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ABSTRACT

BACKGROUND: Adequate bowel preparation quality is essential for high-quality colonoscopy according to the current guidelines. How-
ever, the excellent effect of bowel preparation on adenoma/polyp detection rate (ADR/PDR) remained controversial.

METHODS: During the period from December 2020 to August 2022, a total of 1566 consecutive patients underwent colonoscopy by an
endoscopist. Their medical records were reviewed. According to the Boston bowel preparation scale, patients were divided into excellent,
good, and poor bowel preparation quality groups. ADR/PDR, diminutive ADR/PDR, small ADR/PDR, intermediate ADR/PDR, large ADR/
PDR, and number of adenomas/polyps were compared among them. Logistic regression analyses were performed to identify the factors that
were significantly associated with ADR/PDR.

RESULTS: Overall, 1232 patients were included, of whom 463, 636, and 133 were assigned to the excellent, good, and poor groups,
respectively. The good group had a significantly higher ADR/PDR (63% vs 55%, P=.015) and a larger number of adenomas/polyps (2.5 + 3.2
vs 2.0+ 2.8, P=.030) than the poor group. Both ADR/PDR (63% vs 55%, P=.097) and number of adenomas/polyps (2.2 +2.8 vs 2.0 £ 2.8,
P=.219) were not significantly different between excellent and poor groups. The excellent (9% vs 4%, P=.045) and good (9% vs 4%,
P=.040) groups had a significantly higher intermediate ADR/PDR than the poor group. Logistic regression analyses showed that either good
(odds ratio [OR]=1.786, 95% Cl=1.046-3.047, P=.034) or excellent (OR=2.179, 95% Cl=1.241-3.826, P=.007) bowel preparation quality
was independently associated with a higher ADR/PDR compared with poor bowel preparation quality. Excellent (OR =1.202, 95% Cl=0.848-
1.704, P=.302) bowel preparation quality was not independently associated with a higher ADR/PDR compared with good bowel preparation
quality.

CONCLUSIONS: The pursuit of excellence in bowel preparation does not show an association with increased ADR/PDR and number of
adenomas/polyps compared with a good level. In addition, our study further contributes to the existing evidence that poor bowel prepara-

tion compromises ADR/PDR and number of adenomas/polyps.
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Introduction
Colorectal cancer (CRC) is the third most common cancer and
the fourth leading cause of cancer-related death worldwide.!
Colonoscopy is the most effective approach for screening for
CRC, which can significantly reduce the morbidity and mor-
tality of CRC.%? Adenoma detection rate (ADR) is considered
a critical performance indicator and quality assurance standard
for colonoscopy.* An improved ADR has been shown to be
associated with a reduced incidence of post-colonoscopy
CRC.5

Factors associated with ADR include the skills of
endoscopists, withdrawal time of colonoscopy, age and gender
of patients, a personal history of colorectal polyp or cancer,

* Co-first authors.

endoscopic devices, and bowel preparation quality.”1* Among
them, bowel preparation quality plays an important role in
influencing ADR.1%12 Poor bowel preparation quality is
strongly associated with lower rates of cecal intubation, longer
time of colonoscopy, lower rates of lesion detection, higher
rates of complications, and increased patient discomfort during
colonoscopy.!?1* Therefore, guidelines have proposed that the
rate of adequate bowel preparation for high-quality colonos-
copy to be achieved in 90% of patients.»1>

There is still a controversy on whether better bowel prepara-
tion quality improves ADR.11:1216-20 Some studies showed that
ADR was increased with the improvement of bowel prepara-
tion quality.’ However, others demonstrated that ADR was
statistically similar between excellent and good bowel prepara-
tion quality groups’ and even found that ADR was
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significantly higher in good bowel preparation quality group
than excellent bowel preparation quality group.!” For this rea-
son, we have conducted this study to further evaluate the dif-
ference in ADR or polyp detection rate (PDR) among bowel
preparation quality groups by reviewing the data of colonos-
copy by the same endoscopist.

Methods
Study design

We retrospectively screened the medical records of 1566 con-
secutive patients who underwent colonoscopy by an endoscopist
(X.Q.) at the Department of Gastroenterology of the General
Hospital of Northern Theater Command from December 3,
2020 to August 31, 2022. The endoscopist completed nearly
500 colonoscopies before the study period and was skilled at
the diagnosis and treatment of intestinal diseases on endoscopy
as previously described.?! The exclusion criteria were as fol-
lows: (1) patients hospitalized for resection of colorectal ade-
nomas/polyps; (2) patients diagnosed with inflammatory bowel
disease or familial polyposis; (3) patients with a history of
colectomy; (4) cecal intubation was unnecessary or unsuccess-
ful; (5) bowel preparation score data was missing; and (6) colo-
noscopy was not performed by this endoscopist alone. The
study protocol was reviewed and the approval of the Ethics
Committee of the General Hospital of Northern Theater
Command has been obtained (Y (2023) 028). The study pro-
tocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki. The requirement for informed con-
sent for this study was waived, and all the data were

de-identified.

Data collection

The following data were collected by our study group: age, gen-
der, height, weight, type of patient (outpatient or inpatient),
type of colonoscopy (sedated or unsedated), history of colonos-
copy, history of abdominal surgery, time of starting colonos-
copy (morning or afternoon), indications for colonoscopy (ie,
abdominal discomfort, formless stool, difficult defecation, and
screening/surveillance), major findings during colonoscopy (ie,
size, number, and location of colorectal adenomas/polyps),
cecal intubation time, colonoscopy withdrawal time, and bowel
preparation score. Body mass index (BMI) was calculated. The
accuracy of original data was checked by 3 investigators (Y.L.,
C.G.,and D.S.).

Definitions and group

Bowel preparation score was evaluated by the Boston bowel
preparation scale (BBPS).2> The BBPS score for each colon
segment (right, transverse, and left colon segment) ranged
from 0 to 3. The total BBPS score was the sum of the BBPS

scores of the 3 colon segments. Excellent bowel preparation

quality was defined as a total BBPS score of =8; good bowel
preparation quality was defined as a total BBPS score of 6 or 7
with a BBPS score of =2 for each colon segment; and poor
bowel preparation quality was defined as a BBPS score of <2
for any colon segment. According to the BBPS score, patients
were divided into excellent, good, and poor groups. Excellent
and good bowel preparation quality were considered as ade-
quate bowel preparation quality.

ADR/PDR was defined as the proportion of patients with
at least one adenoma/polyp detected during colonoscopy
among all included patients.

Diminutive adenoma/polyp was defined as its size of
<5mm, small adenoma/polyp as 6 to 9 mm, intermediate ade-
noma/polyp as 10 to 19mm, and large adenoma/polyp as
=20mm.>

Colonoscopy withdrawal time also included the time of
biopsy and adenoma/polyp resection in the present study.

Procedures

A split-dose regimen consisting of 3 bags of polyethylene gly-
col (PEG-4000) solution with 3L of water was used for all
colonoscopies. Specifically, patients were asked to take 1 bag of
PEG-4000 with 1L of water at the night before colonoscopy,
and 2 other bags of PEG-4000 with 2 L of water and 30 mL of
simethicone in the morning of colonoscopy as previously
described.?* If a patient was planned to undergo colonoscopy in
the afternoon, the last 2 bags of PEG-4000 with 2 L. of water
and 30 mL of simethicone were permitted to be taken at noon.
If a patient felt that bowel preparation quality was inadequate
after traditional bowel preparation, an additional bag of PEG-
4000 could be taken. Even if a patient did not strictly undergo
bowel preparation according to our protocol of bowel prepara-
tion, we would discuss with him or her about whether the colo-
noscopy was performed. The Fujinon colonoscope
(EC-530WM, EC-450W1I5, EC-250WMS5, Japan) was used,
and all procedures were completed using white light endoscopy.
The number, location, and size of adenomas/polyps detected
during colonoscopy were recorded.

Statistical analyses

Continuous variables were expressed as mean * standard devi-
ation and median (range), and compared by nonparametric
Kruskal-Wallis test or Mann-Whitney U test. Categorical vari-
ables were expressed as frequency (percentage) and compared
by chi-square test. ADR/PDR, diminutive ADR/PDR, small
ADR/PDR, intermediate ADR/PDR, large ADR/PDR, and
number of adenomas/polyps were compared between the
excellent, good, and poor bowel preparation quality groups.
Notably, if the number of adenomas/polyps was ambiguously
recorded as multiple, more than 10, or dozens in a patient, the
data would be excluded from statistical analyses regarding the
difference in the number of adenomas/polyps among the 3
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All the patients who underwent colonoscopy from December 3,
2020 to August 31, 2022 by an endoscopist (XQ) (n=1566)

Excluded patients (n=334)

» 1. Patients hospitalized for resection of colorectal
adenomas/polyps (n=159)

* 2. Patients diagnosed with inflammatory bowel disease or
familial polyposis (n=35)

* 3. Patients with a history of colectomy (n=18)

¢ 4. Cecal intubation was unnecessary or unsuccessful (n=75)

* 5. Bowel preparation score data was missing (n=14)

* 6. Colonoscopy was not performed by the endoscopist
alone (n=33)

Included patients (n=1232)

Excellent group
(n=463)

Poor group
(n=133)

Good group
(n=636)

Figure 1. Flowchart of patients’ enroliment.

groups. Logistic regression analyses were performed to identify
the factors that were significantly associated with ADR/PDR.
Variables with P<<.1 in univariate analyses were enrolled in
multivariate analyses. Odds ratios (ORs) with 95% Cls were
calculated. A 2-tailed P<<.05 was considered statistically
significant. All statistical analyses were performed using IBM
SPSS version 20.0 statistical software (IBM Corp, Armonk,
New York, USA). Statistical results were checked by 1 investi-
gator (K.W.).

Results
Characteristics of patients

Overall, 1232 patients were included in the final analysis
(Figure 1). The mean age was 51.5years, the mean BMI was
24.1kg/m?, and the proportion of female was 45.9% (Table 1).

Among them, 463, 636, and 133 patients were assigned to
the excellent, good, and poor groups, respectively. There was sig-
nificant difference in the proportions of female (50.5% vs 44.8%
vs 35.3%, P=.006), colonoscopy performed in the afternoon
(31.7% vs 48.1% vs 54.1%, P<<.001), formless stool (55.7% vs
48.4% vs 32.3%, P<.001), difficult defecation (9.4% vs 14.3%
vs 24.2%, P<<.001), BMI (23.8 = 3.4kg/m? vs 24.4 * 3.5 kg/m?
vs 24.1 = 4.0kg/m?, P=.024), and colonoscopy withdrawal time
(16.5 = 7.5 minutes vs 17.7 = 8.8 minutes vs 17.4 = 8.5 minutes,
P=.042) among the 3 groups (Table 2).

ADR/PDR

Overall ADR/PDR were 291/463 (63%), 420/636 (66%), and
73/133 (55%) in the excellent, good, and poor groups, respec-
tively. Compared with the poor group, the good group had a
significantly higher ADR/PDR (P=.015).

In the 3 groups, diminutive ADR/PDR was 264/463 (57%),
389/636 (61%), and 71/133 (53%), respectively; small ADR/

PDR was 83/463 (18%), 130/636 (20%), and 24/133 (18%),
respectively; intermediate ADR/PDR was 42/463 (9%),
58/636 (9%), and 5/133 (4%), respectively; and large ADR/
PDR was 7/463 (2%), 10/636 (2%), and 0/133 (0%), respec-
tively. The excellent group (P=.045) and the good group
(P=.040) had a significantly higher intermediate ADR/PDR
than the poor group. But there was no significant difference in
diminutive ADR/PDR, small ADR/PDR, and large ADR/
PDR between the poor, good, and excellent groups (Figure 2).

Factors associated with overall ADR/PDR

In the overall patients, univariate logistic regression analysis
showed that age =50years (OR =3.240, 95% CI=2.545-4.125,
P<.001), BMI=25.0kg/m?> (OR=1.324, 95% CI=1.040-
1.678, P=.023), inpatient (OR=1.868, 95% CI=1.396-2.498,
P<.001), history of colonoscopy (OR =1.828,95% CI=1.438-
2.325, P<.001), longer cecal intubation time (OR=1.031,
95% CI=1.005-1.057, P=.018), longer colonoscopy with-
drawal time (OR=1.372,95% CI=1.315-1.432, P<.001), and
screening/surveillance (OR=1.780, 95% CI=1.303-2.432,
P<.001) were significantly associated with a higher ADR/
PDR; and colonoscopy performed in the afternoon (OR=0.772,
95% CI=0.611-0.976, P=.030), abdominal discomfort
(OR=0.712, 95% CI=0.560-0.906, P=.006), and formless
stool (OR=0.710, 95% CI=0.560-0.901, P=.005) were sig-
nificantly associated with a lower ADR/PDR (Table 3).

In the overall patients, multivariate logistic regression anal-
ysis showed that good bowel preparation quality (OR=1.786,
95% CI=1.046-3.047, P=.034) and excellent bowel prepara-
tion quality (OR=2.179,95%=1.241-3.826, P=.007) remained
independently associated with a higher ADR/PDR (Table 3).

In the patients with adequate bowel preparation quality,
both univariate (OR=0.870, 95% CI=0.678-1.117, P=.275)
and multivariate logistic regression analyses (OR=1.202, 95%
CI=0.848-1.704, P=.302) showed that excellent bowel prepa-
ration quality was not associated with a higher ADR/PDR
(Table 4).

Number of adenomas/polyps

Number of adenomas/polyps was 2.2+2.8, 2.5+3.2, and
2.0+ 2.8 in the excellent, good, and poor groups, respectively.
Compared with the poor group, the good group had a signifi-
cantly larger number of adenomas/polyps (P=.030) (Figure 3).

Discussion

The main findings of the current study were as follows. First,
good bowel preparation quality has the highest ADR/PDR,
followed by excellent and poor bowel preparation quality.
Notably, the difference in ADR/PDR between good and poor
bowel preparation quality groups becomes statistically signifi-
cant. Second, adequate bowel preparation quality should be an

independent risk factor associated with improved ADR/PDR.
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Table 1. Characteristics of included patients.

VARIABLES NO. OF PATIENTS
Age (years) 1232
Female (%) 1232
BMI (kg/m?2) 1226
Inpatient (%) 1232
Sedated colonoscopy (%) 1232
History of colonoscopy (%) 1228
History of abdominal surgery (%) 1223
Colonoscopy performed in the afternoon (%) 1232
Cecal intubation time (minutes) 1110
Colonoscopy withdrawal time (minutes) 1188

Indications for colonoscopy

Abdominal discomfort (%) 1185
Formless stool (%) 1185
Difficult defecation (%) 1185
Screening/surveillance (%) 1185

Abbreviations: BMI, body mass index; SD, standard deviation.

Third, according to the size of adenoma/polyp, only intermedi-
ate ADR/PDR, but not diminutive ADR/PDR, small ADR/
PDR, or large ADR/PDR, is significantly improved by ade-
quate bowel preparation quality.

Until now, many criteria for scoring bowel preparation qual-
ity have been established. Among them, the Aronchick Scale,
BBPS, and Ottawa Bowel Preparation Scale have been verified
and commonly employed.?® In this study, BBPS was used to
evaluate bowel preparation quality. Notably, BBPS score should
be calculated during colonoscopy withdrawal procedure and
after flushing and suctioning fluid and food residue by
endoscopists.?? According to the BBPS score, our patients were
divided into 3 groups and then ADR/PDR was compared
among them. By comparison, the difference in ADR/PDR was
analyzed according to the endoscopists’ subjective and intuitive
criteria for bowel preparation quality in other studies.'®18

Few previous studies discussed the influence of different
endoscopists on the relationship of bowel preparation quality
with ADR/PDR. Notably, different endoscopists scored the
same bowel preparation differently. Moreover, for the same
group of patients, ADR/PDR might also be different among
endoscopists.? Our study evaluated the relationship of bowel
preparation quality with ADR/PDR in only one endoscopist,

which substantially avoided bias from different endoscopists.

MEAN = SD AND MEDIAN (RANGE) OR FREQUENCY (PERCENTAGE)

51.5+14.7
53 (17-94)

566 (45.9%)

241=35
24.2 (14.7-38.9)

296 (24.0%)
20 (1.6%)
542 (44.1%)
317 (25.9%)

525 (42.6%)

8.2+51
6.6 (1.5-40.6)

17.3+8.3
15.0 (5.3-89.9)

475 (40.1%)
586 (49.5%)
160 (13.5%)

248 (20.9%)

It has been traditionally accepted that ADR/PDR is
increased with the improvement of BBPS. Guo et al'¥ showed
that ADR was increased from 11.9% to 32.6% with an
improvement in the total BBPS score from 4 to 9. Similarly,
Tholey et al'® found that sessile serrated PDR was significantly
increased with an improvement of bowel preparation quality
from good to excellent. By contrast, our study found that ADR/
PDR, diminutive ADR/PDR, small ADR/PDR, intermediate
ADR/PDR, and large ADR/PDR in the good bowel prepara-
tion quality group were higher than or similar with the excel-
lent bowel preparation quality group, which was consistent
with the findings by Calderwood et al'” that ADR/PDR was
significantly higher in patients with a total BBPS score of 6 to
8 than those with a total BBPS score of 9. There are some
explanations for this seemingly counterintuitive phenomenon.
First, excellent bowel preparation quality is often more condu-
cive to observe colorectal mucosa. However, it should be noted
that additional time on flushing and suctioning fluid and food
residue during colonoscopy withdrawal procedure should be
warranted to improve from good to excellent bowel prepara-
tion quality. If the total withdrawal time was relatively consist-
ent or maintained, the time on detecting adenoma/polyp in
other bowel segments, which are clean and do not require
flushing and suctioning, would be shortened, probably causing
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P=0.097
P=0.456
P=0.015 m Excellent
P=0.096
u Good
70%
’ P=0.167 ® Poor

60% r

50% r

40% r

30% r

20%

10% r

0%
ADR/PDR Diminutive ADR/PDR Small ADR/PDR Intermediate ADR/PDR Large ADR/PDR

Figure 2. Bar diagrams showing main findings among the excellent, good, and poor groups. ADR/PDR indicates adenoma/polyp detection rate.

Table 3. Univariate and multivariate logistic regression analyses of factors associated with ADR/PDR in all patients.

VARIABLE NO. OF UNIVARIATE ANALYSES MULTIVARIATE ANALYSES

PATENTS —7—7 7—7 ——"7 —— ——————
OR (95% Cl) P VALUE OR (95% ClI) P VALUE

Age =50 years vs <50 years 1232 3.240 (2.545-4.125) <.001 3.453 (2.435-4.898) <001

Female vs male 1232 0.796 (0.631-1.005) .055 0.622 (0.440-0.878) .007

BMI=25.0 (kg/m?) vs <25.0 (kg/m?) 1226 1.324 (1.040-1.687) .023 1.133 (0.807-1.592) A7

Inpatient vs outpatient 1232 1.868 (1.396-2.498) <.001 0.787 (0.517-1.199) .265

Colonoscopy under anesthesia (yes vs no) 1232 0.694 (0.285-1.688) 421

History of colonoscopy (yes vs no) 1228 1.828 (1.438-2.325) <.001 0.957 (0.685-1.337) .798

History of abdominal surgery (yes vs no) 1223 1.002 (0.768-1.307) .991

Colonoscopy performed in the afternoon 1232 0.772 (0.611-0.976) .030 0.911 (0.657-1.264) 577

(yes vs no)

Cecal intubation time (minutes) 1110 1.031 (1.005-1.057) .018 0.998 (0.966-1.031) .898

Colonoscopy withdrawal time (minutes) 1188 1.372 (1.315-1.432) <.001 1.366 (1.303-1.432) <.001

Bowel preparation quality

Excellent 636 1.391 (0.941-2.054) .098 1.786 (1.046-3.047) .034
Good 463 1.598 (1.094-2.334) .015 2.179 (1.241-3.826) .007
Poor 133 reference reference reference reference

Indications for colonoscopy

Abdominal discomfort (yes vs no) 1185 0.712 (0.560-0.906) .006 0.816 (0.568-1.172) .270
Formless stool (yes vs no) 1185 0.710 (0.560-0.901) .005 1.018 (0.692-1.498) .929
Difficult defecation (yes vs no) 1185 0.993 (0.702-1.405) .970

Screening/surveillance (yes vs no) 1185 1.780 (1.303-2.432) <.001 1.334 (0.773-2.302) .300

Abbreviations: ADR/PDR, adenoma/polyp detection rate; BMI, body mass index; OR, odd ratio; Cl, confidence interval.
A 2-tailed P < .05 was indicated in bold values. And it was highlighted that the difference was statistically significant.
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Table 4. Univariate and multivariate logistic regression analyses regarding the effect of excellent and good bowel preparation quality on ADR/PDR.

VARIABLES NO. OF PATIENTS

OR (95% Cl)

UNIVARIATE ANALYSES

P VALUE

MULTIVARIATE ANALYSES?

OR (95% Cl) P VALUE

Bowel preparation quality
Excellent 636 0.870 (0.678-1.117)

Good 463 reference

reference

.275 1.202 (0.848-1.704) .302

reference reference

Abbreviations: ADR/PDR, adenoma/polyp detection rate; BMI, body mass index; OR, odd ratio; Cl, confidence interval.
aAdjusting for female, age =50years, BMI =25kg/m?, inpatient, history of colonoscopy, colonoscopy performed in the afternoon, cecal intubation time, colonoscopy

withdrawal time, abdominal discomfort, formless stool, and screening/surveillance.

14 P=0.219

P=0.030

P=0.117

Number of adenomas/polyps

Excellent Good Poor

Figure 3. Box diagram showing number of adenomas/polyps among the
excellent, good, and poor groups.

missed adenoma/polyp. Second, our study demonstrated that
the total withdrawal time was the shortest in excellent bowel
preparation quality group, suggesting that an excellent visual
field would reduce the endoscopist’s vigilance and speed up
colonoscopy withdrawal, thus possibly ignoring adenoma/
polyp. Third, it is more likely that fluid and food residue remain
in proximal colon and the curved parts of bowel (ie, hepatic
flexure and splenic flexure). Accordingly, bowel preparation at
these parts is more prone to be of poor quality,” necessitating
repeated flushing and suctioning, which increases the fre-
quency of observation, thereby leading to higher ADR/
PDR.28% Fourth, patients with good bowel function but with-
out predisposing factors of adenoma/polyp may have a higher
probability of excellent bowel preparation quality, vice versa.3%31
Fifth, we found that the largest number of adenomas/polyps
was observed in the good bowel preparation quality group,
which further supported that good bowel preparation quality
should be a supreme condition for colonoscopy.

In addition, we found that intermediate ADR/PDR was
significantly reduced by poor bowel preparation quality, which
was inconsistent with previous findings by Sherer et al'® that
diminutive ADR was significantly reduced by poor bowel
preparation quality. This may be because diminutive adenoma/

polyp tends to be multiple and is difficult to be ignored regard-
less of bowel preparation quality; by contrast, intermediate
adenoma/polyp is more likely to be single and thus is easy to be
missed in the setting of poor bowel preparation quality.

The current study had some limitations. First, the with-
drawal time also included the time of biopsy and adenoma/
polyp resection in some patients.»'> Regardless, it should be
beyond 6 minutes in all of our patients. Second, the pathological
reports could not be obtained in some patients. Thus, we could
not accurately differentiate between adenoma and polyp. Third,
baseline information was insufficient in some patients. Fourth,
the study was conducted at a single center and colonscopy pro-
cedures were performed by a single endoscopist, limiting the
generalization of the results. Fifth, the basic information we ret-
rospectively collected was not comprehensive. Comorbidities,
dietary habits, medication use, positive fecal occult blood test,
weight loss, and family history, which could significantly influ-
ence bowel preparation quality and ADR/PDR, were lacking.

Conclusions

Excellent bowel preparation quality is not superior to good
bowel preparation quality for improving ADR/PDR and num-
ber of adenomas/polyps. In contrast, poor bowel preparation
quality significantly reduces ADR/PDR and number of adeno-
mas/polyps. Therefore, adequate bowel preparation quality is
necessary during colonoscopy, but there is no need to pursue
the excellence in bowel preparation quality.
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