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Abstract
To evaluate the diagnostic yield of the procedure, mu-
cosal-incision assisted biopsy (MIAB), for the histologi-
cal diagnosis of gastric gastrointestinal stromal tumor 
(GIST), we performed a retrospective review of the 27 
patients with suspected gastric GIST who underwent 
MIAB in our hospitals. Tissue samples obtained by 
MIAB were sufficient to make a histological diagnosis 
(diagnostic MIAB) in 23 out of the 27 patients, where 
the lesions had intraluminal growth patterns. Alterna-
tively, the samples were insufficient (non-diagnostic 

MIAB) in remaining 4 patients, three of whom had 
gastric submucosal tumor with extraluminal growth 
patterns. Although endoscopic ultrasound and fine 
needle aspiration is the gold standard for obtaining tis-
sue specimens for histological and cytological analysis 
of suspected gastric GISTs, MIAB can be used as an 
alternative method for obtaining biopsy specimens of 
lesions with an intraluminal growth pattern.
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INTRODUCTION
Gastric submucosal tumors (SMTs) are a wide range of  
diverse conditions including neoplastic lesions such as 
gastrointestinal stromal tumor (GIST), leiomyoma, leio-
myosarcoma, schwannoma, granular cell tumor and non-
neoplastic lesions such as inflammatory fibroid polyp, 
gastric varices, heterotopic pancreas and heterotopic 
gastric mucosa[1,2]. Endoscopic ultrasonography (EUS) is 
one of  the most useful modalities for diagnosing gastric 
SMTs[3,4]. However, it is usually not possible to differenti-
ate GIST from benign conditions such as leiomyoma or 
schwannoma by EUS. Tissue sampling is necessary for 
definitive diagnosis of  GIST. Endoscopic ultrasound-
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guided fine-needle aspiration (EUS-FNA) has been de-
veloped for tissue sampling of  suspected GIST and is 
generally accepted to be a very useful for the diagnosis 
of  this lesion[5]. When considering the diagnostic yield 
of  EUS-FNA for suspected gastric GIST, it is important 
to evaluate whether the samples obtained are adequate 
for both cytological and histological analysis, as immu-
nohistological analysis is indispensable for a definitive 
diagnosis. In general, the success rate of  EUS-FNA for 
tissue sampling for cytology has been reported to be rela-
tively high (83%), but the success rate for histology does 
not seem to be satisfactory (62%)[6]. Therefore, there has 
been an interest in exploring an alternative modality for 
tissue sampling in suspected GIST. 

Endoscopic submucosal dissection (ESD) has been 
developed as an advanced endoscopic therapy for super-
ficial gastric neoplasms[7] and ESD has rapidly become 
widely used. In this situation we have become interested 
in using ESD-associated techniques for tissue sampling 
of  suspected GIST instead of  using EUS-FNA. More 
recently, Lee et al[8] has shown the cases where the ESD-
associated technique was useful for tissue sampling of  
suspected GISTs. It remains, however, to be determined 
whether the ESD-associated technique would be suitable 
for tissue sampling of  any of  suspected GISTs. Although 
an official term for this procedure has yet to be deter-
mined, we have named it mucosal-incision assisted biopsy 
(MIAB). We reviewed 27 cases with gastric SMTs in 
which MIAB was performed to obtain biopsy specimens. 
In the present study, we have shown that MIAB can be as 
an alternative diagnostic modality for tissue sampling of  
suspected GISTs when the lesions have an intraluminal 
growth pattern. MIAB may be contraindicated in suspect-
ed gastric GISTs with an extraluminal growth pattern. 

CASE REPORT
We undertook a retrospective review of  the 27 patients 
with gastric SMTs who underwent MIAB in our hospitals 
between May 2005 and August 2011 in order to distin-
guish GIST from benign causes of  SMT. An extraluminal 
growth pattern was defined as growth in an extraluminal 
direction with little intraluminal growth. An intraluminal 
growth pattern was defined as growth in an intralumi-
nal direction, regardless of  any extraluminal growth. 
Informed consent was obtained from all patients before 
MIAB was undertaken. MIAB was performed as follows; 
In brief, a mucosal incision line was chosen which was 
usually not directly over the lesion, for easier closure with 
endoclips after the biopsy. Saline with 0.001% epineph-
rine was injected into the submucosa at the chosen inci-
sion line. A mucosal incision was made in the same way 
as the circumferential mucosal incision is made for ESD, 
using electrosurgical knives such as the flush knife or 
needle knife, followed by careful submucosal dissection 
until a portion of  the SMT was exposed. When a single 
mucosal incision did not provide satisfactory exposure, 
an second incision was made perpendicular to the first 

incision. Several biopsy specimens were taken under di-
rect vision using conventional biopsy forceps. The muco-
sal incisions were then closed with endoclips to prevent 
post-procedure complications including bleeding and/or 
perforation. The biopsy samples obtained by MIAB were 
fixed in formalin solution and stained with hematoxylin 
and eosin (HE). If  applicable, specimens underwent 
immunohistochemical analysis. Applicable data were ex-
pressed as the mean ± SE. 

Characteristics of patients who underwent MIAB 
Individual patient characteristics are shown in Table 1 
and a summary is shown in Table 2. Fourteen females 
and 13 males were included in the study, with a mean age 
of  58.9 ± 2.4 years. Gastric SMT lesions were 10-36 mm 
in diameter with a mean diameter of  21.2 ± 1.0 mm. In 
23 of  the 27 patients, tissue samples obtained by MIAB 
were sufficient to make a histological diagnosis (diagnostic 
MIAB). We diagnosed GIST in 16 patients, leiomyoma 
in 4 patients, aberrant pancreas in one patient, inflamma-
tory granuloma in one patient, and glomus tumor in one 
patient. In 23 patients with diagnostic MIAB, all of  the 
lesions had intraluminal growth patterns. Fourteen of  
sixteen patients underwent surgical resection based on a 
preoperative diagnosis of  GIST; the other patients (Cases 
5 and 15) did not accept surgical resection and is current-
ly under close follow-up. The post-operative pathological 
findings in all fourteen cases of  GIST were identical to 
those obtained with MIAB, including findings on HE 
staining and immunohistochemical analysis. On the other 
hand, four patients (Cases 17, 25-27) resulted in non-
diagnostic MIAB. In three of  them, the SMT lesions had 
extraluminal growth patterns. In one patient with non-di-
agnostic MIAB (Case 17), the samples obtained by MIAB 
suggested a spindle cell tumor on HE staining. We could 
not obtain the further pathological diagnosis. In this case, 
since the lesion was growing rapidly and suspected to be 
a GIST, a surgical resection was performed. As a result, 
the final pathological diagnosis after surgery was a GIST 
(Table 1). The mean procedure time was 32.0 ± 2.4 min 
and no procedure-related complications (including un-
controlled bleeding or perforation) were observed. We 
present two representative cases below. 

Case 1
A 70-year-old man was referred to our hospital for evalu-
ation of  a suspected gastric SMT. EGD revealed a solid, 
round, protruding lesion covered with normal mucosa, 
measuring about 20 mm in diameter, at the middle of  the 
lesser curvature of  the body of  the stomach (Figure 1A). 
EUS with a miniature probe showed a hypoechoic mass 
was observed, which originated from the 4th layer (muscu-
laris propria) (Figure 1B), confirming that the lesion was 
an SMT. The lesion was thought to be a gastrointestinal 
mesenchymal tumor (GIMT) such as a GIST, leiomyoma 
or schwannoma. EUS findings showed an intraluminal 
growth pattern. MIAB was performed to obtain biopsy 
samples for histological diagnosis. Two mucosal incision 
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lines were made perpendicular to each other to expose 
the surface of  the SMT (Figure 1C) and tissue samples 
were successfully obtained (Figure 1D), followed by 
closure of  the mucosal incisions with endoclips (Figure 
1E). Pathological examination of  the biopsy specimens 
showed a spindle cell mesenchymal tumor with abundant 
hyalinized fibrous stroma on HE staining. Immunohis-
tochemical analysis was positive for c-Kit and CD34 and 
negative for desmin, which enabled us to make a diagno-

sis of  GIST. The patient underwent surgical resection of  
the lesion. The final pathological diagnosis after surgery 
was GIST with a 21 mm diameter and mitotic index less 
than 5/50 HPFs, indicating a very low risk GIST accord-
ing to Miettinen et al[9] (Figure 1F).

Case 25 
A 66-year-old man was referred to our hospital for evalu-
ation of  a suspected gastric SMT at the greater curvature 
of  the lower body. EGD did not initially reveal any lesion 
(Figure 2A), but an SMT-like lesion was detected later 
during the examination (Figure 2B). As we were unable 
to detect the lesion by EUS with a miniature prove, con-
ventional EUS was undertaken, revealing a hypoechoic, 
oval mass originating from the 4th layer (Figure 2C) which 
was suggestive of  a GIMT such as a GIST, leiomyoma or 
schwannoma. The lesion had an extraluminal growth pat-
tern. MIAB was undertaken to obtain biopsy specimens 
for a histological diagnosis. In this case we were unable to 
expose the lesion clearly due to risk of  perforation (Fig-
ure 2D and E). The lesion appeared to be covered with 
normal smooth muscle of  the muscularis propria. Some 
tissue samples were obtained, followed by closure of  the 
incision with endoclips (Figure 2F). Pathological exami-
nation of  the biopsy specimens with HE staining showed 
fascicles of  smooth muscle cells accompanied by small 
fragments of  spindle-shaped cells. Immunohistochemi-
cal analysis showed that the spindle-shaped cells were 
probably positive for c-Kit and CD34. These findings 
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Table 1  Characteristics of the patients with submucosal tumor who underwent mucosal-incision assisted biopsy

Case Age Sex Location of SMT Size (mm) Growth pattern Diagnosis by MIAB Post-operativediagnosis

1 70 M Body, LC 21 Intraluminal GIST GIST
2 60 M Body, LC 20 Intraluminal GIST GIST
3 55 F Angulus, LC 36 Intraluminal GIST GIST
4 73 M Body, LC 26 Intraluminal GIST GIST
5 72 F Body, LC 20 Intraluminal GIST Not applicable
6 69 F Fundus 19 Intraluminal GIST GIST
7 72 F Body, LC 23 Intraluminal GIST GIST
8 53 M Body, PW 23 Intraluminal GIST GIST
9 79 F Body, GC 24 Intraluminal GIST GIST
10 66 F Angulus, GC 22 Intraluminal GIST GIST
11 66 F Body, PW 25 Intraluminal GIST GIST
12 39 M Body, PW 15 Intraluminal GIST GIST
13 58 M Body, GC 20 Intraluminal GIST GIST
14 24 M Cardia, AW 30 Intraluminal GIST GIST
15 60 F Body, PW 10 Intraluminal GIST Not applicable
16 57 M Body, PW 20 Intraluminal GIST GIST
17 40 F Body, PW 30 Intraluminal IS GIST
18 55 M Cardia, LC 23 Intraluminal Leiomyoma Not applicable
19 36 F Cardia, LC 19 Intraluminal Leiomyoma Not applicable
20 62 F Cardia, LC 25 Intraluminal Leiomyoma Not applicable
21 57 F Body, LC 15 Intraluminal Leiomyoma Not applicable
22 50 M Antrum, AW 20 Intraluminal Glomus tumor Glomus tumor
23 63 M Body, LC 20 Intraluminal Aberrant pancreas Not applicable
24 57 M Body, GC 20 Intraluminal Inflammatory change Not applicable
25 66 M Body, GC 15 Extraluminal IS Not applicable
26 71 F Body, LC 15 Extraluminal IS Not applicable
27 61 F Antrum, GC 17 Extraluminal IS Not applicable

IS: Insufficient samples for diagnosis; GIST: Gastrointestinal stromal tumor; MIAB: Mucosal-incision assisted biopsy; SMT: Submucosal tumor; PW: Poste-
rior wall; LC: Lesser curvature; GC: Greater curvature; M: Male; F: Female.  

Table 2  Summary of the cases which underwent mucosal-
incision assisted biopsy

Age 58.9 ± 2.4 (27)
Sex   Female (13)/male (14)
Location of SMT   Fundus (1)

Cardia (4)
Body (18)

Angulus (2)
Antrum (2)

Size of the lesion (mm) 21.2 ± 1.0 (27)
Growth pattern   Intraluminal (24)

Extraluminal (3)
Diagnosis by MIAB GIST (16)

Leiomyoma (4)
Aberrant pancreas (1)

Inflammatory changes (1)
Glomus tumor (1)
Not diagnosed (4)

GIST: Gastrointestinal stromal tumor; MIAB: Mucosal-incision assisted 
biopsy; SMT: Submucosal tumor. 
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be contraindicated in suspected gastric GISTs with an 
extraluminal growth pattern[10,11]. 

EUS-FNA has been developed for tissue sampling 
and analysis of  suspected GIST and plays an important 
role in making a histological diagnosis of  this lesion[5]. 
Even though EUS-FNA has become the gold standard 
for obtaining biopsy samples for cytological and histo-
logical analysis of  suspected gastric GIST, the procedure 
does not seem satisfactory. Mekky et al[6] recently re-
ported the diagnostic yield from EUS-FNA for a total of  
141 patients with gastric SMTs. They reported adequate 
samples in 117 of  141 cases (83%). In 29 cases of  the 
117 cases, however, the samples were sufficient for sug-
gestion of  a diagnosis based on cytological examination, 
but were inadequate for immunohistochemical analysis. 
Adequate samples for histological diagnosis were there-

were suggestive of  GIST, but not conclusive. In this case, 
MIAB was considered a non-diagnostic procedure. 

DISCUSSION
In the present study, we retrospectively reviewed 27 cases 
with suspected GIST, in which MIAB was undertaken to 
obtain tissue samples for histological diagnosis. A defini-
tive histological diagnosis was obtained in 23 of  the 27 
patients (85.2 %) who had gastric SMTs with intralumi-
nal growth pattern. MIAB resulted in insufficient tissue 
sampling in the other four patients. In three of  them, the 
SMT lesions had extraluminal growth patterns. We have 
shown that MIAB can be as an alternative diagnostic mo-
dality for tissue sampling of  suspected GISTs when the 
lesions have an intraluminal growth pattern. MIAB may 

Figure 1  Case 1 of gastrointestinal stromal tumor which underwent mucosal incision assisted biopsy. A: Endoscopic image of the lesion. The lesion was 
covered by normal mucosa with a bridging fold; B: Endoscopic ultrasonography imaging of the lesion with a miniature probe. The lesion was located in the 4th layer 
(muscularis propria); C: Two mucosal incisions were made to expose a portion of the lesion; D: Tissue samples were obtained using biopsy forceps; E: Closure of the 
mucosal incisions with endoclips; F: Pathological examination of the biopsied specimen. Immunohistochemical analysis showed that the lesion was positive for c-Kit 
and CD34 and negative for desmin. The biopsy samples also contained normal smooth muscle tissue, which was negative for c-Kit and CD34 and positive for desmin. 
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fore obtained in only 88 of  141 cases (62%). Since immu-
nohistochemical analysis is indispensable for a definitive 
diagnosis of  GIST, the diagnostic yield of  EUS-FNA for 
suspected GIST was not satisfactory. Therefore, there has 
been an interest in developing an alternative modality for 
tissue sampling of  suspected GIST. Reasonably, we have 
become interested in using ESD-associated techniques 
for tissue sampling of  suspected GIST instead of  using 
EUS-FNA as recently shown by Lee et al[8]. 

MIAB has the following advantages over EUS-FNA. 
First, MIAB would be less costly than EUS-FNA. Al-
though both ESD and EUS-FNA require a high skill 
level, ESD only needs an electrosurgical generator and 
electrosurgical knives (such as the flush knife, insulation-
tipped electrosurgical knife, or grasping-type scissors 
forceps[12], and does not need expensive equipment such 

as the linear echoendoscopy used for EUS-FNA. Second, 
on-site cytologists are not required for MIAB, whereas 
they need to be scheduled for successful EUS-FNA. 
Third, when the gastric SMT proves to be a GIST, tissue 
samples obtained by MIAB are large enough for patholo-
gists to calculate or estimate the Ki-67 labeling index, 
which gives information about the relative risk of  malig-
nant behavior. Calculation of  the Ki-67 labeling index is 
not possible with EUS-FNA biopsy samples. It is very 
advantageous to have an indication of  the risk of  malig-
nant behavior of  a GIST before surgical resection. 

There are, however, some disadvantages and limita-
tions to MIAB. First, MIAB does not seem to be ap-
propriate for tissue sampling of  gastric SMTs with an 
extraluminal growth pattern. In our study, MIAB was 
non-diagnostic in cases 25-27 in which the gastric SMTs 
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Figure 2  Case 25 of submucosal tumor with an extraluminal growth pattern in which mucosal incision assisted biopsy was non-diagnostic. A: No submu-
cosal tumor (SMT)-like lesion was initially detected; B: Later during the procedure, the SMT-like lesion was detectable; C: Conventional endoscopic ultrasonography 
showed that the lesion was located in the 4th layer (muscularis propria) and had an extraluminal growth pattern; D, E: Due to the risk of perforation, the lesion could 
not be clearly exposed. The lesion appeared to be covered with the normal smooth muscle of the muscularis propria; F: Closure of the mucosal incision with endo-
clips. Pathological examination of the biopsy samples suggested gastrointestinal stromal tumor, but was not conclusive. 
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had an extraluminal growth pattern. In contrast, EUS-
FNA is generally considered to be useful for obtaining 
tissue samples of  gastric SMTs regardless of  growth pat-
terns. Other possible disadvantages are procedure-related 
complications including bleeding and perforation. MIAB 
may have a higher rate of  procedure-related bleeding 
than EUS-FNA, but all bleeding was easily controlled by 
endoscopic hemostatic procedures in our cases. No per-
foration occurred in our cases, but extra care should be 
taken to prevent perforation in cases with an extralumi-
nal growth pattern. It is not known whether procedure-
related dissemination will be a possible late complication, 
but this has not been reported to date. It is important to 
close the mucosal incisions appropriately with endoclips 
after tissue sampling to prevent post-procedure compli-
cations. 

In conclusion, although it is generally accepted that 
EUS-FNA is the gold standard for obtaining biopsies for 
histological and cytological analysis of  suspected gastric 
GIST, MIAB may be chosen as an alternative diagnostic 
modality only when the lesion has an intraluminal growth 
pattern. Further studies will be required to further assess 
MIAB, including randomized controlled trials to compare 
MIAB with EUS-FNA. 
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