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Abstract

Since its introduction in 2001 capsule endoscopy
opened up the small bowel for diagnostic approaches
followed by double balloon enteroscopy which enabled
the endoscopic community to perform therapeutic
interventions in the whole small intestine. In this review
the scientific developments related to indications,
diagnostic yield and complications of the last years
between the competing devices double ballon
enteroscopy, single balloon enteroscopy and spiral
enteroscopy are illustrated.
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Core tip: After the first decade of use deep enteroscopy
with double balloon enteroscopy, single balloon entero-
scopy and spiral enteroscopy are an important part of
the armamentarium of modern endoscopy. The review
gives an overview of the available literature concerning
diagnostic yield, complications and indications of this
promising techniques.
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INTRODUCTION

Up to the end of the 20™ century, the technical
options for diagnostic and therapeutic interventions
throughout the entire small bowel were limited. The
main method, push enteroscopy, requires a special
endoscope with an overtube in order to straighten
the loop of the endoscope in the stomach, but is
nevertheless limited to only a moderate insertion
depth!. Intraoperative enteroscopy was the second
method available for endoscopic examination of
the small bowel, but this is an invasive procedure
associated with a high rate of complications'®.

When it was introduced in 2001, capsule endo-
scopy® opened up the small bowel for diagnostic
approaches, but the method was not able to close
the gap for therapeutic interventions in the small
bowel.
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Table 1 Technical specifications of double-balloon endoscopy and single-balloon enteroscopy devices

Outer diameter (mm) Length (cm) Working channel (mm) Indications
SBE (Olympus SIF-Q160) 9.8 200 2.8 Small bowel
DBE (Fujinon)
EN-450P5 8.5 200 22 Small bowel - diagnostic
EN-450T5 9.4 200 2.8 Small bowel - therapeutic
EN-450BI5 9.4 152 2.8 Colonoscopy/DBE-ERCP
EN-580T 9.4 200 32

SBE: Single-balloon enteroscopy; DBE: Double-balloon endoscopy; ERCP: Endoscopic retrograde cholangiopancreatography.

Yamamoto et al'*! succeeded in overcoming this

difficulty with the introduction of the double-balloon
technique in 2003. Double-balloon endoscopy
(DBE) enables all of the diagnostic and therapeutic
interventions used in standard endoscopy - such
as biopsy, polypectomy, and dilation - to be carried
out anywhere in the entire small bowel. Additional
methods have also been introduced in recent years,
such as single-balloon enteroscopy (SBE) in 2007"!
and spiral enteroscopy (SE) in 2008, All of these
technigues have therefore been summed up under
the heading of “device-assisted enteroscopy” (DAE).

AVAILABLE TECHNIQUES

Push enteroscopy

Push enteroscopy allows visualization of the esophagus,
stomach, duodenum, and proximal jejunum, using a
long endoscope with a standard diameter. Nowadays,
the technique is normally used without an overtube
to straighten the loop in the stomach or in the colon.
The advantage of push enteroscopy that it can rapidly
exclude bleeding sources in the proximal jejunum
about 50-70 cm behind the pylorus, for example, in
patients with suspected mid-gastrointestinal bleeding.
However, visualization of the entire small bowel is
not possible with this method. Significant advantages
for the DBE technique with regard to diagnostic yield
and insertion depth were reported in two comparative
studies using DBE and push enteroscopy showing
that DBE is superior in detecting small bowel polyps
whereas the examination time is shorter using SE-
technique™”’.

Double-balloon enteroscopy

When it was introduced in 2003, double-balloon
enteroscopy was the first technique that made
it possible not only to visualize the small bowel
endoscopically but also to carry out therapeutic inter-
ventions with the whole armamentarium of thera-
peutic endoscopy inside the “black box” of the small
bowel.

In addition to a 200-cm long endoscope (Fujinon
Inc., Wayne, New Jersey, United States) with a
separately inflatable balloon at its distal end, the
DBE system includes an overtube with the second
balloon attached to it. After the instrument has
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passed the duodenum or ileocecal valve, the small
bowel can be retracted using these balloons - leading
to a much greater depth of insertion in comparison
with push enteroscopy, for example. Diagnostic
and therapeutic endoscopes are available for DBE
examinations of the small bowel (Fujinon EN-450T5,
EN-450P5 and EN-580T; Table 1).

The radiographic checking of the endoscope loops
that was initially often used does not appear to have
any effect on the ability to reach more distal parts of
the small bowel. In a prospective evaluation, Manner
et al'® did not identify any effect on the depth of
insertion when fluoroscopic control was used. Two
small studies that investigated the learning curve
in DBE examinations did not find a distinct learning
curve® - possibly because success in performing
a DBE examination was defined in these studies as
reaching a stable endoscope position in the terminal
ileum or reaching the suspected lesion, rather than
achieving complete enteroscopy.

For technical aspects of the small-bowel endo-
scopes that are commercially available, see Table 1.

Single-balloon enteroscopy

The single-balloon endoscope uses one balloon
attached to the tip of the overtube, without the balloon
attached to the tip of the endoscope. The other
specifications are similar to those of therapeutic DBE
devices (Table 1).

The main difference in handling between the
two types of endoscope is the need to angulate the
tip of the SBE device before the pulling maneuver,
in order to compensate for reduced stability™" %,
The angulation maneuver does not have any effect
on complication rates during SBE procedures in
comparison with DBE examinations. Comparative
data for the two techniques with regard to diagnostic
yield and therapeutic impact are equivalent, while
DBE appears to be more favorable in relation to the
complete enteroscopy rate!**”),

Spiral enteroscopy

During spiral enteroscopy, an overtube with a helical
design is positioned on a long endoscope (e.g., a
DBE endoscope) and is placed in the duodenum.
With slight rotation, the small bowel can be retracted
and placed on the overtube. The main advantage of
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Figure 1 Bleeding from a jejunal diverticulum.

this technique is that it allows rapid advancement of
the endoscope to the maximum distance. The spiral
overtube is not currently commercially available in
Europe.

In addition to the short examination time, highly
stable positioning of the endoscope is another ad-
vantage; however, spiral enteroscopy appears to be
associated with a higher complication rate. Larger
prospective comparative trials of complications are
lacking at present. DBE provides a significantly
greater insertion depth than SE!'®!. SE is as yet the
least well evaluated technique in the field of small-
bowel endoscopy.

Additional technical aspects

The use of carbon dioxide insufflation is generally
recommended in small-bowel endoscopy, as it reduces
postprocedural pain and helps to achieve a deeper
insertion of the scope™®*.

INDICATIONS FOR DAE

Bleeding

The main indication for DBE and SBE is evaluation
of obscure mid-gastrointestinal bleeding, which
represents 60%-97% of enrolled cases in studies
addressing deep™?!. Mid-gastrointestinal bleeding
is defined as a bleeding source located between the
suspensory muscle of the duodenum (ligament of
Treitz) and the ileal papilla (Bauhin valve). Bleeding
episodes are classified as overt or occult bleeding
with tarry stool and/or hematochezia, as in standard
upper or lower gastrointestinal bleeding.

A previous standard endoscopic evaluation with
gastroscopy and colonoscopy in optimized conditions
is mandatory in all cases. In selected patients, it is
advisable to repeat these examinations, as the rate
of overlooked bleeding sources within the reach of
standard endoscopy has been reported as up to
25%. In this setting, using push enteroscopy may
be helpful for detecting bleeding sources in the
proximal jejunum.

The diagnostic yields of SBE and DBE in patients
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Figure 2 Crohn’s stenosis detected by double balloon enteroscopy.

with suspected mid-gastrointestinal bleeding are
reported to be 47%-77%"%*** and 40%-80%**%",
respectively, with no relevant discrepancies between
the two techniques.

Different bleeding sources can be detected re-
lative to the patient’s age. Whereas patients aged
65 or over develop bleeding from angiodysplasia or
jejunal diverticula significantly more often!®® (see
Figure 1), younger patients suffer from tumors,
polyps, inflammatory bowel disease, or bleeding
Meckel’s diverticulum (see Figure 2).

Another key point in the management of patients
with suspected mid-gastrointestinal bleeding is the
severity of the blood loss. The more severe the cli-
nical signs of bleeding are, the more invasive and
rapid the diagnostic and therapeutic approach
should be. Approaches range from elective capsule
endoscopy in patients with iron-deficiency anemia
to emergency intraoperative enteroscopy in patients
with hemodynamically relevant bleeding from jejunal
diverticula™®?®®. Another useful tool from the point
of view of speed in diagnosing hemodynamically
unstable patients with gastrointestinal bleeding is
computed-tomographic angiography (CTA), which
leads to rapid detection of bleeding sources in
patients with active bleeding®”., In addition to CTA,
capsule endoscopy can guide the management in
patients with less severe bleeding - helping the
endoscopist to select the correct route for balloon-
assisted enteroscopy, for example®'*?!, The upper
DBE or SBE approach is typically selected for lesions
suspected to be located in the upper two-thirds and
the retrograde approach for the suspected lower
third of the small bowel.

In view of the complex decisions that need to be
taken in patients with mid-gastrointestinal bleeding,
early transfer to a referral center with expertise in
the management of small-bowel diseases is strongly
recommended. For details, see an algorithm on
bleeding recommended by the authors (Figure 3).

The outcome for patients following treatment for
a mid-gastrointestinal bleeding episode has been
studied in several papers. Whereas Gerson et a/t*"!
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Figure 3 Algorithm mid-gastrointestinal-bleeding. Gl: Gastrointestinal; CT: Computed tomography; SBE: Single-balloon enteroscopy; DBE: Double-balloon

endoscopy.

reported a re-bleeding rate of 23% after endoscopic
treatment for angiodysplasia in 135 patients after
12 mo and a rate of 35% for the need for further
iron supplementation or blood transfusions in their
patients, Madisch et a/? did not observe any
significant differences in the re-bleeding rate between
patients with or without treatment for angiodysplasia.
May et al* presented a study with a long-term
follow-up period of 55 mo including 50 patients
who had undergone argon plasma coagulation of
angiodysplastic lesions during DBE examinations,
and reported a re-bleeding rate of 45%, while the
need for further blood transfusions was significantly
reduced. These rather disappointing results were
confirmed by Samaha et al**.

Crohn’s disease
Known or suspected Crohn’s disease is a less fre-
quent indication for the use of DAE, accounting for
11%-22% of indications in large databases!***.
Crohn’s disease lesions in the small bowel are common
and have been detected in 70% of cases when DBE is
performed*®,

However, the diagnostic yield and therapeutic
impact of DAE on the management of patients
with Crohn’s disease depends on whether the con-
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dition is only suspected or is a known disease. In
a retrospective study of 40 patients with known
Crohn’s disease, DBE detected small-bowel lesions
in 60% of the patients, leading to a change in the
patient’s management in 75% of cases*’). In a
study by Manes et a/*®, the diagnostic yield was
also 60%, while the diagnostic yield in patients in
whom Crohn’s disease was only suspected and who
had undergone normal standard upper und lower
gastrointestinal endoscopy was 44% for lesions in
the small bowel™*’,

Nevertheless, DAE including DBE, SBE, and CE
is not the ideal tool for the management of Crohn’s
patients, due to the invasive nature of DBE and SBE
and the risk of capsule retention, which is greater
in Crohn’s patients than in others™®. The main
indication is to clarify obscure symptoms in patients
with suspected Crohn’s disease and for planned
therapeutic interventions such as balloon dilation of
small-bowel stenosis detected using other methods
(see Figure 2). These interventions have been
carried out with high success rates and acceptable
complication rates!™ 4,

Small-bowel tumors and polyps
All DAE techniques are suitable for detecting small-
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bowel polyps and tumors, and some can be used
to treat these conditions as well. This is due to the
ability to carry out biopsy sampling for histological
assessment and polypectomy of benign polyps - e.g.,
in Peutz-Jeghers syndrome.

Polyposis syndromes and tumors of the small
bowel are rare conditions, and detection rates of
9.6%-17%">">* result from the fact that the patients
represent a highly selected group. It is to state that
the rate of small bowel tumors in asian series seems
to be considerably higher than in western series.
Most of the tumors described in the relevant studies
are benign, with an emphasis on neuroendocrine
tumors in a large group of 1106 patients reported by
Cangemi et al**.,

The results of endoscopic polypectomy have been
studied in several papers. Gao et a/*® reported on a
group of 13 patients with Peutz-Jeghers syndrome
and 79 polyps, which were resected without major
complications. A success rate of 82% in detecting
and removing small-bowel polyps in 22 Peutz-
Jeghers patients was reported by Gorospe et a/’’.
In a retrospective series, Kopacova et a/*® found
no differences in the rates of therapeutic success
between DBE and intraoperative enteroscopy in
the management of small-bowel polyps, although
intraoperative enteroscopy was much more invasive.

Malignant tumors in the small bowel are a rare
entity, accounting for 3.6% of cases in a group of 555
patients®™,

In summary, DAE techniques are helpful for de-
tecting, classifying and often also for treating small-
bowel tumors and polyps.

DAE AND COMPLICATIONS

Following the introduction of DAE, the complications
associated with the techniques became increasingly
important. As the complication rate with endoscopic
procedures is usually low, large numbers of exa-
minations have to be evaluated in order to determine
a reliable complication rate for a new procedure.
In addition, new techniques are often initially used
mainly by experts, leading to an additional reduction
of the complication risks. During the first years of
use, complications of DBE examinations were also
reported. In addition to known complications such as
bleeding, perforation, and complications associated
with sedation, a relatively new complication was
discovered in the form of post-DBE pancreatitis.

Pancreatitis

Initial case reports on the development of acute
pancreatitis following DBE via the oral route were
already published in 2006%¢!, Considerable
efforts were then made to assess the risks and
mechanisms of developing pancreatitis after DBE,
particularly following the documentation of a fatal
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course of the disease in a patient with pancreatitis
in a retrospective cohort of 3894 examinations in a
DBE registry in Germany'®., Also in 2006, Honda et
al’®® reported a 47% rate of hyperamylasemia in 13
patients after DBE examinations, while one patient
(7%) developed typical clinical signs of pancreatitis.
This high incidence of pancreatitis after DBE ex-
aminations was not reproduced in larger series.
Kopacova et al'®" reported elevated lipase levels
in 51% of 31 patients, with only one patient who
developed pancreatitis. In subsequent years, several
registry data reports and retrospective analyses
focusing on complications were published.

In a retrospectively collected database of 10
centers including 2362 examinations, the rate of
pancreatitis after DBE examinations was 0.3%!"°,
Another retrospective series from centers in the
United States, including 2478 patients, reported a
pancreatitis rate of 0.2% of cases; this was the first
study that documented a case of pancreatitis after
DBE via the anal route'®!. The largest prospective
data collection to date is the report from the DBE
registry in Germany by the German DBE study
group, including 1765 patients with 2245 DBE
procedures. In this study, the pancreatitis rate was
0.34% after DBE via the oral route'®. Fortunately,
no further deaths have occurred due to pancreatitis.

The pathogenesis of hyperamylasemia and pan-
creatitis after DBE has been discussed in several
papers. Firstly, it is notable that nearly all of the
observed cases of pancreatitis have occurred after
DBE via the oral route, despite the one case in the
series by Gerson et al'® mentioned. It is therefore
arguable that mechanical stress acting on the
pancreas or the papilla during the push-and-pull
maneuver may play a role in the development of
pancreatitis. In an animal model with 20 pigs, Latorre
et al®”! observed elevated amylase and lipase levels
after examination periods of 90 and 120 min, with no
correlations between either the depth of insertion or
the duration of the examination and the laboratory
tests. However, they observed ischemia-triggered
necrosis of pancreatic tissue at autopsy, leading to
the conclusion that mechanical stress might be the
trigger for tissue damage after DBE.

In a smaller series including 56 patients, Pata et
al'® noted a correlation between pancreatitis and
the insertion depth and time between the inflation of
the first and second balloons in the duodenum. The
authors argued that compression of the papilla of
Vater with the balloon may cause the development
of pancreatitis. However, the rate of pancreatitis in
the study was 12% - much higher than expected
from the studies mentioned above, and calling
into question the DBE technique and definition of
pancreatitis used.

A larger series of 135 patients published by Aktas
et al® found a good correlation between depth of
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Table 2 Complications of double-balloon endoscopy-
examinations

DBE
Pancreatitis 0.2%-0.34% (-12%)
Bleeding 0.2%-0.8%
Perforations 0.1%-2.9%
Sedation related complications 0.5%

The data concerning complications of single-balloon enteroscopy and
spiral enteroscopy are insufficient for a detailed presentation. DBE:
Double-balloon endoscopy.

insertion and numbers of pull maneuvers and the
development of hyperamylasemia. The rates of
pancreatitis and hyperamylasemia were comparable
with previous data in this study.

In summary, a careful examination technique -
avoiding mechanical stress to the pancreas through
slow retraction of the endoscope and avoiding
mechanical stress to the papilla by only using the
balloons in deeper parts of the duodenum - is recom-
mended in order to reduce the risk of pancreatitis
after DBE examinations.

In view of the potential risk, pancreatitis should
be mentioned in the discussion with the patient prior
to the examination and should be included in the
written informed consent form.

The pancreatitis rates associated with SBE and
SE have not yet been adequately investigated. The
first report, by Aktas et a/’”, only included 105
patients, which is much too low to allow any reliable
conclusions to be drawn.

Bleeding and perforation
Bleeding complications have been observed parti-
cularly after interventional procedures during DAE.
Mensink et a/® reported an overall bleeding rate of
0.8% in their cohort, but only 0.1% after diagnostic
procedures. In other studies, the bleeding rate
has ranged from 0.2% to 0.3%, predominantly
associated with endoscopic interventions®**®,
Perforations have been reported after diagnostic
as well as therapeutic procedures. Prior abdominal
surgery increases the risk of perforation in DAE
patients. In the large retrospective and prospective
databases, the risk of perforation has been reported as
0.1%-0.3% in diagnostic procedures and 0.8%-2.9%
after small-bowel polypectomy!®*¢*%%!, Due to the
potential risk of perforation after interventional DBE
and SBE, these techniques should be used only by
experts.

Complications related to sedation

As DBE or SBE are time-consuming and technically
demanding, the time the patient spends under
sedation is longer in comparison with normal upper
and lower gastrointestinal endoscopy. The risk
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of sedation-related complications (SRCs) should
therefore be taken into account when treating these
patients. However, propofol sedation is usually
adequate. When deeper sedation is necessary, the
addition of midazolam or pethidine is an option. The
routine use of anesthesia is not recommended, but
there is a lack of systematic analyses.

SRCs have been documented in 0.5% of cases in
the prospective database in Germany™?.

Efforts have been made to examine the safety of
DAE in elderly patients (> 75 years), but a higher
complication rate was not observed in this group in
comparison with younger patients™®®’*”*, DAE can
therefore be used with the same level of safety in
elderly patients.

Summary on complications

It may be noted that the DBE technique is the best
prospectively studied technique in relation to com-
plications and to the diagnostic and therapeutic yield
in the field of small-bowel endoscopy (see Table 2).
The relatively large number of studies comparing
DBE and SBE have not included sufficiently large
numbers of patients or examinations to allow valid
comparison of complication rates between the
two techniques™®*>*”74, The least information is
available in relation to the complication rate with
spiral enteroscopy in comparison with other DAE
modalities, with only around a hundred examinations
reported®7>7¢,

CONCLUSION

Twelve years after its first introduction in the form
of DBE, DAE is now becoming a standard tool
for the diagnosis and treatment of small-bowel
diseases. In particular, DBE and SBE as the leading
techniques have proved their value and safety when
used in expert hands in a respectable humber of
studies. In addition to capsule endoscopy, older
techniques such as intraoperative enteroscopy, and
imaging techniques such as computed tomography,
angiography, and magnetic resonance tomography,
the armamentarium available to physicians with
endoscopic skills is now appropriate for treating
small-bowel diseases.
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