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Introduction

The term “subepithelial lesion” (or “submucosal 
lesion”) is used to describe any gastrointestinal 
tract mass or polyp with normal-appearing over-
lying mucosa. These lesions are often inciden-
tally detected during upper endoscopy or colo-
noscopy, and are identified by the presence of a 
smooth bulge protruding into the lumen. They 
can represent non-neoplastic intramural lesions, 
intramural neoplasms (both benign and those 
with malignant potential), as well as extrinsic 
compression from adjacent structures (normal 
and abnormal). Endoscopic ultrasound (EUS) is 
typically necessary to further evaluate subepi-
thelial lesions and determine which ones require 
additional tissue sampling, follow-up, or resec-
tion. This chapter will cover the diagnosis and 
management of the most common subepithelial 
lesions likely to be encountered by practicing 
gastroenterologists.

Case Presentation 

A 54-year-old woman with a history of a T3N0M0 
moderately differentiated mucinous adenocarci-
noma of the sigmoid colon, status-post sigmoid 
colectomy 5 years ago, was referred for surveil-
lance colonoscopy. The patient was asymptomat-
ic, but had a mildly elevated CEA level. The most 
recent surveillance colonoscopy 3 years ago was 
unremarkable other than post-surgical changes. 
The current examination was notable for a prom-
inent 3-cm bulge with smooth, normal-appearing 
overlying mucosa located 11  cm from the anal 
verge (Fig. 28.1).

What is the Differential Diagnosis  
of Subepithelial Lesions?

The differential diagnosis of subepithelial lesions 
encompasses a spectrum of processes, including 
non-neoplastic intramural lesions, a wide variety 
of benign and potentially malignant intramural 
neoplasms, and extrinsic compression from adja-
cent structures (Table 28.1). When encountering 
a subepithelial lesion, the endoscopist should be 
aware of the most common diagnoses based on 
the lesion’s endoscopic appearance and location, 
placing them in the context of the patient’s medi-
cal and surgical history. For example, a lobulated 
subepithelial lesion located in the gastric fundus 
in a patient with cirrhosis or prior bouts of acute 
pancreatitis should immediately raise the suspi-
cion for gastric varices (Fig. 28.2).

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_28) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_28.
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The differential can be narrowed some-
what based on the location of the lesion [1–3]. 
The most common subepithelial lesions of the 
esophagus are leiomyomas, granular cell tumors, 
and cysts (duplication or bronchogenic). In the 
stomach, gastrointestinal stromal tumors (GISTs) 
and pancreatic rests are most common. Duode-
nal subepithelial lesions are encountered less 
commonly, but GISTs, carcinoids, lipomas, and 
duplication cysts can be found with similar fre-
quency. In the colon and rectum, the most com-
mon lesions are carcinoids, lipomas, and GISTs. 
In women, one must also consider the possibility 
of endometriosis or even extrinsic compression 
of the rectum caused by a tampon in the vagina 
[4, 5].

A Stepwise Approach to the 
Evaluation of Subepithelial Lesions  
of the Gastrointestinal Tract 

Initial Endoscopic Evaluation: What  
Endoscopic Techniques Diagnose 
Subepithelial Lesions?

The initial evaluation of subepithelial lesions can 
be performed using standard endoscopic equip-
ment and techniques [6, 7]. The first step is to vi-
sually assess the following features: size, location, 
shape, color, surface characteristics, presence of 
pulsation, and change in appearance with patient 
repositioning and with air insufflation. Subepi-
thelial lesions generally have normal-appearing 
overlying mucosa, but surface characteristics 
(e.g., focal ulceration or umbilication) and color 

Table 28.1   Differential diagnosis of gastrointestinal subepithelial lesions
Benign intramural lesions Malignant (or potentially malignant) 

intramural lesions
Extrinsic compression

Duplication cyst Carcinoid Normal intra-abdominal structures (pan-
creas, liver, spleen, gallbladder, etc.)

Granular cell tumor Gastrointestinal stromal tumor Abnormal intra-abdominal structures
Inflammatory fibroid tumor Glomus tumor (pancreatic/hepatic/renal cysts, aneu-

rysms, lymph nodes, abscesses, tumors)
Leiomyoma Lymphoma
Lipoma Metastatic carcinoma
Lymphangioma
Pancreatic rest
Schwannoma
Varices

Fig. 28.2   Endoscopic appearance of gastric varices lo-
cated in the fundus

 

Fig. 28.1   A subepithelial lesion identified in the proxi-
mal rectum in a patient with a prior history of sigmoid 
colon cancer
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(e.g., bluish, yellowish, translucent) should be 
evaluated, as these features may provide clues to 
the nature of the underlying lesion. Distinguish-
ing intramural lesions from extrinsic compression 
can be difficult with endoscopy alone [8], but a 
significant change in the appearance of a lesion 
with alterations in patient position and degree of 
lumen distension suggests an extrinsic source.

A closed biopsy forceps can be used to probe 
the lesion, assessing its mobility and consistency. 
The presence of the “pillow/cushion” sign, char-
acterized by the ability to indent the lesion with 
the biopsy forceps, is a feature that is highly spe-
cific for lipomas. Lipomas may also demonstrate 
the “tent sign,” described as the ability to grasp 
the overlying mucosa with a forceps and easily 
pull the mucosa away from the underlying lesion 
(Fig. 28.3).

For lesions that do not appear vascular (blu-
ish coloration) or cystic (translucent) and do not 
demonstrate the “pillow sign,” biopsies may 
then be obtained to rule out an epithelial lesion 
as well as attempt to sample the underlying le-
sion. Unlike most other subepithelial lesions, 
carcinoid tumors can frequently be diagnosed 
using standard biopsy technique since they often 
arise from the deep mucosal layer. Areas of ul-
ceration, if present, should be targeted to improve 
diagnostic yield [9]. “Stacked” (bite-on-bite, or 
tunneled) biopsies can be obtained using conven-
tional, large-capacity, or jumbo biopsy forceps, 
although the reported yield of this technique is 
fairly low and variable depending on the forceps 
size (17 %− 42 % for conventional and large-

capacity, 67 % for jumbo forceps) [10–13]. For 
jumbo forceps, significant bleeding occurred in 
nearly 35 % of patients. Using jumbo forceps or 
a snare to “unroof” the overlying mucosa may 
expose the underlying lesion and allow for high-
yield targeted biopsies, but also carries an in-
creased risk for bleeding (Fig. 28.4) [13–16].

At this stage of the evaluation, if the diagno-
sis has not been established, EUS should be per-
formed.

EUS—Technical Tips to Enhance EUS 
Imaging 

Subepithelial lesions can be imaged using ra-
dial scanning or linear array echoendoscopes, 

Fig. 28.4   Unroofing technique. The overlying mucosa 
was unroofed using a large capacity biopsy forceps, re-
vealing the underlying lesion (lipoma)

 

Fig. 28.3   Endoscopic features of lipomas. a Endoscopic 
appearance of a colonic lipoma in the ascending colon. 
b Positive “pillow” or “cushion” sign, characterized by 

indentation of the lipoma using a closed biopsy forceps. c 
Grasping the overlying mucosa and pulling it away from 
the underlying lipoma demonstrates the “tent sign”
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as well as catheter ultrasound probes. Factors 
such as the size and location of the target lesion, 
its visibility from within the lumen, and the an-
ticipated need to perform EUS-guided tissue ac-
quisition may guide the selection of equipment 
to be used in any particular procedure. For ex-
ample, catheter ultrasound probes may be more 
suitable for evaluating small (< 1 cm) subepithe-
lial lesions due to the higher imaging frequency, 
which produces finer detail at the expense of 
depth of penetration. A radial echoendoscope 
may be preferred to initially localize a lesion 
that creates little-to-no visible bulge within the 
lumen. A linear array echoendoscope should be 
used initially if the lesion is readily localizable 
and EUS-guided tissue acquisition is definitely 
planned, obviating the need for radial examina-
tion and thereby reducing the number of endo-
scope insertions required.

When performing the EUS examination, the 
lumen of the gastrointestinal tract should be max-
imally deflated of air, and if possible, the target 
lesion should be submerged in water to achieve 
optimal imaging of the lesion. This may be im-
possible or unsafe due to lesion location and 
risk for aspiration (especially for lesions in the 
esophagus), in which case the balloon around the 
transducer should be filled with a very small vol-
ume of water to achieve acoustic coupling. The 
endoscopist should avoid overfilling the balloon, 
which may distort or compress very small lesions. 
Another approach to imaging small lesions in the 
esophagus is the “condom technique,” whereby a 
condom is attached to the tip of a double-channel 
endoscope and filled with water, and the exami-
nation is performed with a catheter ultrasound 
probe advanced through the endoscope channel 
into the contained column of water [17].

Other locations can also introduce challenges 
during EUS examination, such as the gastric an-
trum, where it may be difficult to submerge the 
lesion in water. Repositioning the patient on to 
his or her back, and keeping the head of the bed 
elevated to at least 45° may allow for the safe 
instillation of more water into the gastric lumen. 
Lesions in the high gastric fundus or cardia may 
also be difficult to image, and it may be necessary 

to keep the endoscope tip in the distal esophagus 
and scan through multiple wall layers (from the 
outside-in). Slightly rotating the patient toward 
the prone position may help as well.

For colorectal lesions, the bowel should be 
prepared with enemas or oral purge, depending 
on the location of the lesion. In general, EUS 
of lesions proximal to the sigmoid colon should 
not be attempted with standard echoendoscopes 
given the technical difficulties of navigating 
an oblique-viewing scope through the colon. 
If available, a catheter ultrasound probe or a 
forward-viewing echoendoscope can be used in 
these situations.

At times, it can be challenging to accurately 
determine a lesion’s layer of origin, particularly 
if the lesion is bulky. It may be helpful to care-
fully focus on the edges of the lesion where there 
is a transition from normal to abnormal tissue, 
rather than at the center. In addition, as in any 
EUS examination, it is important to make sure 
that the scanning is perpendicular to the target, 
as opposed to tangential scanning which can lead 
to distortion of the echolayers of the gut wall and 
misinterpretation of layer of origin.

How Accurate is EUS Imaging  
for Diagnosing Subepithelial Lesions?

Endoscopic ultrasound is the modality of choice 
for distinguishing intramural lesions from extrin-
sic compression and for diagnosing the nature 
of subepithelial lesions. Differentiating extrinsic 
compression from an intramural lesion by EUS 
is highly accurate at 100 % in one study [18]. For 
intramural lesions, EUS can determine the layer 
of origin and characterize the endosonographic 
features, which in some cases (e.g., lipomas) can 
establish a certain diagnosis even without the 
need to obtain tissue. Table 28.2 summarizes the 
typical EUS characteristics of the most common-
ly encountered subepithelial lesions. However, 
the diagnostic accuracy of EUS imaging alone 
is approximately 50 % overall, and only 30 % for 
lesions proven to be neoplastic in nature, with 
the majority of incorrect diagnoses occurring 
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with hypoechoic lesions arising from the third 
and fourth echolayers of the gut wall [8, 19, 20]. 
Interobserver variability also limits the accuracy 
of EUS imaging for lesions other than lipomas, 
cystic lesions, and extrinsic compression [21]. 
Therefore, tissue acquisition of hypoechoic le-
sions larger than 1 cm in size is generally recom-
mended to establish a firm diagnosis, unless the 
lesion requires resection regardless of histology 
(e.g., patient is experiencing symptoms or com-
plications related to the lesion such as gastroin-
testinal bleeding).

Tissue Acquisition: What Are the Pros 
and Cons of the Various Techniques?

There are several options for obtaining tissue from 
subepithelial lesions, including stacked biopsies/
unroofing techniques (discussed above), EUS-
guided fine needle aspiration (EUS-FNA), EUS-
guided fine needle biopsy (EUS-FNB), endoscop-
ic mucosal resection (EMR), and endoscopic sub-
mucosal dissection (ESD). The choice of which 
technique to use depends on factors such as lesion 
size, location, layer of origin, as well as the avail-
ability of necessary equipment and expertise.

Endoscopic Ultrasound-Guided Fine 
Needle Aspiration 
The technical aspects of EUS-FNA are covered 
in detail in Chap. 23.

Several studies have demonstrated that EUS-
FNA is a safe and accurate means of diagnos-
ing subepithelial lesions of the gastrointestinal 
tract, particularly GISTs, with overall accuracy 
rates ranging from 67 to 98 % (Video 28.1) [2, 9, 
22–30]. In the largest relevant study published to 
date, comprising 141 patients with gastric subep-
ithelial lesions, the overall accuracy rate of EUS-
FNA was 96 % based on criterion standard (surgi-
cal histopathologic results, or follow-up course 
for inoperable cases) [23]. However, diagnostic 
yield of EUS-FNA may be somewhat limited 
with EUS-FNA being diagnostic in 43–68 % of 
cases [31].

Factors that may enhance the diagnostic yield 
of EUS-FNA include the presence of an on-site 
cytopathologist, higher number of needle passes 
(five are recommended), and availability of im-
munohistochemical staining. Needle diameter 
has not been definitively shown to significantly 
impact the diagnostic accuracy of EUS-FNA 
for subepithelial lesions [32, 33], but 25-gauge 
needles may more easily puncture small, mobile 
lesions, as well as those within or adjacent to the 
duodenum when the scope tip may be acutely an-
gulated.

Endoscopic Ultrasound with Fine Needle 
Biopsy 
In cases where tissue architectural details and im-
munohistochemical staining are required, obtain-
ing a core-tissue specimen via EUS-FNB may be 

Table 28.2   Endosonographic features of intramural subepithelial lesions
Subepithelial lesion Echogenicity/appearance EUS layer of origin
Carcinoid Hypoechoic 2 or 3
Granular cell tumor Hypoechoic 2 or 3
Varices Anechoic, serpiginous structures 2 or 3
Inflammatory Fibroid Polyp Hypoechoic, indistinct margins 2 or 3
Leiomyoma Hypoechoic 2 or 4
Pancreatic rest Hypoechoic/mixed; may contain anechoic 

tubular spaces
2, 3 or 4

Lipoma Intensely hyperechoic 3
Gastrointestinal stromal tumor Hypoechoic; may contain echogenic foci or 

anechoic spaces
4

Duplication cyst Anechoic, compressible; 3- or 5-layer wall 
may be visible

Any, or extramural

Layer 2 = deep mucosa; layer 3 = submucosa; layer 4 = muscularis propria
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advantageous [34]. Another potential advantage 
of obtaining tissue cores is that specimen ad-
equacy can be determined by the endoscopist, 
whereas FNA samples require an on-site cytopa-
thologist. Combining EUS-FNA with FNB may 
be superior to either tissue sampling technique 
alone, [35] although this approach has not been 
extensively studied in patients with subepithelial 
lesions.

Endoscopic Mucosal Resection and 
Endoscopic Submucosal Dissection 
In select cases, EMR or ESD of subepithelial le-
sions may be performed to simultaneously obtain 
a histologic diagnosis as well as provide defini-
tive treatment. This approach may be considered 
for situations in which FNA or FNB is likely to 
be low yield (e.g., very small lesions, suspected 
symptomatic pancreatic rest) or when previous 
stacked biopsies were diagnostic for a lesion 
that warrants resection (e.g., carcinoid tumor, 
granular cell tumor). Although associated with 
an increased risk for complications, endoscopic 
resection of lesions arising from the submucosa 
and even muscularis propria is increasingly per-
formed and has a high diagnostic yield (87–94 %) 
[10, 16, 36–41]. It is necessary to identify the 
layer of origin with EUS before attempting re-
section because the risks are directly related to 
the depth of the tumor. Traditional saline-assisted 
polypectomy and cap-assisted EMR may be used 
to resect lesions. A relatively simple and elegant 
way of resecting small lesions that arise from the 
deep mucosa or submucosa (without sonographic 
evidence of involvement of the muscularis pro-
pria) is endoscopic band ligation with snare pol-
ypectomy. This technique is frequently employed 
for the resection of rectal carcinoids smaller than 
1 cm in diameter, and has been shown to be su-
perior to conventional polypectomy in terms of 
achieving complete resection with negative mar-
gins [42, 43]. Band ligation with or without elec-
trosurgical resection has also been employed as a 
promisingly safe and effective method of treating 
small subepithelial lesions arising from the mus-
cularis propria, including GISTs [37, 44–46]. In 

the so-called “ligate and let-go” technique, snare 
resection is not performed at the time of band 
ligation, thereby avoiding the risks of bleeding 
and perforation. Rather, the lesion is allowed to 
undergo ischemic necrosis and spontaneously 
slough off over time. The long-term effectiveness 
of this technique as a treatment option remains to 
be shown and a downside to this technique is the 
lack of a complete specimen for histologic ex-
amination.

Case Continued 

Rectal endoscopic ultrasound was performed to 
further evaluate the subepithelial lesion found 
during colonoscopy. A linear echoendoscope was 
selected for this examination because tissue sam-
pling was anticipated. The examination demon-
strated a hypoechoic, heterogeneous 3-cm lesion 
involving the submucosa, muscularis propria, 
and perirectal fat with an irregular outer border 
(Fig. 28.5). Fine needle aspiration was performed 
using a 22-gauge needle. Cytologic examination 
was positive for malignancy consistent with mu-
cinous adenocarcinoma.

Fig. 28.5    Endoscopic ultrasound examination of a sub-
epithelial lesion located in the proximal rectum of the pa-
tient with a prior history of sigmoid colon cancer. 
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Diagnosis and Management of 
Specific Gastrointestinal Subepithelial 
Lesions 

Gastrointestinal Stromal Tumor (GIST): 
What EUS Features Predict Malignancy 
and How are Incidental GISTs Managed?

GISTs are the most common intramural subepi-
thelial lesion encountered in the gastrointestinal 
tract, with approximately 4000–6000 new cases 
diagnosed each year and an estimated prevalence 
of 129 cases per million [47, 48]. They are most 
commonly located in the stomach (60–70 %), fol-
lowed by the small bowel (20–30 %), colon and 
rectum (5 %), and esophagus (< 5 %) [49]. GISTs 
may also arise from outside the gastrointestinal 
tract, in locations such as the mesentery, omen-
tum, and retroperitoneum.

The clinical presentation of GISTs is quite 
variable, and related primarily to tumor size and 
location. Small GISTs are frequently asymptom-
atic, detected incidentally during endoscopic or 
radiographic studies performed for unrelated rea-
sons. Symptomatic GISTs most commonly pres-
ent with acute or chronic bleeding due to tumor 
ulceration. Other presenting signs or symptoms 
include abdominal pain, early satiety, dyspha-
gia, gastric outlet obstruction, palpable masses, 
or acute abdomen (secondary to intra-abdominal 
hemorrhage) [50–52].

Endoscopic and Endosonographic 
Features
GISTs typically are round/oval, firm lesions with 
smooth contour and normal overlying mucosa, 
although ulceration may be present with larger 
tumors (Fig. 28.6). Endosonographically, GISTs 
are typically hypoechoic and most commonly 
originate from the fourth EUS layer (muscularis 
propria). Important features to assess by EUS 
include the size, regularity of the outer border, 
and presence of echogenic foci and cystic spaces. 
Large tumor size (> 3  cm) and irregular border 
are the most reliable predictors of malignant be-
havior; other less consistent predictors include 
heterogeneous echotexture, cystic spaces, ex-
traluminal growth, and hypervascularity [53–57].

Diagnosis and Management 
GISTs were originally considered smooth muscle 
tumors, but are now known to arise from the in-
terstitial cells of Cajal, which are the pacemaker 
cells of the gastrointestinal tract. Histologically, 
the majority of GISTs are composed of spindle 
cells arranged in interlacing, short fascicles or 
in a storiform pattern of growth (Fig.  28.6). A 
smaller proportion of GISTs are composed of 
epithelioid cells or a mixed cellular composition. 
The hallmark immunohistochemical feature of 
GISTs that distinguishes them from other mes-
enchymal/spindle cell tumors is positive staining 
for CD117 (c-KIT), which is expressed in over 
90 % of GISTs [58–60]. A novel marker known 
as DOG1 (discovered on gastrointestinal stromal 
tumors 1) is comparable to CD117 in terms of 
sensitivity and specificity, and may be especially 
useful in diagnosing cases of CD117-negative 
GISTs [61, 62]. Other markers that may be ex-
pressed include CD34 (60–80 %), and less com-
monly smooth muscle actin (SMA) and S100.
[58]. While these markers are generally unhelp-
ful in confirming a diagnosis of GIST, they are 
useful in the diagnosis or exclusion of other gas-
trointestinal mesenchymal tumors [63].

Patients with GISTs should ideally be man-
aged by a multidisciplinary team with expertise 
in sarcomas or tumors of the gastrointestinal tract 
[64, 65]. Gastroenterologists, working in con-
junction with pathologists, are usually responsi-
ble for establishing the diagnosis and facilitating 
the appropriate referrals. Surgeons and medical 
oncologists are primarily responsible for devel-
oping a comprehensive treatment plan based on 
the resectability of the primary tumor, the aggres-
siveness of the tumor (Table 28.3), and the extent 
of any possible metastases.

Treatment of Localized GISTs 
Surgical resection is the mainstay of therapy for 
patients with localized GIST, and should be the 
initial treatment if the tumor is technically re-
sectable and the patient is a surgical candidate. 
However, the management of small, incidentally 
detected GISTs is controversial, and surgical re-
section of all such lesions may not be feasible 
or in the patient’s best interest. The National 
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Comprehensive Cancer Network and the Euro-
pean Society for Medical Oncology recommend 

that all GISTs 2 cm or larger should be resected 
[64, 66], whereas the American Gastroenterolog-

Table 28.3   Proposed modification of NIH consensus classification for assessing risk of aggressive behavior in gas-
trointestinal stromal tumors
Risk category Tumor size (cm) Mitotic index (per 50 HPF) Primary tumor site/integrity
Very low < 2 ≤ 5 Any site
Low 2–5 ≤ 5 Any site
Intermediate <5 6–10  Any site

2–5 > 5  Gastric
5–10 ≤ 5 Gastric

High > 10 Any mitotic rate Any site
Any size > 10 Any site
> 5  > 5  Any site
2–5 > 5  Non-gastric
5–10 ≤ 5  Non-gastric
Any size Any mitotic rate Tumor rupture

Adapted from Joensuu [123]

Fig. 28.6   Gastrointestinal stromal tumor (GIST). a En-
doscopic appearance of a gastric GIST, featuring a focal 
surface ulceration. b Endosonographic appearance of a 
gastric GIST, characterized as a hypoechoic round lesion 

arising from the muscularis propria. c Histologic features 
of GISTs include spindle cells arranged in interlacing, 
short fascicles. d Immunohistochemical stain for CD117 
(c-KIT) is strongly and diffusely positive
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ical Association’s recommended size threshold 
for resection is 3  cm (as well as tumors < 3  cm 
with concerning EUS features) [7]. Studies ex-
amining the natural history of small, asymptom-
atic gastrointestinal subepithelial lesions arising 
from the muscularis propria suggest that the vast 
majority do not change significantly over time 
[67–71]. Therefore, surveillance may be a safe 
approach for the management of such lesions, 
provided they do not display suspicious EUS fea-
tures. Surveillance may also be appropriate for 
patients with significant comorbidities, advanced 
age, or high surgical risk [72]. It is important that 
all patients being considered for surveillance un-
derstand the possible malignant potential of all 
GISTs, as well as the risks and benefits of serial 
EUS examinations versus surgical resection. The 
optimal surveillance interval has not been estab-
lished, but 6- to 12-month intervals are generally 
considered appropriate [64, 72].

While not commonly performed, endoscopic 
resection of GISTs has been described using 
a variety of techniques, such as EMR, ESD, 
band ligation-assisted resection, and endoscopic 
enucleation/excavation [37, 40, 44, 46, 73, 74]. 
Because GISTs typically arise from the mus-
cularis propria, endoscopic resection carries a 
considerable risk for complications, especially 
bleeding and perforation. In one of the largest 
published studies on this topic, 97 patients with 
gastric GISTs less than 3.5 cm in size underwent 
attempted resection using a technique termed 
“endoscopic excavation.” In this technique, the 
overlying mucosa is incised in a cross pattern to 
expose the tumor, which is then separated from 
the surrounding tissue by injection of a solution 
of saline, indigo carmine, and epinephrine. After 
achieving adequate exposure, the tumor is exca-
vated from the muscularis propria layer using a 
snare, insulated-tip knife or hook knife, and the 
gastric wall defect is closed using hemostatic 
clips. Using this modified ESD technique, resec-
tion was successful in 91 patients (94 %), with a 
perforation rate of 24 % [73]. Another option is 
the band “ligate and let-go” technique, which is 
technically simple and likely safe for resection 
of GISTs less than 1 cm in size, although the ad-
equacy of resection remains questionable. There-

fore, given the current concerns regarding safety 
and long-term efficacy, endoscopic resection of 
GISTs cannot be routinely recommended at this 
time.

Leiomyoma: What is the Recommended 
Management?

Leiomyomas are benign smooth muscle tumors 
that arise from either the muscularis mucosae or 
muscularis propria. Although quite rare, they are 
the most common mesenchymal tumor found in 
the esophagus, and can also occur infrequently 
in the colon (predominately in the rectum or sig-
moid colon), stomach, or small bowel.

Leiomyomas are classically very slow grow-
ing, and as such are frequently asymptomatic. 
They can present at any age, with a peak inci-
dence in the third to fifth decades. The most com-
mon symptoms of esophageal lesions are dyspha-
gia or chest discomfort [75]. Rarely, leiomyomas 
may ulcerate and bleed. Malignant transforma-
tion is extremely uncommon.

Endoscopic and Endosonographic 
Features 
Esophageal leiomyomas most commonly occur 
in the mid- to distal esophagus, correlating with 
the muscular composition of the esophagus. 
They usually appear as a solitary smooth flat or 
hemispheric bulge with intact overlying mucosa 
(Fig.  28.7) [76]. Some may be annular and en-
circle the esophagus. In the colon, they appear 
as smooth polypoid lesions that have a firm 
consistency. Endosonographically, leiomyomas 
appear hypoechoic, homogeneous, and well-cir-
cumscribed arising from the muscularis propria 
or muscularis mucosae.

Diagnosis and Management 
Histologically, leiomyomas are characterized by 
fascicles of spindle cells, with low-to-moderate 
cellularity and absent or low mitotic activity 
(Fig.  28.7). On immunohistochemical testing, 
leiomyomas stain positive for smooth muscle 
actin (SMA) and desmin, but negative for CD117, 
CD34, and S100.
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Asymptomatic leiomyomas generally do not 
require intervention, but rather expectant obser-
vation and periodic surveillance by radiography, 
endoscopy, or EUS [77]. The natural history of 
most asymptomatic esophageal leiomyomas is 
usually benign, with most tumors remaining sta-
ble in size for many years; thus, a non-surgical 
approach is justified. Indications for resection 
include unremitting symptoms, increase in tumor 
size, large size, mucosal ulceration, and the need 
to obtain definite histopathologic diagnosis. 
Surgical resection is the traditional treatment of 
choice for esophageal leiomyomas, most com-
monly via thoracotomy (or more recently, tho-
racoscopy) with transthoracic extramucosal enu-
cleation. Endoscopic resection via EMR or ESD 
techniques can be considered for small lesions 
that arise from the muscularis mucosae [78]. As 
with GISTs, there is growing experience with en-
doscopic resection of leiomyomas arising from 
the muscularis propria [38, 40, 45, 73, 74, 79], 
but this approach has not been widely embraced 
in the United States.

Lipoma: What Endoscopic and EUS 
Features are Diagnostic?

Lipomas are benign tumors composed of mature 
adipocytes. In the gastrointestinal tract, they are 
most commonly found in the colon, and only 
rarely in the upper gastrointestinal tract or small 
bowel. Gastrointestinal tract lipomas are usually 

asymptomatic, but depending on size and loca-
tion, may result in complications or symptoms 
such as abdominal pain, change in bowel habits, 
bleeding or obstruction from intussusception.

Endoscopic and Endosonographic 
Features
Endoscopically, lipomas are characterized by a 
yellowish hue and soft consistency with a posi-
tive “pillow/cushion sign” which is 98 % specific, 
but only 40 % sensitive for lipomas [8]. In addi-
tion, grasping the overlying mucosa with a biop-
sy forceps easily pulls the mucosa away from the 
underlying lesion (“tent sign”). Stacked biopsies 
may occasionally produce an extrusion of fatty 
tissue (“naked fat sign”). Lesions that lack these 
characteristic endoscopic features should be in-
vestigated further with EUS. The finding of an 
intensely hyperechoic, well-circumscribed mass 
arising from the submucosal layer is diagnostic, 
making further diagnostic testing or tissue acqui-
sition unnecessary (Fig. 28.8).

Diagnosis and Management 
The diagnosis of lipomas can be made based 
on the characteristic endoscopic and EUS fea-
tures. Asymptomatic lipomas require no treat-
ment, whereas symptomatic lipomas should be 
resected, traditionally via surgery. Endoscopic 
resection can be considered in circumstances 
when the clinical situation allows for elective 
resection. Although endoscopic resection of lipo-
mas larger than 2  cm was initially discouraged 

Fig. 28.7   Esophageal leiomyoma. a Endoscopic ap-
pearance of an esophageal leiomyoma resulting in mild 
compression of the esophagus. b Endosonographic ex-
amination demonstrates a homogenous, hypoechoic mass. 

c Histologic features include spindle cells arranged in fas-
cicles with absent or low mitotic activity. Immunohisto-
chemical stain for smooth muscle actin (inset lower right 
corner) is diffusely positive
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due to increased risk of perforation, several case 
reports have described safe resection techniques 
even for large lesions. The spectrum of tech-
niques includes saline/epinephrine-lift with snare 
resection, ligation of the base with a detachable 
loop prior to snare resection or as a stand-alone 
therapy to induce ischemic necrosis and spon-
taneous separation from the wall (“loop and let 
go”), and unroofing techniques [80–85]. On a 
practical note, endoscopists who endeavor to 
perform snare resection of large lipomas should 
be aware that fatty tissue conducts electrosurgi-
cal current inefficiently, so careful assessment of 
snare placement is necessary to avoid inadvertent 
application of cautery through the tumor itself.

Carcinoid Tumor: When is Endoscopic 
Resection Indicated?

Carcinoid tumors constitute a heterogeneous 
group of tumors that arise from neuroendocrine 
cells of the gastrointestinal tract. They can arise 
in any portion of the gut, most commonly in the 
small intestine and in the rectum [86–88]. Gas-
tric carcinoids, which represent approximately 
6 % of all carcinoids, are categorized into three 
types: (1) Type I carcinoids (most common) are 
associated with chronic atrophic gastritis, achlor-
hydria, hypergastrinemia and often pernicious 
anemia; (2) Type II carcinoids occur in the set-
ting of Zollinger–Ellison syndrome and MEN-I; 

and (3) Type III carcinoids (sporadic) are usually 
solitary, large tumors that develop in normal gas-
tric mucosa without hypergastrinemia; these tend 
to display aggressive local behavior and have a 
high incidence of metastasis.

Most carcinoids are non-functioning tumors 
and do not create symptoms from excess hor-
mone production and release. Presenting features 
may include non-specific symptoms such as pain, 
nausea, and vomiting from local invasion, bowel 
obstruction, or mesenteric ischemia. The carci-
noid syndrome, characterized by the well-known 
features of flushing, wheezing, and diarrhea, oc-
curs in approximately 20–30 % of well-differ-
entiated midgut carcinoids (small bowel to the 
proximal colon), but rarely, if ever, occurs with 
foregut and hindgut tumors. Carcinoid syndrome 
is usually due to release of vasoactive com-
pounds such as serotonin and tachykinins from 
hepatic metastases, but may also occur if there is 
direct retroperitoneal involvement, with venous 
drainage that bypasses the liver.

Endoscopic and Endosonographic 
Features
Endoscopically, carcinoids usually appear 
smooth, round, and yellowish. They tend to have 
a firm consistency, and may have a central de-
pression or ulceration (Fig. 28.9) [89]. On EUS, 
carcinoids appear as hypoechoic, homogeneous 
lesions with smooth margins, typically arising 
from the deep mucosa or submucosa.

Diagnosis and Management
Unlike most other subepithelial lesions, carci-
noids can usually be diagnosed using standard 
biopsy forceps because they often originate from 
the deep mucosal layer. Histologically, they are 
characterized by small, round, or polygonal, uni-
form cells arranged in nests, trabecular, or gyri-
form patterns. Immunohistochemical stains for 
synaptophysin and chromogranin are strongly 
and diffusely positive, establishing the diagnosis 
(Fig. 28.9).

The treatment of widespread disease and 
syndromes associated with hormonal hyperse-
cretion is beyond the scope of this chapter. The 

Fig. 28.8   Endosonographic appearance of a small gastric 
lipoma, characterized by an intensely hyperechoic lesion 
within the submucosa
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management of localized carcinoids depends on 
tumor location and size. Surgical resection of the 
primary tumor and local lymph nodes is consid-
ered the only potentially curative treatment [87, 
90, 91]. Type I and II gastric carcinoids that are 
smaller than 1  cm in size may be managed by 
annual endoscopic surveillance alone given their 
extremely low risk of local invasion and metas-
tasis. Endoscopic resection can be considered 
for type I and type II gastric carcinoids that are 
1–2 cm in size and do not invade the muscularis 
propria on EUS imaging [7, 92, 93]. Whenever 
possible, surgical resection and lymph node dis-
section should be performed for Type III gastric 
carcinoids given their more aggressive nature. 

Rectal carcinoids smaller than 1 cm in size can 
also be adequately treated by endoscopic resec-
tion, with little risk for local or distant recurrence 
(Fig. 28.10) [94]. There is debate concerning the 
adequacy of endoscopic resection of rectal le-
sions 1–2 cm in size, and rectal carcinoids larger 
than 2  cm should be resected surgically [87]. 
Both small intestine and colon carcinoids should 
be surgically resected due to their more aggres-
sive nature.

From a practical standpoint, band-ligation 
EMR is probably the most technically simple, 
safe, and effective approach to resection of suit-
able carcinoid tumors [95]. Endoscopic submu-
cosal dissection may also be considered, depend-
ing on local expertise and experience.

Fig. 28.9   Duodenal carcinoid tumor. a Endoscopic ap-
pearance of a carcinoid in the duodenal bulb, demonstrat-
ing a central depression. b Endosonographic appearance 

of a duodenal carcinoid. c Histologic features of gastric 
carcinoid. d Immunohistochemical stains for chromo-
granin A are positive
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Pancreatic Rest: What Endoscopic and 
EUS Features Are Characteristic? 

Pancreatic rests represent ectopic pancreatic tis-
sue within the wall of the gastrointestinal tract. 
They are most commonly detected in the gastric 
antrum, but also may occur in the duodenum or 
proximal jejunum. The majority of these lesions 
are asymptomatic with no clinical significance, 
but rare complications have been reported, in-
cluding ulceration, bleeding, gastric outlet ob-
struction, pancreatitis, and even malignancy [96].

Endoscopic and Endosonographic 
Features
Endoscopically, pancreatic rests typically are 
soft, malleable round/oval subepithelial nodules, 
often with a central umbilication that represents 
the orifice of a draining duct (Fig. 28.11). They 

are most commonly located in the 3 o’clock to 7 
o’clock position of the antrum along the poste-
rior wall of the greater curvature. On EUS, they 
usually appear hypoechoic or heterogeneous 
with indistinct margins, and may contain an-
echoic tubular areas (duct structures), and local-
ize within the second, third, or fourth echolayers 
[97, 98].

Diagnosis and Management 
The diagnosis of pancreatic rest can usually be 
confidently established based on the endoscopic 
and EUS features. Histologic confirmation, al-
though not usually necessary, may occasionally 
be obtained by inserting biopsy forceps within 
the central umbilication, or most effectively by 
band-ligation EMR or cap-assisted EMR tech-
niques [10, 36, 99]. Histologic examination of 
resected specimens would be expected to reveal 

Fig. 28.10   Band ligation-endoscopic mucosal resection 
of a small rectal carcinoid. a Endoscopic appearance of 
rectal carcinoid. b Endosonographic examination of the 
rectal carcinoid confirms the absence of involvement of 

the muscularis propria, and size under 1 cm. c Band liga-
tion of the rectal carcinoid. d Complete resection of the 
rectal carcinoid achieved by endoscopic resection

 



470 C. S. Huang and J. R. Saltzman

submucosal lobules of pancreatic acinar tissue 
with associated ducts (Fig.  28.11). These resec-
tion techniques may also be employed for treat-
ment of symptomatic pancreatic rests, provided 
the muscularis propria is not involved based on 
EUS examination. No specific management other 
than expectant observation is necessary for as-
ymptomatic, incidentally detected pancreatic 
rests.

Granular Cell Tumor: What is the 
Role of Endoscopy in Diagnosis and 
Management? 

Granular cell tumors (GCTs) are rare tumors of 
Schwann cell origin with a predilection for the 
upper digestive tract, skin, and soft tissue. They 
are relatively rare in the gastrointestinal tract, 
where they are most commonly found the lower 
third of the esophagus and can be multifocal 
[100]. These tumors are usually asymptomatic 
and found incidentally, but rarely can ulcerate, 
bleed, or obstruct. They are generally considered 
benign, although rare occurrences of malignant 
transformation have been reported in large GCTs 
(> 4 cm size) or tumors that exhibit rapid recent 
growth and/or rapid recurrence after excision 
[101–103].

Endoscopic and Endosonographic 
Features
Endoscopically, GCTs appear as a slightly el-
evated, firm nodule, with a whitish-gray or 

yellowish hue (Fig.  28.12). On EUS, they ap-
pear as hypoechoic lesions with smooth mar-
gins, usually confined to the second or third 
echolayer (deep mucosa or submucosa, respec-
tively) [104, 105].

Diagnosis and Management 
In the majority of cases, stacked biopsies using 
standard forceps will yield the diagnosis [104]. 
Endoscopic resection using band-ligation EMR 
or cap-assisted EMR can also be performed 
for small GCTs to establish the diagnosis and 
provide definitive treatment. Histologically, 
they are characterized by sheets or nests of 
large polygonal cells with granular cytoplasm 
and small round nuclei. Immunohistochemical 
stains will be positive for S100, indicative of 
neural origin.

There is no consensus on the optimal man-
agement of small, incidentally detected GCTs of 
the gastrointestinal tract. Small GCTs (< 2  cm) 
limited to the mucosa and submucosa can be 
resected via band-ligation EMR or cap-assisted 
EMR, provided there is available endoscopic 
expertise [104, 106]. Alternatively, endoscopic/
EUS surveillance every 1–2 years may be ap-
propriate, given the low-malignant potential of 
small gastrointestinal tract GCTs. Patients with 
large GCTs should be referred for consideration 
of surgical resection.

Fig. 28.11   Pancreatic rest. a Endoscopic appearance 
of a pancreatic rest in the stomach, featuring a pseudo-
papilla. b Endosonographic examination demonstrates a 
heterogeneous “salt-and-pepper” appearance typical of 

pancreatic parenchyma within the submucosa, including 
small anechoic spaces corresponding to ductal structures. 
c Histologic features of an endoscopically resected pan-
creatic rest
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Duplication Cysts: What is the Role of 
EUS/EUS-FNA in Diagnosis?

Duplication cysts arise during embryonic devel-
opment, possibly related to errors of recanaliza-
tion and fusion of longitudinal folds. They may 
occur at any level from oral cavity to rectum, 
with the small bowel being the most common 
site. Duplication cysts are usually asymptom-
atic, but can rarely result in symptoms due to 
mass effect (dysphagia, gastric outlet or bowel 
obstruction, pancreatitis), as well as bleeding, 
intussusception, and even perforation. Instances 
of malignant transformation (mainly adenocar-
cinoma arising within gastric duplication cysts) 
have been reported, although this is a very rare 
event [107].

Endoscopic and Endosonographic 
Features
Endoscopically, duplication cysts are rounded or 
tubular in morphology, with smooth contours. In 
the esophagus, they may mimic the appearance 
of esophageal varices, but without the bluish 
coloration. They are usually compressible and 
soft in consistency. On EUS imaging, duplica-
tion cysts usually appear as anechoic structures 
within the submucosal layer, or adjacent to the 
wall of the gastrointestinal tract. A 3- or 5- layer 
wall may be visible, and fluid levels and internal 
echogenic foci from mucinous material or debris 
may be present (Fig. 28.13) [108–111].

Fig. 28.12   Esophageal granular cell tumor. a Endoscopic examination reveals a small, firm nodule with a yellowish 
hue located in the distal esophagus. b Endosonographic appearance of a small esophageal granular cell tumor

 

Fig. 28.13   Esophageal duplication cyst. a Endoscopic appearance, featuring a shiny, translucent appearance. b Endo-
sonographic examination reveals a Doppler-negative anechoic structure
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Diagnosis and Management 
The diagnosis can be established by EUS-FNA to 
sample the cyst fluid although this is not always 
required and the information obtained by FNA 
must be weighed against the high risk of infec-
tion. EUS-FNA is recommended when diagnos-
tic uncertainty remains for atypical-appearing le-
sions following EUS evaluation. The use of pro-
phylactic antibiotics and smaller gauge needles 
(22-gauge) is recommended if cyst aspiration is 
performed [108]. The aspirated fluid may have a 
thick, gel-like consistency, and cytologic exami-
nation may reveal pseudostratified columnar-cili-
ated epithelium in a background of proteinaceous 
debris, mucin, and histiocytes [108, 112].

Management of asymptomatic duplication 
cysts is usually expectant observation, with the 
option of periodic EUS surveillance. The treat-
ment of symptomatic or enlarging cysts has tra-
ditionally been surgical resection or marsupial-
ization. Endoscopic treatments that have been 
described in case reports include snare resection, 
endoscopic incision, and marsupialization [113–
116].

Inflammatory Fibroid Polyps: What 
Endoscopic and Histologic Findings are 
Characteristic? 

Inflammatory fibroid polyps (IFPs), also known 
as Vanek tumors, are rare, benign mesenchymal 
tumors that can occur throughout the gastroin-
testinal tract. They are most commonly found 
in the colon and stomach (although only repre-
senting  <  0.1 % of all gastric polyps) [117]. The 
etiology of these lesions is uncertain, but a high 

frequency of platelet-derived growth factor re-
ceptor alpha (PDGFR-A) mutation points to an 
underlying clonal, neoplastic pathogenesis [118].

The clinical presentation of IFPs largely de-
pends on the location of the lesion. Gastric IFPs 
may cause abdominal pain, gastric outlet obstruc-
tion, or bleeding. Small intestinal lesions fre-
quently present with intussusception [119].

Endoscopic and Endosonographic 
Features
Endoscopically, IFPs are usually firm, solitary, 
semi-pedunculated, and often ulcerated or with 
an erythematous central depression (Fig. 28.14) 
[120]. Gastric IFPs are usually located in the an-
trum or pyloric region. On EUS imaging, they 
appear as hypoechoic, homogenous lesions with 
indistinct margins, located in the deep mucosa or 
submucosa, without the involvement of the mus-
cularis propria [121].

Diagnosis and Management 
Histologically, IFPs consist of submucosal pro-
liferations of spindle cells, small vessels, and a 
striking inflammatory infiltrate predominated by 
eosinophils (Fig.  28.14). Another characteristic 
finding is the presence of concentric cuffing of 
vessels by the spindle cells, referred to “onion 
skinning” [119]. Immunohistochemical staining 
for CD34 is diffusely and strongly positive in the 
majority of IFPs, but negative for CD117.

IFPs may be safely resected using standard 
electrosurgical snare polypectomy, with or with-
out the use of a detachable loop. As most IFPs do 
not recur after resection, no surveillance is neces-
sary [122].

Fig. 28.14   Gastric inflammatory fibroid polyp (Vanek 
tumor). a Endoscopic appearance, characterized by cen-
tral depression/ulceration and location in the antrum. 

b Endosonographic appearance. c Histologic features 
characterized by prominent eosinophilic infiltrate
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Case Continued 

The patient underwent laparotomy with low 
anterior resection of the recurrent tumor. Sur-
gical pathologic examination revealed a 
3.5 cm x 3 cm x 2 cm well-to-moderately differen-
tiated mucinous adenocarcinoma located mainly 
in the muscularis propria, extending to the sero-
sal surface. The patient completed adjuvant che-
motherapy and has had no evidence of residual or 
recurrent disease after 3 years of follow-up since 
the operation.

Conclusion 

Subepithelial lesions of the gastrointestinal tract 
can represent a wide variety of processes, includ-
ing congenital abnormalities, extrinsic compres-
sion from adjacent structures, and intramural 
neoplasms. Gastroenterologists should be famil-

iar with the diagnostic features and management 
of the most commonly encountered subepithelial 
lesions discussed in this chapter. A stepwise eval-
uation (Fig. 28.15) including careful endoscopic 
examination followed by EUS with or without 
tissue acquisition will lead to the correct diagno-
sis in the majority of cases.

Key Points 

•	 Subepithelial lesions can occur throughout 
the gastrointestinal tract, and warrant careful 
evaluation given the possibility of underlying 
malignancy or premalignant pathology.

•	 Routine endoscopic examination and stacked 
biopsies are useful first steps in evaluation of 
many subepithelial lesions, but endoscopic 
ultrasound is the best diagnostic modality and 
should be performed in the majority of cases.

Fig. 28.15   An algorithmic approach to the evaluation of subepithelial lesions of the gastrointestinal tract
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•	 Endoscopic ultrasound-guided fine needle 
aspiration or fine needle biopsy should be 
performed to achieve a definitive cytologic or 
histologic diagnosis when there is diagnostic 
uncertainty or concern for malignancy.

•	 Tissue acquisition by endoscopic submucosal 
resection or dissection can be considered for 
definitive diagnosis and therapy in selected 
cases, after endosonographic examination 
excludes involvement of the muscularis pro-
pria.

Video Caption

Video 28.1 This video demonstrates the endo-
scopic and endosonographic appearance of a 
gastric GIST, as well as two methods for tissue 
acquisition: stacked biopsies using forceps and 
fine needle aspiration. In this case, both methods 
confirmed the diagnosis of GIST
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