
Which is the better polyp detection metric: adenomas
per colonoscopy or adenoma detection rate?
A simulation modeling study

Authors

Todd MacKenzie1, 2, Sikai Xiao3, William H Hisey4, 5, Christina M Robinson4,5, Lynn Butterly4, Joseph C Anderson6,7, 8

Institutions

1 Department of Biomedical Data Science, The Dartmouth

Institute for Health Policy and Clinical Practice, Lebanon,

United States

2 Department of Medicine, Dartmouth College Geisel

School of Medicine, Hanover, United States

3 The Analytics Institute, Dartmouth-Hitchcock Medical

Center, Lebanon, United States

4 Department of Gastroenterology and Hepatology,

Dartmouth-Hitchcock Medical Center, Lebanon, United

States

5 New Hampshire Colonoscopy Registry, Lebanon, United

States

6 Dartmouth College Geisel School of Medicine, Hanover,

United States

7 White River Junction VA Medical Center, White River

Junction, United States

8 University of Connecticut School of Medicine,

Farmington, United States

Key words

Endoscopy Lower GI Tract, Polyps / adenomas / ..., CRC

screening, Statistics

received 16.7.2024

accepted after revision 18.9.2024

accepted manuscript online 14.10.2024

Bibliography

Endosc Int Open 2024; 12: E1366–E1373

DOI 10.1055/a-2417-6248

ISSN 2364-3722

© 2024. The Author(s).
This is an open access article published by Thieme under the terms of the Creative

Commons Attribution-NonDerivative-NonCommercial License, permitting copying

and reproduction so long as the original work is given appropriate credit. Contents

may not be used for commercial purposes, or adapted, remixed, transformed or

built upon. (https://creativecommons.org/licenses/by-nc-nd/4.0/)

Georg Thieme Verlag KG, Rüdigerstraße 14,

70469 Stuttgart, Germany

Corresponding author

Dr. Joseph C Anderson, Dartmouth College Geisel School of

Medicine, Hanover, United States

Joseph.Anderson@dartmouth.edu

ABSTRACT

Background and study aims We compared the ability of

adenoma detection rate (ADR) and adenoma per colonos-

copy (APC) to assess endoscopist detection, using statisti-

cal principles and simulations.

Patients and methods We simulated a population of

endoscopists and patients to compare the ability of ADR

versus APC for capturing true endoscopist ability (TEA).

We compared these rates with and without adjustment for

patient and exam factors using multivariable models, and

adjustment for imprecision due to low volume using em-

pirical Bayes (shrinkage). Power calculations were used to

compare the ability of ADR and APC to distinguish higher

from lower rates over two time periods for an endoscopist.

Results APC and ADR had similar discriminatory ability for

assessing TEA. This increased with higher volumes and after

adjusting for risk factors and low volume using shrinkage.

Higher APC and ADRs had higher power for comparing

endoscopist detection over two time periods, but APC was

superior to ADR. For example, there was 29% power to dis-

tinguish APCs (n =200 colonoscopies) 0.10 from 0.15, sim-

ilar to the power (28%) to distinguish corresponding ADRs:

10% and 14%. However, at same volume (n =200), the pow-

er to distinguish higher APC rates (0.50 vs.0.75) was great-

er (89%) than the power (78%) for corresponding ADRs (39%

vs.53%).

Conclusions Adjusting for patient and exam factors and/or

using shrinkage techniques for lower-volume endoscopists

can increase the correlation between TEA for both ADR and

APC. For higher detection rates, APC offers more power

than ADR in distinguishing differences in detection ability.

Supplementary Material is available at

https://doi.org/10.1055/a-2417-6248
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Introduction
Adenoma detection rate (ADR) is a validated colonoscopy qual-
ity measure [1, 2, 3, 4] that measures the proportion of screen-
ing colonoscopies with an adenoma [5–7.] ADR is a surrogate
for the adenoma miss rate, with low ADRs suggesting higher
miss rates [5, 6, 7, 8]. Patients who have endoscopists with
high ADR are at lower risk for post-colonoscopy colorectal can-
cer (PCCRC) than patients whose endoscopists have low ADR
[1, 2, 9]. However, ADR does not account for presence of multi-
ple adenomas.

Another quality indicator, adenomas per colonoscopy (APC)
[10, 11, 12, 13, 14, 15, 16, 17], represents the average number
of adenomas detected per screening colonoscopy. APC credits
endoscopists who clear the colon of all precursor lesions be-
yond the “one and done” reflected in the ADR [7, 13, 18, 19].
There is more information captured in APC than ADR. ADR is
analogous to the proportion of games in which a basketball
player scores; APC is analogous to points per game. However,
the average points per game per professional basketball player
is close to 10 whereas the average number of adenomas detect-
ed per exam is less than one, making the latter statistic more
difficult to grasp intuitively. In particular, the median reported
APC for published data from two large population-based regis-
tries have been less than one [17, 20].

The relative ability of ADR and APC to measure endoscopist
quality is not directly estimable without looking at long-term
outcomes such as CRC. This would be important when compar-
ing detection over two time periods to determine whether an
endoscopist is improving. A reasonably powered study examin-
ing CRC requires over a decade and thousands of patients.
Thus, alternative methods for comparing the power of ADR ver-
sus APC for differentiating the detection ability of two endos-
copists is important, especially in clinical practice.

Detection rates do not account for case-mix variation among
endoscopists, such as patient age, gender, and exam indica-
tion. Some endoscopists may also have low volumes. Experts
have proposed including diagnostic and surveillance exams in
order to simplify calculations for busy endoscopists as well as
to increase power by increasing the number of colonoscopies
in the calculation [21]. Data from the New Hampshire Colonos-
copy Registry (NHCR) have demonstrated that there could be
differences based on exam indication, screening versus surveil-
lance, as well as patient demographics such as smoking or sex
[22, 23, 24].

In this study, we used a statistical framework including simu-
lations to compare how well ADR and APC measure true endos-
copist ability (TEA). First, we used power calculations to com-
pare two hypothetical datasets of either two endoscopists
with different abilities or a single endoscopist across two time
periods using ADR and APC. Second, we compared the degree
to which ADR and APC captured the actual ability of different
endoscopists to detect adenomas using a simulation of a popu-
lation of endoscopists and patients. In addition, we evaluated
these rates after accounting for case-mix adjustment and
small-volume sampling variation using the statistical approach
of shrinkage (empirical Bayes).

Methods
This study was not a statistical analysis of any particular data-
set. It was an evaluation of statistical methods commonly used
to evaluate endoscopist ability using statistical and mathemati-
cal principles including simulations.

Population and sample used as basis for simulations

Our evaluation of the statistical properties of APC in compari-
son to ADR are based on data from the NHCR. Our previous pa-
pers have provided details about the NHCR database [10, 11,
23, 25, 26, 27]. Briefly, individuals who have a colonoscopy in
the state of New Hampshire voluntarily consent to participate
in the NHCR (IRB: Committee for the Protection of Human Sub-
jects, CPHS# 15834). Patients also complete an NHCR Patient
Questionnaire prior to colonoscopy, including demographic,
health behavior, and personal and family history data. Endos-
copists and/or endoscopy nurses complete the NHCR Colonos-
copy Procedure Form during or immediately after colonoscopy.
Data on this form include indication of exam, and the location,
size, and method of resection or biopsy for all findings [27].

Our simulations and analyses are based on NHCR patients
with known adequate bowel preparation, complete exams to
the cecum, no personal history of inflammatory bowel disease
or CRC and with complete patient demographic and risk infor-
mation. ▶Fig. 1 demonstrates the flow of each analysis.

Adenoma detection and adenoma per colonoscopy
calculations
Evaluation 1: Comparing APC to ADR using simulations

Simulation of endoscopists and their detection ability
The first step in our simulation addresses endoscopist detec-

tion ability. We will refer to it as TEA and define it for each
endoscopist as the probability of detecting an adenoma if it ex-
ists in the colon of a patient they are examining. As shown in
Supplementary Table1, the TEAs in our simulation were as-
sumptions that varied between 35% and 99% according to a
uniform distribution (each point equally likely) among endos-
copists. They did not depend on any endoscopist characteris-
tics such as years of experience, because that was not part of
our simulation.

Although improvements in technique [28] or changes in
bowel prep procedures can improve detection rates [25, 29],
we make the simplifying assumption that TEA is constant over
time the same between within and between patients. In other
words, we assume that an endoscopist’s probability of detect-
ing adenomas is constant and does not change for each adeno-
ma if there is more than one adenoma in a patient or change
from one patient to the next, although the endoscopist may
find more in some patients because they have more adenomas
in their colon, which we address in Step B.

We simulated two scenarios. In the first, representing calcu-
lation of APC and ADR from 1 year of an endoscopy group, the
number of endoscopists was 82. In the second scenario, the
number of endoscopists was 136, representing an endoscopy
group from several years. These counts match the number of
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endoscopists in the NHCR who performed colonoscopies on 30
or more patients in the most recent year and during all the
years of the registry, respectively. Supplementary Table 1
shows quantiles of exam volumes for each endoscopist (range
of 30 to 360) for 1 year of results as well as for all years (range
of 30 to 5490).

Simulation of colonoscopies with varying adenoma prev-
alence in patients and detection ability in endoscopists

In this second step, we simulated patients and their colons
with varying numbers of adenomas, depending on patient
characteristics, sex, age, as well as three types of exams:
screening, surveillance and diagnostic. Patient sex and age and
their variation between endoscopist panels were simulated ac-
cording to the distributions reflecting the NHCR described in
Supplementary Table1 (i. e., patient age and sex vary both
within and between endoscopists). We varied the frequency of
screening, surveillance and diagnostic exams between endos-
copists using the distributions listed in Supplementary Table
1 based on the NHCR. The proportion of screening, surveil-
lance, and diagnostic exams averaged 56%, 25%, and 19%
respectively, and varied between the endoscopists with stand-
ard deviations of 12%, 14% and 15%, respectively.

To create the colons of simulated patients, we randomly
generated the number of adenomas in each patient’s colon
using a gamma-Poisson (i. e. negative binomial) model speci-
fied in Supplementary Table 1, which reflects the relationship
between the number of adenomas and exam indication, patient
age, and patient sex. We set the intercept of the adenomas-
per-patient model to align the overall average of adenomas in
the simulated population with the ADR and APC found in the
NHCR, after accounting for probability of detecting each ade-
noma. The adenomas detected in each colonoscopy were sim-
ulated using a binomial distribution, Bin(N,p) with N being the
number of actual adenomas in the patient, and p equal to the
probability of detection by the endoscopist (TEA).

Calculation of detection rates
The third step was to calculate detection rates using the sim-

ulated endoscopist and patient data. We calculated both the
ADR and APC three ways: 1) conventional (unadjusted); 2) ad-
justed for patient sex, patient age, and exam indication; and 3)
adjusted for imprecision due to low volumes using shrinkage
(empirical Bayes). The purpose of shrinkage is to reduce varia-
tion due to small samples (volumes), allowing for more reliable
rate calculations for endoscopists with low exam volume [30].
The adjustment is accomplished using a multivariable logistic
regression model followed by calculation of the observed over
expected, followed by a rescaling to the overall rates. The ad-
justed and shrunken version is calculated using a multivariable
logistic regression model with a random intercept for endos-
copist. The shrunken version is based on the mean posterior
prediction for each endoscopist. Note: We did not implement
and evaluate shrinkage in the simulations in which each endos-
copist has the same volume because in that case, shrinkage
cannot change endoscopist rankings.

Correlation of ADR and APC with TEA
In the fourth and final step, we evaluated the ability of ADR

and APC to discriminate low from high performing endos-

copists by calculating the Pearson correlation. The Pearson cor-
relation decreases with increasing sampling error (e. g. lower
endoscopist volume) and with the amount of unadjusted con-
founding.

Simulation code
The simulations were conducted using the statistical soft-

ware R. The code is available in the appendix. This allows inter-
ested readers to utilize the code and modify the simulation set-
tings to reflect characteristics of a different panel of endos-
copists and patients.

Evaluation 2: Power comparison of APC and ADRdr
for difference between two endoscopists

We calculated the power to compare various values of APC be-
tween two time periods for an endoscopist or to compare two
endoscopists. While endoscopist-level APC is usually calculated
by dividing the number of adenomas detected for each endos-
copist by the total number of exams for that endoscopist, we
created hypothetical APCs. Specifically, we made the assump-
tion that the ratio between the two detection rates was fixed
at 1.5 (for example, APC 1 =0.4 and APC 2 =0.6) and that each
endoscopist’s count of detected adenomas among all patients
follows a Poisson distribution. We calculated power for differ-
ent levels of APC and volumes of colonoscopies. ADRs for this
exercise were not based on clinical data but, instead, were cal-
culated based on an assumed Poisson distribution. Specifically,
although ADR for each endoscopist is usually calculated as the
number of colonoscopies with at least one adenoma divided by
the total number of colonoscopies, respective ADRs in this anal-
ysis were calculated based on the statistical principle that the
count of detected adenomas follows a Poisson distribution

Analysis 1: Assessing 
endoscopist’s true detection

Analysis 2: Comparing Power 
of ADR versus APC

Create True Endoscopist 
Ability (TEA) which vary 
35 %–99 %

1. Create 2 datasets with 
 APC 50 % higher than other
2. Calculate corresponding
 ADR

Calculate power to compare 
APC and ADR for varying 
detection rates and volumes

Simulate patient colon using 
NHCR data (patient sex, age 
and exam indication)

Calculate Pearson correlation

Calculate rates:
1. Crude
2. Adjusted for exam/patient
 factors
3. Adjust for volume using
 shrinkage

▶ Fig. 1 Flow chart for each analysis.
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with mean of λ, then the probability of detecting at least one
adenoma is 1-exp(-λ).

Statistically, our power calculation to compare the APCs be-
tween endoscopist is based on use of a two-sample t-test,
which is asymptotically equivalent to use of the score test
from a Poisson regression. The power to compare the ADR
uses the same underlying Poisson distributed counts that have
been dichotomized into “one or more adenomas” versus “no
adenomas.” The comparison of the ADR between two endos-
copists uses a Pearson chi-square test. The power is calculated
using the proportion in which the test statistic yields a P < 0.05.

Results
Evaluation 1: Simulations to assess discriminatory
ability of APC and ADR for assessing individual
endoscopist detection ability

▶Fig. 2 shows the scatterplots resulting from one iteration of
the simulations based on a typical single year in the NHCR.

▶Fig. 2a shows the conventional ADR versus the endoscopist’s
true ability to detect adenomas (TEA). Each point represents
one endoscopist. ▶Fig. 2b shows APC versus TEA. ▶Fig. 2c and

▶Fig. 2d show the corresponding plots for ADR and APC after
they are adjusted to account for varying case mix between
endoscopists and shrunken to account for small sample (low
volume) variation. Essentially, the simulation results reported
below arise from generating these plots 1000 times and aver-
aging the correlations.

▶Table 1 presents the strength of the association of TEA
with ADR and APC from our simulation, using either 1 year of
data, or all years of data, from an endoscopy patient panel sim-
ilar to the NHCR as shown in Supplementary Table 1. In addi-
tion to ADR and APC (i. e. conventional or crude rates), we re-
port findings for adjusted and adjusted empirical Bayes (shrink-
age) versions of the ADR and APC. The Pearson correlation of
TEA with crude APC based on 1 year of results, 0.77, is margin-
ally better than the correlation of TEA with crude ADR of 0.73.
There is little difference in the Pearson correlations of TEA with
the adjusted empirical Bayes, (0.89 for APC and 0.88 for ADR),
based on 1 year of data. However, there is an increase in Pear-
son correlations for each metric, APC and ADR, when using
shrunken method along with adjusted.

▶Table 1 also shows simulations using all years of NHCR
data in which the median endoscopist volume is almost 600 ex-
ams. This analysis also shows a small advantage of APC in com-
parison with ADR. The Pearson correlation of TEA with the
crude APC and crude ADR are 0.85 and 0.83, respectively. The
Pearson correlation of TEA with the adjusted APC and ADR are
0.91 and 0.87, respectively.

The final simulation results presented in ▶Table 1 reflect a
simulation in which 100 endoscopists each conduct the same
number of endoscopies, either 50, 200, or 1000. As above,
APC performs incrementally better than ADR, whether it is the
crude or adjusted version for each volume level.
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▶ Fig. 2 Scatterplots. a Crude ADR vs true endoscopist ability (TEA). b Crude APC vs TEA under a single iteration (of 500 in total) based on 1 year
of data (median endoscopist volume of 90) and c and d all years of data (median endoscopist volume of 600).
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Analysis 1: Power comparison of APC and ADR for difference
between two endoscopists

▶Table 2 displays the power for detecting a 50% difference in
detection ability between two endoscopists or time periods
for a single endoscopist using APC and ADR. Using the actual
count of adenomas from each colonoscopy (APC) as opposed
to dichotomizing the count as at least one versus none (ADR)
results in a modest increase in power to discriminate between
two endoscopists. For instance, if the underlying ADRs of two
endoscopists are 30% and 45% or if an endoscopist has an in-
crease in ADR of 30% to 45% over two time periods, the power
to detect a difference between these two rates based on 200
colonoscopies by each endoscopist or for each time period is
69% using the APC and 61% using the ADR. ▶Table 2 shows
that power for both ADR and APC increases with higher vol-
umes of colonoscopies. In addition, there is an increase in pow-
er for higher rates of APC and ADR.

Discussion
Higher ADRs have been shown to be protective of PCCRC [5, 6,
7, 8]. Because APC counts the number of all adenomas detected
as opposed to their presence or absence as in ADR, it may be a
better measure of an endoscopist’s ability to detect all adeno-
mas. While there are data which examine the association be-
tween both ADR and APC and PCCRC[1, 2, 7], there are no data
which directly compare these two metrics with respect to as-
sessing endoscopists’ true detection abilities. In our analyses,
we used mathematical and probabilistic principles to compare
ADR and APC.

In our first set of analyses, we used statistical simulation to
compare APC and ADR in capturing the TEA, defined as the
probability that an endoscopist will identify an adenoma if it ex-
ists in the colon. Detection rates are surrogates for the more
important measure, adenoma miss rate (AMR).[5, 6, 7, 8]. It
may not be clear that the miss rate of an endoscopist is addres-
sed in this simulation. In fact, the true AMR of an endoscopist is
one minus what we define as TEA. That is, the probability that
an endoscopist misses an adenoma is 1 – TEA. If more than one
adenoma existed, we assumed for the sake of simplicity that
each detection had the same probability. In these simulations,
we observed that APC had a slight advantage over ADR. At most
volumes, the APC outperformed the ADR by a difference of less
than 0.05 in its Pearson correlation with TEA when calculated
using a conventional approach (crude or simple). The same
was true when we compared the shrunken and case mix-adjus-
ted APC with the shrunken and case mix-adjusted ADR.

A relevant secondary observation is that both the APC and
the ADR were more effective at measuring TEA when they
were adjusting for case mix. This case-mix adjustment may be
important to quality improvement in endoscopy. We are not
aware of any endoscopy groups that calculate detection rates
adjusted for case mix, aside from sex [5, 6, 7, 8]. Potential other
factors to consider include age, body mass index (BMI), and
smoking, which are known significant neoplasia risk factors
[23, 24].

We also observed that shrinkage statistical methods (em-
pirical Bayes) also improved the correlation with TEA of both
APC and ADR, especially when the endoscopist had fewer ex-
ams, such as in the calculation of detection rates for the most
recent year. One of the authors of this paper has used this ap-
proach to compare outcomes for coronary artery bypass graft
surgery among centers with different volumes of surgeries
[30]. Specifically, they observed that using random effects for
centers yields shrinkage estimates reduces the likelihood of fal-
sely classifying a small-volume center as having exceptional or
very poor results. We think that this approach deserves further
attention from endoscopy groups that report endoscopist-level
detection rates.

▶Table 1 Correlation of APC and ADR with ability to discriminate
underlying endoscopist ability.

Pearson correla-

tion with TEA

Time frame Method APC ADR

One year in NHCR - 82
endoscopists with
volumes from 30 to 436

Conventional 0.77 0.73

Adjusted 0.81 0.77

Adjusted and
shrunken

0.89 0.88

All years of NHCR – 136
endoscopists with
volumes from 30 to 5486

Conventional 0.85 0.83

Adjusted 0.91 0.87

Adjusted and
shrunken

0.92 0.90

Same volume in 100 endoscopists*

50 endoscopies each Conventional 0.66 0.61

Adjusted 0.69 0.63

200 endoscopies each Conventional 0.83 0.80

Adjusted 0.88 0.84

1000 endoscopies each Conventional 0.90 0.89

Adjusted 0.97 0.95

Crude, adjusted and shrunken APC and ADR based on either 1 year or 5 years
of a simulated
colonoscopy database similar in size to the New Hampshire Colonoscopy
Registry.
*Shrinkage not performed here because it will not change rates differently
among endoscopists
because all physicians have the same volume.
TEA, true endoscopist ability.
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In our second set of analyses, we used statistical power to
compare the ability of ADR versus APC to detect differences in
colonoscopy quality between two simulated data sets with dif-
ferent volumes. These data sets could be either two time peri-
ods for a single endoscopist or for two endoscopists. In this a-
nalysis, one dataset had an APC which was 50% higher than the
other data set. Not surprisingly, higher volumes were associat-
ed with higher power for both ADR and APC to detect differen-
ces in adenoma detection. At these high rates, both ADR and
APC had 100% power.

These data have implications for practicing endoscopists.
Published data suggest that a minimum volume of 500 colo-
noscopies might be needed to calculate an ADR with appropri-
ately narrow 95% confidence intervals [31]. We observed that
at a volume of 500 colonoscopies or greater, the power for
ADR and APC was high for distinguishing superior endoscopists
with higher detection rates. For example, a volume of 500 ex-

ams for each time period would provide a power of 94% for dif-
ferentiating two ADRs of 26% and 36%. An ADR of 25% is the
current benchmark for practicing endoscopists [8]. If an endos-
copist improved from 18% to 26% in order to meet the current
benchmark, a volume of 500 colonoscopies would provide 85%
to determine if there was a true increase in ADR for this endos-
copist.

We recently published data demonstrating that an APC of
0.5 or higher in endoscopists with an adequate ADR of 25% or
higher was associated with a lower hazard for post colonoscopy
as compared with those with an APC < 0.5 and an adequate ADR
[17]. If an endoscopist improves from an APC of 0.4 to 0.6 over
two time periods, each time period would need more than 200
exams in each in order to provide > 90% power to determine if
there was an improvement in adenoma detection. At this vol-
ume, the power for APC (81%) and ADR (71%) are both lower
than 90%.

▶Table 2 Power to detect a difference in detection ability of two datasets*.

APC ADR Number of

endoscopies

Power using

APC

Power using

ADR
Dataset A Dataset B Dataset A Dataset B

0.10 0.15 10% 14% 50 11% 10%

0.20 0.30 18% 26% 50 17% 15%

0.30 0.45 26% 36% 50 23% 20%

0.40 0.60 33% 45% 50 29% 24%

0.50 0.75 39% 53% 50 35% 27%

0.60 0.90 45% 59% 50 41% 30%

0.10 0.15 10% 14% 200 29% 28%

0.20 0.30 18% 26% 200 52% 47%

0.30 0.45 26% 36% 200 69% 61%

0.40 0.60 33% 45% 200 81% 71%

0.50 0.75 39% 53% 200 89% 78%

0.60 0.90 45% 59% 200 93% 82%

0.10 0.15 10% 14% 500 61% 58%

0.20 0.30 18% 26% 500 89% 85%

0.30 0.45 26% 36% 500 97% 94%

0.40 0.60 33% 45% 500 99% 98%

0.50 0.75 39% 53% 500 100% 99%

0.60 0.90 45% 59% 500 100% 100%

0.10 0.15 10% 14% 1000 89% 87%

0.20 0.30 18% 26% 1000 99% 99%

0.30 0.45 26% 36% 1000 100% 100%

0.40 0.60 33% 45% 1000 100% 100%

0.50 0.75 39% 53% 1000 100% 100%

*Either two time periods for an endoscopist or two endoscopists) using the APC versus using the ADR, across varying APC (0.10–0.90) and ADR (10%-59%) levels and
numbers of colonoscopies (50–1000).
ADR, adenoma detection rate; APC, adenoma per colonoscopy.
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Another observation was that for fixed exam volumes, APC
provided superior power to detect differences between two
endoscopists or two time periods for one endoscopist, one
with a 50% higher rate of detection, as compared with the cor-
responding ADRs. However, the difference was the highest for
higher detection rates. For example, when comparing two
endoscopists with 200 colonoscopies, the difference between
the power for APC and ADR was 11% (APC 93% and ADR 82%)
for endoscopists with APC of 0.6 and 0.9 and corresponding
ADR of 45% and 59%. As highlighted above for a high volume
of 1000 exams and/or high rates of ADR and APC, power was
100% for both measures. Conversely for lower APC (0.10, 0.15)
and corresponding ADR of 10% and 14%, the difference was
only 1% (APC 29% and ADR 28%). This is because ADR is very
similar to APC if the APC is low. For instance, if the APC is 0.20,
the corresponding ADR would be 0.18, as shown in ▶Table 1.

We acknowledge that there are some clinical concerns re-
garding use of APC in practice, including the potential in-
creased burden for endoscopists with respect to counting all
adenomas that are removed in each patient. APC use might in-
centivize physicians to place individual polyps in separate bot-
tles, which could increase cost. One solution might be to pho-
to-document all lesions (with artificial intelligence assistance)
to allow determination of the actual number of adenomas
[32]. Another limitation would be the potential burden of col-
lecting data for the statistical approach for case-mix adjust-
ment. One solution could be use of natural language proces-
sing, which is being used in many hospitals to collect patient
data.

We acknowledge that there is no perfect way to determine
an endoscopist’s true ability. For instance, even tandem colo-
noscopy is unable to fully estimate true ability because both
endoscopists in a tandem colonoscopy may miss an adenoma
[33]. We also recognize that our simulation settings did not ac-
count for changes in an endoscopist’s detection ability, which
may not be reflective of clinical practice where physicians’ de-
tection rates may be improving due to technology or technique
[25, 28]. However, because there have been no studies using
statistical and mathematical principles to compare the ability
of APC versus ADR to assess endoscopists’ ability to detect ade-
nomas, our results provide novel insight into this issue. Our si-
mulation included exams that were complete and performed
on patients who had adequate bowel preparation. We based
our simulation on patient sex and age as well as exam indica-
tion. However, we did not include BMI and sedation, which
might influence adenoma prevalence. Other strengths include
use of a statewide population-based colonoscopy registry to in-
form our assumptions for patients and endoscopists.

Conclusions
Our analyses suggest that APC improvement in discrimination
between two endoscopists is associated with their detection
ability. Our findings do not necessarily require action. However,
for those groups who only report ADR, our findings suggest
that switching to reporting APC might be preferable but with
only a slight advantage. For lower levels of ADR, APC may add

little to the ability to statistically distinguish the detection abil-
ity of two endoscopists. However, it is important to note that
the power can differ based on volume as well detection rates.
For example, when examining a volume of 200 colonoscopies
(10 per week for 6 months), APC has more power than ADR
(69% versus 61%) for clinically relevant ADR changes of 26% to
36%. Thus, at these rates, APC may have an advantage at colo-
noscopy volumes that are clinically relevant.

Overall, however, for higher levels of ADR, APC may offer
more power to differentiate between endoscopists or between
two time periods for one endoscopist. When detection rates
are very high, especially in high exam volume scenarios, both
ADR and APC have 100% power for discrimination. We also
that observed APC may not have a substantially higher correla-
tion with individual TEA than ADR. However, adjusting for case-
mix factors such as patient characteristics and exam indication
and/or using shrinkage techniques for lower-volume endos-
copists can increase the correlation between TEA and both
ADR and APC.
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