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Abstract

Background: Despite recent emerging literature involving the utility of endoscopic balloon
dilation (EBD) of strictures via balloon-assisted endoscopy (BAE]), specifically regarding the
management of Crohn’s disease (CD), the optimal clinical approach with balloon systems has
been largely neglected in academic literature.

Objectives: This study assesses the intra-procedural success and safety of EBD via BAE for
small bowel CD strictures while detailing our clinical approach and technique. Secondarily, we
compare the single-balloon endoscope (SBE) and double-balloon endoscope (DBE) systems
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Background

In stricturing Crohn’s disease (CD), inflamma-
tion results in the narrowing of the intestinal
lumen.'#* Occurring in up to 40% of ileal CD
patients,>7 these strictures may cause pain and
bowel obstruction and potentially require surgi-
cal intervention.®12 Balloon-assisted endoscopy
(BAE), which includes single-balloon endoscopy
(SBE) and double-balloon endoscopy (DBE),
employs an overtube-and-balloon system to access
the small bowel, facilitating direct mucosal assess-
ment and therapeutic intervention. Endoscopic
balloon dilation (EBD) via BAE has proven to be
a safe, effective treatment for stricturing CD, with
the potential to postpone or even eliminate the
need for intestinal resection.!3-2!

While studies have shown the utility and safety of
EBD via BAE in CD and recently an excellent set
of guidelines was published based on expert
Japanese consensus for CD stricture dilation,?2
there is limited explication in the literature detail-
ing the optimal approach to BAE-specific stricture
dilations wis-a-vis pre-procedural planning and
intra-procedural technique.?3-25 Similarly, there is
a scant comparison of the therapeutic utility of
SBE wversus DBE in a large single-center cohort.

Our center integrates BAE (SBE and DBE) into
inflammatory bowel disease (IBD) management
with a high volume of procedures performed to
assess and manage CD strictures. The primary
goal of this study is to evaluate the safety and effi-
cacy of EBD performed via BAE for CD stric-
tures while detailing our approach and
intra-procedural technique. Secondly, we com-
pared the utility and safety of the two BAE sys-
tems — DBE and SBE — as tools in stricturing CD.

Materials and methods

Study design

Patient group. We included all patients who had
undergone BAE at our center with a diagnosis of
CD and a significant stricture encountered endo-
scopically. Patients’ diagnosis of CD was deter-
mined by clinical, endoscopic, histopathologic,
and imaging features; we excluded patients with
unclear diagnoses or strictures from non-CD
causes (e.g. non-steroidal anti-inflammatory drug
(NSAID) use or ischemia).

Data sources and collection. This study was
approved by the institutional review board at the

University of Alberta Hospital (UAH), examining
the safety and outcomes of BAE in IBD patients
(Pro 00059254). We reviewed all BAE performed
at UAH from 2013 to 2020 via procedural reports
and selected procedures that encountered a small
bowel stricture. Patient and procedural data were
collected from a cohort of prospectively followed
patients, including age, sex, disease duration, his-
tory of intestinal surgery, medication history, and
Montreal classification. Procedure data included
the balloon system used (SBE/DBE), route (rec-
tal/oral), and indication for endoscopy (disease
assessment, prospective stricture dilation based
on prior investigation, obstructive symptoms,
query CD), procedural outcomes, and adverse
events. We also recorded whether the endoscopy
was the patient’s initial procedure or a follow-up
to a previous BAE. EBD data included the num-
ber of strictures encountered, number of stric-
tures successfully dilated, maximum diameter
(mm), change in inflation diameter (mm), type of
stricture (de novo/anastomotic), stricture location,
complicated/complex stricture (stricture >4cm,
or fistulae/severe ulceration in the stricture),
approach to EBD [non-traversable prior to dila-
tion (pre-traversal dilation) wversus traversable
prior to dilation (post-traversal dilation)], and
overall stricture traversability (taking into account
both strictures that failed dilation and traversal,
and those not deemed amenable/safe for dilation
and/or traversal).

The reporting of this study conforms to the
STROBE statement.26

Outcomes. The primary endpoint concluded intra-
procedural success and safety of BAE-facilitated-
EBD defined as successful stricture dilation and
traversal. We further analyzed the procedural out-
comes based on whether the procedure was an ini-
tial versus a repeat BAE. A secondary analysis of
SBE wversus DBE outcomes was further conducted.

Statistical analysis. Descriptive statistics were
performed to assess patient demographics, proce-
dural data, outcomes, and EBD information. We
compared SBE and DBE wvia proportion analysis.
Because there was no a priori reason to believe
that the modalities would differ in terms of endo-
scopic outcomes, our null hypothesis suggested
there would be no difference in the proportions of
these outcomes. We used a two-tailed proportion
analysis at a significance level of a=0.05 to qual-
ify the rejection of the null hypothesis. As such,
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p values <0.05 indicate a statistically significant
difference between the two modalities.

Procedures. High-volume balloon endoscopists
(BH, SZ-G, and CT) performed all procedures at
the UAH endoscopy suite with either the Olym-
pus Single Balloon Enteroscope (EVIS EXERA
II SIF-Q180) or the Fujifilm Double Balloon
Enteroscope (EN450T5 or EN580T).The choice
of endoscopic system was determined by avail-
ability and endoscopist preference. The tip bal-
loon was adhered to the scope with standard
elastic bands. Carbon dioxide insufflation (CO,)
was used in all procedures. The Zutron Medical
Enteroscope Stiffening System was employed as
required. Through-the-scope controlled radial
expansion (CRE) balloon dilation catheters (Bos-
ton Scientific) were used for all dilations. The
guide wire used, when required to facilitate bal-
loon passage prior to stricture traversal, was the
CRE balloon guidewire. No third-party guide-
wires were used. No procedures employed fluoro-
scopic guidance for scope movement or stricture
assessment/dilation. All BAE at UAH were per-
formed with anesthesiology support; patients with
oral procedures underwent orotracheal intuba-
tion and rectal procedures varied based on anes-
thesia preference, procedure length, and patient
comorbidity with the majority undergoing con-
scious sedation with Propofol.

Dilation technique/approach. Our approach to
EBD 9ia BAE is summarized in Figure 1.
Following the initial assessment, patients under-
went cross-sectional imaging to determine the
procedural route (oral, rectal, or stoma) and
assess for disease complications that would com-
promise BAE/EBD safety and/or warrant surgical
intervention (e.g. severe internal fistula, phleg-
mon, abscess). Our cross-sectional imaging
modality of choice is computed tomography
enterography, but MR enterography and non-
enterography CT were used in some cases if pre-
viously ordered and deemed adequate for
assessment. Select cases were discussed at multi-
disciplinary rounds (involving radiologists, endos-
copists, and IBD specialists) to evaluate the
endoscopic approach, feasibility, and safety.

All endoscopically significant strictures, as deter-
mined by the endoscopist, encountered were
included in this analysis. In terms of indication
for dilation, this was an operator decision based
on an amalgam of symptoms, stricture

appearance, and feasibility. Of note, both patients
with and without obstructive symptoms were pre-
sent in this cohort. Aside from symptoms, dila-
tion facilitates scope/overtube traversal and may
treat subtle/intermittent obstructive symptoms
and/or serve to prevent future episodes. Active
obstructive symptoms were not required criteria
for dilation. The ability to traverse a stricture did
not qualify it as endoscopically insignificant as the
scope tip diameter is between 9.2 and 11 mm in
BAE systems (Supplemental Table 1), signifi-
cantly lower than our target dilation range of 15—
18mm. In addition, our scope tip dilation
technique allowed traversal of complicated stric-
tures of small diameter prior to dilation, as
detailed below. As such, strictures that were tra-
versable prior to dilation were included in this
analysis. That said, not all strictures encountered
were dilated. Non-dilated strictures were not
counted or included in this analysis unless they
were not traversable and felt not amenable to
dilation/dilation not performed — these were con-
sidered a non-traversable stricture. A stricture
was considered amenable to EBD based on length
(<4cm), visualization of the bowel passed the
stricture, and no severe surrounding inflamma-
tion, ulceration, bowel tethering, or fistula(s).

After inspection, initial traversal was attempted
via gentle pressure to facilitate post-traversal dila-
tion instead of pre-traversal dilation of a stricture
(Figure 2). If the stricture was not initially easily
traversed, we attempted to manually dilate or
‘walk’ through the stricture using slow concentric
motions of the scope tip (Figure 3). This slow cir-
cumduction of the tip facilitated scope passage
through some initially ‘non-traversable’ strictures
prior to balloon dilation. Post-traversal dilation is
preferred because it allows for the assessment of
the tissue proximal and distal to the stricture
before exerting the shearing forces of dilation
(Figure 2-3). It also allows for direct and con-
trolled passage of the CRE balloon rather than
blindly through a stricture, effectively decreasing
the risk of unintentional bowel damage and perfo-
ration. If the stricture could not be traversed,
dilation was performed pre-traversal (Figure 2-2).

Once initial traversability was established, EBD
was undertaken. To facilitate the passage of the
balloon catheter, the working channel of the
endoscope was often primed with Lipiodol.
With the balloon catheter properly positioned,
dilation with a target diameter of 15-18 mm
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" Patients with known or suspected stricturing Crohn’s disease assessed in clinic
v
Cross Sectional Imaging
Is there a stricture present?
|
o]
Assess stricture length, location, and associated High clinical suspicion, patients
complications (abscess, fistula, etc.) or other undergoing pain or obstruction, or —
contraindication to endoscopic assessment with BAE other reason for suspected dilation
| I
v Yes
Is the stricture safe for
endoscopic investigation? No™ >
‘ A
Endoscopic investigation
Yes Is there a stricture present/reachable?
v
Assessment of inflammation, stricture length, and angulation
:
‘ Yes |< ( Is the stricture traversable? I
| Is the stricture amenable to EBD? No*
Yes
Y
Traverse stricture and
continue assessment | Attempt to “walk” scope through stricture |
: I
Post-traversal EBD with CRE Attempt pre-traversal EBD with CRE Balloon and direct
Balloon and direct visualization in e — visualization in increments of three 0.5-1 min
increments of three 0.5-1 min
intervals
Assessment of dilation success and traversability, followed by
inspection for severe mucosal injury N Endascopic
v Balloon Dilation
*Consider Biopsy collection and scope withdrawal
Surgical Referral l
h 4
L Re-assessment based on clinical need
Figure 1. Algorithm for stricture assessment in Crohn’s disease.
was performed under direct visualization to the stricture during the procedure. No fluoros-
monitor for mucosal tears or perforation. The copy was used in our cohort. We carefully
balloon was held at target diameters for a examined the area post-dilation to evaluate for
minimum of 60s. Technical success was defined immediate complications such as perforation or
as the ability to successfully dilate and traverse bleeding.
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Results

Participants

Over the course of the study period, 160 patients
underwent BAE; 87 (54.4%) met the inclusion
criteria (Figure 4).

Patient demographics

This patient cohort comprised 87 patients (44
males and 43 females) with small bowel CD. Table
1 summarizes patient demographics. The mean
age was 53.9 = 14.7years and the mean disease
duration was 19.2 = 14.6years. In all, 55 (63.2%)
patients had a previous intestinal resection, and 62
(71.3%) were on biologic therapy for CD.

Procedural data

Indication. Overall, 179 endoscopic procedures
(92 DBE and 87 SBE) were performed (Table 2
summarizes the overall procedural data). The
procedural approach was 90.5% wvia the rectal
route. Indications for endoscopy varied as per the
table; in 131 procedures (73.2%), the patient had
previous obstructive signs or evidence of signifi-
cant stricturing.

EBD and stricture traversability. During 179 pro-
cedures, endoscopists encountered 358 intestinal
strictures of which 89.4% (320/358) were suc-
cessfully dilated and traversed. The mean dilation
diameter was 15.76 =2.1mm. The strictures
dilated were 76.9% native bowel/de novo. Of the
total dilations performed, 194 (60.6%) were done
post-stricture traversal (Table 3). One in six
(15.4%) strictures encountered were classified as
complicated/complex. The success rate for EBD
of these lesions was 92.7% compared to 88.8% in
the non-complicated group (p=0.38); there was a
significantly lower mean dilation diameter
(p=0.02) and more pre-traversal dilation
(»p<0.001) (Table 4). In total, 38 strictures
(10.6%) were deemed non-traversable and sub-
categorized: (1) not-amenable/unsafe due to
endoscopic appearance and lack of initial travers-
ability for EBD, 8.7% (31/327), and (2) non-tra-
versable despite EBD, 2.0% (7/327).

Initial versus repeat endoscopy. In all, 79 (44%)
procedures were performed as initial endoscopic
assessments: 49 DBE versus 30 SBE (p=0.03). In
all, 100 procedures were performed as a repeat/
follow-up BAE: 57% were SBE (p=0.047).

Table 1. Demographics for patients with small bowel
CD who underwent EBD.

Demographics n=87 (%)
Sex

Male 44 (50.6)

Female 43 (49.4)
Mean age (years) 53.9 = 14.7
Mean disease duration (years) 19.2+14.6
Montreal classification

Age at diagnosis (A)

A1 10 (11.5)

A2 54 (62.6)

A3 23 (26.4)

Location (L)

L1 48 (55.1)

L2 24.(27.6)

L3 31(35.6)

L4 10 (11.5)

Behavior

B1 0 (0.0

B2 60 (70.0)

B3 16 (18.4)

B2p 3(3.4)

B3p 81(9.2)
Previous bowel resection 55 (63.2)
Biologics 62(71.3)
Mean follow-up time (months) 31.5+17.7

Montreal classification: (1) Age at diagnosis - A1: 16years
or younger, A2: 17-40years, A3: 40years or older; (2)
disease location - L1: terminal ileum, L2: colon, L3: ileo-
colon, L4: upper Gl; (3) behavior - B1: non-stricturing/
non-penetrating, B2: stricturing, B3: penetrating, p: perianal.
CD, Crohn’s disease; EBD, endoscopic balloon dilation;

Gl, gastrointestinal.

Successful dilation was higher in the follow-up
BAE group (92.2% versus 85.1%, p=0.034) as
were dilation diameter and the amount of post-
traversal dilation (Table 5).
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Table 2. Procedural data for SBE and DBE involving EBD for patients with small bowel CD.

Procedural data DBE (n=92) SBE (n=87) Total (n=179)
Route
Rectal 88 (95.6%) 74 (85.1%) 162 (90.5%)
Oral 3(3.2%) 10 (11.5%) 13 (7.3%)
Stomal 1(1.1%) 3(3.5%) 4 (2.2%)
Indication
Stricture dilation 55 (60.2%) 54 (62.2%) 109(60.9%)
Disease assessment 35(38.0%) 29 (33.3%]) 64 (35.8%)
Query Crohn’s disease 2 (2.2%) 4 (4.6%) 6 (3.4%)
Prior evidence for stricturing n=69 n=59 n=128
Previous BAE 38 (55.1%) 41 (69.5%) 79 (60.3%)
CTE 17 (24.6%) 12 (17.4%) 29 (22.1%)
Colonoscopy 14 (20.3%) 6 (10.2%) 20 (15.6%)

Recorded indications were as follows: stricture dilation with obstructive symptoms, disease assessment (no obstructive
symptoms), and patients with no prior diagnosis of CD - query CD.

BAE, balloon-assisted endoscopy; CD, Crohn’s disease; CTE, computed tomography enterography; DBE, double-balloon
endoscopy; EBD, endoscopic balloon dilation; SBE, single-balloon endoscopy.

Single-balloon endoscopy versus double-balloon
endoscopy. EBD via SBE had a higher mean max-
imum dilation diameter (15.9*2.1 wersus
15.5+2.2, p=0.025) and more post-traversal
dilations (115 wversus 79, p<0.001). A DBE was
initially used in five (2.8%) procedures but
replaced intra-procedure with an SBE through the
double-balloon overtube. Two of these procedures
required switching due to technical problems with
the DBE (e.g. scope damage or inability to pass
the CRE balloon through the working channel).
In the remaining three procedures, the DBE scope
could not successfully traverse a stricture despite
dilation, whereas the SBE scope was able to safely
traverse the strictures in all three cases.

At initial assessment with BAE, SBE had a higher
rate of successful dilation and traversal (93.7%
SBE wersus 77.9% DBE, p=0.003), although this
did not reach statistical significance in the overall
group (92.4% SBE wversus 88.6% DBE, p=0.07)
(Table 5). In the repeat BAE group, successful
dilation was similar when comparing BAE sys-
tems (p=0.78). Maximum dilation diameter
(15.7 versus 16.2mm, p=0.042) and the ability to

traverse the stricture prior to dilation (55.4% ver-
sus 77.8%, p=0.008) were again more significant
with SBE.

Adverse events. There were no major adverse
events (e.g. perforation, postoperative pancreatitis,
hospitalization, or death) in all 156 procedures.
Three (0.8%) minor intraprocedural post-endo-
scopic hemorrhaging requiring endoscopic inter-
ventions were reported. There was no statistical
difference in reported adverse events requiring
intervention between the two modalities.

Discussion

As the largest single-center cohort of BAE-
assisted CD stricture dilations in the published
medical literature outside of Japan,?’ our data
demonstrate that EBD is safe and effective.
Considering the study participants under investi-
gation were primarily complicated CD patients
(63% having prior intestinal resections) coupled
with a large mean dilation diameter (15.8 mm),
the findings of this study further support the
safety of EBD for stricturing CD patients. Our
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Table 3. Overall Stricture characterization and dilation data. Overall data and Specific Endoscopic system

presented.
DBE SBE Total p Value
Stricture encountered n=186 n=172 n=358 0.29
Stricture type
De novo 126 (75.9%) 122 (75.8%) 248 (76.9%) 0.48
Anastomotic 35(21.1%) 37 (22.9%) 72 (22.0%) 0.34
Stricture location
Duodenum 0 (0%) 4 (2.3%) 4 (1.1%) 0.053
Jejunum 10 (5.4%) 2 (1.2%) 12 (3.4%) 0.027
Proximal and distal ileum 19 (10.2%) 33 (19.2%) 52 (14.5%) 0.016
Terminal ileum 124 (66.7%) 111 (64.5%) 235 (65.6%) 0.67
Ileocecal valve 33 (17.7%) 22 (12.8%) 55 (15.4%) 0.19
Strictures dilated and traversed 161 (86.6%) 159 (92.4%) 320 (88.4%) 0.07
Non-traversable 25(13.4%) 13 (7.6%) 38(10.6%) 0.07
EBD performed 5(2.7%) 2(1.2%) 7 (2.0%) 0.30
EBD attempted n=166 n=161 n=327
Successful dilations 161 (97.0%) 159 (98.8.0%) 320 (97.9%) 0.29
Pre-traversal dilation 82 (49.4%) 44(27.3%) 126 (38.5%) >0.001
Post-traversal dilation 79 (47.6%) 115 (71.4%) 194 (59.3%) >0.001
Mean diameter (mm) 15.54+2.2 15.9 +2.10 15.76 =2.10 0.025
Adverse events 2(1.1%) 1(0.6%) 3(0.8%) 0.61

Failure of stricture is broken down via the action taken at the time of endoscopy (no dilation, scope tip dilation only, or
EBD). Adverse events were limited to minor hemorrhage at the time of dilation that required endoscopic intervention. No

perforation occurred.

SBE versus DBE compared via standard t-test, statistically significant findings are highlighted with bold.
DBE, double-balloon endoscopy; EBD, endoscopic balloon dilation; SBE, single-balloon endoscopy.

high success rate (89.4%) for overall dilation and
traversal corresponds with rates reported by other
EBD studies.?8-39 Of note, this counted all stric-
tures that could not be traversed regardless of
whether dilation was performed or not. If one
looked strictly at the success rate of dilations per-
formed, it was 97.9% (Table 3). The failure to
dilate and traverse strictures occurred more fre-
quently during DBE compared to SBE, especially
at a patient’s initial enteroscopy (p=0.009). That
said, there were significantly more DBE per-
formed as the initial endoscopic technique, which
means this may suggest DBE was used for more

complicated/difficult procedures. Our data fur-
ther suggest that SBE may have advantages over
DBE for traversing CD stricture using our tech-
nique, facilitating more post-traversal dilation
and achieving a higher mean dilation diameter,
although this was not a controlled comparison of
the two systems.

Most strictures (78%) encountered were de novo,
highlighting the utility of EBD in stricturing CD
patients without previous intestinal resection.
Initial EBD studies focused on treating anasto-
motic strictures, yet increasing literature
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Table 4. Procedural and endoscopic characteristics for EBD of complicated strictures - heavily ulcerated or

fistula present.

Complicated strictures Non-complicated p Value
encountered (n=55) strictures encountered
(n=303)
Stricture type
De novo 45 (81.8%) 203 (67.0%) 0.029
Anastomotic 10 (18.2%) 100 (33.0%) 0.029
Reason classification as complicated
Severely ulcerated 49 (89.1%) n/a n/a
Fistula/penetrating 6 (10.9%) n/a n/a
Dilation data
Successful dilations 51 (92.7%) 269 (88.8%) 0.38
Mean diameter (mm] 14.7+1.86 16.3+2.21 0.022
Dilation approach
Pre-traversal dilation 41 (80.4%) 85 (28.1%) <0.001
Post-traversal dilation 10 (19.6%) 184 (27.7%) <0.001
Non-traversable 4.(7.3%) 34 (11.2%) 0.38
Minor adverse events 1(1.8%) 2 (0.7%) 0.86

No meaningful difference was found between SBE and DBE. There were no major adverse events or perforations.
Comparison of complicated to non-complicated strictures made via standard t-test, statistically significant findings

highlighted in bold.

CD, Crohn’s disease; DBE, double-balloon endoscopy; EBD, endoscopic balloon dilation; SBE, single-balloon endoscopy.

demonstrates the utility of native stricturing.31-33
A recent systematic review with meta-analysis, to
which we contributed significant patient data,
indicated short-term clinical effectiveness in 82.3%
of patients and a surgery-free rate of 72.6%.3

As noted in the Section ‘Materials and methods’,
the need for dilation was made based on endo-
scopic appearance and was performed in sympto-
matic and asymptomatic individuals as well as in
strictures that were traversable via the enteroscope.
Our approach is that these both facilitate scope
and overtube passage, as well as treat the present
and future risks of obstructions. It is also very dif-
ficult to tell how fibrous a stricture is without dila-
tion, as a response to the balloon dilation can be
key in its classification (i.e. visible fibrous stretch
through the balloon, mucosal disruption, and
hemorrhage post-dilation). Furthermore, a BAE
procedure and access to the small bowel are

laborious and resource-intensive, so we try to apply
maximum therapeutic benefit at the time of endos-
copy. In our experience, there is very little risk of
complication with EBD as noted in our results.
However, this approach needs to be balanced
against perforation and patient harm. Also of note,
in our cohort, 38 strictures overall were not
attempted to be dilated at the time of enteroscopy,
as per the criteria in our methods, and likely
increases the safety of this approach.

The safety profile of BAE EBD was excellent with
no perforations or significant adverse events,
lower than reported in other studies.2%-21:35 This
is likely due to several factors: experienced
endoscopist performing all procedures, our pre-
and intra-procedural approach to dilation
(Figure 1), and our emphasis on initial stricture
traversability pre-dilation (Figure 2) — facilitated
by scope tip dilation (Figure 3) at the time of
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Table 5. Comparison of endoscopic balloon dilation outcomes in SBE and DBE at the initial endoscopic
appointment (no prior BAE) and subsequent follow-up appointments for patients with small-bowel Crohn’s

disease.
EBD (initial visit) DBE (n=49) SBE (n=30) Total (n=79) p Value
Scope type DBE: 62.0% SBE: 38.0% 0.003
Stricture encountered n=77 n=64 n=141
Successfully dilated and traversed 60 (77.9%) 60 (93.7%) 120 (85.1%) 0.009
Non-traversable 17 (22.1%) 4(6.3%) 21 (14.9%) 0.009
Successful EBD n=60 n=60 n=120
De novo 43 (71.7%) 49 (81.7%) 92 (76.7%) 0.2
Anastomotic 17 (28.3%) 11 (18.3%) 28 (23.3%) 0.2
Pre-traversal dilation 37 (61.7%) 22 (36.7%) 59 (49.2%) 0.006
Post-traversal dilation 23 (38.3%) 38 (63.3%) 61(50.8%) 0.006
Mean max dilation diameter (mm) 15.0+2.0 15.3+2.6 15.1+2.3 0.35
EBD (follow-up visit) DBE (n=43) SBE (n=57) Total (n=100) p Value
Scope type DBE: 43.0% SBE: 57.0% 0.047
Stricture encountered n=109 n=108 n=217
Successfully dilated and traversed 101 (92.7%) 99 (91.7%) 200 (92.2%) 0.78
Non-traversable* 8 (7.3%) 9 (8.3%) 17 (7.8%) 0.78
Successful EBD n=101 n=99 n=200
De novo 83 (82.2%) 73 (73.7%) 156 (78.0%) 0.15
Anastomotic 18 (17.8%) 26 (26.3%) 44 (22.0%) 0.15
Pre-traversal dilation 45 (44.6%) 22 (22.2%) 67 (33.5%) 0.008
Post-traversal dilation 56 (55.4%) 77 (77.8%) 133 (66.5%) 0.008
Mean max dilation diameter (mm) 15.7+2.3 16.2+1.9 15.8+ 2.1 0.042

*Non-traversable includes strictures that were attempted to be dilated and failed or were not amenable to EBD.
BAE, balloon-assisted endoscopy; DBE, double-balloon endoscopy; EBD, endoscopic balloon dilation; SBE, single-balloon

endoscopy.

stricture assessment. We also schedule all proce-
dures with anesthesia support, enhancing patient
safety and overall procedural success.

The structure of the BAE scope is ideal for IBD
assessment and stricture dilation, regardless of
whether deep enteroscopy is required. The BAE
has a narrower diameter (Supplemental Table
1), increased flexibility, and greater stability
afforded by the overtube and balloon system;
thus, increasing the likelihood of reaching and

traversing disease segments, whether colonic, dis-
tal ileal, or in the midgut.33-3¢ This is also why
traversable strictures were dilated; a goal of 15—
18 mm is our targeted diameter for stricture dila-
tion, which is much larger than the SBE or DBE
scope diameter (Supplemental Table 1).

Scope tip dilation
Our novel technique of scope tip dilation (Figure 3)
enhances initial stricture traversal allowing for
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Figure 2. Pre-traversal versus post-traversal
approach to stricture dilation. On passage of the
enteroscope and encountering a stricture, (1) the
stricture was passed via pressure or with the use of
scope tip dilation (see Figure 2). If non-traversable,
(2a) the dilation balloon catheter was passed and
the stricture dilated (2c] to allow traversal (2d). If
traversable, (3a) the upstream bowel can be fully
assessed and then subsequent stricture dilation (3b
and 3c) can occur prior to further scope passage or
withdrawal (3d).
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Figure 3. Scope tip stricture dilation or ‘stricture
walk’. (1) Non-traversable stricture encountered. (2]
Scope tip is impacted into the stricture. (3) The tip

is then deflected using the large and small wheels
of the scope to maneuver through the stricture
while dilating it with gentle circumduction. (4) Once
sufficiently dilated, the scope will traverse the
stricture and (5) forward passage is possible without
the use of a balloon catheter initially.

upstream visualization and post-traversal dilation
(Figure 2). This obviates the need for fluoroscopy,

Assessed for eligibility—patients
seen for BAE (n=160)

Excluded (n=73)
*  No evidence small-bowel stricturing CD (n=35)
*  Nosmall-bowel i in CD (n=17)
= Unconfirmed/no CD diagnosis (n=21)

Patients included in
retrospective chart review
(n=87)

)
Endoscopic procedural reports
collected

Follow-up Endoscopy
(n=100)

Initial Endoscopy
(n=79)

Total number endoscopic
reports reviewed (n=178)

Double-balloon single-balloon
endoscopy (n=92) endoscopy (n=87)

Figure 4. PRISMA (Preferred Reporting Items for
Systemaic Reviews and Meta-Analyses) flow chart for
study inclusion.

which is cumbersome and a source of radiation,
instead allowing the endoscopist to evaluate the
bowel completely before undertaking dilation (dis-
cussed below). When applying this technique, the
endoscopist must be mindful of the tension on the
scope to avoid damaging the internal angulation
wires.

A higher stricture traversal rate (both pre-dilation
and overall) has a meaningful impact on the man-
agement of CD. A non-traversable stricture pre-
vents other strictures from being accessed,
decreasing the efficacy of the procedure from a
dilation perspective, and potentially necessitating
surgery that could have been delayed or avoided.
Regardless of dilation, initial stricture traversal
allows for a complete assessment of disease extent,
severity, and associated complications. It also facil-
itates post-traversal dilation, decreasing the risk of
mucosal trauma or perforation caused by blindly
passing the balloon catheter into a diseased or
sharply angulated section of the bowel. The proper
pre-dilation assessment also minimizes the risk of
dilating fistula tracts or blind loops of the bowel in
side-to-side anastomosis, which can be challenging
to assess intraluminally. Furthermore, dilating
multiple strictures at the time of scope withdrawal
decreases the need for repeated re-insertions of the
dilation catheter (i.e. upon scope withdrawal, the
catheter remains advanced and is simply inflated
once dragged into place) reducing procedure time
and the likelihood of catheter rupture/damage.
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Of note, we do not use scope caps or distal attach-
ment devices when undertaking BAE; however,
this may be of utility in stricture assessment, tra-
versal, and dilation. A recent publication from
Oguro er al.3” discusses a novel calibrated trans-
parent hood, which not only aids in initial stric-
ture measurement but also due to its conical
shape, likely provides increased ease of pre-dila-
tion traversal. Our center currently does not have
access to this tool.

Single-balloon endoscopy versus double-

balloon endoscopy

Comparing SBE and DBE outcomes was a sec-
ondary outcome in this retrospective study. While
both performed well, SBE had a higher rate of
stricture traversal (on initial BAE) and post-tra-
versal dilation, and larger mean diameter dilation.
Although this is a retrospective study that cannot
assess superiority, SBE may have some perfor-
mance advantages over DBE when a stricture is
encountered endoscopically.

The SBE design likely accounts for the differences
in our data namely the absence of the balloon on
the scope tip; although the balloon does not add
diameter to the scope tip, the rubber bands that
secure it add both surface area and a sharper,
shouldered edge to the scope tip (Supplemental
Table 1). In sub-analysis based on whether the
procedure was an initial or a follow-up BAE
(Table 5), SBE performed better by all parame-
ters. In the initial BAE group, SBE was more suc-
cessful in stricture dilation and traversal. In the
follow-up group, the success rates between sys-
tems were not statistically different, but there was
more post-traversal dilation and a higher mean
maximum dilation diameter in the SBE group. In
both groups, SBE outperformed DBE in stricture
traversal. Anecdotally, we noted three cases where
CD strictures were not traversable via DBE but
were successfully traversed by first withdrawing
the DBE scope, leaving the overtube in place, and
inserting the SBE scope to perform EBD. This
supports the notion that, for complex strictures
reachable by either system, the SBE scope may
provide procedural advantages. Such precedents
should be balanced against the improved depth of
insertion and stability offered by the second bal-
loon in the DBE system, which is a major advan-
tage of DBE. To truly compare efficacy, selection
must be randomized and assessed prospectively.
Finally, if the balloons are adhered to by another

method such as with vinyl tape (personal commu-
nication with Dr H. Yamamoto), the DBE would
likely perform similarly and still provide deeper
enteroscopy, stability, etc. There are also potential
benefits from using the tip balloon to inflate and
perform fluoroscopic contrast studies with the
double-balloon scope to delineate stricture and
bowel anatomy by preventing backflow of con-
trast. As stated, our experience is non-fluoro-
scopic, so this is not a technique we employ at our
center. Of final note, the overtube balloon on the
SBE is silicon and thicker than the latex found on
the DBE. This may hamper overall scope passage
through strictures. There is a benefit if patients
have documented latex allergy, and use of the
DBE would be contra-indicated.

The comparison of SBE to DBE is limited in that
it only looks at strictures that were encountered,
not accounting for overall stricture access. It may
be that DBE can access more strictures overall
due to the depth of insertion and facilitate a more
complete exam of a patient’s disease. Our finding
here simply assesses the technical aspects of intra-
procedural dilation, not the other aspects of the
endoscopic assessment. Furthermore, DBE was
potentially selected for more complicated cases,
with strictures that required deeper insertion and
were more technically challenging.

Contemporary literature suggests that EBD wia
BAE is a safe procedure for treating small bowel
CD,30-32,34 which our results corroborate with an
overall minor event rate of 3.8%. When compar-
ing modalities, Wadhwa ez al.3> noted equivalent
adverse event rates after endoscopic investigation
(0.6% SBE and 1.1% DBE), and similar studies
have shown no difference in complication rate.38-43
Our study found that SBE had a slightly lower
rate of adverse events (0.6%) versus DBE (1.1%;
p=0.61) but no significant SAE with either sys-
tem. Again, as a retrospective study, these find-
ings are simply observational.

Limitations

Data were collected and analyzed retrospectively,
limiting the study. Future studies should be pro-
spective, ideally as randomized controlled trials,
while collecting intraprocedural and post-proce-
dural dilation outcomes (e.g. immediate success,
complications, surgery-free rates, pre/post-opera-
tive obstructive symptoms, and pain scores to
gauge long-term clinical efficacy). Some of our
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outcome data were recently published as part of a
systematic review and meta-analysis.?* Our com-
plete clinical outcome data are being collected and
compiled as part of a more extensive study on the
clinical impact of BAE in CD. The data are pri-
marily a single-operator experience (Dr BPH) for
>85% of the cases, possibly limiting the generaliz-
ability of the results, but the findings are consist-
ent with current literature.

Conclusion

EBD wvia BAE is a safe therapeutic procedure in
small bowel CD with a high intra-procedural suc-
cess rate. Both SBE and DBE were highly effec-
tive tools for this indication and SBE had a higher
rate of stricture traversability in our secondary
analysis, in patients undergoing initial enteros-
copy. This was not a study designed to assess
superiority, and this finding would need prospec-
tive, controlled studies to be further investigated.
We hope this data and the description of our dila-
tion approach and technique provide technical
guidance in performing these procedures and
support an increasing role for BAE in CD
management.
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