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Abstract
AIM: To assess the value of double-balloon enteros-
copy (DBE) for the diagnosis of gastrointestinal mesen-
chymal tumors (GIMTs) in the small bowel and clarify 
their clinical and endoscopic characteristics.

METHODS: A retrospective review in a total of 783 
patients who underwent a DBE procedure from Janu-
ary 2003 to December 2011 was conducted. Data from 
patients with pathologically confirmed GIMTs were 
analyzed at a single tertiary center with nine years’ 
experience. The primary outcomes assessed included 
characteristics of patients with GIMTs, indications for 
DBE, overall diagnostic yield of GIMTs, endoscopic 
morphology, positive biopsy, comparison of diagnosis 
with capsule endoscopy, and subsequent interventional 
management.

RESULTS: GIMTs were identified and analyzed in 
77 patients. The mean age was 47.74 ± 14.14 years 

(range: 20-77 years), with 63.6% being males. The 
majority of individuals presented with gastrointestinal 
bleeding, accounting for 81.8%, followed by abdomi-
nal pain, accounting for 10.4%. Small bowel patholo-
gies were found in 71 patients, the detection rate was 
92.2%. The diagnostic yield of DBE for GIMTs was 
88.3%. DBE was superior to capsule endoscopy in the 
diagnosis of GIMTs (P  = 0.006; McNemar’s χ 2 test). 
Gastrointestinal stromal tumor was the most frequent 
and leiomyoma was the second frequent GIMT. Single 
and focal lesions were typical of GIMTs, and masses 
with smooth or unsmooth surface were the most com-
mon in the small bowel. GIMTs were removed from all 
the patients surgically except one patient treated with 
endoscopic resection. 

CONCLUSION: DBE is a safe and valuable procedure 
for patients with suspected GIMTs, and it provides an 
accurate position for subsequent surgical intervention. 
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INTRODUCTION
Small bowel diseases (SBDs) are less common in the 
entire digestive tract[1]. As a result of  deep anatomical 
location of  the small bowel (SB) and nonspecific clinical 
manifestations of  SBDs, the diagnosis and management 
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of  SBDs are frequently delayed, leading to considerable 
medical cost and poor prognosis[2]. Early identification, 
diagnosis and intervention for SBDs become extremely 
important in clinical practice. With the development of  
capsule endoscopy (CE) and balloon-assisted enteros-
copy (BAE), a new era has been created for the diagnosis 
of  SBDs.

Gastrointestinal mesenchymal tumors (GIMTs), includ-
ing myogenic tumors, neurogenic tumors and gastroin-
testinal stromal tumors (GISTs), account for less than 
10% of  gastrointestinal tumors[3-5]. Radiological imaging, 
such as barium study, computed tomography and angiog-
raphy, is usually performed to examine GIMTs without 
the advent of  CE and double-balloon enteroscopy (DBE). 
Traditional examination by barium study is feasible for 
biggish intraluminal SBTs[6,7]. CT is used to locate the le-
sion, assess for invasion and detect metastasis of  SBTs[8,9]. 
Angiography is effective for detecting SBTs with active 
bleeding. GIMTs are common in the SB, varying from the 
duodenum to the ileum[10]. Their true incidences might 
be higher than those reported, as novel methods such 
as CE and BAE are much more sensitive and specific in 
diagnosing GIMTs than conventional methods[7]. CE is 
performed to detect SBTs and produce a higher detection 
rate due to its advantage of  invasiveness[11-14]. 

Several studies reported DBE for the diagnosis of  
SBTs, indicating that DBE is a safe and effective pro-
cedure that enables accurate diagnosis of  SBTs[15-19]. To 
date, few studies have reported the diagnosis of  GIMTs 
by DBE and described their clinical and endoscopic fea-
tures. This study was conducted retrospectively to evalu-
ate the usefulness and safety of  DBE for the diagnosis of  
GIMTs and to understand their clinical and endoscopic 
characteristics.

MATERIALS AND METHODS
Patients
Retrospective chart review was conducted in 783 con-
secutive patients who were suspected to have SBDs and 
investigated by DBE between January 2003 and Decem-
ber 2011 at a single center (a university teaching hospital). 
The data of  the patients were reviewed, including de-
mographic data, examinations prior to DBE, indications 
for DBE, the locations of  GIMTs, endoscopic findings, 
removal mode of  GIMTs, histopathological findings and 
postoperative management.  

Written informed consents were obtained from each 
patient and/or their guardians. The study was approved 
by the Institutional Review Board of  Nanfang Hospital, 
Southern Medical University, Guangzhou, China.

DBE procedure
All DBE procedures were performed with no absolute 
contraindications. A low residue and liquid diet was pre-
scribed for the patients undergoing this procedure, and 
colored food was avoided at least one day prior to the 
procedure. All the patients completed bowel cleansing 

preparation by ingesting a 1.8-2 L polyethylene-glycol 
solution followed by an overnight fasting, at least 6-10 h 
prior to the start of  the procedure.

The Fujinon DBE system (Fujinon Inc, Japan) intro-
duced in our center in 2003 was used and reported previ-
ously elsewhere[20-22]. All procedures were carried out by 
experienced endoscopists. The selection of  transoral or 
transanal approach was based on the clinical manifesta-
tions and/or suspected findings from prior examinations 
such as barium study, CT scan, and CE findings. The op-
posite routine was performed after making a positional 
mark by India ink if  negative findings were detected by 
the peroral routine, and vice versa. If  a lesion was de-
tected by DBE, a positional mark was performed as well.

Statistical analysis
Statistical analysis was performed using the software 
SPSS Version 17.0 for Windows. Continuous data were 
presented as means, mean ± SD or range, and categori-
cal variables were expressed as frequency or percentages. 
The χ 2 test was used to compare differences in categori-
cal variables examined. Agreement analysis was assessed 
by the Kappa statistic. A P value < 0.05 (two-sided) was 
considered statistically significant. 

RESULTS
Demographics of clinical data
A total of  77 inpatients who underwent DBE were iden-
tified; their final diagnoses were confirmed as GIMTs by 
histopathology and/or surgery. Characteristics of  all the 
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Table 1  Demographic data of patients undergoing double-
balloon enteroscopy

Characteristics

Sex (M/F) 49/28
Age (mean ± SD, range, yr) 47.74 ± 14.14 (20-77)
Duration (mean ± SD, range, mo)    25.0 ± 37.7 (0.2-156)
Prior blood transfusion (Y/N) 46/31
Prior abdominal/pelvic surgery (Y/N)   8/69
Previous examination before DBE
   Gastroduodenoscopy 73
   Colonoscopy 66
   Push enteroscopy   1
   Barium study 10
   CT 12
   MRI   2
   Angiography   2
   Meckel’s scan   3
   Bone marrow aspiration   2
Indications for DBE
   Melena/hematochezia 63
   Abdominal pain   8
   Debilitation   1
   Vomiting   1
   Distention   1
   Weight loss   1
   Physical examination   2

M: Male; F: Female; Y: Yes; N: No; DBE: Double balloon enteroscopy; CT: 
Computed tomography; MRI: Magnetic resonance imaging. 



patients are shown in Table 1. The mean age was 47.74 ± 
14.14 years (range: 20-77 years), with 63.6% being males. 
The majority of  patients presented with GI bleeding, 
accounting for 81.8%, followed by abdominal pain, ac-
counting for 10.4%.

All the patients underwent other medical examina-
tions prior to DBE, including gastroduodenoscopy (73 
cases), colonoscopy (66 cases), and push enteroscopy (1 
case), and yielded negative or suspected diagnoses. Bari-
um study was conducted in 10 patients, only one patient 
was suspected of  having a SBT. Twelve patients received 
CT scan, SBT was found in two patients and suspected 
SBT was found in one patient. Two patients were found 
to have suspected SBT by magnetic resonance imaging, 
2 by angiography, 3 by Meckel’s scan and 2 by bone mar-
row aspiration.

Thirty-one patients underwent CE examination be-
fore DBE within an interval of  two weeks. All patients 
successfully completed CE procedures which reached 
the colon. Positive diagnoses were made in 11 patients, 
and suspected diagnoses in 8 patients. No lesion was de-
tected in 12 patients. No complications occurred during 
and after the procedure. Thirty-seven DBE procedures 
were performed in 31 patients, including 22 antegrade 
approaches, 3 retrograde approaches, and 6 combinations 
of  the two approaches. The sensitivity of  DBE and CE 
for the diagnosis of  GIMTs was 93.5% and 61.3%, re-
spectively. DBE for the diagnosis of  GIMTs was superior 
to CE (P = 0.006, McNemar’s χ 2 test) (Table 2).

Endoscopic diagnosis and management 
A total of  93 DBE procedures were performed in 77 
patients, including 49 antegrade DBE approaches, 12 
retrograde DBE approaches and 16 combinations of  the 
two approaches. Total enteroscopy (TE) was achieved in 
3 patients. Lesions were found in the small bowel in 71 
patients, the detection rate for GIMTs being 92.2%. Clear 
diagnosis was established in 68 patients, and the diagnos-
tic yield of  DBE for GIMTs was 88.3%. Multiple tissue 
samplings were made in 41 cases; positive diagnoses were 
obtained in 5 cases. Only one therapeutic procedure was 
performed in one patient, i.e., a leiomyoma (8 mm) was 
removed by DBE. All the patients successfully completed 
the entire DBE procedure, without any complications oc-
curring during and after the procedure.

Among 9 patients with unclear diagnosis by DBE, 

one was found with overt, ongoing bleeding, and two 
were found with single ulcerative lesions in proximal 
small bowel, respectively. No abnormality was found in 
six patients, including two patients treated with the com-
bination of  the two approaches (neither completed TE), 
one with the antegrade approach, the other three with the 
retrograde approach. Patients with indefinite diagnoses 
underwent surgical procedures (laparotomy or laparo-
scopic exploration) because of  persistent symptoms. Five 
patients had GIMTs with extraluminal growth confirmed 
by surgery; one patient undergoing the antegrade ap-
proach had a GIMT located in the ileum.   

Endoscopic and clinical features
Endoscopic diagnosis was established in the overwhelm-
ing majority of  the patients. Most GIMTs presented as a 
single lesion under the endoscopic view, protruding into 
the intra-luminal mass in the small bowel. The unsmooth 
surface of  the tumor was seen most frequently, showing 
the appearance of  erosion or ulcer (Figure 1). The second 
frequent morphology was a mass with smooth surface, 
indicating a tumor with sessile base in a rounded or oval 
shape (Figure 2). Rare GIMTs presented with irregular 
shapes under endoscopic view.

In this study, GIMTs with confirmed diagnoses in-
cluded GIST (60 cases), leiomyoma (6 cases), lipoma (3 
cases), hemangioma (3 cases), lymphangioma (3 cases), 
fibrous histiocytoma (1 case), and angiosarcoma (1 case). 
Based on the primary sites of  tumors, GIMTs in our 
study were all primary tumors verified surgically and 
pathologically. Two kinds of  GIMTs were detected on 
the basis of  site, including intra- and extra-luminal tu-
mors. Intra-luminal GIMTs were detected most frequent-
ly and verified by endoscopy and surgery (Figures 1, 2). 
A single lesion was most frequently examined, except in 
two patients who had multiple lymphangiomas. GIMTs 
were detected most frequently in the jejunum (60 cases), 
and next in the ileum (16 cases) and duodenum (1 case). 
No spread and metastasis was investigated and confirmed 
after surgical removal.

Postoperative management and follow-up
The findings of  DBE changed the therapeutic plan and 
enabled all the patients to receive early intervention. The 
clinical symptoms disappeared after surgery and all the 
patients felt an improvement in their conditions. They 
received an average follow-up time of  14.5 mo after in-
tervention, and important improvements were obtained 
in the patients after DBE and surgical intervention. No 
complication was reported.

DISCUSSION
Since the introduction of  CE and DBE, the blind spot 
of  the entire GI tract has been revealed and investigated 
thoroughly. Our study reported the diagnosis of  GIMTs 
using the DBE technique and their clinical characteristics. 
We analyzed the data of  all the subjects registered in the 
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Table 2  Comparison of diagnosis in 31 patients evaluated 
by capsule endoscopy and double balloon enteroscopic 
investigation

CE findings (n  = 31) DBE findings (n  = 31) Total

Positive Negative

Positive 18 1 19
Negative 11 1 12
Total 29 2 31

Kappa = 0.036. CE: Capsule endoscopy; DBE: Double-balloon enteroscopy. 
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with negative diagnoses. Most GIMTs in the small bowel 
may be malignant and invasive. Early detection and diag-
nosis of  GIMTs using DBE would be conducive to early 
intervention and improvement of  prognosis. Therefore, 
DBE is a reliable method as a complementary tool for 
traditional methods (such as barium meal and CT) or as a 
direct means for detecting GIMTs in the small bowel.

As a noninvasive and pain-free tool for investigating 
the small bowel, these advantages have made CE more 
competitive than DBE. Previous studies have shown 
that using CE to diagnose SBTs produced a higher ac-
curacy in suspected patients[2,11,14,23]. Even though a small 
proportion of  subjects received CE examinations before 
DBE, clear diagnosis for GIMTs established by CE was 
significantly lower than that by DBE in this study. This 
may be because of  the nature of  CE and confirmation 
of  previous reports. CE is performed to visualize the 
GI tract according to bowel movement, this feature is 

DBE database in China, which represented more than 
780 patients investigated by DBE for a variety of  indica-
tions after the introduction of  this modality. DBE pro-
duced a higher detection rate because GIMTs were diag-
nosed in 77 (9.8%) of  783 subjects who were suspected 
to have SBDs.  

Other diagnostic modalities such as barium study and 
CT scan were used to detect SBTs prior to the introduc-
tion of  CE and DBE. However, confirmative analysis is 
unfeasible for GIMTs. Moreover, surgical intervention 
should be performed cautiously in patients with indefinite 
diagnosis by these examinations. Small lesions are diffi-
cult to examine by these traditional examinations. DBE is 
performed to permit real-time visualization of  the tumors 
and make a positional mark, which helps the surgeons to 
reveal the lesions. In our study, prior examinations only 
established clear diagnoses in a few patients. This may 
result in delayed interventions for GIMTs in patients 
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Figure 1  Unsmooth surface of verified gastrointestinal mesenchymal tumors, showing the appearance of erosion or ulcer. A, B, F: Ulcerative lesions in the 
surface of the tumors; C, D, E: Ulcerative and depressed pits (A-D: Gastrointestinal mesenchymal tumor; E: Leiomyoma; F: Lipoma). 
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both an advantage and a disadvantage. False positive or 
false negative findings for SBTs are the significant limita-
tions of  CE[24,25]. Missed diagnosis may occur during the 
examination because of  only forward movement[26]. An 
intra-luminal tumor without mucosal damage or with less 
protuberance into the lumen is a significant challenge for 
CE to establish a clear diagnosis. In diagnosis of  GIMTs 
in this study, CE failed to detect the presence of  tumors 
in some patients. This shortcoming can be overcome by 
DBE through straightening the intestinal tube, which can 
reduce greatly the possibility of  missed tumors. More-
over, severe complications, such as intestinal obstruction 
or CE retention, may occur during the procedure[27-31]. 

The most important aspect is that biopsy and histopatho-
logical establishment are unavailable for CE. These short-
comings of  CE can be overcome by BAE. 

Although previous studies have reported the diag-
nosis of  DBE for SBTs and characterized the features 
of  SBTs,[15,17-19,32] there are differences in distinct types 
of  tumors arising from different tissues. Furthermore, 
a few patients with confirmed GIMTs were detected in 
these studies. The present study exclusively focused on 
the diagnosis and characteristics of  GIMTs investigated 
by DBE. In theory, tumors from mesenchymal tissues 
have similar clinical and endoscopic characteristics. As 
reported in the literature[17-19,32], most SBTs are detected 
in adult patients and GI bleeding is a major indication for 
the DBE procedure. We found that patients with GIMTs 
were all adults. Males predominantly accounted for more 

than half  of  the patients. GI hemorrhage is the most 
frequent symptom of  GIMTs. The main site of  SBTs re-
ported in the literature is the ileum[33]. Confirmed GIMTs 
from the current findings were almost exclusively located 
in the jejunum. Moreover, our rate of  GIMTs (77/783) 
is higher than that previously reported[18]. In fact, GISTs 
represented 77.9% of  GIMTs in our series. It is reported 
that this type of  tumor is more frequently seen in the 
proximal small bowel[18,19]. 

We found that a single and focal lesion is typical of  
GIMTs, and that masses with a smooth or unsmooth sur-
face are the most common in the small bowel. As far as 
GIMTs were concerned, precise diagnosis is readily con-
cluded using the DBE procedure before histopathologi-
cal analysis, which is judged by the endoscopic character-
istics of  GIMTs. According to our experiences and the 
findings of  the present study, preoperative endoscopic 
diagnosis is consistent with the final histological diagno-
sis. As reported by Mitsui et al[18] 40.9% of  patients with 
GISTs were positively diagnosed by the biopsy specimen. 
In our series, the rate of  positive diagnosis by biopsy pa-
thology was lower in patients with GIMTs (12.2%) than 
that reported previously. Biopsy diagnosis for GIMTs is 
not as effective as postoperative pathology of  the excised 
specimen. Therefore, endoscopic diagnosis by BAE for 
GIMTs is effective and significant in clinical practice.

In conclusion, DBE is a safe and valuable procedure 
for patients with suspected GIMTs, and provides accu-
rate position for subsequent surgical intervention. 

DC
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Figure 2  Morphology of verified tumors with smooth surface, indicating tumors with sessile base in round or oval shape. A-C: Single tumor with round shape 
and smooth surface (A, B: Gastrointestinal mesenchymal tumor; C: Lipoma; D: A polyp-like tumor with expanded tail, and hemangioma was confirmed by post-surgical 
pathology). 
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