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ABSTRACT

Background and study aims When capsule endoscopy
(CE) detects a small bowel (SB) target lesion that may be
manageable with enteroscopy, the selection of the inser-
tion route is critical. Time- and progression-based CE indi-
ces have been proposed for localization of SB lesions. This
systematic review analysed the role of CE transit indicators
in choosing the insertion route for double-balloon entero-
scopy (DBE).

Methods A comprehensive literature search identified pa-
pers assessing the role of CE on the choice of the route se-
lection for DBE. Data on CE, criteria for route selection, and
DBE success parameters were retrieved and analyzed ac-
cording to the PRISMA statement. Risk of bias was assessed
through the STROBE assessment. The primary outcome
evaluated was DBE success rate in reaching a SB lesion,
measured as the ratio of positive initial DBE to the number
of total DBE.

Results Seven studies including 262 CEs requiring subse-
quent DBE were selected. Six studies used time-based indi-
ces and one used the PillCam Progress indicator. SB lesions
were identified and insertion route was selected according
to a specific cut-off, using fixed landmarks for defining SB
transit except for one study in which the mouth-cecum
transit was considered. DBE success rate was high in all
studies, ranging from 78.3% to 100 %. Six of seven studies
were high quality.

Conclusions The precise localization of SB lesions remains
an open issue, and larger studies are required to determine
the most accurate index for selecting the DBE insertion
route. In the future, 3D localization technologies and track-
ing systems will be essential to accomplish this tricky task.
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Introduction

Since its widespread adoption in clinical practice, capsule
endoscopy (CE) has turned the tables in the field of accurate di-
agnosis and management for the majority of small bowel (SB)
pathologies. Nonetheless, CE remains an endoscopic modality
devoid of any interventional capabilities. CE is used, therefore,
as “scout” for SB lesions. To date, several device-assisted en-
teroscopy (DAE) systems, such as double-balloon enteroscopy
(DBE), single-balloon enteroscopy (SBE), and spiral enteroscopy
(SE) are available [1,2]. DAE can be performed either through
the oral or the anal orifice. The choice of anatomical route for
instrument insertion depends on the lesion location, which is
often based on CE data [2-4]. In terms of subsequent therapeu-
tic endoscopy planning for patient management, a success-de-
fining step is reaching the lesion/pathology in question. There-
fore, an accurate decision about the route of enteroscopy inser-
tion is essential to reduce diagnostic and therapeutic delays
and the number and duration of necessary procedures; more-
over, it is associated with greater patient compliance. The role
of CE transit time and progression along the SB haved been
evaluated in previous studies, but a relevant systematic review
is absent.

The aim of this systematic review was to evaluate the role of
time- and progression-based predictive indicators of CE in
choosing the initial insertion route for DBE when a target SB le-
sion is detected.

Methods
Search strategy and inclusion criteria

Three authors (PCV, KSZ and WM) independently searched
PubMed, Embase and Clinical Trials from database inception
until 23 March 2020 in English/Italian/Polish for observational
studies aiming to assess the predictive role of CE on the inser-
tion route of DBE.

In PubMed and Embase, the search was performed using
combinations of the following terms: enteroscopy, insertion,
selection, route, cell selection, capsule endoscopy, capsule en-
teroscopy, capsule endoscope, wireless capsule enteroscopy,
intestine endoscopy, double balloon enteroscopy, double bal-
loon endoscopy, push and pull endoscopy, push and pull en-
teroscopy, capsocam, capsocam plus, capsocam sv1, endocap-
sule, imaging m2a capsule m2a (capsule endoscope), mirocam,
mirocam green, mirocam mc1600, mirocam mc 2000, miro-
cam navi, mirocam system, omom, omom capsule endoscopy
system, pillcam, pillcam colon, pillcam eso, pillcam sb (Supple-
mentary material).

In ClinicalTrials.gov, we used the following search terms:
capsule endoscopy, enteroscopy. The electronic search was
supplemented by a manual review of the reference lists from
eligible publications and relevant review papers.

Inclusion criteria were: (1) full-text articles, including case
series; (2) papers describing patient(s) who underwent small
bowel capsule endoscopy (SBCE) (single or double-headed)
and subsequent DBE procedure (where the lesion(s) in question
was identified); and (3) in CE, the lesion(s) SB position was de-
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termined by time-based ratios from defined anatomical land-
marks or the "capsule progression index" or any other transit-
based index that was subsequently used to determine the route
of insertion of DBE.

We excluded studies in which SBE and/or SE only were used.

Data abstraction

Data on study design, risk of bias (ROB), patients, and proce-
dures characteristics from each study were independently ex-
tracted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [5] standard
by two of the co-authors (PCV and KSZ) who were blinded to
each other’s input. Whenever data were missing for the review,
authors were contacted for additional information via e-mails.
Inconsistencies were resolved by consensus with the senior au-
thors (MP, ER, WM, ET, AK).

The primary outcome was the success rate of DBE in reach-
ing a target SB lesion detected by CE, according to the index
(time- or progression-based) that was used to select the initial
route of insertion. No comparison between the diagnostic
yields of CE and DBE was performed, as only patients with posi-
tive CE (i.e. CE detection of a SB lesion) were included in the a-
nalysis. A meta-analytic approach was not feasible due to meth-
odological limitations (i.e. nature of the studies and raw data
not available for all the studies). For each study in which multi-
ple DAE techniques were described, only data regarding DBE
were extracted.

Quality assessment and risk of bias

Two authors (PCV and KSZ) independently assessed the ROB
through the STROBE assessment [6]. However, items 6b, 14c,
and 16 c were omitted as not applicable to the selected studies.
Outcomes were expressed as a number (also expressed as the
percentage relative to total score). When the number was be-
low 60% of the maximum number of points, we arbitrarily de-
fined the quality as low. Results up to and over 80 % were con-
sidered high or very high quality, respectively. In case of any
discrepancy, a third author (WM) was involved in the evaluati-
on.

Results
Search Results

The initial search yielded 390 hits. A total 248 of screened stud-
ies were excluded for being duplicates or because they did not
fit the inclusion criteria at title/abstract level. One (n=1) addi-
tional article was identified via manual search during the revi-
sion of full-text papers. Altogether, 143 full-text articles were
reviewed. Of those, a total of 136 papers were excluded. The
primary reasons for exclusion were conference abstracts (n=
56) and no data on primary outcome (n=60). We also excluded
studies where no full text was available (n=8); and language
used was other than English/Italian/Polish (n=5); and other
than DBE technique was used(n=5). An editorial (n=1) and an
article (n=1) were excluded because the lesion was located
outside the SB. Eventually, this approach yielded 7 (n=7) stud-
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» Fig.1 Consort diagram of this systematic review.

ies (all in English) that were included in the present systematic
review (» Fig. 1).

Study and patient characteristics

A total of seven (n=7) single-center studies [7-13], two pro-
spective and five retrospective, were selected, comprising 460
patients (» Table 1). The main indication for CE evaluation was
obscure gastrointestinal bleeding (OGIB). In all but two (n=2)
studies [8,12], the aim was specifically to evaluate the utility
of CE in predicting the route of insertion of subsequent DBE.

Selection of DBE insertion route

Six studies reported a CE time-based index in the choice of the
initial insertion route for DBE, whereas Tsuboi et al used a pro-
gression-based index according the integrated PillCam Pro-
gress indicator. Except from Gay et al, who considered the time-
frame from the mouth to the cecum, all the authors considered
the small bowel transit time (SBTT), i.e. the time from the py-
lorus (alternatively, first duodenal image) to the cecum (or ileo-
cecal valve).

A cut-off of 0.5 was used by Maeda et al, Nakamura et al, and
Tsuboi et al. The cut-offs used by Lin et al and Li et al were 0.66
and 0.6, respectively. Conversely, data analysis with a receiver
operating characteristic curve highlighted that the best cut-
offs for antegrade and retrograde approach were 0.57 and
0.74, according to Chalazan et al (» Fig. 2).
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Articles exluded because of (N = 136):
Conference abstracts: n =56

No data on primary outcome: N = 60

Full text not available: n = 8
Chinese/Danish/Japanese language: n =5
Spiral endoscopy n =4

SBE=1
Wrong location: n =1
Editorial: n =1

Articles included in the systematic review (N = 7)

CE procedures

CE procedures were performed with PillCam capsules (Medtro-
nic, Dublin, Ireland), with various models according to the avail-
ability at the time of each study (M2A, SB1, SB2 or SB3 model).
In total, 624 CE procedures were performed, but only in 262 a
SB lesion requiring a subsequent DBE approach was detected
(» Table 2).

DBE procedures

DBE procedures were performed with EN-450 or EN-580 Fuji-
non enteroscopes (Fujinon, Saitama, |apan). DBE procedures
were performed after a SB lesion was detected with CE. In total,
268 DBE procedures were performed; 180 with the antegrade
approach. In the study by Chalazan et al, 28 DBE procedures
were performed to investigate 22 preceding positive CEs. DBE
success rate was calculated as the ratio of positive DBEs during
the first approach to the number of total DBEs, resulting as it
follows: Maeda et al, 78.3%; Gay et al, 94.7%; Lin et al, 100%;
Li et al, 100 %; Tsuboi et al, 96 %.

The number of positive DBEs was not directly described by
Nakamura et al and Chalazan et al, but overall success param-
eters according to the specific cut-offs were reported by the au-
thors: Nakamura et al, sensitivity 90% and positive predictive
value (PPV) 97 %; Chalazan et al, sensitivity 75% and PPV 75%
(for antegrade approach), sensitivity 88% and PPV 78% (for
retrograde approach) (» Table 3).
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» Table 1 Study and patient characteristics.

No. Study characteristics

Reference, Study type

year, country

1 Gayetal.,
2006, France

Prospective,
single center

2 Linetal., 2008, Retrospec-
Taiwan tive, single
center
3 Lietal., 2009, Prospective,
China single center
4 Nakamura et Retrospec-
al., 2010, Japan tive, single
center
5 Chalazanetal., Retrospec-
2012, USA tive, single
center
6 Maedaetal., Retrospec-
2015, Japan tive, single
center
7 Tsuboietal., Retrospec-
2019, Japan tive, single
center

Study aim

Utility of CEin pre-
dicting DBE route of
insertion

Evaluate combined
use of CE and DBE in
patients with OGIB

Utility of CE in pre-
dicting DBE route of
insertion

Clarification on the
accuracy of the transit
time of CE to the lesion
as a predictive indica-
tor for DBE insertion
route

Determination if SBTT
can be used to select
the enteroscopy tech-
nique

Demonstrate the
strategy of initial CE in
OGIB, followed by DBE

Usefulness of RAPID
indicatorin choosing
the DBE insertion
route

ROB (STROBE
score)[Ouality

26/Very high

14/Low

21//High

27(Very high

28/Very high

24/High

29/Very high

Sample characteristics

Patients, Age,
n (Mean)
164 54

10 63

60 49

65 62

22 71

89 70

50 69

Indications for CE

Male, n (%) Main referral
indication

90(54.88%)  OGIB

3(30%) 0GIB
31(51.66%) GIB
37(56.92%) OGIB
10(33.33%)  OGIB
48(53.93%) GIB
33(66%) 0GIB

CE, capsule endoscopy; DBE, double balloon enteroscopy; GIB, gastrointestinal bleeding; OGIB, obscure gastrointestinal bleeding; ROB, risk of bias; SBTT, small bowel

transit time.

Gay et al. 2006

Lin et al. 2008

Li et al. 2009
Nakamura et al. 2010
Chalazan et al. 2012
Maeda et al. 2015

Tsuboi et al. 2019

Favours antegrade DBE

0.75

Favours retrograde DBE

Mouth
&

Pylorus -

1+ duodenal image

lleocecal valve -
cecum

» Fig.2 A schematic representation of cut-offs of time- and progression-based indices and their respective papers presented in this review.

Assessment of quality of included studies

The subjective ROB assessment by means of the STROBE tool
has shown that the mean number of points was 24.14+5.21
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with the highest score 29 and the lowest 14. Qualitatively, all
studies were considered to be of high quality with mean per-

centages of points respective to a maximum score of 77.8%.
Only one study was evaluated as of low quality [8]. The sum of
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» Table2 CE procedures.

Reference Total CE, Complete CE
n with lesions

requiring
DBE, n

Gay et al., 2006/ 160 38

France

Lin etal., 2008/ 1 9

Taiwan

Lietal.,2009/ 82 60

China

Nakamura et al., 172 46

2010/)Japan

Chalazanetal., 60 22

2012/USA

Maedaetal., 89 37

2015/)Japan

Tsuboi et al., 50 50

2019/)Japan

Primary lesion

(n)

Arterovenous
malformation
(n=10)

Angiodysplasia
(n=3), SB bleed-
ing (n=3)

Suspected tumor
(n=22)

Angiodysplasia
(n=11)

Angioectasia
(NR)

Dieulafoy lesion
(n=9)

Angioectasia
(n=12)

Index for choosing DBE route of
insertion, description

Time from ingestion to the lesion, divided
by the time for arrival of the capsule into
the cecum, from the moment of ingestion

Time from pylorus to lesion, divided by
the transit time from pylorus to cecum

Time from pylorus to lesion, divided by
the time from pylorus to ileocecal valve

Time from duodenal bulb to lesion, divid-
ed by the time from duodenal bulb to ce-
cum

Time from duodenal entry to lesion,
divided by the SBTT

Time point of the lesion compared to the
SBTT

% of SBTT according to PillCam Progress
Indicator

Index cut-off

PillCam
Progress
indicator

A:<0.75,R:2.75 NR

NR

A:<0.6,R:>0.6 NR

A:<0.5,R:>0.5 NR

A:<0.57,R:>0.74 NR

A:<0.5,R:>0.5 NR

A:indicator<50%, Yes
R: % indicator>50%

A, antegrade; CE, capsule endoscopy; DBE, double-balloon enteroscopy; NR, not reported; R, retrograde; SB, small bowel; SBTT, small bowel transit time.

> Table3 DBE procedures.

Reference

Gay et al., 2006/France

Lin et al., 2008/ Taiwan

Lietal.,2009/China

Nakamura et al., 2010/
Japan

Chalazanetal., 2012/
USA

Maedaetal., 2015/
Japan

Tsuboietal., 2019/
Japan

Model of enteroscope
(Brand)

EN-450 P5/20 (Fujinon)

EN-450 P5 and EN-450
T5 (Fujinon)

EN-450 P5/20 and EN-
450 P5/28 (Fujinon)

EN-450 P5 and EN-450
T5 (Fujinon)

NR (Fujinon)

EN-450T5/w or EN-580
(Fujinon)

Procedures after

positive CE, n
38
9

60

46

28

T 37

EN-450 P5, EN-450 T50r 50

EN-580 T5 (Fujinon)

Antegrade DBE, n
(lesion found)

30 (28) 8(8)

9(9) 0

41 (41) 19(19)
27 (NR) 19 (NR)
17 (NR) 11 (NR)
26 (21) 11(8)

30(28) 20 (20)

A, antegrade; DBE, double-balloon enteroscopy; NR, not reported; PPV, positive predictive value; R, retrograde.

' As reported in the paper

points from STROBE assessment is presented in »Table 1. The
scoring in particular domains of a tool is available in Supple-

mentary Table 1
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Discussion

Retrograde DBE, n
(lesion found)

DBE Success Rate (%)

94.7%

100%

100%

Sensitivity 90 %,
PPV 97 %'

A: sensitivity 75 %, PPV
75%; R: sensitivity 88 %,
PPV 78 %'

78.3%

96 %

CE has become a well-established technology for identifying SB
pathology and is the pivotal modality in investigation pathways
for midqut bleeding, Crohn’s disease, and SB polyposis syn-
dromes [3, 14, 15]. Moreover, the recent COVID-19 pandemic
and the mature emergence of artificial intelligence has re-
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newed interest among healthcare providers about wire-free,
distance-respecting modalities [16,17]. However, despite ad-
vances in technology [18,19], the challenge of accurate lesion
localization within the featureless structure of the SB tract re-
mains very much alive. Currently, CE lacks the capability of pro-
viding diagnosis and biopsy/therapy in a single session [18].
Managing relevant SB findings, therefore, relies on the use of
DAE modalities such as DBE, SBE and SE.

The use of proprietary software solutions to position the
capsule (and consequently the lesion) in the SB lumen has
changed over time with consecutive upgrades of the reading
software [20]. The PillCam Progress Indicator, operating on
the RAPID 6.5 and following software program versions, gra-
phically demonstrates the progress of a capsule through the
SB (» Fig.3). The % CE progress represents a percentage of the
entire SB images. The percentage of SB time represents a per-
centage of the entire SBTT. Although triangulation of radiofre-
quency signals [21-23] allows a more accurate approximation
of CE position in a 3D space, there is still a lot of uncertainty
about the actual position of a lesion in the SB. Another possible
solution, the odocapsule, was described in a conceptual proof-
of-principle study to calculate the distance traveled by the cap-
sule and offer accurate distance measurements for SB lesions
[24]. In the majority of Western centers, expertise (and resour-
ces) are lacking for one to go straight to DAE. However, CE is
now widely available and alongside lesion detection, localiza-
tion is required. Ultimately, translation of CE info in clinical
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practice is condensed in a simple question: “Shall | take the
oral or rectal approach to get to the lesion?”

Accurate selection of the insertion route for DBE provides
session-efficient and cost-effective treatment and also allows
streamlining of the post-CE treatment pathways. A recent
meta-analysis showed that DBE was superior to SBE concerning
complete SB visualization [25]. Another one confirmed that bal-
loon enteroscopy and spiral can achieve a similar depth of inser-
tion [26]. However, because DBE is anecdotally considered the
best approach to providing combined antegrade and retro-
grade (complete) SB inspection and as available literature fa-
vors DBE, we decided to focus our systematic search on this
form of deep enteroscopy as a follow-up procedure for biopsy
and/or treatment of CE findings. Notwithstanding, a recent
study confirmed the usefulness of CE transit index with SE [27].

Our results confirm that the clinical query for the appropri-
ate route of insertion remains an open topic, with attempts
made over the years by several groups to provide the best in-
dex-predictor for the insertion route. However, irrespective of
the index used as a decision-making tool, the successful out-
comes (defined as reaching the lesion by the selected route of
insertion) were consistently high. Although this may simply re-
flect the strengths of the DBE technique and/or the determina-
tion of individual endoscopists to provide management/ther-
apy, there is still a group of patients in which the lesion is not
reached on the first attempt and for whom another DAE (via
the alternative route) needs to be performed, thus increasing
costs and potential complications.

Cortegoso Valdivia Pablo et al. Capsule endoscopy transit-related... Endoscopy International Open 2021; 09: E163-E170 | © 2021. The Author(s).



Furthermore, things can get even more complicated in some
cases: what if the lesion is located in the 0.57-0-74 interval, as
in the study by Chalazan et al, or it is located spot on the 0.5 of
SBTT?

In the first case, as stated by the authors, a combined DBE
approach may be necessary, due to the lower potential yield of
the first approach, as well as alternative solutions (i.e. surgical
or radiological). In the latter case, Nakamura et al suggest per-
forming an initial antegrade enteroscopy: The half point of SB is
usually more proximal to the middle position of SBTT, due to
variable speed of CE in the intestine. In such cases, we recom-
mend performing antegrade enteroscopy upfront: it is general-
ly associated with a higher diagnostic yield [28,29] and it is fa-
vored for technical reasons [2].

Essentially, our systematic review confirms that although 3D
localization is considered essential for future remote therapeu-
tic platforms, current CE software tools can successfully work
on the basis of SB transit time-based indices that relie on ex-
cluding variability related to esophageal transit and gastric
emptying times. Despite being retrospective, the included
studies were of high quality but heterogeneous in terms of re-
sults reporting. Furthermore, the proposed cut-offs slightly dif-
fer in terms of SB percentage and in terms of performance. At-
tempts were made to contact all corresponding authors to ob-
tain raw data for a more in-depth synthesis/analysis of the re-
sults; however, as the majority of studies are more than a dec-
ade old, the responses were understandably limited.

This study has some limitations. It was not possible to per-
form a meta-analysis due to absence of data concerning time
measurements of CE procedures. The cohorts were relatively
small. Analysis of management after negative DBE was not per-
formed, as data were not always reported.

Conclusion

The localization of SB lesions, which is important for patient
management, still remains an open issue. Prospective large
studies are needed to verify which time-based index is accurate
for predicting lesion location and which route of insertion is
preferable because no strong recommendation can be made
based on current evidence and currently, each center is advised
to the use the route with which they feel more comfortable
(»Fig.2). New software and hardware features, such as mag-
netic capsule tracking systems, may be helpful in the near fu-
ture for better locating SB lesions.
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