
INTRODUCTION

Most of colorectal cancers arise from pre-existing adeno-
matous polyps.1 Such an adenoma carcinoma sequence pro-
vides an opportunity for prevention of colorectal cancers.1-3 
However, about 3% to 6% of colorectal cancers are diagnosed 
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between screening and post-screening surveillance examina-
tions,4-10 and the majority of these interval cancers are thought 
to originate from missed lesions that were overlooked at the 
screening colonoscopy.11,12 According to emerging evidences, 
the effectiveness of colonoscopy depend on the quality of the 
examination.13-15 High quality bowel cleaning is an essential 
prerequisite to improve the quality of colonoscopy, because 
even a small amount of residual fecal matter can obscure a 
significant colorectal lesion. However, suboptimal bowel pre-
paration has been reported as much as 20% of all colonosco-
pic examinations.16,17 Poor preparation can result not only in 
prolonged cecal intubation time and withdrawal time, it can 
also reduce detection rate of both small and large polyps.13 In 
practice, although guidelines advocate a repeated colonosco-
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py when suboptimal bowel preparation is detected,11,18,19 the 
shortening of the interval to the next colonoscopy is often re-
commended without supporting evidences when confront-
ed.20 To assess the relevance of such an approach, it is neces-
sary to investigate the risk of missing polyps, adenomas and 
advanced adenomas during the screening colonoscopy de-
pending on the bowel preparation status.21

We performed this prospective study to investigate the risk 
of missing polyps and adenomas according to the bowel prep-
aration status during colonoscopies using a tandem colono-
scopic evaluation. 

MATERIALS AND METHODS

Study population
This study was performed on a consecutive series of pati-

ents who had one to nine colorectal polyps and at least one 
adenoma sized more than 5 mm at the high-quality screening 
colonoscopy from May 2009 to September 2010 at Konkuk 
University Medical Center in Seoul, Republic of Korea. The 
enrolled patients underwent tandem colonoscopy with poly-
pectomy within the next 3 months. The study protocol was 
approved by the institutional review board of the Konkuk 
University Medical Center.

Subjects were excluded if they met one of the following 
criteria: 1) the colonoscopy did not reach the cecum, 2) with-
drawal time of index colonoscopy was less than 6 minutes, 3) 
patients with 10 or more polyps detected at the index colono-
scopy and suspected of having polyposis syndrome, 4) tan-
dem colonoscopy was performed 3 months after the index 
colonoscopy, 5) the bowel preparation at the tandem colono-
scopy was fair, poor or inadequate based on the Aronchick 
scale, 6) patients with a history of bowel resection, and 7) pa-
tients with inflammatory bowel disease.

 
Assessment of the bowel preparation status

The bowel preparation status was assessed using previously 
published and validated bowel preparation scales: the Aron-
chick scale22 and the Ottawa bowel preparation quality scale 
(Ottawa scale).23 The Aronchick scale assesses the preparation 
quality of the entire colon as excellent (a small volume of clear 
liquid or greater than 95% of the surface seen), good (a large 
volume of clear liquid covering 5% to 25% of the surface but 
greater than 90% of the surface was seen), fair (some semiso-
lid stool that could be suctioned or washed away, but greater 
than 90% of the surface was seen), poor (semisolid stool that 
could not be suctioned or washed away and less than 90% of 
the surface was seen), or inadequate (repeat preparation and 
colonoscopy was needed). The Ottawa scale assesses the cl-
eanliness of the right (from the cecum to the ascending colon), 

mid (from the transverse colon to the descending colon), and 
recto-sigmoid colon individually by rating each colon segment 
on a scale of 0 to 4. The fluid quantity is a global value for the 
entire colon and this is rated from 0 to 2. The score of the Ot-
tawa scale is calculated by adding the cleanliness scores and 
the fluid quantity score. Thus, the scale has a range from 0 
(perfect) to 14 (solid stool in each colon segment and lots of 
fluid, i.e., a completely unprepared colon). Bowel preparation 
quality was scored after sufficient washing and suctioning of 
fecal debris.

Before applying the bowel preparation scales in this study, 
the participating endoscopists undertook a calibration exer-
cise for achieving excellent inter-observer agreement (intra-
class correlation coefficient, ICC >0.8). The calibration exer-
cise was carried out using 10 testing colonoscopy images. If 
the ICC of the inter-observer agreement failed to reach 0.8, 
then a calibration exercise with discussions among the en-
doscopists was repeated. After 2 weeks of calibration exercis-
es, the inter-observer agreement was re-measured using 10 
different testing colonoscopy images. This calibration exer-
cise was repeated until excellent inter-observer agreement 
was achieved among the endoscopists.

 
Colonoscopy 

Four experienced endoscopists accredited by the Korean 
Society of Gastrointestinal Endoscopy participated in this 
study. The adenoma detection rates of the endoscopists rang-
ed from 34% to 28%. Bowel cleansing was performed using 
polyethylene glycol (Colyte 4 L; Taejun Pharm. Co., Ltd., Seoul, 
Korea) or NaP (Fleet; Unimed Pharm. Inc., Seoul, Korea) as 
previously described.24 For all the study procedures, high-defi-
nition CF-H260AI colonoscope (Olympus, Tokyo, Japan) was 
used. During the index colonoscopy, the participating endos-
copists recorded the adenoma characteristics including size, 
number, shape, and location, withdrawal time, and bowel pre-
paration status assessed by the Aronchick and Ottawa scales. 
Tandem colonoscopy was performed within 3 months after 
the index colonoscopy. The median interval between the colo-
noscopies was 38 days (range, 5 to 89). Suboptimal bowel pre-
paration at screening colonoscopy was associated with several 
causes, including the failure to follow preparation instructions, 
later start time of colonoscopy, and history of constipation. To 
improve the bowel preparation status at the tandem examina-
tion, we tried to identify whether or not the patients had con-
sumed the preparation as prescribed. If a participant did not 
follow the preparation instructions, we strongly recommended 
him/her to follow the instructions. For participants who fol-
lowed the preparation instruction, we recommended a lon-
ger period of dietary restriction to clear liquids or addition of 
bisacodyl for those with constipation in order to improve the 
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bowel preparation status at the tandem colonoscopy.
All detected lesions were removed during the tandem co-

lonoscopy using snare polypectomy or endoscopic mucosal 
resection. In order to find and remove the colorectal adeno-
mas during the tandem colonoscopy, the size, location, and 
shape of the detected lesions were recorded in the data sheet 
in detail during the index colonoscopy. Since polyps of ≤5 mm 
is often impossible to find at tandem colonoscopy, they were 
removed during the index colonoscopy using cold biopsy 
polypectomy or cold snare polypectomy.

The adenoma size was estimated during the index colono-
scopy using open-biopsy forceps. Adenoma were categorized 
as diminutive (≤5 mm), small (5 to 9 mm) or large (≥10 mm) 
according to their size. The location of the adenoma was clas-
sified as right (from cecum to ascending colon), mid (from 
transverse colon to descending colon), or recto-sigmoid colon 
as described in the Ottawa scale.23 The shape of a colorectal 
adenoma was classified as pedunculated, sessile, or flat/de-
pressed. A flat/depressed lesion was defined as an endoscopi-
cally visible flat and/or depressed mucosal lesion with a height 
less than half the diameter of the lesion.25,26

Statistics
Continuous variables are expressed as the mean±standard 

deviation, while categorical variables are presented as abso-
lute values and percentages. Differences between the contin-
uous variables were analyzed using the unpaired Student’s t-
test, and differences between the categorical variables were an-
alyzed using the χ2 test and Fisher’s exact test as appropriate.

To assess the inter-observer agreement, the ICC and 95% 
predictive interval (PI) for the Aronchick and Ottawa scales 
were calculated. An ICC greater than 0.80 is defined as excel-
lent agreement.27 The statistical correlation between the Aron-
chick and Ottawa scales was calculated using Spearman’s rank 
correlation test.

The relationship between the bowel preparation status as-
sessed by the Aronchick scale and the missed polyps, adeno-
mas, or advanced adenomas was analyzed using the χ2 test 

for trends. The per-patient miss rate was calculated by divid-
ing the number of patients with missing lesions at the index 
colonoscopy by the total number of patients.28 The per-polyp 
miss rate was calculated by dividing the number of missing 
lesions at the index colonoscopy by the total number of le-
sions found either on the index or tandem colonoscopies.28

To investigate the risk of missing polyps, adenomas or ad-
vanced adenomas in a patient according to the bowel prepar-
ation status assessed by Aronchick scale, multivariate analysis 
was performed using logistic regression analysis adjusted with 
age, gender, withdrawal time, and number of polyps detected 
at index colonoscopy. For each variable, the odds ratio (OR) 
and 95% confidence interval (CI) were reported. A p-value of 
less than 0.05 was considered to indicate statistical signific-
ance. The analyses were performed with SPSS software version 
12.0K (SPSS Inc., Chicago, IL, USA).

RESULTS

Assessment of the inter-observer agreement for the 
bowel preparation status

At 2 weeks after the initial calibration exercise, the inter-
observer agreement for assessing the bowel preparation sta-
tus was first measured using the ICCs for the Aronchick and 
Ottawa scales, which were 0.749 (95% PI, 0.495 to 0.919) and 
0.862 (95% PI, 0.690 to 0.958), respectively. After the second 
calibration exercise, the ICCs for the Aronchick and Ottawa 
scales reached 0.822 (95% PI, 0.615 to 0.945) and 0.880 (95% 
PI, 0.724 to 0.964), respectively.

 
Per-patient analysis 

A total of 277 patients with 942 polyps and 714 adenomas 
completed the 1st and tandem colonoscopies with polyp re-
moval within 3 months. Table 1 shows the clinical character-
istics of the study patients. The mean age was 56.2±11.3 years, 
and 191 patients were male. There were no significant differ-
ences in gender or number of polyps and adenomas detected 
at the index colonoscopy between the patients with and with-

Table 1. Clinical Characteristics of Study Population

Characteristic All
patients

Missed polyp
p-value

Missed adenoma
p-value

Missed advanced  
adenoma p-value

(-) (+) (-) (+) (-) (+) 
Total patients 277 182 (66) 95 (34) 204 (74) 73 (26) 233 (84) 44 (16)
Age, yr 56.2±11.3 55.5±11.1 57.7±11.7 0.125 55.3±11.2 59.0±11.4 0.017 55.7±11.4 59.2±10.6 0.054
Male 191 (69) 119 (62) 72 (38) 0.100 137 (72) 54 (28) 0.305 159 (83) 32 (17) 0.599
Withdrawal time, min 9.4±4.4 9.6±4.7 8.9±3.6 0.189 9.5±4.6 8.8±3.7 0.214 9.4±4.4 9.1±4.2 0.718
No. of polyp detected  
  at index colonoscopy

2.8±1.9 2.9±1.9 2.9±1.9 0.781 2.8±1.9 3.0±2.0 0.489 2.8±1.9 3.1±2.2 0.364

Values are presented as mean±SD or number (%).
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out missed polyps, adenomas or advanced adenomas. How-
ever, the patients with missed adenomas were older than those 
without a missed advanced adenoma. There was a strong posi-
tive correlation between the Aronchick and Ottawa scales 
(r=0.917; p<0.001).

The bowel preparation of the index colonoscopy, according 
to the Aronchick scale, was described as excellent in 88 pa-
tients (32%), good in 114 patients (41%), fair in 56 patients 
(20%), poor in 17 patients (6%), and inadequate in two patients 
(1%). Table 2 shows the per-patient miss rate analysis of polyp, 
adenoma, and advanced adenoma according to bowel prepa-
ration status. When the bowel preparation status was assess-
ed by the Aronchick scale, the per-patient miss rate of polyps, 
adenomas and advanced adenomas increased significantly as 
bowel preparation declined from excellent, to good, to fair, and 
to poor/inadequate (per-patient polyp miss rate, 27%, 35%, 
36%, and 58%, respectively, p=0.024; per-patient adenoma 
miss rate, 21%, 27%, 27%, and 47%, respectively, p=0.040; 
per-patient advanced adenoma miss rate, 9%, 17%, 18%, and 
37%, respectively, p=0.006). In addition, when the bowel pre-

paration was assessed by the Ottawa scale, the score was 
higher in patients with missed lesions, compared to those 
without a missed lesion (polyp, 3.4±2.4 vs. 4.2±3.2, p=0.036; 
adenoma, 3.5±2.5 vs. 4.3±3.2, p=0.046; advanced adenoma, 
3.5±2.6 vs. 4.6±3.2, p=0.015) (Table 3).

To identify whether the bowel preparation status is an in-
dependent variable associated with missed polyps, adenomas 
or advanced adenomas, multivariate analyses were performed 
(Table 4). The patients with poor/inadequate bowel prepara-
tion were independently associated with an increased risk of 
having missed polyps (OR, 3.21; 95% CI, 1.13 to 9.15), missed 
adenomas (OR, 3.04; 95% CI, 1.04 to 8.88), or missed advanc-
ed adenomas (OR, 5.28; 95% CI, 1.58 to 17.68) compared to 
those with excellent bowel preparation.

Per-polyp analysis
Among the total 942 polyps, 187 polyps were missed at the 

screening colonoscopy, with 19.9% of polyp miss rate. Among 
the total 714 adenomas, 127 adenomas were missed at the sc-
reening colonoscopy, producing 17.8% of adenoma miss rate. 

Table 4. Multivariate Analysis for the Risk of the Patients with Missed Polyp, Adenoma or Advanced Adenoma by Bowel Preparation Status

Patients with missed polyp Patients with missed adenoma Patients with missed advanced adenoma
OR (95% CI)a) p-value OR (95% CI)a) p-value OR (95% CI)a) p-value

Age, +1 yr 1.02 (1.00-1.05) 0.090 1.03 (1.01-1.06) 0.019 1.20 (0.56-2.58) 0.638
Male 1.71 (0.95-3.09) 0.076 1.45 (0.76-2.74) 0.257 1.03 (1.00-1.06) 0.106
Withdrawal time, +1 minb) 0.95 (0.88-1.02) 0.152 0.93 (0.85-1.02) 0.932 0.97 (0.88-1.06) 0.522
No. of polyp detected 
  at index colonoscopy 1.02 (0.88-1.19) 0.804 1.06 (0.90-1.24) 0.516 1.07 (0.89-1.28) 0.482

Aronchick scale
    Excellent 1 1 1
    Good 1.44 (0.78-2.66) 0.247 1.45 (0.74-2.84) 0.281 2.00 (0.83-4.83) 0.124
    Fair 1.32 (0.63-2.77) 0.459 1.27 (0.56-2.85) 0.569 2.12 (0.76-5.87) 0.150
    Poor/Inadequate 3.21 (1.13-9.15) 0.029 3.04 (1.04-8.88) 0.042 5.28 (1.58-17.68) 0.007
OR, odds ratio; CI, confidence interval.
a)Adjustment with age, gender, withdrawal time, number of polyp detected at index colonoscopy and bowel preparation status assessed by 
Aronchick scale; b)Withdrawal time during index colonoscopy were at least 6 minutes or more.

Table 5. Per-Polyp Miss Rate of Polyp, Adenoma, and Advanced Adenoma According to Bowel Preparation Assessed by Aronchick Scale

Polyp miss rate, %
(No. of missed at 1st CSY/

No. of detected at 1st or 
2nd CSY)

p-value

Adenoma miss rate, %
(No. of missed at 1st CSY/

No. of detected at 1st or 
2nd CSY)

p-value

Advanced adenoma miss rate, %
(No. of missed at 1st CSY/

No. of detected at 1st or
2nd CSY)

p-value

Aronchick scale <0.001a) <0.001a) <0.001a)

 Excellent 14 (42/305) 12 (27/230) 9 (5/56)
 Good 17 (65/393) 17 (49/297) 6 (4/65)
 Fair 26 (42/164) 22 (28/130) 19 (7/37)
 Poor/Inadequate 48 (38/80) 40 (23/57) 58 (15/26)
CSY, colonoscopy.
a)Chi-square test, linear by linear association.
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When the bowel preparation was excellent, good, fair, or 
poor/inadequate, the miss rate of polyps, adenomas, and ad-
vanced adenomas significantly increased (polyp miss rate, 14%, 
17%, 26%, and 48%, respectively, p<0.001; adenoma miss 
rate, 12%, 17%, 22%, and 40%, respectively, p<0.001; advanced 
adenoma miss rate, 9%, 6%, 19%, and 58%, respectively, p< 
0.001) (Table 5).

DISCUSSION

Even though colonoscopy is considered the “Criterion St-
andard” for the detection of colorectal neoplasms,19,29,30 colo-
noscopies are not infallible. Previous tandem colonoscopy 
studies have reported that the miss rate for overall adenomas 
ranged from 12% to 24%.28,31-34 Interestingly, these tandem 
colonoscopy studies demonstrated miss rates of colonoscopy 
for adenomas ≥1 cm in size between 0% and 6%,28,31-34 which 
have been increased recently to 12% to 17% due to results 
from computed tomography colonography studies.35-37 How-
ever, these studies enrolled only patients with an adequate 
bowel preparation.35-37 It is not a special occasion tosee a pa-
tient with suboptimal bowel preparation in daily colonosco-
py practice.16,17 The patients with suboptimal bowel prepara-
tion are thought to be associated with increased risk of hav-
ing missed colorectal neoplasms, but there has been no report 
on the risk of missing polyps and adenomas during screening 
colonoscopy according to the bowel preparation status.

Instead, most of previous studies have evaluated the effect 
of bowel preparation on adenoma detection rate.10,15,17,38 A 
larger retrospective study using approximately 93,000 colo-
noscopies recorded in the Clinical Outcome Research Initia-
tive identified higher detection rates in the cases with adequ-
ate preparation versus those with inadequate preparation 
(26% vs. 29%, p<0.001).17 This finding was supported by an-
other study of 5,832 patients, which reported that the detec-
tion of neoplasms, including polyps of any size as well as large 
lesions (≥10 mm), were associated with the quality of bowel 
preparation.38 However, the most reliable method to evaluate 
the quality of colonoscopy is considered to assess the risk of 
missing lesion during colonoscopy by performing tandem 
colonoscopy.21

In this study, when the bowel preparation was assessed by 
the most commonly used validated bowel preparation scales, 
the Aronchick scales, the per-patient miss rate and per-polyp 
miss rate of polyps, adenomas, and advanced adenomas in-
creased significantly as the bowel preparation became subop-
timal. Interestingly, the per-patient miss rates for polyps, ad-
enomas, and advanced adenomas increased remarkably be-
tween fair and poor/inadequate preparations (polyp, 36% to 
58%; adenoma, 27% to 47%; advanced adenoma, 18% to 

37%). In addition, when the bowel preparation was assessed 
by the Ottawa scale, mean Ottawa scores were higher in the 
patients with missed lesions than the patients without a miss-
ed lesion (polyp, 3.4±2.4 vs. 4.2±3.2, p=0.036; and adenoma, 
3.5±2.5 vs. 4.3±3.2, p=0.046). Multivariate analyses also re-
vealed that the patients with poor/inadequate bowel prepara-
tion status was associated with an increased risk of a missed 
polyp, missed adenoma, and missed advanced adenoma. In 
contrast to previous studies, our results showed that the with-
drawal time was not associated with the risk of missed lesions. 
One possible reason is that the cases with less than 6 minutes 
of withdrawal time for the index colonoscopy were excluded 
in our study.

The practical guidelines for bowel preparation status en-
dorse only one of two options: a repeat colonoscopy upon in-
adequate preparation or colonoscopies at regular intervals for 
satisfactory preparation.11,18,19 However, up to 20% of patients 
who have had a colonoscopy were reported as suboptimal,17,38 
and repeated colonoscopies can induce high medical cost 
and unexpected complications. When confronted with an 
intermediate-quality or low-quality preparation, most endos-
copists recommend a shorter follow-up interval, rather than 
repeating the procedure.20 This variability and uncertainty may 
be related to the fact that the incremental yield of repeating a 
colonoscopy after suboptimal bowel preparation is not known. 
Our study documented that the patients with poor/inade-
quate bowel preparation have increased risk of having missed 
polyps (OR, 3.21; 95% CI, 1.13 to 9.15), missed adenomas 
(OR, 3.04; 95% CI, 1.04 to 8.88), and missed advanced ade-
nomas (OR, 5.28; 95% CI, 1.58 to 17.68) compared to those 
with excellent bowel preparation. Therefore, it might be rec-
ommended that the interval of follow-up colonoscopy should 
be reduced for patients with suboptimal bowel preparation, 
as most endoscopists already do.

Our study has several limitations. First, when determining 
the true polyp miss rate of colonoscopy, the patients with ad-
enomas as well as those without adenomas were included. 
The finding of adenomas at index colonoscopy increases the 
chance of having missed adenomas.32 All participants in our 
study had one or more adenoma larger than 5 mm. There-
fore, it is likely that the overall miss rate was inflated in this 
study and did not imply the real polyp miss rate in clinical prac-
tice.28,31-34 Second, we excluded patients with more than 10 
polyps, because patients with 10 or more adenomatous polyps 
are at increased probability of having missed lesions.18 Al-
though the patients with numerous polyps were not com-
mon, the exclusion of patients with numerous polyps could 
introduce bias. In addition, Among the 277 enrolled patients, 
187 patients (67.5%) underwent tandem colonoscopy with 
polypectomy by the same colonoscopist who performed their 
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screening colonoscopy. Remaining patients underwent tan-
dem colonoscopy by different colonoscopists in this study. 
Different adenoma detection rates and techniques between 
the colonoscopists could lead to bias.

In conclusion, it is clear that suboptimal bowel preparation 
not only prolongs the overall procedure time,38 decreases the 
cecal intubation rates,38,39 leads to increased costs associated 
with colonoscopy,40 it also increases the risk of missing pol-
yps or adenomas during the colonoscopy. The colonoscopy 
procedure rarely missed advanced adenomas when the bowel 
preparation was adequate, whereas the risk of missing advanc-
ed adenomas increased significantly when the bowel prepa-
ration was poor or inadequate. Therefore, repeated examina-
tion or shortening the colonoscopy follow-up interval might 
be suitable strategies for a patient with suboptimal bowel pre-
paration. Future large-scaled multi-center studies to evaluate 
polyp and adenoma miss rate according to bowel preparation 
status in average-risk patients undergoing screening colonos-
copy will be needed to further stratify the risk of developing 
interval cancer, as well as to determine the cost-effectiveness 
of repeated examination versus shortening of the colonoscopy 
follow-up interval in patients with suboptimal bowel prepar-
ation.
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