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Abstract

AIM: To evaluate the efficacy of cap-assisted colo-
noscopy (CAC) for detection of colorectal polyps
and adenomas according to the lesion location and
endoscopist training level.

METHODS: Patients 20 years or older, who underwent
their first screening colonoscopy in a single tertiary
center from May 2011 to December 2012 were enrolled
in this study. All patients underwent either CAC or
standard colonoscopy (SC), and all of the procedures
were performed by 11 endoscopists (8 trainees and
3 experts). All procedures were performed with high-
definition colonoscopes and narrow band imaging. The
eight trainees had experiences of performing 150 to 500
colonoscopies, and the three experts had experiences
of performing more than 3000 colonoscopies. A 4-mm-
long transparent cap was attached to the end of a
colonoscope in the CAC group. We retrospectively
evaluated the number of polyps and adenomas, polyp
detection rate (PDR), and the number of adenomas
and adenoma detection rate (ADR) according to the
lesion location and endoscopist training level between
CAC and SC. We also evaluated the number of polyps
and adenomas according to their size between CAC and
SC.

RESULTS: Overall, PDR and ADR using CAC were
significantly higher than those using SC for both whole

May 28, 2015 | Volume 21 | Issue 20 |



Kim DJ et a/. Efficacy of cap-assisted colonoscopy

colon (48.5% vs 40.7%, P = 0.012; 35.7% vs 28.3%,
P = 0.012) and right-side colon (35.3% vs 26.6%, P
= 0.002; 27.0% vs 16.9%, P < 0.001). The number
of polyps and adenomas per patient using CAC was
significantly higher than that using SC for both the
whole colon (1.07 = 1.59 vs 0.82 + 1.31, 7 = 0.008;
0.72 £ 1.32 v5s 0.50 £ 1.01, P = 0.003) and right-side
colon (0.66 = 1.18 vs 0.41 = 0.83, P < 0.001; 0.46 +
0.97 vs 0.25 £ 0.67, P < 0.001). In the trainee group,
the PDR and ADR using CAC were significantly higher
than those using SC for both the whole colon (46.7%
vs 39.7%, P = 0.040; 33.9% vs 26.0%, P =0.012) and
right-side colon (34.2% vs 26.5%, P = 0.015; 25.3%
vs 15.9%, P = 0.001). In the expert group, the PDR
and ADR using CAC were significantly higher than those
using SC only for the right-side colon (42.1% vs 27.0%,
P =0.035; 36.8% vs 21.0%, P = 0.020).

CONCLUSION: CAC is more effective than SC for
detection of colorectal polyps and adenomas, especially
when performed by trainees and when the lesions are
located in the right-side colon.

Key words: Colonoscopy; Cap-assisted colonoscopy;
Colonic polyps; Adenoma; Colorectal neoplasm

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Missed lesions are the main cause of interval
colon cancer. Cap-assisted colonoscopy (CAC) is one
of the procedures which can reduce the incidence of
missed lesion. Few studies have evaluated the efficacy
of CAC based on location and size of lesions or training
level of endoscopist. We evaluated the efficacy of CAC,
according to the location and size of lesions and the
training level of the endoscopists. We suggest that CAC
can improve the detection of lesions for trainees in the
whole colon and right-side colon, and even for experts
in the right-side colon.

Kim DJ, Kim HW, Park SB, Kang DH, Choi CW, Hong JB, Ji
BH, Lee CS. Efficacy of cap-assisted colonoscopy according
to lesion location and endoscopist training level. World J
Gastroenterol 2015; 21(20): 6261-6270 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i20/6261.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i20.6261

INTRODUCTION

Colonoscopy is an effective procedure for prevention
of colorectal cancer (CRC) because it allows for the
detection and removal of polyps and adenomas!™.
However, colonoscopy has certain limitations with
respect to prevention of CRC, because CRC may
be subsequently diagnosed even after negative
colonoscopy results have been obtained!*?!. CRC
that has been diagnosed within 6 to 36 mo after

Baishidenge ~ WJG | www.wjgnet.com

colonoscopy is termed interval cancer™®. Many potential
causes of interval cancer have been considered.
Among these, missed lesions are considered to be the
main cause™., A recent systemic review of tandem
colonoscopy studies reported that the rate of missed
polyps was 19% to 26%!'®. Right-sided lesions, flat
lesions, and variable rates of adenoma detection
among endoscopists were considered to be the
main causes of missed lesions and interval cancer”.
Additionally, the adenoma detection rate (ADR) is
reportedly an independent predictor of the risk of
interval CRC™®!. Therefore, several new technologies
such as chromoendoscopy, nharrow band imaging
(NBI), high-definition (HD) colonoscopy, wide-angle
colonoscopy, retrograde-viewing device, and cap-
assisted colonoscopy (CAC) have been developed
to improve polyp and adenoma detection®. Among
these technologies, CAC is particularly useful because
the cap can depress the semilunar folds, allowing
the endoscopist to inspect the blind mucosal area'®.
Although CAC can reduce the blind mucosal area,
and was originally expected to increase the rates of
polyp and adenoma detection, many studies have
produced conflicting results, raising doubt regarding
the effectiveness of CAC for polyp and adenoma
detection. Several studies have reported that CAC did
not improve the ADR!"*. Furthermore, one study
even showed that CAC was associated with a lower
ADR™!, In contrast, other studies have reported that
CAC improved the ADR™**?¥, Therefore, we aimed to
investigate the efficacy of CAC for polyp and adenoma
detection according to the size and location of the
polyps and adenomas, and the training level of the
endoscopists.

MATERIALS AND METHODS

Study design

This single-center, retrospective case-control study
was conducted at Pusan National University Yangsan
Hospital (PNUYH). The study protocol was approved
by the Institutional Review Board of PNUYH (IRB No.
05-2014-050).

Study population

A total of 1134 patients underwent their first
colonoscopy at PNUYH from May 2011 to December
2012. Of these patients, 1023 were enrolled in the
present study. Standard colonoscopy (SC) was
performed in 508 patients from May 2011 to December
2011, and CAC was performed in 515 patients from
May 2012 to December 2012. The inclusion criteria
were an age of = 20 years and screening or evaluation
of mild symptoms as the reason for examination. The
exclusion criteria were a history of abdominal surgery
(excluding appendectomy), a history of colonoscopy,
active gastrointestinal bleeding, severe enterocolitis,
and a history of inflammatory bowel disease. Bowel
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preparation was evaluated and graded by the Aronchick
scale®, Patients with a poor or inadequate rating on
the Aronchick scale were also excluded to eliminate
the influence of bowel preparation on the ability to
detect polyps and adenomas.

Colonoscopy procedure

All patients underwent either CAC or SC, and all
colonoscopies were performed by 11 endoscopists
(8 trainees and 3 experts). The eight trainees had
experience performing 150 to 500 colonoscopies,
and three experts had experience performing
more than 3000 colonoscopies. All trainees were
endoscopists who had performed more than 150
colonoscopies, because technical competence in
screening and diagnostic colonoscopy generally
requires experience performing more than 150 pro-
cedures™®. HD colonoscopes and NBI were used in
all examinations (CF-H260AI; Olympus Optical Co.,
Ltd., Tokyo, Japan). Moderate sedation was induced
with a combination of intravenous midazolam and
meperidine. Cecal intubation was attempted in all
cases. If the trainees failed to accomplish cecal
intubation within 10 min or the patients complained of
intolerable pain, the experts attempted the intubation
instead of the trainees. When the experts successfully
reached the cecum with the colonoscope, the trainees
operated the colonoscope during the withdrawal
phase. As soon as the colonoscope reached the
cecum, the withdrawal time was measured with a
stopwatch. All endoscopists were aware that the
withdrawal time was recorded during the procedures.
The withdrawal time included not only the time for
inspection of the mucosa, but also time for fluid
suction, colonic mucosa cleansing, and polyp removal.
If possible, a retroflexion technique was implemented
in the rectum. The retroflexion technique was not
performed in the ascending colon.

Cap-assisted colonoscopy

In the CAC group, a 4-mm-long transparent cap
(D-201-14304; Olympus Optical Co., Ltd., Tokyo,
Japan) was attached to the end of a colonoscope.

Polyps

Polyps that were detected during the examination
were evaluated with respect to size, morphology, and
location. Their sizes were estimated by the thickness
of a forcep. The polyps were removed by cold forcep
biopsy or hot snare polypectomy and pathologically
evaluated. Diminutive polyps were defined as <
5-mm polyps, and all such polyps were removed by
cold forcep biopsy. As recommended in another study,
multiple diminutive serrated-appearing lesions of the
sigmoid colon and rectum were not removed®. All >
5-mm polyps were removed by hot snare polypectomy.

Outcome variables

The primary endpoint of this study was comparison of
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the polyp detection rate (PDR) and ADR in the whole
colon and right-side colon between the CAC and SC
groups. In this study, the right-side colon included
the cecum, ascending colon, hepatic flexure, and
transverse colon. The PDR and ADR constituted the
proportion of patients with at least one polyp and
at least one adenoma, respectively. The secondary
endpoint was comparison of the ADR and PDR in
the whole colon and right-side colon using the two
examination methods (CAC and SC) between experts
and trainees.

Statistical analysis

Continuous variables are presented as mean + SD.
The Student’s t-test was used to compare the means
of continuous variables between the CAC and SC
groups. The »* test was used to compare categorical
variables between the two groups. The Mann-Whitney
U test was used to compare ordered categorical
variables, such as bowel preparation between the
two groups. The Mann-Whitney U test was also used
to compare continuous variables with non-normal
distribution, such as number of detected lesions of
each colon segments in age = 76 years. P values
of < 0.05 were considered to indicate a statistically
significant difference. All statistical analyses were
performed using PASW Statistics 18.0 for Windows
(SPSS Inc., Chicago, IL, United States).

The statistical methods of this study were reviewed
by Junhee Han from Research and Statistical Support,
Research Institute for Convergence of Biomedical
Science and Technology, Pusan National University
Yangsan Hospital.

RESULTS

Baseline characteristics

A total of 1134 patients underwent their first
colonoscopy at PNUYH from May 2011 to August
2012. Of these patients, 111 were excluded owing to
poor or inadequate bowel preparation (n = 96), active
gastrointestinal bleeding (n = 5), history of abdominal
surgery (n = 6) or diagnosis of inflammatory bowel
disease (n = 4). Therefore, 1023 patients were
enrolled in this study. CAC was performed in 515
patients, and SC was performed in the remaining 508
patients. In the CAC group, 76 patients underwent
CAC by experts and 439 patients underwent CAC by
trainees. In the SC group, 100 patients underwent SC
by experts and 408 patients underwent SC by trainees
(Figure 1). Evaluation of the baseline characteristics of
the patients showed no significant differences in age,
sex, or bowel preparation between the two groups.
The combined withdrawal time of both therapeutic
and non therapeutic (no biopsy or polypectomy)
colonoscopies was significantly longer in the CAC group
than in the SC group (14.67 £ 7.70 min vs 12.97 +
7.20 min, P < 0.001). However, the withdrawal time of
only non therapeutic colonoscopies in the CAC was not
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{ 1% Screening colonoscopy during study period (7 = 1134) }

| 5 Exclusion criteria (7 = 111) J

{ 1% Screening colonoscopy (7 = 1023) }

Cap-assisted colonoscopy group Standard colonoscopy group

(n = 515) (n = 508)
Trainee Expert Trainee Expert
(n =439) (n =76) (n = 408) (7 = 100)
{ PDR, ADR in the whole colon and right side colon }

Figure 1 Patient enrollment. PDR: Polyp detection rate; ADR: Adenoma
detection rate.

significantly different than that in the SC (10.68 + 3.09
min vs 10.33 £ 4.24 min, P = 0.272) (Table 1).

Polyp detection

In total, 967 polyps were detected in the whole colon
and 547 polyps were detected in the right-side colon.
The total number of polyps and the PDR in the whole
colon were significantly higher in the CAC group than
in the SC group (549 vs 418, P = 0.008 and 48.5% vs
40.7%, P = 0.012). The number of polyps per patient
in the whole colon was significantly higher in the CAC
group than in the SC group (1.07 £ 1.59 vs 0.82 =
1.31, P = 0.008). The total number of polyps and
the PDR in the right-side colon were also significantly
higher in the CAC group than in the SC group (339
vs 208, P < 0.001 and 35.3% vs 26.6%, P = 0.002).
The number of polyps per patient in the right-side
colon was significantly higher in the CAC group than
in the SC group (0.66 + 1.18 vs 0.41 £ 0.83, P <
0.001). When the polyps were classified by location,
the numbers of polyps in the ascending colon, hepatic
flexure, and splenic flexure were significantly higher in
the CAC group than in the SC group (179 vs 87, P <
0.001; 56 vs 24, P = 0.001; and 24 vs 6, P = 0.001)
(Table 2).

Adenoma detection

In total, 623 adenomas were detected in the whole
colon and 365 adenomas were detected in the right-
side colon. The total number of adenomas and the
ADR in the whole colon were significantly higher in
the CAC group than in the SC group (370 vs 253,
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Table 1 Baseline characteristics of enrolled patients 7 (%)

Characteristics Total CAC sC P value
Patients 1023 515 508
mean age + SD 54.75 +10.52 55.06 £ 10.29 54.44 +10.74 0.342
Gender 0.650
Male 549 (53.7) 280 (544) 269 (53.0)
Female 474 (463) 235 (45.6) 239 (47.0)

Withdrawal time of 13.83+7.50 14.67+7.70 12.97 +7.20 <0.001

total colonoscopies

(min)

No. of patients of non 566 265 301
therapeutic

colonoscopies

Withdrawal time 10.50+3.75 10.68+3.09 10.33+4.24 0.272

of non therapeutic
colonoscopies (min)

Bowel preparation 0.244
(Aronchick scale)

Excellent 38 (3.7) 19 (3.7) 19 (3.7)

Good 646 (63.1) 316 (61.4) 330 (65.0)

Fair 339 (33.1) 180 (35.0) 159 (31.3)

CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy.

P = 0.003 and 35.7% vs 28.3%, P = 0.011). The
number of adenomas per patient in the whole colon
was significantly higher in the CAC group than in the
SC group (0.72 £ 1.32 vs 0.50 = 1.01, P = 0.003).
The total number of adenomas and the ADR in the
right-side colon were also significantly higher in the
CAC group than in the SC group (236 vs 129, P <
0.001 and 27.0% vs 16.9%, P < 0.001). The number
of adenomas per patient in the right-side colon was
significantly higher in the CAC group than in the SC
group (0.46 = 0.97 vs 0.25 £ 0.67, P < 0.001). When
the adenomas were classified by location, the numbers
of adenomas in the ascending colon, hepatic flexure,
and splenic flexure were significantly higher in the CAC
group than in the SC group (129 vs 50, P < 0.001; 44
vs 18, P = 0.002 and 22 vs 6, P = 0.003) (Table 3).

Total number of polyps and adenomas according to size
The total number of polyps and adenomas in the CAC
and SC groups were evaluated according to size (Table
4). Overall, 698 diminutive polyps were detected. The
total number of diminutive polyps in the CAC group
was significantly higher than that in the SC group (398
vs 300, P = 0.011). The total number of diminutive
adenomas in the CAC group was also significantly
higher than that in the SC group (253 vs 165, P =
0.003). On the other hand, the total numbers of larger
polyps and adenomas in the CAC groups were not
significantly higher than those in the SC group (151 vs
118, P=0.168 and 117 vs 88, P = 0.178).

PDR, ADR, and the number of polyps and adenomas per
patient based on age

We evaluated the PDR, ADR, and the number of polyps
and adenomas per patient of whole colon (Table 5) and
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standard colonoscopy on the all ages and both genders n (%)
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Table 4 Total number of polyps and adenomas according to

size

Whole colon Total CAC SC P value
(n=1023) (n=515) (n =508)
Total polyps 967 549 418 0.008
Polyps per patient ~ 0.95+1.46 1.07+£159 0.82+1.31 0.008

PDR 457 (44.7) 250 (48.5) 207 (40.7)  0.012
Right-side colon Total (n =1023) CAC (n =515) SC (n =508) P value
Total polyps 547 339 208 <0.001
Polyps per patient ~ 0.53 +1.03 0.66+1.18 041+0.83 <0.001
PDR 317 (31.0) 182 (35.3) 135 (26.6)  0.002
Polyps of segment  Total (1 =1023) CAC (n =515) SC (1 =508) P value
Cecum 85 42 43 0.888
Ascending colon 266 179 87 <0.001
Hepatic flexure 80 56 24 0.001
Transverse colon 116 62 54 0.560
Splenic flexure 30 24 6 0.001
Descending colon 65 31 34 0.683
Sigmoid colon 223 105 118 0.406
Rectum 102 50 52 0.804

CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy; PDR: Polyp
detection rate.

Table 3 Adenoma detection with cap-assisted colonoscopy vs

standard colonoscopy on the all ages and both genders 7 (%)

Whole colon Total CAC SC P value
(n =1023) (n=515) (n =508)
Total adenomas 623 370 253 0.003
Adenomas per 0.61+£1.18 0.72+1.32 050+1.01 0.003
patient
ADR 328 (32.1) 184 (35.7) 144 (28.3)  0.011

Right-side colon  Total (n =1023) CAC (n =515) SC (1 =508) P value
Total adenomas 365 236 129 <0.001

Adenomas per 0.36 +0.84 046+097 025+0.67 <0.001
patient
ADR 225 (22.0) 139 (27.0) 86 (16.9) <0.001
Adenomas of Total (n =1023) CAC (n=515) SC (n=508) P value
segment
Cecum 45 20 25 0.490
Ascending colon 179 129 50 <0.001
Hepatic flexure 62 44 18 0.002
Transverse colon 79 43 36 0.529
Splenic flexure 28 22 6 0.003
Descending colon 46 23 23 0.966
Sigmoid colon 130 61 69 0.490
Rectum 54 28 26 0.829

CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy; ADR:
Adenoma detection rate.

right-side colon (Table 6) based on age (20-49 years,
50-65 years, 66-75 years, > 76 years). In summary,
the number of polyps and adenomas per patient of
right-side colon in the CAC group was significantly
higher than that in the SC group, on all ages except =
75 years. On the age = 75 years, none of PDR, ADR
and the number of polyps and adenomas per patient
in the CAC group was significantly higher than those
in the SC group, perhaps because the sample size of
the age = 75 years was too small. When we analyzed
the number of polyps and adenomas per patient based
on each colon segment, which of ascending colon in
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Total number Total CAC sC P value
(n = 1023) (n = 515) (n = 508)
Polyps <5 mm, n 698 398 300 0.011
Per patient 068+1.15 0.77+1.27 059+1.00 0.011
Adenomas <5 mm, n 418 253 165 0.003
per Patient 041+0.89 049+1.03 032+0.71 0.003
Polyps = 5 mm, n 269 151 118 0.168
per Patient 026+0.70 029+0.76 023+0.63 0.168
Adenomas = 5 mm, n 205 117 88 0.178
Per patient 020+0.64 023+0.70 0171056 0.178

CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy.

Table 5 Polyp detection rate, adenoma detection rate, and

the number of polyps and adenomas of whole colon based on
age n (%)

Whole colon
Age (yr) Total CAC SC P value
20-49 308 147 161
Polyps per patient 051+1.07 0.63+132 041+0.77 0.078
PDR 94 (30.5) 51(347) 43(26.7) 0.128
Adenomas per patient 0.26+0.77 0.37+1.02 0.16+0.41 0.013
ADR, 57 (18.5) 35(238) 22(13.7)  0.022
50-65 544 293 251
Polyps per patient 1.01+£147 1.09+£157 092+134 0.194
PDR 260 (47.8) 146 (49.8) 114 (454) 0.305
Adenomas per patient 0.67+1.22 0.76+1.34 057+1.04 0.068
ADR 190 (34.9) 107 (36.5) 83(33.1)  0.400
66-75 154 68 86
Polyps per patient 155+£1.84 193+191 126+174 0.024
PDR 91 (59.1) 47(69.1) 44(51.2) 0.024
Adenomas per patient 1.04+1.53 1.28+1.62 085+1.43 0.084
ADR 71 (46.1)  38(55.9) 33(384)  0.030
=76 17 7 10
Polyps per patient 1.24+120 1.14+090 130+1.41 0.959
PDR 12 (70.6) 6 (85.7) 6 (60.0) 0.338

Adenomas per patient 1.00+1.11 0.71+0.75 120+1.31 0.502
ADR 10 (58.8) 4(57.1) 6 (60.0) 1.000

CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy; PDR: Polyp
detection rate; ADR: Adenoma detection rate.

the CAC group was significantly higher than that in the
SC group on the all ages except = 75. The number
of polyps and adenomas per patient of transverse
and descending colon in the CAC was not significantly
different than that in the SC group on the all ages.

PDR, ADR, and the number of polyps and adenomas per
patient based on gender

We evaluated the PDR, ADR, and the number of polyps
and adenomas per patient of whole colon and right-
side colon based on gender (Table 7). The number of
adenomas per patient and ADR of right-side colon in
the CAC group were significantly higher than those
in the SC group, based on the both genders. When
we analyzed the number of polyps and adenomas
per patient based on each colon segment, which of
ascending colon in the CAC group was significantly
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Table 6 Polyp detection rate, adenoma detection rate, and
the number of polyps and adenomas of right-side colon based

on age n (%)

Right-side colon

Age (yr) Total CAC sC P value
20-49 308 147 161
Polyps per patient 025+0.82 035+£1.09 0.15+045 0.030
PDR 49(159) 30(204) 19(11.8) 0.039
Adenomas per patient  0.13+0.61 0.20+0.83 0.06 £0.25 0.033

ADR 28 (9.1) 20 (13.6) 8 (5.0) 0.008
50-65 544 293 251
Polyps per patient 0.59+1.00 0.68+1.13 0.49+0.82 0.025

PDR 194 (35.7) 110 (37.5) 84 (33.5) 0.322

Adenomas per patient  0.41+0.86 0.50+1.00 0.31+0.66 0.009

ADR 138 (254) 82(28.0) 56 (22.3) 0.129
66-75 154 68 86

Polyps per patient 091+131 121+1.38 0.67+121 0.012

PDR 86 (55.8)  38(55.9) 30(34.9  0.009

Adenomas per patient  0.62+1.04 0.81+0.99 047+1.07 0.043

ADR 54 (35.1) 34(50.0) 20(23.3) 0.001
=76 17 7 10
Polyps per patient 0.59+1.00 0.86+1.06 0.40+0.96 0.167

PDR 6 (35.3) 4 (57.1) 2(20.00 0.162
Adenomas per patient  0.41+0.71 0.57+0.78 0.30+0.67 0.362
ADR 5(29.4) 3 (42.9) 2(20.00 0593

Table 7 Polyp detection rate, adenoma detection rate, and
the number of polyps and adenomas based on gender n (%)

Gender Total CAC SC P value
Whole colon
Male, n 549 280 269
Polyps per patient 1.25+£1.67 137+184 1.12+1.47 0.082
PDR 300 (54.6) 158 (56.4) 142 (52.8) 0.392
Adenomas per patient 0.81+1.38 090+1.53 0.71+£1.20 0.109
ADR 219 (39.9) 114 (40.7) 105(39.0)  0.688
Female 474 235 239
Polyps per patient 0.60+1.08 0.71+114 049+1.00 0.029
PDR 157 (33.1) 92 (39.1) 65(27.2)  0.006
Adenomas per patient 0.38+0.84 0.50+£0.98 0.26+0.67 0.002
ADR 109 (23.0) 70 (29.8) 39 (16.3) <0.001
Right-side colon
Male 549 280 269
Polyps per patient 070£1.20 0.87+£139 0.52+094 0.001
PDR 205(37.3) 118 (421) 87(32.3)  0.018
Adenomas per patient 049+1.00 0.60+1.14 0.37+0.82 0.007
ADR 153 (27.9) 90 (32.1) 63 (23.4)  0.023
Female 474 235 239
Polyps per patient 035+0.73 041078 0.28+0.67 0.066

PDR 112 (23.6) 64 (27.2)  48(20.1)  0.067
Adenomas per patient 0.21+0.56 0.29+0.67 0.13+042 0.002
ADR 72 (15.2) 49 (20.9) 23 (9.6) 0.001

CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy; PDR: Polyp
detection rate; ADR: Adenoma detection rate.

higher than that in the SC group on the both genders.
The number of polyps and adenomas per patient of
transverse and descending colon in the CAC was not
significantly different than that in the SC group on both
genders.

PDR and ADR of the whole colon and right-side colon
between trainees and experts

The PDR and ADR were evaluated according to the
endoscopists’ training level. When the procedures
were performed by the trainees, the PDR and ADR of
the whole colon in the CAC group were significantly
higher than those in the SC groups (46.7% vs 39.7%,
P = 0.040 and 33.9% vs 26.0%, P = 0.012). The PDR
and ADR of the right-side colon in the CAC group were
significantly higher than those in the SC group (34.2%
vs 26.5%, P =0.015 and 25.3% vs 15.9%, P = 0.001)
(Table 8). When the procedures were performed by
the experts, the PDR and ADR of the whole colon in
the CAC group were not significantly different from
those in the SC group (59.2% vs 45.0%, P = 0.062
and 46.1% vs 38.1%, P = 0.283). However, the PDR
and ADR of the right-side colon in the CAC group were
significantly higher than those in the SC group (42.1%
vs 27.0%, P = 0.035 and 36.8% vs 21.0%, P = 0.020)
(Table 9).

Complications

No significant complications such as perforation or
massive bleeding occurred in either group during the
study period.
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CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy; PDR: Polyp
detection rate; ADR: Adenoma detection rate.

DISCUSSION

Colonoscopy is one of the most effective procedures
for prevention of CRC. However, colonoscopy has
certain limitations. According to two previous popu-
lation-based studies, interval cancer may develop after
colonoscopy'®?®, New-onset CRC, incomplete polyp
resection, and missed lesions are considered to be
among the causes of interval cancer development;
of these, missed lesions are considered to be the
main cause™. Additionally, interval colon cancers are
considered to be associated with localization in the
right-side colon, microsatellite instability, and CpG
island methylator phenotype-high®*, Moreover, Rex
et al”® suggested that it is important to reduce the rate
of both missed serrated lesions and missed adenomas
to prevent right-side colon cancer. Therefore, increases
in both the PDR and ADR are thought to be critical for
the prevention of interval cancer.

Several new technologies have been developed to
reduce the incidence of missed lesions and improve
the PDR and ADR, including chromoendoscopy, NBI,
HD colonoscopy, wide-angle colonoscopy, retrograde-
viewing device, and CAC™. Most of these techniques
are associated with increased procedure times
and higher costs. In contrast, CAC can be easily
implemented by simply attaching a transparent
rubber cap to the tip of the colonoscope, can reduce
the cecal intubation time, and is not associated with
a high cost™*'>'***1 Additionally, the cap maintains
an appropriate distance between the colonic mucosa
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Table 8 Polyp detection rate and adenoma detection rate of
trainees 77 (%)
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Table 9 Polyp detection rate and adenoma detection rate of
experts 77 (%)

Trainees Total CAC sC P value
(n=847) (n = 439) (n = 408)

Whole colon

PDR 367 (433)  205(46.7)  162(39.7)  0.040

ADR 255 (30.1) 149 (33.9) 106 (26.0)  0.012
Right-side colon

PDR 258 (30.5) 150 (34.2) 108 (26.5)  0.015
ADR 176 (20.8) 111 (25.3) 65 (15.9) 0.001

Experts Total CAC sC P value
(n=176) (n=76) (n=100)

Whole colon

PDR 90 (51.1) 45 (59.2) 45(450)  0.062

ADR 73 (41.5) 35 (46.1) 38 (38.0) 0.283
Right-side colon

PDR 59 (33.5) 32 (42.1) 27 (27.0) 0.035
ADR 49 (27.8) 28 (36.8) 21 (21.0) 0.020

CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy; PDR: Polyp
detection rate; ADR: Adenoma detection rate.

and lens of the colonoscope; this helps to prevent
red-out (the duration of time during which the lens of
colonoscope is obscured by contact with the mucosa),
improve the orientation of the lumen, and allows
the endoscopist to advance the colonoscope with
less air insufflation. All of these factors contribute to
shortening of the cecal intubation time™®,

The cap not only keeps the tip of the colonoscope
an adequate distance away from the colonic mucosa,
but also separates and depresses the semilunar folds.
Thus, the cap allows the endoscopist to maintain
a continuous visual field around the colonic bends
and to thoroughly inspect the blind mucosa (Figure
2), such as the proximal aspect of ileocecal valve,
flexures, haustral folds, and rectal valves''*'®?¥1, These
advantages of CAC allow for improvement in the ADR
and PDR in the proximal colon, flexures, and whole
colon. The cap can also stretch or splay the colonic
mucosa, further contributing to improved detection
rates™™?.

Eight previous studies reported that CAC was better
able to detect polyps or adenomas than was SC!'%'¢>%,
However, our study differed from these previous
studies in several aspects. Three of these previous
studies did not evaluate bowel preparation between
the CAC and SC groups!'®**'"), None of the remaining
five studies evaluated the efficacy of CAC according to
the training level of the endoscopists. In the present
study, we evaluated the grade of bowel preparation
in both the CAC and SC groups. We then confirmed
that there were no significant differences in bowel
preparation between the CAC and SC groups, and
we excluded patients with poor or inadequate bowel
preparation. We evaluated the location and size of the
detected polyps and adenomas, and we compared
the PDR and ADR obtained by both experienced and
inexperienced endoscopists.

Despite the benefits of CAC, there are conflicting
results regarding its PDR and ADR. Several studies
have reported that CAC did not improve polyp and
adenoma detection™**. However, no studies have
evaluated polyp and adenoma detection according
to the training level of the endoscopists with a large
sample size while eliminating the influence of bowel
preparation and patient characteristics. Harada et af™¥
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CAC: Cap-assisted colonoscopy; SC: Standard colonoscopy; PDR: Polyp
detection rate; ADR: Adenoma detection rate.

did not evaluate the bowel preparation in the CAC
or SC group, and Tee et al'™ included patients with
poor bowel preparation and evaluated a small sample.
Although Dai et a/'*" reported that CAC conducted
by trainees did not improve the PDR, their study
evaluated a small sample and patients in the SC group
were older than those in the CAC group, especially in
the trainee group. Finally, de Wijkerslooth et a/** did
not evaluate the PDR and ADR associated with CAC
performed by trainees.

One study reported that CAC may decrease the
PDR and ADR. Lee et al'*® reported that the ADR in
the CAC group was lower than that in the SC group.
However, the bowel preparation was significantly less
satisfactory in the CAC group, the withdrawal time
was shorter in the CAC group, and the procedure was
performed with a mucosectomy cap. Mucosectomy
caps are longer at 10 mm in length; this increased
length may make them difficult to clean, and they may
impair the endoscopist’s vision because fecal matter
can more easily adhere to the longer cap. For these
reasons, their study showed a lower ADR in the CAC
group.

In contrast to previous studies, many of which reported
conflicting results, we excluded the influence of bowel
preparation and patients’ baseline characteristics and
evaluated the efficacy of CAC according to lesion size
and location and endoscopists’ training level. Our
sample was also sufficiently large. We found that CAC
can improve the PDR and ADR in the ascending colon,
hepatic flexure, splenic flexure, and whole colorectum
(Tables 2 and 3). The results of our study provide
evidence that CAC allows endoscopists to inspect the
blind mucosal surfaces of the flexures and haustral
folds. Additionally, the detection rates of diminutive
polyps and adenomas were higher in the CAC group
than in the SC group (Table 4). We found that CAC
performed by trainees was associated with a higher
PDR and ADR in the whole colorectum and right-
side colon, although CAC performed by experts was
associated with a higher PDR and ADR only in the right-
side colon (Tables 5 and 6). We assume that experts
can inspect the blind mucosa without the cap to some
extent, while trainees have difficulty performing this
inspection without the cap. Furthermore, even when
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Figure 2 Images of cap-assisted colonoscopy. A lesion was located in the proximal aspect of a haustral fold. The lesion was not observed before cap-assisted
colonoscopy depressed the haustral fold. When a cap depressed the haustral fold, the lesion was able to be observed.

experts perform the colonoscopy, we believe that the
cap would help to detect polyps and adenomas in the
right-side colon.

Rex et al”® suggested that ADR must be at
least 25% for male and at least 15% for female,
and ADR is known to vary widely among providers
in both academic and community settings®®. Our
study reported higher PDR (40.7%) and high ADR
(28.3%) in SC group than previous studies. However,
recent studies reported the high PDR and ADR with
long withdrawal times, self-recording of withdrawal
time, HD colonoscope, fair bowel preparation and an
academic setting of improving ADRP'>, In our study,
the minimal withdrawal time of most procedures
was at least 7 min, all endoscopists were aware of
self-recording of withdrawal time and all procedures
were performed with HD colonoscopies and NBI, and
optimal or fair bowel preparation. Furthermore, quality
improvement program of colonoscopy was performed
at PNUYH every month. These are the reason that our
PDR and ADR in SC group were higher than those of
previous studies.

This study has several limitations. First, this study
was a single-center, retrospective, case-controlled
study. Second, four of the trainees performed the SC
from May 2011 to December 2011, and the other
four trainees performed CAC from May 2012 to
December 2012. Thus, there is a potential for selection
bias, and the sample performed by experts was
relatively small. Third, the combined withdrawal time
of both therapeutic and non therapeutic (no biopsy
or polypectomy) colonoscopies in the CAC group
was significantly longer than that in the SC group,
indicating that the withdrawal time is associated with
increase in PDR and ADR. However, although the
combined withdrawal time of both colonoscopies in
the CAC group was significantly longer than that in the
SC group, the withdrawal time of only non therapeutic
colonoscopies was not significantly different between
the CAC group and SC group. Moreover, more polyps
and adenomas were detected in CAC than SC.
Therefore, we concluded that the withdrawal time
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of CAC was longer than that of SC because more
lesions were detected in CAC than SC, and more
lesion removal time, such as cold forcep biopsy or hot
snare polypectomy, was needed in CAC than SC. We
believe that the inspection time of CAC was not longer
than that of SC, and the higher ADR of CAC was not
associated with the longer withdrawal time of CAC.

In conclusion, we believe that CAC can be very
helpful for trainees to detect lesions in the whole colon
and even for experts to detect lesions in the right-side
colon. Additionally, CAC can be very useful to prevent
interval colon cancer, especially when performed by
inexperienced endoscopists in patients with satisfactory
bowel preparation. We recommend the routine use of
CAC for screening colonoscopy.

COMMENTS

Background

Colonoscopy is one of the most effective procedure for prevention of colorectal
cancer. However, colorectal cancer can be subsequently diagnosed after
negative colonoscopy, and it is called the interval cancer. The interval cancer
is known to be associated with missed lesions and right-side colon. Therefore,
to reduce the incidence of missed lesion and improve polyp detection rate
(PDR) and adenoma detection rate (ADR) are important to prevent the interval
cancer, especially in the right-side colon. Several new technologies have been
developed to improve the PDR and ADR, and cap-assisted colonoscopy (CAC)
is an inexpensive and simple method among these technologies. The authors
aimed to evaluate the efficacy of CAC based on location of lesions and training
level of endoscopists.

Research frontiers

This study did not only aim to evaluate the efficacy of CAC in the whole
colon, but also based on location and size of lesions, and training level of
endoscopists.

Innovations and breakthroughs

According to this study, CAC is more effective for experts than standard
colonoscopy for detection of lesions in the right-side colon. And CAC is also
more effective for trainees in the whole colon and right-side colon.
Applications

CAC is an effective procedure to reduce the incidence of missed lesion and
improve the detection rate of lesions for the trainees, and even for the experts.
Terminology

CAC: Cap-assisted colonoscopy. A 4-mm-long transparent cap is attached to
the end of a colonoscope, and the cap is able to separate and depress the
semilunar folds. Therefore, CAC allows the endoscopists to inspect the blind
mucosa of colon. SC: Standard colonoscopy. PDR: Polyp detection rate. PDR
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is usually defined as the proportion of patients in whom at least one polyp
was identified. ADR: adenoma detection rate. ADR is usually defined as the
proportion of patients in whom at least one adenoma was identified. ADR is
known as a quality indicator of colonoscopy.

Peer-review

This study aimed to evaluate the efficacy of CAC based on location of lesions
and training level of endoscopists. CAC can be helpful to improve the detection
rate of lesions for trainees and even experts.
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