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ABSTRACT
Objective: Monitoring established Crohn’s disease (CD) through a “treat-to-target” strategy aims to
reduce and prevent long-term bowel damage and disability. Despite the availability of different moni-
toring techniques, there is a current lack of integrated evidence to guide optimal monitoring in terms
of appropriate tools and timing. Pan-intestinal video capsule endoscopy (PCE) enables non-invasive
and direct visualization of the entire intestinal tract with proven safety and efficacy. This study aims to
generate insights on the value of PCE for monitoring established CD from the physician’s perspective.
Methods: The Nominal Group Technique (NGT) was used to create discussion around pre-defined
research questions aimed at identifying target patient populations for PCE, benefits of PCE in terms of
improving disease management, comparative benefits of PCE over standard of care, research priorities
to ratify the use of PCE, and hurdles to PCE utilization. A NGT panel was held in Brussels, Belgium in
October 2018 with 9 gastroenterology experts. Data were collected from multiple rankings of state-
ments to the research questions and analyzed descriptively.
Results: Consensus indicated that PCE is differentiated from other diagnostic tools, allowing for non-
invasive and direct visualization of the luminal intestinal tract in one single procedure. Participants
agreed that PCE is beneficial for mapping and grading established CD in all patients, enabling individ-
ual and tailored treatment decision-making. Time required to read PCE results was identified as the
main utilization hurdle by participants. Well-designed studies are needed to confirm improved out-
comes amongst patients with CD managed through a PCE-guided approach.
Conclusions: This study, using the NGT, generated expert opinion on the value of PCE for monitoring
established CD in terms of target patient populations and benefits compared to other diagnostic
modalities. Participants perceived PCE to facilitate a “treat-to-target” strategy for CD management.
Further research is needed to support this value perception.
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Introduction

Crohn’s disease (CD) is a debilitating chronic inflammatory
disease that can affect the entire intestinal tract. Small bowel
involvement is commonly observed (75%)1,2, where 30% of
patients have exclusive small bowel disease3. In Europe,
approximately two million people are affected by CD and up
to 70% require surgical intervention during their clinical his-
tory4,5. Monitoring plays an important role in the manage-
ment of established CD and preventing surgery through the
identification of patients at risk of relapse and/or complica-
tions before the onset of clinical symptoms6,7 and the

assessment of adequate response to treatment8. Follow up
on these indicators furthermore guides treatment decision-
making6,9. Established CD is monitored by means of
symptom assessment, clinical assessment, measurement of
biomarkers, endoscopic assessment, and cross-sectional
imaging. However, there is a current lack of integrated evi-
dence to guide optimal monitoring in terms of appropriate
tools and timing10,11.

The emergence of a “treat-to-target” strategy in CD man-
agement7,8,12–14 has had a significant impact on disease
monitoring15. Increasing emphasis has been placed on moni-
toring for endoscopic recurrence, known to precede and
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predict changes in inflammatory biomarkers7,12,14,16 and the
development of clinical symptoms17,18. The gold standard for
evaluating endoscopic remission is an ileocolonoscopy19, an
invasive technique restricted to the visualization of the colon
and terminal ileum. The efficacy of measuring C-reactive pro-
tein (CRP) and fecal calprotectin (FCP), as surrogate markers
of endoscopic remission, in monitoring established CD and
guiding treatment has been demonstrated in the CALM
study20. However, their efficacy to assess endoscopic remis-
sion is suboptimal18. Approximately 30% of patients with CD
do not present with elevated CRP levels during relapse21,22

and the correlation of FCP with active small bowel disease
is poor23–26.

Pan-intestinal video capsule endoscopy (PCE) offers a
non-invasive method for the visualization of the entire intes-
tinal tract, including the proximal small bowel. The adoption
of PCE for monitoring patients with established CD is sup-
ported by its proven safety and efficacy27, with a reported
diagnostic yield as high as 85.7%28. In addition, PCE can
have a positive impact on disease management and clinical
outcomes; change in therapy has been observed in 64% of
patients at 18month follow-up after PCE28. This finding was
more recently confirmed in a prospective study amongst
pediatric patients, where a PCE-based treat-to-target
approach led to a change in therapy for 71% and 23% of
patients at baseline and 24weeks, respectively. Assessment
with PCE at 24- and 52-week follow-up demonstrated a sig-
nificant increase in the proportion of patients with endo-
scopic remission and deep remission compared to baseline
(54% and 58% versus 21%, respectively)29.

To date, evidence on PCE has mostly been generated
using small bowel capsule endoscopy, and to a certain
degree, colon capsule endoscopy30,31. However, the new
PillCami Crohn’s system offers a non-invasive option to visu-
alize the small bowel and colonic mucosa in a single proced-
ure. However, it is unclear how clinicians currently value the
PillCam Crohn’s system relative to other techniques in the
management of CD patients.

The aim of this study was to generate insights on the
value of PCE for monitoring established CD from the physi-
cian’s perspective. Specifically, the Nominal Group Technique
(NGT) was chosen as a small group consensus method to
facilitate group discussion and prioritization of ideas with a
panel of field expert participants32. Additional objectives
were to identify target patient populations for PCE, benefits
of PCE (in terms of improving disease management and in
comparison to current standard of care), research priorities
to ratify the use of PCE, and hurdles to PCE utilization, which
can potentially be addressed by the PillCam Crohn’s system.

Methods

The NGT, developed by Delbecq and Van de Ven, is a con-
sensus method that follows a systematic and democratic pro-
cess that requires face-to-face group interaction32. The
methodology is flexible, whereby the process may vary due
to time limitations or due to the level of clarification and/or
consensus achieved33. The NGT is recommended for groups

of up to ten participants34, although participant numbers of
up to fourteen have been reported33. Advantages of the NGT
over other methods are that it facilitates equal participation
and limits dominant participants from influencing the discus-
sion33. Furthermore, the NGT is a time-efficient research
method, as results can be obtained through a single-occa-
sion meeting32,33,35. The NGT has been applied in numerous
healthcare research settings for the prioritization of treat-
ment outcomes and unmet needs36–39 as well as the estab-
lishment of research priorities40.

Participants

Participants for the NGT panel were clinicians identified
through peer consultation and consideration of contributing
authors and reviewers of the ECCO Guidelines on Crohn’s
disease management. Identified clinicians were invited to
participate in the panel through an introductory email detail-
ing the study rationale and objectives. The research team
shared full details of the study, including the proposed panel
date, project goals, and research questions, to potential par-
ticipants that expressed interest and answered any questions.
Considering the consultation process involved clinicians, the
study was not subject to review by an ethics committee. All
participants provided consent for study participation.

Procedure

Prior to the panel, four research questions were defined
based on established evidence on PCE in the context of
monitoring established CD. On the day of the panel, the par-
ticipants developed an additional research question to
address strategic gaps for PCE adoption and utilization. An
overview of the NGT panel research questions is presented
in Table 1.

The NGT panel was held in Brussels, Belgium in October
2018. The NGT panel consisted of a one-day meeting, organ-
ized into five rounds (one for each research question) and
following the key stages of the NGT process. Prior to the
panel, participants were asked to complete a questionnaire,
consisting of 25 questions, to obtain information on partici-
pant characteristics as well as current practices and attitudes
regarding monitoring of established CD. As a modification to
the original NGT method, a re-ranking process was applied,
allowing participants to revise their original ranking via a
post-panel web survey.33 In case of equal ranks, the state-
ment with the highest frequency of votes was prioritized. An
overview of the study procedure and key stages of the NGT
process is shown in Figure 1.

Results

Participants

Nine participants took part in the current study. Table 2 pro-
vides an overview of participants’ characteristics, including
country of representation, specialization, work setting, years
of working experience, and number of patients treated.
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Pre-panel questionnaire

Key takeaways
� Monitoring of established Crohn’s disease, beyond just

clinical symptoms, is perceived to be required in all

post-surgical patients, in approximately 90% of symptom-
atic patients, and in approximately 65% of asymptom-
atic patients.

� Video capsule endoscopy is considered most beneficial
for monitoring post-surgical, mildly symptomatic, and
asymptomatic patients.

Pre-panel questionnaire results
Eight out of the nine participants completed the pre-panel
questionnaire on current practices and attitudes regarding
monitoring of established CD beyond clinical symptoms. On
average, respondents reported that 85% of patients with estab-
lished CD require monitoring. More specifically, all respondents
reported that monitoring is required in post-surgical patients,
seven respondents reported that monitoring is required in
severe symptomatic patients and mild symptomatic patients,
and five respondents reported that monitoring is required in
asymptomatic patients. Considering perceived benefit and
weighted average scores for different monitoring techniques,
including biomarkers measurement, endoscopic monitoring,
monitoring with radiographic/ultrasound imaging techniques,
and video capsule endoscopy (CE), the most beneficial monitor-
ing technique for post-surgical, mild symptomatic, and asymp-
tomatic patients was perceived to be CE (Small bowel CE or
Pan-intestinal CE). For severe symptomatic patients, endoscopic
monitoring and monitoring with radiographic/ultrasound

Table 1. Nominal group technique panel research questions.

1 Which patient populations would benefit the most from monitoring established Crohn’s disease using PCE, and why?
2 How can monitoring of established Crohn’s disease using PCE improve disease management?
3 What is the benefit of using PCE over your current monitoring practices / standard of care?
4 What are the research priorities to ratify PCE for monitoring established Crohn’s disease?
5 What are the hurdles for you to use PCE in your current practice for monitoring established Crohn’s disease?

Abbreviation. PCE, Pan-intestinal video capsule endoscopy; Question 5 was added on the day of the panel meeting.

Figure 1. Overview of study procedure and stages of the nominal group technique.

Table 2. Participant characteristics.

Participants, n (%) 9 (100)

Country of representation, n (%)
Belgium 2 (22)
Denmark 1 (11)
France 1 (11)
Germany 1 (11)
Italy 1 (11)
Romania 1 (11)
Spain 1 (11)
United Kingdom 1 (11)
Pre-panel questionnaire respondents, n (%) 8 (100)

Specialization, n (%)
Gastroenterology 7 (87.50)
Pediatric gastroenterology 1 (12.50)

Work setting, n (%)
University hospital 7 (87.50)
Public hospital 1 (12.50)

Working experience with IBD patients, %
6–10 years 3 (37.50)
11–15 years 1 (12.50)
16–20 years 1 (12.50)
> 25 years 3 (37.50)

Number of patients treated with established CD, n (%)
10–25 patients per year 1 (12.50)
> 50 patients per year 7 (87.50)

Abbreviations. CD, Crohn’s disease; IBD, inflammatory bowel disease.
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imaging techniques was perceived to be more beneficial than
CE. Levels of perceived benefit and weighted averages, by
monitoring technique and patient sub-population, can be
found in Supplementary Table 1. In total, six out of eight
respondents stated that they recommend and/or utilize CE for
monitoring established CD in their daily practice.

Nominal group technique panel results

Key takeaways
� PCE is differentiated from other diagnostic tools as a non-

invasive method allowing for direct visualization of the
luminal intestinal tract in one single procedure.

� PCE is considered beneficial for mapping and grading
established Crohn’s disease in all patients without a sus-
pected bowel stenosis, enabling individual and tailored
treatment decision-making.

� Well-designed studies are needed to confirm improved
outcomes amongst patients with Crohn’s disease man-
aged through a PCE-guided approach.

All nine participants took part in the NGT panel meeting.
In total, eight participants completed the re-ranking process
(one participant dropped out of the final evaluation due to a

lower perceived relevance of PCE in their personal scope of
work). A total of 9 statements were generated for the first
research question. Figure 2 presents an overview of state-
ments that were ranked 1st (and number of votes per state-
ment) by the participants on patient populations that would
benefit the most from monitoring established CD using PCE.

A total of 10 statements were generated for the second
research question. Figure 3 presents an overview of state-
ments that were ranked 1st (and number of votes per state-
ment) by the participants on how monitoring of established
CD using PCE can improve disease management.

A total of 13 statements were generated for the third
research question. Figure 4 provides an overview of state-
ments that were ranked 1st (and number of votes per state-
ment) by the participants on the benefit of using PCE over
current monitoring practices/standard of care.

A total of 10 statements were generated for the fourth
research question. Figure 5 provides an overview of state-
ments that were ranked 1st (and number of votes per state-
ment) by the participants on research priorities to ratify PCE
for monitoring established CD.

A total of 12 statements were generated for the fifth
research question. Figure 6 provides an overview of state-
ments that were ranked 1st (and number of votes per state-
ment) by the participants on hurdles to use video capsule
endoscopy for monitoring established CD.

5
2 

1 
For pan-intestinal evaluation of patients
with extensive disease

To justify and guide treatment change in all
patients

For non-stricturing patients

Figure 2. First ranked target patient populations for monitoring established
Crohn’s disease using pan-intestinal video capsule endoscopy.

6

1 
1 

Enables mapping of disease and grading of
lesions in a single exam

Facilitates individualized treatment
decision-making

Facilitates higher patient-driven compliance

Figure 3. First ranked statements on how monitoring of established Crohn’s
disease using pan-intestinal video capsule endoscopy can improve dis-
ease management.

6

1

1

Single examination

Enables direct visualization and has a higher
sensitivity

Improved safety (excluding biomarker
assessment and sonography)

Figure 4. First ranked statements on the benefit of using pan-intestinal video
capsule endoscopy over current monitoring practices/standard of care.

4

2

1

1

A randomized controlled trial to assess
whether the use of pan-intestinal video
capsule endoscopy in treatment decision-
making improves outcomes

A superiority trial over standard of care,
including health-related quality of life
outcomes measures and cost-effectiveness

A head-to-head trial against calprotectin

Establishing a threshold for "significant"
lesions

Figure 5. First ranked statements on research priorities to ratify pan-intestinal
video capsule endoscopy for monitoring established Crohn’s disease.

2

21
1

1
1

Lack of knowledge (patient and physician
level)

Costs / reimbursement (from societal
perspective)

Time-to-read results

Insufficient evidence to support utilization

Patients with strictures that can potentially
lead to capsule retention

Costs / availability (from a practice and
hospital perspective)

Figure 6. First ranked statements on hurdles to use video capsule endoscopy
for monitoring established Crohn’s disease.
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A complete overview of rankings and total scores, by
research question, can be found in Supplementary Table 2–6.
Selected top ranked statements (based on total scores) are
discussed further below.

Comparison of results

Results from the pre-panel questionnaire and the NGT panel,
although varying in objectives and scope, demonstrated that
participants consistently perceived PCE as beneficial for post-
surgical and asymptomatic patients. While perceived as the
most beneficial monitoring technique for post-surgical and
asymptomatic patients through the pre-panel questionnaire,
participants further specified during the NGT panel that PCE
justifies treatment change amongst these target populations.
No inconsistencies were observed between the results.

Discussion

Undertaking research is important for understanding the
potential clinical utility of innovative health technologies,
identifying evidence gaps, and establishing research prior-
ities. Through a NGT process, a group of clinicians explored
the value of the PillCam Crohn’s system considering target
patient populations for monitoring and the perceived bene-
fits of PCE. In order to optimize the allocation of limited
resources, research priorities for monitoring established CD
with PCE were established and main hurdles for utiliza-
tion identified.

Target patient populations

Through this study, clinicians agreed that patients with
established CD and involvement of the colon and small
bowel would benefit from monitoring with PCE considering
that the disease can be mapped and monitored in a single
examination with complete visualization of the entire luminal
intestinal tract. The next group of patients that could benefit
from monitoring with PCE would be any patient with estab-
lished CD to justify treatment change or not, specifically for
post-surgical and asymptomatic patients and following
treatment induction or treatment de-escalation. The third
most important target population for monitoring with
PCE are pediatric patients considering that the procedure
is non-invasive, has fewer complications, and does not
require anesthesia.

Video capsule endoscopy and disease management

On the topic of monitoring established CD with PCE and its
subsequent impact on disease management, clinicians
reached relative consensus on the most important and
second most important factor improving disease manage-
ment, namely: ability of PCE to map disease and grade lesion
severity in one single examination as the most important fac-
tor and the fact that PCE enables more frequent monitoring
as the second most important factor.

However, it was more difficult for the clinicians to agree
on the third most important advantage of PCE in disease
management. They cited examples ranging from facilitation
of patient driven compliance to the enablement of task dele-
gation and decrease in inter-observer variability (due to stor-
age of exams).

Comparative benefits of video capsule endoscopy

Video capsule endoscopy has the potential to address many
limitations of other diagnostic modalities. Clinicians per-
ceived the ability to perform PCE in a single procedure as
the most important comparative benefit. The second most
important comparative benefit of PCE was considered its
ability to visualize the small bowel and colonic mucosa dir-
ectly and with higher sensitivity. Compared to PCE, magnetic
resonance enterography (MRE) presents with comparable
diagnostic accuracy for small bowel disease and enables
visualization of transmural and extramural abnormalities41.
However, MRE presents with a lower accuracy for mucosal
inflammation42, where its ability to monitor response to ther-
apy has yet to be determined43. Finally, the available mag-
netic resonance index of activity (MaRIA) has only been
validated on the terminal ileum and colonic segments44.

Although biomarker measurement offers an initial evalu-
ation of disease activity and may guide treatment decision-
making independent of disease location20, its value as a sur-
rogate maker for endoscopic remission is debatable. Various
studies have demonstrated only a moderate correlation
between FCP and a poor correlation between CRP and small
bowel inflammation18,24,25. One study demonstrated that
both FCP and CRP had low negative predictive values for
small bowel inflammation (LS � 135) (24.1% and 20.5%,
respectively), where PCE observed mucosal inflammation
amongst patients with normal biomarker levels18. The third
most important perceived comparative benefit was that PCE
does not require anesthesia. Whereas the gold standard for
evaluating endoscopic remission is ileocolonoscopy, the pro-
cedure is invasive in nature, requiring sedation or general
anesthesia. Ileocolonoscopy as a monitoring technique is fur-
ther limited by its maximal extent, inability to access the
proximal small bowel, and association with perforation risk in
patients with active disease.

Research priorities to ratify the use of video
capsule endoscopy

More broadly, it would be beneficial to establish superiority
of PCE over standard of care considering secondary end-
points such as health-related quality of life and cost-effect-
iveness. Superior tolerability of PCE over ileocolonoscopy has
previously been demonstrated45, suggesting improved treat-
ment satisfaction and quality of life outcomes. In a more
recent study, the cost and patient benefits of PCE compared
to standard of care (ileocolonoscopy plus imaging) for moni-
toring established CD were assessed through a decision-ana-
lytic model from a US healthcare payer perspective. The
results showed that compared to standard of care,
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monitoring established CD with PCE was associated with
increased quality of life, with the highest gain observed
amongst active symptomatic patients. Furthermore, PCE was
considered cost-effective, with total savings over 5 years
amounting to $36.5 million46. Similarly, CD monitoring with
PCE was found to reduce costs and increase quality of life
for patients from a UK payer perspective, and as such, the
incremental cost effectiveness ratio was dominant over
colonoscopy47.

Hurdles to video capsule endoscopy utilization

Participants reported numerous hurdles to PCE utilization.
Most importantly, time required to read PCE results was con-
sidered a major limitation. Reading PCE images reliably and
quickly remains challenging, leading to missed lesions and
interpersonal variability in the interpretation of results. Over
the past years, various software applications have been
developed with the aim to reduce reading time through
automated selection and interpretation of images to diag-
nose CD (Quickview, top 100 images, Atlas). While these pro-
grams support the diagnostic ability of PCE, conventional
reading is still required48.

In addition, the use of artificial intelligence (AI) in medi-
cine is rapidly progressing. As reported in a recent review of
AI applications in gastroenterology, various models have
been studied in the context of inflammatory lesions or
gastrointestinal bleeding during wireless CE, demonstrating a
high level of accuracy for disease detection49. Beyond the
CD space, the recently introduced GI Geniusii, intelligent
endoscopy module (based on AI) offers real-time automatic
detection of colorectal polyps of different shapes, sizes, and
morphology with a noninvasive, patient-friendly device50.
This might represent a remarkable step forward in reducing
the reading time51. The efficacy of such technologies in IBD
remains to be proven.

Participants also noted that the required bowel prepar-
ation is a major hurdle for the adoption of PCE in terms of
adverse events and uncertainties in bowel preparation opti-
mization. Nonetheless, evidence shows that up to 80%
achieve excellent or good bowel preparation with completed
evaluation in 92% of patients within 12 h52.

Lastly, risk of capsule retention in patients with strictures
was noted as an important hurdle to PCE utilization.
However, a recent meta-analysis on retention associated with
PCE reported retention rates as low as 4.63% in established
CD and 2.35% in suspected CD. For the overall CD cohort,
retention rates of 3.49% and 1.64% have been reported for
adult and pediatric patient populations, respectively.
Furthermore, retention risk can be reduced through the use
of the patency capsule53.

Limitations

A limitation of the panel was the relatively small group size
of 9 experts, of which 6 participants indicated that they rec-
ommend and/or utilize CE for monitoring established CD in
their daily practice. Therefore, the findings of this study

cannot be generalized. In particular, participants may have
been biased towards their own experience with PCE, per-
sonal agendas, and research priorities when ranking gener-
ated statements by their relative importance. As a result,
commonly acknowledged barriers to PCE use such as lack of
PCE training or experience in PCE, were not ranked of high
importance. A larger group of participants, including experts
that do not (regularly) utilize PCE, would have likely led to
the generation of different statements and perceived import-
ance of those. Nonetheless, perceptions on the value of PCE
for monitoring established CD varied amongst the partici-
pants, which increased the quality of group discussions.

Second, our study focused solely on the use of PCE for
monitoring established CD. As a result, benefits of other
diagnostic tools in terms of disease diagnosis, such as the
ability to perform a biopsy during ileocolonoscopy, remained
out of scope.

In addition, insights were gathered from clinicians only
and did not consider the perspectives of patients nor other
relevant stakeholders including radiologists and pathologists.
These limitations are particularly relevant with respect to
establishing research priorities to support the use of PCE for
monitoring established CD and to identifying strategies to
address utilization hurdles considering the need for multi-
level and multi-stakeholder engagement. Therefore, the
results reported in this paper should be considered for fur-
ther discussion and validation with other stakeholder groups.
Despite these limitations, the NGT process is a valid method
to systematically identify and prioritize ideas behind PCE for
monitoring established CD.

Conclusions

In conclusion, participants had clear opinions on the value of
PCE for monitoring established CD in terms of target patient
populations and benefits compared to other diagnostic
modalities. We believe the NGT is an efficient method to
uncover the positioning of the PillCam Crohn’s system in the
context of a “treat-to-target” strategy for CD management
and to prioritize efforts in further research needs. Expert con-
sensus indicated that more evidence should be generated to
increase adoption and utilization of PCE for monitoring of
established CD patients. Future studies should focus on com-
paring the PCE-guided approach to standard of care for all
patients with established CD and involvement of both the
colon and small bowel and should consider clinical, patient-
reported, and economic outcomes. Future meetings with
other experts might be considered after obtaining new evi-
dence on this topic.

Notes

i. PillCam is a trademark of Medtronic, Minneapolis, MN, USA.

ii. GI Genius is a trademark of Medtronic, Minneapolis, MN, USA.
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