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INTRODUCTION: Colonoscopy is an imperfect gold standard for detecting colorectal neoplasms because some proportion

of adenomas may be missed, mainly small lesions. This proportion is expected to be higher in case of

inadequatebowel cleansing,which is frequently seen in routine practice.Weestimated the proportions of

neoplasms that are in principle detectable by colonoscopy but might be missed in case of incomplete

bowel preparation.

METHODS: For 8,193 participants of screening colonoscopy in South-Western Germany, recruited between 2005

and 2016, the prevalence and numbers of different findings were extracted from colonoscopy reports

and compared according to the reported bowel preparation quality.

RESULTS: Bowelpreparationqualitywas reportedasgood,poor, orwasunspecified in30.3%,11.1%,and58.6%of

colonoscopy records. Reported prevalences of nonadvanced adenomas (NAAs) were similar among

participants with poor and unspecified bowel preparation quality but substantially lower than among

participants with good bowel preparation (adjusted prevalence rate ratio [RR] 0.86, 95% confidence

interval [CI]: 0.77–0.96). The differences were observed for proximal but not for distal NAAs (RRs 0.82,

95% CI: 0.71–0.95 and 0.95, 95% CI: 0.82–1.10).

DISCUSSION: Our study suggests that a significant proportion of NAAs located in the proximal colon might be missed

during colonoscopy if bowel cleansing is not adequate.Major efforts should bemade to further facilitate

and enhance high-quality bowel preparation in routine screening practice.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A265 and http://links.lww.com/CTG/A266
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INTRODUCTION
Colonoscopy is considered as the diagnostic gold standard for early
detection of colorectal cancer (CRC) and its precursors. Further-
more, colonoscopy has shown great potential to reduce CRC in-
cidence by removal of these lesions (1). Therefore, colonoscopy is
widely recommended and used in several countries for CRC
screening and early detection (2). However, colonoscopy is not
always a true gold standard in routine practice. Although it can be
assumed to detect CRC quite reliably, studies have shown that non-
negligible proportions of adenomas (;9% of advanced adenomas
[AAs] and 26% of all adenomas) may be missed during the colo-
noscopy (3–5). The risk ofmissing colorectal neoplasms is expected
to be particularly high in case of inadequate bowel cleansing,
a problem commonly encountered in routine practice.

Although several previous studies estimated proportions of
findings missed during colonoscopy because of inadequate bowel

preparationwith repeated colonoscopy (6–15), those studies were
typically conducted in highly specialized centers, included small
numbers of participants and did not consider potentially relevant
characteristics of findings such as flat or sessile shape. Further-
more, per-adenoma miss rates were rarely investigated (6,9,15),
and average numbers of neoplasms per subject were not yet
considered in any study. To our knowledge, only one previous
study has addressed the potential implications of inadequate
bowel cleansing in the German screening colonoscopy program
(16) but that study focused on overall adenoma detection rates
(ADRs) and did not consider adenoma characteristics such as
location and shape and did not differentiate between advanced
and non-AAs (NAAs).

We therefore evaluated the impact of inadequate bowel
cleansingonADRs in a large study amongparticipants of screening
colonoscopy in Germany. In particular, we hypothesized that
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ADRs (“apparent adenoma prevalences”) would be lower in sub-
jects with inadequate bowel preparation.

METHODS
Study design and population

Screening colonoscopy has been offered as primary screening ex-
amination to women and men aged 55 years or older in Germany
since 2002. Our analyses are based on data from a large ongoing
study among screening colonoscopy participants (BLITZ study)
that has been described in detail elsewhere (17–25). In brief, the
participants were recruited in gastroenterology practices in South-
Western Germany for the evaluation of diagnostic performance of
novel noninvasive tests for CRC screening, using the results of
colonoscopy as reference standard. Bowel preparations used in
different practices partly changed over time and differed between
practices. Most recruiting centers primarily reported the use of
MoviPrep. Less frequently reported substances used include Cit-
raFleet, Eziclen, and Plenvu. By the end of the study period,
practices consistently reported advising split dosing. The studywas
approved by the Ethics Committees of the Medical Faculty Hei-
delberg (178/2005) and of the responsible state physicians’ cham-
bers (Baden-Wuerttemberg, M118-05-f; Rhineland-Palatinate,
837.047.06(5145); Saarland, 217/13; Hesse, MC 254/2007) and is
registered in the German Clinical Trials Register (DRKS-ID:
DRKS00008737). The present analysis focuses on study partic-
ipants recruited from November 2005 to June 2016. Written in-
formed consent was obtained from each participant.

Data collection and classification

Colonoscopy and histology records were obtained from the gas-
troenterology practices after completing screening colonoscopy.
Adenoma shape was classified into pedunculated, flat, or sessile
according to the endoscopists’ assessment. Information on bowel
preparation and findings at colonoscopy were extracted in-
dependently by 2 trained data extractors in a standardizedmanner.
Based on the colonoscopy records, preparation qualitywas rated as
“excellent, good, or adequate” (colonoscopy completed with the
entire colon visualized adequately, in part, after further cleansing),
“inadequate/poor” (solid stool residuals restricted the visibility
during colonoscopy in part or completely), and “unspecified”
(bowel preparation quality was not recorded). The most advanced
findings during colonoscopy were used to assign participants to
one of the following categories: CRC, AA, NAA, or no neoplasm.
Adenomas were classified as AAs if they matched any of the fol-
lowing criteria: size $1 cm, villous or tubulo-villous architecture,
or high-grade dysplasia. The findings were further stratified by
location (proximal: cecum, ascending colon, right flexure, trans-
verse colon, or left flexure; distal: descending colon, sigmoid colon,
and rectum) and shape (pedunculated/“normal,” flat, or sessile).

Statistical analysis

The study population was described regarding age, sex, and most
advanced finding at screening colonoscopy for each category of
bowel preparation.Next, we determined the detection rates of CRC,
advanced, nonadvanced, and any adenomas according to the
quality of bowel cleansing, both for the entire colon and rectum, and
specifically for the proximal colon and the distal colon and rectum.

We derived the relative detection rates of AAs, NAAs, and any
adenomas adjusted for age, sex, year of colonoscopy, and gastroen-
terology practice, in addition to crude relative detection rates, using
the log-binomial regression of relevant colonoscopic findings on

bowel cleansing. From adjusted regression coefficients, the relative
apparent prevalence of having relevant findings according to the
bowel preparation quality was computed (26). In addition, average
overall and site-specific numbers of adenomas (any, advanced, or
NAAs;flat, sessile, or pedunculated)were comparedaccording to the
preparation quality. Crude and age- and sex-adjusted numbers of
findings were compared using the Poisson regression models.

All statistical tests were 2-sided, and ana level of 0.05was used
to indicate statistical significance. All statistical analyses were
conducted in R (27) version 3.5.3.

RESULTS
Study population

From 9,245 participants with available colonoscopy results, we
excluded participants younger than 50 years of age or 80 and older
(N 5 328), with a history of previously diagnosed CRC or in-
flammatory bowel disease (N5 71) or colonoscopy in the past 5
years (N5 653), leaving 8,193 subjects for the analysis (Figure 1).

Almost equal numbers of men (49.2%) and women (50.8%)
were included (Table 1). The mean age was 62.3 years. The most
advanced findings at colonoscopy were CRC, AA, and NAA in
0.7%, 9.0%, and 17.0% of cases, respectively. ADRs (including
CRC) met or exceeded the common performance target of$25%
formale/female population,$30% formen, and$25% forwomen
(28) in almost every year since the beginning of recruitment (see
Supplementary Figure 1, Supplementary Digital Content 1, http://
links.lww.com/CTG/A265). Gastroenterology practices used sev-
eral different bowel preparation (BP) formulae. The most widely
used product was MoviPrep. The quality of BP was reported as
good in 2,479 participants (30.3%), poor in 909 subjects (11.1%),
and not specified in 4,805 participants (58.6%). However, the
proportion of colonoscopies where BP quality was not reported
gradually decreased since 2011 and was 44.0% in 2016, the last
included year of recruitment (see Supplementary Figure 2, Sup-
plementary Digital Content 2, http://links.lww.com/CTG/A266).

Apparent adenoma prevalence according to the BP quality

Apparent prevalences of CRC, AA, and NAAwere very similar for
participants with poor or unspecifiedBP. In these groups, apparent
prevalences of NAA were substantially lower (16.6% and 15.9%,
respectively) than in the group with good BP (19.4%, P5 0.0007).

In Table 2, relative detection rates (RRs) of the various types of
neoplasms are shown by BP quality. In addition to crude RRs,
Table 2 shows RRs adjusted for age and sex only, and RRs adjusted
for age, sex, year of colonoscopy, and gastroenterology practice.
Crude and age- and sex-adjusted RRs were generally very similar.
However, additional adjustment for gastroenterology practice at-
tenuated many RRs, which is why we only refer to the most fully
adjusted RRs in the following text. Using individuals with reported
good bowel cleansing quality as reference, the RR of detecting any
adenoma was 0.99 in participants with poor BP (95% confidence
interval [CI]: 0.87–1.12). A statistically significant association was
observed for unspecified BP quality (RR 0.88, 95% CI: 0.80–0.97).
Reduced detection rates were seen for NAAs only (0.92 and 0.84,
respectively), but not for AAs. A statistically significantly higher
detection rate for CRC among participants with poor or un-
specified BP compared with participants with good BP rendered
statistically nonsignificantwith adjustment for year of colonoscopy
and gastroenterology practice.

After observing that ADRs were very similar in the groups with
poor BP and those whose BP was not reported, we combined them
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to one “poor/unspecified” category and focused on a comparison of
this group to the group with good BP in the analyses of location-
specific detection rates. When stratifying by location (Table 3),
significantly reduced detection rates were exclusively observed for
NAAs located in the proximal colon (and, as NAAs account for the

largest share of adenomas, also for any adenomas located in the
proximal colon). The fully adjusted RR (95% CI) for detection of
NAAs and any adenomas in the proximal colon in case of poor or
unspecified quality of BPwas 0.82 (0.71–0.95) and 0.85 (0.74–0.96),
respectively.

Figure 1. Flow diagram of the study population. CRC, colorectal cancer.

Table 1. Characteristics of the study population (N 5 8,193), stratified by the BP quality

Total

Total

BP quality

Good or very good

(no restriction in

colonoscopy)

Poor (partial or total

restriction in

colonoscopy) Not specified

N Col%

N 5 2,479

(30.3%) Col%

N 5 909

(11.1%) Col%

N5 4,805

(58.6%) Col%

Age group (yr)

50–59 3,567 43.5 1,096 44.2 379 41.7 2,092 43.5

60–69 3,205 39.1 1,014 40.9 339 37.3 1,852 38.5

70–79 1,421 17.3 369 14.9 191 21.0 861 17.9

Sex

Women 4,165 50.8 1,283 51.8 468 51.5 2,414 50.2

Men 4,028 49.2 1,196 48.2 441 48.5 2,391 49.8

Most advanced finding

during colonoscopy

CRC 59 0.7 8 0.3 9 1.0 42 0.9

AA 736 9.0 208 8.4 80 8.8 448 9.3

NAA 1,394 17.0 481 19.4 151 16.6 762 15.9

No neoplasm 6,004 73.3 1,782 71.9 669 73.6 3,553 73.9

AA, advanced adenoma; BP, bowel preparation; CRC, colorectal cancer; NAA, nonadvanced adenoma.
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Apparent numbers of neoplasms

Wecompared the apparent averagenumbers of the various types of
adenomas according to the BP quality (Table 4). Whereas the av-
erage overall numbers of detected AAs per participant were vir-
tually identical irrespective of the BP quality (;0.12), significantly
fewer NAAs were detected in subjects with unreported or reported
poor BP (0.28 vs 0.36 with good BP, adjusted rate ratio 0.87, 95%
CI: 0.79–0.96). Again, the inverse association was found for NAAs
of proximal location only (adjusted rate ratio 0.84, 95% CI:
0.73–0.96), whereas the numbers of distal NAAswere not inversely
associated with good BP after adjustment for year of colonoscopy
and gastroenterology practice (RR 0.99, 95% CI: 0.86–1.13).

Adenoma shape, BP, and colonoscopy findings

Table 5 shows the numbers of detected adenomas according to
the location and adenoma shape. Flat adenomas were the most
frequently detected adenomas, followed by sessile and pedun-
culated adenomas. The latter were very rarely detected in the
proximal colon. Adenomas of all shapes were less frequently
reported among participants with poor or unspecified BP com-
pared with participants with good BP, but apparent associations
entirely disappeared when adjusting for the year of colonoscopy
and gastroenterology practice in addition to age and sex.

DISCUSSION
Colonoscopy is regarded as gold standard in the detection of co-
lorectal neoplasms, and colonoscopy with polypectomy is suggested
to reduce the risk ofCRCconsiderably formany years (29).However,
interval carcinomas do occur, most likely emerging from the small
but significant proportion of adenomasmissed during the procedure

(4,5,30). This proportion is expected to be higher with poor BP than
with goodquality of preparation. Thus, in this study,weused the data
from .8,000 participants of screening colonoscopy in South-
Western Germany to estimate the proportion of findings missed
because of restricted BP. We investigated the actual detection rates
(apparent prevalences) for eachfinding and compared thembetween
participants with adequate and those with poor or unspecified bowel
cleansing. In addition, we compared the actual numbers of findings
between participants with reported or adequate bowel cleansing and
participants with inadequate or unreported bowel cleansing.

In this investigation from routine screening practice in
2005–2016, the BP qualitywas not reported inmore than half of all
participants. Although the share of colonoscopies lacking judg-
ment of BP quality gradually decreased over the years, these results
underline the need to enhance reporting standards in routine
screening practice. Because ADRs among participants whose BP
quality was not reported were similar to those among participants
with reported inadequate BP, we combined the results for both
groups. Whereas no differences in AA detection were observed,
NAAs were detected at lower rates in individuals with poor/
unspecified BP quality than in participants with good BP quality.
However, this pattern was restricted to NAAs located in the
proximal colon only. Our results are largely consistent with pre-
vious mostly much smaller studies, suggesting that BP is either
equally or more relevant for adenoma miss rates in the proximal
colon comparedwithmiss rates in the distal colon and rectum(14).
Our findings are also in line with a previous study suggesting that
colonoscopy is associated with a stronger risk reduction for distal
colon and rectal cancer vs proximal colon cancer (31). To our
knowledge, our study is thefirst to report a higher detection rate for

Table 2. Overall detection rates according to the BP quality

Type of neoplasm BP quality

Absolute detection rate Relative detection rate (95% CI)

N % Crude Adjusteda Adjustedb

CRC Good 8/2,479 0.3 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor 9/909 1.0 3.07 (1.18–8.15) 2.79 (1.07–7.42) 2.64 (0.92–7.57)

Unspecified 42/4,805 0.9 2.71 (1.35–6.22) 2.59 (1.29–5.94) 1.69 (0.71–4.36)

Poor/unspecified 51/5,714 0.9 2.77 (1.39–6.30) 2.62 (1.32–5.97) 1.94 (0.87–4.78)

Any adenoma Good 778/2,479 31.4 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor 259/909 28.5 0.91 (0.80–1.02) 0.90 (0.80–1.01) 0.99 (0.87–1.12)

Unspecified 1,294/4,805 26.9 0.86 (0.79–0.92) 0.85 (0.79–0.92) 0.88 (0.80–0.97)

Poor/unspecified 1,553/5,714 27.2 0.86 (0.80–0.93) 0.86 (0.80–0.92) 0.91 (0.84–0.99)

AA Good 209/2,479 8.4 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor 83/909 9.1 1.08 (0.84–1.37) 1.06 (0.83–1.34) 1.22 (0.93–1.58)

Unspecified 455/4,805 9.5 1.12 (0.96–1.31) 1.11 (0.95–1.30) 1.01 (0.83–1.24)

Poor/unspecified 538/5,714 9.4 1.11 (0.96–1.30) 1.10 (0.95–1.28) 1.07 (0.89–1.29)

NAA Good 570/2,479 23.0 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor 185/909 20.4 0.88 (0.75–1.02) 0.87 (0.75–1.01) 0.92 (0.78–1.08)

Unspecified 917/4,805 19.1 0.83 (0.75–0.91) 0.82 (0.75–0.90) 0.84 (0.74–0.94)

Poor/unspecified 1,102/5,714 19.3 0.84 (0.77–0.92) 0.83 (0.76–0.90) 0.86 (0.77–0.96)

Estimates in bold indicate statistically significant associations at a 5% level.
AA, advanced adenoma; BP, bowel preparation; CI, confidence interval; CRC, colorectal cancer; NAA, nonadvanced adenoma.
aAdjusted for sex and age.
bAdjusted for sex, age, year of colonoscopy, and gastroenterology practice.
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CRCs in the distal colon and rectumwhen the quality of BPwas not
reported or inadequate. Previous studies all focused on adenoma
detection. Apart froma chance finding due to the small numbers of
CRCs, potential explanations include reverse causality (impaired
BP as a consequence of presence of distal CRC) or shared risk
factors of poor BP and distal CRC. However, the association lost
statistical significance after adjustment for the year of colonoscopy
and gastroenterology practice, no previous studies suggested such
an association, and such tumors are expected to be large and thus
unlikely to remain asymptomatic.

Comparison with other studies

Several previous studies investigated the association between BP
quality and ADRs during colonoscopy (6–15). A meta-analysis
from 2014 (10) found significantly higher detection rates for both,
any adenomas andAAs, for high-quality vs low-quality BP, but not
for high- vs intermediate-quality BP. None of those studies in-
vestigated the actual numbers of detected adenomas or considered
the adenoma location.

A previous study from Germany (16) among ;12,000 partic-
ipants of screening colonoscopy found thatADRsdid not varywith
case volume, withdrawal time, or endoscope generation. Excellent,
sufficient, and even moderate BP quality all resulted in virtually
identical ADRs. Only for poor and insufficient BP (“residual fecal
material that cannot be [completely] cleared”), ADRs diminished

considerably.No further outcomeswere investigated in addition to
overall ADRs. One Korean tandem colonoscopy study (7) among
277 screening participants with adenomas and polyps detected at
the index colonoscopy concluded that even for AAs, miss rates
were significantly higher with poor or inadequate BP (37%) than
with fair (18%), good (17%), or excellent (9%)BPquality.However,
thosehighmiss rates are contrasting to thepreviously reportedvery
lowmiss rates of colonoscopy for AAs (4,5,30). A study among 438
male veterans (13) concluded that poor BP was associated with
increased miss rates for virtually all investigated outcomes (ade-
nomas and polyps. or#5mm,AAs, and sessile-serrated polyps).
Even forAAs, themiss rateswere estimated to reachup to 9% in the
groupwith the lowest reported quality of BP. Case numbers in each
group were very small, though (median: N 5 43). To our knowl-
edge, only one study (32) conducted in a mostly (.70%) symp-
tomatic Chinese population investigated the miss rates of flat
adenomas (N 5 796 among 16,951 patients) related to poor BP.
Poor (vs good) BP was associated with a;3.5-fold increased odds
for missing a flat adenoma (odds ratio for adenoma detection vs
adequate BP: 0.29). In our study, the pattern of seemingly low
detection rates of flat adenomas essentially disappeared after ad-
justment for practice and calendar year, suggesting that practices
with less often reported BP also less often specifically reported
detection of flat adenomas. A meta-analysis (14) found a dose-
response-like pattern of lower lesion detection rateswith good, fair,

Table 3. Site-specific neoplasm detection rates according to the BP quality

Location and type of

adenoma BP quality

Absolute detection

rate Relative detection rate (95% CI)

N % Crude Adjusteda Adjustedb

Proximal colon

CRC Good 3/2,479 0.1 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 8/5,714 0.1 1.16 (0.33–5.28) 1.08 (0.31–4.95) —c

Any adenoma Good 469/2,479 18.9 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 805/5,714 14.1 0.74 (0.67–0.83) 0.74 (0.66–0.82) 0.85 (0.74–0.96)

AA Good 116/2,479 4.7 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 187/5,714 3.3 0.70 (0.56–0.88) 0.69 (0.55–0.87) 1.01 (0.77–1.34)

NAA Good 366/2,479 14.8 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 636/5,714 11.1 0.75 (0.67–0.85) 0.74 (0.66–0.83) 0.82 (0.71–0.95)

Distal colon and rectum

CRC Good 5/2,479 0.2 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 41/5,714 0.7 3.56 (1.55–10.29) 3.38 (1.47–9.77) 2.41 (0.93–7.48)

Any adenoma Good 437/2,479 17.6 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 992/5,714 17.4 0.98 (0.89–1.09) 0.98 (0.89–1.09) 1.00 (0.89–1.13)

AA Good 141/2,479 5.7 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 402/5,714 7.0 1.24 (1.03–1.49) 1.22 (1.02–1.47) 1.04 (0.83–1.31)

NAA Good 329/2,479 13.3 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 649/5,714 11.4 0.86 (0.76–0.97) 0.85 (0.75–0.96) 0.95 (0.82–1.10)

Estimates in bold indicate statistically significant associations at a 5% level.
AA, advanced adenoma; BP, bowel preparation; CI, confidence interval; CRC, colorectal cancer; NAA, nonadvanced adenoma.
aAdjusted for sex and age.
bAdjusted for sex, age, year of colonoscopy, and gastroenterology practice.
cOwing to limited case numbers, additional adjustment for gastroenterology practice and/or year of colonoscopy was not feasible for proximal colon cancer.
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poor, or insufficient BP vs excellent BP, although fair, good, and
excellent BP performed very similarly. One large screening study
(12) (N 5 9,245), by contrast, paradoxically found higher miss
rates in the group with excellent vs good BP. Overconfidence for
polyp detection in a perfectly cleaned bowel was suggested as
a possible explanation.

Our studyhas several strengths. Toour knowledge, it is one of the
largest studies of its kind, including.8,000 participants of screening
colonoscopy. Studies conducted in clinical settings might lack
comparability to screening settings: In clinical settings, gastro-
enterologists might investigate the bowel more carefully if a patient
was referred, e.g., because of abdominal pain or visible blood in stool
compared with screenees where normal findings are expected in
most subjects, potentially limiting the impact of suboptimal BP. This
hypothesis is supported by a previous study (13) which found that
withdrawal times were longer among the participating endoscopists
from a university faculty compared with standard clinical practice.
We examined different clinically relevant outcomes (advanced,
nonadvanced, and any adenomas, stratified by location), and this is
the first study to investigate the joint association between adenoma
location and shapewith apparentfindings according to the quality of
BP. Differences in the overall apparent prevalence (any vs no find-
ing) and apparent number offindingswere investigated in crude and

multivariate-adjusted analyses using log-binomial and Poisson re-
gression models. Adjusted results suggest that some associations,
particularly those with CRC and flat adenomas, were explained by
the differences in reporting quality between gastroenterology prac-
tices and point to the need for standardized reporting of BP quality.

The main limitation of our study is that no second “en-
hanced” gold standard was available for subjects with in-
adequate bowel cleansing (such as a second colonoscopy in
a short time period with more adequate BP), and the analyses
were performed retrospectively regarding the endpoints con-
sidered. Another potential limitation is heterogeneity among
examined colonoscopists, equipment, and BP formulae. How-
ever, this heterogeneity reflects the screening reality in Germany
and evidence on the potential benefit of high-definition colo-
noscopy is conflicting (33–35). BP quality was assessed by gas-
troenterologists and categorized as “poor, very poor, or no
information available,” and “good or very good,” rather than the
more commonly used BBPS (36,37). However, a previous meta-
analysis (10) found virtually no difference in ADRs between
intermediate and high-quality preparation or between excellent
and good preparation and concluded that distinguishing be-
tween the latter 2 groups might be unnecessary. Similar findings
were made by Hong et al. (7) where miss rates were very similar

Table 4. Numbers of detected adenomas according to location and type of adenoma

Location and type of

adenoma BP quality Average number

Relative number (95% CI)

Crude Adjusteda Adjustedb

Any location

Any adenoma Good 0.53 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.45 0.85 (0.79–0.90) 0.83 (0.78–0.89) 0.96 (0.89–1.04)

AA Good 0.11 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.12 1.11 (0.96–1.27) 1.08 (0.94–1.25) 1.10 (0.93–1.31)

NAA Good 0.36 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.28 0.78 (0.72–0.85) 0.77 (0.71–0.83) 0.87 (0.79–0.96)

Proximal colon

Any adenoma Good 0.28 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.20 0.71 (0.65–0.78) 0.70 (0.64–0.77) 0.86 (0.77–0.97)

AA Good 0.06 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.04 0.67 (0.55–0.83) 0.66 (0.54–0.82) 0.98 (0.76–1.27)

NAA Good 0.20 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.15 0.73 (0.66–0.82) 0.72 (0.64–0.82) 0.84 (0.73–0.96)

Distal colon and rectum

Any adenoma Good 0.24 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.24 0.97 (0.88–1.07) 0.95 (0.87–1.05) 1.02 (0.91–1.14)

AA Good 0.06 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.09 1.33 (1.12–1.60) 1.31 (1.09–1.56) 1.15 (0.92–1.43)

NAA Good 0.17 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.28 0.85 (0.75–0.95) 0.83 (0.74–0.94) 0.99 (0.86–1.13)

Estimates in bold indicate statistically significant associations at a 5% level.
AA, advanced adenoma; BP, bowel preparation; CI, confidence interval; NAA, nonadvanced adenoma.
aAdjusted for sex and age.
bAdjusted for sex, age, year of colonoscopy, and gastroenterology practice.
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among individuals with excellent, good, and fair BP but worse
with poor/inadequate BP. This is also in accordance with the
findings of Clark et al. (13) where miss rates among men with
BBPS segment score of 2 was virtually identical to those among
men with perfect preparation (BBPS of 3), at least for adenomas
and polyps $5 mm and for AAs.

Information on BP quality was not explicitly reported in ap-
proximately 50%of the study population. Although this proportion
gradually decreased over time to 44%of examinations conducted in
2016, these results underline the need to further improve reporting
standards in routine screening practice. For the vast majority of
practices, information on preparation quality was lacking. In ad-
dition, also information on the preparation used, and whether or
not split dosing was used was lacking for most practices. This in-
formationwould be particularly useful to investigate if the observed
associations withNAAdetection persist with split dosing. A further
limitation is that serrated lesions have unfortunately not been
consistently recorded, especially in the early years of recruitment,
which is why we did not perform the analyses for an association
between BP and detection of serrated lesions. Finally, we could not
quantify the impact of colonoscopists’ efforts to improve vision
despite initially poor bowel cleansing, which would be expected to

have substantially reduced otherwise evenmuch stronger impact of
poor bowel cleansing.

In summary, this study implies that the quality of BP is fre-
quently not recorded in routine screening colonoscopy practice
and that poor or unreported BP goes along with lower detection
rates of NAAs in the proximal colon, which may contribute to
the lower effectiveness of screening colonoscopy in preventing
CRC in the proximal colon. Future studies should examine the
potential advantage of rating BP quality for each colonic seg-
ment, given the suggested much stronger association between
BP and findings in the proximal colon compared with distal
findings. Most importantly, however, major efforts should be
made to further facilitate and enhance high-quality BP in rou-
tine screening practice.
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Table 5. Numbers of detected adenomas according to location and adenoma shape

Location and

shape of adenoma BP quality Average number

Relative number (95% CI)

Crude Adjusteda Adjustedb

Any location

Flat Good 0.16 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.07 0.44 (0.38–0.50) 0.43 (0.37–0.50) 0.98 (0.82–1.18)

Sessile Good 0.10 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.07 0.70 (0.60–0.82) 0.69 (0.59–0.80) 0.99 (0.83–1.19)

Pedunculated Good 0.05 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.04 0.76 (0.61–0.95) 0.75 (0.60–0.94) 1.09 (0.84–1.41)

Proximal colon

Flat Good 0.11 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.05 0.41 (0.34–0.48) 0.40 (0.34–0.48) 0.97 (0.78–1.20)

Sessile Good 0.05 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.04 0.67 (0.54–0.84) 0.66 (0.53–0.82) 1.04 (0.80–1.34)

Pedunculated Good 0.008 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.004 0.50 (0.28–0.90) 0.49 (0.27–0.88) —

Distal colon and rectum

Flat Good 0.04 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.02 0.51 (0.39–0.66) 0.50 (0.39–0.65) 1.01 (0.73–1.41)

Sessile Good 0.05 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.03 0.73 (0.58–0.92) 0.72 (0.57–0.90) 0.96 (0.74–1.25)

Pedunculated Good 0.04 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Poor/unspecified 0.03 0.81 (0.64–1.04) 0.80 (0.63–1.02) 1.14 (0.87–1.50)

Estimates in bold indicate statistically significant associations at a 5% level.
BP, bowel preparation; CI, confidence interval.
aAdjusted for sex and age.
bAdjusted for sex, age, year of colonoscopy, and gastroenterology practice.
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3 Future studies should examine the potential advantage of
rating BP quality for each colonic segment.

3 Major efforts should be made to further facilitate and
enhance high-quality BP in routine screening practice.
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