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Introduction
!

Screening strategies that employ colonoscopy for
the detection and removal of precursors of colo-
rectal cancer (CRC) effectively reduce CRC-related
mortality [1,2]. Apart from participation grades,
the efficacy of population-based CRC screening
depends on the quality of colonoscopy.
Colonoscopy quality is ultimately reflected by a
reduction in the incidence of CRC following colo-
noscopy. However, measurement of post-colo-
noscopy CRC is cumbersome and does not allow
direct feedback. Several procedural indicators
have been suggested for the monitoring of quality
[3]. Two recent studies showed that the adenoma
detection rate (ADR) of endoscopists was inverse-

ly associated with the risk of post-colonoscopy
CRC [4,5] and related death [5]. In another study,
patients dying from CRC were less likely to have
undergone a previous complete colonoscopy
than matched controls [6]. In addition, a substan-
tial proportion of colorectal tumors originate
from the right-sided colon [7], which underlines
the importance of performing a complete colo-
noscopy, as measured by the cecal intubation
rate (CIR).
ADR and CIR have been reported to vary between
hospitals depending on case mix and institutional
or procedural factors [8–10]. Case mix is deter-
mined by nonmodifiable patient characteristics,
such as age, sex, co-morbidity, and indication for
colonoscopy. In order to provide a useful incen-
tive for hospitals to improve the quality of colo-
noscopy, a comparison of CIR and ADR between
institutions should enable detection of differen-
ces that are independently affected by modifiable
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Background and study aims: Cecal intubation rate
(CIR) and adenoma detection rate (ADR) have
been found to be inversely associated with the oc-
currence of post-colonoscopy colorectal cancer.
Depicting differences in CIR and ADR between
hospitals could provide incentives for quality im-
provement. The aim of this study was to compare
quality parameters of routine colonoscopies be-
tween seven hospitals in The Netherlands in order
to determine the extent to which possible differ-
ences were attributable to procedural and institu-
tional factors.
Patients and methods: Consecutive patients un-
dergoing colonoscopy were prospectively includ-
ed between November 2012 and January 2013at
two academic and five nonacademic hospitals.
Patients with inflammatory bowel disease or her-
editary colorectal cancer syndromes were exclud-
ed. Main outcome measures were CIR and ADR.
Results: A total of 3129 patients were included
(mean age 59±15 years; 45.5% male). The major-

ity of patients (86.2%) had a Boston Bowel Pre-
paration Scale (BBPS) score ≥ 6. Overall CIR was
94.8%, ranging from 89.4% to 99.2% between hos-
pitals. After adjustment for case mix (age, sex,
American Society of Anesthesiologists score, and
indication for colonoscopy), factors associated
with CIR were hospital and a BBPS score ≥ 6.Over-
all ADR was 31.8% and varied between hospitals,
ranging from 24.8% to 46.8%. Independent pre-
dictors for ADR were hospital, BBPS score ≥ 6,
and cecal intubation. By combining CIR and ADR
for each hospital, a colonoscopy quality indicator
(CQI) was developed, which can be used by hospi-
tals to stimulate quality improvement.
Conclusion: Differences in the quality of colonos-
copy between hospitals can be demonstrated
using CIR and ADR. As both indicators are affected
by institution and bowel preparation, a compari-
son between hospitals based on the newly devel-
oped CQI could assist in further improving the
quality of colonoscopy.
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factors. In this study the quality of routine colonoscopy was com-
pared between seven hospitals in The Netherlands in order to de-
termine the extent to which detected differences in CIR and ADR
were indeed attributable to procedural and institutional factors.

Patients and methods
!

Registration of colonoscopy data
All colonoscopies performed between 1 November 2012 and 10
January 2013at two academic medical centers and five large
nonacademic hospitals were prospectively recorded. Patient
characteristics (i. e. age, sex, and American Society of Anesthesiol-
ogists [ASA] score) were obtained from electronic medical re-
cords. All endoscopists recorded data on the indication for colo-
noscopy, the type and dose of sedation used, quality of bowel
preparation, cecal intubation, detection and removal of polyps,
results from pathology reports, and complications.
The studywas exempt from obtaining informed consent from pa-
tients, as determined by the Medical Ethical Committee of the
UMC Utrecht in accordance with the Medical Research Involving
Human Subjects Act.

Definitions
Endoscopists were categorized as gastroenterologists, fellows-in-
training for gastroenterology, or nurse endoscopists. Indications
for colonoscopy were grouped into five categories: (1) anemia or
abdominal symptoms; (2) overt or occult rectal blood loss; (3)
screening or a positive family history for CRC; (4) surveillance
after CRC or colorectal adenoma(s); and (5) other. The latter cate-
gory consisted mostly of patients with liver metastases or other
abnormalities found during imaging. Patients with inflammatory
bowel disease, hereditary CRC, or polyposis syndromes were ex-
cluded.
Bowel preparationwas scored according to the Boston Bowel Pre-
parations Scale (BBPS). Adequate bowel preparation was defined
as a BBPS score ≥6 [11]. Sedation was provided using midazolam,
propofol, and/or opioid analgesics.
Cecal landmarks were noted in the colonoscopy report, and pho-
tographic documentation was routinely obtained. The unadjus-
ted CIR was defined as the proportion of colonoscopies in which
the cecumwas visualized, irrespective of reasons for not intubat-
ing the cecum. The adjusted CIR was calculated by excluding co-
lonoscopies in which the endoscopist made the decision not to
intubate the cecum because of severe colitis, colonic obstruction,
or therapeutic targets not necessitating cecal intubation [12]. Co-
lonoscopies with poor bowel preparation were included in the
adjusted cecal intubation rate, as preparation is considered to be
part of the colonoscopy practice in hospitals. The ADR was de-
fined as the proportion of procedures in which one or more ade-
nomas were found.
Complications were subdivided into bleeding (only taken into ac-
count if it did not stop spontaneously or by an intervention dur-
ing the colonoscopy), perforation, and post-polypectomy syn-
drome.
Factors considered within the term “case mix” were patient age,
sex, ASA score, and indication for colonoscopy. Correction for
case mix was performed by taking these factors into account
when analyzing the association of modifiable factors with the
CIR and ADR. Modifiable factors were institution (i.e. the hospital
where the colonoscopy was performed), and procedural factors,
consisting of the type of endoscopist (gastroenterologist, fellow,

nurse endoscopist), use of conscious sedation, and BBPS score.
All endoscopists performing colonoscopies during the study peri-
od were informed about the study and consented to participate.

Study outcomes
Primary outcomes were unadjusted CIR, adjusted CIR, and ADR.
Secondary outcomes were BBPS score, mean number of adeno-
mas per procedure (MAP), mean number of adenomas per posi-
tive procedure (MAP+), and complications.

Development of a quality instrument
A colonoscopy quality indicator (CQI) was constructed by plot-
ting the CIR and the ADR per hospital. The sizes of the dots re-
present the number of colonoscopies performed in each hospi-
tal. The position of each dot can be compared with other hospi-
tals and to predetermined thresholds. For the CIR, a minimum of
90% is generally accepted [3], but there is no unequivocal mini-
mum for ADR during routine colonoscopy. Therefore, for the
current study, a line was drawn at 32% to represent the approx-
imate average ADR, to create a visual target for better-than-
average performance.

Statistical analysis
Data are presented in this report as percentages for categorical
variables and means (including SDs) or medians (including
ranges) for continuous variables, according to the nature of their
distribution. Differences between groups were tested using the
chi-squared test for categorical variables and the t test for nor-
mally distributed continuous variables. A logistic regression anal-
ysis was performed to identify factors associated with adjusted
CIR and ADR. Factors with a P value of lt;0.10 in univariate anal-
ysis, were included in a multivariate model. A two-sided P value
of<0.05 was considered to be statistically significant.
Analyses were performed using SPSS 20.0 statistics software
(IBM Corp., Armonk, New York, USA).

Results
!

A total of 3129 patients underwent colonoscopy during the study
period. The mean age was 59±15 years, and 45.5% of patients
weremale (●" Table1). In themajority of cases (63.0%) the indica-
tion for colonoscopy was anemia or abdominal symptoms. In
90.9% of patients the ASA score was 1 or 2. Conscious sedation
was used in more than 90% of cases. Split-dose bowel prepara-
tion was common practice in all seven hospitals. Gastroenterolo-
gists performed most colonoscopies (59.8%), followed by gastro-
enterology fellows (23.9%). The number of colonoscopies per
hospital ranged between 124 and 793 (median 421).
A total of 2697 procedures (86.2%) were performed in adequately
prepared colons, with a median BBPS score of 9 (interquartile
range 6–9) (●" Table2). The unadjusted CIR was 94.8% (95% con-
fidence interval [CI] 94.0%–95.5%). Reasons for not intubating
the cecum were inadequate preparation (n=58, 35.8%), stenosis
(n=35, 21.6%), technical difficulty (n=24, 14.8%), obstructing tu-
mor (n=15, 9.3%), therapeutic goal not requiring cecal intubation
(n=11, 6.8%), pain (n=9, 5.6%), diverticulosis (n=8, 4.9%), or se-
vere inflammation (n=2, 1.2%). The adjusted CIR was 95.7% (95%
CI 94.9%–96.3%).
One or more polyps were detected in 45.2% of all colonoscopies.
The ADR was 31.8% (95%CI 30.2%–33.5%) with a mean number
of 0.6±1.2 (median 0, range 0–11) adenomas per procedure for
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all procedures combined (MAP) and 1.9±1.5 (median 1, range 1–
11) for procedures in which at least one adenoma was found
(MAP+). Complications were observed in 0.6% (n=19) of proce-
dures, of which 47.4% (n=9) were bleedings.
A significant variability for CIR and ADR was found between hos-
pitals (●" Table3). Adequate bowel preparation varied between
79.0% and 97.6% (P <0.001). Unadjusted CIR ranged from 89.4%
to 99.2% (P<0.001). Adjusted CIR was above 90% in all participat-
ing hospitals but was also significantly different between hospi-
tals (P<0.001). ADR varied from 24.8% to 46.8% (P<0.001). CIR
and ADRwere combined in the CQI to depict differences between
hospitals, taking into account the number of performed proce-
dures per hospital (●" Fig.1). ADRs or CIRs were not higher in aca-
demic centers or centers performing a higher volume of proce-
dures. Complication rates were not statistically significantly dif-
ferent between hospitals (P =0.074).
A comparison between the different types of endoscopists
showed no differences in unadjusted or adjusted CIR (P=0.447
and P=0.629, respectively) (●" Table3). Without correction for
case mix, both nurse endoscopists (36.1%) and fellows (34.0%)
had a higher ADR than gastroenterologists (29.8%; P=0.008). No
association was found between the number of procedures per
endoscopist and CIR or ADR. Complications occurred more fre-
quently after colonoscopies performed by fellows (P=0.042).
In univariate analysis, hospital, age, ASA score, indication for co-
lonoscopy, and BBPS score were identified as factors associated
with CIR. Hospital, ASA score, indication, and BBPS score re-
mained significantly associated with CIR in multivariate analysis
(●" Table4). In patients with an ASA score >1, the cecumwas less
frequently intubated. If patients underwent colonoscopy for sur-
veillance, the procedure was more often completed than in cases
of abdominal complaints or anemia. CIR was significantly higher
in patients with adequate bowel preparation.
Hospital, type of endoscopist, sex, age, ASA score, indication for
colonoscopy, BBPS score, and unadjusted CIR were all associated
with ADR in univariate analysis. In multivariate analysis, an asso-

Table 1 Baseline characteristics.

Total number of patients 3129

Age, mean ± SD, years 59 ± 15

Male sex, n (%) 1423 (45.5)

Indication, n (%)

Anemia/abdominal symptoms1 1972 (63.0)

Rectal (occult) blood loss 226 (7.2)

Family history of CRC2 263 (8.4)

Surveillance after CRC/adenoma 626 (20.0)

Other3 42 (1.3)

ASA score, n (%)

1 1784 (57.0)

2 1061 (33.9)

3 160 (5.1)

4 6 (0.2)

Unknown 118 (3.8)

Conscious sedation, n (%)

Yes 2840 (90.8)

No 158 (5.0)

Unknown 131 (4.2)

Endoscopist

Gastroenterologist 1870 (59.8)

Gastroenterology fellow 747 (23.9)

Nurse endoscopist 512 (16.4)

Organization, n (%)

1 339 (10.8)

2 245 (7.8)

3 124 (4.0)

4 639 (20.4)

5 568 (18.2)

6 421 (13.5)

7 793 (25.3)

CRC, colorectal carcinoma; ASA, American Society of Anesthesiologists.
1 Includes changes in bowel habit.
2 Screening colonoscopies in patients with a family history of CRC.
3 Includes liver metastases, abnormalities found with other imaging modalities or
diverticular disease.

Table 2 Quality indicators, overall.

Total number of patients, n 3129

BBPS≥6, n (%)

Yes 2697 (86.2)

No 310 (9.9)

Unknown 122 (3.9)

BBPS, median (IQR) 9 (6–9)

CIR, n (%)

Yes 2967 (94.8)

No 162 (5.2)

Adjusted CIR, n (%)

Yes 2967 (95.7)

No 134 (4.3)

PDR 1413 (45.2)

ADR 996 (31.8)

MAP, mean ± SD 0.60 ± 1.22

MAP+ , mean ± SD 1.89 ± 1.48

Complications, n (%) 19 (0.6)

Bleeding 9 (0.3)

Post-polypectomy syndrome 2 (0.1)

Perforation 1 ( < 0.1)

Other/unknown 7 (0.2)

BBPS, Boston Bowel Preparation Scale; IQR, interquartile range; CIR, cecal intubation
rate; PDR, polyp detection rate; ADR, adenoma detection rate; MAP, mean number of
adenomas per procedure; MAP+, mean number of adenomas per procedure with at
least one adenoma.

50%

40%

30%

20%

AD
R

CIR

Improve CIR and ADR Improve ADR

ExcellentImprove CIR

Colonoscopy quality indicator

85% 90% 95% 100%

Fig.1 Bubble plot of combined outcomes for cecal intubation rate (CIR)
and adenoma detection rate (ADR) per hospital. The size of the dots re-
presents the number of procedures performed in each hospital. The verti-
cal line at x=90% depicts the internationally accepted standard for CIR.
As the standard for ADR in routine colonoscopies is arbitrary, the horizontal
line at y=32% is mainly a visual representation of better-than-average
performance.
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ciation was shown for hospital, sex, age, indication, BBPS score,
and unadjusted CIR (●" Table5). Male sex and older age were
associated with a higher ADR. One or more adenomas were
more frequently found if the indication for colonoscopy was a po-
sitive family history, rectal blood loss, or surveillance after pre-
vious adenoma(s) or CRC, compared with anemia or abdominal
symptoms. Both adequate bowel preparation and cecal intuba-
tion increased the likelihood of detecting adenomas. After adjust-
ment for case mix, there were no statistically significant differen-
ces in ADR between gastroenterologists, fellows, and nurse en-
doscopists.

Discussion
!

This prospective study of 3129 routine colonoscopies in seven
hospitals demonstrated an overall CIR of 94.8% and an ADR of
31.8%. The results indicate a significant variability in both CIR
and ADR between different hospitals. Both CIR and ADR were af-
fected by hospital and bowel preparation, independent of case
mix variation. The CQI measure was developed, which presents
both CIR and ADR in a matrix that can be used for quality assess-
ment, and this tool may assist in improving colonoscopy per-
formance of hospitals and individual endoscopists.
CIR and ADR in this study were higher than in previous studies,
but the variability between hospitals was comparable. Mean CIR
and ADR as reported in several studies including routine colonos-
copies have been found to vary from 83% to 91% and from 18% to
26%, respectively [8,13–18]. De Jonge et al. reported an unadjus-
ted CIR varying from 81% to 96% and an ADR varying from 13% to
32% among 12 Dutch academic and nonacademic hospitals [15],
whereas Harris et al. found a CIR of 69%–98% and an ADR of 8%–
27% among 21 experienced centers across Europe and Canada
[18]. The variation in ADR was even higher in the study by Ra-
daelli et al. [17], ranging from 6% to 46% among 116 Italian
endoscopy centers participating in a nationwide registration
study for routine colonoscopies. Different studies among screen-
ing populations have shown slightly higher CIRs and ADRs, but a
comparable variability [10,19–21]. The slightly better results in
the current study may be explained, at least partly, by a specific
focus on colonoscopy practice in the centers participating in this
quality initiative. Another explanation might be that the endos-

copists performed better as a consequence of being aware of the
study registration, the so-called Hawthorne effect.
Ideally, multivariate analyses of CIR and ADR stratified by hospi-
tal would have been performed, but unfortunately the limited
number of colonoscopies in some hospitals did not allow useful
stratification in the current study. Multivariate analyses per hos-
pital were performed to check whether the effects of covariates
were similar across hospitals. It was found that covariates that
were significantly associatedwith CIR or ADR in one or more hos-
pitals affected CIR or ADR similarly across hospitals (i. e. either
lowering or improving CIR or ADR).
It would have been advantageous to compare primary outcome
measures between individual endoscopists, but unfortunately
the low number of procedures per endoscopist hampered such
analyses (only six endoscopists performed≥100 colonoscopies).
A CQI was constructed for endoscopists performing≥50 colonos-
copies during the study (●" Fig.e2, available online), in order to
provide an example of how the CQI could be used to compare en-
doscopists throughout or within hospitals.
The CIR in this study was found to be associated with ASA score
and indication for colonoscopy, as well as with bowel preparation
and hospital, which are both modifiable factors. Previous studies
concluded that not only adequate bowel preparation but also the
use of sedation are associated with CIR [9,12,22,23]. One other
study found no association between sedation and CIR, and only
a nonsignificant (P =0.07) association between bowel prepara-
tion and CIR [15]. In the current study, the use of sedatives was
not related to the CIR. The general Dutch practice is to perform
colonoscopy under conscious sedation, unless the patient prefers
not to do so. This may have resulted in confounding by indication.
As expected, the study showed that more nonmodifiable factors
were associated with ADR than with CIR. Age, sex, and indication
for colonoscopy are known to affect the ADR, and adjustment for
these factors is required when measuring quality [14,16,24,25].
Hospital, bowel preparation, and cecal intubation were modifi-
able factors associated with ADR in multivariate analysis. Most
previous cohort studies have reported an association between
adequate bowel preparation and higher ADR [9,10,15,20,26]. It
seems logical to assume that a higher CIR increases ADR, but not
all previous studies have confirmed this [10,15,20]. Sedation did
not affect ADR and previous studies have shown only limited and
largely conflicting evidence on this subject [10,14,22,23].

Table 3 Outcomes per hospital and type of endoscopist.

Patients, n BBPS≥6, % CIR, % Adj. CIR, % ADR, % Complications, %

Hospital

1 339 79.0 96.2 97.6 27.4 1.2

2 245 87.0 93.1 95.0 33.5 1.6

3 124 88.7 99.2 99.2 46.8 0.0

4 639 97.3 97.5 97.8 31.3 0.8

5 568 95.8 98.1 98.1 24.8 0.2

6 421 97.6 95.2 96.6 35.4 0.0

7 793 80.2 89.4 90.5 34.4 0.6

P value < 0.001 <0.001 < 0.001 < 0.001 0.074

Type of endoscopist

Gastroenterologist 1870 90.1 95.3 95.5 29.8 0.5

Fellow 747 85.7 94.7 95.7 34.0 1.2

Nurse endoscopist 512 93.9 96.2 96.5 36.1 0.2

P value < 0.001 0.447 0.629 0.008 0.042

BBPS, Boston Bowel Preparation Scale; CIR, cecal intubation rate; Adj. CIR, adjusted cecal intubation rate; ADR: adenoma detection rate.
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Table 5 Factors associated with
adenoma detection rate.

Unadjusted OR [95%CI] Adjusted OR [95%CI]

Hospital

1 0.72 [0.54–0.95] 0.83 [0.58–1.19]

2 0.96 [0.71–1.30] 0.95 [0.67–1.35]

3 1.67 [1.14–2.45] 1.31 [0.83–2.07]

4 0.87 [0.70–1.08] 0.73 [0.56–0.93]

5 0.63 [0.50–0.80] 0.55 [0.41–0.74]

6 1.04 [0.81–1.34] 0.77 [0.56–1.04]

7 Reference Reference

Type of endoscopist

Gastroenterologist Reference Reference

Fellow 1.21 [1.01–1.46] 1.12 [0.89–1.42]

Nurse endoscopist 1.33 [1.09–1.64] 1.27 [0.98–1.63]

Male sex 1.78 [1.53–2.07] 1.73 [1.47–2.05]

Age, per 10-year increase 1.51 [1.43–1.61] 1.48 [1.38–1.59]

ASA score

1 Reference Reference

2 1.75 [1.49–2.06] 1.13 [0.93–1.37]

3 2.01 [1.44–2.79] 1.37 [0.94–1.99]

4 1.36 [0.25–7.44] 1.86 [0.28–12.47]

Indication

Anemia/abdominal symptoms Reference Reference

Rectal (occult) blood loss 1.82 [1.37–2.41] 1.63 [1.16–2.29]

Family history of CRC 1.14 [0.86–1.51] 1.42 [1.02–1.97]

Surveillance 2.34 [1.98–2.88] 1.70 [1.38–2.09]

Sedation 1.26 [0.88–1.80]

Adequate BBPS 1.56 [1.19–2.05] 1.84 [1.33–2.55]

Cecal intubation 1.81 [1.23–2.66] 1.99 [1.24–3.20]

OR, odds ratio; CI, confidence interval; ASA, American Society of Anesthesiologist; CRC, colorectal carcinoma; BBPS, Boston Bowel
Preparation Scale.

Table 4 Factors associated with
cecal intubation rate.

Unadjusted OR [95%CI] Adjusted OR [95%CI]

Hospital

1 2.97 [1.63–5.41] 4.92 [2.13–11.38]

2 1.59 [0.92–2.73] 0.94 [0.50–1.77]

3 14.57 [2.01–105.64] 16.95 [2.10–136.62]

4 4.61 [2.67–7.96] 1.86 [0.99–3.50]

5 6.00 [3.17–11.36] 3.37 [1.57–7.26]

6 2.38 [1.44–3.93] 1.77 [0.84–3.75]

7 Reference Reference

Type of endoscopist

Gastroenterologist Reference

Fellow 0.90 [0.62–1.30]

Nurse endoscopist 1.22 [0.76–1.96]

Male sex 1.33 [0.96–1.84] 1.32 [0.89–1.96]

Age, per 10-year increase 0.79 [0.71–0.89] 0.92 [0.80–1.06]

ASA score

1 Reference Reference

2 0.45 [0.32–0.64] 0.46 [0.29–0.72]

3 0.24 [0.14–0.41] 0.48 [0.24–0.96]

4 0.03 [0.01–0.17] 0.07 [0.01–0.72]

Indication

Anemia / abdominal symptoms Reference Reference

Rectal (occult) blood loss 1.84 [0.89–3.82] 0.59 [0.22–1.55]

Family history of CRC 3.49 [1.42–8.62] 0.98 [0.37–2.59]

Surveillance 2.29 [1.38–3.78] 2.35 [1.32–4.20]

Sedation 0.93 [0.40–2.14]

Adequate BBPS 13.36 [9.34–19.12] 12.43 [8.09–19.12]

OR, odds ratio; CI, confidence interval; ASA, American Society of Anesthesiologist; CRC, colorectal carcinoma; BBPS, Boston Bowel
Preparation Scale.
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The CQI was developed as a tool to provide incentives for hospi-
tals to improve quality of colonoscopy. It is important to note that
the CQI does not reflect absolute quality, as the results are not
corrected for case mix. Therefore, it is not fair to consider one
hospital to be better than another solely based on a different po-
sition in the CQI matrix. Nonetheless, the CQI may help hospitals
or individual endoscopists to detect differences compared with
other hospitals or endoscopists, prompting them to look into rea-
sons for these differences. If the variation appears to result from
differences in procedural or institutional factors, as was shown
for bowel preparation, hospitals or endoscopists can focus on
this factor to improve quality.
In this context, it is worth mentioning the seemingly outstanding
performance of hospital 3 in a limited number of colonoscopies,
represented by the small dot in the upper right corner of the CQI
matrix (●" Fig.1). Although multivariate analyses confirmed this
performance to be at least partly independent of case mix, it ap-
pears that the high rates are importantly affected by differences
in baseline characteristics of included patients (●" Table e6, avail-
able online). During the study period, significantly more colonos-
copies were performed in patients with a positive fecal occult
blood test compared with the other hospitals.
Although it seems that there is no linear association between CIR
and ADR in the CQI, it is important to emphasize that this conclu-
sion cannot be drawn from the CQI because of the intersection of
the x and y axes at high percentages and the lack of correction for
case mix. If the complete CQI was shown (i. e. with x and y axes
ranging from 0 to 100%), one would see that all dots are in the
upper right corner and that an estimation of co-linearity is not
possible as all hospitals performed relatively well. The CIRwas in-
dependently associated with the ADR in the multivariate analy-
sis, but this cannot be directly interpreted from the CQI. It is pos-
sible to overcome this by constructing CQIs for a specific indica-
tion and age group, for example in screening populations.
The strength of this study is that the prospective registration re-
sulted in reliable data on colonoscopies performed in a repre-
sentative population of patients visiting academic and nonaca-
demic hospitals. However, limitations of this study should be ad-
dressed as well. First, several population characteristics possibly
affecting ADR and/or CIR were not known or were incompletely
known in this study. Patient co-morbidity, medication use, and
smoking status were not recorded. ASA score as an indirect
measure for these factors was recorded in all patients. The indica-
tions for colonoscopy were consistently reported, but were not
highly specific. In particular, more than 60% of all patients were
categorized in a group that included anemia, abdominal symp-
toms, or change in bowel habit, whereas one might expect this
group to be heterogeneous with regard to risk of finding colorec-
tal neoplasms.
Second, some potentially important information on procedural
factors was also not available. Endoscopists were aware of the re-
commendation that withdrawal with mucosal inspection should
take at least 6 minutes [3,27,28], but withdrawal time was not
recorded in the study. The number of colonoscopies performed
in each hospital per year and the experience of each endoscopist
were not known, but no significant differences in CIR or ADR
were found between different types of endoscopists. This is re-
markable, as gastroenterologists are generally more experienced
than fellows. A possible explanation is that fellows might have
had more time to complete procedures and perform meticulous
inspection of the colonic mucosa.

In conclusion, this study investigated the use of CIR and ADR as
quality indicators for colonoscopy. The CQI is a simple combina-
tion of both indicators for comparison between hospitals. It can
provide information to prompt discussion of differences with
the aim of improving colonoscopy quality; CIR and ADR can be
positively affected by targeting modifiable factors, of which the
most important is bowel preparation. Future studies are required
to establish whether implementation of competitive feedback in
such a comparative way will indeed improve quality of colonos-
copy, and what measures are best to improve bowel preparation.
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