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Abstract

This review is part one of three, which will present an
update on diagnostic procedures for gastrointestinal
(GI) submucosal tumors (SMTs). Part two identifies the
classification and part three the therapeutic methods
regarding GI SMTs. Submucosal tumors are typically
asymptomatic and therefore encountered incidentally.
Advances in diagnostic tools for gastrointestinal
submucosal tumors have emerged over the past decade.
The aim of this paper is to provide the readers with
guidelines for the use of diagnostic procedures, when
a submucosal tumor is suspected. Literature searches
were performed to find information on diagnostics
for gastrointestinal submucosal tumors. Based on the
searches, the optimal diagnostic procedures and specific
features of the submucosal tumors could be outlined.
Standard endoscppy, capsule endoscopy and push-and-
pull enteroscopy (PPE) together with barium contrast
X-ray do not alone provide sufficient information, when
examining submucosal tumors. Endoscopic ultrasound
(EUS), computed tomography (CT), magnetic resonance
imaging (MRI) and fluorodeoxyglucose-labeled positron
emission tomography (FDG-PET) are recommended as
supplementary tools.
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INTRODUCTION

A submucosal tumor (SMT) is defined as any intramural
growth underneath the mucosa, where etiology cannot
readily be determined by luminal diagnostic endoscopy or
barium radiographym.

The incidence of SMTs in the entire gastrointestinal
(GI) tract is not known. However, gastric SMTs occur with
an incidence of about 0.4% in diagnostic endoscopym.
Following the introduction of new diagnostic procedures,
e.g. capsule endoscopy, a more accurate incidence may
be found within the next years. Final diagnosis is made
with immunohistochemistry and electron microscopy as
described in part two of this series of reviews.

SMTs are usually asymptomatic and therefore most
often discovered as accidental findings during surgery,
autopsy or diagnostic procedures. If symptoms do occur,
they are unspecific such as abdominal pain, obstruction,
hemorrhage and intussusception“’aﬂ. Like other
malignancies, malignant SMTs may present with systemic
symptoms, especially weight loss!™*.

The aim of this paper is to update the reader on
diagnostic procedures, when investigating a lesion
suspected to be a SMT in the GI tract.

DIAGNOSTIC PROCEDURES IN
SUBMUCOSAL TUMORS
Standard endoscopy

Due to their lack of overt symptoms, SMTs are generally
discovered accidentally during standard endoscopic
examination. A lumen diminishing process with or without

ulcerations is typically seen, but extramural pathology
must be considered as a differential diagnosism. Since
standard endoscopy is not sufficient for diagnosing SMTs,
suspicion of such requires further examination by means

of diagnostic procedures mentioned below!”.

Capsule endoscopy
With capsule endoscopy parts of the small intestine
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inaccessible to standard endoscopy can be viewed. Its
main indication is obscure hemorrhage with negative
upper and lower standard endoscopic findings. A period
of 8-12 h of fasting prior to the examination is required”.
The capsule provides approximately 8 h of continuous
endoscopic video imaging of the esophagus, stomach,
small intestine and right colon. The capsule is wireless,
equipped with white light-emitting diodes and has a size of
approximately 1 cm X 2.5 cm. It is disposable, propelled
by peristalsis and excreted after 24-48 h. There is no need
for air inflation of the gut lumen. Data are transmitted
employing radiotelemetry to aerials attached to the body. A
study typically takes 30-60 min to review. The procedure is
safe, painless, does not require sedation, can be performed
ambulatory and does not have the risk of perforation as
does standard endoscopy™”.

With capsule endoscopy, a villus-based view is
generated as opposed to the lumen-based view in standard
endoscopy. Therefore, tumors may have a different
appearance in these two procedures”. The capsule cannot
wash an area, and it is not possible to re-examine a
possible abnormality, take biopsies or deliver therapy as it
is with standard endoscopy"™ and PPE!"". Furthermore, a
recent study found a tendency towards poor interobserver
agreement for abnormalities in relief (tumors and ulcers),
but good for red-colored abnormalities (bleeding and
angiodysplasia). However interobserver agreement was
significantly better among experienced endoscopists than
among less experienced"”.

Occasionally, the capsule is caught in a stricture or
diverticulum. A plain abdominal X-ray can be performed
to determine whether the capsule is retained or not.
However, this often happens at the site of pathology,
where surgery is required anyway. Removal of an impacted
capsule may be performed endoscopically™.

Push-and-pull enteroscopy

PPE is an alternative to capsule endoscopy. With PPE the
small intestine can be examined using a double-balloon
technique with an oral and/or anal approach. Indications
include GI bleeding, abdominal pain and surveillance of
known disease. The advantage of PPE is that it is relatively
safe, has a high diagnostic yield and both biopsy and
endoscopic therapy can be performed"’.,

Disadvantages include the risk of perforation, the need
for conscious sedation and the related complications, and
the fact that the latex balloons used create a potential risk
of anaphylactic shock in patients with latex allergy[m’m.

Side effects are usually mild, such as abdominal pain
for 1-2 d, brief fever, reddening of the mucosa, slight
intramucosal hemorrhage in the small-bowel tissue and
vomiting after the procedures. Aspiration pneumonia after
an epileptic attack induced by the propofol anesthesia was
found as the only complication in a recent prospective
study of 100 patients'"”

Endoscopic ultrasonography

The tool of first choice for examining SMTs in the upper
GI tract is endoscopic ultrasonography (EUS). It is the
most accurate procedure for detecting and diagnosing
SMTs, due to its high sensitivity and speciﬁcity[1 *MEUS is
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performed as the second intervention following standard
endoscopy'.

The most important application of EUS is staging of
GI malignancies, since this dictates the management and
predicts survival of patients'™ """, EUS features suggestive
of malignancy are irregular borders, abnormal lymph
nodes, ulcer, and a shape that is not oval or round"”,
Heterogeneous echopattern is a feature of controversy™”.

EUS is useful in differentiating between intramural
tumors, intramutal vascular lesions and extraluminal
impressions with or without the use of Dopplet-
EUS" ' EUS can provide information concerning
origin, size, borders, homogeneity and foci with echogenic
or anechoic features (Table 1)'***Y, In addition, EUS can
indicate whether endoscopic resection is appropriate! >,

In tumors smaller than 0.5 cm, high-frequency
transducers can obtain information that is not available
even with highly sophisticated CT, magnetic resonance
imaging (MRI), transabdominal ultrasound® or positron
emission tomography (PET)”. Intramural abnormalities
can be investigated with frequencies of 12 MHz, whereas
7.5 MHz reveals the extramural structures”’. Tts high
resolution and the close proximity of the ultrasound probe
to the site of the SMT makes EUS valuable in determining
the layer of origin of a SMT and the possible invasion of
other layers™.

However, benign SMTs, malignancies and nonneoplastic
lesions, such as inflammation, can not be distinguished
enosonographically®*?. Nevertheless, as EUS is a valuable
tool in assessing local lymph node involvement™, this
finding supports the differentiation. A study concerning
EUS evaluation of leiomyomas concludes that EUS is
quite observer-dependent because the interobserver
agreement had a kappa value of only 0.53". Optimally,
the same examiner should perform all of the EUS
examinations concerning the same patient in order to
determine tumor progression versus regression.

Some important tasks of EUS in SMTs are shown
in Table 1. EUS criteria for malignancy are outlined in
Table 2, to which rapid growth rate found on follow-up
can be added"”. It must however be emphasized that only
microscopic examination can determine the final diagnosis
and whether the SMT is benign or malignant"”.,

Endosonographically, the wall of the GI tract consists
of 5 layers of alternating echogenicity (Figure 1). The 1"
layer is hyperechoic and represents the superficial layer of
the mucosa. The 2™ layer is hypoechoic and constitutes
of the deep layer of the mucosa, including the muscularis
mucosae. The 3, hyperechoic layer is the submucosa,
the 4" hypoechoic the muscularis propria and the 50
hyperechoic is the serosa/ adventitia®??, As an example,
a myogenic SMT can be diagnosed with confidence, if
there is continuity between a hypoechoic SMT and the 4",
hypoechoic, layer of the adjacent normal GI tract wall™,

Catheter probe-endoscopic ultrasonography

Catheter probe-endoscopic ultrasonography (CP-EUS)
can probably be used instead of EUS for the evaluation
of small SMTs"". The concept of CP-EUS is that an
ultrasound catheter probe can be inserted through the
accessory channel of a conventional endoscope. Thereby
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Table 1 Macroscopic and endoscopic ultrasound features of the submucosal tumors

Endo- Size Distinct Ulcer Layer Form Echogenecity Number Consistency
scopical borders
Leiomyoma®"  Umbilicated <5cm Yes Centralor 4" (2") Smooth Homo Hypo - Firm
22,29,32,63,101-105] normal
mucosa
Granular cell Yellow <2cm Mostly no No 2,3, 4" Sessile polyps, Mosaic Hypo S (M) Very firm
tumor!*>*0¢ nodules or
63,106-108] plaques
Ectopic Duct 1-4 cm Yes (no) No 34t Sessile, Perhaps  Hyper S Firm
pancreas™*"**” opening (2,5 hemispherical ~ hetero
22,31,64,66]
Schwannoma Spherical 3 cm Yes No 4" (3 Round/oval (Homo)  Hypo, S (M) -
[P (multi- (0.5-10 cm)  (sometimes (multinodular) bull's eye’
nodular) fibrous
capsule)
Lipoma***"* Yellow - Yes, Most often 3" (4", 5") Polypoid, Homo Hyper S Soft,
R pseudocapsule  intact discrete, round compressible
mucosa,
but ulcers
do occur
*Neurofibroma Some times Few mm. Yes, often No May Fusiform, Hetero - M Rubbery
s long uptoa macroscopically involve diffuse, or firm
segments meter all layers  "ropelike" or
of nodular "bag of worms"
thickening
Vascular*" Lymph- Depending  Yes No 2, 3% Round/ Homo An-/hyper' M/S Liquid/soft
AARYRIEY angiomas:  on type cavernous oval/
yellow may wavy
involve
all layers
Leiomyosarcoma Exophytic >3 cm Irregular Deep ulcer 2™, 4" Nodular, Hetero An-areas” S Softer than
) (> 5 mm) polypous leiomyomas
Kaposi's sarcoma Red-purple Varying - Often 1%,2"™, 3" Maculopapular/ - - M/S -
B (see text) ulceration nodular/
and bleeding polypous
Metastases®*>**"" Endo-/ - No Yes/No Alllayers  Volcanolesions, Depends - M/S -
exophytic nodules, polyps, on the
linitis plastica ~ primary
tumor
GISTH!3192220%] Varying >2cm Yes/no Occasionally 4" Elliptical, Homo/  Hypo, s’ Friable
(Z"d, 3 5"“) multilobular/ hetero* bull's eye5
pedunculated;
smooth/nodular

"Hyperechoic in lymphangiomas™”.

gastrointestinal stromal tumors (GIST). GIST are often multiple in neurofibromatosis type 1'
the tumor is large, central necrosis (cystic spaces) can result in heterogeneity’

The anechoic areas are histologically consistent with necrotic areas

P °Neurofibromatosis type 1 is associated with
™, “Normally gastrointestinal stromal tumors are homogenic, but if

|, Furthermore, echogenic foci and calcifications may be seen”. °A hypoechoic,

marginal halo resulting in a bull's eye appearance of the SMT"”. Homo: homogeneous; Hetero: heterogeneous; Hypo: hypoechoic; Hyper: hyperechoic; An:

anechoic. -: means that no date was found on the subject.

both endoscopy and EUS can be performed during the
same intervention">”". The clinician should bear in mind
that CP-EUS images tend to be more hypoechoic than
EUS irnagesm.

Due to the small diameter of the CP-EUS probe
and the absence of a balloon at its tip, compression of
the inner layers is avoided and thus blurringm. CP-EUS
identifies the layer of origin of myogenic SMTs with great
precision and is better than EUS at distinguishing between
the two layers of the muscularis propria”.

In a recent study, CP-EUS diagnosed more than 95%
correctly in large intestinal SMTs, confirmed by biopsy or
surgical resection”™. Another study of 25 SMTs, showed
that CP-EUS and EUS equally visualized all SMTs, with

image quality and determination of tumor diameters and
margins being comparable!". On the contrary, Chak ez a/*"
found that CP-EUS, but not EUS, staged submucosal
lesions correctly in all cases, confirmed by histology.
Staging of regional cancer was concordant between EUS
and CP-EUS in 80% of the cases. However, these results
may be influenced by a selection bias, as only smaller SMT's
were chosen for CP-EUS examination.

A shortcoming of CP-EUS is the risk of neglecting
other SMTs, since examination occurs only directly at the
region of interest'. Due to its smaller diameter it could
be suspected that CP-EUS would have an advantage in
stenosing SMTs that cannot be traversed by an EUS-
endoscope. However, stenosing tumors tend to be bulky,
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Table 2 Endoscopic ultrasonographic criteria for malignancy in different SMTs

Reference Tumor type Criteria for Size Irregular Abnormal Heterogeneous Shape not Ulcer

determining the borders regional cho pattern oval/round

SMT as malignant lymph Cystic Echo-genic

or borderline nodes spaces foci
Ando et al GIST Size > 5 cm and >5cm Yes - Yes - - -
2002 atleast 1 of the 2

other features:
Nickl et al Hypo- 1 or more >3 cm Yes Yes No No Yes Yes
20022 echoic of the features:

SMTs

Brand et al SMTs in 2 or more of >3 cm Yes - Heterogeneous - -
2002 general the features or echo pattern

1 and clinical

symptoms (pain,

dysphagia,

weight loss,

hemorrhage)
Rosch et al SMTs in 2 or more of >3 cm Yes Yes Heterogeneous - =
2002 general the features: echo pattern
Palazzo et al GIST 2 or more of - Yes Yes Yes - - -
2000 the features:
Chak et al GIST 2 or more of >4 cm Yes - >4 mm >3 mm - -
19971 the features:

Nickl and coworkers™ had the highest sensitivity rate (100%) while Palazzo and coworkers”™ had the highest specificity rate (88%). -: means that this feature

was not part of the criteria in the given study.

and since CP-EUS has limited depth penetration compared
to BEUS, CP-EUS may fail to visualize the extraluminal
margin and assess adjacent lymph nodes”". If the SMT
is larger than 5 cm in diameter, EUS or CT may be the
preferable imaging techniques'™”.

Condom-catheter probe-endoscopic ultrasonography

In the esophagus, the acoustic coupling needed for EUS is
impaired by the lack of a water-filled lumen. Therefore a
method has been developed specifically for this situation:
small-diameter CP-EUS with an attached latex condom
(condom-CP-EUS) that can be filled with water"”.

A limitation of condom-CP-EUS, when using large
echoendoscopes, is compression of small esophageal
tumors and thus distortion of the imagem. The wall layers
are also often compressed, and therefore only 3 layers
of the esophageal wall are seen, compared to the 5 layer
pattern with 7.5-12 MHz probes”".

Other shortcomings are limited depth penetration and
poor acoustic coupling, resulting in low quality images
and impeded evaluation of lymph nodes and bulky SMTs.
Moreover, a large volume of water is needed for adequate
acoustic coupling, which may leak and cause aspiration.
Large SMTs may create air artifacts between the condom
and the esophageal wall™. Additionally, there is a potential
risk of anaphylactic shock, due to latex allergy, which has a
prevalence of less than 1% in the normal populationm.

Three dimensional endoscopic ultrasonography

The need for three-dimensional (3D) EUS has arisen
as a consequence of the difficulty less experienced
endosonographers witness interpreting two-dimensional
(2D) EUS images”. Indeed, 3D-EUS, compared to
2D-EUS, is relatively easy to use and the examination time
will not be extended, as it is possible to view the whole
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Figure 1 Endoscopic ultrasonography imagines of normal wall and submucosal
tumors of the large intestine are presented. A: The normal wall displayed in 5
layers; B: Lipoma imagine showing a hyperechoic homogeneous mass located in
the third layer; C: Leiomyoma imagine showing a hypoechoic homogeneous mass
originated from the 4" layer; D: Rectal carcinoid imagine showing a submucosal
hypoechoic mass with a homogenous echo. Courtesy by PH Zhou (Zhou, 2004
128 fid).

lesion and perform a new scan immediately after a poor
scan result™”.

However, some critetions are to be fulfilled in order to
create a good image. The probe must be parallel and close
to the mucosal surface. This is difficult in the stomach, but
relatively easy in the esophagus, though probe wobbling

can be caused by the peristalsis, respiratory movement
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: : 34-36 . :
or cardiac impulse”*. Furthermore, the time factor is

critical, as the risk of probe wobbling increases with the
time needed for completing a scan. In an investigation it
took 3-4 s to complete a scan” as opposed to 3-5 min in
another investigation”’. More recent publications show
promising results concerning the reduction of the time
needed for processing the scans”>. Finally, the size of
the SMT is crucial. Due to the limited depth penetration
in these probes, the results of 3D-EUS are better when
applied to small SMTs, although the size of small SMTs
(< 1 cm) tends to be overestimated by 3D-EUS™,

3D-EUS data on GI SMTs are however sparse™.
Thus, data on mucosal cancer is used in this paper to give
an impression of 3D-EUS in practice. In a study of 43
upper Gl lesions, depth staging was correct in 80% of the
cases of esophageal cancer and almost 70% of the cases
of gastric cancer, histologically confirmed. However, only
37% of the 3D-EUS images were of an acceptable quality,
which meant that several images had to be made for each
lesion™.

Endoscopic ultrasound guided fine needle aspiration
Since it is impossible to differentiate definitely between
benign and malignant SMTs by means of any imaging
technique, histological or cytological confirmation is a
necessity! ", A study shows that only in 35% of cases
was an acceptable submucosal representation achieved
with forceps biopsy during standard endoscopy, even
though the endoscopist intended to obtain submucosal
tissue”. On the contrary, endosonographically performed
fine needle aspiration (EUS-FNA) is a good method for
obtaining cytological samplespo’”J.

In EUS-FNA the aspiration needle can be inserted
more precisely into the SMT than in percutaneous FNAY,
Moreover, the incidence of malignant seeding is relatively
low!"™”. This may, however, be the result of selection bias:
more biopsies are performed percutaneously and therefore
more cases of cutaneous seeding than mucosal are seen.
These advantages may be outweighed, though, by the risks
of conscious sedation in endoscopym].

EUS-FNA contributes to solving therapeutic dilemmas.
A study showed that due to the result of EUS-FNA the
decision to abandon surgery was directly affected in 26%
of patients with primary malignancies. The reason for this
was severe malignancy, such as distant nodal metastasis’ .

The sensitivity of cytological samples achieved
through EUS-FNA has been reported to be 88%-91%
and the specificity close to a 100% for the diagnosis of
malignant lesions confirmed by the surgical findings or
long-term clinical follow—up“s’zz‘”’m. However, as some
investigators point out, in order to obtain an adequate
cytological sample, the optimal situation is that a cytologist
is present during the procedure™. Furthermore, there
are different ways of handling the cytological samples
obtained by EUS-FNA, such as performing smears and
cell-blocks. It must be emphasized that neither mitotic
counts notr immunohistochemistry can be performed on
smears. Therefore the optimal situation is when cell blocks
are made from the cytological sample. If the number
of cells is too small to count mitotic figures per 50 high
power fields, immunohistochemical staining with MIB-1

(a proliferation marker) can provide information of the
cellular activity™*,

Sometimes examination of the whole SMT is needed in
order to differentiate between benign and malignant, and
a pitfall is the aspiration of normal smooth-muscle cells®.
If possible, cells should be obtained from different parts
of the SMT using a large needle (18-20G)".

Complications to EUS-FNA appear to be rare, as
two investigations have shown a complication rate of
0%-2%""*". However, careful Doppler-EUS examination
must always be performed prior to EUS-FNA in order to
prevent rupture of a possible varice!"".

Barium-contrast in X-ray

Barium studies can reveal several pathological conditions,
such as submucosal infiltration, ulceration, mass presence
and lumen stenosis, which may all be present in SMTs.
Barium studies are also valuable in assessing the extent and
multiplicity of SMTs™, The typical appearance of a SMT
is an intramural mass with intact or ulcerated overlying
mucosa'™. The tumor is seen as a smoothly circumscribed
mass, when seen en face and the margins as obtuse or right
angles, when viewed in profile™. However, barium studies
are limited to exophytic masses™, and in staging and
detection of early or subtle SMTs this method is of little

value!™

Computed tomography

Recent advances in CT have drawn attention to the use
of CT for evaluating the GI tract™”. Cross-sectional CT
has the primary role in staging GI tumors™. New multi-
slice CT has some advantages compared to single-slice
spiral scanners, such as elimination of motion artifacts and
acquisition of thinner sections. This improves the quality
of 3D data, but the thin collimation involves an increase
in the radiation dose to the patientm]. CT has an advantage
compared with EUS, namely the possibility of delineating
the full extension of the tumot". The forces of CT are
demonstration of a tumor, its size, relation to adjacent
organs and revelation of metastasis'*, and therefore are
the tasks of CT primarily staging, surgical planning™” and
follow—up[47’48].

CT cannot classify SMTs as demonstrated in a recent
study, where CT was inconclusive in more than 50% of GI
stromal tumors (GISTs)*. CT cannot either differentiate
between malignant and benign SMTs, unless obvious
local invasion or metastases are present. CT, especially
CT angiography, is valuable for the detection of gastric
varices. In large and exophytic gastric stromal tumors,
3D-CT can be helpful in better characterizing the mass
and determining its originw.

Traditional oral contrast agents of high attenuation
have some disadvantages when evaluating the GI tract. An
example is when the contrast does not mix uniformly with
gastric contents, resulting in the creation of pseudotumors.
Therefore water, which is of low attenuation, is preferred
as an oral contrast agent. Simultaneously non-ionic
contrast material is given intravenously, which enhances
the GI walls. Furthermore, adequate distension of the
stomach is important for proper imaging. Failure in the
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latter may result in overlooked disease or the collapsed
gastric wall mimicking disease*”

Magnetic resonance imaging

Like CT, MRI is valuable in diagnosis and evaluating the
extent of the tumor, including stagingm’w]. However, due
to variable and non-specific appearances, MRI offers no
additional information compared to CT concerning the
internal features of, at least, GISTs!"!.

Concerning limitations in both CT and MRI, it can
be difficult to determine the organ of origin from cross
sectional imaging alone in the presence of a significantly
exophytic tumor” . However, MRI is a helpful adjunct
to CT, especially concerning large SMTSs, where the
multiplanar capability of magnetic resonance can aid the
determination of organ of origin, the relationship to other
organs and delineate the major blood vessels. The new
multi-channel CT-scanners have the same capability and
may become the method of choice. In GISTs, the solid
parts of the tumor are typically of low signal-intensity
on T1-weighted images, but high signal-intensity on T2-
weighted images. However, the degree of necrosis and
hemorrhage greatly affect the signal-intensity pattern.
Depending on the age of the hemorrhage, the signal-
intensity will vary from high to low on both T1- and T2-
weighted images. Due to gadolinium enhancement in
viable tumor tissue, areas of necrosis can be outlined™.

Positron emission tomography

In the recent years PET has shown to have great value
primarily in the early assessment of response in GISTs
to treatment with imatinib******. The reason for its
effectiveness lies in the radiolabeled surrogate marker for
glucose metabolism, fluorodeoxyglucose (FDG). FDG
highlights areas of the body with enhanced metabolism,
such as malignant SMTs"*". Metabolic changes occur prior
to morphological changes, which explains why several
investigations conclude that PET is superior to CT and
MRI in predicting early response to therapy[44’48’55]. A recent
investigation on GISTs concludes that FDG-PET can
separate imatinib-responders from -non-responders as
early as 1 wk after initiation of treatment”, Furthermore,
PET is indicated in cases, where equivocal CT- or MRI-
images suspect metastases'' . The risk of misinterpretation
is minimized with the new combined PET/CT scanners
uniting functional and morphologic irnaging[27].

With PET, not only is the evaluation of response
to therapy facilitated, but also the determination of the
diagnosis, recurrence, staging and extent of disease**"*,

To the disadvantages of PET count the fact that
the acquisition time is 3-5 min per bed position. Due to
respiratory motion, very small SMTs (< 5 mm) may be
blurred and therefore missed””.

As FDG is not a specific cancer tracer, uptake is seen
in cicatrices following surgery due to benign inflammation,
and therefore PET scans should not be performed until
3-4 wk after surgery to avoid these artifacts mimicking
tumors. Other situations with increased uptake are tense
muscles, catheters, tubes, stomas, the bone marrow in
patients treated with chemotherapy and excretion of FDG
to the urinary tract”’. Physiological excretion of FDG
can also be seen in the bowel, which can be difficult to
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differentiate from SMTs. Furthermore, it must be taken
into consideration that slowly growing tumors, such
as benign SMTs, only rarely absorb FDG. Moreover,
hyperglycemia and administration of insulin may alter the
distribution of FDG. Therefore at least 5 h of fasting and
measurement of the blood glucose level prior to the scan
is recommended””.

BENIGN TUMORS

For all of the SMTs mentioned below, the endoscopic,
EUS and macroscopic features can be seen in Table 1, and
an EUS image of a leiomyoma and a lipoma is shown in
the Figure 1.

Leiomyomas
Leiomyomas are the commonest mesenchymal tumors in
the esophagusm] as opposed to the rest of the GI tract,
where GISTs are the most frequentw. Leiomyomas are
found in the esophagus, colon and rectum, but are very
rare in the stomach and small intestine’™

Differential diagnoses to leilomyomas are preoperatively
mostly leiomyosarcomas and, in the esophagus, carcinomas®”.

Schwannomas

GI Schwannomas are rare. Their ratio to GISTS, the most
frequent GI SMTs, is approximately 1:50-100"Y, They are
mostly found in the stomach.

Granular cell tumor

In the GI tract granular cell tumor mostly involves the
middle to distal parts of the esophagus, with 1/3 of all the
GI cases occurring at this site™ ), They are solitary in
80%-90% of all cases'™*”.

Heterotopic pancreatic tissue
Heterotopic pancreatic tissue is mostly located within 3-4
cm on both sides of the pylorus, but may occur in Meckel's
diverticulum and rarely in the small intestine. Heterotopic
pancreas is a nonneoplasticpz], congenital tumor thought
to be a result of separation of fragments from the main
pancreatic mass due to the rotation of the foregut“’4’64j. An
investigation found heterotopic pancreas in 0.25% of all
explorative lapztrotomiesl65J

A distinctive feature of heterotopic pancreatic tissue
may be the presence of an opening, visible as a dimple on
the surface™”, from which fluid may trickle on pressurem.
Concerning differential diagnoses, both carcinoid tumors
and heterotopic pancreatic tissue appear hypoechoic and
irregular endosonographicallym.

Lipomas

GI lipomas occur throughout the GI tract, but are
undoubtedly most frequent in the colon as a solitary,
slowly growing, benign tumor, originating within the
submucosa and protruding into the lumen™>*".

CT findings are a well-circumscribed, submucosal
lesion with uniform fat attenuation and, occasionally, a
fibrous capsulels]. X-ray criteria for lipomas are changing
size and shape during the course of examination, reflecting
their soft consistency'”.
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Differential diagnoses from the endoscopic appearance
are leiomyoma, neurofibroma, adenomatous polyp and
villose adenoma. Differentiation is based on consistency,
polypoid features and surface pattern of the different

67
tumors[ ].

Neurofibromatosis type 1

Solitary neurofibromas are rare. Therefore, neuro-
fibromatosis should be suspected when neurofibromas
are encountered”, Neurofibromatosis type 1 (NF1, von
Recklinghausen Disease) is relatively common with a
prevalence of 1/3000 births in Western countries®. The
neurofibroma is derived from perineural cells on peripheral
nerves””. GI involvement is common in NF1%*" These
SMTs have a predilection for the duodenum, especially the
ampulla of Vater!".

NF1 is associated with gliomas, meningeomas, phaco-
chromocytomas, hemangiomas and GISTs"*>" 1n
the latter, the incidence of GISTs may be 200 times the
incidence in an unaffected population[zg’so’m. The GISTs
in patients with NF1 tend to be rnultiple[sm. Furthermore,
it should be kept in mind that NF1 is also associated with
carcinoid tumors that tend to occur at the ampulla of
Vater, like the neurofibromas. The explanation for this co-
location may be a transformation of an endo-ectodermal
complex located near the ampulla of Vater in NF1-
patientsm

Vascular tumors

Hemangiomas: Multiple hemangiomas may be found, as
in the blue rubber-bleb nevi syndrome that mostly affects
the skin and GT tract"™”, Approaches to diagnosing vascular
lesions are typically Doppler-EUS and CT-angiography'’,
but a 99mTc-labeled redcell scan may also be performed
to reveal hemangiomas or other transiently or mildly
bleeding lesions””, but endoscopy is regarded as the first
choice. Logically, hemorrhage is a typical complication to
hemangiomasw. One should keep in mind the differential
diagnosis of esophageal and gastric varices™,
Lymphangiomas: Lymphangiomas are rare, probably
hamartomatous, anomalies that occur solitarily, mostly
in the duodenum. Endoscopically, yellow-tan lesions are
seen, occasionally with satellite lesions. When biopsy is

performed, exudation of yellow chylous liquid is seen'”,

MALIGNANT TUMORS

Leiomyosarcomas
Leiomyosarcomas are mostly found in the small
intestine!™, where they constitute more than 10% of
all malignant lesions” and mostly behave in a highly
malignant fashion'™. A palpable abdominal mass may be
encountered in almost 50% of cases of leiomyosarcomas
in the small intestine””.
Endoscopically, leiomyosarcomas are as a rule single
and have a predominantly exophytic component[43’78].
Radiologically, excavated leiomyosarcomas may be
confused with lymphomas and metastatic melanomas'*’.
Leiomyosarcomas are expected to have a higher glucose

metabolism than leiomyomas, and thus PET or PET/CT

could aid the differentiation” ™" In addition, the EUS
criteria mentioned in Table 1 may be helpful.

Gastrointestinal Kaposi’s sarcoma

The causative viral agent of Kaposi’s sarcoma is human

herpes virus glh-2s.s28t

more frequent in men than women and is mostly coursed

by immunosuppression, especially HIVI®H,
Endoscopically, Kaposi’s sarcomas may be mucosal, but

] Kaposi’s sarcoma is considerably

are usually submucosal and ecither isolated or extensively
involve the bowel wall. All parts of the GI tract are at
risk ">,

In the esophagus, acquired immunodeficiency
syndrome-related lymphoma should be considered as a

differential diagnosis, when viewed radiologically™.

Metastases in the gastrointestinal tract

The most frequent primary tumors that result in GI
metastases are breast cancer, melanoma and lung cancer”,
The occurrence of metastases to the stomach from fatal
breast cancer has been reported to be 8 o
may be brought about by hematogenic or lymphatic spread
or seeding through the peritoneum”’

Endoscopic findings are mainly sorted under three
morphological features: nonulcerative SMTs, SMTs with
elevation and ulceration at the apex (volcano lesions), and
multiple nodules of varying sizes with tip ulceration'”,
EUS is valuable in evaluating the mode of spread, site of

origin and the pathologym.

I Metastases

Gastrointestinal stromal tumors

GISTs are the commonest mesenchymal tumors in the
GI tract®™™. The annual incidence is estimated to be
at least 10 to 20 cases per million™”", Their origin is
supposedly multipotential mesenchymal stem cells, and
therefore both myogenic and neurogenic features may be
present“’%‘%%]. GI autonomic nerve tumors (GANTS),
are now categorized under GIST owing to their great
immunohistochemical and ultrastructural resemblance””.

65% of GISTs occur in the stomach, 30%-35% in the
small intestine and 5%-10% in the colon™. Colonic GISTs
have a high proportion of malignancy[4’28].

Endosonographically, large size, lobulation, irregular
borders and echogenic foci indicate malignancy (Tables 1
and 2). On CT, the signs that indicate a highly malignant
tumor are calcification, ulceration, necrosis, cystic areas,
fistula, metastasis, ascites and infiltration'”

Endoscopic differential diagnoses are gastric lymphomam
and an inflammatory fibroid polyp[mo]. There are quite a
few differential diagnoses, when using CT, but if lymph
node enlargement is seen, adenocarcinoma or lymphoma
should be considered™. Differentiation is made with
immunohistochemistry or electron microscopy.

|

CONCLUSION

Standard endoscopy, capsule endoscopy, push-and-pull
enteroscopy, barium contrast X-ray and forceps biopsies
can not differentiate between extraluminal compression
and SMTs. Therefore, there is a need for EUS or whole

www.wjgnet.com



3308 ISSN 1007-9327  CN 14-1219/R

World ] Gastroenterol

June 28, 2007 Volume 13 Number 24

body imaging procedures as well as in the diagnosis of
SMTs. EUS with biopsy is the first choice of diagnostic
tool, but if depth penetration is improved in CP-EUS,
this may be preferred due to the reduced number of
intubations and examination time. So far 3D-EUS has not
shown acceptable results, but it is expected to facilitate
the assessment of borders, extent and size of SMTs in
the future. Still, EUS is rather subjective and therefore the
reproducibility of the results is reduced.

Biopsies should only be obtained, if the outcome could
lead to a cancellation of a planned operation, due to the
risk of malignant seeding in any malignant SMT"" and
due to the risk of hemorrhage if biopsies are taken from
GISTs because of their brittleness™”.

Even in GISTs responsive to imatinib therapy, tumor
size may decrease over months or not at all”*, Therefore,
with CT it may take months to reach conclusions regarding
GIST responsiveness, whereas FDG-PET determines
this within days to weeks after commenced treatment™,
However, unless short-term follow-up is needed, CT is a
sufficient way of monitoring. The quality of multi-slice CT
is now comparable to MRI, but MRI has the advantage of
disclosing necrosis, due to the enhancement of gadolinium
in viable tumor tissue. MRI is especially an option when
assessing liver metastases, while FDG-PET detects
even small, malignant SMTs that may be overlooked by
other diagnostic methods. Thus PET or PET/CT are
recommendable for SMTs larger than 5 mm whereas (CP-)
EUS is preferred for SMTs smaller than 5 mm.
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