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Abstract

The small bowel has long been considered a black box
for endoscopists because of its long length and the
presence of multiple complex loop. Most of the small
bowel is inaccessible by traditional endoscopic means.
In addition, radiographic studies have significant limi-
tations with regard to diagnostic yield, and surgery is
an invasive alternative. This limitation was overcome
through the development of balloon enteroscopy
that becomes established throughout the world for
diagnostic and therapeutic examinations of the small
bowel. The single-balloon enteroscope (SBE) system
(Olympus, Tokyo, Japan) was introduced into the com-
mercial market in 2007. Several study demonstrated its
efficacy and safety. Early reports on the use of single-
balloon enteroscopy have suggested a high diagnostic
yield and similar therapeutic potential to that of the
double-balloon endoscope. SBE is viable technique for
in the management of small bowel disease. Techni-
cally, it is easy to perform, may be efficient, and in the
literature data available, seems to provide high diag-
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nostic and therapeutic yield.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION

The small bowel has long been considered a black box
for endoscopists because of its long length and the pres-
ence of multiple complex loop. Endoscopy using stan-
dard gastroscopes can reach up to the second or third
portion of the duodenum while push enteroscopy can
reach the ligament of Treitz and approximately about
80 cm beyond. Colonoscopy can reach 10 cm to 20 cm
beyond the ileocecal valve. Most nonsurgical endoscopic
techniques were unsatisfactory, and managing small-
bowel diseases often required surgical intraoperative
enteroscopy. Thus, the development of capsule endos-
copy (CE) and double-balloon enteroscopy (DBE) has
permitted the observation of the entire small bowel. The
diagnostic yield of the balloon-enteroscopy for relevant
pathologic findings can be of 70%-80%; in addition, it
allows histologic sampling and endoscopic therapy that
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Figure 1 Single-balloon enteroscope system by Olympus.

Figure 2 Disposable silicone splinting tube with balloon (ST-SB1).

it can be performed in more than 50% of patients.

SINGLE-BALLOON ENTEROSCOPE

SYSTEM

The single-balloon enteroscope (SBE) system (Olympus,
Tokyo, Japan) was developed in 2006 and was introduced
into the commercial market in 2007. It is easier to use
respect to double-balloon enteroscope, avoiding attach-
ing the enteroscope balloon to the distal tip of the scope
encountered and the requirement of inflating and deflat-
ing two balloons.

The single-balloon enteroscope system consists of
the SIF-Q180 enteroscope, an overtube balloon con-
trol unit (OBCU Olympus Balloon Control Unit) and a
disposable silicone splinting tube with balloon (ST-SB1)
(Figures 1-3).

The enteroscope is a high-resolution video endo-
scope that works with Olympus EVIS processors and
EVIS EXERA 1II system. The outer diameter is of 9.2
mm with working length of 2000 mm, while the operat-
ing channel size is of 2.8 mm.

The splinting tube is an overtube with an inflatable
balloon fixed to the distal, radiopaque tip, both in latex-
free silicone. The inner diameter of the tube is 11 mm,
the outer diameter is 13.2 mm, the working length is
1320 mm, and the total length is 1400 mm. The addition
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Figure 3 Single-balloon enteroscope with overtube.

of a small amount of water through a small port on the
proximal end of the splinting tube activates the hydro-
philic coating avoiding friction between the overtube and
the enteroscope. Additional water can be flushed into
a dedicated port throughout the procedure, in order to
reduce friction or to wash away debris collected between
the enteroscope and the splinting tube. The balloon is
inflated and deflated by a balloon control unit with a
safety pressure setting range from -6.0 kPa to +5.4 kPa.
The overtube balloon control unit has one button for in-
flation, one button for deflation, and a third control for
the pause/cancel feature.

TECHNICAL ASPECTS

No bowel preparation is generally recommended in
most cases for single-balloon enteroscopy by the oral
approach, except a minimum of 12 h fasting while the
standard 4 L of a polyethylene glycol (PEG) preparation
is used for retrograde approach.

For retrograde SBE, conscious sedation as for colonos-
copy is sufficient in most cases. For anterograde approach
deep monitored sedation with propofol or general anesthe-
sia with intubation is recommended'"’.

Because of length of the procedure, large volumes
of air are usually insufflated that can lead to failure of
the procedure. Carbon dioxide (CO2), unlike standard
air, is rapidly absorbed from the bowel. A randomized,
double blind trial showed that insufflation with COz is
safe, reduces patient discomfort, and significantly im-
proves intubation depth[z’a].

Fluoroscopy can be helpful during the initial 10 to 20
SBE cases to observe advancement and reduction of the
enteroscope and as an aid to determine when looping is
present and how to solve it.

In addition, for some patients with surgically modi-
fied anatomy and for those undergoing therapeutic pro-
cedures such as dilations, fluoroscopic guidance is recom-
mended.

Technique for anterograde approach
There are two techniques in order to advance the entero-
scope into the small bowel that can be alternately used in
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B: Push the overtube
into the stomach till the
gastric antrum along
withe the endoscope.

A: Push the endoscope
the stomach till the
gastric antrum.

C: Push the endoscope
beyond the pylorus to the
3 duodenal portion.

F: Pull the overtube
and the endoscope to
shortening the intestine.

deep as possible. the balloon.

K: Conventional technique: Push after pulled.

K 1: Pull the overtube and K 2: Push the endoscope into
the endoscope, and shorten the small bowel.
the small bowel.

Figure 4 Representative scheme of single-balloon enteroscopy techniques.

the same exam. With the “conventional technique”, the
enteroscope is initially passed into the esophagus with
the same technique used for a standard gastroscopy. The
enteroscope is pushed into the duodenum until lacking
of forward advancement. By angulating the tip of the
enteroscope in order to hook the intestine, the overtube
is gently advanced over the enteroscope to the point of
maximal insertion, located at 155 ¢cm, where a white line
is present on the scope. In order to shorten the intes-
tine and to advance into the small bowel, the endoscope
and the overtube, with inflated balloon, are withdrawn
together. Then, the endoscope is pushed maximally into
the small bowel. The balloon still inflated allows the
pushing force of the operator applied to the endoscope
to be transmitted to the distal end of the endoscope
without further stretching of the intestine. The repeti-
tion of these manoeuvtres permits progression of the
endoscope (Figure 4),

Hartmann and colleagues’ described an alternative
method of single-balloon enteroscopy insertion (“simul-
taneous” technique) that consists of withdrawing only
the inflated overtube in order to shorten the intestine,
and simultaneously pushing the endoscope as deep as
possible into the small bowel. In a study published by
author and his colleagues'”, the alternative technique al-
lowed a lower mean procedure time while the depth of
insertion did not differ significantly between the conven-
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D: Push the overtube
along with the endoscope
tillthe 3° duodenal protion

G:Push the endoscope H: Fix the distal end of the I: Push the overtube along
and pass the ligament of ~ endoscope in the jejunum with the endoscope to the
Treitz to the jejunrm as by bending and deflate jejunum.

E: Inflate the balloon
and fix the distal end of
the overtube in the 3"
duodenal protion.

J: Inflate the balloon. Now,
there are two options
to further thread the

endoscope into the small
bowel.

L: Simultaneous technique: Push and pull.

L 1: Pull the overtube to shortening
the intestine and simultaneousl push
the endoscope into the small bowel.

30

tional and alternative techniques.

To estimate the depth of insertion, the method
proposed by May ¢# a/” can be used, recording data on
a standardized documentation sheet. This method was
validated with an animal model during training courses
and demonstrated to be accurate. For each advancement
of the enteroscope, the distance is added, usually ranging
between 20 cm and 40 cm. Any portion of an advance-
ment that is lost duting a reduction manoeuvre is then
subtracted.

When advancement is no longer possible, it is rec-
ommended to mark the area with a tattoo of India ink,
injected with a sclerotherapy needle, or to position a clip.
This marker can then be visualized during subsequent
balloon-assisted enteroscopy performed with the oppo-
site approach.

Once the point of maximal insertion is reached, the
enteroscope can be gradually withdrawn. The overtube
is gently withdrawn toward the proximal end of the en-
teroscope without moving the enteroscope. Then, the
overtube balloon is inflated and the enteroscope slowly
withdrawn until it reaches the distal end of the overtube.

Technique for retrograde approach

The retrograde approach is a little bit difficult than the
oral approach, even for expert endoscopists, with a lon-
ger learning curve (20 to 30 cases). It is recommended to
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start reduction manoeuvres when looping is first appre-
ciated in the colon. Initial attempts at ileocecal valve in-
tubation should occur with the patient in the left lateral
or supine positions in order to achieve an ideal location
of the ileocecal valve between the 3 and 9 o’clock posi-
tions. In case of failure, it is recommended to change

patient position'”.

CLINICAL APPLICATIONS

Single-balloon enteroscopy, such as DBE, allow the pos-

sibility of suction and flushing #a the instrument chan-
nel, sampling biopsies, and therapeutic interventions
such as argon plasma coagulation, injection, positioning
of clips, polypectomy, dilation, and foreign-body extrac-
tion, even when inserted distally into the small intestine.

Several study demonstrated its efficacy and safety.
Eatly reports on the use of SBE since its appearance in
2006 involving the prototype XSIF Q160 and its com-
mercially available successor, the SIF Q180, have sug-
gested a high diagnostic yield and similar therapeutic
potential to that of the DBE. Ohtsuka and colleaguesm
helped to develop the single-balloon enteroscope in
cooperation with Olympus Medical Systems and are
credited with the first comparison of single-balloon with
double- balloon enteroscopy. They performed 102 pro-
cedures in 65 patients with suspected small intestinal dis-
ease. Seventy-nine of the procedures were done with the
single-balloon enteroscopy system and 11 with double-
balloon enteroscopy. Examination time for anterograde
insertion was 65.3 min for single-balloon enteroscopy
and 74 min for anterograde DBE. Single-balloon enter-
oscopy retrograde insertion averaged 57.5 min and 56.3
min for retrograde DBE. There were no complications.
The investigators concluded it was easy to set up the
SBE system and perform the procedure with a single op-
erator. Although not reported, they felt they were able to
achieve a high diagnostic yield with the SBE, using their
experience with the double-balloon enteroscopy system
as a point of reference.

Ramchandani and colleaguesm studied 60 patients
with suspected small bowel disease using the prototype
single-balloon enteroscopy system. All patients undet-
went anterograde examinations; 10 underwent antero-
grade and retrograde procedures. Mean procedure time
was 63 min. The mean depth of insertion was 260 cm
beyond the ligament of Treitz. Total enteroscopy was
possible in 5 out of 10 cases (50%). Diagnostic yield in
cases of obscure gastrointestinal bleeding, chronic ab-
dominal pain, and malabsorption syndrome were 77%,
61%, and 63%, respectively.

Tsujikawa ef al” evaluated 41 patients using the SBE
and found it easy to perform, due to the single balloon,
and safe to examine the deep small intestine with useful
diagnostic and therapeutic capabilities. Other authors
with larger series of patients concluded that SBE demon-
strated a high diagnostic yield with the real possibility of

.. . 10-13
useful therapeutic interventions .
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Recently, Domagk ez al™ published a randomized in-
ternational multicenter study comparing two balloon-as-
sisted enteroscopy systems: DBE »s SBE. A total of 130
patients were included over 12 mo: 65 with DBE and 65
with the SBE technique. Patient and procedure charac-
teristics were comparable between the two groups. Mean
oral intubation depth was 253 cm with DBE and 258
cm with SBE, showing non-inferiority of SBE »s DBE.
Complete visualization of the small bowel was achieved
in 18% and 11% of procedures in the DBE and SBE
groups, respectively. Mean anal intubation depth was 107
cm in the DBE group and 118 c¢m in the SBE group. Di-
agnostic yield and mean pain scores during and after the
procedures were similar in the two groups. No adverse
events were observed during or after the examinations.
This first head-to-head comparison trial of DBE 25 SBE,
comparing the Fujinon DBE system with the Olympus
SBE system, demonstrated no difference with respect to
the insertion depths. Diagnostic yield, rate of complica-
tions between the two systems, and patient discomfort
scores during and after the procedures were comparable.

In addition, SBE seems to be a safe procedure. How-
ever, scrupulous care is required when passing a small-
intestinal lesion or in patients with known adhesions or
strictures. Relevant complications, i.e., perforation, in
diagnostic balloon-assisted enteroscopy can be expected
in approximately 1% of cases. As in conventional en-
doscopy, the risk is higher in therapeutic enteroscopy, at
around 3% to 4%\

Among the 622 SBE procedures published to date,
only two perforations (0.32%) were occurred: one during
diagnostic SBE (in a postoperative case of ulcerative coli-
tis), and one during therapeutic enteroscopy (balloon dila-
tion)[4,13,14,1()-19].

In contrast to per oral DBE, no acute pancreatitis
has been reported following SBE.

CONCLUSION

SBE is an effective endoscopic tool for the evaluation of
the small bowel. Technically, it is easy and safe to petform
and it provides similar diagnostic and therapeutic yield
when compared with DBE.
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