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Abstract
AIM
To evaluate the therapeutic role of double-balloon 
enteroscopy (DBE) in small bowel strictures and to 
propose a standard approach to small bowel strictures.

METHODS
Systematic review of studies involving DBE in patients 
with small bowel strictures. Only studies limited to 
small bowel strictures were included and those with 
ileo-colonic strictures were excluded. 

RESULTS
In total 13 studies were included, in which 310 patients 
were dilated. The average follow-up time was 31.8 mo 
per patient. The complication rate was 4.8% per patient 
and 2.6% per dilatation. Surgery was avoided in 80% 
of patients. After the first dilatation, 46% were treated 
with re-dilatation and only 17% required surgery.

CONCLUSION
DBE-assisted dilatation avoids surgery in 80% of 
patients with small bowel strictures and is safe and 
effective. We propose a standardized approach to small 
bowel strictures.

Key words: Double-ballloon enteroscopy; Dilatation; 
Small bowel stricture; Enteroscopy; Crohn’s disease; 
Systematic review
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Core tip: At present there is a wealth of literature on 
the value of double-balloon enteroscopy (DBE) in the 
management of obscure gastrointestinal bleeding. 
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However, there is only few data regarding its role in 
small bowel strictures and these patients often face 
surgery. In our study we show that DBE-assisted 
endoscopic balloon dilation offers safe and effective 
treatment of small bowel strictures. Surgery can be 
avoided in 80% of cases. Moreover, we propose a flow-
chart representing a standard approach to small bowel 
strictures.
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wjgnet.com/1007-9327/full/v23/i45/8073.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i45.8073

INTRODUCTION
Small bowel strictures are associated with major 
comorbidity and adequate management is therefore 
required. The aetiology of small bowel strictures 
is varied and includes Crohn’s disease (CD), post-
surgical, ischemic, non-steroidal anti-inflammatory 
drugs (NSAIDs) induced, neoplastic and idiopathic[1,2]. 
Endoscopic access into the small bowel is not widely 
available. Hence, surgery has been the mainstay for 
treatment for small bowel strictures. However, surgery 
is associated with serious complications including 
bowel obstruction, intra-abdominal infections, wound 
infections, anastomotic leakages and fistulas. In 
patients with CD, the complication rate can be as high 
as 20%[3]. Besides the direct complications of surgery, 
there is also a > 70% chance of re-stricturing and it 
is known that multiple small intestinal resections can 
lead to short bowel syndrome and malnutrition[4-6]. 
Endoscopic balloon dilation (EBD) has been extensively 
described for fibrostenosing CD as it is minimally 
invasive and preserves intestinal length[7]. However, 
small bowel strictures are often more difficult to treat 
given their anatomical location.

In 2001 Yamamoto et al[8] first described double-
balloon enteroscopy (DBE) as a new method to vis-
ualise the small bowel. Additionally, DBE provides 
the opportunity to perform therapeutics in the small 
bowel. Complications of DBE that have been described 
include bleeding, perforation and pancreatitis and 
however the rates are low ranging from 2%-18%[9,10]. 
There have been many publications regarding the dia-
gnostic and therapeutic roles of DBE. However, most 
of these publications have been limited to obscure 
gastrointestinal bleeding and there is limited data on its 
role in the management of small bowel strictures[9,10]. 
Furthermore, previously published data are limited by 
small series and selection bias. Moreover, there is no 
clear data to recommend a safe and effective approach 
to endoscopic balloon dilatation (EBD) of small bowel 

strictures.
Our aim was to perform a systematic review of the 

published literature on DBE in small bowel strictures 
to evaluate the therapeutic role and safety of DBE 
in management of these strictures. Based on the 
reviewed data we aim to propose a standardized 
approach to EBD of small bowel strictures. 

MATERIALS AND METHODS
A systematic search was performed in the Medline, 
PubMed and endbase databases including relevant 
references for English only articles using the following 
search terms: small bowel strictures, enteroscopy, 
balloon dilation/dilatation, double-balloon endoscopy. 
We only included small bowel strictures and excluded 
ileo-colonic anastomotic strictures. There were two 
papers from Hirai et al[11] that included the same pa-
tient population, so we excluded the first paper of Hirai 
et al[12] from 2010 as this data was updated in 2014. 
Moreover, Yamamoto’s paper from 2004 included 
overlapping data with the Sunada paper from 2005[13,14]. 
As the Yamamoto paper had a longer inclusion period 
with more patients we excluded the paper from Sunada 
et al[14]. Pinho et al[15] published a multicenter survey 
on the use of device-assisted enteroscopy in Portugal, 
which mentioned 6 cases of DBE-assisted dilatation. 
However, as these data are soley based on a survey and 
data with regard to efficacy and follow-up is lacking we 
decided to exclude this paper. In total, 13 original articles 
were included[2,11,13,16-25].

We performed a descriptive analysis studying 
patient demographics, stricture and disease charac-
teristics, dilatation techniques, long-term and short-
term complication and success rates. Short-term 
success was defined as improvement of symptoms 
after the dilatation. The endoscopic dilatation was 
only considered successful when the patient was 
free of surgery at the end of the follow-up period. 
Major complications such as bleeding, perforation, 
pancreatitis or any event leading to hospitalization 
were considered in the safety assessment. Long-term 
success was defined as the number of patients who 
did not need surgery during the follow-up period. Re-
dilatation was reported separately. In the studies that 
also included diagnostic enteroscopies or other double-
balloon assisted endoscopic interventions, only the data 
with regard to the dilatation cohort were included.

RESULTS
Study characteristics
General characteristics: In total 13 studies met the 
inclusion criteria mentioned above. The baseline study 
characteristics are listed in Table 1. All studies had a 
retrospective study design and the number of patients 
enrolled ranged from 8-156 patients. Fifty percent of 
the 626 patients (n = 316) that were included were 
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not dilated. The reasons included technical difficulty 
reaching the stricture due to anatomical variations 
such as angulation or adhesions (n = 14) or once at 
the stricture, it was difficult to maintain a stable wire or 
scope position (n = 7). Other reasons were evidence 
of active inflammation at the stricture site which was 
then managed medically (n = 28), or the stricture was 

not obstructing and therefore not treated (n = 16) 
(Figure 1). In total, 581 dilatations were performed in 
the included 310 patients. 

Study heterogeneity: There was a significant he-
terogeneity among the studies and they differed in 
terms of study aims, patient population and dilatation 
techniques. However, all studies described at least 
the short-term success and complication rates of the 
EBD. Moreover, the enrolled patients differed between 
the studies: seven studies included all causes of small 
bowel strictures, whereas in four series the study 
population was limited to patients with CD, one series 
only described NSAID-related strictures and one 
series was limited to ischemic strictures. The length of 
the stricture varied but none of the studies included 
strictures above 5cm in length. The inclusion and 
exclusion criteria of the studies are reported in Table 2.

Dilatation technique
Balloon characteristics: The details of the dilatation 
technique that was used are specified in Table 3. The 
controlled radial expansion (CRE) wire guided balloon 
dilator (Boston Scientific Corporation, Natick, Mass) 
was the most commonly used (at least 8/13 studies). 
Five papers did not specify the type of balloon that 
was used. Four studies reported a maximum dilatation 
diameter of 20 mm, whereas the other studies went 
up to 12 mm (one study), 13 mm (one study), 16.5 
mm (one study) or 18 mm (two studies). In four 
studies the diameter was not reported. There was also 
some variability in the duration of each dilatation. Most 
studies dilated for 30-60 s, whereas in two studies the 
dilatation duration was up to 120 s per patient.

Fluoroscopy: Fluoroscopic guidance was used in five 
studies, whereas two studies performed the dilatation 
purely under direct vision. The other five papers did 
not make a remark regarding the use of fluoroscopy.
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Table 1  Descriptive analysis of the main variables in the studies

Author Year of 
publication

# patients # patients undergoing 
dilatations

Total # strictures 
dilated

Aetiology 
stricture

Length stricture 
(cm)

FU (months)

Yamamoto et al[13] 2004   23     6     6 Mixed NR NR
Pohl et al[16] 2006   19     9   13 CD ≤ 4 16 (4-26)
Ohmiya et al[17] 2009   66   22   47 Mixed NR 16 (2-43)
Despott et al[18] 2011   11     9   18 CD < 5 20.5 (2-41)
Hayashi et al[19] 2008   18     2     2 NSAID NR NR
Hirai et al[11] 2014   65   52   52 CD ≤ 5 41.8 ± 24.9 
Gill et al[20] 2014   32   14   15 Mixed NR 16 (3-60)
Irani et al[21] 2012   13   12   17 Mixed ≤ 2 46
Nishimura et al[22] 2011     8     7   11 Ischemic ≤ 3 16
Fukumoto et al[23] 2007 156   31   50 Mixed NR 11.9 (1-40)
Sunada et al[24] 2016   99   85 291 CD  < 5 41.9
Kita et al[25] 2006 NR (at least 45)   45   45 Mixed NR NR
Kroner et al[2] 2015   71   16   16 Mixed NR NR
Total  626 310 583

CD: Crohn’s disease; NSAIDS: Non-steroidal anti-inflammatory drugs; NR: Not reported.

316 patients not dilated
   Unable to reach stricture (14)
   Severe ulceration (28)
   Non obstructing stricture (16)
   Unable to maintain position at stricture (7)
   Neoplasm (9)
   Non strictures (35)
   Surgery (42)
   Stent placed (1)
   Stricture resolved due to transient ischemia (1)
   Other/unknown (168)

626 patients

310 patients dilated

4.8% complications (n = 15):
   Perforation (9) → surgery (= 2.9%)
   Pancreatitis (1)
   Hyperamylasaemia (3)
   Haemorrhage (2)

22% no 
follow-up 

data (n = 69)

232 surgery-free patients during 
follow-up

37% no need for 
reintervention (n  = 86)

63% underwent 
retreatment (n  = 146)

Figure 1  Study results. This flowchart summarizes the study results with the 
outcomes of the patients that were dilated.

46% re-dilatation (n  = 106) 17% surgery (n  = 40)
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out of 13 studies and varied from 11.9 - 46.0 mo. In 
68 patients (22%) there was no follow-up data, which 
was either not reported in the study or the patient was 
lost to follow-up. The total follow-up time was 7750.5 
mo for 241 patients leading to an average follow-up 
time of 31.8 mo per patient.

Clinical efficacy: Among those who underwent EBD, 
80% achieved long-term success without the need for 
surgery during follow-up (n = 192/241 patients). In 
total, 20% required surgery during the study-period (n 
= 49/241 patients), either because of a complication 

Sedation: In four studies all dilatations were done 
under conscious sedation, and in one study all dila-
tations were done under conscious sedation or propofol. 
In another five studies the method of sedation was not 
mentioned. Despott et al[18] used general anesthesia 
in 9 procedures, with midazolam and pethidine in 2 
procedures and anesthesist-delivered propofol sedation 
in 1 procedure. Irani et al[21] used general anesthesia in 
seven patients and conscious sedation in 6 others. 

Study outcomes
Follow-up: The follow-up duration was reported in 9 

Table 2  Inclusion and exclusion criteria of the included studies

Author Year of publication Inclusion criteria Exclusion criteria

Yamamoto et al[13] 2004 - Retrospective review of all DBEs - NR
- Dilatation criteria NR

Pohl et al[16] 2006 - Known or suspected CD and proven or suspicious small 
bowel strictures 

- Strictures > 5 cm or including significant 
angulation or severe active inflammation with 

ulcerations- Dilatation criteria NR
Ohmiya et al[17] 2009 - Patients with SBO - Acute obstruction with strangulation or suspected 

perforation 
- The stricture was assumed to be restricted within narrow 
limits in the small bowel assessed by radiologic imaging

- A stricture with a deep open ulcer 

- A second dilation session was only performed if 
obstructive symptoms recurred

Despott et al[18] 2011 - CD patients with small bowel stricture - Strictures > 5 cm 
- Dilatation criteria NR

Hayashi et al[19] 2008 - Retrospective case series of all patients who had 
undergone DBE 

-NR

- In the case of a diaphragm-like stricture, all the strictures 
were dilated 

Hirai et al[11] 2014 CD patients with: - Stricture of the ileocolonic anastomosis 
- Small bowel strictures causing obstructive symptoms - Post-dilatation observation period < 6 mo 

- Stricture length ≤ 5 cm - Patients who did not meet dilatation criteria
- No associated fistula or abscess

- no deep ulcer
- No severe curvature of the stricture

Gill et al[20] 2014 - Retrospective review: All patients with suspected 
strictures in the small bowel undergoing DBE

- Patients with severely ulcerated or inflamed 
strictures

- Dilatation criteria NR - Patients in whom the scope could not traverse the 
stricture 

Irani et al[21] 2012 - Clinical and radiological evidence (CT or small bowel 
follow through) of small bowel obstruction

- Malignant strictures and masses found either at 
video capsule endoscopy or DBE 

Nishimura et al[22] 2011 - Patients with ischemic enteritis  and a segment of intestine 
that could not be passed by the enteroscope 

- Deep ulcerations

- Dilation was indicated when there were symptoms of 
intestinal obstruction and evidence of caliber change by CT 

scan
Fukumoto et al[23] 2007 A stricture was defined by 1 or more of the following 

criteria: 
-Asymptomatic patient (even when the endoscope 

did not pass through the stricture) 
- DBE showed the internal diameter of the bowel lumen to 
be < 10 mm or the endoscope could not pass through the 

lesion
- The patient complained of obstructive symptoms

- Stricture was suggested or identified by other modalities. 
Sunada et al[24] 2016 - Retrospective review of all DBEs -NR

- Dilatation criteria NR
Kita et al[25] 2006 - Retrospective review of all DBEs -NR

- Dilatation criteria NR
Kroner et al[2] 2015 - Retrospective review of consecutive patients who were 

found to have small bowel stricture at the time of DBE
- Malignant (appearance of) strictures

- Benign appearance of the stricture

CD: Crohn’s disease; NR: Not reported; SBO: Small bowel obstruction; DBE: Double balloon enteroscopy.

Baars JE et al . Double-balloon enteroscopy-assisted dilatation avoids surgery
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of the EBD (n = 9) or because of a relapse (n = 40). 
Excluding those who needed surgery due to a 

complication of the EBD, 37% of patients did not need 
further treatment after the initial EBD. In total, 63% 
was retreated because of a relapse or underwent 
prophylactic re-dilatation. Unfortunately, one study 
with a high re-dilatation rate did not report the reason 
for re-dilatation and the relapse rate can therefore 
not be precisely reported[24]. Of the 146 patients who 
needed retreatment, 27% underwent surgery (n = 40) 
and 46% successfully underwent EBD (n = 106). The 
study results are summarized in Figure 1 below.

Complications: The complications are listed in Table 
4. The total complication rate per patient was 4.8% 
(15/310 patients), whereas the total complication 
rate per dilatation was 2.6% (15/583 dilatations). 
This included 5 patients with a perforation, 3 patients 
with acute pancreatitis, 1 patient who suffered from 
hemorrhage that required blood transfusions and 
3 patients with hyperamylasemia. The patient with 
pancreatitis recovered after a short hospital stay and 
the patients with perforations all underwent surgery.   

DISCUSSION
In this systematic review we demonstrate that double-
balloon assisted dilatation is a safe and effective 
treatment for small bowel strictures. Four out of five 
patients avoid surgery due to double-balloon assisted 
dilatation of their small bowel stricture in an average 
follow-up of 2.5 years per patient. 

Small bowel strictures are associated with major 
comorbidity and usually require treatment. Surgery 
has been the main treatment option in the past. 
Moreover, the management of small bowel strictures, 
especially in CD, is often a clinical challenge because 
of the high recurrence rate and many patients need 
surgery more than once. Although surgery often 
results in symptomatic resolution, repeat surgery is 
often needed which can result in short bowel syndrome 

and malnutrition[26,27]. Our study showed that DBE-
assisted balloon dilatation is effective in avoiding 
surgery as only 17% of patients required surgery due 
to a relapse.

In our study cohort, 47% of patients underwent re-
dilatation during the follow-up period. It is known that 
strictures often recur, especially in CD[26,27]. Even after 
stricturoplasty, repeat surgery may be as high as 25% 
over a follow-up of 2.5 years[28]. In our study, surgery 
was avoided in 80% of cases. 

Hirai et al[11] reported an unusually high repeat DBE 
rate (85.6%). This can be explained by the fact that 
their protocol included a routine re-examination and 
prophylactic re-intervention if a stricture was seen. 
In total 45 out of 52 successful EBD cases were re-
examined to confirm the condition of the strictures 
after initial EBD. Of these 45 patients, 26 patients 
needed a secondary EBD of which 7 patients were 
asymptomatic. Sunada et al[24]. also reported a very 
high repeat DBE rate, but again they also performed 
repeat EBD in asymptomatic patients. They did not 
report how many patients actually needed retreatment 
because of a relapse. In the other studies, patients 
only underwent a repeat enteroscopy if they were 
symptomatic. There is currently no role for scheduled 
re-dilatation if patients are asymptomatic as there 
is no literature available to support scheduled re-
dilatation. However, if patients are symptomatic re-
dilatation would need to be considered.

In our study cohort a complication rate of 4.8% per 
patient and 2.6% per dilatation was demonstrated. 
This is comparable with previous studies. In 2007, 
Mensink et al[10] reported a complication rate of 4.3% 
in therapeutic double-balloon enteroscopic procedures. 
In the included study of Ohmiya et al[17] data of 668 
DBE examinations were reported, of which there 
were 3 cases of complicating perforation that required 
surgery (0.45%). However, no complicating perforation 
occurred in patients during or after enteroscopic 
balloon dilation and these complications were therefore 
not included in our study cohort. In our cohort of 310 

Table 3  Technical details of dilatations

Author Year of publication Balloon diameter 
(mm)

Duration of dilatation per 
stricture (s)

Type of balloon Fluoroscopy Sedation CS/ GA

Yamamoto et al[13] 2004 NR NR Boston Scientific, CRE NR CS
Pohl et al[16] 2006 Up to 20 120 Boston Scientific, CRE Yes NR
Ohmiya et al[17] 2009 8-20 60 NR NR NR
Despott et al[18] 2011 12-20 60 Boston Scientific, CRE No CS and GA
Hayashi et al[19] 2008 NR NR Boston Scientific, CRE NR NR
Hirai et al[12] 2014 12-18 30-120 Boston Scientific, CRE NR CS
Gill et al[20] 2014 10-16.5 NR Boston Scientific, CRE No CS or propofol
Irani et al[21] 2012 10-18 30 or until waist effacement NR Yes CS and GA
Nishimura et al[22] 2011 8-12 30 (and 30 s interval) Boston Scientific, CRE Yes CS
Fukumoto et al[23] 2007 NR NR NR Yes NR
Sunada et al[24] 2016 8-20 30-60 Boston Scientific, CRE Yes CS
Kita et al[25] 2006 NR NR NR NR NR
Kroner et al[2] 2015 13 NR NR NR GA

CS: Conscious sedation; GA: General anesthesia; CRE: Controlled radial expansion; NR: Not reported.
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Concomitant medical treatment was not evaluated, 
although we know this is important for preventing 
strictures and can influence the relapse-rate. Moreover, 
as the numbers are relatively small we could not 
analyze the outcomes stratified by disease. Finally, the 
published studies did not focus on multiple small bowel 
strictures. Therefore, based on this literature review 
we cannot analyze the outcomes of treatment of 
multiple small bowel strictures, nor can we comment 
on the optimal strategy to treat multiple small bowel 
strictures. 

Recently, a clinical practice guideline to enteroscopy 
was published in Japan[31]. In this guideline the 
indications for enteroscopy-assisted balloon dilatation 
are discussed which include symptomatic strictures 
that are < 5 cm long and are not associated with 
active inflammation or fistula/abscesses. Although 
the indications to EBD are described in this guideline, 
the general, step-wise approach for the management 
of small bowel strictures is currently not available. 
A standardized approach is beneficial as it may 
reduce complication rates and therewith even further 
increase the beneficial effect of DBE-assisted balloon 
dilatation. Taking into account the known risk factors 
previously demonstrated in literature and discussed 
in the Japanese guideline we propose the algorithm 
demonstrated in Figure 2 as a standardized approach 
to small bowel strictures.  

In this algorithm we propose that at first high risk 
features such as active inflammation/ulceration, large 

stricture and sharp angulation should be considered. In 
case there are no high risk features endoscopic therapy 
can be performed safely. An illustration of endoscopic 
balloon dilatation is shown in Figure 3A-C. If the 
symptoms have resolved after endoscopic therapy no 
further dilatation is required and the patient should be 
observed. However, if symptoms do recur, endoscopic 
re-dilatation or finally surgery has to be considered.

In conclusion, DBE is a safe and effective tool in 
the management of small bowel strictures and avoids 
unnecessary surgery in the majority of patients. DBE-
assisted EBD should therefore be considered in all 

SB stricture suspected/identified on imaging

DBE performed

High risk features No high risk features

Active ulceration/ 
inflammation

Stricture > 5 cm
sharp angulation

Medical therapy Surgical therapy

Symptoms recur

Endoscopic therapy

Symptoms resolve

Reconsider 
endoscopic therapy

Active ulceration/ 
inflammation 
improved but 

persisting stenosis
Observe

Endoscopic 
therapy

Surgical 
therapy

Figure 2  Suggested approach to small bowel. This algorithm proposes a 
standardized approach to small bowel strictures, taking into account the known 
risk factors previously demonstrated in literature.

A

B

C

Figure 3  Double-balloon enteroscopy -assisted balloon dilatation. An 
example of a successful double-balloon enteroscopy (DBE)-assisted balloon 
dilatation is presented. A: shows the endoscopic image of a benign small 
bowel stricture in one of our patients. This patient was known with Crohn’s 
disease and had had prior small bowel surgery. She presented with obstructive 
symptoms and a fibrotic stricture at the side of the anastomosis. B: The stricture 
was dilated with DBE-assisted balloon dilation; C: Shows the anastomotic 
stricture after successful dilatation. This picture reveals the surgical staples at 
the anastomosis and there were no signs of active Crohn’s disease.
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patients with small bowel strictures. 

ARTICLE HIGHLIGHTS
Research background
At present there is a wealth of literature on the value of double-balloon 
enteroscopy (DBE) in the management of obscure gastrointestinal bleeding. 
However, there is only few data regarding its role in small bowel strictures. The 
management of small bowel strictures is complicated and these patients often 
face surgery, which has a huge impact on their quality of life. 

Research motivation
In this study we aimed to evaluate the therapeutic role of DBE in small bowel 
strictures. In addition, we aimed to propose a standard approach to the manage-
ment of small bowel strictures.

Research objectives 
The main objective of this manuscript was to assess the efficacy and safety of 
DBE-assisted balloon dilatation of small bowel strictures. This is important as 
many of these patients often face surgery. The authors aimed to assess the role 
of DBE-assisted dilatation as an alternative for surgery. 

Research methods
This study is a systematic review of published papers on DBE-assisted dilatation 
of small bowel strictures. Only studies limited to small bowel strictures were 
included and those with ileo-colonic strictures were excluded. 

Research results
In total 13 studies were included, in which 310 patients were dilated. The 
average follow-up time was 31.8 mo per patient. The complication rate was 4.8% 
per patient and 2.6% per dilatation. Surgery was avoided in 80% of patients. 
After the first dilatation, 46% were treated with re-dilatation and only 17% 
required surgery.

Research conclusions
In this systematic review we demonstrate that double-balloon assisted dilatation 
is a safe and effective treatment for small bowel strictures. Four out of five 
patients avoid surgery due to double-balloon assisted dilatation of their small 
bowel stricture in an average follow-up of 2.5 years per patient. Moreover, 
we propose a flow-chart representing a standard approach to small bowel 
strictures. 

Research perspectives
This research shows that double-balloon assisted balloon-dilatation is a safe 
and effective treatment for small bowel strictures and should be considered as 
a first treatment options. Future research is needed to explore the options of 
balloon-assisted enteroscopy in other device-assisted enteroscopy modalities. 
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