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ABSTRACT

Objectives: Balloon-assisted enteroscopy (BAE) is increasingly used for the evaluation of small
bowel disorders. We quantified local diagnostic and therapeutic yields of BAE in patients with sus-
pected small bowel diseases.

Methods: Adult patients undergoing BAE between January 2010 and July 2015 at McGill University
Health Centre were included. Procedures were identified using a prospectively maintained database.
Patients were excluded if procedure report was unavailable. Electronic medical records were reviewed.
Analyses were restricted to patients who did not have a previous BAE.

Results: BAE was performed in 453 patients, including 421 anterograde cases. Patients had a mean
age of 61.0 £ 17.5 years. Most common indications for referral were obscure gastrointestinal bleeding
(OGIB) (n=207, 45.7%), abnormal imaging (n=88, 19.4%), suspected small bowel neoplasia (SBN)
(n=39, 8.6%) and Crohn’s disease (CD) (n=31, 6.8%). A diagnosis was established in 216 procedures
(47.7%). A pre-endoscopic indication of CD (odds ratio [OR]: 3.78; 95% Confidence Interval [CI],
1.60-8.90), OGIB (OR: 3.69, 95% CI, 2.03-6.71), suspected SBN (OR: 2.45; 95% CI, 1.06-5.65)
and previous VCE (OR: 9.33; 95% ClI, 3.24-26.90) were associated with abnormal findings. A thera-
peutic procedure was performed in 126 cases (28.3%). OGIB (OR: 7.00; 95% CI, 3.83-12.81), previ-
ous video capsule endoscopy (VCE) (OR: 7.86; 95% CI, 2.93-21.04) and suspected SBN (OR: 6.30;
95% CI, 2.58-21.04) were associated with performance of a therapeutic intervention. Complication
rate was 1.6%, with bleeding in seven cases and one perforation.

Conclusions: In carefully selected patients, such as those with OGIB, Crohn’s disease and previous
VCE, BAE was a safe procedure that led to the identification of abnormal findings and therapeutic
interventions.
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INTRODUCTION 57% to 80%, respectively (3-9). The most commonly used

therapeutic interventions are targeted to the treatment of vascu-
larlesions (10). In patients with Crohn’s disease (CD), BAE can
detect small bowel lesions and provide endotherapy to man-

The endoscopic evaluation of the small bowel has gone through
a major revolution with the development of balloon-assisted

enteroscopy (BAE) (1, 2). BAE is most commonly used in the

evaluation of obscure gastrointestinal bleeding (OGIB) with age bleeding, dilatation of small bowel strictures and retrieval

reported diagnostic and therapeutic yields of 45% to 87% and of a foreign body, such as in cases of video capsule impaction
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(11-16). Furthermore, BAE also allows for the detection and
tissue sampling of small bowel tumors and may even allow for
stent placement in cases of obstruction (17-20).

Since its introduction, BAE has been associated with com-
plications. The reported incidences of minor and major com-
plications are 9% and 0.72%, respectively (21). Complications
such as bleeding and perforation are more frequent when the
procedure is combined with a therapeutic intervention (22).
Furthermore, sedation-related adverse events are seen in 17%
of procedures (23). BAE has also been associated with cases of
procedure-related pancreatitis in about 0.49% of patients (21).
The most widely postulated mechanism suggests that mechani-
cal stress on the pancreas or papilla caused by the pull-and-push
motion leads to focal points of pancreatic ischemic necrosis.

Given the emergence of this endoscopic technique, BAE
has been included in guidelines related to the management of
suspected small bowel disease (24, 25). The main objective of
our study is to better quantify the diagnostic and therapeutic
yields of BAE in a high-volume centre and identify key pre-en-
doscopic factors that are associated with its optimal use.

METHODS

Study population and source

We performed a single-center retrospective cohort study con-
ducted at the McGill University Health Center (MUHC,
Montreal, Canada) that included all consecutive adult patients
who underwent a BAE between January 2010 and July 2015.
Patients were identified using Endoworks™ (Olympus, Central
Valley, Pennsylvania, USA), a software used in the division of
gastroenterology at the MUHC to prospectively document
endoscopic procedures. Patients were excluded if the procedure

was misclassified or if the enteroscopy report was unavailable.

Primary study objectives

Our primary objectives were to calculate the diagnostic and
therapeutic yields of BAE in the evaluation of small bowel dis-
eases at our centre.

Secondary study objectives

Secondary objectives included the identification of pre-endo-
scopic factors associated with improved diagnostic and thera-
peutic yields, determining the rate of procedural complications,
describing the impact of BAE on management and identifying
factors that would be associated with a change in management.

Definitions

The diagnostic yield was defined as the proportion of pro-
cedures with an endoscopic finding. Accepted endoscopic
findings were classified as vascular lesions, ulcers or erosions,

polyps, stricture, cancer, impacted video capsule, or others,

depending on the endoscopic description on the procedure
report (26). The therapeutic yield was defined as the propor-
tion of procedures where an endoscopic therapeutic inter-
vention was carried out over the total number of procedures
performed. Accepted therapeutic interventions included epi-
nephrine injection, endoclips, APC, bipolar electrocoagulation,
hemostatic powder, stent deployment, endoscopic dilatation,
tattooing, polypectomy and foreign body retrieval. Therapeutic
interventions were further classified as unsuccessful if on the
procedure report, the therapeutic intervention was not able to
achieve its intended purpose during the procedure.

The impact of BAE on management was assessed on a per
procedure basis and was defined as the presence of clear rec-
ommendations in the procedural report that assisted in the
care of the patient that would otherwise not have been planned
for. These recommendations were then classified into medical,
endoscopic, surgical or radiological. Medical recommendations
were defined as the need for general medical care, including
hospitalization, transfusions and prescribing or holding certain
medications. Endoscopic recommendations were defined as the
need for repeat endoscopic evaluation, including enteroscopy
or video capsule endoscopy. Surgical recommendations were
defined as the referral to a surgical service for further assess-
ment or management. Radiological recommendations were
defined as the referral to diagnostic or interventional radiology
for further assessment or management. Procedural complica-
tion was defined as the occurrence of pancreatitis, bleeding or
bowel perforation immediately following or within four weeks

of the procedure.

Data collection

Demographic and clinical data were collected into dedicated
standardized forms for each procedure through electronic chart
review performed by trained research personnel. Endoscopic
reports included patient characteristics, indication for proce-
dure, medication use, technical procedural data, a description
of the endoscopic findings and therapeutic interventions per-
formed, direct complications, and recommendations in the
management of the patient.

BAEs were performed by one of two expert gastroenterology
endoscopists with training in BAE (TB, CAS) after they had
screened the referrals. Patients referred for OGIB would need
to have undergone a gastroscopy, a colonoscopy to the cecum
with satisfactory views and preparation, and small bowel imag-
ing prior to the referral. For other referrals, an accompanying
small bowel imaging was requested. Accepted small bowel
imaging modalities included VCE, computed tomography
(CT) of the abdomen or enterography, magnetic resonance of
the abdomen or enterography or small bowel follow-through.
Single-balloon enteroscopy (SBE) has been performed at our
centre since January 2011 using equipment consisting of the
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SIF-Q180 enteroscopy (Olympus, Tokyo, Japan), the overtube
balloon control unit (Olympus Balloon Control Unit) and a dis-
posable silicone splinting tube with balloon (ST-SB1). Double-
balloon enteroscopy (DBE) was performed using the Fujinon
system (Fujinon, Saitama, Japan) until December 2010. For
anterograde BAE, patients were asked to fast for at least 6 hours
before the procedure. For retrograde BAE, patients had to drink
a colonic cleansing preparation using split dose Pico-Salax,
similar to a colonoscopy, and were asked to fast for at least 2
hours prior to the procedure. Sedation was administered using
fentanyl and midazolam; buscopan was also administered to

selected patients at the discretion of the endoscopist.

Statistical analysis

Considering that some patients may have more than one
BAE, and that it may bias our results, we have decided to con-
duct our analysis on patients with no prior BAE. Therefore,
the results reported will focus on BAE-naive patients. Data
analysis included descriptive statistics computed for continu-
ous variables including means and standard deviations (SD).
Percentages were used for categorical variables. Between-groups
comparisons were performed using y’, Fishers exact test, t-test
or Wilcoxon rank testing, as appropriate. The clinical variables
included in the multivariable analysis were chosen based on
possible predictors identified in the literature and guided by the
univariable analysis (attached in Appendix A). Multivariable
logistic regression analyses were used to identify possible vari-
ables associated with the presence of endoscopic findings and
therapeutic intervention. All analyses were done using SAS
software version 9.4 (SAS Institute, Cary, NC, USA). A P value
ofless than or equal to 0.05 was considered significant.

Ethical considerations
The study was conducted according to the ethical principles
stated in the Declaration of Helsinki (2008) and approved
by the McGill University Health Center Institutional Review
Board (15-173-MUHC).

RESULTS

There were 543 BAEs performed on 453 individual patients
during the study period with a mean number of 1.3 £ 0.7 pro-
cedure per patient. When we focused our analyses to patients at
their first BAE, the mean age was 61.0 £ 17.5 years, 242 patients
were male (53.4%), and 429 procedures were performed on
outpatients (94.9%) (Table 1), while 421 (94.4%) of the proce-
dures were anterograde. Forty-five procedures were performed
using the DBE system between January and December 2010,
and 408 procedures were performed using the SBE system
between January 2011 and July 2015. The most common indi-
cation for BAE was occult gastrointestinal bleed (OGIB), either

overt or obscure, (n=207, 45.7%), followed by assessment
of abnormal small bowel imaging (n=88, 19.4%), suspected
small bowel neoplasia (n=39, 8.6%) and CD (n=31, 6.8%)
(Table 1). Furthermore, endoscopic evaluation predating BAE
was reported in 324 cases (70.9%), which was most often with
a gastroscopy or a colonoscopy. In patients with OGIB, 76.8%
of patients had previous endoscopic evaluation recorded. Only
65 (14.4%) patients had a video capsule endoscopy before BAE
(Table 1). Imaging was available in 212 (46.4%) cases, with
172 (38.0%) being from computed tomography of the abdo-
men, and 29 (6.4%) from magnetic resonance of the abdomen
(Table 1). Further information on the baseline characteristics

of the patients included in our cohort can be found in Table 1.

Primary and secondary outcomes

An abnormal endoscopic finding was reported in 216 proce-
dures, with an overall diagnostic yield of 47.7%. The most com-
mon findings were vascular lesions (n=94, 43.5%), followed by
ulcers (n=78, 36.1%) or polypoid lesions (n=30, 13.9%). A more
complete list of findings is listed in Table 2. Overall, patients with
OGIB had a diagnostic yield of 58%. In patients with OGIB, the
presence of small bowel imaging, including VCE before BAE, did
not increase the diagnostic yield (55.3% versus 60.6%, p=0.483).
When further analyzing patient with OGIB who underwent a
VCE before BAE, the diagnostic yield was 56.8% compared with
58.2% for those with or without a prior VCE, respectively (p=1).
Amongst patients with CD or suspected tumor evaluation, the
presence of VCE or imaging prior to the enteroscopy tended
towards increased diagnostic yield, but was not statistically signif-
icant (69.7% versus 48.7%, p=0.07).

A therapeutic intervention was carried out in 128 procedures,
with an overall therapeutic yield of 28.3%. Amongst patients
with a therapeutic intervention, the most common treatment
modality was argon plasma coagulation (n=56, 43.8%), fol-
lowed by epinephrine injection (n=23, 18.0%), polypectomy
(n=18, 14.1%), bipolar electrocoagulation (n=13, 10.2%) and
clipping (n=11, 8.6%) (Table 3). In patients with an abnormal
endoscopic finding, a therapeutic intervention was deemed
necessary and was performed in 56.4% of patients.

BAE led to a change in management in 270 (59.6%) cases.
Medical optimization was recommended in 100 (22.1%) cases,
followed by a radiological intervention in 60 (13.3%) or surgi-
cal intervention in 56 (12.4%) cases. Video capsule endoscopy
was recommended in only 25 (5.5%) cases following enteros-

copy (Figure 1).

Factors associated with improved diagnostic or thera-
peutic yields and impact on management

Results of the univariate analysis are presented in Appendix
A. The following results pertain to the multivariate analysis. The
diagnostic yield improved with increased age (odds ratio [OR]:
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Table 1. Baseline characteristics of the primary cases of balloon
assisted enteroscopy performed at our centre

Variables Total (N=453), n (%)
Age, years (SD) 61.0(17.5)
Male sex 242 (53.4)
Outpatient 429 (94.9)
Anterograde BAE 421 (94.4)
Previous endoscopy 324 (70.9)
Gastroscopy 40 (8.8)
Colonoscopy 59 (13.0)
Gastroscopy and colonoscopy 176 (38.9)
Video capsule endoscopy 65 (14.4)
Prior imaging 212 (46.4)
Computed tomography 172 (38.0)
Magnetic Resonance 29 (6.4)
Indication for BAE
Obscure Gastrointestinal Bleeding 207 (45.7)
Abnormal imaging 88 (19.4)
Suspected small bowel neoplasia 39 (8.6)
Crohn’s disease 31(6.8)
Diarrhea 30 (6.6)
Abnormal video capsule 25(5.5)
Abdominal pain 21 (4.6)
Other 31(6.8)

1.02; 95% confidence interval [CI], 1.01-1.03), indication of
OGIB (OR: 3.69; 95% CI,2.03-6.71), CD (OR: 3.78; 95% CI,
1.60-8.90), suspected small bowel neoplasia (OR: 2.45; 95%
CI, 1.06-5.65) and previous VCE (OR: 9.33; 95% CI, 3.24—
26.90) (Table 4).

The therapeutic yield increased with increasing age (OR:
1.03; 95% CI, 1.02-1.05), indication of OGIB (OR: 7.21: 95%
CI, 3.94-13.22), suspected small bowel neoplasia (OR: 6.97;
95% CI, 2.90-16.77) and previous video capsule (OR: 7.95;
95% CI12.97-21.27) (Table 5).

The impact of BAE on the management of the patient was not
significantly higher in patients with a pre-endoscopic diagnosis
of suspected small bowel neoplasia (OR: 1.73; 95% CI, 0.83-
3.57), nor with male gender (OR: 1.19; 95% CI, 0.81-1.74).

Table 2. Breakdown of the endoscopic findings identified in pro-
cedures with a positive finding

Endoscopic finding Number of cases (%) N=216
Vascular lesion 94 (43.5)

Ulcer 78 (36.1)

Polypoid lesion 30(13.9)

Stricture 11(5.1)

Cancer 2(0.9)

Other 19 (8.8)

but was significantly lower in patients with a pre-endoscopic
diagnosis of CD (OR: 0.42; 95% CI, 0.20-0.88). A pre-endo-
scopic diagnosis of OGIB had no impact on the subsequent
management of patient.

Medication usage

Conscious sedation was the preferred method of sedation.
Midazolam and fentanyl were the two most commonly
used medications in 89.2% of cases, with mean doses of
3.30 £ 1.32 mg and 101.9 * 38.2 mcg respectively. Buscopan
was used in 20.1% of cases with a mean dose of 15.5 + 7.0 mg.
Nonsignificant higher doses of buscopan were used when an
endoscopic finding was identified or a therapeutic intervention
was carried out (16.0 £ 7.2 mg and 14.2 £ 6.4 mg, p=0.13),
although higher doses of fentanyl were required when there
were no endoscopic findings on BAE (109.0 + 39.7 mcg versus
98.5 +40.9 mcg, p<0.01).

Safety

Complications were reported in 1.6% of cases. Bleeding
occurred in seven cases (1.6%), and perforation in one case
(0.2%). There were no reported cases of pancreatitis or seda-
tion-related adverse events in our cohort. Bleeding was more
likely to occur after a therapeutic intervention, although not
significantly different (3.1% versus 0.9%, p=0.10). The three
cases of bleeding that occurred during the diagnostic procedure
were from Mallory Weiss tears; however, the cases reported
after therapeutic enteroscopy were due to bleeding after treat-
ment of a vascular lesion. The only perforation was successfully
managed conservatively with endoclip application. Perforation

was not associated with a therapeutic intervention or older age.

DISCUSSION

The use of BAE has revolutionized the evaluation of small
bowel diseases (1). First with a double-balloon system, the

Table 3. Breakdown of the endotherapy carried out in procedures
with a therapeutic intervention

Therapeutic intervention Number of cases (%)

N=128
Argon plasma coagulation 56 (43.8)
Injection 23 (18.0)
Polypectomy 18 (14.1)
Bipolar electrocoagulation 13(10.2)
Clipping 11 (8.6)
Tattoo 10(7.8)
Stricture dilatation 2(1.6)
Hemospray 1(0.8)
Unsuccessful 4(3.1)
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Figure 1. Impact of BAE on the management of patients.

development of SBE has subsequently allowed for similar diag-
nostic yield, therapeutic yield, procedure time, insertion depth,
but possibly lower total enteroscopy rates (2,27-31). Given the
similarities between the two techniques, the choice of enteros-
copy depends largely on local expertise and availability.

In this study, we report on the largest single Canadian cen-
tre experience on the use of BAE, including both DBE and
SBE, from the McGill University Health Centre, Montreal,
Canada. At our centre, we performed 543 BAEs on 453 indi-
vidual patients over a S-year period. Our results show that our
diagnostic yield and therapeutic yield were 47.7% and 28.3%
in BAE naive patients, respectively. It is important to note that
we restricted our analysis to patients at their first BAE in order
to minimize any falsely inflated diagnostic or therapeutic yield.

Consistent with the literature, the main indication for BAE
was for evaluation of OGIB, in 46% of cases (32). In this patient
population, we could achieve higher diagnostic and therapeutic
yields compared to all other indications. Our findings character-
ize a patient population that would benefit most from this type
of investigation, both from diagnostic and therapeutic stand
points. Despite being commonly compared to video capsule
endoscopy, BAE allows for targeted therapy of the identified
bleeding lesion during the same session (33). It is important to
remember that in cases of OGIB, VCE may miss lesions that
could be identified on BAE in about 20-30% of cases (34, 35).
A cost-effectiveness analysis showed that a DBE-first approach
may be more advantageous than a VCE-first approach,

Table 4. Multivariable analysis for improved diagnostic yield

Variable Odds ratio (95% CI)
Previous VCE 9.33 (3.24-26.90)
Crohn’s Disease 3.78 (1.60-8.90)
OGIB 3.69 (2.03-6.71)

2.45 (1.06-5.65)
Abnormal imaging 1.60 (0.82-3.11)
Age 1.02 (1.01-1.03)

Suspected small bowel neoplasia

60 (13.3%)

Radiology

53 (11.7%)

25 (5.5%)

Endoscopy m Video Capsule

especially in patients with a higher likelihood of ongoing bleed-
ing (34). This is most likely due to the fact that if a patient has
a higher chance of ongoing OGIB, going for an intervention
with a therapeutic capacity, such as BAE, may save costs. On
the other hand, in patients less likely to have a bleeding source,
the cost-saving advantage of VCE is thought to be related to the
decrease in balloon enteroscopy workload (34). Furthermore,
as we showed in our study, a previous VCE itself tended to
increase the diagnostic yield of BAE—more so in patients with
CD or suspected small bowel neoplasia, but not in patients with
OGIB. Our study also notes that a previous VCE examination
also increases the likelihood of performing a therapeutic pro-
cedure (36). In carefully selected patients, such as those with
ongoing bleeding, a BAE-first approach may be acceptable and
potentialy cost-saving (24, 25).

The second-most common indication for BAE was for the
evaluation of abnormal small bowel imaging of the small bowel.
Patients with abnormal small bowel imaging studies seem to
have a lower incidence of abnormal findings detected on BAE,
potentially due to the poor specificity of the abnormal findings
on imaging. We also diagnosed one case of metastatic mela-
noma. Although it was not associated with a higher diagnostic
yield, BAE was still able to identify important findings and pro-
vide samples for histological evaluation and potentially prevent
intraoperative exploration. In this situation, proceeding with
a BAE depends on the cumulative body of evidence pointing
toward a true pathological process.

We also report that the use of BAE impacts on the care path-

way of patients in 59.6% of cases. These recommendations

Table S. Multivariable analysis for improved therapeutic yield

Variable Odds ratio (95% CI)
Previous VCE 7.86 (2.93-21.04)
OGIB 7.00 (3.81-12.83)

Suspected small bowel neoplasia 6.30 (2.58-21.04)
Age 1.03 (1.02-1.05)
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were most often medical, including advice on the cessation or
resumption of anticoagulants or antiplatelet agents and trans-
fusion of blood products, followed by suggestions of further
imaging, and lastly, a referral for surgical opinion. Patients
with CD were less likely to have recommendations to change
their management. This is most likely because patients with
CD would usually follow up with their treating physician who
would then decide on the best change in management after syn-
thesizing all the available information. Our data seem to indi-
cate that having an endoscopist review the clinical scenario and
perform an investigation with BAE can provide further medi-
cal assessment of a patient’s condition and suggest therapeutic
interventions subsequent to the endoscopy. Furthermore, our
study reinforces that BAE is a safe procedure. We report seven
cases of bleeding and one perforation, for a complication rate
of 1.6%, similar to rates previously published in the literature
to date (22).

Our study has certain limitations mainly related to its ret-
rospective nature. Furthermore, we determined the impact of
BAE on the management of patients retrospectively using the
procedural reports, making this a posteriori analysis. Since we
receive many referrals from other hospitals, endoscopic evalu-
ations may not be repeated at our centre, explaining the 77%
pre-BAE endoscopic evaluation. Lastly, since we chose to ana-
lyze our data in patients that were BAE-naive, it may not reflect
the overall clinical course of a patient with multiple balloon
enteroscopies. Despite these limitations, the validity of our
findings is supported by similar reports on diagnostic yield,
therapeutic yield and complication rate of BAE published in
previous large series.

In conclusion, BAE is a very useful endoscopic technique
that facilitates the diagnosis of small bowel disorders and the
application of targeted endotherapy impacting favorably on
the care of a majority of patients. Our study also identified
key pre-endoscopic factors associated with increased diagnos-
tic and therapeutic yields. As its availability depends on local
expertise, choosing patients wisely for this procedure is para-
mount in order to maximize both the diagnostic and therapeu-
tic yield. Further studies looking at the need for pre-BAE VCE
in selected patients with OGIB are still warranted.

SUPPLEMENTARY DATA

Supplementary data are available at Journal of the Canadian
Association of Gastroenterology online.
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