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Abstract

Background and aims Surgical resection is considered the first treatment option for submucosal tumors (SMTs) originat-
ing from the muscularis propria layer while submucosal tunneling endoscopic resection (STER) is proved to be a safe and
effective method for treating SMTs. This study aimed to compare video-assisted thoracoscopic enucleation (VATE) with
STER for treating esophageal SMTs.

Methods Sixty-six patients with small esophageal SMTs were prospectively randomized from July 2014 to December 2015.
After exclusion of 8 patients, 58 subjects scheduled for STER or VATE were enrolled. Clinicopathological, endoscopic, and
adverse events (AEs) data were collected and analyzed between STER and VATE.

Results Forty-six males and 12 females with a mean age of 46.1 +9.4 years were randomized to the STER (n=30) and VATE
(n=28) groups, respectively. Demographics and lesion features were similar between the two groups. Median procedure
time was shorter in the STER group than the VATE group (44.5 vs. 106.5 min, P <0.001); cost was lower in the STER group
(4499.46 vs. 6137.32 USD, P=0.010). Median decrease in hemoglobin levels post-procedure was — 1.6 g/L in the STER
group and 14.7 g/L after VATE (P=0.001). Lower postoperative pain scores were found in the STER group compared with
the VATE group (2 vs. 4, P <0.001). No recurrent or residual tumors were found in either group. En bloc resection rates,
complete resection rates, hospital times, and post-procedure AEs were similar between two groups. The en bloc resection rates
for SMTs <20.0 mm were 100% in both groups while STER achieved only 71.4% en bloc resection rate for SMTs >20.0 mm.
Conclusion STER and VATE are comparably effective for esophageal SMTs; however, STER is superior to VATE with
shorter operation time and decreased cost, and seems safer than VATE. STER is recommended for SMTs <20.0 mm while
VATE is recommended for SMTs with a transverse diameter > 35.0 mm.

Clinical trail registration statement: This study is registered at http://www.chictr.org.cn/showproj.aspx?proj=4814. The
registration identification number is ChiCTR-TRC-14004759. The registration date is April 30, 2014.

Keywords Submucosal tunneling endoscopic resection - Video-assisted thoracoscopic surgery - Submucosal tumor -
Muscularis propria

Submucosal tumors (SMTs) are a class of protruding lesions
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mon entities of the upper gastrointestinal tract, with an
estimated overall prevalence of 0.3% in past [1]. However,
the detection rate of SMTs has become increasingly preva-
! Department of Gastroenterology and Hepatology, Chinese lent thanks to the development of imaging techniques [2].

PLA General Hospital, Fuxing Road 28. Haidian District, SMTs are usually found incidentally without symptoms. The

Beijing, People’s Republic of China majority of SMTs are benign, although some have malignant

< Engiang Linghu
linghuenqiang @vip.sina.com

Department of Thoracic Surgery, Chinese PLA General
Hospital, Beijing, People’s Republic of China

@ Springer


http://orcid.org/0000-0003-4506-7877
http://www.chictr.org.cn/showproj.aspx?proj=4814
http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-018-6057-8&domain=pdf

Surgical Endoscopy (2018) 32:3364-3372

3365

potential, especially large ones of those originating from the
muscularis propria (MP) layer [3-5].

The American Gastroenterological Association
(AGA) recommends that gastrointestinal stromal tumors
(GISTs) <3 cm should be followed up by endoscopy, endo-
scopic ultrasound (EUS) or resected [6]. The National Com-
prehensive Cancer Network (NCCN) guidelines indicate
that GISTs >2 cm should be resected, while the treatment
of GISTs <2 cm remains controversial [7]. The malignant
potential varies with the type of SMTs. Therefore, an accu-
rate diagnosis for differentiating between truly benign and
malignant lesions seems pretty essential. EUS-guided fine
needle aspiration (EUS-FNA) and biopsy are considered the
most reliable methods in the histological diagnosis of SMTs
[8—10]. Considering their limited diagnostic values and the
challenge of preoperative tissue collection [2, 6, 11-13],
pathological examination seems not easy or necessary for
easily resectable tumors [7]. Long-term follow-up adds to
the financial burden and psychological stress to patients, and
may delay the diagnosis and treatment of the malignancy
[14]. Early resection of SMTs allows confirmation of the
pathological diagnosis and achieves clinical cure.

Surgery and endoscopic resection are two current meth-
ods used to remove SMTs [14]. Compared with open sur-
gery, minimally invasive resection methods such as video-
assisted thoracoscopic enucleation (VATE) and endoscopic
resection, have been widely performed and are feasible
and safe. Surgical enucleation is widely considered the
first treatment choice for SMTs [15, 16]. Endoscopic tech-
niques, such as endoscopic submucosal dissection (ESD),
endoscopic submucosal excavation (ESE), and endoscopic
full-thickness resection (EFR), are feasible, effective, and
safe [17-19]. However, they rarely achieve en bloc resection
in SMTs originating from the MP and maintain the integrity
of the digestive tract mucosa. Submucosal tunneling endo-
scopic resection (STER) is a novel endoscopic method used
to resect SMTs originating from the MP by establishing a
tunnel to maintain the integrity of the digestive tract mucosa
[20]. STER is considered to be superior to other endoscopic
methods for SMTs originating from the MP, especially those
with transverse diameter <35.0 mm [21-23]. Both video-
assisted thoracoscopic enucleation and STER are safe and
effective techniques for SMTs originating from the MP.
However, only few retrospective studies comparing STER
and VATE for the treatment of esophageal SMTs have been
reported, with no related prospective randomized controlled
trials available [24, 25]. The aim of this randomized clinical
trial was to compare VATE with STER for treating esopha-
geal SMTs.

Patients and methods
Study design

Random assignment was performed using permuted blocks
without stratification in a computer-generated random
sequence. All of 66 patients were consecutively randomized
to the VATE or STER group from July 2014 to December
2015. After exclusion of 8 patients, the remaining 58 under-
going either STER or VATE were enrolled (Fig. 1). The
present study was approved by the Ethics Committee of the
Chinese People’s Liberation General Hospital (S2014-024-
02). The trial is registered at http://www.chictr.org.cn/show-
proj.aspx 7proj=4814 (ChiCTR-TRC-14,004,759).

Mediastinal-enhanced computed tomography (CT) and
EUS were conducted to evaluate tumor size, location, shape
and depth, and rule out metastasis or invasion outside the
digestive tract prior to operation. Preoperative examina-
tions, including complete blood count, were performed. All
patients fasted for 8 h before resection. Adverse events dur-
ing and after the operation were closely monitored. Thera-
peutic outcomes in both groups were prospectively assessed.
Follow-up gastroscopy was performed at 1, 3, 6, 12, and 24
months post-operation, respectively.

Patients

This was a single-center, prospective randomized controlled
study. Inclusion criteria were (1) age between 16 and 70
years; (2) esophageal SMTs originating from the MP layer
confirmed by imaging examinations; (3) SMTs with long-
est diameter > 10.0 mm and transverse diameter <35.0 mm
and intact mucosal surface; (4) no malignancy; (5) no signs
of metastasis or invasion outside the digestive tract; and
(6) signed informed consent. Exclusion criteria were (1)
reluctance to undergo VATE or STER, or inability to sign
informed consent; (2) intolerance to anesthesia; (3) high-
risk operation or pregnancy; and (4) coagulopathy (inter-
national normalized ratio > 1.5, platelets < 50,000). Three
patients with multiple SMTs were enrolled and all SMTs
were resected during one procedure. Multiple SMTs made
the comparison between STER and VATE difficulty, there-
fore we eliminated these 3 patients. A patient with SMTs
located in lower esophagus had underwent peroral endo-
scopic myotomy (POEM) which interfered operation was
excluded, too.

STER procedure

STER was conducted mainly as previously reported (Fig. 2)
[20]. The STER procedures were performed by experts
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Total Screened SMTs originating
from the MP layer (n=102)

Excluded (n=34):

N

A 4

Not meeting inclusion criteria (n=27)
Refused to participant (n=7)

Randomized in the study (n=66)

v

STER group (n=33)

Excluded (n=3):
Pathologically diagnosed with <
cancer (n=1) ™
Had more than one SMT (n=2)

A 4
STER analyzed
(n=30)

Fig.1 Study flowchart

of more than 100 cases of peroral endoscopic myotomy
(POEM). Patients were in the left lateral position, under
intravenous anesthesia. A single-channel gastroscope (GIF
Q260J/GIF Q290J; Olympus, Tokyo, Japan) equipped with a
transparent cap (D-201-11802; Olympus), a high-frequency
generator (VIO 200D; ERBE, Tiibingen, Germany), and an
argon plasma coagulation unit (APC300; ERBE) were used
during the procedures. A carbon dioxide (CO,) insufflator
(UCR; Olympus) was used to achieve CO, insufflation. The
key steps were as follows: (1) the characteristics of SMTs,
such as size, location, and depth, were evaluated under a
liner-array echo-endoscope (Prosound F75; Aloka, Tokyo,
Japan and GF-UCT260; Olympus) before STER; (2) submu-
cosal injection with an injection needle (NM-4L-1; Olym-
pus) was performed at 3-5 cm proximal to the tumor; (3)
a mucosal incision was made with a triangular knife (KD-
640L; Olympus); (4) a longitudinal tunnel ending at 1-2 cm
distal to the tumor between the submucosal and muscular
layers was made using a triangular knife; (5) after com-
plete exposure of the SMT, the tumor was resected using an
insulation-tip knife (KD611L, IT2; Olympus) or a triangu-
lar knife; a snare (ASM-1-S or ASJ-1-S; Cook, Limerick,
Ireland) was needed in some cases; (6) clips (HX-610-135;
Olympus) were used to close the incision.

VATE procedure
The VATE procedures were mainly performed by surgeons

with experience of more than 1000 cases of thoracoscopic
surgery. The patients was in the left lateral decubitus
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VATS group (n=33)

Excluded (n=5):
Pathologically diagnosed with
cancer (n=2)

Had more than one SMT (n=2)
Had undergone peroral
endoscopic myotomy (n=1)

2
VATS analyzed
(0=28)

position at about a 15° frontal inclination, under general
anesthesia with double or single lumen intubation. Three
to five cameras or working ports were placed over the right
chest depending upon the location of the mass. Sometimes, a
working incision was made about 3—4 c¢m in one of the ports,
to facilitate instrument manipulation. After the lesion was
identified, the mediastinal pleura over the tumor was incised
longitudinally. The mass was exposed after longitudinal split
of the overlying muscle, and carefully enucleated to preserve
the vagal branches and prevent mucosal damage. The integ-
rity of the mucosa must then be assessed for the presence of
any bubble in the water-submerged esophagus, after insuf-
flating air through the nasogastric tube or by gastroscopy.
The muscular layer was closed with interrupted absorbable
sutures, with a chest tube placed through one of the ports for
postoperative drainage.

Postoperative management

For STER, the patients were fasted for 3 days, received a
liquid diet for 3 days after surgery, and returned gradually
to a normal diet within 2 weeks. Chest/abdominal X-ray or
CT was performed in case of severe chest pain. For VATE,
the patients were fasted for one day, received a liquid diet
for 2 days, and returned gradually to a normal diet within 2
weeks. The chest tube was removed with daily drainage of
less than 10 mL. Wound dressing and suture removal were
performed at the outpatient clinic.

For all patients, at 1 day and 3-7 days post-operation,
complete blood count was performed. Intravenous proton
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Fig.2 Key procedures of submucosal tunneling resection. A Endo-
scopic view of a submucosal tumor located in the middle esophagus.
B Endoscopic ultrasound view of the same lesion, showing the tumor
originating from the muscularis propria. C Creating a fluid cushion
by a submucosal injection. D Making a mucosal incision 5 cm proxi-

mal to the submucosal tumors. E Creating a submucosal tunnel to the
lesion. F Exposure of the entire tumor. G Tunnel after tumor resec-
tion. H Closure of the tunnel entry with clips. I Resected specimen. J
Endoscopic view at 1-year follow-up after operation, showing a scar
at the mucosal entry
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pump inhibitors (PPIs) and antibiotics were used for 3 days,
followed by oral PPI therapy for 4 weeks.

Outcome measurements

En bloc resection, complete resection, recurrence rate,
residual rate, operation time, hospital time, and cost were
compared between the STER and VATE groups as the out-
come measures of effectiveness SMT size were determined
by the longest diameter under EUS. Complete resection
was defined as en bloc removal of the tumor with negative
margins upon pathologic examination. Operators included
not only the main surgeon but also the auxiliary surgeons,
such as technologists. The entire expense from admission
to discharge was involved in the cost analysis. To evaluate
safety, AEs, including gas-related AEs, perforation, pleural
effusion, mucosal injury, fever (temperature > 38 °C), severe
chest pain, acute or delayed major bleeding, and structure,
were assessed. Changes of hemoglobin levels between pre-
operative values and those at 3—7 days post-operation were
also evaluated. The average postoperative pain was scored by
the numeric rating scale (NRS) at the first 24 h: 0, painless;
10, twinge; 1-3, mild pain; 4-6, moderate pain; 7-10, severe
pain. Artificial pneumothorax in the right side was required
in the VATE group; therefore, pneumothorax in the right
chest was not considered as an AE.

Statistical analysis

The number of cases per group was estimated based on an
average STER time of 84.4+29.1 min and VATE time of
125+ 57.8 min [21, 26]. At least 22 patients were needed
in each group to achieve a statistical power of 90% with a
significance level of 5%. We anticipated a 50% dropout rate
for each group, and finally enrolled 66 patients. All calcula-
tions were performed with the SPSS 22.0 software (IBM
Corp, Armonk, NK). Quantitative data were expressed as
mean + standard deviation (SD) or median with ranges, and
assessed by Student’s t test, nonparametric test, or analy-
sis of variance (ANOVA). Enumeration variables were
expressed as proportions, and assessed by j” test or Fisher’s
exact test. P <0.05 was considered statistically significant.

Results

Clinical characteristics

Sixty-six patients with small esophageal SMTs were pro-
spectively randomized from July 2014 to December 2015.
After exclusion of 8 patients, 46 males and 12 females

with a mean age of 46.1 +9.4 years were randomized to
the STER (n=30) and VATE (n=28) groups, respectively.
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Median size of SMTs was 18.1 mm (range 10.0-50.0 mm).
One tumor was localized in the upper esophagus, 35 in the
middle esophagus, and 22 in the lower esophagus. Fifty-
four resected SMTs were diagnosed as leiomyomas, three
as GISTs, and one as a fibrous tumor. In terms of age, sex,
tumor size, transverse diameter, tumor location, pathological
diagnosis, and preoperative hemoglobin levels, no differ-
ences were found between the two groups (all P>0.05). The
median volume of intraoperative infusion in the STER group
was smaller than that of the VATE group (P =0.002). The
median volume of postoperative infusion in the STER group
was about 2500 mL, while that of the VATE group was
about 3000 mL. The detailed characteristics of patients and
SMTs in the VATE and STER groups are listed in Table 1.

Effectiveness and safety of STER and VATE

En bloc resection was achieved in 26 (83.3%) patients in
the STER group and 28 (100%) after VATE; indicating no
significant difference between the two groups (P =0.138).
The SMT margins after en bloc resection were all negative.
No residual tumor or recurrence was noted in all enrolled
patients during follow-up. Effectiveness outcomes are
shown in Table 2. Despite similar hospitalization durations,
STER was superior to VATE, with shorter operation time,
decreased cost, and less operators needed. There was no sig-
nificant difference in AEs between the two groups (STER,
16.7%; VATE, 35.7%; P=0.098) (Table 3). Subcutaneous or
mediastinal emphysema was the most common AE related
to STER, while moderate fever was the most common AE
post-VATE. Median decrease in hemoglobin levels post-pro-
cedure was — 1.6 g/L in the STER group and 14.7 g/L after
VATE (P=0.001). No patients, neither in the STER group
nor in the VATE group, needed blood transfusion. Although,
few patients complained of severe pain, postoperative mild
to moderate chest pain was more common. A significant
difference in pain scores was found between the STER and
VATE groups (P <0.001) (Table 4).

Discussion

As the most common esophageal SMT, leiomyoma is mostly
considered to be benign. However, there are some tumors
with malignant potential, e.g., GISTs. The European Society
for Medical Oncology (ESMO) and Japanese GIST guide-
lines recommend that all GISTs, regardless of size, should
be resected at diagnosis, different from the NCCN guidelines
[7, 27, 28]. The cutoff size remains controversial. Consid-
ering that accurate diagnosis for differentiating potentially
malignant GISTs from benign SMTs without resection is
difficult, early resection of esophageal SMTs seems essential
to ward off SMT-related cancer.
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Table 1 Characteristics of Characteristics STER (n1=30)  VATE (n=28) P value
patients and SMTs in the STER
and VATE groups Age, mean (+SD), year 455(9.1) 46.7 (9.7) 0.656
Sex, n (%) 0.245
Female 8 (26.7) 4(14.3)
Male 22 (73.3) 24 (85.7)
Tumor size, median (range), mm 16.4 (10.0-45.0) 19.1 (12.0-50.0) 0.247
Transverse diameter, median (range), mm 11.2 (5.0-20.0) 12.6 (4.3-30.0) 0.145
Tumor location (vertical), n (%) 0.383
Upper esophagus 1 0
Middle esophagus 16 19
Lower esophagus 13 9
Tumor location (horizon), n (%) 0.580
Left side 19 14
Right side 9 11
Middle side 2 3
Pathological diagnosis, n (%) 0.120
Leiomyoma 29 25
GIST 0 3
Fibrous tumor 1 0
Preoperative hemoglobin level, mean (+SD), g/L 142.2 (16.4) 147.9 (13.3) 0.669
Volume of intraoperative infusion, median (range), mL 500 (500-1500) 2000 (1000-3500)  0.002
Follow-up time, median (range), month 9.5 (1-32) 11 (1-26) 0.708

Table 2 Effectiveness outcomes
in the STER and VATE groups

Table 3 Safety outcomes in the
STER and VATE groups

SMT submucosal tumor, STER submucosal tunneling endoscopic resection, VATE video-assisted thoraco-
scopic enucleation, SD standard deviation, GIST gastrointestinal stromal tumor

Outcomes STER (n=30) VATE (n=28) P value

En bloc resection, n (%) 26 (83.3) 28 (100%) 0.138
<20.0 mm 16 (100) 16 (100) 1.000
>20.0 mm 10 (71.4) 12 (100) 0.100

Complete resection, n (%) 26 (83.3) 28 (100%) 0.138

Recurrence, n (%) 0 (0) 0(0) /

Residual, n (%) 0 (0) 0(0) /

Operation time, median (range), min 44.5 (15-130) 106.5 (55-263) 0.000

Hospital time, median (range), day 7 (5-16) 7 (3-16) 0.490

Cost, median (range), USD 4499.46 (2928.55- 6137.32 (2930.75- 0.010

6915.12) 148514.47)

Number of operator, median (range) 2 (2-3) 5(2-6) 0.000

STER submucosal tunneling endoscopic resection, VATE video-assisted thoracoscopic enucleation

Outcomes STER (n=30) VATE (n=28)

Subcutaneous or mediastinal emphysema 3 0

Moderate fever 1 9

Severe chest pain 0 1

Pneumothorax, moderate fever, and moderate fever 1 0

Moderate fever, severe chest pain, and ventricular fibrillation 0 1

Total AEs, n (%) 5(16.7%) 10 (35.7%)

STER submucosal tunneling endoscopic resection, VATE video-assisted thoracoscopic enucleation, AE

adverse event
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Table 4 Postoperative pain scores in the STER and VATE groups

Postoperative pain score STER (n=30) VATE (n=28)
0 3 0

1-3 25

4-6 2 25

7-10 0 2

Median score 2 4

STER submucosal tunneling endoscopic resection, VATE video-
assisted thoracoscopic enucleation

SMTs originating from the MP layer are traditionally
difficult to resect under endoscopy, with a high risk of per-
foration and a low en bloc resection rate. Nowadays, ESD
constitutes a promising treatment for SMTs originating from
the MP layer with en bloc resection rates ranging from 64
to 75% [29, 30]. Considering that ESD is more suitable for
superficial lesions originating from the mucosal and sub-
mucosal layers, ESE and EFR have been modified to resect
SMTs originating from the deeper MP layer, with demon-
strated usefulness [19, 31, 32]. However, these techniques
are hampered by high risk of postoperative perforation and
infection. EFR has been mainly used to treat gastric and
colonic lesions, with esophageal SMTs not considered an
indication. STER was firstly reported as a novel therapy to
treat SMTs originating from the MP layer by establishing a
tunnel between the submucosal and MP layers to maintain
the integrity of the digestive tract mucosa [20]. STER was
demonstrated advantages over ESD and ESE in SMTs [21,
33].

VATE was previously considered the best choice for
management of esophageal leiomyoma 1-5 cm in diameter
[34, 35]. However, whether STER is better than VATE in
treating SMTs remains unclear. Only few retrospective stud-
ies have compared STER and VATE, with relatively small
sample sizes [24, 25]. The present study was prospectively
designed as a randomized controlled trial to compare these
two novel techniques for their effectiveness in the manage-
ment of patients with esophageal SMTs originating from
the MP layer.

As shown above, the en bloc resection rate of VATE
was higher than that of STER, although the difference was
not statistically significant. While 16.7% SMTs treated by
STER failed to achieve en bloc resection, no residual tumor
or recurrence was observed in all enrolled patients during
follow-up, even after piecemeal resection. STER was supe-
rior to VATE, with shorter operation time, lower cost, and
less operators required. The AEs seemed slightly more fre-
quent in STER compared with VATE, but with no signifi-
cant difference. AEs in both STER and VATE groups were
conservatively treated. STER had the advantage of milder
postoperative chest pain over VATE. Previous findings
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revealed comparable treatment efficacy between STER and
VATE, with STER showing the advantages of shorter opera-
tion time, milder hemoglobin level decrease, lower cost, and
reduced chest pain [24, 25], corroborating the current study.
This study revealed that median decrease in hemoglobin lev-
els post-procedure in the STER group was milder than that
in the VATE group, with significant difference. However, the
greater volume of infusion, intraoperative and postoperative,
in the VATE group might bias the results. We speculated that
the changes of hemoglobin levels between the two groups
might not have had such a great difference with the similar
volume of infusion. However, wound effusion was more pro-
nounced in the VATE group compared with the STER group.
We believed that this bias might not affect our conclusion.

Previous studies showed that the inner diameter of the
tunnel is approximately 35 mm; therefore, the transverse
diameter of SMTs treated by STER cannot exceed 35 mm
[36, 37]. The longest diameter can reach 70 mm, and
few studies have reported STER for SMTs > 35 mm [25,
38—40]. In SMTs < 20.0 mm, both techniques had the same
satisfactory en bloc resection rate of 100% in the current
study. SMTs < 20.0 mm are often ignored by video-assisted
thoracoscopy. Therefore, endoscopic assistance is needed
to evaluate the accurate location of tumors. For tumors
located in the left side of the esophagus, this organ has to
be overturned for a better exposure of the mass since right
VATE was performed in all patients because of operators’
preference and experience, as well as the location of heart.
The right lateral position was not suitable for SMTs even
located in the left side of the esophagus because the heart
and many large vessels are located in the left thoracic cavity.
Overturning esophagus not only wasted time but also hardly
gave an operative view as clear as treating SMTs located in
the right side. Managing lesions in the left side seemed more
challenging to VATE operators than those in the right side,
while left or right location made no difference in the STER
procedure. Taking the advantages and disadvantages of
STER and VATE into consideration, we recommend STER
as a preferable choice for SMTs < 20.0 mm without abundant
blood supply, while VATE is superior for SMTs > 35 mm
with abundant blood supply.

Resecting a SMT near the aortic arch is challenging.
Indeed, the aortic pulsation makes it difficult to establish a
tunnel and resecting the tumor during STER. When resect-
ing a tumor by VATE, the esophagus was overturned and
special attention should be paid to avoid angiorrhexis, which
may lead to hemorrhoea. Arteriorrhexis, no matter during
STER or VATE, is life-threatening. A patient suspected
of a GIST near the aortic arch was enrolled in our study
and underwent VATE. Fortunately, no damages of vessel
were encountered during the operation. We suggested that
if the patient was diagnosed with a asymptomatic SMT near
the aortic arch with small size and suspected to be benign,
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surveillance might be a good choice. For a SMT is located
in the upper esophagus near the esophageal inlet, there may
not be enough room to establish a tunnel wither; STER is
not suitable in this case.

This study had several limitations. First, operators per-
forming the procedures were not blinded to STER and
VATE. However, the study design made this bias inevitable.
In addition, postoperative treatments between the two groups
were different, which may affect the occurrence of AEs.
What is more, patients undergoing STER were fasted for 3
days while patients undergoing VATE were fasted only for
24 h. STER was a novel technique, therefore operators were
more conservative. It seems that surgeons operating VATE
are more bold. Our own protocol may be the main reason
why the length of stay is the same. If the patients were fasted
for the same days in both groups, STER will act better for a
shorter hospital day. Finally, the sample size was relatively
small, and this was a single-center study. Therefore, further
multi-center studies involving larger populations are needed
to confirm our findings.

In conclusion, STER and VATE are comparably effective
for esophageal SMTs. However, STER is superior to VATE,
with shorter operation time and lower cost. STER seems
safer than VATE with milder hemoglobin level decrease
and reduced postoperative pain. STER might be a preferable
choice for SMTs <20.0 mm without abundant blood supply,
while VATE is superior for SMTs > 35 mm with abundant
blood supply.

Acknowledgements We would like to thank for the following doc-
tors who made an contribution to this study in patients’ follow-up and
operative procedures: Xiangyang Chu, Wen Li, Jiangyun Meng, Hong
Du and Hongbin Wang.

Funding This study was supported by research Grants from two Chi-
nese PLA General Hospital Clinical Researches (2012FC-TSYS-3035
and YS201404).

Compliance with ethical standards

Disclosures Drs. Ningli Chai, Chen Du, Ying Gao, Xiaotong Niu, Yaqi
Zhai, Engiang Linghu, Yang Liu, Bo Yang, Zhongsheng Lu, Zhenjuan
Li, Xiangdong Wang, and Ping Tang have no conflicts of interest or
financial ties to disclose.

References

1. Hedenbro JL, Ekelund M, Wetterberg P (1991) Endoscopic diag-
nosis of submucosal gastric lesions. The results after routine
endoscopy. Surg Endosc 5(1):20-23

2. Nishida T, Kawai N, Yamaguchi S, Nishida Y (2013) Submucosal
tumors: comprehensive guide for the diagnosis and therapy of
gastrointestinal submucosal tumors. Dig Endosc 25(5):479-489

3. Connolly EM, Gaftney E, Reynolds JV (2003) Gastrointestinal
stromal tumours. Br J Surg 90(10):1178-1186

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Gill KR, Camellini L, Conigliaro R, Sassatelli R, Azzolini F,
Messerotti A, Woodward TA, Wallace MB, Jamil LH, Raimondo
M (2009) The natural history of upper gastrointestinal subepithe-
lial tumors: a multicenter endoscopic ultrasound survey. J Clin
Gastroenterol 43(8):723-726

Polkowski M, Butruk E (2005) Submucosal lesions. Gastrointest
Endosc Clin N Am 15(1):33-54

American Gastroenterological Association I (2006) American
Gastroenterological Association Institute medical position state-
ment on the management of gastric subepithelial masses. Gastro-
enterology 130 (7):2215-2216

Demetri GD, von Mehren M, Antonescu CR, DeMatteo RP, Gan-
joo KN, Maki RG, Pisters PW, Raut CP, Riedel RF, Schuetze
S, Sundar HM, Trent JC, Wayne JD (2010) NCCN Task Force
report: update on the management of patients with gastrointestinal
stromal tumors. J Natl Compr Canc Netw 8(Suppl 2):S1-S41 quiz
S42-44

Hoda KM, Rodriguez SA, Faigel DO (2009) EUS-guided sam-
pling of suspected GI stromal tumors. Gastrointest Endosc
69(7):1218-1223. https://doi.org/10.1016/j.gie.2008.09.045
Polkowski M, Bergman JJ (2010) Endoscopic ultrasonography-
guided biopsy for submucosal tumors: needless needling? Endos-
copy 42(4):324-326

El Chafic AH, Loren D, Siddiqui A, Mounzer R, Cosgrove N,
Kowalski T (2017) Comparison of FNA and fine-needle biopsy
for EUS-guided sampling of suspected GI stromal tumors. Gas-
trointest Endosc 86(3):510-515

Levy MJ, Jondal ML, Clain J, Wiersema MJ (2003) Preliminary
experience with an EUS-guided trucut biopsy needle compared
with EUS-guided FNA. Gastrointest Endosc 57(1):101-106
Williams DB, Sahai AV, Aabakken L, Penman ID, van Velse A,
Webb J, Wilson M, Hoffman BJ, Hawes RH (1999) Endoscopic
ultrasound guided fine needle aspiration biopsy: a large single
centre experience. Gut 44(5):720-726

Cantor MJ, Davila RE, Faigel DO (2006) Yield of tissue sampling
for subepithelial lesions evaluated by EUS: a comparison between
forceps biopsies and endoscopic submucosal resection. Gastroin-
test Endosc 64(1):29-34

Kim GH (2012) Endoscopic resection of subepithelial tumors.
Clin Endosc 45(3):240-244

Shin S, Choi YS, Shim YM, Kim HK, Kim K, Kim J (2014) Enu-
cleation of esophageal submucosal tumors: a single institution’s
experience. Ann Thorac Surg 97(2):454-459

Nguyen NT, Reavis KM, El-Badawi K, Hinojosa MW, Smith
BR (2008) Minimally invasive surgical enucleation or esoph-
agogastrectomy for benign tumor of the esophagus. Surg Innov
15(2):120-125

Zhang Q, Wang F, Wei G, Cai JQ, Zhi FC, Bai Y (2017) Endo-
scopic resection of gastric submucosal tumors: a comparison of
endoscopic nontunneling with tunneling resection and a system-
atic review. Saudi J Gastroenterol 23(1):52-59

Goto O, Uraoka T, Horii J, Yahagi N (2014) Expanding indi-
cations for ESD: submucosal disease (SMT/carcinoid tumors).
Gastrointest Endosc Clin N Am 24(2):169-181

Zhou PH, Yao LQ, Qin XY, Cai MY, Xu MD, Zhong YS, Chen
WEF, Zhang YQ, Qin WZ, Hu JW, Liu JZ (2011) Endoscopic full-
thickness resection without laparoscopic assistance for gastric
submucosal tumors originated from the muscularis propria. Surg
Endosc 25(9):2926-2931

Xu MD, Cai MY, Zhou PH, Qin XY, Zhong YS, Chen WF, Hu
JW, Zhang YQ, Ma LL, Qin WZ, Yao LQ (2012) Submucosal tun-
neling endoscopic resection: a new technique for treating upper GI
submucosal tumors originating from the muscularis propria layer
(with videos). Gastrointest Endosc 75(1):195-199

Lu J, Jiao T, Zheng M, Lu X (2014) Endoscopic resection of
submucosal tumors in muscularis propria: the choice between

@ Springer


https://doi.org/10.1016/j.gie.2008.09.045

3372

Surgical Endoscopy (2018) 32:3364-3372

22.

23.

24.

25.

26.

217.

28.

29.

30.

direct excavation and tunneling resection. Surg Endosc
28(12):3401-3407

Zhou DJ, Dai ZB, Wells MM, Yu DL, Zhang J, Zhang L (2015)
Submucosal tunneling and endoscopic resection of submucosal
tumors at the esophagogastric junction. World J Gastroenterol
21(2):578-583

Mao XL, Ye LP, Zheng HH, Zhou XB, Zhu LH, Zhang Y (2017)
Submucosal tunneling endoscopic resection using methylene-
blue guidance for cardial subepithelial tumors originating from
the muscularis propria layer. Dis Esophagus 30(3):1-7

Li QY, Meng Y, Xu YY, Zhang Q, Cai JQ, Zheng HX, Qing HT,
Huang SL, Han ZL, Li AM, Huang Y, Zhang YL, Zhi FC, Cai
RJ, Li Y, Gong W, Liu SD (2017) Comparison of endoscopic
submucosal tunneling dissection and thoracoscopic enucleation
for the treatment of esophageal submucosal tumors. Gastrointest
Endosc 86(3):485-491

Tan Y, Lv L, Duan T, Zhou J, Peng D, Tang Y, Liu D (2016)
Comparison between submucosal tunneling endoscopic resection
and video-assisted thoracoscopic surgery for large esophageal
leiomyoma originating from the muscularis propria layer. Surg
Endosc 30(7):3121-3127

Luh SP, Hou SM, Fang CC, Chen CY (2012) Video-thoracoscopic
enucleation of esophageal leiomyoma. World J Surg Oncol 10:52
Group EESNW. (2012) Gastrointestinal stromal tumors: ESMO
Clinical Practice Guidelines for diagnosis, treatment and follow-
up. Ann Oncol 23 Suppl 7:49-55

Nishida T, Hirota S, Yanagisawa A, Sugino Y, Minami M, Yama-
mura Y, Otani Y, Shimada Y, Takahashi F, Kubota T, Subcom-
mittee GG (2008) Clinical practice guidelines for gastrointestinal
stromal tumor (GIST) in Japan: English version. Int J Clin Oncol
13(5):416-430

Shi Q, Zhong YS, Yao LQ, Zhou PH, Xu MD, Wang P (2011)
Endoscopic submucosal dissection for treatment of esophageal
submucosal tumors originating from the muscularis propria layer.
Gastrointest Endosc 74(6):1194-1200

Abe N, Takeuchi H, Ooki A, Nagao G, Masaki T, Mori T, Sugiy-
ama M (2013) Recent developments in gastric endoscopic submu-
cosal dissection: towards the era of endoscopic resection of layers
deeper than the submucosa. Dig Endosc 25(Suppl 1):64-70

@ Springer

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Zhang Y, Ye LP, Zhou XB, Mao XL, Zhu LH, He BL, Huang
Q (2013) Safety and efficacy of endoscopic excavation for gas-
tric subepithelial tumors originating from the muscularis propria
layer: results from a large study in China. J Clin Gastroenterol
47(8):689-694

Reinehr R (2015) Endoscopic submucosal excavation (ESE) is a
safe and useful technique for endoscopic removal of submucosal
tumors of the stomach and the esophagus in selected cases. Z
Gastroenterol 53(6):573-578

Yao L, Zhong Y, Qi Z (2015) Application of endoscopic resec-
tion for colorectal neoplasms. Zhonghua wei chang wai ke za zhi
18(6):536-539

von Rahden BH, Stein HJ, Feussner H, Siewert JR (2004) Enucle-
ation of submucosal tumors of the esophagus: minimally invasive
versus open approach. Surg Endosc 18(6):924-930

Jiang G, Zhao H, Yang F, LiJ, Li Y, Liu Y, Liu J, Wang J (2009)
Thoracoscopic enucleation of esophageal leiomyoma: a retrospec-
tive study on 40 cases. Dis Esophagus 22(3):279-283

Chen T, Zhang C, Yao LQ, Zhou PH, Zhong YS, Zhang YQ,
Chen WF, Li QL, Cai MY, Chu Y, Xu MD (2016) Management
of the complications of submucosal tunneling endoscopic resec-
tion for upper gastrointestinal submucosal tumors. Endoscopy
48(2):149-155

Wang H, Tan Y, Zhou Y, Wang Y, Li C, Zhou J, Duan T, Zhang
J, Liu D (2015) Submucosal tunneling endoscopic resec-
tion for upper gastrointestinal submucosal tumors originating
from the muscularis propria layer. Eur J Gastroenterol Hepatol
27(7):776-780

Tan Y, Liu D (2015) En bloc submucosal tunneling endoscopic
resection for a giant esophageal leiomyoma. Gastrointest Endosc
82(2):399

Tan'Y, Zhu H, Lv L, Liu D (2016) Enlarging an accidental muco-
sotomy to facilitate tumor extraction during submucosal tunneling
endoscopic resection for a giant esophageal leiomyoma. Gastro-
intest Endosc 83(1):248-249

Maydeo A, Sharma A, Bhandari S, Dhir V (2015) Submucosal
tunneling and endoscopic resection of a large, esophageal leio-
myoma. Gastrointest Endosc 82(5):954



	Comparison between submucosal tunneling endoscopic resection and video-assisted thoracoscopic enucleation for esophageal submucosal tumors originating from the muscularis propria layer: a randomized controlled trial
	Abstract
	Background and aims 
	Methods 
	Results 
	Conclusion 

	Patients and methods
	Study design
	Patients
	STER procedure
	VATE procedure
	Postoperative management
	Outcome measurements
	Statistical analysis

	Results
	Clinical characteristics
	Effectiveness and safety of STER and VATE

	Discussion
	Acknowledgements 
	References


