
Introduction
Colorectal cancer (CRC) is the third most common cancer
worldwide. Removal of adenoma prevents CRC [1–3]; however,
a colonoscopy can miss adenoma, including advanced adeno-
ma and interval cancer. The adenoma detection rate (ADR) in-
dicates the quality of the colonoscopy [2–4], and different im-
age-enhancing modalities have improved ADR. One of these
modalities is pancolonic chromoendoscopy (PCC). PCC has
been reported to improve ADR [5]. One previous report de-

scribed that ADR was higher and that more adenomas per pa-
tient were found in the high-definition PCC group than that in
the high-definition white light colonoscopy group [6]. It was
also reported that PCC detected more flat adenomas and ade-
nomas smaller than 5mm in diameter per patient.

Changes in the function of a new-generation endoscope
(290 series; Olympus, Tokyo, Japan) are described in this work.
Visibility has improved with the new system because the
amount of light has increased with new lenses and mirrors,
and because the viewing angle has been widened from 140 de-
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ABSTRACT

Background and study aims The benefits of the new-

generation CF290 (Olympus, Tokyo, Japan) for pancolonic

chromoendoscopy (PCC) for colorectal polyp detection

and its procedure time remain questionable. We compared

the CF290 with the previous CF260 for PCC.

Methods We performed a propensity score-matching

study using baseline characteristics such as age, sex, indica-

tions, endoscopist, and bowel preparation. We compared

the detection of adenomas and sessile serrated polyps

(SSPs) and procedure times of two expert endoscopists

who performed PCC using the CF290 series (high-quality

system with flushing pump) and the CF260 series (high-de-

finition system).

Results We matched 374 patients who underwent PCC

using the CF290 and 187 patients who underwent PCC

using the CF260. The adenoma detection rate of the 290 se-

ries was higher than that of the 260 series, but not signifi-

cantly. The SSP detection rate for the 290 series was higher

than that for the 260 series (P=0.01). Insertion time requir-

ed for the 290 series was shorter than that required for the

260 series (P <0.0001). Withdrawal time of the 290 series

was shorter than that of the 260 series (P <0.0001).

Conclusion Advanced technology can provide accuracy

and help save time, and therefore, should be applied when-

ever possible.
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grees to 170 degrees (▶Fig. 1) [7]. It is equipped with a respon-
sive insertion technology. A passive bending section, which is
on the proximal side of the main bending section of the colono-
scope, bends automatically in response to the force of the main
bending section of the colon wall (▶Fig. 2). The new flushing
pump system can send water directly through the scope, not
through the colonoscope accessory channel, into the colonic
lumen. The Olympus 290 and Olympus 260 series are usually
used in Japan and Europe; in addition, the Olympus 190 and
Olympus 160 series are used in Europe and North America.
The Olympus 290 and Olympus 260 series use the field-sequen-
tial color system, whereas the Olympus 190 and Olympus 160
series use the field-simultaneous color system. The 290 series
is equivalent to the 190 series, and the 260 series is equivalent
to the 160 series.

Few studies on detection of colorectal polyps and efficiency
of the procedure have focused specifically on the new-genera-
tion endoscopes for PCC. In this work, we described the first
study that tested whether the Olympus 290 series endoscope
improves detection of polyps during a routine colonoscopy.

Methods

Ethics

This retrospective study was approved by the Ethical Review
Committee of the Hattori Clinic on September 7, 2017. Written
informed consent was obtained from the participants. All clini-
cal investigations were conducted according to the ethical
guidelines of the Declaration of Helsinki.

Study population

This propensity score-matching study comprised subjects who
agreed to participate in the study and underwent colonoscopy
at Toyoshima Endoscopy Clinic, an outpatient clinic specializing
in endoscopy, between June and December 2012 using the
Olympus CF260 series and between April and August 2017
using the Olympus CF290 series. Colonoscopy was performed
to evaluate symptoms (i. e., bleeding including positive results
of fecal occult blood test, abdominal symptoms, and abnormal
bowel habits), for screening, or for polyp surveillance. We ex-
cluded patients who had advanced CRC, those who previously
had CRC or inflammatory bowel disease, those with indications

▶ Fig. 2 Image of responsive insertion technology. a Neutral posi-
tion of the CF-H260AI and that of the CF-HQ290ZI. b Pressure was
applied to the scopes. We held the part 40 cm from the tip of the
scopes and moved the scopes 5 cm toward the wall. The CF290 bent
more from the proximal side than the CF260.

▶ Fig. 1 Image of the widened view angle. a View of the CF-H260AI.
Distance from the tip of the endoscope to the subject, 3.0 cm; dis-
tance from the center to the right end, 3.3 cm. b View of the CF-
HQ290ZI. Distance from the tip of the endoscope to the subject,
3.0 cm; distance from the center to the right end, 4.3 cm.
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for treatment including colorectal polypectomy and hemosta-
sis, and those with poor bowel preparation precluding com-
plete observation [6, 8].

Colonoscopy equipment

The CF260 group patients underwent colonoscopy using a
high-definition endoscopy system with a high-definition colo-
noscope (CV-260 HiVision and CLV-260 with CF-H260AI, Evis
Lucera Spectrum system; Olympus). Elite CF290 group patients
underwent colonoscopy using a new-generation endoscopy
system with a new-generation colonoscope (CV-290 and CLV-
290, with CF-HQ290ZI, CF-HQ290I, or PCF-H290ZI, Evis Lucera
Elite system; Olympus), a new-generation flushing pump (OFP-
2; Olympus), and a carbon dioxide (CO2) insufflator (UCR CO2

regulation unit; Olympus). PCF-H290ZI was used for patients
aged 80 years or older, patients aged 70 years or older and
who had undergone a previous abdominal surgery, and pa-
tients with difficult insertion due to a colon adhesion found
during a previous colonoscopy. Narrow band imaging (NBI) is
available for both the 260 series and 290 series.

Colonoscopy procedure

All colonoscopies were performed by two experienced board-
certificated attending endoscopists and gastroenterologists
who had performed more than 10,000 colonoscopies.

Colonoscope insertion in the cecum was accomplished using
standard maneuvers. Small shaking, jiggling, and right-turn
shortening maneuvers have been frequently used for insertion
[9]. We started the colonoscopy with the patients in the left lat-
eral position. Then, we placed the patients in the supine posi-
tion after observation of the lower rectum. Extra gas and liquid
were aspirated and removed as much as possible. We conduct-
ed colonoscopies using water-aided techniques with a 20-mL
syringe placed directly through the colonoscope accessory
channel for patients in the 260 group; we used the OFP-2 for
patients in the 290 group [10]. For colonic insufflation, air was
used for patients in the 260 group and patients in the 290
group with chronic respiratory failure; CO2 was administered
through the UCR for patients in the 290 group without chronic
respiratory failure.

Colonoscopies were performed under conscious sedation
with midazolam (0.5 to 10mg) and/or pethidine hydrochloride
(17.5 to 70mg). In the absence of contraindications, when the
colonoscope reached the cecum, we administered 10 to 20mg
of scopolamine butylbromide.

Observation time for withdrawal of the colonoscope was
standardized as at least 6 minutes [11]. PCC involved pan-colo-
nic spraying with 0.05% indigo carmine by a 20-mL syringe
placed directly through the colonoscope accessory channel.
We repeated administration of 5mL indigo carmine with 10mL
air-spraying 10 to 20 times during the withdrawal procedure,
and pools of excess dye were suctioned before examination.
The colonoscope was sequentially withdrawn as the prescribed
position changed [12, 13]: the ascending colon/hepatic flexure
was examined in the left lateral decubitus position; the trans-
verse colon was examined in the supine position; the splenic
flexure, descending colon, and sigmoid-descending colon junc-

tion were examined in the right lateral position; and the sig-
moid colon and rectum were examined in the right lateral posi-
tion. Physicians were permitted to change the position if it was
medically necessary.

To endoscopically diagnose colorectal polyps, we used the
updated Paris Endoscopic Classification of superficial neoplas-
tic lesions in the digestive tract and the NICE (NBI International
Colorectal Endoscopic) classification [14, 15]. Lesions diag-
nosed as adenomas or sessile serrated polyps (SSPs) were re-
moved by using hot or cold polypectomy with a snare or forceps
or by endoscopic mucosal resection on the examination day.
We did not resect the polyps with a diameter of 20mm or
more because they should be resected in the hospitalization fa-
cility.

Patients involved in this study underwent colonic prepara-
tion using 2 L of polyethylene glycol solution administered oral-
ly 5 hours before the procedure. Polyethylene glycol solution or
magnesium citrate was added when the stool was not clear li-
quid. Quality of the bowel preparation was graded as A (all co-
lon segments empty and clean or minor amount of fluid in the
gut that was easily removed by suction), B (at least one colon
segment with residual amounts of brown liquid or semi-solid
stool that could be easily removed or displaced), C (at least
one colon segment with only partially removable stool prevent-
ing complete visualization of mucosa), or D (at least one colon
segment that could not be examined due to presence of re-
maining solid stool). The following colon segments were rated:
rectum, sigmoid colon, descending colon, transverse colon,
and ascending colon/cecum [16]. Patients with a grade of D
during colonoscopy were excluded.

Diagnosis of polyps

All resected specimens were examined histologically by hema-
toxylin and eosin staining. One experienced gastrointestinal pa-
thologist diagnosed polyps, including adenomas and SSPs, ac-
cording to World Health Organization criteria [17]. Traditional
serrated adenomas were included in the adenoma category,
but SSPs were not. An advanced adenoma was defined as an
adenoma with a villous component, size larger than 10mm, or
high-grade dysplasia based on the World Health Organization
definition [17]. Only lesions that were histologically confirmed
as adenomas or SSPs were counted [18].

Statistical analysis

We considered baseline patient characteristics, including age,
sex, body mass index, smoking (Brinkman score ≥400), drink-
ing (≥1 cups of alcohol per day), first-degree relative with a his-
tory of CRC, indications for colonoscopy (evaluation of symp-
toms, screening, or polyp surveillance), the colonoscopist who
performed the procedure, and bowel preparation grade as po-
tential confounding factors [6, 7, 11, 16, 19–21]. To reduce the
effect of selection bias and potential confounding in this study,
we performed rigorous adjustments for all baseline characteris-
tics described above using propensity score-matching [22, 23].
Patients who underwent colonoscopy with the CF290 series
were identified and propensity score-matched with those who
underwent colonoscopy with the CF260 series. Matching was
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performed with a 1:2 matching protocol using nearest-neigh-
bor matching without replacement and with a caliper width of
0.5878, which was the standard deviation of the logit of the
propensity score for patients who underwent colonoscopy
with the CF260 series (▶Table 1) [24–26].

After propensity score-matching was performed, we com-
pared polyp detection rates, polyp numbers, insertion times,
withdrawal times including the times required for polypecto-
my, and use of sedatives of the two procedure groups. We as-
sessed P values by using the Wald test with logistic regression.

Statistical significance was considered a two-sided P <0.05.
All statistical analyses were performed using R version 3.3.3 (R
Core Team 2017; R Foundation for Statistical Computing, Vien-
na, Austria).

Results
Study population

We identified 796 individuals who met our inclusion criteria
(▶Fig. 3); of these, 216 underwent colonoscopy using the
CF260 series and 580 underwent colonoscopy using the CF290
series. Cecal intubation was achieved in all patients. Before pro-
pensity score-matching, there were differences in the baseline

variables of endoscopist and preparation for the two groups
(▶Table 1). With use of propensity-score matching, 374 pa-
tients who underwent colonoscopy using the 290 series were
matched with 187 patients who underwent colonoscopy using
the 260 series. After matching, there was no longer any signifi-
cant difference between the two groups with respect to any
baseline characteristics.

Outcomes for matched patients

A comparison of outcomes of the matched patients in CF260
and CF290 series groups is shown in ▶Table 2. The adenoma
detection rate (ADR) of the 290 series group (46.3%) was high-
er than that of the 260 series group (44.4%), but not signifi-
cantly. The number of adenomas in the 290 series group (0.90
per patient) was larger than that in 260 series group (0.83 per
patient), but not significantly. A sub-analysis of different types
of adenomas did not indicate a difference in the adenoma num-
bers. The SSP detection rate was higher in the 290 series group
(6.4%) than that in the 260 series group (1.1%; P=0.01). The
number of SSPs was larger in the 290 series group (0.078 per
patient) than that in the 260 series group (0.011 per patient;
P<0.01)

▶ Table 1 Baseline characteristics of the patients before and after propensity score-matching.

Before matching After matching

260 series

N=216

290 series

N=580

P value 260 series

N=187

290 series

N=374

P value

Mean age, years (SD) 52.2 (14.5) 53.9 (13.0) 0.12 52.5 (14.6) 52.9 (13.6) 0.73

Male 111 (51.4%) 266 (45.8%) 0.17 89 (47.6%) 175 (46.8%) 0.86

Mean BMI, kg/cm2 (SD) 22.0 (3.1) 22.1 (3.3) 0.73 22.0 (3.1) 21.9 (3.2) 0.68

Smoking 23 (10.6%) 59 (10.2%) 0.84 19 (10.2%) 35 (9.4%) 0.76

Drinking 53 (24.5%) 137 (23.6%) 0.79 51 (27.3%) 75 (20.1%) 0.054

Family history of CRC 41 (19.0%) 89 (15.3%) 0.22 35 (18.7%) 65 (17.4%) 0.70

Indications

▪ Evaluation of symptoms 53 (24.5%) 136 (23.4%) 50 (26.7%) 93 (24.9%)

▪ Screening 90 (41.7%) 298 (51.4%) 0.21 79 (42.2%) 174 (46.5%) 0.45

▪ Polyp surveillance 73 (33.8%) 146 (25.2%) 0.25 58 (31.0%) 107 (28.6%) 0.97

Endoscopist

▪ 1 190 (88.0%) 559 (96.4%) 181 (96.8%) 359 (96.0%)

▪ 2 26 (12.0%) 21 (3.6%) < 0.0001 6 (3.2%) 15 (4.0%) 0.64

Bowel preparation*

▪ A or B 179 (82.9%) 516 (89.0%) 161 (86.1%) 323 (86.4%)

▪ C 37 (17.1%) 64 (11.0%) 0.023 26 (13.9%) 51 (13.6%) 0.93

The caliper width was set to 0.5878, the standard deviation of the logit function of the propensity score for patients who underwent colonoscopy with the CF260
series of endoscope. P values were calculated by the Wald test using logistic regression.
* Bowel preparation: A, all colon segments empty and clean or minor amount of fluid in the gut, but easily removed by suction; B, at least one colon segment with
residual amounts of brown liquid or semi-solid stool that could be easily removed or displaced; C, at least one colon segment with only partially removable stool
preventing complete visualization of mucosa. BMI, body mass index; CRC, colorectal cancer; SD, standard deviation.
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Mean insertion time of the 290 series group was 1.8 minutes
shorter than that of the 260 series group (P<0.0001). Mean
withdrawal time of the 290 series group was 2.7 minutes short-

er than that of 290 series group (P<0.0001). Frequency of se-
dative use was not significantly different between the groups.

Discussion
We found that PCC using the new-generation endoscope resul-
ted in a higher SSP detection rate and a larger number of SSP
diagnosed than PCC using the previous endoscope. We found
that the ADR and number of adenomas, especially flat adeno-
mas, of those who underwent chromocolonoscopy using the
290 series were higher than those of patients who underwent
chromocolonoscopy using the 260 series, but not significantly.
Corley et al [3] reported that the ADR of the highest quintile
was 33.5% to 52.5%. Because colonoscopy using the previous
endoscope had already achieved the highest quintile of the
ADR, colonoscopy using the new-generation endoscope could
not achieve a significantly higher detection rate. We considered
several reasons why significant differences were obtained for
SSP detection with a highly accurate colonoscopy. SSP can be
difficult to detect because of their flat morphology and indis-
tinct borders [27]. It is not unusual to see mucin fill the lumen
of dilated crypts and coat the surface of the SSP. Colonoscopy
using new-generation tools involved improved visibility provid-
ed by the widened viewing angle and increased light intensity,
which might enable detection of some flat and/or indistinct
polyps, especially in the right colon, which has deep folds. Fur-
thermore, water-aided colonoscopy with the OFP-2 could effec-
tively remove the mucus covering the polyps because of its sus-
tained water supply.

Propensity score-matching

290 series N = 636260 series N = 244

N = 580N = 216

N = 374N = 187

▪ 8 with advanced 
 CRC
▪ 18 with previous 
 CRC
▪ 7 with previous 
 ulcerative colitis
▪ 22 with 
 indication for 
 treatment
▪ 1 with poor 
 preparation

▪ 2 with advanced 
 CRC
▪ 12 with previous 
 CRC
▪ 2 with previous 
 ulcerative colitis
▪ 11 with 
 indication for 
 treatment
▪ 1 with poor 
 preparation

▶ Fig. 3 Flow chart of patient enrollment and propensity score-
matching. CRC, colorectal cancer.

▶ Table 2 Comparison of the outcomes of the 260 series group and 290 series group patients matched according to propensity scores.

260 series

N=187

290 series

N=374

OR/Coefficient (95% CI) P value

Patients with at least one adenoma 83 (44.4%) 173 (46.3%) 1.1 (0.76, 1.5) 0.67

No. of adenomas per patient1 0.83 (1.3) 0.90 (1.4) 0.070 (-0.17, 0.31) 0.57

No. of cancers per patient1 0.005 (0.073) 0.005 (0.073) –0.0 (–0.013, 0.013) 1.00

No. of advanced adenomas per patient1 0.027 (0.16) 0.032 (0.19) 0.005 (-0.027, 0.037) 0.74

No. of adenomas in the right colon per patient1 0.59 (1.1) 0.68 (1.1) 0.096 (-0.099, 0.29) 0.34

No. of adenomas≤5mm per patient1 0.74 (1.3) 0.79 (1.2) 0.043 (-0.17, 0.26) 0.70

No. of flat adenomas per patient1 0.61 (1.1) 0.81 (1.3) 0.20 (–0.015, 0.42) 0.07

Patients with at least one sessile serrated polyp 2 (1.1 %) 24 (6.4%) 6.3 (1.5, 27) 0.01

No. of sessile serrated polyps per patient1 0.011 (0.15) 0.078 (0.31) 0.067 (0.019, 0.11) < 0.01

Insertion time1, min 5.9 (5.1) 4.1 (1.9) –1.8 ( 2.4,–1.2) < 0.0001

Withdrawal time1, min 15.8 (4.7) 13.1 (2.9) –2.8 ( 3.4,–2.1) < 0.0001

Use of pethidine hydrochloride 98 (52.4%) 173 (46.3%) 0.78 (0.55, 1.1) 0.17

Use of midazolam 163 (87.2%) 306 (81.8%) 0.66 (0.40, 1.1) 0.11

Odds ratios using logistic regression model were calculated for categorical variables and regression coefficients of linear regression model were calculated for con-
tinuous variables. The regression coefficients were obtained by subtracting the mean values of 260 series from that of 290 series. P values were calculated by the
Wald test using logistic regression. OR: odds ratio, CI: confidence interval.
1 Mean (standard deviation).
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We demonstrated that the new-generation endoscope shor-
tened insertion and withdrawal times, with a total procedure
time of 5 minutes. Therefore, a colonoscopist who performs
1,200 colonoscopies annually can save 100 hours per year.
Shortened insertion time seemed to be attributed to the re-
sponsive insertion technology. We also believe the increased
light intensity and the widened viewing angle contributed to
the shorter procedure times.

There are some limitations to our study. First, this study was
a historical retrospective comparison. The 5-year differences
between the two groups can have large implications on find-
ings of this study include the learning curves of the endos-
copists, changes in colonoscopy practice, and study popula-
tion. Second, we did not assess the effects of improvements in
visibility and operability, including the widened viewing angle,
water supply function, passive bending section of the scope,
and CO2 insufflation on ADR or procedure time. Third, it is diffi-
cult to exclude the endoscopist and pathologist recognition
bias in SSP detection. Knowledge, awareness, and skills of iden-
tification of both the endoscopist and pathologist might have
contributed to an increase in SSP detection rate. Studies should
be planned to address these aspects and corroborate our find-
ings. Fourth, propensity score model overfitting has been re-
ported to lead to inflated variances of the estimated odds ratios
[28, 29]. Furthermore, adjustment using propensity score
matching has recently been criticized as a paradoxically proble-
matic method [30]. Propensity score-matching in our study
might have resulted in some biases

Conclusion
We found that better technology improves accuracy and short-
ens procedural time. Thus, new technology should be used
whenever possible.
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