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Purpose: Withdrawal time of sufficient length is a quality indicator for colonoscopies. Nonetheless, whether extending the 
withdrawal time contributes to patient discomfort remains unknown. This study aimed to clarify the relationship between 
colonoscopy withdrawal time and patient discomfort.
Methods: A cohort of consecutive patients who underwent colonoscopy at a single institution from October 2018 to Janu-
ary 2020 was retrospectively analyzed. Initially, the relationship between the mean withdrawal time for each colonoscopist 
in no-finding examinations and polyp detection rate was investigated in 2,043 patients. Subsequently, the primary out-
come of association between withdrawal time and patient discomfort, as determined by patient questionnaire, was as-
sessed for each examination in 481 patients from the initial cohort.
Results: The mean withdrawal time was strongly correlated with polyp detection rate (correlation coefficient, 0.72; 
P < 0.001). In contrast, longer withdrawal time was not associated with increased discomfort; however, there was a weak 
inverse correlation between patient discomfort and longer withdrawal time (correlation coefficient, –0.25; P < 0.001). 
Similarly, multiple regression analysis adjusted for confounding variables revealed that longer withdrawal time was not as-
sociated with increased patient discomfort (regression coefficient, –0.04 for each 1-minute increase in the length of with-
drawal time; P = 0.45).
Conclusion: This study showed for the first time that longer withdrawal times did not result in increased discomfort, indi-
cating that withdrawal time can be extended to sufficient length for optimal patient examination and polyp detection.

Keywords: Colonoscopy; Healthcare quality indicators; Pain; Polyps; Carbon dioxide

INTRODUCTION

High-quality colonoscopies are important for detecting polyps as 
well as ensuring that patients comply with subsequent examina-
tions. The primary quality indicator of a colonoscopy is the ade-
noma detection rate (ADR), while the withdrawal time is another 

important indicator [1, 2]. An advantage of withdrawal time is 
that it can be determined immediately at the time of examination. 
Studies have suggested that performing the procedure with an ad-
equate withdrawal time improves examination accuracy [3, 4], 
and colonoscopists with low ADRs are commonly advised to ex-
tend withdrawal time [1]. However, a longer withdrawal time 
might increase patient discomfort, which is of particular concern 
in the absence of sedation. Patient discomfort during endoscopic 
procedures not only reduces patient satisfaction but also reduces 
compliance in the next examination [5, 6]. To the best of our 
knowledge, no study has investigated the relationship between 
longer withdrawal time and patient discomfort. This study aimed 
to clarify the relationship between colonoscopy withdrawal time 
and patient discomfort.
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METHODS

Ethical statements
The present study was conducted in accordance with the provi-
sions of the Declaration of Helsinki (as revised in Fortaleza, Bra-
zil, in October 2013) and was approved by the Institutional Re-
view Board of our institution (No. 19-129-200225). Because this 
was a retrospective observational study using existing data and 
did not include invasive interventions, the requirement for in-
formed consent from study patients was waived by the Institu-
tional Review Board. However, written informed consent for 
colonoscopy was obtained. The study protocol was published on 
the hospital’s website. This method was in accordance with the 
Japanese “Ethical Guidelines for Medical and Health Research In-
volving Human Subjects.”

Analysis of the association between withdrawal time and 
diagnostic accuracy
Study population and measures
In an initial analysis of withdrawal time and diagnostic accuracy, 
we investigated consecutive patients who underwent colonoscopy 
in opportunistic screening from October 2018 to January 2020. 
Patients were excluded if they were examined by a colonoscopist 
who had performed < 30 cases during this period, had poor 
bowel preparation, and had undergone operation on the colon; 
the cecum was not reached; or the colonoscopist was changed 
during the examination (Fig. 1). Polyp detection rate (PDR) was 
used as an indicator of diagnostic accuracy. PDR is defined as the 

proportion of cases with a reported polyp out of all cases, with 
polyps including those of all types. Withdrawal time was deter-
mined as the time from when the scope reached the cecum to 
when it was removed from the anus, and the mean withdrawal 
time in normal colonoscopies (NWT) for each colonoscopist was 
used in the analysis.

Colonoscopy procedure
The scopes used were mainly PCF-H290I and PCF-Q260AI 
(Olympus), while a small-diameter long scope was used only 
rarely (PCF-PQ260L, Olympus). A short black hood was attached 
to the tip of the scope (MAJ-1990 or MAJ-1988, Olympus). Car-
bon dioxide (CO2) was used for insufflation with a CO2 insufflator 
(Olympus UCR Insufflator). A sedative was administered upon 
the patient’s request and with the physician’s permission; when ad-
ministered, an intravenous injection of pethidine was predomi-
nantly used. The decision to administer an antispasmodic agent 
depended on the colonoscopist; when administered, butylscopol-
amine or glucagon was injected intravenously. Any lesion detected 
was not resected at the time, and in one case requiring resection, 
this was performed on another day. In Japan, nonresection of di-
minutive polyps is permitted; thus, only polyps of > 5 mm were 
judged to require resection. Withdrawal time was measured with 
a stopwatch during the examination; the endoscopic technician 
declared the time, and the colonoscopist recorded it in the report. 
If withdrawal time was missing from the report, the time was de-
termined by consulting the times on the cecum and anal images 
as they were written on the recorded images.

Analysis
We investigated the correlation coefficient between the mean 
NWT and PDR for each colonoscopist. Furthermore, a multivari-
ate analysis was used to analyze the relationship between exami-
nations performed by a colonoscopist with a mean NWT of ≥ 7 
minutes and increasing detection of one or more polyps. We ad-
justed for age, sex, presence or absence of previous unresected 
polyps, examinations performed by a colonoscopist with a me-
dian insertion time of ≤ 5 minutes, and years of experience as a 
colonoscopist. The cutoff values for withdrawal time and inser-
tion time in this multivariate analysis were the median values for 
each colonoscopist.

Analysis of association between withdrawal time and 
patient discomfort
Study population and measures
The relationship between withdrawal time and patient discomfort 
was investigated in consecutive patients from December 2018 to 
April 2019, which is the 5 months within the above-mentioned 
target period. To investigate discomfort, a questionnaire was ad-
ministered to patients at a different location from the endoscopy 
unit by staff other than the ones who performed the endoscopy. 
Discomfort was evaluated on a face scale of 0–10 on a 6-level ques-

Consecutive patients who underwent colonoscopy in
opportunistic screening from October 2018 to January 2020

(n = 2,273)

Excluded (n = 230)
･Examination by a colonoscopist who 
had performed <30 cases  (n = 135)
･Poor bowel preparation (n = 80)
･Operation on the colon (n = 9)
･Cecum was not reached (n = 4)
･The colonoscopist was changed  
during the examination (n = 2)

Eligible patients for analysis of the association between 
withdrawal time and diagnostic accuracy

(n = 2,043)

From December 2018 to April 2019, consecutive patients who 
investigated discomfort for analysis of association between 

withdrawal time and patient discomfort
(n = 481)

Fig. 1. Flow diagram of the study population. 
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tionnaire (Fig. 2). Originally, the questionnaires were intended for 
improvement of hospital services to patients, and we used the re-
sults retrospectively. The withdrawal time used for this analysis 
was the withdrawal time for all examinations, including for cases 
with abnormal findings. 

Analysis
We investigated the correlation coefficient between withdrawal 
time and patient discomfort for each examination. Furthermore, 
as the primary analysis, a multivariate analysis was used to ana-
lyze the relationship between withdrawal time and patient dis-
comfort for each examination. We adjusted for confounding fac-
tors using the following explanatory factors in multiple regression 
analysis: sex [7-10], age [8, 9, 11, 12], body mass index [8, 9, 11], 
history of colonoscopy [8, 9, 11], history of uterine or ovarian sur-
gery [8, 11], detected diverticula [10], use of a long, thin scope 
[13], use of an antispasmodic agent [8, 12], use of a sedative [14], 
insertion time (each examination) [7, 8], and each individual 
colonoscopist [9].

As a sensitivity analysis to confirm the robustness of the results, 
some subgroup analyses were performed for cases examined by 
the physician with the largest number of cases, cases with a short 
insertion time (≤ 4.5 minutes), and cases without sedation. Given 
the small number of cases, we only evaluated the correlation 
rather than perform multivariate analysis.

Statistical analyses
For the NWT for each colonoscopist, we used the mean value as 
described previously [1, 3]. Otherwise, the mean was used for val-
ues with a normal distribution, and the median was used for val-
ues with a non-normal distribution. Spearman’s rank correlation 
coefficient was used for correlation analysis. The correlation coef-
ficient was defined as follows: < 0.2 indicates no correlation, 0.2 to 
< 0.4 indicates a weak correlation, 0.4 to < 0.7 indicates a moder-
ate correlation, and ≥ 0.7 indicates a strong correlation. Logistic 
regression was used to determine the association between with-
drawal time and polyp detection, and multiple regression was 
used to determine the association between withdrawal time and 
discomfort. The sample size was the largest number of cases avail-
able to maximize statistical power. All statistical analyses were per-

formed using EZR ver. 1.52 (Saitama Medical Center, Jichi Medi-
cal University), which is a graphical user interface for R (R Foun-
dation for Statistical Computing, Vienna, Austria). A P-value of 
< 0.05 was considered statistically significant. 

RESULTS

Withdrawal time and PDR
A total of 2,043 eligible patients were included in the analysis of 
the association between withdrawal time and diagnostic accuracy 
(Fig. 1). Patient characteristics are shown in Table 1. Among the 
20 colonoscopists who performed the examinations, the median 
years of experience was 12 years (range, 3–32 years), median PDR 
was 44.5% (range, 23.9%–73.6%), and median NWT was 7.0 
minutes (range, 4.5–10.1 minutes). The correlation between 
NWT and PDR as determined for individual colonoscopists was 
strong and significant (correlation coefficient, 0.72; P< 0.001). In 
the logistic regression adjusted for various factors, the detection of 
polyps in examinations performed by a colonoscopist with a 
mean NWT of ≥ 7 minutes was high (odds ratio, 4.51; P< 0.001) 
(Table 2).

Withdrawal time and discomfort
A total of 481 eligible patients were included in the multiple re-
gression analysis to determine the association between with-
drawal time and patient discomfort (Fig. 1). Patient characteristics 
are shown in Table 3. We found a weak inverse correlation be-

Table 1. Characteristics of 2,043 patients in the investigation of the 
correlation between withdrawal time and polyp detection rate

Characteristic Data

Age (yr) 60 ± 11a

Male sex 1,341 (65.6)b

No. of colonoscopists 20

Insertion time (min) 4.5c

Withdrawal time in negative resultd (min) 6.9e

Polyp detection rate (%) 49.4
aMean ± standard deviation. bNumber (%). cMedian. dn = 502. eMean.

0 2 4 6 8 10

No
discomfort

Slight
discomfort

Much 
discomfort

Very little  
discomfort

Extreme
discomfortDiscomfort

Fig. 2. Discomfort rating scale.
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tween withdrawal time and patient discomfort, as determined for 
each examination, which was significant (correlation coefficient, 
–0.25; P< 0.001) (Fig. 3). In the multiple regression analysis ad-
justed for various confounding factors, no significant correlation 
was found between withdrawal time and patient discomfort as 
determined for each examination (regression coefficient, –0.04; 
P= 0.45) (Table 4). 

In a sensitivity analysis performed on subgroups of cases, we 
found no positive correlation between withdrawal time and pa-
tient discomfort for cases examined by the physician with the 

largest number of cases (n= 107), cases with an insertion time of 
≤ 4.5 minutes (n= 257), and cases without sedation (n= 262). The 
correlation coefficients were –0.06 (P= 0.512), –0.23 (P< 0.001), 
and –0.22 (P< 0.001) for these groups, respectively, with a signifi-
cant weak inverse correlation in cases with an insertion time of 
≤ 4.5 minutes and in cases without sedation.

DISCUSSION

In this study, withdrawal time showed a strong positive correla-
tion with PDR. Moreover, longer withdrawal time did not in-
crease patient discomfort. Previous studies have shown that lon-
ger withdrawal time correlates with increased ADR and decreased 
the rate of interval cancer [3, 4]; however, there have also been re-
ports in which longer withdrawal time did not increase ADR [15] 
and did not correlate with PDR [16]. If the withdrawal time is not 
correlated with the lesion detection rate, the withdrawal time can-
not be used as a quality indicator. Therefore, the present study 
first confirmed that the withdrawal time and PDR were positively 
correlated and that the withdrawal time served as a quality indica-
tor at our institution. In previous reports, the reason for the in-
consistent relationship between withdrawal time and lesion detec-
tion was not elucidated; however, it is assumed that increased le-
sion detection rate requires longer withdrawal time with careful 
inspection, such as inspection of the back of colonic folds, and 
that longer withdrawal time without careful inspection does not 
result in increased lesion detection rate [17, 18]. Since our study 
showed a strong correlation between withdrawal time and PDR, 
we can theorize that colonoscopists with longer withdrawal times 
performed examinations more carefully.

Although there was concern that longer withdrawal time would 

Table 2. Logistic analysis results for factors related to polyp detec-
tion rate

Variable OR (95% CI) P-value

Male sex 1.76 (1.43–2.17) < 0.001

Age 1.02 (1.01–1.03) < 0.001

Unresected polyp in a previous colonoscopy 5.11 (4.04–6.47) < 0.001

Examination performed by a colonoscopist 
whose mean withdrawal time is ≥ 7 min in 
normal colonoscopies

4.51 (3.59–5.65) < 0.001

Examination performed by a colonoscopist 
whose median insertion time is ≤ 5 min

2.37 (1.86–3.03) < 0.001

Colonoscopist’s experience in colonoscopy (yr) 1.02 (1.00–1.03) 0.016

OR, odds ratio; CI, confidence interval.

Table 3. Characteristics of 481 patients in the investigation of the cor-
relation between withdrawal time and patient discomfort

Characteristic Data

Age (yr) 60 ± 12

Male sex 314 (65.3)

Body mass index (kg/m2) 23.9 (21.6–26.0)

Patients with colonoscopic experience 381 (79.2)

History of uterine or ovarian surgery 44 (9.2)

Detected diverticulum 148 (30.1)

No. of colonoscopists 20

Use of small-diameter long scope 22 (4.6)

Antispasmodic agent use 409 (85.0)

Sedative use 219 (45.5)

   Meperidine alonea 197 (41.0)

   Midazolam aloneb 10 (2.1)

   Meperidine and midazolamc 12 (2.5)

Insertion time (min) 4.5 (3–6)

Withdrawal time (min) 7.5 (6–10)

Discomfort scored 2 (0–4)

Values are presented as mean ± standard deviation, number (%), number only, or 
median (interquartile range). 
a–cMedian dosage (mg): a35, b2, cmeperidine 35 mg, midazolam 1.25 mg. dRange, 
0–10.
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Fig. 3. Correlation between withdrawal time and patient discomfort 
for each examination.
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increase patient discomfort, surprisingly, we did not find a corre-
lation between these in the present study. A previous study, al-
though one that did not explicitly investigate the relationship be-
tween withdrawal time and discomfort, found that discomfort 
was high in the first half and low in the second half of the exami-
nation [10], supporting our findings. In addition, presence or ab-
sence of polyps was reportedly not associated with discomfort in 
colonoscopy without resection of detected lesions, as performed 
in the present study [12]. Because cases with polyps should have 

longer withdrawal time, this study also supports our findings. We 
found a lack of correlation between withdrawal time and patient 
discomfort in both our multivariate analyses adjusted for various 
factors and subgroup analyses, demonstrating the robustness of 
our findings and the likelihood that they will be generalizable to 
other populations. The lack of correlation described herein is im-
portant given the relationship between patient comfort and com-
pliance with endoscopic procedures and the need for sufficient 
time to perform a thorough examination. Lesion detection rate 
has been reported to increase up to a withdrawal time of approxi-
mately 10 minutes [19], and the UK National Health Service’s 
guideline stipulates a target withdrawal time of ≥ 10 minutes [20]. 
Colonoscopists should take sufficient time to inspect carefully, 
which, on the basis of the present study, can be done without in-
creasing discomfort for withdrawal times of up to approximately 
10 minutes.

One potential confounding factor we considered was an inverse 
correlation between withdrawal time and insertion time [21]. If 
these times are correlated, shorter insertion times could result in 
less discomfort and longer withdrawal times. However, in the 
present study, no inverse correlation was found between insertion 
time and withdrawal time (data not shown). In addition, multi-
variate analysis adjusted for factors including insertion time and 
subgroup analysis for groups with short insertion times showed 
that longer withdrawal time was not associated with increased 
discomfort. Therefore, it is unlikely that our results reflect con-
founding from such a relationship.

It is not clear why increasing withdrawal time did not result in 
an increase in discomfort; however, we speculate that the use of 
CO2 insufflation is one important reason, as this has previously 
been shown to reduce discomfort [22].

Several factors have been reported to be associated with discom-
fort in colonoscopy: while many studies have consistently shown 
high discomfort in women [7–10], the association with other fac-
tors varies [7–12]. In the present study, factors that were signifi-
cantly associated with increased patient discomfort were female 
sex, young age, nonuse of sedative, and examination by some in-
dividual colonoscopists. In addition, longer insertion time was a 
significant factor in high levels of discomfort. The association of 
these factors with discomfort has also been reported in previous 
studies [7–10, 12, 14]. Although some colonoscopists may wish to 
avoid longer withdrawal times because of increased discomfort, 
our results indicate that withdrawal time is not the main cause of 
discomfort, suggesting that such adjustments are unnecessary and 
that withdrawal time can be extended such that sufficient careful 
inspection can be performed. Instead, smoother insertion is key 
to reducing discomfort.

This study has some limitations. First, this is a retrospective ob-
servational study in which unpredictable confounding effects may 
have existed. Therefore, we adjusted for various factors to mini-
mize these confounding effects. Second, this is a single-center 
study, and the results may therefore not be as generalizable as 

Table 4. Impact of factors on patient discomfort by multiple regres-
sion analysis 

Factor 
Regression coefficient 

(95% CI)
P-value

Age (1+) –0.03 (–0.05 to –0.01) < 0.001

Male sex –0.75 (–1.25 to –0.25) 0.003

Body mass index (1+) –0.03 (–0.09 to 0.02) 0.27

Patients without colonoscopic experience 0.31 (–0.21 to 0.82) 0.25

History of uterine or ovarian surgery 0.66 (–0.1 to 1.42) 0.089

Detected diverticulum 0.41 (–0.03 to 0.85) 0.066

Use of small-diameter long scope –0.28 (–1.27 to 0.71) 0.58

Antispasmodic agent use –0.07 (–0.78 to 0.65) 0.85

Sedative use –0.98 (–1.4 to –0.56) < 0.001

Insertion time (1 min +) 0.17 (0.11 to 0.23) < 0.001

Withdrawal time (1 min +) –0.04 (–0.14 to 0.06) 0.45

MD No.

1 –0.36 (–1.7 to 0.97) 0.59

2 –0.56 (–2.43 to 1.31) 0.56

3 –1.01 (–2.02 to 0.002) 0.05

4 –1.09 (–2.49 to 0.32) 0.13

5 –1.12 (–2.23 to 0.003) 0.049

6 –1.39 (–2.76 to –0.02) 0.047

7 –1.40 (–2.37 to –0.43) 0.005

8 –1.60 (–3.02 to –0.18) 0.027

9 –1.74 (–3.34 to –0.14) 0.033

10 –1.88 (–2.95 to –0.82) < 0.001

11 –2.25 (–3.21 to –1.3) < 0.001

12 –2.25 (–3.78 to –0.73) 0.004

13 –2.32 (–3.81 to –0.83) 0.002

14 –2.33 (–3.38 to –1.28) < 0.001

15 –2.37 (–3.45 to –1.29) < 0.001

16 –2.74 (–4.35 to –1.12) < 0.001

17 –2.93 (–4.47 to –1.38) < 0.001

18 –2.94 (–4.16 to –1.72) < 0.001

19 –3.12 (–4.83 to –1.41) < 0.001

CI, confidence interval; MD, medical doctor.
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those from a multicenter study. Similar analysis in additional 
cases and other cohorts will be necessary to further characterize 
the relationship. 

In conclusion, we report that longer withdrawal times in colo-
noscopy do not contribute to patient discomfort. This represents 
an important finding as it should allow for optimization of the 
colonoscopy procedure to focus on polyp detection. 
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