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Tertiary referral for double balloon enteroscopy in small bowel
Crohn’s disease: a retrospective assessment of diagnostic impact
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Abstract

Background Diagnosing isolated small bowel Crohn’s disease (CD) can be challenging, as
symptoms, imaging, and capsule endoscopy (CE) can mimic other diseases. Double balloon
enteroscopy (DBE) directly evaluates the small bowel. We describe the impact of tertiary referral
for DBE in patients with known or suspected small bowel CD.

Methods We carried out a retrospective review of a single tertiary-center DBE database from
February 2009 to May 2013. Patients referred for DBE for known or suspected small bowel CD, based
on CE, imaging and/or symptoms were included. The primary outcome was the change in diagnosis
and/or management after referral for DBE. A descriptive statistical analysis was performed.

Results A total of 108 patients were included, 10 with established CD and 98 with suspected/rule-
out CD. DBE changed management in 8/10 patients with known CD. In patients with suspected
CD, the diagnosis was confirmed in 39/98 (40%), and management was changed in 32 of those
39 (82%). An alternative diagnosis was made or CD was ruled out in 59/98 (60%) patients with
suspected CD. Prior to DBE, starting CD therapy was recommended in 24/98 (25%) patients, but
DBE confirmed CD in only 15 of those 24 (63%).

Conclusions Tertiary referral for DBE in suspected CD confined to the small bowel is valuable
for investigating the findings from noninvasive testing, such as CE or imaging. DBE can guide
CD management and establish accurate diagnoses. Physicians should consider DBE when the
diagnosis of isolated small bowel CD is not confirmed by histology.
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Introduction

Crohn’s disease (CD) is an inflammatory condition that
often has a subtle clinical presentation when confined to
the small bowel, which occurs in approximately one third
of cases [1]. CD confined to the small bowel can mimic
other ulcerating conditions, such as use of nonsteroidal
anti-inflammatory drugs, radiation, vasculitis, infection
and neoplasm, among others, posing a diagnostic challenge
for clinicians [2]. The diagnosis of CD is made through
a combination of laboratory markers, imaging and
endoscopy [3]. Ileocolonoscopy is the gold standard for
diagnosis, but evaluation can be difficult when CD is confined
to the small bowel without distal terminal ileum involvement.

Limited noninvasive diagnostic modalities are available
for small bowel evaluation, including computed tomography
enterography (CTE), magnetic resonance enterography
(MRE), capsule endoscopy (CE), or intestinal ultrasound
(IUS). CTE, MRE and IUS are noninvasive imaging techniques
to complement ileocolonoscopy, and can help detect small
bowel inflammation [4,5]. CE is another noninvasive measure
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with accuracy similar to imaging, but it also lacks the ability to
sample tissue when assessing the small bowel [6,7].

Invasive measures for small bowel evaluation include
device assisted enteroscopy (DAE), such as double balloon
enteroscopy (DBE). The traditional push enteroscopy technique
is difficult for extensive small bowel assessment, but DBE
allows a safe investigation using inflation and deflation of two
balloons [8]. DBE provides the benefit of direct visualization,
mucosal biopsies, and therapeutic interventions such as
stricture dilation and polypectomy, among others [9,10].
Single balloon enteroscopy (SBE) and spiral enteroscopy (SE)
are other DAE techniques that use a single balloon enteroscope
and a rotational helix, respectively [10]. A major drawback of
invasive enteroscopy is the lack of widespread availability of
advanced endoscopists trained for small bowel enteroscopy in
a tertiary medical center.

The 2022 guidelines of the European Society of
Gastrointestinal Endoscopy (ESGE) recommend DAE to
confirm lesions suspicious for CD, but not every institution has
the capability to perform this invasive testing. The aim of our
study was to describe the real-world value of tertiary referral
for DBE in patients with known or suspected small bowel CD.

Patients and methods

This was a retrospective cohort study conducted at a single
tertiary-care medical center. All adult patients who underwent
DBE between February 2009 and May 2013 were identified
using a centralized DBE database. Institutional Review Board
(IRB) approval was obtained prior to data collection (IRB ID:
21-001244).

Eligible patients included adults referred for DBE to evaluate
known or suspected isolated small bowel CD. All patients
underwent DBE evaluation using the Fujinon enteroscope, which
includes balloons on a double balloon enteroscope and overtube,
with fluoroscopic guidance used for advancement into the
small intestine via the mouth, stoma and/or rectum as needed.
Indications for referral were clinical symptoms (abdominal
pain, diarrhea, weight loss, anemia), abnormal imaging findings
(CTE, MRE), abnormal CE, or combinations thereof. Patients
undergoing DBE for indications other than known or suspected
CD were excluded from the analysis.

Data were retrospectively collected from electronic medical
records. Variables collected included patient demographics (age,
sex), clinical characteristics (confirmed or suspected CD, disease
activity classified as active or quiescent), referral indication
(symptoms, imaging findings, CE findings), DBE procedural route
(oral, rectal, stoma, or bidirectional), DBE findings (endoscopic
appearance, disease severity, presence of strictures), adverse
events related to DBE, pathology results, final diagnosis following
DBE, changes in medical management (medication initiation,
escalation, de-escalation), and follow-up DBE data when available.

The primary outcome was the impact of tertiary care referral
for DBE on clinical management and diagnostic confirmation
in patients with known or suspected isolated small bowel CD.
We assessed how frequently DBE altered medical treatment
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strategies or identified alternative diagnoses compared with
prior noninvasive evaluations (imaging and/or CE).
Descriptive statistics were used to characterize the study
cohort. Continuous variables were presented as mean with
range, and categorical variables as frequencies and percentages.

Results

A total of 108 patients referred to a tertiary center for DBE
were included in final analysis; their mean age was 52 years (range
20-83), and 61 (56%) were females (Table 1). Of the 108 patients,
10 had a prior diagnosis of CD, while 98 had a suspected
diagnosis of CD. For patients with a prior diagnosis of CD, the
indication for DBE included disease activity assessment and/
or therapeutic intervention. In the 98 patients with suspected
CD, DBE was performed for diagnostic purposes in all patients.
Patients with suspected CD were referred to DBE based on
symptoms (abdominal pain, nausea/vomiting, diarrhea, weight
loss, anemia) and abnormal imaging in 44 patients (of whom 10
had normal CE), abnormal CE in 40 patients, and imaging and
CE both abnormal in 15 patients. The remaining 9 patients had
unremarkable CE with no imaging obtained (n=2), unremarkable
CE and imaging (n=2), unremarkable imaging and no CE (n=1),
and no imaging or CE (n=4). All of these 9 patients had undergone
ileocolonoscopy, and 3 had evidence of CD or ileitis.

In terms of DBE, 21 patients underwent upper DBE,
24 patients underwent lower DBE, 62 patients underwent
bidirectional upper and lower DBE, and 1 patient underwent
stoma DBE. DBE revealed active disease in 8 of 10 patients with
known CD, with 1 patient undergoing dilation of small bowel
strictures. DBE findings resulted in changes to CD medical
management in all 8 patients. All patients with management
changes had an addition of 1 or more medical treatments
(Fig. 1). The 1 patient who underwent stricture dilation of 3

Table 1 Demographic characteristics

Demographic data Number of patients

n=108 (%)

Sex

Female 61 (56)

Male 47 (44)
Age

Mean: 52 years

Range: 20-83 years
DBE indication

Established CD 10 (9)

Suspected CD 98 (91)
DBE evaluation

Upper 21 (19)

Lower 24 (22)

Bidirectional 61 (56)

Stoma 1(1)

Outlines the demographic characteristics of the population, including sex,
age, indication for DBE, and the method of DBE performed

CD, Crohn’s disease; DBE, double balloon enteroscopy



strictures, including a 10 mm jejunal stricture and 2 5 mm distal
ileal strictures, eventually required surgery 2 months later for
bowel obstruction resulting from progression of active CD.

DBE performed in patients with suspected CD resulted in
a definitive diagnosis of CD in 39 of 98 (40%) patients. Based
on the DBE findings, changes in medical management were
recommended to 32 (82%) of these 39 confirmed CD patients.
Of the 98 patients with suspected CD, 24 (25%) patients had
previously been diagnosed with CD at an outside institution, and
initiation of therapy for CD had been recommended. Evaluation
by DBE resulted in confirmation of CD in 15 (63%) of these
24 patients. DBE outcomes in patients with suspected CD are
summarized in Fig. 2. Alternative diagnoses reached are detailed
in Table 2. Adverse events related to DBE included perforation in
1 (1%) patient and mouth swelling/abrasion in 3 (3%) patients.
The 1 patient who had a bowel perforation was undergoing a
diagnostic DBE. The perforation was suspected to be due to
extensive adhesions, leading to a fixed bowel and a difficult DBE.
On surgical exploration, the patient additionally had a thickened
mesentery with nodularity around the proximal ileum, which
was resected, and the pathology was diagnostic for CD.

Of the 49 patients with confirmed CD on DBE, repeat
DBE to reassess disease activity was performed in 10 of
49 (20%) patients, with an average time between procedures
of 4.5 years (range 0.7-11.6). One patient with CD was
diagnosed with lymphoma 2.4 years after the initial DBE.
Changes in management after repeat DBE were recommended
in 6 patients, including de-escalation of therapy in 3 patients
(2 of whom underwent surgery), start of thiopurine or
biologic in 2 patients, and switch of biologics in 1 patient. No
complications were seen in follow-up DBE.

Discussion

Our findings support the crucial role of tertiary referral
for DBE in the evaluation of suspected or established isolated
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small bowel CD. Given the diagnostic challenges posed by
isolated small bowel CD, DBE significantly impacted patient
care, influencing both diagnosis and management. Medical
management was changed in 80% of patients with known
CD, while in 60% of patients with suspected CD either an
alternative condition was diagnosed, or the CD diagnosis was
not confirmed. Notably, DBE did not confirm isolated small
bowel CD, diagnosed by outside facilities, in 37% of patients
for whom the initiation of advanced therapies for CD had
been recommended based on noninvasive testing, such as CE
or imaging, without histologic confirmation. These results
highlight the diagnostic dilemma of isolated small bowel CD
and the limitations of noninvasive measures, underscoring
the value of tertiary referral for DBE to confirm diagnosis and
guide appropriate therapy.

Only a handful of other studies have been able to analyze
the clinical effectiveness of small bowel enteroscopy. Table 3
outlines other studies that have explored the utility of DBE, SBE
and SE in assessing patients with CD. The study populations
ranged from 11-100 patients, and included those with
suspected and/or known CD. The studies confirmed suspected
CD in 29-69% of cases, while an alternative diagnosis was made
in 12-31% of patients after small bowel enteroscopy. Changes
in medical management occurred in 42-80% of patients after
enteroscopy [11-20]. Interestingly, Tun and colleagues found
that 7 patients were inappropriately diagnosed with CD after
DBE [12]. By comparison, our study boasts the largest patient
cohort, concluding the highest number of alternative diagnoses
and changes in medical management, and the unique insight of
the importance of histologic confirmation with DBE prior to
initiation of immunosuppressive treatment for CD.

Isolated small bowel CD is a complex disease that can cause
non-specific symptoms, such as abdominal pain, diarrhea,
nausea and vomiting, making it difficult to differentiate
from other diseases with similar symptoms or imaging
findings. Common conditions misdiagnosed as inflammatory

bowel disease (IBD) include granulomatous disorders
Therapeutic* —f Star; tgiggurine
1 (13%) (25%)
Optimize thiopurine

Active disease
8 (80%)
- - DBE
Patients with known CD
10
Quiescent
2 (20%)

1(13%)

Start biologic
3(38%)

Changes in management
8 (100%)

Change biologic
1(13%)

Systemic steroids
1(13%)

Budesonide
1(13%)

Figure 1 Outcomes in patients with known Crohn’s disease. Of the 10 patients with known CD, DBE revealed quiescent disease in 2 (20%) patients
and active disease in 8 (80%) patients. Among the active CD patients, all had a change in medical therapy and 1 patient underwent stricture dilation

for multiple small bowel strictures

*The 1 patient who underwent stricture dilation eventually required surgery 2 months later for bowel obstruction resulting from progression of CD

with extensive stricturing disease
CD, Crohn’s disease; DBE, double balloon enteroscopy
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CD confirmed
39 (40%)

v

CD not confirmed
20 (20%)

Patients with suspected CD*
98

A4

Alternative
diagnosis
39 (40%)

A4

Figure 2 Outcomes in patients with suspected Crohn’s disease. Of the
98 patients with suspected CD, an alternative diagnosis was reached
in 39 (40%) patients, CD was not confirmed in 20 (20%) patients,
whereas CD was confirmed in 39 (40%) patients

*24/98 patients had been diagnosed with CD at outside institutions,
and initiation of therapy for CD had been recommended. Of these
patients, CD was confirmed in only 15/24 (63%)

CD, Crohn’s disease; DBE, double balloon enteroscopy

(sarcoidosis), vasculitis, Bechet’s disease, intestinal ischemia,
diverticulitis, medication and radiation enteritis, lymphomas,
functional bowel disorders, post-surgical conditions, or
infections [21-24]. Alternative diagnoses in our study
interestingly included functional bowel disorders, a finding
that has also been seen in previous studies.

Careful diagnosis of CD should be made, as the disease
frequently requires the use of costly advanced therapies.
Patients with CD have a 3-fold higher cost of healthcare than
the general population, and the average annual cost of care
after an initial diagnosis of IBD is more than 25,000 dollars per
year, with biologic medical therapy carrying the highest cost
burden [25,26]. Some patients with IBD on advanced biologic
therapy experience adverse events, such as infusion reactions,
skin rash, infections, musculoskeletal pain, etc. [27]. Newer
oral therapies targeting small molecules, such as sphingosine-1
phosphate (S1P) receptor modulators and Janus kinase
inhibitors, have a similar side-effect profile [28,29]. Proper use
of these advanced therapies is essential to avoid any unnecessary
financial, medical and psychological burden on the patient.
Additionally, proper diagnosis can avoid progression of the
underlying condition and prevent complications, thereby
decreasing morbidity and mortality [30]. Despite the necessity
for specialist involvement, including an advanced endoscopist
and anesthesiologist, in a capable medical center, DBE remains
a valuable option to investigate challenging presentations of
CD confined to the small bowel, as evidenced by the prevalence
of alternative diagnoses reached after DBE in our study. There
was only 1 procedure-related bowel perforation seen in a total
of 118 DBEs, including follow-up procedures, highlighting the
low risk of complications. The patient who had a perforation in
our study had risk factors including extensive bowel adhesions,
compromising the ability to navigate through the small bowel,
and eventually causing a perforation.

This patient sample represents one of the largest cohorts
studied to date for assessing the diagnostic outcomes and
management impact of DBE in isolated small bowel CD, thus
providing sufficient statistical power to draw meaningful
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Table 2 Alternative diagnosis reached after DBE in patients with
suspected Crohn’s disease

Diagnosis Number of patients
n=59 (%)

CD not confirmed 20 (34)
NSAID-related enteritis 8 (14)
Small intestinal bacterial overgrowth 7 (12)
Irritable bowel syndrome 6 (10)
Dumping syndrome 3(5)
Radiation enteritis 3(5)
Post surgical related stricture/adhesions 2 (3)
Lymphoma 2 (3)
Presumed infectious enteritis 1(2)
Meckel diverticulum 1(2)
Laxative use 1(2)
Medication side-effect 1(2)
Celiac disease 1(2)
Lactose intolerance 1(2)
Cyclic vomiting 1(2)
Eosinophilic enteritis 1(2)
Behcet’s disease 1(2)
Wegener vasculitis-related enteritis 1(2)
Carcinoid 1(2)

Highlights the alternative diagnoses seen in patients referred for suspected
CD of the small bowel. After DBE failed to confirm CD on endoscopic
biopsy, the alternative conditions diagnosed from clinical evaluation are
listed

DBE, double balloon enteroscopy; CD, Crohn’s disease; CE, capsule endoscopy;
NSAID, non-steroidal anti-inflammatory drug

conclusions. Limitations of our study include its retrospective
design, and an analysis limited to the review of medical
records, without patient interviews or surveys. Additionally,
the use of descriptive statistical analysis without a control
group is a limitation. Furthermore, our study was subject to
tertiary referral selection bias, as our patients were referred for
complex diagnoses or care escalation, reflecting the specialized
nature of DBE procedures in general. To mitigate these biases,
standardized data collection from a structured database was
carried out and all documentation was carefully reviewed. The
study size was deemed adequate, based on previously published
DBE studies investigating similar cohorts.

We conclude that tertiary referral for DBE is valuable, as
isolated small bowel CD is a difficult condition to diagnose
with noninvasive testing. Our study highlighted that a
majority of patients had an alternative diagnosis and a change
in management after DBE. In patients with established small
bowel CD, DBE can effectively assess disease activity, guide
medical management, and perform therapeutic interventions.
Overall, DBE is a safe procedure, and physicians should
consider referral to a capable medical center when the diagnosis
of isolated small bowel CD is not confirmed by histology.



Table 3 Studies assessing the utility of DAE in small bowel CD
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Study [ref.], year Endoscopy  Patient Population Number of Patients CD Diagnosis Alternative Changes in
Type Diagnosis ~ Management

Mensink ef al [16],2009  DBE Known CD 40 N/A N/A 18 (45%)

Kondo et al [17], 2010 DBE Known CD 75 N/A N/A 40 (53%)

Gaidos et al [19], 2010 SE Known and Suspected 11 (10 CD, 1 UC) Confirmed CD None N/A
CD and UC in 1 known case

Schulz et al [14], 2014 DBE Suspected CD 16 11 (69%) 5(31%) N/A

Navaneethan DBE, SBE Known and 65 (22 suspected, 6/22 (27%) 3/22 (13%) 18/43 (42%)

et al [15],2014 Suspected CD 43 known)

Rahman ef al [13], 2015 DBE Known and 81 (43 suspected, 17/43 (40%) 6/43 (14%) 65 (80%)
Suspected CD 38 known)

Tun et al [12], 2016 DBE Suspected CD 100 38 (38%) 12 (12%) 55 (55%)

Holleran et al [18],2018  SBE Known and 52 (13 suspected, 4/13 (31%) N/A 33/48 (69%)
Suspected CD 39 known)

Huang et al [11], 2020 DBE Suspected CD 18 12 (67%) 4 (22%) N/A

Pal et al [19], 2022 SE Suspected CD 46 21 (46%) 12 (26%) N/A

Outlines other studies that have assessed the utility of DAE in small bowel CD. Information regarding each study’s type of DAE, patient population and

outcomes after DAE are illustrated

CD, Crohn’s disease; UC, ulcerative colitis; DAE, device-assisted enteroscopy; DBE, double balloon enteroscopy; SE, spiral enteroscopy; SBE, single balloon enteroscopy

Summary Box

What is already known:

« The diagnosis of isolated small bowel Crohn’s disease
(CD) is challenging, because of the nonspecific
symptoms and the limitations of available testing

o Isolated small bowel CD can mimic other small bowel
conditions (e.g., non-steroidal anti-inflammatory
drug enteritis, malignancies, infections)

o Device-assisted enteroscopy, particularly double
balloon enteroscopy (DBE), can directly visualize
the small bowel, offering the ability to biopsy and
perform therapeutic interventions, though this
modality is not routinely available to patients

What the new findings are:

o This study demonstrated the real-world value
of tertiary referral for DBE in the diagnosis and
management of challenging cases of suspected
small bowel CD, based on noninvasive testing

o DBEled to management changes in 80% of patients
with established CD, and provided an alternative
diagnosis or excluded CD in 60% of patients with
suspected small bowel CD

o In 37% of patients to whom immunosuppressive
treatment for CD had been recommended, based
on noninvasive testing prior to referral, DBE did not
confirm the diagnosis of isolated small bowel CD

o Accurate differentiation of CD from other small
bowel conditions is essential to optimize treatments,
minimize adverse events, and reduce healthcare costs
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