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abstraCt

background & aims: Colonoscopy is the current reference standard for the detection of 
colorectal neoplasia, but nevertheless adenomas remain undetected. The Endocuff, an 
endoscopic cap with plastic projections, may improve colonic visualization and adeno-
ma detection. The aim of this study was to compare the mean number of adenomas per 
colonoscopy (MAP) and the adenoma detection rate (ADR) between Endocuff-assisted 
colonoscopy (EAC) and conventional colonoscopy (CC).
Methods: We performed a multicentre, randomized controlled trial in five hospitals 
and included FIT-positive screening participants as well as symptomatic patients (>45 
years). Consenting patients were randomized 1:1 to EAC or CC. All colonoscopies were 
performed by experienced colonoscopists (≥ 500 colonoscopies) that were trained in 
EAC. All colonoscopy quality indicators were prospectively recorded.
findings: In total, 1063 patients (51.6% male, median age 65 years) were randomized to 
EAC (n=530) or CC (n=533). MAP was 21.4% higher in the EAC group (MAP 1.44 vs. 1.19; 
p=0.036). ADR was high but was not increased with EAC (54% in the EAC group vs. 53% 
in the CC group; p=0.81). The adjusted cecal intubation rate was lower with EAC (94% vs 
99%; p<0.001), however when allowing cross-over from EAC to CC, they were similar in 
both groups (98% vs 99%; p-value=0.24). The cecal intubation time was shorter in the 
EAC group (7.00 vs 8.30 minutes; p<0.001).
Interpretation: Endocuff-assisted colonoscopy demonstrated a significant increase in 
the number of adenomas detected per patient compared to conventional colonoscopy. 
Adenoma detection rates were not increased with Endocuff. Cecal intubation times were 
shorter in the EAC group. Colonoscopy with Endocuff increases the yield of colonoscopy, 
for endoscopists who already have an high ADR. www.trialregister.nl ID NTR3962.
funding: This study was funded by Arc Medical Design Ltd., Leeds, England.
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IntroduCtIon

Colonoscopy is the current reference standard for the detection of colorectal cancer 
(CRC) and its precursor lesions, adenomas.1 Several tandem studies however, have re-
ported a substantial adenoma miss rate of 20-26%.2 The adenoma detection rate (ADR) 
is considered the prime quality indicator in CRC prevention, because of the association 
with the risk of interval carcinomas.3–5 However, ADR also has an inherent limitation as it 
does not measure the total number of adenomas detected within a person, potentially 
resulting in the “one and done phenomenon”.6 Measurement of the mean number of 
adenomas detected per colonoscopy (MAP) in addition to the ADR is suggested in the 
literature, and provides additional information about colonoscopy performance.5

Recently a new endoscopic cap, the Endocuff, was developed to improve adenoma 
detection and tip control of the colonoscope. The Endocuff (Arc Medical Design Ltd., 
Leeds, England) is a 2 cm long, flexible cap with two circular rows of plastic, hinged 
projections (“hairs”) that during withdrawal might straighten mucosal folds. Two recent 
German studies, performed by one study group in an academic setting, demonstrated 
improved adenoma detection with Endocuff-assisted colonoscopy (EAC) as compared 
to conventional colonoscopy (CC).7,8 Larger studies are needed to confirm a positive 
effect on the MAP detected during EAC in addition to the ADR and to evaluate the effect 
in a non-academic setting, more resembling daily practice.

We performed a multicentre, randomised controlled trial comparing the MAP detected 
during EAC and CC.

Methods

Patients

This study was performed between August 2013 and October 2014 in five hospitals in 
the Netherlands: two academic hospitals (Procolo/Bergman IZA at the Academic Medi-
cal Centre in Amsterdam and University Medical Centre in Utrecht) and three regional 
hospitals (Slotervaartziekenhuis in Amsterdam, Sint Lucas Andreas Ziekenhuis in Am-
sterdam and Flevoziekenhuis Almere) in the Netherlands. Patients aged 45 years and 
older, scheduled for colonoscopy for one of the following indications for colonoscopy, 
were invited to participate in this study: polyp surveillance, changed bowel habits 
and/or bloody stools, bowel complaints, a positive family history for CRC or a positive 
FIT. Before inclusion, patient charts were reviewed for possible exclusion criteria and 
these included patients with polyposis syndromes, inflammatory bowel disease, severe 
diverticulosis or colonic stricture, previous (partial) colonic resection, previous CT-
colonography within last 2 years or an acute indication for colonoscopy. Patients were 
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informed about the study during consultation prior to colonoscopy and received an 
information brochure to read at home. After written informed consent, eligible patients 
were randomly allocated 1:1 to either EAC or CC by a computerized randomisation 
program (ALEA Randomisation Service).9 Randomisation was stratified by centre using 
random block sizes of block size 2, 4, 6 and 8. Randomisation was performed within 24 
h of the colonoscopy and performed by the research staff. This study was approved by 
the medical ethical committees of all participating centres and the study underwent 
frequent monitoring by an independent monitor. All authors had access to the study 
data and reviewed and approved the final manuscript. The trial was registered in the 
Dutch Trial Register: NTR3962 (www.trialregister.nl).

Colonoscopy

Colonoscopy variables were directly noted on a case record form by the endoscopist or 
research staff. All colonoscopies were performed by endoscopists with an experience of 
at least 500 colonoscopies. They were all trained in EAC (training included an extensive 
explanation and demonstration by the research coordinator) and had performed at least 
15 EACs prior to the start of the study. Colonoscopes used within this study were CF-
H180AL, CF-HQ190L and PCF-H180AL series variable-stiffness instruments by Olympus 
(Olympus Medical Systems, Tokyo, Japan) and Fujion EC 530 WL instruments (Fujifilm 
Europe, Düsseldorf, Germany).

Most patients received standard bowel preparation: low-fibre diet and oral intake of 
2 litres of transparent fluid and 2 litres of hypertonic polyethylene glycol solution (Mo-
viprep; Norgine, Amsterdam, The Netherlands) at home. The majority of the procedures 
were performed under conscious sedation using intravenous midazolam and fentanyl/
alfentanyl. Administration of antispasmodics (butylscopolamine) was allowed at the dis-
cretion of the endoscopist. All administered medications were recorded. Endoscopists 
intended to intubate the cecum as quickly as possible without performing polypecto-
mies during introduction. Cecal intubation was confirmed by documentation of cecal 
landmarks (ileocecal valve, appendiceal orifice or terminal ileum). During withdrawal of 
the colonoscope, the mucosa was carefully inspected and in case of polyps endoscopic 
removal of the lesions was attempted. All polyps were retrieved in separate specimen 
containers and send for histopathological assessment. All polyp features (colonic seg-
ment, morphology: divided in pedunculated, sessile, flat or depressed lesions, estimated 
size, optical diagnosis and polypectomy technique) were reported by the research staff. 
Location was considered proximal if proximal to the splenic flexure. Intubation and 
withdrawal time (including time taken for polypectomies) were recorded by a member 
of the research staff or by an endoscopy nurse, using a stopwatch.

Patient discomfort was scored by one of the nurses present at colonoscopy on the 
five-point Gloucester Comfort Score, with scores ranging from no discomfort (1) to 
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severe discomfort (5).10 Bowel preparation was scored per segment using the validated 
Boston Bowel Preparation Score (BBPS)11, ranging from 3 (complete segment without 
faeces, good visualisation) to 0 (solid faeces, not evaluable).

Endocuff-assisted colonoscopy

The first generation Endocuff received a CE mark in July 2011, and was approved for 
human medical use by the FDA in 2012. For the EAC, the Endocuff was placed onto the 
tip of the colonoscope distal to the bending section just before insertion. In all other 
aspects, the procedural protocol was similar to the CC. It is constructed with two rings 
of soft, flexible slim projections that are hinged at their bases so as not to interfere with 
forward movement. There are several Endocuff devices available with varying sizes 
for different colonoscopes. For the Olympus endoscopes we used the AEC140, for the 
Fujinon endoscopes the AEC120 and for all procedures with a paediatric endoscope the 
AEC 130 (Figure 1). The type and number of the colonoscope and type of Endocuff were 
recorded on the case record form for each colonoscopy.

figure 1. The Endocuff AEC 140 and AEC 130 models. The Endocuff (Arc Medical Design Ltd.,Leeds, Eng-
land) is a 2 cm long, flexible cap with two circular rows of plastic, hinged projections.
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Histopathology

Histopathology was processed and stained using standard methods and evaluated by 
one of the GI-pathologists in each centre. The pathologists were blinded to the study 
allocation. Polyp histology was evaluated according to the Vienna criteria.12 All lesions 
were classified as hyperplastic polyp, sessile serrated adenoma/polyp, traditional ser-
rated adenoma, tubular, tubulovillous or villous adenoma, or carcinoma. Dysplasia was 
defined as either low grade or high grade. An advanced adenoma was defined as an 
adenoma ≥10 mm, ≥25% villous histology or with high-grade dysplasia.

Complications

All procedural complications were recorded at the time of colonoscopy. Patients were 
contacted a week after the procedure for registration of post-procedural complications. 
They were instructed to contact the hospital if complications occurred to ensure a com-
plete complication record. The trial coordinator was informed about all complications.

Outcome measures and statistical analysis

The primary outcome measure was adenoma detection, defined as the total number 
of detected adenomas in each group divided by the total number of patients in that 
group ( MAP, per-polyp analysis). Also the ADR was evaluated, defined as the propor-
tion of patients with at least one adenoma (per-patient analysis). Adenoma detection 
was analysed in an intention-to-treat and a per-protocol analysis. Differences among 
endoscopists and centres (academic vs. regional) were evaluated. Secondary outcomes 
were cecal intubation time and rate, withdrawal time, degree of patient-discomfort and 
complication rate. We performed subanalyses to evaluate differences in polyp morphol-
ogy, location and size between the groups.

Adenoma detection was compared using the χ2 test (per-patient analysis) and a Pois-
son regression model (per-polyp analysis, for Poisson distributed data). In this model we 
adjusted for over dispersion caused by the large variance of the data. As we stratified by 
colonoscopy centre during randomisation, we also compared the MAP using a mixed 
generalized model. In this model both the randomisation arm and centre were entered 
as fixed factors and number of adenomas per procedure as dependent factor, to ac-
count for the correlation between colonoscopy centre and MAP. The Mann-Whitney U 
test statistic was used to compare procedural times and discomfort and BBPS. For the 
comparison of withdrawal time, only negative colonoscopies (colonoscopies in which 
no polyps were detected or biopsies were taken) were analysed. The χ2 test statistic was 
used to compare cecal intubation rates. Two-sided p values of <0.05 were considered 
to indicate significant differences. All analyses were performed using SPSS V. 21.0 for 
Windows. The results were reported using the CONSORT guidelines.13
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Sample size

The number of adenomas detected per procedure (MAP) was assumed to be Poisson 
distributed. We expected to detect 0.7 adenomas per procedure with conventional 
colonoscopy. Based on two previous studies in a comparable (symptomatic) patient 
group,14,15 we expected that the detection rate would increase by at least 20% to 0.84 
adenomas per procedure following Endocuff (rate ratio > 1.2). With a two-sided test 
significance of 0.05, we would achieve 80% power in detecting a rate ratio larger than 
1.2 when 972 patients are included, 486 per arm. The expected number of adenomas 
to be detected in the conventional colonoscopy group equalled 341 compared to 409 
in the Endocuff group. To estimate the overall enrolment goal to ensure 972 evaluable 
patients for the per-protocol analysis, the number of protocol violations was assessed 
blinded for study outcomes after inclusion of the first 922 patients. Some patients who 
were allocated to Endocuff colonoscopy underwent a cross-over to the conventional 
colonoscopy group (4.70% of the Endocuff population, because of failure to intubate 
the cecum). Besides, in both groups incomplete colonoscopies occurred, amounting 
to 3.48% of the total study population. Based on these proportions, we estimated that 
the enrolment goal needed to be increased to a total of 1058 patients to ensure 972 
completed and assessable patients for the per-protocol analysis (972/(1-0.0348)) / (1-
0.0470)).

results

Patient characteristics

Figure 2 shows the study flowchart. A total of 1065 patients consented and were 1:1 
randomised to either EAC (n=531) or CC (n=534) between August 2013 and November 
2014. After randomisation, 2 patients were excluded because of absence of a trial en-
doscopist. The remaining 1063 patients were analysed in the intention-to-treat analyses. 
As displayed in Table 1, groups were comparable with respect to age, gender and colo-
noscopy indication. In 33 patients protocol violations occurred and 30 patients had an 
incomplete colonoscopy (see Figure 2).

Colonoscopy results

Adjusted cecal intubation rates were significantly lower in the EAC group (94% vs 99%; 
p<0.001) (Table 1). Twenty-two incomplete EACs (4.2%) converted to CC because no 
intubation beyond the sigmoid was possible. Of these 22 converted colonoscopies, 
19 were completed to the cecum without Endocuff, resulting in similar adjusted cecal 
intubation rates of 98% vs 99%. Cecal intubation time was significantly shorter in the 
EAC group (7.00 vs. 8.30 minutes; p<0.001), as was the net withdrawal time in negative 
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colonoscopies (median 7.00 min vs. 8.00 min; p=0.02). No significant differences were 
detected with respect to bowel preparation scores or Gloucester comfort scores.

Polyp detection rates

In the intention-to-treat analysis, the MAP was not significantly different between the 
EAC group and CC group (1.36 ± 2.10 vs. 1.17 ± 1.65; p=0.09). The proportion of patients 
with at least one adenoma (ADR) was the same in both groups (52% vs. 52%; RR 0.99; 
95% CI 0.88-1.12). Forty-nine carcinomas were detected in 47 patients (n=24 in the EAC 
group; 4.3%, n=25 in the CC group; 4.5%).

We included 1000 patients in the per-protocol analysis, 486 in the EAC group and 514 
in the CC group (Table 2). MAP was 21.4% higher in the EAC group (MAP 1.44 ± 2.16 vs. 
1.19 ± 1.67; p=0.036); this difference was still significantly different after adjusting for 
centre (p=0.021). There was no difference in ADR between the two groups (54% in the 
EAC group vs. 53% in the CC group; RR 1.01; 95% CI 0.90-1.15). There was no difference in 
patients with at least one advanced adenoma or in total number of advanced adenomas 
between the groups (Table 2).

Size, morphology and proximal location of all adenomas detected in this study are 
also shown in Table 2. Only detection of diminutive (<6 mm) adenomas was significantly 
better for EAC (0.91 vs. 0.74; p<0.05). EAC also detected a higher number of flat adeno-

Randomized (n=1065)

Allocated to Endocu�
colonoscopy (n=531 )

Allocated to Conventional
colonoscopy (n=534 )

Excluded (N=1)
Absence of trial endoscopist 

Excluded (N=1)
Absence of trial endoscopist 

Received allocated 
intervention (n=504)

Received conventional 
colonoscopy (n=3)*

Colonoscopy canceled (n=1)**

Discontinued allocated 
treatment (n=22)***

Received Endocu� colonoscopy 
(N=4)*

Received allocated 
intervention (n=529)

Per-protocol analyses 
Endocu� colonoscopy 

(n=486)

Per-protocol analyses 
Conventional colonoscopy

(n=514)

Incomplete colonoscopy (n=18) Incomplete colonoscopy (n=15)

figure 2. Legend STROBE Flowchart Endocuff trial
* Three patients were allocated to EAC, but received CC. Four patients were allocated to CC, but received 
EAC
** Colonoscopy was cancelled because patient had a rectal prolapse and was referred to the emergency 
room
***In 22 cases it was not possible to extend past the sigmoid colon because of diverticular disease, and 
these patients crossed-over to conventional colonoscopy
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mas per patient (0.27 vs. 0.16; p=0.03). There were no significant differences between 
the groups in the detection of proximal located adenomas.

We also evaluated the number of detected adenomas per colonic segment. There was 
no difference in adenoma detection for all segments. However, a significantly higher 
number of patients had at least one adenoma in the descending colon in the EAC group 
(16% vs. 11%; p=0.04), and also the MAP detected in the descending colon was higher in 
the EAC group (0.23 vs. 0.14; p<0.01).

table 1. Baseline demographics and colonoscopy characteristics

endocuff-assisted 
colonoscopy (n=530)

Conventional 
colonoscopy (n=533)

p-value

Age (years, median, IQR) 65 (58-71) 65 (57-71)

Male (n, %) 264 (50%) 285 (54%)

Colonoscopy indication (n, %)
 Polyp surveillance
 FIT+ screening
 Symptoms
 Positive family history

74 (14%)
201 (38%)
204 (38%)
51 (10%)

79 (15%)
197 (37%)
203 (38%)
54 (10%)

Diverticulosis (n, %) 232 (44%) 256 (48%)

Gloucester Comfort Scale (median, IQR) 2 (1-2) 2 (1-3) 0.56

BBPS (median, IQR)* 9 (7-9) 8 (7-9) 0.73

Sedation (%)
 None
 Midazolam only
 Fentanyl only
 Midazolam + fentanyl
 Propofol
Butylscopolamine (%)

14 (2.6%)
29 (5.5%)
25 (4.7%)

454 (85.7%)
8 (1.5%)
70 (13%)

17 (3.2%)
32 (6%)

25 (4.7%)
446 (83.7%)

13 (2.4%)
74 (14%)

No of colonoscopies per centre (n, %)
Centre 1
Centre 2
Centre 3
Centre 4
Centre 5

192 (36%)
102 (19%)

46 (9%)
153 (29%)

37 (7%)

193 (36%)
102 (19%)

45 (9%)
155 (29%)

38 (7%)

0.94

Cecal intubation rate (n,%)
Adjusted cecal intubation rate (n, %)**

508/529 (96%)
489/520 (94%)

508/520 (98%)***

518/533 (97%)
518/525 (99%)
518/525 (99%)

0.30
<0.001

0.24

Cecal intubation time
(minutes, median, IQR)*

7.00 (5.00-10.00) 8.30 (6.00-12.00) <0.001

Number of negative colonoscopies
Withdrawal time (minutes, median, IQR)*

164
7.00 (6.00-9.30)

170
8.00 (6.30-10.30)

0.86
0.01

*Only complete colonoscopies were analysed
** Adjusted for poor bowel preparation and colonic strictures
*** After cross-over to conventional colonoscopy
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Influence of colonoscopy indication, centre and endoscopist on adenoma 
detection

We performed subanalyses per colonoscopy indication. ADR differed significantly per 
indication (p<0.001), but for each indication separately there was no difference in ADR 
or MAP between EAC and CC groups (Table 3). We also compared ADR and MAP in the 
academic versus the non-academic centres. ADR and MAP were significantly higher in 
the academic centers (68% vs. 41%; p<0.001 and 1.92 vs. 0.84; p<0.001), also after ad-
justing for colonoscopy indication. In the colonoscopies performed in academic centres 
the ADR did not differ between EAC and CC (71% vs. 66%; p=0.21), however the MAP 
was higher in the EAC group (2.30 ± 2.63 vs. 1.58 ± 1.91; p<0.01). There were no differ-

table 2. Polyp detection with Endocuff-assisted colonoscopy vs. conventional colonoscopy: per-protocol 
analysis

eaC (486) CC (514) p-value

total number of polyps 982 883 0.05

total number of adenomas
 Advanced adenomas

700
144

610
145

0.02
0.94

adenomas per patient (MaP) (mean, sd)
 Advanced adenomas per patient (mean, SD)

1.44 (2.16)
0.30 (0.69)

1.19 (1.67)
0.28 (0.62)

0.04
0.73

total number of serrated lesions*
 Total number of proximal serrated lesions**

262
95

254
117

0.60
0.43

serrated lesions per patient (mean, sd)
  Proximal serrated lesions per patient (mean, SD)

0.54 (1.17)
0.20 (0.61)

0.49 (1.06)
0.23 (0.67)

0.53
0.43

Patients ≥1 adenoma (adr) (n, %)
 Patients ≥1 advanced adenoma (n, %)

260 (53.5%)
103 (21%)

271 (52.7%)
111 (22%)

0.81
0.88

Patients ≥1 serrated lesion (n, %)
 Patients ≥1 proximal serrated lesion (n, %)

135 (28%)
66 (14%)

134 (26%)
75 (15%)

0.54
0.65

size, total number of adenomas
 <6 mm (total, %, mean, SD)
 6-9 mm (total, %, mean, SD)
 ≥10 mm (total, %, mean, SD)

700
443 (63%) 0.91 (1.55)
145 (21%) 0.30 (0.73)
112 (16%) 0.23 (0.57)

610
378 (62%) 0.74 (1.23)
121 (20%) 0.24 (0.57)
111 (18%) 0.22 (0.53)

<0.05
0.12
0.68

flat morphology
 Flat polyps (n, mean, SD)
 Patients ≥1 flat polyp (n,%)
 Flat adenomas (n, mean, SD)
 Patients ≥1 flat adenoma (n, %)

213 (0.44 ± 1.27)
102 (21%)

129 (0.27 ± 0.92)
72 (15%)

161 (0.31 ± 0.83)
91 (18%)

84 (0.16 ± 0.54)
60 (12%)

0.06
0.19
0.03
0.14

Proximal location**
 Proximal adenomas (n, mean, SD)
 Patients ≥1 proximal adenoma (n, %)
  Proximal advanced adenomas per patient (n, 

mean, SD)
  Patients ≥1 proximal advanced adenoma (n, %)

359 (0.74 ± 1.38)
171 (35%)

51 (0.10 ± 0.43)
37 (8%)

318 (0.62 ± 1.06)
182 (35%)

53 (0.10 ± 0.37)
43 (8%)

0.12
0.94

0.94
0.66

*Hyperplastic polyps, sessile serrated adenomas/polyps and traditional serrated adenomas
** Proximal to the splenic flexure
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ences between EAC and CC in ADR and MAP for procedures performed in non-academic 
centres (40% vs. 43%; p=0.56 and 0.79 ± 1.42 vs. 0.88 ± 1.38; p=0.48).

Most colonoscopies were performed by 9 endoscopists (851 of 1063; 80%). All per-
formed at least 50 colonoscopies for the study (Table 4). The remaining 212 colonosco-
pies were performed by 11 endoscopists. Each endoscopist performed a similar number 
EACs and CCs within the study (p=0.94, Table 4). One endoscopist who performed 113 
endoscopies had a higher MAP with EAC (2.98 vs.1.38; p<0.01), but ADR was compa-
rable. For all other individual endoscopists, MAP and ADR were not significantly different 
between EAC and CC.

table 3. Adenoma detection per different colonoscopy indications (per-protocol analysis)

Number of
colonoscopies

(EAC/CC)

EAC CC P-value

FIT screening
 Patients ≥1 adenoma (n, %)
 Adenomas per patient (mean, SD)

376 183
133 (73%)
2.43 (2.68)

193
144 (75%)
1.96 (2.05)

0.67
0.06

Polyp surveillance
 Patients ≥1 adenoma (n, %)
 Adenomas per patient (mean, SD)

149 70
39 (56%)

1.09 (1.44)

79
40 (51%)

1.08 (1.49)
0.54
0.97

Symptoms
 Patients ≥1 adenoma (n, %)
 Adenomas per patient (mean, SD)

373 185
74 (40%)

0.81 (1.48)

188
66 (35%)

0.60 (1.04)
0.33
0.11

Positive familial history
 Patients ≥1 adenoma (n, %)
 Adenomas per patient (mean, SD)

102 48
14 (29%)

0.63 (1.55)

54
21 (39%)

0.61 (0.90)
0.30
0.96

table 4. Adenoma detection of the different endoscopists (per-protocol analysis)

Number of colonoscopies Patients with ≥1
adenoma (n,%)

p-value Mean number of adenomas
per patient (mean, SD)

p-value

Total
N (EAC/CC)

Per-protocol
analyses

EAC CC EAC CC

Endoscopist 1 138 (66/72) 131 43 (72%) 58 (82%) 0.17 2.30 (2.40) 2.25 (2.38) 0.91

Endoscopist 2 120 (61/59) 113 42 (76%) 37 (64%) 0.15 2.89 (3.21) 1.38 (1.70) <0.01

Endoscopist 3 113 (56/57) 107 15 (29%) 19 (35%) 0.53 0.69 (1.38) 0.71 (1.18) 0.95

Endoscopist 4 101 (49/52) 94 19 (40%) 18 (38%) 0.83 0.87 (1.57) 0.87 (1.70) 1.00

Endoscopist 5 91 (38/53) 82 13 (41%) 16 (32%) 0.43 0.72 (1.22) 0.62 (1.18) 0.72

Endoscopist 6 82 (44/38) 77 20 (50%) 21 (57%) 0.55 1.00 (1.54) 1.00 (1.11) 1.00

Endoscopist 7 69 (35/34) 67 18 (55%) 15 (44%) 0.39 0.79 (0.86) 0.76 (1.10) 0.92

Endoscopist 8 68 (36/32) 66 14 (41%) 20 (63%) 0.08 0.82 (1.22) 1.34 (1.49) 0.13

Endoscopist 9 69 (39/30) 65 15 (42%) 12 (41%) 0.98 0.81 (1.60) 0.90 (1.45) 0.81

Other
endoscopists

212 (106/106) 88 22 (50%) 20 (46%) 0.67 1.86 (2.40) 1.26 (1.58) 0.04
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Complications

In both the EAC group and the CC group only minor complications occurred; two post-
polypectomy bleedings in each group, a perianal abscess after colonoscopy in the CC 
group and a deep venous thrombosis with a pulmonary embolism, probably not related 
to the colonoscopy, in the EAC group.

dIsCussIon

In this multicentre, randomized controlled trial, we compared adenoma detection dur-
ing EAC and CC. The use of an Endocuff during colonoscopy did increase the MAP but did 
not increase the ADR. Specifically, EAC increased the detection of diminutive adenomas, 
flat adenomas and adenomas in the descending colon. Adjusted cecal intubation rates 
were similar in both groups.

This is the first large prospective randomized controlled trial that is adequately 
powered to compare the mean number of adenomas per patient between EAC and 
CC. Colonoscopies were performed in two academic and three regional hospitals, by 
experienced endoscopists with high adenoma detection rates and who were trained in 
EAC. EAC and CC were consecutively performed in a random order and data on polyp 
detection, procedural times and bowel preparation scores were prospectively recorded, 
ensuring accurate and optimal data collection of high quality colonoscopies. Therefore 
we believe that our results are reliable and applicable to daily clinical practice.

However, also some limitations have to be acknowledged. Our sample size calculation 
was based on the expectation of a MAP of 0.7 per procedure with conventional colonos-
copy. The MAP with CC was 1.19; much higher than we expected. During the inclusion 
period, the national FIT-based colorectal cancer screening program started in the Neth-
erlands and we included more FIT positive screening participants (approximately 38% of 
study population) than expected. However, despite the high MAP in the control group, 
the MAP in the EAC-group was 1.44, an increase of 21.4% compared to 1.19. We did not 
standardize colonoscopy procedural variables (e.g. different colonoscopes, no standard-
ized use of antispasmodics and sedatives) between the centres. However, as this is a 
large, randomized controlled study, we do not think these potential confounding effects 
influenced the study outcomes. Besides, because of the multicentre character of our 
study the results resemble daily practice, with high quality colonoscopies performed in 
all centres. Another important but inevitable limitation is that just like the situation in 
most studies evaluating new endoscopic devices, the endoscopists could not be blinded 
for the allocation of the technique. However, the ADR in the CC group was equally high 
at 53% and far above the established threshold of 20%3,16, making an investigator bias 
unlikely.
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ADR is considered the most important surrogate measure for quality of colonoscopy, 
but has the inherent limitation that it does not measure the total number of adenomas 
detected during a procedure and might provoke the ‘one-and-done’ phenomenon.6 
In literature it has been suggested that besides ADR, the MAP should be reported.5 In 
this study we report high ADRs in both EAC and CC (53.5% vs. 52.7%) and we did not 
detect a difference between the groups. Several large randomized controlled studies 
showed conflicting results when comparing cap-assisted colonoscopy with CC and thus 
no convincing increase in ADR17,18. Two previous studies compared adenoma detection 
between EAC and CC, and found an increase in ADR with EAC (28% with CC vs. 36% with 
EAC and 21% vs. 35% respectively).7,8 The most recent study did not detect an increase 
in MAP.8 The fact that we did not detect a difference in ADR could well be the result of 
our high baseline ADR of 53% in the conventional colonoscopy group, while the two 
previous studies had lower baseline ADRs.7,8 Because we predicted a high ADR based on 
previous studies by our research-group, our study was powered to detect an increase in 
MAP.14,15,17 As we did not detect an increase in ADR with EAC, but did detect an increase in 
MAP, EAC may be especially useful in populations where many adenomas are expected.

The number of small and large adenomas did not increase with EAC, nor did the 
number of advanced adenomas. The number of diminutive adenomas did increase 
significantly with EAC (0.91 vs. 0.74; p<0.05). This is in line with previous studies evaluat-
ing Endocuff, who also found a more pronounced increase in the detection of smaller 
polyps.7,8 As EAC only aids to detect more diminutive adenomas, its clinical value might 
be questioned. However, in line with Bieckers’ study7, we demonstrated an increase in 
the detection of flat adenomas (mean 0.27 vs. 0.16; p=0.03), which have been suggested 
to contribute to the development of interval carcinomas, as they are more difficult to 
detect.19,20 Therefore, EAC could be of clinical relevance, by improving the efficiency of 
colonoscopy.

While previous studies described an increase of polyps detected in the cecum and 
ascending colon, our study did not confirm this.7,8 Endocuff aims to flatten the colonic 
folds with the projections, and the advantage of EAC might therefore greater in the left 
colon, which is less wide than the right colon. We found an increase in MAP (0.23 vs. 0.14; 
p<0.01) and ADR (16% vs. 11%; p=0.04) in the descending colon for EAC. Surprisingly, 
this effect was not seen in the sigmoid, where ADR and MAP were comparable between 
the groups. The inability of EAC to increase detection of lesions in the sigmoid might 
be explained by the fact that adenomas are more often pedunculated and more easily 
detected with CC. In our study significantly more pedunculated polyps were detected in 
the sigmoid as compared to other colonic segments (27% vs. 6%; p<0.001).

In 22 procedures (4.2%) the Endocuff was removed from the colonoscope because 
of the inability to proceed intubation beyond the sigmoid. In these cases diverticular 
disease or technical difficulties were reported as cause for incomplete intubation. After 
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removal of the Endocuff, the cecum could be intubated in 19 of 22 procedures. Allowing 
cross-over from EAC to CC, (adjusted) cecal intubation rates were comparable between 
the groups at 98% vs. 99%. Besides increasing adenoma detection, Endocuff significantly 
decreased withdrawal times in negative colonoscopies (7:00 minutes vs. 8:00 minutes). 
This could be due to a more stable position of the endoscope with EAC21, spending less 
time re-intubating the colon during withdrawal. Besides this effect, Endocuff was origi-
nally designed to facilitate cecal intubation by easier straightening of the endoscope 
and loop-prevention. The time to achieve cecal intubation was reduced by more than 1 
minute in the EAC group, which was also reported in cap-assisted colonoscopy studies, 
but not in previous studies comparing EAC with CC.7,8,17

In conclusion, Endocuff-assisted colonoscopy significantly increased the number of 
adenomas detected per patient compared to conventional colonoscopy, especially 
diminutive and flat adenomas. The ADR in our population was high and did not further 
increase with Endocuff. Endocuff increases the yield of high quality colonoscopy and 
could therefore potentially reduce the incidence of interval carcinomas.
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