
Introduction
Colorectal cancer (CRC) is one of the most common cancers
and cause of cancer deaths worldwide [1]. Colonoscopy is the
standard modality for CRC screening and surveillance, and has

significantly reduced the mortality of CRC [2]. However, patient
pain arising from colonoscopy is one of the most important fac-
tors that discourages individuals from participating in CRC
screening and surveillance [3]. Thus, a number of techniques
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ABSTRACT

Background and study aims Female sex has been identi-

fied as a factor increasing patients’ pain during colonosco-

py. The aim of this randomized controlled study was to in-

vestigate the efficacy of a small-caliber colonoscope, PCF-

PQ260 L, for limiting pain in women during unsedated colo-

noscopy.

Patients and methods Women who underwent unseda-

ted colonoscopy were randomly allocated to either the

small-caliber or standard colonoscope group. The primary

outcome was overall pain and secondary outcomes were

maximum pain and procedural measures. In addition, the

effects of colonoscope type were analysed using analysis

of covariance and logistic regression with adjustment for

stratification factors, age and prior abdomino-pelvic sur-

gery.

Results A total of 220 women were randomly assigned to

the small-caliber (n =110) or standard (n =110) colono-

scope groups. Overall and maximum pain scores were sig-

nificantly lower in the small-caliber colonoscope group

than the standard colonoscope group (overall pain, 20.0

vs. 32.4, P <0.0001; maximum pain, 28.9 vs. 47.2, P <

0.0001). The small-caliber colonoscope group achieved a

superior cecal intubation rate (99% vs. 93%, P=0.035).

The rate of patient acceptance of unsedated colonoscopy

in the future was higher in the small-caliber colonoscope

group than in the standard colonoscope group (98% vs.

87%, P =0.003). In addition, the small-caliber colonoscope

was superior with respect to reducing pain and improving

the rate of patient acceptance of unsedated colonoscopy

with adjustment.

Conclusions This study demonstrates the efficacy of the

small-caliber colonoscope for reducing pain in women and

improving their rate of acceptance of unsedated colonos-

copy.
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and equipment modifications have been investigated to reduce
patient pain during colonoscopy, including water infusion
methods [4], attaching a transparent hood to the colonoscope
tip [5], magnetic endoscopic imaging [6], colonoscopes with
variable stiffness features [7], upper gastrointestinal endo-
scopes [8], and small-caliber colonoscopes [9].

Female sex has been reported to be a predictor of longer in-
tubation time, regardless of the endoscopist’s experience, be-
cause the female colon is sometimes angulated and with adhe-
sions due to previous gynecological surgery [10, 11]. Accord-
ingly, excessive looping is more frequent in women and causes
more severe pain than in men during colonoscopy [12]. As a re-
sult, women are more likely than men to avoid colonoscopy. Al-
though sedation can help to decrease the pain in women during
colonoscopy [13], overuse of sedation may increase the cost of
medical care, sedation-related adverse events (AEs), and proce-
dure-related AEs [14, 15]. Thus, painless colonoscopy without
sedation can overcome these disadvantages and is considered
the optimal colonoscopy for women.

Several randomized controlled trials (RCTs) have shown that
the use of a small-caliber colonoscope PCF-PQ260 L (Olympus
Medical Systems, Tokyo, Japan) was associated with reduced
pain during colonoscopy, compared to a standard colonoscope
[9, 16–19]. This small-caliber colonoscope has an outer diame-
ter of 9.2mm and two additional mechanisms, “passive bend-
ing” and “high force transmission” [20]. Passive bending im-
proves insertion through angulated or stenotic segments of
the colon. High force transmission improves the control of
force and torque. Although studies comparing the PCF-PQ260
L to standard colonoscopes have been reported, the value of
this small-caliber colonoscope for reducing patient pain, focus-
ing on female patients and especially without sedation, has not
been investigated completely. Thus, we conducted a RCT to in-
vestigate the efficacy of the small-caliber colonoscope for pain
in women during unsedated colonoscopy.

Patients and methods
Study overview

We conducted a single-blinded (only the subjects were blind-
ed), randomized controlled study between October 2013 and
December 2017at Mie University Hospital. The subjects in this
study underwent colonoscopy using either a small-caliber colo-
noscope or a standard colonoscope. The study protocol was ap-
proved by the Clinical Research Ethics Review Committee of Mie
University Hospital on April 13, 2013 (approval number, 2511).
The study was registered in the University Hospital Medical
Network Clinical Trials Registry (UMIN-CTR; www.umin.ac.jp/
ctr/index/htm) as ID number UMIN000010350 on April 1,
2013. The study was conducted in accordance with the ap-
proved protocol and ethical guidelines of the Declaration of
Helsinki.

Study population

Women who were scheduled to undergo total colonoscopy
were considered eligible for inclusion in this study. The exclu-
sion criteria were defined as follows: (1) age <20 years; (2) his-

tory of colorectal surgical resection, (3) pregnancy; (4) inflam-
matory bowel disease; (5) massive hematochezia; and (6) pre-
ference for undergoing sedation. Written informed consent
was obtained from all patients before enrollment.

Randomization

Patients were randomized using a computer-generated system
from the Mie University Hospital Clinical Research Support
Center. Using a minimization algorithm, the colonoscope selec-
tion was balanced with respect to two stratification variables:
age (< 60 and ≥60 years) and prior abdominopelvic surgery
(presence and absence). The website was only available to the
trial investigators. Patients, but not the endoscopist and medi-
cal assistant, were blinded to the colonoscope used.

Colonoscope

We used a PCF-PQ260 L for the small-caliber colonoscope
group and a CF-Q260AI (Olympus Medical Systems, Tokyo, Ja-
pan) for the standard colonoscope group. Features of these co-
lonoscopes are shown in ▶Fig. 1 (left, PCF-PQ260L; right, CF-
Q260AI). The small-caliber colonoscope has an outer diameter
of 9.2mm and a working length of 168 cm. In addition, the
small-caliber colonoscope has a flexible passive bending sec-
tion located close to the primary bending section at the distal
side of the endoscope and a high-force transmission insertion
tube for efficiently transmitting the force from the proximal to
the distal side [20]. However, the variable-stiffness feature was
not attached to the small-caliber colonoscope. On the other
hand, the standard colonoscope has an outer diameter of
12.2mm, a working length of 133 cm, and a variable stiffness
feature. During colonoscopy, a 2-mm transparent cap was at-
tached to the tip of the each colonoscope (distal attachment,
small-caliber colonoscope; model MAJ-1988, standard colono-
scope; model MAJ-1990, Olympus Medical Systems, Tokyo, Ja-
pan).

▶ Fig. 1 Features of the small-caliber colonoscope (9.2-mm diam-
eter, PCF-PQ260 L, left) and the standard colonoscope (12.2-mm
diameter, CF-Q260AI, right).
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Bowel preparation and intervention procedures

All patients underwent bowel preparation with sennoside cal-
cium and sodium picosulfate hydrate the day before the exam-
ination and 2 L of polyethylene glycol solution during the morn-
ing of the examination. The endoscopists assessed the quality
of bowel preparation according to the extent of mucosal visua-
lization after suction of the fluid residue, using the Aronchick
Bowel Preparation scale: excellent (≥95% mucosal visualiza-
tion); good (90% to 95% mucosal visualization); fair (80% to
90% mucosal visualization); and poor (< 80% mucosal visualiza-
tion) [21].

All procedures were performed by one of eight experienced
(board-certified) endoscopists (Y. Hamada, K. Tanaka, M. Kat-
surahara, M. Nakamura, R. Yamada, T. Kitade, S. Tano, J. Tsu-
boi), each of whom had performed more than 2000 colonosco-
pies, and four inexperienced (non board-certified) endoscopists
(T. Harada, T. Sakuno, H. Miura, H. Okuse), each of whom had
performed fewer than 500 colonoscopies. At the time of study
enrollment, the previous medical history of each patient was in-
vestigated using a questionnaire. Other relevant demographic
variables, such as height and body weight, were measured by a
medical assistant. To prevent colonic wall spasms, scopolamine
butylbromide (20mg) or glucagon (1mg) was administered by
intramuscular injection. Initially at least, patients did not re-
ceive any sedation. If the patient complained of severe pain or
discomfort during colonoscopy, sedation was permitted at
endoscopist discretion.

All patients underwent examination using air insufflation.
Conventional insertion techniques, including loop resolution,
position change, and abdominal compression were used if nec-
essary. Cecal intubation was confirmed either by ileal intuba-
tion or visualization of both the appendix orifice and ileocecal
valve. When the colonoscope could not be inserted further,
the colonoscopy was unsuccessful and a second colonoscopy
using the alternative colonoscope was performed in the same
session by the same endoscopists (e. g. for a failed standard co-
lonoscope procedure, the small-caliber colonoscope was used
and vice versa). Withdrawal time was calculated by subtracting
the cecal intubation time from the total procedure time.

Patient pain during colonoscopy was assessed using a
100-mm visual analogue scale (VAS) with a score of 0 indicating
no pain and 100 indicating extreme pain. Before the procedure,
the endoscopists or medical assistants explained the VAS scor-
ing system to the patients. After the procedure, the patients
were asked to report the overall pain and maximum pain during
the colonoscopy, assessed using VAS. In addition, patient ac-
ceptance of unsedated colonoscopy in the future was assessed
using a questionnaire, with the responses being acceptable or
unacceptable.

Outcome measures

The primary outcome was overall patient pain, using the VAS
during undsedated colonoscopy. Secondary outcomes were:
(1) patient maximum pain using VAS; (2) cecal intubation rate;
(3) cecal intubation time; (4) withdrawal time; (5) total proce-
dure time; (6) adenoma detection rate; (7) rate of abdominal

compression used during colonoscopy; (8) rate of patient ac-
ceptance of unsedated colonoscopy in the future; and (9) rate
of AEs within 14 days of the colonoscopy, such as perforation
and hemorrhage.

Sample size calculation

Student’s t-test was used to calculate the sample size. From the
report of a previous study, we assumed the mean VAS score for
overall pain in the standard colonoscope group was 25 (stand-
ard deviation [SD], 20) and the mean VAS score for overall pain
in the small-caliber colonoscope group was 17 (SD, 20) [18].
Thus, the small-caliber colonoscope group had a 32% lower
mean VAS score for overall pain than the standard colonoscope
group. Therefore, a minimum of 200 subjects would be requir-
ed (100 patients each for group) to achieve a power of 80% with
a significant level of 0.05 (2-sided). Assuming an approximate
10% deviation rate, we aimed to enroll 220 subjects for full as-
sessment.

Statistical analysis

Intention-to-treat analysis was conducted for all comparisons
of patients who were enrolled this study. Continuous variables
were expressed as the mean with SD and compared using the
Student’s t-test. Categorical data were analyzed using the chi-
squared test when appropriate; otherwise, the Fisher exact
test was used. P<0.05 was considered to be statistically signifi-
cant and all tests were two-sided. The differences in effects of
colonoscope type and 95% confidence interval (CI) were calcu-
lated using analysis of covariance (ANCOVA) and logistic regres-
sion with adjustment for stratification factors, age and prior ab-
domino-pelvic surgery. All statistical analyses were performed
using IBM SPSS Statstiics version 26 (SPSS Inc, Chicago, Illinois,
United States).

Results
Enrollment and baseline characteristics

A total of 220 patients were randomized to the small-caliber co-
lonoscope group (n=110) or standard colonoscope group (n =
110) during the study period. A CONSORT flow diagram of the
study patients is presented in ▶Fig. 2. No patient withdrew
consent after randomization. In the small-caliber colonoscope
group, colonoscopy was incomplete in one patient (0.9%); she
had an obstructive colon cancer and there was no switch to the
standard colonoscope in that session because of severe bowel
stricture. In the standard colonoscope group, colonoscopy was
incomplete in eight patients (7.3%); all of these patients had
excessive looping because of floppy and redundant colons.
After switching to the small-caliber colonoscope, cecal intuba-
tion was successful in all eight patients. A single patient in the
small-caliber colonoscope group was given pentazocine with
intravenous infusion as sedation during colonoscopy, because
of severe pain due to bowel adhesion.

The demographic and clinical characterisitics of the small-
caliber colonoscope group and the standard colonoscope
group were similar (▶Table1). The mean age (SD) was 62.7
years (13.3) among patients in the small-caliber colonoscope
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group and 63.1 years (12.6) among those in the standard colo-
noscope group. Sixty-two of 110 patients (56%) in the small-
caliber colonoscope group and 59 of 110 patients (54%) in the
standard colonoscope group had prior abdomino-pelvic sur-
gery.

Primary and secondary outcomes

The overall pain VAS score and the maximum pain VAS score
were significantly lower in the small-caliber colonoscope group
than in the standard colonoscope group (overall pain, mean
[SD], 20.0 [21.6] vs. 32.4 [25.4], P<0.0001; maximum pain,
mean [SD], 28.9 [27.0] vs. 47.2 [30.0], P <0.0001; ▶Table 2).
The cecal intubation rate with 1st colonoscope was significantly
superior in the small-caliber colonoscope group to the standard
colonoscope group (99% vs. 93%, P=0.035; ▶Table2). The
withdrawal time in the small-caliber colonoscope group was
significantly longer than that in the standard colonoscope
group (small-caliber colonoscope vs. standard colonoscope:
mean [SD], 13.1 [5.7] minutes vs. 11.4 [4.7] minutes, P=
0.017; ▶Table 2). The cecal intubation time and total proce-
dure time did not differ significantly between the two groups
(small-caliber colonoscope vs. standard colonoscope: cecal in-
tubation time, mean [SD], 11.7 [9.0] minutes vs. 13.0 [8.5]
minutes, P=0.226; total procedure time, mean [SD], 24.8
[10.0] minutes vs. 24.4 [10.2] minutes, P=0.779; ▶Table 2).
The adenoma detection rate did not differ significantly be-
tween the two groups (small-caliber colonoscope vs. standard
colonoscope: 45% vs. 44%, P=0.892; ▶Table 2). The rate of ab-
dominal compression used in the small-caliber colonoscope

▶Table 1 Patient demographic and clinical characteristics.

Factor Overall

(n =220)

Small-caliber colonoscope

(n=110)

Standard colonoscope

(n=110)

Age, mean (SD), years 62.9 (12.9) 62.7 (13.3) 63.1 (12.6)

Height (SD), cm 154.2 (6.0) 154.4 (6.2) 154.0 (5.8)

Weight (SD), kg 52.7 (10.0) 52.4 (10.0) 53.0 (10.1)

Waist (SD), cm 79.4 (10.8) 78.8 (10.5) 80.0 (11.1)

BMI (SD), kg/m2 22.2 (4.0) 22.0 (3.8) 22.4 (4.1)

Indication for colonoscopy

▪ Positive FIT, n (%) 75 (34) 34 (31) 41 (37)

▪ Screening, n (%) 45 (20) 27 (25) 18 (17)

▪ Surveillance, n (%) 39 (17) 18 (16) 21 (19)

▪ Hematochezia, n %) 17 (8) 7 (6) 10 (9)

▪ Others, n (%) 44 (20) 24 (22) 20 (18)

Other co-existed factors

▪ Prior abdomino-pelvic surgery, n (%) 121 (55) 62 (56) 59 (54)

▪ Sigmoid colon diverticulum, n (%) 33 (15) 13 (12) 21 (19)

▪ Fair/poor bowel preparation, n (%) 41 (19) 21 (19) 20 (18)

▪ Inexperienced endoscopist, n (%) 68 (31) 33 (30) 35 (32)

SD, standard deviation; FIT, fecal immunochemical test; BMI, body mass index

Enrollment (n = 220)

Randomized (n = 220)

Excluded (n = 0) 

Allocated to small-caliber 
colonoscope (n = 110)
Received intervention 
(n = 110)

Allocated to standard 
colonoscope (n = 110)
Received intervention 
(n = 110)

Lost to follow up (n = 0) Lost to follow up (n = 0)

Allocation

Follow up

Intention-to-treat 
analysis (n = 110)
▪ Complete colonoscopies
 with 1st scope (n = 109)
▪ Incomplete colonoscopy
 due to obstructive colon
 cancer (n = 1)

Intention-to-treat 
analysis (n = 110)
▪ Complete colonoscopies
 with 1st scope (n = 102)
▪ Complete colonoscopies
 with 2nd scope (n = 8)

Analysis

▶ Fig. 2 CONSORT flowchart of the study patients.
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group was significantly lower than that in the standard colono-
scope group (51% vs. 66%, P=0.02; ▶Table 2). In addition, the
rate of patients’ acceptance of unsedated colonoscopy in the
future was higher in the small-caliber colonoscope group than
the standard colonoscope group (98% vs. 87%, P=0.003; ▶Ta-
ble2). No AEs were observed in either group.

ANCOVA and logistic regression assessing the group
differences

ANCOVA assessment of the group difference for overall pain
VAS score, after adjustment for age and prior abdomino-pelvic
surgery, showed that the mean overall pain VAS score was
significantly lower in the small-caliber colonoscope group than

the standard colonoscope group (19.7 vs. 32.3, P <0.0001;

▶Table 3). The odds ratio, adjusted with age and prior abdomi-
no-pelvic surgery, for the acceptance rate of unsedated colo-
noscopy with the small-caliber colonoscope as compared with
the standard colonoscope was 8.21 (P=0.006, 95% CI 1.80–
37.29; ▶Table4).

Discussion
This RCT showed that colonoscopy using the small-caliber colo-
noscope for female patients can significantly reduce their pain
during unsedated colonoscopy and improve their acceptance of
unsedated colonoscopy in the future. The cecal intubation rate

▶Table 2 Primary and secondary outcomes in the small-caliber group and standard colonoscope groups.

Factors Small-caliber

colonoscope

Standard

colonoscope

P value Difference1 95% CI

Overall VAS score, mean (SD) 20.0 (21.6) 32.4 (25.4) < 0.00012 –12.4 –18.7 to –6.1

Maximum VAS score, mean (SD) 28.9 (27.0) 47.2 (30.0) < 0.00012 –18.3 –25.9 to –10.7

Cecal intubation rate, n (%) 109 (99) 102 (93) 0.0353 0.1 0.009 to 0.11

Cecal intubation time, median (SD), minutes 11.7 (9.0) 13.0 (8.5) 0.2662 –1.3 –3.7 to 1.0

Withdrawal time, median (SD), minutes 13.1(5.7) 11.4 (4.7) 0.0172 1.7 0.31 to 3.09

Total procedure time, median (SD), minutes 24.8 (10.0) 24.4 (10.2) 0.7793 0.4 –2.30 to 3.07

Adnoma detection, n (%) 49 (45) 48 (44) 0.8923 0.0 -0.12 to 0.14

Use of abdominal compression, n (%) 56 (51) 73 (66) 0.0203 –0.2 0.15 to 0.16

Patients' acceptance for colonoscopy, n (%) 108 (98) 96 (87) 0.0033 0.1 0.07 to 0.15

Adverse event, n (%) 0 (0) 0 (0) > 0.9993 0.0 –

CI, confidence interval; VAS, visual analogue scale; SD, standard deviation.
1 Difference of mean or proportion between the two groups.
2 Student’s t-test.
3 Chi-square test or Fisher's extract test

▶Table 3 Comparison of colonoscope type and patient pain using analysis of covariance.

Group Overall VAS score Difference

Adjusted mean VAS score1 95% CI Adjusted mean VAS score 95% CI P value

Standard colonoscope 32.3 27.8 to 36.7 –12.5 –18.8 to –6.2 < 0.0001

Small-caliber colonoscope 19.7 15.3 to 24.2

VAS, visual analogue scale; CI, confidence interval.
1 VAS scores were adjusted with age and prior abdomino-pelvic surgery on the basis of analysis of covariance.

▶Table 4 Logistric regression analysis of effects of colonoscope type on acceptance rate for future unsedated colonoscopy.

Group Odds ratio 95% CI P value Adjusted odds ratio1 95% CI P value

Standard colonoscope 1 1

Small-caliber colonoscope 7.88 1.75 to 35.54 0.007 8.21 1.80 to 37.29 0.006

CI, confidence interval.
1 Odds ratio was adjusted with age and prior abdomino-pelvic surgery on the basis of logistic regression.
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with the small-caliber colonoscope was significantly superior to
that with the standard colonoscope. The cecal intubation time,
total procedure time, and adenoma detection rate did not dif-
fer between the two groups.

A meta-analysis has shown that small-caliber colonoscopes
are superior to standard colonoscopes with respect to cecal in-
tubation rates and pain scores, and it also showed that the ce-
cum intubation time and adenoma detection rate did not differ
significantly between the two colonoscopes [22]. These find-
ings match the results from our study.

Among the studies focusing on women, Nemoto et al.
showed that median overall pain scores were significantly lower
using a small-caliber colonoscope, with an outer diameter of
7.0mm, than for a pediatric colonoscope, with an outer diame-
ter of 11.1mm, in unsedated women of advanced age [23].
Sato et al. showed in their subgroup analysis that the median
overall pain and median maximum pain scores were significant-
ly lower in the small-caliber colonoscope (PCF-PQ260 L) group
than in the standard colonoscope, with an outer diameter of
12.2mm, group in sedated women [18]. Our study produced a
similar result to these previous studies focusing on women. The
decrease in patient pain in our study is attributable to the small
caliber of the colonoscope, as in previous reports [9, 16–19]. In
addition, we believe that the passive bending of the PCF-PQ260
L provided a supplementary benefit, especially for passage of
the colonoscope through the sharp flexure.

Our study also has several strengths to reach a convincing
and generalizable conclusion. First, this study was analyzed
with intention-to-treat for all enrolled patients. Thus, the result
from our study reflects the real world of clinical practice. Sec-
ond, this study illustrates the value of the small-caliber colono-
scope for reducing patient pain, with a larger number of parti-
cipating endoscopists than previous studies. Thus, we believe
that the small-caliber colonoscope is suitable for use by various
endoscopists, with the consequence of improving their per-
formance. Third, ANCOVA and logistic regression were used to
adjust for stratification factors, age and prior abdomino-pelvic
surgery, and they demonstrated that the small-caliber colono-
scope group was superior with respect to reducing the pa-
tient’s pain and increasing the acceptance rate of unsedated
colonoscopy in the future.

In general, small-caliber colonoscopes have a disadvantage
in that their small-caliber and flexible natures result in exces-
sive looping on insertion into the cecum, especially in patients
with a redundant colon [24, 25]. This can result in small-caliber
colonoscopes being unable to be advanced towards the cecum
in the proximal colon and requiring more frequent abdominal
compressions. However, the result of our study demonstrated
that the requirement for abdominal compression to advance
the colonoscope was lower in the small-caliber colonoscope
group than the standard colonoscope group. This result might
be associated with the design of the PCF-PQ260 L, which is
equipped with a high force transmission.

Several limitations of our study should be addressed. First,
the endoscopist and medical assistant were not blinded; thus,
the endoscopists knew which colonoscope was being used dur-
ing colonoscopy and investigator bias could be not excluded.

Second, the generalization of our findings may be limited be-
cause it was a single-center study.

Conclusions
In conclusion, this RCT focusing on women confirmed that the
small-caliber colonoscope PCF-PQ260 L could significantly re-
duce pain during unsedated colonoscopy and improve the rate
of patient acceptance of unsedated colonoscopy in the future.
In reducing the use of sedation, providing less painful colonos-
copy, and promoting acceptance of colonoscopy for CRC
screening and surveillance, the PCF-PQ260 L is a valuable tool
in colonoscopy for women.
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