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Abstract

AIM: To evaluate the technical success, diagnostic yield
(DY) and therapeutic potential of retrograde single balloon
enteroscopy (rSBE).

METHODS: A retrospective review of 136 rSBE proce-
dures performed at a tertiary academic referral center
from January 2006 and September 2013 was completed.
Patient characteristics including age, gender and in-
patient status were collected. The indication for the
procedure was categorized into one of three groups:
Obscure gastrointestinal bleeding (GIB), evaluation
for Crohn’s disease and abnormal imaging. Procedural
characteristics including insertion depth (ID), procedure
time, concordance with pre-procedural imaging and
complications were also recorded. Lastly, DY, defined
as the percentage of cases producing either a definitive
diagnosis or findings that could explain clinical symptoms
and therapeutic yield (TY), defined as the percentage of
cases in which a definitive intervention was performed,
were determined. Mucosal tattooing and biopsy alone
were not included in the TY.

RESULTS: A total of 136 rSBE procedures were identified.
Mean patient age was 57.5 (£ 16.2) years, 67 (49.2%)
were male, and 110 (80.9%) procedures were performed
on an outpatient basis. Indications for rSBE included GIB
in 55 (40.4%), evaluation of inflammatory bowel disease
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(IBD) in 29 (21.3%), and imaging suggestive of pathology
other than GIB or IBD in 43 (31.6%). Nine (6.6%) rSBEs
were performed for other indications. Mean ID was 68.3
(£ 39.3) cm proximal to the ileocecal valve and mean
time to completion was 41.7 (£ 15.5) min. Overall, 73
(53.7%) cases were diagnostic and 25 (18.4%) cases
were therapeutic in which interventions (argon plasma
coagulation, stricture dilatation, polypectomy, efc.) were
performed. Pre-procedural imaging was performed in
88 (64.7%) patients. Endoscopic concordance of po-
sitive imaging findings was seen in 31 (35.2%) cases.
Follow up data was available in 93 (68.4%) patients; 2
(2.2%) reported post-procedural abdominal pain within
30 d following rSBE. There were no other reported com-
plications.

CONCLUSION: rSBE exhibits an acceptable diagnostic
and TY, rendering it a safe and effective procedure for
the evaluation and treatment of small bowel diseases.

Key words: Retrograde; Single-balloon; Enteroscopy;
Endoscopy

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Disorders of the small intestine account for an
increasing number of hospital discharges and aggregate
healthcare cost. Single-balloon enteroscopy (SBE) re-
presents a novel approach to diagnose and treat small
bowel disease and can be performed via the antegrade
or retrograde approach. SBE has different performance
characteristics depending upon the route chosen, but
most studies combine the information. Little data exists
on the retrograde approach alone, a notoriously difficult
procedure. This study constitutes the largest published
cohort to date of retrograde SBE, with a focus on patient
and procedural characteristics, diagnostic and therapeutic
yield.
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INTRODUCTION

Since its release in 2006, single-balloon endoscopy (SBE)
has emerged as a therapeutic option for small bowel
lesions visualized by noninvasive tests such as wireless
capsule endoscopy. The small bowel can be deeply
intubated via the antegrade (mouth) or retrograde
approach (anus) depending on the probable location of
the suspected lesion. The retrograde approach to SBE
has been described as more technically challenging than
the antegrade approach for multiple reasons, including:
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The length and tortuosity of the colon, difficulty tra-
versing the ileocecal valve (ICV) and potential for
colonic contents to interfere with the function of the
overtube'™. Limited data is available on performance
metrics of retrograde single-balloon endoscopy (rSBE),
such as success, complications, diagnostic yield (DY)
and therapeutic yield (TY).

In cases where lesions are diffuse or the exact
location of a lesion is not clear, many endoscopists will
initially perform antegrade enteroscopy, largely because it
is technically easier to perform. The retrograde approach
is typically chosen when imaging suggests a very distal
small bowel lesion. Other indications for retrograde
procedures include a non-diagnostic antegrade examin-
ation, or as a complimentary procedure to an ante-
grade examination when complete enteroscopy (CE)
is desired™. In addition to its more challenging nature,
there may also be a longer learning curve!. Average
insertion depths proximal to the ICV via the retrograde
approach have been reported from 73 to 199 cm, but
these studies are limited by a relatively small sample size
of retrograde cases®®*.. The purpose of this report is to
describe our center’s experience with rSBE, the largest
published cohort to date.

MATERIALS AND METHODS

We performed a retrospective analysis of all rSBEs
performed at the University of Maryland Medical Center
from January 2006 to April 2015. All cases of rSBE were
performed by one of three therapeutic endoscopists, who
began performing the procedure in 2006 without any
formal training. Patient and procedural data were obtained
from electronic medical records and the electronic
endoscopy reporting system, ProVation MD® (MN). The
study was approved by the University of Maryland Medical
Center Institutional Review Board.

All patients underwent SBE for accepted indications
after signed informed consent was obtained. All patients
underwent bowel cleansing prior to the procedure wi-
th standard preparations, most receiving four liters
of polyethylene glycol. Most cases were performed
with monitored anesthesia care, although some were
performed under conscious sedation. Few cases were
conducted under general anesthesia. The anesthesiologist
determined the type of sedation utilized. Fluoroscopy
was utilized in select cases, most often in the context of
retrieval of a retained capsule.

The indication for rSBE was categorized into one of
three groups: Obscure gastrointestinal bleeding (OGIB),
abnormal imaging or evaluation of Crohn’s disease. OGIB
was defined as persistent or recurrent bleeding whose
source was not identified by conventional studies, such
as colonoscopy or esophagogastroduodenoscopy (EGD).
Abnormal imaging was defined as any abnormality de-
tected via video capsule endoscopy (VCE) or noninvasive
radiological study. rSBEs performed for the evaluation
of Crohn’s included both cases of previously established
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Table 1 Patient characteristics and pre-procedural characteristics
n (%)

Factor Value
Age (yr) 57.5
Female 69 (50.7)
Outpatient 110 (80.9)
Pre-procedural imaging 88 (64.7)
Indication
Gastrointestinal bleeding 55 (40.4)
Suspected or known CD 29 (21.3)
Abnormal imaging 43 (31.6)
Other 9 (6.6)
ASA classification
Class I 8(5.9)
Class I 109 (80.1)
Class III 19 (14.0)

CD: Crohn’s disease; ASA: American Society for Anesthesiologists.

disease and suspected, but yet undiagnosed, Crohn’s
disease.

Insertion depth (ID) was determined quantitatively,
in terms of centimeters (cm) beyond the ICV in some
cases, and qualitatively, in terms of the anatomic extent
reached, in others. Quantitatively determined ID was
estimated during withdrawal of the scope by adding
5 cm increments, similar to the technique described
by Efthymiou et al*’. Procedure time was determined
by the time at which the enteroscope was passed thr-
ough the anus to the time at which it was completely
withdrawn. Technical failure was defined as the inability
to advance the enteroscope beyond 20 cm proximal
to the ICV. Positive findings were defined as any abn-
ormality that explained the patient’s presentation or
that required therapeutic intervention. Cases in which
positive findings were not observed were categorized
as normal exams or technically difficult studies (due
either to poor bowel preparation or technical failure). For
rSBEs performed due to abnormal imaging, endoscopic
concordance was defined as ability of enteroscopy to
corroborate the abnormality seen on imaging. DY was
defined by the percentage of cases producing either
a definitive diagnosis or findings that could explain
clinical symptoms. TY was defined as the percentage of
cases in which a definitive intervention was performed.
Excluded from this definition were cases in which only
tissue specimens or mucosal tattooing were achieved.
Post-procedure complications were defined as any
symptomatic complaint or hospital re-admission within
30 d following rSBE.

Single-balloon system

The Olympus SIF-Q180® (Olympus, Center Valley, Penn-
sylvania, USA) is a 200-cm high-resolution enteroscope
with a 2.8 mm working channel that uses a 140-cm
long x 13.2-mm outer diameter flexible overtube. The
silicone balloon at the tip of the over tube can be inflated
and deflated via an external balloon control module,
conventionally within a pressure range of 6-16 kPa. The
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Table 2 Procedural characteristics and findings

Factor Value
Anesthesia
Monitored anesthesia care 103 (75.7)
Conscious sedation 28 (20.6)
General anesthesia 5(3.7)
Fluoroscopy 5(3.7)
Time to completion (min) 41.7 (15.5)
Insertion depth
Quantitative (cm)' 68.3 (39.3)
Qualitative
Distal ileum 29 (51.8)
Mid ileum 17 (30.4)
Proximal ileum 5(8.9)
Distal jejunum 4(7.1)
Mid jejunum 1(1.8)
Findings
Ulcer 22 (31.9)
Angioectasia 8 (11.6)
Erosion 3(4.3)
Stricture 12 (17.4)
Polyp 14 (20.3)
Inflammation 9 (13.0)
Other 6(8.7)

'As measured from the ileocecal valve. Values presented as mean (SD) for
time and quantitative depth, and n (%) otherwise.

technique of rSBE has been described previously and is
widely recognized'®.

Biostatistics
The statistical methods of this study were reviewed only
by the authors listed above and no one else.

RESULTS

Patient demographics and pre-procedural characteristics
are presented in Table 1. A total of 136 rSBEs were
performed. Mean age was 57.5 years. Sixty-nine (50.7%)
patients were female, and 110 (80.9%) cases were on
outpatients. Eighteen (13.2%) cases were conducted
in patients with post-surgical anatomy due to prior
intestinal surgery. Procedural data is presented in Table
2. Fluoroscopy was utilized in only 5 (3.7%) cases.
Monitored anesthesia with propofol was the anesthetic
strategy in 103 (75.7%) cases. Conscious sedation and
generalized anesthesia were utilized in 28 (20.6%) and
5 (3.7%) cases, respectively.

Primary indications for rSBE were 55 (40.4%) cases
for OGIB, 29 (21.3%) for evaluation of Crohn’s disease
and 43 (31.6%) for abnormal radiographic or endoscopic
findings observed during the workup of GI complaints
unrelated to OGIB or suspected Crohn’s, such as a
possible small bowel mass. Another 9 (6.6%) procedures
were conducted in patients varied symptoms unrelated
to the above three categories, such as diarrhea (Table
1). Imaging data was available in 88 (64.7%) patients.
Among them, 69 (78.4%) underwent VCE, 9 (10.22%)
computed tomography (CT), 5 (5.7%) magnetic reso-
nance enterography (MRE), 4 (4.5%) small bowel series
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Figure 1 Insertion depth beyond the ileocecal valve.

(SBS) and 1 (1.1%) Meckel’s scan.

ID was estimated quantitatively in 67 (49.3%) cases.
Mean ID in these cases was 68.3 £ 39.3 cm. Sixty-three
(94.0%) of the cases met criteria for technical success
with ID at least 20 cm beyond the ICV. Fifty (74.6%)
cases reached at least 50 cm beyond the ICV, and 20
(29.9%), at least 80 cm (Figure 1). Among 56 (41.2%)
cases in which ID was qualitatively described on the basis
of anatomic extent reached, 29 (51.8%) cases reached
the distal ileum, 17 (30.4%) cases reached the mid-
ileum and 5 (8.9%) reached the proximal ileum. The
jejunum was reached in 5 (8.9%) cases.

Overall, 73 cases were diagnostic, producing a DY
of 53.7%. The 63 non-diagnostic cases were due to a
normal examination in 45 (71.4%) cases, technical failure
in 11 (17.5%), and poor preparation or fresh blood in
the intestinal lumen in 7 (11.1%). Concordance between
abnormalities detected on imaging and rSBE was seen
in 31 of the 88 (35.2%) cases in which prior imaging
was available. Positive endoscopic findings were present
in 69 (50.7%) of all cases, including 22 (31.9%) ulcers,
14 (20.3%) polyps, 12 (17.4%) strictures, 8 (11.6%)
arteriovenous malformations (AVMs), and 9 (13.0%)
cases with chronic inflammatory changes. One (1.4%)
Dieulafoy lesion, 3 (4.3%) diverticuli, 3 (4.3%) erosions
and 2 (2.9%) mass lesions accounted for the remaining 6
(13.0%) cases.

There were 25 (18.4 %) therapeutic cases. Argon
plasma coagulation (APC) was utilized in 6 (24.0%),
stricture dilatation in 8 (32.0%), hemoclipping in 2
(8.0%), polypectomy and removal in 9 (36.0%). Tissue
specimens and/or mucosal tattooing were obtained
in 48 (35.3%) cases, but these were not included in
the overall TY. Eighteen (13.2%) cases were technical
failures. However, in one such case, an ileal stricture was
diagnosed within 20 cm of the ICV, and in four, a colonic
source was identified as the most probable etiology,
despite inability to intubate the ICV.

DY per indication for rSBE was 16 of 55 (29.1%)
cases for OGIB, 12 of 43 (27.9%) cases for abnormal
imaging and 1 of 9 (11.1%) rSBEs indicated due to other
reasons. Twelve new diagnoses of Crohn’s disease were
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established. Similarly, TY per indication was 8 (14.5%)
cases for OGIB, 5 (17.2%) for Crohn’s, 10 (23.3%) for
abnormal imaging and 2 (22.2%) for rSBE indicated due
to other reasons. Post-procedural symptomatic complaints
were observed only in 2 among 93 (2.2%) cases in which
this data was available. Both of these patients had self-
limiting pain and neither required medical intervention
or were readmitted to the hospital within 30 d of the
procedure. There were no major adverse events. Finally,
procedural characteristics were analyzed according to year
in which the procedure was conducted, with no significant
trends noted in terms of ID, procedure time, diagnostic or
TY or failure rates from 2006 to 2013.

DISCUSSION

Disorders of the small intestine account for an increasing
number of hospital discharges and aggregate healthcare
cost””, Continuing to develop the expertise and technical
proficiency to safely and effectively visualize and treat
disorders of the small bowel remains a challenge. Deep
enteroscopy techniques have helped to open what has
long been considered the endoscopist’s “black box"™.
SBE has emerged as a feasible alternative to double-
balloon endoscopy in the evaluation of these disorders,
due to its increased ease of setup®, wider availability™?,
and similar DY®®*!, A less studied topic has been route
selection. The antegrade approach is preferred in cases
of suspected small bowel pathology with no localizing
evidence, because diagnostic and TYs have been sh-
own to be superior™®*4, This is likely the result of the
proximal (i.e., jejunal) location of most small bowel
pathology!*®. The technical challenges of the retrograde
approach, in both single and double-balloon platforms,
is also well documented™***, However, because CE is
seldom achieved via one route alone™, and because
capsule endoscopy’s ability to accurately localize lesions
is notoriously poort*®*®, facility with the retrograde
approach is important. Our study evaluated the efficacy
and safety of retrograde enteroscopy in 136 patients, the
largest case series of rSBE reported to date.

The primary indications for rSBE in our population
were similar to those in other studies™*”, and included
OGIB (40.4%), abnormal imaging (31.6%), and evaluation
of Crohn'’s disease (21.3%). Our concordance rate between
abnormalities detected on imaging and enteroscopy was
35.2%, slightly lower than 2 prior studies®”’. One ex-
planation for our overall low concordance rate is that
erosions and ulcers on capsule studies can be transient
and false positives are common®. Since ulcers were
the most prevalent finding in our population, a lower
concordance was expected.

There are multiple methods to determine ID, including
fold counting and the 40 cm push-pull cycles described
by May et af®l. Our endoscopists routinely determine ID
by addition of 5 cm increments upon withdrawal of the
scope. Prior studies have reported a range of IDs from
73-199 cm for rSBEZ**#*1. In our population, 26 (38.8%)
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retrograde exams were at least 70 cm beyond the ICV.
Although no strict correlation exists between ID and
DY™*"), reproducible IDs support the technical feasibility
of rSBE.

Average procedure time in our population was
41.7 £ 15.5 min. Previous studies report a range of
48-78 min for rSBE and 38-82 min for the antegrade
approach®*'"**# Our observed mean procedure time
also compares favorably to previously reported procedure
times for retrograde double-balloon endoscopy, which
ranges from 59 to 90 min!***\, To our knowledge, no
studies have demonstrated a relationship between pro-
cedure time and DY. Operator experience and patient
anatomy are among several factors that may affect
procedure time. Shorter procedure time may lend itself
to increased cost-effectiveness, and should be a topic for
future study.

A definitive diagnosis was established in 73 (53.7%)
cases. One prior study of 34 rSBE cases reported a
similar DY of 47.0%""). The DY of SBE ranges from
41% to 65%!>*81819222426] 14 oy study, pathology
limited to the colon was included in the overall DY, and
in all 13 (9.6%) such cases, patients’ symptoms were
deemed attributable to a colonic source. DYs were 29.1%
and 27.9% in cases of OGIB and abnormal imaging,
respectively. For those cases in which Crohn’s disease
was suspected, rSBE established that diagnosis in
41.4% of cases. Prior studies predominantly examining
the antegrade approach have reported yields of
42.9%-60.0% for OGIB and 25.0%-65.0% for abnormal
imaging™*”..

Twenty-five (18.4%) cases were therapeutic. APC
was performed in 6 (24.0%), stricture dilatation in 8
(32.0%), hemoclipping in 2 (8.0%), and polypectomy in
9 (36.0%). TY has never been reported in the isolated
context of rSBE, but overall TY for SBE is highly variable
ranging from 7%-50%%!**81819222428] Tissje specimens
were obtained where appropriate in 48 (35.3%) cases,
but were not considered in the overall TY.

Technical failure, defined in this study as inability
to traverse at least 20 cm beyond the ICV, occurred in
18 (13.2%) cases. However, six such cases remained
diagnostic either because pathology was found within 20
cm of the ICV or symptoms were attributed to a colonic
source. Most technical failures were caused by inability to
deeply intubate the ICV. Previous studies have reported
failure rates for rSBE ranging from 10%-16%"". Fa-
ilure rates in retrograde DBE are more highly variable,
occurring in up to 30% of cases!!*****"1,

The types of endoscopic findings in our study also
merit discussion. Specifically, only 8 (11.6%) had va-
scular lesions, whereas 22 (31.9%) had ulcers, 12
(17.4%) had strictures and 14 (20.3%) had polyps.
One study reported a similar distribution of endoscopic
lesions!”!, whereas two others reported vascular lesions
as the most common®™??, The relatively high prevalence
of Crohn’s disease in our population may explain this
finding. These findings are also consistent with the
categorization proposed by one author of typically
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“jejunal” processes (including obscure overt GIB pre-
senting as melena, among others) vs typically “ileal”
processes (including ileal Crohn’s disease, among
others)™,

The limitations of this study include the absence of
long-term follow-up data and the retrospective single-
center setting. Furthermore, imaging and endoscopy
reports that lead to the decision to pursue rSBE were
not available in all patients, and so it is possible that
our concordance rate may be skewed. Additionally, ID
was not quantitatively determined in all cases. Larger
prospective studies of rSBE with specific emphasis on
long term outcomes and cost-effectiveness are needed
to fully define its role in daily clinical gastroenterology.

The niche for SBE in the evaluation of disorders of
the small bowel continues to develop. In the correct
clinical context and with radiographic or capsule findings
to suggest distal pathology, the retrograde approach
is appropriate. Therefore, facility with this procedure is
important for endoscopists involved in the care of these
patients. Inherently, this approach poses a technical
challenge because the tortuosity of the colon induces
significant looping of the enteroscopy and ICV is often
retroverted. To date, studies describing experience with
rSBE have dealt with relatively few cases. Our study
demonstrates that rSBE is a technically feasible, safe
and effective procedure with acceptable diagnostic and
TYs.

COMMENTS

Background

Single-balloon enteroscopy (SBE) represents a novel approach to diagnose
and treat small bowel disease. The small bowel can be deeply intubated via the
anterograde (mouth) or retrograde (anus) approach depending on the probable
location of the suspected lesion. SBE has different performance characteristics
depending upon the route chosen, but most studies combine the information.
This study constitutes the largest published cohort to date of retrograde single-
balloon enteroscopy (rSBE).

Research frontiers

Limited data is available on performance metrics of rSBE, such as success,
complications, diagnostic yield (DY) and therapeutic yield (TY). Many studies
include both and antegrade and retrograde approach for SBE in the study
sample, which typically is of a small size. Regarding double vs single-balloon
technique, there is evidence to suggest that there is no difference between the
two in terms of DY, TY, insertion depth and procedure time.

Innovations and breakthroughs

As previously mentioned, this study adds to the small body of literature on
rSBE. Results demonstrate that rSBE is a technically feasible, safe and effective
procedure with acceptable diagnostic and TYs.

Applications

Developing the expertise and technical proficiency to safely and effectively
visualize and treat disorders of the small bowel remains a challenge, but deep
enteroscopy techniques have helped to open what has long been considered
the endoscopist’s “black box”. Given that disorders of the small intestine account
for an increasing number of hospital discharges and aggregate healthcare cost,
research into the most beneficial type of procedure with the appropriate route
selection is important. Larger prospective studies of rSBE with specific emphasis
on long term outcomes and cost-effectiveness are needed to fully define its role in
daily clinical gastroenterology.
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Terminology

Antegrade: Approach into the small bowel via the mouth; Retrograde: Approach
into the small bowel via the anus; Enteroscopy: Procedure with an enteroscope
to directly visualize the small bowel.

Peer-review

rSBE is a very useful interventional procedure of notorious difficulty though.
Authors are presenting their experience that is quite impressive for both numbers
and results. Manuscript, written in fluent and understandable English is very
concise and explanatory.
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