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Introduction

Abstract

Background and Aim: Capsule endoscopy (CE) is a non-invasive diagnostic modality en-
abling real time video imaging of the gastrointestinal (GI) mucosa. Pan-enteric capsule en-
doscopy (PCE) is now able to thoroughly assess the entire GI tract, including for
inflammatory bowel disease (IBD). Our aim was to evaluate the diagnostic accuracy of
PCEs in IBD.

Methods: We comprehensively searched electronic databases (MEDLINE, SCOPUS,
EMBASE, and Cochrane Central Register of Controlled Trials) for studies comparing the
diagnostic accuracy of PCE with endoscopic evaluation, intestinal ultrasound or magnetic
resonance enterography (MRE). Data were analyzed by calculating forest plots and the use
of the I statistic for heterogeneity.

Results: Fourteen studies were identified, with seven studies evaluating PCE diagnostic
yield in Crohn’s disease (CD) and seven studies in ulcerative colitis (UC). In CD, there
was a trend to superiority of PCE over MRE and colonoscopy with a pooled odds ratio
(OR) 0f 1.25 (95% CI, 0.85-1.86%) for the detection of CD. This translates to an increased
diagnostic yield of 5% and 7% for PCE compared with MRE and colonoscopy, respec-
tively. PCEs had a diagnostic sensitivity for the detection of UC of 93.8% (95% CI,
87.6-97.0%) and a specificity of 69.8% (95% CI, 38.2—89.6%).

Conclusion: PCEs have a comparable diagnostic yield to colonoscopy and MRE in
Crohn’s disease. The major difficulty remains standardization of PCE scoring systems
and the lack of transmural assessment. In UC, PCE has an excellent diagnostic sensitivity
and positive predictive value, but there are limitations to its use including the lack of his-
tologic assessment and poor specificity.

and prolonged battery life have been made.™ In this study, we col-
lectively refer to these capsules (CCE-1, CCE-2, and Pillcam

The advent of wireless capsule endoscopy in 2000 revolutionized
the imaging and diagnosis of disorders of the small intestine.'~ It
was hoped the subsequent development of colon capsule endos-
copy (CCE) would similarly transform imaging of the large bowel
and reduce the need for diagnostic colonoscopy.” However, the
first generation of CCEs had limitations in their ability to detect
clinically significant polyps or masses. To address these inadequa-
cies, upgraded technology was incorporated into the 2nd genera-
tion of CCE (CCE-2). The addition of adaptive frame rate
technology and a wider viewing angle significantly improved the
diagnostic capabilities of this device.* The most recent iteration
of CCE systems, the Pillcam Crohn’s (Medtronic, USA), has been
developed to detect lesions consistent with inflammatory bowel
diseases (IBD). Technological improvements such as reporting
software that facilitates temporal monitoring of disease activity,
structured Lewis score reporting, improved device localisation
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Crohn’s) as pan-enteric capsule endoscopy systems (PCE) as they
can image the entire GI tract and are not limited to the colon.
There are numerous available modalities for the diagnostic as-
sessment of IBD, including small bowel follow through, computed
tomographic  enterography  (CTE), magnetic  resonance
enterography (MRE), intestinal ultrasound (IUS), capsule endos-
copy, and colonoscopy. In the absence of a single, reliable diag-
nostic test, thorough evaluation of the entire gastrointestinal tract
has required the use of two or more modalities. The additive value
of a pan-enteric capsule endoscopy is its potential to reduce the du-
plication of tests, by assessing the small and large bowel in a single
procedure without the need for invasive endoscopic assessment.
However, the clear limitation of PCE in diagnosis and monitoring
of IBD is its inability to collect samples for histological analysis.
Previous meta-analyses have reported that the diagnostic accu-
racy of small bowel capsule endoscopy in small bowel CD is
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Capsule endoscopy in inflammatory bowel disease

equivalent to MRE and IUS and may in fact to be superior to
CTE.”® However, unlike studies reporting on colonic polyp detec-
tion by CCE or the role of small bowel capsule endoscopy in CD
diagnosis, there are fewer studies reporting on the diagnostic accu-
racy of PCE in IBD. The aim of this systematic review and
meta-analysis is to evaluate the available data to determine the ac-
curacy of PCEs in diagnosing and detecting active IBD (CD or
UC), and their ability act as a single diagnostic tool in IBD.

Methods

Methods of analysis and inclusion criteria were based on PRISMA
recommendations,’ and the study protocol was prospectively reg-
istered with the PROSPERO register.'”

Eligibility criteria. We considered all clinical studies (involv-
ing adult, human subjects), both in abstract form and fully pub-
lished manuscripts, that evaluated the diagnostic yield of PCE
systems in patients with inflammatory bowel disease. The use of
a comparator arm (colonoscopy, enteroscopy, IUS, or MRI) was
required for the study to be included. Non-English studies, review
studies or studies reporting the results of < 10 patients were
excluded.

Information sources. Relevant publications were identified
from the EMBASE, MEDLINE, SCOPUS, and Cochrane Central
Register of Controlled Trials (CENTRAL) databases. Additional
publications were identified from searching the references of the
extracted studies. The electronic search included all studies up to
September 2021, with no other time limitations. A thorough search
was conducted including the following pre-specified MeSH and
non-MeSH terms: “Inflammatory bowel disease” or “Crohn’s dis-
ease” or “ulcerative colitis” and “capsule endoscopy” and “diag-
nostic accuracy” or “diagnostic techniques”. Gray literature,
unpublished studies and expert opinion papers were not included.
References for all retrieved studies were downloaded and stored in
a reference management system (Endnote, Clarivate, USA).

Study selection. Titles and abstracts of all retrieved studies
were reviewed by two reviewers (A. G. T. and S. P.), and studies
not meeting inclusion criteria were excluded. Full text review of
the remaining studies was conducted to evaluate whether they
met the following inclusion criteria: (i) prospective study with
> 10 patients; (ii) use of a pan-enteric capsule endoscopy device
system; (iii) detection or diagnosis of IBD-related inflammation
as a study endpoint; and (iv) use of a comparator arm (colonos-
copy/enteroscopy, MRI, or IUS were all accepted). Exclusion
criteria included (i) use of small bowel capsule endoscopy devices
only and (ii) primary endpoints other than the assessment of
IBD-related inflammation. Data were extracted and tabulated by
two reviewers (A. G. T. and S. P.) and checked by another re-
viewer (R. L.). Any disagreements were resolved by consensus.

Data collection. Once the final list of studies was confirmed,
the reviewers extracted relevant data from each study, including
the type PCE used and the comparator arm, the type and volume
of bowel preparation, prokinetic agents and boosters used, the
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criteria used to assess active disease and remission, the numbers
of patients included in the efficacy analysis, the number of patients
and/or intestinal segments with active disease, and those in remis-
sion. The full data collection table used is included (Table S1).

Risk of bias. To identify potential bias and evaluate the quality
of the retrieved studies, the Quality Assessment of Diagnostic Ac-
curacy in Systematic Reviews-2 (QUADAS-2) tool was used.”
Studies which were classified as low risk for all four assessed do-
mains were deemed low risk of bias studies. Studies which scored
a high risk of bias for any of the tested domains were deemed high
risk of bias studies. The applicability of the included studies to this
review was assessed by the same tool.

Outcome measures and prioritization. The primary
endpoints of this study were (i) per-patient diagnostic yield of
pan-enteric capsule endoscopy devices for detection of active
CD and (ii) per-patient sensitivity of pan-enteric capsule endos-
copy devices for detection of active UC.

Statistical analysis. Standard measures of diagnostic test
accuracy were calculated from the data provided in each individual
study. For UC studies these tests included: sensitivity, specificity,
positive predictive value, negative predictive value, positive likeli-
hood ratio, negative likelihood ratio and diagnostic odds ratio. For
the CD studies, calculating diagnostic test accuracy as outlined
above was not possible for most of the studies because an accepted
gold standard test does not exist for the detection of CD. There-
fore, any positive finding for capsule endoscopy or the comparator
test was considered a true positive. Diagnostic yield was calculated
as the number of patients with active disease divided by the num-
ber of patients who underwent that test. Per-segment analysis was
performed by dividing the number of intestinal segments with ac-
tive disease by the total number of intestinal segments analyzed
(this was calculated only for PCE and colonoscopy for the terminal
ileum and the colon, there were insufficient numbers to analyze the
proximal small bowel). Odds ratios were calculated using these di-
agnostic yields, and forest plots were formulated comparing cap-
sule endoscopy against the comparator tests.

A random effects model was used for the meta-analysis and for-
est plot calculations. The inter-study heterogeneity was calculated
using the inconsistency index, /. Significant heterogeneity was
defined as P > 50%. Meta-regression was performed to analyze
pre-specified sub-groups, including older versus newer generation
PCE systems and comparison of PCE against individual compara-
tors (endoscopy or MRE). A meta-analysis of proportions was per-
formed to determine incremental differences in diagnostic yield
between the imaging modalities for CD. Meta-analysis was per-
formed using R packages (mada and metafor package).”*?’

Results

The systematic review flow chart is shown in Figure 1. From a to-
tal of 1580 non-duplicate studies retrieved, 14 studies were in-
cluded in the qualitative analysis (Table 1), and 11 studies were
included in the quantitative meta-analysis''!316718:2072428 g
three studies did not have adequate data to perform the relevant
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Medline/OVID | | SCOPUS | |EMBASE| Cochrane Central Register of Controlled Trials (CENTRAL)

1580 non-duplicate citations screened

Y
Inclusion/exclusion criteria applied 1328 articles excluded after title/abstract

screen

_p| Casereportonly or

252 articles reviewed <10 patients (4)
Ly No diagnostic data or no
238 articles excluded || comparator arm (21)
after full text screen
Inclusion/exclusion criteria applied Non-English, non-I1BD,
N
non-capsule study (27)
™| Review articles (66)
0 articles Small bowel
excluded during 1 capsule only (121)
data extraction

A
14 articles included 3 articles excluded for
inadequate quantitative data

A

11 articles included in
quantitative meta-analysis

Figure 1  Flow chart of the systematic review.

Table 1 Characteristics of included studies

Author Year  Design Capsule Comparatorarm  UC/CD  Patients ~ Number per
enrolled  protocol analysis
Adler et al."’ 2019  Prospective, multi-center Pillcam Crohn’s colonoscopy uc 30 23
Hosoe et al.'” 2013  Prospective, single center  Pillcam Colon 2 colonoscopy uc 30 29
Juan-Acosta et al.'’® 2014 Prospective, single center  Pillcam Colon 1 and 2 colonoscopy uc 42 42
Ye etal™ 2013  Prospective, single center  Pillcam Colon 1 colonoscopy uc 25 25
Meister et al.'® 2013  Prospective, single center  pillcam colon 1 colonoscopy uc 13 13
Shi et al.'® 2017  Prospective, single center  Pillcam Colon 2 colonoscopy uc 150 108
Sung etal’ 2012  Prospective, multi-center Pillcam colon colonoscopy uc 96 96
Hausmann et al.'® 2017  Prospective, multi-center Pillcam Colon 2 colonoscopy CD 17 CE =12,
colonoscopy = 15
Leighton et al'”® 2017  Prospective, multi-center Pillcam Crohn’s colonoscopy CD 114 66
Bruining et al”® 2020  Prospective, multi-center Pillcam Crohn’s colonoscopy CD 119 99
and MRE
D'Haens et al.*' 2015  Prospective, multi-center Pillcam Colon 2 colonoscopy CD 40 40
Gonzalez-Suarez 2018  Prospective, single center  Pillcam Colon 2 MRE CD 47 PCE = 26,
etal” MRE = 47
Hall et al” 2015  Prospective, single center  CCE2 colonoscopy CD 10 10
Yamada et al.** 2021  Prospective, single center  CCE2 DBE CD 22 20
Journal of Gastroenterology and Hepatology 37 (2022) 2207-2216 2209
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calculations. All three studies excluded from the meta-analysis in-
vestigated the diagnostic accuracy of PCE in UC.'>'*!?

Study characteristics

Participants and interventions. The included studies
were published between 2012 and 2021, with total patient enrol-
ment of 797. Individual studies enrolled between 10—158 patients.
There were seven studies examining PCE accuracy in CD, with
two studies utilizing the Pillcam Crohn’s system and five studies
using CCE-2 (Pillcam Colon 2). Six studies had adequate data to
be included in the primary (per-patient) analysis, while the final
study could only be included as part of the per-segment analysis.

There were seven studies examining PCE accuracy in UC, with
one study using the Pillcam Crohn’s system, two studies using
CCE-2 (Pillcam Colon-2), three studies using CCE-1 (Pillcam Co-
lon 1), and one study using a combination of CCE-1 and CCE-2.
There were four studies that were able to be quantitatively ana-
lyzed in the meta-analysis. Two studies only reported concordance
values between capsule endoscopy findings and colonoscopy,
without reporting absolute values, so diagnostic sensitivity could
not be calculated. One study reported mean disease severity scores
(+ standard deviation) but without concordance to colonoscopy,
and thus, we were unable to calculate accurate sensitivity and
specificity values.

Comparator and scoring criteria. Eleven studies used
colonoscopy as the comparator arm, one study compared PCE
against MRE and colonoscopy, one study used combined antero-
grade and retrograde double balloon enteroscopy, and one study
used MRE alone as the comparator.

There was significant heterogeneity in the disease activity scor-
ing criteria. Of the seven CD studies, capsule endoscopy Crohn’s
disease activity index (CECDAI) was used in two studies, the
Lewis score was used in two studies, the Rutgeert’s score in one
study, the capsule index of severity in one study and one study
used established colonoscopy scoring systems (SES-CD and
CDEIS).

Of the seven UC studies, the Mayo endoscopic score was used
in three studies (one of which also used the UC endoscopic index
of severity [UCEIS]), while the Matts endoscopic score, the Baron
score and Rachmilewitz score were used in one study each.

Bowel cleansing and capsule completion rates.
Bowel preparation protocols were reported in all included studies.
Most studies used a polyethylene glycol (PEG)-based bowel prep-
aration followed by post-capsule ingestion boosters. Two of the 14
studies included in the qualitative analysis did not report on the ad-
equacy of bowel cleansing and one further study only reported on
small bowel cleansing, not colonic cleansing. The rates of ade-
quate bowel cleansing, based on a 4-point scale of poor, fair, good
or excellent for each colonic segment and an overall score,'
ranged from 29.3% to 90%. Capsule completion rates were re-
ported in 13 out of 14 studies and ranged from 69% to 100%.
The type of bowel preparation used and associated bowel cleans-
ing and capsule completion rates are shown in Table 2.
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Risk of bias assessments. The quality of the included
studies and the associated risk of bias are shown in Supplementary
Table 2. Four studies were found to have a low risk of bias, while
one study was found to have a high risk of bias. The remaining
nine studies had an overall low risk of bias, however most had
an “unclear” risk of bias rating in at least one of the tested do-
mains. The most common reasons for an unclear risk of bias clas-
sification included lack of clarity regarding subject recruitment
(i.e. whether consecutive recruitment was used) and the degree
of blinding used when interpreting the index and reference tests.

Diagnostic yield: Crohn’s disease. The pooled
per-patient OR of PCE in the detection of active CD was 1.25
(95% CI, 0.85-1.86%) when compared against all comparator
tests (MRE, colonoscopy, and enteroscopy) (Fig. 2). When com-
pared only against endoscopic comparator tests (colonoscopy or
double balloon enteroscopy) the pooled OR increased marginally
to 1.30 (95% CI, 0.85—1.98%). There was no detectable heteroge-
neity in either calculation (2 = 0%). When assessed against MRE
alone, capsule endoscopy performed well, with a pooled OR of
1.32 (95% CI, 0.79-2.20%). Notably, two out of three studies
using the older generation of PCEs had ORs of < 1, suggesting
the trend to superiority of PCE was driven by the newer capsule
devices. A meta-analysis of proportions showed these pooled re-
sults convert to an incremental increase in diagnostic yield for
PCE devices of 5% compared with MRE and 7% compared with
colonoscopy.

The per-segment analysis included three studies with a total of
273 intestinal segments analyzed. The pooled ORs for diagnostic
yield of PCE compared with colonoscopy in the terminal ileum
and the colon were 1.19 (95% CI, 0.78—1.79%), and 1.14 (95%
CI, 0.76—1.71%) respectively (Figs S1 and S2).

Diagnostic yield: ulcerative colitis. The per-patient
sensitivity of PCE in the detection of active UC was reported in
four out of the seven included studies. The pooled diagnostic sen-
sitivity was 93.8% (95% CI, 87.6—-97.0%), which was associated
with a very low inter-study heterogeneity (* = 12%). The pooled
diagnostic specificity was 69.8% (95% CI, 38.2—89.6%), although
significant inter-study heterogeneity was noted (I* = 83%). As the
majority of the heterogeneity appeared to be arising from a single
study,'® repeat sensitivity analysis was performed without this
study and the /* for this re-calculation was 0. The sensitivity and
specificity are shown as forest plots in Figure 3.

The pooled positive predictive value was 88.8% (95% CI,
82.6-92.9%), while the pooled negative predictive value was
80.1% (95% CI, 59.4-91.8%). The diagnostic odds ratio was
24.0 (95% CI, 10.4-55.3%).

Earlier versus newer generation capsules. To deter-
mine whether newer PCE devices had improved diagnostic accu-
racy compared with previous iterations, we performed a
sub-group analysis (Fig. 4). For CD, CCE2 was defined as the
older generation and Pillcam Crohn’s as the newer generation.
None of the included studies investigated the diagnostic accuracy
of CCE1 in CD, so it was not included in this analysis. There were
156 patients who underwent Pillcam Crohn’s in two studies, with a
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Table 2 Bowel preparation, cleansing rates and capsule completion rates

Capsule endoscopy in inflammatory bowel disease

Author Capsule PEG  Volume (L)  Prokinetic Booster Volume Adequate Completion
type cleansing level rate
Adler et al."’ Crohn's Yes 1+2 Metoclopramide ~ Suprep 88 mL + 88 mL no absolute 76.70%
(optional) (+ 88 mL optional) value given
Hosoe et al'? CCE2 Nil Nil Mosapride PEG 2L 29.30% 69.00%
Hausmann CCE2 Yes 2+1 Domperidone Nil Nil no absolute 100%
etal'® value given
Juan-Acosta CCE1&2 Yes 2+2 Domperidone NaP 30mL + 15 mL 80% 85.70%
etal’
Ye etal." CCE1 Yes 2+1 Itopride NaP 30 mL + 15 mL 80% 100%
Meister et al.'® CCE1 Yes 1+0.75 Domperidone PEG 500 mL + 250 mL 90% 77 %
Leighton et al'®  Crohn's Yes 2+2 Metoclopramide  Suprep 88 mL + 88 mL 48% 93%
(optional)
Bruining etal”  Crohn's Yes 2+2 metoclopramide  Suprep 88 mL + 88 mL 79% (prox SB), 85%
or erythromycin 91% (TI),
64% colon
Shi etal.'® CCE2 Yes 3+1 Metoclopramide ~ NaP 30 mL + 16 mL 66% 72%
(optional)
D'Haens etal?’  CCE2 Yes 2+2 Nil NaP 30 mL 84% 75%
Sung etal CCE1 Yes 3+1 metoclopramide  NaP 30 mL 64 % 80%
Gonzalez-Suarez  CCE2 Yes 1+1 Nil PEG 500 mL 100% (SB only), 91% SB
etal” colon not reported  completion
Hall et al* CCE2 Yes 2+2 Nil NaP 1 packet NaP Not reported not reported
Yamada etal”  CCE2 Yes 1+ Mosapride PEG/ N1LPEG+30mL  80% 75%
Mg citrate castor oil/ castor oil
sodium 2) Sodium pico-sulfate
picosulfate 48 mg + 30 mL
castor ol

3) Mg citrate 50 mg

pooled OR of 1.46 (95% CI, 0.82—-2.59%). There were 65 patients
who underwent CCE2 in three studies with a pooled OR of 0.96
(95% CL 0.37-2.41%)).

For UC, CCEl was defined as the earlier generation and
CCE2 + Pillcam Crohn’s were collectively defined as the newer
generation. There were 150 patients who underwent the newer
generation PCEs, and there were 119 patients who underwent the
older generation PCE. The pooled sensitivity of the newer genera-
tion capsules was 97.2% (95% CI, 91.6-99.1%), while for the ear-
lier generation of capsules it was 89.1% (95% CI, 81.0-94.1%).
However, the specificity for the newer capsules was substantially
lower, 46% (95% CI, 12.4-83.6%) compared with the earlier gen-
eration, 82.6% (95% CI, 68.9-91.1%).

Discussion

In the two decades since the development and first clinical use of
small bowel capsule endoscopy, the use of capsule endoscopy in
obscure small bowel bleeding and polyp screening has been well
demonstrated,” as well as its role in small bowel CD diagnosis
and monitoring.”* However, there are far fewer studies reporting
on the accuracy of PCE in the diagnosis and detection of
ileocolonic or colonic IBD. To the authors’ knowledge, there are
no published meta-analyses that quantitatively analyze the current
data.

According to our meta-analysis results, the diagnostic accuracy
of PCE in the detection of CD was equivalent to MRE and
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endoscopic assessment on both per-patient and per-segment analy-
ses. In fact, the pooled per-patient ORs for CD showed a trend to
superiority over endoscopy and MRE. For UC, our meta-analysis
shows that PCE has a diagnostic sensitivity and specificity of
94% and 70% respectively for the detection of active UC, with a
diagnostic odds ratio of 24.0. As might have been expected, these
results were primarily driven by newer PCE systems, which
outperformed older devices in sub-group analyses for both CD
and UC.

While the comparable diagnostic yield between PCE and colo-
noscopy (in CD) may partially be explained by detection of small
bowel disease beyond the reach of colonoscopy, it should be noted
that the per-segment performance of PCE in the terminal ileum and
colon was also impressive. The pooled ORs of 1.19 (terminal il-
eum) and 1.14 (colon) indicate equivalent, or greater, diagnostic
yield for PCE in segments accessible by colonoscopy. Of note,
most studies defined the terminal ileum as the 10 min of the
PCE video preceding the first caecal image, or the last 10 cm of
the terminal ileum on colonoscopy. It is possible that PCEs were
able to examine more than 10 cm of small bowel during those
10 min, hence potentiallydetecting more disease.

We can only postulate as to the reasons for the colonic findings.
Colonic transit time of capsules is often significantly longer than
the standard colonoscopy withdrawal time, and this may improve
detection of subtle mucosal abnormalities. Additionally, as was
seen with the UC cohort, the excellent diagnostic yield may come
from a higher rate of false positives or detection of clinically
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a Pooled odds ratio for PCE against all comparators

AG Tamilarasan et al.

Author(s) and Year Weight OR[95%CI]
D'Haens et al., 2015 10.00% 0.67 [0.19, 2.33]
Hall et al., 2015 2.35% 0.56 [0.04, 7.21]
Hausmann et al., 2017 6.34% 2.00 [0.42, 9.52]
Leighton et al., 2017 22.21% 2.17 [0.94, 5.00]
Gonzalez et al., 2018 o 14.13% 1.02 [0.36, 2.89]
Bruining et al., 2020 — 44.98% 1.14[0.64, 2.05]
RE Model (Q = 3.62, df = 5, P=0.61; /= 0.0%) —— 100.00% 1.25 [0.85, 1.86]
T T T T T T |
0.08 0.20 0.50 1.00 2.00 3.00 5.00
Odds Ratio
b Pooled odds ratio for PCE against endoscopic assessment
Author(s) and Year Weight OR[95%CI]
D'Haens et al., 2015 11.64% 0.67 [0.19, 2.33]
Hall et al., 2015 2.73% 0.56 [0.04, 7.21]
Hausmann et al., 2017 7.38% 2.00 [0.42, 9.52]
Leighton et al., 2017 ; - 25.86% 2.17 [0.94, 5.00]
Bruining et al., 2020 [ 52.38% 1.14 [0.64, 2.05]
RE Model (Q = 3.44, df = 4, P=0.49; I = 0.0%) — 100.00% 1.30 [0.85, 1.98]
T T T T T T |
0.08 0.20 0.50 1.00 2.00 3.00 5.00
Odds Ratio
¢ Pooled odds ratio for PCE against MRE
Author(s) and Year Weight OR[95%CI]
Gonzalez et al., 2018 23.97% 1.02[0.36, 2.89]
Bruining et al., 2020 R 76.03% 1.43[0.79, 2.57]
RE Model (Q=0.31, df = 1, P= 0.58; /> = 0.0%) —_— 100.00% 1.32 [0.79, 2.20]
T T T T T T 1
0.08 0.20 0.50 1.00 2.00 3.00 5.00
Odds Ratio

Figure 2 Diagnostic yield for PCE in CD (per patient).
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a Sensitivity

Capsule endoscopy in inflammatory bowel disease

Study Events Total Proportion 95%-ClI
Adler et al.,2019 18 18 — 1.000 [0.815; 1.000]
Juan-Acosta et al., 2014 14 16 0.875 [0.617;0.984]
Shietal., 2017 85 88 — 0.966 [0.904; 0.993]
Sung et al., 2011 68 76 —a 0.895 [0.803; 0.953]
Random effects model 198 — 0.938 [0.876; 0.970]

Heterogeneity: /2 = 12%, t2 = 0.1419, P= 0.33 '

T

T T T T T 1

0.650.70.750.80.850.90.95 1

b Specificity
Study Events Total Proportion 95%-ClI
Adler et al., 2019 4 5 0.800 [0.284;0.995]
Juan-Acosta et al., 2014 23 26 e 0.885 [0.698;0.976]
Shi et al., 2017 5 20—&— 0.250 [0.087;0.491]
Sung et al., 2011 15 20 — 0.750 [0.509;0.913]
Random effects model 71 ——— 0.698 [0.382; 0.896]
Heterogeneity: 2= 83%, 2= 1.3480, P < 0.01 ! J I :

02 04 06 08

¢ Positive predictive value
Study Events Total Proportion 95%-ClI
Adler et al., 2019 18 19 — 0.947 [0.740; 0.999]
Juan-Acosta et al., 2014 14 17 0.824 [0.566; 0.962]
Shi et al., 2017 85 100 — 0.850 [0.765;0.914]
Sung et al., 2011 68 73 — 0.932 [0.847;0.977]
Random effects model 209 =S 0.888 [0.826; 0.929]
Heterogeneity: /12 = 22%, t* = 0.0316, P= 0.28' ! T !

06 07 08 09

d Negative predictive value
Study Events Total Proportion 95%-CI
Adler et al., 2019 4 4 1.000 [0.398; 1.000]
Juan-Acosta et al., 2014 23 25 — = 0.920 [0.740; 0.990]
Shi et al., 2017 5 8 0.625 [0.245;0.915]
Sung et al., 2011 15 23 — 0.652 [0.427,0.836]
Random effects model 60 —— 0.801 [0.594; 0.918]

Heterogeneity: /2 = 40%, 12 = 0.4434, P= 0.17'

03040506070809 1

Figure 3 Diagnostic accuracy of PCE in UC.

insignificant mucosal lesions. Determining whether a detected le-
sion is truly diagnostic of CD is difficult without an accepted ref-
erence standard or longitudinal follow up. Future studies
evaluating the diagnostic yield of PCE systems should incorporate
longer prospective follow up periods, to determine the clinical im-
pact of any purported improved diagnostic yield.

To overcome the limitations of not having a gold standard diag-
nostic assessment, one study in our meta-analysis used an expert
consensus reference panel as the accepted gold standard to com-
pare against, thereby allowing the calculation of diagnostic
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accuracy values.”’ This method asks an expert panel to determine
the true disease state for each patient or intestinal segment. The
tested modalities are then compared with this reference standard.
However, this method is not without its own flaws such as incor-
poration bias.

Another potential confounder is the absence of standardization
in disease severity scores. The heterogeneity in the scoring criteria
used limits the ability to stringently compare disease activity be-
tween studies. This was an issue in both UC and CD studies,
and particularly for capsule endoscopy and colonoscopy. In
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Estimate [95% CI]

Type_New ——. 1.46 [0.82, 2.59]
Type_Old I 0.96 [0.37,2.47]
T T | 1
0.250 0.500 1.000 2.500
Odds Ratio
b Sensitivity of PCE in UC
Study Events Total Proportion 95%-Cl
Adler et al., 2019 18 18 —'—' 1.000 [0.815;1.000]
Shi etal., 2017 85 88 — 0.966 [0.904;0.993]
Juan-Acosta et al., 2014 14 16 0.875 [0.617;0.984]
Sung etal., 2011 68 76 — 0.895 [0.803;0.953]
Random effects model 198 — 0.938 [0.876; 0.970]

Heterogeneity: 1= 12%, 2= 0.141 9, P=0.33 I

0.650.70.750.80.850.90.95 1

Figure 4 Sub-group analysis (newer generation vs older generation capsules).

contrast, the MaRIA score was used in all studies with an MRE
comparator arm. We were able to overcome this in our analysis
by agreeing upon accepted definitions of active and inactive dis-
ease for each scoring criteria. Regardless, developing and uni-
formly applying an accepted and validated capsule endoscopy
scoring system in future prospective studies will substantially re-
duce bias and heterogeneity and allow for more informative
analyses.”’

Previous meta-analyses have primarily investigated the role
and accuracy of capsule endoscopy in the detection of small
bowel CD. A recent meta-analysis of 13 studies reported that
small bowel capsule endoscopy is comparable in its diagnostic
yield to MRE and small intestinal contrast ultrasound (SICUS),
with pooled ORs of 1.17 and 0.88, respectively.® Prior to that,
a meta-analysis of 19 studies reported that capsule endoscopy
had a superior diagnostic yield to CTE, small bowel radiography
and push enteroscopy in established CD.” Our meta-analysis
shows similarities to these data, with ORs of 1.35 and 1.32
compared against endoscopic assessment and MRE, respectively.
This is a significant finding, particularly the comparable diag-
nostic yield in the terminal ileum and colon where colonoscopy
is presumed to have superior accuracy. Additionally, our data
speak to the additive value that PCE, as a single,
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minimally-invasive diagnostic assessment, can have over the
currently accepted modalities (colonoscopy, MRE or small
bowel capsule endoscopy).

Our results for PCE systems in UC are significant given the high
sensitivity and positive predictive value. Several studies have
shown that capsule endoscopy has good concordance with colo-
noscopy for the evaluation of UC disease severity and
extent.'>'*'%!7 There is also high patient acceptance of PCE de-
spite the need for bowel preparation, due to limited discomfort
and not requiring sedation, with patients generally preferring cap-
sule endoscopy over colonoscopy.”! However, studies to date, in-
cluding our meta-analysis, have generally reported low
specificity and negative predictive values for PCE, suggesting
PCE:s are not suited for the confirmation of mucosal healing or re-
mission. This seems to be a result of PCE being somewhat indis-
criminate in its detection of mucosal lesions and not correctly
excluding non-IBD lesions, such as NSAID enteropathy, lesions
related to bowel preparation or other etiologies. While the current
literature and our meta-analysis results would not support PCE re-
placing fecal biomarkers or colonoscopy in UC diagnostic assess-
ment, perhaps there remains a role for its use in patients with
indeterminate fecal calprotectin results and/o those in whom colo-
noscopy is contra-indicated or high risk.

Journal of Gastroenterology and Hepatology 37 (2022) 2207-2216
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Our study reports numerous significant results and is, to the au-
thors’ knowledge, the first meta-analysis to report on the diagnos-
tic utility of pan-enteric capsule endoscopy systems in IBD. The
main limitations of our meta-analysis are a lack of a clearly de-
fined gold standard for Crohn’s disease diagnosis and a paucity
of studies. For Crohn’s disease studies, there is a potential for se-
lection bias due to the exclusion of the stricturing CD phenotype,
due to the risk of capsule retention. This may skew results favor-
ably towards capsule endoscopy, as stricturing disease would be
better assessed by MRE (or CTE). However, the main hurdle
preventing PCE occupying a more prominent role in the IBD diag-
nostic algorithm is its inability of collect samples for histology and
the absence of cross-sectional anatomical detail, the latter point be-
ing particularly crucial in a transmural condition, such as CD. The
inability of PCE to detect dysplasia or obtain histology to exclude
other pathology (i.e. CMV co-infection) limits PCE use in patients
with UC.

In conclusion, our meta-analysis shows that PCE has an equiv-
alent diagnostic yield to MRE and colonoscopy in
non-stricturing CD and has high diagnostic sensitivity in UC.
These results support the use of PCE in the diagnosis and monitor-
ing of CD, potentially as a single diagnostic or monitoring tool
given its pan-enteric assessment capacity. For UC, PCE has excel-
lent diagnostic sensitivity but is not suggested to be a replacement
for fecal calprotectin or colonoscopy. PCE may have a role in UC
in certain patient groups, and its use should be tailored to
individual clinical circumstances.
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