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ABSTRACT

Background & Aims: Several add-on devices have been developed to increase rates of colon adenoma
detection. We aimed to compare the endocuff-assisted colonoscopy with cap-assisted colonoscopy through
a pairwise meta-analysis of randomized trials.

Methods: We searched the PubMed/Medline and Embase database through March 2020 and identified 6
randomized controlled trials (comprising 2,027 patients). The primary outcome was adenoma detection rate;
secondary outcomes included sessile serrated adenoma detection rate, mean adenoma per colonoscopy, cecal
intubation rate and time to reach cecum. Safety data were also analyzed. We performed pairwise meta-analysis
through a random effects model and expressed data as risk ratio and 95% confidence interval.

Results: Overall, pooled adenoma detection rate was 48.1% (39.3-56.8%) with endocuff and 40.5% (30.4-
50.6%; risk ratio 1.14, 0.96-1.35) with cap. Proximal adenoma detection rate was 45.7% (36.8-54.7%) and 24%
(17-45.1%) with endocuff and cap, respectively (risk ratio 2.04, 0.93-4.49), whereas endocuff outperformed
cap-assisted colonoscopy in detecting diminutive (< 5 mm) adenomas (risk ratio 2.74, 1.53-4.90) and in
terms of mean adenoma per colonoscopy (mean difference 0.31, 0.05 -0.57; p=0.02). Sessile serrated adenoma
detection rate (risk ratio 1.36, 0.72-2.59), cecal intubation rate (risk ratio 0.99, 0.98-1.00), and time to reach
cecum (6.87 min versus 6.87 min) were similar between the two groups. No serious adverse event was observed.
Conclusion: Endocuft-assisted colonoscopy seems to provide a higher adenoma detection rate as compared
to cap-assisted colonoscopy, in particular concerning smaller diminutive polyps.

Key words: cap - endocuff - colonoscopy — adenoma detection rate
Abbreviations: ADR: adenoma detection rate; aADR: advanced ADR; AMR: adenoma miss rate; CRC:

colorectal cancer; HD: high-definition; FUSE: full-spectrum endoscopy; RCT: randomized-controlled trial;
SSADR: sessile serrated ADR.

INTRODUCTION

Colorectal cancer (CRC) isthe
third most common cancer and
the third leading cause of cancer-
related mortality worldwide
[1]. In order to interrupt the
adenoma-carcinoma sequence
[2], screening and surveillance
programs were implemented
in several countries and early
detection of colon polyps
associated with effective
polypectomy were found to have
a significant impact on patient
survival [3].

Adenoma detection rate (ADR), defined as the percentage
of colonoscopies with at least one adenoma identified, has
been recognized as a key performance measure for quality
colonoscopy [4, 5], with a reported inverse correlation with
risk of interval CRC (quantified as each 1.0% increase in ADR
being associated with 3% decrease in risk of interval CRC) and
mortality [6].

Unfortunately, ADR varies widely ranging from 5 to 37.5%
[4] depending on both adjunctive factors, such as improvement
in bowel preparation [7] and implementation of minimal
withdrawal time [8], and technological innovations. A recent
network meta-analysis published by our group showed that
add-on devices, enhanced imaging techniques and low-cost
optimization of existing resources (particularly water-aided
colonoscopy) are associated with significant improvement in
ADR and advanced ADR (aADR), whereas a clear benefit of
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newer costly scopes over high-definition (HD)-colonoscopy
was not observed [9]. Considering individual devices, while
full-spectrum endoscopy (FUSE) showed discording results
[10, 11], endoscopic add-on devices aimed at improving
visualization behind folds were proved to be effective both in
terms of ADR and adenoma miss rate (AMR) based on tandem
randomized-controlled trials (RCTs) [12, 13]. In particular,
our group has recently demonstrated the improvement in
ADRs with use of distal attachment devices, particularly with
endocuft (Endocuft®, Arc Medical Design, Leeds, UK) and
in low-performing endoscopists, without clear benefit of one
device over another [12]. However, one of the main limitations
of the aforementioned meta-analysis [12] was the very limited
number of head-to-head trials directly comparing the different
devices which prevented reaching definitive conclusions on
their comparative effectiveness.

In recent years a number of RCTs comparing the two
most frequently used add-on devices, namely endocuff and
cap (Olympus Medical Systems, Tokyo, Japan), have been
published; therefore, we decided to perform a pairwise meta-
analysis comparing the relative efficacy of these add-on devices
for the improvement of colon ADR.

METHODS

Selection criteria

Studies included in this meta-analysis were RCTs published
either in full-text or as congress abstracts, that met the
following inclusion criteria: (a) patients: adults undergoing
elective colonoscopy; (b) intervention: endocuff-assisted
colonoscopy (c) comparator: cap-assisted colonoscopy; and
(d) outcome: ADR as primary outcome, mean adenoma per
colonoscopy, sessile serrated adenoma detection rate (SSADR),
cecal intubation rate and cecal intubation time as secondary
outcomes. Safety data were also analyzed.

We excluded (a) observational studies, (b) trials comparing
endocuft or cap versus standard colonoscopy.

Search strategy

Supplementary Table I reports the search strategy followed
in the meta-analysis.

A computerized bibliographic search was performed on
PubMed/Medline and Embase with no language restriction,
independently by two authors (A.F. and R.V.B.) using
the following text words and corresponding Medical

» <«

Subject Heading/Emtree terms: “colonoscopy”, “endoscopy’,
“adenoma’, “polyp’, “cap”, “hood”, “endocuff” through March
2020. A complementary manual search was performed on
additional databases (Google Scholar, Cochrane library) and
by checking the references of all the main review articles on
this topic, in order to identify possible additional studies. In
cases of repetitive publications from the same population, only
the most recent and complete articles were included.

The quality of the included studies was assessed by two
authors independently (A.E and R.V.B.) according to the
Cochrane Collaboration’s tool for assessing the risk of bias
[14]. Any disagreements were addressed by re-evaluation and
following a third opinion (R.S.).
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Statistical analysis

Study outcomes were pooled and compared between the
two groups through a random-effects model based on the
DerSimonian and Laird test, and results were expressed in
terms of risk ratio (RR) and 95% confidence interval (CI).

Presence of heterogeneity was calculated through I” tests
with I’<20% interpreted as low-level heterogeneity and I?
between 20 and 50% as moderate heterogeneity. Any potential
publication bias was verified through the visual assessment of
funnel plots.

Subgroup analysis in the context of the primary outcome
was restricted a) right-sided adenomas and b) diminutive (<5
mm) adenomas. Sensitivity analysis was restricted a) high
quality studies, b) newer endocuff device (Endocuff Vision®,
Arc Medical Design, Leeds, UK).

Safety outcomes were inconsistently reported and analyzed
descriptively.

All statistical analyses were conducted using RevMan
version 5 from the Cochrane collaboration. For all calculations
atwo-tailed p value of less than 0.05 was considered statistically
significant.

RESULTS

Included studies

From 2,754 unique studies identified using the search
strategy, we included 6 RCTs [16-21] (Fig. 1) recruiting 2,027
patients, of whom 1,014 were undergoing endocuft-assisted
colonoscopy and 1,013 cap-assisted colonoscopy.

The main baseline characteristics of the included studies
are summarized in Table I.

The recruitment period ranged from 2015 to 2019 and
one RCT was conducted in Japan [16] whereas 5 studies
were conducted in Western countries [17-21]. Three studies
[17, 18, 20] were 3-arm trials comparing endocuff versus
cap versus standard colonoscopy, of which only the first two
arms were included in the meta-analysis, and two studies
were published as conference abstracts [17, 20]. The trial by
Rameshshanker et al. [19] was a back-to-back tandem study
where each patient underwent two procedures in the same
day and only data from the first colonoscopy were considered
in this meta-analysis.

Two studies [19, 21] tested the new Endocuff Vision® and all
the procedures were performed by experienced endoscopists,
except for the trial by Imaeda et al. [16] where nearly half of
the colonoscopies were performed by trainees.

Baseline patient- and polyp-related characteristics were
well-balanced between the two study groups, with males
forming the majority of participants in the included studies
while most detected polyps were under 5 mm. All the studies
used high-definition scopes.

Opverall and study-level quality assessments are summarized
in Supplementary Figs. 1A and B, respectively. Overall, the
studies were felt to be at moderate risk of bias, mainly due
to performance and detection bias related to the unblinded
design of the included RCTs. Two abstracts [17, 20] were
considered a higher risk of bias due to incomplete outcome
reporting.



Improvement of adenoma detection rate

417

Records identified through
database searching
(n =2,736)

Additional records identified|
through other sours
(n=18)

Records excluded

Records after duplicates
removed
(n = 2,754)

(n =2,748)

P>| - observational studies or
review article (n = 2,727)

- trials comparing endocuff
or cap versus standard
endoscopy (21)

Studies included in
quantitative synthesis
(meta-analysis)
(n=6)

Fig. 1. Study selection flow chart.

Adenoma detection rate

Overall, based on 6 RCTs [16-21] (2,027 patients), the
pooled ADR was 48.1% (95% CI 39.3-56.8%) with endocuff
and 40.5% (30.4-50.6%) with cap and no significant difference
was observed between the two add-on devices (RR 1.14, 95%
CI 0.96-1.35; Fig. 2). Moderate evidence of heterogeneity was
observed (I?=41%) mainly due to a single outlier study [19];

in fact, leave-one-out sensitivity analysis based on exclusion of
the single aforementioned trial [19] led to a significant decrease
in heterogeneity to 19%. No evidence of publication bias was
found (Supplementary Fig. 2).

Other sensitivity analyses restricted to high-quality studies
[16, 18, 19, 21] and to RCTs using Endocuft Vision® [19, 21]
confirmed the findings of the main analysis, although the high

Table I. Characteristics of included randomized controlled trials comparing Endocuff-assisted and Cap-assisted colonoscopy

Study, Year Location; Interventions  Age years Gender Indications  Trainee Bowel Right- Size (<5mm/
Recruitment  (N) male Screening involvment preparation sided -9mm /
period; (Excellent/  polyps >10mm)
Design Good)

Imaeda, 2017 Japan; 2015-  Endocuff (250) 64.5 (31-92) 151 (60.4%) 115 (46%) 2 (50%) 250 (100%) 74 (22.9%) 64.8% / 18.3%

[16] 2016; Parallel ~ Transparent 3.9(28-85)  165(63.9%) 127 (49.2%) operators 258 (100%) 80 (25.8%) /16.9%

Hood (258) 55.2% / 20.3%
/24.5%

Floer, 2018 [17]*  Germany- Endocuff (189) NR NR NR No NR NR NR

Poland; 2015-  Cap (189)

2019; 3-arm

Parallel*
Marsano, 2019 USA; 2016- Endocuff (42)  60+6.8 23 (54.8%) 33 (78.5%) No 8.9+0.3+ 50%° NR
[18] 2017;3-arm  Cap (42) 60+6.7 24 (57.1%) 32 (76.2%) 8.9+0.5 35.7%

Parallel*
Rameshshanker, UK; 2016- Endocuft 61.9+14.7 36 (47.4%) No No 76 (100%) 43.3%° 42.1% / 22.4%
2020 [19] 2017; Tandem  Vision (76) 60.8+12.6 43 (55.1%) 78 (100%) 14.2%° /17.1%°

Cap (78) 15.4% / 16.7%
/3.9%°

Sanchez Yague,  Spain; 2016- Endocuff (100) 57.17 NR NR NR 7.65+ NR NR
2019 [20]* 2017;3-arm  Cap (92)

Parallel

Sola-Vera, 2019 Spain; 2017; Endocuft 65 (19-92) 188 (52.7%) 92 (25.8%) No 310 (89.1%) 43.7% 70.3% / 16.4%

[21] Parallel Vision (357) 64 (18-92) 175 (49.4%) 87 (24.6%) 297 (87.6%) 43.7% /13.3%

Cap (354) 65.3% / 17.6%
/17.1%

* Data reported as congress abstracts. * Only Endocuff and Cap arms were included in the analysis. +Data reported as Boston bowel preparation scale.
°Data reported as adenoma detection rate. Abbreviations: NR-Not reported
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Endocuff Cap
Events Total Events Total Weight

M-H, Random, 95% CI

Risk Ratio Risk Ratio

M-H, Random, 95% ClI

Floer 55 189 53 189 14.9%
Imaeda 127 250 136 258 23.7%
Marsano 23 42 17 42 96%
Rameshshanker 40 76 20 78 104%
Sanchez Yague 54 100 41 92 16.3%
Sola-Vera 180 357 179 354 251%

Total (95% Cl)
Tolal events 479 446
Heterogeneity: 12 =41%

Test for overall effect: Z=1.49 (P = 0.13)

1013 100.0%

1.04 [0.75, 1.43]
0.96 [0.81, 1.14]
1.35 [0.86, 2.14]
2,05 [1.33, 3.17)
1.21(0.91, 1.62)
1.00 (0.86, 1.15)

1.14[0.96, 1.35)

001 0.1 1 10 100
Favours Cap Favours Endocuff

Fig. 2. Forrest Plot comparing endocuff-assisted and cap-assisted colonoscopy for the adenoma detection rate
Pooled adenoma detection rate was 48.1% (95% confidence interval 39.3%-56.8%) with endocuff and 40.5%
(30.4%-50.6%) with cap. No significant difference between the two methods was observed, with a risk ratio of

1.14 (95% confidence interval 0.96-1.35)

heterogeneity found in the subset of studies using Endocuff
Vision® requires particular caution in the interpretation of
these results (Table II).

Proximal ADR (i.e. ADR restricted to right-sided
polyps) was 45.7% (36.8-54.7%) and 24% (17-45.1%) with
endocuft and cap, respectively (RR 2.04, 0.93-4.49; Table II),
whereas endocuff outperformed cap-assisted colonoscopy
in the sub-analysis which focused on diminutive (< 5 mm)
adenomas (pooled ADR 44.9%, 35.9-53.8% with endocuff
and 24.6%, 17.4-44.5% with cap; RR 2.74, 1.53-4.90; Table
II). Heterogeneity in subgroup analyses was low to moderate.

Secondary outcomes

Based on 5 RCTs [16-19, 21] (1,835 patients), endocuft-
assisted colonoscopy significantly increased mean adenoma
per colonoscopy as compared to cap (mean difference 0.31,
0.05 to 0.57; p=0.02; Fig. 3), with moderate heterogeneity
(P=41%).

The other secondary outcomes are reported in Table III.

Three RCTs [16, 18, 19] enrolling 746 patients did not
report a significant difference in terms of increased SSADR
with endocuft in comparison to cap (9.6%, 0-19% versus 6.8%,
0-15%; RR 1.36, 0.72-2.59; I>=0%).

Cecal intubation rate was similar between the two groups
(RR 0.99, 0.98-1.00; ’=19%), based on 5 RCTs [16, 18-21].
Time to reach cecum was also similar between endocuff-
assisted and cap-assisted colonoscopy (6.87 min, 3.95-9.78
and 6.87 min, 3.91-9.83; respectively) based on 4 RCTs [16,
18, 19, 21] (1457 patients).

Adverse events were inconsistently reported, and hence, are
described qualitatively in Supplementary Table II. No serious
adverse event was observed.

DISCUSSION

Recent interest has been raised on the development of novel
techniques and devices aimed to improve ADR. Among them,
simple add-on devices that can be attached to the tip of the
endoscope evidenced interesting results in terms of increased
ADR by flattening colonic folds and enabling a direct view
behind them [9, 12, 13].

Current guidelines [4, 22] recognize the interesting role
of these devices for improving ADR, confirmed in several
recent meta-analyses [9, 12, 13, 23, 24], but state that definitive
assumptions on their superiority over standard colonoscopy or
each other cannot be made due to limited comparative data.
In particular, there is no direct evidence on the comparison
between the two most common add-on devices, namely
endocuft and cap.

Through a pairwise meta-analysis, to the best of our
knowledge the first systematic review on the comparison
between endocuff and cap, we made several key observations.
First, no significant difference was observed in terms of ADR
between the two devices (pooled ADR 48.1% versus 40.5%).
This finding was confirmed also in the subset of right-sided
polyps (usually the lesions more difficult to detect due to their
flat morphology) and considering the newer endocuff device
(Endocuft Vision®). Second, the endocuft clearly outperformed

Table II. Subgroup and sensitivity analysis of the adenoma detection rate. Subgroup analysis was restricted to a) right-sided
adenomas and b) diminutive (<5 mm) adenomas. Sensitivity analysis was restricted to a) high quality studies, b) Endocuff
Vision studies. Numbers in parentheses indicate 95% confidence intervals

Subgroup No. of No. of ADR Risk ratio (95% CI) Within-group
Studies  patients heterogeneity (I?)
Right-sided 2 238 Endocuff: 45.7% (36.8-54.7%) 2.04 (0.93-4.49) 45%
Cap: 24% (17-45.1%)
Diminutive 2 241 Endocuft: 44.9% (35.9-53.8%) 2.74 (1.53-4.90) 15%
Cap: 24.6% (17.4-44.5%)
High quality 4 722 Endocuff: 51% (47.4-54.7%) 1.18 (0.92-1.51) 35%
Cap: 43.1% (31.8-54.3%)
Endocuft Vision 2 419 Endocuft: 50.8% (46.1-55.5%) 1.39 (0.68-2.83) 90%

Cap: 38.5% (14-52.9%)

] Gastrointestin Liver Dis, September 2020 Vol. 29 No 3: 415-420



Improvement of adenoma detection rate

419

Mean Difference Mean Difference
IV, Random, 95% ClI IV, Random, 95% CI

Endocuff Cap
Study or Subgroup Mean SD Total Mean SD Total Weight
Floer 245 1 189 2 1 183 26.3%
Imaeda 1.35 1 250 12 1 258 27.4%
Marsano 17 23 42 076 12 42 82%
Rameshshanker 146 265 76 064 177 78 9.3%
Sola-Vera 11 09 357 11 09 354 289%
Total (95% Cl) 914 921 100.0%

Heterogeneity: 1*=41%
Test for overall effect: Z = 2.35 (P = 0.02)

0.45 [0.25, 0.65) 1
0.15(-0.02, 0.32)
0.94(0.16,1.72)
0.82(0.11, 1.53)
0.00 (-0.13, 0.13)

0.31 [0.05, 0.57)

400 50 0 5 100
Favours Cap Favours Endocuff

Fig. 3. Forrest Plot comparing endocuft-assisted and cap —assisted colonoscopy for mean adenoma per colonoscopy.
Mean adenoma per colonoscopy was 1.61 (95% CI 1.01-2.2) with endocuff and 1.16 (95% CI 0.75-1.57) with cap. Mean
difference was significantly in favour of endocuff-assisted colonoscopy (0.31, 95% CI 0.05-0.57).

the cap in terms of mean adenoma per colonoscopy (mean
difference 0.31) and diminutive (< 5 mm) adenomas. This
finding supports the evidence of a higher detection with
endocuft for smaller lesions, which are more likely to be
missed in particular by non-expert endoscopists, and a greater
overall number of polyps diagnosed as compared to cap-
assisted colonoscopy. This aspect suggests a higher anticipated
magnitude of benefit particularly for low-performing
endoscopists (lower baseline ADR), as suggested by recent
retrospective reports [25], whereas the improvement might
be only marginal in expert operators. Third, the procedural
characteristics do not seem to be influenced by the use of a
specific add-on device over the other as both cecal intubation
rate and insertion time were comparable in the two groups.
Fourth, as already found in previous meta-analyses [9, 24],
the use of distal attachment devices is safe with no incidence
of serious adverse events.

Since there is a well-known association between ADR and
risk of interval CRC, quantified by Corley et al. [6] as a 3%
decrease in the risk of CRC with each 1% increase in ADR,
we had already postulated in a previous network meta-analysis
that all currently available methods to increase ADR, including
add-on devices, may have a modest effect on decreasing rates
of interval CRC:s [9, 12]. However, the interesting performance
of endocuff could not be properly assessed and confirmed in
previous reviews given the limited number of head-to-head
RCTs directly comparing the add-on devices.

With this updated meta-analysis, we may confirm the
favorable diagnostic performance of endocuff, more likely
to be enhanced in low-performing endoscopists due to the

higher detection of smaller adenomas and the greater overall
number of polyps diagnosed. On the other hand, we may
postulate that endocuft may lead to a modest benefit over cap
on increasing ADR and decreasing rates of interval CRCs in
endoscopists with high baseline ADR. The non-superiority of
endocuff over cap in terms of higher overall ADR might be
due to the limited number of available RCTs and their relative
small sample size; further larger trials would be likely to help
to evaluate and further contextualize the role of endocuff in
quality endoscopy.

There are certain limitations to our study which merit
further discussion. First, the number of included trials was
low, and all of the included studies were unblinded RCTs,
prone to performance and detection bias. However, this bias
is not avoidable in endoscopy studies as the operator cannot
be blinded to the device used. Second, some comparisons were
impaired by the evidence of moderate heterogeneity, probably
due to differences in participants and trial design. However,
multiple sensitivity analyses were performed observing a
consistent decrease in heterogeneity in several subsets, thus
confirming the robustness of our results and excluding overt
sources of heterogeneity that might have undermined the
reliability of our findings. Another limitation is represented by
the heterogeneous indications to colonoscopy in the included
RCTs, whereas only trials conducted in the context of screening
campaigns could provide reliable and robust data on the
real efficacy of these devices in improving ADR. Finally, the
included RCTs did not report data on the cost of the devices
adopted and cost-effectiveness analysis was beyond the scope
of our study.

Table III. Summary of findings reporting the comparative efficacy of endocuff-assisted and cap-assisted colonoscopy for improving sessile
serrated adenoma detection rate, cecal intubation time and cecal intubation rate.

Outcome No. of No. of Pooled Estimate Risk ratio (95% CI) Within-group
Studies patients heterogeneity (12)
Sessile Serrated adenoma 3 746 Endocuff: 9.6% (0-19%) 1.36 (0.72-2.59) 0%
detection rate Cap: 6.8% (0-15%)
Cecal Intubation Rate 4 722 Endocuff: 97.6% (95.5-99.6%) 0.99 (0.98-1.00) 19%
Cap: 98.7% (97.4-100%)
Outcome No. of No. of Pooled Estimate Mean Difference Within-group
Studies patients (95% CI) heterogeneity (12)
Cecal Intubation Time 4 1457 Endocuff: 6.87 (3.95-9.78) 0.13 (-0.47 to 0.73) 32%

Cap: 6.87 (3.91-9.83)
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