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Abstract

Gastric submucosal tumors (SMTs) are a rather frequent
finding, occurring in about 0.36% of routine upper GI-
endoscopies. Endoscopic ultrasonography (EUS) has
emerged as a reliable investigative procedure for evalu-
ation of these lesions. Diagnostic EUS has the ability to
differentiate intramural tumors from extraluminal com-
pressions and can also show the layer of origin of gas-
tric SMTs. Tumors can be further characterized by their
layer of origin, echo pattern and margin. EUS-risk crite-
ria of their malignant potential are presented, although
the emergence of EUS-FNA has opened new indications
for transmural tissue diagnosis and expanded the possi-
bilities of EUS in SMTs of the stomach. Tissue diagnosis
should address whether the SMT is a Gastrointestinal
stromal tumour (GIST) or another tumor type and eval-
uate the malignant potential of a given GIST. However,
there seems to be a lack of data on the optimal strategy
in SMTs suspected to be GISTs with a negative EUS-FNA
tissue diagnosis. The current management strategies,
as well as open questions regarding their treatment are
also presented.
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INTRODUCTION

Endoscopic ultrasonography (EUS) became a part of cli-
nical practice at the beginning of the eighties and has be-
come an excellent tool for the imaging of the gastrointesti-
nal wall and its surrounding structures. Various studies have
highlighted the value of EUS, especially in the diagnosis
and staging of gastric diseases. Development of EUS-gui-
ded fine needle aspiration (EUS-FNA) in the early nineties
broadened the applicability of this method by allowing tis-
sue sampling of lesions within or accessible from the gas-
trointestinal tract and established EUS as an important tool
in the management of patients with gastrointestinal disea-
ses, including those of the stomach.

In this review, we evaluate the role of EUS in the diag-
nosis and management of gastric submucosal lesions.

PERFORMING EUS IN THE STOMACH:
EXAMINATION TECHNIQUE

The variety of echoendoscopes and probes used for endo-
sonography precludes a detailed analysis of instrument
types and specifications currently in use. Aspects of EUS-
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Figure 1 Gastric endoscopic ultrasonography. Note the 5 distinct layers that
comprise the gastric wall.

instrumentarium have been recently reviewed'. In prin-
cipal, EUS-imaging is currently performed with radial
(360°) or linear echoendoscopes. In their latest version,
these scopes are video-endoscopes coupled to electronic
ultrasound processors for generation of electronic EUS-
images, and are endowed with special features including
Doppler, contrast, and harmonic imaging. Standard EUS
usually utilizes high ultrasound frequencies, varying be-
tween 5 and 20 MHz (with 7.5 MHz being the most com-
monly used frequency). They produce a high-resolution
image in the near field with limited penetration depth,
which ranges from 1-2 to 5-6 cm, depending of the ultra-
sound frequency used. Gastric EUS is performed with the
patient in the left lateral position, usually under conscious
sedation (mostly with benzodiazepines), sometimes in
conjunction with a central analgesic and, more recently,
with propofol. The technique is associated with very low
complication rates”,

The transducer in most radial echoendoscopes gener-
ates radial images of 360°, which are otiented perpendicu-
lar to the shaft axis of the instrument, while linear echoen-
doscopes produce images directed parallel to the shaft axis
of the endoscope, thus allowing for an effective and safe
performance of EUS-guided fine-needle aspiration punc-
ture (FNA) when needed. Review of the literature suggests
similar performance for both types of endoscopes. How-
ever, the authors’ personal experience is that this mainly
applies to pancreatobiliary imaging, whereas complete
gastric and perigastric scanning appears to be more dif-
ficult with linear instruments. Here, radial imaging offers a
better overview of the gastrointestinal wall and paramural
structures” .

Acoustic coupling of the ultrasonic transducer to the
gastrointestinal wall requires application of fluid as inter-
face between the transducer and the wall. This can be achi-
eved by either a water-filled balloon around the instrument
tip ot by filling of luminal organs with fluid. When perfor-
ming EUS in the stomach the following scanning prin-
ciples should be adhered to, in order to avoid artifacts and
misinterpretation: (1) Scanning of target lesions should be
perpendicular, as oblique scanning may lead to broaden-
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ing and blurring of normal and pathological structures
(and give rise to erroneous diagnoses or overstaging); (2)
An adequate focal distance (0.5-1.0 cm, depending on the
ultrasonic frequencies) should be kept; and (3) Use of
higher frequencies may be help in better visualization of
structures and lesions close to the EUS transducer.

The proper technique for gastric EUS-scanning gen-
erally includes conventional upper endoscopy initially, to
determine the morphology and possibly identify the le-
sions. This is followed by the echoendoscope, which is
positioned at an identified lesion and moved slightly and
slowly backward and forward, with fine movements of the
instrument tip. Such a technique will help depict the full
extent of the lesion and its relation to neighboring organs
and structures. Gastric EUS also permits evaluation of the
wall-layers of the stomach, analyses of mucosal or submu-
cosal lesions and imaging of perigastric structutes. The wa-
ter-filling method is the most frequently used technique to
evaluate the gastric wall. The stomach is initially collapsed
by aspiration, followed by introduction of 200-400 mL
water into the lumen up to the fundus. The examination
is done from the antrum, while the instrument is slowly
withdrawn and all parts of the gastric circumference ate
visualized as far as possible with perpendicular scanning,
However, there are challenging aspects in EUS of the
stomach, especially in the prepyloric region and the gastric
angle where maintaining the water level and the probe
scanning perpendicular to the wall can sometimes be hard
to achieve. In these cases rotating the patient may help to
keep the water level constant, whereas pushing the scope
in, pulling it out and then rotating it may help to achieve a
perpendicular position[q. The alternative balloon-inflation
method is usually used for rapid screening of submucosal
lesions and perigastric structures. The gastrointestinal wall
normally consists of 5 distinct layers (Figure 1). The two
inner layers (echo-rich and echo-poor) represent the inter-
face/supetficial mucosa and deep mucosa/musculatis mu-
cosa. The third, echo-rich, layer corresponds to the sub-
mucosa, the fourth (echo-poor) to the muscularis propria,
and the fifth (echo-rich) to the serosa, which is usually not
easily distinguishable from the surrounding echo-rich tis-
sue. Surrounding organs, vessels, and other structures are
important for orientation and for other diagnostic purpos-
es (e.g tumor infiltration depth). These consist of various
organs including the pancreatic body and tail, parts of the
liver (especially the left lobe) and parts of the left kidney
and spleen, as well as vessels such as the aorta, the vena
cava (proximal stomach), the celiac trunk and the splenic
and left renal veins. In everyday practice, the water-filling
and the balloon-inflation methods can be combined for
better imaging. There are no established values for the
thickness of normal gastrointestinal wall, but a figure of
2-4 mm is usually considered to be the normal range, as
well as a 1:1:1 relation between the mucosa, submucosa,

and muscularis propria®”.

SUBMUCOSAL LESIONS

Introduction
The term submucosal lesion (SML) or submucosal tumor
(SMT) includes a wide spectrum of non-neoplastic and
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neoplastic conditions (benign and malignant) and is used
to define an intramural growth underneath the mucosa,
the exact nature of which cannot be definitely determined
cither by standard luminal endoscopy or by barium con-
trast radiographym. Despite the fact that the incidence
of SMTs in the whole Gl-tract is unknown and precise
epidemiologic data are scarce, it seems that the stomach is
the organ most frequently affected and it has been report-
ed that gastric SMTs occur with an incidence of about
0.36% of routine upper Gl-endoscopies (i.e. roughly one
in every 300 endoscopies)p’m. Such findings are usually as-
ymptomatic and incidental during various diagnostic pro-
cedures requiring endoscopy. However, when a physician
encounters such a lesion, decisions of high clinical signifi-
cance have to be made concerning the lesion’s nature (e.g;
compression on the gastric wall from the outside versus
a tumor deep in the wall, under the overlying normal mu-
cosa and if so, a benign or a malignant tumor requiting
treatment). The physicians armamentarium for success-
fully answering these questions and adequately treating the
affected patients includes transabdominal ultrasonogra-
phy, CT and MRI scans, as well as diagnostic EUS carried
out when indicated by EUS-guided fine-needle aspiration
(EUS-FNA), (leading to treatment options such as close
follow-up, endoscopic resection or surgical removal)'?,

SMLs in EUS: EUS, EUS-FNA and other diagnostic
modalities?
The diagnostic ability of EUS to cleatly demonstrate the
gastric wall and its layers makes it a great tool for the clini-
cian to make the differential diagnosis of “real” SMTs (i.e.
intramural tumors) from extraluminal compressions caused
by either normal or pathological structures. Moreover, it
can also show the layer of origin of gastric SMTs and can
therefore assist in their exact characterization". If EUS
shows that a suspected submucosal bulge is an impression
caused by a normal organ (e.g, the spleen or gallbladder),
further diagnostic steps are not necessary. If the lesion is
intramural, the differential diagnosis includes SMTs, cysts
and vessels. Cysts usually present as anechoic, round or
ovular lesions which arise from the 3" gastric wall layer and
vessels (most importantly varices) present as tubular or
serpiginous anechoic formations, also usually arising from
the 3" layer, that produce a “positive” signal at electronic
(Doppler-endowed) EUS. Additional information regar-
ding the nature of tumors can be extracted from their layer
of origin, echo pattern, and margin. The most frequent my-
ogenic tumors (lelomyomas) are characteristically located
in the second or forth echo-poor layer; they have an echo-
poor pattern, and are more or less homogeneous and more
or less well demarcated. Other lesions (granular-cell tumors,
aberrant pancreas, fibroma, lipoma) have different echo
patterns and usually originate from the third, echo-rich
layer (submucosa), though sometimes from other layers as
well (see the relevant paragraphs that follow) (h1213

The identification of large SMTs can also be achieved
by other imaging modalities such as barium studies, CT,
MRI and even careful transabdominal ultrasound scan-
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ning with gastric water filling, the later being dependent
on the experience of the examiner. Although there is a
theoretical advantage of CT and MRI over EUS in stag-
ing, therapeutic planning and follow-up, i.c. the possibility
to depict the full extension of a large SMT™ nevertheless
both of these methods are unable to determine the or-
gan of origin of an SMT when dealing with significantly
exophytic tumors, and have limited contribution in SMT
classification in more than 50% of cases (especially gastro-
intestinal stromal-cell tumors). Furthermore, they cannot
differentiate between malignant and benign lesions (un-
less in cases of obvious locally advanced or metastatic
disease)™". Therefore, EUS is commonly agreed to be
the best imaging modality for diagnosing and differentiat-
ing between SMLs in the Gl-tract and has been shown
to be consistently supetior to other imaging tests™' >,
Histopathological diagnosis cannot be made by (diag-
nostic) EUS alone, nor can benign lesions definitely be
differentiated from malignant ones. Nevertheless, certain
risk criteria have been established on EUS (size > 3 cm,
inhomogeneous echo pattern, irregular margins, presence
of lymph nodes) that may suggest malignancy; the most
reliable of these probably being size"”. If CT or MRI are
to pose a threat to the leading role of EUS in diagnostics
of SMTs, this will be with the help of new scanners which
combine CT (or possibly MRI in the future) with posi-
tron emission tomography (PET), thus uniting functional
and morphologic imaging, The latter depicts metabolic
changes in tissue and has shown favorable results not only
in the early evaluation of response of gastrointestinal
stromal cell tumors (GIST) to treatment with imatinib,
but seems also to be promising in the diagnosis, staging
and assessment of disease recurrence in these cases'. An-
other advantage of EUS is that it can easily be combined
with conventional endoscopy and EUS-guided fine-needle
aspiration and biopsy (EUS-FNA). The advent of EUS-
FNA, some 15 years ago, led to limited use of EUS as
a mere imaging test, with the combination opening new
possibilities for transmural tissue diagnosis and expanding
the indications of EUS in pathologies of vatious organs,
including SMTs of the stomach. Lately the characteriza-
tion of GISTs with their inherent malignant potential has
triggered a renewed interest in differential diagnosis of
gastric SMTs. In this case, a final diagnosis using EUS-
FNA with adequate tissue sampling and histological (aided
by immunohistochemical) studies, is an attractive possibil-
ity. Tissue diagnosis of SMTs should address two ques-
tions: a) GIST versus another histology and b) malignant
potential of a given GIST. The efficacy of EUS-FNA to
accurately diagnose SMTs had some initial encouraging
reportsm, only to be followed by the doubts of othets.
The tissue sampled from lesions at EUS-FNA was initially
examined cytologically, but it has been recently shown
that acquiring a core specimen for histological assessment
is possible, even with a small number of needle passesm].
When cytological examination is the aim, the presence of
a cytopathologist during EUS-FNA, in order to obtain
an adequate sample, has been strongly recommended
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especially in reports from the US.. This is virtually impos-
sible in Europe, due to cost and personnel issues but the
problem has been overcome by increasing the number
of needle passes through the lesion in question; however,
there is still lack of firm data supporting this option. Fur-
thermore, there are different options in processing the
cytological samples, including smears and cell-blocks. It is
logical and desirable to have close contact with the cyto-
pathologist and discuss the EUS-FNA procedure, in order
to optimize the process of EUS-FNA tissue sampling by
avoiding possible mistakes or weaknesses in the technique
that are apparent to the cytopathologist but not to the
clinician. For example, mitotic counts and immunohisto-
chemistry cannot be performed on smears; thus requiring
cell blocks from the cytological samplem. Although the di-
agnosis of an SMT was initially made by using cytological
analysis exclusively, histological tissue analysis seems to be
preferable[w], e.g. when wishing to differentiate between
a benign and a malignant SMT of the smooth muscles.
Histology offers the possibility of immunohistochemis-
try and mitotic counts (necessary for differentiation of
GISTs from other SMTSs and for the assessment of their
malignant potential) and some distinct advantages over
cytology, such as standardization of tissue acquisition (de-
fined number of biopsies, formalin fixation), analysis (later
assessment, no on-site analysis, decreasing the number
of diagnoses such as “indeterminate or suspicious”, sec-
ond opinion established) and availability of expertise. A
number of studies have reported on the tissue acquisition
yield and the accuracy rates of EUS-FNA. Results vary
between 50% and 93%!">""""*" and seem to be influenced
by vatious factors including the lesion’s size (diagnostic
rate for GISTs < 2cm, 2-4cm and 4cm or more were
71%, 86% and 100%, respectively)m, cytological versus
histological assessment' - and needle size. Recently, newer
advanced types of needle aiming at larger specimens or
offering other advantages have become available. The
Trucut needle, previously shown to offer a limited benefit
was tested and compared with conventional 22 gauge (G)
needles in a small series (only 10 cases) with SMLs. Al-
though the Trucut needle (19 G size) was inferior in terms
of final diagnostic yield (70% »s 90%), determination of
the marker c-kit to diagnose GISTs was possible in all 6
cases in whom in was indicated™. A larger prospective,
uncontrolled study using the Trucut needle, involving 49
consecutive patients with hypoechoic gastric SMTs also
showed a moderate diagnostic yield for the needle (tumor
tissue adequate for diagnosis obtained in 63% of patients;
95% CI 49%-75%), whereas the samples were too small
to reliably determine the mitotic index™. However, an-
other study on SMTs, presented in abstract form, used a
19 G prototype needle with a mean number of 4 passes
and reached a tissue yield of 74%, and this only included
repeated procedures in 2 cases”. It scems that a obtaining
a definite tissue diagnosis in SMTs can be rather difficult.
For example, although differentiation between a myogenic
tumor and a lipoma or a fibroma can be made even by
BEUS-FNA cytology alone, this is complicated, as a large
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tissue sample is needed and differentiation can even be
difficult on frozen sections during surgery, especially when
dealing with myogenic tumors. One should also have in
mind possible complications such as bleeding and sepsis.
Doppler-EUS examination performed prior to EUS-FNA
may prevent rupture of a possible varice and antibiotic
prophylaxis should be considered™. Despite the fact
that the aforementioned results with EUS-FNA are at
best moderate, one must keep in mind that another non-
surgical alternative, namely forceps biopsy during standard
endoscopy, faired significantly worse in trials than EUS-
FNA (in one study 35% was submucosal representation
achieved, in spite of the endoscopist’s efforts to obtain
submucosal tissue)"”.

To summarize, EUS (with or without EUS-FNA) re-
mains the gold standard of non surgical diagnosis and clas-
sification of SMTs and allows decision-making regarding
therapy and management of patient’s with SMTs. There
seems to be a lack of evidence regarding the optimal stra-
tegy in SMTs suspected to be GISTs with a negative EUS-
FNA tissue diagnosis, what the optimal decision should be
(i.e. EUS-FNA versus surgery) in cases of large SMTs, and
also the role (and the intervals) of follow-up in cases with a
small/intermediate suspicion of malignancy or an equivo-
cal histology. These issues simply stress the need for pro-
spective, randomized trials (possibly multi-center, in order
to recruit greater numbers of patients), which will answer
these and similar questions.

Appearance of various SMLs in EUS

For EUS-imaging of all SMLs there should be an initial en-
doscopic localization of the lesion followed by focus on the
transition zone of the normal gastric wall and the SML.
Here, it is easier to precisely locate the wall layer of origin.
This should be followed by careful inspection and determi-
nation of the size and shape of the lesion, the regularity of
its borders, its echogenic characteristsics, presence of ves-
sels (facilitated by the Doppler-imaging possibilities of mo-
dern electronic echoendoscopes). Finally, the perigastric
area should be searched for signs of infiltration of adjacent
organs, metastatic disease and especially lymph nodes.

GISTs in EUS: The origin of GISTs is thought to be from
multipotential mesenchymal stem cells. Therefore, myo-
genic and neurogenic features may be present in these tu-
mors, which are the commonest mesenchymal tumors in
the Gl-tract. 65% of GISTs occur in the stomach and at
upper Gl-endoscopy appear as submucosal, intramural, or
sometimes serosal nodules covered by an intact normal
mucosa, but may also present as umbilicated lesions with a
central ulceration (Figure 2A). At EUS, they are characteri-
stically located in the fourth echo-poor layer (which cor-
responds to the muscularis propria) or (less often) to the
second echo-poor layer (muscularis mucosae). They appear
with an echo-poor pattern, and are more or less homoge-
neous and more or less well demarcated (Figure 2B). Signs
of suspected malignancy include a large size (e.g. > 4 cm,
although this cutoff is rather arbitrary), irregular borders,
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Figure 2 Gastric gastrointestinal stromal cell tumors: Endoscopic aspects, endoscopic ultrasonography-imaging and tissue sampling. A: Endoscopic image
of the lesion; note that the lesion is covered by a normal mucosa with a central umbilication (black arrow); B: EUS imaging of the lesion, which is located in the 4th echo-
poor layer (muscularis propria); C: EUS-FNA of the lesion; note the presence of the needle (white arrow); D: Histological specimen of the EUS-FNA. EUS: Endoscopic

ultrasonography; EUS-FNA: EUS-guided fne needle aspiration.

lobulations, anechoic spaces or echogenic foci. The malig-
nancy potential of a given GIST increases in parallel with
the presence of these imaging criteria. However, as previ-
ously pointed-out, these features are only suggestive of ma-
lignant potential and only tissue diagnosis with immuno-
histochemistry (most GISTs are c-kit, - CD 117 and CD34
positive) and mitotic counts are diagnostic, a fact that high-
lights the importance of EUS-FNA in the diagnosis of
these tumors (Figures 2C and 2D). About 10-30% of
GISTs have a malignant behavior. However, it should be
stressed that according to the current suggested terminol-
ogy for GISTs, the diagnoses “benign” or “malignant”
should be avoided, due to the inherent malignant poten-
tial of all GISTs and that definitions including “low”,
“intermediate” or “high” risk are preferred instead”™'**".
As previously mentioned, there is lack of evidence on
treatment algorithms, when encountering possible gas-
tric GISTs at endoscopy. Options could include surgical
resection, EUS-FNA and close surveillance with repeat
EUS-examinations. It seems that the first of these should
be followed in cases of large GISTs or cases where EUS
features change at follow-up, with appearance of necrosis,
change of echogenicity, or increase in size. EUS-FNA (and
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decisions on further management according to the results
of histology or cytology) is usually advocated in cases of
intermediate GIST size without changes at surveillance-
EUS.

Pancreatic rests (aberrant pancreas) in EUS: Pancrea-
tic rests or aberrant pancreas (or ectopic, or heterotopic
pancreas) are foci of ectopic pancreatic tissue i.e. pancre-
atic tissue in other locations, lacking anatomic or vascular
connection with the normal pancreas. In a surgical series
they were found in about 0.25% of explorative laparoto-
mies™. They can be encountered throughout the GI-tract,
with the stomach being the most usual site where they are
diagnosed and are usually asymptomatic, but may also ma-
nifest with symptoms including (acute or chronic) pancre-
atitis, bleeding ulceration or obstruction. Rarely, pancreatic
rests may even mimic a malignant GIST, although EUS can
usually differentiate these lesions™. Endoscopically, they
usually present as sessile SMLs, possibly with a duct open-
ing on their surface (Figure 3A), from which fluid may exit
on pressure”. Aberrant pancreas normally originates in
the third layer (submucosa), but may sometimes originate
from other layers (i.e. second or forth wall layer) and is us-
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Figure 3 Pancreatic rest of the stomach: Endoscopic and endoscopic ultrasonography -imaging. A: Endoscopic image of a pancreatic rest. Note the duct opening
on the surface of lesion is covered by a normal mucosa with a central umbilication (arrow); B: EUS imaging of the lesion which originates from the 3rd layer, i.e. the
submucosa (arrow); note the lesion’s mixed echogenicity. EUS: Endoscopic ultrasonography.

ually hypoechoic or of mixed echogenicity, including an-
echoic structures that correspond to ductal formations (Fi-
gure 3B). Because of their endosonographic appearance
they may cause difficulties in differential diagnosis from
carcinoid tumors, which have similar endosonographic

. [7.8122425
characteristics”*'>***.

Lipomas in EUS: Lipomas are benign tumors which can
appear throughout the GI-tract, their most common loca-
tion being the colon. Endoscopically, they usually present as
solitary, yellow-colored, well-citcumsctribed, smooth SM-
Ls, with a very slow (if any) rate of growth when repeat en-
doscopies are performed. These lesions are characteristi-
cally soft when pressure is exercised on them. In EUS, a li-
poma usually presents as a hyperechoic homogenous mass,
which originates from the third wall layer (submucosa) 812,

Neuroendoctine tumorts: carcinoids in EUS: Carcinoid
tumors are rare, slow-growing neuroendocrine tumors aris-
ing from the enterochromaffin cells disseminated through-
out the bronchopulmonary system and the GI-tract, which
however carry malignant potential. They are the most com-
mon type of neuroendoctine tumor located in the stomach.
Gastric carcinoids are usually asymptomatic and may be in-
cidentally discovered at GI-endoscopy. Their size is a good
predictor of their risk for malignancy (with carcinoids
smaller than the cutoff size of 2cm rarely being malignant).
Endoscopically, carcinoids usually have the appearance of
small polyps and present either as solitary lesions or in
clusters. Endosonographically, gastric carcinoids are homo-
geneous, well demarcated, mildly hypoechoic SMLs, that
otiginate from the first, second and/or third layer'*****",

Granular cell tumors in EUS: Granular cell tumors are
SMTs that are believed to be of neural origin (immunohis-
tochemichal studies indicate that they originate from Sch-
wann cells). They are rarely encountered in the Gl-tract
(about 8% of all granular cell tumors), whereas approxima-
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tely 30% of all GI-tract granular cell tumors are located in
the middle to distal esophagus. Localization in the stomach
1s very rare. Gastric granular cell tumors can be solitary or,
more frequently, are associated with another Gl-localiza-
tion. In endoscopy they appear as small yellowish nodules
(< 4 cm and -in about 95% of cases- < 2 cm). Granular
cell tumors are usually benign in behavior, although some
malignant cases (a single gastric case) have also been repor-
ted. Endosonographically they present as a hypoechoic, he-
terogeneous well-demarcated mass with smooth borders,
atising from the second or third wall layer™'>"*",

Schwannomas in EUS: Schwannomas are well-demarcat-
ed, benign nerve sheath tumors usually of the soft tissue,
rarely encountered in the Gl-tract, where they are often dis-
covered incidentally as small polypoid intraluminal lesions
covered by intact normal mucosa. Gl-tract Schwannomas,
though rare, are mostly encountered in the stomach (0.2%
of all gastric tumors). The tumors are generally asympto-
matic or manifest with non-specific symptoms including
abdominal discomfort or as a palpable epigastric mass
when exophytic growth has occurred. Bleeding may occa-
sionally occut, in the case of deep ulceration. In standard
endoscopy, gastric schwannomas may present as round or
oval (multinodular) SMLs. As they usually and principally
involve the submucosa and musculatis propria, endosono-
graphically they appear as homogenous, hypoechoic, small
SMLs with distinct borders, arising from the third and/or
forth gastric wall layer®.

Cysts in EUS: Cysts in the GI-tract are usually the result
of a resolved inflammatory process, or derive from embry-
ological development, including foregut and duplication
cysts. Cystic SMLs in the GI-tract may appear as simple cy-
sts, multicystic or solid cystic lesions. Foregut cysts are us-
ually located in the mediastinum and categorized as bron-
chogenic or neurenteric, according to their embryogenic

origin; EUS and EUS-FNA play a pivotal role in their diag-
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Figure 4 Duplication cyst of the stomach. A: Endoscopic image of the lesion (retrograde view); B: EUS imaging of the same lesion; note the lesion’s 3-layer structure
which originates from the 3rd layer, i.e. the submucosa (arrow). EUS: Endoscopic ultrasonography.

nosis. On the other hand, gastroenteric duplication cysts
arise from abnormal development of the part of the dorsal
foregut that becomes the Gl-tract ">,

Localization of cysts in the stomach is rare and they
may be either asymptomatic, or present (especially when
dealing with children) with obstructive symptoms, pain, or
bleeding, In standard endoscopy, cysts appear as compres-
sible nodule structures, which protrude (to a greater or
smaller extent) into the lumen of the Gl-tract. Endosono-
grahically, they present as well-demarcated, round or oval
anechoic lesions, located in the third gastric wall layer. The
wall of inflammatory cysts is a single hyperechoic layer.

Duplication cysts are rare congenital abnormalities.
They can occur anywhere throughout the Gl-tract, with
gastric duplication cysts being the most uncommon, repre-
senting only 2%-8% of all duplication cysts located in the
Gl-tract”!, Characteristically, in EUS the walls of a dupli-
cation cyst may appear as a 3- or 5-layer structure due to
the presence of a submucosa and a muscularis layer (Figure
4). Diagnosis of duplication cysts in adulthood is uncom-
mon and is usually an incidental finding in clinical settings.
They are usually benign, although rare cases of malignant

. . 12,13,3031
transformation have also been described' 1

Gastric varices in EUS: EUS in combination with the
color Doppler technique is a noninvasive method which
allows us not only to definitely differentiate gastric varices
from thickened gastric folds or SMLs in the stomach, but
also to study the progression of hemodynamic changes in
the portal venous system of affected patients and also to
objectively assess the effect of pharmacological agents (or
other therapies, e.g. TIPPS) on portal hypertension. EUS
has also found a role in the treatment and follow up of eso-
phageal and gastric varices' ™. Gastric varices usually pre-
sent at the fundus or the body of the stomach as serpigi-
nous ot oval structutes coveted by normal mucosa, that re-
treat when pressed by a biopsy forceps. Tissue sampling is
risky when gastric vatises are suspected and therefore the

(49

TR
Roishideng®

WJGE | www.wjgnet.com 92

diagnosis is made by means of EUS. Endosonographical-
ly, they appear as round, oval, tortuous ot tubular anechoic
structures within the third gastric wall layer (i.e. the sub-
mucosa). A positive signal in Doppler examination is diag-
nostic™> (Figure 5). A thickening of the gastric wall lay-
ers, as well as the presence of gastric (or paragastric) colla-
teral varises may also be seen'>**. The latter (together
with their esophageal counterparts) may correlate with the

risk of variceal bleeding[34].

Miscellaneous SMLs in EUS: (1) Gastric leiomyomas:
Leiomyomas are the most common SMTs of mesenchymal
origin in the esophagus, but are very rare in the stomach.
Contrary to “real” GISTs, leiomyomas are almost invaria-
bly benign and therefore differential diagnosis between
these two conditions is vital to therapeutic decisions. As
previously mentioned, differential diagnosis of GISTSs
from leiomyomas is not always easy, even with help from
EUS-FNA. Studies have attempted to differentiate leiomy-
omas from “true” (bearing a malignant potential) GISTs
based on their EUS features. Leiomyomas appear endo-
sonographically as small (< 5 cm) homogenous, hypoe-
choic SMTs, with smooth/distinct borders, originating
from the forth or second wall layer™. Signs like inhomo-
genicity, hyperechogenic spots, a marginal halo and higher
echogenicity compared to the surrounding muscle layer
might appear more frequently in GISTSs than in leiomyo-
mas™, but differentiation based merely on imaging is
risky and therefore should be done only in specific condi-
tions and with the informed of the patient. For larger le-
sions, surgical resection seems to be the best alternative; (2)
Extrinsic compressions: Compressions on the gastric wall
from organs neighboring the stomach may occasionally
present as SMLs and sometimes can cause diagnostic pro-
blems. The spleen, the left hepatic lobe or even the gallbla-
dder can produce impressions on the gastric fundus and
upper body or antrum, which may appear as SMLs in stan-
dard endoscopy; in these cases, EUS has been shown to be
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Figure 5 Gastric varices in endoscopy and endoscopic ultrasonography. A, B: Endoscopic image of gastric varices presenting as thick serpiginous structures,
covered by normal mucosa; C: EUS imaging of the varices; note their tortuous, anechoic structure which originates from the 3rd layer, i.e. the submucosa (arrow); D: EUS
Doppler imaging of the same varices; the positive signal denotes their vascular origin. EUS: Endoscopic ultrasonography.

a valuable diagnostic tool>"*". Furthermore, pathological
structures, (including pancreatic pseudocysts and tumors or
enlarged lymph nodes), structutres of cardiovascular origin
(e.g the left atrium, or aneurysms of the aorta or the splenic
artery) may also compress (of, in the case of malignant en-
tities, infiltrate) the gastric wall. Therefore, EUS-based dif-
ferential diagnosis should be performed carefully, possibly
combining “usual” ultrasound frequencies of 7.5 MHz
(which allow a “deeper” view and can better assess the
correlation of the gastric wall with source of the impres-
sion) with higher frequencies, such as 12 MHz (for a more
detailed “scanning” of the interface/gastric serosal wall and
extrinsic compression) and Doppler scanning (which will
present a positive signal in case of vascular lesions). These
measures can help in ruling-out an infiltration of the gastric
wall. Care should be taken to look for possible pathological
lymph nodes"*"”; (3) Submucosal metastases: Carcinomas
or lymphomas may, although rarely, metastasize to the GI-
tract (including the stomach) and appear as submucosal
masses""'?. Their endosonographic appearance generally is
that of hypoechoic, heterogeneous masses, which may ori-
ginate from any (or all) of the wall layers'*"”; and (4) Fun-
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dic gland polyps: Finally, fundic gland polyps are usually
recognized by their macroscopic appearance in endoscopy.
However, in doubtful cases, they can be easily removed
with a biopsy forceps and be sent for histology. EUS is
rarely necessary and may be difficult to perform in these
cases, as optimal acoustic coupling of the ultrasonic trans-
ducer to the lesions is extremely difficult to achieve, due to
the small size of the latter. However, if EUS is performed,
the lesions are usually observed as hyperechoic structures

originating (and remaining) in the first layer 2.3,
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