
Introduction
Gastrointestinal stromal tumors (GIST) are mesenchymal neo-
plasms that arise from the cells of Cajal in the gastrointestinal
tract [1, 2]. While most GISTs are located in the stomach, 30%
of GISTs are found in the small bowel [2, 3]. Small-bowel GISTs
tend to be more aggressive and have a worse prognosis with a
5-year survival rate of 25% [1–3]. Therefore, an early diagnosis

is mandatory. Patients with GIST usually present with obscure
gastrointestinal bleeding, which results from a surface ulcera-
tion and necrosis [4–6]. Other complications of GISTs include
bowel obstruction, intussusception, and tumor perforation [3–
6]. The diagnosis of small bowel GIST can be very difficult [4–7].
Because of its non-specific initial symptoms, patients are often
diagnosed with a small bowel GIST only in advanced, metasta-
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ABSTRACT

Background and study aims Information about the

endoscopic characterization of small bowel gastrointestinal

tumors (GISTs) is limited. The aim of this case study was to

describe the endoscopic spectrum of small bowel GISTs and

to present a practical classification.

Patients and methods Observational, retrospective, con-

secutive case series of patients with small bowel GIST.

Results A total of 10 small bowel GISTs were found in pa-

tients (6 male, 4 female, mean age 52 years, range 28 to

68).). All patients presented with obscure gastrointestinal

bleeding (overt, n =8, occult, n =2). Most GISTs were pres-

ent in the proximal or middle small bowel (n =7). The endo-

scopic tumor characteristics could be categorized as fol-

lows: submucosal round (n=4), submucosal sessile (n =2),

and invasive/penetrating) (n=4). The mucosa overlying the

tumor was normal (n=4), grooved (n=3) or frankly ulcer-

ated (n =3). Tumor size ranged from 8mm to 50mm. Biopsy

was negative in all patients with normal mucosa but

showed tumor in all patients with ulcerations. Regardless

of biopsy results, all patients were sent for surgery. Nine re-

sections were carried out. One patient refused surgery.

There were no complications of endoscopy in this cohort.

Conclusion Our series shows that GISTs have a wider spec-

trum of endoscopic characteristics than previously de-

scribed. The round type with normal overlying mucosa was

equally prevalent as the grooved or ulcerated variant.

Endoscopists should be aware of this wide spectrum of pre-

sentation of small bowel GIST.
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sized stages of the disease, when curative therapeutic option is
not possible [2–7].

Whereas several studies have described the radiologic ap-
pearance of small bowel GIST, there are very limited data on
the endoscopic appearance of this tumor [4, 5]. Older radiolog-
ical studies showed that submucosal GISTs appear as smooth,
round filling defects that may or may not ulcerate [8, 9]. Sub-
serosal GISTs are extrinsic or exocentric masses that displace
adjacent bowel loops. Intraluminal GISTs may be hypervascular
and cause hemorrhage and ulceration [4–6]. On computed to-
mography (CT), GISTs present as a mass that can be smooth, ir-
regular or lobulated in appearance [8, 9]. Pathology assessment
should include immunohistochemical staining for KIT and pos-
sibly DOG1 expression, and mutational analysis can have prog-
nostic and predictive value for certain patients [1–3, 5].

The endoscopic characteristics of small bowel GISTs are not
widely described. Indeed, there are only limited reports de-
scribing small bowel GISTs. Furthermore, most reports lack
endoscopic images of small bowel GISTs. Thus, the aims of this
study were to describe the endoscopic spectrum of small bowel
GISTs and to organize the characteristics of GIST based on the
endoscopic appears.

Patients and methods
This was a single-center, observational, retrospective, consecu-
tive case series of patients with small bowel GIST. Double-bal-
loon enteroscopy (DBE) was performed between June 2013
and May 2016 in a collective of patients for whom information
was included in a prospective database. Conduct of the study
was in accordance with the Helsinki Declaration and Institution-
al Review Board approval (UAB Protocol Number X130611008).

The inclusion criteria were: adult patients > 18 years with a
verified GIST of the small bowel detected during deep entero-
scopy. Exclusion criteria included patients < 18 years, pregnan-
cy, and inability to undergo DBE. Inability to undergo DBE was
defined as those patients with high anesthesia risk. All the pa-
tients provided written informed consent to undergo DBE.

DBE was performed using a therapeutic Fujinon enteroscope
(EN-450 T5/20, Fujinon Corp., Omiya, Japan). The depth of
scope insertion was calculated based on the method described
by May et al. [10]. Small-bowel cleansing was done the day be-
fore the procedure using 4 L of a standard colon lavage solution.
The procedure was performed under general anesthesia as it is
standard at the University of Alabama at Birmingham. Biopsies
were performed in all cases where a tumor or protrusion of the
small bowel could be detected using a standard forceps. At
least six biopsies were obtained from each lesion. In cases of le-
sions with normal underlying mucosa we perform the “biopsy-
on-biopsy” technique. Injection with India-ink (Spot Ink, Ohio,
United States) was performed to demark the tumor site in order
to facilitate intraoperative detection of the primary tumor.
Small bowel biopsies were fixed and preserved in 10% formalin
for histopathological and immunohistochemical evaluation.
Special stains for hematoxylin & eosin features and antibody
panel including CD117, CD34, desmin, smooth muscle actin,
S-100 protein, and Ki67 were performed. All procedures were

performed by two therapeutic endoscopists (KM and SP), who
had ample experience performing DBE (at least previous 700
DBE procedures each). The following information was collec-
ted: patient characteristics, laboratory data, procedure time,
description of all the lesions, at least 10 pictures of each lesion,
at least six biopsies of each case, location of the lesion, indica-
tion, procedure time, instruments used, complications, and fol-
low-up.

A suspicious GIST was defined as the presence of a yellowish
submucosal tumor covered either by normal appearing mucosa
or with signs of ulceration or compression from outside the
small bowel lumen. A definitive diagnosis was defined as histo-
logical confirmation of a GIST. Careful inspection and charac-
terization of the small bowel GIST was performed. We defined
the endoscopic characteristics based on shape, mucosal sur-
face, and size (▶Fig. 1).

Patient characteristics and endoscopic and histological find-
ings as well as diagnostic and therapeutic outcomes are pres-
ented using descriptive statistics with means and ranges.

Results
A total of 12 DBEs were performed in 10 patients with small
bowel GISTs during a four-year period (6 male, 4 female) (▶Ta-
ble1). The mean age of the patients was 52 years (range 28 to
68). Mean duration of DBE was of 85 minutes (range 35 to 125
min). All patients presented with obscure gastrointestinal
bleeding (overt, n = 8, occult, n =2). There were no complica-
tions of related endoscopy in this cohort. Seven patients had a

Endoscopic GIST Classification

Growth

Mucosal surface

G1 Round/oval G2 sessile G3 invasive

M1-Normal villi M2-Slot/umbilical defectsil M3-Ulcerative

a

b

Size Growth Mucosal Surface
S1 <10 mm G1 Round/oval M1 Normal villi

S2 10–20 mm G2 Sesil M2 Slot/umbilical
   defects

S3 >20 mm G3 Invasive M3 Ulcerate

▶ Fig. 1 GMS (growth, mucosa and size) classification of small
bowel gastrointestinal stromal tumor (GIST).
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previous capsule endoscopy study, which was negative in three.
Most GISTs were present in the proximal or middle small bowel
(n =7). Two patients had the tumor in the distal jejunum. In one
patient the actively bleeding GIST was located in the ileum,
about 50 cm proximal to the ileocecal valve. CT showed a large
mesenteric tumor in one patient (with a huge necrotic small
bowel tumor). CT was performed in a total of seven patients
and could not detect the tumor in four patients. The endo-
scopic tumor characteristics could be categorized as follows:
submucosal round (n =4), submucosal sessile (n =2), and inva-
sive/penetrating) (n=4). The mucosa overlying the tumor was
normal (n=4), grooved (n =3) or frankly ulcerated (n=3). Biop-
sy was negative in all patients with normal mucosa (n=4) but
showed tumor in all patients with ulcerations (n =3) and two
with grooved appearance. In one patient with active bleeding
and small ulceration no ulcers were performed. Therefore, the
diagnostic yield of endoscopic biopsy was 55%. Regardless of
biopsy results, all patients were sent for surgery. Nine resec-
tions were carried out. One patient refused surgery. This pa-
tient had an ulcerated lesion and a histologic diagnosis of
GIST. After interdisciplinary conference tumor conference, a
decision was reached to offer the patient therapy with imatinib,
which the patient accepted. On latest follow-up at 7 months
the patient was stable and without further bleeding.

The endoscopic spectrum of GIST is presented in ▶Fig. 2,

▶Fig. 3, ▶Fig. 4, ▶Fig. 5, ▶Fig. 6, and ▶Fig. 7. The endoscopic
classification is primarily based on growth (G), appearance of
the mucosa (M) and size of the lesion (S), “GMS classification”.
Based on endoscopic findings we observed that GIST can
growth (G) in different ways, as round or oval (type G1) (▶Fig.
2a, ▶Fig. 3a, ▶Fig. 3b), sessile (type G2) (▶Fig. 3c, ▶Fig. 3d,

▶Fig. 4), invasive (type G3) (▶Fig. 4, ▶Fig. 5). Based on muco-
sal (M) appearance the GIST could be classified as normal (in-
tact mucosa) (M1) (▶Fig. 2, ▶Fig. 3), with the classical appear-
ance of slot or umbilical defect (M2) (▶Fig. 4, ▶Fig. 6), and ul-
cerative mucosal surface (M3) (▶Fig. 5). We also classified GIST

according to the size (S) of the lesion; <10mm (S1) (▶Fig. 1),
10 to 20mm (S2) (▶Fig. 2, ▶Fig. 7), and >21mm (S3). In the
theoretical case of presence of the afferent vessel of the lesion,
would be add A1 to the previous classification (▶Fig. 4d, ▶Fig.
7). In total there are three different endoscopic characteristics
of each GIST (size, growth and mucosal surface) with the addi-
tion of type A1 when the special feature of the afferent vessel is
found.

▶Table 1 Demographic, clinical, endoscopic, histologic and therapeutic characteristic of the study group.

Nr Age Sex OGIB CE CTA DBE Mucosa Biopsies Surgery

 1 56 M Overt Pos Pos Oral Normal Negative Yes

 2 62 F Occult Neg Pos Oral Grooved Positive Yes

 3 28 M Overt ND ND O/A Ulcerated Positive Yes

 4 49 M Overt Pos Neg Oral Normal Negative Yes

 5 52 F Overt ND ND Anal Ulcerated Positive No

 6 57 M Occult Neg Neg O/A Normal Negative Yes

 7 42 M Overt Pos Pos Oral Grooved Positive Yes

 8 68 F Overt Pos Neg Oral Normal Negative Yes

 9 47 F Overt Neg Neg Oral Ulcerated Nd Yes

10 59 M Overt ND ND Oral Grooved Positive Yes

CE, capsule endoscopy; pos, positive; neg, negative; OGIB, obscure gastrointestinal bleeding; ND, not done; CT, computed tomography of the abdomen; DBE, dou-
ble balloon enteroscopy; O, oral; A, anal.

▶ Fig. 2 Typical presentation of small bowel GIST in our study.
a Round submucosal tumor mimicking a lipoma (G1), with intact
mucosa (M1). b Injection of submucosal ink to mark the site.
c Minimally invasive surgery to resect the GIST. The ink marking
assisted the surgeon in finding the lesion. d Histology of a typical
GIST.
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▶ Fig. 3 Spectrum of protruded GISTs. a Round submucosal lesion
(G1) with intact mucosa (M1), 10–20mm in size (S2). b Small,
oval, yellowish, submucosal lesion (G1) with intact mucosa (M1),
measuring <10mm (S1). This lesion may be easily missed by the
inattentive eye or inexperienced endoscopist. c Sessile, protrud-
ing submucosal mass with intact mucosa (G2, M1, S2). d Sessile,
protruding mass without ulcerations measuring 16 to 20mm (G2,
M3, S2).

▶ Fig. 4 “Typical” umbilicated or grooved lesion in laterally spread-
ing GIST (G3, M2). a This “slit”, “umbilicus,” or “groove” has been
considered a “typical appearance” of GIST (M2). However, only
40% of our patients presented with this type of endoscopic ap-
pearance. b Laterally growing lesion with umbilicated and con-
gested mucosa (G2M2). c Laterally growing, sessile lesion with
partial grove (G2M2). d Groove with mucosal hypervascularity
(G2).

▶ Fig. 5 Endoscopic spectrum of ulcerated GIST. a Sessile lesion
with ulceration measuring 10–20mm (G2, M3, S2). B. Large, lat-
erally spreading, ulcerated GIST measuring >21mm (G3, M3, S3).
C. Large, laterally spreading GIST (G3, M3, S3). D. Invasive GIST
with hemicircumferential luminal involvement and partial steno-
sis (G3, M3, S3).

▶ Fig. 6 Lumen-occluding GIST. a Groove-type lesion measuring
>21mm (G2, M2, S3). b Surgical specimen.
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Discussion
To the best of our knowledge, this is one of the largest series of
small bowel GISTs documented by DBE. We systematically de-
scribed the endoscopic appearance of small bowel GIST. In this
study we demonstrated that endoscopic classification of GIST is
feasible and simple, and in addition, we showed that small bow-
el GIST has a wider endoscopic spectrum than previously
thought, as most reports and series depict these tumors with
an umbilicated or grooved surface. The round type with normal
overlying mucosa was equally prevalent as the grooved or ul-
cerated variant.

During DBE we observed that small bowel GIST had specific
appearances that may allow it to be classified based on endo-
scopic findings. In only 30% of our cases, small bowel GIST pres-
ented with the classical description of oval or round growth in-
side the lumen (G2). The key characteristics of small bowel GIST
were its sessile and protruding shape. This is important to
know, as capsule endoscopy and traditional enteroscopy with
biopsies may be falsely negative [7, 10–12]. Interestingly,
some lesions mimicked lipomas (▶Fig. 1, ▶Fig. 2), with a
round, submucosal shape and yellowish center. None of these
lesions could be diagnosed as GIST with biopsy, and it was only
our previous experience with small bowel GISTs that prompted
us to insist on surgical exploration and treatment of these pa-
tients [13]. This series also emphasizes the importance of sub-
mucosal ink marking to allow surgeons to easily find the lesion,
thus allowing them to perform minimally invasive incision and
laparoscopic surgery. The size of the lesion correlated with dis-
ease extension and metastasis. In addition, all ulcerated lesions
were highly malignant. Some of the ulcerated GISTs mimicked
adenocarcinoma or advanced lymphoma. Interestingly, even
small lesions led to bleeding. We do not know how lesions with-

out mucosal ulceration or umbilication bled. However, it is evi-
dent that all patients presented with obscure gastrointestinal
bleeding and all possible causes had been ruled out by upper
and lower endoscopy and in 60% also by capsule endoscopy.
Here we want to emphasize that capsule endoscopy missed
three tumors. This problem has been previously described in
the literature [10–12]. Thus, a negative capsule endoscopy
study should not preclude performing deep enteroscopy. We
speculate that these lesions bleed and the mucosa rapidly heals
or that the bleeding occurs at the level of the “feeding vessel,”
thus making it impossible for capsule endoscopy to detect. In-
deed, one of our patients with a small yellow GIST presented
with massive bleeding arising at the distal part of the lesion, at
the level of a “feeding vessel” (▶Fig. 7). This patient was treat-
ed with emergency DBE, with successful clipping of the vessel
and bleeding site. Surgery was performed within 24 hours and
a classic GIST was resected.

In our study, the yield of biopsies was 55%, which is low.
Nevertheless, most oncologists want to reach a preoperative
diagnosis before embarking into surgery or chemotherapy.
The argument is that with preoperative histological results, in-
terdisciplinary planning is better, involving the oncologist, sur-
geon, and radiologist. We want to emphasize, however, that
biopsy should not be a prerequisite for surgery, as most cases
with intact mucosa have negative results. Avoiding surgery in
these patients may result in tumor progression, rebleeding,
and potentially death. Thus, our experience presented in this
study show that appearance should be of clinical importance
for endoscopists dealing with obscure gastrointestinal bleeding
and atypical submucosal tumors.

We want to acknowledge the limitations of our study. First,
all retrospective studies have inherent deficits. However, the
immense collection of endoscopic images, coupled with the
careful, prospective collected registry of our small bowel study
group may minimize this deficit. Second, our study was small.
Nevertheless, our study it is one of the largest experiences
using DBE for evaluation of small bowel GIST. Furthermore,
our series has the advantage of providing an extensive and de-
tailed endoscopic description of GIST. We encourage future
multicenter studies to further investigate the concepts re-
vealed by our study. Finally, our study was carried out at a ter-
tiary referral center. Nevertheless, any endoscopist who per-
forms deep enteroscopy may potentially be faced with diagnos-
ing small bowel GIST and this endoscopic study should enable a
“training of the eye” for awareness of this tumor. Based on our
findings, we recommend avoiding biopsies in lesions where the
positivity is low or that are more likely to produce bleeding: 1)
M1 lesions (smooth, normal mucosal surface and villi); 2) A1 le-
sions; and 3) those with visible vessels and potential bleeding
risk.

Conclusion
In summary, endoscopic small bowel investigation by DBE
seems to enrich the possibility of diagnosing small bowel GIST.
Our study adds to the literature on the topic and we hope that
the small bowel endoscopist may become sensitized to consid-

▶ Fig. 7 Massively bleeding small bowel GIST. a This patient was
transferred from another hospital with massive hematochezia.
Fresh blood was coming from the ileum. b A bleeding lesion could
be found approximately 50 cm proximal to the ileocecal valve.
c Successful hemostasis of a bleeding vessel (a1) feeding this
small, yellowish, oval lesion (G1, M1, S1, A1).
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ering the diagnosis of GIST. Our series shows that GISTs have a
wider spectrum of endoscopic characteristics than previously
described. Finally, this simple endoscopic classification of small
bowel GIST may be a first step in providing a standard terminol-
ogy to describe this puzzling tumor. Multicenter studies with a
larger number of patients and a prospective design are defi-
nitely necessary to confirm our observation and to evaluate its
prognostic value.
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