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Introduction
!

Colonoscopy is the standard method for detection
and removal of colorectal adenomas, the precur-
sor lesions of most colorectal cancers [1–4]. De-
spite being themost sensitive method, colonosco-
py does not fully protect a person from develop-
ing future colorectal cancer [5–10]. This imper-
fection is for a major part caused by missed pre-
cancerous lesions due to inadequate bowel prepa-
ration, the presence of flat lesions that are diffi-
cult to detect [8,9,11], and the relative difficulty
of visualizing lesions on the proximal side of
haustral folds and the internal curves of flexures
[12,13]. The latter may, at least partly, be caused
by the fact that the use of standard 140° and
170° colonoscopes allows visualization of only
approximately 90% of the colonic surface [14].
Moreover, it has been shown that up to two-

thirds of missed lesions are located on the proxi-
mal side of folds [13].
The miss rates of colonoscopy have been widely
acknowledged, with back-to-back colonoscopy
studies showing polyp and adenoma miss rates
of approximately 20%–25% in older studies [15]
and up to 40% in more recent studies evaluating
novel technologies developed to improve visuali-
zation behind folds [16,17]. Alongside the imple-
mentation of quality indicators [1,18], technolo-
gies such as cap-assisted colonoscopy, virtual
chromoendoscopy, Third Eye colonoscopy, and
Full Spectrum Endoscopy (Fuse) colonoscopy
have been developed to improve adenoma detec-
tion [16,17,19,20]. However, some of these tech-
niques have been shown to increase only margin-
ally the detection of adenomas, while others are
less practical in use or demand high investments
with a change in endoscopy platform [21,22].
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Background and study aims: Adenoma miss rate
during colonoscopy has become a widely ac-
knowledged proxy measure for post-colonoscopy
colorectal cancer. Among other reasons, this can
happen because of inadequate visualization of
the proximal aspects of colonic folds and flexures.
EndoRings (EndoAid Ltd., Caesarea, Israel) is a sili-
cone-rubber device that is fitted onto the distal
end of the colonoscope. Its flexible circular rings
engage and mechanically stretch colonic folds
during withdrawal. The primary aim of this study
was to compare adenoma miss rates between
standard colonoscopy and colonoscopy using En-
doRings.
Methods: In this multicenter, randomized, tan-
dem colonoscopy study, we performed same-day,
back-to-back colonoscopies with EndoRings fol-
lowed by standard colonoscopy, or vice versa.
Results: After exclusion of 10 patients for protocol
violations, 116 patients (38.8% female; mean age
58.7) remained for analysis. The adenoma miss

rate of EndoRings colonoscopy (7/67; 10.4%) was
significantly lower (P<0.001) compared with
standard colonoscopy (28/58; 48.3%). Similar re-
sults were found for polyp miss rates: EndoRings
(9.1%) and standard colonoscopy (52.8%; P<
0.001). Mean cecal intubation times (9.3 vs. 8.4
minutes; P=0.142) and withdrawal times (7.4 vs.
7.2 minutes; P=0.286), respectively, were not sig-
nificantly different between EndoRings and
standard colonoscopy. Mean total procedure
time was longer with EndoRings thanwith stand-
ard colonoscopy (21.6 vs. 18.5 minutes, P=0.001)
as more polyps were removed.
Conclusions: This study demonstrates that colo-
noscopy with EndoRings has lower adenoma and
polyp miss rates than standard colonoscopy,
which may improve the efficacy particularly of
screening and surveillance colonoscopies.
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In order to optimize the efficacy of colonoscopy, easy-to-use
technological developments that aim to improve colonic visuali-
zation while maintaining standard colonoscopic capabilities and
keeping the procedural time and associated costs to a minimum
are required. One such device is the EndoRings (EndoAid Ltd.,
Caesarea, Israel), which is a silicone-rubber device that is fitted
onto the distal end of the colonoscope (●" Fig.1). Its flexible circu-
lar rings allow cecal intubation but mechanically stretch the colo-
nic folds during withdrawal and keep the tip of the colonoscope
centered within the colonic lumen.
In this study we aimed to investigate the diagnostic yield of colo-
noscopywith EndoRings as comparedwith standard colonoscopy
by comparing the adenoma and polyp miss rates of both tech-
niques. We further compared adenoma and polyp detection
rates; impact on colonoscopy surveillance intervals; times for ce-
cal intubation, withdrawal, and the total procedure; and adverse
events.

Patients and methods
!

Study design
For this randomized, multicenter, tandem colonoscopy study we
enrolled patients aged between 40 and 75 years who were re-
ferred for screening, surveillance, or diagnostic colonoscopy. Ex-
clusion criteriawere a history of colonic resection, radiation ther-
apy to the abdomen or pelvis, colonic stricture, inflammatory
bowel disease, polyposis syndrome, acute diverticulitis, lower
gastrointestinal bleeding, or toxic megacolon. Patients were en-
rolled from one center in the Netherlands, one center in Israel,
and one center in the United States between July 2013 and June
2014.
Six experienced gastroenterologists performed colonoscopies for
this study. Study approval was obtained from the institutional re-
view board or medical ethics committee at each participating
center. This study was performed in compliance with the Decla-
ration of Helsinki. Written, informed consent was obtained from
all participants. This trial is registered with ClinicalTrials.gov
(NCT01955122). All authors had access to the study data and re-
viewed and approved the final manuscript.

Procedures
Patients underwent same-day, back-to-back tandem colonosco-
py examination performed by the same endoscopist. The ran-
domized allocation determined whether patients underwent En-
doRings colonoscopy immediately followed by standard colonos-
copy or standard colonoscopy immediately followed by EndoR-
ings colonoscopy.
Bowel preparation was done according to the standard protocols
of the individual centers with 4L split-dose polyethylene glycol-
based solution or picosulfate solution. The quality of bowel prep-
aration was assessed during colonoscopy using the Boston Bowel
Preparation Scale (BBPS) [23,24]. Conscious sedation, which in-
cluded a combination of midazolam and fentanyl, with or with-
out propofol, was delivered to the patient by the gastroenterolo-
gist or an anesthesiologist.
All colonoscopies were performed with Olympus Evis Exera II
180 and 190 series or Pentax 3890 series colonoscopes. When
the colonoscopy was being performed with the EndoRings, the
device was attached to the distal tip of the same colonoscope as
was used for the standard colonoscopy procedure. The colono-

scope with the EndoRings was advanced to the cecum using a
standard colonoscopic insertion technique.
Endoscopists were instructed to adhere to their usual withdrawal
technique and to spend a minimum of 6 minutes withdrawing
and examining the colonic mucosa. Cecal intubation time, with-
drawal time, total procedure time, and time for pauses to allow
polypectomies and biopsies to be performed were recorded by a
research assistant using a stopwatch.
Polyps detected during the first procedure were immediately re-
moved and sent for histology, as were polyps detected during the
second colonoscopy. Diminutive (1–2mm in size) rectal polyps
with hyperplastic appearance were not removed and were not
included in the analysis. When a polyp was detected, its estima-
ted size and morphological appearance were reported by the
endoscopist. Polyps located proximal to the splenic flexure were
defined as proximally located colonic polyps; polyps located
more distally were defined as distally located polyps. On the basis
of histological examination, polyps were categorized as adeno-
matous, hyperplastic, or other. Adenomatous polyps were further
categorized into tubular or (tubulo)villous lesions, with or with-
out high grade dysplasia.
Patients were followed-up by telephone for adverse events at 24
hours and at 1 week after the colonoscopy.

Randomization
Randomization was performed using computer-generated ran-
domization blocks (1 :1) with eight patients per block. The study
site coordinator did not reveal the randomly assigned allocation
until the start of the colonoscopy. Until that moment, patients
and endoscopists were blinded to the allocation.

Fig.1 The EndoRings device. a Illustration of the device attached to the
distal end of a colonoscope. b Illustration showing how the device me-
chanically straightens the colonic folds during withdrawal of the colono-
scope.
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Outcomes
The primary endpoint of this study was the adenoma miss rate,
which was defined as the number of adenomas detected during
the second colonoscopy divided by the total number of adenomas
detected during the first and second colonoscopy. Secondary out-
comes included polyp miss rate, advanced adenoma miss rate,
adenoma detection rate, false-negative first colonoscopy, impact
on the recommended surveillance interval (according to the Uni-
ted States guidelines for colonoscopy surveillance after screening
and polypectomy [3] and the European Union guidelines for qual-
ity assurance in colorectal cancer screening and diagnosis [1]),
cecal intubation time, withdrawal time, total procedure time,
and adverse events.

Sample size calculation
The required study sample size was calculated using a two-group
chi-squared test with 80% power and 0.05 two-sided significance
level and was based on an expected adenoma miss rate of 35%
with standard colonoscopy and 10% with EndoRings colonosco-
py. This estimation was based on recent studies with techniques
that improve visualization behind folds and flexures [16,17].
With an estimated mean number of adenomas per patient of
0.75 and a 10% dropout rate, the calculated total sample size re-
quired was 126 patients.

Statistical analysis
Descriptive statistics were calculated for all measured variables.
For continuous variables, mean values and standard deviations
(SDs) were calculated. Counts and percentages were calculated
for categorical variables.
Two-sample Student’s t tests were used to compare age and BBPS
between the study groups. Because patients acted as their own
controls, paired t tests were used to compare cecal intubation
time, withdrawal time, time for polypectomies, and total proce-
dure time between standard colonoscopy and colonoscopy with
EndoRings. Pearson chi-squared and Fisher’s exact tests were
used to compare categorical variables, miss rates (per lesion anal-
ysis), and detection rates (per patient analysis) between the
study groups.
Two-sided P values below 0.05 were considered statistically sig-
nificant. All statistical analyses were performedwith IBM SPSS 22
(IBM Corp., Armonk, New York, USA).

Results
!

Baseline characteristics
A total of 126 patients were enrolled in this study and randomly
assigned to undergo EndoRings colonoscopy followed by stand-
ard colonoscopy (n=62) or standard colonoscopy followed by co-
lonoscopy with EndoRings (n=64), of whom 116 (92.1%) were
included in the per-protocol analysis (see●" Fig.2 for flow dia-
gram). The number of tandem procedures performed per center
and per endoscopist are shown in●" Table1. Of the tandem colo-

Enrolled in study (n = 126)

Standard colonoscopy followed by EndoRings 
colonoscopy (n = 64)

EndoRings colonoscopy followed by standard 
colonoscopy (n = 62)

Excluded (n = 5) 
▪ Inadequate bowel preparation 
 (n = 1)
▪ Chronic stricture (n = 1)
▪ No second colonoscopy 
 because of prolonged 
 polypectomy (n = 1)
▪ Cecum not reached during 
 standard colonoscopy (n = 1)
▪ Cecum not reached during 
 EndoRings colonoscopy (n = 1) 

Excluded (n = 5) 
▪ Inadequate bowel preparation 
 (n = 2)
▪ Wrong colonoscope type 
 (n = 1)
▪ Contraindication for additional 
 propofol sedation (n = 1)
▪ Cecum not reached during 
 standard colonoscopy (n = 1)

Included in per-protocol analysis
(n = 59)

Included in per-protocol analysis
(n = 57)

Fig.2 Flow diagram of the patients enrolled in the
CLEVER study.

Table 1 Number of tandem procedures performed per center and per endoscopist.

Center Procedures per center Endoscopist number Procedures per endoscopist

Center A
GI Endoscopy Unit, Elisha Hospital, Haifa, Israel

38 1 17

2 8

3 13

Center B
Department of Gastroenterology and Hepatology,
University Medical Center Utrecht, Utrecht, The
Netherlands

70 4 64

5 4

6 2

Center C
Department of Medicine, Division of Gastroenterology
and Hepatology, Indiana University Hospital, Indianapolis,
Indiana, United States

8 6 8
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noscopy procedures, 38 (32.8%) were performed in center A, 70
(60.3%) in center B, and 8 (6.9%) in center C. One endoscopist
(number 6) performed procedures in both centers B and C.
Patients had amean age of 58.7 ± 9.2 years and 38.8% were wom-
en. The indications for colonoscopy were screening (n=34; 29.3
%), surveillance (n=40; 34.5%), and diagnostic evaluation (n=
42; 36.2%). Mean age (P=0.322) and BBPS scores (P=0.838)
were not significantly different statistically between the two
study groups (●" Table2). However, the group that underwent
standard colonoscopy first included significantly more women
(P=0.020) compared with the group that underwent EndoRings
colonoscopy first.

Adenoma miss rate
In patients who underwent EndoRings colonoscopy first, 60 ade-
nomas were detected in 28 patients, while during the second-
pass standard colonoscopy an additional seven adenomas were
found in four patients (●" Table3). In patients who underwent
standard colonoscopy first, 30 adenomas were detected in 17 pa-
tients with standard colonoscopy, while the second-pass colo-
noscopy with EndoRings identified 28 additional adenomas in
17 patients. Therefore, the adenoma miss rate was significantly
lower (P<0.001) with EndoRings colonoscopy (10.4%) compared
with standard colonoscopy (48.3%).

Table 2 Baseline characteristics of the per-protocol study population.

Characteristics Total EndoRings colonoscopy first Standard colonoscopy first P value1

Patients 116 57 59 –

Age, mean ± SD, years 58.7 ± 9.2 57.9 ±9.1 59.6 ± 9.3 0.322

Female sex, n (%) 45 (38.8%) 16 (28.1) 29 (49.2) 0.020

BBPS, mean ± SD, score 7.8 ±1.1 7.8 ± 1.1 7.8 ± 1.1 0.838

Indication, n (%)

Screening 34 (29.3%) 17 (29.8) 17 (28.8) 0.800

Surveillance 40 (34.5%) 21 (36.8) 19 (32.2)

Diagnostic 42 (36.2%) 19 (33.3) 23 (39.0)

Center

A 38 (32.8) 18 (31.6) 20 (33.9) 0.730

B 70 (60.3) 36 (63.2) 34 (57.6)

C 8 (6.9) 3 (5.3) 5 (8.5)

SD, standard deviation; BBPS, Boston Bowel Preparation Scale.
1 Continuous variables tested with Student’s t test; categorical variables tested with Pearson’s chi-squared test.

Table 3 Adenomas1 detected and missed with EndoRings and standard colonoscopy.

EndoRings colonoscopy first Standard colonoscopy first P value†2

Adenomas detected, n

First procedure 60 30

Second procedure3 7 28

Total 67 58

Adenoma miss rate in first procedure (95%CI), % 10.4 (2.9–18.0) 48.3 (35.0–61.2) < 0.001

Adenoma miss rates by characteristics, n (%)

Proximal 5 (10.6%) 18 (58.1%) < 0.001

Distal 2 (10.0%) 10 (37.0%) 0.047

1–5mm 7 (13.5%) 26 (54.2%) < 0.001

6–9mm 0 (0.0%) 2 (33.3%) 0.125

≥10mm 0 (0.0%) 0 (0.0%) –

Pedunculated 1 (5.3%) 1 (14.3%) 0.474

Sessile 6 (12.8%) 22 (50.0%) < 0.001

Flat 0 (0.0%) 5 (71.4%) 0.375

Tubular 7 (11.1%) 28 (50.9%) < 0.001

(Tubulo)villous 0 (0.0%) 0 (0.0%) –

Low grade dysplasia4 7 (10.8%) 27 (50.0%) < 0.001

High grade dysplasia 0 (0.0%) 0 (0.0%) –

Patients with at least one adenoma detected

First procedure 28/57 17/59

Second procedure3 4/57 17/59

Total 28/57 27/59

Adenoma detection rate in first procedure (95%CI), % 49.1 (35.7 –62.5) 28.8 (16.9–40.7) 0.025

False-negative first procedure (95%CI), % 0.0 16.9 (7.1–26.8) 0.001

CI, confidence interval.
1 Including tubular adenomas and (tubulo)villous adenomas.
2 Tested with Pearson’s chi-squared test.
3 Cross-over design with removal of lesions during the first procedure.
4 Grade of dysplasia unknown in five of the adenomas detected during the first procedure and in one detected during the second procedure.
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Adenomamiss rates per center are shown in●" Tablee4 (available
online). In center B, adenoma miss rates with standard and En-
doRings colonoscopy were 31.8% versus 14.9% respectively (P=
0.103); in both centers A and C, adenoma miss rates were 58.3%
versus 0.0% respectively.

Polyp miss rate
EndoRings colonoscopy identified 110 polyps in 39 patients dur-
ing first-pass examinations. With second-pass standard colonos-
copy, an additional 11 polyps were found in seven patients (●" Ta-
ble5). In patients who underwent standard colonoscopy first, 50
polyps were found in 24 patients during the first-pass examina-
tions, while during the second-pass colonoscopies using EndoR-
ings an additional 56 polyps were found in 32 patients. Therefore,
the polyp miss rate was significantly lower (P<0.001) with En-
doRings colonoscopy (9.1%) compared with standard colonosco-
py (52.8%).

Adenoma and polyp detection rate
Adenoma detection rate of the first-pass colonoscopy was higher
(P=0.025) with EndoRings (28 of 57 patients; 49.1%) than with
standard colonoscopy (17 of 59 patients; 28.8%). Moreover, in
the group that underwent standard colonoscopy first, 10 patients
had no adenomas detected during first-pass colonoscopy but
were found to have adenomas during the second-pass colonosco-
py with EndoRings, resulting in a false-negative colonoscopy rate
for adenomas of 16.9%. In contrast, the false-negative colonosco-
py rate of EndoRings colonoscopy was 0% (P=0.001). Further-
more, the polyp detection rate with EndoRings (68.4%) was sig-
nificantly higher (P=0.003) than with standard colonoscopy
(40.7%).

Characteristics of missed adenomas
The miss rate of proximally located adenomas was significantly
lower (P<0.001) with EndoRings (5 of 47; 10.6%) compared
with standard colonoscopy (18 of 31; 58.1%). Most of the missed
adenomas were 1–5mm in size (100% for EndoRings and 92.9%
for standard colonoscopy) and these small adenomas were less
frequently missed with EndoRings (7 of 52; 13.5%) than with
standard colonoscopy (26 of 48; 54.2%; P<0.001). There were no
differences in the miss rates for adenomas that were 6–9mm (P
=0.125), pedunculated (P=0.474), or flat (P=0.375). However, the
miss rate of sessile adenomas was significantly lower (P<0.001)
with EndoRings (6 of 47; 12.8%) than with standard colonoscopy
(22 of 44; 50.0%).
All adenomas missed with standard or EndoRings colonoscopy
were tubular adenomas smaller than 10mm and none showed
histological evidence of high grade dysplasia, meaning that no
advanced adenomas were missed with EndoRings or standard
colonoscopy. There were no serrated polyps missed with EndoR-
ings or standard colonoscopy.

Impact on surveillance intervals
The impact of the second-pass colonoscopy using EndoRings
and standard colonoscopy is shown in●" Tablee6 (available on-
line). Of the 59 patients who underwent standard colonoscopy
first, in eight patients (13.6%) the recommended surveillance in-
terval, according to current US guidelines, changed from 10
years to 5 years and in three (5.1%) the recommended surveil-
lance interval changed from 5 years to 3 years after the second-
pass colonoscopy with EndoRings. In contrast, in only two of the
57 patients (3.5%) who underwent EndoRings colonoscopy first
was the recommended surveillance interval shortened after the

Table 5 Polyps1 detected and missed with EndoRings and standard colonoscopy.

EndoRings colonoscopy first Standard colonoscopy first P value2

Polyps detected

First procedure 110 50

Second procedure3 11 56

Total 121 106

Polyp miss rate for first procedure, % 9.1 (3.9 –14.3) 52.8 (43.2–62.5) < 0.001

Polyp miss rates by characteristics, n (%)

Proximal 7 (10.8%) 28 (62.2%) < 0.001

Distal 4 (7.1%) 28 (45.9%) < 0.001

1–5mm 11 (10.7%) 53 (57.6%) < 0.001

6–9mm 0 (0.0%) 3 (33.3%) 0.074

≥10mm 0 (0.0%) 0 (0.0%) –

Pedunculated 2 (6.9%) 5 (33.3%) 0.036

Sessile 9 (10.6%) 41 (52.6%) < 0.001

Flat 0 (0.0%) 10 (76.9%) 0.003

Hyperplastic 4 (8.0%) 28 (59.6%) < 0.001

Adenoma 7 (10.4%) 28 (48.3) < 0.001

Serrated 0 (0.0%) 0 (0.0%) –

Other 0 (0.0%) 0 (0.0%) –

Patients with at least one polyp detected

First procedure 39 /57 24 /59

Second procedure3 7 /57 32 /59

Total 39 /57 39 /59

Polyp detection rate for first procedure (95%CI), % 68.4 (56.0–80.9) 40.7 (27.8–53.6) 0.003

False-negative first procedure (95%CI), % 0.0 25.4 (14.0–36.9) < 0.001

CI, confidence interval.
1 Including hyperplastic polyps, tubular adenomas, (tubulo)villous adenomas, serrated polyps, lipomas, leiomyomas and inflammatory polyps.
2 Tested with Pearson’s chi-squared test.
3 Cross-over design with removal of lesions during the first procedure.
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second-pass standard colonoscopy. This difference was signifi-
cant (P=0.013).
When applying the European guidelines, the recommend sur-
veillance interval was shortened in three patients (5.3%) who un-
derwent EndoRings colonoscopy first and in five patients (8.5%)
who underwent standard colonoscopy first (P=0.617).

Time endpoints
The mean cecal intubation time, withdrawal time, and total pro-
cedure time are shown in●" Table7. The mean±SD cecal intuba-
tion time was shorter with standard colonoscopy (8.4±5.6 min-
utes) compared with EndoRings colonoscopy (9.3±7.3 minutes)
but this difference was not statistically significant (P=0.142).
Mean ± SD withdrawal time was comparable (P=0.286) between
standard (7.2±2.2 minutes) and EndoRings colonoscopy (7.4±1.9
minutes), including when this was limited to the first-pass colo-
noscopies (7.0±2.1 vs. 7.8±2.1 minutes; P=0.055).
Total procedure time was approximately 3 minutes longer with
EndoRings colonoscopy (21.6±8.9 minutes) compared with
standard colonoscopy (18.5±8.2 minutes), which was because
more time was required for the additional polypectomies (3.5±
4.3 minutes vs. 1.8±4.5 minutes; P=0.001). The time per poly-
pectomy was similar with EndoRings and standard colonoscopy
(3.0±2.5 minutes vs. 2.8±2.1 minutes; P=0.697).

Adverse events
No adverse events related to the EndoRings device occurred dur-
ing the conduct of this study. However, in one patient the cecum
could not be intubated in the EndoRings colonoscopy and in two
other patients the cecumwas not intubated in the standard colo-
noscopy. In a fourth patient, a second procedure with the EndoR-
ings was not performed because of a prolonged polypectomy re-
quiring the placement of multiple clips during the first procedure
with a standard colonoscope.

Discussion
!

Although colonoscopy is currently the preferred method of de-
tection for (pre)cancerous lesions in the colorectum [1–4], it is
increasingly being recognized as an imperfect method of exami-
nation because of its inability to visualize the entire mucosal sur-
face, particularly the proximal aspects of folds and flexures [12,
13].
In the present randomized, tandem colonoscopy study, we
showed that significantly fewer adenomas and polyps are missed
with EndoRings colonoscopy and that both the adenoma and
polyp detection rates are significantly higher compared with
standard colonoscopy. Although we were unable to demonstrate
a statically significant difference inmissed advanced adenomas, a
substantial number of flat and proximally located lesions were

missed with standard colonoscopy while such lesions were less
frequently missed with EndoRings colonoscopy. Furthermore,
the recommended colonoscopy surveillance interval was more
frequently shortened after the second procedure with EndoRings
than with the standard procedure because of additional adeno-
mas being detected.
The improved detection of polyps and adenomas with the En-
doRings is provided by three circular rows of flexible silicone-
rubber rings that engage and mechanically straighten the colonic
folds during withdrawal. The EndoRings additionally improves
visualization of the total colonic surface area by keeping the dis-
tal tip of the colonoscope centered in the colonic lumen. Colonos-
copy with the EndoRings does not interfere with the normal
washing, suctioning, and therapeutic capabilities of the colono-
scope and does not block parts of the camera view as some other
devices may do [25].
Although it is difficult to make direct comparisons between stud-
ies, the results of the present study indicate that the effect of the
EndoRings on polyp and adenoma miss rates is in the upper
range of the effects of other devices or techniques designed to im-
prove visualization of the colonic mucosa, such as cap-assisted
colonoscopy [26,27], virtual chromoendoscopy [20], and Third
Eye Retroscope colonoscopy [17].
The recently developed Endocuff seems to have features compar-
able to the EndoRings, with both being add-on devices that are
designed to flatten the mucosal folds during withdrawal [28]. In
a recent randomized, controlled trial, the Endocuff was shown to
significantly improve both polyp (56% vs. 42%) and adenoma de-
tection rates (36% vs. 28%) as compared with standard colonos-
copy [29].
Another recently introduced technology is FUSE colonoscopy.
This novel colonoscope has three cameras incorporated in the
tip that enlarge the field of view up to 330° compared with the
170° of a conventional standard colonoscope. The advantage of
the FUSE colonoscope has recently been demonstrated in the
FUSE study, a randomized, back-to-back tandem study in which
significantly lower adenoma miss rates were found when using
FUSE colonoscopy compared with standard colonoscopy (7% vs.
41%; P<0.0001) [16]. These results closely resemble the findings
of our study.
Although maneuverability may be expected to be easier with the
FUSE colonoscope, the advantage of the EndoRings is that it is
compatible with the currently used standard colonoscopes, mak-
ing it a cheaper alternative that can be easily applied in health
care systems with budget constraints. Nonetheless, insertion of
the colonoscopewhen using EndoRingsmay bemore challenging
in patients with strictures, previous bowel surgery, or severe di-
verticulosis because the flexible rings of the EndoRings may
cause some resistance during advancement of the colonoscope.
This is probably why we found a slightly, but not significantly,
longer cecal intubation time with EndoRings colonoscopy; how-

Table 7 Procedural time end-
points for EndoRings and standard
colonoscopy

Time endpoints,

mean ± SD, minutes

EndoRings colonoscopy Standard colonoscopy P value1

Cecum intubation time 9.3 ± 7.3 8.4 ± 5.6 0.142

Withdrawal time 7.4 ± 1.9 7.2 ± 2.2 0.286

Time spent on polypectomies 3.5 ± 4.3 1.8 ± 4.5 0.001

Time per polypectomy 3.0 ± 2.5 2.8 ± 2.1 0.697

Total procedure time 21.6 ± 8.9 18.5 ± 8.2 0.001

SD, standard deviation.
1 Tested with paired t test.
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ever, being less than a minute longer, this difference is not likely
to be clinically relevant.
The total procedure time was 3 minutes longer with EndoRings
colonoscopy compared with standard colonoscopy, which was
because of the extra time required for polypectomies. The time
per polypectomy was similar when EndoRings was compared
with standard colonoscopy. The tip control during polypectomy
was not reported to be a limitation by the performing endosco-
pists. In contrast, some endoscopists reported a benefit of using
the EndoRings, in that it stabilized the tip of the colonoscope in
the lumen. Nonetheless, the longer total procedure time and
shortened surveillance interval should be balanced against the
additional diagnostic yield with EndoRings colonoscopy. In our
view, the latter is preferable if the aim of colonoscopy is to reduce
the risk of developing colorectal cancer.
The higher number of adenomas that were removed significantly
affects the recommended colonoscopy surveillance interval, as
was demonstrated in this study. The clinical relevance of this
may be argued as, for the most part, this was because more small
sessile adenomas were found. However, we also demonstrated
that the miss rate of proximally located adenomas was signifi-
cantly lower and no flat adenomas were missed with EndoRings
colonoscopy. This is highly relevant when it is considered that co-
lonoscopy is less effective in preventing colorectal cancer in the
proximal colon particularly [30–33], largely as a result of missed
(pre)cancerous lesions often with flat morphology [8,9].
Our study has some limitations. First, the study was powered to
perform a per-lesion analysis and not to detect a difference in
adenoma or polyp detection rates (per-patient analysis). Never-
theless, and importantly, significantly higher adenoma and polyp
detection rates were found with EndoRings colonoscopy. Second,
the study was not powered to detect differences between groups
with an indication for screening, surveillance, or diagnostic colo-
noscopy. This may be important as some subgroups of patients
might benefit more from the use of add-on devices or technolo-
gies during colonoscopy than others.
Third, the same endoscopist performed both procedures and was
therefore not blinded to the findings of the first-pass procedures
and may not have used the same effort during both colonoscopy
procedures when trying to detect adenomas. This may to some
extent have favored EndoRings colonoscopy. However, investiga-
tor bias may also not be fully prevented when two different en-
doscopists perform the back-to-back colonoscopies. Moreover,
choosing one endoscopist for both procedures has the advantage
of preventing bias due to differences in withdrawal technique
and overall adenoma detection rates between endoscopists. In
other words, the single endoscopist acts as his/her own control.
Fourth, procedures were not evenly distributed among the study
centers with most procedures (60.3%) being performed in center
B. In this center, the adenomamiss rate with standard colonosco-
py was lower, while the miss rate with EndoRings colonoscopy
was higher compared with the other two centers that included
significantly fewer participants. This finding may imply a type I
error in the two centers that included fewer participants. The to-
tal adenoma miss rates that we found should therefore be inter-
preted with caution and may, in reality, be similar to the miss
rates found in center B. This is also supported by the findings of
previous back-to-back colonoscopy studies in which adenoma
miss rates of standard colonoscopy were lower.
Fifth, the endoscopists in this study were instructed to apply a
minimum withdrawal time of 6 minutes but no restrictions
were given for maximum withdrawal time. However, the mean

withdrawal times were similar for standard and EndoRings colo-
noscopy.
Finally, 10 patients were not included in the analysis because of
protocol violations. In two patients undergoing standard colo-
noscopy first, the advancement of the colonoscope (in one case
with standard and in another with EndoRings colonoscopy) was
not possible because of a narrow sigmoid as a consequence of di-
verticulosis. In a further patient it was decided not to perform a
second colonoscopy with the EndoRings because of a colonic
stricture. In another patient, the cecumwas not intubated during
standard colonoscopy, but the cecum was successfully intubated
with the EndoRings. It should be noted that the manufacturer re-
cently developed an EndoRings that fits onto a pediatric colono-
scope for patients with a narrow colon.
No adverse events related to the EndoRings occurred during the
conduct of this study.
In conclusion, the results of this multicenter, randomized, back-
to-back, tandem colonoscopy study demonstrate that, as com-
pared with standard colonoscopy, colonoscopy with the EndoR-
ings device significantly reduces the adenoma and polyp miss
rates. The simple and easy-to-use design and the minimal impact
on cecal intubation time of this add-on device may help to im-
prove the efficacy of screening and surveillance colonoscopies.
The next step in the evaluation of this device should investigate
adenoma detection rates in a parallel, randomized, controlled
trial includingmore endoscopists andmore study patients. In ad-
dition, it will be interesting to investigate whether specific histo-
logical types of polyps or polyp sizes are more frequently found
with EndoRings colonoscopy.
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