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Abstract

Objective—The Mammography Quality Standards Act of 1992 required a minimum performance
audit of radiologists performing mammography. Since then, no studies have evaluated radiologists'
perceptions of their audit reports, such as which performance measures are the most or least useful,
or what the best formats are to present performance data.

Materials And Methods—We conducted a qualitative study with focus groups and interviews of
25 radiologists currently practicing mammography. All radiologists practiced at one of three sites in
the Breast Cancer Surveillance Consortium (BCSC). The discussion guide included open-ended
questions to elicit opinions on the following subjects: the most useful performance outcome
measures, examples of reports and formats that are easiest to understand (e.g., graphs or tables),
thoughts about comparisons between individual-level and aggregate data, and ideas about additional
performance measures they would find useful. All discussions were tape-recorded and transcribed.
We developed a set of themes and used ethnographic software to qualitatively analyze and extract
quotes from transcripts.

Results—Radiologists thought that almost all performance measures were useful. They particularly
liked seeing individual data presented in graphic form with a national benchmark or guideline for
each performance measure clearly marked on the graph. They appreciated comparisons between their
individual data and their peers' data (within their facility or state) and requested comparisons with
national data (such as the BCSC). Many thought customizable, Web-based reports would be useful.

Conclusion—Radiologists think that most audit statistics are useful; however, presenting
performance data graphically with clear benchmarks may make them easier to understand.
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Mammography remains the best available breast cancer screening technology, but U. S.
radiologists vary widely in how accurately they interpret mammograms [1-3]. Although some
radiologists specialize in breast imaging, radiology generalists interpret more than two thirds
of mammograms in the United States [4]. The effectiveness of mammography depends on the
ability to perceive mammographic abnormalities and to interpret these findings accurately;
both tasks are quite challenging and require ongoing education to improve interpretive skills,
or even to maintain them. For this reason, many countries with organized screening programs
have developed audit and feedback systems based on their national data to help radiologists
assess and improve their skills [5,6]. In the United States, the Mammography Quality Standards
Act of 1992 (MQSA) required a minimal audit of U. S. radiologists who interpret
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mammaography [7-9]. But unlike other countries, the United States does not offer standard
audit or feedback systems to radiologists to help them evaluate and improve their skills.

As first envisioned, the MQSA audit was to serve as a teaching tool and performance summary
for each radiologist. The National Cancer Institute—funded Breast Cancer Surveillance
Consortium (BCSC) was originally started to meet the MQSA mandate to establish a breast
cancer screening surveillance system [10]. The BCSC published benchmarks for both
screening and diagnostic mammaography based on the performance of community radiologists
in 2005 and 2006 [2,3]. Benchmarks let radiologists compare their performance with that of
others and to accepted practice guidelines; but we are unaware of any studies that have assessed
whether radiologists find these published benchmarks useful as guidelines for their own
performance.

Studies in mammography and other areas of medicine have shown that audit feedback has
indeed improved performance [5,11-15]. Providing benchmarks or guidelines has also been
shown to improve effectiveness of physicians' performance in ambulatory settings [16]. The
recent Institute of Medicine (IOM) report, Improving Breast Imaging Quality Standards [17],
recommended increasing the number of audit measures MQSA requires so that all practicing
radiologists who interpret mammograms have this tool for improvement. However, neither the
IOM report nor any other feedback study has given any indication as to whether the additional
audit measures will be useful or the best format to present these measures to radiologists. In
addition, the IOM report does not address instructions or education that clinicians may need
to fully understand rates, risks, and proportions and make them useful. To our knowledge, there
are no published articles on working with radiologists to develop these tools.

The purpose of this study was to examine radiologists' understanding of audit measures and to
explore various formats for presenting audit data. We conducted focus groups and interviews
with radiologists who interpret mammograms at one of three BCSC sites to collect qualitative
data. We conducted this study within the BCSC because all five sites currently provide detailed
individual-level or facility-level audit reports to their participating radiologists. Our goal was
to understand and recommend the best ways to provide feedback to radiologists on their
mammaography performance.

Materials and Methods
Study Setting

The BCSC is funded by the National Cancer Institute to study the effectiveness of
mammography in community practice [10]. There are five sites across the nation that collect
breast imaging data from facilities within their region, along with patient demographic and risk
factor information. Four of the five sites send annual outcome audit reports to participating
radiologists; the fifth site sends only facility reports. Institutional review board approval was
obtained at three sites that participated in this study: Group Health, an integrated delivery
system based in western Washington; Vermont Breast Cancer Surveillance System, a statewide
mammography registry; and the New Hampshire Mammography Network, an almost statewide
mammography registry.

Recruitment letters were mailed or e-mailed to a convenience sample of radiologists from three
sites. The convenience sample consisted of radiologists who had shown enthusiasm for
improving their audit reports in prior meetings. We offered an honorarium and a meal as
incentives for participation in the focus group. We invited radiologists to attend a focus group
at a specific date and time. If the radiologist wanted to participate but the date of the focus
group was not convenient, we invited him or her to be interviewed at a mutually agreed on
date. From September 2007 through February 2008, we conducted five focus groups and two
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in-depth interviews with a total of 25 radiologists representing five radiology practices in three
states. The backgrounds of the radiologists varied widely because we recruited from small rural
community practices, larger hospitals, and an integrated delivery system.

Development of Focus Group Materials

We reviewed mammaography outcome audit reports from the five current BCSC sites plus one
former site as well as from four members of the International Cancer Screening Network
(United Kingdom, Tasmania, Canada, and Israel). We compared each report with the American
College of Radiology (ACR) Basic Clinical Relevant Mammography Audit for completeness
and consistency of definitions, and with each other for presentation formats [18]. The
performance measures and definitions that are included in the ACR minimum audit are outlined
in Table 1. From this review we created a discussion guide and sample audit reports to use in
the focus groups and interviews with radiologists. The discussion guide consisted of several
topic headings including outcome measurements (questions about understanding the measures,
what are the most and least useful, should any measures be reported by covariates, number of
measures desired); review of different formats for data (ease and accuracy of interpreting data,
like and dislike about format, time trends, cumulative or annual reporting periods); comparison
data (desire for comparisons, with whom); and finally, a more detailed review of the two
measures liked best.

Data Collection and Analysis

Results

All the sessions were audio taped and transcribed verbatim, deleting all names. After each
focus group or interview, the authors met to review what was learned. From this we modified
both the discussion guide and the example audit reports. We used qualitative data management
programs to analyze the transcripts (NVivo, Atlas). These software programs allow the user
to organize and code the text of transcripts into themes and to easily extract quotes for an
analysis. Each author independently analyzed all transcripts twice. Concepts and themes were
agreed on before analyses, with the plan to add others as they emerged. The authors discussed
the independent analyses and came to consensus when there were different interpretations of
the data. We classified the results into major and minor themes.

Below we describe the focus group and interview results according to the major themes:
radiologists' understanding of performance measures; comparison data; graphic data displays;
and customizable Web reports. We provide quotes from the focus groups or interviews that
illustrate each theme. We also summarize the feedback on each audit report example.

Radiologists' Understanding of Performance Measures

Almost all radiologists thought all of the performance measures recommended by the ACR
were important to their practice (see Table 1 for a list with definitions). Recall rate, sensitivity,
and a list of known false-negative examinations were identified as being the most important.
Although they did not recommend deleting any from the reports, there were a few they thought
could use additional explanation. Radiologists did not understand the differences between
PPV1 (positive predictive value 1), the percentage of all positive screening examinations that
result in a cancer diagnosis within 1 year; PPV2, the percentage of all screening or diagnostic
examinations recommended for biopsy or surgical consultation that result in a cancer diagnosis
within 1 year; and PPV 3, the percentage of all biopsies done after a positive screening or
diagnostic examination that result in a cancer diagnosis within 1 year. Many wanted to know
which positive examinations were really true-positives, but they did not know this was their
PPV when they saw it. In addition, they did not understand how results were attributed to
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radiologists when different radiologists performed the initial screening and diagnostic follow-
up mammograms.

“I never know if it's just the one that | biopsied; let's say “XXXX’ recommended a
biopsy and | performed it—does that go on MY statistic or does it go on her statistic?”

Comparison Data

All radiologists agreed that peer comparison data were helpful in understanding how well they
were doing and identifying areas for improvement. We describe three types of comparisons
that radiologists thought were particularly useful: comparisons with peers, comparisons with
national guidelines, and comparisons over time.

Comparisons with peers—In general, radiologists like to compare themselves with their
group practice, region, or state, and many suggested they would like to compare themselves
with national data (such as the BCSC). They wanted to see how their individual performance
compared with their colleagues' performances.

“[I like] comparing it to my colleagues rather than the state because I think we
generally have higher recall rates than the rest of the state. So | want to make sure |
am in line with my group. It is interesting, though, how we are doing compared with
the rest of the state too, so that has directly impacted my practice.”

“1 think any comparison that allows us, any format that allows us to compare our
performance to each other and to other, other institutions, other facilities...is very
helpful.”

Comparisons with national guidelines—Radiologists thought that providing national
benchmarks within the audit report would allow them to immediately identify areas that need
improvement. They thought that benchmarks could provide a way for them to see whether they
were “veering off from typical practice standards.” We tested various formats for providing
benchmarks that we refined throughout the focus groups and interviews. Some radiologists
preferred to see a line on a graph representing a benchmark.

“...you are below, meeting, or above the expectation...it's not a specific number.”
Others thought that the specific benchmark number provided more information.

“IProviding a number] would actually be better than the meeting/exceeding
[standards], because then it's imprinted in your mind what the expectation is. What
the benchmark is. I think that actually is the best model.”

Comparisons over time—Radiologists liked to compare their own performance from year
to year but also recognized that some measures may be unstable with only 1 year of data. When
shown a graph of performance measures year by year, radiologists liked how easy it was to see
changes. However, several radiologists suggested cumulative measures over time might be
more representative of their performance.

“This I think is a little bit problematic just because for some of the radiologists in our
group who read so few mammograms the sensitivity may actually be affected in any
given year...and I'm assuming isn't the cumulative....”

Graphic Data Displays

We included a few tabulated formats and many different graphic formats to display
performance data. Radiologists overwhelmingly preferred the graphic displays because they
consider themselves “visual people.” To them, the graphs were easier to understand and
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interpret than the tables. One radiologist stated that “a sheet of numbers basically will make
people’s eyes glaze over.”

“You are dealing with a group of radiologists who are very spatial...and visually
oriented,...that may have something to do with it.”

Customizable Web Reports

Discussion during the focus groups and interviews led to some unanticipated findings. Several
people suggested that they would like to access their reports on the Internet to reduce paper.
Web-based reports could allow them to customize how and when they wanted to see their
reports. For example, they could select varying time frames, different graphic formats, different
comparison groups, or cumulative rather than yearly data.

“You could have all your statistics on a secure Website with a password. You don't
have to even see papers.”

Feedback on Audit Report Examples

We summarize the radiologists' reactions to the audit report examples we presented in the focus
groups and interviews. The examples we showed are described in detail in Table 2 and
illustrated in Figure 1. They included a scattergram, a vertical bar graph with benchmarks, a
single-page table, a 2 x 2 table, a color-coded chart, and color-coded horizontal bar graphs.
Table 2 also includes what the radiologists liked and disliked about each format. Below, we
review the examples in the order that the radiologists ranked them, most useful to least useful.

Recall by sensitivity scattergram—This graph showed how sensitivity (on the y-axis)
increased with recall rate (on the x-axis) [19]. Each radiologist was shown as an individual
point with a regression line to summarize the relationship between recall and sensitivity. Two
vertical lines on the graph indicated the lowest range of recall rates that still resulted in the
highest sensitivity. All radiologists liked this graph, although for some it was not intuitive and
took more explanation. They interpreted the two vertical lines as national benchmarks rather
the range of recall rates that produced the best sensitivity.

“This is very helpful. It gives the range where you should be. The circle is excellent.
It does show...the lowest certain recall rate. There is really a fall-off in what you're
producing for the benefit of the patient. Over here, your call back rate...doesn't add
anything to the patient's value, to the value of the patient, of the exam to the patient.”

“1 think just visually that is easier for me to get a sense of where my performance is
compared to everybody else's.”

Vertical bar graph with benchmark—We presented a vertical bar graph with screening
sensitivity (on the y-axis) over time (past 5 years on the x-axis) with different bars for the
individual radiologist, his or her primary practice region, and the entire registry. We added a
single line to the graph to indicate 85% sensitivity (the BI-RADS recommended benchmark),
and we color-coded the sensitivity values green or red depending on whether they were above
or below the benchmark. This graph was the second favorite of the radiologists. Based on the
feedback we received in early focus groups, we tested horizontal bar graphs and line graphs
showing the same data in later focus groups. However, most radiologists still preferred the
vertical format. We also added a fourth bar to represent sensitivity values for the entire BCSC;
most radiologists favored this addition. They also thought that the color-coding of sensitivity
values was unnecessary.

“1 think (in the bar graph) you got all the data in one look... well, first you have the
idea of just where you stand in terms of the height of the histogram, and then you can
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look at the individual numbers and compare, and you know which since they are
colored; and you know if you are specifically interested in looking at your facility and

your colleagues, you can do itand when you look at overall.... | feel it's easy to identify
who you are... and you can see easily your peaks and where you are toward this
consortium.”

Single-page table—This table included all performance measures on a single page. It
showed cumulative data for the entire period the radiologist participated in the registry
compared with the entire state. Radiologists liked that it was all on one sheet, included all the
ACR recommended performance measures, and included statewide comparison data, but they
missed the graphic display. This table included screening mammograms in one column and all
mammograms (screening plus diagnostic) in another. Radiologists commented that they would
prefer to see screening and diagnostic mammography separately.

“I really like [the table] because it has the yearly and the cumulative. And then if you
add few line graphs to that... That might be useful for the radiologist themselves, but
I think this is a great sheet.”

2 x 2 table—This was a standard 2 x 2 table showing the number of true-positive, false-
negative, false-positive, and true-negative examinations. Several radiologists stated that this
was a familiar way to look at performance data.

“It is the same one we did in med school so it is easy to understand.”

Some found the four cells were not helpful without the formulas that allow them to calculate
sensitivity and specificity performance measures. Others stated that even with the formulas,
they would not use them to calculate sensitivity and specificity themselves. Radiologists did
not like that this table had no comparison data or benchmarks. Some preferred to look at these
data (number and percentage of true- and false-positives and -negatives) in tabulated form as
in the single-page table.

Color-coded chart—This was the only example we showed that compared performance
across facilities. The chart used color codes to represent whether the facilities achieved (green)
or failed (red) various standards over the past year. Radiology chiefs in particular thought that
this could provide a quick assessment to identify radiologists or facilities with poor
performance in order to provide coaching. Others thought the format was better suited for
facilities rather than for individuals because it did not provide actual performance rates.

“If I had to make a presentation to the board of trustees or somebody else like that,
this is a very visual document that everybody can see literally from across the room.”

“I went to a pass—fail honors medical school. It was disconcerting to know that you
were in a group but not know where you were in the group.”

Color-coded horizontal bar graph—This bar graph summarized outcome measures
associated with the detriments (e.g., recall and biopsy rates) and benefits (e.g., cancer detection
and small invasive cancer rates) of screening mammography. The bars were horizontal and
stratified outcome measures by first and subsequent screens. Each bar was color-coded so that
aradiologist could see if he or she achieved (green) or failed (red) targets for various standards.
The target was 100% for each measure because measures were calculated as proportions; this
was confusing to the radiologists and different from the way most were used to seeing their
performance data.

“I find this confusing. Because this is less than 100 and over 100 and the fact that you
could be red on one side of the line and green on the other side of the line.”
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Radiologists suggested that the targets need to change relative to the performance measure.
For instance, if recall is presented, the target range could be 8-20%. Some people found it
easier to understand than the color-coded chart but suggested changing the measure to show
how far off they were from the goal. We did not show this graph to the last two focus groups
because no one in the previous groups liked this way of displaying performance data.

Discussion

Audit reports are a common method of providing feedback for quality improvement in
professional practice and health care services. Several reviews have shown that they result in
small to moderate effects on performance in clinical practice and are more effective when
baseline performance is at a low level, when combined with educational meetings, or when
administered by an authoritative figure [12,13,20]. Our study provides insight into what
radiologists understand and want in their mammography audit reports. Not surprisingly, visual
display of data was important, as well as comparing oneself with peers and national
benchmarks. What was surprising was the radiologists' desire to use the Internet to access their
reports and customize the presentation of their performance data.

In a qualitative study of clinical and administrative staff at eight U. S. hospitals, the authors
elucidated seven key themes related to the effectiveness of performance feedback data [11].
One of the themes, in particular, resonated with our study: “Benchmarking improves the
meaningfulness of the data feedback.” We discussed several different ways of providing
benchmarks, and many radiologists requested that this be included on their reports. Targets for
mammaography performance were created using the opinion of experienced radiologists and
were subsequently published in the ACR BI-RADS manual [18]. These audit measures include
recommended ranges and minimums for performance [18]. In addition, the BCSC has
published articles that provide benchmarks for screening and diagnostic mammography based
on national data [2,3]. Because there may be subtle differences in the way outcome data are
calculated (adjusted or unadjusted) and variations in definitions used to determine a positive
and negative examination (initial or final BI-RADS assessment), it may be difficult for
individual radiologists to make an exact comparison with the published benchmarks. Several
reports have emphasized that comparing individual data with benchmarks makes performance
data more clinically useful [16,21]. The radiologists in our study clearly agreed.

A second major finding of our study was that radiologists preferred and found it easier to
interpret graphic data displays than tabular. This is not surprising because radiologists consider
themselves “visual” individuals and find it easier to see trends in performance on a graph than
in a table. However, we are unaware of any reports or guidelines that support this intuitive
finding. In fact, one review that addressed the format of feedback reports was limited by the
fact that many published studies do not provide sufficient descriptions or examples of their
reports [20]. In our study, radiologists appeared to prefer two types of graphs: one that describes
the relation between performance measures (e.g., recall by sensitivity scattergram); and one
that compared trends in performance over time and between individuals and their peers (e.g.,
vertical bar graph). Having comparison data to review were important to our radiologists so
that they could see whether they were on par with their colleagues. Peer-comparison feedback
has been shown to be effective in promoting adherence to guidelines in other studies [22], but
we are unaware of any studies that have described the best format for providing comparison
data. Future studies should explore additional ways to present these data that might improve
on these examples.

The MQSA audit was designed to serve as a teaching tool and summary for each radiologist
[2]. Many of the early performance targets were developed on the basis of the evaluation of
outcomes from small groups of radiologists with a special interest in breast imaging [17,18].
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The MQSA requires radiology facilities to collect data for a minimal audit that includes
following up positive mammographic examinations until resolution, but it does not suggest
how to use audit data to help improve performance. Because the interpretive skills of
radiologists vary widely, studies have been developed to test methods to improve these skills
[5,6,15]. Several studies have included audit feedback as part of multicomponent interventions
to enhance radiologists' interpretive performance [5,6,15]. In a study by Perry [5], radiologists
certified in the United Kingdom National Health Program underwent training that included a
2-week multidisciplinary course with a specialist, training in high-volume screening sites, and
three sessions per week of interpreting screening mammograms. Radiologists also attended
routine breast disease—related meetings and received personal and group audit reports,
including data on cancer detection rate, recall rate, and PPV2. With all these combined
activities, performance indices improved: recall rate dropped from 7% to 4%, and the detection
rate of small invasive cancer increased from 1.6 to 2.5 per 1,000. Unfortunately, the specific
contribution of audit reports versus other aspects of the intervention is unknown.

In the recent IOM report, Improving Breast Imaging Quality Standards [17], the number-one
recommendation was to revise and standardize the medical audit component of the MQSA to
make it more meaningful and useful [17]. The authors suggested these audits be enhanced to
include (stratified by screening and diagnostic examinations) PPV of a recommendation for
biopsy (PPV2); cancer detection rate per 1,000 women; and abnormal interpretation rate,
sometimes called recall rate. Audit reports for most of the radiologists in our study already
included PPV2, cancer detection rate, and abnormal interpretation rate, and our study
participants agreed that these are valuable measures.

Several radiologists from different focus groups in our study strongly favored providing access
to performance data via the Internet. In a discussion about format (in which they did not agree
on the best format), radiologists suggested that performance data on the Web be customized
by the radiologists into a format of their preference. We are unaware of any studies that have
tested Web-based applications for providing mammography performance data. Developing
and testing a standardized way of presenting audit data will provide evidence and models for
MQSA to make these data more meaningful. Including radiologists in the development and
critical review of these audit reports will make the end product more relevant, useful, and
acceptable to any possible new MQSA rules.

Our qualitative study had several limitations. Qualitative studies are designed to understand
the depth and breadth of the issues and not to be experimental. Our study had a limited number
of respondents who included radiologists specifically motivated to provide feedback toward
improving their audit reports. Therefore, as with all qualitative studies, we have some selection
bias in our sample that limits the generalizability of our findings. In addition, all radiologists
who participated in this study practice at facilities that collect and provide mammography
outcome data to the BCSC in a standard format. The results may not be generalizable to
radiologists or facilities that do not routinely collect mammography data or do not have the
ability to compare their data with those of other facilities. We also did not collect demographic
data on the radiologists in our study and therefore could not make comparisons with radiologists
who did not participate.

However, our study also has several strengths. We were able to include radiologists from a
wide variety of clinical settings, including small rural community practices, larger hospitals,
and an integrated delivery system. We were also able to test a wide variety of reports and data
formats currently in use by facilities in the United States and other parts of the world. As far
as we know, no previous studies have evaluated specific data formats or the best ways to
graphically present performance data.
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Audit reports are a valuable tool to radiologists who strive to improve their performance. Our
focus groups and interviews clearly showed that all performance statistics are important, but
the way data are presented to radiologists can improve the value of the reports. The inclusion
of graphic data displays, benchmarks, and comparison data may be easily done by the BCSC
and other facilities that collect mammography outcome data and provide regular audit reports.
Future studies may evaluate whether Web-based applications can further improve the value of
audit reports to radiologists, in addition to making these reports more cost-effective and easier
for facilities to provide.
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Radiologist: (biospy comfirmed (benign biospy or no
Screening Mammograms All Mammograms Assessment malignancy within 1 year) | cancer within 1 year)
Radiologist State Radiologist State
f % 4 % 4 % % Mammograms TP=8 FP = 68
Total mammograms 4715 | 83.69 357007 85.90 | 5634 !100.00 | 415593 ! 100.00 :)B?ftllill:)vseo 45) (True-Positive) (False-Positive)
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Suspicious 222 471 | 3932] 110 || 398 7.06| 7782} 1.87 =
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Sensitivity TP / (TP + FN) 88.66 70.95 88.19 73.92
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Age: under 50 yrs 95.06 97.65 93.42 96.82 - -
cancer rate — repeat screen
Age: 50 yrs and older 93.72 98.07 93.01 97.711 = ::_::‘n"m
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Detrimental Effects of Screening Benefits of Screening

First Screening Outcome Measures (Age 50-70 years) 2005/2006 First Screening Outcome Measures (Age 50-70 years) 2004/2005
Recall rate to assess SDR (all sizes)
SDR (< 15mm)

Short-termrecall
fromassess Invasive cancer rate
Open biopsy rate Small inv ca (< 15 mm) rate
Uptake rate
Benign open biopsy rate Noninvasive cancer rate
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200

Fig. 1. Examples of audit reports presented during focus groups and interviews

A, Recall by sensitivity scattergram.

B, Vertical bar graph with benchmark (85%) shows sensitivity among screening examinations.
A fourth vertical bar representing sensitivity data for Breast Cancer Surveillance Consortium
was added to this figure in subsequent focus groups.

C, Single-page table. TP = true-positive, TN = true-negative, FP = false-positive, FN = false-
negative, PPV = positive predictive value.

D, 2 x 2 table. PPV1 = percentage of all positive screening examinations that result in a cancer
diagnosis within 1 year.

E, Color-coded chart.

F, Color-coded bar graph. Green or red indicates radiologist achieved or failed to achieve both
minimum standard and target. Yellow indicates achieved minium standard but failed target.
SDR = standardized detection ratio, inv ca = invasive cancer.
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Table 1

Performance Measures and Definitions Included in the Basic Clinical
Relevant Mammography Audit of the American College of Radiology

Performance Measure

Definition

Recall rate
Abnormal interpretation rate

Recommendation for biopsy or
surgical consultation

Known false-negatives
Sensitivity

Specificity

PPV1
PPV2

PPV3

Cancer detection rate
Minimal cancers

Node-negative cancers

Percentage of screening examinations recommended for additional imaging (BI-RADS category 0)
Percentage of screening examinations interpreted as positive (BI-RADS categories 0, 4, and 5)

Number of recommendations for biopsy or surgical consultation (BI-RADS categories 4 and 5)

Diagnosis of cancer within 1 year of a negative mammogram (BI-RADS categories 1 or 2 for screening
examination; BI-RADS categories 1, 2, or 3 for diagnostic examination)

Probability of detecting a cancer when a cancer exists (true-positive examinations / all examinations
with cancer detected within 1 year)

Probability of interpreting an examination as negative when a cancer does not exist (true-negative
examinations / all examinations without cancer detected in 1 year)

Percentage of all positive screening examinations that result in a cancer diagnosis within 1 year

Percentage of all screening or diagnostic examinations recommended for biopsy or surgical consultation
that result in a cancer diagnosis within 1 year

Percentage of all biopsies done after a positive screening or diagnostic examination that result in a cancer
diagnosis within 1 year

Number of cancers correctly detected per 1,000 screening mammograms
Percentage of all cancers that are invasive and < 1 cm, or ductal carcinoma in situ

Percentage of all invasive cancers that are node negative

Note—PPV = positive predictive value.
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Radiologists' Likes and Dislikes for VVarious Formats of Audit Reports

Format Description Likes Dislikes
Recall by Shows how sensitivity (on . Shows how one . Graph was not
sensitivity y-axis) increases with performance intuitive and
scattergram recall rate (on x-axis) measure relates to required
o another explanation
Includes individual
radiologists as single . Easy to compare . Could be

Vertical bar graph
with benchmark

Single-page table

2 x 2 table

Color-coded chart

points and a regression
line summarizing the
relation between
sensitivity and recall

Highlights range of recall
rates for which
radiologists had the best
sensitivity

Shows sensitivity (on y-
axis) over time (past 5
years on x-axis) with
different vertical bars for
individual radiologists,
practice facility, entire

state, and BCSC@

Includes single line that
indicates 85% sensitivity
as benchmark

Includes all statistics
outlined in BI-RADS
audit

Shows cumulative
numbers and percentages
for screening
mammograms done by
individual radiologists
compared with entire state
from time they started
practicing mammography
through past year

Provides same statistics
for all mammograms
(screening and
diagnostic)

Shows positive and
negative mammogram
assessments on left and
cancer diagnoses across
top for a single year

Includes numbers for
true-positives, false-
positives, false-negatives,
and true-negatives

Includes equations and
calculations for
sensitivity, specificity,
and PPV

Summarizes performance
over 1 year across
facilities on a single page

performance with
everyone else

. Visually easy to see
individual
performance

. Highlighted range
gives a goal

. Easy to compare
individual
performance with
facility or region

. Benchmark gives a
goal, radiologists can
easily see if they
were over or under
line

. Seeing data over time
shows trends

. Cumulative numbers
provide more stable
estimates compared
with single years

. Provides all
measures on a single
page

. Compares with state
data

. Straightforward and
easy to understand

. Like having
sensitivity,
specificity, and PPV
calculated

. Can be useful on a
facility level or for a
director
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confusing if it
included a large
number of
radiologists

Multiple graphs
take up space and
cannot all be
presented on a
single page

A lot of numbers
on one page

Wanted to see
screening and
diagnostic
examinations
separately

No comparisons
to colleagues at
one's own facility
or over time

Radiologists
would not
calculate
performance
measures on their
own

No comparison
with colleagues or
over time

No benchmarks

Did not provide
actual numbers
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Format Description Likes Dislikes

. Performance is indicated . Radiologists had
with colored boxes no idea where
instead of numbers (green they were withina
= achieved target, yellow group

= achieved minimum

standard but not target,

red = failed minimum

Colors are easy to see .

standard)
Color-coded . Summarizes outcomes . Colors are easy to see . 100% target was
horizontal bar associated with not meaningful
graph detriments (recall and

biopsy rates) and benefits
(cancer detection rates) of
screening mammography

. Color-coded bars show
whether radiologists
achieved target (green),
achieved minimum
standard but not target
(yellow), or failed to reach
minimum standard (red)

. Targets are displayed as
over or under 100%

Note—BCSC = Breast Cancer Surveillance Consortium, PPV = positive predictive value.
aAdded in subsequent focus groups.

b
Not shown to last two groups.
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