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Abstract

Background A submucosal tumor (SMT) of the stomach,
which is an occasional finding during routine upper gas-
trointestinal endoscopy, may pose diagnostic and thera-
peutic challenges.

Methods To assess whether endoscopic submucosal dis-
section (ESD) is a feasible approach to definitively cure
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SMTs, the authors performed a retrospective cohort study
with two endoscopic italian centers.

Results  The study consisted of 20 patients with SMTs who
underwent ESD. The patients underwent ESD and were
followed up by endoscopy. We analyzed complete resection
rate, frequency of complications, and survival. The overall
rate of RO resection was 90 % (18/20), with two endoscopic
failures, one for a submucosal tumor and one for a neoplasm
deeply infiltrating the proper muscle layer. The median
procedure time was 119.1 min (range 40-240 min). The
median size of the resected specimens was 29 mm (range
15-60 mm). Perforation occurred in 3 patients; all were
treated conservatively. There were no cases of severe
bleeding. Based on histopathological findings, 6 cases of
ectopic pancreas, 1 of ectopic spleen, 3 of leiomyoma, and
10 of gastrointestinal stromal tumor (GIST) were diagnosed.
Complete resection was obtained in all GIST cases. Among
the 10 GIST cases treated by ESD, no death occurred: the
S-year disease-specific survival rate was 100 %.
Conclusions The high success rate of 90 % and the low
incidence of complications should indicate ESD is the cor-
rect diagnostic and definitive treatment in selected patients.

Keywords Submucosal tumors - Endoscopic submucosal
dissection - Gastrointestinal stromal tumors - Endoscopic
ultrasonography - Endoscopic resection

Introduction

Submucosal tumors (SMTs) of the stomach are occasional
findings during routine upper gastrointestinal endoscopy
[1]. They may arise from any of the layers of the intestinal
wall and are classified as nonepithelial, mesenchymal
neoplasms [2]. The most common type is the
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gastrointestinal stromal tumor (GIST), first described by
Mazur and Clark in 1983 [3], which originates from the
interstitial cells of Cajal. These cells have myogenic and
neurogenic architecture and are found within the mesenteric
plexus, submucosa, and muscularis propria of the gastro-
intestinal tract. Initially considered to be of negligible
importance, the malignant potential of GISTs, through
mutations of the c-kit or PDGFR-a, proto-oncogenes, is
now recognized among all the SMTs [4, 5]. GIST are
commonly found in the stomach (40-70 %), small intestine
(20-40 %), and colon and rectum (5—15 %). On the basis of
these findings, their histological characterization is of par-
amount importance to determine proper treatment. Endo-
scopic ultrasonography (EUS) can provide information
about the size, layer of origin, margins, and echogenicity of
SMTs, but multiple biopsies, either through conventional
endoscopy or EUS guided, often fail to distinguish between
benign and malignant disease [6]. The treatment of choice
has, until now, consisted of surgical resection with an open
or laparoscopic approach [7]. However, this technique is
overly invasive for lesions with a diameter <2 cm and with
a low mitotic count (<5) as determined by the examination
of microscopic high-power fields (HPFs) [8]. A new
endoscopic mini-invasive technique, endoscopic submuco-
sal dissection (ESD), enables the resection of epithelial
lesions of any diameter “en bloc.” ESD is gaining broad
acceptance for the treatment of early neoplastic lesions of
the stomach and has been proposed for the treatment of
SMTs [9, 10]. In this study we present the results of our
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experience in the use of ESD to treat patients with SMTs.
The main objective of the study was to evaluate the rate of
complete resection and complication of ESD.

Patients and methods

This study was a retrospective analysis encompassing the
period between May 2005 and May 2011. During that time,
ESD was used to treat 20 patients with gastric SMTs who
underwent endoscopy at the Emergency Unit of Surgical
Endoscopy, General Hospital of Verona or at the Operative
Units of Endoscopy, USI Group Rome. These 20 patients
comprised the study population. The mean age of the 7
men (35 %) and 13 women (65 %) was 57.1 years (range
23-83 years). The data considered herein were collected
from clinical records. Patients were submitted to ESD in
cases of tumor with diameter between 1 and 6 cm, whereas
patients with an evident extraluminal growth assessed by
EUS or with an echopattern consistent with lipoma were
excluded by the endoscopic treatment. Endoscopic mucosal
resection was suggested to patients with a tumor up to
1 cm; patients with a tumor more than 6 cm in diameter
were referred for surgery.

Endoscopic procedure

Upper endoscopy was performed in all patients with the
aim of evaluating the degree of elevation of the mass and
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ESD WITH ..~ COMPLETE
CIRCUMFERENTIAL INCISION

ESD WITH
HEMICIRCUMFERENTIAL INCISION

Fig. 1 a Submucosal tumor (SMT) with a protrusion less than 50 % and obtuse angle requiring a complete circumferential incision. b SMT with
a protrusion more than 50 % and acute angle requiring an hemicircumferential incision
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its angle with respect to the gastric mucosa (acute or
obtuse). EUS was performed to determine the size, mar-
gins, echopattern, and histological layer of origin of the
lesion, and EUS-fine needle aspiration (FNA) was per-
formed for lesions with a diameter of more than 20 mm
(8 cases) because it was considered useful only in this
clinical setting. A computed tomography (CT) scan was
performed for all patients.

ESD according to Hosokawa et al. [11] was performed
as follows: SMTs with a degree of elevation >50 % and
with an acute angle with respect to the underlying mucosa
were endoscopically treated through a hemicircumferential
incision around the lesion. For tumors of low elevation and
at an obtuse angle with respect to the underlying mucosa, a
complete circumferential incision was performed to make
easier the spontaneous spillage of the lesions from the
deeper layer of the gastric wall (Fig. 1). Both an insulated-
tip (IT) knife (Olympus, Tokyo, Japan) and a hook knife
(Olympus) were used to achieve submucosal dissection.
The right-angled 1-mm tip of the hook knife was used in
the debridement of the tumor from the muscle layer. The
specimens were retrieved using a Multi Bag (Endo-Tech-
nik, Germany). All procedures were performed with the
patients under general anesthesia. Evident perforation of
the gastric wall was treated with endoscopic clipping. The
endoscopic treatment was considered complete when the
lesion was resected en bloc and when no residual tumor

was observable on the resected wound. Histopathological
evaluation was based on the examination of HPFs, focusing
on cell type and mitotic count. Immunohistochemical
analysis was directed at the markers c-kit (cd 117), cd 34,
smooth muscle actin (sma), and s-100.

All patients provided informed consent for ESD, opting
for the endoscopic treatment instead of simple follow-up or
the surgical option.

Follow-up

All patients were followed up by conventional endoscopy 2
and 6 months after the procedure and once a year for
5 years. CT scan examination has been provided once a
year for 5 years.

Ethics

The study was approved by the Ethics Committees of the
respective institutions.

Statistics

The sample size was not formally evaluated, but based on
the sample size of our study the 95 % confidence interval
for an 80 % rate of complete resection is ~50-99 %.
Descriptive statistics (mean, SD, proportion, range) were

Table 1 Clinicopathological

characteristics of our serics Patient Age (years) Sex Symptoms Size® Site Protrusion (%) EUS FNA
23 M No 20 F <50 sm np
2 26 F No 20 A <50 sm np
3 71 F Hematemesis 40 F >50 sm Not dg
and melena
4 39 F No 15 B <50 sm/failed np
5 67 M No 50 F >50 mp Not dg
6 82 F No 30 B >50 sm Not dg
7 74 F No 25 A >50 sm Not dg
8 53 M No 50 B >50 mp Not dg
9 44 F No 15 A <50 sm np
10 58 F No 20 B <50 sm np
11 57 F No 20 B >50 sm np
12° 75 F Anorectal bleeding 60 B >50 sm GIST
13 60 M No 20 B >50 mp/failed np
EUS endoscopic ultrasonagrapy, 14 83 M No 40 A >50 sm GIST
5 ﬁfnggi I;if)‘gyf‘j“;ﬁtﬁ‘; D 57 M Melena 40 B >50 sm Not dg
not performed, Not dg not 16 53 F No 20 A >50 sm np
diagnostic, GIST 17 53 F No 20 B <50 sm np
gastrointestinal stromal tumor 18 67 F No 20 B <50 sm np
# Size in millimeters 19 65 M No 20 B =50 sm np
> ASA 1V, death for not-related 20 36 F No 15 A <50 sm np

disease
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computed. Differences between means were compared by
the two-tailed Student’s ¢ test. The software SPSS ver. 14
was used. Survival was computed using actuarial methods.

Results

In 3 of the 20 patients, the clinical symptoms at presenta-
tion of the cancer consisted of gastrointestinal bleeding
whereas the remaining 17 patients had no remarkable onset
of symptoms.

The CT scans of all the patients were negative. In 2
patients, EUS failed in the correct evaluation of the tumor
in the gastric wall: in one submucosal tumor, an overlap-
ping to the muscularis propria was diagnosed, while in
another case no extension of the tumor to the proper muscle
layer was confirmed at the end of the endoscopic proce-
dure. FNA was performed in 8 of the tumors with only 2 of
6 cases confirmed as GIST (33.3 %). On the basis of EUS
findings, definitive diagnosis was achieved in a few cases.
At endoscopy, in 13 patients (65 %) the grade of protrusion
of the tumor was >50 %, thus forming an acute angle with
respect to the gastric mucosa. Table 1 gives the details of
the 20 patients evaluated. The median procedure time was
119.1 min (range 40-240). The median size of the resected

specimen was 29 mm. The largest specimen, which mea-
sured 60 x 25 mm, was located in the gastric body; it had
an hard elastic consistency and an elongated shape that
facilitated its retrieval after the resection in two pieces by a
conventional snare. Intraoperative perforations occurred in
3 patients. The SMTs of these patients were those with the
largest diameters among our series (40, 50, and 60 mm). In
1 case, perforation occurred at the end of the procedure; the
patient was treated conservatively. In the other 2 cases, the
perforation occurred during the circumferential incision:
the defects were closed with two endoclips and the pro-
cedure was completed normally. No case of severe bleed-
ing occurred in our series (Table 2; Figs. 2, 3, 4). ESD was
completed successfully in 18 of the 20 patients, corre-
sponding to a success rate of 90 % (lower 95 % confidence
interval, 55.6). All the lesions confined to the submucosal
layer were completely treated by ESD, except one in which
the procedure was stopped because of tight adhesions of
the tumor to the muscle layer; the patient was submitted to
a combined endoscopically assisted laparoscopic approach.
In 3 cases of our series the tumors were confined to the
proper muscle layer, but the procedure was successful in 2
cases with only 1 patient converted to open surgery.
Based on the histopathological findings, six cases of
ectopic pancreas, one of ectopic spleen, three cases of

Table 2 Results of treatment

Patient Treatment Complication Operation Histology Follow-up
and treatment time (months)
(min)
1 ESD - 145 Ectopic spleen 48
2 ESD - 105 Ectopic pancreas 42
3 ESD Perforation: conservative 132 GIST low grade 18
4 Failed ESD Surgery (open) - Ectopic pancreas -
5 ESD 202 GIST high grade 20
6 ESD - 128 GIST low grade 24
7 Failed ESD Surgery - GIST low grade -
(laparascopy/endoscopy)

8 ESD Perforation: conservative 240 GIST low grade 15
9 ESD - 88 Ectopic pancreas 14
10 ESD - 62 Ectopic pancreas 14
11 ESD - 78 GIST low grade 12
12 ESD Perforation: conservative 190 GIST low grade 41
13 ESD - 87 Leiomyoma 31
14 ESD - 153 GIST low grade 29
15 ESD - 95 Ectopic pancreas 13
16 ESD - 88 GIST low grade 22
17 ESD - 77 Leiomyoma 36
18 ESD - 102 Leiomyoma 38
19 ESD 132 GIST low grade 12
20 ESD - 40 Ectopic pancreas 6
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Fig. 2 a Submucosal tumor 15 mm in diameter, at the angulus, lesser
curvature of the gastric body with a protrusion more than 50 % and
acute angle. b Endoscopic ultrasonography shows the submucosal
layer origin of the tumor. ¢ Endoscopic dissection of the submucosal
layer beneath the tumor under direct vision with insulated-tip (IT)

leiomyoma, and ten of GIST were diagnosed. Complete
resection was defined as en bloc resection of the lesion with
the entire capsule preserved and a small amount of normal
tissue visible at the deep margin of the lesion; this was
obtained in all the cases. Among the ten patients with
GISTs, the mean (SD) tumor size was 28 (range 1-36 mm).
Low HPF mitotic counts (<5 mitotic figures/50 HPF) were
determined in nine of the GISTs and >5 were found in the
remaining GIST. The latter occurred in an ASA IV patient
with a 6-cm lesion in whom surgical treatment was con-
sidered high risk.

Survival

Among the ten GIST patients, no death occurred. One
death occurred for another cause (hepatic cirrhosis); thus,
the 5-year survival rate was 100 %.

Discussion

Although rare, SMTs of the stomach are a diagnostic as
well as a therapeutic challenge. In these tumors, the

knife. d Complete dissection of the tumor. e Histological examination
revealed a gastrointestinal stromal tumor (GIST) with spindle cells
highly positive at CKIT/CD117. f Histological view with hematoxylin
and eosin (H&E) stain. e x40; f x20

diagnostic accuracy of EUS is high in terms of detecting
the layer of origin and the size of the lesion, but this
technique is unable to differentiate subepithelial from
mesenchymal tumors and benign from malignant lesions,
as confirmed in our series [12]. Instead, a correct diagnosis
is possible only with histology, performed on specimens
collected during ESD or surgery. Eight EUS fine-needle
aspiration (FNA) studies in which a total of 426 gastric
tumors were examined reported a diagnostic yield of 63 %
for histology, similar to that of EUS-TCB (Trucut needle
biopsy) [13]. However, the mucosal specimens obtained
using either of these procedures are usually too small for an
accurate histological examination [14]. In our series, EUS
failed to establish the layer of origin of the lesion in two
patients. In one the tumor was compressed by the proper
muscle layer, mimicking its infiltration; in the other, EUS
showed only the submucosal involvement of the tumor
while endoscopic dissection demonstrated an infiltration
over the proper muscle layer, such that open surgery was
required. FNA in our series was able to confirm GIST only
in 2 of 8 cases without the evaluation of the mitotic index.
The high success rate (90 % in our series) achieved with
ESD and the absence of relevant complications suggest this
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Fig. 3 a Submucosal tumor 60 mm in maximum diameter (elongated
shape), at the gastric fundus, lesser curvature with a protrusion more
than 50 % and acute angle. b Endoscopic ultrasonography shows the
submucosal layer origin of the tumor. ¢ A hemicircumferential
incision and complete dissection is obtained with the IT knife.

Fig. 4 Two cases of
submucosal tumors with
different protrusion from the
gastric wall and their
implication in the modality of
endoscopic resection.

a Submucosal tumor of the
upper body close to the cardias
with a protrusion more than

50 % and acute angle. b A
hemicircumferential incision is
sufficient to resect the tumor.

¢ Submucosal tumor of the
gastric antrum with a protrusion
less than 50 % and obtuse angle.
d A circumferential incision is
performed to dissect the tumor

@ Springer
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dissection (ESD). e Histological examination revealed a GIST tumor
with epithelioid cells, positive at CKIT/CD117. f Histological view
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procedure as a diagnostic and in some case therapeutic
option in the resection of SMTs [15-19]. The main limi-
tation of this study was that patients were assigned to ESD
based solely on the patient’s attitude. Despite this limita-
tion, our study provides information and identifies the
potential complications associated with ESD. Compared to
Hosokawa’s original description [11], our ESD procedure
involves several slight modifications that, in our opinion,
make it easier to perform. We considered a complete
resection of GIST to have occurred when severe histolog-
ical criteria were respected (en bloc resection; entire cap-
sule preserved and normal tissue visible at the deepest
margin of the lesion). The follow-up provided no evidence
of recurrence in the nine surviving patients with GIST.
Histological evaluation of the resected GIST specimens
showed only one high-grade tumor, in an ASA IV patient
in whom a lesion of 6 cm was detected. The patient
underwent ESD because the risk associated with surgical
treatment was considered to be too high. In the remaining
patients with GIST, the results were consistent with a lower
percentage of malignancy. Another mini-invasive proce-
dure, named laparoscopic endoscopic cooperating surgery,
a type of endoscopic procedure assisted by a laparoscopic
approach, has been proposed for the treatment of these
lesions [20-23]. Hiki et al. refer to seven patients all suc-
cessfully treated with this procedure. The lesions were
located close to the esophagogastric junction or in the
posterior wall of the stomach, and three of the lesions had a
diameter of more than 5 cm, so this technique seems
suitable in case of lesions with a difficult location and with
larger diameter that are not adequate for the endoscopic
treatment [24]. Therefore, ESD could be an acceptable
alternative to another modality of treatment for those
lesions with concerning EUS features (no extraluminal
growth or absence of echopattern consistent with lipoma).
In our experience, ESD resulted in a high success rate of
90 % and a low incidence of complications, with three
perforations, limited to patients with the largest lesions and
all treated conservatively. Thus, in cases in which the
available endoscopic techniques such as EUS do not pro-
vide a definitive diagnosis, ESD offers a reliable alterna-
tive, allowing definitive treatment of SMTs and GISTs. In
case of tumors limited to submucosal or with a minimum
invasion of the proper muscle layer and in absence of deep
central ulceration, endoscopic treatment can be considered
after careful evaluation of each single patient [25-27]. Our
experience is, however, limited to a few patients and our
findings remain to be confirmed in a larger series.
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