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ABSTRACT

Background: High definition (HD) colonoscopy may better detect colorectal polyps. However, polyps
can be easily missed, and this may account for an interval cancer. There are other reasons also for missed polyps,
including endoscopist’s factors, technical factors, and polyps characters, etc.

Objective: To evaluate colorectal polyp miss rates by using HD colonoscope (Olympus CF-HQ190) for
same-day back-to-back colonoscopies and to identify other independent factors for missed polyps.

Method: Between January 2014 and November 2014, back-to-back colonoscopies in asymptomatic
subjects aged 50-75 years were performed in a randomized order by four different experienced endoscopists with
more than 1,000 colonoscopies and with previous record of adenoma detection rate (ADR)>25%. During each
round of colonoscopy, detected polyps were removed either by means of a biopsy forceps or a snare. The results of
the first-round colonoscopy were blinded to the following endoscopists. All polyps detected and removed by the
first or the second endoscopists were recorded. The quality of bowel preparation, withdrawal time, location, size
and histology of polyps were recorded. Advanced adenoma (AA) was defined as an adenoma with size >10 mm or
an adenoma with high-grade dysplasia or villous histology. The polyp miss rate was calculated as the total number
of polyps missed from the first colonoscopy/the total number of polyps detected by both the first and the second
colonoscopists.

Results:  One-hundred-and-nine subjects were enrolled, and 218 complete colonoscopies were performed.
One-hundred-and-six (97%) of subjects had good to excellent bowel preparation. The mean withdrawal times of
the first and the second colonoscopies were 12.5 + 10 and 9.1+2.9 min, respectively. The overall detection rate of
adenoma, advanced adenoma and cancer were 48%, 13% and 1%, respectively. Of all 109 subjects, 306 polyps
were found in 84 subjects. Among 306 polyps, there were 140 (45.8%) non-adenoma, 166 (54.2%) adenoma. There
were 32 (10.4%) AA and 1 (0.3%) cancer. The miss rates for non-adenoma, adenoma and AA were 26.8%, 28.3%
and 21.9%, respectively. No carcinoma was missed. In the univariate analysis, non-pedunculated lesion and the
withdrawal time < 9 min were the significant factors for polyps miss rate. There was a trend of higher miss rate for
proximal polyp location and for polyp size <5 mm, but not statistically significant. In the multivariate analysis, the
independent significant associated factors for polyps miss rate were non-pedunculated lesion [Odd ratio 11.49
(95% CI: 1.44-91.59); p= 0.02] and duration of withdrawal time less than 9 min. [Odd ratio 3.02 (95% CI: 1.67-
5.45); p<0.001].

Conclusion: Under HD colonoscopy, polyp miss rate still occurs. Non-pedunculated lesions and the
withdrawal time less than 9 minutes were the significant factors for this phenomenon.

Key words : Back to back colonoscopy, colorectal cancer screening, missed polyps

[Thai J Gastroenterol 2015, 16(2):60-67.]

! Gastroenterology Unit, Department of Medicine, ?Department of Pathology, Faculty of Medicine, Chulalongkorn Univer-

sity, Bangkok, Thailand.

Address for Correspondence: Rungsun Rerknimitr, M.D., Gastroenterology Unit, Department of Medicine, Faculty of Medi-
cine, Chulalongkorn University, Bangkok, Thailand.



Orkoonsawat P, et al.

INTRODUCTION

Colorectal cancer is one of the most common can-
cers and a leading cause of cancer deaths worldwide.
In Thailand, colorectal cancer is the third most com-
mon cancer in men, and the fifth most common cancer
in female women. The highest incidence rate for both
sexes is documented in Bangkok, and the lowest inci-
dence rate is in NakhonPhanom province. The number
of colorectal cancers has shown a rising trend. Most
cases of colorectal cancer were diagnosed at an ad-
vanced stage with a poor prognosis(}.

Colorectal cancer screening to detect and remove
precancerous lesions or early colorectal cancers has
been recognized as very important in preventing and
reducing the occurrence of colorectal cancer and
death®. Although colonoscopy is the gold standard and
is highly effective for screening colorectal cancers,
some persons are still diagnosed with colorectal can-
cer at a relatively short interval after a screening
colonoscopy. Such interval cancers account for 0.6-
9% of all colorectal cancers(3-6) and are inversely as-
sociated with the adenoma detection rate (ADR)(7). In-
terval colorectal cancers are related to missed lesions,
incompletely resected lesions, or rapidly progressive
new lesions. Missed lesions are the major factor and
appear to account for 52% of all interval cancers(),

Previous studies reported that the polyp miss rates
varied between 14% and 30%®) while the adenoma
miss rate was 15%-32%@®). Moreover, the miss rate of
advanced adenoma was 0-11%®-9). Previous analyses
demonstrated that the factors associated with miss pol-
yps included polyp factors, endoscopist factors and
procedure factors. However, there were limitations of
these studies, such as differences in the enrolled sub-
jects, in the indications for colonoscopy, and in a con-
trolled quality of colonoscopy(®-1D,

The aims of this study were 1) to determine the
polyp miss rate using HD colonoscopy 2) to identify
independent factors that could influence the miss rate
as determined by same-day back-to-back colonoscopies
in asymptomatic colorectal cancer screening subject.

MATERIALS AND METHODS

Study population

We conducted a study between January 2014 and
November 2014. Asymptomatic subjects who partici-
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pated in a health promotion program at the King
Chulalongkorn Memorial Hospital were recruited. As-
ymptomatic subjects aged 50 to 75 were enrolled. Ex-
clusion criteria were family history of hereditary
colorectal cancer (= 2 first degree relatives with CRC
or at least 1 first degree relative with CRC before 60
years)(12) inflammatory bowel disease, prior history
of colorectal cancer,previous colorectal surgery, severe
coexisting illness (American Society of Anesthesiolo-
gists grade 3 or 4)(13), previous colon examination (en-
doscopy and radiological imaging) within the pre-
vious 5 years, and symptoms of lower GI tract (a lower
gastrointestinal bleeding, bowel habit changes, unex-
plained weight loss, and anemia). All subjects provided
a written informed consent. The study was approved
by the Chulalongkorn Medical Institutional Review
Board.

Back-to-back colonoscopy

All subjects underwent standard bowel prepara-
tion as described previously(14). Sedation with intra-
venous midazolam and/or meperidine was prescribed.
Olympus CF-HQ190 colonoscope (Olympus Optical,
Tokyo, Japan) was used. Back-to-back colonoscopy
was performed by two experienced endoscopists from
among 4 staff gastroenterologists who had performed
>1,000 colonoscopies with adenoma detection
rate>25% (S.A., P.A., R.P. and V.V.).

During the first colonoscopy, the colonoscope was
inserted as for as the cecum and all detected polyps
were removed either by biopsy forceps or snare. Tiny
diminutive polyps (less than 5 mm in diameter) with
hyperplastic appearance under magnification and nar-
row band imaging in the rectosigmoid area were
unremoved. After the first endoscopist completed with-
drawing the colonoscope from the anus, the second
endoscopist reintubated. The result of the first
colonoscopy was blinded to the second endoscopist.
All remaining polyps were defined as a miss polyp,
except for tiny polyps in the rectosigmoid area which
were left as with the first colonoscopy. All polyps de-
tected and removed by the first and the second
endoscopists were recorded. Aronchick bowel prepa-
ration scales were used for the rating of colon cleans-
ing(15). The cecal intubation rate, the withdrawal time,
and the location of polyps were recorded. Polyp size
was measured with an opened biopsy forceps, which
is 7 mm in diameter. All removed polyps were exam-
ined by a special gastrointestinal pathologist (N.K.).
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DEFINITION

Polyps were pathologically classified as non-neo-
plastic and neoplastic. Neoplastic polyps were catego-
rized to adenoma, advanced adenoma (AA) and
colorectal carcinoma. AA was defined as an adenoma
larger than 10 mm or an adenoma with high-grade dys-
plasia, or villous adenoma (at least 25%) or carci-
noma(10), The polyp morphology was classified as per
Paris classification(17). The proximal colon was defined
as the splenic flexure and the more proximal part of
the colon. The distal colon was defined as the colon
distal to the splenic flexure(18),

The polyp miss rate was calculated as the total
number of polyps missed from the first colonoscopy/
the total number of polyps detected at both the first
and the second colonoscopies. Polyps miss rates were
calculated for all polyps (non-neoplastic and neoplas-
tic polyp), adenomas, and advanced adenomas.

Statistical analysis

Statistical analysis was performed with SPSS
version 17.0. All baseline characteristics such as age,
gender, body mass index, alcohol, smoking, other co-
morbidity as well as polyp size, shape, location and
the number of polyps were included in the univariate
and the multivariate analyse to find out the indepen-
dent factors associated with missed polyps.

A Study of Colorectal Polyp Miss Rate as Determined by Same-Day Back-to-
Back Colonoscopies in Asymptomatic Colorectal Cancer Screening Subjects

REsuLTS

Subject characteristics

A total of 109 asymptomatic subjects were
screened and enrolled. The mean age was 60t7 yrs.
Sixty-seven (61.5%) subjects were female. All subjects
completed the back-to-back colonoscopies. One-hun-
dred-and-six (97%) of subjects were good to excellent
bowel preparation. The mean withdrawal time for the
first and the second colonoscopies were 12.5 + 10 and
9.1 = 2.9 minutes, respectively. The cecal intubation
rate was 100%. There were no serious adverse events
from the colonoscopy procedures. The prevalences of
adenoma, advanced adenoma and cancer were 52 (48
%), 14 (13%) and 1 (1%), respectively.

Polyp characteristics

Overall, 306 polyps were detected in 84 subjects.
Of'the 306 polyps, 140 (46%) were non-neoplastic pol-
yps and 166 (54%) were neoplastic polyps. There were
134 (80.7%) adenomas, 31 (18.7%) advanced adenoma
and 1 (0.6%) carcinoma.

The mean diameter of polyps was 4.9+2.9 mm.
The sessile, pedunculated, flat and depress shapes were
demonstrated in 270 (88%), 23 (7.5%), 12 (4%) and 1
(0.5%), respectively. One-hundred-and-thirty-one
(42.8%) polyps and 175 (57.2%) polyps were located
in the proximal colon and in the distal colon respec-

Table 1. Characteristics of all 306 polyps detected in 218 back-to-back colonoscopies.

N (%)

Characteristics of polyps

Overall polyps (n=306)

Neoplastic polyps (n=166)

Histopathology
« Non-neoplastic polyp
« Adenomas
« Advanced adenomas

Size of polyp (mm) (meantS.D)
e Size <5 mm
 Size > 5 mm

Morphology of polyp
« Sessile
« Pedunculated
« Flat
« Depressed

Location
« Proximal colon
« Distal colon

140 (45.8) -

134 (43.8) 134 (80.7)
32 (10.5) 32 (19.3)
4.98 +£2.95 5.70 £3.40
230 (75.2) 110 (66.3)
76 (24.8) 56 (33.7)
270 (88.2) 139 (83.8)
23 (7.5) 17 (10.2)
12 (3.9) 9(5.4)
1(0.3) 1(0.6)
131 (42.8) 86 (51.8)
175 (57.2) 80 (48.2)
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tively (Tablel).

Characteristics of the miss polyps

Eighty-two polyps were found at the second
colonoscopy, apparently missed during the first
colonoscopy. The miss rates for polyp, adenoma and
advanced adenoma were 26.8%, 28.3% and 21.9% re-

Table 2. The number and miss rate of each type of polyps.
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spectively. No carcinoma was missed. The miss pol-
yps are shown in Table 2.

Of the 82 missed polyp, the sessile, flat, pedun-
culated and depressed shapes were recorded in 73
(89%), 7 (8.6%), 1 (1.2%) and 1 (1.2%) polyps, re-
spectively. The missed polyps were found in the proxi-
mal colon (51.2%) as much as in the distal colon

Total Number of miss polyps at 1% colonoscopy Miss rate (%)

All polyps (n=306) 82 26.8
Polyp with size <5 mm (n=230) 61 26.5
Polyp with size > 5 mm (n=76) 21 27.6
Adenoma (n=166) 47 28.3
Adenoma with size <5 mm (n=110) 32 29.1
Adenoma with size > 5 mm (n=56) 15 26.8
Advanced adenoma (n=32) 7 21.9
Serrated adenoma (n=3) 2 66.7
Carcinoma (n=1) 0 0

Table 3. Characteristics and percentages of miss polyps and adenomas.

Lesion (n) Location, n (%) Morphology, n (%) No. of lesions, n (%) Diameter (mm)
Type Total Proximal Distal Pedun Sessile Flat Depressed 1 2 23 Mean Median Range
culate
Polyps (n=306)
Not missed 224 89 135 22 197 5 0 14 32 178 5.1£29 5 2-20
67.9) (77.1)  (95.7) (73) (41.7) 0) (73.7) (69.6) (73.9)
Missed 82 42 40 1 73 7 1 5 14 63 48+29 5 1-15
32.1) (229 (43) (27) (58.3) (100) (26.3) (30.4) (26.1)
Adenoma (n=166)
Not missed 119 58 61 16 99 4 0 15 27 77 59+35 S5 2-20
(67.4) (76.3) (94.1) (71.2) (44.4) 0) (68.2) (794) (70)
Missed 47 28 19 1 40 5 1 7 7 33 52£3.0 5 2-15
(32.6) (23.7)  (5.9) (28.8) (55.6) (100) (31.8) (20.6) (30)
Advanced adenoma (n=32)
Not missed 25 8 17 12 11 2 0 3 3 19 11.7£2.8 10 10-20
(61.5) (89.5) (100) (68.8) (50) 0) (100) (75)  (76)
Missed 7 5 2 0 5 2 0 0 1 6 10.7£1.9 10 10-15
(38.5) (10.5) 0) (31.2) (502) 0) 0) 25 @4
Serrated adenoma (n=3)
Not missed 1 0 1 0 1 0 0 0 0 1 5 5 5
(0) (100)  (0)  (100) (0) © O O (100
Missed 2 2 0 0 0 2 0 0 0 2 10 10 10

(100)  (0) (0)

© (100) (O (O (0

(100)
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Table 4. Univariate and multivariate analysis of the 82 miss polyps and the 47 miss adenomas out of 306 polyps and 166

adenomas.
Univariate analysis Multivariate analysis
Variable Miss rate (%)
Odd ratio (95% CI)  p-value Odd ratio (95% CI)  p-value

Overall polyps (n=306) 82 (26.8%)
Polyp size

« Size <5 mm (n=230) 61 (26.5%) 1 1

« Size >5 mm (n=76) 21 (27.6%) 1.06 (0.59-1.89) p=0.85 1.41 (0.74-2.69) p=03
Polyp shape

« Pedunculated (n=23) 1 (4.3%) 1 1

« Sessile/ flat/depressed (n=283) 81 (28.6%) 8.82 (1.17-66.54) p =0.03 11.49 (1.44-91.59) p =0.02*
Location of polyp

« Distal colon (n=175) 40 (22.9%) 1 1

« Proximal colon (n=131) 42 (32.1%) 1.59 (0.95-2.65) p=0.07 1.51 (0.87-2.59) p=0.14
Histology

« Non-neoplastic polyp (n=140) 35 (25.0%) 1 1

« Neoplastic polyp (n=166) 47 (28.3%) 1.18 (0.71-1.97) p=0.51 1.27 (0.72-2.24) p=04
Total number of polyp

o 1-2 (n=65) 19 (29.2%) 1 1

>3 (n=241) 63 (26.1%) 0.86 (0.46-1.57) p=0.62 1.04 (0.55-1.96) p=0.9
Duration of withdrawal time

« > 9 minutes (n=235) 51 (21.7%) 1 1

« <9 minutes (n=71) 31 (43.7%) 2.79 (1.59-4.91) p <0.001 3.02 (1.67-5.45) p <0.001*

Adenoma (n=166) 47 (28.3%)
Adenoma size

« Size <5 mm (n=110) 32 (29.1%) 1 1

« Size > 5 mm (n=56) 15 (26.8%) 0.89 (0.43-1.83) p=0.75 0.77 (0.35-1.69) p =051
Adenoma shape

« Pedunculated (n=17) 1 (5.9%) 1 1

« Sessile/ flat/depressed (n=149) 46 (30.9%) 7.96 (1.02-61.95) p =0.04 10.26 (1.16-90.61)  p=0.04*
Adenoma location

« Distal colon (n=80) 19 (23.8%) 1 1

« Proximal colon (n=86) 28 (32.6%) 1.55 (0.78-3.07) p=0.21 1.49 (0.71-3.14) p=0.29
Total number of adenoma

o 1-2 (n=56) 14 (25.0%) 1 1

>3 (n=110) 33 (30.0%) 0.87 (0.44-1.73) p=0.69 1.18 (0.56-2.49) p =0.66
Duration of withdrawal time

« > 9 minutes (n=135) 31 (23.0%) 1 1

» <9 minutes (n=31) 16 (51.6%) 3.96 (1.76-8.89) p =0.001 472 (1.95-11.46)  p=0.001*
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(48.8%). Among the 47 missed adenomas, there were
pedunculated (2.1%), sessile (85.1%), flat (10.7%) and
depressed (2.1%) polyps. There were higher adenoma
miss rate in the proximal colon (59.6%) than in the
distal colon (40.4%) [Odd ratio 2.09 (95% CI: 1.07-
4.11); p=0.03].

Ofthe 7 miss advanced adenomas, 5 (71.4%) were
located in the proximal colon. All miss serrated ad-
enomas were in the proximal colon. The characteris-
tics of missed polyps and adenomas are shown in Table
3.

From univariate analysis, there were two signifi-
cant factors for polyp miss rate and adenomas. The
first factor was the non-pedunculated shape, the miss
rates for non-pedunculated polyps and adenomas be-
ing 28.6% [Odd ratio 8.82 (95% CI: 1.17-66.54); p=
0.03] and 30.9% [Odd ratio 7.96 (95% CI: 1.02-61.95);
p=0.04], respectively. The second factor was the with-
drawal time less than 9 minutes, the miss rates for pol-
yps and adenomas when withdrawal time for less than
9 minutes being 43.7% [Odd ratio 2.79 (95% CI: 1.59-
4.91); p<0.001] and 51.6% [Odd ratio 3.96 (95% CI:
1.76-8.89); p=0.001], respectively. There was a trend
for higher adenoma miss rate in the proximal colon
and for adenoma size less than 5 mm, but there was no
statistical significance.

From multivariate analysis, the independent sig-
nificant associated factors for polyp miss rate were the
non-pedunculated shape [Odd ratio 11.49 (95% CI:
1.44-91.59); p=0.02] and the duration of withdrawal
time less than 9 minutes. [Odd ratio 3.02 (95% CI: 1.67-
5.45); p<0.001] (Table 4).

DiscussioN

While screening colonoscopy has contributed to
a notable reduction in colorectal cancer incidence and
mortality(?), its sensitivity and accuracy remains ques-
tionable due to rather high incidence of post-
colonoscopy interval cancer(14). The crucial factor for
interval cancer is missed lesions(13). There are many
reasons for missed lesions that can be classified into
three categories. First, patients and polyps factors; there
are data showing that female gender, increasing age,
co-morbidities and diverticulosis are risk factors for
interval colorectal cancer(19). Poor-quality bowel prepa-
ration obscures visualization of the colon and is asso-
ciated with high miss rate(20-21), The polyp features in-
cluding smaller size®), flat lesions1), location polyps
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behind mucosal folds??) or in the right side of the co-
lon(!® may influence the miss rate. Second,
endoscopist’s factor; many studies showed that
endoscopists with less skill or experience were associ-
ated with development of post-colonoscopy colorectal
cancer(*19.23), Colonoscopy quality indicators includ-
ing adenoma detection rate more than 25% in male/
female population, average withdrawal time in nega-
tive-result screening colonoscopies at least 6 minutes,
and cecal intubation rate in asymptomatic screening
more than 95%, are the standard requirements for all
endoscopists(14). Third, technology; there are many
recent technological innovations aimed at enhancing
mucosal imaging, but almost all still require further
assessment before recommendation for routine prac-
tice. A meta-analysis showed only high definition
colonoscopy having marginal benefit over standard
colonoscopy for the polyps and adenoma detection(24),
Dye chromoendoscopy could also enhance pre-malig-
nant polyps detection but was too time-consuming for
routine colonoscopy(235:20). On the contrary, neither vir-
tual endoscopy (FICE, i-scan, NBI), autofluorescence
nor cap-assisted colonoscopy could improve adenoma
detection rate over standard high-definition white light
endoscopy@0). There are few studies showing an ad-
vantage of third-eye retroscopy@? and full-spectrum
endoscopy@®) in polyp and adenoma detection.

According to back-to-back colonoscopies, which
is by for the most reliable approach for assessing miss
rates(8), the adenoma miss rate and the advanced ad-
enoma (AA) miss rate were reported at 15-32% and 0-
11%, respectively®-11),

The present study demonstrated a significant ad-
enoma miss rate of 28.3%, and an advanced adenoma
miss rate of 21.9%, even by using high definition
colonoscopy with a precise methodology to limit con-
founding factors related to screening indication, good
bowel preparation, withdrawal time at least 6 minutes,
cecal intubation rate more than 95%, qualified
endoscopists with baseline ADR more than 25%, as
well as other technological factors.

Several previous studies showed that the higher
adenoma miss rate was closely related to the smaller
polyp size(®-11) and the higher number of adenomas de-
tected at the first colonoscopy1%:11., In our study, there
was a trend of a high miss rate for adenoma size less
than 5 mm, but without statistical significance. Whereas
the location and the number of polyps were not associ-
ated with miss polyps. The explanation for such dif-
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ferences may be due to the special attention of the
endoscopist in screening subjects with small polyps
and multiple adenomas.

The overall adenoma miss rate in the proximal
colon was higher than that in the distal colon (32.6%
vs. 23.8%). The difference, however, was not statisti-
cally significant. There was a trend for a higher miss
rate in the right-sided polyps, because the proximal
polyps especially those with advanced histology were
usually flat and smaller than the distal polyps(29-39). Re-
garding the shape of adenoma, this study showed that
non-pedunculated lesions, including sessile, flat, and
depressed lesions, are a significant risk factor associ-
ated with a high miss rate. This observation is similar
to results from the previous study®).

Moreover, non-pedunculated lesions are a signifi-
cant risk factor resulting in a high miss rate. Our study
suggested that colonoscopy withdrawal time less than
9 minutes was another independent factor for the ad-
enoma miss rate. This result highlights the recommen-
dation that endoscopists should spend sufficient
colonoscopic withdrawal time to completely examine
the colonic mucosa in order to lower the polyp miss
rate.

Interestingly, our study revealed a high miss rate
of 66.7% for sessile serrated adenoma. The explana-
tion is that sessile serrated adenomas typically are of
the same color shade as that of the surrounding mu-
cosa, with a translucent appearance, in addition to be-
ing rather flat with faint borders. There are data show-
ing that the sessile serrated adenomas acquire a rapid
growth at later stage and have similar genetic changes
to those of interval cancerD. Thus, it is a possible
cause of post-colonoscopy interval cancer.

There are some limitations in this study. First, we
could not absolutely blind the endoscopists about his
order in back-to-back colonoscopies due to
postpolypectomy lesions. Second, although ADR is a
good quality indicator for colonoscopy, it does not re-
flect full colonoscopic examination. Thus, the
endoscopist with ADR more than 25% did not get the
same quality for colonoscopy. The sequence of differ-
ent quality endoscopists should result in the different
miss rate. Finally, a larger study with more subjects is
needed to confirm the results of this study.

CONCLUSION

Colon polyp miss rate remained considerable in

A Study of Colorectal Polyp Miss Rate as Determined by Same-Day Back-to-
2015 Back Colonoscopies in Asymptomatic Colorectal Cancer Screening Subjects

spite of high definition colonoscopy technology and
attempted to limit confounding factors such as high-
quality bowel preparation, adequate withdrawal time,
cecal intubation and experienced endoscopists. Non-
pedunculated lesions and withdrawal time less than 9
minutes were significant risk factors. Regarding sessile
serrated adenoma, there was the high miss rate. There-
fore adequate withdrawal time for complete mucosal
examination is important to minimize missed polyps.

ACKNOWLEDGEMENT

This study was granted from The Gastroenterol-
ogy Association of Thailand Research Fund, and Fac-
ulty of Medicine, Chulalongkorn University. We wish
to express our thanks to the Department of Pathology
and all staffs in the Gastroenterology Unit, Department
of Medicine, Chulalongkorn University and King
Chulalongkorn Memorial Hospital.

REFERENCES

1. Khuhaprema T, Srivatanakul P. Colon and rectum cancer in
Thailand: an overview. Jpn J Clin Oncol 2008;38(4):237-43.

2. Brenner H, Chang-Claudel J, Jansen L, ef al. Reduced risk of
colorectal cancer up to 10 years after screening, surveillance,
or diagnostic colonoscopy. Gastroenterology 2014;146(3):709-
17.

3. Robertson DJ, Lieberman DA, Winawe SJ, et al. Colorectal
cancers soon after colonoscopy: a pooled multicohort analy-
sis. Gut 2014; 63(6):949-56.

4. Cooper GS, Xu F, Barnholtz Sloan JS, et al. Prevalence and
predictors of interval colorectal cancers in medicare benefi-
ciaries. Cancer 2012;118(12):3044-52.

5. Sanduleanu S, Masclee AM, Meijer GA. Interval cancers af-
ter colonoscopy-insights and recommendations. Nat Rev
Gastroenterol Hepatol 2012; 9(9):550-4.

6. Singh H, Nugent Z, Demers AA, et al. The reduction in
colorectal cancer mortality after colonoscopy varies by site of
the cancer. Gastroenterology 2010;139(4):1128-37.

7. Corley DA, Jensen CD, Marks AR, et al. Adenoma detection
rate and risk of colorectal cancer and death. N Engl J Med
2014;370(14):1298-306.

8. Van Rijn JC, Reitsman JB, Stoker L, et al. Polyp miss rate
determined by tandem colonoscopy: a systematic review. Am
J Gastroenterol 2006;101(2):343-50.

9. Heresbach D, Barrioz T, Lapalus MG, et al. Miss rate for
colorectal neoplastic polyps: a prospective multicenter study
of’back-to-back video colonoscopies. Endoscopy 2008;40(4):
284-90.

10. Rex DK, Cultler CS, Lemmel GT, et al. Colonoscopic miss
rates of adenomas determined by back-to-back colonoscopies.
Gastroenterology 1997;112(1):24-8.

11. Ahn SB, Han DS, Bae JH, ef al. The miss rate for colorectal



Orkoonsawat P, et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

adenoma determined by quality-adjusted, back-to-back
colonoscopies. Gut Liver 2012;6(1):64-70.

Castells AS, Castellvi-Bel S, Balaguer F. Castellvi-Bel, and F.
Balaguer, Concepts in familial colorectal cancer: where do
we stand and what is the future? Gastroenterology 2009;
137(2):404-9.

Sidi A, Lobato EB, Cohen JA. The American Society of An-
esthesiologists’ Physical Status: category V revisited. J Clin
Anesth 2000;12(4):328-34.

Rex DK, Schoenfeld PS, Cohen J, et al. Quality indicators for
colonoscopy. Am J Gastroenterol 2015;110(1):72-90.
Aronchick CA, Lipshutz WH, Wright SH, et al. A novel
tableted purgative for colonoscopic preparation: efficacy and
safety comparisons with Colyte and Fleet Phospho-Soda.
Gastrointest Endosc 2000;52(3):346-52.

Quintero E, Castells A, Bujanda L, e al. Colonoscopy versus
fecal immunochemical testing in colorectal-cancer screening.
N Engl J Med 2012;366(8):697-706.

The Paris endoscopic classification of superficial neoplastic
lesions: esophagus, stomach, and colon: November 30 to De-
cember 1, 2002. Gastrointest Endosc 2003;58(6 Suppl):S3-
43.

Byeon JS, Yang SK, Kim TI, et al. Colorectal neoplasm in
asymptomatic Asians: a prospective multinational multicenter
colonoscopy survey. Gastrointest Endosc 2007;65(7):1015-22.
Patel SG, Ahnen DJ. Prevention of interval colorectal can-
cers: what every clinician needs to know. Clin Gastroenterol
Hepatol 2014;12(1):7-15.

Lebwohl B, Kastrinos F, Glick M, et al. The impact of subop-
timal bowel preparation on adenoma miss rates and the fac-
tors associated with early repeat colonoscopy. Gastrointest
Endosc 2011;73(6):1207-14.

Xiang L, Zhan Q, Zhao XH, et al. Risk factors associated with
missed colorectal flat adenoma: a multicenter retrospective
tandem colonoscopy study. World J Gastroenterol
2014;20(31):10927-37.

Pickhardt PJ, Nugent PA, Mysilwiec PA, et al. Location of

23.

24.

25.

26.

27.

28.

29.

30.

31.

THA1 J GASTROENTEROL 2015
Vol. 16 No. 2 H 67
May - Aug. 2015 £

adenomas missed by optical colonoscopy. Ann Intern Med
2004;141(5):352-9.

Baxter NN, Sutradhar R, Forbes SS, et al. Analysis of admin-
istrative data finds endoscopist quality measures associated
with postcolonoscopy colorectal cancer. Gastroenterology
2011;140(1):65-72.

Subramanian V, Mannath J, Hawkey CJ, et al. High definition
colonoscopy vs. standard video endoscopy for the detection
of colonic polyps: a meta-analysis. Endoscopy 2011;43(6):499-
505.

Brown SR, Baraza W. Chromoscopy versus conventional en-
doscopy for the detection of polyps in the colon and rectum.
Cochrane Database Syst Rev 2010;(10):CD006439.

Omata F, Ohde S, Deshpande GA, et al. Image-enhanced,
chromo, and cap-assisted colonoscopy for improving adenoma/
neoplasia detection rate: a systematic review and meta-analy-
sis. Scand J Gastroenterol 2014;49(2):222-37.

Siersema PD, Rastogi A, Leufkens AM, et al. Retrograde-view-
ing device improves adenoma detection rate in colonoscopies
for surveillance and diagnostic workup. World J Gastroenterol
2012;18(26):3400-8.

Gralnek IM, Siersema PD, Halpern Z, et al. Standard forward-
viewing colonoscopy versus full-spectrum endoscopy: an in-
ternational, multicentre, randomised, tandem colonoscopy trial.
Lancet Oncol 2014;15(3): 53-60.

Gupta S, Balasubramanian BA, Fu T, et al. Polyps with ad-
vanced neoplasia are smaller in the right than in the left co-
lon: implications for colorectal cancer screening. Clin Gastro-
enterol Hepatol 2012;10(12):1395-1401 e2.

Hurlstone DP, Cross SS Adam I, et al. A prospective clinico-
pathological and endoscopic evaluation of flat and depressed
colorectal lesions in the United Kingdom. Am J Gastroenterol
2003;98(11):2543-9.

Haque T, Greene KG, Crockett SD. Serrated neoplasia of the
colon: what do we really know? Curr Gastroenterol Rep
2014;16(4):380.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


