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The purpose of a medical audit is to ensure that there is
consistency in the quality of patient care. The components of
a medical audit include evaluation of treatment, comparison
of care with established standards, and examining added
changes to assess improvement." The medical audit not only
helps improve patient outcomes, but also helps physicians
assess their own performance and clinical practice, by com-
paring their patient outcomes to accepted standards. In turn,
medical audits help close the gap between patient outcomes
in practice and established standards.?

The use of a clinically relevant medical audit in breast
imaging centers is a requirement under the Mammography
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Quality Standards Act (MQSA). This federal legislation was
implemented in 1992 to ensure high-quality mammography
and earliest detection of breast cancer.? It functions through
the use of a medical audit to maintain a high level of quality
control, self-improvement, and lifelong learning through con-
tinuous feedback and comparison to accepted benchmarks.
In radiology, a breast imaging medical audit is a requirement
of the American College of Radiology (ACR) Breast Imaging
Data and Reporting System (BI-RADS) Atlas (ACR
BI-RADS® Atlas, 5th edition)* and has shown to improve the
quality of breast imaging interpretative performance. It has
led to improving screening and diagnostic breast imaging
programs as a result of the medical audit.!

Several elements should be included in a breast imaging
medical audit. First is to keep track of all positive screening
and positive diagnostic mammograms. A positive screening
mammogram is when additional diagnostic imaging is recom-
mended (BI-RADS 0). Much less frequently (use discour-
aged), a positive screening mammogram is one for which
tissue diagnosis is recommended (BI-RADS 4 or 5), or con-
trary to recommended practice, a short-term follow-up imaging
is recommended (BI-RADS 3) before the next routine screen-
ing examination. A positive diagnostic mammogram examina-
tion is where a tissue diagnosis is recommended (BI-RADS 4
or 5).* The next element of a breast imaging medical audit
involves tracking the pathology results of examinations for
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which a tissue diagnosis was recommended.
The last task is to analyze all false-negatives
that are found within 12 months of the mam-
mography examination. !

According to the ACR BI-RADS® Atlas, 5th
edition, several issues should be taken into
account when conducting a breast imaging
audit. In order for an audit to be clinically
useful, it should use the same set of rules to
facilitate cross-modality comparisons of clin-
ically representative benchmarks so that an
individual mammography facility (or indi-
vidual interpreting physician) may reliably
compare observed outcomes with these
benchmarks.* According to the ACR
BI-RADS® Atlas, 5th edition, a clinically use-
ful breast imaging audit is relevant to the
extent that it provides meaningful indicators
of interpretive performance. One may gain a
better understanding about underlying inter-
pretive performance if more data are collected
and studied. For example, looking at the recall
rate alone would give us little valuable infor-
mation. The recall rate alone simply would
indicate the percentage of screened women
in which additional imaging evaluation is rec-
ommended. However, from the recall rate
alone, we would not be able to gather infor-
mation regarding the likelihood of cancer, the
frequency of cancer detection, or the severity
of cancer.*

The ACR BI-RADS® Atlas, 5th edition
states that more complete and complex audit-
ing is necessary for a breast imaging practice
to improve the performance of the interpret-
ing physicians. Understanding the process
and purpose of the medical audit will help in
recognizing deficiencies, enabling research,
and will be of practical value in reducing
adverse medicolegal consequences.*
Additionally, according to the ACR
BI-RADS® Atlas, 5th edition, the outcomes
data observed for all breast imaging practices

should be comparable. Therefore, auditing
must be based on objective and reproducible
rules. To facilitate cross-modality compari-
sons, the same set of rules should be used for
the various breast imaging modalities, unless
a different approach is justified.* Specific
data should be collected and used to calculate
important derived data.

According to the ACR BI-RADS® Atlas,
Sth edition, this data is necessary for physi-
cians to evaluate their performance in breast
imaging analysis.*

Summary of Key Definitions of the
Breast Imaging Medical Audit

Table 1 lists key definitions.*

Positive Predictive Value
The ACR BI-RADS® Atlas, 5th edition
specifies three different definitions, as follows:

1. Positive predictive value 1 (PPV1) s the
percentage of all positive screening
examinations (BI-RADS categories 0,
3,4, and 5) that result in a tissue diag-
nosis of cancer within 1 year. The cal-
culation of PPV1 is:

PPV = TP/(number of positive screening
examinations) = TP/ATP + FPI)

TP = true-positive. A TP is when there is
a tissue diagnosis of cancer within 1 year
after a positive examination. BI-RADS 3 cat-
egory assessments made at screening exam-
ination are considered positive examinations.

FP1 = false-positive 1. An FP1 is when
there is no known tissue diagnosis of cancer
within 1 year of a positive mammogram—
includes BI-RADS category 3 assessments
made at screening.

Positive screening examination = when
additional diagnostic imaging is recom-
mended (BI-RADS 0). Much less frequently
(use discouraged), a positive screening
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Table 1. Key Definitions or Terms of the Breast Imaging Medical Audit

Term Definition/Formulas

True-positive (TP) Tissue diagnosis of cancer within 1 yr after a positive examination. BI-RADS category 3

assessments made at screening examination are considered positive examinations

No known tissue diagnosis of cancer within 1 yr of a negative examination (BI-RADS categories
1 or 2 for screening; BI-RADS categories 1, 2, or 3 for diagnostic)

True-negative (TN)

False-negative (FN) Tissue diagnosis of cancer within 1 yr of a negative examination (BI-RADS categories 1 or 2 for

screening; BI-RADS categories 1, 2, or 3 for diagnostic)

False-positive 1 (FP1) No known tissue diagnosis of cancer within 1 yr of a positive mammogram—includes BI-RADS

category 3 assessments made at screening

False-positive 2 (FP2) No known tissue diagnosis of cancer within 1 yr after recommendation for tissue diagnosis or

surgical consultation on the basis of a positive examination (BI-RADS category 4 or 5)

False-positive 3 (FP3) Concordant benign breast tissue diagnosis (or discordant benign breast tissue and no known
diagnosis of cancer) within 1 yr after recommendation of a positive examination (BI-RADS

category 4 or 5)

Positive predictive value 1
(PPV1) (abnormal finding at
screening)

The percentage of all screening examinations (BI-RADS categories 0, 3, 4, and 5) that result in
a tissue diagnosis of cancer within 1 yr

PPV1 = TP/(number of positive screening examinations) = TP/(TP + FP1)

The percentage of all diagnostic (or rarely, screening) examinations recommended for tissue
diagnosis or surgical consultation (BI-RADS categories 4 and 5) that result in a tissue
diagnosis of cancer within 1 yr

PPV2 = TP/(number of screening or diagnostic examinations recommended for tissue
diagnosis) = TP/TP + FP2)

The percentage of all known biopsies done as a result of positive diagnostic examinations
(BI-RADS categories 4 and 5) that resulted in a tissue diagnosis of cancer within 1 yr—also
known as biopsy yield of malignancy or the positive biopsy rate (PBR)

PPV3 = TP/(number of biopsies) = TP/(TP + FP3)

The probability of interpreting an examination as positive when cancer exists. This is measured
as the number of positive examinations for which there is a tissue diagnosis of cancer within
1 yr of imaging examination, divided by all cancers present in the population examined in the
same period.

Sensitivity = TP/(TP + FN)

The probability of interpreting an examination as negative when cancer does not exist. This is
measured as the number of negative examinations for which there is no tissue diagnosis of
cancer within 1 yr of examination, divided by all examinations for which there is no tissue
diagnosis of cancer within the same period.

Specificity = TN/ATN + FP)

The number of cancers detected at imaging per 1000 patients examined

Positive predictive value 2
(PPV2) (biopsy
recommended)

Positive predictive value 3
(PPV3) (biopsy performed)

Sensitivity

Specificity

Cancer detection rate

Abnormal interpretation rate The percentage of examinations interpreted as positive. For screening, positive examinations
usually involve BI-RADS category 0 assessments for mammography and (for auditing
purposes) breast US, but BI-RADS categories 4 and 5 for breast MRI. This also includes
BI-RADS category 3 assessments made at screening for all imaging modalities. For
diagnostic imaging, positive examinations involved BI-RADS category 4 and 5 assessments.

Abnormal interpretation rate = (positive examinations)/all examinations

BI-RADS, Breast Imaging Data and Reporting System; FP, false-positive; TN, true-negative; US, ultrasound.
Adapted from Sickles EA, D’Orsi CJ. ACR BI-RADS® follow-up and outcome monitoring. In: ACR BI-RADS® Atlas, 5th edition. Breast
Imaging Reporting and Data System. Reston, VA, American College of Radiology; 2013.4)

mammogram is one for which tissue diagnosis is recom-
mended (BI-RADS 4 or 5), or contrary to recommended
practice, a short-term follow-up imaging is recommended
(BI-RADS 3) before the next routine screening examination.

Based on the ACR BI-RADS® Atlas, 5th edition, the
acceptable range of a PPV 1 for screening mammography is
3% to 8% (Table 2).

2. Positive predictive value 2 (PPV?2) is the percentage of all
diagnostic (or rarely, screening) examinations

recommended for tissue diagnosis or surgical consultation
(BI-RADS categories 4 and 5) that result in a tissue diag-
nosis of cancer within 1 year. The calculation of PPV2 is:

PPV2 = TP/(number of screening or diagnostic examina-
tions recommended for tissue diagnosis) = TP/ATP + FP2)

FP2 = false-positive 2. An FP2 is when there is no known
tissue diagnosis of cancer within 1 year after recommendation
for tissue diagnosis or surgical consultation on the basis of a
positive examination (BI-RADS categories 4 or 5).



Table 2. Acceptable Ranges of Screening
Mammography Performance

Cancer detection rate (per 1000 examinations) =25
Abnormal interpretation (recall) rate 5%—-12%
PPV1 (abnormal interpretation) 3%—8%
PPV2 (recommendation for tissue diagnosis) 20%—40%
Sensitivity (if measurable) =>75%

88%—95%

PPV1, positive predictive value 1; PPV2, positive predictive value 2.
(Adapted from Sickles EA, D’Orsi CJ. ACR BI-RADS® follow-up
and outcome monitoring. In: ACR BI-RADS® Atlas, 5th edition,
Breast Imaging Reporting and Data System. Reston, VA,
American College of Radiology; 2013.4)

Specificity (if measurable)

Based on the ACR BI-RADS® Atlas, 5th edition, the accept-
able performance range for screening mammograms recom-
mended for tissue diagnosis (PPV2) is 20% to 40%.

3. Positive predictive value 3 (PPV3) is the percentage of
all known biopsies done as a result of positive diagnos-
tic examinations (BI-RADS categories 4 and 5) that
resulted in a tissue diagnosis of cancer within 1 year—
also known as biopsy yield of malignancy or the posi-
tive biopsy rate (PBR). The calculation of PPV3 is:

PPV3 = TP/(number of biopsies) = TPATP + FP3)

FP3 = false-positive 3. An FP3 is when there is a concord-
ant benign breast tissue diagnosis (or discordant benign breast
tissue and no known diagnosis of cancer) within 1 year after
recommendation of a positive examination (BI-RADS
category 4 or 5).

Sensitivity

Sensitivity is defined as the probability of interpreting an
examination as positive when cancer exists. This is measured
as the number of positive examinations for which there is a
tissue diagnosis of cancer within 1 year of imaging examina-
tion, divided by all cancers present in the population exam-
ined in the same period. The calculation for sensitivity is:

Sensitivity = TP/ATP + FN)

TP = true-positive. A TP is when there is tissue diagnosis
of cancer within 1 year after a positive examination. BI-RADS
category 3 assessments made at screening examination are
considered positive examinations.

FN = false-negative. An FN is when there is tissue diag-
nosis of cancer within 1 year of a negative examination
(BI-RADS categories 1 or 2 for screening; BI-RADS catego-
ries 1, 2, or 3 for diagnostic).

Based on the ACR BI-RADS® Atlas, 5th edition, the accept-
able range of sensitivity for screening mammography is 75%
or more.

Specificity

Specificity is defined as the probability of interpreting an
examination as negative for which there is no tissue diagno-
sis of cancer within 1 year of examination, divided by all
examinations for which there is no tissue diagnosis of cancer
within the same period. The calculation for specificity is:

4

Specificity = TN/ATN + FP)

Based on the ACR BI-RADS® Atlas, 5th edition, the accept-
able range of specificity for screening mammography is 88%
t0 95%.

Cancer Detection Rate

The cancer detection rate is defined as the number of can-
cers detected at imaging per 1000 patients examined. The
cancer detection rate is of value when calculated only for
screening examinations or when calculated separately for
screening and diagnostic examinations as noted in the ACR
BI-RADS® Atlas, 5th edition.

Based on the ACR BI-RADS® Atlas, 5th edition, the accept-
able range of cancer detection rate for screening mammog-
raphy is 2.5 or more per 1000 examinations.

Based on the ACR BI-RADSP® Atlas, 5th edition,
the acceptable range of cancer detection rate
for screening mammography is 2.5 or more.

Based on the ACR BI-RADS® Atlas, 5th edition, the accept-
able range of cancer detection rate for diagnostic mammog-
raphy is 20 or more per 1000 examinations for workup of
abnormal screening examinations.

Based on the ACR BI-RADS® Atlas, 5th edition, the accept-
able range of cancer detection rate for diagnostic mammogra-
phy is 40 or more per 1000 examinations for workup of
palpable lump.

Abnormal Interpretation Rate

The abnormal interpretation rate is defined as the percentage
of examinations interpreted as positive. For screening, positive
examinations usually involve BI-RADS category 0 assessments
for mammography and (for auditing purposes) breast ultra-
sound, but BI-RADS categories 4 and 5 for breast MRI. This
also includes BI-RADS category 3 assessments made at screen-
ing for all imaging modalities. For diagnostic imaging, positive
examinations involved BI-RADS category 4 and 5 assess-
ments. The calculation for abnormal interpretation rate is:

Abnormal interpretation rate = (positive examinations)/
all examinations

Based on the ACR BI-RADS® Atlas, 5th edition, the accept-
able range of the abnormal interpretation rate for screening
mammography is 5% to 12%.

Based on the ACR BI-RADS® Atlas, 5th edition,
the acceptable range of the abnormal interpretation
rate for screening mammography is 5% to 12%.

The use of a breast imaging medical audit, which is per-
formed annually, allows for comparison between breast imag-
ing facilities and interpreting radiologists based on accepted
terms and definitions, as described previously. The continu-
ous feedback is beneficial at the institutional level, as it
ensures patients continue to receive an acceptable level of
care that is not negatively deviant from other similar
institutions. It allows the opportunity for early intervention



such that thorough analysis and systematic evaluation may
be performed to improve the quality of mammography to a
higher sustainable level. Examples of such interventions
where a medical audit has initiated change are in postmam-
mography communication, online or double reading, and
standardizing image acquisition.

Continuous feedback from medical audits can also be used
as a tool for self-improvement for the individual interpreting
radiologist. The first issue is ensuring radiologists receive
audits, as approximately 10% do not receive mammography
audit reports.> However, of those who did receive audit reports,
87% found it to be valuable and 75% reported improved inter-
pretation as a result of the reports.’ These audit reports func-
tion to review previously false-negative diagnoses and
reevaluate these cases to determine whether the radiologist
had made an interpretive error. This can potentially shed light
on any potential knowledge deficiencies, biases, or other inter-
pretive issues that may benefit from remediation. As expected,
interpreting a higher volume of cases is associated with
higher-quality interpretations. Radiologists who interpret a
minimum of 2500 examinations per year have a lower abnor-
mal interpretation rate and better cancer detection rates.’ It is
important to note that this remediation should be performed
in an educational, nonpunitive manner to ensure the radiolo-
gist practices within the clinically accepted practice standards
of breast imaging set by the ACR BI-RADS standards.

Additional benefits of the yearly medical audit are that it
allows for lifelong learning and for the interpreting radiolo-
gist to track their progress over time. As new standards of
image acquisition, interpretation, and technologies become

available the reported acceptable benchmarks are likely to
change over time, thus requiring interpreting radiologists to
adapt and maintain their skills. This is a continuous process
that is implemented throughout the radiologist’s career,
which may be facilitated through yearly medical audits to
ensure they do not fall below acceptable benchmarks that
would require remediation.

There are multiple components to a medical audit, which
include treatment evaluation, comparing care to establish
standards, and searching for avenues for improvement. These
components function to ensure consistent high-quality patient
care. In the setting of breast imaging, medical audits are a
requirement by the MQSA and have been shown to improve
the quality of breast imaging and interpretation, benefiting
both the patient and the radiologist.

References

1. Kim MJ. Medical auditing of whole-breast screening ultrasonography.
Ultrasonography. 2017;36(3):198-203. doi:10.14366/usg.17005.

2. Esposito P, Dal Canton A. Clinical audit, a valuable tool to improve quality
of care: general methodology and applications in nephrology. World J
Nephrol. 2014;3(4):249-255. doi:10.5527/wjn.v3.i4.249.

3. Center for Devices and Radiological Health. About the Mammography
Program. www.fda.gov/radiation-emitting-products/mammography-quality-
standards-act-and-program/about-mammography-program.

4. Sickles EA, D’Orsi CJ. ACR BI-RADS® follow-up and outcome monitoring.
In: ACR BI-RADS® Atlas, Breast Imaging Reporting and Data System.
Reston, VA, American College of Radiology; 2013.

5. Elmore JG, Aiello Bowles EJ, Geller B, et al. Radiologists’ attitudes and use
of mammography audit reports. Acad Radiol. 2010;17(6):752-760.
doi:10.1016/j.acra.2010.02.010.

6. Kan L, Olivotto IA, Warren Burhenne LJ, et al. Standardized abnormal inter-
pretation and cancer detection ratios to assess reading volume and reader
performance in a breast screening program. Radiology. 2000;215(2):563-567.

CME QUIZ: VOLUME 44, NUMBER 8

To earn CME credit, you must read the CME article and complete the quiz and evaluation on the enclosed answer form, answering at least
seven of the 10 quiz questions correctly. Select the best answer and use a blue or black pen to completely fill in the corresponding
box on the enclosed answer form. Please indicate any name and address changes directly on the answer form. If your name and address
do not appear on the answer form, please print that information in the blank space at the top left of the page. Make a photocopy of the
completed answer form for your own files and mail the original answer form in the enclosed postage-paid business reply envelope. Only two
entries will be considered for credit. Your answer form must be received by Lippincott CME Institute, Inc., by April 14, 2023. For more
information, call (800) 638-3030.

All CME credit earned via Contemporary Diagnostic Radiology will apply toward continuous certification requirements. ABR
continuous certification requires 75 CME credits every 3 years, at least 25 of which must be self-assessment CME (SA-CME) credits.
All SAM credits earned via Contemporary Diagnostic Radiology are now equivalent to SA-CME credits (www.theabr.org).

Online quiz instructions: To take the quiz online, log on to your account at www.cdrnewsletter.com, and click on the “CME” tab at the top
of the page. Then click on “Access the CME activity for this newsletter,” which will take you to the log-in page for http://cme.lww.com. Enter your
username and password. Follow the instructions on the site. You may print your official certificate immediately. Please note: Lippincott CME
Institute will not mail certificates to online participants. Online quizzes expire on the due date.

All questions are ABR Self-Assessment Module (SAM) questions. Participants can claim credit for the SAM regardless of the test out-
come. Notify the ABR of the SAM completion, or visit the ABR Web site at www.theabr.org to set up or log in to your personal database
to record the number of SAMs you completed. Because CDR has been granted Deemed Status by the ABR, there will no longer be SAM
ID numbers printed on the CME certificate. You may contact an MOC specialist at the ABR office by calling 520-519-2152

1. A breast imaging center performs 10,000 screening mam-
mograms per year, with 1000 mammograms requiring return
for additional diagnostic evaluation. Which one of the follow-
ing is the abnormal screening interpretation rate?

2. A breast imaging center has 100 screening mammograms
that are determined to be suspicious for cancer (BI-RADS
0), ultimately requiring tissue biopsy. If 75 of the mammo-
gram cases come back positive for cancer, which one of the

A. 10% following is the positive predictive value 1 (PPV1)?
B. 20% A. 25%
C. 80% B. 50%
D. 90% C. 75%
See Reference No. 4 for further study D. 90%

See Reference No. 4 for further study



3. One hundred patients undergo biopsy for suspicious findings

on diagnostic mammograms. Of these, 33 come back posi-
tive for cancer within the next year. Which one of the follow-
ing is the positive predictive value 2 (PPV2)?

A. 30%

B. 33%
C. 66%
D. 67%

7. In the medical audit of a single radiologist, it is found that

this radiologist was able to detect 90% of all cancers and
exclude 98% of cancers. Based on these findings, the radi-
ologist exhibits which one of the following sensitivity and
specificity characteristics compared with universal bench-
marks?

A. High sensitivity, high specificity

B. High sensitivity, low specificity

See Reference No. 4 for further study C. Low sensitivity, low specificity
D. Low sensitivity, high specificity

4. A 62-year-old woman presents for a screening mammogram, See Reference No. 4 for further study

which is interpreted as negative for breast cancer. Six months

later, the patient returns with a palpable lump that is deter- 8. Which one of the following is the definition of positive predic-

mined to be a solid mass on ultrasound. A biopsy of this
mass by ultrasound was obtained, and the pathology results
were positive for breast cancer. This case would be consid-
ered a

A. true-positive

B. false-positive

C. true-negative

D. false-negative

See Reference No. 4 for further study

5. One thousand mammograms were performed at a breast

imaging facility. Of these, 100 were called back due to a
suspicious finding requiring biopsy (BI-RADS category 4).
Twenty of the biopsies were positive for cancer. Which one
of the following is the cancer detection rate?

A. 2per 1000

B. 4 per 1000

tive value 3 (PPV3)?

A. The percentage of all known biopsies done as a result of
positive diagnostic examinations (BI-RADS categories 4
and 5) that resulted in a tissue diagnosis of cancer within
1 year

B. The percentage of all diagnostic (or rarely, screening)
examinations recommended for tissue diagnosis or surgi-
cal consultation (BI-RADS categories 4 and 5) that result
in a tissue diagnosis of cancer within 1 year

C. The percentage of all screening examinations (BI-RADS
categories 0, 3, 4, and 5) that result in a tissue diagnosis
of cancer within 1 year

D. Concordant benign breast tissue diagnosis (or discordant
benign breast tissue and no known diagnosis of cancer)
within 1 year after recommendation of a positive examina-
tion (BI-RADS category 4 or 5)

C. 20 per 1000 See Reference No. 4 for further study

D. 90 per 1000
See Reference No. 4 for further study

9. Which one of the following is the frequency at which a med-
ical audit should be performed?

. A. Yearly
6. A 55-year-old woman presents for a screening mammogram. B. Semi-annually
She is recalled for additional diagnostic imaging, which con- C. Quarterly
firmed the presence of suspicious findings, and a BI-RADS D. Monthly

category 4 assessment is given. A biopsy is performed,
which comes back negative for malignancy. Follow-up mam-
mograms the next year were negative for cancer. This case
would be considered a
A. true-positive
B. false-positive
C. true-negative
D. false-negative

See Reference No. 4 for further study

See Reference No. 4 for further study

10. MQSA stands for
A. Multifactorial Quantitative Standard Activity
B. Mammography Quality Standards Act
C. Magnetic Quotient Specificity Act
D. Michigan Qualitative Sensitivity Action
See Reference No. 4 for further study



