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Abstract

AIM: To determine the miss rate for colorectal flat ad-
enomas during colonoscopy and the risk factors.

METHODS: Flat adenomas are frequently missed dur-
ing colonoscopy. However, the risk factors that influence
their miss rates are unclear. This was a multicenter,
retrospective study in which patients diagnosed with
colorectal adenomas at a diagnostic colonoscopy and
followed within 3 mo by a second therapeutic colonos-
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copy were pooled out from the established database.
The “per-patient” and “per-adenoma” adenoma miss
rates (AMR) for overall adenomas and flat adenomas,
and patient-, adenoma-, and procedure-related risk fac-
tors potentially associated with the “per-adenoma” AMR
for flat adenomas were determined.

RESULTS: Chromoscopy and high-definition colonos-
copy were not taken under consideration in the study.
Among 2093 patients with colorectal adenomas, 691
(33.0%) were diagnosed with flat adenomas, 514 with
concomitant protruding adenomas and 177 without.
The “per-patient” AMR for flat adenomas was 43.3%
(299/691); the rates were 54.3% and 11.3%, respec-
tively, for those with protruding adenomas and those
without (OR = 9.320, 95%CI: 5.672-15.314, ;° =
99.084, P < 0.001). The “per-adenoma” AMR for flat
adenomas was 44.3% (406/916). In multivariate analy-
sis, older age, presence of concomitant protruding ade-
nomas, poor bowel preparation, smaller adenoma size,
location at the right colon, insufficient experience of the
colonoscopist, and withdrawal time < 6 min were as-
sociated with an increased “per-adenoma” AMR for flat
adenomas. The AMR for flat adenomas was moderately
correlated with that for overall adenomas (r = 0.516, P
< 0.0001). The AMR for flat adenomas during colonos-
copy was high.

CONCLUSION: Patient’s age, concomitant protrud-
ing adenomas, bowel preparation, size and location of
adenomas, proficiency of the colonoscopist, and with-
drawal time are factors affecting the “per-adenoma”
AMR for flat adenomas.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Flat adenoma; Colorectal cancer; Miss rate;
Risk factor; Colonoscopy

Core tip: The miss rate for flat adenomas during colo-
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noscopy is high. Patient’s age, concomitant protruding
adenomas, bowel preparation, size and location of ade-
nomas, proficiency of the colonoscopist, and withdrawal
time are factors affecting the “per-adenoma” adenoma
miss rate for flat adenomas.

Xiang L, Zhan Q, Zhao XH, Wang YD, An SL, Xu YZ, Li
AM, Gong W, Bai Y, Zhi FC, Liu SD. Risk factors associated
with missed colorectal flat adenoma: A multicenter retrospec-
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INTRODUCTION

Colorectal cancer (CRC) is the most common malig-
nant tumor and the second leading cause of cancer-
related deaths in the world". CRC mainly originates from
colorectal adenomas”. According to the morphology,
Kudo ez al” classified colorectal adenomas into protrud-
ing and flat ones. It has been reported that colorectal flat
adenomas have a greater tendency to develop into severe

dysplasia and carcinoma than protruding adenomas™’,

However, because of their flat morphology and low
awareness among colonoscopists, many flat adenomas
are missed during colonoscopy although they are often
visible. Therefore, flat adenomas are not only difficult to
detect, but also easy to miss””. Specifically, the miss rates
for flat adenomas during colonoscopy range from 35% to
60%, which are much higher than those (4%-19%) seen
in the protruding type of adenomas®™'". Tt is believed
that undetected or missed adenomas may play an impor-
tant role in the incidence of interval cancers'""

Colonoscopy has been considered as the “golden
standard” in detection of colorectal adenomas and
plays an important role in CRC prevention. In addition,
colonoscopic polypectomy with follow-up monitoring
has been proven to decrease the incidence of colorectal
cancer, mainly in the left colon™”. However, colorectal
adenomas, especially flat adenomas, are frequently missed
during colonoscopy as mentioned above. Flat adenomas
are frequently localized at the right part of the colon,
and it has been suggested that the high miss rate for flat
adenomas at the right colon contributes to the high inci-
dence of cancer at the right colon after colonoscopy[m.
Therefore, it is extremely important and essential to
recognize and identify these flat neoplastic lesions at an
early stage. The use of new techniques such as chromo-
endoscopy or magnifying narrow-band imaging during
colonoscopy in recent years appears to significantly im-
prove the detection of colorectal flat adenomas during
colonoscopyl4’lo’13’l4j; however, controversy exists””,

It is critical to determine the miss rate of colonos-
copy for colorectal flat adenomas, and more importantly,
to identify the risk factors that are associated with the in-
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creased flat adenoma miss rates. However, there are only
few studies evaluating the miss rates of flat adenomas™"”
Moreover, the risk factors influencing the miss rate for
flat adenomas have not been explored and thus are not
understood. Therefore, this multicenter study aimed to
determine the miss rates in detection of colorectal flat
adenomas during colonoscopy and the risk factors that
influence the miss rates.

MATERIALS AND METHODS

Sources of patients

This was a multicenter, retrospective study in which pa-
tients diagnosed with colorectal adenomas at a diagnos-
tic colonoscopy and followed within 3 mo by a second
therapeutic colonoscopym] between September 2009
and September 2011 from four Chinese hospitals were
pooled out from the database established in the comput-
erized system for colonoscopy. The study proposal was
approved by the ethics committees of these four institu-
tions (Medical Ethics Committee of Nanfang Hospital,
Southern Medical University; Medical Ethics Committee
of Wuxi City People’s Hospital Affiliated with Nanjing
Medical University; Ethics Committee of Mianyang Cen-
tral Hospital; Medical Ethics Committee of Shenzhen
Longgang Central Hospital). All patients gave written
informed consent at the first and second colonoscopy to
allow their colonoscopy data to be used for this research
purpose.

Selection criteria for patients

The patients enrolled in this study had to meet the fol-
lowing criteria: (1) they were 18 years old or over; (2) the
colonoscope reached the cecum (v.e., completion of colo-
noscopy); (3) the interval duration between the first and
second colonoscopy procedures was less than 90 d; the
first colonoscopy was only for diagnosis, and the second
colonoscopy was for therapeutic purpose and with good
bowel preparation; (4) colonic images were properly tak-
en at various parts of the colon; it was essential that the
cecum, appendiceal orifice or ileocecal valve was cleatly
pictured after insertion of the colonoscope (to indicate
the completion of the colonoscope insertion) and the im-
ages of the rectum were properly taken during the with-
drawal of the colonoscope (to ensure calculation of the
withdrawal time); and (5) the colonoscopists at the first
colonoscopy had performed normal total colonoscopy
on more than 100 cases; the colonoscopists at the second
colonoscopy had performed colonoscopy on more than
1000 cases, with more than 150 cases annually. Cases with
colorectal cancer, polyposis syndrome (defined as condi-
tions where a patient had more than 100 polyps in the
intestine, including familial polyposis syndrome, serrated
polyposis syndrome, Peutz-Jeghers syndrome, juvenile
polyposis syndrome, and Cronkhite-Canada syndrome),
inflammatory bowel disease, partial large bowel resection
or insufficient data required for analysis were excluded
from this study.
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Colonoscopy and imaging procedures

Large bowel preparation was performed by using poly-
ethylene glycol electrolyte solution, sodium phosphate or
mannitol based on the hospital practice and guidelines.
Patients were examined first in the left lateral decubitus
position. Then, the patient was placed in the supine posi-
tion or on the right side as needed to facilitate intubation
of the cecum. Colonoscopy procedures were carried out
by using electronic colonoscopies CF-240 I and CF-260 I
(Olympus, Tokyo, Japan) in our study. In cases with areas
suspicious of adenoma, dye solution (3-6 mL of 0.2%
indigo carmine, Nanjing Weichuang Medical Technol-
ogy Co., Ltd., Nanjing, China) was sprayed directly onto
the areas with a 20 mL syringe to allow a cushion of air
to push the dye through the biopsy channel. Images of
any lesions were taken. Endoscopic mucosal resection,
endoscopic piecemeal mucosal resection or endoscopic
submucosal dissection was used for endoscopic resection
of flat adenomas.

Study endpoints

The primary endpoints were the miss rate and the associ-
ated risk factors of flat adenoma. The second colonos-
copy was used as the reference standard, and any adeno-
mas that were identified at the first colonoscopy were not
counted at the second colonoscopy. Thus, all adenomas
that were identified at the second colonoscopy but not
detected at the first colonoscopy were defined as missed
adenomas. The adenoma miss rate (AMR) was calculated
using both patient and adenoma based analyses. The
“per-patient” AMR was calculated by the number of pa-
tients with missed adenoma(s) divided by the total num-
ber of patients examined. The “per-adenoma” AMR was
calculated by the number of missed adenoma(s) divided
by the total number of adenomas detected at both ex-
aminations. Accordingly, the AMR for flat adenomas was
also calculated.

The risk factors potentially associated with the miss
of adenomas, flat adenomas in particular, included in
the study were patient-related, such as demographic and
clinical characteristics, and quality of bowel prepara-
tion; adenoma-related, such as the size and location, and
pathologic classification; and procedure-related, such as
proficiency and specialty of the colonoscopist, colonos-
copy operative mode, and withdrawal time. A total of
29 colonoscopists were involved in this study. The profi-
ciency of colonoscopists was defined by the cumulative
cases of colonoscopy as (1) more than 1000; (2) between
500 to 1000; and (3) less than 500 cases. The specialty
of colonoscopists was defined as gastroenterology and
non-gastroenterology. Quality of bowel preparation was
assessed by the colonoscopist at colonoscopy, which was
graded as being excellent (no or minimal solid stool and
only clear fluid requiring suction), adequate (collections
of semi-solid debris that are cleared with washing/suc-
tion) or poor (solid or semi-solid debris that cannot be
cleared) as previously described!”. Cases with excellent
and adequate bowel preparation were grouped together
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as good bowel preparation.

The mode of colonoscopy operation was defined as
one-person (ze., only the endoscopist personally advanced
the endoscope during insertion.) or two-person (ze., colo-
noscopy was performed with a nurse or assistant actively
advancing the colonoscope during insertion) technique.
The withdrawal time was defined as the time taken for
colonoscopy withdrawal to the rectum minus the time
taken for colonoscopy insertion to the cecum based on
the times recorded on the images. The withdrawal time
of the colonoscopy for a particular colonoscopist was
represented by the average time of at least 100 normal
total diagnostic colonoscopy procedutes (i.e., no lesions
were detected) performed by that colonoscopist as re-
corded in the database as previously described"”,

The adenoma size was measured by the colonosco-
pist during the colonoscopy using the opening aperture
of a biopsy forceps (6 mm as a cut-off value), or after
resection and recorded in the colonoscopy reports. The
locations of adenomas were defined as the right colon
(including the cecum, ascending colon, transverse colon,
and hepatic flexure), the left colon (including the sigmoid
colon, descending colon and splenic flexure) and the
rectum. Adenoma location was estimated using anatomic
landmarks and insertion distances. The Japanese Research
For Cancer of Colon and Rectum Classification was ap-
plied to classify lesions as protruding and flat including
flat elevated and flat depressed) lesions”. Flat elevated
lesions were defined as those with a height less than half
of the lesion in diameter'”. Flat depressed lesions were
defined as those with a central distinct depression™. Two
experienced endoscopists verified the morphology from
the photo documentation for a representative group of
adenomas that were randomly selected from the analyzed
samples. Pathological classifications were interpreted
by pathologists using the WHO and Vienna criteria for
colorectal adenoma®. The serrated adenomas including
sessile serrated adenomas/polyps and traditional set-
rated adenomas were diagnosed as recommended by the
WHO™ and intraepithelial dysplasia was defined as low
and high grade, depending on the glandular complexity,
extent of nuclear stratification, and severity of nuclear
morphologyml, Advanced adenomas were defined as tu-
bular adenomas of at least 10 mm in diameter (including
serrated adenomas) or as adenomas containing villous or
tubulovillous histological characteristics, high grade dys-
plasia, or any combination thereof*",

Statistical analysis

Continuous variables are expressed as mean £ SD, and
categorical variables are expressed as proportion or
percentage. Comparisons among multiple groups with
continuous variables were performed by analysis of vari-
ance. The ;{2 test was used to determine the association
between potential risk factors and miss of adenoma.
The Bonferroni test was used for multiple comparisons.
The multivariate logistic regression analysis was used to
determine the independent risk factors for flat adenoma.
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4567 patients underwent two consecutive colonoscopies

Colonoscopic images did not meet the requirements or
provided insufficient information (1473)

Colonoscopist or bowel preparation did not meet the
requirements (378)

Interval time > 90 d (142)

Colorectal cancer (44)

With previous colon resection (163)

Colonoscope did not reach the ileocecal valve (21)
Inflammatory bowel disease (186)

Colon polyposis syndrome (67)

2093 cases with colorectal adenomas, including 691 with flat adenoma
underwent the second colonoscopy within the next 90 d

Figure 1 Flowchart of patient screening in this study. A total of 2093 pa-
tients with adenomas satisfied the inclusion and exclusion criteria, including 691
with flat adenomas (514 with and 177 without protruding adenomas), and 1402
with only protruding adenomas.

To establish a group of missed adenomas and a group
of diagnosed adenomas, one of the adenomas missed
at the first colonoscopy was selected from each of pa-
tients with missed adenoma(s) and one of the adenomas
detected at the first colonoscopy selected from each of
patients without any missed adenoma, by using a simple
random sampling method. Then, a multivariate analysis
model was developed to determine independent risk fac-
tors associated with an increased AMR for colorectal flat
adenoma. The Spearman correlation analysis was used
to analyze the correlation between the “per-adenoma”
AMR for overall adenomas and that for flat adenomas,
as previously used for determination of the correlation
between the detection rate for overall adenomas and that
for flat adenomas by Reinhart ¢z a/”). A P value < 0.05
was considered statistically significant. SPSS 17.0 (IBM,
United States) statistical software was employed in this
study.

RESULTS

Demographic and clinical characteristics of patients
with flat adenomas and protruding adenomas

Overall, 4567 patients who underwent two consecutive
colonoscopies were screened from the data system, of
which 2474 were ineligible for the study, and thus 2093
patients with colorectal adenomas were included in the
study (Figure 1). Among these 2093 patients, 691 (33.0%)
were diagnosed with flat adenoma(s), including 177 with-
out protruding adenoma and 514 with protruding adeno-
ma. The remaining 1402 (67%) cases were diagnosed with

Baishidenge ~ WJG | www.wjgnet.com

protruding adenomas without flat adenomas. Among the
177 patients only with flat adenomas and those with flat
adenomas and concomitant protruding adenomas, males
accounted for 51.4% and 64%, respectively. Among the
514 patients with flat adenomas and concomitant pro-
truding adenomas, 222 (43.2%) had more than three ad-
enomas at the first colonoscopy, which was significantly
greater than that in other groups (Table 1).

Clinical and pathologic features of flat adenomas vs
protruding adenomas

In total, 4632 adenomas were detected, including 3665
detected at the first colonoscopy and 967 detected at the
second colonoscopy but missed at the first colonoscopy.
There were 916 flat adenomas (19.8%) and 3716 protrud-
ing adenomas (80.2%). Compared with the protruding
colorectal adenomas, the flat adenomas were mainly lo-
calized in the right colon (410/916; 44.8%), and smaller
in size [most (744/916, 81.2%) wete less than 10 mm]
(Table 2). Pathologically, the majority of flat adenomas
(745/916; 81.3%) were tubular adenomas, followed by
tubulovillous or villous adenoma (151/916; 16.3%) and
serrated adenomas (20/916; 2.2%). The proportion of a
villous structure in patients with flat adenomas was more
than that in protruding adenoma (16.5% »s 13.9%, P =
0.041). Compared with the protruding adenomas, the flat
adenomas were more associated with high grade dyspla-
sia adenoma (7.5% »s 5.2%, P = 0.006) (Table 2). Among
the 916 flat adenomas, 906 (98.9%) were classified as
flat elevated and 10 (1.1%) as flat depressed adenomas.
Flat elevated and flat depressed adenomas were mainly
located at the right colon (44.7% »s 50.0%). However,
more flat depressed adenomas had an adenoma size of 6-9
mm (70.0% »s 42.4%), a pathologically tubulovillous and
villous type (50.0% »s 16.1%) and a high-grade dysplasia
(40.0% »s5 7.2%), compared with flat elevated adenomas.
However, due to the small number of cases with flat de-
pressed adenomas, no further analysis was conducted to
compare the two types of flat adenomas.

Miss rates for colorectal adenomas during colonoscopy
Among the 2093 patients, “missed” adenomas were ob-
served in 560, and thus the overall “per-patient” AMR
was 26.8%. Accordingly, the “per-patient” AMR were
43.3% (299/691) in patients with flat adenomas; the rates
were 54.3% (279/514) and 11.3% (20/177), respectively,
for those with concomitant protruding adenomas and
those without (OR = 9.320, 95%CI: 5.672-15.314, y* =
99.084, P < 0.001). The “per-patient” AMR was 18.6%
(261/1402) for those with only protruding adenomas,
which was significantly lower than that for those with
flat adenomas (OR = 0.300, 95%CI: 0.245-0.367, ° =
143.566, P < 0.001).

Among the 4632 adenomas, 967 were missed at the
first colonoscopy, and thus the overall “per-adenoma”
AMR was 20.9%. Accordingly, the “per-adenoma” AMRs
wete 44.3% (406/916) and 15.1% (561/3716), respec-
tively, for flat and protruding adenomas (OR = 4.477,
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Table 1 Demographic and clinical characteristics of patients with different types of colorectal adenomas 7 (%)

Patients Total Flat adenoma Flat and protruding Protruding adenoma P value
(n = 2093) n =177) adenoma (7 = 514) (n = 1402)
Sex
Male 1369 91 (51.4) 329 (64.0) 949 (67.7) <0.001
Female 724 86 (48.6) 185 (34.0) 453 (32.3) <0.001
Age (mean * SD, yr) 55.91 + 12.68 59.30 £ 12.47 54.78 +13.24 <0.001
Alarm symptoms 1621 134 (75.7) 388 (75.5) 1099 (78.4) 0.341
Diverticulosis 123 10 (5.6) 27 (5.3) 86 (6.1) 0.761
Family history of CRC 131 11 (6.2) 32 (6.2) 88 (6.3) 0.999
History of adenomas 475 40 (22.6) 139 (27.0) 296 (21.1) 0.023
History of abdominal surgery 149 3(1.7) 35 (6.8) 111 (7.9) 0.010
Cases with adenomas = 3 at first colonoscopy 458 8 (4.5) 222 (43.2) 228 (16.3) <0.001

Family history of colorectal cancer (CRC) was defined as the development of CRC in one first-degree relative < 50 years or at least two first-degree relatives

50-70 years; Diverticulosis is defined as the presence of = 2 diverticula. Data are expressed as number (%) unless otherwise indicated.

Table 2 Clinicopathologic characteristics of different types of colore

ctal adenomas 7 (%)

Characteristic Total (n = 4632) Flat (7 = 916) Protruding (n = 3716) 12 test P value
Location 61.902 <0.001
Rectum 1003 184 (20.1) 819 (22.0)
Left colon 2054 322 (35.2) 1732 (46.6)
Right colon 1575 410 (44.8) 1165 (31.4)
Size 95.954 <0.001
<6 mm 1223 353 (38.5) 870 (23.4)
6-9 mm 2159 391 (42.7) 1768 (47.6)
=10 mm 1250 172 (18.8) 1078 (29.0)
Pathological classification 13.775 0.001
Tubular 3910 745 (81.3) 3165 (85.2)
Tubulovillous and villous 666 151 (16.5) 515 (13.9)
Serrated 56 20 (2.2) 36 (1.0)
Dysplasia 7.534 0.006
Low 4370 847 (92.5) 3523 (94.8)
High 262 69 (7.5) 193 (5.2)
Advanced adenoma 19.606 <0.001
No 3322 711 (77.6) 2611 (70.3)
Yes 1310 205 (22.4) 1105 (29.7)

95%ClI: 3.822—5.245,;(2 = 380.002, P < 0.001).

In addition, a total of 205 advanced flat adenomas
were diagnosed in 200 patients at the first and second
examinations; 24 were missed in 22 patients. Thus, the
“per-patient” and “per-adenoma” AMRs for advanced
flat adenomas were 11.0% and 11.7%, respectively.

Risk factors associated with the “per-adenoma” AMR
for flat adenomas

Associations of potential risk factors related to patients,
adenomas, and procedures are summarized in Table 3.

In univariate analysis, older age, presence of con-
comitant protruding adenomas, poor bowel preparation,
smaller size of adenoma, location at the right colon,
tubular type, non-advanced adenoma, insufficient ex-
petience of the colonoscopist, double operative mode
and withdrawal time < 6 min were associated with an
increased “per-adenoma” AMR for flat adenomas (Table
3). In the multivariate analysis, all above factors, except
for pathological type of adenomas, status of advanced
adenoma, non-gastroenterology specialty and double
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operative mode, were identified to be independently as-
sociated with an increased “per-adenoma” AMR for flat
adenomas (Table 3).

Risk factors associated with the “per-adenoma” AMR
for advanced flat adenomas

In univariate analysis, an adenoma size less than 10 mm,
the location at the right colon, poor bowel preparation,
and non-gastroenterology specialty were significantly as-
sociated with an increased AMR for advanced flat adeno-
mas. Due to the small number of advanced flat adeno-
mas, multivariate analysis was not performed (Table 4).

Correlation between “per-adenoma” AMR for all
adenomas and “per-adenoma” AMR for flat adenomas
The median “per-adenoma” AMRs for overall and flat
adenomas obtained by different colonoscopists were
22.3% (interquartile range, 18.37%-26.35%) and 45.65%
(interquartile range, 34.48%-60.83%). There was a mod-
erate correlation between the total miss rates for overall
adenomas and the miss rates for flat adenomas. The cor-
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Table 3 “Per-adenoma” miss rates and the risk factors in detection of flat adenomas during colonoscopy 7 (%)

Risk factor Total Diagnosed Missed Univariate analysis Multivariate analysis
(n = 916) (n=510) (1 = 406) 7 test P value OR (95%Cl) P value
Patient-related
Age 9.021 0.003
<60 (yr) 493 297 (60.2) 196 (39.8) 1
=60 (yr) 423 213 (50.4) 210 (49.6) 2.062 (1.390-3.061) <0.001
Sex 1.586 0.208
Male 559 302 (54.0) 257 (46.0)
Female 357 208 (58.3) 149 (41.7)
Anesthesia 0.197 0.657
Yes 239 136 (56.9) 103 (43.1)
No 677 374 (55.2) 303 (44.8)
History of adenomas
Yes 243 129 (53.1) 114 (46.9) 0.899 0.343
No 673 381 (56.6) 292 (43.4)
Previous surgery 0.105 0.746
Yes 45 24 (53.3) 21 (46.7)
No 871 486 (55.8) 385 (44.2)
Diverticulosis 0.013 0.909
Yes 51 28 (54.9) 23 (45.1)
No 865 482 (55.7) 383 (44.3)
Numbers at first colonoscopy 0.163 0.686
<3 580 320 (55.2) 260 (44.8)
=3 336 190 (56.5) 146 (43.5)
Concomitance with protruding 127.154 <0.001
adenoma(s) at first colonoscopy
No 280 234 (83.6) 46 (16.4) 1
Yes 636 276 (43.4) 360 (56.6) 7.759 (4.420-13.618) < 0.001
Bowel preparation 45.773 <0.001
Good 757 460 (60.8) 297 (39.2) 1
Poor 159 50 (31.4) 109 (68.6) 4.389 (2.314-8.352) <0.001
Adenoma-related
Size 122.706 <0.001
=10 mm 172 159 (92.4) 13 (7.6) 1
6-9 mm 391 202 (51.7) 189 (48.3) 9.239 (4.306-19.824) < 0.001
<6 mm 353 149 (42.2) 204 (57.8) 19.613 (8.984-42.822)  <0.001
Location 74.571 <0.001
Rectum 184 152 (82.6) 32 (17.4) 6.81 0.009" 1
Left colon 322 175 (54.3) 147 (45.7) 2.866 (1.623-5.062) <0.001
Right colon 410 183 (44.6) 227 (55.4) 3.259 (1.819-5.838) <0.001
Advanced adenoma 113.850 <0.001
Yes 205 181 (88.3) 24 (11.7)
No 711 329 (46.3) 382 (53.7)
Pathologic classification 74.745 <0.001
Tubular 745 366 (49.1) 379 (50.9)
Tubulovillous and villous 151 132 (87.4) 19 (12.6)
Serrated 20 12 (60.0) 8 (40.0)
Procedure-related
Proficiency 28.18 <0.001
> 1000 cases 585 363 (62.1) 222 (37.9) 1
500-1000 cases 234 109 (46.6) 125 (53.4) 2.219 (1.397-3.525) 0.001
<500 cases 97 38 (39.2) 59 (60.8) 3.003 (1.568-5.754) 0.001
Specialty 6.86 0.009
Gastroenterologist 739 427 (57.8) 312 (42.2)
Non-gastroenterologist 177 83 (46.9) 94 (53.1)
Operative mode 4.862 0.027
One-person technique 721 415 (57.6) 306 (42.4)
Two-person technique 195 95 (48.7) 100 (51.3)
Withdrawal time 6.069 0.014
= 6 min 254 158 (62.2) 96 (37.8) 1
< 6 min 662 352 (53.2) 310 (46.8) 1.958 (1.276-3.006) 0.020

'The comparison between the left and right colon.
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Table 4 “Per-adenoma” miss rates and risk factors in detection of advanced flat adenomas during colonoscopy » (%)

Factor Total (» = 205) Diagnosed (7 = 181) Missed (7 = 24) 77 test P value

Size 17.796 <0.001
<10 mm 33 22 (66.7) 11 (33.3)
=10 mm 172 159 (92.4) 13 (7.6)

Location 11.838 0.003
Rectum 68 67 (98.5) 1(1.5) 1127 0.288'
Left colon 36 32 (88.9) 4(11.1)

Right colon 101 82 (81.2) 19 (18.8)

Pathologic classification 0.025 0.874
Tubular 57 50 (87.7) 7 (12.3)

Tubulovillous and villous 148 131 (88.5) 17 (11.5)

Age (yr) 1.157 0.282
<60 98 89 (90.8) 9(9.2)
=60 107 92 (86.0) 15 (1.4)

Bowel preparation 13.815 <0.001
Good 162 150 (92.6) 12 (7.4)

Poor 43 31 (72.1) 12 (27.9)

Proficiency 1.078 0.583
> 1000 cases 135 120 (88.9) 15 (11.1)

500-1000 cases 55 49 (89.1) 6 (10.9)
<500 cases 15 12 (80.0) 3 (20.0)

Specialty 6.167 0.013
Gastroenterologist 156 146 (93.6) 10 (6.4)

Non- gastroenterologist 49 35 (71.4) 14 (28.6)

Operative mode 2.272 0.132
One-person technique 161 145 (90.1) 16 (9.9)

Two-person technique 44 36 (81.8) 8 (18.2)

Withdrawal time
= 6 min 145 129 (89.0) 16 (11.0) 0.217 0.641
< 6 min 60 52 (86.7) 8 (13.3)

!Comparison between the left and right colon.

relation coefficient was 0.516 (P < 0.001).

DISCUSSION

The present study revealed that colorectal flat adenomas

are very common in patients undergoing colonoscopy.
Moreover, flat adenomas are more frequently seen in the
Oriental population than in the Western population™
However, this type of adenoma is frequently missed in
clinical practice, especially when the flat adenoma is con-
comitant with a protruding adenoma(s). In the present
study, the “per-adenoma” flat adenoma miss rate (44.3%)
1s significantly higher than the overall adenoma miss rate
(20.9%). It is also significantly higher than that of the
protruding adenoma (15.1%). These results are in line
with those of previous reportsm’m.

Moreover, multivariate logistic regression analysis
showed that many factors including patient-related,
adenoma-related, and procedure-related ones influenced
the miss rates for colorectal flat adenomas. In the present
study, age was shown to be an independent risk factor
affecting the detection of flat adenomas. Patients older
than 60 years had a much higher miss rate than those
younger than 60 years. This finding is consistent with a
previous study, which showed that miss rate was higher in
patients with older age in both univariate and multivariate
analyses'"”

The quality of bowel preparation also affects the
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detection of flat adenomas. Sufficient bowel preparation
is a prerequisite for a better view of flat adenomas™.
Poor bowel preparation places more impacts on the de-
tection of flat adenomas than protruding adenomas'”.
Our present study showed that poor bowel preparation
was closely correlated with a higher miss rate for flat ad-
enomas, which was as high as 68.6%. Correspondingly,
the miss rate for advanced flat adenomas also increased
significantly with poor preparation. When the bowel is
poorly prepared, mucus and chymes released from the
small intestine could easily accumulate in the cecum and
ascending colon, and thus, it is even more difficult to
clean out these parts of the colon than the left half of
the colon. Previous studies have shown that the quality
of bowel preparation, especially in the right colon, can
be improved by changing the cleaning methods so as to
increase the flat adenoma detection rates'™”.

It has been known that protruding adenomas fre-
quently co-exist with flat adenomas'”. In the present
study, co-existence was observed in approximately one
fourth (514/2093) of patients with colorectal adenomas.
Previous studies have demonstrated that co-existence of
concomitant protruding adenomas is an independent risk
factor affecting the detection rate for flat adenomas™.
The present study demonstrated that the miss rate in
patients with flat adenomas and concomitant protrud-
ing adenomas was significantly higher than those with
flat adenomas only or those with protruding adenomas
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only. For the first time, co-existence with concomitant
protruding adenomas was identified as an independent
risk factor affecting the miss rate for flat adenomas. We
postulate that once the protruding adenomas are de-
tected, the less apparent flat adenomas could be easily
neglected by the colonoscopist because the detection of
the protruding adenoma represents a positive endoscopic
diagnosis, which is usually considered by the colonosco-
pist to be the cause of the indication (eg., clinical symp-
toms or signs) for colonoscopy. Also, the numbers of
adenomas were more than three in most patients with flat
and concomitant protruding adenomas in a previous ob-
servation”. Our study showed that 44.3% patients with
flat and concomitant protruding adenomas had more
than three adenomas at the first colonoscopy, which is in
agreement with the previous observation.

It has been suggested that the number of colorectal
adenomas identified at the initial colonoscopy is positively
associated with the miss rates for overall adenomas®".
However, in the present study, there was no significant as-
sociation between the numbers of adenomas detected at
the first colonoscopy and the miss rates for flat adenomas
in both univariate and multivariate analyses. The discrep-
ancy between the present study and previous studies sug-
gests the difference in the risk factors for the miss rates
between flat adenomas and overall adenomas, in terms of
the number of adenomas identified at the initial colonos-
copy. In other words, the adenoma numbers at the first
colonoscopy is associated with the miss rate for overall
adenomas, but not with the miss rate for flat adenomas.
Specifically, the adenoma number of < three at the first
colonoscopy is associated with a lower miss rate for over-
all adenomas, compared with the number of more than
three™. However, there was no association between the
adenoma number at the first colonoscopy and AMR for
flat adenomas. Even if the adenoma number at the first
colonoscopy is less than three, AMR for flat adenomas
is still very high and similar to that in those patients with
more than three adenomas at the first colonoscopy.

The present study revealed that adenoma location
and size significantly affected the miss rates for this type
of adenoma. We also found that the miss rate was much
higher for adenomas < 10 mm than those = 10 mm and
for flat adenomas in the right colon than those in the left
colon, which is different from the miss rate for overall ad-
enoma observed in a previous study[()’m]. The reasons for
the discrepancy are considered as follows: (1) Unlike pro-
truding adenomas, flat adenomas are majotly localized at
the right colon"™"; and (2) the colonic pouch at the right
colon is deep and big, and thus it is difficult to detect the
flat adenoma inside the deep colonic pouch. Therefore,
it is essential to take measures such as training in fold
exploration, specification of right colon withdrawal time,
and examination of the right colon twice to improve
the detection rate for adenomas at the right colon. The
miss rates for flat adenomas in the left and right colon
were significantly higher than that in the rectum, clearly
indicating that the miss rate for flat adenoma in the colon
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i1s much higher than that in the rectum. Our study also
revealed that the proportions of histologically villous
adenomas and high-grade dysplastic adenoma in patients
with flat adenomas were significantly higher than those in
patients with protruding adenomas, which was consistent
with previous observations™>. In the present study, we
reported an incidence (1.1%) of flat depressed adenomas,
which is similar to that (1.4%) observed by Nicolas-Pérez
et al”™”, indicating that the incidence of flat depressed ad-

B30 it i
conceivable that the flat depressed adenomas may have
a great tendency to develop dysplasia or even neoplasia.
Indeed, flat depressed adenomas appeared to be more
associated with high-grade dysplasia as observed in the
present study. However, the number of cases with this

enomas is very low. Based on previous findings

type of adenomas in the present study was small and thus
further investigation with a larger number of cases with
this particular type of adenoma is needed. In addition,
we found that the miss rate for advanced adenomas was
slightly higher, albeit not statistically significantly, in the
right colon than that in the left colon. This finding is in
agreement with previous observations that flat adenomas
including those located at the right colon have a higher
tendency to become malignant than the protruding ad-
enoma'™". Thus, reduction of the miss rate for flat ad-
enomas will help to decrease the occurrence of the colon
cancer, especially in the right colon.

In the present study, proficiency of colonoscopists
and the withdrawal time of colonoscopy were identified
as independent risk factors affecting the miss rates for
flat adenomas, which is consistent with previous observa-
tions on the miss rates for the overall adenoma®"., Spe-
cifically, the miss rates significantly decreased in patients
undergoing colonoscopy performed by more experienced
and knowledgeable operators. It has been shown that
the staining endoscopy technique is very helpful in im-
proving the detection of flat adenomas by conventional
white light colonoscopym’m. Therefore, we recommend
that less-experienced endoscopists learn this technique
as soon as possible. Currently, the withdrawal time is
required to be kept for more than six minutes according
to the colonoscopy guidelines in order to guarantee the
quality of colonoscopy[w, as the withdrawal time of more
than six minutes can carefully observe colonic mucous
and effectively reduce the miss rate for flat adenomas.
Our study further supports that the withdrawal time of
more than 6 min can reduce the miss rate and improve
the detection of flat adenomas.

The background of colonoscopists may affect the
quality of colonoscopy. Bressler and colleaguesm sug-
gested that colonoscopy by an internist or family physi-
cian was an independent risk factor for new or missed
CRC. In addition, the protective effects of colonoscopy
on the right and left colon when colonoscopy was per-
formed by gastroenterologists are similar. However, the
protective effect against colon cancer was less on the
right colon than on the left colon if colonoscopy was
performed by non—gastroenterologistsm. In the present
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study, univariate analysis showed that flat adenomas, as
well as advanced flat adenomas, in cases operated by gas-
troenterologists were less likely missed than those by non-
gastroenterologists. However, multivariate analysis did
not reveal this finding, Thus, we postulate that the impact
of colonoscopy by non-gastroenterologists on the miss
rate for flat adenomas may be demolished if the colonos-
copists are well-trained and the quality of colonoscopy
improved. In addition, our study showed that there was
no difference in the miss rate between colonoscopies
performed by one person and those by two persons, in
the multivariate analysis, which is consistent with a previ-
ous observation that the operative mode of colonoscopy
performed by either single or double operators had no
significant influence on the quality of colonoscopym].

We further analyzed the association between the po-
tential risk factors and the miss rates for advanced flat ad-
enomas, and found that the proficiency of endoscopists,
mode of operation, and withdrawal time were not as-
sociated with the miss rates for advanced flat adenomas.
The main reasons are that the advanced adenomas are
usually large, or the villous structure on the colonic sur-
face is more easily recognized. Therefore, the miss rates
could be low even if the endoscopists lack experience,
and the withdrawal time is shorter than the conventional
standards. It should be stated that only univariate analysis
was used to determine the association due to a limited
number of patients with advanced flat adenomas, and
thus studies with large sample sizes are needed to further
determine the risk factors for advanced flat adenomas.

Kahi e al™ suggested that it would be reasonable to
consider that improved detection of nonpolypoid lesions
by thorough and high-quality colonoscopy will result
in improved overall adenoma detection rates. On the
contrary, in the largest study of flat adenoma detection,
Reinhart e 2/ demonstrated only a poor correlation be-
tween the overall adenoma detection rate and the detec-
tion rate for flat adenomas (» = 0.24). Thus, they did not
support the recommendation of adding the flat adenoma
detection rate to the widely accepted adenoma detection
rate in clinical practice™”. So far, there has been no report
on the correlation between the miss rate for the overall
adenomas and that for flat adenomas. The present study,
from the perspective of AMR analysis, showed a better
correlation (» = 0.516), compared with Reinhart’s study
regarding the adenoma detection rates. Therefore, we
postulate that, on the routine colonoscopy, the missed
adenomas are proportional to the missed flat adenomas,
and thus, measures should be taken to avoid missing flat
adenomas.

There were some limitations in this study. For exam-
ple, due to the retrospective nature of the study, the with-
drawal time was counted by the average time of an en-
doscopist to petform a negative colonoscopy instead of
the actual time in each patient; nevertheless, this method
has been applied previously"”. In addition, some auxil-
iary techniques such as chromoscopy and high-definition
colonoscopy were excluded from this study. Studies have
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shown that applications of these techniques are able to
reduce the miss rate for flat adenomas"”'¥. However,
for the routine colonoscopy, these techniques may not
be required as previous studies have shown similar miss
rates for colorectal adenomas™"”. It should be mentioned
that the endoscopic morphologic classification of flat
adenomas may be important in predicting post resection
recurrence. However, the present study did not focus on
this issue and, due to the small number of flat depressed
adenomas (only 10 out of 916 flat adenomas), any ana-
lyzed results based on this number may not be clinically
meaningful, and thus a well-designed study specifically
targeting this issue is warranted.

In conclusion, the miss rate for flat adenomas during
colonoscopy is high. Patient’s age, concomitant protrud-
ing adenomas, bowel preparation, size and location of
adenomas, proficiency of the colonoscopist, and with-
drawal time are factors affecting the “per-adenoma”
AMR for flat adenomas. These findings have significant
clinical implications in helping clinicians to detect and
treat flat adenomas and thus prevent the development of
CRC, and reduce the incidence, morbidity and mortality
of CRC.
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