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Adenoma Detection Rate (ADR)
The probability that an endoscopist will detect an adenoma in a given patient is the product of two independent probabilities: the probability of that patient having at least one adenoma (Padenoma) and the probability that the endoscopist will detect at least one adenoma if one is present (Pdetect adenoma).

From a quality assurance/improvement perspective, we are interested in Pdetect adenoma as an indicator of endoscopist performance. However, this cannot be directly measured, but must be inferred from the ADR.

Therefore, in quality assurance/improvement activities, where ADR is used to benchmark endoscopist performance, it is important to remember that the ADR of a given endoscopist will be affected by the prevalence of adenomas in that endoscopist’s patients. Existing guidelines acknowledge this issue, by recommending gender-specific ADRs be calculated in situations when an endoscopist’s practice is skewed towards one gender.

However, even in the setting where a group of endoscopists are performing colonoscopies on similar sets of patients, some variation in measured ADRs would be expected to result from random variations in adenoma prevalence. 

The goal of our benchmarking methods is to minimize the effect of random variation in adenoma prevalence when assessing endoscopist performance. 

Supplementary Figure 1: Figure 1. Classification of a Hypothetical Population of Endoscopists into Performance Quartiles.
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In this hypothetical example, the measured adenoma detection rate (ADR) of a population of endoscopists follows a normal distribution.  Some of the observed variation in ADR is the result of true differences in endoscopist performance and some is due to random variations in the adenoma prevalence in each endoscopists’ patients. The endoscopists have been divided into quartiles based on their ADRs (horizontal lines). The bottom and top quartiles are considered Low and High Detectors, respectively. The middle two quartiles are the Average Detectors. Ideally, our goal would be to have all endoscopists perform as well as the High Detectors. But at a minimum, we don’t want endoscopists to perform at low level. Notice that the lower range of ADRs of the Average Detectors (Quartiles 2 & 3) is equivalent to the average ADR of endoscopists in Quartiles 1 & 2. 
Proposed Benchmarks

The fundamental principle that we have applied for creating benchmarks is to use endoscopist performance in one set of patients to classify the endoscopists into performance groups. We then use data from a second of patients to set the benchmarks. In this way, performance in one set of patients is used to develop and apply benchmarks in an independent set of patients. This reduces the effect of random variation in adenoma prevalence when defining benchmarks and endoscopist performance.
In a previous paper, we described a method for defining ADR benchmarks for colonoscopies performed on patients with a positive fecal immunochemical test (FIT).1 In that paper, we classified endoscopists into performance groups based on their ADRs measured in patients at average risk for colorectal cancer undergoing a screening colonoscopy during the same time period as those undergoing a colonoscopy due to a positive FIT. To set a minimally acceptable benchmark, we estimated the ADR in FIT+ patients that was equivalent to an ADR of 25% in average risk patients. 

In this paper, where we are defining ADR benchmarks for average risk screening colonoscopy, we do not have a concurrent independent, criterion group upon which to define performance groups. Therefore, to calculate the benchmarks, we used two years of data from patients at average risk. Data from a baseline year (Year 0) were used to classify the endoscopists into performance groups. Data from the assessment year (Year 1) were used to set the benchmarks based on that year’s adenoma detection rates of the Year 0 performance groups. 

We believe either of these two methods could be used for defining performance groups. The choice of method would depend whether a sufficiently large sample of concurrent patients exists. For example, in a setting where colonoscopy for FIT+ patients is performed, but screening colonoscopies for those at average risk is not, then using two years of data for FIT+ patients would be most appropriate.  

Minimally Acceptable: The goal of this benchmark is to define the ADR that all endoscopists should achieve. The Minimally Acceptable benchmark was defined as the lower range of Year 1 performance of the Average Detectors (quartiles 2 & 3). However, as the lower range is based on the ADR of a single endoscopist, we instead calculated the benchmark as the mean of the Year 1 ADRs of the lower two quartiles, which is an equivalent but statistically a more stable measure as it is based on the ADRs of all endoscopists in quartiles 2 & 3 (Figure 1). 

The rationale for this benchmark is that it best approximates the intent of the ASG/ACGE Task Force benchmark. All endoscopists are expected to at least achieve the ASG/ACGE Task Force benchmark, even though it is recognized that many endoscopists will have an ADR that greatly exceeds it.  Therefore, it is best considered a “minimally acceptable” benchmark. 

Standard of Care: The goal of this benchmark is also to define the ADR that all endoscopists should achieve. It was defined as the average of the Year 1 ADRs of the Average Detectors (quartiles 2 and 3). The rationale for this benchmark is that the Minimally Acceptable benchmark provides a very low threshold that is easily achieved, especially if the statistical precision of an endoscopist’s measured ADR is considered. The Standard of Care benchmark represents an estimate of the readily detectable adenomas prevalent in the population. An endoscopist’s observed performance (measured ADR) should not be inconsistent with the overall adenoma prevalence (within the boundaries of the 95% confidence interval).

Aspirational: The goal of this benchmark is to define the ADR that all endoscopists should strive to achieve. It is defined as the average of the Year 1 ADRS of the High Detectors (quartile 4). The rationale for this benchmark is that those endoscopists with a high ADR in an independent set of observations, may represent a group of endoscopists who are especially adept at detecting polyps. The observed prevalence of adenomas in patients seen in those achieving the aspirational benchmark is more likely to reflect the true adenoma prevalence in the population than the observed adenoma prevalence in the Average Detectors (Pdetect adenoma approaching 1). 
Hypothetical Application of Benchmarks
We developed two hypothetical situations to examine the application of these benchmarks. In both examples, 40 endoscopists completed screening colonoscopies in patients during a baseline period (Year 0) and an assessment period (Year 1). A population of patients was created with an adenoma prevalence of 40% (Padenoma 40%). Each endoscopist was randomly assigned between 100 and 500 procedures in each year.
In example #1, all endoscopists had a 90% probability of detecting at least one adenoma in a patient if one is present (Pdetect adenoma 90%).  In example #2, endoscopists varied in their ability to detect adenomas from a low of 50% to a high of 90% (P​detect adenoma 50% - 90%). For each patient with an adenoma assigned to an endoscopist, a random number was generated between 0 and 1. The endoscopist was classified as detecting the adenoma if the random number was equal to or less than the endoscopist’s Pdetect adenoma. Therefore, there were two sources of variation in an endoscopist’s measured ADR: (1) random variation due to adenoma prevalence in their set of patients and (2) true variation in the rate of detecting an adenoma, if present.
The ADRs of endoscopists were measured during a baseline period (Year 0), and they were then divided into ADR quartiles. The correlation between endoscopists’ Year 0 and Year 1 ADRs was calculated. Benchmarks were calculated from their performance in the assessment period (Year 1). The endoscopists’ Year 1 ADRs and associated 95% confidence intervals were then compared to the benchmarks.
Supplementary Figure 2: Benchmarking Example #1 – Endoscopists’ PDetect Adenoma 90%.
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 In Example #1, all endoscopists have a 90% probability of detecting at least one adenoma if one or more is present in a given patient. Despite all endoscopists having the same probability of detecting an adenoma if one is present, there is substantial variation in the measured ADRs (range 0.30 – 0.44) 

The Year 0 and Year 1 ADRs of the Year 0 ADR Quartiles and the calculated benchmarks are shown below. When the Pdetect adenoma of all endoscopists is identical and the only difference between endoscopists’ measured ADR is due to random variation in the polyp prevalence of their patients, there is a very poor correlation between endoscopists’ Year 0 and Year 1 ADRs (left graph) and all three benchmarks are roughly equivalent, and in this example do not follow the expected order of Minimally Acceptable benchmark < Standard of Care benchmark < Aspirational Benchmark. In the right graph, the upper bound of the 95% confidence of the measured ADR of all endoscopists encompasses all three benchmarks (horizontal lines).

Year 0 ADR Quartile
Year 0 ADR Range
Year 1 ADR Range

1



0.30 – 0.35

0.33 – 0.43

2



0.35 – 0.36

0.31 – 0.40

3



0.36 – 0.37

0.36 – 0.40

4



0.38 – 0.43

0.28 – 0.44

Benchmarks

Minimally Acceptable (Average Year 1 ADR Q1 & Q2): 
36.8%

Standard of Care (Average Year 1 ADR Q2 & Q3):
36.4%

Aspirational (Average Year 1 ADR of Q4):

34.3%

Figure 2 also demonstrates why it is important to use one set of patients to classify performance groups and an independent set to define benchmarks. If only Year 0 data was used to both identify performance groups and set benchmarks, a Standard of Care benchmark of approximately 0.36 and an Aspirational Benchmark of approximately 0.40 (the true adenoma prevalence in the population) would have been set. Those in Quartile 1 would then be at risk for being classified as underperformers, even though their low performance was purely the result of chance, and the aspirational benchmark would be unachievable. In this case, in the second set of patients it is readily apparent that all endoscopists are performing at a similar level and that the differences observed in the baseline year were due to random chance. This risk could also be overcome by including a larger sample size, perhaps including procedures over several years. But then, it would take several years to implement any benchmark. By using two independent sets of patients, the benchmarks can be created in a more timely and efficient manner and the risk of benchmarks being influenced by random chance is reduced. 
Supplementary Figure 3: Benchmarking Example #2 – Endoscopists’ PDetect Adenoma 50% - 90%.
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In Example #2, there is a true variation in the ability of endoscopists to detect adenomas. The probability that the endoscopists will detect at least one adenoma if one or more is present varies from 50% to 90%. The Year 0 and Year 1 ADRs of the Year 0 ADR Quartiles and the calculated benchmarks are shown below. In example #2, more of the variation in endoscopists measured ADR is due to a true difference in performance.  Therefore there is a strong correlation in endoscopists’ Year 0 and Year 1 ADRs (left graph) and the benchmarks (horizontal lines in right graph) are ordered as expected: Minimally Acceptable benchmark < Standard of Care benchmark < Aspirational benchmark. In the right graph, the upper bound of the 95% confidence of the measured ADR of lower performing endoscopists do not encompasses the standard of care benchmark (middle horizontal lines) and approximately half of endoscopists do not achieve the aspirational benchmark (upper horizontal line).

Year 0 ADR Quartile
Year 0 ADR Range
Year 1 ADR Range

1



0.16 – 0.23

0.18 – 0.28

2



0.25 – 0.29

0.21 – 0.40

3



0.29 – 0.33

0.26 – 0.38

4



0.33 – 0.40

0.25 – 0.41

Benchmarks

Minimally Acceptable (Average Year 1 ADR Q1 & Q2): 
26.0%

Standard of Care (Average Year 1 ADR Q2 & Q3):
29.8%

Aspirational (Average Year 1 ADR Q4):


33.3%

Despite there being a true performance difference among endoscopists, the effect of random variation in adenoma prevalence can still be seen. The Year 1 performance of the lowest quartile is not as bad and the Year 1 performance of the highest quartile is not as good as those observed for the two groups in Year 0. 

Applying These Methods
The following is a step by step approach to applying our benchmarking methods.
Requirements
1. Sufficiently large number of endoscopists (we suggest a minimum of 20 endoscopists each performing at least 50 colonoscopies during the baseline period).

2. Similar case mix of patients. These methods are designed to minimize the risk of random variations in the adenoma prevalence of a given endoscopists patients from influencing the creation or application of benchmarks. If there are known or expected systematic differences in adenoma prevalence, these methods should not be applied. As an extreme example, these methods would not be appropriate to apply to a set of patients, where one endoscopist is predominantly performing colonoscopies in average risk patients and another endoscopist is predominantly performing colonoscopies in those with a positive FIT. 
Classify Endoscopists Into Performance Groups Based on Baseline Period ADRs
1. Rank order endoscopists by ADR.

2. Divide the endoscopists into quartiles – Quartile 1 lowest ADRs, Quartile 4 highest ADRs

Set Benchmarks Using Assessment Period ADRs.

1. Calculate ADR for each endoscopist using colonoscopies performed during Assessment Period

2. Calculate Benchmarks:

Minimally Acceptable Benchmark: Average Assessment Period ADR of those in Quartiles 1 & 2
Standard of Care Benchmark: Average Assessment Period ADR of those in Quartiles 2 & 3
Aspiration Benchmark: Average Assessment Period ADR of those in Quartile 4
Apply Benchmarks to Assessment Period ADRs.

1. Calculate the 95% confidence interval for each endoscopists’ Assessment period ADR using a statistical software package or calculate using formula for normal approximation of the 95% confidence interval for a proportion:


95% Confidence interval = proportion ± 1.96 x standard error of the proportion

Standard error (SE) = square root(proportion(1-proportion))


Therefore for ADR:


SE of ADR = square root (ADR(1-ADR))


95% CI ADR = ADR ± SE of ADR

2. Apply benchmarks – determine whether the upper bound of the 95% confidence interval of each endoscopists’ meets each of three benchmarks. 
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