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The etiology of potential small-bowel bleeding
depending on patient’s age and gender
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Abstract
Background: Whether the etiology of potential small-bowel bleeding depends on the age and gender of the patient is not yet

fully understood.

Methods: A total of 1953 patients who underwent video capsule endoscopy (VCE) to evaluate potential small-bowel bleeding

and were registered in the Capsule Endoscopy Nationwide Database Registry from 2003 to 2014 were eligible for this study.

VCE findings and the etiology of small-bowel bleeding were analyzed by age and gender.

Results: The diagnostic yield of VCE was 48.4% (95% CI: 46.2%–50.6%) and the diagnosis rate of etiology of potential

small-bowel bleeding was 61.4% (95% CI: 59.2%–63.6%). The etiology of potential small-bowel bleeding depends on

the age and gender of the patient. Crohn’s disease and small-bowel diverticular diseases were more prevalent etiology of

potential small-bowel bleeding in the young adults group (< 40 years) whereas angiodysplasia was revealed to be a most

common etiology in elderly group (� 60 years), reaching statistical significance (p<0.00152) by Bonferroni correction.

Conclusions: The etiology of potential small-bowel bleeding depends on the age of the patient. Thus, an individualized

lesion-specific diagnostic approach based on age might be needed for patients with potential small-bowel bleeding.
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Introduction

It is known that management and outcomes of patients
with gastrointestinal (GI) bleeding depend on disease
etiology.1 The underlying etiology might not be evident
after an initial evaluation using esophagogastroduode-
noscopy (EGD) and colonoscopy in 5%–10% of
patients with GI bleeding.2 Such patients are con-
sidered to have potential small-bowel bleeding.3–6 The
etiology of potential small-bowel bleeding is thought to
depend on the age of the patient.7 Patients<40 years
are more likely to have inflammatory bowel disease or
Meckel’s diverticulum whereas patients�40 years are
more likely to have angiodysplasia, other vascular
lesions, or ulcers secondary to anti-inflammatory
agents as the cause of GI bleeding.7 Because of the
difficulty in identifying the cause of potential small-
bowel bleeding, however, no population-based or
large-scale multicenter studies have been published on
this subject.

Video capsule endoscopy (VCE) allows for noninva-
sive evaluation of the entire small bowel in 79–90% of
patients, with a diagnostic yield of 38%–83% in
patients with suspected small-bowel bleeding.7

Current guidelines recommend VCE as a first-line diag-
nostic modality for potential small-bowel bleeding.
Analyzing data from patients who underwent VCE
after negative EGD and colonoscopy can help elucidate
the etiology of potential small-bowel bleeding.

The Korean Gut Image Study Group of the
Korean Society of Gastrointestinal Endoscopy con-
structed a prospective web-based CAPsule Endoscopy
Nationwide database regisTRY (CAPENTRY) in
2003.8 The objective of this study was to analyze etiol-
ogies of potential small-bowel bleeding according to
patients’ age and gender.

Patients and methods

Patients

CAPENTRY prospectively registered 3298 sets of VCE
data from March 2003 to December 2014. A total of 14
referral centers in Korea registered deidentified data
using a web-based case report form, including each
patient’s age, gender, indication, VCE manufacturer,
bowel preparation quality, complete small-bowel visu-
alization, incidence of VCE retention, VCE findings,
and etiologic diagnoses of small bowel pathology.
This study conformed to the ethical guidelines of the
1975 Declaration of Helsinki. On June 25, 2014, the
institutional review board of each CAPENTRY-
enrolled hospital approved this study.

The inclusion criteria were as follows: (1) the indica-
tion for VCE was potential small-bowel bleeding, and
(2) patients who received EGD and colonoscopy with

negative results prior to VCE. Exclusion criteria were
as follows: (1) age<15 years, (2) incomplete small
bowel visualization, (3) inadequate bowel preparation,
(4) capsule retention, (5) capsule stasis in the stomach,
(6) technical failure of VCE, or (7) incomplete data.
When patients underwent repeated VCE, the first
VCE finding was included in the analysis.

VCE procedure

All patients were examined using a PilCam SB�

(SB1 and SB2, Given Imaging, Yogneam, Israel) or a
MiroCam� (Intromedic, Seoul, Korea). Written
informed consent was obtained from each patient
before VCE. Board-certificated gastroenterologists
reviewed and analyzed VCE findings.9 Bowel prepar-
ation status of the VCE was rated according to the fol-
lowing five categories: excellent (no liquid or bubbles),
good (some clear liquid without limiting the examin-
ation), fair (some dark liquid and bubbles that limited
the reliability of the examination), poor (significant
fluid or debris present such that the examination was
unreliable) and inadequate (incomplete small-bowel
visualization requiring an additional examination).

VCE findings

Lesions of interest found by VCE were classified as
bleeding or having a potential for bleeding. Lesions
with potential for bleeding were classified using the fol-
lowing three categories: P2 (active bleeding or high
bleeding potential such as angiodysplasia, Dieulafoy’s
lesions, ulcers, tumors, or varices), P1 (uncertain bleed-
ing potential such as red spots or erosions) and P0
(no bleeding potential such as nodules, visible submuco-
sal veins, or diverticula without the presence of blood).13

Angiodysplasia (arteriovenous malformations, angioec-
tasia, vascular lesions, vascular abnormalities and
vascular malformations) was defined as the presence of
abnormal, dilated, tortuous and usually small (<10mm)
blood vessels visualized within the small-bowel
mucosa.11,12 Dieulafoy’s lesion was described as a punc-
tulate lesion with pulsatile bleeding or a pulsatile red
protrusion without surrounding venous dilation.12

A positive VCE finding was defined when P2 lesions
detected by VCE could explain the potential small-
bowel bleeding. Diagnostic yield of VCE was defined
as the percentage of positive findings detected by VCE
over the total number of VCEs performed for potential
small-bowel bleeding.

Repeat-EGD and –colonoscopy

Repeat-EGD and -colonoscopy were performed, if
necessary, according to previously established practice
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guidelines.2,3,7 Repeat-EGD and -colonoscopy were
performed in cases of strongly suspicious upper or
lower GI bleeding, inadequate quality of previous
endoscopy, or possible bleeding focus detected by
VCE or other subsequent small-bowel workups.

Etiologies of potential small-bowel bleeding

The diagnosis and management of patients with
potential small-bowel bleeding followed practical
guidelines.2–7 VCE is a noninvasive diagnostic modality
that scans the entire bowel. It should be followed
by an algorithmic approach to identify the etiology of
potential small-bowel bleeding using balloon-assisted
enteroscopy, computed tomography (CT) enterogra-
phy, angiography, or exploratory surgery.6,7 After a
workup for potential small-bowel bleeding, the final
diagnosis of its etiology was categorized as angiodys-
plasia, other vascular diseases (including Dieulafoy’s
lesion, hemangioma, varices, portal hypertensive
enteropathy, ischemic enteritis, vasculitis, lymphangiec-
tasia and pseudoaneurysm), Crohn’s disease, nonster-
oidal anti-inflammatory drug (NSAID)-induced
enteropathy, small bowel ulcers, other inflammatory
diseases (including erosive enteropathy, erythematous/
hemorrhagic enteropathy, eosinophilic enteritis,
infectious enteritis, intestinal tuberculosis, radiation
enteritis, intestinal Behçet’s disease and cryptogenic
multifocal ulcerous stenosing enteritis), neoplastic dis-
eases (including adenocarcinoma, metastatic cancer,
gastrointestinal stromal tumor, lymphoma, submucosal
tumor, small-bowel benign tumor, Peutz-Jegher syn-
drome and polyps), diverticular diseases (Meckel’s
diverticulum and unspecified diverticulum), diseases
outside the small bowel (esophagus, stomach, hepato-
biliary tract and colorectum and anus), other uncom-
mon diseases (including amyloidosis, congestive
enteropathy, intussusception, parasite infestation, for-
eign body, postsurgical anastomosis stricture, malab-
sorption syndrome and protein-losing enteropathy)
and obscure gastrointestinal bleeding (OGIB, patients
not found to have a source of bleeding after the per-
formance of EGD and colonoscopy, VCE, device-
assisted enteroscopy, and radiographic testing).7 The
diagnostic rate of potential small-bowel bleeding was
defined as the percentage of patients having a final etio-
logic diagnosis of potential small-bowel bleeding over
the total number of enrolled patients.

Statistical analysis

Differences between continuous variables were analyzed
using unpaired Student t test while differences between
categorical variables were analyzed using �2 test and
Fisher exact test as appropriate. A p value< 0.05 was

considered statistically significant. Included patients
were divided into three age groups using a decision
tree analysis model with chi-square automatic inter-
action detector algorithm: elderly (�60 years), middle-
aged (40–59 years) and young adults (<40 years).
Bonferroni correction was used for multiple compari-
sons.13–15 The relationship between age by decade and
VCE findings and etiology of potential small-bowel
bleeding was analyzed using linear-by-linear association.
Logistic regression analysis was performed to identify
independent risk factors for specific etiologies of poten-
tial small-bowel bleeding after adjusting for age group,
gender, when VCE was performed (March 2003–August
2008 vs September 2008–December 2014) and bowel
preparation (excellent/good vs fair/poor). For each vari-
able, odds ratio (OR) and 95% confidence interval (CI)
are reported. All statistical analyses were performed
using SPSS software version 24.0 for Windows (SPSS
Inc, Chicago, IL, USA).

Results

Baseline characteristics and VCE findings
of enrolled patients

Among 3298 sets of VCE data registered in
CAPENTRY between 2003 and 2014, 2798 patients
underwent VCE after initial EGD and colonoscopy
that failed to find the source of GI bleeding. A total
of 845 patients were excluded. Ultimately, 1953 patients
were eligible for this study (Figure 1).

Clinical characteristics of enrolled patients are
shown in Table 1. The mean age of enrolled patients
was 56.1� 17.7 years. There were 1179 (60.4%) male
patients and 774 (39.6%) female patients. Male patients
were more common among the young adults than
among the elderly (p< 0.001). There were 1501
(76.9%) patients with overt bleeding that was more fre-
quent in the elderly and male (p< 0.001 for both).
There were no significant differences in bowel prepar-
ation status, VCE manufacturer, or when VCE was
preformed between different age groups.

VCE finding for potential small-bowel bleeding
according to age by decade

VCE was able to detect P2 lesions in 945 patients, ren-
dering a diagnostic yield of 48.4% (95% CI: 46.2%–
50.6%). The diagnostic yield of VCE in patients with
potential small-bowel bleeding differed according to
age by decade (Table 2). The detection rate of P2
lesions was increased significantly with age (p< 0.001,
Figure 2(a)). Among P2 lesions, small-bowel ulcers
were the most frequent etiology (n¼ 402, 42.5%), fol-
lowed by angiodysplasia (n¼ 345, 36.5%) and active
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bleeding without identifiable etiology (n¼ 123, 13.0%)
(Supplementary material 1). As age increased, the
detection of angiodysplasia also increased (p¼ 0.033).
However, the detection of ulcers decreased (p¼ 0.005)
with increasing age (Supplementary material 2).

The etiologic diagnosis of potential small-bowel
bleeding according to age by decade

The diagnosis rate of etiology of potential small-bowel
bleeding was 61.4% (95% CI: 59.2%–63.6%) after
VCE and further diagnostic measures. VCE was able

Table 1. Clinical characteristics of enrolled patients.

Variables

Total

(n¼ 1953),

n (%)

Age group Gender

<40 years

(n¼ 378),

n (%)

40–59 years

(n¼ 659),

n (%)

�60 years

(n¼ 916),

n (%) P

Male

(n¼ 1179),

n (%)

Female

(n¼ 774),

n (%) p

Age <30 years 183 (9.4) 183 (48.4) – – 123 (10.4) 60 (7.8) <0.001

30–39 years 195 (10.0) 195 (51.6) – – 134 (11.4) 60 (7.8)

40–49 years 288 (14.7) – 288 (43.7) – 192 (16.3) 97 (12.5)

50–59 years 371 (19.0) – 371 (56.3) – 229 (19.4) 142 (18.3)

60–69 years 406 (20.8) – – 406 (44.3) 247 (20.9) 159 (20.5)

70–79 years 361 (18.5) – – 361 (39.4) 188 (15.9) 173 (22.4)

�80 years 149 (7.6) – – 149 (16.3) 66 (5.6) 83 (10.7)

Gender Male 1179 (60.4) 257 (68.0) 421 (63.9) 501 (54.7) <0.001 – – –

Female 774 (39.6) 121 (32.0) 238 (36.1) 415 (45.3) – –

Clinical presentation Overt bleeding 1501 (76.9) 260 (68.8) 510 (77.4) 731 (79.8) <0.001 941 (79.8) 560 (72.4) <0.001

Occult bleeding 452 (23.1) 118 (31.2) 149 (22.6) 185 (20.2) 238 (20.2) 214 (27.6)

Bowel preparation

status

Excellent, good 1223 (62.6) 253 (66.9) 420 (63.7) 550 (60.0) 0.054 730 (61.9) 493 (63.7) 0.444

Fair, poor 730 (37.4) 125 (33.1) 239 (36.3) 366 (40.0) 449 (38.1) 281 (36.3)

When VCE was

performed

Mar 2003–Aug 2008 924 (47.3) 176 (46.6) 302 (45.8) 446 (48.7) 0.497 556 (47.2) 368 (47.5) 0.889

Sep 2008–Dec 2014 1029 (52.7) 202 (53.4) 357 (54.2) 470 (51.3) 623 (52.8) 406 (52.5)

VCE

Manufacturer

PilCam 1583 (81.1) 302 (79.9) 535 (81.2) 746 (81.4) 0.856 958 (81.3) 625 (80.7) 0.813

MiroCam 370 (18.9) 76 (20.1) 124 (18.8) 170 (18.6) 221 (18.7) 149 (19.3)

VCE: video capsule endoscopy.

Prospective web-based capsule endoscopy nationwide database registry
(CAPENTRY) between March 2003 and December 2014  (n=3298)

•   Inclusion criteria (n=2798)
-    Indication: potential small bowel bleeding or obscure gastrointestinal bleeding
-    Esophagogastroduodenoscopy and colonoscopy should be performed prior VCE

•   Exclusion criteria

Analysis (n=1953)

-    Age <15 years (n=20)
-    Capsule retention (n=55)
-    Stasis in stomach (n=3)
-    Inadequate bowel preparation (n=279)
-    Incomplete small bowel visualization (n=253)
-    Technical failure of VCE (n=3)
-    Incomplete date (n=232)

Figure 1. Flow diagram of this study.

VCE: video capsule endoscopy.
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Table 2. VCE findings and final etiologic diagnosis of potential small bowel bleeding according to age by decade.

Total

(n¼ 1953)

<30 years 30–39 years 40–49 years 50–59 years 60–69 years 70–79 years �80 years

ptrend(n¼ 183) (n¼ 195) (n¼ 288) (n¼ 371) (n¼ 406) (n¼ 361) (n¼ 149)

VCE findings

P0/P1 lesions, n (%) 1008 (51.6) 104 (56.8) 121 (62.1) 163 (56.6) 194 (52.3) 210 (51.7) 164 (45.4) 52 (34.9) <0.001

P2 lesions, n (%) 945 (48.4) 79 (43.2) 74 (37.9) 125 (43.4) 177 (47.7) 196 (48.3) 197 (54.6) 97 (65.1)

Final etiologic diagnosis

Angiodysplasia, n (%) 343 (17.6) 26 (14.2) 14 (7.2) 39 (13.5) 58 (15.6) 80 (19.7) 75 (20.8) 51 (34.2) <0.001

Other vascular disease,

n (%)

42 (2.2) 4 (2.2) 5 (2.6) 10 (3.5) 5 (1.3) 6 (1.5) 8 (2.2) 4 (2.7) 0.621

Crohn’s disease, n (%) 59 (3.0) 22 (12.0) 19 (9.7) 5 (1.7) 7 (1.9) 5 (1.2) 1 (0.3) 0 (0.0) <0.001

NSAID enteropathy, n (%) 147 (7.5) 7 (3.8) 7 (3.6) 19 (6.6) 28 (7.5) 39 (9.6) 34 (9.4) 13 (8.7) 0.001

Small bowel ulcers, n (%) 209 (10.7) 12 (6.6) 7 (3.6) 35 (12.2) 41 (11.1) 44 (10.8) 53 (14.7) 17 (11.4) 0.001

Other inflammatory

disease, n (%)

127 (6.5) 9 (4.9) 21 (10.8) 11 (3.8) 33 (8.9) 31 (7.6) 20 (5.5) 2 (1.3) 0.174

Small bowel neoplasia,

n (%)

85 (4.4) 4 (2.2) 10 (5.1) 12 (4.2) 23 (6.2) 17 (4.2) 13 (3.6) 6 (4.0) 0.138

Diverticular disease, n (%) 22 (1.1) 11 (6.0) 3 (1.5) 0 (0.0) 4 (1.1) 2 (0.5) 1 (0.3) 1 (0.7) <0.001

Disease outside small bowel,

n (%)

150 (7.7) 12 (6.6) 17 (8.7) 17 (5.9) 35 (9.4) 32 (7.9) 23 (6.4) 14 (9.4) 0.758

Other disease, n (%) 16 (0.8) 1 (0.5) 1 (0.5) 1 (0.3) 3 (0.8) 6 (1.5) 2 (0.6) 2 (1.3) 0.300

Obscure gastrointestinal

bleeding, n (%)

753 (38.6) 75 (41.0) 91 (46.7) 139 (48.3) 134 (36.1) 144 (35.5) 131 (36.3) 39 (26.2) <0.001

NSAID: nonsteroidal anti-inflammatory drug; P2 lesion: VCE finding having active bleeding or high potential for bleeding; P1 lesion: VCE finding having

uncertain bleeding potential; P0 lesion: VCE finding having no potential for bleeding; VCE: video capsule endoscopy.
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Figure 2. VCE findings and etiologic diagnosis in patients with potential small-bowel bleeding according to age by decade. (a) Trend of

VCE findings in patients with potential small-bowel bleeding according to age by decade. (b) Trend of etiologic diagnosis with >10%

prevalence (angiodysplasia, small bowel ulcers and GI bleeding of unknown origin) of potential small-bowel bleeding according to age by

decade. (c) Trend of etiologic diagnosis with 5% to 10% prevalence (NSAID enteropathy, other inflammatory diseases and diseases outside

the small bowel) of potential small-bowel bleeding according to age by decade. (d) Trend of etiologic diagnosis with <5% prevalence

(Crohn’s disease, small-bowel neoplasia and diverticular diseases) of potential small-bowel bleeding according to age by decade. GI:

gastrointestinal; NSAID: nonsteroidal anti-inflammatory drug; OGIB: obscure gastrointestinal bleeding; VCE: video capsule endoscopy.
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to detect P2 lesions in 945 patients, rendering a diag-
nostic yield of 48.4% (95% CI: 46.2%–50.6%), and the
diagnosis rate of etiology of potential small-bowel
bleeding was 61.4% (95% CI: 59.2%–63.6%) after
VCE and further diagnostic measures.

Etiologic diagnoses of potential small-bowel bleed-
ing are listed in Table 2 and Supplementary material 3.
Among final etiologic diagnoses for potential small-
bowel bleeding, angiodysplasia was the most prevalent
(n¼ 343, 17.6%), followed by small-bowel ulcers
(n¼ 209, 10.7%) and diseases outside the small bowel
(n¼ 150, 7.7%). Despite complete small-bowel evalu-
ation being performed using VCE and/or endoscopic
and radiographic evaluation, we failed to find the
source of bleeding in 753 (38.6%) patients with
OGIB. The prevalence of etiologic diagnoses for poten-
tial small-bowel bleeding differed according to age by
decade (Figure 2(b)–(d)). The prevalence of OGIB,
Crohn’s disease and diverticular disease decreased sig-
nificantly with increasing age (p< 0.001 for all),
whereas that of angiodysplasia, small-bowel ulcers
and NSAID enteropathy increased significantly with
increasing age (p< 0.001, p¼ 0.001 and p¼ 0.001,
respectively).

VCE findings and etiologic diagnosis of potential
small-bowel bleeding by gender

There was no significant difference in VCE findings
between male and female patients with potential small--
bowel bleeding (Table 3). However, Crohn’s disease and
lesions outside the small bowel were more prevalent in
male patients (p< 0.002273 by Bonferroni correction).

The etiology of potential small-bowel bleeding
depending on age group

Furthermore, included patients were divided into
groups of elderly (� 60 years), middle-aged (40–59
years) and young adults (<40 years) (Table 4).
Bonferroni correction was used for multiple compari-
sons between age groups and etiologies of potential
small bowel bleeding. Crohn’s disease and small-
bowel diverticular diseases were more prevalent
whereas angiodysplasia and small-bowel ulcers were
less prevalent in young adults (p< 0.00152 by
Bonferroni correction). In the elderly, angiodysplasia
was revealed to be a common etiology whereas
Crohn’s disease and OGIB were found to be uncom-
mon etiologies (p< 0.00152 by Bonferroni correction).

The decision tree analysis was applied to 1015
patients. Patients classified as having other vascular dis-
eases, other inflammatory diseases, or other uncommon
diseases were excluded in the decision tree
analysis because they consisted of rare and heteroge-
neous disease entities (Supplementary material 4).
The decision tree analysis revealed that age had
a stronger influence (�2¼ 187, p< 0.001) than gender
(�2¼ 14, p¼ 0.030).

Multivariate analysis using age group as a risk
factor for various etiologies of potential small-
bowel bleeding

Multivariate logistic regression analysis was performed
to evaluate risk factors for individual etiologies of
potential small-bowel bleeding (Table 5). The elderly
group showed increased risk of angiodysplasia,
NSAID enteropathy, and small-bowel ulcers (OR:
2.37, 95% CI: 1.64–3.41; OR: 2.54, 95% CI: 1.42–
4.55; and OR: 2.65, 95% CI: 1.60–4.41, respectively).
However, this group showed a decreased risk of
Crohn’s disease, small-bowel diverticular diseases and
OGIB (OR: 0.06; 95% CI: 0.02–0.13; OR: 0.11, 95%
CI: 0.04–0.35; and OR: 0.68, 95% CI: 0.52–0.87,
respectively). The middle-aged group showed increased
risk of NSAID enteropathy and small-bowel ulcers
(OR: 1.90, 95% CI: 1.03–3.50 and OR: 2.42, 95% CI:
1.44–4.09, respectively) with decreased risk of Crohn’s
disease and small-bowel diverticular disease (OR: 0.15;

Table 3. VCE findings and etiology of potential small bowel

bleeding by gender.

Male

(n¼ 1179)

Female

(n¼ 774) p

VCE findings

P2 lesion 577 (48.9) 368 (47.5) 0.546

P1 lesion 602 (51.1) 406 (52.5)

Etiology

Angiodysplasia 202 (17.1) 141 (18.2) 0.538

Other vascular disease 33 (2.8) 9 (1.2) 0.015

Small bowel ulcers 120 (10.2) 89 (11.5) 0.356

Crohn’s disease 48 (4.1) 11 (1.4) 0.001b

NSAID enteropathy 86 (7.3) 61 (7.9) 0.631

Inflammatory disease 74 (6.3) 53 (6.8) 0.617

Neoplastic disease 54 (4.6) 31 (4.0) 0.542

Diverticular disease 18 (1.5) 4 (0.5) 0.039

Disease outside small bowel 109 (9.2) 41 (5.3) 0.001b

Other disease 11 (0.9) 5 (0.6) 0.491

Obscure gastrointestinal

bleeding

424 (36.0) 329 (42.5) 0.004

NSAID: nonsteroidal anti-inflammatory drug; P2 lesion: VCE finding having

active bleeding or high potential for bleeding; P1 lesion: VCE finding having

uncertain bleeding potential; VCE: video capsule endoscopy.
aA standardized adjusted residual score level >2 was considered

significant.
bBonferroni correction was used for multiple comparisons between gender

and etiologies, with p< 0.002273 being statistically significant.
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95% CI: 0.08–0.29 and OR: 0.15, 95% CI: 0.05–0.46,
respectively). In addition, male gender had an increased
risk of Crohn’s disease and diseases outside the small
bowel (OR: 2.29, 95% CI: 1.64–4.62 and OR: 1.79,
95% CI: 1.23–2.60, respectively) but a decreased risk
of OGIB (OR: 0.76; 95% CI: 0.63–0.92).

Discussion

Age has been assumed to be one factor determining the
type of small-bowel pathology detected.2,6,7 However,
this has not been supported by any large-scale multicen-
ter studies. As a proof of concept, our study confirmed
that age was a determinant for the source of potential
small-bowel bleeding. The diagnostic yield of VCE and
the diagnosis rate of etiology of potential small-bowel
bleeding increased with age. Angiodysplasia was the
most common etiology of potential small-bowel bleed-
ing. However, young adults were more likely to have
Crohn’s disease. These findings might be translated
into practice by prompting gastroenterologists to con-
sider the selection of diagnostic modalities in patients
with potential small-bowel bleeding.

To evaluate the etiology of potential small-bowel
bleeding, a proper evaluation is essential. VCE has sev-
eral advantages, including the ability to routinely exam-
ine the entire small bowel and localize GI bleeding with
an excellent safety profile and high patient tolerability.4

In this study, visualization of the entire small bowel was
achieved in 88.8% of cases, consistent with those
(79%–90% of patients) reported by previous stu-
dies.7,16–19 In this study, we excluded patients with
incomplete evaluations of the small bowel. The overall
diagnostic yield of VCE for potential small-bowel
bleeding was 48.4%, consistent with the diagnostic
yield of 38%–83% reported in previous studies.7,17–19

The diagnostic yield of VCE could be influenced by
multiple factors. Patients with overt bleeding, male
gender, the elderly, and inpatient status have a higher
likelihood of positive findings.20 In this study, positive
VCE findings were associated with age by decade (OR:
1.14, 95% CI: 1.08–1.20) and overt bleeding (OR: 1.93,
95% CI: 1.55–2.41) (Supplementary material 5). In this
study capsule retention, which is a potential complica-
tion, occurred in 55 (2.0%) patients, similar to previous
reports showing an incidence of 1.5% in patients
undergoing evaluations for potential small-bowel
bleeding.7,21 These results indicate that the quality of
VCE data in this study is reliable and comparable to
data from previous studies.

The etiology of potential small-bowel bleeding
is diverse. In many cases, the source of bleeding is not
even within the small bowel. In this study, bleeding was
caused by more than 50 diseases occurring throughout
the GI tract. Angiodysplasia was the most common
etiology of small-bowel bleeding. This has been well

Table 4. VCE findings and final etiologic diagnosis of potential small bowel bleeding by age group.

Young adults

(<40 years, n¼ 378)

Middle-aged

(40–59 years, n¼ 659)

Elderly

(�60 years, n¼ 916)

n (%) p n (%) p n (%) p

VCE findings

P2 lesions 153 (40.6) <0.001a 302 (45.8) 0.106 490 (53.5) <0.001a

P0/P1 lesions 225 (59.4) 357 (54.2) 426 (46.5)

Final etiologic diagnosis

Angiodysplasia 40 (10.6) <0.001b 97 (14.7) 0.018 206 (22.5) <0.001b

Other vascular disease 9 (2.4) 0.731 15 (2.3) 0.785 18 (2.0) 0.595

Small bowel ulcers 19 (5.0) <0.001b 76 (11.5) 0.396 114 (12.4) 0.019

Crohn’s disease 41 (10.9) <0.001b 12 (1.8) 0.027 6 (0.7) <0.001b

NSAID enteropathy 14 (3.7) 0.002 47 (7.1) 0.637 86 (9.4) 0.003

Other inflammatory disease 30 (8.0) 0.208 44 (6.7) 0.824 53 (5.8) 0.227

Small bowel neoplasia 14 (3.7) 0.491 35 (5.3) 0.138 36 (3.9) 0.390

Small bowel diverticular disease 14 (3.7) <0.001b 4 (0.6) 0.121 4 (0.4) 0.007

Disease outside small bowel 28 (7.4) 0.994 53 (8.0) 0.803 69 (7.5) 0.818

Other disease 2 (0.5) 0.486 4 (0.6) 0.458 10 (1.1) 0.209

Obscure gastrointestinal bleeding 166 (44.0) 0.017 273 (41.4) 0.063 314 (34.3) <0.001b

NSAID: nonsteroidal anti-inflammatory drug; VCE: video capsule endoscopy.
aBonferroni correction was used for multiple comparisons between age groups and etiologies, with p< 0.00833 being statistically significant.
bBonferroni correction was used for multiple comparisons between age groups and etiologies, with p< 0.00152 being statistically significant.
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established in previous studies.7,16–19 Linear-by-linear
association showed that young adults were more
likely to have Crohn’s disease or Meckel’s diverticulum.
Our decision tree model revealed that age was a strong
determinant of etiology of potential small-bowel bleed-
ing. Based on the results of the decision tree analysis,
we divided patients into three age groups: the elderly
(�60 years), middle-aged (40–59 years), and young
adults (<40 years). In young adults, Crohn’s disease
was the most prevalent, followed by angiodysplasia
and diseases outside the small bowel. In the middle-
aged group, angiodysplasia was the most frequent,
followed by small-bowel ulcers and diseases outside
the small bowel. However, in female elderly, NSAID
enteropathy was the third common etiology of poten-
tial small-bowel bleeding instead of disease outside the
small bowel.

To the best of our knowledge, this is the largest
multicenter study of patients with potential small-
bowel bleeding who underwent VCE. As explained
above, the diagnostic yield and quality of the VCE
were acceptable. Nonetheless, this study has several
limitations. First, our study was based on a VCE regis-
try database. It was unclear which further evaluation
was needed to make a final etiologic diagnosis.
Furthermore, there are several inherent limitations of
VCE, including a lack of therapeutic capability, inabil-
ity to control its movement through the GI tract, and
difficulty in localizing a lesion. Patients often require
follow-up small-bowel examinations, including angi-
ography, scintigraphy, CT/magnetic resonance (MR)
enterography, and device-assisted enteroscopy.
Second, patients at risk for obstruction generally
undergo CT/MR enterography for the initial small-
bowel evaluation because of the risk of capsule reten-
tion. Third, CAPENTRY included only deidentified
information. Thus, recurrence or prognosis could not
be evaluated. Fourth, this entire cohort was composed
of ethnic Korean individuals. It is unclear whether
results of this study can be applied to other populations
with different sociodemographic characteristics.

In conclusion, this study is the largest multicenter
study ever published to date that evaluates the etiology
of potential small-bowel bleeding by age and gender.
The diagnostic yield of VCE and the diagnosis rate of
the etiology of potential small-bowel bleeding increased
with increasing age. Angiodysplasia was the most
prevalent etiology for small-bowel bleeding. However,
Crohn’s disease should be considered as a significant
etiology in young adults. Classifying patients with
potential small-bowel bleeding into young adults,
middle-aged, and elderly can be useful to categorize
the etiology of potential small-bowel bleeding. This
analysis provides insights into individualized lesion-
specific diagnostic approaches for patients withTa
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potential small-bowel bleeding. Further population-
based and longitudinal studies are needed.
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