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Background/Aims: Single-balloon enteroscopy (SBE) has been widely used in diagnosing small
bowel disease. We conducted this study to systematically appraise its technical and clinical performance.
Methods: Studies on SBE published by September 2018 were systematically searched. Technical and clinical performance data were collected and analyzed with descriptive or meta-analysis
methods.
Results: In total, 54 articles incorporating 4,592 patients (6,036 procedures) were included. Regarding technical parameters, the pooled insertion depths (IDs) for anterograde and retrograde
SBE were 209.2 cm and 98.1 cm, respectively. The pooled retrograde ID in Asian countries was
significantly greater than that in Western countries (129.0 cm vs 81.1 cm, p<0.001). The pooled
anterograde and retrograde procedure times were 57.6 minutes and 65.1 minutes, respectively.
The total enteroscopy rate was 21.9%, with no significant difference between Asian and Western
countries. Clinically, the pooled diagnostic yield of SBE was 62.3%. Obscure gastrointestinal
bleeding (OGIB) was the most common indication (50.0%), with a diagnostic yield of 59.5%. Vascular lesions were the most common findings in Western OGIB patients (76.9%) but not in Asian
ones (31.0%). The rates of severe and mild adverse events were 0.5% and 2.5%, respectively.
Conclusions: SBE is technically efficient and is clinically effective and safe, but total enteroscopy is relatively difficult to achieve with this technique. Etiologies of OGIB in Asian countries
differ from those in Western countries. (Gut Liver 2021;15:262-272)
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INTRODUCTION
Up until the beginning of the current millennium, the
small intestine had long been considered a black box for
digestive endoscopy because of its depth, length and various loops.1 In 2000 and the following year, the invention of
capsule endoscopy (CE) and double-balloon enteroscopy
(DBE) enabled whole small-bowel visualization from different approaches.2,3 Clinical studies have proved the detectability and safety of DBE as well as its ability to perform
therapeutic procedures.4 Despite its wide clinical application, DBE was found to have some technical issues, including complex, cumbersome preparation and handling.

Single-balloon enteroscopy (SBE) system was developed
in 2006 as a simplified version and was clinically approved
in 2007.1 Utilizing one balloon on the tip of the overtube,
SBE system has been thought to be associated with shorter
preparation time and easier handling.5 Up to now, SBE has
been widely used and regarded as an alternative to DBE for
patients with suspected small bowel disease.6
Technical parameters and clinical performance of SBE
are of great interests for endoscopists around the world.
In the past decade, a considerable number of studies on
SBE have been published. However, some studies were of
small sample sizes and to some extent showed inconsistent results, especially regarding insertion depth (ID) and
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total enteroscopy rate. So far, there has been no systematic
review and meta-analysis that evaluates the overall performance of SBE as a diagnostic instrument. We therefore
performed this systematic review and meta-analysis to
include all eligible publications on diagnostic SBE to summarize its indications, positive findings and adverse events
(AEs) and to provide pooled data on total procedure time,
ID, diagnostic yield and total enteroscopy rate.

MATERIALS AND METHODS
1. Search strategy
This study was performed and reported in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (Supplementary File 1). The literature
search was performed in PubMed, Embase and Cochrane
Library on December 15, 2019 aiming for retrieving all
studies relevant to SBE. The full electronic search strategy
used in PubMed was: (“single-balloon enteroscopy” OR
“single-balloon enteroscope” OR “single-balloon endoscopy” OR “single-balloon endoscope” OR “small bowel
enteroscopy” OR “small bowel endoscopy” OR “deep
enteroscopy” OR “balloon-assisted enteroscopy” OR
“balloon-assisted endoscopy”) AND (“2006/12/31”[Date Publication]: “2019/12/15”[Date - Publication]).
2. Inclusion and exclusion criteria
All publications retrieved were reviewed by titles and

abstracts. Original articles that potentially contained data
on technical or clinical aspects of diagnostic SBE were included. Full texts were subsequently obtained and reviewed
to determine the final inclusions or exclusions. Articles that
contained other diagnostic instruments such as CE, DBE
or spiral enteroscopy were included, but only SBE-related
data were used. Abstracts containing available data that met
with the study purpose were also included. Only studies
published in English were included. Exclusion criteria were:
(1) publications do not contain original data including case
reports, reviews, guideline/consensus articles, systematic
reviews and meta-analyses, comments, and news; (2) SBEs
were performed merely for therapeutic purposes such as
jejunostomy, balloon dilation, polypectomy or SBE-assisted
endoscopic retrograde cholangiopancreatography; (3)
studies using modified SBE such as ultrathin SBE or capassisted SBE; (4) SBEs were performed not for small bowel
diseases; or (5) for multiple studies with the same dataset,
only the study with the largest sample size was included.
The search process is outlined in detail in Fig. 1.
3. Definition
Diagnostic SBE was defined as procedures using SBE
system mainly for diagnostic purposes. Indications were
valid medical reasons to perform SBE. Obscure gastrointestinal bleeding (OGIB) was defined as occult or overt
bleeding of unknown origin that persisted or recurred
after an initial negative colonoscopy and esophagogastroduodenoscopy.7,8 Crohn’s disease referred to established or

857 Publications identified by the search strategy
273 Publications excluded due to little or
no relevance to SBE
584 Publications mainly on SBE
412 Publications excluded due to "no-original" nature
161 Case reports
184 Reviews/meta-analyses/guidelines/
consensuses
67 Comments/editorials/letters/erratum
172 Original articles on SBE
118 Publications further excluded
40 SBE-assisted ERCP
25 SBE for other therapeutic purposes
5 SBE for incomplete colonoscopy
8 Studies on techniques/training
17 Studies based on duplicated datasets
12 Data not extractable
11 Other reasons
54 Original articles for final analysis

Fig. 1. Flowchart of the literature
search process.
SBE, single-balloon enteroscopy;
ERCP, endoscopic retrograde cholangiopancreatography.
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clinically suspected Crohn’s disease based on the clinical
course or colonoscopy findings.9 Celiac disease included
established disease based on duodenal biopsy or suspected
disease based on weight loss, anemia, diarrhea, and other
symptoms triggered by dietary gluten.10 Neoplastic lesions
were defined as suspected small-bowel tumors or polyposis.11 Small bowel obstruction was consistent with the
presence of abdominal pain, vomiting, bloating or related
imaging suggesting complete or partial blockage of the
small bowel.12 Any persistent or recurred abdominal pain
or diarrhea with unclear reasons after colonoscopy and
esophagogastroduodenoscopy and cannot be classified as
previous categories were defined as unexplained abdominal pain and unexplained diarrhea, respectively. Abnormal
test results were defined as suspected small bowel lesions
found in other examinations (CE, computed tomography,
magnetic resonance, etc) and cannot be classified as previous categories. Indications not stated above were classified
as others.
For anterograde SBE, ID was defined as distance of
insertion distal to the ligament of Treitz or the pylorus
according to different definitions in each included study.
For retrograde SBE, ID was defined as distance of insertion proximal to the ileocecal valve. Total enteroscopy
was defined when the entire small bowel was successfully
observed. The total enteroscopy rate was calculated as the
ratio of patients with successful total enteroscopy to all
patients in whom entire small bowel visualization was attempted.4
For each study, the diagnostic yield was calculated as
ratio of patients with significant enteroscopic findings to
total patient numbers. Enteroscopic findings were further
classified into five broad categories based on the typical
pattern of most publications,4 that is, inflammatory lesions
(including Crohn’s disease, erythema, erosions, ulcers, benign strictures, etc.), vascular lesions (including angiectasis, arteriovenous malformation, varix, Dieulafoy’s lesions,
etc.), neoplastic lesions (benign or malignant tumors or
polyps), diverticula, and others.
AEs of SBE referred to any untoward medical occurrence that happened during and after the procedures and
were divided into mild and severe categories. The former
included transient symptoms such as abdominal pain,
nausea, vomiting, abdominal distension, and other selflimiting conditions. The latter referred to severe conditions
that required hospitalization and/or endoscopic or surgical
intervention and/or contributed to the death of the patient.
4. Data extraction and quality assessment
Full texts of all eligible articles were reviewed for data
extraction. For each study, the total numbers of patients
264 www.gutnliver.org

and SBE procedures were collected, followed by patients’
baseline characteristics, technical information of SBE, total
enteroscopy rate, enteroscopic findings, diagnostic yields
and AEs. Missing data or vague definitions were resolved
by direct contact with authors if possible. Two authors (Y.G.
and Y.T.Z.) identified eligible articles and extracted the
data independently, whereas a third author (L.X.) checked
the results. Discrepancies were solved by consensus. Two
independent authors (Y.G. and X.R.G.) used the critical
appraisal tool of Munn et al. ,13 which was designed for
systematic reviews of prevalence and incidence data, to assess the quality of included studies (Supplementary File 2).
Studies fulfilling all applicable quality criteria were classified as high-quality studies.
5. Statistical analysis
Study characteristics, compositions of indications and
enteroscopic findings and AE rates were summarized by
descriptive methods. Pooled results of IDs, total procedure
time, total enteroscopy rate and diagnostic yield were computed through meta-analyses. Heterogeneity among studies was identified by Cochran’s Q test (p<0.1 to be statistically significant). I2 statistic was used to further quantify
the heterogeneity. A fixed or random effects model was
used to pool the data when there was non-significant or
significant heterogeneity.
As was shown in published studies, meta-analyses based
on single-arm data were likely to exhibit high levels of heterogeneity.14,15 Subgroup analyses were therefore designed
to evaluate the origins of heterogeneity and to discover
potential correlations between study characteristics and
results. We prespecified five subgroups based on time of
publication (before 2013 or in & after 2013), region where
the study was conducted (Asian countries or Western
countries), study design (prospective studies or others),
sample size (greater than 100 or not) and study quality
(high-quality studies or others). In this study, Western
countries referred to European, North American countries and Australia. We designed this subgroup because
the total enteroscopy rate and composition of small-bowel
disease were reported to be different in several studies.
A test of interaction was used to compare the difference
between pooled subgroup results. Sensitivity analysis was
performed to evaluate the robustness of results, in which
pooled estimates were computed omitting one study in
each turn. The potential presence of publication bias was
evaluated statistically by the Begg-Mazumdar’s and Egger’s
test. All statistical analyses were performed with Stata software version 12.0 (StataCorp, College Station, TX, USA).
Other than in Cochran’s Q test, a p-value less than 0.05 was
considered to be statistically significant.
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RESULTS
1. Study characteristics
A total of 857 publications were initially retrieved by literature search. The detailed process of literature search and
selection is outlined in Fig. 1. After reviewing the full texts
of 172 original articles, 54 studies involving 4,592 patients
(6,036 procedures) were included in the final analysis.
SBE system SIF-Q180, SIF-Q260, XSIF-Q260Y, and XSIFQ160Y were included in this analysis. Single-balloon technique of the DBE system was used in one study.16 Of the
54 studies, 22 studies (40.7%) were published before 2013,
35 studies (64.8%) had a sample size smaller than 100
(patients), 18 studies (33.3%) were prospectively designed.
Regarding regions of studies, 23 studies (42.6%) were conducted in Asia while 17 (31.5%) in Europe, 13 (24.1%) in
North America and one (1.9%) in Australia. After quality assessment, 20 studies (37.0%) were classified as highquality studies. Detailed characteristics and quality assessment of studies included in the systematic review could be
found in the Supplementary Files 2 and 3.

2. Indications
Indications for SBE were reported in 43 articles including 3,865 patients. A total of 1,931 patients (50.0%) were
referred to SBE due to OGIB. Following indications included Crohn’s disease (13.9%), unexplained abdominal pain
(13.0%), neoplastic lesions (7.0%), unexplained diarrhea
(6.1%), abnormal test results (2.7%), celiac disease (1.3%)
and small bowel obstruction (1.3%). Furthermore, 181 patients (4.7%) were categorized into other indications.
3. Technical parameters
The anterograde IDs were reported as distances beyond
the ligament of Treitz in seven studies (607 procedures)
and distances beyond the pylorus in four studies (396 procedures), with pooled IDs being 209.2 cm (95% confidence
interval [CI], 170.9 to 247.5 cm) and 216.4 cm (95% CI,
182.2 to 250.7 cm), respectively. Incorporating 14 studies
with 753 procedures, the pooled retrograde ID was calculated to be 98.1 cm (95% CI, 84.3 to 111.8 cm). Subgroup
analysis revealed that the pooled ID of retrograde SBE
was significantly longer in Asian country studies than in
Western studies (129.0 cm vs 81.1 cm, p<0.001). Subgroup
analysis for anterograde SBE was not performed because of

Table 1. Pooled ID of Single-Balloon Enteroscopy from Different Approaches and Subgroup Analyses
Enteroscopic approaches
Oral approach (LOT)‡
Oral approach (pylorus)§
Anal approach
Asian countries
Western countries

No. of studies
(procedures)

Pooled ID (cm)

95% CI (cm)

p-value*

7 (607)
4 (396)
14 (753)
5 (193)
9 (560)

209.2
216.4
98.1
129.0
81.1

170.9–247.5
182.2–250.7
84.3–111.8
111.1–146.8
71.9–90.3

<0.001
-

Heterogeneity
p-value†

I2 %

<0.001
<0.001
<0.001
<0.001
<0.001

97.8
92.8
92.1
80.9
73.8

ID, insertion depth; CI, confidence interval; LOT, ligament of Treitz.
*p-value for subgroup comparisons; †p-value for Cochran’s Q tests; ‡ID was calculated as the distance beyond the LOT; §ID was calculated as the
distance beyond the pylorus.

Table 2. Pooled Total Procedure Times of Single-Balloon Enteroscopy from Different Approaches and Subgroup Analyses
Enteroscopic approaches

No. of studies
(procedures)

Oral approach
Asian countries
Western countries
Published before 2013
Published in & after 2013
Anal approach
Asian countries
Western countries
Published before 2013
Published in & after 2013

22 (1,635)
11 (540)
11 (1,095)
11 (539)
11 (1,096)
21 (1,011)
11 (403)
10 (608)
9 (269)
12 (742)

Pooled
procedure
time (min)

95% CI
(min)

57.6
65.2
50.8
62.5
53.3
65.1
71.1
57.6
69.8
61.5

52.6–62.6
55.2–75.3
45.7–55.9
53.7–71.3
47.3–59.2
59.3–71.0
62.5–79.4
51.3–63.9
60.7–78.9
54.7–68.3

Heterogeneity
p-value*

0.012
0.090

0.012
0.152

p-value†

I2 %

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

97.1
95.4
97.7
96.1
97.2
95.6
94.4
92.2
92.2
95.4

CI, confidence interval.
*p-value for subgroup comparisons; †p-value for Cochran’s Q tests.
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the small number of included studies.
The pooled total procedure durations were 57.6 minutes (95% CI, 52.6 to 62.6 minutes) and 65.1 minutes (95%
CI, 59.3 to 71.0 minutes) for anterograde and retrograde
SBE, respectively. Subgroup analyses showed that studies
conducted in Asian countries were associated with significantly longer procedure durations for both oral and anal
approaches. Moreover, a trend of shorter procedure durations was found in studies conducted in & after year 2013,
although statistical non-significant. Pooled results and subgroup analyses on SBE technical parameters were shown in
detail in Tables 1 and 2.
4. Total enteroscopy rate
After reviewing the full texts, 18 studies with 132 total
enteroscopy and 508 attempts were incorporated. The rates
of total enteroscopy ranged from 0.0% to 71.4% among
different studies and the pooled rate was 21.9% (95% CI,
12.0% to 33.3%) with an I2 statistic of 81.47%, indicating a
high degree of heterogeneity (Fig. 2). Studies conducted in
Asian and Western countries showed similar pooled total
enteroscopy rates (22.3% vs 22.4%, p=0.881). A trend was
observed that articles published in & after 2013 showed
higher pooled total enteroscopy rate compared to studies
published before 2013 (31.6% vs 14.6%, p=0.076), although
statistically non-significant (Supplementary File 4).

5. Diagnostic yields
Based on 35 studies containing 3,062 patients, the
pooled diagnostic yield was 62.3% (95% CI, 58.0% to
66.5%) (Fig. 3). Subgroup analysis showed no significant
difference between Asian and Western countries (61.3%
vs 62.9%, p=0.813). In those included studies, Western
countries mainly consist of North American and European countries. When considering specific continents,
the pooled diagnostic yields were 57.1% (95% CI, 53.7%
to 60.4%), 61.3% (95% CI, 54.3% to 68.1%) and 72.0%
(95% CI, 63.5% to 79.9%) for North American, Asian
and European countries, respectively. Pooled diagnostic
yield from European studies was significantly higher than
that from North American studies (p=0.002, α=0.017 for
multiplicity adjustment). Diagnostic yields among North
American studies showed non-significant heterogeneity
(I2=0.0%, p=0,660) (Supplementary File 5). Regarding specific indications (Table 3), the pooled diagnostic yield was
highest in patients with suspected or confirmed neoplastic
lesions (91.1%) and lowest in unexplained abdominal pain
(55.0%).
6. Composition of positive findings
Compositions of positive findings were reported in 39
articles. Inflammatory lesions accounted for the largest
proportion (50.0%, n=1,017), followed by vascular lesions
(25.5%, n=518), neoplastic lesions (16.4%, n=333), diver-

Study

ES (95% CI)

Kawamura (2008)
Ohtsuka (2008)
Tsujikawa (2008)
Ramchandani (2009)
Aktas (2010)
Barth (2010)
May (2010)
Takano (2011)
Dutta (2012)
Gong (2012)
Manno (2013)
Prachayakul (2013)
Li (2014)
Sethi (2014)
Oliva (2015)
Kim (2017)
Marques (2017)
Xu (2017)
2
Random overall (I =81.475%, p=0.000)
Fixed overall

0.125 (0.003, 0.527)
0.714 (0.290, 0.963)
0.250 (0.098, 0.467)
0.250 (0.087, 0.491)
0.040 (0.011, 0.100)
0.000 (0.000, 0.842)
0.220 (0.115, 0.360)
0.000 (0.000, 0.232)
0.000 (0.000, 0.459)
0.308 (0.091, 0.614)
0.471 (0.230, 0.722)
0.063 (0.002, 0.302)
0.371 (0.294, 0.453)
0.167 (0.004, 0.641)
0.286 (0.037, 0.710)
0.125 (0.016, 0.383)
0.667 (0.223, 0.957)
0.478 (0.329, 0.631)
0.219 (0.120, 0.333)
0.217 (0.178, 0.259)
0.25

0.5

0.75

%
Weight (random)
4.73
4.49
6.46
6.22
7.56
2.39
7.17
5.70
4.20
5.58
5.99
5.90
7.71
4.20
4.49
5.90
4.20
7.11
100.00

1

Fig. 2. Forest plot showing the total enteroscopy rates for all studies included in the meta-analysis and the pooled total enteroscopy rates calculated by random and fixed effects models.1,16,20-24,30,32,35-43
ES, effect size; CI, confidence interval.
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Study

ES (95% CI)

Vargo (2007)
Tsujikawa (2008)
Ramchandani (2009)
Vere (2009)
Barth (2010)
Frantz (2010)
May (2010)
Trifan (2010)
Riccioni (2011)
Takano (2011)
Alderlieste (2012)
Nardo (2012)
Dutta (2012)
Efthymiou (2012)
Gong (2012)
Kushnir (2013)
Lenz (2013)
Lenz (2013)
Manno (2013)
Baijal (2014)
Li (2014)
Davis-Yadley (2015)
Holman (2015)
Kav (2015)
Minamino (2015)
Oliva (2015)
Christian (2016)
Ma (2016)
Ooka (2016)
Haanstra (2017)
Kim (2017)
Lu (2017)
Xu (2017)
Holleran (2018)
Moran (2018)
2
Random overall (I =77.201%, p=0.000)
Fixed overall

0.550 (0.315, 0.769)
0.537 (0.374, 0.693)
0.642 (0.543, 0.732)
0.762 (0.528, 0.918)
0.500 (0.118, 0.882)
0.474 (0.310, 0.642)
0.420 (0.282, 0.568)
1.000 (0.292, 1.000)
0.571 (0.447, 0.689)
0.611 (0.357, 0.827)
0.900 (0.555, 0.997)
0.933 (0.779, 0.992)
0.321 (0.224, 0.432)
0.400 (0.264, 0.548)
0.687 (0.562, 0.794)
0.612 (0.528, 0.691)
0.701 (0.605, 0.786)
0.617 (0.560, 0.673)
0.739 (0.647, 0.818)
0.550 (0.385, 0.707)
0.528 (0.459, 0.596)
0.577 (0.529, 0.624)
0.576 (0.484, 0.664)
0.667 (0.482, 0.820)
0.375 (0.152, 0.646)
0.864 (0.651, 0.971)
0.537 (0.449, 0.623)
0.697 (0.646, 0.744)
0.736 (0.633, 0.823)
0.667 (0.094, 0.992)
0.864 (0.726, 0.948)
0.608 (0.491, 0.716)
0.629 (0.540, 0.711)
0.673 (0.529, 0.797)
0.412 (0.184, 0.671)
0.623 (0.580, 0.665)
0.619 (0.601, 0.637)

0.25

0.5

0.75

%
Weight (random)
2.02
2.80
3.63
2.07
0.92
2.72
3.00
0.55
3.31
1.91
1.33
2.46
3.46
3.00
3.27
3.84
3.64
4.14
3.67
2.77
4.02
4.24
3.74
2.57
1.78
2.12
3.79
4.19
3.52
0.55
2.87
3.41
3.77
3.04
1.85
100.00

1

Fig. 3. Forest plot showing the diagnostic yields of all studies included in the meta-analysis and the pooled diagnostic yields calculated by random
and fixed effects models.1,9,10,16,17,19-22,25,30,32,37-40,42,44-61
ES, effect size; CI, confidence interval.

Table 3. Pooled Diagnostic Yields According to Indications

Indications

No. of
Pooled
studies
detection
(total
rate, %
cases)

OGIB
17 (913)
Crohn's disease 8 (363)
Unexplained
5 (84)
abdominal pain
Unexplained
5 (54)
diarrhea
Neoplastic
5 (30)
lesions

Heterogeneity
95% CI

p-value

I2 %

59.5
75.5
55.0

51.7–67.1
53.6–92.8
36.6–72.8

<0.001
<0.001
0.052

79.4
90.8
57.3

56.1

37.3–74.1

0.239

27.3

91.1

74.2–100.0

0.557

0.0

CI, confidence interval; OGIB, obscure gastrointestinal bleeding.
*p-value for Cochran’s Q tests.

ticula (3.5%, n=72) and other findings (4.7%, n=95). When
the calculation was specific to OGIB, vascular lesions became the most common findings (43.3%, n=210), followed
by inflammatory lesions (32.6%, n=158), neoplastic lesions (12.8%, n=62), diverticulum (6.2%, n=30) and others
(5.2%, n=25). Moreover, the compositions of findings in
OGIB patients were different between Asian and Western
countries, with inflammatory lesions (39.7%) and vascular
lesions (76.9%) accounting for the largest proportions, respectively (Fig. 4).
7. Adverse events
Severe and mild AE rates of SBE calculated by descriptive method were 0.5% (26/4,984) and 2.5% (94/3,728), rehttps://doi.org/10.5009/gnl19345 267
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spectively. Severe AE rates from individual studies ranged
from 0% to 3.6% and were lower than 1% in 31 studies
(79.5%). A total of 26 severe AEs were reported, including 11 perforations, nine acute pancreatitis, three severe
mucous lacerations, two major bleedings, and one hypotension after anesthesia. Mild AE rates ranged from 0% to
47.1%. Mild AE rates were lower than 10% in 25 studies
(83.3%) and lower than 5% in 22 studies (73.3%). A total of
94 mild AEs were reported including 34 abdominal pain or
discomfort, 31 hyperamylasemia, 11 mild mucous lacerations, four sore throats, four mild mucous bleedings, four
anesthesia related conditions, and three cardiac arrhythmias.
8. Additional analysis
Subgroup analyses showed significant differences or
obvious numerical trends were reported in previous sections. The robustness of pooled results of total enteroscopy
rate and pooled diagnostic yield were further confirmed by
sensitivity analyses. No evidence of significant publication
bias was found by the Begg-Mazumdar’s and Egger’s test.
Figures for additional analyses including subgroup and
sensitivity analyses could be found in Supplementary Files
4 and 5.

DISCUSSION
This study provides a systematic review and metaanalysis on the overall technical and clinical performance
of diagnostic SBE during its first decade of use. The SBE
system was introduced as a simplified version of DBE to
facilitate handling and shorten preparation and procedure
time.16-18 The current study showed that the pooled total
procedure time for anterograde and retrograde SBE were

90
80

Percentage (%)

70
60

Inflammatory lesion
Vascular lesion
Neoplastic lesion
Diverticulum
Other lesion

76.9

50
40
30

39.7
31.0

20

14.1

13.1
8.5 6.8

10

9.2
0.0 0.8

0
Asian countries

Western countries

Fig. 4. Compositions of enteroscopic findings in patients with obscure
gastrointestinal from Asian or Western countries.
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57.6 minutes and 65.1 minutes, respectively. These results
were numerically comparable with data from a systematic
review of Lenz and Domagk,17 which reported the procedure durations for anterograde and retrograde SBE to be
59.8±10.0 minutes and 68.8±10.3 minutes, respectively.
Furthermore, they reported that the procedure durations
for anterograde and retrograde DBE were 71.6±5.9 minutes and 84.5±7.6 minutes, suggesting that DBE may be
more time-consuming compared to SBE. Such time-saving
nature of SBE was further confirmed by two randomized
controlled trials.16,19 One of the studies showed the procedure time for anterograde, but not retrograde enteroscopy
was significantly decreased in SBE group,16 while the other
study found a decreased preparation time in SBE group,
but no difference in enteroscopic time between SBE and
DBE.19
Insertability was another major technical concern of
SBE. We therefore calculated its pooled total enteroscopy
rate (21.9%) and IDs for both anterograde (209.2 cm beyond the ligament of Treitz and 216.4 cm beyond the pylorus) and retrograde (98.1 cm) approaches. Asian countries
have been considered to have a higher total enteroscopy
rate than Western countries based on a few single-center
studies.20-24 However, our subgroup results showed no difference in pooled total enteroscopy rates between Asian
and Western groups. By literature review, we find that
Asian investigators tend to calculate total enteroscopy rates
using the number of patients for whom total enteroscopy
was attempted as the denominator, which was consistent
with the definition in our study, whereas more Western
authors tended to use total patient numbers as the denominator.25,26 This may contribute to the relative low reported
rates in Western studies. However, we did find that studies
from Asian countries showed a significantly greater pooled
retrograde ID than Western countries (129.0 cm vs 81.1
cm, p<0.001). Previous studies showed that female gender,
anal insertion route, history of abdomino-pelvic surgery
were factors that were associated with decreased ID of
balloon-assisted enteroscopy.27,28 According to our findings, race might be a new factor that influences retrograde
ID. Underlying mechanisms might lie in differences in
physique, length of large intestine, etc. for Asians and Caucasians, though further evidences could not be provided.
Without the balloon on the enteroscope tip, SBE uses
techniques including additional left-right angulation and
suction to hold the small bowel during advancement of the
overtube. Theoretically, one might expect that DBE, because of the improved grip on the small bowel, could produce better small-bowel visualization and ID, compared
with the SBE technique. Our previous systematic review4
showed that the total enteroscopy rate for DBE was 44.0%
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(569 of 1,143 cases), which was approximately double of
SBE (21.9%). Meta-analyses29,30 based on three randomized
controlled trials16,31,32 also showed the inferiority of SBE to
DBE in achieving total enteroscopy. Moreover, the pooled
IDs we got in the current study were numerically smaller
than published data on DBE (239.1±24.3 cm for oral approach and 129.5±18.1 cm for anal approach).17 However,
a meta-analysis in 2015,33 based on two randomized controlled trials,19,31 showed that no difference in maximal ID
was found between DBE and SBE. It should be pointed out
that maximal insertion was not attempted in all procedures
in included studies. In addition, current methods that
measure the ID are all based on the estimation of endoscopists.17 Therefore, the clinical significance of those reported
IDs should be questioned.
The pooled diagnostic yield of SBE (62.3%) is comparable to the detection rate of CE (59.4%) and DBE (68.1%)
reported by our previous systematic reviews,4,7 suggesting
that SBE is effective to detect small bowel lesions, though
with a relatively lower rate to achieve whole small-bowel
visualization. Thus, the clinical significance of achieving
total enteroscopy or deeper insertion still remains questionable. Future studies should focus on the comparisons
of longer-term clinical outcomes between patients in
whom total enterosocpy was achieved or not. For patients
that do require total enteroscopy or deeper small-bowel
insertion, DBE may be the prior choice.
Subgroup analyses showed that pooled diagnostic yield
from European countries was higher than those from
Asian or North American countries. Diagnostic yields
among North American studies showed non-significant
heterogeneity (I2=0.0%, p=0,660). It should be pointed out
that North America includes only two countries, the United States and Canada, in our analyses. Heterogeneity in
diagnostic yields among different countries may be due to
different compositions of patients, standards of drawing an
endoscopic diagnosis, levels of experience of SBE endoscopists, and etc. These results reflect the expected percentages of patients of whom the diagnosis could be clarified
after SBE procedure in settings of different continents.
Consistent with other small bowel diagnostic tools
including CE7 and DBE,4 OGIB was the most common indication for SBE (50.0%) with a diagnostic yield of 59.5%.
Patients with different indications exhibited different
pooled diagnostic yields, with “suspected small bowel tumor” being the highest (91.1%) and “unexplained abdominal pain” being the lowest (55.0%). Patients from different
studies had different compositions of indications and this
could partly explain the high heterogeneity of diagnostic
yields. As for enteroscopic findings, a difference in compositions of OGIB findings between Asian and Western

countries was identified, with inflammatory lesions (39.7%)
and vascular lesions (76.9%) being the most common findings, respectively. This further confirmed the published
results from Tanaka et al. 34 and Xin et al. 4
There are several limitations to this study. Firstly, the
inclusion and exclusion criteria were loosely defined to include all relevant studies. This also gave rise to high levels
of heterogeneity among studies. We attempted to identify
the origins of heterogeneity by subgroup analyses, but
there were likely other factors that could not be identified
or controlled based on available data, which might impair
the reliability of our study results. Secondly, data from
individual studies were reported in different patterns. Although we performed the data extraction process carefully,
bias could occur when adjusting those original data to our
definitions. Furthermore, we performed single-arm metaanalyses to incorporate all available data on SBE from
different study types. However, we could not determine
whether such results had any statistical differences compared to other instruments such as DBE or CE.
In conclusion, the SBE system is technically efficient
with relatively short procedure duration, but its insertability might be limited. Total enteroscopy is harder to achieve
through SBE. In clinical aspects, SBE is effective and safe
with acceptable diagnostic yield and AE rates. OGIB was
the most common indication. Inflammatory lesions and
vascular lesions were the most common enterosopic findings of OGIB in Asian and Western countries, respectively.
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