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Background/Aims: Colonoscopy training programs
and the minimal experience with colonoscopy required
to be considered technically competent are not well
established. The aim of this study was to determine
the colonoscopy learning curves and factors asso-
ciated with this difficult procedure at a single center.
Methods: A total of 3,243 colonoscopies were per-
formed by 12 first-year gastroenterology fellows, and
various clinical factors were assessed prospectively for
22 months. Acquisition of competence (success rate)
was evaluated based on two objective criteria: (i) the
adjusted completion rate (>90%) and (ii) cecal in-
tubation time (<20 minutes). Results: The overall
success rate in reaching the cecum in less than 20
minutes was 72.8%. The cecal intubation time was
9.341+4.13 minutes (meantSD). Trainees’ skill at per-
forming cecal intubation in <20 minutes reached the
requisite  standard of competence after 200
procedures. Cecal intubation time decreased sig-
nificantly from 11.3 to 9.4 minutes after 100 proce-
dures and improved continuously thereafter. Female
patients and advanced patient age (over 60 years)
were associated with prolonged cecal intubation time
(>20 minutes). Surgery of the uterus and ovaries was
significantly correlated with delayed cecal intubation
time, but not after sufficient colonoscopy experience.
Conclusions: The minimum number of procedures to
reach technical competence was 200. The cecal in-
tubation time was longer in female and older patients.
(Gut Liver 2010;4:31-35)
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INTRODUCTION

The incidence of colorectal cancer throughout in South
Korea has been increasing over the last 25 years, making
colonoscopy a useful tool for the diagnosis, treatment and
screening of colorectal cancer. Expertise in colonoscopy
can be judged by technical aspects, such as ease and com-
pleteness of insertion, precision of observation, and mini-
mal degree of patient discomfort during the procedure.
Various factors have been implicated in affecting the suc-
cess of a colonoscopy. These factors include gender, age,
obesity, bowel preparation, and a history of hysterectomy,
abdominal surgery, colorectal resection, complicated diver-
ticular disease, and/or peritonitis."> Only a few studies
have been reported on colonoscopy training programs, es-
pecially the first-year of Gastrointestinal (GI) fellowship
training, in Korea.* Thus, the aim of this study was to
evaluate the learning curves of a colonoscopy training
program and determine the factors that affect the techni-
cal competence of colonoscopy.

MATERIALS AND METHODS
1. Study patients

A prospective study was performed on consecutive pa-
tients undergoing elective colonoscopy at Seoul National
University Bundang Hospital from March 2007 to
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December 2008. A total of 12 first-year GI fellows partici-
pated in this study. Patients were excluded for the follow-
ing: (i) emergency colonoscopy, (ii) colon obstruction,
(iii) history of colorectal operations, (iv) poor prepara-
tion, especially, when hard impacted stool was found in
the rectosigmoid area, and (v) when the supervisor had
to intervene within 20 minutes. The study protocol was
approved by the Ethical Committee at Seoul National
University Bundang Hospital. Patients provided written
informed consent before participation in the study.

2. Colonoscopy learning

This training program of colonoscopy was processed
under the condition that patients did not receive
discomfort. Initially, the trainees learned the endoscopy
skill through practicing upper endoscopy and sigmoido-
scopy. Then, colonoscopy training began with observation
of colonoscopies performed by the staff for 20 cases. The
GI fellows started performing colonoscopies without the
assistance of senior fellows or GI staff after the ob-
servation period. However, if they were uncomfortable for
this process then the staff waited until they were ready
for colonoscopy by themselves. The instructor allowed the
trainees 20 minutes to reach the cecum, under the con-
ditions that the procedure was being performed safely and
comfortably. However, the supervisor had intervened the
procedure in several occasions; (i) if the trainee could not
reach splenic flexure within 20 minutes, (ii) if the trainee
could not advance the colonoscope for several minutes at
the same site, (iii) if the patients asked the procedure
performed by the supervisor, or (iv) the trainee felt un-
comfortable about the procedure.

Cecal intubation was documented by photographing the
identified cecal landmarks such as appendiceal orifice and
the ileocecal valve. Patient age, gender, body mass index
(BMI), and surgical history were recorded before the pro-
cedure by nurses. When the patients were ready for the
colonoscopy, the trainee started the insertion, and the ce-
cal intubation time was recorded by the nurse who as-
sisted in the procedure. Positional change and abdominal
pressure were found to be important factors for success-
ful cecal intubation, especially during the passage of the
rectosigmoid area and hepatic flexure. However, it was
not performed routinely. After cecal intubation, the colon
was examined on withdrawal by the staff; biopsies and/or
treatment were performed as needed.

3. Colonoscopy examination

Bowel cleaning was accomplished by drinking 4 L of
polyethyleneglycol-electrolyte solution (Colonlyte; Taejun
Co., Seoul, Korea). Patients received intravenous sedatives

(midazolam; Bugwang, Seoul, Korea) before the procedure
if requested. In addition, pethidine (25 mg) was ad-
ministered intramuscularly before the procedure. Most pa-
tients received antispasmodic drug (Buscopan; Boehringer
Ingelheim Co., Seoul, Korea) with intravenously or intra-
musculary before the procedure except which some con-
traindicated patients; for examples, uncontrolled hyper-
tension, glaucoma, severe paralytic ileus and severe heart
disease, etc. Additional medication was given as needed
All colonoscopies were performed with an Olympus
CF-240 or CF-260 video colonoscope (Olympus Optical
Co., Ltd., Tokyo, Japan).

4. Statistical analysis

All analyses were calculated with the statistical pro-
gram SPSS version 13.0 (SPSS Inc., Chicago, IL, USA).
The learning curves, for the fellows, were calculated in
consecutive blocks of 50 procedures. Categorical data
were assessed with the chi-square test. All continuous
variables were expressed by means and analyzed using
the Student’s t-test or Fisher’s extract method, where
appropriate. A one-way variance analysis was used to
compare the success rates and the time required for suc-
cessful cecal intubation among the consecutive blocks of
50 procedures. Multivariate analysis was used to evaluate
the independent impact on the prolonged cecal intubation
time (20 minutes or more). A p-value <0.05 was consid-
ered significant.

RESULTS
1. Demographic data

During 22 months from March 2007 to December
2008, 3,243 colonoscopies were enrolled in the study.
The mean age of the patients was 54.2+13.0 years, and
the mean BMI was 22.6+2.7. The included subjects were
1,815 men (56.0%) and 1,428 women (44.0%). There
were 2,712 patients (83.6%) with no history of surgery.
That is, 1.5%, 5.0% had stomach and hepatobiliary sur-
gery, respectively. In addition, 5.5%, 2.6% and 4.7% had
undergone surgery of the female genital organs, a Caesa-
rian section delivery and appendectomy. One hundred and
twenty five patients (12.2%) had a history of a prior poly-
pectomy by colonoscopy. The demographic data are sum-
marized in Table 1.

2. Learning curve

The overall success rate, over the 22 months, in reach-
ing the cecum in less than 20 minutes was 72.8%. The
trainees’ learning curves were calculated in consecutive
blocks of 50 procedures. The trainees’ skill at performing



cecal intubation in less than 20 minutes improved rapidly
and significantly within the first three blocks. That is, the
average success rate within 20 minutes was 37% (<50),
64% (51-100), 77% (101-150), 85% (151-200), 94%
(201-250), 95% (251-300), and 94% (>300), in reaching
the requisite standard of competence after 200 procedures
(Table 2, Fig. 1A).

3. Cecal intubation time

The mean cecal intubation time, over the 22 months,
was 9.34+4.13 minutes. Time to cecal intubation de-
creased significantly from 11.3 to 9.4 minutes after 100
procedures and continuously improved thereafter (12.9,

Table 1. Baseline Characteristics Relative to Various Factors

No. of subjects (%)
1815/3243 (56.0)

Gender (male, % )

Age (mean=SD) 542+13 y
<29 94 (2.9)
30-39 232 (7.2)
40-49 668 (20.6)
50-59 917 (28.3)
60-69 966 (29.8)
70-79 318 (9.8)
>80 48 (1.4)

Body mass index (mean=SD) 22.6+2.7

Previous operation
No operation 2,712 (83.6)
Stomach 50 (1.5)
Hepatobiliary 161 (5.0)

SD, standard deviation.
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11.3, 9.4, 9.0, 8.0, 7.1, and 6.8 minutes, for every 50 con-
secutive blocks (Table 2, Fig. 1B). An inverse correlation
was noted between the cecal intubation time and success
rate. Time to cecal intubation continued to improve.

4. Unsuccessful and prolonged cecal intubation

Mutivariate analysis was performed to evaluate factors
affecting the cecal intubation. Female and age (over 60
years) were associated with a prolonged cecal intubation
time (>20 minutes). However, other factors, BMI and
body weight, were not associated with a prolonged cecal
intubation time. History of prior surgery, except of the
uterus and ovaries, was not associated with the cecal in-
tubation time. A history of uterine and ovarian surgery
significantly correlated with a delayed cecal intubation
time when the number of cases was below 200; however,
the significance disappeared when the trainees accumu-

Table 2. Correlation between Level of Experience, Success
Rate (Successful Cecal Intubation within 20 Minutes), and
Cecal Intubation Time

Cecal intubation

Level of experience  Success rate (%)

time (min)
<50 37 12.9
51-100 64 11.3
101-150 77 9.4
151-200 85 9.0
201-250 94 8.0
251-300 95 7.1
=300 94 6.8
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Fig. 1. Learning curve. (A) Correlation between the success rate and level of experience (successful cecal intubation within 20
minutes) for 12 first-year gastroenterology fellows. (B) Inverse correlation between cecal intubation time and level of experience for

12 first-year gastroenterology fellows.
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Table 3. Factors Affecting the Success Rate within 20 Minutes
by Multivariate Analysis

Affecting Success Odfls 95% CI p-value
factors rate (%) ratio
Age 1.421 1.122-1.785  0.01
<60y 83.2
=60y 77.8
Sex 1.889  1.241-2.326  0.004
Male 83.9
Female 77.6
BMI 0.837  0.723-0.947 0.813
<25 79.8
>25 80.3
Previous operation
Stomach 81.1 1.171 0.871-1.249  0.56
Hepatobiliary 82.1 1302  0.914-1.518 0.52

0.870-1.104  0.53
0.983-1.431 0.14

Appendectomy 78.4  1.081
Cessarian section  77.2 1.296
Uterus & ovary
<200* 64.5 0.840
=200* 70.6  0.985

0.803-0.948  0.031
0.781-1.592  0.36

Bold figures indicate statistical significance.
*Number of colonoscopies.

lated sufficient experience (Table 3). During this pro-
gram, there was no serious complication such as
perforation. This could be related with the caution that
the GI staff performed colonoscopy by themselves instead
of GI fellow in case of patients with poor conditions to
avoid any trouble.

DISCUSSION

Colonoscopy and polypectomy have effectively reduced
the incidence of colorectal cancer.>® However, consid-
erable training and experience is required for optimal per-
formance of a colonoscopy. It is not always possible to
reach the cecum even in the hands of an expert.” Reports
from the 1990s indicate that cecal intubation rates above
90% are consistently achieved by experienced colonoscop-
ists; rates above 90% are the goal of colonoscopy training
programs.®® For screening of asymptomatic persons, cecal
intubation rates of 97-99% have been consistently achie-
ved. Thus, >90% is the overall appropriate target for ce-
cal intubation, and a rate >95% should be achievable for
screening examinations.®™

To achieve competency for colonoscopy procedures, at
least 100-200 procedures have been reported to be
required.*'"'* A recent study of GI trainees in Korea,
showed that the success rate significantly improved and
reached the requisite standard competence (>90%) after
150 procedures.4; which is less than the 200 needed in

our study. These differences might by explained by the
following. First, our first year GI fellows had a short ob-
servation time with 20 cases. Second, procedures done by
the first year GI fellows did not have senior GI fellows or
GI staff available for instruction. If the instructor taught
or advised the trainees during the procedure, the learning
curve might have reached the level if competence in a
shorter time. Previous studies usually were performed in
multi centers, where the endoscopic training systems and
situations are different with others, suggesting that the
data could be heterogenous. However, our data was col-
lected at a single center; our endoscopic training system
and the situations reflect the learning curves of first year
GI trainees in a general hospital.

Previous studies have shown that colonoscopy is sig-
nificantly more difficult in women than men.”**™,; which
was also demonstrated in our study. Explanations for this
difference include that the colon is longer in women than
in men, previous gynecologic surgery and unknown ana-
tomic variations. In addition, cecal intubation was pro-
longed and more difficult in patients that were older.>'*"
Similarly, older aged patients, especially over 60 years,
had significantly delayed cecal intubation time in the
present study. However, contrary to previous reports, a
significant difference in the cecal intubation time was not
found according to the body weight, BMI, history of ab-
dominal surgery or Caesarian section delivery. Instead,
surgery of the uterus and/or ovaries initially showed a
significant correlation with delayed cecal intubation; how-
ever, this difference disappeared after sufficient experience
with =200 colonoscopies.

The limitation of this study was not including reason
for the colonoscopy, bowel preparation status and find-
ings such as polyps, cancer and inflammation in the
analysis. A further study is required to include these pa-
rameters in the evaluation of training programs.

In conclusion, our data showed that the minimum
number of procedures needed to reach technical com-
petence for colonoscopy is more than 200 cases. Cecal in-
tubation time was prolonged in women, and older aged
patients. Prior uterine and/or ovarian surgery initially af-
fected the cecal intubation time; however, after achieving
competency this was no longer the case.
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