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Background/Aims: The adenoma detection rate (ADR) of screening colonoscopies performed by trainees is often lower than that 
of colonoscopies performed by experts. The efficacy of cap-assisted colonoscopy (CAC) in adenoma detection is well documented, 
especially that of CACs performed by trainees. Endocuff, a new endoscopic cap, is reportedly useful for adenoma detection; however, 
no trials have compared the efficacy of Endocuff-assisted colonoscopy (EAC) and CAC conducted by trainees. Therefore, the present 
study retrospectively compared the efficacy between EAC and CAC in trainees.
Methods: This was a single-center, retrospective study involving 305 patients who underwent either EAC or CAC performed by three 
trainees between January and December 2018. We evaluated the ADR, mean number of adenomas detected per patient (MAP), cecal 
intubation rate, cecal intubation time, and occurrence of complications between the EAC and CAC groups.
Results: T﻿he ADR was significantly higher in the EAC group than in the CAC group (54.3% vs. 37.3%, p=0.019), as was the MAP (1.36 
vs. 0.74, p=0.003). No significant differences were found between the groups with respect to the cecal intubation rate or cecal intubation 
time. No major complications occurred in either group.
Conclusions: Our results suggest that EAC exhibits increased ADR and MAP compared to CAC when performed by trainees. Clin 
Endosc 2020;53:339-345
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INTRODUCTION

Colorectal cancer is the second leading cause of cancer 
death worldwide, and its incidence is increasing.1 The removal 
of colon adenomas reduces colorectal cancer-related deaths, 
so it is important that colon adenomas are not missed during 
routine colonoscopy.2,3 A post-colonoscopy colorectal cancer 
(PCCRC) is a cancer detected after a negative screening colo-
noscopy, and the reported incidence of PCCRC is 6.0%–8.2% 

of all colorectal cancers.4,5 Moreover, it has been reported that 
around half of PCCRCs result from undetected lesions.6 Sev-
eral reports have suggested that the adenoma detection rate 
(ADR) and mean number of adenomas detected per patient 
(MAP) are colonoscopy quality indicators because of their 
association with PCCRC.7,8 Colonoscopy trainees—not only 
have a low cecal intubation rate but also are more likely to 
exhibit incomplete inspection of the colonic mucosa, leading 
to missed colon adenomas.9,10 The use of a small plastic trans-
parent cap attached to the tip of the colonoscope reportedly 
improved the cecal intubation rate and reduced the incidence 
of missed lesions.11-14 Additionally, cap-assisted colonoscopy 
(CAC) was reportedly more effective for the detection of pol-
yps by colonoscopy trainees.14 Endocuff (Arc Medical Design 
Ltd., Leeds, England) is a new endoscopic cap made of a soft 
plastic material with two rows of flexible arms. This device 
stretches the colorectal lumen to enable enhanced viewing 
of the mucosa, resulting in fewer missed polyps hidden be-
hind folds or in the corners of the colorectal lumen. The use 
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of Endocuff in colonoscopy has been shown to improve the 
ADR compared to conventional colonoscopy (CC).15-18 Many 
studies have compared the efficacy of Endocuff-assisted colo-
noscopy (EAC) and CAC with CC; however, few studies have 
compared the usefulness of EAC and CAC. Recently, Sola-Ve-
ra et al. conducted a randomized study comparing EAC and 
CAC and concluded that there was no significant difference 
in ADR between the two groups.19 However, the experience 
level of the endoscopist was not discussed in detail in that 
study; thus, differences between EAC and CAC in trainees re-
main controversial. Thus, the aim of the present study was to 
retrospectively compare the efficacy between EAC and CAC 
performed by trainees.

MATERIALS AND METHODS 

Study design
This was a single-center, retrospective case–control study 

conducted at Tonan Hospital, Sapporo, Japan. This study was 
approved by the institutional review board of Tonan Hospital 
and was conducted in accordance with the World Medical 
Association’s Declaration of Helsinki.

Patients
Between January and December 2018, a total of 3,263 pa-

tients underwent colonoscopy at our hospital, of which 305 
underwent either EAC or CAC performed by three trainees. 
Before undergoing EAC or CAC, all patients provided their 
written informed consent. The inclusion criteria were patients 
aged ≥20 years undergoing colonoscopy due to a positive fecal 
immunochemical test, screening, surveillance after polypec-
tomy, or evaluation of abdominal symptoms. The exclusion 
criteria were a history of colorectal surgery (excluding ap-
pendectomy), a history of inflammatory bowel disease (IBD), 
hereditary diseases such as Lynch syndrome and familial ad-
enomatous polyposis, active gastrointestinal bleeding, severe 
colitis, and poor or inadequate bowel preparation according to 
the Aronchick scale.20 

Endoscopic procedures
In the present study, trainees were defined as endoscopists 

who had performed 100–500 colonoscopies.14,21 Prior to the 
study commencing, all trainees had performed more than 100 
CACs and several EACs. Colonoscopies were performed using 
a high definition endoscope (CF-H290I, CF-HQ290I [Olym-
pus Medical Systems, Tokyo, Japan], EC-590ZW/L, and EC-
600ZW/L [Fujifilm Co., Tokyo, Japan]) with CO2 insufflation. 
In the EAC and CAC groups, Endocuff (AEC120; Arc Medical 
Design Ltd.) and a transparent cap (M-03; Top Corporation, 

Tokyo, Japan) were attached to the tip of the colonoscope, re-
spectively. For each procedure, the trainee was responsible for 
the choice of colonoscope and selection of a transparent cap 
or Endocuff. Bowel preparation was performed using polyeth-
ylene glycol electrolyte solution with ascorbic acid (Moviprep; 
Ajinomoto, Tokyo, Japan) and magnesium citrate (Magcorol 
P; Horii Pharmaceutical Ind., Ltd, Osaka, Japan). All examina-
tions were performed under conscious sedation using intrave-
nous diazepam and pentazocine, and intravenous diazepam or 
midazolam was administered as required. Endoscopic obser-
vation and therapeutic interventions for detected polyps were 
performed during the withdrawal phase. The intubation and 
withdrawal times (excluding the time taken for therapeutic 
interventions) were measured using a stopwatch. If the patient 
complained of intolerable abdominal pain or the trainee did 
not achieve cecal intubation within 20 min, an expert instead 
performed the intubation phase and the trainee performed 
the withdrawal phase. The intubation times of cases where the 
trainees did not achieve cecal intubation were excluded from 
the analysis.

Polyps
Polyps with a diameter ≥5 mm, or those endoscopically 

diagnosed as neoplastic polyps by the trainee, were removed 
by endoscopic mucosal resection, hot snare polypectomy, or 
cold snare polypectomy. If the polyps were endoscopically 
diagnosed as hyperplastic polyps, or if the patients refused 
polyp removal, they were not resected. All detected polyps 
were evaluated with respect to location, size, and morphology. 
The polyp size was endoscopically measured using forceps as 
a guide. The morphology of polyps was classified according 
to the Paris classification.22 All removed polyps were patho-
logically examined, and classified as hyperplastic polyps, 
adenomas, cancers, or others. In the present study, the ADR 
was defined as the proportion of patients with at least one 
pathologically confirmed adenoma. Unresected adenomas 
diagnosed endoscopically were not reflected in the ADR.

Outcome measures and statistical analysis 
The principal outcome of this study was the comparison of 

ADR between the EAC and CAC groups. The secondary out-
come was the comparison of MAP, polyp detection rate (PDR; 
defined as the proportion of patients with at least one polyp 
including unresected polyps), cecal intubation rate, intubation 
time, and complications between the two groups. Quantitative 
variables are expressed as mean±standard deviation, while 
categorical variables are presented as total numbers and per-
centages. Categorical and continuous variables were analyzed 
using Pearson’s chi-squared tests and Mann–Whitney U tests, 
respectively. All p-value s < 0.05 were considered statistically 
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significant.

RESULTS

Patient characteristics
A total of 305 patients underwent colonoscopy performed 

by three trainees between January and December 2018. Trainee 
A performed 94 colonoscopies in three months, trainee B per-
formed 121 colonoscopies in four months, and trainee C per-
formed 90 colonoscopies in three months. Of the 305 patients, 
18 were excluded due to a history of colorectal surgery (n=15), 
a history of IBD (n=2), and inadequate bowel preparation 
(n=1). Therefore, 94 and 193 patients who underwent EAC 
and CAC, respectively, were included in the analysis (Fig. 1).  
Evaluation of the patients’ baseline characteristics showed no 
significant differences in age, sex, or indication for colonosco-

py between the two groups (Table 1).

Procedure-related outcomes
There was no significant difference in the cecal intubation 

rate of the trainees between the EAC and CAC groups (93.6% 
vs. 92.2%, p=0.849). In cases where the trainee failed cecal 
intubation, an expert instead performed the intubation phase, 
and cecal intubation was ultimately achieved in all patients. 
The mean intubation times of the trainees in the EAC and 
CAC groups were 7.50 and 8.38 min, respectively, and this 
difference was not significantly different (p=0.081). Similarly, 
there was no significant difference in the mean withdrawal 
time between the EAC and CAC groups (9.52 min vs. 9.63 
min, p=0.167) (Table 2).

Polyp detection rate
A total of 365 polyps were endoscopically detected: 167 

Fig. 1. Flow diagram of patient selection for the study. CAC, cap-assisted colonoscopy; EAC, Endocuff-assisted colonoscopy; IBD, inflammatory bowel disease.

A total of 3,263 patients underwent colonoscopy from January to December 2018

305 patients underwent either EAC or CAC by the 3 trainees

Excluded
•	 15 patients with a history of colorectal surgery
•	 2 patients with IBD
•	 1 patient with inadequate bowel preparation

287 patients included in the study analysis

94 patients underwent EAC 193 patients underwent CAC

Table 1. Patient Characteristics

EAC (n=94) CAC (n=193) p-value

Age (range) 64.9±11.3 (42–85) 63.9±11.2 (36–88) 0.384

Sex 0.111

Male 63 (67.0%) 107 (55.4%)

Female 31 (33.0%) 86 (44.6%)

Colonoscopy indication

FIT-positive 29 (30.8%) 49 (25.4%) 0.453

Screening 48 (51.1%) 89 (46.1%) 0.496

Polyp surveillance 12 (12.8%) 38 (19.7%) 0.341

Abdominal symptoms 5 (5.3%) 17 (8.8%) 0.631

CAC, cap-assisted colonoscopy; EAC, Endocuff-assisted colonoscopy; FIT, fecal immunochemical test.
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in the EAC group and 198 in the CAC group. The PDR was 
significantly higher in the EAC group than in the CAC group 
(66.0% vs. 51.8%, p=0.044). The mean number of polyps 
detected per patient was also higher in the EAC group (1.77 
vs. 1.03, p=0.009). A total of 291 resected polyps (79.7% of 
all polyps) were examined pathologically; 128 polyps in the 
EAC group and 143 in the CAC group were diagnosed as 
adenomas. One advanced colon cancer was found in the EAC 
group. There were 27 and 47 unresected polyps in the EAC 
and CAC groups, respectively (Table 3). 

Adenoma detection rate
ADR was significantly higher in the EAC group than in the 

CAC group (54.3% vs. 37.3%, p=0.019). Although there was no 
significant difference in the ADR of each trainee between the 
two groups, it was higher in the EAC group than in the CAC 
group (trainee A, 55.9% vs. 38.5%, p=0.174; trainee B, 57.9% vs. 
41.8%, p=0.159; trainee C, 50.0% vs. 30.6%, p=0.179) (Table 3). 
Although we used colonoscopes from two companies in this 

study, there was no significant difference in the rate of scope 
selection (Olympus vs. Fujifilm; EAC, 37.2% vs. 62.8%; CAC, 
33.2% vs. 66.8%, p=0.559) or in ADR (Olympus vs. Fujifilm; 
EAC, 51.4% vs. 55.9%, p=0.716; CAC, 39.1% vs. 36.4%, p=0.766) 
between the two companies. The number of resected adeno-
mas was 128 in the EAC group and 143 in the CAC group, 
and the MAP was significantly higher in the EAC group than 
in the CAC group (1.36 vs. 0.74, p=0.003). Moreover, MAP 
of all colon segments was higher in the EAC group and sig-
nificantly higher in the sigmoid colon in this group (Table 4). 
There was no significant difference in the mean size of de-
tected adenomas between the EAC and CAC groups (6.1 mm  
vs. 5.4 mm, p=0.088). Similarly, when detected adenoma size 
was classified as ≤5 mm, >5 to <10 mm, and ≥10 mm, there 
was no significant difference between the two groups. Addi-
tionally, there was no significant difference in the morphology 
of adenomas between the two groups (Table 4). Detachment 
of the Endocuff occurred in two cases; however, in both cases, 
the device was easily retrieved using forceps. There were no 

Table 2. Colonoscopy Results

EAC CAC p-value

Number of patients 94 193 

Withdrawal time (min) 9.52±2.82 9.63±2.35 0.167

Cecal intubation rate (%) 93.6 92.2 0.849

Cecal intubation achieved by trainee (n) 88 178

Cecal intubation time (min) 7.50±3.22 8.38±4.02 0.081

CAC, cap-assisted colonoscopy; EAC, Endocuff-assisted colonoscopy.

Table 3. Polyp Detection Rate and Adenoma Detection Rate

EAC (n=94) CAC (n=193) p-value

Number of polyps 167 198

PDR 66.0% (62/94) 51.8% (100/193) 0.044

Number of polyps per patient 1.77±2.10 1.03±1.30 0.009

Histopathology of polyps

Adenoma 128 143

Hyperplastic polyp 10 7

Cancer 1 0

Other 1 1

Unresected polyps 27 47

ADR 54.3% (51/94) 37.3% (72/193) 0.019

ADR per trainee

Trainee A 55.9% (19/34) 38.5% (20/52) 0.174

Trainee B 57.9% (22/38) 41.8% (33/79) 0.159

Trainee C 50.0% (11/22) 30.6% (19/62) 0.179

ADR, adenoma detection rate; CAC, cap-assisted colonoscopy; EAC, Endocuff-assisted colonoscopy; PDR, polyp detection rate.
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major complications, such as massive bleeding or perforation, 
in both groups. 

DISCUSSION

Colonoscopy is a widely performed procedure used to 
prevent colorectal cancer. The ADR is considered the prime 
quality indicator of colonoscopy.7 ADR of trainees is generally 
lower than that of experts23,24 and has been reported to be 
23%–36%.25-27 Although a previous study reported no signifi-
cant difference in ADR between EAC and CAC,19 differences 
between these procedures when performed by trainees re-
main unclear. In the present study, the cecal intubation rate 
and time were similar between the two groups. The Endocuff 
is bulkier than the transparent cap and has an attached flap, 
which did not prove to be difficult to insert as it was easily 
folded at the time of insertion. The ADR and MAP were sig-
nificantly higher in the EAC group than in the CAC group in 
the present study. Our findings suggest that trainees were able 
to detect more adenomas because the Endocuff ’s flap caught 
the colon fold, indicating that fewer polyps were missed. 
Therefore, the Endocuff was more effective for adenoma 
detection, particularly in the sigmoid colon, which is an area 

that is often difficult to observe in detail due to flexion. Sev-
eral studies showed that Endocuff improves the ADR of the 
sigmoid colon compared with CC,28,29 supporting our findings. 
Although there was no significant difference in the ADR of 
each trainee between the two groups, this result was thought 
to be influenced by the small number of patients. Several 
previous studies reported that compared to CC, colonoscopy 
using Endocuff improved MAP30,31 and resulted in a higher 
detection rate of polyps <10 mm or of type Is morphology.28,29 
In the present study, MAP was higher in the EAC group than 
in the CAC group, but no differences were noted in polyp 
size or morphology probably because this was a comparison 
between EAC and CAC, and not between EAC and CC, and 
CAC was also useful for polyp detection. In the present study, 
even though trainees were experienced in performing colo-
noscopies, ADR and MAP were relatively higher in both the 
EAC and CAC groups compared to the results of previous 
studies.25-27 However, we did not investigate ADR of CC, so it 
is unclear whether ADR improved compared to CC. Further-
more, because we did not investigate the efficacy of EAC and 
CAC performed by experts, differences between trainees and 
experts remain unclear. Cap detachment occurred in two cas-
es in the EAC group, but it was easily retrieved using forceps. 
In both cases, cap detachment occurred at the time of with-

Table 4. The Mean Number of Adenomas Detected per Patient and Features of Detected Adenomas

EAC (n=94) CAC (n=193) p-value

Number of adenomas 128 143

MAP 1.36±1.79 0.74±1.30 0.003

MAP of segment

Cecum 0.13 0.05 0.494

Ascending colon 0.20 0.16 0.499

Transverse colon 0.30 0.16 0.220

Descending colon 0.18 0.08 0.616

Sigmoid colon 0.44 0.22 0.037

Rectum 0.12 0.07 0.641

Size (mean±SD) 6.1±4.3 5.4±3.6 0.088

≤5 mm 74 (57.8%) 99 (69.2%) 0.083

>5 to <10 mm 43 (33.6%) 34 (23.8%) 0.163

≥10 mm 11 (8.6%) 10 (7.0%) 0.820

Morphology

Ip 8 (6.3%) 9 (6.3%) 0.995

Is 86 (67.2%) 94 (65.7%) 0.836

IIa 31 (24.2%) 39 (27.3%) 0.586

IIc 3 (2.3%) 1 (0.7%) 0.815

CAC, cap-assisted colonoscopy; EAC, Endocuff-assisted colonoscopy; MAP, mean number of adenomas detected per patient; SD, standard 
deviation.
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drawal of the scope from the anus. We, therefore, suggest that 
scope withdrawal from the anus should be performed care-
fully to prevent detachment of the Endocuff. Although not a 
cap-related complication, delayed bleeding after polypectomy 
occurred in one case in the EAC group. We could not evaluate 
the minor mucosal lacerations due to the retrospective design 
of the study, but no major complications such as massive 
bleeding or perforation were noted.

The present study has some limitations. First, this was a 
single-center, retrospective study with a small number of 
subjects. Because of the retrospective design, we could not 
investigate the patient’s family history of colorectal cancer, 
which is known to be a risk factor of colorectal neoplasms. 
Furthermore, the body mass index and history of gynecologic 
surgery of each patient, which may affect the cecal intuba-
tion time and rate, were also unable to be investigated.32-34 In 
addition, more males were included in EAC group, although 
this was not statistically significant. In previous reports, it 
has been shown that the ADR of males is higher than that 
of females,35,36 so the male to female ratio in this study may 
have affected the ADR results. Second, the ADR may not be 
accurate as the unresected polyps were not pathologically 
evaluated. However, because the PDR and the mean number 
of polyps detected per patient were higher in the EAC group, 
we believe the ADR exhibited a similar trend. Third, it was 
difficult to evaluate the bowel preparation quality accurately 
due to the study’s retrospective design. Therefore, we exclud-
ed patients with obviously inadequate bowel preparation as 
determined by reviewing the images. Fourth, each trainee 
performed colonoscopies for a different length of time, intro-
ducing potential selection bias. 

In conclusion, to the best of our knowledge, this is the first 
study comparing the efficacy of EAC and CAC in trainees. 
The ADR and MAP of EAC were significantly higher than 
those of CAC, suggesting that EAC may be more useful than 
CAC when performed by trainees. A future, multicenter, ran-
domized controlled trial is therefore required to further the 
results of this study. 
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