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The balloon-assisted enteroscope has been regarded as the standard device for direct visualization of deep small bowels and allows
for the diagnosis and treatment of small bowel disease. At the beginning, its application was focused on the diagnosis of obscure
gastrointestinal bleeding, inflammatory bowel disease, and small bowel tumor. However, the indications are being expanded to
various therapeutic procedures, not only confined to bleeding control. With the expansion of the indications, the need to perform
enteroscopy effectively and safely is increasing. Recent studies have been focused on the diagnostic yield, therapeutic yield, and long-
term outcomes of the device. However, with the increasing number of procedures, procedural guidelines and quality indicators are

also needed. Clin Endosc 2017;50:328-333

Key Words: Enteroscope; Insertion technique; Single-balloon enteroscopy; Double-balloon enteroscopy

INTRODUCTION

In general, the duodenum and part of the terminal ileum
can be reached by a conventional gastroscope and colonos-
cope. However, the small bowel, deeper than the duodenum
and terminal ileum, has been considered as an inaccessible
area for a long time since the development of flexible endo-
scopes, as the small bowel is approximately four times longer
than the colon and loops are inevitably formed during deep
endoscopic insertion.' Several methods have been developed
to overcome these problems. In March 1972, Hiratsuka et al.”
reported the worlds first successtul total enteroscopy using the
ropeway method. Another device that enables total enteros-
copy (Sonde method) was also developed several years later.’
However, both methods were not widely used because of
patient discomfort and because they were labor intensive and
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time consuming. After the 21Ist century, capsule endoscopy
and balloon-assisted enteroscopy (BAE) have been developed
and widely used for the diagnosis and treatment of small bow-
el disease, including obscure gastrointestinal bleeding, small
bowel tumor, inflammatory bowel disease, and drug-induced
enteropathy.’ Even though endoscopists have extensive expe-
rience with upper endoscopy and colonoscopy, and mastered
both procedures, specific techniques are necessary for them
to perform enteroscopy. Recently, many reports and review
articles have focused on the diagnostic yield, therapeutic yield,
and long-term outcomes of the device. However, only few
articles have described learning and performing enteroscopy.
This paper focuses on the real practice of enteroscopy, espe-
cially double-balloon enteroscopy (DBE) and single-balloon
enteroscopy (SBE), which is widely used in most countries.

BALLOON-ASSISTED ENTEROSCOPY

DBE system

Double- and single-balloon enteroscopies are the most pop-
ular methods of BAE. Yamamoto et al. introduced DBE and
reported on its use for total small bowel endoscopy that en-
abled tissue biopsy and endoscopic therapy.” The DBE system
is composed of a high-resolution flexible enteroscope with a
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35-mm diameter latex balloon attached to the end of the en-
teroscope and an additional latex balloon attached to the tip of
the overtube made of polyurethane. Both balloons are inflated
and deflated using an external pressure-controlled pump sys-
tem. Currently, several DBE systems for different indications
are available. The P type (EN-450P5; Fujinon, Saitama, Japan)
is the thinnest, with an outer diameter of 8.5 mm, and its high
flexibility enables deep insertion and complete enteroscopy.
However, the diameter of its working channel is only 2.2 mm,
so it is not suitable for performing therapeutic procedures
such as hemostasis, polypectomy, and endoscopic clipping.
The T type (EN-450T5, EN-580T; Fujinon, Saitama, Japan)
has a larger outer diameter (9.4 mm) and larger working
channel diameter (2.8 or 3.2 mm). The short type (EC450-B15;
Fujinon, Saitama, Japan) with a length of 152 cm is useful for
endoscopic retrograde cholangiopancreatography (ERCP) for
an altered anatomy, and difficult or failed colonoscopy. The
main advantage of the short type is that it does not require
specially designed accessories for performing an enteroscopic
procedure. Almost all conventional devices are available in the
short-type DBE.

SBE system

SBE was introduced in 2007 as an alternative to DBE. SBE
is a simpler device than DBE because the balloon at the tip of
the enteroscope is not present. As such, SBE is regarded as a
more convenient tool than DBE, as only a single balloon is at-
tached to the overtube; therefore, the process of manipulation
of the balloon control unit is simplified. The SBE system con-
sists of the SIF-Q180 enteroscope (Olympus Optical, Tokyo,
Japan), overtube balloon control unit (Olympus Balloon Con-
trol Unit) and a silicone overtube and balloon (ST-SB1). The
enteroscope is a high-resolution video endoscope that works
with Olympus EVIS processors and the EVIS EXERA 1I sys-
tem. The outer diameter is 9.2 mm, with a working length of
2,000 mm and working channel size of 2.8 mm. The overtube
and balloon made of silicon material can be helpful in pa-
tients with latex allergy, which could occur during the use of
the DBE system. The flushing of the overtube with a small
amount of water activates the hydrophilic coating and thereby
prevents friction between the overtube and the enteroscope.
The balloon is inflated and deflated by a balloon control unit
with a safety pressure setting that ranges from —6.0 to +5.4
kPa.

INSERTION TECHNIQUE

General principle
Both DBE and SBE use the push-and-pull method. Howev-
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er, the number of balloon devices differ, which can make a lit-
tle difference in the insertion technique between the two BAE
systems. DBE is generally performed by two persons. The
operator controls the enteroscope, and the assistant manipu-
lates the overtube. For the antegrade approach (oral route), the
endoscope and overtube are advanced to the duodenum, past
the major papilla, and the overtube balloon is inflated to hold
the small bowel tightly. The enteroscope is then advanced to
the distal side of the small bowel, and its balloon is inflated
to hold the stable position and prevent slippage of the scope
backward. The overtube balloon is then deflated, and the
overtube is advanced toward the tip of the enteroscope. The
overtube balloon is then reinflated. With this process, the two
balloons could hold the intestine more tightly. The entero-
scope-overtube is then withdrawn to fold the small intestine
along the overtube. This process is then repeated until max-
imal insertion point or the target site is reached. Most of the
small bowel has no distinguishing features. A marking of such
points by India ink tattooing or clipping may be often needed.

SBE is also usually performed by two persons. The entero-
scope and overtube are advanced to the proximal jejunum
similar to the DBE insertion technique. However, no entero-
scope balloon enables holding the position during manipu-
lation of the overtube. An angulation of the enteroscope tip
during advancement of the overtube is needed. After angula-
tion of the tip, the balloon of the overtube is deflated, and the
overtube is advanced toward the tip of the enteroscope. The
overtube balloon is then reinflated. The enteroscope-overtube
is then withdrawn to fold the small intestine along the over-
tube. The overtube balloon is left inflated to tightly hold the
position and deliver pushing forces to the tip of the entero-
scope without looping. The enteroscope is then advanced ap-
proximately 40 cm from the overtube tip. This push-pull cycle
of forward advancement and withdrawal is repeated until the
maximal insertion point or target lesion is reached.’

Detailed insertion technique

Retrograde insertion technique

Retrograde insertion is more difficult than antegrade in-
sertion, even for expert endoscopists. In case of DBE, the
enteroscope and overtube are advanced to the cecum with
the push-and-pull technique. After inflation of the balloon,
the enteroscope-overtube is withdrawn to decrease the sharp
ileocolic angle. With the overtube balloon inflated, the en-
teroscope is then passed through the ileocecal valve, with its
balloon inflated within the ileum to hold the position. The
overtube is then advanced into the ileum with the balloon
deflated. In case of SBE, an insertion in the terminal ileum can
be performed similarly to that in DBE. However, backward
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Fig. 1. Clockwise or counterclockwise rotation. (A) In clockwise rotation, a large intragastric loop recurred when the scope was pushed to advance it (arrow: pyloric
ring, arrowhead: esophagogastric junction). (B) In the counterclockwise rotation, the intragastric loop was effectively controlled without recurrence during insertion.

slippage of the tip of the enteroscope to the cecum during in-
sertion of the overtube may frequently occur because of lack
of an enteroscope balloon, which enables holding the position.
To overcome this problem, enough insertion of the entero-
scope tip in the terminal ileum is necessary. Sometimes, the
scope cannot be successfully inserted in the terminal ileum.
Abdominal compression and position change may be helpful
in such a case.

Counterclockwise insertion

For deep insertion, the enteroscope makes a circular small
bowel loop. It could be counterclockwise or clockwise. The
direction of the enteroscope rotation could be a combination
of counterclockwise and clockwise rotations during insertion
of the scope in the proximal small bowel. After the shorten-
ing procedure, the enteroscope could be rotated clockwise or
counterclockwise. We could insert the scope regardless of di-
rection, but in case of a clockwise rotation, a large intragastric
loop usually recurred when we pushed the scope to advance it
more, hindering an effective deep insertion of the scope with-
out unwanted looping. In cases of counterclockwise rotation,
an intragastric looping usually did not occur when we pushed
the scope to advance and enable effective deep insertion of the
scope (Fig. 1). Another potential disadvantage of the clockwise
rotation is post-BAE acute pancreatitis, which could occur as
a result of the severe mechanical strain from traumatic injury
and/or ischemia on the pancreatic body and tail.”

Single-man method

BAE is generally performed by two persons who must co-
operate closely. Although the procedure by two persons has
been regarded as the standard, considering the transition
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Fig. 2. Grip and pinch technique: The operator grips the enteroscope behind
the overtube, between the third and fifth fingers, and the palm and pinches the
overtube by using the first and second fingers.

from the two- to the one-person method in colonoscopy,
the single-man method may be available in enteroscopy pro-
cedures. Araki et al.® described the “grip and pinch” technique.
The operator “grips” the enteroscope behind the overtube
between the third to fifth fingers and palm, and “pinches” the
overtube by using the first and second fingers (Fig. 2). SBE is
technically easier to perform because the operator controls
only one balloon and a simplified balloon control unit, and
may be more appropriate for the single-man method.

Decision on the optimal insertion direction after contrast infusion
To transfer the pushing force to the distal end of the en-
teroscope, avoiding a sharp angulation during insertion may
be necessary. Frequently, sharp angulation of the small bowel
loop prevents further advancement of the enteroscope and
only stretches the small bowel. When we visualize the scope
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with a fluoroscope, a more counterclockwise rotation of
the scope seems to attain greater advancement of the scope.
However, for angulation, pushing force could not be effec-
tively transferred to the distal side of the scope, resulting in
only meaningless stretching of the intestine. By contrast dye
infusion, we could predict the insertion direction. When we
encounter sharp angulation, withdrawal of the enteroscope
backward with an overtube makes the small bowel loop
straighter. Through visualization of the more proximal side
of the small bowel with a contrast dye, we can monitor how
the proximal side is straightened and decide when to stop the
shortening procedure and repush the scope (Fig. 3).

Fluoroscopy guidance

Fluoroscopy guidance may be helpful to verify the loca-
tion and direction of the rotation of the scope. In the author’s
opinion, fluoroscopy guidance is necessary until physicians
get used to the procedure. Once the physicians obtain ex-
tensive experience, it can be performed without fluoroscopy
guidance. However, in case of severe adhesion, fluoroscopy
assistance may be needed to check the proper direction of the
scope, although the operators are expert in BAE.

Power suction method

To prevent backward slippage of the scope during insertion
of the overtube, the power suction method to hold the scope
position may be helpful.” However, it could make mucosal

Fig. 3. Decision on the optimal insertion direction. (A) Angulation of the small bowel loop in a U-shape
around the enteroscope tip visualized with infusion of contrast dye. (B) Without straightening of the
U-shape-angulated loop, the stretching of the small bowel is insignificant without advancement after push-
ing the scope. (C) Withdrawal of the enteroscope backward with an overtube makes the small bowel loop
straighter. (D) After release of the angulated enteroscopic tip, the enteroscope and proximal side of the small
bowel can be placed in a straight line, which is identical to transferring the pushing force.

suction injury similar to red spots or angiodysplasia. If the
indication of enteroscopy was for searching for a recurrent
bleeding lesion, which was not obvious in a previous cap-
sule endoscopy, such mucosal injury by suctioning may be
confused with tiny angiodysplasia. Therefore, in the author’s
opinion, in such indication, we should reconsider the use of
the power suction method.

Simultaneous technique

This technique consists of withdrawing the inflated over-
tube to fold the intestine and simultaneously pushing the
scope into the deep small bowel. This method showed a short-
er mean procedural time, but the depth of insertion was not
improved by this method. However, this technique could be
helpful in passing the scope through the adhesion point by

reducing the loop formation during scope insertion." "

CONSIDERATIONS OTHER THAN
INSERTION

Overtube injury

During withdrawal of the enteroscope, we could sometimes
find a mucosal injury or laceration not found during scope
insertion. It is usually due to injury by the overtube, and the
mechanism is similar to injury by the colonoscope shaft,
which could leave a mucosal laceration or sometimes even
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Fig. 4. Exposure of the muscle layer due to mucosal injury by the overtube.

perforation by excessive loop formation during insertion. Mu-
cosal injuries are usually found proximal to the small bowel
and could be left without specific management if no signs
of perforation are found. In the author’s opinion, the most
common site is the area around the ligament of Treitz, which
shows sharp angulation during scope insertion. Repeated
friction during the push-and-pull procedure of the overtube
and stretching of the intestine due to loop formation during
the insertion procedure may be associated with this finding,
Perforation due to mucosal laceration or injury by the over-
tube around the ligament of Treitz during BAE has not been
reported yet. However, the injury was severe, and exposure
of the intestinal muscle layer was so obvious (Fig. 4). Even
though perforation did not occur despite the severe mucosal
injury, the mechanism or cases of colon perforation by the
colonoscope shaft due to excessive loop formation during
insertion should be considered. The operator should keep in
mind that severe mucosal injury could occur owing to exces-
sive loop formation during the insertion procedure.

Decision on the insertion route

The antegrade approach is recommended for lesions in the
proximal two-thirds of the small bowel, while the retrograde
approach is used for the distal one-third based on adjuvant
information such as pre-enteroscopic capsule endoscopy,
computed tomography enterography, and small bowel fol-
low-through.”

Sedation method

Conscious sedation with midazolam and pethidine can be
applied to antegrade or retrograde insertions such as esoph-
agogastroduodenoscopy (EGD) and colonoscopy. However,
because of the longer procedural time, maintenance of stable
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sedation state is not always possible. Patients often complain
of recurrent belching, nausea, vomiting, and abdominal pain
in antegrade insertion. In such cases, deep sedation with
propofol is more appropriate and monitored anesthesia care
by an anesthesiologist or general anesthesia can also be per-
formed.

Measurement of depth of insertion

Several methods have been used to estimate the depth of
insertion. The initial method was proposed by May et al.”
They estimated the insertion depth by using the Erlangen En-
do-Trainer and validated the method during training courses.
After each push-and-pull procedure, the operator recorded
the length of the insertion. At the end of the procedure, all the
recorded numbers were added. Through this method, they
calculated the net advancement of the enteroscope. However,
it has drawbacks because during the insertion procedure, slip-
page of enteroscope may occur and the unwanted withdrawal
length cannot be determined exactly. Li et al.* developed a
simpler method by measuring the overtube insertion depth
with maximal straightening at the level of the ligament of
Treitz at the beginning of the procedure and at the location of
an intestinal pathological finding. They estimated that every
5 cm of overtube advancement was equivalent to 40 cm of
small-bowel advancement. Another method was proposed by
Efthymiou et al.” They measured the depth of insertion by
counting the circular fold during the withdrawal process. By
using a 5-cm marker inserted through the working channel of
the enteroscope, they counted the number of folds per 5 cm
during 5-cm withdrawal steps. Through this method, a simple
equation to calculate insertion depth was proposed as follows:
depth in centimeters=0.9 x number of folds counted during
withdrawal. However, this method also has a drawback be-
cause during scope withdrawal, rapid backward slippage may
occur. More studies are needed to validate our findings.

Minimal requirement and learning curve

No appropriate guidelines stating the minimum training
required before learning enteroscopy have been established.
However, the trainee should have extensive experiences in
EGD and colonoscopy before learning deep enteroscopy. Ac-
cording to the second International Consensus Statement on
DBE, training should be undertaken by an advanced trainee
only, considering the various difficulties during insertion and
withdrawal of the enteroscope. The trainee should also have
enough experience in not only diagnostic but also therapeutic
procedures. These include hemostasis procedures using the
endoclip, argon plasma, coagulation forceps, and epinephrine
injection; polypectomy procedure, which is necessary in the
management of small bowel tumors such as Peutz-Jeghers



syndrome; and endoscopic balloon dilatation for stricture
lesion. Experience in the ERCP procedure would be helpful.
Sometimes, performing ERCP and biliary stent or drainage
catheter insertion in a surgically altered anatomy is needed.
As to the learning curve, enteroscopy through the oral route
has a relatively faster learning curve, while the anal route
approach seems to be more technically challenging and diffi-
cult to improve. For antegrade insertion, at least 10 cases are
necessary under expert supervision; for retrograde insertion,
30-35 cases are needed to achieve an appropriate insertion
depth.'" However, only few publications on the learning
curve of enteroscopy are available, and the skill of individual
trainees may differ, so these numbers might vary.

CONCLUSIONS

BAE is an evolving area of gastrointestinal endoscopy, and
indications are expanding from only the diagnostic procedure
of obscure gastrointestinal bleeding, inflammatory bowel dis-
ease, and small bowel tumor to an advanced therapeutic pro-
cedure. As the indications are expanding, more enteroscopy
procedures are needed. Enteroscopy is generally performed
by two persons who must cooperate closely. However, con-
sidering the transition from two- to one-person methods in
colonoscopy, an enteroscopy procedure by one person might
be popular in the near future. As to fluoroscopic guidance,
with the accumulation of experiences, the use of guidance
also decreased. With regard to enteroscopic learning, only
few guidelines and studies are currently present. However,
to acquire the skills to perform enteroscopy safely and effec-
tively, standardized guidelines stating the minimum training
requirement and quality indicators are needed in the future.
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