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Abstract 
Endoscopic resection is an effective treatment for subepithelial tumors arising from the muscularis propria layer of the stomach. 
However, the invasion pattern revealed by the pathological examination of tumor specimens is often not consistent with the 
findings of preprocedural endoscopic ultrasounds (EUS).

We compared the real growing patterns of tumors, as evaluated on histopathological examination, with their EUS images, and 
analyzed the outcomes of endoscopic resections in relation to the EUS findings.

From January 2006 to June 2015, 32 patients underwent endoscopic resection for gastric tumors originating from the 
muscularis propria at our hospital.

We divided the patients into 3 groups according to the location of the tumor as diagnosed using pre procedural EUS: 
submucosa (group I, n = 5), muscularis propria (group II, n = 14), and tumors extending into the outer cavity (group III, n = 13).

Histopathological examination revealed 15 patients with gastrointestinal stromal tumors (GISTs), 14 with leiomyomas, and 3 
with schwannomas. Accuracy of EUS in evaluating tumor invasion was 56%. Some tumors in groups I and II was removed by 
endoscopic submucosal dissection only. Muscular dissection was needed in 10 patients (71%) in group II and 9 patients (69%) 
in group III. Four patients (31%) in group III were found to have subserosal tumors. The complete resection rate was 88% (23 
patients) among patients who underwent endoscopic submucosal dissection and endoscopic muscular dissection, and 67% (4 
patients) among patients who underwent endoscopic subserosal dissection (ESSD). The tumor was completely removed in 12 
patients (86%) in group II and 10 patients (77%) in group III.

EUS accurately predicts the layer of the subepithelial tumor in the stomach; however, the pattern of invasion of surrounding 
structures is difficult to evaluate using EUS.

Abbreviations:  EMD = endoscopic muscular dissection, EMR = endoscopic mucosal resection, ESD = endoscopic submucosal 
dissection, ESSD = endoscopic subserosal dissection, ESTD = endoscopic submucosal tunnel dissection, EUS = endoscopic 
ultrasounds, EUS-FNA = endoscopic ultrasonography-guided fine needle aspiration, GISTs = gastrointestinal stromal tumors, IRB 
= institutional review board, SMA = smooth muscle actin.
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1. Introduction

Most subepithelial tumors in the stomach are asymptomatic 
and, therefore, not clinically significant. However, neuroendo-
crine tumors, lymphomas, and gastrointestinal stromal tumors 
(GISTs) have malignant potential and are managed by definitive 
treatment. Methods used to obtain specimen for a histological 
diagnosis include bite-on-bite biopsy, endoscopic ultrasonog-
raphy-guided fine needle aspiration (EUS-FNA), endoscopic 
mucosal resection, and endoscopic submucosal dissection 
(ESD).[1] Of these methods, bite-on-bite biopsy and EUS-FNA 
are less invasive; however, they cannot accurately measure the 
tumor’s mitotic count.[2]

Endoscopic resection is used to treat malignant or precan-
cerous lesions in the stomach and to remove subepithelial 
tumors arising from the muscularis propria of the stomach.[3] 
Endoscopic ultrasonography is the most accurate noninvasive 
diagnostic modality for the evaluation of lesions, including 
the layer in which they are located. When gastric subepithelial 
tumors are found to originate in the muscularis propria and 
extend mostly into the submucosal layer, endoscopic resection 
is indicated. However, the pathological evaluation of endo-
scopic resection specimen show that the pattern of tumor inva-
sion is often different from the preoperative EUS diagnosis.[3] 
For example, tumors may penetrate the muscularis propria and 
invade the subserosal layer.[3]
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In this study, we divided patients with gastric subepithelial 
tumors originating in the muscularis propria into 3 groups 
according to their pre procedural EUS findings, compared the 
EUS diagnoses to the real growing patterns detected on histo-
pathological examination, and analyzed the results of the endo-
scopic resections.

2. Material and Methods

2.1. Selection of subjects

From January 2006 to June 2015, 32 patients underwent endo-
scopic resection for subepithelial gastric tumors at Presbyterian 
Medical Center. All patients were preoperatively diagnosed with 
a tumor originating in the muscularis propria using EUS. We 
retrospectively obtained the patient characteristics, preoperative 
and postoperative diagnoses, resection method, complete resec-
tion data, treatment time, perforation data, and resection out-
comes from the patients’ medical records.

The patients were divided into 3 groups according to the pre-
operative EUS results. Group I included patients with tumors 
located mostly in the submucosal layer with thin connections 
to the muscularis propria on EUS.[4] The tumors of patients in 
group II originated in the muscularis propria but did not pro-
trude into the outer cavity. Group III included patients with 
tumors extending into the outer cavity. Endoscopic resection 
was performed when <50% of the tumor was growing outward.

This study was approved by the Institutional Review Board 
of Presbyterian Medical Center. Informed consent was given for 
all patients.

2.2. Endoscopy and EUS

Endoscopic findings were evaluated for shape, location, and 
size of the tumor. The location of the lesion was classified as 
anterior wall, posterior wall, lesser curvature, greater curvature, 
or fundus. A radial-type endoscopic ultrasound (GF-UMQ200, 
Olympus Optical, Japan) or catheter probe-type endoscopic 
ultrasound (UM-2R; Olympus Optical, Japan) was used. The 
layer, shape, size, and echogenicity of the lesions was noted. 
Tumors that were found to be 3 cm or more with an irregular 
surface, echogenic foci, heterogeneous echotexture, or malig-
nant lymph nodes were considered to be malignant GISTs and 
were excluded from the study.

2.3. Resection method

Patients were sedated with midazolam, fentanyl, and propofol. 
Blood pressure, pulse, and oxygen saturation were monitored 
throughout the procedure. A soft cap was fixed to the tip of 
the endoscope to improve visibility during the submucosal 
dissection.

The lesion was marked using the tip of the snare, and nor-
mal saline solution was injected into the submucosal or sub-
serosal layer. A round incision was made outside the marked 
area using a needle knife. An IT-knife (insulated-tip diather-
mic knife), IT knife-2, or hook knife was used for ESD, endo-
scopic muscular dissection (EMD), or endoscopic subserosal 
dissection (ESSD). An Erbe ICC-200 electrosurgical unit 
(Erbe; Tübingen, Germany) was used, and provided coag-
ulation current (forced coagulation 60 watts) for marking, 
endoCut mode (effect 2, 60 watts) for incisions, and coagu-
lation current (forced coagulation, 80 watts) for dissections. 
According to the degree of penetration of muscularis pro-
pria layer, the need of dissection for tumor was different such 
as ESD only, ESD combined with EMD, or 3 methods(ESD, 
EMD, ESSD). For tumor with subserosal growing, ESD was 
followed by EMD. After then, ESSD was done after making 
subserosal cushion.

Bleeding was controlled using coagulation current (soft coag-
ulation, 60 watts) and clips (Olympus Optical; Tokyo, Japan) 
for large vessels. Deep damage to the muscle layer found during 
the procedure or due to perforation was immediately closed 
using a clip.

2.4. Management after endoscopic resection

No oral intake was permitted until post procedural day 1. Vital 
signs were checked at 4-hour intervals and a complete blood 
count and chest X-ray were performed 4 hours after the pro-
cedure and the next morning to check for perforation. Upper 
gastrointestinal endoscopy was performed within 24 hours of 
the procedure to check for bleeding or other changes in the 
stomach. Proton pump inhibitor was given, intravenously. If no 
evidence of perforation or bleeding was found, an oral diet was 
started. Emergency endoscopic examinations were performed if 
patients complained of black stool or hemorrhage.

2.5. Histologic evaluation and complete resection

The resected tissue was fixed with a pin on a flat, thin plate 
and placed into a formalin solution. The tumor cell type, cellu-
larity, nuclear atypia, immunohistochemical staining (c-kit, CD 
34, smooth muscle actin, and S-100), and mitotic count were 
evaluated histologically.

An en bloc resection was defined as the resected tissue, includ-
ing the lesion, removed as 1 piece. Resections yielding 2 or more 
specimen were classified as piecemeal resections. A complete resec-
tion was defined as the lesion removed in an en bloc pattern with 
no residual lesion observed endoscopically after the resection.

2.6. Measurement of the results

We analyzed the general characteristics of the patients, loca-
tions of the lesions, pathologic diagnoses, complete resection 
rate, procedure times, procedure-related complications, and 
follow-up results. No statistical analysis was performed, as the 
sample size was low. A perforation was diagnosed when space 
in the abdominal cavity was observed during the procedure or 
when an air shadow was seen in the peritoneal cavity on the 
post procedural radiograph. Bleeding was defined as when the 
patient required a blood transfusion or if bleeding occurred 
after the procedure.

3. Results

3.1. General characteristics

Of the 32 patients included in this study, 5 were in group 1, 14 
were in group II, and 13 were in group III. A histopathologi-
cal diagnosis was possible in all patients and 15 patients (47%) 
were diagnosed with GISTs, 14 patients (44%) with leiomyo-
mas, and 3 patients (9%) with schwannomas. GIST was consid-
ered to have very low or low malignant potential with a mitotic 
count of 5/50 HPF or less and a size of 3 cm or less, indicating 
no need for additional surgical treatment (Table 1).

3.2. Histologic characteristics

The most common pathological findings of each group were 
GIST (3 patients) in group I, leiomyoma (9 patients) in group II, 
and GIST (9 patients) in group III.

Accuracy of EUS in evaluating tumor penetration depth was 
56%. ESD only was mainly conducted in groups I and II. Muscular 
dissection was performed in 10 patients (71%) in group II and 9 
patients (69%) in group III (Fig. 1). No patients in group I had 
lesions connected to the subserosal layer; however, a subserosal 
location was detected in 4 patients (31%) in group III (Table 2).
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3.3. Outcomes of endoscopic resection

The average procedure time was 60 ± 62 minutes in group I, 
36 ± 23 minutes in group II, and 43 ± 36 minutes in group III 
(Table 3; Fig. 2).

The complete resection rate was 88% (23 patients) among 
patients who underwent ESD or EMD and 67% (4 patients) 
among patients who underwent ESSD. In group II, 12 patients 
(86%) had a complete resection, as did 10 patients (77%) in 
group III (Fig. 3). All 3 patients with a schwannoma had incom-
plete resection due to unclear tumor boundaries that severely infil-
trated into the surrounding tissue with fibrosis. All patients with 
GIST or leiomyomas in group I (5/5, 100%) and group II (12/12, 
100%) had complete resections, while 83% (10/12) of patients 
with GIST or leiomyomas in group III had complete resections. 
Overall, complete resection was achieved in 13 patients (87%) 
with GIST and 14 patients (100%) with leiomyoma.

3.4. Complications

In total, 4 patients experienced perforation which occurred in 
1 patient (20%) in group I, 1 patient (7%) in group II, and 2 
patients (15%) in group III. Two patients (33%) who underwent 
ESSD experienced it. Three cases of perforation were discovered 
during the procedure and were successfully treated using a metal-
lic clip. One patient’s perforation was detected radiologically 
after the procedure with no signs of peritoneal irritation. This 
patient was successfully treated conservatively. All 4 patients who 
experienced perforation recovered without surgical treatment.

No patient required a blood transfusion and no patients died 
due to causes related to the procedure.

3.5. Recurrence

All patients underwent endoscopic examination 3 months 
after the procedure and were observed at 1-year intervals 
thereafter. The mean follow-up period was 38 ± 31 months, 
and local recurrence occurred in 2 patients with incomplete 
EMD resections. One patient was found to have recurrent 
schwannoma 45 months after the initial procedure and is 
currently being monitored. One patient was found to have 
recurrent GIST 25 months after the initial procedure and was 
surgically treated.

4. Discussion
Asymptomatic upper gastric subepithelial tumors were reported 
changes in 10% of the lesions, and 76% (19/25) of patients who 
underwent surgery or endoscopy were diagnosed with GIST.[5] 
GISTs in the stomach are the most common subepithelial tumor 
in the muscularis propria and have a better prognosis than GIST 
in other organs.[6,7] The European Society for Medical Oncology 

Table 1

Characteristics of patients and lesions.

 General characteristics 

Age (yr) 60.9
Sex (M/F) 14/18
Lesion sizes (mm, mean ± SD) 17 ± 7.2
Location
  Cardia 8
  Anterior 3
  posterior 7
  Lesser 9
  Greater 5
Pathologic diagnoses
  Leiomyona 14
  GIST 15
  Schwannoma 3

SD = standard deviation.

Figure 1. Group I tumor was removed by ESD and EMD. Pathologic diagnosis was GIST. (A). Endoscopic finding (B). EUS image. (C). Ulceration after endo-
scopic removal shows the deep injury of inner circular muscle layer. ESD = endoscopic submucosal dissection, EMD = endoscopic muscular dissection,  
EUS = endoscopic ultrasounds, GIST = gastrointestinal stromal tumor

Table 2

Correlation between endosonographic findings and tumor 
invasion depth.

Outcomes Group I (n = 5) Group II (n = 14) Group III (n = 13) 

Location
  Cardia 0 2 6
  Anterior 1 0 2
  Posterior 0 6 2
  Lesser 1 6 1
  Greater 3 0 2
Pathologic diagnoses
  Leiomyoma 2 9 3
  GIST 3 3 9
  Schwannoma 0 2 1
Endoscopic resections
  ESD 4 2 0
  ESD and EMD 1 10 9
  ESD, EMD, and ESSD 0 2 4
Accuracy of EUS (%) 80 71 31

ESD = endoscopic submucosal dissection, EMD = endoscopic muscular dissection,  
ESSD = endoscopic subserosal dissection, EUS = endoscopic ultrasounds, GIST = gastrointestinal 
stromal tumor.
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noted that small, histologically diagnosed GIST should be 
resected. Tumors that are 2 cm or less with a mitotic count of 
5/50 HPF or less are classified as having very low malignant 
potential and rarely metastasize.[8,9]

EUS is the most useful, noninvasive diagnostic method for 
subepithelial tumors in the stomach. However, the accuracy of 
EUS is low. According to a study by Hwang et al, inaccurate 
diagnoses occurred most frequently in the examination of the 
third and fourth lesions.[10,11] However, EUS is the most accu-
rate method for identifying the layer in which a lesion is located 

and evaluating the characteristics of the lesion.[12] In this study, 
all patients had tumors in the muscularis propria, with only 6 
patients (four of whom were in group III) diagnosed as having 
subserosal involvement.

Since GIST mainly grows in the muscularis propria, tissue 
cannot be obtained via endoscopic biopsy. The accuracy of diag-
noses made using EUS alone is <50%; however, the diagnostic 
accuracy made using invasive tests, such as EUS-FNA, is 90% 
or more. The prognosis is difficult to determine, as the mitotic 
count varies depending on the location within the tumor and 
may be altered by the fixed time of the tissue and the type of 
drug used.[13] Therefore, complete resection is needed to deter-
mine the prognosis and to treat GISTs. GISTs <5 cm with a low 
mitotic count have a low probability of metastasis and can be 
treated with local resection.[6]

Endoscopic ablation is largely divided into endoscopic enucle-
ation and endoscopic full-thickness resection. Tumor nucleation 
is performed by exposing the submucosal layer using various 
methods through an endoscope (including ESD, EMD, ESSD, 
and endoscopic submucosal tunnel dissection) prior to removing 
the tumor nucleus using an electrosurgical knife. In this study, 
the lesions were removed using ESD, EMD, and ESSD.[14,15] 
Several studies have reported a complete excision rate of 64% 
to 97% that resulted in the successful treatment of GISTs.[16–19] 
In this study, the en bloc resection rate was 100%, and complete 
resection was achieved in 87% of patients with GISTs and 100% 
of patients with leiomyomas. The complete resection was 89% 

Figure 2. Group I tumor was removed by ESD. Pathologic diagnosis was GIST. (A) Endoscopic finding. (B) EUS image(C). Ulceration after ESD. ESD = endo-
scopic submucosal dissection, EUS = endoscopic ultrasounds, GIST = gastrointestinal stromal tumor

Figure 3. Group III tumor was resected by ESD, EMD, and ESSD. Pathologic diagnosis was GIST. (A) Endoscopic finding. (B) EUS image. (C) Ulceration shows 
the subserosal layer through defect of the muscularis propria. ESD = endoscopic submucosal dissection, EMD = endoscopic muscular dissection, ESSD = 
endoscopic subserosal dissection, EUS = endoscopic ultrasounds, GIST = gastrointestinal stromal tumor.

Table 3

Endoscopic resection outcomes according to endosonographic 
findings.

Outcomes 

Group

I II III 

Lesion sizes (mm, mean ± SD) 18 ± 7.5 15 ± 6.8 18 ± 7.4
Procedure time (mm, mean ± SD) 60 ± 62 36 ± 23 43 ± 36
Complete resection rate 5 (100%) 12 (86%) 10 (77%)
Perforation 1 (20%) 1 (7%) 2 (15%)
Follow-up (mo) 49 33 38
Local recurrence 0 1 (7%) 1 (8%)

Values are presented as n (%).
SD = standard deviation.
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(17/19) among patients with tumors growing only in the lumen 
(groups I and II) and 77% (10/13) among patients with tumors 
growing outward (group III). We found that many patients ini-
tially classified as group III had lesions that grew only into the 
lumen of the stomach without subserosal invasion.

To obtain a pathologic complete resection, the lesion must 
be removed with full thickness. Feng et al performed endo-
scopic full-thickness resection, and reported that the endo-
scopic procedure may be related to peritoneal seeding of 
tumor cells.[20] In this study, all patients with tumors with 
subserosal invasion that did not have schwannomas were 
successfully treated with ESSD. Perforation occurred in 3 
patients who underwent ESSD with tumors located in the 
greater curvature and the posterior wall, which may be due 
to thin subserosal tissue in these areas.

Neoplasms that grow in the muscularis propria of the stom-
ach include GIST, leiomyoma, schwannoma, glomangioma, and 
ectopic pancreas. The degree of infiltration and fibrosis into 
surrounding tissues varies depending on the lesion. GIST and 
leiomyoma are clearly distinguished from surrounding tissues; 
however, other gastric lesions are tightly coupled with surround-
ing tissues, rendering enucleation difficult. Among tumors that 
grow outward, a significant number of benign schwannomas 
may be detected.[21,22] In this study, the en bloc resection rate 
of patients with GIST or leiomyoma was 100% and complete 
resection was possible in 93% (27/29) of patients with GIST 
or leiomyoma. Therefore, it is necessary to evaluate the gross 
appearance of lesions before and during the procedure in order 
to identify GIST and leiomyoma and to eliminate these lesions 
with the goal of complete resection.

Complications of endoscopic treatment of tumors growing 
in the muscularis propria include bleeding and perforation. 
Perforation is the most dangerous complication. It has been 
reported in 0% to 13% of patients undergoing endoscopic 
treatment of tumors, most of which can be medically treated; 
however, surgery is sometimes necessary.[16–19] If the pseudocap-
sule is damaged in a patient with GIST, there is a risk of dis-
semination of the tumor cells into the peritoneum, which may 
be associated with a high recurrence rate.[20] In our study, per-
forations occurred in 2 patients (11%) in group I and II, and 2 
patients (15%) in group III. All 3 cases of perforation in patients 
with GIST in this study were found during the procedure and 
successfully closed using a metallic clip.

After the endoscopic removal of GISTs, it is difficult to obtain 
a pathologic complete resection. En bloc resection without 
macroscopic remnant lesions may be an effective treatment 
method as the tumor cells remaining on the dissection surface 
are severely damaged due to the electric cut current. Schimidt et 
al reported a recurrence of 5.8% after endoscopic resection of 
GIST.[23] In this study, a local recurrence was found in 1 patient 
with GIST (1/29, 3.4% of patients with GIST or leiomyoma) 
and was surgically treated.

This study is the first to compare the clinical outcomes of 
endoscopic resection and the degree of tumor infiltration accord-
ing to the growth pattern diagnosed on preprocedural EUS. 
There are some limitations. First, the data were analyzed by 
examining medical records and images retrospectively and were 
subject to any errors in the case records. In addition, most of the 
patients in group I underwent resection during the first half of 
this study, before the surgeons gained experience with the pro-
cedure. This may account for the longer average procedure time 
for patients in group I. Second, the sample size was small and 
statistical analysis was not possible. Endoscopic resection of sub-
epithelial tumors growing in the stomach requires a high level of 
technique and the technical difficulty varies greatly depending on 
the location of the lesion. Therefore, a large-scale study is neces-
sary. Third, 1 surgeon performed all of the procedures included 
in this study, thus it is likely that the preferred patient or lesion of 
the operator is included in the study, which may bias the results.

Until now, endoscopic resection of GISTs or leiomyomas in 
the stomach has been performed only for tumors that grow 
inward with a narrow connection to the mucularis propria. In 
this study, preprocedural EUS predicted the layer of the tumor 
accurately; however, it was limited in the evaluation of the pat-
tern of invasion. We found that tumors that were diagnosed 
as growing outward on EUS rarely penetrated the muscularis 
propria and invaded the subserosal layer upon pathological 
examination. EUS has the limitations to evaluate the invasion 
patterns of tumors using EUS. We think that some tumors 
diagnosed as growing outward can be treated by endoscopic 
resection.
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