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ORIGINAL ARTICLE: Clinical Endoscopy

Indications, detectability, positive findings, total enteroscopy, and
complications of diagnostic double-balloon endoscopy: a systematic
review of data over the first decade of use

Lei Xin, MD,* Zhuan Liao, MD,* Yue-Ping Jiang, MD,* Zhao-Shen Li, MD

Shanghai, China

Background: Double-balloon endoscopy (DBE) has been used in clinical practice for nearly 10 years.

Objective: To systematically collect and produce pooled data on indications, detection rate, total enteroscopy,
complications, and the composition of positive findings in diagnostic DBE.

Design: A systematic review.

Main Outcome Measurements: We searched PubMed between January 1, 2001 and March 31, 2010 for original
articles about DBE evaluation of small-bowel diseases. Data on total number of procedures, distribution of
indications, pooled detection rate, pooled total enteroscopy rate, and composition of positive findings were
extracted and/or calculated. In addition, the data involving DBE-associated complications were analyzed.

Results: A total of 66 English-language original articles involving 12,823 procedures were included. Suspected
mid-GI bleeding (MGIB) was the most common indication (62.5%), followed by symptoms/signs only (7.9%),
small-bowel obstruction (5.8%), and Crohn’s disease (5.8%). The pooled detection rates were 68.1%, 68.0%,
53.6%, 63.4%, and 85.8% for overall, suspected MGIB, symptoms/signs only, Crohn’s disease, and small-bowel
obstruction, respectively. Inflammatory lesions (37.6%) and vascular lesions (65.9%) were the most common
findings, respectively, in suspected MGIB patients of Eastern and Western countries. The pooled total enteros-
copy rate was 44.0% by combined or antegrade-only approach. The pooled minor and major complication rates
were 9.1% and 0.72%, respectively.

Limitations: Inclusion and exclusion criteria were loosely defined.

Conclusion: The detectability and complication risk of diagnostic DBE are acceptable. Suspected MGIB is the
most common indication, with a relatively high detection rate, but there was a difference in its causes between
Western and Eastern countries. (Gastrointest Endosc 2011;74:563-70.)
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Endoscopy has become enormously popular through-
out the world because of its proven values in the diagnosis
and treatment of digestive diseases.1 Since the first article
ntroducing double-balloon endoscopy (DBE) was pub-
ished in Gastrointestinal Endoscopy in 2001,2 DBE has
been widely used in clinical practice worldwide. DBE can

Abbreviations: DBE, double-balloon endoscopy; MGIB, mid-GI bleeding.
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ncluding handing control, biopsy, and endoscopic treat-
ent. Therefore, DBE has been performed in many med-

cal centers for the diagnosis of patients with small-bowel
igns and symptoms or for the treatment of patients with a
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A systematic review of diagnostic double-balloon endoscopy Xin et al
clear diagnosis. Because of its relatively high detectability
of small-bowel lesions, the composition of positive find-
ings of DBE can reflect the small-bowel disease pattern to
some extent, especially in terms of obscure GI bleeding.3

Although DBE is widely recognized as a useful diagnostic
modality, there still exists the possibility of missing poten-
tial lesions or inaccessibility to the entire small bowel, and
major complications such as pancreatitis and perforation
have been reported.4-6

Up to now, there have been many published original
articles across the world addressing the technical aspects
and positive findings of DBE; however, most of these
studies were of small sample size and show inconsistent, if
not controversial, data among different settings and in
different countries.7-10 Moreover, over the past decade,
here was no systematic review of the overall performance
f diagnostic DBE nor was there a comprehensive ap-
raisal of the pros and cons of diagnostic DBE. Therefore,
e performed this systematic review of all eligible studies

elated to diagnostic DBE during the decade of develop-
ent in order to produce state-of-the-art data on indica-

ions, detectability, total enteroscopy, and complications
n examining small-bowel diseases. Moreover, positive
ndings of DBE, especially in patients with small-bowel
leeding, were collected and analyzed to reflect the spec-
rum of small-bowel disease in different regions.

METHODS

Strategy, criteria, and procedures for the
literature search

The literature search was conducted in PubMed on
April 1, 2010, and all publications related to DBE between
January 1, 2001 and March 31, 2010 were retrieved. The
search terms were “double-balloon endoscopy OR
double-balloon enteroscopy OR double-balloon endo-
scope OR push-and-pull enteroscopy OR small-bowel en-
doscopy,’’ which were mainly based on the Medical Sub-
ject Headings (MeSH) of Pubmed. Additionally, the search
was limited to “humans” and “English.”

Inclusion and exclusion criteria were delineated before
commencement of the literature search. All initial search
results were reviewed by titles and abstracts. The potential
original articles mainly focusing on diagnosing small-
bowel diseases were identified, and full texts were ob-
tained and reviewed for further manual data retrieving.
Studies in which DBE was performed for the evaluation of
gastric or colonic diseases or for a therapeutic purpose
only were excluded. Studies in which DBE was used with
other diagnostic tools for small-bowel diseases were in-
cluded, but only DBE data were collected. Studies that
reported both diagnostic and therapeutic DBEs were in-
cluded, but only data on the diagnostic aspect such as
indications, detectability, positive findings, and complica-
tions were retrieved. In the case of multiple publications of

the same dataset, we selected only the version with most s
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ases or the most relevant version. All articles other than
riginal contributions, such as case reports, reviews,
uideline/consensus articles, meta-analyses, comments,
ditorials, letters, and news were excluded from further
xtraction of the data defined hereafter. The detailed
earch procedures are outlined in Figure 1.

efinitions
In order to include all relevant articles without loss of

he fundamental meanings of the terms, major parameters
uch as indications, positive findings, complications, and
ther parameters assessed in the present study were de-
ned in a relatively broad way, so that data on these
arameters from different studies could be identified, col-
ected, and categorized.

Indications were defined as the primary reasons for
BE. According to the reclassification of GI bleeding,11 the

erm suspected mid-gastrointestinal bleeding was adopted
nd defined as overt or occult bleeding from the GI tract
hat persists or recurs without positive findings after upper
nd/or lower GI endoscopy and in which small-bowel
leeding was suspected. Crohn’s disease was defined as
efinite or suspected Crohn’s disease on the basis of the
linical course or colonoscopy findings.12 Celiac disease
ncluded definite disease according to duodenal histology
r suspected disease based on weight loss, anemia, diar-
hea, and other symptoms relating to a gluten-containing
iet.13 Indication of neoplastic lesions referred to the sit-
ation in which patients were screened for small-bowel
umors or polyposis because of alarming signs and symp-
oms or relevant family history (eg, familial polyposis).14

mall-bowel obstruction was defined as the presence of
bdominal pain, vomiting, or other symptoms and related
maging supporting complete or partial blockage of the
mall bowel.15 Any clinical symptoms such as abdominal
ain, diarrhea, weight loss, and other major GI complaints
ot included in any of the previous categories were cate-
orized as indications of symptoms/signs only. Abnormal-
ties in other modalities were defined as suspected GI
esions found in other examinations (capsule endoscopy,
olonoscopy, CT, etc) that required DBE for further con-
rmation. Indications not stated earlier were categorized
s others.

In this review, DBE findings that could explain the

Take-home Message

● Double-balloon endoscopy (DBE) is a valuable modality,
with a pooled detection rate of 68.1% for all small-bowel
disease. Inflammatory lesions and vascular lesions are the
most common findings in patients with suspected mid-GI
bleeding in Eastern and Western countries, respectively,
according to DBE.
ymptoms of the patient and resulted in a change in
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Xin et al A systematic review of diagnostic double-balloon endoscopy
therapeutic management were considered positive find-
ings, which included any clinically significant findings
in the entire GI tract. Because a number of patients
underwent two or more DBE procedures, the detection
rate was calculated as the ratio of cases with positive
findings over all cases; this approach has been applied
in most previous relevant studies.10,12,15-17 The positive
findings for composition analysis were hereby limited to
small bowel and were further classified into 5 broad
categories based on most of the articles, that is, vascular
lesions (including angiectasia, arteriovenous malforma-
tion, varix, active bleeding, etc), inflammatory lesions
(including Crohn’s disease, erythema, erosions, ulcers,
etc), neoplastic lesions (benign or malignant), divertic-
ula, and others (any positive findings not included in

Figure 1. Flow chart for literature search on original articles relevant
the previous categories). v

www.giejournal.org V
Total enteroscopy was defined when the entire small
owel was successfully visualized, either through ante-
rade (oral) or combined (oral and anal) approaches
ccording to a tattoo mark. Accordingly, the total en-
eroscopy rate was defined as the ratio of cases with the
nteroscopy successfully passing through the entire
mall intestine over the total cases, with attempts to
xamine the entire small intestine before or after the
rst approach.
Complications of DBE were defined as any adverse

vents that occurred during and after the procedures
nd were divided into minor and major categories. The
ormer included GI symptoms such as nausea, vomiting,
bdominal distension, and other transient and self-
imiting symptoms. The latter included any severe ad-

gnostic double-balloon endoscopy. DBE, double-balloon endoscopy.
erse events that required hospitalization and/or an
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A systematic review of diagnostic double-balloon endoscopy Xin et al
endoscopic or surgical intervention and/or contributed
to the death of the patient. Complication rate was de-
fined by the ratio of the number of procedures with
complications over total procedures.

Data extraction from eligible articles
The total numbers of patients and DBE procedures were

collected, followed by collection of the indication data when-
ever the data were consistent with the earlier definitions, or
the original data could be categorized based on the defini-
tions. The results of positive findings, total enteroscopy rate,
and complication rate were generated from articles with
adequate information. Then, available data about detection
rate for each of the defined indications and positive findings
of suspected mid-GI bleeding were separately extracted for
further analyses. Missing data or indeterminate definitions
were resolved by direct contact with authors if possible. Two
authors (L.X., Z.L.) identified the relevant original articles and
extracted the data independently, whereas the third author
(Z.-S.L.) checked the results. If a disagreement existed, the
relevant procedures were repeated until a consensus was
achieved among the authors.

Statistical analysis
Meta-analysis for the pooled results of the detection rate, total

enteroscopy rate, and complication rate were performed. Statis-
tical heterogeneity was measured by using Cochran’s Q test; a P
alue � .05 was considered significant for heterogeneity. A
xed or random effects model was applied when there was
onsignificant or significant heterogeneity. Moreover, the 95%
onfidence interval (CI) also was calculated. All analyses were
erformed with StatDirect Statistical software, version 2.7.8
StatsDirect Ltd, Altrincham, UK).

RESULTS

Bibliometrics
A total of 459 articles of any publication type were iden-

tified at the initial search. When the titles or abstracts were
screened, 32 articles were found to have no or minimum
relevance to DBE and thus were excluded from further re-
view. Of the remaining 427 articles mainly relevant to DBE,
154 were categorized as original articles (Fig. 1).

The total number of DBE-related original articles increased
steadily between 2001 and 2004, sharply after 2004, reached a
peak in 2007, and then decreased in 2008 and 2009 (Fig. 2). Of
the 154 original articles, 88 did not specifically address the
performance of diagnostic DBE in small-bowel disease. There-
fore, a total of 66 original articles (31 prospective studies, 35
retrospective studies) regarding DBE, involving 8957 patients
(12,823 procedures), were finally included in the analysis (Fig.
1). According to the authors’ institutions, 33 (50.0%) articleswere
from Asia, 22 (33.3%) were from Europe, 7 (10.6%) were from
North America, and 4 (6.1%) were from other regions. Full texts

of all 66 articles were successfully obtained from online access, c
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he authors, or libraries, and the required data were collected
nd/or calculated.

ndications
Indications consistent with the earlier-mentioned defini-

ions were described in 58 studies with 8424 patients and
2,267 procedures in total. Suspected mid-GI bleeding was
he most common indication, accounting for 5268 (62.5%)
atients, followed by symptoms/signs only (7.9%), small-
owel obstruction (5.8%), Crohn’s disease (5.8%), abnormal-
ty in other modalities (4.8%), neoplastic lesions (4.6%), and
eliac disease (0.5%). Moreover, 686 (8.1%) patients were

igure 2. Trends of total number of articles (n � 435) and original
rticles (n � 146) on double-balloon endoscopy from 2001 to 2009.

TABLE 1. Indications for double-balloon endoscopy in
the final included original articles

Indication
No. of patients

(procedures)
% of patients

(procedures, %)

Suspected mid-GI
bleeding

5268 (7384) 62.5 (60.2)

Symptoms/signs
only

662 (820) 7.9 (6.7)

Small-bowel
obstruction

490 (848) 5.8 (6.9)

Crohn’s disease 486 (748) 5.8 (6.1)

Abnormality in
other modalities

404 (741) 4.8 (6.0)

Neoplastic lesion 384 (572) 4.6 (4.7)

Celiac disease 44 (51) 0.5 (0.4)

Other 686 (1103) 8.1 (9.0)

Total 8424 (12,267) 100.0 (100)
ategorized to other indications (Table 1).

www.giejournal.org
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Detection rates and composition of positive
findings

Detection rates according to patients were reported in 45
studies involving 5615 patients. The total pooled detection rate
was 68.1% (95% CI, 64.3%-71.7%). Detection rates specifically
reported for the indications were: suspected mid-GI bleeding,
31 studies; symptoms/signs only, 8 studies; Crohn’s disease, 8
studies; and small-bowel obstruction, 4 studies, with the rates
being 68.0%, 53.6%, 63.4%, and 85.8%, respectively (Table 2).

hen these 45 articles were analyzed according to regional
istribution, the total pooled detection rates were 70.5%, 66.7%,
0.8%, and 65.5%, respectively, in Asia, Europe, North America,
nd other regions (Table 3).

Detailed positive DBE findings were described in 41 articles.
mong the 4657 patients, 3417 positive findings were detected.
mong these positive findings, inflammatory lesions were the
ost common diagnoses, with a proportion of 32.7% (n �

116), followed by vascular lesions (29.3%, n � 1001), neoplas-
ic lesions (22.8%, n � 780), other lesions (11.3%, n � 387), and
iverticula (3.9%, n � 133) (Table 4). When this analysis was

TABLE 2. Pooled detection rate according to
indications

Indication

No. of
articles

(total cases)

Pooled
detection

rate, % 95% CI, %

Suspected mid-
GI bleeding

31 (2889) 68.0 62.9-72.8

Symptoms/signs
only

8 (481) 53.6 44.6-62.5

Crohn’s disease 8 (180) 63.4 42.0-82.3

Small-bowel
obstruction

4 (114) 85.8 67.5-97.3

Total 45 (5615) 68.1 64.3-71.7

CI, Confidence interval.

TABLE 3. Pooled detection rate according to region

Region

No. of
articles
(total

patients)

Pooled
detection

rate, % 95% CI, %

Asia 23 (3337) 70.5 65.5-75.3

Europe 16 (1602) 66.7 60.6-72.6

North America 4 (576) 60.8 42.8-77.5

Other 2 (100) 65.5 45.4-83.1

Total 45 (5615) 68.1 64.3-71.7

CI, Confidence interval.
imited to the suspected mid-GI bleeding indication, with 1648 p

www.giejournal.org V
ositive findings, the sequence was vascular lesions (40.4%),
nflammatory lesions (29.9%), neoplastic lesions (22.2%), diver-
icula (4.9%), and other lesions (2.7%) (Table 4). The composi-
ions in Europe, America, and Australia were similar, where
ascular lesions accounted for 62.2%, 63.0%, and 70.5%, respec-
ively. However, the distribution in the positive findings was
ifferent between Eastern countries (China, Japan, Korea, etc)
nd Western countries/continents (Europe, North America, and
ustralia), with inflammatory lesions (37.6%) and vascular le-
ions (65.9%) being the most common findings, respectively, in
he two regions (Fig. 3).

otal enteroscopy rate
Data on total enteroscopy were reported in 23 studies

nvolving 1143 patients, with successful total enteroscopy
eing achieved in 569 patients. Thus, the pooled total
nteroscopy rate was 44.0% (95% CI, 35.0%-53.3%). In the

TABLE 4. Composition of positive findings in patients
with all indications and only suspected mid-GI bleeding

Category of
finding

All
indications,

no. (%)

Suspected
mid-GI

bleeding,
no. (%)

Inflammatory
lesion

1116 (32.7) 493 (29.9)

Vascular
lesion

1001 (29.3) 665 (40.4)

Neoplastic
lesion

780 (22.8) 366 (22.2)

Diverticulum 133 (3.9) 80 (4.9)

Other lesion 387 (11.3) 44 (2.7)

Total positive
findings

3417 (100.0) 1648 (100.0)

igure 3. Composition of positive findings in patients with obscure GI
leeding according to regional distribution.
atients with successful total enteroscopy, only 1.6% (9/

olume 74, No. 3 : 2011 GASTROINTESTINAL ENDOSCOPY 567
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A systematic review of diagnostic double-balloon endoscopy Xin et al
569) was completed by the antegrade approach, and oth-
ers were by a combined approach.

Complication rate
Overall, data on minor complications were described in

15 articles involving 2017 procedures, and a total of 202
minor complications were reported, with a pooled minor
complication rate of 9.1% (95% CI, 5.2%-14.0%). Moreover,
major complications were reported in 40 articles involving
9047 procedures. A total of 61 major complications were
reported, with a pooled major complication rate of 0.72%
(95% CI, 0.56%-0.90%). The major complications included
perforation (n � 20), pancreatitis (n � 17), bleeding (n �
6), aspiration pneumonia (n � 8), and others (n � 10). In
the 20 patients with perforation, 5 had inflammatory
bowel disease (3 of whom underwent related surgery), 4
had a history of surgery, and 3 had tumors where the
perforation was located. In the 6370 antegrade DBE pro-
cedures, the pooled pancreatitis rate was 0.49% (95% CI,
0.33%-0.67%). During the 40 studies, only one procedure-
related death was reported (0.01%). An 83-year-old man
with underlying chronic obstructive pulmonary disease
and ischemic heart disease died of acute myocardial in-
farction during an antegrade DBE procedure with the
indication of recurrent overt bleeding.18

DISCUSSION

The diagnostics of small-bowel diseases have evolved
dramatically since the advent of both capsule endoscopy
and DBE over the past decade. A large number of studies
on diagnostic DBE have been reported for its significant
advantages in evaluating small-bowel diseases, especially
when compared with push endoscopy and other conven-
tional diagnostic tools.19-21 Our study determined that the
ooled detection rate of DBE was 68.1% for all patients.
here are several possible explanations for the inability to

dentify lesions in about one-third of patients. First, a
onsiderable portion of DBE procedures fail to achieve
otal enteroscopy, as shown in the present study. Second,
he lesions may be missed by previous endoscopic exam-
nations before DBE. Fry et al22 reported that a definite
ource of bleeding outside the small bowel was detected
n 24.3% of patients and suggested that repeat EGD and
leocolonoscopy should be taken into consideration be-
ore DBE. Third, in a proportion of cases, the lesions,
specially in cases of mild bleeding, may have healed
pontaneously and can hardly be differentiated from the
ormal mucosa during DBE examination. Although DBE
ailed to identify a proportion of lesions, we consider that
he performance is acceptable because the symptoms of a
ignificant proportion of patients without positive findings
ould not recur during follow-up.3,15,23,24 In other words,

a “negative” DBE finding may also provide a “positive”

impact in clinical practice. M
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In the present study, suspected mid-GI bleeding was
he most common indication, which covered 62.5% of
ases. Detection rates of DBE for suspected mid-GI bleed-
ng in the large sample size studies were between 49.2%
nd 80.6%.3,15,17,23 The potential explanation for this rela-
ively high heterogeneity would be that there were differ-
nt ratios of overt and occult small-bowel bleeding among
he studies. Tanaka et al25 reported that DBE detection
ates for patients with overt-ongoing, overt-previous, and
ccult bleeding were 100.0%, 48.4%, and 42.1%, respec-
ively, and the difference was statistically significant (P �
005). In the present study, vascular lesions, inflammatory
esions, and neoplastic lesions rank as the top 3 positive
ndings among patients with suspected mid-GI bleeding.
hese observations were consistent with results of our
revious study evaluating the performance of capsule en-
oscopy in diagnosing small-bowel diseases.26 In addi-
ion, our further analysis confirmed an intriguing observa-
ion by Tanaka et al25 that there existed a difference of
omposition of obscure GI bleeding, namely, suspected
id-GI bleeding lesions, between Eastern and Western

ountries. In Eastern countries, inflammatory lesions were
he most common diagnoses (37.6%), followed by vascu-
ar lesions (26.7%) and neoplastic lesions (26.4%), whereas
n Western countries, vascular lesions accounted for nearly
wo-thirds (65.9%) of positive findings, followed by in-
ammatory lesions (15.7%) and neoplastic lesions (14.4%).
ur recent analysis on positive capsule endoscopy find-

ngs of 1232 Chinese patients with obscure GI bleeding
lso showed that tumors and polyps made up nearly 30%
f lesions.27 Therefore, special attention should be paid to
mall-bowel tumors for patients with suspected mid-GI
leeding in Eastern countries, although there has been no
alid explanation for the variation in pathologies between
atients with mid-GI bleeding among different regions.
The total enteroscopy rate and complication rate of DBE

ave caused much concern in both physicians and patients,
ecause in most cases the lesions were detected during the
rst attempt, and thus there was no need for an additional
pposite approach to visualize the entire small bowel. There-
ore, the total enteroscopy rate analysis in the present review
as performed strictly in patients in whom an attempt to
xamine the entire small intestine was made, and the total
nteroscopy rate in all 12,823 DBEs cannot be estimated. In
143 such cases, the pooled total enteroscopy rate was
4.0%, leaving the possibility of missing lesions. With this
elatively low rate, no studies so far have tried to determine
pecifically the factors that contributed to the incomplete
xamination of total enteroscopy and the corresponding so-
utions, which is an area that requires further investigation.

DBE is considered to be a safe procedure with few com-
lications, most of which are minor. The present study
howed a minor complications rate of 9.1%. Similar to any
ndoscopic procedures, minor complications encountered
nclude throat discomfort, abdominal distension, or fever.

oreover, major complications may occur in some cases.

www.giejournal.org
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The present study showed a major complication rate of
0.72%, which is lower than the largest-ever study from the
German DBE register,28 which included 3894 diagnostic and
nterventional DBEs with 48 (1.2%) major complications.
owever, in the German study, pancreatitis occurred in
.34% of cases after antegrade DBE, and major bleeding and
erforation occurred mainly during interventional proce-
ures. The inclusion of interventional procedures may ex-
lain the major difference between the two studies. In addi-
ion, 8 cases with aspiration pneumonia were collected in this
eview, and all of them were reported during antegrade
BE,12,25,29,30 which indicates that antegrade DBE requiring

sedation should always be conducted with close monitoring
both during and after the procedure to prevent aspiration
pneumonia or respiratory compromise. Based on the present
study, perforation and pancreatitis are the most frequent
major complications for diagnostic DBE and should be taken
into consideration in written informed consent.

Capsule endoscopy and DBE were compared in some stud-
ies in terms of diagnostic yield or detection rates in order to
determine the most feasible and effective tool for the diagnosis
of small-bowel diseases.6,12,16,17,23 As shown in a meta-analysis
ncluding 11 studies, capsule endoscopy and DBE have com-
arable diagnostic yields in small-bowel disease (capsule en-
oscopy, 60%; DBE, 57%; P � .42).31 However, detection rate is
ot the only performance criterion for physicians to select a
iagnostic tool, and safety plus the ability to examine the entire
mall bowel are also important issues. As shown in our previous
eview,24 the pooled completion rate of capsule endoscopy was
3.5% for overall cases, and the main complication was capsule
etention, with a relatively high retention rate in patients with
rohn’s disease (2.6%) and neoplasms (2.1%). The present re-
iew showed that the pooled total enteroscopy rate of DBE was
4.0%. This rate, after that achieved by capsule endoscopy, was
he second highest among those achieved by all modalities for
mall-bowel disease. However, the total enteroscopy rate of
BE is associated with a possibility of major complications,

ncluding death. Therefore, how to select the DBE approach or
ombine DBE with other modalities for different indications
emands further clinical trials and cost-effectiveness analysis.

There are several limitations to our study. First, we defined
he major parameters broadly in order to include all relevant
rticles; however, the fundamental meanings of the terms
ere not changed. Second, the relationship between the

omplications and sedation or aspiration during diagnostic
dvancement or during withdrawal and therapy could not be
efined, because the original articles did not specifically
eport the data. Thus, the possibility that some complications,
uch as aspiration pneumonia, may be related to sedation or
spiration cannot be ruled out.

In conclusion, the detection rate and complication rate
f DBE are acceptable. Suspected mid-GI bleeding is the
ost common indication for DBE, with a relatively high
etection rate. Inflammatory lesions and vascular lesions
re the most common findings in patients with suspected
id-GI bleeding in Eastern and Western countries, respec-
ively, according to DBE.
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