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Submucosal tumors (SMTs) originate from tissues that constitute the submucosal layer and muscularis propria, and are covered by 
normal mucosa. Esophageal SMTs are rare, accounting for <1% of all esophageal tumors. However, the recent widespread use of 
endoscopy has led to a rapid increase in incidental detection of SMTs in Korea. Esophageal SMTs are benign in ≥90% of cases, but 
the possibility of malignancies such as gastrointestinal stromal tumor and malignant leiomyosarcoma still exists. Therefore, patients 
undergo resection in the presence of symptoms or the possibility of a malignant tumor. For resection of esophageal SMTs, surgical 
resection was the only option available in case of possible malignancy, but minimally invasive surgery by endoscopic resection is 
becoming more preferable to surgical resection with the development of endoscopic ultrasonography, endoscopic techniques, and other 
devices. Clin Endosc  2017;50:250-253
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INTRODUCTION

The incidence of esophageal submucosal tumors (SMTs) 
is relatively low, with leiomyoma accounting for majority of 
the cases (70% to 80%). Esophageal leiomyomas are usually 
detected in people in their 20s to 50s. They are more frequent 
in men than in women in the ratio 2:1, and about 80% occur 
in the mid and lower esophagus.1 However, these require re-
section if they cause dysphagia, obstruction, pain, and other 
symptoms, or if diagnostic testing does not rule out a malig-
nancy. Gastrointestinal stromal tumor (GIST) is a rare disease, 
accounting for <5% of the cases, but accompanies the pos-
sibility of a malignancy, even malignant leiomyosarcoma in 
rare cases.2 The exact prevalence is unknown, but a report in 

Korea states that of 48,926 cases of upper gastrointestinal (GI) 
endoscopy performed as part of medical examination, SMTs 
were detected in 1.45%, mostly involving the stomach (0.89%) 
followed by the esophagus (0.45%).3

DIAGNOSIS OF ESOPHAGEAL SMT

Endoscopic findings
Upon detection of an SMT, the first step is to determine 

whether the tumor is intrinsic or extrinsic to the GI wall. 
Extrinsic compressions can be caused by either normal struc-
tures or tumors of the mediastinum. The normal structures 
include the aortic arch, left bronchus, and spine. In particular, 
patients with congenital deformities require differential diag-
nosis. Moreover, lymph node metastasis of lung cancer, recur-
rent esophageal cancer, and mediastinal tumor were reported 
to be the causes of extrinsic compressions. Extrinsic compres-
sions can be characterized by a large mass, often relocating 
depending on the patient’s position or breathing. The lesion is 
usually identical to the mucosa in terms of color. However, a 
yellow color implies a granular cell tumor or lipoma; a rather 
transparent appearance, a duplication cyst or lymphangioma; 
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and a blue color, a vascular lesion such as hemangioma and 
varix. In addition, one recommended technique for differ-
ential diagnosis of SMTs is pressing the mass with forceps. 
A mass originating from the GI wall moves about under the 
subepithelium (rolling sign) when pressed. A solid, less mo-
bile mass implies a leiomyoma, GIST, or granular cell tumor. 
Pressing with forceps create a depression into a less solid mass 
such as a lipoma (pillow sign) or causes fluid contents of a cyst 
to spread out (cushion sign).

Endoscopic ultrasonography
Endoscopic ultrasonography (EUS) allows observation of 

the size, layer of origin, echo pattern, and internal properties 
of SMTs, and enlarged lymph nodes near them. Layer of ori-
gin and echo pattern are particularly useful for differential di-
agnosis of SMTs. Echo patterns of SMTs appear as hyperecho-
ic, isoechoic, hypoechoic, or anechoic compared with the echo 
patterns of the surrounding normal organs. A hypoechoic 
lesion in the muscular layer is most likely a leiomyoma. In the 
submucosal layer, a hypoechoic pattern implies a granular cell 
tumor or carcinoid, while a hyperechoic pattern may suggest 

a lipoma. An anechoic pattern suggests a cyst, lymphangioma, 
or vascular lesion. For the observation of esophageal SMTs, 
catheter probe EUS using water or gel is convenient and thus 
commonly used.4 Despite being the most useful technique for 
the diagnosis of SMTs, EUS still accompanies the risk of in-
terobserver variation depending on observer proficiency. The 
interobserver agreement was reported to be high for the di-
agnosis of cystic disease, lipoma, and extrinsic compressions; 
low for vascular lesion, leiomyoma, and stromal tumor; and 
very low for carcinoid and metastatic cancer. One limitation 
of EUS is that it cannot be used as the final diagnostic modali-
ty and requires histological confirmation.5

Histological examination
Common biopsy, in which tissues are collected only from 

the mucosa and part of the submucosa, is not recommended 
for all SMTs. However, some SMTs (those that originate from 
the muscularis mucosa layer, such as leiomyomas and gran-
ular cell tumors) can be identified by using common biopsy. 
Lipoma or lymphangioma sometimes can be inferred based 
on the exposed tissue after biopsy. According to studies on 

Fig. 1. Tru-Cut biopsy using a flexible endoscope for the diagnosis of submucosal tumor (SMT). (A) SMT observed by using a flexible endoscope. (B) On endoscopic 
ultrasonography, the SMT is located in the muscularis propria. (C) Tru-Cut biopsy using a flexible endoscope. (D) Specimens.
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SMTs with the likelihood of malignancy, malignancy was 
observed in 3.7% of GISTs smaller than 2 cm,6 and metastasis 
was observed in 2% of carcinoids smaller than 1 cm.7 For this 
reason, recent guidelines recommend histological diagnosis 
for SMTs larger than 2 cm (United States and Europe) or 1 cm 
(Japan). However, current biopsy techniques using EUS, such 
as fine-needle aspiration and Tru-Cut biopsy, have a diagnos-
tic accuracy of 52% to 86%. Fine-needle aspiration does not 
provide enough amounts of tissue for differentiation of SMTs, 
and Tru-Cut biopsy is difficult to handle. Recently, Tru-Cut 
biopsy using a flexible endoscope instead of EUS was found 
quite useful for the diagnosis of esophageal SMTs larger than 
2 cm (Fig. 1).8

TREATMENT OF ESOPHAGEAL SMT

The recent widespread use of endoscopic submucosal sur-
gery has made endoscopic diagnosis and treatment of esoph-
ageal SMTs possible. Endoscopic submucosal dissection (ESD) 

allows histological examination of SMTs in the muscularis 
propria. This is called the endoscopic unroofing technique be-
cause it involves incision of the mucosa covering a suspected 
GIST lesion to confirm the tumor tissue and to obtain biopsy 
samples with forceps. Endoscopic resection alone is often 
enough to achieve complete resection of SMTs in the muscu-
lar or submucosal layer. However, the histological resection 
rate is still only approximately 78% with this technique, which 
often results in intraoperative tumor rupture and complica-
tions such as perforation and hemorrhage in <5% of cases.9 
New techniques include endoscopic submucosal tunnel dis-
section (ESTD) and endoscopic muscularis dissection (EMD). 
ESTD consists of 5 stages, which was first introduced for the 
treatment of esophageal achalasia. First, a submucosal solution 
is injected about 5 cm proximal to the lesion and then a 2-cm 
mucosal incision is made so that the endoscope can be insert-
ed in the submucosal layer. Afterward, the submucosal layer 
is dissected with a knife to create a submucosal tunnel until 
reaching about 1 to 2 cm distal to the SMT. Then, the SMT 
is resected. Hemorrhage is controlled, and then the proximal 

Fig. 2. Application of the three-dimensional printing technique for the side-hole cap during endoscpic mucosal resection with a cap-fitted endoscope applied to a sub-
mucosal tumor (SMT). (A) An esophageal SMT. (B) Submucosal injection. (C) Snaring for SMT. (D) Resection of the lesion.
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mucosal incision is closed with clips. EMD differs from ESD 
in that it requires precutting of the mucosa. The lesion is then 
dissected by blunt dissection (by pushing between the tumor 
and muscular layer), without using electrical dissection, to 
minimize injury to the muscular layer. Afterward, the mucosa 
is closed as much as possible with endoclips. These methods 
are useful for removing SMTs >2 cm but are complicated. We 
investigated endoscopic procedures that are easily applicable 
to smaller tumors. The first one is endoscopic submucosal 
resection with a side-hole cap, which was developed by using 
a three-dimensional (3D) printer (Fig. 2). It allows the use of 
3D printers for making customized endoscopic accessories. As 
an endoscope is inserted parallel to the esophagus, we created 
a hole on the side of the hood attached to the tip of the endo-
scope to facilitate tumor resection in the esophagus. With this 
method, we achieved great results in endoscopic resection of 
SMTs, which suggests a promising possibility for the devel-
opment of various endoscopic accessories with a 3D printer.10 
The second method is endoscopic proper muscle resection 
with an over-the-scope clip (OTSC). In the light of the huge 
risk of perforation from SMT resection in the muscularis pro-
pria, this technique applies OTSC first as a preventive measure 
against perforation before starting the actual tumor resection, 
which provided good results for the resection of SMTs smaller 
than 2 cm. Another possible technique for SMTs that are too 
large to be retrieved through the mouth is a multidisciplinary 
procedure that combines the use of an endoscope to resect 
SMTs >5 cm and a thoracoscope to retrieve the lesion and 
close the wound.

CONCLUSIONS

With the growing interest in SMTs and the development 
of endoscopic devices and technology, the diagnosis and 
treatment of SMTs have made a lot of progress recently. Now, 
we can safely perform endoscopic resection of tumors small-
er than 2 cm, accurately diagnose larger tumors, and even 

perform endoscopic resection of SMTs originating from the 
muscularis propria, which in the past, would be surgically 
removed because of the risk of perforation. With large-scale 
studies on endoscopic submucosal surgery techniques and 
preventive measures of complications such as perforation, and 
with the use of safer and more precise endoscopic devices, 
more advanced diagnostic and therapeutic techniques would 
be available for esophageal SMTs.
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