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In this study, we investigated the relationship between the cecal
intubation time (CIT) and the form and method used for passing
through the sigmoid/descending colon junction (SDJ) and the
hepatic flexure using an endoscopic position detection unit (UPD),
with reference to various factors [age, sex, body mass index
(BMI), history of abdominal and pelvic surgery, and diverticulum].
A total of 152 patients underwent colonoscopy with UPD. The
mean age was 66.9 ± 12.4 years, and the male to female ratio
was 3.6:1. The average CIT time was 14.3 ± 8.2 min. Age, number
of experienced endoscopies, history of abdominal and pelvic
surgery, BMI, and diverticulum were associated with prolonged
CIT; SDJ passage pattern was straight: 8.6 ± 5.0, alpha loop: 11.8 ±
5.6, puzzle ring-like loop: 20.2 ± 5.0, reverse alpha loop: 22.4 ± 9.7,
and other loop: 24.7 ± 10.5. The hepatic flexure passing method
was in the following order: right rotation maneuver: 12.6 ± 6.6,
push maneuver: 15.1 ± 5.9, and right rotation with positional
change maneuver: 20.5 ± 7.2. In conclusion, colonoscopy with UPD
revealed an association between CIT and SDJ passage pattern and
hepatic flexure passing method.
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As of 2021, colorectal cancer (CRC) deaths are the second
leading cause of cancer deaths in Japan overall, the second

leading cause in men, and the leading cause in women, and
many patients are dying from CRC.(1) A large cohort study
conducted in the United States showed an approximately 70%
reduction in deaths from CRC following the introduction of
screening colonoscopy.(2) Furthermore, in the National Polyp
Study, a randomized controlled trial, deaths from CRC were
reduced by approximately 50% after resection of all neoplastic
polyps in the colon.(3) In addition, the results of cost-effectiveness
analyses using simulation models in CRC screening have shown
that the implementation of CRC screening using some form of
total colonoscopy is more cost-effective than no screening.(4–6)

Colonoscopy screening tests have been emphasized in national and
international guidelines to reduce colorectal cancer mortality.(7,8)

The adenoma detection rate (ADR) is the percentage of patients
with at least one histologically proven adenoma or cancer.(9) It is a
validated predictor of interval CRC and is currently the quality
indicator of choice for colonoscopy. The ADR is over 30% for
men and over 20% for women.(10) Kaminski et al.(11) reported that
endoscopists with an ADR of less than 20% have a 10-fold higher

risk of CRC after CS than endoscopists with an ADR of 20% or
greater. Furthermore, various image-enhanced endoscopies have
been reported to improve the visibility of tumors, especially
ADRs, by colonoscopy. In a meta-analysis, narrow band imaging
(NBI) was reported to have a higher ADR than conventional
white light imaging (WLI), and linked color imaging (LCI) was
reported to be the image-enhanced endoscopy with the best
colorectal lesion visibility among LCI, BLI, and WLI.(12–14) On the
other hand, endoscopic devices equipped with artificial intelli‐
gence (AI) have appeared in recent years and have attracted much
attention. The AI currently installed in colonoscopes is reported to
be capable of automatically recognizing minute lesions in real
time and predicting even the histological image of the lesion, and
the influence of AI is expected to grow in colonoscopy in the
future.(15–17)

Along with the ADR, the cecal intubation rate and bowel
cleansing rate have been reported as quality indicators of
colonoscopy.(18–20) A longer CIT has also been reported to be
associated with decreased detection of adenomas and advanced
adenomas and may be an indicator of a difficult examination, as
longer insertion times require longer removal times to ensure
adequate examination and adenoma detection.(21) The cecal intu‐
bation rate and time are persistent issues in colonoscopy. Until
now, only the CIT has been used as an only indicator of cecal
insertion difficulty. The authors have reported that the form and
method used for passing through the sigmoid/descending colon
junction (SDJ) and the hepatic flexure are important in
colonoscopy insertion using an endoscopic position detection
unit (UPD).(22) The authors have also reported that the same
pattern of colonoscopy insertion was reported in the same patient
at multiple times.(22) In this study, we investigated the relationship
between the CIT and the form and method used for passing
through the SDJ and the hepatic flexure using an endoscopic
position detection unit (UPD), with reference to various factors
(age, sex, body mass index (BMI), history of open surgery, and
SDJ diverticulum).

Participants and Methods

This study was a retrospective trial conducted at Tokyo
Medical University Hospital to investigate the efficacy of
UPD for colonoscopy insertion in patients who had received
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colonoscopy for screening and surveillance. The study protocol
adhered to the ethical principles of the Declaration of Helsinki
and was approved by the institutional review board of Tokyo
Medical University (T2020-0158). Because this study was
conducted under a retrospective design and written informed
consent was not obtained from each enrolled patient, a document
describing an opt-out policy through which potential patients
and/or relatives could refuse inclusion was uploaded on the
Tokyo Medical University Hospital website.
The subjects were 152 patients who underwent colonoscopy

with UPD for colorectal screening and surveillance between
April 1, 2022 and December 31, 2022. The mean age was 66.9 ±
12.4 years, and the male-to-female ratio was 3.6:1. Four physi‐
cians, two trainees (TK, KY) who had performed 1,000 to 2,000
colonoscopies and two expert (EI, MH) who had performed more
than 20,000 colonoscopies were involved in the study. Patients
with CRC stenosis that rendered the cecum unreachable were
excluded. Patients who had undergone surgery for CRC were
also excluded. Exclusion criteria were also lack of clear endo‐
scopic UPD images to evaluate endoscopic findings.

Endoscopes and peripheral equipment. This study used
PCF-190DI and PCF-290DI colonoscopes (Olympus Medical
Systems, Tokyo, Japan). Both colonoscopes are equipped with
passive bending, high force transmission, and variable stiffness
for responsive insertion technology. The optical source was an
EVIS EXERAIII190 system and EVIS X1 system (Olympus
Medical Systems). UPD uses a magnetic field to enable real-time
visualization of three-dimensional (3D) images of the insertion
shape and location of the colonoscope.

The colonoscopies analyzed in this study were performed with
UPD-3 (Olympus Medical Systems). PCF-190DI and PCF-290DI
are insertion-type colonoscopes with an integrated magnetic coil.
The magnetic field from the magnetic coil is received by the
antenna of the UPD, and the strength of the magnetic field
received is analyzed by a computer and rendered as a 3D image
that is displayed as a picture-in-picture on the colonoscopy
screen. The UPD image allows the operator to check the status of
the scope (e.g., location, bend) while simultaneously observing
the colonoscopy images.

Colon insertion technique. The left hemicolon from the
anus to the splenic flexure was inserted using the right turn short‐
ening technique. Positional changes were used when necessary.

Study. During colonoscopy insertion, UPD and endoscopic
images were recorded in all cases. The recorded videos were
reviewed for each examination. The time from the anus to the
cecum, the time from the anus to the splenic flexure (anorectal-
splenic flexure time), and the time from the splenic flexure to the
cecum (splenic flexure-cecum time) were also measured sepa‐
rately from the UPD images. In the left hemicolon, the passive
pattern of the SDJ observed on UPD graphic images was classi‐
fied into (1) straight, (2) N-loop, (3) α-loop, (4) reverse α-loop,
(5) γ-loop, (6) puzzle ring-like loop, and (7) others (Fig. 1). On
the other hand, in the right hemicolon, we recorded whether the
pattern of the hepatic flexure observed in the UPD graphic image
was inserted into the ascending colon by (1) right rotation opera‐
tion, (2) right rotation operation with positional change, or (3)
push operation (Fig. 2).
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Fig. 1. Endoscopic position detection unit (UPD) graphic image of passage patterns for the sigmoid/descending colon junction. (A) straight; (B) N-
loop; (C) α-loop; (D) reverse α-loop; (E) γ-loop; (F) puzzle ring-like loop; (G) other.
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Fig. 2. Endoscopic position detection unit (UPD) graphic image of passage methods for the hepatic flexure. (A) right rotation maneuver; (B) right
rotation with positional change maneuver; (C) push maneuver.
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Statistical analysis. The analysis software SPSS, ver. 27.0
(IBM Japan, Tokyo, Japan) was used. Age, BMI, and time to
cecum were expressed as the mean ± SD, and comparisons by
insertion method and endoscopic experience were analyzed by t
test or one-way ANOVA. Categorical variables were expressed
as n numbers, and contingency table analysis (chi-square test)
was used to examine differences between groups. A risk rate of
less than 5% was considered statistically significant, and all p
values were two-tailed.

Results

The average CIT was 14.3 ± 8.2 min, the anorectal-splenic
flexure time was 8.4 ± 6.3 min, and the splenic flexure-cecum
time was another 5.8 ± 4.9 min. Table 1 shows the relationship
between the CIT and various factors (the number of experienced
colonoscopies, age, sex, BMI, and presence of SDJ divertic‐
ulum). Older age (65 years or older), trainee, abdominal and
pelvic surgery, BMI less than 25, and SDJ diverticulum were
associated with a longer CIT, with significant differences, espe‐
cially in the number of experienced endoscopy cases (Expert and
Trainee) and age. We further divided the CIT into anorectal-
splenic flexure time and splenic flexure-cecum time. The
anorectal-splenic flexure time was significantly longer in patients
over 65 years of age, with trainee, female, BMI less than 25, and
with SDJ diverticulum, and significantly different in patients
over 65 years of age and with a history of abdominal and pelvic
surgery. On the other hand, the splenic flexure-cecum time
was significantly longer in patients aged 65 years or older and
trainees.
Relationships among several factors and the number of experi‐

enced endoscopy cases (trainee and expert) (Table 2). The

average age of subjects in the expert group was significantly
younger than that of trainees. The CIT was significantly longer in
trainees. The anorectal-splenic flexure time was prolonged in
trainees but not significantly different from that in experts, and
the splenic flexure-cecum time was significantly shorter in
experts than in trainees. There was no difference in sex, BMI,
history of abdominal and pelvic surgery, or SDJ transit pattern,
but there was a significant difference in hepatic flexure passage
pattern. The fact that there was no difference in the SDJ transit
pattern between trainees and experts suggests that colonoscopic
insertion is performed without affecting the skill of the operating
surgeon.
The relationship between each SDJ passage pattern and

various factors was examined (Table 3). There was a significant
association with CIT, and by pattern, straight: 8.6 ± 5.0, the
shortest time, followed by α loop: 11.8 ± 5.6; conversely, a
longer time was observed for puzzle ring-like loop: 20.2 ± 5.0,
reverse α loop: 22.4 ± 9.7, and other loop: 24.7 ± 10.5. BMI was
also significantly associated with the puzzle ring-like loop:
21.1 ± 2.8, the lowest value, followed by other loops: 21.4 ± 2.9,
and conversely, the γ loop: 28.5 ± 5.0, the highest value. There
was a significant association with the hepatic flexure passage
pattern. Not surprisingly, there was a significant difference in
antral-splenic flexure time.
The relationship between the pattern of hepatic flexure passage

and various factors is shown in Table 4. There was a significant
association with CIT, with 12.6 ± 6.6, 20.5 ± 7.2, and 15.1 ± 5.9
for right rotation, right rotation and position change, and pushing,
respectively. A significant association was also observed in
patients with a history of abdominal and pelvic surgery. In
patients with a history of surgery, more cases passed through
the hepatic flexure by pushing.

Table 1. Cecal intubation time and various factors

Cecal intubation time p value Anorectal-splenic
flexure time p value Splenic flexure-cecum

time p value

Age 65< vs 65≥ 12.2 ± 6.7 15.5 ± 8.7 0.013 6.8 ± 4.1 9.4 ± 7.1 0.014 5.3 ± 4.9 6.1 ± 4.9 0.338

NEE trainee vs expert 16.8 ± 8.2 11.3 ± 7.0 <0.001 7.6 ± 6.5 5.8 ± 4.9 0.121 7.7 ± 5.4 3.7 ± 3.0 <0.001

Gender male vs female 14.2 ± 8.3 14.6 ± 7.8 0.775 8.2 ± 6.3 9.1 ± 6.1 0.471 5.9 ± 5.2 5.5 ± 3.9 0.654

HAPS negative vs positive 13.6 ± 7.8 15.3 ± 8.6 0.207 7.5 ± 5.9 9.9 ± 6.6 0.025 6.1 ± 5.1 5.5 ± 4.3 0.453

BMI 25< vs 25≥ 14.8 ± 8.8 13.5 ± 7.1 0.337 9.0 ± 6.7 7.5 ± 5.5 0.153 5.8 ± 5.0 6.0 ± 4.8 0.82

SDJD negative vs positive 14.1 ± 8.2 16.2 ± 8.3 0.368 8.3 ± 6.2 9.9 ± 6.9 0.375 5.8 ± 6.0 6.3 ± 3.6 0.716

NEE, number of experienced endoscopy cases; HAPS, history of abdominal and pelvic surgery; BMI, body mass index; SDJD, sigmoid/decending
colon junction diverticulum.

Table 2. Characteristics in this study

Total Trainee Expert p value

n 152 82 70

Age 66.9 ± 12.4 70.0 ± 9.3 63.2 ± 14.5 <0.001

Gender male/female 116/32 67/15 49/21 0.091

BMI 24.1 ± 3.7 24.2 ± 3.4 24.0 ± 4.0 0.658

HAPS negative/positive 92/60 50/32 42/28 0.902

SDJPP S/N/α/Rα/γ/PR/O 31/80/19/2/3/8/9 17/43/11/2/2/4/3 14/37/8/0/1/4/6 0.728

HFPM RRO/RRO + PC/PO 99/23/30 52/18/12 47/5/18 0.019

SDJD negative/positive 139/18 73/9 66/4 0.248

Cecal intubation time min 14.3 ± 8.2 16.8 ± 8.2 11.3 ± 7.0 <0.001

Anorectal-splenic flexure time min 8.4 ± 6.3 9.2 ± 6.1 7.6 ± 6.5 0.121

Splenic flexure-cecum time min 5.8 ± 4.9 7.7 ± 5.4 3.7 ± 3.0 <0.001

BMI, body mass index; HAPS, history of abdominal and pelvic surgery; SDJPP, sigmoid/decending colon junction passage pattern. (S) straight, (N) N-
loop, (α) α-loop, (Rα) reverse α-loop, (γ) γ-loop, (PR) puzzle ring-like loop, (O) others. HFPM, hepatic flexure passage method. (RRO) right rotation
operation, (RRO + PC) right rotation operation with positional change, (PO) push operation. SDJD, sigmoid/decending colon junction diverticulum.

T. Kawai et al. J. Clin. Biochem. Nutr. | May 2024 | vol. 74 | no. 3 | 247
©2024 JCBN



Risk factor analysis of CIT over 10 and 15 min revealed
significant differences (Table 5) in age, number of experienced
endoscopy cases, SDJ passage pattern (N-loop and α-loop), and
hepatic flexure passage pattern (positional change and push
maneuver) at 10 min. On the other hand, the number of experi‐
enced endoscopy cases, N-loops and γ-loops, positional change,
and push maneuvering were significantly different in the 15-min
period. In addition, sub analysis of various factors related to
anorectal-splenic flexure times of 5 and 10 min or longer was
performed (Table 6). Factors related to the time at 5 min were N-
loop and α-loop, while factors related to the time at 10 min were
BMI, history of abdominal and pelvic surgery, and puzzle ring-
like loop of SDJ passage pattern (Table 6). On the other hand,
various factors related to the splenic flexure-cecum time of 5 min
and more than 10 min were analyzed (Table 7). The factors that
showed significant differences at 5 min were age, number of
experienced endoscopy cases, position change of the pattern of
passage through the hepatic flexure, and push operation
(Table 7), while the factors that showed significant differences at
10 min were number of experienced endoscopy cases, history of
abdominal and pelvic surgery, γ loop in the pattern of passage
through the SDJ, and position change of the pattern of passage
through the hepatic flexure.

Discussion

Endoscopic UPD is used in Europe as magnetic endoscope
imaging (MEI); UPD is a device that, in combination with a
special scope with a built-in magnetic coil, can display the inser‐
tion geometry of the scope in three dimensions in real time. The
Danish National Board of Health’s manual on colorectal
screening recommends that UPD be used for CRC screening
because UPD provides the same information as confirming scope
insertion geometry with X-rays.(23) Shah et al.(24) reported that
MEI significantly improves the performance of colonoscopy,
particularly when used by trainees or by experts in technically
difficult cases; loops were Jess et al.(25) also reported that MEI
imaging methods significantly reduce examination time, particu‐
larly in They reported that it is always available for colonoscopy
to identify the exact location of colorectal lesions. The authors(26)

and Sato et al.(27) also reported that the use of UPD can reduce
patient distress during the examination.

A cohort study of patients with difficulty or inability to reach
the cecum reported a significantly lower rate of ileal appendec‐
tomy in elderly patients, women, and patients with a history of
abdominal and pelvic surgery, and a meta-analysis revealed that
elderly patients, women, low BMI, and poor pretreatment were

Table 3. Sigmoid/Decending colon junction passage pattern in this study

Total Straght N-loop α-loop
Reverse

alpha-loop
γ-loop

Puzzle
ring-like

loop
Others p value

n 152 31 80 19 2 3 8 9

Age 66.9 ± 12.4 65.6 ± 13.0 66.1 ± 12.5 68.8 ± 14.3 66.5 ± 2.1 59.0 ± 8.0 72.8 ± 9.4 71.8 ± 9.1 0.484

Gender male/female 116/36 25/6 60/20 17/2 1/1 3/0 3/5 7/2 0.102

BMI 24.1 ± 3.7 24.3 ± 2.4 24.3 ± 4.1 24.5 ± 2.7 24.6 ± 1.5 28.5 ± 5.0 21.1 ± 2.8 21.4 ± 2.9 0.017

HAPS negative/positive 92/60 19/12 49/31 15/4 1/1 3/0 3/5 2/7 0.06

HFPM RRO/RRO + PC/PO 99/23/30 21/2/8 53/12/15 15/3/1 0/0/2 2/1/0 1/4/3 7/1/1 0.011

SDJD negative/positive 139/13 28/3 72/8 19/0 2/0 2/1 8/0 8/1 0.493

NEE trainee/expert 82/70 17/11 43/37 11/8 2/0 2/1 4/4 3/6 0.728

Cecal intubation time min 14.3 ± 8.2 8.6 ± 5.0 15.0 ± 8.0 11.8 ± 5.6 22.4 ± 9.7 15.3 ± 1.7 20.2 ± 5.0 24.7 ± 10.5 <0.001

Anorectal-splenic
flexure time

min 8.4 ± 6.3 4.2 ± 2.3 8.8 ± 5.7 6.5 ± 2.6 8.5 ± 5.6 5.9 ± 1.3 13.6 ± 3.6 20.3 ± 10.4 <0.001

Splenic flexure-cecum
time

min 5.8 ± 4.9 4.4 ± 4.0 6.3 ± 5.3 5.4 ± 5.0 13.9 ± 3.6 9.4 ± 2.4 6.6 ± 3.1 4.4 ± 2.9 0.075

BMI, body mass index; HAPS, history of abdominal and pelvic surgery; HFPM, hepatic flexure passage method. (RRO) right rotation operation, (RRO
+ PC) right rotation operation with positional change, (PO) push operation. SDJD, sigmoid/decending colon junction diverticulum; NEE, number of
experienced endoscopy cases.

Table 4. Heptic flecture passage method in this study

total RRO RRO + PC PO p value

n 152 99 23 30

Age 66.9 ± 12.4 66.2 ± 13.5 66.4 ± 10.5 69.3 ± 9.7 0.483

Gender male/female 116/36 78/21 19/4 19/11 0.162

BMI 24.1 ± 3.7 23.7 ± 3.5 24.3 ± 4.4 25.2 ± 3.7 0.147

HAPS negative/positive 92/60 61/38 18/5 rota 0.034

SDJPP S/N/α/Rα/γ/PR/O 31/80/19//2/3/8/9 21/53/15/0/2/1/7 2/12/3/0/1/4/1 8/15/1/2/0/3/1 0.011

SDJD negative/positive 139/13 88/11 23/0 28/2 0.211

NEE trainee/expert 82/70 52/47 18/5 12/18 0.019

Cecal intubation time min 14.3 ± 8.2 12.6 ± 8.3 20.5 ± 7.2 15.1 ± 5.9 <0.001

Anorectal-splenic flexure time min 8.4 ± 6.3 8.3 ± 6.6 10.3 ± 7.0 7.3 ± 4.2 0.221

Splenic flexure-cecum time min 5.8 ± 4.9 4.2 ± 4.0 10.2 ± 5.6 7.8 ± 4.2 <0.001

BMI, body mass index; HAPS, history of abdominal and pelvic surgery; SDJPP, sigmoid/decending colon junction passage pattern. (S) straight, (N) N-
loop, (α) α-loop, (Rα) reverse α-loop, (γ) γ-loop, (PR) puzzle ring-like loop, (O) others. (RRO) right rotation operation, (RRO + PC) right rotation oper‐
ation with positional change, (PO) push operation. SDJD, sigmoid/decending colon junction diverticulum; NEE, number of experienced endoscopy
cases.
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risk factors for prolonged ileal appendectomy time.(28,29)

For improvement of ileal access, it is important to collect suffi‐
cient information, including predictive factors for difficult or
impossible cecal access, before performing a full colonoscopy.
The use of an endoscope with variable stiffness functions and an
ultrathin-diameter endoscope is recommended, especially for
women and other patients with predictive factors for difficult
insertion.(30–33) In addition, the use of CO2 and colonoscope distal
attachment has been reported to be useful in shortening
colonoscopy insertion time.(34–36) It has also been reported that
water-assisted colonoscopy can shorten the time to reach the

ileum.(37) However, there have been few detailed studies on what
factors or causes of difficulty prolong the CIT. In the present
study, the authors objectively examined how the shape and form
of the scope inserted into the ileocecal area contributed to the
prolongation of CIT using UPD graphic images.
Park et al.(38), Krishnan et al.(39), and Nagata et al.(40) reported

that trainee physicians’ low technical competence was linked to
the time to reach the cecum. The authors reported that trainee
physicians' low technical competence leads to CIT. In the present
study, based on UPD graphic images, we found a significant
difference in time to reach the cecum, especially from the splenic

Table 5. Risk factors taking more than 10 min for Cecum intubation time: univariate analysis

10 min 15 min

OR 95% CI p value OR 95% CI p value

Age 1.029 1.001–1.058 0.041 1.029 0.000–1.060 0.057

NEE expert (vs trainee) 0.293 0.144–0.597 <0.001 0.260 0.127–0.532 <0.001

Gender female (vs male) 1.151 0.514–2.580 0.732 1.463 0.685–3.128 0.326

BMI 0.973 0.888–1.067 0.561 0.921 0.838–1.012 0.086

HAPS positive (vs negative) 1.425 0.699–2.863 0.335 1.339 0.686–2.615 0.392

SDJPP N (vs S) 9.230 3.551–23.991 <0.001 5.905 1.654–21.085 0.006

α (vs S) 4.929 1.439–16.884 0.011 2.489 0.491–12.614 0.271

Rα (vs S) — —

γ (vs S) — 18.667 1.280–272.127 0.032

PR (vs S) — —

HFPM RRO + PC (vs RRO) 17.600 2.282–135.741 0.006 14.844 4.597–47.927 <0.001

PO (vs RRO) 4.000 1.416–11.303 0.009 2.734 1.166–6.410 0.021

SDJD positive (vs negative) 1.703 0.447–6.485 0.435 2.077 0.661–6.520 0.211

Anorectal-splenic flexure time min 2.281 1.718–3.027 <0.001 1.462 1.279–1.672 <0.001

Splenic flexure-cecum time min 2.106 1.609–2.758 <0.001 1.625 1.384–1.909 <0.001

NEE, number of experienced endoscopy cases; BMI, body mass index; HAPS, history of abdominal and pelvic surgery; SDJPP, sigmoid/decending
colon junction passage pattern. (S) straight, (N) N-loop, (α) α-loop, (Rα) reverse α-loop, (γ) γ-loop, (PR) puzzle ring-like loop, (O) others. HFPM,
hepatic flexure passage method. (RRO) right rotation operation, (RRO + PC) right rotation operation with positional change, (PO) push operation.
SDJD, sigmoid/decending colon junction diverticulum.

Table 6. Risk factors for left hemicoeliac insertion time: univariate analysis

5 min 10 min 15 min

OR 95% CI p value OR 95% CI p value OR 95% CI p value

Age 1.020 0.992–1.048 0.162 1.033 0.998–1.070 0.063 1.033 0.984–1.085 0.192

NEE expert (vs trainee) 0.514 0.256–1.031 0.061 0.700 0.331–1.477 0.349 0.322 0.100–1.037 0.058

Gender female (vs male) 1.462 0.626–3.413 0.381 1.000 0.422–2.372 1 1.392 0.457–4.274 0.557

BMI 0.911 0.829–1.002 0.055 0.891 0.799–0.995 0.040 0.783 0.658–0.933 0.006

HAPS positive (vs negative) 1.838 0.882–3.831 0.104 2.750 1.296–5.837 0.008 2.429 0.870–6.783 0.09

SDJPP N (vs S) 9.059 3.530–23.249 <0.001 10.678 1.370–83.250 0.24 —

α (vs S) 5.296 1.533–18.299 0.008 1.667 0.098–28.320 0.724 —

Rα (vs S) 2.444 0.137–43.470 0.543 30.000 0.988–911.200 0.051 —

γ (vs S) 4.889 0.392–60.922 0.218 — —

PR (vs S) — 210.000 11.656–3783,596 <0.001 —

HFPM RRO + PC (vs RRO) 2.165 0.680–6.900 0.191 2.250 0.860–5.889 0.099 2.472 0.754–8.102 0.135

PO (vs RRO) 0.684 0.294–1.592 0.378 1.065 0.404–2.809 0.898 0.636 0.131–3.075 0.573

SDJD positive (vs negative) 1.008 0.294–3.453 0.99 1.373 0.397–4.741 0.617 2.679 0.658–10.900 0.169

Cecum intubation
time

min 1.299 1.177–1.433 <0.001 1.259 1.167–1.359 <0.001 1.410 1.210–1.621 <0.001

Splenic flexure-cecum
time

min 1.053 0.973–1.139 0.204 1.021 0.950–1.098 0.572 1.029 0.936–1.132 0.549

NEE, number of experienced endoscopy cases; BMI, body mass index; HAPS, history of abdominal and pelvic surgery; SDJPP, sigmoid/decending
colon junction passage pattern. (S) straight, (N) N-loop, (α) α-loop, (Rα) reverse α-loop, (γ) γ-loop, (PR) puzzle ring-like loop, (O) others. HFPM,
hepatic flexure passage method. (RRO) right rotation operation, (RRO + PC) right rotation operation with positional change, (PO) push operation.
SDJD, sigmoid/decending colon junction diverticulum.
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flexure, and no significant difference in time from the anus to the
splenic flexure. Furthermore, the fact that there was no difference
in the pattern of SDJ passage between the trainee and the expert
suggests that the same pattern of SDJ insertion is performed at
the SDJ without affecting the skill of the performing physician.
On the other hand, in each of the patterns of hepatic flexure
passage, significantly more cases were inserted into the hepatic
flexure by pushing to the expert. The most important factor is
that the expert physicians have higher endoscopic operability
skills than the trainee physicians, and they are able to instantly
judge that push is the shortest way to pass the hepatic flexure. In
the future, we would like to instruct trainees on how to pass
through the hepatic flexure with an endovascular technique,
which may lead to an improvement in insertion time.

In terms of CIT by gender, there was no significant difference
in the present study: 14.2 ± 8.3 for males and 14.6 ± 7.8 for
females. Many reports have indicated that women are one of the
factors that make insertion difficult.(41–44) The ratio of total
patterns of SDJ passage was 78.4% for males and 83.3% for
females, as reported by Rowland RS, but this did not lead to a
significant prolongation of the time, but did not lead to a signifi‐
cant prolongation of time.(45) On the other hand, the time to reach
the splenic flexure-cecum was 5.9 ± 5.2 for males and 5.5 ± 3.9
for females, which was slightly shorter for females.
The time to reach the cecum according to age was significantly

prolonged in patients aged 65 years and older: 15.5 ± 8.7 and
12.2 ± 6.7 in those aged <65 years. In particular, the anorectal-
splenic flexure time was 9.4 ± 7.1 for patients aged 65 years and
older and 6.8 ± 4.1 for patients aged <65 years, showing no
significant difference between age and SDJ transit pattern.
However, the age of puzzle ring-like loops was 72.8 ± 9.4, and
the age of other loops was 71.8 ± 9.1, which may be related to
reports of increased colon length with age using CT and barium
enema, as well as reports of loops forming more easily during
colonoscopy in elderly patients because of their more elastic and
lax mesentery.(46–48)

There were no significant differences between the history
of abdominal/pelvic surgery and CIT. Lee et al.(49) and Nagata
et al.(40) reported that colonoscopy is considered difficult in
patients with a history of abdominal/pelvic surgery due to post‐

operative adhesions and anatomic changes. In this study, a signif‐
icant difference in anorectal-splenic flexure time was found:
yes: 9.9 ± 6.6, no: 7.5 ± 5.9. Furthermore, although there was no
significant difference between the history of abdominal/pelvic
surgery and the pattern of SDJ passage, the ratio of patients with
a history of abdominal/pelvic surgery was higher in the puzzle
ring-like loop and other loops. Patients with a history of
abdominal/pelvic surgery may have difficulty passing the SDJ
due to adhesions or anatomical changes. A significant association
was found between the pattern of passage through the hepatic
flexure and history of abdominal/pelvic surgery. By recording the
UPD, we found that the reason for the difficulty of insertion in
patients with a history of abdominal/pelvic surgery was that the
pattern of passage through the hepatic flexure was often pushed.
There were no significant differences between BMI and CIT in

the study. However, the difference in anorectal-splenic flexure
time was 9.0 ± 6.7 for <25 and 7.5 ± 6.7 for ≥25, indicating a
significant difference between the two groups. Patients with
obesity tend to have a shorter colon, which may allow for more
rapid cecal intubation.(50–54) It is also possible that low BMI
may result in less intra-abdominal fat, which may facilitate the
formation of loops.

In the present study, we examined the time to reach the cecum
in SDJ diverticula. The results were 16.2 ± 8.2 for yes and 14.1 ±
8.2 for no, although there was no significant difference. Studies
suggest that diverticulosis makes the colon more spastic, makes
insufflation more difficult, makes adequate bowel preparation
more difficult, makes it more difficult to find the lumen, and
increases the likelihood that colonoscopy will be difficult.(49)

Risk factor analysis was performed for cecum arrival times of
10 and 15 min or longer. Kawasato et al.(55) analyzed 813 CS
cases in total and reported that physicians may find it useful to
select CS cases based on sex, age, and BMI. The authors reported
that it may be useful for physicians to select CS cases based on
sex, age, and BMI. The authors have previously reported that
when the same patient underwent two CSs, the same SDJ transit
format pattern and hepatic flexure passage pattern were inserted
in most cases. The results of the present study suggest that in
patients who have undergone TCS with UPD once, it may be
possible for trainees to select patients who are under 65 years of

Table 7. Risk factors for right hemicoeliac insertion time: univariate analysis

5 min 10 min

OR 95% CI p value OR 95% CI p value

Age 1.037 1.008–1.068 0.013 1.027 0.986–1.069 0.205

NEE expert (vs trainee) 0.176 0.086–0.357 <0.001 0.080 0.018–0.355 <0.001

Gender female (vs male) 1.424 0.673–3.016 0.355 0.411 0.115–1.469 0.171

BMI 1.039 0.952–1.134 0.392 1.028 0.914–1.156 0.641

HAPS positive (vs negative) 0.932 0.485–1.791 0.833 0.349 0.123–0.994 0.049

SDJPP N (vs S) 2.325 0.954–5.667 0.063 1.647 0.431–6.287 0.465

α (vs S) 1.778 0.538–5.880 0.346 2.489 0.491–12.614 0.271

Rα (vs S) — —

γ (vs S) — 18.667 1.280–272.127 0.032

PR (vs S) 4.074 0.800–20.751 0.091 1.333 0.120–14.845 0.815

HFPM RRO + PC (vs RRO) 12.045 3.762–38.558 <0.001 10.427 3.500–31.065 <0.001

PO (vs RRO) 8.332 3.214–21.595 <0.001 2.275 0.684–7.567 0.18

SDJD positive (vs negative) 1.987 0.619–6.379 0.249 0.967 0.200–4.666

Cecum intubation time min 1.217 1.136–1.304 <0.001 1.172 1.100–1.248 <0.001

Anorectal-splenic flexure time min 1.043 0,988–1.100 0.126 1.002 0.935–1.073 0.96

NEE, number of experienced endoscopy cases; BMI, body mass index; HAPS, history of abdominal and pelvic surgery; SDJPP, sigmoid/decending
colon junction passage pattern. (S) straight, (N) N-loop, (α) α-loop, (Rα) reverse α-loop, (γ) γ-loop, (PR) puzzle ring-like loop, (O) others. HFPM,
hepatic flexure passage method. (RRO) right rotation operation, (RRO + PC) right rotation operation with positional change, (PO) push operation.
SDJD, sigmoid/decending colon junction diverticulum.
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age, have a straight SDJ transit pattern, and a right-turn rotation
in the hepatic flexure passage pattern when performing the next
and subsequent TCSs. It will be possible in the future to stratify
the difficulty level of colorectal insertion according to the skill of
the physician.
Patients who had undergone two examinations with PCF-

H190DI and PCF-H290DI combined with UPD were included
for reproducibility of colonoscopy insertion and the possibility of
tailor-made insertion. We have reported that colonoscopies were
inserted in almost the same pattern on both occasions. In the
present study, we further examined the factors that influence the
cecum arrival time and examined the relationship between the
influencing factors and the SDJ passage pattern and the hepatic
flexure passage pattern using UPD. The results of this study
showed that a patient who was less than 65 years old had a
straight SDJ pattern and could insert the colonoscope with a
right-handed rotation was suitable for a trainee endoscopist to
perform a colonoscopy. To further promote colonoscopy in
Japan, it is necessary to provide appropriate training for endo‐
scopists, and it may be possible to stratify the difficulty of
colonoscopy insertion in individual patients by keeping and
analyzing endoscopy records using the UPD.

Limitations

This study has a few limitations. First, it was a single-center
retrospective study. Second, it was not possible to determine the
stratification of patients eligible for beginners, trainees, and
experts by UPD.
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