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Abstract

Background and aims Submucosal tunneling endoscopic

resection (STER) has been proved to be effective and safe

for esophageal submucosal tumors (SMTs) originating

from the muscularis propria (MP) layer. This study was

aimed to further evaluate the effectiveness, safety, and

influencing factors especially the types of mucosal incision

of STER in a larger population.

Methods A total of 89 patients undergoing STER with

esophageal SMTs were retrospectively enrolled in this

study from May 2012 to November 2016. Clinicopatho-

logical, endoscopic, and adverse events (AEs) data were

collected and analyzed. Different incision methods were

compared to evaluate the optimum incision method.

Results Therewere 27 females and 62maleswithmean age of

46.5 ± 10.3 years. The medium size of the tumors was

16.0 mm (ranging 10.0–60.0 mm). Inverted T incisions were

made in 29 (32.6%) patients, transverse incisions in 12 (13.5%)

while longitudinal incisions in 48 (53.9%). En bloc resection

was achieved in 70 (78.7%) patients. The residual rate was

1.1% (1/89), and no recurrence was noted even after piecemeal

resection.The rateofAEswas21.3%(19/89), andall of theAEs

were cured without intervention or treated conservatively

without the need for surgery. The en bloc resection rate was

comparable among the three incision groups (P = 0.868);

however, the incidence of AEs in the inverted T incision was

lower than that in the longitudinal incision (P = 0.003). Fewer

clips were used in the inverted T incision group than in the

transverse incision group (P = 0.003).

Conclusions Although STER failed to achieve en bloc

resection in 21.3% patients, it was still an effective therapy

owing to low residual rate and no recurrence rate after

piecemeal resection. STER was safe with no severe AEs;

however, minor AEs were common. Inverted T incision

seems to be the optimum entry point.

Keywords Inverted T incision � Submucosal tunneling

endoscopic resection � Submucosal tumor � Muscularis

propria layer

With the development of imaging techniques, the detection

rate of gastrointestinal submucosal tumors (SMTs), which

are usually asymptomatic, has become increasingly high

[1]. SMTs covered with normal mucosa have a broad dif-

ferential diagnosis and are mainly divided into leiomy-

omas, gastrointestinal stromal tumors (GISTs), and

lipomas. GISTs less than 2 cm and leiomyomas most of

which are benign can be treated by resection or surveil-

lance [2, 3]. However, some of SMTs have the possibility

of being malignant, especially those originating from the

muscularis propria (MP) or those with a large diameter

[1, 4–6]. Treatments vary with the types of SMTs. An

endoscopic fine-needle biopsy is not necessary, especially

when SMTs are easily resected and the accuracy of biopsy

seems low [2, 7]. The elimination of malignancy seems

difficult without resection. Long-term surveillance may

increase the financial burden and psychological stress for

Electronic supplementary material The online version of this
article (doi:10.1007/s00464-017-5800-x) contains supplementary
material, which is available to authorized users.

Chen Du, Lianjun Ma and Ningli Chai contributed equally to this

work.

& Enqiang Linghu

linghuenqiang@vip.sina.com

1 Department of Gastroenterology and Hepatology, Chinese

People’s Liberation Army General Hospital, Fuxing Road 28

Haidian District, Beijing 100853, China

123

Surg Endosc (2018) 32:1255–1264

https://doi.org/10.1007/s00464-017-5800-x

and Other Interventional Techniques 

http://orcid.org/0000-0003-4506-7877
http://dx.doi.org/10.1007/s00464-017-5800-x
http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-017-5800-x&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-017-5800-x&amp;domain=pdf
https://doi.org/10.1007/s00464-017-5800-x


patients and delay the diagnosis of malignancy and treat-

ment. Therefore, early removal of SMTs is necessary.

Surgery and endoscopic resection are current therapies

for SMTs [8]. Surgery, no matter open or laparoscopic,

seems more invasive, less cost-effective and more time-

consuming, with longer hospital stay, compared with

endoscopic resection [9, 10]. Endoscopic techniques, such

as endoscopic submucosal dissection (ESD), endoscopic

submucosal excavation (ESE), and endoscopic full-thick-

ness resection (EFR), are reported as feasible, effective,

and safe methods for SMTs arising from MP [10–14]. The

resection of MP tissue in two pigs was reported in 2011

[15]. Submucosal tunneling endoscopic resection (STER)

is a novel technique, named by Xu et al., used to resect

SMTs in 2012 [7]. STER was preliminarily proved to be

more advantageous than ESD, ESE, and EFR in treating

SMTs because it could maintain the integrity of digestive

tract mucosa by establishing a tunnel between submucosal

and MP [16–18]. The aim of this retrospective study was to

further evaluate the effectiveness and safety of STER for

esophageal SMTs originating from the MP layer in a larger

population and the factors especially the methods of

mucosal incision which might affect the effectiveness and

safety of STER.

Materials and methods

Patients

From May 2012 to November 2016, endoscopic resection

was conducted on 104 consecutive patients diagnosed with

esophageal SMTs originating from the MP layer in our

Gastrointestinal Endoscopic Center. A total of 89 patients

undergoing STER were included after excluding 15

patients undergoing ESD. Patients undergoing STER met

the following inclusion criteria: (1) diagnosis with eso-

phageal SMTs originating from the MP layer; (2)

age C18 years old; (3) no possibility of malignancy; (4) no

signs of metastasis or invasion outside the digestive tract;

(5) SMTs C10.0 mm; and (6) signing informed consent.

Exclusion criteria were as follows: (1) reluctance to

undergo STER or inability to sign informed consent; (2)

inability to tolerate anesthesia; (3) high risk of operation or

pregnancy; and (4) coagulopathy (international normalized

ratio[1.5, platelets\50,000). This study was approved by

the Committee of Medical Ethics of Chinese People’s

Liberation Army General Hospital.

Outcome measurements

The effectiveness of STER was evaluated mainly using the

following outcome measures: complete resection rate, en

bloc resection rate, recurrence rate, and residual rate. The

operation time, hospital time, number of clips used to close

the mucosal incision, incision healing conditions during

follow-up and cost were recorded as the secondary outcome

measures. The safety of STERwas analyzed mainly in terms

of adverse events (AEs) related to the procedure, such as

subcutaneous or mediastinal emphysema, pneumothorax,

pleural effusion, mucosal injury, fever, severe chest pain that

needed intervention and acute or delayed major bleeding.

Complete resection was defined as removal of the tumor

en bloc with negative lateral and basal margins on patho-

logic examination. Recurrence was regarded as SMTs were

revealed within 1.0 cm around primary resected lesions

more than 6 months after STER, while residual meant re-

detection of SMTs within 1.0 cm around primary resected

lesions less than 6 months after STER. The period between

submucosal injection and closure of mucosal incision was

calculated as operation time while the hospital time began

from operation day. Temperature more than 38 �C was

recorded as fever in the present study. Temperature no

more than 38 �C, mainly caused by post-procedure

absorption, was pretty common without the need for

additional therapy. Therefore, it was not regarded as an

AE. Major bleeding was defined as consecutive bleeding

for more than 1 min, bleeding more than 200 mL [19],

hematemesis or hematochezia which needed blood trans-

fusion or surgery. Upper esophageal lesions were defined

as those located 15–24 cm from the incisors, middle as

those located 25–32 cm from the incisors, and lower as

those located 33 cm from the incisors to the gastroe-

sophageal junction. The size of the tumor was determined

by endoscopic ultrasound (EUS).

STER procedure

Patients suspected to have SMTs were examined with

mediastinal-enhanced computed tomography (CT) and

EUS to evaluate the size, location, shape, and depth of the

tumor and eliminate metastasis or invasion outside the

digestive tract prior to STER. All patients fasted for 8 h

before STER. STER procedure was mainly conducted by

two operators with experience of more than 100 cases of

peroral endoscopic myotomy (POEM).

STER was conducted with patients in the left-lateral

position under intravenous anesthesia. The surgical pro-

cedure was performed mainly based on the steps reported

by Xu et al. [7]. with some modifications. The key steps of

the STER procedure were as follows (Fig. 1). Examination

under a liner-array echoendoscope (Prosound F75; Aloka,

Tokyo, Japan, and GF-UCT260; Olympus, Tokyo, Japan)

was done before STER to evaluate the size, location, and

depth of the lesion. A single-channel gastroscope (GIF

Q260 J/GIF Q290 J; Olympus) attaching a transparent cap
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(D-201-11802; Olympus) was used during the procedures.

A high-frequency generator (VIO 200D; ERBE, Tübingen,

Germany) and an argon plasma coagulation unit (APC300;

ERBE) were used. A carbon dioxide (CO2) insufflator

(UCR; Olympus,) was used to achieve CO2 insufflation.

First, submucosal fluid cushion using an injection needle

(NM-4L-1; Olympus) was made at 3–5 cm proximal to the

tumor. Second, a 2-cm longitudinal mucosal incision, a

1.5–1.8-cm transverse incision, or an inverted T incision

combined with a 0.5-cm transverse incision and a 1.0-cm

longitudinal incision was made with a triangular knife

(KD-640L; Olympus) as the entry point (Fig. 2). Third, a

triangular knife was used to establish a longitudinal tunnel

ending 1–2 cm distal to the tumor between the submucosal

and muscular layers. Then, the tumor was resected using an

insulation-tip knife (KD611L, IT2; Olympus) or a trian-

gular knife. In some cases, a snare (ASM-1-S or ASJ-1-S;

Cook, Indiana, USA) was used to resect the tumor. Finally,

the incision was closed with several clips (HX-610-135;

Olympus). All three kinds of incisions were closed in a

Fig. 1 continued

Fig. 1 Submucosal tunneling endoscopic resection (STER) for an

esophageal submucosal tumor (SMT). A Endoscopic view of a

submucosal tumor located in middle esophagus. B Endoscopic

ultrasound (EUS) view of the same lesion, showing the tumor

originating from the muscularis propria. C Inverted T mucosal

incision 5 cm proximal to the submucosal tumor. D Creating a

submucosal tunnel to the lesion. E Dissection along the margin of the

tumor within the tunnel. F En bloc resection of the tumor. G The

mucosal entry incision. H Closure of tunnel entry with clips. I The

resected specimen. J Endoscopic follow-up 6 months after operation,

showing a small scar on the mucosal entry
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longitudinal fashion. Hot biopsy forceps (FD-410LR;

Olympus) were used to stop bleeding during the procedure.

Postoperative treatment and follow-up

The complete blood count was examined on the morning

after STER. Any discomforts, such as fever, chest pain,

hematemesis, and hematochezia, were closely monitored.

Oral intake of food was restarted 3 days after STER. All

patients were intravenously administered a proton pump

inhibitor (PPI) for 3 days, after which oral PPI therapy was

continued for 4 weeks. Post-procedure intravenous antibi-

otics were stopped after 2–3 days if no signs of infection

were noted. Prophylactic intravenous antibiotics were not

administered before the procedure in current study. Patients

underwent gastroscopy and (or) EUS at 1, 3, 6, and

12 months after the operation and then annually.

Statistical analysis

All calculations were performed by using SPSS17.0.

Quantitative data, like patients’ age, SMTs’ size, operation

time, hospital time, and cost, were expressed as

mean ± standard deviation or median (minimum and

maximum values) and assessed by t test, nonparametric

test, or variance analysis according to distribution charac-

teristics and number of groups. Enumeration data, such as

number of clips, complete resection rate, en bloc resection,

recurrence, and residual, were expressed as frequencies and

assessed using the Fisher’s exact test or the v2 test. A

P value\0.05 was considered significant.

Results

From May 2012 to November 2016, endoscopic resection

was conducted on 104 consecutive patients diagnosed with

upper esophageal SMTs originating from the MP layer in

our Gastrointestinal Endoscopic Center. A total of 89

patients undergoing STER were included after excluding

15 patients undergoing ESD. Baseline characteristics are

described in Table 1. The study included 27 females and 62

males with mean age of 46.5 ± 10.3 years. About 10

tumors were localized in the upper esophagus, 37 in the

Fig. 2 The diagram of three

different kinds of mucosal

incision methods.

A Longitudinal incision.

B Transverse incision.

C Inverted T incision
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middle esophagus, and 42 in the lower esophagus. The

median size of the tumors and median length of the tunnel

were 16.0 mm (range 10.0–60.0 mm) and 7.0 cm (range

5.0–11.0 cm), respectively. Inverted T incisions were made

in 29 (32.6%) patients, transverse incisions in 12 (20.3%)

patients, and longitudinal incisions in 48 (53.9%) patients.

Follow-up gastroscopy was performed in a median time

duration of 6 months (ranging 1–48 months). The final

pathological diagnosis was as follows: 87 (97.8%)

leiomyomas,1 (1.1%) fibrous tumor, and 1 (1.1%) lipoma.

Effectiveness of STER

STERwas successfully performed in all of 89 patients. En bloc

resection was achieved in 70 (78.7%) patients. The margins of

all en bloc resected SMTs were negative. Therefore, the com-

plete resection rate was 70 (78.7%). One SMTwas not resected

with residual owing to the big size and deep invasion, which

caused great difficulty during operation and high risk to the

patient. No other residual lesions were found except that one

with the residual rate of 1.1% (1/89). No recurrence was noted

during the follow-up, and incisions of all patients healed well.

The median operation time and hospital time were 40 min

(range 12–142 min) and 7 days (range 5–18 days), respec-

tively. The medium number of clips used to close the incision

was 6 (range 3–22). Patients spent a median of 4590.20 USD

(range 2927.38–11931.91 USD). The outcomes are shown in

Table 2.

Safety of STER

All of 19 patients had AEs intraoperatively and postoper-

atively with the rate of 21.3% (19/89) (Table 3). Patients

might have several kinds of discomfort simultaneously.

Gas-related symptoms and fever were the most common

AEs, followed by postprocedural pain. Gas-related AEs

with or without other discomfort occurred in eight patients

with an incidence of 9.0% (8/89). Fever alone or with

others occurred in 9.0% (8/89) patients, while the incidence

of pain and mucosal injury with or without other discom-

forts was 4.5% (4/89) and 3.4% (3/89), respectively. No

severe AEs occurred, and all of the AEs were cured without

intervention or treated conservatively without the need for

surgery.

Factors affecting the effectiveness and safety

of STER

When comparing the en bloc resection group with the

piecemeal resection group in terms of baseline character-

istics (Table 4), en bloc resection was more easily achieved

for smaller SMTs than for the larger ones. The present

univariate analysis showed no significant difference in age,

sex, and location between the two groups.

The characteristics of the two groups (with AEs group

vs without AEs group) are demonstrated in Table 5.

Among the variables, larger size, and longer operation time

were more likely to lead to AEs while age, sex and location

were not the risk factors for AEs related to STER. Sig-

nificant differences in cost and hospital time were found

between the two groups.

Effectiveness and safety of STER among different

methods of incision

Three kinds of incision methods (inverted T incision,

transverse incision, and longitudinal incision) were

Table 1 Baseline characteristics of 89 enrolled patients

Outcomes Results

Age, mean (±SD), year 46.5 (10.3)

Sex, n (%)

Female 27 (30.3)

Male 62 (69.7)

Tumor location, n (%)

Upper esophagus 10 (11.2)

Middle esophagus 37 (41.6)

Lower esophagus 42 (47.2)

Tumor size, median (range), mm 16.0 (10.0–60.0)

Length of tunnel, median (range), cm 7.0 (5.0–11.0)

Methods of incision, n (%)

Inverted T incision 29 (32.6)

Transverse incision 12 (20.3)

Longitudinal incision 48 (53.9)

Follow-up time, median (range), month 6 (1–48)

Pathological diagnosis, n (%)

Leiomyoma 87 (97.8)

Fibrous tumor 1 (1.1)

Lipoma 1 (1.1)

Table 2 Therapeutic outcomes of STER

Characteristics Results

En bloc resection, n (%) 70 (78.7)

Complete resection, n (%) 70 (78.7)

Recurrence, n (%) 0 (0)

Residual, n (%) 1 (1.1)

Incision healing, n (%) 89 (100)

Operation time, median (range), min 40 (12–142)

Hospital time, median (range), day 7 (4–18)

Clips, median (range), no 6 (3–22)

Cost, median (range), USD 4597.22 (2930.81–11945.88)
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compared with each other in terms of therapeutic outcomes

(Table 6). The baseline characteristics, such as age, sex,

tumor location, and tumor size, were comparable among

the three groups (P C 0.05). No significant differences

were found in the length of tunnel, operation time, hospital

time, and cost among different incision methods. En bloc

resection rates achieved in different groups were similar to

each other. However, the incidence of AEs in the inverted

T incision group was lower than that in the longitudinal

incision group (P = 0.003) and similar to that in the

transverse incision group (P = 0.068). AEs among three

kinds of incision methods are shown in Table 7. Fewer

clips were used to close the incision in the inverted T

incision group than in the transverse incision group

Table 3 AEs occurred intra-

operation and post-operation
AEs Number of patients

Subcutaneous or mediastinal emphysema 4

Moderate fever 4

Mucosal injury 2

Chest or upper abdominal pain 3

Subcutaneous emphysema and pneumothorax 1

Mucosal injury and mediastinal emphysema 1

Moderate fever and chest pain 1

Moderate fever and subcutaneous emphysema 1

Moderate fever and pleural effusion 1

Subcutaneous, mediastinal emphysema, pneumothorax and moderate fever 1

Table 4 Comparison between

en bloc resection group and

piecemeal resection group

En bloc resection N = 70 Piecemeal resection N = 19 P value

Age, mean (±SD), year 45.3 (10.2) 42.3 (9.4) 0.402

Sex, n (%) 0.487

Female 20 (29.2) 7 (33.3)

Male 50 (70.8) 12 (67.7)

Tumor location, n (%) 0.476

Upper esophagus 9 (12.9) 1 (5.3)

Middle esophagus 30 (42.9) 7 (36.8)

Lower esophagus 31 (44.2) 11 (57.9)

Tumor size, median (range), mm 15.0 (10.0–58.0) 25.0 (11.8–60.0) 0.000*

* There was significant difference between two groups

Table 5 Comparison between with AEs group and without AEs group

With AEs N = 19 Without AEs N = 70 P value

Age, mean (±SD), year 46.9 (7.8) 46.4 (10.9) 0.140

Sex, n (%) 0.208

Female 8 (42.1) 19 (27.1)

Male 11 (57.9) 51 (72.9)

Tumor location, n (%) 0.612

Upper esophagus 1 (5.3) 9 (12.9)

Middle esophagus 8 (42.1) 29 (41.4)

Lower esophagus 10 (52.6) 32 (45.7)

Tumor size, median (range), mm 25.0 (10.0–58.0) 15.2 (10.0–60.0) 0.017*

Operation time, median (range), min 54 (19–142) 38 (12–131) 0.016*

Hospital time, median (range), day 8 (5–18) 7 (4–12) 0.007*

Cost, median (range), USD 5539.48 (3542.75–11945.88) 4544.25 (2930.81–7443.10) 0.038*

* There was significant difference between two groups
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(P = 0.003). No significant difference was observed in the

number of clips between the inverted T group and the

longitudinal incision group (P = 0.118).

Discussion

EMR and ESD performed well in superficial lesions orig-

inating from the mucosal and submucosal layers, such as

early-stage cancer and superficial SMTs. Although, ESD

was reported to be promising in treating esophageal MP

tumors [20], the en-bloc resection rate was merely 64–75%

for SMTs originating from the MP layer [21]. ESE and

EFR were demonstrated to resect SMTs deeper than sub-

mucosa successfully [13, 22–24]. However, perforation and

infection related to ESE and EFR were common. All of

these four endoscopic methods could not maintain mucosal

integrity which had the possibility of resulting in perfora-

tion, infection, and postoperative strictures [25].

POEM was clinically reported as a treatment for acha-

lasia by creating a tunnel between the submucosal and the

MP layer to maintain the integrity of the mucosal layer and

Table 6 Comparison of the effectiveness and safety of STER among three kinds of incision methods

Inverted T

incision N = 29

Transverse

incision N = 12

Longitudinal

incision N = 48

P value

Age, mean (±SD), year 46.0 (12.3) 49.0 (9.3) 46.3 (9.2) 0.671

Sex, n (%) 0.203

Female 10 (34.5) 1 (8.3%) 16 (33.3)

Male 19 (65.5) 11 (91.7%) 32 (66.7)

Tumor location, n (%) 0.954

Upper esophagus 4 (13.8) 1 (8.3) 5 (10.4)

Middle esophagus 11 (37.9) 6 (50.0) 20 (41.7)

Lower esophagus 14 (48.3) 5 (41.7) 23 (47.9)

Tumor size, mean (±SD), mm 23.2 (12.7) 16.3 (5.2) 19.9 (12.3) 0.148

Length of tunnel, median (range), cm 7.0 (5.0–11.0) 6.75 (5.5–8.5) 6.5 (5.0–10.0) 0.955

Operation time, median (range), min 35 (12–114) 42.5 (22–120) 43.5 (12–142) 0.273

Hospital time, median (range), day 7 (4–12) 7 (5–18) 7 (5–16) 0.057

Cost, median (range), USD 4528.43 (2930.81–11018.27) 5935.11 (3514.53–11945.88) 4552.71 (3210.85–7740.06) 0.171

Clips, median (range), no 5 (4–22) 7.5 (4–13) 6 (3–10) 0.005*

En bloc/complete resection, n (%) 23 (79.3) 10 (83.3) 37 (73.5) 0.889

AEs, n (%) 1 (3.4) 3 (25.0) 15 (31.25) 0.015*

* There was significant difference between two groups

Table 7 AEs occurred among three kinds of incision methods

AEs Inverted T

incision

Transverse

incision

Longitudinal

incision

Subcutaneous or mediastinal emphysema 0 0 4

Moderate fever 0 0 4

Mucosal injury 0 1 1

Chest or upper abdominal pain 1 0 2

Subcutaneous emphysema and pneumothorax 0 1 0

Mucosal injury and mediastinal emphysema 0 0 1

Moderate fever and chest pain 0 0 1

Moderate fever and subcutaneous emphysema 0 0 1

Moderate fever and pleural effusion 0 0 1

Subcutaneous and mediastinal emphysema, pneumothorax, and moderate

fever

0 1 0

Total 1 3 15
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decrease procedure-related AEs [26]. Inspired by POEM,

STER was introduced as a new tunneling therapy in 2012

to treat SMTs originating from the MP layer [7]. Few

studies on small populations have proved that STER is

effective and safe [6, 9, 27, 28]. This study was designed to

further evaluate the effectiveness and safety of STER for

esophageal SMTs originating from the MP layer in a larger

population and the factors, especially the types of mucosal

incision which might affect the effectiveness and safety of

STER.

A total of 89 patients with esophageal SMTs undergoing

STER were retrospectively enrolled in the present study.

Most of the SMTs in this study were leiomyomas con-

firmed by pathology. The en bloc resection rate was

83.3–100% in previous studies [29], which was higher than

that in the present study (78.7%). Nearly, one-fourth SMTs

were treated with a piecemeal resection in this study.

However, no recurrence and residual lesions were reported,

except for a residual SMT with big size and deep invasion.

This lesion was as large as 45.0 mm in diameter and

located in deep MP with an irregular shape. Resecting it

completely was pretty difficult and risky. Only a part of the

lesion was resected to avoid perforation and ensure safety.

It seemed that the piecemeal resection did not affect the

prognosis of STER. The reasons for low en bloc resection

rate in the present study were as follows. In some patients,

a snare was used to quickly resect the lesion after most of

the SMTs were fully exposed except the basal margin,

making it easier to resect the remaining part of the lesion.

The piecemeal resection made the surgical time shorter and

removal of lesions easier. It was shown that the piecemeal

resection of leiomyomas did not influence long-term out-

comes [30] and longer operation time would increase AEs

[19]. The median operation time in the present study was

39 min, much shorter than that in previous studies (ranging

from 47 to 152.4 min). The piecemeal resection might

contribute to a shorter operation time. However, the

piecemeal resection made the pathological evaluation dif-

ficult. Previous studies showed that it was hard to ensure en

bloc resection for SMTs larger than 35 mm [31]. There-

fore, operators should try to achieve en bloc resection for

SMTs smaller than 35 mm. They should weigh pros and

cons of piecemeal resection for large and (or) deep invasive

lesions, which make the en bloc resection difficult and

time-consuming.

The AEs rate was 21.3% (19/89) in this study. Previous

studies about the safety of STER in treating upper gas-

trointestinal SMTs showed a AEs rate ranging from 5 to

43.75% [6, 9, 16, 17, 19, 24, 25, 28]. Gas-related AEs were

reported to be the most common AEs with the incidence

ranging from 3.5 to 28.1% [6, 9, 19, 25, 28], which was in

accordance with the present findings. Fever and mucosal

injury were found to be quite common. Prophylactic

intravenous antibiotics were not administered before the

procedure as a standard protocol. Therefore, the fever rate

seemed to be high in the present study. It seems that the

administration of prophylactic intravenous antibiotics

before STER is important. More attention should be paid,

and repeated injections should be given to prevent mucosal

injury. The knife should be close to the MP layer when

creating a submucosal tunnel. EFR could make perfora-

tions, which might be successfully closed using clips after

resecting SMTs. However, infection and fistula would

occur when perforation was not completely closed. A

previous study showed that the efficacy of STER and EFR

in treating SMTs was comparable [24]. Further studies

comparing STER and EFR are warranted for a confirmed

conclusion.

Age, sex, and location would not predict en bloc

resection of SMTs and AEs in the present study, while it

was easier to perform en bloc resection for smaller SMTs

with fewer chances of AEs, which was in accordance with

previous findings [17, 19, 30]. STER for SMTs with a large

size and an irregular shape should be reconsidered owing to

the high risk of piecemeal resection and AEs. It was

reported that longer surgical time was a risk factor for

STER-related AEs [19], which was consistent with the

result of this study. Patients with AEs spent more money

and stayed longer in hospital compared with patients

without AEs.

When STER was first reported in patients by Xu et al. in

2012 [7], a longitudinal incision was used. Since then, all

studies about STER followed the incision method. An

inverted T incision and a transverse entry incision were

created, and a previous study showed that an inverted T

entry incision was the best choice for controlling the

complications related to POEM compared with a transverse

entry incision and a longitudinal incision [32]. This novel

study used transverse entry incision and inverted T entry

incision in the STER procedure. The tunnel entrance of

longitudinal incision was tight, leading to a high pressure

in the tunnel and difficulty in gas discharge from the tun-

nel. Therefore, the entry point was modified to a transverse

incision, which made it easier for the gas to get out of the

tunnel. However, the closure of incision seemed much

difficult. Considering the advantages and disadvantages of

the aforementioned incisions, a new kind of incision,

inverted T, was created which was a combination of

transverse and longitudinal incisions. The incidence of AEs

in the inverted T incision was lower than that in the lon-

gitudinal incision in the present study. The number of clips

was fewer in the inverted T incision group than in the

transverse incision group. The inverted T incision made it

easier for the gas to get out of the tunnel compared with the

longitudinal incision. The closure of inverted T incision

was much easier compared with the transverse incision. It
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seemed that the inverted T incision was the best among

three entry points. However, further studies on a larger

population were needed to validate the findings.

The present study has several limitations. First, it was

designed as a single-center, retrospective study. Second,

control groups were deficient; the effectiveness and safety

of STER could not be compared with those of other ther-

apies such as ESE and EFR. A comparative study is needed

for a confirmed conclusion. Third, although 89 patients

were enrolled, the number of patients in 3 different incision

groups was relatively small, especially in the transverse

incision group. Finally, the follow-up time in the present

study was quite short.

In conclusion, although STER failed to achieve en

bloc resection in 21.3% patients, it was still an effective

therapy owing to low residual rate and no recurrence rate

after piecemeal resection. The rate of AEs was relatively

high (20.8%); however, all of the AEs were cured

without intervention or treated conservatively without the

need for surgery. Gas-related AEs and fever were the

most common AEs. Large size is a risk factor for

piecemeal resection and AEs. An inverted T incision

seems to be the optimum method compared with trans-

verse and longitudinal incisions. Further prospective

multicenter studies involving a large population and

longer follow-up are warranted.
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