle.
The solution was injected repeatedly during the proce-
dure as needed. Next, a dual or triangular knife was used
to incise the mucosa at the edge of the lesion along the
marking points. At this point, the lesion was gradually
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Fig.1 Submucosal tunneling endoscopic resection procedures of a
submucosal tumor in the cardia. A Endoscopic view of the submu-
cosal tumor in the cardia. B Endoscopic ultrasound view of the same
lesion, showing the tumor originating from the muscularis propria. C
A fluid cushion created by a submucosal injection. D An inverted T

mucosal incision 5 cm proximal to the submucosal tumor. E Endo-
scopic dissection to create a submucosal tunnel to the lesion. F The
entire exposed tumor. G Tunnel after en bloc resection of the tumor.
H The mucosal entry incision. I Closure of tunnel entry with clips. J
The resected specimen
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Fig.2 Endoscopic submucosal excavation procedures of a submu-
cosal tumor in the cardia. A Endoscopic view of the submucosal
tumor in the cardia. B Endoscopic ultrasound view of the same
lesion, showing the tumor originating from the muscularis propria.

separated from the submucosal tissue and muscle fibers
around the tumor capsule using a dual-, IT2-, or triangular
knife. Knife selection depended on endoscopist’s prefer-
ence and specialty. The tumor was resected with a knife or
snare. After resection of the lesion, the wound was care-
fully managed by electrocoagulation hemostasis to prevent
delayed bleeding. Because the mucosa covering the SMT
was removed as well, closing the artificial ulcer using clips
was impossible in many cases. If possible, the artificial
ulcer should be closed to decrease the odds of perforation,
infection, and delay bleeding. For lesions located in the
deep MP layer or in case of thin wall of the artificial ulcer,
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C Circumferential markings of the lesion. D A fluid cushion created
by a submucosal injection. E The mucosal incision along the mark-
ing points. F The entire exposed tumor with mucosal covered. G The
artificial ulcer after tumor retrieval. H The resected specimen

clips were used to prevent perforation. In some patients,
fibrin sealant was used for wound closure.
The STER and ESE procedures are shown in Video 1.

Postoperative management and follow-up

Complete blood count was assessed in the morning after
STER and ESE. Any discomforts, such as fever, abdominal
pain, perforation, hematemesis, and hematochezia, were
closely monitored. In case of suspected perforation, abdomi-
nal X-ray or CT was performed. The patients were fasted for
2-3 days, had a liquid diet for 3 days, and returned gradually
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to a normal diet within 2 weeks. Intravenous proton pump
inhibitor (PPI) and antibiotics were used for 3 days, fol-
lowed by oral PPI administration for 4 weeks. Surveillance
endoscopy was performed at 3, 6, and 12 months after the
operation, and then annually. Contrast-enhanced CT was
performed for patients with GISTs every 3—6 months.

Outcome measurements

En bloc resection-, complete resection-, recurrence- and
residual rates were evaluated as main outcome measures of
effectiveness, while operation time, hospital stay duration,
and cost were assessed as secondary outcome measures in
the STER and ESE groups.

Complications, such as gas-related complications, perfo-
ration, fever (temperature > 38 °C), severe chest/abdominal
pain, acute or delayed major bleeding, reflux, dysphagia, and
structure, were assessed as safety metrics. Mucosal injury in
STER was not recorded as a complication, while ESE could
not maintain mucosal integrity. Tumor size was determined
by the longest diameter with the transverse diameter corre-
sponding to the diameter perpendicular to the longest one.
The period between submucosal injection and endoscopy
withdrawal was recorded as operation time for STER, while
operation time in ESE began from marking to endoscopy
withdrawal. The hospital stay duration began from the opera-
tion day.

Statistical analysis

The analyses were performed with the SPSS 22.0 software
(IBM Corp, Armonk, NK). Quantitative data, such as age,
size, operation time, tunnel length, and medical cost, were
expressed as mean + standard deviation (SD) or median with
range, and assessed by Student t test or a non-parametric
test. Enumeration variables, including en bloc resection-,
complete resection-, and complication rates were presented
as proportion, and assessed by y test or Fisher exact test.
P <0.05 was considered statistically significant.

Results

The 87 patients enrolled included 31 females and 56 males,
aged 48.2 +9.8 years. Median tumor size was 22.0 mm
(range 5.0-80.0 mm) as assessed pathology. About 60
(69.0%) cardial SMTs had irregular shapes, and 27 (31.0%)
were regularly shaped. Preoperative hemoglobin levels were
126.4+9.9 g/L in females and 149.5+12.5 g/L in males.
The final pathological diagnoses were 77 (88.5%) leiomyo-
mas, 7 (8.0%) GISTs, and 3 (3.5%) lipomas. The median size
of the GIST was 23.9 mm (range 8.0-40.0 mm), while the

median mitotic rate was 3/50 HPF (range 0-5/HPF). Base-
line characteristics are described in Table 1.

In terms of age, sex, tumor size, transverse diameter,
tumor location, tumor shape, preoperative hemoglobin
levels, pathological diagnosis, and follow-up time, no dif-
ferences were found between the two groups (all P> 0.05).
Detailed characteristics of the patients and SMTs in both
groups are listed in Table 2.

Effectiveness and safety of STER and ESE

En bloc resection was achieved in 33 (70.2%) patients in the
STER group and 27 (67.5%) in the ESE group; and there was
no significant difference (P =0.785). There was one residual
tumor noted in both STER group and ESE group; however
no recurrence was noted during follow-up. Among patients
failed to achieve en bloc resection, pathological diagnoses
were 14 leiomyomas in STER group, while 10 leiomyomas,
2 GISTs, and 1 lipoma were in ESE group. Despite similar
hospital stay duration and cost, ESE was superior to STER
with shorter operation time, and less clips needed.

There was no significant difference in the complication
rate between the two groups (STER, 8.5%; ESE, 7.5%;
P=1.000). In the STER group, two patients suffered from
moderate fever; one had pneumoperitoneum; and one suf-
fered from both moderate fever and pneumoperitoneum.
Pneumoperitoneum was treated by inserting a 20-gage nee-
dle into the right lower quadrant. In the ESE group, nau-
sea, moderate fever, and perforation were observed in 3
patients. The patients suffering from nausea were treated
with common drugs, and indomethacin was used for fever.
One patient had perioperative perforation, which was closed
using clips. Complications in both STER and ESE groups

Table 1 Baseline characteristics of 87 enrolled patients

Characteristics Results
Age, mean (+SD), year 48.2 (9.8)
Sex, n (%)

Female 31

Male 56

Tumor size, median (range), mm 22.0 (5.0-80.0)

Tumor shape, n (%)

Regular 27 (31.0)

Irregular 60 (69.0)
Preoperative hemoglobin level, mean (+SD), g/L.

Female 126.4 (9.9)

Male 149.5 (12.5)
Pathological diagnosis, n (%)

Leiomyoma 77 (88.5)

GIST 7 (8.0)

Lipoma 3.5

@ Springer



4548

Surgical Endoscopy (2018) 32:4543-4551

Table 2 Characteristics of

8 > Characteristics STER (N=47) ESE (N=40) P value
patients and SMTs in the STER
and ESE groups Age, mean (+SD), year 47.7 (11.0) 48.9 (8.3) 0.15
Sex, n (%) 0.144
Female 20 11
Male 27 29
Tumor size, median (range), mm 25.0 (6.0-80.0) 19.0 (5.0-60.0) 0.092
Tumor shape, n (%) 0.461
Regular 13 (27.7) 14 (35.0)
Irregular 34 (72.3) 26 (65.0)
Preoperative hemoglobin level, mean (+SD), g/L.
Female 125.1 (6.2) 127.3 (11.8) 0.196
Male 149.5 (13.4) 149.5 (10.6) 0.425
Pathological diagnosis, n (%) 0.084
Leiomyoma 44 (93.6) 33 (82.5)
GIST 12.1) 6 (15.0)
Lipoma 2(4.3) 1(2.5)
Follow-up time, median (range), month 19 (2-50) 16 (1-50) 0.471

were conservatively treated, and no operation-related death
was noted in this study. Median decrease in hemoglobin lev-
els post-procedure was similar in both groups (P=0.990).
Effectiveness and safety outcomes in both groups are shown
in Table 3.

Factors affecting the effectiveness in STER and ESE

The baseline characteristics of en bloc and piecemeal
resection groups are described in Table 4. In univariate
analysis, there was no significant difference in age and sex
between en bloc and piecemeal resection groups in both

STER and ESE groups. Irregular shape was a risk factor
for piecemeal resection in both STER and ESE groups.
SMTs with larger tumor size and transverse diameter were
more likely to undergo piecemeal resection than regular
ones in the STER group, while no differences were found
in tumor size and transverse diameter between en bloc and
piecemeal resection approaches in the ESE group.

Table3 Comparison of

Characteristics STER (N=47) ESE (N=40) P value
treatment outcomes between
STER and ESE En bloc resection, n (%) 33(70.2) 27 (67.5) 0.785
Complete resection, n (%) 33 (70.2) 27 (67.5) 0.785
Pathological diagnosis of piecemeal resected SMTs, n /
Leiomyoma 14 10
GIST 0 2
Lipoma 0 1
Residual, n (%) 12.1) 1(2.5) 1.000
Recurrence, n (%) 0(0) 00 /
Operation time, median (range), min 46 (10-221) 34 (9-157) 0.013*
Hospital stay duration, median (range), day 8 (4-16) 7 (4-12) 0.210
Cost, median (range), USD 4438.60 (3049.27—- 4275.92 0.592
8108.64) (1995.53—
805.97)
Number of clips, median (range) 539 3(0-9) 0.000*
Complications, n (%) 4 (8.5) 3(7.5) 1.000
Decrease in hemoglobin level, mean (+SD), g/L 3.4 (8.9 0.7 (8.3) 0.990
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Table 4 Comparison between en bloc resection group and piecemeal resection group of STER and ESE
Characteristics STER ESE
En bloc resection (N=33) Piecemeal P value En bloc resection (N=27) Piecemeal P value
resection resection
(N=14) (N=13)
Age, mean (+SD), year 51.4 (9.9) 46.2 (11.2) 0.551 49.6 (8.6) 47.4 (7.8) 0.973
Sex, n (%) 0.188 0.955
Female 12 8 8 3
Male 21 6 19 10

Tumor size, median (range), mm

31.0 (10.0-80.0)
15.0 (5.0-30.0)

Transverse diameter, median
(range), mm

Tumor shape, n (%)
Regular 12 1
Irregular 21 13

23.0 (6.0-70.0) 0.024*
10.0 (5.0-35.0) 0.006*

18.0 (5.0-60.0)
13.0 (3.0-25.0)

20.0 (6.045.0) 0.831
10.0 (5.0-35.0) 0.591

0.041%* 0.031*
13 1

14 12

*There was significant difference between two groups

Discussion

Patients with SMTs <3 cm are usually asymptomatic, and
the estimated overall prevalence of SMTs was believed to be
0.3% [17, 18]. With the development of imaging techniques,
detection of SMTs has become increasingly common [1].
GISTs are the most common submucosal masses in the stom-
ach, accounting for 1-3% of all resected gastric tumors [19].
Most SMTs are benign; however, there are some tumors with
malignant potential, such as GISTs. Treatments vary with
types of SMTs. However, accurate pathological diagnosis of
subtypes of SMTs covered by normal mucosa seems not easy
for difficult preoperative tissue collection without resection,
and pathological examination seems not necessary for easily
resectable tumors [1, 2, 5, 20, 21]. Early resection of SMTs
is essential in providing a confirmed diagnosis and ward off
SMT-related cancers.

Currently, surgery and endoscopic resection are the two
main methods used for SMT removal. Compared with open
surgery, thoracoscopic surgery is minimally invasive [22,
23]. As a novel endoscopic technique, STER has more
advantages over thoracoscopic enucleation in a shorter
operation time, a less decrease in hemoglobin level, a shorter
length of hospital stay, a reduced postoperative chest pain,
and a decreased cost [24, 25]. STER preserves mucosal
integrity by creating a tunnel between the submucosal and
MP layers, which would serve as a barrier against gas and
liquid leakage, reducing the rates of perforation and infec-
tion [6, 10, 17, 26]. This novel technique was developed in
2012, [6] and requires long period of learning, which lim-
its its widespread application. ESE was modified by ESD
and is easier to operate compared with STER. Despite the
popularity of STER, ESE is still widely used, especially in
grassroots hospitals. To the best of our knowledge, only one

study has compared these two methods for the treatment of
SMTs in 27 cardial SMTs [14]. Therefore, we retrospectively
analyzed 87 patients with cardial SMTs to further compare
clinical outcomes between STER and ESE.

EUS was performed pre-operation to evaluate the size,
shape, depth, and other characteristics of SMTs. In the cur-
rent study, both mEUS and conventional EUS were used;
mEUS typically uses high-frequency ultrasound, which lim-
its the depth and extent of penetration. The cardial lumen
is narrow with a sharp angle, making complete view of
the mass difficult; in addition, the shape of cardial SMTs
is often irregular and lobulated. Shaped like an octopus,
cardial SMTs often invade into the MP layer by paws. The
accuracy of mEUS may decrease with increasing tumor size,
and is affected by inadequate contact between the tumor and
probe, due to irregular tumor surfaces [27]. Underestimating
the size of SMTs before the procedure might add to opera-
tive difficulty and increase the odds of piecemeal resection.
However, mEUS is easy to operate. We recommend that
conventional EUS other than mEUS should be considered
as a standard preoperative examination method for SMTs
larger than 20-30 mm.

As shown above, en bloc resection- and complica-
tion rates were comparable between the STER and ESE
groups, corroborating Lu et al. [14] The en bloc resection
rates of ESE and STER in this study were lower than those
reported by Xu et al. The reason may be that we targeted
SMTs located in cardia while the majority of SMTs in the
latter study were located in the esophagus. Cardia is a dif-
ficult location for the endoscopic technique because of its
anatomic properties, e.g., the His angle and the irregular
contraction of low esophageal sphincter (LES) [10]. Most
esophageal SMTs are regular while the majority of car-
dial SMTs are irregular and lobulated. Therefore, en bloc
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resection seems more challenging for cardial than esoph-
ageal SMTs. The en bloc and complete resection rates of
GISTs were both 71.4% (5/7) in our study, with 2 SMTs
remaining piecemeal resection. Previous findings showed
that piecemeal resection of leiomyomas does not influence
long-term outcomes [28]. However, whether piecemeal
resection of GISTs influences long-term outcomes remains
unknown. In our study, no residual tumor or recurrence was
noted in two patients with their GISTs piecemeal resected
during follow-up. Piecemeal resection does affect pathologi-
cal evaluation; thus, endoscopic resection of cardial SMTs
should only be carried out by experienced and skilled opera-
tors to achieve en bloc resection. Zhang et al. [29] com-
paratively evaluated endoscopic non-tunneling and tunneling
resection approaches. They found no differences between the
two groups in successful resection rate, en bloc resection
rate, and complications; however, STER had longer opera-
tion time. Lu et al. [14] demonstrated that STER was more
time-consuming than ESE, corroborating the current study.
They reported that STER was a preferable choice in terms
of preventing air leakage symptoms for SMTs > 10 mm
while ESE could be considered a satisfactory therapeutic
method for SMTs < 10 mm. In this study, both endoscopic
techniques were safe with few complications. Gas-related
complications were seldom noted except for two patients
suffering from pneumoperitoneum after STER. Although
endoscopic resection of cardial SMTs is more challenging,
the cardial wall is thicker than the esophageal one, with the
serous membrane providing a barrier against gas, making
gas-related complications less common than in the esopha-
gus that lacks serosa. Therefore, we believe that STER and
ESE have comparable effectiveness and safety in cardial
SMTs, while ESE is superior with shorter operation time.
However, perforation occurring in cardia is pretty hard to
close and time-consuming, and may be life-threatening.
When endoscopic treatment failed to close the perforation,
surgical operation was required. Tumors located in the deep
MP and protruding out of the lumen are vulnerable to perfo-
ration. STER has advantages over ESE in such SMTs. Less
clips were used in the ESE group mainly because it was so
difficult to close the mucosal incision using clips that tis-
sues in the MP layer after tumor resection were just exposed
without mucosa.

Two residual tumors (STER, n=1; ESE, n=1) were
noted in all enrolled patients during follow-up. Both tumors
were tightly adherent to the serous membrane, which were
not revealed in preoperative EUS examination, with extra-
luminal growth, and larger than 40.0 mm. Complete resection
without residual might cause perforation. To ensure safety,
most of the exposed tumor was resected with a snare. These
tumors were confirmed as benign leiomyomas by pathology.
The residual tumors did not grow during endoscopic surveil-
lance. In our opinion, re-ESE and endoscopic monitor are both
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recommended for benign residual SMTs, such as leiomyomas,
after failed STER or ESE, while ESE and surgical resection
are two choices for residual SMTs malignant or with malig-
nant potential. Re-ESE demands careful consideration whether
endoscopic resection is achievable. Re-STER seems challeng-
ing because it is pretty difficult to establish a tunnel between
the mucosal and the MP layer for the adhesion.

We found that SMTs with irregular shape and larger size
achieved higher piecemeal resection rate compared with regu-
larly shaped SMTs in the STER group, consistent with previ-
ous studies [10, 14, 30-32]. We also found that irregular shape
was a risk factor for piecemeal resection in ESE; however, size
did not affect en bloc resection rate. The inner diameter of the
tunnel was approximately 3.5 cm and the limited space in tun-
nel made en bloc resection of large SMTs difficult. Without
limitation of operation space, ESE achieved similar en bloc
resection rates in different sizes of SMTs.

There were several limitations in this study. Firstly, it was as
a single-center, retrospective study. Secondly, GIST is thought
to be common in the stomach; however, it only accounted for
8.0% of all SMTs in this study. The results may be biased
because of few GISTs enrolled. Thirdly, although compared
STER with ESE, randomization was not performed. Finally,
the sample size of the current study was relatively small and
follow-up relatively short. Thus, multi-center prospective, ran-
domized controlled trials with large sample sizes and longer
follow-up durations are required to validate the results.

Conclusion

Although about 30% of SMTs failed to achieve en bloc resec-
tion, STER and ESE are both effective with low residual
rate and no recurrence after piecemeal resection. STER and
ESE are safe, with few complications, which could be con-
servatively treated. Compared with ESE, STER does not have
advantages for cardial SMTs. However, ESE is superior to
STER with shorter operation time, while STER is superior to
ESE with its ability of maintaining the integrity of mucosa.
Irregular shape seems to be a risk factor for piecemeal resec-
tion in both STER and ESE, while large size may decrease the
en bloc resection rate of STER.
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