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The term submucosal lesion is used by endoscopists to describe 

any bulge covered with normal mucosa, usually found incidentally 

during gastrointestinal (GI) endoscopy or barium contrast 

radiography. 

 This lesion could be either an intramural mass or an impression caused 
by extramural structures.  

Recently the term “subepithelial lesion (SEL)” has been used more 
frequently than “submucosal lesion” because intramural lesions may 
arise from any layer of the GI wall underneath the epithelium. 



To characterize the cause of protrusion, some noninvasive imaging 
methods, such as:  

 

transabdominal ultrasonography (USG), 

 computed tomography (CT),  

and magnetic resonance imaging (MRI), 

 

 have been used, but they are often insufficient. 



With endoscopic ultrasonography (EUS), however, the clinician 

can visualize the structure of gut wall layers clearly. 

  

Thus, EUS can not only differentiate SELs from extramural structures 
but also identify the layers of origin and endosonographic 
characteristics of intraluminal lesions. 

 

 EUS is now accepted as the modality of choice for visualizing SELs with 
high precision. 

 



The differential diagnosis of SELs includes a wide variety of 

benign and malignant subepithelial neoplasms as well as nonneoplastic 

lesions. 

  

To evaluate SELs, the transition zone (the area where the tumor arises from 
normal gut wall layers) should be examined carefully to determine the layer 
of origin. 

 

 Next, the size and echo pattern of the tumor—such as the smoothness of 
the border, internal features, echogenicity, and vascularity—should be 
observed. 



 

 

In addition, the relationship with other adjacent organs and the 
presence of adenopathy nearby provide valuable information. 

 

  



The reported accuracy of EUS in predicting the pathologic diagnosis of 
SELs has shown a wide range, from 45.5% to 82.9%. 

 

If tissue was obtained from EUS-guided fine-needle aspiration (EUS 

FNA), the diagnostic accuracy increased markedly, ranging from 

63% to 98%. 



Diagnostic information on the SELs, including the origin of 

the wall layer provided by EUS, also helps in deciding whether a 

lesion should be removed or followed in situ. 

 

 Lesions confined to the mucosal or submucosal layers can be safely 
removed endoscopically. 



Surgical resection, if needed, is generally recommended 

for lesions located in the muscularis propria, although advances in 

endoscopic techniques such as endoscopic submucosal dissection 

(ESD) have made it possible for these lesions to be removed by 

experienced clinicians with minimal risk to the patient. 

  

EUS can be used for following up after resection. 

 



Comparison of Accuracy Between Endoscopic 
Ultrasonography and Other Imaging Modalities 

Differentiation of SELs is one of the main indications for EUS. 

 

Compared with endoscopy, barium contrast radiography, USG, CT, and MRI, EUS has 
a higher accuracy in detecting and assessing the size and location of SELs. 

  

When viewed endoscopically, the surface of a SEL is usually smooth and has a color 
similar to that of the surrounding mucosa, without ulceration or erosion. 

 

Sometimes these lesions show a slight color change and certain morphologic 
characteristics, but it is often impossible to differentiate them by endoscopy alone. 



Comparison of Accuracy Between Endoscopic 
Ultrasonography and Other Imaging Modalities 

USG provides diagnostic information only for very large SELs. 

 

 In a study of patients with endosonographically diagnosed gastric SELs, 82.5% of tumors 
were visualized and measured by USG after the stomach was filled with water. 

 

 Like CT and MRI, USG can also provide useful information on perigastric structures.  

 

CT may be used to evaluate a SEL especially when it is malignant and metastasis is 
suspected. 

 

However, a study pointed out that large submucosal tumors previously identified by EUS 
were visualized in only two-thirds of cases by preoperative CT. 



Because EUS is able to visualize the gut wall layers in detail, it can 

readily differentiate the intramural and extramural nature of 
subepithelial masslike lesions.  

 

When EUS demonstrates the integrity of all gut wall layers between the 
gut lumen and the lesion, it is safe to say that the lesion is an 
impression caused by an extramural structure. 



Although the extramural structures that compress the gut wall are on 
occasion pathologic masses, such findings are more likely to represent 
adjacent normal structures. 

 

 A study revealed that when EUS evaluation was done for patients with 

suspected extraluminal compression or SELs during endoscopy, 

66.4% were proven to be extraluminal compression. 

  

It is worth noting that only 11% were due to pathologic lesions, and others 

were related to adjacent normal organs or vessels. 





A normal spleen usually makes an impression in the gastric fundus and upper body, 
and the gallbladder compresses the gastric antrum.  

 

Transient gastric impression is often caused by bowel loops. 

 

Other causes of gastric impression include vessels in the splenic hilum, the 
pancreatic tail, and the left lobe of the liver. 

 

Abnormal structures such as pancreatic pseudocysts, splenic artery 

aneurysms, aortic aneurysms, cystic tumors of the pancreas or liver, 

colonic tumors, and lymphomas may also produce endoscopically 

visible impressions on the gastric wall. 



Adjacent structures, such as the aortic arch and vertebrae, can also 
press on the esophagus.  

 

Other potential causes of esophageal impression are vascular 
anomalies, such as a right descending aortic arch, anomalous branches 
of the aortic arch, aneurysm, and left atrial dilation.  

 

Enlarged mediastinal lymph nodes or mediastinal tumors, lung cancer, 
and lymphomas are also known to compress the esophagus. 



When using EUS, the suspected area of gastric impression should be 
observed by the two-step method. 

  

First, at a low frequency of 7.5 MHz, the examiner should survey the 
gross relationship between the extramural structure and the gut wall.  

 

Then, at a higher frequency of 12 MHz, the outer hyperechoic serosal 

layer should be observed carefully to determine whether it is intact 

or disrupted.  



This method allows reliable differentiation between gastric wall 
impression and gastric wall infiltration caused by an extragastric tumor.  

 

For the examination of small lesions, a highfrequency catheter 
ultrasound probe is technically easier to use than a conventional 
echoendoscope. 

 In the esophagus, the endosonographer may encounter difficulties in 
this evaluation owing to interference from the air-filled bronchial 
system. 

 





Gastrointestinal Stromal Tumor 

Gastrointestinal stromal tumors (GISTs) are among the most 

common mesenchymal tumors in the GI tract; they are also the 

most commonly identified intramural SELs in the upper GI tract. 

 

Previously these tumors were classified as GI smooth muscle tumors, 
such as leiomyomas and leiomyosarcomas, owing to histologic findings 
of circular palisades of spindle cells with prominent nuclei and an 
apparent origin in the muscularis propria layer of the gut wall. 



 

 

However, with the development of newer molecular markers and an 
improved understanding of the biologic behavior of these tumors, 
GISTs are now classified as a distinct but heterogeneous group of 
mesenchymal tumors with varying differentiation. 



Endosonographically, a GIST is typically a well-circumscribed, 

hypoechoic, relatively homogeneous mass that can arise from 

either the second hypoechoic layer (muscularis mucosa) or more 

frequently the fourth hypoechoic layer (muscularis propria). 





In contrast, leiomyomas (Fig. 11.3) showing homogeneous 

hypoechoic patterns arise from the muscularis mucosa more frequently 

than do GISTs. 





Gastric schwannomas are rare mesenchymal tumors also appearing as 
hypoechoic lesions originating from fourth hypoechoic layer, but they 
frequently show a heterogeneous pattern with decreased echogenicity 
compared with the normal proper muscle layer. 



The images of GISTs, leiomyomas, and schwannomas are seen 

as relatively homogeneous hypoechoic masses under EUS and 

cannot be differentiated unless special immunohistochemical tissue 

staining is performed. 



One study suggested that GISTs have a marginal hypoechoic halo and 
relatively higher echogenicity compared with the adjacent muscular 
layer. 

 

 Another study added inhomogeneity and hyperechoic spots to the 
foregoing features, and the presence of at least two of these four 
features predicted GISTs with 89.1% sensitivity and 85.7% specificity. 



In addition to size and mucosal ulcer, other EUS characteristics were 
considered as possible predictive factors for malignancy of GIST, but 
size was the only consistently definitive predictive factor. 

 

 EUS features mentioned by the authors were distorted shape, 
lobulation, irregular border, increased echogenicity in comparison with 
the surrounding muscle echo, inhomogeneity, hyperechoic spots, 
anechoic area, marginal halo, and extraluminal growth pattern. 



When malignant changes occur, GISTs commonly show a 
heterogeneous echo texture with hyperechoic deposits or anechoic 

necrotic zones inside large tumors (Fig. 11.4). 





Recently, contrast-enhanced harmonic EUS (CEH EUS) has been introduced. 

 

CEH EUS can demonstrate the perfusion characteristics of SELs, and it is 
helpful for establishing a differential diagnosis. 

 

The image of GIST is hyperenhanced after infusion of ultrasound contrast; in 
consequence, the CEH EUS signal intensity of GISTs is higher than that of 
other benign lesions. 

 

 It is suggested that hyperenhancement and avascular areas in the center of 
the lesion are shown in GISTs but not in leiomyomas. 





In addition, prediction of a malignant GIST was possible with CEH EUS 
by identifying irregular intratumoral vessels with 83% accuracy.  

 

Use of EUS elastography for the differential diagnosis of gastric 

SELs has recently been suggested. 

 

 It might be especially helpful for differentiating GISTs from other SELs 
because GISTs may be harder than other SELs. 



EUS FNA and EUS-guided fine-needle tissue-core biopsy (EUS FNB) can 
be performed for immunohistochemical examination to achieve better 
diagnostic accuracy of GISTs. 

 

A major drawback of EUS FNA is its inability to differentiate with 
absolute certainty benign from malignant GISTs.  

 

However, staining for ki-67 (MIB-1), a marker of cell proliferation, may 

enable the discrimination of benign from malignant GISTs with EUS 
FNA. 



Because small (<1 cm) asymptomatic mesenchymal tumors are rarely 
malignant, a policy of close follow-up with EUS may be justified, 

 

although an optimal surveillance strategy has not yet been established.  

 

Excision is advised when growth of the lesion, a change in the echo 
pattern, or necrosis is noted during yearly follow-up with EUS. 



Surgical treatment is indicated for lesions greater than 3 cm in diameter 
with features suggestive of malignancy. 

 

 For lesions between 1 and 3 cm, EUS FNA can be recommended, or 
ESD can be chosen as a definite diagnostic and therapeutic tool with 
some risk of bleeding and perforation (2% to 3% in specialized centers). 

 

When the lesion is confirmed to be a GIST, the risk of malignant 

transformation needs to be discussed with the patient; more careful 

follow-up or early resection should be considered. 



Aberrant Pancreas 

The term aberrant pancreas is used to describe ectopic pancreatic 

tissue lying outside its normal location with no anatomic or vascular 

connection to the pancreas proper. 

 

 These lesions are also termed ectopic pancreas, pancreatic rest, and 
heterotopic pancreas.  

 

They are typically discovered incidentally during endoscopy, surgery, or 

autopsy. 



Aberrant pancreas is encountered in approximately 1 of every 500 
operations performed in the upper abdomen; the incidence in autopsy series 
has been estimated to be between 0.6% and 13.7%. 
 
 Aberrant pancreas is usually located in the stomach wall (frequently along 
the greater curvature of the antrum), duodenum, small intestine, or 
anywhere in the GI tract. 
 
 Patients with aberrant pancreas are usually asymptomatic, but rare 
complications 
such as pancreatitis, cyst formation, ulceration, bleeding, gastric outlet 
obstruction, obstructive jaundice, and malignancy can occur. 



On endoscopy, an aberrant pancreas appears as a submucosal 

nodule, usually small, with a characteristic central umbilication that 

corresponds to a draining duct. 

  

The characteristic EUS features of aberrant pancreas are 
heterogeneous lesions, mainly hypoechoic or intermediate echogenic 
masses accompanied by scattered small hyperechoic areas, with 
indistinct margins within the gut wall 





Generally an anechoic area and fourth layer thickening accompany the 
lesions. 

 

 Anechoic cystic or tubular structures within the lesion correlate with ductal 
structures.  

 

They commonly arise from the third and fourth layers. 

 

 However, lesions may develop in any location from the deep mucosal to the 
serosal layer. 



The management of aberrant pancreas remains controversial. 

 

 It should be guided by symptoms and the possibility of malignancy. 

 

Asymptomatic lesions do not necessarily require resection and can 

be followed expectantly. 

 

 If needed, endoscopic removal is useful for both accurate diagnosis and 
treatment, although surgical resection is preferred to endoscopic resection 
when the muscularis propria is involved. 



Lipoma 

Lipomas are benign tumors composed of mature lipocytes. 

 

 They are found incidentally in any part of the GI tract and more 
frequently in the lower tract.  

 

Lipomas are rarely symptomatic, but they may result in hemorrhage, 
abdominal pain, and intestinal obstruction. 



Endoscopically, most lipomas are solitary, with a smooth bulge and a 
yellow hue.  

 

They are soft and indented when pressed with biopsy forceps (“pillow” 
or “cushion” sign). 

 

 On endosonography, lipomas characteristically appear as intensely 
hyperechoic, homogeneous lesions with clean regular margins arising 
from the third layer of the GI tract, which corresponds to the 
submucosa. 





The endoscopic and endosonographic characteristics make it possible to 
diagnose lipomas in most cases. 

 

 Once lipoma has been confirmed, follow-up EUS is not recommended.  

The incidentally found lipoma does not require treatment, but local excision 
is advised for symptomatic lipomas associated with bleeding or obstruction.  

 

Resection is also recommended when it is impossible to distinguish between 
a lipoma and a malignant neoplasm, such as a liposarcoma, even though this 

lesion is rare in the GI tract. 



Carcinoid Tumor 

Carcinoid tumors are slow-growing neuroendocrine tumors with 
malignant potential. 

 

 They may arise at various sites, most commonly the GI tract and lung.  

 

GI carcinoid tumors are generally discovered incidentally during 
endoscopy, surgery, or autopsy originating from the appendix, rectum, 
stomach, or small intestine. 



Rectal carcinoids are common and represent approximately 20% of all 

GI carcinoid lesions. 

 

 Carcinoid tumors are usually asymptomatic, but rare complications 
include hemorrhage, abdominal pain, intestinal obstruction, and the 
endocrine carcinoid syndrome, which results from secretion of 
functionally active substances. 



Endoscopically, carcinoid tumors are small, round, sessile, or polypoid lesions 
with a smooth surface and a yellow hue. 

 

 They usually have normal overlying mucosa and seldom ulcerate.  

 

Gastric and ileal carcinoids are commonly multiple, whereas those 

arising elsewhere are typically solitary. 

 

 The endosonographic appearance of carcinoids is usually that of a 
homogeneous, well demarcated, and mildly hypoechoic or isoechoic mass. 



These lesions arise from the second layer of the GI tract and may 

invade beyond the third submucosal layer. 

 

 Deep mucosal biopsy is normally diagnostic. 

 

 EUS accurately defines the size and extent of masses and can guide 
management. 

 

 When the lesion is smaller than 2 cm, does not invade further than the third 
layer, and no adenopathy is noted, endoscopic resection is possible. 





Granular Cell Tumor 

Granular cell tumors (GCTs) are rare lesions of neural derivation, GCTs 
are usually found incidentally during endoscopy or colonoscopy and are 
located mostly in the esophagus; other locations include the stomach 

(10%) and rarely the colon or rectum. 

 

 GCTs are generally considered benign, but in 2% to 3% of cases they 
are malignant. 



The endoscopic appearance of GCTs is that of small, isolated nodules or 
polyps resembling molar teeth, with normal overlying mucosa having a 
yellow hue.  

 

Most GCTs are small (<4 cm), but larger size is associated with 
malignant potential. 

 

At EUS, GCTs appear as hypoechoic, homogeneous lesions 

with smooth margins originating from the second or third 

layer of the GI tract 





The EUS pattern of leiomyoma originating from the muscularis 

mucosal layer can be similar to GCT.  

 

Two differential EUS features: 

 (1) although both lesions were hypoechoic, GCTs demonstrated 

slightly higher echogenicity compared to the surrounding normal 

muscle layer 

 (2) the margins of GCTs were less well defined than those of 
leiomyomas. 



For asymptomatic GCTs that are not excised, surveillance 

EUS every 1 to 2 years is recommended to monitor changes in 

size.  

 

Local endoscopic snare excision can be performed for small 

tumors limited to the mucosa. 



Cysts—Including Duplication Cyst 

Endosonographically, cysts in the GI tract appear as anechoic 

structures, but some may be seen as hypoechoic lesions containing 

echogenic foci. 

 

 

Cystic submucosal tumors may be classified into three EUS 

types:  

 

simple cystic 

 multicystic 

 solid cystic tumors. 



The simple cystic type is more frequent in occurrence and, rarely, 
Brunner gland hamartomas or heterotopic gastric mucosa can 
resemble a simple cyst.  

 

The multicystic type is common in lymphangiomas, gastric cystic 
malformations, hemangiomas, and Brunner gland hamartomas. 

 

 The solid cystic type includes duplication cysts, heterotopic gastric 
mucosa, aberrant pancreas, myogenic tumors with advanced cystic 
degeneration, and gastric tuberculomas. 



Gastric cyst is a rare clinical entity and is usually asymptomatic. 

 

 

It may result from a resolved inflammatory process.  

 

• Endosonographically, the cysts appear in the submucosal layer of the 
gastric wall as sharply demarcated, anechoic, rounded, or ovoid structures 
with dorsal acoustic accentuation.  

 

The inflammatory cyst always shows a single hyperechoic wall layer. 





In adults, foregut cysts are usually asymptomatic and are discovered 

incidentally during radiographic or endoscopic examination. 

 

Foregut cysts are categorized on the basis of their anomalous 

embryonic origin into bronchogenic and neuroenteric cysts.  

 

Bronchogenic cysts represent 50% to 60% of all mediastinal cysts, they 

can be diagnosed easily with EUS as anechoic masses without wall 

layers.  



But some lesions may be seen as hypoechoic or solid masses. 

 

 In these cases, EUS FNA would cause serious complications, including 
cyst infection and mediastinitis. 

  

Therefore antibiotic prophylaxis is needed and close attention should 
be paid to avoid accidental instrumentation. 

 





Duplication cysts may involve the entire GI tract, with the 
ileum being the most common site. 
 
 The stomach is the least common site for GI duplication cysts.  
 
When they are examined endoscopically, duplication cysts may have a 
slightly transparent appearance.  
 
EUS or EUS FNA (with antibiotic prophylaxis) is useful and safe for the 
diagnosis of duplication cysts; some of these cysts are misdiagnosed as solid 
masses on CT or MRI. 



Duplication cysts on endosonography appear as anechoic, homogeneous 
lesions with regular margins arising from the third layer or extrinsic to the GI 
wall.  
 
The walls of duplication cysts maybe seen as three- or five-layer structures 
because of the presence of the submucosa and muscle layer. 
 
Duplication cysts are believed to have a low malignant potential, but case 
reports have described malignant transformation.  
 
Complications are rare and may include dysphagia, abdominal pain, 
bleeding, and pancreatitis when the cyst is located near the ampulla of Vater. 

 



Varices 

When varices are found incidentally during endoscopy in a patient with no relevant 

information, it is highly inappropriate and potentially hazardous to take a biopsy 
sample from such a lesion without EUS examination.  

 

On EUS, fundic varices appear as small, round to oval, and anechoic structures  
within the submucosa. 

 They can be differentiated from submucosal cysts, which usually occur as solitary 
lesions, by their shape and easy compressibility using the ultrasound balloon.  

 

When gastric varices grow larger, they appear as anechoic, serpentine, tubular 
structures with smooth margins accompanied by perigastric collateral vessels. 





In severe portal hypertension, cross sections of multiple fundic varices may 
show a “Swiss cheese” pattern. 

 

 Demonstration of flow with Doppler examination is a definite clue for 
diagnosis. 

 

 In portal hypertensive gastropathy, EUS findings are often normal, and 
endosonographic changes in intramural vessels are usually not observed.  

 

However, dilation of the azygos vein and thoracic duct and thickening of the 
gastric mucosa and submucosa have also been reported. 



In comparative studies, EUS was inferior to endoscopy for detecting 
and grading esophageal varices, but it permitted detection of fundic 
varices earlier and more often than endoscopy in patients with portal 
hypertension. 

 

EUS was used in the treatment of varices by making it possible to inject 
a sclerosing agent into perforating veins. 

 

  



Also, there is a report about transesophageal EUS-guided treatment of 
gastric fundic varices. 

 

 This procedure was safe and successful in 96% of cases. 



Inflammatory Fibroid Polyps 

Inflammatory fibroid polyp is a rare benign polypoid lesion that is 

usually found in the stomach, occasionally in the small bowel, and 

rarely in the esophagus or large bowel. 

 

 The lesion is located in the second or third sonographic layer of the 
gastric wall, with an intact fourth layer.  

 

The usual echoendoscopic features of inflammatory fibroid polyp are 
an indistinct margin and a hypoechoic and homogeneous echo pattern.  



This findings correlate well with the histologic findings of proliferated, 
nonencapsulated fibrous tissue with vascular elements and eosinophilic 

infiltration located in the deep mucosal and submucosal layers. 

 

Sometimes the internal echo pattern is heterogeneous or hyperechoic. 

 

In that case, the inner hyperechoic area and bright echoes 

correspond to the presence of small blood vessels. 





The EUS patterns of leiomyomas originating from the muscularis 

mucosa and carcinoid tumors may be similar to those of an 
inflammatory fibroid polyp. 

 

 However, those tumors have a distinct margin. 



Glomus Tumor 

Glomus body is a contractile neuromyoarterial receptor that 

acts as a thermoregulator.  

 

Glomus tumor originates from modified smooth muscle cells of the glomus body. 

 

 Glomus tumor of the gastrointestinal tract is a rare disease, with most found in the 
stomach.  

 

The majority of gastric glomus tumors are benign and found incidentally as SELs.  

 

However, some malignant gastric glomus tumors and cases of bleeding have been 
reported. 



The glomus tumor of the stomach manifests as a circumscribed 

and hypoechoic mass in the third or fourth layer. 

 

Usually it appears as an internal heterogeneous echo mixed with 

hyperechogenic spots. 

 

 A marginal halo is frequently observed. 

 

Contrast-enhanced CT reveals a homogeneous hyperdense enhancement on 
early and delayed phase. 





Rare Lesions 

Many uncommon lesions have been reported in the endosonographic 

literature. 

 

 The number of such lesions is too small for their appearance on EUS to 
be described as characteristic. 

 Some examples are provided here. 



Glandular cysts appear as small nodular to polypoid lesions in the 

body of the stomach.  

 

They create a uniform, relatively hyperechoic, internal echo pattern in 
the upper mucosa, but they do not disrupt the normal layer pattern of 
the gastric wall. 



Lymphoma may occasionally manifest as a submucosal mass.  

 

This mass typically appears as a homogeneous, hypoechoic lesion that 
is contiguous with the second and third gastric wall layers, but it can 
also invade deeper layers.  

 



Distant metastases may also appear as submucosal masses in the GI 
tract. 

 

 On EUS, they are seen as hypoechoic, heterogeneous masses and may 
involve any or all of the sonographic layers. 

 



Linitis plastica can sometimes be difficult to diagnose at endoscopy, 

and biopsy may be unrevealing. 

 

 The mucosal and submucosallayers appear very thickened at EUS in 
these patients, who have poor distensibility of the GI lumen even with 
air insufflation.  

 

EUS FNA is diagnostic in most cases. 



Extrinsic malignant tumors that directly infiltrate the gut wall and 
manifest as submucosal lesions can be visualized easily by EUS. 








