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INTRODUCTION: Adequate bowel preparation is paramount for a high-quality screening colonoscopy. Despite the

importance of adequate bowel preparation, there is a lack of large studies that associated the degree of

bowel preparation with long-term colorectal cancer outcomes in screening patients.

METHODS: In a large population-based screening program database in Austria, quality of bowel preparation was

estimated according to the Aronchick Scale by the endoscopist (excellent, good, fair, poor, and

inadequate bowel preparation).We used logistic regression to assess the influence of bowel preparation

on the detection of different polyp types and the interphysician variation in bowel preparation scoring.

Time-to-event analyses were performed to investigate the association of bowel preparation with

postcolonoscopy colorectal cancer (PCCRC) death.
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RESULTS: A total of 335,466 colonoscopies between January 2012 and follow-up until December 2022 were

eligible for the analyses. As compared with excellent bowel preparation, adenoma detection was not

significantly lower for good bowel preparation (odds ratio 1.01, 95% confidence interval [CI]

0.9971–1.0329, P5 0.1023); however, adenoma detection was significantly lower in fair bowel

preparation (odds ratio 0.97, 95% CI 0.9408–0.9939, P5 0.0166). Individuals who had fair or lower

bowel preparation at screening colonoscopy had significantly higher hazards for PCCRC death (hazard

ratio for fair bowel preparation 2.56, 95% CI 1.67–3.94, P < 0.001).

DISCUSSION: Fair bowel preparation on the Aronchick Scale was not only associated with a lower adenoma detection

probability but also with increased risk of PCCRC death. Efforts should be made to increase bowel

cleansing above fair scores.
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INTRODUCTION
Screening colonoscopy is considered the gold standard for the
detection and removal of colorectal polyps, thereby preventing
colorectal cancer (CRC) and related deaths (1). The notion that
CRC screening is most effective when performed under high
quality led to the development of multidisciplinary guidelines for
CRC screening of average-risk individuals by the International
Agency for Research on Cancer (2).

Postcolonoscopy CRC (PCCRC) is an adverse outcome of
colonoscopy-based CRC screening programs and includes CRC
that develops after a presumably CRC-free colonoscopy has
been performed (3). Several factors have been associated with
PCCRC, which can either be attributed to patient (polyp)
characteristics or procedural (endoscopist) factors (4). As such,
the degree of bowel preparation has been discussed as a con-
tributor to PCCRC. Already in the early 2000s, guidelines rec-
ommended that bowel preparation for colonoscopy should be
adequate to ensure efficient detection of colonic polyps (5). To
quantify the extent of bowel preparation, several scales have
been developed, such as the Boston Bowel Preparation Scale
(BBPS), the Ottawa Scale, and the Aronchick Scale (6–8). The
use of 1 of these 3 scales is recommended in current society
guidelines (9,10). Suboptimal bowel preparation leads to in-
complete colonoscopies and hampers the detection of colonic
neoplasia; therefore, a minimum standard for these bowel
preparation scales was proposed (9). Although the BBPS has
prevailed as the most validated rating scale, the Aronchick Scale
is easy to use due to its 5-tier system (11,12).

However, these scales are highly operator dependent, and the
rating is strongly influenced by preference and experience of the
endoscopists (13).

Currently, no study has quantified the polyp findings
according to bowel preparation in a large CRC screening co-
hort and linked this quality parameter to the long-term
mortality on CRC occurring after screening colonoscopy.
Therefore, in this study, we aimed to (i) determine the de-
tection probability of polyps in different qualities of bowel
preparation, (ii) quantify the physician influence on bowel
preparation rankings, and (iii) integrate these findings into the
context of bowel preparation quality in PCCRC deaths of
screening patients.

METHODS
Study design and cohort
We conducted a retrospective observational study including
individuals who underwent screening colonoscopy in Austria.
The study population is derived from colonoscopies that were
contributed to the Austrian quality certificate for screening
colonoscopy, the “Qualitätszertifikat Darmkrebsvorsorge,”
which was founded in 2007. The purpose of the voluntary
program was to monitor the quality of screening colonoscopies
performed in Austria’s opportunistic screening program, in-
troduced in 2005. The quality certificate’s database is built by
physicians who upload the information of their screening
colonoscopies, which includes quality parameters such as the
completeness of the colonoscopy, bowel preparation, use of
sedation, the histologic diagnosis of the most advanced pa-
thology, and the management of pathologies (biopsy or re-
moval). The correctness and completeness of the uploaded
records is audited twice a year, with 3 random samples of
original colonoscopy reports that need to be provided by every
participating endoscopist. Details and rationale of the Austrian
quality certificate for screening colonoscopy have been exten-
sively described before (14,15).

We included persons aged 50 years or older with a screening
colonoscopy between January 1, 2012, and December 31, 2022.
The study period was set to start in 2012 because reporting of
bowel preparation became a mandatory requirement in this
year. Nevertheless, bowel preparation information was miss-
ing for 18,339 screening participants who had to be excluded
from the study. Persons with CRC diagnosed at screening were
excluded. Only the index colonoscopy was included in the
analyses. Because there is only limited information on sur-
veillance colonoscopies in the database, we could not include
early repeat colonoscopies due to inadequate bowel prepara-
tion in the study.

The study periodwas also chosen due to the availability of data
on CRC deaths in this cohort. A database linkage with the central
registry of deaths of Austrian residents provided by Statistics
Austria was performed, where datawere available until December
31, 2022. Information of deaths was provided as date of death
with International Classification of Diseases, Tenth Revision codes
of causes of death (16,17).
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The Austrian nation-wide mandatory health insurance plan
recommends screening for individuals at or above the age of 50
years. In addition, an expanded recommendation exists for in-
dividuals with a positive family history of CRC,where screening is
initiated when the individual is 10 years younger than the first-
degree relative’s age of CRC diagnosis. Persons over the age of 40
years with a positive fecal occult blood test as part of a health
checkup are also eligible for screening colonoscopy. This study
was approved by the institutional review board of the Medical
University of Vienna (EK 1559/2023).

Variable definitions

Bowel preparation is recorded in the database as a mandatory
field for the colonoscopy upload form. Endoscopists report
bowel preparation by the 5-point Aronchick Scale, thereby
reporting whether bowel preparation was “excellent,” “good,”
“fair,” “poor,” or “inadequate” (8). In case of incomplete
colonoscopy, endoscopists need to report the cause, which can
be due to complications, pain, stenosis, poor, or inadequate
bowel preparation or other reasons. A death of CRC was con-
sidered when the death registry entry recorded the codes C18,
C19, or C20, whereas deaths of any other International Clas-
sification of Diseases, Tenth Revision code were considered
deaths of other causes. High-risk polyps were defined according
to current guidelines by the European Society for Gastroin-
testinal Endoscopy (ESGE; polyps $10 mm, adenomas with
high-grade dysplasia, serrated polyps with dysplasia, $5
adenomas).

Statistical analysis

Descriptive analyses. Descriptive statistics were used to report
the mean with SD and the median with the 25th and 75th per-
centile for continuous variables where applicable and report ab-
solute and relative frequencies of sex, polyp size, number of
polyps, cecal intubation, and reasons for incomplete colonoscopy
by degree of bowel preparation. In addition, we calculated per-
centages of polyp findings by bowel preparation.
Bowel preparation and PCCRC mortality. The association of
bowel preparation with the primary outcome, time to CRC death,
was determined using a cause-specific Cox proportional hazards
model adjusted for screening participants’ sex and age, where
deaths of other causes were considered competing events. Follow-
up time was measured from the date of screening colonoscopy
until either the occurrence of death from PCCRC or other cause
death. All other screening participant’s follow-up time was right-
censored at the end of the study period (December 31, 2022). We
performed a sensitivity analysis where we included colonoscopy
completeness (“yes” or “no”) as a variable, to adjust for cecal
intubation influencing CRC mortality risk. Hazard ratios (HRs)
with 95% confidence intervals (CIs) using robust standard errors
were reported. As quality metrics, such as the adenoma detection
rate (ADR) and polyp characteristics are associated with PCCRC,
we performed additional analyses with adjustments for these
variables. Because a surveillance colonoscopy canmodify the risk
of subsequent PCCRC, we performed an additional sensitivity
analysis where screening participants’ follow-up time was cen-
sored at the time of a surveillance colonoscopy. Like in the logistic
regression models, 95% CIs were calculated by using robust
standard errors due to the clustering of endoscopists. Model as-
sumptions of proportionality were assessed by Shoenfeld test.We

estimated the 10-year cumulative CRC mortality after screening
colonoscopy with death from other causes as a competing event.
Variation of bowel preparation rating between endoscopists. To
assess the probability of having excellent bowel preparation vs
any other degree of bowel preparation in the context of the ob-
servations being clustered at the endoscopist level, we used a
mixed-effects logistic regression model. Screening participant’s
age and sex were included as fixed effects in the model as possible
confounders and the endoscopist contributing the observation as
a random effect with random intercepts. In addition, a separate
analysis was performedwherewe added the endoscopist’sADRas
a random effect with random slopes to the model. To account for
nonlinear effects of age on the probability to have one of the bowel
preparation scores, we fitted a model with age as a natural spline
with 2 knots. Thefinalmodel (with age as a continuous variable or
with age as a natural spline) was chosen based on Akaike In-
formation Criterion.

Similarly, we fitted a mixed-effects model for “good” or
“excellent” vs any other quality of bowel preparation as the
outcome and 1 model with “fair” or better levels of bowel
preparation vs “poor/inadequate” bowel preparation. We cal-
culated the variance between endoscopists’ bowel preparation
ratings. Furthermore, we aimed to characterize the variation of
bowel preparation ratings between endoscopists in contrast to
the variation of bowel preparation degrees between individual
patients. Therefore, intraclass correlation coefficients (ICCs) of
agreement were calculated to determine the variance that can be
explained by the grouping of endoscopists (18). To calculate the
ICC, we divided the variance of the random effects by the total
variance of the model (residual variance and random effect
variance) (18,19). The ICC ranges from0 to 1. A high ICCmeans
that bowel preparation variability is mostly explained by the
grouping structure (endoscopists). A value closer to 0 indicates
that most of the variance is due to individual differences of
patients in an endoscopist cluster, with little variation between
endoscopists.
Bowel preparation and polyp detection. To determine effect of
bowel preparation on the probability of detecting an adenoma, a
serrated polyp, or a high-risk polyp, we used a logistic regression
model adjusting for age and sex. We performed these analyses
with (i) “excellent” bowel preparation as the reference category
and (ii) “excellent/good” bowel preparation as the reference
category. We calculated odds ratios (ORs) with 95% CIs for these
models. For statistical testing, we set a significance level of P ,
0.05. R version 4.3.0 was used for the analyses, using the surv-
miner, lme4, and performance package.

RESULTS
Bowel preparation scores and baseline findings

A total of 368,357 colonoscopies between January 2012 and De-
cember 2022 were eligible for inclusion in the study.We excluded
2,783 colonoscopies where CRCwas detected at screening, 11,769
individuals younger than 50 years, and 18,339 where bowel
preparation information was missing. This led to a final study
cohort of 335,466 colonoscopies in our analyses. Table 1 presents
the baseline characteristics by degree of bowel preparation. Of the
included individuals, 50.92% were female, and the median age of
the cohort was 60.0 years. Overall, 125,439 (37%) colonoscopies
had excellent bowel preparation, 159,719 (48%) had good bowel
preparation, 37,943 (11%) had fair bowel preparation, 9,440 (3%)
had poor bowel preparation, and 2,925 (1%) colonoscopies had
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inadequate bowel preparation. In 2013, 1 year after the in-
troduction of bowel preparation recording, excellent or good
bowel preparation was recorded in 9,413 (36.0%) and 12,582
(48.1%) screening colonoscopies, while 3,111 (11.9%), 803
(3.1%), and 252 (1.0%) screening colonoscopies had fair, poor, or
inadequate bowel preparation. In 2022, excellent bowel prepa-
ration was reported in 16,285 (43.4%) colonoscopies, good bowel
preparation was reported in 16,114 (43.0%) colonoscopies, fair
bowel preparation was reported in 4,076 (10.9%) colonoscopies,
and poor bowel preparation was reported in 722 (1.9%) colo-
noscopies, while inadequate bowel preparation was observed in
309 (0.8%) colonoscopies. The reported bowel preparation de-
grees by year since the start of the recording can be seen in
Supplementary Figure 1 (see Supplementary Digital Content 1,
http://links.lww.com/AJG/D291). The mean age of screening
participants was higher with each worsening bowel preparation
rank, with amean age of 61.12 years (SD 8.53) in individuals with
excellent bowel preparation and a mean age of 62.71 years (SD
9.36) in individuals with inadequate bowel preparation. Although
there were 3.75% more women in the cohort, excellent bowel
preparation frequency was 13% higher in women compared with
men. The colonoscopy completeness, indicated by reaching the
coecum, was less likely with worsening degrees of bowel prepa-
ration. 98.31% of colonoscopies with excellent bowel preparation
were completed, while this was true for 98.01% of colonoscopies
with good bowel preparation. While still 97.59% of fair colo-
noscopies were completed, the cecum was reached in 90.13% of
cases of colonoscopies with poor bowel preparation. In only
58.56% of colonoscopies with an inadequate bowel preparation,

the coecum was reached. Reasons for incomplete colonoscopies
are depicted in Supplementary Table 1 (see Supplementary
Digital Content 5, http://links.lww.com/AJG/D295). Of the
41.44% and 9.87% of incomplete colonoscopies in inadequate or
poor colonoscopies, the reason for incomplete colonoscopy was
insufficient bowel preparation in 1,145 (94.47%) and 732
(78.46%) of examinations. Overall reporting of follow-up colo-
noscopy was low, with up to 77.33% of inadequate colonoscopies
missing recommended follow-up intervals (see Supplementary
Table 2, Supplementary Digital Content 5, http://links.lww.com/
AJG/D295). Of colonoscopies where follow-up recommenda-
tions were provided, the median recommended follow-up in-
terval was 12 months in colonoscopies with inadequate bowel
preparation. The median recommended follow-up interval was
36 months in colonoscopies with fair bowel preparation and with
good bowel preparation (see Supplementary Table 2, Supple-
mentary Digital Content 5, http://links.lww.com/AJG/D295).

Bowel preparation and CRC death

Themedian follow-up was 4.60 years (95% CI 4.59–4.62). There
were 242 PCCRC deaths in 1.57 million person-years at a
follow-up period of up to 11 years, corresponding to a death rate
of 15.45 deaths per 100,000 person-years. 10.05 deaths per
100,000 person-years occurred in individuals with excellent
bowel preparation, 13.60 deaths per 100,000 person-years oc-
curred after a colonoscopy with good bowel preparation, 31.42
deaths per 100,000 person-years were observed in fair bowel
preparation, and 36.01 as well as 58.66 deaths per 100,000
person-years in poor or inadequate bowel preparation,

Table 1. Patient characteristics, cecal intubation and polyp characteristics by bowel preparation degree

Excellent

(N 5 125,439,

37.4%)

Good

(N 5 159,719,

47.6%)

Fair

(N 5 37,943,

11.3%)

Poor

(N 5 9,440,

2.8%)

Inadequate

(N 5 2,925,

0.9%)

Overall

(N 5 335,466)

Age

Mean (SD) 61.1 (8.53) 61.8 (8.80) 62.5 (9.01) 62.8 (9.20) 62.7 (9.37) 61.7 (8.75)

Median (Q1, Q3) 59.0 (54.0, 67.0) 60.0 (54.0, 68.0) 61.0 (55.0, 69.0) 61.0 (55.0, 70.0) 61.0 (55.0, 69.0) 60.0 (54.0,68.0)

Sex, n (%)

Female 66,428 (53.0) 80,570 (50.4) 17,850 (47.0) 4,516 (47.8) 1,455 (49.7) 170,819 (50.9)

Male 59,011 (47.0) 79,149 (49.6) 20,093 (53.0) 4,924 (52.2) 1,470 (50.3) 164,647 (49.1)

Cecal intubation, n (%)

Yes 123,324 (98.3) 156,548 (98.0) 37,029 (97.6) 8,508 (90.1) 1,713 (58.6) 327,122 (97.5)

No 2,115 (1.7) 3,171 (2.0) 914 (2.4) 932 (9.9) 1,212 (41.4) 8,344 (2.5)

Polyp size (mm), n (%)

,5 32,923 (26.2) 44,839 (28.1) 10,286 (27.1) 2,176 (23.1) 453 (15.5) 90,677 (27.0)

5–10 14,896 (11.9) 19,734 (12.4) 4,744 (12.5) 976 (10.3) 215 (7.4) 40,565 (12.1)

11–20 4,030 (3.2) 4,844 (3.0) 1,179 (3.1) 307 (3.3) 74 (2.5) 10,434 (3.1)

.20 1,674 (1.3) 2,093 (1.3) 585 (1.5) 139 (1.5) 45 (1.5) 4,536 (1.4)

Negative

colonoscopy

71,916 (57.3) 88,209 (55.2) 21,149 (55.7) 5,842 (61.9) 2,138 (73.1) 189,254 (56.4)

No. of polyps

Mean (SD) 2.05 (1.70) 2.09 (1.86) 2.20 (2.01) 2.12 (1.69) 2.29 (1.83) 2.09 (1.82)

Median (Q1, Q3) 1.00 (1.00, 3.00) 1.00 (1.00, 3.00) 2.00 (1.00, 3.00) 2.00 (1.00, 3.00) 2.00 (1.00, 3.00) 1.00 (1.00, 3.00)
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respectively. We found that the hazards for death from CRC
were significantly higher in colonoscopies with fair prepara-
tion (HR 2.56, 95% CI 1.67–3.94, P , 0.001, Figure 1),
poor preparation (HR 2.88, 95% CI 1.63–3.94, P , 0.001), and
inadequate preparation (HR 4.66, 95% CI 2.1–10.34, P, 0.001,
Figure 1). Even when adjusting for cecal intubation, fair bowel
preparation was still significantly associated with CRC death
(HR 2.48, 95% CI 1.63–3.78, P , 0.001, see Supplementary
Figure 2, Supplementary Digital Content 2, http://links.lww.
com/AJG/D292). The estimates of our sensitivity analysis,
where screening participants were censored at the time of
follow-up colonoscopy, were comparable with our main anal-
ysis (see Supplementary Table 3, Supplementary Digital Con-
tent 5, http://links.lww.com/AJG/D295). In addition, in amodel
adjusting for polyp characteristics, adenoma detection, and
proximal serrated polyp detection, the estimates for bowel
preparation remained significant (see Supplementary Table 4,
Supplementary Digital Content 5, http://links.lww.com/AJG/
D295). 10-year cumulative CRC mortality was 0.14% (95% CI
0.11%–0.17%) in screening participants with good or excellent
bowel preparation and 0.41% (95% CI 0.29%–0.57%) in par-
ticipants with fair or worse bowel preparation (Figure 2). The
cumulative CRC mortality by all degrees of bowel preparation
can be seen in Supplementary Figure 3 (see Supplementary
Digital Content 3, http://links.lww.com/AJG/D293). For
screening participants where bowel preparation information
was lacking (n 5 18,339), and who therefore were excluded from
the study, the cumulative PCCRC mortality is depicted in Supple-
mentary Figure 4 (see SupplementaryDigital Content 4, http://links.
lww.com/AJG/D294). The 10-year cumulative mortality of
PCCRCwas 0.18% (95%CI 0.12%–0.27%) in this group. Overall, of
the excluded colonoscopies, the cecum was not intubated in 712
(3.9%) colonoscopies. Reasons for incomplete colonoscopy were
poor bowel preparation (not further specified) in 141 (19.8%)
participants.

Physician effect on bowel preparation rating

Since bowel preparation is a subjective rating based on the
endoscopist’s intuition, we were interested in the variability of
endoscopist rating in different degrees of bowel preparation. We

found that the endoscopist-dependent variance was greatest be-
tween the scores excellent vs any other degrees (s2 4.366, ICC
0.57, Table 2), compared with the rating of good or excellent vs
other degrees (s2 1.019, ICC 0.237), or fair and above vs other
degrees (s2 0.857, ICC 0.207). When adding the endoscopist’s
ADR to the model estimating the probability of excellent bowel
preparation rating, the ICC increased to 0.77.

Effect of bowel preparation on polyp detection

We found that there was a significant association of bowel
preparation score with the probability to either detect an ade-
noma, a high-risk polyp or a serrated polyp, when considering
excellent bowel preparation as the reference (Table 3), as well as
when considering excellent/good bowel preparation as the ref-
erence category. While the odds for detecting an adenoma were
not significantly lower for good bowel preparation (OR 1.01, 95%
CI 0.9971–1.0329, P5 0.1023), they were lower for fair (OR 0.97,
95% CI 0.9408–0.9939, P 5 0.0166), poor (OR 0.76, 95% CI
0.7199–0.8005, P , 0.001), and inadequate bowel preparation
(OR 0.44, 95% CI 0.3948–0.4924, P , 0.001). The odds for the
detection of high-risk polyps were lower in colonoscopies with
any degree of bowel preparation lower than excellent; how-
ever, the estimates were similar in good (OR 0.96, 95% CI
0.9253–0.986, P5 0.0046) and fair bowel preparation (OR 0.98,
95% CI 0.9342–1.0292, P 5 0.4261), although this was not sig-
nificant. The probability of detecting sessile serrated lesions
(SSLs) or traditional serrated adenomas (TSAs) was also signifi-
cantly associated with bowel preparation. The odds for detecting
an SSL/TSA were lower in colonoscopies with good preparation
(OR 0.84, 95% CI 0.8022–0.876, P , 0.001) and fair (OR 0.83,
95% CI 0.7728–0.89, P , 0.001) bowel preparation. When
combining excellent/good bowel preparation in 1 reference cat-
egory, fair bowel preparation was still significantly associated
with a lower probability to detect adenomas (0.96, 95% CI
0.9347–0.9837, P 5 0.0013).

DISCUSSION
In this large population-based CRC screening cohort, we in-
vestigated how the degree of bowel preparation according to the
Aronchick Scale influences the detection of polyps during
screening colonoscopy and thereby affects long-term outcomes
for screening participants. With worsening degrees of bowel
preparation, the odds of detecting an adenoma, high-risk polyp,
SSL, or TSA significantly decreased. The detection of adenomas
was more than half less likely in screening participants who had
inadequate bowel preparation (OR 0.44, 95%CI 0.3948–0.4924,P
, 0.001), with a similar pattern for the detection of SSL or TSA
(OR 0.53, 95% CI 0.4032–0.7079, P , 0.001). The lower the
degree of bowel preparation, the higher was the risk of PCCRC
death in the cohort, where hazards for PCCRCdeathwere already
significantly higher for screening participants with fair bowel
preparation (HR 2.56, 95% CI 1.67–3.94, P, 0.001), even when
adjusting for colonoscopy completeness. Although individuals
with a good bowel preparation score had a trend for marginally
higher hazards for PCCRC death, these were not significant (HR
1.23, 95% CI 0.84–1.8, P 5 0.282). Taken together, our findings
further support the evidence that bowel preparation is a crucial
element of high-quality colonoscopy that affects CRC outcomes
in screening participants.

Despite the wide-spread agreement that bowel preparation
should be adequate in screening colonoscopy, the degree of bowel

Figure 1. Forest plot with hazard ratios and 95% confidence intervals.
Bowel preparation was included in the model with excellent bowel prep-
aration as the reference. The estimates were adjusted for screening par-
ticipant’s age and sex.
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preparation that is deemed adequate has not yet been validated
with long-term patient PCCRC mortality after screening colo-
noscopy. Current guidelines of the ESGE suggest that on average,
the target rate of screening participants with adequate bowel
preparation should be 95%–98% (9,10). In the European rec-
ommendation, adequate bowel preparation is defined as a Boston
Bowel Preparation Score $6 or at least “fair” on the Aronchick
Scale (9). However, these data are based on cohort studies that
compared the detection of polyps, adenomas, or advanced ade-
nomas as the surrogate outcome, andnot the incidence of PCCRC
or related deaths. Our data imply that considering “fair” bowel

preparation as adequate might not be sufficient when aiming for
the lowest possible rate of PCCRC deaths in screening partici-
pants. Implications of lowering the threshold of adequate prep-
aration to only “excellent” and “good”might increase the number
of repeat colonoscopies being performed, which increases the
workload to endoscopy units and increases to healthcare costs.
Asides from colonoscopies, healthcare spendings might rise due
to a surge in hospital bed use, extended hospital stays, and
treatment of complications. To avoid a possible drop in cost-
effectiveness of screening colonoscopy, bowel preparation itself
must become more efficient. Patient stratification based on

Figure 2. Cumulative colorectal cancer mortality since time from colonoscopy in screening participants that had either “excellent” or “good” bowel
preparation at screening colonoscopy, as compared with individuals with “fair”, “poor”, or “inadequate” bowel preparation. Estimates were calculated
accounting for deaths from other causes as competing risk. PCCR, postcolonoscopy colorectal cancer.
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probability of poorer bowel preparation (elder screening partic-
ipants, male participants) and intensified patient educationmight
help mitigate this problem. Patient education should focus on
evidence-based measures for bowel cleansing optimization. As
such, split-dose bowel preparation with the second dose 3–8
hours before the examination should be the preferred bowel
preparation regimen (20,21). In addition, sufficient fluid intake is
essential for proper bowel cleaning, alongside dietary restrictions
(consumption of a liquid diet the day before the scheduled
colonoscopy) (21,22).

A meta-analysis by Clark and colleagues compared the ADRs
in 3 different rating scores on the Aronchick Scale (excellent/
good, intermediate, poor/inadequate). The authors found no
significant difference in ADR between a high-quality preparation
vs intermediate preparation, and the pooled OR for intermediate
vs low-quality preparation clearly favored the intermediate level
above the poor/inadequate level (12). Even on a 4-point scale
(excellent/good/fair/poor), the detection of adenomas was not
significantly different between optimal or intermediate prepara-
tion in a cross-sectional study of 13,022 colonoscopies (23). In our
study, we found that when considering excellent bowel prepara-
tion or excellent/good bowel preparation as the reference, ade-
noma detection probability was significantly lower in fair bowel
preparation. In addition, there was a significant association with
CRC death in screening participants already with fair bowel
preparation, with a risk that was more than twice as high as
compared with individuals with excellent preparation. As bowel
preparation affects cecal intubation (24), we adjusted our esti-
mates for colonoscopy completeness in a sensitivity analysis,
where the risk of PCCRC death was still significantly higher in
screening participants with fair bowel preparation. Thesefindings
suggest that a lower detection ability of adenomas due to poor
visualization of the whole colonic mucosa might be the biggest
contributor toCRCmortality risk in individuals with fair, poor, or
inadequate bowel preparation. Interestingly, we found that the
mean number of polyps was higher by worsening degrees of
bowel preparation. Moreover, the likelihood to detect polyps was
higher by worsening bowel preparation scores. A higher preva-
lence of increased age and male sex might have contributed to
these surprising findings. Nevertheless, the probability to detect
adenomas decreased with worsening bowel preparation scores.
Sherer and colleagues demonstrated that there was a decrease in
detection of polyps with advanced histology (villous histology,
high-grade dysplasia, adenocarcinomas) which were small
(,10 mm) in patients with poor bowel preparation (25).

However, the scoring system of this study only included 3 levels.
In our study, we used the Aronchick Scale, which is more nu-
anced since it has 5 levels to choose the extent of bowel prepa-
ration form. The adenoma detection in colonoscopies with fair
bowel preparationwas only 4 percentage points lower compared
with excellent bowel preparation; however, this differencemight
already contribute to a higher PCCRC mortality risk. Previous
studies showed that with every percentage point increase in
ADR, the risk of PCCRC decreases by 2–3 percentage points
(4,26–28).

The rating of bowel preparation is a subjective measure,
whichmight be depending on the endoscopist’s preferences and
experience. It has been hypothesized that endoscopists who are
low performers in adenoma detection are also the ones who, on
average, havemore patients with lower bowel preparation levels,
explaining the high interphysician variability in ADR (29).
However, data from the UK flexible sigmoidoscopy trial sug-
gested otherwise (13). Endoscopists who were low performers
more frequently judged bowel preparation to be better, com-
pared with endoscopists who were high performers (13). This
indicates higher confidence in judgment of sufficient bowel
preparation in lowADR endoscopists. In our study, we observed
the highest variance ratings between excellent and lower bowel
preparation scores, compared with the cutoff of excellent/good
bowel preparation vs lower scores. However, since the likeli-
hood of adenoma detection between excellent and good bowel
preparation is similar, and there is no higher risk of PCCRC
mortality in screening participants in good vs excellent prepa-
ration, the endoscopist-effect mediated to these outcomesmight
only be marginal.

Strengths of our study include the large cohort based entirely
on primary screening colonoscopies. In this study, we used time

Table 2. Results of the mixed-effects model considering

clustering of observations at the level of endoscopists

ICC Variance Bowel preparation

0.570 4.366 Excellent vs other

0.237 1.019 Excellent/good vs other

0.207 0.857 Excellent/good/fair vs other

Intraclass correlation coefficients (ICCs) and variances were obtained from a
mixed model with excellent vs any other degree of bowel preparation, excellent
or good preparation vs any other degree of bowel preparation, and amodel with
fair or better bowel preparation vs lower bowel preparation ranks. Models were
adjusted for screening participant’s age and sex.

Table 3. Association of bowel preparation degree with the

probability of detecting an adenoma, high-risk polyp, or SSL

Bowel preparation OR 95% CI P value

Detection of adenomas

Good 1.01 0.9971–1.0329 0.1023

Fair 0.97 0.9408–0.9939 0.0166

Poor 0.76 0.7199–0.8005 ,0.001

Inadequate 0.44 0.3948–0.4924 ,0.001

Detection of high-risk polyps

Good 0.96 0.9253–0.986 0.0046

Fair 0.98 0.9342–1.0292 0.4261

Poor 0.85 0.7771–0.9355 ,0.001

Inadequate 0.67 0.5606–0.8057 ,0.001

Detection of SSL/TSA

Good 0.84 0.8022–0.876 ,0.001

Fair 0.83 0.7728–0.89 ,0.001

Poor 0.53 0.452–0.6219 ,0.001

Inadequate 0.53 0.4032–0.7079 ,0.001

Estimates are adjusted for screening participant’s age and sex.
CI, confidence interval; OR, odds ratio; SSL, sessile serrated lesion; TSA,
traditional serrated adenomas.
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to PCCRCdeath as a long-termpatient outcome and estimated its
association with the bowel preparation degrees and did not use a
surrogate outcome such as adenoma detection or size of detected
polyps as an approach to determine adequate bowel preparation.

A main limitation of this study is the lack of risk factors of
CRC, such as lifestyle aspects, the socioeconomic status of study
participants, or comorbidities. Hence, we cannot exclude residual
confounding in the group of fair or worse bowel preparation,
leading to high mortality rates in this group. In our study, we did
not have access to incident CRCof study participants. The data on
incident CRC might have helped in understanding the trajectory
from a colonoscopy with suboptimal bowel preparation to the
death from PCCRC. In addition, it would have helped to assess
the cancer stages of PCCRC. Another limitation of this study is
the lack of follow-up colonoscopies of scheduled recalls. Sur-
veillance colonoscopies were excluded from the analysis because
the follow-up information for screening participants is in-
complete. Surveillance colonoscopy ultimately alters PCCRC risk
when screening participants follow the recommended follow-up
intervals. Therefore, a possible bias from the lack of surveillance
colonoscopy information cannot be excluded. Nevertheless, our
sensitivity analysis including the 18,670 surveillance colonos-
copies where screening participants were censored at follow-up
colonoscopy showed comparable results with our main analysis.
However, we did have information on the recommended interval
of follow-up. The repeating of colonoscopy based on inadequate
bowel preparation is recommended by endoscopic societies (22).
However, there might be a high confidence of appropriate colo-
noscopy quality in endoscopists who rated the colonoscopy as
“fair”, since current guidelines consider this level of bowel
preparation as “adequate”. In inadequate colonoscopies where
information on follow-up recommendations was available,
follow-up colonoscopy was recommended in a median of 12
months, which is in line with current guidelines (22). However,
recommended median intervals were longer for persons with
poor or fair bowel preparation (36 and 24 months), longer than
the recommended interval in the guidelines. Therewas amarginal
difference in missingness (66.38% vs 65.79%), and no difference
in the median recommended follow-up interval (36 months)
between colonoscopies with good or fair bowel preparation.

Our results might have limited generalizability to US cohorts,
which, depending on the age and sex of patients, have a surveil-
lance rate for adenomas between 5.7% and 30.6% (30).

In this study, we had to exclude 18,339 screening participants
due to lacking bowel preparation information, although the bowel
preparation degree was introduced as a mandatory field in the
database in 2012. Of these colonoscopies, overall PCCRC mor-
tality was high, whichmight be explained by a lower colonoscopy
completion rate than in the whole study cohort. In only 19.8% of
the incomplete colonoscopies, the reason for incomplete colo-
noscopy was in fact poor bowel preparation; however, the exact
degree of bowel preparation was unknown, which is a limitation
of this study.

In addition, the database lacks information on bowel prepa-
ration solutions and preferences of endoscopists on purgatives for
their patients or whether split dosingwas applied. Thismight give
important insights on the variation of bowel preparation degrees
and tolerability of screening participants between endoscopists
(31). However, in a prospective study of 5,000 individuals in the
Austrian Quality Assurance patient population, bowel prepara-
tion quality was comparable between low-volume preparation

(300 mL sodium picosulfate), intermediate volume (2 L poly-
ethylene glycol1 ascorbic acid and sodium ascorbate), and high-
volume (HV, 4 L polyethylene glycol) purgatives (32). In this
study by Waldmann et al, endoscopists recommended their
preferred bowel cleansing solutions to patients, where 58.5% used
a low-volume solution, 16.2%used aHV solution, and 25.3%used
an intermediate-volume solution. HV and low-volume purga-
tives reached an adequate bowel preparation rate of 97.6% and
97.2%, respectively. Intermediate-volume solutions had high
success rates (95.3%); however, it was significantly worse com-
paredwith low-volume andHVpurgatives (32). The colonoscopy
database reporting system lacks information on other bowel
preparation scales such as the BBPS or the Ottawa Scale. Al-
though the Aronchick Scale has a corresponding cutoff of “ade-
quate” to the BBPS, the BBPS is a valid and reliable measure
acknowledged by the American Society for Gastrointestinal En-
doscopy (21) and is considered the preferred scale by the ESGE
(9). The BBPS has been well established in American CRC
screening programs (21). Limitations of the Aronchick Scale in-
clude the lack of evaluation in different colon segments. If the
bowel preparation in every segment was known, an evaluation of
PCCRC tumor location could have been possible.

We conclude that in colorectal screening participants with
excellent or good bowel preparation, the probability of detecting
adenomas and having a complete examination is highest. Bowel
preparation below a good level is associated with higher PCCRC
mortality. Striving for optimal bowel cleansing in screening set-
tings might therefore beneficial. Future studies will demonstrate
whether other bowel preparation scales have a similar association
with long-term PCCRC outcomes and whether a more refined
stratification of bowel preparation is necessary.
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Study Highlights

WHAT IS KNOWN

3 Several quality parameters have been proposed for screening
colonoscopy, including bowel preparation quality.

3 Current guidelines consider adequate bowel preparation as
either “excellent”, “good”, or “fair” on the Aronchick scale.

3 Bowel preparation rating is a subjective measure depending
on the endoscopist’s opinion and experience.

3 Thus far, there is a lack of long-term studies investigating
postcolonoscopy colorectal cancer (PCCRC) mortality after
screening colonoscopy and its association with quality of
bowel cleansing.

WHAT IS NEW HERE

3 Variability in bowel preparation ranking was highest among
colonoscopies between excellent or other scores but lower for
the scores good, fair, poor, or inadequate.

3 We found that adenoma detection was less likely in screening
participants with fair or worse bowel preparation.

3 PCCRC mortality was significantly higher in individuals with
fair, poor, or inadequate bowel preparation.
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