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BACKGROUND: There is no consensus on the relative accuracy of
capsule endoscopy (CE) versus double-balloon enteroscopy (DBE) to
investigate obscure gastrointestinal bleeding (GIB). CE is less inva-
sive, but DBE more directly examines the small bowel, and allows tis-
sue sampling plus therapeutic intervention. 
OBJECTIVES: To evaluate the yield and outcome of DBE following
CE in patients with obscure GIB. 
METHODS: After DBE became readily available at the Centre for
Therapeutic Endoscopy and Endoscopic Oncology (St Michael’s
Hospital, Toronto, Ontario), all patients with obscure GIB seen from
December 2002 to June 2007 were evaluated identically, first with
CE, then with DBE (some with further interventions). Findings,
adverse outcomes and interventions are reported.
RESULTS: Fifty-one patients (25 women) with a mean (range) age
of 64.1 years (34 to 83 years) are reported. Eight patients underwent
DBE twice, for a total of 59 DBEs. Fourteen patients had overt GIB
and the median (range) number of red blood cell unit transfusions was
10 (0 to 100). The positive findings for each type of lesion were com-
pared in these 51 patients: angiodysplasia (CE 64.7% and DBE 61%,
P=0.3), ulcers (CE 19.6% and DBE 18.6%, P=0.5), bleeding lesions
(CE 43.1% and DBE 15.3%, P=0.0004) and mass (CE 10.2% and
DBE 8.5%, P=0.5). DBE provided the advantage of therapeutic inter-
vention: argon plasma coagulation (33 of 59 DBEs), clipping (two of
59), both argon plasma coagulation and clipping (three of 59),
polypectomy (two of 59), tattooing (52 of 59) and biopsies (11 of 59).
DBE detected lesions not seen by CE in 21 patients; lesions were
treated in 18 patients. However, CE detected 31 lesions not seen by
DBE. No major complications occurred with either examination. 
CONCLUSION: Overall detection rates for both techniques are
similar. Each technique detected lesions not seen by the other. These
data suggest that CE and DBE are complementary and that both eval-
uate obscure GIB more fully than either modality alone. 
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L’entéroscopie à double ballonnet après une
endoscopie capsulaire dans la prise en charge
d’un saignement gastro-intestinal occulte : Les
résultats d’une démarche combinée 

HISTORIQUE : Il n’existe pas de consensus sur la précision relative de
l’endoscopie capsulaire (EC) par rapport à l’endoscopie à double ballonnet
(EDB) pour explorer un saignement gastro-intestinal (SGI) occulte. L’EC
est moins envahissante, mais l’EDB assure un examen plus direct de l’in-
testin grêle, ce qui permet un échantillonnage tissulaire et une intervention
thérapeutique.
OBJECTIFS : Évaluer le rendement et l’issue d’une EDB après une EC
chez les patients atteints d’un SGI occulte.
MÉTHODOLOGIE : Lorsque l’EDB est devenu facilement accessible au
Center for Therapeutic Endoscopy and Endoscopic Oncology (St. Michael’s

Hospital, Toronto, Ontario), tous les patients atteints d’un SGI occulte
ayant consulté entre décembre 2002 et juin 2007 ont été évalués de la
même façon, d’abord par ED, puis par EDB (certains subissant d’autres
interventions). Les résultats, les issues négatives et les interventions sont
exposés.
RÉSULTATS : Cinquante et un patients (25 femmes) d’un âge moyen
(fourchette) de 64,1 ans (34 à 83 ans) sont déclarés. Huit patients ont subi
une EDB deux fois, pour un total de 59 EDB. Quatorze patients souffraient
d’un SGI apparent et avaient subi un nombre moyen (fourchette) de 10 (0
à 100) transfusions d’unités de globules rouges. Chez ces 51 patients, les
auteurs ont comparé les résultats positifs pour chaque type de lésion :
angiodysplasie (EC 64,7 % et EDB 61 %, P=0,3), ulcères (EC 19,6 % et
EDB 18,6 %, P=0,5), lésions hémorragiques (EC 43,1 % et EDB 15,3 %,
P=0,0004) et masse (EC 10,2 % et EDB 8,5 %, P=0,5). L’EDB s’associait à
l’avantage de l’intervention thérapeutique : coagulation plasmatique à l’ar-
gon (34 sur 59 EDB), clip (deux sur 59), coagulation plasmatique à l’argon
et clip (trois sur 59), polypectomie (deux sur 59), tatouage (52 sur 59) et
biopsies (11 sur 59). L’EDB a permis de déceler des lésions non observées
par EC chez 21 patients. Ces lésions ont été traitées chez 18 patients. L’EC
a permis de déceler 31 lésions non observées par EDB. Aucune complica-
tion majeure ne s’est produite par suite de l’une ou l’autre intervention.
CONCLUSION : Les taux globaux de détection de ces deux techniques
sont similaires. Chaque technique a permis de déceler des lésions omises
détectables par l’autre. Selon ces données, l’EC et l’EDB sont complémen-
taires et ensemble, elles permettent de mieux évaluer un SGI occulte que si
elles sont utilisées seules.

Traditional evaluation of obscure gastrointestinal bleeding
(GIB) has been either insensitive (small bowel x-ray, push

enteroscopy) (1) or associated with morbidity (intraoperative
endoscopy) (2). Accordingly, capsule endoscopy (CE) and
double-balloon enteroscopy (DBE) have become rapidly

adopted into clinical practice within the past few years.
However, the role of these newer tests is as yet poorly defined.
Both have been reported to be more accurate than enteroscopy
and barium studies of the small bowel, but both have also been
described to miss important lesions (1,3-8). Therefore, we

ORIGINAL ARTICLE

©2008 Pulsus Group Inc. All rights reserved

10984_kamalaporn.qxd  25/04/2008  1:33 PM  Page 491



reviewed the results of both procedures in all our patients with
obscure GIB seen in the past five years, performing first CE,
then DBE. The present retrospective study describes the yield
and outcome of this approach. 

METHODS
Patients
Data on 195 patients with obscure GIB who were seen at the
Centre for Therapeutic Endoscopy and Endoscopic Oncology,
St Michael’s Hospital (Toronto, Ontario) from December 2002
to June 2007 were reviewed. All patients had undergone
esophagogastroduodenoscopy and colonoscopy at least twice.
Push enteroscopies, radiological small bowel follow-throughs,
computed tomography (CT) scans of the abdomen, Meckel
scans, red blood cell scans and angiograms had also been per-
formed in some patients. All procedures were performed after
obtaining informed consent from the patients. 

Protocol
Patients with contraindications to CE such as gastrointestinal
obstruction, stricture or fistula, cardiac pacemakers, other
implanted electromedical devices and swallowing disorders
were excluded from the study. In all cases, CE was performed
first (because artifacts induced by DBE may have been difficult
to interpret by CE). After reviewing the CE studies, one of the
following management procedures was performed as soon as
possible: DBE once it became available, esophagogastroduo-
denoscopy, push enteroscopy, colonoscopy or close follow-up.
DBEs were performed at a mean interval of 139 days (range
40 to 335 days) after CE. The endoscopists knew the results of
CE at the time of DBE. 

CE procedure
The Given M2A CE system (Given Imaging Ltd, Israel) was
used. All patients were instructed to withhold oral iron sup-
plements for five days before the CE procedure to avoid
potential interference with the test. The patients underwent
bowel preparation with 2 L to 4 L of polyethylene glycol solu-
tion and fasted overnight, at least 8 h before the procedure.
All equipment was disconnected after 8 h. Images were
downloaded and reviewed by two experienced reviewers. The
locations of the lesions in the small bowel were determined
by small bowel transit time.

DBE
The Fujinon DBE system (Fuji Photo Optical Incorporated
Company, Fujinon Inc, Japan) was used. Antegrade, retrograde
or combined antegrade and retrograde DBEs were performed
with or without intervention under conscious sedation or gen-
eral anesthesia. The initial approach (antegrade or retrograde)
was decided by location of findings in CE. All patients under-
went bowel preparation with 4 L of polyethylene glycol solu-
tion and fasted overnight. The DBE procedures were
performed by two endoscopists (who did not interpret the CE
findings) and assistants. 

The therapeutic interventions performed with DBE were
argon plasma coagulation, clipping, snare polypectomies, tat-
tooing (to document the length of small bowel visualized)
and biopsies. Patients were observed in the recovery room or
stayed overnight, depending on the risk of the therapeutic
procedures.

Definitions 
The following criteria were used for assessing and classifying
findings of CE and DBE (9):

• angiodysplasia or angioectasia – a flat, red mucosal
lesion with visible legs or borders;

• ulcer – an interruption of the mucosa with visible
depth;

• polyp – a protuberance into the lumen from the
normally flat mucosa;

• bleeding lesion – fresh blood seen but no underlying
lesion identified; and

• diverticulum – an outpouching lesion from the normal
mucosa.

Indeterminate red spots, defined as pinpoint, faintly red
areas less than 5 mm in diameter are not reported because they
were not believed to be of any clinical significance (9). 

Positive CEs and DBEs were defined as findings that
explained the cause of the obscure GIB.

Statistical analysis
Results are presented as mean (range) or median (range) for
continuous data, and frequency (percentage) for categorical
data. The data with normal distributions were compared by
Student’s paired t test. Categorical data were compared by
McNemar’s χ2 test. P<0.05 was considered to be statistically
significant.

RESULTS
Characteristics of patients
One hundred ninety-five patients were reviewed in the present
study. Of these, 117 patients had overt GIB and 78 patients
had occult GIB. Numerous diagnostic procedures were per-
formed before both of these procedures. These included gas-
troscopy (100%), colonoscopy (100%), push enteroscopy
(73.3%), small bowel study (42.2%), angiography (8.9%), CT
of the abdomen (8.9%), Meckel scan (4.4%) and red blood
cell scan (4.4%). 

CE
The CE procedures were performed successfully in 181 of
202 studies. The capsule did not reach the cecum within 8 h in
19 patients and did not reach even the small bowel in
two patients. The median (range) gastric transit and small
bowel transit times were 41.97 min (1 min to 454 min) and
243.7 min (0 min to 465 min), respectively. No retention of
the capsule occurred in any of the patients. From 202 studies,
CE was positive in 114 patients (56.4%). The types of lesions
were angiodysplasia (n=65, 32.2%), ulcer (n=47, 23.3%),
bleeding (n=64, 31.7%) and mass (n=12, 0.05%). After the
CE studies were reviewed, patients underwent gastroscopy
(n=17), push enteroscopy (n=41), colonoscopy (n=14), DBE
(n=51), small bowel resection for mass (n=4), intraoperative
enteroscopy (n=5) or follow-up examinations (n=70). 

DBE
Fifty-six patients underwent DBE during these five years.
Five patients (six DBEs) were excluded from the study because
DBEs were performed without previous CE studies (previous
history of small bowel stricture from Crohn’s disease [n=1],

Kamalaporn et al

Can J Gastroenterol Vol 22 No 5 May 2008492

10984_kamalaporn.qxd  25/04/2008  1:33 PM  Page 492



positive CT angiogram [n=2] and history of small bowel
angiodysplasias [n=2]). In the remaining 51 patients, antegrade
DBE was performed in 30 patients, retrograde in 17, and com-
bined antegrade and retrograde in 12 (total of 59 DBEs), all
after CE. The mean duration of DBE was 179.8 min (range
40 min to 335 min). Fluoroscopy was used during more than
95% of the procedures. Thirty-six procedures were performed
under general anesthesia and 23 procedures were performed
under conscious sedation (fentanyl and meperidine with mida-
zolam). No significant complication was found with any DBE.
Tattoos to mark the maximum length of bowel inspected
showed that the entire small bowel was visualized by DBE in
only three of the 51 patients. 

Outcomes
The demographic data of the 51 patients who underwent
both CE and DBE are summarized in Table 1. A comparison
of all diagnostic findings of CE and DBE are shown in
Table 2. CE and DBE detected positive findings in nearly the
same proportion of patients (88.2% versus 86.4%, respec-
tively; P=0.5). Angiodysplasias were the most frequent find-
ings for both procedures. They were most commonly found in
the jejunum, with a mean of 10.6 lesions (range five to
30 lesions). The only abnormality that was detected more fre-
quently by CE than by DBE was the bleeding lesion (43.1%
versus 15.3%, P=0.0004). A stromal tumour in the small
bowel of one patient, and celiac disease in another patient
were diagnosed by both procedures.

Interventions and benefits of DBE, and follow-up 
examinations after DBE
Argon plasma coagulation (n=33), clipping (n=2), both
argon plasma coagulation and clipping (n=3), polypectomies
(n=2), tattooing (n=52) and biopsies (n=11) were performed
with 59 DBEs. Table 3 shows the benefits of DBE over CE.
DBE detected more treatable lesions: angiodysplasias (n=8,
15.7%), ulcers (n=8, 15.7%), bleeding lesions (n=1, 1.9%)
and small bowel polyps (ileal carcinoid) (n=1, 1.9%). DBE
also detected two cases of small bowel diverticulum and one
case of jejunal varices, which were missed by CE. However,

CE detected lesions that were not confirmed by DBE in
31 patients.

Two patients were referred for surgical removal of a stromal
tumour and a carcinoid of the ileum, respectively. Forty-
nine per cent of patients remained clinically stable, with no
further blood transfusions, over six months of follow-up exam-
inations. The rest of the patients still needed blood transfu-
sions, with a median of three units (range two to 10 units) in
six months. One patient died within one month from previ-
ously documented chronic renal failure.

DISCUSSION
Although each diagnostic modality has a distinct role, an
agreement is emerging that the newer techniques of CE and
DBE are preferable to radiological studies of the small bowel,
push enterosocpy and intraoperative enteroscopy in the initial
workup of obscure GIB (1,2). Data demonstrating a high diag-
nostic yield, with minimal risk, are particularly extensive for
CE (1-4), most likely because this was introduced before DBE
and is both less invasive and less time-consuming. The role of
DBE in endoscopically treating small bowel lesions seen by CE
is now also becoming well documented (10,11). However, the
relative merits of CE and DBE in the diagnostic evaluation of
obscure GIB have yet to be determined. For example, in a
recent study (12), DBE found only one lesion (an arteriove-
nous malformation) in nine patients with obscure GIB and a
negative CE finding. In another report (13), DBE clarified or
added a new diagnosis in 20% of patients with a positive CE
finding. In our series, in which DBE was performed in all
51 patients with both positive and negative findings at CE,
DBE significantly increased the diagnostic yield above CE
(seen by DBE, but not by CE) in 21 of 51 patients. We do not
know if repeat CE would have detected these lesions.

In the 51 patients who underwent both CE and DBE, the CE
yield was higher than that reported by other groups (88.2%).
This may be because abnormalities that were considered
insignificant by others were considered significant by us, because
of interobserver variability, or because of referral bias – patients
were referred to us chiefly for DBE, considered by referring
physicians to be a new and potentially hazardous procedure,
leading to selection of patients for referral with the most omi-
nous occult GIB. We have no ready explanation for why the
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TABLE 1
Demographic data of 51 patients who underwent both
capsule endoscopy and double-balloon enteroscopy

Characteristic Patients

Age, years, mean (range) 64.1 (34–83)

Male:female 26:25

Type of gastrointestinal bleeding, n 

Overt bleeding 14

Occult bleeding 37

Medication used, n

Nonsteroidal anti-inflammatory drugs 15

Oral anticoagulant 6

Hemoglobin, g/L, mean (range)

Transfusion-dependent group (n=33) 96.7 (79–115)

Nontransfusion group (n=18) 113.5 (96–131)

Number of blood units transfusion, median (range) 10 (10–100)

TABLE 2
Comparison of findings between capsule endoscopy (CE)
and double-balloon enteroscopy (DBE)

Finding CE (n=51) DBE (n=51)* P

Positive findings, n (%) 45 (88.2) 51 (86.4) 0.5

Angiodysplasia, n (%) 33 (64.7) 36 (61) 0.3

Stomach 2 (3.9) 1 (1.7)

Duodenum 2 (3.9) 1 (1.7)

Jejunum 30 (58.8) 23 (39)

Ileum 12 (23.5) 12 (20.3)

Ascending colon 1 (1.9) 4 (6.8)

Ulcer, n (%) 10 (19.6) 11 (18.6) 0.5

Bleeding, n (%) 22 (43.1) 9 (15.3) 0.0004

Mass, n (%) 6 (10.2) 5 (8.5) 0.5

*A total of 59 DBEs were performed in 51 patients
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cecal intubation rate was so high (n=50) in the group undergo-
ing subsequent DBE, other than selection bias, because the cecal
intubation rate for all CE patients was lower (90%, n=181).

DBE missed lesions seen by CE in 31 of 51 patients. This
may have been because the entire small bowel was visualized
with DBE in only 5.5% of patients (n=3), because the interval
between CE and DBE was so long that some CE-detectable
lesions resolved or because of interobserver variability.
However, the data do emphasize the complementary role of CE
and DBE. We also confirm the therapeutic potential of DBE, as
reported by others (10-11). 

Our follow-up was limited in both duration and knowledge
of blood transfusion requirements, because most patients
returned to the community after evaluation. However, patients
are usually referred again if transfusion requirements do not
decrease, so we expect that most patients improved. 

The next step in investigating obscure GIB is intraopera-
tive enteroscopy, which is still considered to be the gold stan-
dard of small bowel visualization and examination. The
sensitivity and specificity of this procedure in patients with
obscure GIB have been reported to be 95% and 75%, respec-
tively, but it is more invasive and complication rates range
from 2% to 41.2% (14).

CE is indicated for obscure GIB, suspected Crohn’s disease,
suspected small bowel tumours and surveillance in patients
with polyposis syndromes, and suspected or refractory malab-
sorptive syndromes (eg, celiac disease). The capsule should be
used with caution in patients with known or suspected gas-
trointestinal obstruction, fistulas or suspected motility disor-
ders. Capsule retention has not been reported in normal
subjects or those with anatomical variants such as colon or
small bowel diverticulosis, but has been described at rates of
1.5% to 5% in patients with obscure GIB and suspected
Crohn’s disease. However, this was not a problem in our study.
Retained capsules are usually asymptomatic, but nevertheless
usually require surgery or endoscopic removal (15,16). 

Previous prospective studies and one meta-analysis report a
CE yield of 56% to 70% for identification of the source of
bleeding in obscure GIB, compared with 24% to 26% for push
enteroscopy (1,5,6). In Crohn’s disease, CE is shown to be supe-
rior to small bowel follow-through, push enteroscopy (17,18)
and CT enteroclysis (19). For patients with known or suspected
polyposis syndrome, CE was able to detect more lesions than a
small bowel follow-through (20). In experienced readers, CE
also provided another modality for identification of small intes-
tinal villous atrophy and other endoscopic findings suggestive

of celiac disease (21). The limitations of CE include insuffi-
cient air insufflation, local re-examination, rinsing, specimen
biopsies and therapeutic interventions.

DBE is a new technique that at least potentially permits
examination of the entire small bowel, tissue sampling and
therapeutic interventions (such as argon plasma coagulation,
clipping, polypectomy, tattooing and dilation). DBE has been
reported to have a higher detection rate of small bowel diseases
than push enteroscopy (79% versus 31%, respectively) (7), at
least partially because a larger proportion of the small bowel
can be visualized when combined antegrade and retrograde
DBE are performed. Only a small number of adverse events
have been reported (1%), such as pancreatitis and bowel per-
foration (8,10), although none occurred in our series.

CONCLUSIONS
Among the myriad of reported approaches to finding the
cause of obscure GIB (1-13), our data support the use of CE
as the first diagnostic study of small bowel disease, followed
by DBE – not just for tissue sampling and therapeutic inter-
vention, but also to increase diagnostic yield. The relatively
low sensitivity of each diagnostic modality, when used sepa-
rately, also emphasizes the need for new management strate-
gies for obscure GIB.
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