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Abstract

Since the introduction of the first balloon-based entero-
scopic technique in 2001, therapeutic balloon-assisted en-
teroscopy (BAE) using either the single or double balloon
enteroscopy technique (respectively SBE and DBE) has
evolved rapidly. Argon plasma coagulation (APC), polypec-
tomy, dilation therapy of strictures, and therapy of the pan-
creatico-biliary system in patients with surgical altered prox-
imal intestinal anatomy: all have been successfully intro-
duced to treat pathological findings in all segments of the
small bowel. The clinical impact of treatment of vascular
malformations, strictures caused by chronic inflammation
(especially Crohn’s disease) and polypectomy therapy (espe-
ciallyin the Peutz-Jeghers syndrome) seems evident. The de-
crease of, often repeated, surgical therapy after successful
therapeutic BAE in the latter 2 patient groups appears to be
a big step forward in treatment. The development of newer
enteroscopes, specialized equipment and improved seda-
tion of patients adds positively to the clinical management
of undergoing therapeutic BAE. The overall complication
rate of therapeutic BAE seems acceptable, butis higher com-
pared to therapeutic colonoscopy which needs further at-
tention in future. Copyright © 2009 S. Karger AG, Basel

Introduction

Double balloon enteroscopy (DBE) was introduced in
2001 by Yamamoto et al. [1] as a new endoscopic modal-
ity for visualization of the entire small bowel. Last year
the single balloon enteroscopy (SBE) technique was in-
troduced [2]. Recently, the term balloon-assisted enter-
oscopy (BAE) was introduced as a unifying terminology
referring to both techniques [3]. In the current review,
this new term will be used referring to DBE and/or SBE.
BAE is now considered the standard endoscopic tech-
nique for visualization and endoscopic therapy of the
smallbowel. Complete smallbowel evaluationisachieved
in up to 25 and 86% of procedures in respectively SBE
and DBE, mostly using the combined oral and rectal ap-
proach with tattoo or hemoclip marking [2, 4]. The main
advantages of BAE are controlled visualization, targeted
biopsy sampling for pathologic evaluation and the abil-
ity to perform therapeutic interventions under direct
endoscopic visualization. Currently, injection therapy,
tattooing, argon plasma coagulation (APC), polypecto-
my, placement of (hemo-)clips, and dilation of strictures
are considered standard interventions during a BAE
procedure. In some cases pancreatico-biliary proce-
dures can be performed using BAE, after surgical recon-
structions that impede standard duodenoscopy. The in-
troduction of larger diameter working channels in the
latest versions of the enteroscopes, and the development
of especially designed materials, have both led to easier

KARGER ©2009 S. Karger AG, Basel
0257-2753/08/0264-0309$24.50/0
Fax +41 61 306 12 34
E-Mail karger@karger.ch

www.karger.com

Accessible online at:
www.karger.com/ddi

Peter Mensink, MD, PhD

Department of Gastroenterology and Hepatology

Erasmus MC University Medical Center, PO Box 2040

NL-3000 CA Rotterdam (The Netherlands)

Tel. +31 10 703 2385, Fax +31 10 703 4680, E-Mail p.mensink@erasmusmec.nl


http://dx.doi.org/10.1159%2F000177014

Table 1. Therapeutic enteroscopic interventions using BAE: current indications and complication rates

Therapy Indications Complication rates
bleeding perforation

Argon plasma Vascular malformations/angiodysplasia 0.4% 1.2%
coagulation Tissue ablation
Polypectomy Peutz-Jeghers syndrome 3.3-4.3% 0-6.5%

Familiar adenomatous polyps syndrome

Other polyposis syndromes, single polyps
Dilation Crohn’s disease 0% 0-2.9%

NSAID-related strictures

Pancreatico-biliary
interventions - Roux-en-Y

- Billroth IT

Surgical altered anatomy: - -

access and advanced therapeutic opportunities in the
small bowel.

In this review we will give an overview concerning the
current possible therapeutic endoscopic interventions
with BAE (table 1).

Argon Plasma Coagulation

APCis amethod of non-contact electrocoagulation in
which current is applied to tissues by means of ionized
argon gas (argon plasma). BAE is widely used in evaluat-
ing the causes of obscure gastrointestinal bleeding
(OGIB). Angiodysplasia, or arteriovascular malforma-
tions (AVMs), and tumors are the most important causes
of OGIB [4-7]. APC of AVMs can lead to cessation of the
gastrointestinal bleeding resulting in decrease or stop of
transfusion requirements [5]. The real clinical impact of
treatment of angiodysplasia or AVMs is currently a point
of discussion: primary data concerning this issue showed
promising results, but a recent study with longer follow-
up has reported more disappointing results [8].

May et al. [9] showed that APC is also effective in he-
mostasis of Dieulafoy lesions in the small bowel. APC
during BAE is also an applicable treatment of small and
tlat adenomas and can be used if these adenomas are en-
doscopically difficult to remove because of challenging
position [10].

The energy levels used in APC treatment is of signifi-
cant importance, in combination with the diameter of
the APC probe for prevention of possible complications
(i.e. perforation). A standard catheter diameter of 1.5 mm
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(4.5 Fr) in combination with energy levels of 30-40 W
(APC 300/Erbotom ICC 200) or 15-25 W and pulse 2
mode (Vio APC 2, both Erbe Elektromedizin, Tiibingen,
Germany) seems safe [9, 10].

Polypectomy

Small bowel polyps and tumors are a common finding
in patients undergoing BAE [11]. Small bowel polyps in-
clude hyperplastic polyps, adenomas mostly in relation
with familial adenomatous polyposis and hamartoma-
tous polyps associated with the Peutz-Jeghers syndrome
(PJS). Before the introduction of BAE, patients with PJS
underwent, mostly repeated, polypectomy or enterecto-
my during urgent or planned laparotomies. BAE is an ef-
fective approach to screen the whole small bowel for pol-
yps and if indicated to remove these polyps. An addition-
al indication for repeated polyp surveillance with BAE in
these patients might be the malignancy rate of 2-3% for
polyps >1 cm [10, 11]. Eighteen polypectomies (varying
in polyp size of 10-60 mm in diameter) during DBE were
successfully performed in 2 patients with PJS, reported
by Ohmiya et al. [12]. They concluded that PJS-associated
complications (intussusception, bleeding and tumori-
genesis) can be reduced by enteroscopic polypectomies
[12]. May et al. [9] performed successfully 44 polypecto-
mies for polyps ranging in diameter from 10 to 50 mm.
In PJS patients with endoscopic unresectable polyps or
acute small bowel obstruction due to intussusception,
laparotomy remains the first-choice treatment.
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Polypectomies can be carried out with a polypectomy
snare after submucosal injection of the stalk of the polyp
with a diluted epinephrine-saline solution (1:100,000).
After resection, polyps can be captured with the polyp-
ectomy snare or a polyp retriever with a nitinol basket.
Using a large-diameter overtube, the endoscope can be
pulled back through the overtube outside the patient,
with the overtube staying in position. After removal of
the resected polyp, the endoscope can be reinserted via
the overtube, resuming the enteroscopy. Adequate seda-
tion by propofol or general anesthesia is preferred for
these patients, in which the procedures are more time-
consuming and possibly more difficult by agitation of the
patients [6].

So far, the experience of enteroscopic resection of flat
adenomas or (early) cancers in the small bowel by BAE is
limited. Only a few (case) reports have been published,
describing resection of an early carcinoma in the afferent
loop of a Roux-en-Y anastomosis and resection of a flat
adenoma, both clinically successful [6, 13].

Dilation Therapy

Many chronic inflammatory diseases can cause stric-
tures in the small bowel. Crohn’s disease is one of the
most common inflammatory diseases, often causing
strictures in the small bowel. These strictures are mostly
located in jejuno-ileal and ileal region (respectively 36
and 32%), but can also be located more proximal in the
small bowel [9, 14]. BAE dilation therapy seems a safe and
clinical useful alternative for, repeated, surgical therapy
in these patients. Especially in patients with the need for
repeated small bowel surgery, endoscopic dilation thera-
py might prevent short bowel problems in the future. En-
doscopic dilation therapy can be performed using the
‘through the endoscope’ balloon dilation technique in
enteroscopes with a large-diameter working channel. An
alternative technique is placement of a guidewire through
the stenosis, consequently removal of the endoscope
(leaving the overtube in position) and insertion of a dila-
tion balloon over the guidewire. After the dilation, the
enteroscope can be reintroduced via the overtube, and
the effect of treatment can be visualized. In general, all
enteroscopic dilation procedures are performed using
fluoroscopy guidance.

Fukumoto et al. [14] showed in a large series of small
bowel strictures that in 87% of patients the lesions could
be identified with DBE. They showed a success rate of
71% after dilation therapy (74% in the Crohn’s stricture

Therapeutic Balloon-Assisted
Enteroscopy

patients), after a mean follow-up of almost 12 months.
The overall mean number of dilations was 1.6 per patient
(1.5 in the Crohn’s patients). Of the Crohn’s disease stric-
ture patients who had initial endoscopic dilation therapy,
17% had repeated dilation therapy and almost 9% eventu-
ally needed surgical therapy.

ERCP Procedures

Conventional endoscopic retrograde cholangiopan-
creaticography (ERCP) in patients after gastric or biliodi-
gestive surgery can be challenging and is, depending on
the type of surgery, often unsuccessful. Using BAE, deep
insertion of these endoscopically difficult-to-reach bowel
loops seems feasible, and diagnostic and therapeutic in-
terventions of the pancreatico-biliary system can be per-
formed [15-22]. Haruta et al. [15] reported the first treat-
ment of a stricture in a hepaticojejunal anastomosis after
liver transplantation in a child, using BAE. Repeated en-
teroscopic balloon dilations were necessary for a long-
term success. More recently, Aabakken et al. [16] showed
a success rate of 94% (17 out of 18) in reaching the end of
the afferent limb of the Roux-en-Y anastomosis using
BAE. They performed the majority of procedures (10 out
of 13) in patients after liver transplantation for primary
sclerosing cholangitis. A diagnosis was established in up
to 85% of patients and therapy was successful in the ma-
jority of cases [17].

Enteral Stent Placement

Ross et al. [23] reported on the technique of enteral
stent placement using BAE. In their case series, self-ex-
panding metal stents were placed as a palliative measure
in patients with stenosing small bowel tumors.

Foreign Body Extraction

DBE also enables the removal of foreign bodies from
the small intestine making surgical intervention unnec-
essary. Numerous cases of successful retrieval of retained
capsule endoscopes using the oral or anal approach are
described in the current literature [24].
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Complications

Recently, two large multicenter studies have presented
data concerning complications and DBE [25, 26]. The
complication rate after diagnostic DBE procedures was
0.8% and comparable in both studies. The complication
rate of therapeutic DBE procedures was 4.3%, this rate be-
ing higher compared to therapeutic colonoscopy [25]. A
single-center study by May et al., focusing especially on
complications after therapeutic DBE, reported an overall
complication rate of 3.4%. In the latter study a rather high
complication rate of 10.8% was reported after polypecto-
my [9]. In the international multicenter study, one acute
pancreatitis was reported after a pancreatico-biliary in-
tervention in a patient with a Roux-en-Y biliodigestive
anastomosis. Several other case reports document the risk
of complications after therapeutic interventions using
DBE [27, 28]. The first two published series concerning
SBE procedures reported both one complication, account-
ing for a complication rate of 1.2 and 2.7%, respectively
2, 29].

Conclusions
The introduction of BAE has given the endoscopist the

opportunity to perform therapeutic endoscopic interven-
tions in all regions of the small bowel. In a short time,
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