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Opinion statement

The small bowel is a challenging area for endoscopic evaluation and therapy due
to its length and angulated configuration. A small lumen diameter and segmental
peristalsis made it a perfect fit for examination by a novel ingestible wireless
camera in a capsule. The development of capsule endoscopy changed the diag-
nosis and management of bleeding lesions, ulcers, and tumors deep in the small
bowel, allowing earlier diagnosis with excellent patient acceptance. Device-
assisted enteroscopy revolutionized small bowel therapy, particularly management
of bleeding, Peutz-Jeghers polyposis, and tumor marking for minimally invasive
surgery. Small bowel stricture dilation in select patients is safe and effective.
Tools for a spectrum of small bowel therapies are available but remain suboptimal
to tackle lesions on angulated folds deep in the small bowel. Universal terminol-
ogy to describe the endoscopic appearance of vascular lesions will facilitate
studies of endoscopic and medical therapy. The future holds improvements in
imaging, easier advancement through the small bowel, and therapeutic capacity.
This review focuses on methods of small bowel endoscopy, therapy, and
outcomes.

Introduction

The small intestine is a relatively new territory for
endoscopic diagnosis and treatment of disease.
Over the past 15 years, advances in imaging and
endoscopy have provided the practicing gastroen-
terologist new technologies to approach disease
deep in the small bowel. The most common prob-
lems are gastrointestinal (GI) bleeding and ulcerat-
ing disease, which are more common and less well
understood than previously thought. Early

diagnosis and management of small bowel tumors
and polyposis syndromes has revolutionized care.
The main limitation to diagnosis and therapy in
the small bowel remains its length (600 cm or
longer in tall adults) and looped anatomy [1].
Fixed bowel due to previous surgery and altered
anatomy further limit advancement in the small
bowel. Evaluation of the small bowel with push
enteroscopy allows diagnosis and therapy for
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lesions in the very proximal jejunum (on average
80 cm beyond the ligament of Treitz) [2ee]. Most
lesions deeper in the small bowel are diagnosed
and treated by capsule endoscopy (CE) in combi-
nation with device-assisted enteroscopy (DAE).
Triple-phase computed tomography (CT) and mag-
netic resonance (MR) enterography as well as angi-
ography are evolving in parallel and are combined
with small bowel endoscopy for diagnosis and
therapy. Intraoperative enteroscopy is now reserved
for those with incomplete DAE and a high suspi-
cion for a small bowel lesion or persistent bleed-
ing with no lesion found. It has the advantage of
both external and internal examinations of the
entire small bowel and immediate lesion resection
[3].

Capsule endoscopy and DAE have brought to
the forefront the ability to visualize the entire
small bowel for diagnostic and therapeutic pur-
poses (Table 1). Previously, bleeding sources not

identified by upper and lower endoscopy and
radiographic evaluation of the small bowel were
categorized into obscure overt and obscure occult
bleeding based on the clinical presentation [4,
5]. Newer technologies have changed terminolo-
gy from obscure gastrointestinal bleeding (OGIB)
to small bowel bleeding in most cases [6ee]. The
term OGIB is now reserved for bleeding that is
not identified within the GI tract, utilizing up-
per, lower, and small bowel endoscopy or radio-
graphic evaluation [7] (Table 2). The future
holds advancements in quality imaging and in-
spection, improved devices to access the small
bowel, tools to advance therapy, and refinement
in guidelines in the approach to GI bleeding. The
management of small bowel disorders is an ex-
citing and changing field. This article reviews
recent advances in small bowel endoscopy with
a focus on the methods, therapies, and
outcomes.

Table 1. Small bowel endoscopy technologies available in the USA

Test Pro

Video capsule endoscopy

PillCam (Given Imaging, Yokneam, Israel)
EndoCapsule (Olympus America, Allentown, PA)
MiroCam (IntroMedic, Seoul, Korea)

Push enteroscopy

Device-assisted enteroscopy

Double balloon enteroscopy

Single balloon enteroscopy

Spiral enteroscopy

NaviAid AB device (SMART Medical Systems Ltd.,
Ra'anana, Israel)

Con
Excellent patient tolerance Lack of tissue diagnosis
Best examination for flat mucosal  Lack of therapy

lesions

Radio-frequency transmission

Electric field body propagation
Increased frames/second

Widely available

Allows therapy
Tissue sampling/marking

Greatest depth of insertion

Shortest setup time

Shortest procedure time

Utilizes standard endoscopic
equipment

No specialized setup

Poor localization

Inability to size lesions

Retention

Relative contraindication in
cardiac devices

Longer reading time

? Interacts with cardiac devices

Limited insertion depth

Average insertion <100 cm

Incomplete exams
Invasive

Perforation, pancreatitis
Time-consuming
Limited tools

Latex balloons

Low rate of complete enteroscopy
Limited tools

Not available to new users

Limited advancement
No comparative studies
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Table 2. Diagnostic yield of small bowel imaging modalities for GI bleeding

Test Diagnostic yield (%)

Small bowel barium study [8e] 5

Push enteroscopy [8°] 30

Computed tomography enterography [9] 45

Video capsule endoscopy [8e, 10] 38-83

Device-assisted enteroscopy [11] 51-80

Intraoperative enteroscopy [6°®] 58-88
Indications

The most common indication for evaluation of the small bowel is bleeding.
Approximately 5 % of patients presenting with GI bleeding have no source
found by upper endoscopy and colonoscopy [4, 12, 13]. In approximately 75 %
of these patients, lesions can be identified in the small bowel using new
endoscopic technologies [4]. The most common cause of small bowel bleeding
is a vascular lesion. Angioectasias occur in association with disorders such as
severe heart disease, chronic kidney disease, rheumatologic disorders, and
cirrhosis [14, 15]. They most commonly present as occult bleeding or iron
deficiency anemia in individuals over 60 years of age.

Alternative bleeding lesions in the small bowel include ulcers (mostly due to
nonsteroidal anti-inflammatory drug (NSAID) use and Crohn's disease), tu-
mors (gastrointestinal stromal tumor, carcinoid, lymphoma, and adenocarci-
noma), polyps (hamartoma, granulation, and inflammatory), hemangiomas,
and jejunal and Meckel’s diverticulum. Less commonly, hemosuccus
pancreaticus and aortoenteric fistulas cause small bowel bleeding [4]. Under-
standing the limitations of small bowel endoscopy for the detection of bleeding
lesions is critical as both missed lesions and misinterpreted lesions can lead to
clinical harm or overtreatment, respectively.

Other indications for evaluation of the small bowel include obstructive
symptoms with abnormal imaging [Crohn’s disease and other ulcerating/
stenosing diseases (NSAID, radiation, ischemia, tuberculosis infection, non-
specific chronic ulcer, refractory celiac disease), tumor, lymphoma, polyposis
syndromes| and chronic diarrhea when other symptoms/signs of disease are
present. Small bowel lesion sampling and marking allows laparoscopic internal
resection or mini-laparotomy, an advance over open laparotomy. Therapeutic
indications include bleeding management, polypectomy, stricture dilation,
direct percutaneous jejunostomy placement, stenting, and evaluation of the
biliary system in patients with altered small bowel anatomy.

Capsule endoscopy

The development of wireless video CE in 1998 was a disruptive endoscopic
technology. The first prototype transmitted vivid images of the small bowel
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mucosa that allowed a rapid introduction for dlinical use in 2001 [16, 17ee]. Since
then, other capsule devices (EndoCapsule, MiroCam) have been introduced to the
USA with similar diagnostic yields [18, 19] (Table 1). Capsule endoscopy allows
complete examination of the small bowel mucosa, is minimally invasive, is well
tolerated by patients, and is the recommended next study for patients with GI
bleeding when no source is found at upper and lower endoscopy [16]. Two
randomized clinical trials have assessed the role of CE compared to push
enteroscopy as a first-line study after a negative upper endoscopy and colonoscopy.
Both studies show an increased diagnostic yield with CE when compared to push
enteroscopy [20, 21]. A meta-analysis of 14 studies compared the diagnostic yield
of CE to push enteroscopy demonstrating a higher diagnostic yield for CE (63 vs.
28 %, P<0.00001) [8e]. In three studies comparing the yield of CE to small bowel
barium radiography, the yield for any finding was even greater for CE (67 vs. 8 %,
P<0.0001) [8e]. Consideration should be taken for repeat standard endoscopy,
and in those briskly bleeding, angiography or direct DAE is the best approach. In a
retrospective study in OGIB using double balloon endoscopy (DBE), 24.3 % of
patients had a definite source of bleeding outside of the small bowel [22].

In a large multi-center French study of OGIB, CE demonstrated a confirmed
bleeding lesion in 56 % of patients, most in the small bowel. Primary small bowel
findings included angioectasia (44 %), blood without a lesion (16 %), ulcers
(19 %), and tumors (15 %) [23e]. Factors that are predictive of a positive CE include
overt bleeding, male sex, age >60, and inpatient capsule study within 3 days of
admission [23e, 24, 25]. Earlier performance of CE may be useful. In a small study
of overt GI bleeding with a negative upper endoscopy, immediate capsule place-
ment showed a positive finding in 75 % of patients, most in the small bowel [26e].

Other indications for CE include the evaluation of inflammatory bowel disease,
refractory celiac disease [27], and diagnosis of polyposis syndromes (Peutz-Jeghers
and familial adenomatous polyposis (FAP)) [16]. Small bowel ulcers in asymp-
tomatic individuals are more common than previously thought. In the first clinical
trial of CE to assess the effect of NSAIDs on the small bowel mucosa, 13.8 % of
control subjects had small bowel mucosal breaks or ulcers at baseline [28]. Capsule
endoscopy is more effective than barium studies in the evaluation for small bowel
ulcers in Crohn’s disease. There was a higher diagnostic yield with CE when
compared to small bowel barium study (63 vs. 23 %, P<0.001) and when
compared to colonoscopy with ileoscopy (61 vs. 46 %, P<0.02) [29].

Screening of the upper GI tract with a side-viewing endoscope for adenomas
involving the ampulla is recommended in FAP beginning at the age of 25-30 years
with an expectation that mortality can be improved [30]. The role of examination of
the entire small bowel in FAP remains uncertain, although the performance of CE
has been demonstrated to be safe and effective in polyp detection [31-33].

Improving diagnostic yield

The capsule endoscope travels through the small bowel propelled by peristalsis.
Capsule movement is most rapid in the duodenum and tumbles in the small
bowel with the possibility for missed lesions. Factors such as gastroparesis,
bilious material/food residue, and impaired motility can limit complete ex-
amination of the small bowel and diagnostic yield [34]. In a large retrospective
study, the capsule incompletion rate was 19 %. Factors associated with incom-
plete studies included inpatient hospitalization, previous small bowel surgery,
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and moderate or poor bowel cleansing [35]. In a meta-analysis of 12 studies,
purgative solutions compared to a clear liquid diet improved small bowel
visualization and diagnostic yield [36]. In a subsequent meta-analysis of
prokinetic agents and anti-foaming agents, simethicone improved visualization
quality but capsule completion rate was not affected by promotility agents [37].

Interpretation and performance

With the capture of over 50,000 images utilizing a capture of 2 frames per
second and an average reading time of 40-60 min [38], attempts to decrease the
capsule reading time have been assessed using proprietary software and multi-
view images. Removal of every other image and evaluation of a QuickView
mode both resulted in decreased reading times, but with a diagnostic miss rate
of 2 and 8 %, respectively [39]. The addition of an algorithmic suspected blood
indicator (SBI) to QuickView mode resulted in 100 % sensitivity to identify
active bleeding, although other small bowel lesions may have been missed [40].

Skilled CE reading is crucial to guide decision-making. Misinterpreted le-
sions are common and include red spots as vascular lesions; protrusions,
pylorus, ampulla, and lymphangiectasias as mass lesions; air bubbles as polyps;
and mucous or lens pressed against the mucosa as ulcers. Clinical guidelines
recommend formal training as a part of a GI fellowship program or completion
of a hands-on course with a review of the first ten capsule studies for
credentialing. A more recent study utilizing a formalized assessment tool
demonstrated improvement in CE interpretation among trainees completing
more than 20 CE studies [41, 42]. The best way to improve CE interpretation is
to perform DAE to correlate capsule findings.

To improve capsule completion rates, a longer duration of recording cap-
sules to 12 h has been developed. Completion rates are increased when com-
pared to 8-h capsule studies (88 vs. 79.5 %, P=0.03) with an increased diag-
nosticyield (48.5vs. 35 %, P=0.01) [43]. To decrease the missed lesion rate, the
capsule field of view has increased from 140° to 170° and a capsule with four
cameras has been developed to allow a 360° view of the small bowel
(CapsoCam, CapsoVision, Saratoga, CA). When compared to a standard cap-
sule endoscope, the 360° viewing capsule had a similar diagnostic yield, but
this identified significantly more small bowel lesions [44, 45]. Reading time was
increased, and the capsule required retrieval from the body for data
downloading that may impact on patient acceptance but is good for the
environment.

CE complications

Capsule endoscopy has been reported to be safe with the implantable
electromechanical cardiac devices studied but remains a relative contra-
indication to CE [46]. The primary complication of CE is capsule reten-
tion. Capsule retention is defined as the presence of the capsule within
the digestive tract for at least 2 weeks after ingestion that requires further
intervention [47]. In a single retrospective study of 5593 capsules, the
retention rate was 0.3 % [48]. Higher rates have been reported in those
with suspected Crohn's disease (1.6 %) or known Crohn's disease (13 %)
[49]. Other factors associated with a retained capsule include diaphragm
disease from NSAID use [50] and radiation therapy [51]. Small bowel
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barium studies are of virtually no value in the prediction of capsule
retention. Computed tomography and magnetic resonance enterography
(MRE) improve the ability to detect small bowel wall thickening and
helps identify those at risk for retention [10]. In small bowel Crohn’s
disease, capsule retention is associated with stricture length and the
number of prestenotic dilations [52]. While capsule retention in the small
bowel may warrant surgery, DAE is the primary method for retrieval [53].
A dissolvable patency capsule predicts capsule retention in Crohn’s dis-
ease with known strictures that has led to safe performance of CE in
patients with obstructive-type symptoms and prior passage of a patency
capsule [54].

Device-assisted enteroscopy

In 2001, Yamamoto et al. reported on the use of DBE for total small bowel
endoscopy that allowed tissue sampling and therapy [55¢¢]. The technique was
introduced in the USA in 2004. The DBE system utilizes a 200-cm enteroscope
over which a 145-cm overtube is back-loaded. Latex balloons on the ends of
both the enteroscope and overtube allow for forward advancement of the
enteroscope with pleating of the examined portion of the small bowel onto the
overtube in repetitive push-and-pull cycles [10]. In a prospective study of both
push enteroscopy and DBE for suspected small bowel bleeding, DBE demon-
strated a greater insertion depth (230 + 100 vs. 80+ 18 cm, P<0.0001) and
greater diagnostic yield (73 vs. 44 %). X-ray exposure and procedure time (68
+#25vs. 21 + 10 min, P<0.0001) were both greater for DBE [2ee].

Other device-assisted technologies have since been developed. Most clinical
data has been reported using the DBE technology. Single balloon endoscopy
(SBE) uses the push-and-pull technique with a single balloon on the overtube.
In a randomized prospective trial comparing SBE and DBE, rates of complete
enteroscopy were higher for DBE when compared to SBE (66 vs. 22 %,
P<0.0001) but diagnostic yields were similar (52 vs. 42 %, P=0.42) [56e°]. A
second randomized controlled trial was terminated when it was determined
that the rate of total enteroscopy was significantly higher for DBE when com-
pared to SBE (57 vs. 0 %, P=0.002) [57e].

Spiral enteroscopy (SE) uses rotational energy to pleat the small bowel onto
an overtube with a spiral-ridged tip using a pediatric colonoscope [58]. Once
the overtube is rotated clockwise past the ligament of Treitz, further clockwise
spinning allows for rapid pleating of the small bowel onto the overtube. In a US
study, SE was performed with a mean procedure time of 41 + 15 min and a
diagnostic yield of 59 % with endoscopic therapies performed in 49 % [59].
When compared to SBE, the diagnostic yield of SE was not significantly different
(59.6 vs. 43.4 %, P=0.12) [7].

The newest device to assist enteroscopy is a novel through-the-scope balloon
system using a standard endoscope. In one small study, both the antegrade and
retrograde approaches into the small bowel were estimated to advance deeper
than the standard push enteroscopy and ileoscopy. The diagnostic yield was
44 %, and the average advancement time was 15.5 min [60¢]. When comparing
the technologies, DBE has the advantage of deepest advancement in the small
bowel, SBE has the fastest setup time, and SE is the quickest to perform.
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Indications

The main indication for DAE is small bowel bleeding therapy. It is useful in the
diagnosis and management of small bowel Crohn'’s disease, marking small
bowel tumors for surgical resection, refractory celiac disease [61], small bowel
lymphoma, enteroscopy-assisted endoscopic retrograde
cholangiopancreatography (ERCP) in patients with Roux-en-Y anatomy [62],
dilation of small bowel strictures [63], diagnosis of Meckel’s diverticulum [64],
and direct percutaneous endoscopic jejunostomy [65]. Double balloon
enteroscopy has been reported to be safe and effective in children under

10 years of age [66].

Improving insertion depth

Total enteroscopy utilizing DBE has a steep learning curve (>150 cases) to
increase success rates from 8 to 63 % [67]. Rarely can total enteroscopy be
performed from one approach. Antegrade advancement into the small bowel
has a short learning curve (10 procedures) to significantly decrease procedure
time [68]. Retrograde advancement has a higher rate of failure and lower
diagnostic yield when compared to antegrade advancement due to difficulty
with stable intubation of the ileocecal valve for forward advancement [69].
Estimated 30-35 retrograde DBE procedures are required under supervision in
order to achieve a technical success rate of 75 % [70].

Most of the small bowel has no distinguishing features other than a
fold pattern in the proximal jejunum and distal ileum. A porcine sim-
ulation model to determine the distance reached in the small bowel
using DBE has been validated by estimating the distance in centimeters
of each push-and-pull advancement [71]. A second method of estimat-
ing insertion depth has been proposed, utilizing the insertion of the
overtube that still requires validation [72]. Depth of insertion is im-
proved by using carbon dioxide rather than air for insufflation (230 vs.
177 c¢cm, P=0.008). Carbon dioxide insufflation is also associated with
decreased procedural abdominal pain [73].

Improving diagnostic yield

Device-assisted enteroscopy requires significant time and health-care resources.
Clinical factors associated with improved diagnostic and therapeutic yield in-
clude time from the last episode of overt GI bleed [74], need for blood trans-
fusion prior to DBE, and demonstration of ulcers or arteriovenous
malformations on preceding endoscopy [75]. In the hospitalized setting, the
need for pre-procedure blood transfusion was associated with an increased need
for endoscopic therapy at DBE [76]. Artifacts reported at CE and incomplete
enteroscopy contribute to the low diagnostic yields reported in DBE studies.

Therapy

Endoscopic therapy deep in the small bowel is challenging due to a
torqued endoscope, poor tip position, and limited ability to position
lesions. Available tools are also limited due to the length of the
enteroscope and channel size. It is therefore important to have a team
knowledgeable in DAE and to optimally position lesions before tool
passage and therapy. Tools of 2.8 mm in diameter fit through the
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enteroscope channel, but passage can be difficult or impossible when
the tip of the enteroscope is flexed. The newer double balloon
enteroscope with a 3.2-mm channel will circumvent some of these
problems.

Bleeding vascular lesions are the most common reason for endo-
scopic therapy (Fig. 1). The pathogenesis of vascular lesions in the small
bowel is poorly understood. Vascular lesions have been characterized
according to their endoscopic appearance as angioectasia (red, flat, ir-
regular venous lesion, 1 mm or larger), congenital arteriovenous mal-
formation (arterial red protrusion with surrounding venous dilation),
Dieulafoy’s lesion (pulsatile arterial protrusion or pulsatile bleeding),
and submucosal streaming vessels [77ee]. Thermal therapy with argon
plasma coagulation (APC) is very effective to treat small bowel
angioectasias, but pulsatile or active bleeding lesions are better managed
with hemostatic clips or bipolar coagulation. Placement of hemostatic
clips and/or tattooing may be useful to identify the site in the event of
rebleeding. With multiple angioectasias, hereditary hemorrhagic telangi-
ectasia, or comorbidities that predispose to rebleeding after endoscopic
therapy, medical therapy has been reported to be effective (octreotide,
thalidomide, anti-vascular endothelial growth factors) [6ee]| (Fig. 2).

Bipolar
~ Probe

APC

Probe Clip

Large Hexagonal
Snare

Balloon Dilator
6-12 mm

Fig. 1. Small bowel lesions amendable to endoscopic therapy and tools for therapy. a Angioectasia. Treated effectively with argon
plasma coagulation (APC). b Submucosal streaming lesion. With washing, a stream of blood appears from beneath the mucosa. The
entrance source of bleeding needs precise identification followed by either hemostatic clipping and/or bipolar thermal therapy. ¢
Peutz-Jeghers large hamartoma with a long stalk (arrow) filling the lumen in the jejunum. A large hexagonal polypectomy snare
allows maneuvering over the polyp head onto the stalk for hot snare resection. Injection of the stalk with ink may help identify the
stalk during resection. d NSAID related, short (<1 cm), straight, bland stenosis, amendable to balloon dilation with relief of
obstructive symptoms.
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Suspected Small Bowel Bleeding

Brisk Gl bleeding | | Overt/Occult Bleeding | Suspected Crohn’s disease or

obstructive symptoms

|

|:| CT/MR Enterography

Angiography
Enteroscopy
Surgery

Patency capsule

Ulcer Surgery

Endoscopic HHT

therapy Recurrent bleeding Medical therapy

Co-morbidities

Fig. 2. Algorithm for the diagnosis and management of small bowel bleeding. (T computed tomography, MR magnetic resonance,
DAE device-assisted enteroscopy, HHT hereditary hemorrhagic telangiectasia.

Polypectomy is another therapy performed in the small bowel. Peutz-
Jeghers hamartomas may present with bleeding or obstructive symp-
toms. Device-assisted endoscopic resection of large polyps (>1 cm) par-
ticularly when started early in childhood has changed the management
from surgical to endoscopic. Removing large polyps in the small bowel
is challenging due to bowel angulations and small lumen size. Identifi-
cation of the stalk is crucial, as piecemeal resection is associated with an
increased risk of bleeding [78]. A large hexagonal snare and tattooing
the polyp stalk can facilitate snare placement around the polyp head
and onto the stalk (Fig. 1). A hemostatic clip at the cauterized stalk
limits the rebleeding risk, particularly with resections deep in the small
bowel that are difficult to reach. Other polypoid lesions that bleed
(inflammatory/granulation/hyperplastic polyps, adenomas, hemangi-
omas) can be treated by snare polypectomy or thermal therapy. Without
ultrasound knowledge of the depth of large hemangiomas and carcinoid
tumors, caution should be taken due to a risk of perforation. When
uncertain, tattoo placement for surgical resection should be performed.
Two tattoos should be injected submucosally when possible to accu-
rately mark a lesion site to allow laparoscopic resection.

Small bowel strictures are most often due to NSAIDs or Crohn'’s
disease. Other causes include radiation, tumor, lymphoma, and surgical
anastomosis [63, 79]. Small bowel strictures due to NSAIDs are notori-
ously missed on radiologic imaging studies and at laparoscopy for acute
obstruction.

Indications for stricture dilation in Crohn’s disease include short
(<50 mm) fibrotic strictures with obstructive symptoms and no evidence
of severe angulation or deep ulceration. Recommended balloon dilation
is to a diameter of 12-15 mm to limit perforation risk (Table 3) [83].
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Table 3. Stricture dilation in small bowel Crohn’s disease (CD)

Number of
CD patients
dilated
Fukumoto 23
et al.
[80]
Despott 9
etal.
(81]
Gill et al. 10
[82]
Sunada 85
et al.
(83]

Perforation Dilation mean Dilation Success (%)
diameter, mm number (months of
(range) per follow-up)

patient

0 1.6 74 (12)

1 15 (12-20) 2.3 89 (20)

2 13 (10-16.5) 1.7 70 (16)

4 12 (8-20) 2.4 74 (60)

In the most recent study of DBE balloon stricture dilation in Crohn’s
disease, surgery-free rates were 87.3 % at 1 year, 78.1 % at 3 years, and
74.2 % at 5 years over a mean follow-up of 41.9 months [83].

Direct PEJ placement is safe and effective (93 %) with an average
procedure duration of 33 min using the DBE technique [65]. Adhesions
were the main cause of failed procedure. The most common complica-
tion was site ulcer/cellulitis. One major complication of gastric interpo-
sition required surgical management.

Balloon enteroscopy for ERCP in Roux-en-Y anatomy allows for
successful advancement to the papilla and biliopancreatoenteric anasto-
moses. Utilizing SBE or DBE for advancement into the Roux limb allows
for successful advancement to the papilla (93.5 %) and overall proce-
dure success (88.1 %) [62]. Advanced techniques were at times required
to cannulate a native papilla including withdrawal of the enteroscope
with the overtube in place to allow for advancement of alternate endo-
scopes [62].

The complication rate of DBE is similar to that of standard endoscopy with the
exception of pancreatitis. In the initial multi-continent study that included
2362 procedures, major complications included perforation (0.3 %), pancrea-
titis (0.3 %), and bleeding (0.8 %) with higher bleeding rates reported with
large polyp resections (3 %) [78]. In a multi-center study in the USA that
included 2478 DBE procedures, major complications included perforation
(0.4 %), pancreatitis (0.2 %), and bleeding (0.2 %). There was a significantly
higher risk of perforation in those with surgically altered anatomy undergoing
retrograde DBE examinations [84e]. Recognized small bowel perforations at the
time of the procedure may be successfully repaired with ligation clips (personal
experience). Comparable risks of pancreatitis and procedural sedation have
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been demonstrated in the performance of DBE in elderly patients with signif-
icant comorbidities [85].

CE with DAE: complementary technologies
- 0000000000000

New technologies

Device-assisted enteroscopy is time-consuming and invasive and requires con-
siderable resources. A meta-analysis of 11 studies compared the overall yield of
CE with DBE with similar diagnostic yield (60 and 57 %, respectively).
Given the comparable yields, less invasiveness, and better patient ac-
ceptance, CE has been recommended as the initial diagnostic test in
suspected small bowel bleeding [86] (Fig. 2). In a cost-effective model
for the diagnosis and management of OGIB, an initial anterograde DBE
approach was the most cost-effective and resulted in a higher bleeding
cessation rate compared to CE (86 vs. 76 %). However, when taking
into account the higher complication rate for DBE, CE guiding DBE was
the preferred approach [87].

High rates of rebleeding, similar to that of intraoperative enteroscopy
or surgical resection, have been reported following therapeutic DBE,
predominantly for small bowel vascular lesions. Rebleeding rates range
from 23 to 46 % [88, 89, 90e]. In a pooled analysis of patients
undergoing DBE for OGIB with a mean follow-up time of 26 +
15 months, the rebleeding rate was 45 % [15]. Risk factors for
rebleeding include cardiac disease, chronic renal failure, cirrhosis,
anticoagulation, number of vascular lesions, and presentation with overt
bleeding [89, 90e]. Multiple therapeutic procedures for vascular lesions
with rebleeding may be required for improved long-term outcomes [91].

Conclusion

Advances have been made in depth of field, optics, and compression of
images to lessen the reading time for CE. New CE technology is aimed
at real-time reading and a steerable capsule with sampling and thera-
peutic capabilities. Device-assisted enteroscopy technology is also
marching on. A larger 3.2-mm channel double balloon enteroscope to
improve therapeutic capacity is now available. A motorized spiral device
to drive through the entire small bowel and allow therapy by a single
operator is in development. Tools designed specifically for therapy deep
in the small bowel are needed.

Over the past 15 years, significant advancements have been made in
the field of small bowel enteroscopy that has dramatically improved
the diagnosis and therapy of small bowel disease, particularly small
bowel bleeding. Rebleeding in the small bowel remains a problem
despite the ability to reach bleeding lesions and perform therapy,
emphasizing the importance of comorbid diseases. Future prospective
randomized studies that assess both medical and endoscopic therapies
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are required to guide the approach to small bowel bleeding and
rebleeding. Clinical parameters that predict rebleeding risk may be used
to develop a risk score that would identify those that benefit from
further endoscopic or medical therapy. Technology advances make it an
exciting time for the diagnosis, management, and clinical research in

small bowel disease.
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