
Copyright © 2020 The Korean Association of Internal Medicine
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

pISSN 1226-3303
eISSN 2005-6648

http://www.kjim.org

ORIGINAL ARTICLE

Korean J Intern Med 2020;35:881-888
https://doi.org/10.3904/kjim.2018.099

1Division of Gastroenterology, 
Department of Internal Medicine,  
Seoul St. Mary’s Hospital, College 
of Medicine, The Catholic University 
of Korea, Seoul; 2Division of 
Gastroenterology, Department 
of Internal Medicine, St. Vincent 
Hospital, College of Medicine, The 
Catholic University of Korea, Suwon; 
3Division of Gastroenterology, 
Department of Internal Medicine, 
Uijeongbu St. Mary’s Hospital, 
College of Medicine, The Catholic 
University of Korea, Uijeongbu; 
4Division of Gastroenterology, 
Department of Internal Medicine,  
Incheon St. Mary’s Hospital, College 
of Medicine, The Catholic University 
of Korea, Incheon, Korea

Received : March 11, 2018
Revised : April 30, 2018
Accepted : October 21, 2018

Correspondence to 
Bo-In Lee, M.D
Division of Gastroenterology, 
Department of Internal Medicine,  
Seoul St. Mary’s Hospital, College 
of Medicine, The Catholic Uni-
versity of Korea, 222 Banpo-daero, 
Seocho-gu, Seoul 06591, Korea
Tel: +82-2-2258-2044
Fax: +82-2-2258-2083
E-mail: gidoc4u@catholic.ac.kr 

Background/Aims: We evaluated the miss rates of polyps, adenomas, and ad-
vanced neoplasia of polypectomy-referring hospitals and risk factors for missed 
adenomas. 
Methods: We compared medical records and electronic images of initial colonos-
copies from polypectomy-referring hospitals with those of corresponding thera-
peutic colonoscopies from Seoul St. Mary’s Hospital obtained from May 2014 to 
February 2016. 
Results: A total of 147 patients (56.6 ± 12.1 years, 37 females) were included. The 
mean number of polyps and adenomas detected on initial colonoscopy was 2.4 ± 
1.7 and 1.7 ± 1.4, respectively. The mean number of additionally detected polyps 
and adenomas per patient during therapeutic colonoscopy was 1.4 ± 1.8 and 1.0 ± 
1.5, respectively. Pooled miss rate for polyps, adenomas, and advanced neoplasia 
was 36%, 37%, and 11%, respectively. Pooled miss rate for adenomas was signifi-
cantly higher for right-sided, non-pedunculated, and small (< 1 cm) adenomas (p = 
0.031, p = 0.000, and p = 0.000, respectively). The miss rate of polyps, adenomas, and 
advanced neoplasia per patient was 60%, 49%, and 7%, respectively. Multivariate 
analysis revealed age and number of adenoma on initial colonoscopy were signifi-
cantly related with risk for adenoma-missing (p = 0.005 and p = 0.023, respectively). 
Conclusions: Among patients referred for polypectomy, adenoma is missed in 
one of two patients and advanced neoplasm is missed in one of 13. Patients with 
advanced age or multiple adenoma on initial colonoscopy have a higher possi-
bility of missed adenoma. Total colon exploration should be performed carefully 
during therapeutic colonoscopy. 
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INTRODUCTION 

Colonoscopic removal of adenomatous polyps decreases 
the incidence of colorectal cancer (CRC) [1,2] and pre-
vents CRC-related death [3]. Colonoscopy has been ac-
cepted as one of the most effective screening methods 

for colorectal neoplasia [4].
Nonetheless, CRCs are often diagnosed after a neg-

ative colonoscopy. Recent clinical studies suggest that 
etiology of these interval CRCs includes missed polyps, 
incompletely removed polyps, and de novo interval CRCs 
[5]. More than 50% of interval CRCs can be explained by 
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missed lesions [6]. Therefore, emphasis has been placed 
on measures to increase the quality of colonoscopy. The 
indicators of high quality colonoscopy are classified 
as pre-procedural quality metrics (bowel preparation), 
procedural quality metrics (cecal intubation rate, with-
drawal time, and adenoma detection rate [ADR]), and 
post-procedural quality metrics (surveillance interval) 
[7]. 

Although ADR is regarded as one of the most import-
ant quality metrics [8], a high ADR is not sufficient to 
guarantee a low adenoma miss rate (AMR), which may 
be more directly related to the development of interval 
CRC [9]. AMR can be measured by using back-to-back 
colonoscopy, which is almost impossible to perform in 
real-world practice. 

Approximately 2.6 million cases of colonoscopy were 
performed in 2010 in Korea according to data from the 
Korean Health Insurance Review and Assessment Ser-
vice [10]. Yet, little is known about colonoscopy quality of 
primary care clinics in Korea. According to a question-
naire-based study in Korea, only 57% and 87% of endos-
copists in non-tertiary or non-academic hospital experi-
enced EMR or polypectomy for colonic lesions [11]. When 
primary physicians detect polyps requiring snare pol-
ypectomy or endoscopic submucosal dissection during 
screening colonoscopy, it is a common practice to transfer 
the patient to secondary or tertiary hospitals for polypec-
tomy. On the other hand, endoscopists in referral hospi-
tals frequently detect missed polyps during therapeutic 
colonoscopy. 

We performed this study to estimate colonoscopy 
quality of polypectomy-referring hospitals in Korea by 
evaluating polyp miss rate, AMR, and advanced neo-
plasm miss rate during colonoscopy for polypectomy. 
Risk factors associated with adenoma-missing were also 
explored. 

METHODS 

Study population
The study was approved by the Institutional Review 
Board at the Catholic University of Korea (KC18RE-
SI0014) and informed consent was waived. We retro-
spectively reviewed the medical records and electronic 
endoscopic images of initial colonoscopies from pol-

ypectomy-referring hospitals and the corresponding 
therapeutic colonoscopies performed by a single expert 
endoscopist (L.B.I.) in Seoul St. Mary’s Hospital between 
May 2014 and February 2016. Exclusion criteria were 
inflammatory bowel disease, unidentifiable procedure 
time, incomplete documentation, colorectal obstruc-
tion, and more than 6-month interval between initial 
and therapeutic colonoscopies. 

Review of medical records and electronic images 
Bowel preparation of initial colonoscopy in polypecto-
my-referring clinics was reassessed and scored using 
Aronchick bowel preparation scale [12] by reviewing all 
electronic images. Cecal intubation was confirmed by 
photodocumentation of cecal landmarks. Polyp num-
ber, size, morphology, location, and histology on initial 
colonoscopy were also evaluated by review of the elec-
tronic images and medical records by two of the authors 
(S.J.H. and L.B.I.). Unidentifiable variables were treated 
as missing values. 

Bowel preparation scales and the number, size, mor-
phology, locations, and histology of polyps of all the 
therapeutic colonoscopy in Seoul St. Mary’s Hospital, 
The Catholic University of Korea were documented at 
the time of examination. A lesion located in the prox-
imal colon (cecum to splenic flexure) was defined as 
the right colonic lesion. A lesion located distal to the 
splenic flexure was regarded as the left colonic lesion. 
Polyp morphology was classified according to the Paris 
classification [13]. Withdrawal time was estimated using 
documented time on electronic images. Time spent for 
biopsy and other therapeutic procedures was excluded. 
Advanced neoplasm was defined as adenoma with at 
least one of the following features: size ≥ 1 cm, villous 
tissue ≥ 25%, high grade dysplasia, and cancer. 

Definition
Missed polyp/adenoma was defined as the polyp/ade-
noma not documented either by the electronic photos 
or endoscopy report during the initial colonoscopy, but 
which was detected during therapeutic colonoscopy. If 
a polyp was detected on initial colonoscopy and con-
firmed histologically as an adenoma later after thera-
peutic colonoscopy in Seoul St. Mary’s Hospital, it was 
not regarded as a missed adenoma. Pooled miss rate for 
polyp/adenoma/advanced neoplasm was calculated as 
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the number of missed polyps/adenomas/advanced neo-
plasia divided by the total number of polyps/adenomas/
advanced neoplasia of all patients. 

Miss rate of polyp/adenoma/advanced neoplasm per 
patient was calculated as the number of patients with 
missed polyps/adenomas/advanced neoplasia divided 
by the total number of patients.

Statistical analyses
Statistical analyses were performed using SPSS for Win-
dows software version 18.0 (SPSS Inc., Chicago, IL, USA). 
A p < 0.05 was considered significant. Demographic data 
including age, gender, size, morphology, locations, pa-
thology, and number of polyps and adenomas were in-
cluded to identify the variables associated with missed 
adenomas. Continuous variables were analyzed using t 
test and categorical variables were analyzed using chi-
square test or Fisher’s exact test. Statistical adjustment 

using multivariate linear regression was applied to 
identify the variables relevant to adenoma-missing. 

RESULTS

Baseline characteristics
Among 197 eligible patients, 50 were excluded (inflam-
matory bowel disease, n = 1; unidentifiable procedure 
time, n = 23; incomplete documentation, n = 11; colorec-
tal obstruction, n = 4; and more than 6-month interval 
between initial colonoscopy and therapeutic colonosco-
py, n = 11). A total of 147 patients were finally included. 

The mean ± standard deviation age was 56.6 ± 12.1 
years and male was 110 (75%). Cecal intubation was suc-
cessful in all cases of initial colonoscopy and therapeu-
tic colonoscopy. Mean withdrawal time of therapeutic 
colonoscopy was significantly longer than that of initial 

Table 1. Results of initial colonoscopy and therapeutic colonoscopy 

Variable Initial colonoscopy (n = 147) Therapeutic colonoscopy (n = 147) p value

Cecal intubation 147 (100) 147 (100) > 0.999

Bowel preparation < 0.001

Excellent 32 (22) 77 (52)

Good 37 (25) 42 (29)

Fair 75 (51) 26 (18)

Poor 3 (2) 2 (1)

Mean withdrawal time, sec 586 ± 364 736 ± 452 0.002

Mean no. of detected polyps per pa-
tients

2.4 ± 1.7

Mean no. of detected adenomas per 
patients 

1.7 ± 1.4

Mean no. of additionally detected 
polyps per patients

1.4 ± 1.8

Mean no. of additionally detected 
adenomas per patients 

1.0 ± 1.5

Values are presented as number (%) or mean ± SD.

Table 2. Pooled miss rate for polyp, adenoma, and advanced adenoma

Variable
Detected on initial 

colonoscopy
Additionally detected on 
therapeutic colonoscopy

Total Miss rate, %

No. of polyp 351 198 549 36

No. of adenoma 249 147 396 37

No. of advanced neoplasia 92 11 103 11
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colonoscopy (736 seconds vs. 586 seconds, p = 0.002). The 
proportion of patients with excellent or good prepara-
tion was higher in therapeutic colonoscopy than in ini-
tial colonoscopy (81% vs. 47%, p < 0.001). 

A total of 549 polyps (396 adenomas including 103 

advanced neoplasia) were detected on the 147 pairs of 
colonoscopy examinations. The mean number of total 
polyps and adenomas per patient was 3.8 and 2.7, respec-
tively. Mean number of missed polyps and adenomas 
per patient was 1.4 and 1.0, respectively (Tables 1 and 2). 

Table 3. Pooled miss rate for polyp by polyp characteristics

Characteristic
Detected on initial 

colonoscopy (n = 221)
Additionally detected on 

therapeutic  colonoscopy (n = 195)
Miss rate, % p value

Location 

Right colon 128 128 50 0.022

Left colon 93 67 42

Morphology

Pedunculated (Ip) 20 2 9 < 0.001

Non-pedunculated (Is and IIa) 201 193 49  
Size, mm

≤ 5 39 96 71 < 0.001

6–9 78 84 52

≥ 10  104 15 13

Table 4. Pooled miss rate for adenoma by adenoma characteristics 

Characteristic
Detected on initial

 colonoscopy (n = 179)
Additionally detected on 

therapeutic colonoscopy (n = 150)
Miss rate, % p value

Location 

Right colon 101 102 50 0.031

Left colon 78 48 38

Morphology

Pedunculated (Ip) 19 1 5 < 0.001

Non-pedunculated (Is and IIa) 160 149 48

Size, mm

≤ 5 28 77 73 < 0.001

6–9 60 62 51

≥ 10  91 11 11

Pathology

Tubular adenoma, low grade 135 143 51 < 0.001

Tubular adenoma, high grade 8 1 11

Tubulovillous or villous adenoma 14 0 0

Sessile serrated adenoma/polyp 12 6 33

Intraepithelial or mucosal cancer 10 0 0

Advanced lesion 

Non-advanced adenoma 85 139 62 < 0.001

Advanced neoplasia 94 11 11
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Pooled miss rate for polyps, adenomas,  
and advanced neoplasia
Among a total of 549 polyps, 198 were not detected on ini-
tial colonoscopy, representing a pooled miss rate for pol-
yps of 36%. The pooled miss rate for adenomas and ad-
vanced neoplasia was 37% and 11%, respectively (Table 2). 

Location, morphology, and size were analyzed for 
416 polyps with available medical records. Pooled miss 
rate for polyps was significantly higher in the right co-
lon than in the left colon (50% vs. 42%, p = 0.022), and 
was also higher in non-pedunculated polyps (Is and IIa) 
than in pedunculated polyps (Ip) (49% vs. 9%, p < 0.001). 
Pooled miss rate for polyps was significantly different 
according to the size: 71% in polyps ≤ 5 mm, 52% in pol-
yps of 6 to 9 mm, and 13% in polyps ≥ 10 mm (p < 0.001) 
(Table 3). 

Among the 396 adenomas, location, morphology, and 
size could be analyzed in 329 adenomas. Pooled miss 
rate for adenomas was higher in the right colon than in 
the left colon (50% vs. 38%, p = 0.031), and in non-pedun-
culated adenomas than in pedunculated adenomas (48% 
vs. 5%, p < 0.001). Pooled miss rate for adenomas was 
significantly different according to the size of adenoma: 
73% in adenomas ≤ 5 mm, 51% in adenomas of 6 to 9 

mm, and 11% in adenomas ≥ 10 mm (p < 0.001). Pooled 
miss rate for non-advanced neoplasia was significant-
ly higher than pooled miss rate for advanced neoplasia 
(62% vs. 11%, p < 0.001) (Table 4). 

All the missed advanced neoplasia were ≥ 10 mm. Ten 
of 11 were flat and located in the right colon. Histopa-
thology was low grade dysplasia (n = 8), high grade dys-
plasia (n = 1), and sessile serrated adenoma/polyp (n = 2). 

Miss rate of polyps, adenomas, and advanced  
neoplasia per patient 
Among a total of 147 patients, those with missed pol-
yps, adenomas, and advanced neoplasia was 88, 72, and 
11, corresponding to a respective miss rate of 60%, 49%, 
and 7%. 

Risk factors for adenoma-missing 
Mean age of patients with missed adenoma was signifi-
cantly higher than patients without missed adenoma 
(53.1 ± 11.9 vs. 60.4 ± 11.3, p = 0.000). There was no sig-
nificant difference in sex, mean withdrawal time, and 
preparation scale of initial colonoscopy between the 
two groups. The mean number of adenomas detected 
during the initial colonoscopy was higher in patients 

Table 5. Differences in clinical characteristics of patients without missed adenoma and patients with missed adenoma

Characteristic
Patients without missed adenoma 

(n = 77)
Patients with missed adenoma

 (n = 70)
p value

Age, yr 53.1 ± 11.9 60.4 ± 11.3 < 0.001

Sex 0.474

Male 60 50

Female 17 20

Mean withdrawal time of initial 
colonoscopy, sec

619 ± 386 549 ± 337 0.249

Bowel preparation for initial  
colonoscopy

0.609

Excellent 14 (18) 18 (26)

Good 20 (26) 17 (24)

Fair 42 (55) 33 (47)

Poor 1 (1) 2 (3)

Mean no. of polyp detected during 
 initial colonoscopy

2.2 ± 1.6 2.7 ± 1.8 0.096

Mean no. of adenoma detected 
during therapeutic colonoscopy

1.4 ± 1.2 2.0 ± 1.5 0.009

Values are presented as mean ± SD or number (%).
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with missed adenoma than in patients without missed 
adenoma (2.0 ± 1.5 vs. 1.4 ± 1.2, p = 0.009) (Table 5). 

Multivariate linear regression analysis also revealed 
that age and number of adenomas detected during 
initial colonoscopy were associated with risk of adeno-
ma-missing (Table 6). 

DISCUSSION

ADR is inversely associated with the incidence of inter-
val CRC [14] and CRC mortality [15]. Although ADR has 
been accepted as a priority quality metric for colonosco-
py [8], it is not a perfect metric. It cannot differentiate an 
endoscopist who consistently finds multiple adenomas 
from an endoscopist who only finds one adenoma (“one 
and done” phenomenon). To better measure the quali-
ty of colonoscopy, adenomas detected per colonoscopy, 
adenomas per positive participant, and the number of 
additional adenomas found after the first adenoma per 
colonoscopy (ADR-Plus) were adopted [16].

To best of our knowledge, there has not been any re-
al-world study of colonoscopy quality in Korea using 
quality metrics. If AMR could be measured in daily prac-
tice, it would be a more appropriate quality metric for 
colonoscopy, since the majority of interval CRCs are as-
sociated with missed adenomas. Presently, we measured 
AMRs of polypectomy-referring hospitals by comparing 
their colonoscopic findings and our findings during 
colonoscopy for polypectomy. Many primary care physi-
cians doing colonoscopy do not perform snare polypec-
tomy in Korea because of the limited procedure time for 
an individual patient, difficulties in post-polypectomy 
care including management of bleeding or perforation, 
concerns about legal issues, and other reasons. Certain-
ly, this is an irrational use of medical resources, since 

the prevalence of colorectal neoplasms among asymp-
tomatic patients who are screened was reported as 33% 
in Korea [17]. This indicates that a number of patients 
requiring polypectomy should have a repeat consecutive 
colonoscopy within a short period of time. 

AMRs has been reported as 17% to 25% [9,18,19] and 
our pooled miss rate for adenomas, which is compatible 
with AMR of other studies, was measured 37%. Our miss 
rate could be augmented since all the study subjects had 
polyps and meticulous endoscopic examination or doc-
umentation in primary care clinics might be omitted 
after detection of a polyp requiring referral. We believe 
that better preparation and longer withdrawal time of 
our therapeutic colonoscopies compared to the initial 
colonoscopies may also have contributed to the high 
AMR of the present study. 

Our results show that smaller adenomas are more 
frequently missed, which is consistent with previous 
studies [18-21]. Diminutive or small adenomas are fre-
quently undetected when they are located behind a fold 
or submerged in the luminal fluid. Although study re-
sults for adenoma location and miss rate are controver-
sial, it was reported that adenomas in the right colon 
were more frequently missed [19,20,22,23]. Adenoma 
detection could be interfered by higher mucosal folds 
of the right colon. 

Even though the AMR of this study might be aug-
mented, the miss rate of adenoma per patient 48% was 
still very high. That means that almost half the patients 
referred for polypectomy harbored missed adenomas. 
Moreover, the 7% miss rate of advanced neoplasia per 
patient indicates that approximately one of 13 subjects 
harbored a missed advanced neoplasm or more. This 
clearly suggests that the quality of colonoscopy delivered 
by primary care clinics needs to be improved in Korea.

Various factors influencing AMR per patient were 

Table 6. Multivariate analysis for risk factors of adenoma missing

Variable b (SE) β p value

Age 0.031 (0.011) 0.245 0.005

No. of polyps detected during initial colonoscopy          –0.087 (0.107) –0.096 0.419

No. of adenomas detected during initial colonoscopy 0.314 (0.136) 0.292 0.023

Withdrawal time of initial colonoscopy 0.000 (0.000) –0.033 0.675

Bowel preparation of initial colonoscopy –0.185 (0.145) –0.101 0.204

SE, standard error.
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suggested in previous studies as follows: number of 
adenoma detected during initial colonoscopy [18,19,23], 
characteristics of individual endoscopists [9,24], and 
age of patient [24,25]. Our multivariate analysis showed 
only age of patient and number of adenoma on initial 
colonoscopy were significantly related with presence 
of missed adenoma. It is unclear why age of patient is 
related with AMR. The positive relationship between 
the number of adenoma during initial colonoscopy and 
AMR can be explained by a reduced attention after hav-
ing already detected polyps and time pressure on endos-
copists due to a remained endoscopy list for that day [23].

Our multivariate analysis revealed that withdrawal 
time and bowel preparation of initial colonoscopy were 
not significantly related with presence of missed ade-
noma. Increased number of polyps including adenomas 
itself could be related with prolonged withdrawal time. 
Even though time spent for biopsy and polypectomy 
was excluded, extra time for photodocumentation and 
close observation should be spent. Prolonged withdraw-
al time of initial colonoscopy might be related with the 
time for already-detected polyps rather than undetect-
ed polyps. Regarding preparation scale of initial colo-
noscopy, advanced age is an independent risk factor for 
inadequate bowel preparation [26]. Thus the effect of 
bowel preparation scale of initial colonoscopy could be 
reduced in multivariate analysis. 

This study has several limitations. First, it is a retro-
spective study based on review of medical records. Aron-
chick bowel preparation scale should be scored before 
any attempt of washing and suctioning. Thus, another 
bowel preparation scale such as Boston bowel prepara-
tion score [27] might be more suitable for assessment of 
bowel preparation in polypectomy-referring hospitals. 
However, retrospective assessment of each colonic seg-
ment in Boston score was not easy. Moreover, at the time 
of the study, all the bowel preparation scale in our insti-
tution was scored using Aronchick scale. Thus we de-
cided to apply Aronchick scare to compare bowel prepa-
ration scale between polypectomy-referring hospitals 
and our institution. Estimation of accurate withdrawal 
time was also limited since it was based on retrospective 
review of the electronic images. Second, we cannot eval-
uate the AMR according to characteristics of individual 
endoscopist or polypectomy-referring hospital because 
of limited information. Finally, the AMR could be over-

estimated by the “one-and-done phenomenon.” On the 
contrary, exclusion of cases with unidentifiable proce-
dure time or incomplete documentation, which might 
be associated with poor quality colonoscopy, could lead 
to underestimation of the AMR. 

In conclusion, the AMR of polypectomy-referring 
hospitals is high in Korea. Meticulous total colon ex-
ploration should be performed during therapeutic 
colonoscopy and nation-wide monitoring of colonos-
copy quality is definitely necessary. 
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