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Background: Measuring adenoma detection is a priority in the quality improvement process for
colonoscopy. Our aim was (1) to determine the most appropriate quality indicators to assess the neopla-
sia yield of colonoscopy and (2) to establish benchmark rates for the French colorectal cancer screening
programme.

Methods: Retrospective study of all colonoscopies performed in average-risk asymptomatic people aged
50-74 years after a positive guaiac faecal occult blood test in eight administrative areas of the French
population-based programme.

Results: We analysed 42,817 colonoscopies performed by 316 gastroenterologists. Endoscopists who
had an adenoma detection rate around the benchmark of 35% had a mean number of adenomas per
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Diagnosis
Mass screening colonoscopy varying between 0.36 and 0.98. 13.9% of endoscopists had a mean number of adenomas
Occult blood above the benchmark of 0.6 and an adenoma detection rate below the benchmark of 35%, or inversely.
Quality improvement Correlation was excellent between mean numbers of adenomas and polyps per colonoscopy (Pearson
Standards

coefficient r=0.90, p<0.0001), better than correlation between mean number of adenomas and adenoma
detection rate (r=0.84, p=0.01).
Conclusion: The mean number of adenomas per procedure should become the gold standard to measure
the neoplasia yield of colonoscopy. Benchmark could be established at 0.6 in the French programme.

© 2013 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

1. Introduction detection vary dramatically between endoscopists [1-10]; high

adenoma detection rate (ADR) and polypectomy rate (PR) are

A growing number of countries undertake colorectal can-
cer (CRC) screening programmes with faecal occult blood test
(FOBT), flexible sigmoidoscopy or colonoscopy. These screening
methods lead to colonoscopy for detection of early-stage can-
cers and removal of adenomatous polyps. However, colonoscopy
is an operator-dependent examination, and adenoma and polyp
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associated with a lower risk of interval CRC [11,12]. Measur-
ing the neoplasia yield is a priority in the quality improvement
process for colonoscopy but there is no agreement concern-
ing which quality indicator should be used, nor the standard
threshold that should be attained [13]. There is no ideal and
universal neoplasia yield indicator; the same is true for bench-
marks set for minimum detection rates which depend on
the details of CRC screening programmes. Adenoma detection
rate (ADR) is the most commonly recommended neoplasia-
related quality indicator [14-16]. However, the mean number of
adenomas (MNA) per colonoscopy is a better reflection of full length
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of colon examination and “could prove to be the ideal measure
of adenoma detection” [14,16]. Moreover, both MNA and ADR are
seldom measured in routine practice because their calculation is
rather complex as they share the same drawback of waiting for
the pathology report before determination. Other indicators such
as polyp detection rate (PDR), PR and mean number of polyps
(MNP) per colonoscopy have been proposed [17-20]. In a previous
exploratory study, we advocated the use of MNP, which is well cor-
related with ADR and MNA and much easier to measure [19]. In our
prior work, we examined a relatively small number of endoscopists
practicing in a few geographic areas.

The aim of this study was (1) to determine on a larger scale
the most appropriate quality indicators to assess the neoplasia
yield of colonoscopy and (2) to establish benchmark rates for the
French organized CRC screening programme with guaiac-based
FOBT (gFOBT).

2. Patients and methods
2.1. Screening programme

A pilot gFOBT CRC screening programme was implemented
in several French administrative areas from 2002 on. Its design
has been previously described [21]. Briefly, residents aged 50-74
years were invited by mail every other year to participate. Peo-
ple with serious illness, recent CRC screening or high CRC risk
were excluded. The gFOBT (Hemoccult II) was used without dietary
restriction and was processed without rehydration. Faecal material
was assessed from two samples from each of three consecutive
stools. The test was defined as positive if at least one window
was positive. People with a positive gFOBT were referred for
colonoscopy.

2.2. Colonoscopies

All the colonoscopies performed within the gFOBT screening
programme in eight administrative areas (Supplementary Fig. S1)
(2.0 million residents aged 50-74 years) from December 2002 to
December 2010 were assessed to compare different yield indica-
tors, specify their determinants and determine a threshold between
higher and lower detectors. Endoscopists who had performed 30
procedures or more were evaluated. As usual in France, all colo-
noscopies were performed by gastroenterologists and most of them
(95%) under sedation/anaesthesia provided by an anaesthetist.

2.3. Pathological classification

The pathological examination of detected polyps and CRCs was
performed as usual, mostly by community general pathologists. The
result of each colonoscopy was classified according to the lesion
with the worst prognosis. Cancer was defined as carcinoma invad-
ing at least the submucosa across the muscularis mucosa [22].
In situ and intramucosal carcinomas were classified as high-grade
neoplasia. Advanced adenoma was defined as an adenoma measur-
ing >10 mm or with a villous component >20% or with high-grade
dysplasia.

2.4. Yield indicators

ADR and PDR were defined respectively as the percentages of
colonoscopies where at least one adenoma and one polyp were
found. MNA and MNP were defined respectively as the overall num-
ber of adenomas and polyps detected divided by the number of
colonoscopies performed. Colonoscopies displaying invasive can-
cer were excluded for the calculation of these yield indicators. ADR,

PDR and MNP were measured in all eight administrative areas,
whereas MNA was measured in five areas only.

2.5. Statistical methods

Qualitative variables (ordered or nominal) were described by
their frequency and quantitative variables by their median, range,
mean and standard deviation (SD). Pearson coefficients were deter-
mined to search for correlations between variables and compared
using a normal Fisher transformation. The chi-square test was used
for comparison of caecal intubation rates and frequencies of higher
detectors between the eight administrative areas.

The goal of multivariate analysis was to find among age and
sex of patients, number of positive windows, number of previous
tests performed before the positive gFOBT, year of colonoscopy,
administrative area and number of colonoscopies performed by
the endoscopist, those variables having an effect on the number
of polyps and adenomas detected. There were however two lev-
els of data since several colonoscopies (first level) were performed
by endoscopists (second level) practicing in a given administrative
area. Therefore, we built Bayesian multilevel mixed models [23]. In
Bayesian analyses, a prior knowledge on parameters is updated by
gathered data and yields posterior knowledge. The prior knowledge
is summarized under prior distribution on each parameter (here
rather vague distributions). Using simulation techniques (Markov
chains and Monte Carlo integration), the posterior distributions
are summarized with their empirical means (posterior mean in
the sequel of the article) and some of their percentiles: 2.5th and
97.5th percentiles give rise to a 95% credible interval (CI) (analo-
gous to confidence interval in frequentist statistics). The Bayesian
framework allows fitting complex multilevel models. In a linear
regression model including covariates, we added nested effects for
endoscopists and for administrative areas. Comparison between
models used a deviance information criterion (DIC), the Bayesian
version of the Akaike score (AIC) [24]. Using the cut-off established
at 0.8 for MNP for the definition of higher detectors in our previ-
ous study [19], we estimated the cut-off for MNA, ADR and PDR by
maximizing each of the corresponding kappa agreement statistics.
Comparing the percentages of endoscopists classified similarly as
higher or lower detectors with each indicator and with the gold
standard, MNA, gave an assessment of their relative performances.
These analyses used Bayesian inference for agreement models [25].
The benchmark rates were then calculated for all indicators by
rounding the corresponding cut-off while maintaining an accept-
able rate of higher detectors situated around 60-65%.

3. Results

A total of 42,817 colonoscopies were performed by 316 endo-
scopists. Table 1 shows their distribution by administrative area.
A measure of MNA was available in 202 endoscopists. The mean
age of the patients was 62.5 years (SD 7.0); 22,554 (52.7%) colonos-
copies were performed in men. The mean number of procedures
by endoscopist was 135 (SD 105; range 30-543). The caecal intu-
bation rate was 96.7%. It varied from 95.2% to 97.8% depending on
the administrative area (p=0.99) (Table 1). Overall, 17,090 colo-
noscopies (39.9%) displayed a neoplasia, 2438 (5.7%) a cancer, 9184
(21.4%) an advanced adenoma, and 5468 (12.8%) a non-advanced
adenoma. The overall ADR was 36.3% (26.6% in women, 45.0% in
men).

Table 1 shows the median, mean, and SD of the main yield indi-
cators observed in both sexes in the whole study. ADR ranged from
12.8%t073.1%(mean 36.8%; SD 9.9), PDR from 12.8% to 88.5% (mean
49.2%; SD 13.5), MNA from 0.2 to 1.7 (mean 0.71; SD 0.28) and MNP
from 0.2 to 3.6 (mean 1.03; SD 0.47). Using the overall cut-off of 0.8
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