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Abstract
Background Gastric subepithelial tumors originating from muscularis propria (MP) are usually benign, but some have 
malignant potential.
Aims The aim of this study was to evaluate the utility of endoscopic enucleation for the diagnosis and treatment of MP 
tumors.
Patients and Methods From January 2010 to February 2018, eighty patients with gastric MP tumors underwent endoscopic 
enucleation at our hospital. Band ligation and resection (BLR) or endoscopic muscularis resection (EMD) was performed 
based on considerations of tumor size (≤ 12 mm or > 12 mm). Tumor characteristics, procedure times, complete resection 
rates, adverse events and recurrence were analyzed.
Results Eighty patients with 82 lesions were eligible for inclusion in this study. BLR was used to treat 41 lesions. For these 
lesions, mean tumor size was 9.5 mm, median procedural time was 17.6 min (range 4–52), and the endoscopic complete 
resection rate was 100% (41/41). Perforation was developed in four patients, and was closed by endoscopic clipping. EMD 
was used to treat 41 lesions. Median procedure time was 66.1 min (range 12–260) and the endoscopic complete resection rate 
was 85.4% (35/41). Perforation occurred in eight patients, four patients received endoscopic treatment and four underwent 
surgery. Tumor recurrence was not observed in any patient over follow-up (mean 26.3 months).
Conclusion Endoscopic enucleation appears to offer an effective, relatively safe means for diagnosing and treating gastric 
subepithelial tumors originating from the MP, and BLR provides a straightforward, effective, and relatively safe treatment 
for small MP tumors (≤ 12 mm).
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Introduction

Subepithelial tumors (SET) of the stomach are mostly 
asymptomatic and are found incidentally during routine 
endoscopy; for routine upper endoscopy, the incidence of 
SET is about 0.36–0.76% [1–3]. Although most SETs are 
considered benign, some tumors, especially those originat-
ing from the muscularis propria (MP) layer, have malignant 

potential. Furthermore, because the preoperative diagnosis 
and assessment of malignant potential are difficult, selecting 
an optimal management strategy is difficult. For hypoechoic 
MP tumors, the most important point is that gastrointestinal 
stromal tumor (GIST) be differentiated from benign tumors 
because of its uncertain malignant potential [4]. Although 
endoscopic ultrasound (EUS) provides good visualization 
of MP tumors, it does not enable the differentiation of GIST 
and other mesenchymal tumors, such as, leiomyoma and 
schwannoma.

Small hypoechoic MP tumors (< 20 mm) are generally 
followed up until their size is greater than 20 mm even if 
optimal management remains controversial [5–7], because 
small GISTs (< 20 mm) have a low risk of malignancy and 
metastasis, and other benign diseases, such as, leiomyoma 
and schwannoma, can be followed-up. However, endoscopic 
surveillance has its limitations. First, in the absence of a 
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definitive diagnosis, regular lifelong follow-ups are needed, 
and this imposes tremendous emotional and economic bur-
dens on patients, who can become preoccupied with the risk 
of malignancy. Second, if an MP tumor increases in size 
during follow-up, the opportunity for less invasive treatment, 
such as endoscopic treatment, might be missed. Third, small 
GISTs (< 20 mm) do not always adopt a benign course.

A definitive diagnosis of MP tumor can only be made 
based on the immunochemical staining findings of tissue 
specimens. Several tissue sampling techniques have been 
developed, including bite-on-bite biopsy, EUS guided fine 
needle aspiration (EUS-FNA) and EUS-guided core needle 
biopsy [3]. However, these techniques are not always suffi-
cient for diagnosis. Endoscopic biopsies are frequently non-
diagnostic [8] and EUS-FNA is preferred, but it is difficult to 
perform and diagnostic yields are low when tumors are small 
[9]. Even when GIST is diagnosed using such methods, they 
exhibited a wide variety of clinical behaviors that range from 
benign to malignant. In fact, 10–30% of all GISTs are malig-
nant and the malignant features can be predicted by tumor 
size, mitotic index, cellularity and proliferation index [10, 
11]. Therefore, en bloc specimens are needed to accurately 
assess the biologic behavior of GISTs.

In the past, surgical intervention was the standard treat-
ment for MP tumors, and endoscopy was used only for diag-
nosis, because endoscopic treatment was associated with 
risks of positive margins, tumor spillage and perforation [7, 
12]. However, recent studies have demonstrated endoscopic 
resection of MP tumors has very low recurrence rates and 
reasonable complication rates [13–16], and thus, based on 
these results and the less invasive nature of endoscopic treat-
ment, it has been suggested it may provide a better means of 
treating small MP tumors [16]. Therefore, we undertook to 
respectively evaluate the utility of endoscopic enucleation 
for the diagnosis and treatment of SETs originating from 
muscularis propria.

Patients and Method

Patients

The medical records of 80 patients (82 lesions) with a gastric 
SET originating from the MP layer treated at Inha Univer-
sity hospital between January 2010 and February 2018 were 
retrospectively reviewed. SETs arising from submucosal 
or muscularis mucosa layers were excluded. Charts were 
reviewed for clinical characteristics, endoscopic and EUS 
findings, clinical outcomes, and follow-up events. Informed 
consent for endoscopic enucleation was obtained from all 
patients before the procedure, and this study was approved 
by the institutional review board of Inha University Hospital 
(2014-01-102).

Endoscopic Procedure

Before endoscopic resection, all patients underwent endo-
scopic ultrasound (GF-UC240P-AL5, Olympus Optical Co, 
Tokyo, Japan) to determine the layers of origin and accurate 
tumor sizes. All lesions included in this study were well 
circumscribed, hypoechoic, homogeneous masses originat-
ing in gastric MP. All procedures were performed by one of 
three experienced endoscopists (H.K, Kim, Y.W. Shin, and 
B.W. Bang) on an inpatient basis under conscious sedation.

Endoscopic methods were chosen based on considera-
tions of tumor size (> 12 mm or ≤ 12 mm) because only MP 
tumors with a diameter of < 12 mm could be managed using 
the band device. Band ligation and resection (BLR) was 
performed using a video endoscope (GIF-Q260J, Olympus, 
Tokyo, Japan) and a transparent ligator cap (Olympus Opti-
cal Co., Tokyo, Japan) to treat small MP tumors (≤ 12 mm).

BLR was performed as follows (Fig. 1a). After the target 
lesion had been identified, the lesion was fully aspirated 
into the transparent cap, and the band was then released to 
ligate the lesion fully. Endoscopic resection was performed 
using a polypectomy snare with electrocoagulation below 
the elastic band. When there was concern of delayed per-
foration or bleeding, several hemoclips (Olympus, Tokyo) 
were applied to the stump. Resected specimens were then 
withdrawn for pathological diagnosis.

When an MP tumor was more than 12 mm or could not 
aspirate to cap, Endoscopic muscularis dissection (EMD) 
was performed (Fig. 1b) [17]. Briefly, marker dots were 
placed around the target lesion using an argon plasma 
coagulator (ERBE Elektromedizin GmbH, Tübingen, Ger-
many). After injecting saline submucosally, mucosa was 
incised and dissected using a flex knife (KD-630L, Olym-
pus, Tokyo, Japan) and an IT-2 knife (KD-611L, Olympus, 
Tokyo, Japan) to expose the MP tumor. Submucosal tissue 
beneath the lesion was then gradually dissected and the MP 
layer was peeled from the edge of the tumor using various 
knives. When the lesion had been resected completely from 
the MP layer, the resection site was observed carefully to 
check for any residual tumor or perforation. If perforation 
was suspected, it was closed endoscopically using clips. If 
necessary, several hemoclips were placed in the enucleation 
sites to reduce the risk of delayed perforation. If perfora-
tion occurred, it was occluded using clips, and second-look 
endoscopy was performed the day after the procedure to 
check for complications such as bleeding and perforation.

Follow‑Up Evaluation

All patients underwent endoscopy 3–6 months after the 
procedure. Patients diagnosed with a benign tumor were 
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not recommended for regular follow-up, but were recom-
mended for upper endoscopy every 2 years as provided by 
the Korean National Cancer Screening Program. Patients 
with GIST were recommended to undergo abdominal com-
puted tomography (CT) and upper endoscopy annually. 
GIST patients enrolled in the present study not followed 
at our institute were contacted by telephone and asked 
when they last underwent an endoscopic examination and 
whether they had experienced recurrence.

Statistical Analyses

Categorical data was compared using the Chi squared test 
or Fisher’s exact test and continuous data using the t test. 
Non-normally distributed data were analyzed using the 
Mann–Whitney U-test. Statistical significance was accepted 
for p values < 0.05 and the analysis was conducted SPSS ver. 
18.0 (SPSS Inc., Chicago, IL).

Results

Characteristics of Patients and Tumors

Eighty patients with 82 gastric SETs originating in gas-
tric MP were enrolled in this study. Patient baseline 

characteristics are summarized in Table 1. There were 30 
men (36.6%) and 50 women (63.4%) of overall mean age 
51.9 ± 10.4 years. Mean tumor size was 14.9 ± 9.2 mm 
(range 5–40 mm). Histologic diagnoses were leiomyoma 

Fig. 1  a Band ligation and resection. When a subepithelial tumor 
was encountered, the lesion was sucked into the transparent cap and 
ligated with a rubber band. The mass below the band was removed 
using a polypectomy snare. b Endoscopic muscular dissection 
(EMD). The target lesion was marked by argon plasma coagulator. 

After submucosal saline injection as in conventional endoscopic sub-
mucosal dissection, incision and dissection were performed around 
the lesion. Subsequently, the tumor and muscularis propria layer were 
separated using various knives

Table 1  Baseline characteristics of the 80 patients with 82 gastric MP 
layer tumors

a Others: accessory spleen (n = 1), calcifying fibrous tumor (n = 1), 
glomus tumor (n = 1)

Age (year; mean ± SD) 51.9 ± 10.4
Gender [n (%)]
 Male 30 (36.6)
 Female 50 (63.4)

Tumor diameter (mm; mean ± SD) 14.9 ± 9.2
Location [n (%)]
 Fundus 26 (31.7)
 Cardia 8 (9.8)
 Body 47 (57.3)
 Antrum 1 (1.2)

Pathological diagnosis [n (%)]
 Leiomyoma 42 (51.2)
 GIST 35 (42.7)
 Schwannoma 2 (2.4)
 Othersa 3 (3.7)

Follow-up duration (month; mean ± SD) 26.3 ± 27.6
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(n = 42, 51.2%), GIST (n = 35, 42.7%), schwannoma (n = 2, 
2.4%) and other tumors (n = 3, 3.7%)). The most commonly 
affected site was the gastric body followed by fundus and the 
antrum was least affected (1.2%, 1/82).

Endoscopic Treatment Outcomes and Adverse 
Events

BLR was used to treat 41 lesions. For these lesions, mean 
tumor size was 9.2 ± 2.4 mm and median procedural time 
was 12.0 min (range 4–52). Endoscopic complete resection 
and en bloc resection rates were 100% (41/41) and 80.8% 
(35/41), respectively (Table 2). MP tumors were not com-
pletely removed by BLR in six patients, and remnant tumors 
were completely removed by additional BLR (n = 1) or EMD 
(n = 5). The histologic complete resection rate was 78.0% 
(30/41). Perforation occurred in 4 patients (9.8% 4/41); 
all were treated by endoscopic clipping without serious 
complication.

EMD was used to treat 41 lesions. For these lesions, mean 
tumor size was 20.3 ± 9.1 mm and median procedural time 
was 46 min (range 12–260). Endoscopic complete resection 
and en bloc resection rates were 85.4% (35/41) and 75.6% 
(31/41), respectively. However, the histologic complete 
resection rate was only 48.8% (20/41). Perforation occurred 
in 8 patients (18.5%, 8/41). Four of the 8 were treated 

successfully using endoscopic hemoclips. However, the 
remaining four patients received laparoscopic wedge resec-
tion (n = 3) or primary closure (n = 1) because of incomplete 
tumor resection (n = 3) or incomplete endoscopic closure 
(n = 1).

During follow-up (mean 26.3  months, range 
1–89 months), no patients with an MP tumor experienced 
local recurrence or metastasis.

Tumor Characteristics and Endoscopic Outcomes 
According to Tumor Location

Table 3 provides details of tumor characteristics and clini-
cal outcomes according to tumor location. Almost all hypo-
echoic MP layer tumors arising in cardia were leiomyomas 
(22/26, 84.6%) and GIST was uncommon (4/26, 15.3%). 
Tumors in cardia were larger and had longer procedural time 
than non-cardia tumors (p = 0.059). However, endoscopic 
and histologic complete resection and en bloc resection rates 
were no different between cardia and non-cardia tumor.

Clinical Outcomes and Follow‑Up Finding of Patients 
with GIST

GIST was diagnosed in 35 patients (Table 4). According to 
Fletcher’s classification [18], 24 patients were classified to 

Table 2  Procedure-related 
characteristics of the two 
enucleation methods

Band ligation 
method (n = 41)

EMD method (n = 41) p value

Mean tumor size (mm) 9.5 ± 5.3 20.3 ± 9.1 0.000
Tumor types [n (%)] 0.337
 Leiomyoma 23 (56.1) 19 (46.3)
 GIST 17 (41.5) 18 (43.9)
 Schwannoma 1 (2.4) 1 (2.4)
 Others 0 (0) 3 (7.3)

Locations [n (%)] 0.170
 Cardia 9 (22.0) 17 (41.4)
 Fundus 4 (9.8) 4 (9.8)
 Body 27 (65.8) 20 (48.8)
 Antrum 1 (2.4) 0 (0)

Procedure time (min) 0.000
 Mean ± SD 17.5 ± 15.8 66.1 ± 52.9
 Median (range) 12 (4–52) 46 (12–260)

En bloc resection rate [n (%)] 35 (85.4) 31 (75.6) 0.404
Endoscopic complete resection [n (%)] 41 (100) 35 (85.4) 0.026
Histologic complete resection [n (%)] 30 (78.0) 20 (48.8) 0.041
Complications [n (%)]
 Perforation 4 (9.8) 8 (18.5) 0.349
 Major bleeding 0 (0) 0 (0) –

Use of clips [n (%)] 28 (68.3) 25 (61.0) 0.411
 Number of clip (mean) 4.4 4.9
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be at very low risk (68.6%), 6 were at low risk (17.1%) for a 
malignancy, and 5 patients were at intermediate to high risk. 
Surgical treatment was recommended to these 5 patients but 
all refused. One of the 5 died of stroke during follow-up, and 
no recurrence was observed by close follow-up of the other 

four. No recurrence was evident in any of the 35 patients 
with GIST over a mean follow-up of 29.9 months (range 
1–88).

Discussion

In the present study, endoscopic method was determined 
according to tumor size (< 12 mm or ≥ 12 mm), because 
tumors of less than 12 mm in diameter could be aspirated 
into the transparent cap. Sun et al. [19] treated 29 patients 
with small GISTs by endoscopic band ligation. MP tumors 
were ligated with an elastic band and allowed to slough off 
spontaneously, and in all cases, tumors were completely 
removed without serious complication. Endoscopic band 
ligation is worth considering as a treatment tool for small 
MP tumors because of its simplicity and effectiveness. 
However, it has its drawbacks, as deep biopsy is needed to 
confirm histologic diagnosis before band ligation and, in 
reality, it is not easy to obtain a proper specimen of small 
MP tumors by biopsy and the diagnosis rate is low [8]. In 
addition, it is difficult to obtain enough material by forcep 
biopsy to determine mitotic count and cellularity.

To overcome this disadvantage, a modification of band 
ligation was devised for MP tumors [20]. According to 
this method, MP tumors were first ligated and then lesions 
were unroofed with an electrocautery snare to obtain suf-
ficient specimen; main lesions sloughed off spontaneously. 
This technique produced good results without complica-
tion, although only a small number (n = 7) of patients were 
enrolled. However, when band ligation is used without a 
resection technique, the operator is not aware of complica-
tions such as bleeding, uncomplete resection, or perfora-
tion, and delayed perforation requiring surgical treatment 
has been reported in several case reports [21, 22].

Table 3  Tumor characteristics 
and clinical outcomes according 
to tumor location

Cardia group (n = 26) Non-cardia group 
(n = 56)

p value

Histologic diagnoses [n (%)] 0.001
 Leiomyoma 22 (84.6) 20 (35.7)
 GIST 4 (15.4) 31 (55.4)
 Schwannoma 0 (0) 2 (3.5)
 Others 0 (0) 3 (5.4)

Mean tumor size (mm) 19.0 ± 11.3 13.0 ± 7.4 0.006
Mean procedure time (min) 55.8 ± 62.9 35.3 ± 34.1 0.059
En bloc resection rate [n (%)] 20 (76.9) 46 (82.1) 0565
Endoscopic complete resection [n (%)] 23 (88.4) 53 (94.6) 0.375
Histologic complete resection [n (%)] 16 (61.5) 34 (60.7) 0.489
Complications [n (%)]
 Perforation 1 (3.8) 11 (19.6) 0.053
 Major bleeding 0 (0) 0 (0)

Table 4  Clinical features and procedure-related outcomes of GISTs 
(n = 35)

Gender (male/female) 17/18
Age 56.9 ± 9.4
Mean tumor sizes (mm) 14.2 ± 8.01
 BLR group (n), size (mean ± SD) 8.47 ± 1.6
 EMD group (n), size (mean ± SD) 19.7 ± 7.8

Location
Cardia/fundus/body/antrum 4/7/23/1
Mitotic indices
 ≥ 5/50 HPF 26
 < 5/50 HPF 9

GIST risks
 Very low/low 24/6
 Intermediate/high 3/2

Treatment methods [n (%)]
 BLR group 17 (48.6)
 EMD group 18 (51.4)

En bloc resection [n (%)]
 BLR group 15 (88)
 EMD group 13 (72)

Endoscopic complete resection [n (%)]
 BLR group 17 (100)
 EMD group 17 (94)

Histologically complete resection [n (%)]
 BLR group 10 (59)
 EMD group 6 (33)

Perforation during procedure (n) (%) 6 (17.1)
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Therefore, we first ligated small tumors (≤ 12 mm) with 
an elastic band and then resected them using a polypectomy 
snare to obtain specimens and immediately checked for 
complications. When delayed perforation was a concern or 
perforation was identified, hemoclipping was performed. In 
the present study, an excellent endoscopic complete resec-
tion rate (100%, 41/41) and a relatively short mean proce-
dural time (12 min) were achieved by BLR. In particular, the 
histologically complete resection rate (78% 30/41) obtained 
was high. These observations convinced us that BLR should 
be considered as a promising diagnostic and therapeutic tool 
for small MP tumors (≤ 12 mm). Perforation developed in 
four patients treated by BLR, and these tumors were located 
in the fundus (n = 1) and high body (n = 3), that is, in the 
thinnest areas of the stomach wall. Hence, more caution is 
needed when treating such lesions and it should be borne 
in mind that excessive suction increases the risk of perfora-
tion. In one case, the tumor was partially removed by the 
first BLR, then a second BLR procedure performed on the 
remnant tumor resulted in perforation. After the first BLR, 
mucosa and the submucosal layer were removed by peeling, 
and thus the stomach wall was too thin to perform second 
BLR. After experience of this case, we performed addi-
tional EMD instead of second BLR when remnant tumor 
was detected after the first BLR.

In the present study, EMD was performed to treat MP 
tumors of diameter > 12  mm. EMD is not widely used 
because of the high risk of incomplete resection and an ele-
vated risk of perforation [7, 23]. However, EMD has being 
increasingly used to treat MP tumors [13–15]. EMD for MP 
tumors is less invasive than surgical resection and has been 
reported to have confident diagnostic yield [16]. Although 
the perforation risk is significant, perforations that occur are 
usually small and detected early, and thus, can be managed 
endoscopically. In the present study, perforation occurred 
in 8 of 41 lesions (18.5%), and four of these were managed 
endoscopically. To reduce the risk of perforation, proper 
selection of endoscopic treatment is important. In particular, 
MP tumors of the subserosal type are difficult to dissect and 
present a high risk of perforation [15], which suggests EUS 
should be performed to determine the feasibility of EMD 
and for risk stratification. A previous study showed endo-
scopic resection of schwannoma has a high risk of perfora-
tion because of poor tumor capsule and tight adhesion [15]. 
In the present study, perforation occurred in both patients 
with schwannoma, indicating EMD of gastric schwannoma 
is unadvisable. Delayed bleeding was not encountered in the 
present study, presumably due to narrow resection areas and 
the use of prophylactic hemoclipping.

Although GISTs can arise everywhere in the gastroin-
testinal tract, they most commonly occur in the stomach 
(50–60%). In a previous study, gastric GIST usually affected 
the body and rarely the gastroesophageal junction or cardia, 

which both had rates of < 5% [24], whereas in the present 
study, GIST was less common in cardia (15.4%, 4/26) and 
usually affected the body or fundus, which is consistent with 
previous observations. Most of MP tumors located in cardia 
were leiomyoma (84.6%, 22/26).

GISTs are the most common type of MP tumor and are 
the primary target of treatment. If a small sized GIST is 
deemed to have a high potential for malignancy and postop-
erative recurrence, surgical resection is essential to achieve 
sufficient deep and lateral margins. However, endoscopic 
complete resection can be considered equivalent to com-
plete resection [25], and thus, if a small GIST is completely 
removed by endoscopic resection and histopathologi-
cal examination indicates very low risk of a malignancy, 
no further treatment is necessary. In the present study, 
the histologic complete resection rate was relatively low 
(45.7%, 16/35). However, most of these were classified to 
be pathologically very low or at low risk of a malignancy 
and achieved endoscopic complete resection. Therefore, we 
decided to follow up without additional treatment. It should 
be added that if a resected tumor has a high risk of malig-
nancy, further treatment should be considered.

Endoscopic treatment of MP tumors has been performed 
mostly in China [12, 19, 26, 27]. In a large-scale study of 
modified ESD treatment in 144 patients with an MP tumor, 
the complete resection rate was 92.4% and no recurrence 
was detected during follow-up [26]. Others have reported 
complete resection rates of 74.3–96.8% without recurrence 
during follow-up, but with relatively high rates of perfora-
tion (ranging from 5.7 to 27.2%), which were usually treated 
by endoscopic clipping [12]. In the present study, BLR 
and EMD were used to diagnose and treat MP tumors, but 
recently, various modified endoscopic methods have been 
introduced. Endoscopic full-thickness resection allows en 
bloc resection by resecting the tumor and the surrounding 
serosal layer, but general anesthesia is necessary, primary 
closure may be difficult, and perforation, serious bleeding 
and peritonitis may occur, which contraindicates its use for 
small MP tumors [12, 28, 29]. Several studies have reported 
submucosal tunnel endoscopic resection (a modification of 
peroral endoscopic myotomy) can be safely and effectively 
used to resect MP tumors of cardia or of the esophagogastric 
junction [12, 30]. Telescoping caps with over-the-scope clip 
(OTSC) was introduced for full-thickness resection of sub-
epithelial tumors. By using overlapping caps, large lesions 
can be sucked in with sufficient margin. The use of OTSC at 
the end of the cap prevents perforation and bleeding. Once 
the OTSC is released, subepithelial tumors can be resected 
with a needle knife or snare polypectomy [31, 32].

The present study has some limitations. First, it is inher-
ently limited by its retrospective, single-center design, 
although a relatively large number of SETs originating in the 
MP layer were enrolled. Second, no recurrence was detected 
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during follow-up after the endoscopic resection of gastric 
GIST even when margins were histologically positive, but 
since not all patients underwent follow-up computed tomog-
raphy, it is difficult to conclude that there was no recurrence. 
Third, the follow-up period (mean 26.3 months) was inad-
equate, and thus, we suggest a large-scale, long-term follow-
up study be conducted to confirm our results.

Summarizing, the present study shows endoscopic enu-
cleation is feasible and relatively safe for the treatment of 
SETs originating in the gastric MP layer, and that for small 
MP tumors (≤ 12 mm), BLR is straightforward, relatively 
safe, and requires short procedure times. These findings 
indicate endoscopic enucleation should be considered a 
diagnostic and therapeutic option that can replace the ‘wait-
and-see’ approach for small MP tumors. Although the risk 
of perforation after endoscopic enucleation was found to be 
less than satisfactory (14.6%, 12/82), most were managed 
endoscopically without serious complication.
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