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Abstract: Background: Capsule endoscopy (CE) has become a widespread modality for non-invasive
evaluation of the gastrointestinal (GI) tract, with several CE models having been developed through-
out the years. The aim of this systematic review and meta-analysis is to evaluate performance
measures such as completion, detection and retention rates of CE. Methods: Literature through to Au-
gust 2021 was screened for articles regarding all capsule types: small bowel, double-headed capsule
for the colon or PillCam®Crohn’s capsule, magnetically-controlled capsule endoscopy, esophageal
capsule and patency capsule. Primary outcomes included detection rate (DR), completion rate (CR)
and capsule retention rate (RR). DR, CR and RR were also analyzed in relation to indications such as
obscure GI bleeding (OGIB), known/suspected Crohn’s disease (CD), celiac disease (CeD), neoplastic
lesions (NL) and clinical symptoms (CS). Results: 328 original articles involving 86,930 patients who
underwent CE were included. OGIB was the most common indication (n = 44,750), followed by CS
(n=17,897), CD (n =11,299), NL (n = 4989) and CeD (n = 947). The most used capsule type was small
bowel CE in 236 studies. DR, CR and RR for all indications were 59%, 89.6% and 2%, respectively.
According to specific indications: DR were 55%, 66%, 63%, 52% and 62%; CR were 90.6%, 86.5%,
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78.2%, 94% and 92.8%; and RR were 2%, 4%, 1%, 6% and 2%. Conclusions: Pooled DR, CR and
RR are acceptable for all capsule types. OGIB is the most common indication for CE. Technological
advancements have expanded the scope of CE devices in detecting GI pathology with acceptable
rates for a complete examination.

Keywords: capsule endoscopy; systematic review; detection; indications; completion

1. Introduction

Since its introduction into clinical practice more than two decades ago [1], wireless
capsule endoscopy (CE) has become an indispensable diagnostic modality for the small
bowel (SB) due to its non-invasive nature. As a result, its diagnostic role has been expanded
to include, apart from the investigation of obscure gastrointestinal bleeding (OGIB), that of
inflammatory bowel disease (IBD), polyposis syndromes and celiac disease (CeD), among
others. An infrequent but potentially serious adverse event is capsule retention. Although
retention can be managed conservatively in most cases, occasionally it requires endoscopic
or surgical intervention. Published capsule retention rates (RR) vary depending on the
background indication [2,3] and the use of a patency capsule (PC), a radiopaque dissolvable
capsule with an equivalent size and shape as its electronic counterpart. PC use has proven
safe and efficient to accurately assess SB functional patency [4].

Furthermore, technological breakthroughs prompted the development of additional
CE models to non-invasively evaluate other segments of the gastrointestinal (GI) tract.
For example, with the release of the colon capsule endoscopy (CCE) (2006) and the
PillCam®Crohn’s capsule (PCC) (2017) (which allows a pan-enteric exploration in a single
procedure [5]), CE again disrupted GI diagnostics. Moreover, recent studies are looking into
magnetically controlled capsules (MCCE) for gastric evaluation [6] or combined gastric and
SB assessment [7]. Therefore, we aimed to perform a systematic review and meta-analysis
of the available literature concerning lesion detection, examination completion and capsule
RR for all commercially available capsule models (i.e., esophageal, gastric/MCCE, SB, CCE
(or pan-enteric) and PC), based on procedure indications.

2. Materials and Methods
2.1. Search Strategy and Inclusion Criteria

Four of the authors (M.S., S.P, T.T., K.G.) independently searched PubMed /MEDLINE/
Embase/Ebsco/ClinicalTrials (from databases” inception until 17 August 2021) for studies
presenting CE detection, completion and/or retention rates. We included studies that
provided data on CEs performed in adults only, with study groups comprising at least
30 participants. We excluded reviews/systematic reviews, editorials/perspectives/opinion
pieces, individual case reports, letters to editors/commentaries and study protocols. The
search strings we used for each database are available in Appendix A. The electronic search
was followed by a manual review of the reference lists of relevant systematic reviews.
The study was registered at the PROSPERO international register of systematic reviews
(ID: 311560).

2.2. Data Abstraction

We abstracted data on the study design, country, aims, patient groups (age, gender)
and the type of capsule used according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) standard [8]. Next, we looked for data on CE
indications and grouped them as OGIB, Crohn’s disease (CD) (diagnostic workup or follow-
up), neoplastic lesions (NL) or CeD. Other indications for CE that did not fit in any of the
aforementioned groups are presented herein as clinical symptoms (CS). As the number of
studies included in the final step exceeded 300, six independent investigators performed
this step (A.E., M.S., S.P., M.R,, T.T., K.G.). Capsule-type groups were defined as: capsule
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for the small bowel (SBCE), double-headed capsule for the colon (CCE) or PillCam®Crohn'’s
capsule (PCC), magnetically-controlled capsule endoscopy (MCCE), esophageal capsule
(ESO) and patency capsule (PC). Whenever data were missing for the review, the authors
of individual studies were contacted for additional information via email twice, two weeks
apart. Consensus resolved any inconsistencies, with the last author/guarantor (A.K.) acting
as adjudicator where necessary.

2.3. Outcomes

Primary outcomes were the rates of: (a) lesion detection (DR); (b) examination comple-
tion (CR); and (c) capsule retention. These were analyzed for specific indications and for
all of the indications we evaluated. Outcomes were defined according to the definitions
provided by the European Society of Gastrointestinal Endoscopy [9]; the definition of
completion was based on the visualization of specific landmarks before the end of the
recording: for SBCE procedures, imaging of the cecum; for CCE and PCC procedures,
visualization of the anal verge/hemorrhoidal plexus; for ESO procedures, images of the
stomach mucosa; for MCCE procedures, complete visualization of all anatomical gastric
segments (i.e., cardia, fundus, body, incisura, antrum and pylorus). For PC procedures,
completion was defined as either capsule excretion or radiological evidence of the capsule
in the colon 30 h after ingestion.

2.4. Data Synthesis and Statistical Analysis

We conducted a random effects [10] model meta-analysis of outcomes when >3 studies
contributed data using Comprehensive Meta-Analysis V3 (http:/ /www.meta-analysis.com;
last access 21 February 2022). Verification of abstracted data was performed by two separate
investigators (A.S., A.L.). We explored study heterogeneity using the Chi-square test of
homogeneity, with p < 0.05 indicating significant heterogeneity. All analyses were two-tailed
with o = 0.05. The effect size that was measured was an event rate—in particular, DR, CR
and RR. Subgroup analyses regarding the type of capsule were conducted. We conducted
subgroup and exploratory maximum likelihood random effects meta-regression analyses of
the co-primary outcomes, for all indication event rates. Meta-regression variables included:

1. The year of publication (continuous moderator).

2. The number of study participants (continuous moderator).

3. The age of the participants (categorical moderator). We formulated the following
ranges in the latter case: <60, 60-80 and >80 years old. Finally, we inspected funnel
plots and used Egger’s regression test [11] and the Duval and Tweedie’s trim and
fill method where applicable [12] to quantify whether publication bias could have
influenced the results.

3. Results
3.1. Search Results

The initial search yielded 3241 hits. Two thousand seven hundred thirty-five (n = 2735)
studies were excluded after identification as duplicates and/or after evaluation on the
title/abstract level. Subsequently, we did not identify other studies via hand search. Even-
tually, 506 full-text articles were reviewed. Of those, 178 were excluded due to not fitting
our inclusion criteria. Reasons for exclusion were: type of study (case report, review, letter)
(n = 28); too few participants (n = 30); age of the subjects included in the study (n = 11);
animal studies (n = 2); language other than English/Spanish/French/Greek/Polish/Italian
(n =11); not enough data available (n = 30); full text not available (n = 35); technique pre-
sentation/diagnostic algorithms with no direct clinical CE involvement (n = 31). Therefore,
328 studies were found eligible and included in this meta-analysis (Supplementary Figure S1).

3.2. Study and Studied Subjects Characteristics

Altogether, 328 studies comprising 86,930 patients who underwent CEs were included
in the final synthesis. We abstracted data from 122 retrospective and 206 prospective studies.
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Patients of both genders were included, with the highest reported percentage of males
being 94.2%. The youngest mean age was 26, while the highest median age was 72. The
most prevalent indication for CE was OGIB (n = 44,750), followed by CD (n = 11,299),
NL (n = 4989) and CeD (n = 947). Unspecified CS was reported in 17,897 individuals.
The most used capsule type was SBCE in 236 studies (Figure 1). Data are available in
Supplementary Table S1.

2002
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2006
2007
2008

B sB
2009
B CCE
2010
PCC
2011
W PC
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B ESO
2013
B MCCE
2014
2015
2016
2017
2018
2019
2020
2021
0 10 20 30

Figure 1. Yearly publication of included studies per type of capsule.

3.3. Lesion Detection Rates (DR) by Capsule Type

The DR was calculated per indication group as a pooled event rate. This was either
provided by the authors (with no information regarding particular lesion types) or calcu-
lated by ourselves (as the sum of the detected lesions per indication group). In addition,
we conducted a comparative analysis by capsule type. The DR for all lesions (pooled
data) differed significantly by capsule type, with the highest rate for PCC (DR = 0.693),
followed by CCE (DR = 0.643). However, in the indication subgroup analyses, there were
no significant differences in DRs by capsule type; data is presented in Table 1. Raw data can
be found in Supplementary Table S2. Exemplary forest plots (indication subgroup—OGIB
and CD) are depicted in Figure 2 and Figure S2.
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Table 1. Detection rates by type of capsule endoscope.

N Effect Size and 95%CI Test Z He*“-g‘;%:gigngf;gsfixed
apsule e :
T e e S URT avaue Ve QUi 4O plale P
OGIB
CCE 2 0.50 0.16 0.84 0.02 0.98 11.30 1.00 0.00 91.15
ESO 1 0.37 0.08 0.79 —0.58 0.56 0.00 0.00 1.00 0.00
MCCE 3 0.47 0.23 0.72 —-0.22 0.83 31.78 2.00 0.00 93.71
SBCE 95 0.59 0.54 0.63 3.79 0.00 2814.10  94.00 0.00 96.66
Total between 1.79 3.00 0.62
Overall 101 0.55 0.44 0.66 0.89 0.38 2880.59  100.00 0.00 96.53
CD
CCE 2 0.82 0.60 0.93 2.66 0.01 2.37 1.00 0.12 57.86
Combi 1 0.52 0.19 0.83 0.09 0.93 0.00 0.00 1.00 0.00
PCC 4 0.68 0.48 0.83 1.74 0.08 12.94 3.00 0.00 76.81
SBCE 36 0.62 0.55 0.68 342 0.00 301.31 35.00 0.00 88.38
Total between 3.71 3.00 0.29
Overall 43 0.66 0.53 0.77 2.38 0.02 345.07 42.00 0.00 87.83
NL
CCE 12 0.67 0.55 0.78 2.73 0.01 366.85 11.00 0.00 97.00
SBCE 7 0.56 0.38 0.72 0.62 0.53 104.46 6.00 0.00 94.26
Total between 1.19 1.00 0.27
Overall 19 0.63 0.52 0.73 227 0.02 478.65 18.00 0.00 96.24
CeD
SBCE 9 0.52 0.40 0.64 0.37 0.71 39.63 8.00 0.00 79.81
Total between 0.00 0.00 1.00
Overall 9 0.52 0.40 0.64 0.37 0.71 39.63 8.00 0.00 79.81
CS
CCE 11 0.60 0.42 0.75 1.09 0.28 155.06 10.00 0.00 93.55
ESO 7 0.68 0.48 0.84 1.74 0.08 113.49 6.00 0.00 94.71
MCCE 4 0.68 0.40 0.87 1.29 0.20 107.81 3.00 0.00 97.22
PCC 2 0.84 0.43 0.97 1.66 0.10 2.32 1.00 0.13 56.93
SBCE 41 0.55 0.46 0.64 1.02 0.31 907.32 40.00 0.00 95.59
Total between 3.82 4.00 0.43
Overall 65 0.62 0.51 0.73 2.07 0.04 137125  64.00 0.00 95.33
All indications
CCE 38 0.64 0.58 0.70 4.71 0.00 738.68 37.00 0.00 94.99
Combi 2 0.58 0.34 0.79 0.65 0.51 3.39 1.00 0.07 70.46
ESO 9 0.59 0.46 0.70 1.39 0.16 160.41 8.00 0.00 95.01
MCCE 17 0.47 0.38 0.56 —0.61 0.54 616.48 16.00 0.00 97.40
PCC 5 0.69 0.53 0.82 2.24 0.03 17.71 4.00 0.00 77.42
SBCE 202 0.57 0.55 0.60 5.49 0.00 4316.24  201.00 0.00 95.34
Total between 11.92 5.00 0.04
Overall 273 0.59 0.52 0.65 2.65 0.01 7360.86  272.00 0.00 96.30

Abbreviations: CCE: colon capsule endoscopy; CD: Crohn’s disease; CeD; celiac disease; CI: confidence interval;
Combi: different types of capsules; CS: clinical symptoms; ESO: esophageal capsule; MCCE: magnetically con-
trolled capsule endoscopy; NL: neoplastic lesions; OGIB: obscure gastrointestinal bleeding; PCC: PillCam®Crohn’s
capsule; SBCE: small bowel capsule endoscopy.
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Detection rate in OGIB by capsule type

Model Capsule type Study name Sample size Statistics for each study Event rate and 95% Cl

Event Lower Upper
rate  limit limit Z-Value p-Value

CCE Herrerias-Gutiérrez et al., 2011 144 0833 0591 0945 2545 0011
CCE Hussey et al., 2018 50 0,077 0,011 0,391 0,017
Fixed CCE 0624 0365 0,827 0,350
Random CCE 0,505 0,160 0,844 0,983
ESO Gralnek et al., 2013 49 0366 0,234 0,521 0,090
Fixed ESO 0,366 0,234 0,521 0,090
Random ESO 0,366 0,083 0,787 0,561
MCCE Chauhan et al., 2018 12 0,206 0,138 0,295 0,000
MCCE Ching etal., 2019 50 0490 0354 0,627 0,886
MCCE Ching etal., 2019a 34 0765 0,595 0,878 0,004
Fixed MCCE 0,389 0314 0470 0,008
Random MCCE 0470 0,234 0,721 0,828
sB Pandey etal., 2016 68 0647 0,527 0,751 0,017
sB Parikh et al., 2011 210 0,357 0,295 0,000
sB Pennazio et al., 2004 100 0,620 0,521 0,017
sB Pioche et al., 2011 83 0,446 0,343 0,324
sB Ribeiro etal., 2015 214 0425 0,361 0,029
sB Riccion etal., 2010 138 0,659 0,577 0,000
sB Robinson etal., 2011 707 0,438 0,402 0,001
sB Rondonott et al., 2010 2021 0,928 0,916 0,000
sB Sakai etal.,, 2013 242 0612 0,549 0,001
sB Saurin etal., 2003 60 0,667 0,539 0,011
sB Scaglione et al., 2011 48 0,583 0,441 0,250
sB Scapa et al., 2002 35 0,829 0,667 0,000
sB Sears et al., 2004 52 0,923 0812 0,000
sB Shahidi et al., 2012 668 0,420 0,384 0,000
sB Sheibani et al., 2010 89 0,610 0,501 0,049
sB Shyung etal., 2010 152 079 0,725 0,000
sB Stein etal., 2014 16 0293 0218 0,000
sB Sungetal., 2017 34 0,206 0,101 0,001
sB Shishido et al., 2012 18 0,449 0,362 0270
sB Tian etal., 2013 62 0,943 0,798 0,000
sB Tontini et al., 2017 172 0423 0,344 0,066
sB Laine et al., 2010 60 0,333 0,226 0,011
sB Vere etal., 2012 43 0,789 0,554 0,019
sB Viazis et al., 2005 9% 0417 0,323 0,104
sB Watari etal., 2013 421 0,326 0,283 0,000
sB Wiarda et al., 2012a 34 0412 0,261 0,306
sB Xavier etal., 2018 7 0799 0725 0,000
sB Zakaria et al., 2009 54 0,685 0,551 0,008
sB Zhang etal,, 2012 385 0,636 0,587 0,000
sB Zhang etal,, 2018 89 0,909 0,700 0,002
sB Zhang etal,, 2015 88 0,602 0,497 0,057
sB Zwinger etal., 2019 153 0,340 0,269 0,000
sB Mussetto et al., 2013 18 0,576 0,486 0,099
sB Hartmann et al., 2007 55 0750 0,595 0,003
sB Hartmann et al., 2005 47 0,638 0,493 0,061
sB Hoedemaker et al., 2014 674 0,643 0,599 0,000
sB Hosono et al., 2011 80 0,242 0,154 0,000
sB Idaetal, 2012 232 0474 0,119 0,000
sB lioetal., 2019 146 0512 0,425 0,790
sB Innocenti et al., 2020 290 0738 0,684 0,000
sB Kamalporn et al., 2008 51 0,882 0,762 0,000
sB Karagiannis et al., 2006 68 0485 0,369 0,808
sB Katsinelos et al., 20102 101 0411 0,290 0,184
sB Kim et al., 2013 125 0,496 0,409 0,929
sB Kim et al., 2005 75 0,600 0,486 0,085
sB Koh etal., 2013 95 0,400 0,307 0,053
sB Kunihara et al., 2018 357 0,440 0,389 0,023
sB Lapalus et al., 2008 129 0472 0,387 0,535
sB Law etal., 2017 495 0727 0677 0,000
sB Lietal, 2016 853 0675 0,643 0,000
sB Lietal, 2010 190 0,868 0,813 0,000
sB Liao et al., 2008 63 0,889 0,739 0,000
sB Liao etal., 2010a 2400 0,624 0,597 0,000
sB Lim et al., 2020 83 0723 0617 0,000
sB Limsrivilai et al., 2017 58 0,500 0,367 1,000
sB Marmo et al., 2009 201 0,907 0,857 0,000
sB Marya etal., 2018 206 0,643 0,489 0,068
sB Mata et al., 2004 42 0738 0,586 0,003
sB Nakamura etal., 2006 32 0594 0,419 0,292
sB Neu etal., 2005 56 0,679 0,546 0,009
sB Ormeci etal., 2016 141 0849 0,779 0,000
sB Aasen etal,, 2019 260 0431 0,369 0,036
sB Albert et al., 2008 285 0768 0,716 0,000
sB Alkhormi et al., 2018 103 0,560 0,457 0,250
sB Aisahafi etal., 2020 43 0,535 0,387 0,648
sB Amomsawadwattana et al., 2016 30 0,400 0,243 0277
sB Aoyama et al., 2014 19 0429 0,343 0,120
sB Arakawa et al., 2009 162 0,127 0,077 0,000
sB Ben Soussan etal., 2004 35 0,457 0,302 0613
sB Ben Soussan et al., 2005 42 0476 0,332 0,758
sB Boal Carvalho et al., 2017 281 0288 0,238 0, . 0,000
sB Calabrese etal., 2015 849 0,206 0,180 0,235 -15894 0,000
sB Chiba etal., 2011 53 0,094 0,040 0207 -4813 0,000
sB Choi etal., 2013 105 0410 0320 0506 -1844 0,065
sB Contaldo et al., 2019 109 0734 0,643
sB Cuyle etal., 2011 120 0475 0,387
sB D'Halluin et al., 2005 191 0,468 0,391
sB Deleusse etal, 2005 64 0453 0,336
sB Dolak et al., 2012 59 0,548 0,374
sB Ersoy etal.,, 2008 66 0,957 0,842
sB Ersoy etal., 2006 39 0739 0,528
sB Estévez et al., 2006 100 0,680 0,583
sB Fireman et al., 2004 160 0,577 0,465
sB Flemming et al., 2018 202 0772 0,675
sB Huo-Ye Gan etal., 2019 12 0,636 0,463
sB Huo-Ye Gan etal., 2015 80 0471 0,255
sB Yun Jie Gao etal., 2010 534 0,124 0,093 0,163 -11,865 0,000
sB Girelli et al., 2017 1433 0530 0,504 0556 2207 0,022
sB Mahesh Kumar Goenka etal., 2011 385 0738 0691 0779 8924 0,000
sB Golder et al., 2006 36 0357 0,157 0624 -1054 0202
sB Gomes et al., 2020 89 0910 0830 0954 6247 0,000
sB Gomez etal,, 2013 780 0,867 0,836 0,893 14,805 0,000
sB Muhammed Hadithi et al., 2006 35 0829 0667 0921 3513 0,000
sB Shahrad Hakimian et al., 2018 48 0,896 0,773 0956 4554 0,000
Fixed SB 0,563 0,555 0,571 15120 0,000
Random SB 0590 0,544 0634 3,791 0,000
Fixed Overall 0561 0,553 0,569 14,699 0,000
Random Overall 0553 0436 0663 0886 0375

Figure 2. Detection rates in obscure gastrointestinal bleeding by capsule type.

Regarding DR, for all lesions, we conducted a meta-regression and found that nei-
ther the year of publication (coefficient = —0.019; standard error (SE) = 0.011, Z = —1.77,
p = 0.076) nor the number of participants per study (coefficient = —0.0001; SE = 0.0001,
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Z =—1.23, p =0.2196) or the age range (“<60”: coefficient = 0.067; SE = 0.1850, Z = 0.36,
p = 0.7158; “60-80": coefficient = 0.1617; SE = 0.1975, Z = 0.82, p = 0.4129) influenced study-
level effect sizes. We also inspected funnel plots and found that Egger’s test did not suggest
a publication bias regarding the net DR for all indications (OGIB: p = 0.612; CD: p = 0.111;
NL: p = 0.232; CeD: p = 0.155), except for DRs in CS (p = 0.029) and for all lesions (p = 0.040).
In the former, the Duval and Tweedie method adjusted values of 13 studies to the left of the
mean; random model point estimate 0.481; 95%CI 0.408-0.555, Q value = 1922.019; whilst
in the latter, the approach-adjusted values of 44 studies to the left of the mean; random
model point estimate 0.515; 95%CI 0.491-0.539, Q value = 8811.99.

3.4. Completion Rates (CR) by Capsule Type

The CRs were also calculated per indication group as pooled event rates. The OGIB
and CD subgroup analyses by capsule type demonstrated no significant differences in
CRs. However, the CRs for NL, CS and pooled data differed significantly by capsule type,
with the highest rates for CCE (NL: CR = 0.921; Supplementary Figure S3) and MCCE
(CS: CR =0.997; All indications: CR = 0.959). Data is presented in Table 2 and Table S3.
In the case of CRs for all lesions, we conducted a meta-regression and no association
between the year of publication (coefficient = 0.000; SE = 0.013, Z = 0.00, p = 0.99), the
number of patients (coefficient = 0.0001; SE = 0.0001, Z = 0.49, p = 0.6252), the age range
(“<60”: coefficient = —0.0247; SE = 0.218, Z = —0.11, p = 0.91; “60-80": coefficient = —0.078;
SE =0.239, Z = —0.33, p = 0.704) or the effect size was found.

Table 2. Completion rates by type of capsule endoscope.

Effect Size and 95%CI Test Z Heterogenity (from Fixed Effect Analysis)
Number .
e Stuties o Lowel UPPEC ;Value  pValue  QValue  dfQ pValue P
OGIB
CCE 1 0.742 0.398 0.926 1.407 0.159 0.000 0.000 1.000 0.000
ESO 1 0.978 0.803  0.998 3.107 0.002 0.000 0.000 1.000 0.000
MCCE 1 0.978 0.667  0.999 2.396 0.017 0.000 0.000 1.000 0.000
SBCE 56 0.891 0.868 0.910 1.894 0.000 508.477 55.000  0.000 89.183
Total between 5.031 3.000 0.170
Overall 59 0.906 0.753  0.968 3848 0.000 519.524 58.000  0.000 88.836
CD
CCE 2 0.702 0.632 0.764 5.300 1.16 x 1077 4.517604 1.000 0.034 77.864
Combi 1 0.991 0.875 0.999 3.328 874 x 107%  6.67 x 10~*  0.000 1.000 0.000
PC 2 0.893 0.827  0.935 7.480 7.46 x 10714 0.195398 1.000 0.658 0.000
PCC 4 0.879 0.828 0.916 9.521 0 3.270906 3.000 0.352 8.282
SBCE 24 0.717 0.696 0.737 18231 0 0.0187 23.000  0.000 87.704
Total between 6.957 4.000 0.138
Overall 33 0.865 0.766  0.927 5.410 6.30 x 1078 242.297 32.000  0.000 86.793
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Table 2. Cont.

Effect Size and 95%CI Test Z Heterogenity (from Fixed Effect Analysis)
Number .
Capsule Type N lf(fies Ei?rlr:latte t?nv:;r Eilr)rl:iir z Value p Value Q Value df(Q) p Value 2
NL
CCE 11 0.921 0.860  0.957 7.467 0.000 155.2934 10.000  0.000 93.561
PC 1 0.496 0.127 0.870 —0.015 0.988 2.07 x 1077 0.000 1.000 0.000
SBCE 6 0.707 0.512 0.848 2.073 0.038 56.14724 5.000 0.000 91.095
Total between 12.024 2.000 0.002
Overall 18 0.782 0.455 0.939 1.718 0.086 409.476 17.000  0.000 95.84835
CeD
SBCE 5 0.940 0.836  0.980 4.817 1.46 x 107° 19.41264 4.000 0.001 79.395
Overall 5 0.940 0.836  0.980 4.817 1.46 x 107° 19.41264 4.000 0.001 79.395
Cs
CCE 8 0.888 0.790 0.944 5.442 0.000 57.4281 7.000 0.000 87.811
ESO 4 0.817 0.642 0.918 3.211 0.001 50.21082 3.000 0.000 94.025
MCCE 3 0.997 0.982  1.000 6.225 0.000 9.61 x 1073 2.000 0.995 0.000
PC 1 0.870 0.562  0.972 2.257 0.024 0 0.000 1.000 0.000
PCC 2 0.960 0.831 0.992 3.911 0.000 712 x 1074 1.000 0..979 0.000
SBCE 23 0.902 0.859 0.932  10.607 0.000 90.13725 22.000  0.000 75.593
Total between 18.916 5.000 0.002
Overall 41 0.928 0.845 0.968 5.847 5.01 x 1077 2774474 40.000  0.000 85.583
All indications
CCE 42 0.857 0.818 0.889  12.255 0.000 485.6277 41.000  0.000 91.557
Combi 3 0.953 0.872  0.984 5.390 0.000 467.6693 2.000 0.000 99.572
ESO 5 0.859 0.712  0.938 3.936 0.000 58.78379 4.000 0.000 93.195
MCCE 13 0.959 0.924 0.978 9.615 0.000 389.2855 12.000  0.000 96.917
PC 12 0.846 0.764 0.903 6.333 0.000 397.1725 11.000  0.000 97.230
PCC 5 0.920 0.825 0.965 5.399 0.000 8.72 4.000 0.069 54.123
SBCE 177 0.876 0.860 0.890  27.449 0.000 2356.912 176.000  0.000 92.533
Total between 20.125 6.000 0.003
Overall 257 0.896 0.857 0.925  11.640 0.000 4681.25 256.000 0.000 94.531

Abbreviations: CCE: colon capsule endoscopy; CD: Crohn’s disease; CeD: celiac disease; CI: confidence interval;
Combi: different type of capsules; CS: clinical symptoms; ESO: esophageal capsule; MCCE: magnetically controlled
capsule endoscopy; NL: neoplastic lesions; OGIB: obscure gastrointestinal bleeding; PC: patency capsule; PCC:
PillCam®Crohn'’s capsule; SBCE: small bowel capsule endoscopy.

Egger’s test did suggest a publication bias regarding the net CR for all indications
(OGIB: p = 0.00002; CD: p = 0.00001; CS: p = 0.00005; pooled indications p = 0.0000), apart
from NL (p = 0.062) and CeD (p = 0.287) CRs. The Duval and Tweedie method-adjusted
values were as follows: OGIB 13 studies to the left of the mean; random model point
estimate: 0.868; 95%CI: 0.841-0.891, Q value = 609.240; CD: 11 studies to the left of the
mean; random model point estimate: 0.785; 95%CI: 0.729-0.832, Q value = 295.78; CS:
13 studies to the left of the mean; random model point estimate: 0.857; 95%CI: 0.811-0.894,
Q value = 348.054; pooled indications 61 studies to the left of the mean; random model
point estimate: 0.836; 95%CI: 0.819-0.852, Q value = 5780.222.
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3.5. Retention Rates (RR) by Capsule Type

The RRs did not differ significantly by capsule types in the OGIB and CD indication
groups. There were, however, significant differences for other indications. In the case of NL
and CS, the lowest RRs were for PC (NL: RR = 0.002; CS: RR = 0.002; Supplementary Figure
54), whilst for pooled indications, the lowest RRs were found for CCE (RR = 0.008) and
MCCE (RR = 0.01). Data is presented in Table 3 and Supplementary Table S4. RRs for all le-
sions were not influenced by any of the covariates (Year of publication: coefficient = —0.031;
SE =0.021, Z = —1.45, p = 0.146; Number of patients: coefficient = —0.0001; SE = 0.0001,
Z = —1.24, p = 0.216; age range: “<60”: coefficient = 0.448; SE = 1.26, Z = 1.26, p = 0.206;
“60-80": coefficient = 0.123; SE = 0.387, Z = 0.32, p = 0.751).

Table 3. Retention rates by type of capsule endoscope.

Heterogenity (from Fixed

Capsule Type Effect .Size and 95%CI Test Z Effect Analysis)
ofStudies Esimate  Limit Ly ZVive  pYalie QValie dfQ@ plame P
OGIB
CCE 3 0.04 0.01 0.21 —3.39 0.00 1.48 2.00 0.48 0.00
Combi 2 0.01 0.00 0.03 —9.10 0.00 45.28 1.00 0.00 97.79
MCCE 2 0.06 0.01 0.37 —242 0.02 1.09 1.00 0.30 7.94
PC 1 0.02 0.00 0.12 —3.98 0.00 0.00 0.00 1.00 0.00
SBCE 60 0.01 0.01 0.02 —30.98 0.00 102.89 59.00 0.00 42.66
Total between 3.22 4.00 0.52
Overall 68 0.02 0.01 0.03 —13.02 0.00 157.76 67.00 0.00 57.53
CD
CCE 1 0.01 0.00 0.16 —2.95 0.00 0.00 0.00 1.00 0.00
Combi 2 0.04 0.01 0.22 —-3.27 0.00 5.08 1.00 0.02 80.33
MCCE 1 0.11 0.01 0.71 —-1.37 0.17 0.00 0.00 1.00 0/00
PC 4 0.08 0.02 0.26 —342 0.00 34.61 3.00 0.00 91.33
PCC 3 0.03 0.01 0.17 —3.64 0.00 3.94 2.00 0.14 49.29
SBCE 39 0.04 0.03 0.07 —11.86 0.00 390.55 38.00 0.00 90.27
Total between 2.46 5.00 0.78
Overall 50 0.04 0.02 0.09 —8.67 0.00 520.57 49.00 0.00 90.59
NL
CCE 11 0.00 0.00 0.01 —12.08 0.00 9.58 10.00 0.48 0.00
Combi 1 0.01 0.00 0.06 —4.40 0.00 0.00 0.00 1.00 0.00
MCCE 1 0.01 0.00 0.19 —291 0.00 0.00 0.00 1.00 0.00
PC 1 0.00 0.00 0.04 —4.11 0.00 0.00 0.00 1.00 0.00
SBCE 9 0.04 0.02 0.07 —9.64 0.00 16.55 8.00 0.04 51.65
Total between 21.23 4.00 0.00
Overall 23 0.01 0.00 0.04 —5.82 0.00 69.32 22.00 0.00 68.26
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Table 3. Cont.

Effect Size and 95%ClI

Test Z Heterogenity (from Fixed

Capsule Type . Effect Analysis)
ofStudies Esimate  Limit L ZVive  pYalie QValie dfQ plame P
CeD
SBCE 6 0.06 0.00 0.48 —2.01 0.04 50.01 5.00 0.00 90.00
Overall 6 0.06 0.00 0.48 —2.01 0.04 50.01 5.00 0.00 90.00
CSs
CCE 7 0.02 0.00 0.06 —5.79 0.00 1.77 6.00 0.94 0.00
Combi 2 0.04 0.01 0.22 -3.30 0.00 27.51 1.00 0.00 96.36
ESO 3 0.25 0.05 0.69 —1.13 0.26 51.67 2.00 0.00 96.13
MCCE 5 0.01 0.00 0.03 —6.07 0.00 1.81 4.00 0.77 0.00
PC 1 0.00 0.00 0.07 —3.31 0.00 0.00 0.00 1.00 0.00
PCC 1 0.01 0.00 0.21 —2.78 0.01 0.00 0.00 1.00 0.00
SBCE 33 0.03 0.01 0.04 —12.51 0.00 157.35 32.00 0.00 79.66
Total between 12.96 6.00 0.04
Overall 52 0.02 0.01 0.06 —6.80 0.00 426.64 51.00 0.00 88.05
All indications
CCE 42 0.01 0.00 0.01 —-17.99 0.00 156.98 41.00 0.00 73.88
Combi 3 0.02 0.00 0.08 —5.39 0.00 592 2.00 0.05 66.22
ESO 9 0.04 0.01 0.11 —5.62 0.00 146.12 8.00 0.00 94.52
MCCE 17 0.01 0.00 0.02 —11.69 0.00 49.67 16.00 0.00 67.79
PC 12 0.05 0.03 0.10 —7.76 0.00 145.24 11.00 0.00 92.43
PCC 5 0.02 0.01 0.08 —5.62 0.00 7.29 4.00 0.12 45.16
SBCE 184 0.02 0.01 0.02 —37.76 0.00 937.46 183.00 0.00 80.48
Total between 21.50 6.00 0.00
Overall 272 0.02 0.01 0.03 —14.18 0.00 1832.05  271.00 0.00 85.21

Abbreviations: CCE: colon capsule endoscopy; CD: Crohn’s disease; CeD: celiac disease; CI: confidence interval;
Combi: different type of capsules; CS: clinical symptoms; ESO: esophageal capsule; MCCE: magnetically controlled
capsule endoscopy; NL: neoplastic lesions; OGIB: obscure gastrointestinal bleeding; PC: patency capsule; PCC:
PillCam®Crohn’s capsule; SBCE: small bowel capsule endoscopy.

Egger’s test did suggest a publication bias regarding the net RR for almost all in-
dications; OGIB: p = 0.046; CD: p = 0.019; NL: p = 0.00000; CS: p = 0.010; pooled lesions
p = 0.0000). Only in the case of CeD was there no publication bias detected (p = 0.971). The
Duval and Tweedie method-adjusted values were as follows: OGIB 20 studies to the right
of the mean; random model point estimate: 0.022; 95%CI: 0.016-0.026, Q value = 257.505;
CD: 12 studies to the right of the mean; random model point estimate: 0.064; 95%CI:
0.043-0.093, Q value = 579.807; NL: 8 studies to the right of the mean; random model point
estimate: 0.023; 95%CI: 0.012-0.045, Q value = 93.036; CS: 18 studies to the right of the
mean; random model point estimate: 0.046; 95%CI: 0.030-0.071, Q value = 473.375; pooled
lesions 97 studies to the right of the mean; random model point estimate: 0.027; 95%CI:
0.023-0.032, Q value = 2104.689.

4. Discussion

This meta-analysis collected articles describing CE procedures in the last 20 years,
focusing on specific performance indicators such as completion, detection and retention
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rates (Table 4). In 2010, Liao and colleagues [13] performed a systematic review with similar
aims; however, they only extracted and analyzed SBCE outcomes because at that time, other
CE literature was inevitably scarcer. Nevertheless, their work highlighted the acceptable
SBCE safety profile and satisfactory pooled detection and CR of the analyzed studies. As
technological advancements have allowed newer CE tools to enter the market, we decided
that the time was ripe to provide a necessary, all-inclusive 2022 update by assimilating
additional evidence in our analysis. Although several other monothematic meta-analyses
have been published to date, including a detailed meta-analysis on adverse events for all
types of CE by the same group [14]. This work provides a detailed overview of the entire
spectrum of CE use in clinical practice.

Table 4. Detection, completion and retention rate of capsule endoscopy (all types) according
to indications.

Indications Detection Rate Completion Rate Retention Rate
OGIB 55% 90.6% 2%
CD 66% 86.5% 4%
NL 63% 78.2% 1%
CeD 52% 94.0% 6%
Cs 62% 92.8% 2%
All Indications 59% 89.6% 2%

Abbreviations: CD: Crohn’s disease; CeD: celiac disease; CS: clinical symptoms; NL: neoplastic lesions; OGIB:
obscure gastrointestinal bleeding.

Our analysis showed no significant difference in the pooled lesion detection per
indication group in CE, although the highest DRs were seen with PCC and CCE. This
overarching result supports published studies that advocate for routine use of double-
headed CE in SB assessment, largely due to its enhanced detection potential and ability to
change clinical diagnosis and patient management [15]. Naturally, CD and NL were the
indication group with the highest DR, with percentages of 66% and 63%, respectively. One
explanation for this could be a more selective allocation in these patient groups and the
expected higher incidence of colonic neoplasia when compared to SB NL.

Overall, completion was obtained in 89.6% of the procedures (all types of CE), in line
with previous results in the literature [13]. OGIB and CD, the most represented indications,
did not show any statistically significant difference in CR (90.6% and 86.5%, respectively),
or even in the subgroup analyses per capsule type. CCE was used in the investigation of
colonic NL in 11 studies, with a satisfactory CR of over 92%. Retention, probably the most
cumbersome adverse event in CE, is an uncommon complication (<1% of the procedures),
which is known to be reduced by the use of PC [14] and favored by underlying CD [3]. In
our study, the overall RR was as low as 2%, with the highest values of 4% and 6% in CD and
CeD, respectively. The highest values seen in CeD can likely be explained by heterogeneity
due to the low number of studies (only 6) compared to other indications (68, 52, 50 and 23,
respectively, for OGIB, CS, CD and NL).

This study has a number of limitations. First, the heterogeneity of the included studies
in regard to the terminology of measured outcomes and data presentation, with publication
bias (shown by Egger’s tests) on outcomes of CRs and RRs. Secondly, the exclusion of
studies with <30 participants may add uniformity to the results while excluding potentially
useful data from the analysis. Last, the meta-regression was performed at a study level,
thereby not allowing further analyses on the demographical data.

5. Conclusions

In conclusion, in the last 20 years, CE has confirmed its substantial role in GI examina-
tion. With an excellent safety profile, technological advancements have expanded the scope
of CE devices in the detection of GI pathology with acceptable rates for complete examina-
tion; however, pitfalls still persist (e.g., capsule retention in CD patients, optimal and shared
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bowel preparation regimens). It is expected that the widespread adoption of Al-based
technologies, which provide high profiles of pathology detection and characterization, will
further enhance the performance outcomes of CE [16].

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/diagnostics12051105/s1, Figure S1: Study’s consort flow dia-
gram; Figure 52: Detection rates in Crohn’s disease by capsule type; Figure S3: Completion rates
in neoplastic lesions by capsule type; Figure S4: Retention rates in neoplastic lesions by capsule
type; Table S1: Characteristics of included studies; Table S2: Detection; Table S3: Completion;
Table S4: Retention.
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Appendix A

Search terms used per database are described below:

For PubMed /MEDLINE/Ebsco: (capsule endoscopy OR capsule endoscopy OR cap-
sule enteroscopy OR wireless capsule endoscopy OR wireless capsule enteroscopy OR
capsule endoscope OR capsocam OR capsocam plus OR capsocam sv-1 OR capsocam sv1
OR endocapsule OR imaging m2a capsule OR m2a (capsule endoscope) OR mirocam OR
mirocam green OR mirocam mc 1600 OR mirocam mc2000 OR mirocam navi OR mirocam
system OR omom OR omom capsule endoscopy system OR pillcam OR pillcam colon
OR pillcam colon 2 OR pillcam eso OR pillcam sb OR capsule endoscope OR capsule
endoscopes OR video capsule endoscopy system OR video capsule endoscopy system
capsule OR video capsule endoscopy system transmitter OR wireless capsule endoscope)
AND (detection OR completion OR retention OR aspiration OR aspirate) NOT (review
OR review OR meta-analysis OR analysis, meta OR meta-analysis OR meta-analysis OR
meta-analysis). Filter applied: Humans.

For Embase: (‘capsule endoscopy’/exp OR ‘capsule endoscopy’” OR ‘capsule en-
teroscopy’ OR ‘wireless capsule endoscopy” OR “wireless capsule enteroscopy” OR ‘capsule
endoscope’/exp OR “capsocam’ OR “capsocam plus’ OR ‘capsocam sv-1’ OR ‘capsocam sv1’
OR ‘endocapsule” OR ‘imaging m2a capsule’ OR ‘m2a (capsule endoscope)’ OR ‘mirocam’
OR ‘mirocam green” OR ‘mirocam mc 1600" OR ‘mirocam mc2000’ OR ‘mirocam navi’ OR
‘mirocam system’ OR ‘omom” OR ‘omom capsule endoscopy system” OR “pillcam” OR “pill-
cam colon’ OR “pillcam colon 2’ OR “pillcam eso’ OR “pillcam sb” OR “capsule endoscope’ OR
‘capsule endoscopes’ OR ‘video capsule endoscopy system” OR ‘video capsule endoscopy
system capsule” OR ‘video capsule endoscopy system transmitter” OR ‘wireless capsule
endoscope’) AND (detection OR “‘completion’/exp OR retention OR “aspiration’/exp OR
‘aspirate’ OR ‘aspiration’) NOT (‘review’/exp OR ‘review’ OR ‘meta-analysis’/exp OR
‘analysis, meta” OR ‘meta-analysis” OR ‘meta-analysis” OR ‘meta-analysis’).

For ClinicalTrials: capsule endoscopy | completed studies | adult, older adult.
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