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The medical audit of a mammography practice is a recognized
method for evaluating mammography and the accuracy of mam-
mographic interpretation [1—4]. As such, portions of the audit will
become integral to the quality assurance activities of every mam-
mography practice under the Mammography Quality Standards
Act (MQSA) of 1992, administered by the Food and Drug Adminis-
tration (FDA). The FDA Interim Rules, which became effective Octo-
ber 1, 1994, state that “each facility shall establish a system for
reviewing outcome data from all mammography performed, includ-
ing follow-up on the disposition of positive mammograms and cor-
relation of surgical biopsy results with mammogram reports” [5]. It
is expected that the proposed final rules, due to be released for
public comment in 1995, will require collection of additional data
for medical audits (public meeting of the National Mammography
Advisory Committee, May 3, 1994). Although most mammography
practices are now collecting clinical outcomes data on abnormal
mammographic examinations, very few have established an orga-
nized and deliberate system of data collection necessary for a
more complete mammography audit [6]. A detailed discussion of
and recommendations for such an audit were recently published
as part of the Quality Determinants of Mammography Guideline by
the Agency for Healthcare Policy and Research (AHCPR) [7]. As
members and consultants on the multidisciplinary panel that pro-
duced the guideline, we offer the following review of the various
elements, definitions, and processes of the mammography audit.
This is intended as a primer for all radiologists who will be per-
forming some of the same audit activities for the MQSA.

The Mammography Audit—Its Value

In addition to meeting requirements legislated by the MQSA,
the mammography audit can serve other valuable functions.

First, it measures the mammographer’s success in finding can-
cers, especially impalpable cancers, as compared with emerging
national trends and goals [2—4, 8]. Regular review of individual
and group audit data serves as a teaching tool, providing com-
parisons of performance and improving future outcomes [3].
Audit data can identify false-negative studies for review to deter-
mine their causes, allowing technical and interpretive shortcom-
ings to be corrected [4, 8-11]. The audit can provide data for
outcomes analysis locally and nationally [3, 4, 12, 13]. Audit
results could improve compliance of both referring physicians
and patients with screening guidelines by increasing confidence
in the screening system [3, 8]. The audit is a source of data for
calculating costs per patient screened, which is valuable infor-
mation to radiologists preparing for capitation contracts with
health care organizations [1]. Audit data can also assist in situa-
tions requiring medicolegal defense by providing a documented
profile demonstrating the radiologist’s ability to evaluate benign
and malignant disease meeting national goals and by providing
prior reference cases similar to one in contention, which sub-
stantiate the rationale for a given interpretation [3, 4, 14, 15].

The Audit Process—An Overview

The audit involves collecting and analyzing a variety of data
generated from both the mammography report and any subse-
quent breast biopsy. The mammography report consists of
demographic information, results, and recommendations, which
must be constructed in forms that allow collection of useful audit
data. Demographic information such as the patient’s name and
age requires no special coding. Results and recommendations,
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however, must be categorized using standardized codes such
as those of the American College of Radiology Lexicon [16]
(Tables 1 and 2). This coding process establishes a standard
language for data entry, facilitating data analysis [16].
Appropriately coded report information can be collated either
manually or through computer software programs designed to
meet the needs of mammography facilities [16, 17]. Breast
biopsy results can then be acquired and coded using standard
pathology nomenclature [1—4, 16, 17] (Tables 1 and 2). Integra-
tion of the mammaography and pathology results then generates
the important items of the mammography audit. Audit data
should then be summarized and evaluated at least yearly [1-4].

The Audit Data—What to Collect? What to Calculate?

Once a data collection system with proper coding of data ele-
ments is in place, one must decide what data are essential to
measure the quality of one’s practice. Data collected should
address the three major goals of screening mammography [18]:

1. The mammographer should find a high percentage of
the cancers that exist in a given population. This percentage
can be measured with cancer detection rate and sensitivity.

TABLE 1: The Essential Mammography Audit: The Minimum
Desired Raw and Derived Data
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2. The request rates for further imaging evaluation and for
biopsy should be in an acceptable range for that population.
These rates can be measured with recall rate and positive
predictive value (PPV).

3. Most mammographically detected cancers should have
characteristics consistent with a favorable prognosis. This
can be assessed by calculating the rate of minimal and
node-positive cancers found mammographically.

Table 1 lists the essential raw and derived data necessary to
demonstrate achievement of these goals, with one exception,
which will be discussed later. Raw data refer to specific items of
information, interpretive results and recommendations, and
pathology findings collected directly from the mammography and
pathology reports. Essential raw data include audit period dates,
number of screening mammographic examinations and number of
diagnostic mammographic examinations performed (see appen-
dix for definitions), number of recalls requested, number of recom-
mendations for surgical biopsy, biopsy results, and tumor staging.

Derived data refer to calculated measures of various mam-
mographic and pathologic parameters based on the collected
raw data. Essential derived data include number of true-posi-
tives, number of false-positives, PPV, cancer detection rate, per-

TABLE 2: The More Complete Mammography Audit: Raw Data
to Be Collected

A. Raw Data

1. Dates of audit period and total number of examinations in that
period

2. Number of screening examinations; number of diagnostic
examinations?

3. Number of recommendations for futher imaging evaluation
(recalls) (American College of Radiology [ACR] Lexicon
Category 0 = “Needs Further Evaluation”)

4. Number of recommendations for biopsy or surgical consulation
(ACR Lexicon Categories 4 and 5 = “Suspicious Findings”
and “Highly Suggestive of Malignancy”)

5. Biopsy results: malignant or benign (keep separate data for
fine-needle aspiration or core biopsy cases)

6. Tumor staging: histologic type (ductal [in situ or invasive] or lobular
(invasive only]), size, nodual status, and grade®

B. Derived data (calculated from the raw data)

1. True-positives (TP)

2. False-positives = three subdefinitions: FP;, FP,, FP5 (see text)

3. Positive predicitve value (PPV)

a. If a screening/diagnostic facility, PPV can be defined any of
three ways:
1. Based on abnormal findings at screening examination (PPV)
2. Based on recommendation for biopsy or surgical consul-
tation (PPV,)
3. Based on result of biopsy (PPV3, or positive biopsy rate)
b. If a screening facility exclusively, can define only one way:
1. Based on abnormal findings at screening examination (PPV,)
. Cancer detection rate for asymptomatic (screening) cases
. Percentage of minimal cancers® found
. Percentage of node-positive cancers found
. Recall rate

NO O s

1. Dates of audit period and total number of examinations in
that period (usually a 12-month period).
2. Risk factors:
a. Patient’s age at the time of the examination
b. Breast cancer history: personal or family (especially premeno-
pausal cancer in first-degree relative—mother, sister, or
daughter)
c. Hormone replacement therapy
d. Previous biopsy-proved atypia or lobular carcinoma in situ
3. Number and type of mammograms: screening (asymptomatic) or
diagnostic (evaluation of symptoms or signs of breast cancer)?
4. First-time examination or routine follow-up (repeat) examination
5. Mammographic interpretation and recommendation (try to con-
form to American College of Radiology [ACR] Lexicon):
a. Further imaging evaluation (recall) [ACR Lexicon Category
0 = “Needs Further Evaluation”]
b. Routine follow-up (ACR Lexicon Categories 1 and 2 = “Nega-
tive” and “Benign Findings”)
c. Early follow-up (ACR Lexicon Category 3 = “Short-Term
Follow-Up”)
d. Biopsy or surgical consultation (ACR Lexicon Categories4and 5=
“Suspicious Findings” and “Highly Suggestive of Malignancy™)
6. Biopsy results
a. Benign or malignant (keep separate data for fine-needle
aspiration or core biopsy cases)
7. Cancer data
a. Mammographic findings: mass, calcifications, indirect signs of
malignant tumor, no mammographic signs of malignant tumor
b. Palpable or impalpable tumor
c. Tumor staging (pathologic): histologic type, size, nodal sta-
tus, and grade®

3Separate audit statistics should be maintained for asymptomatic and
symptomatic patients.

PThe grading of tumors, although not performed as part of tumor staging by
all pathologists, is nonetheless valuable information and should be collected,
if available.

®Minimal cancer: invasive cancer <1 cm, or in situ ductal cancer.

Note.—Bold type indicates data desired for the essential mammography audit.

3Separate audit statistics should be maintained for asymptomatic and
symptomatic patients.

bThe grading of tumors, although not performed as part of tumor staging by
all pathologists, is nonetheless valuable information and should be collected,
if available.
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centage of minimal cancers found, percentage of node-positive
cancers found, and recall rate. These terms are defined below.

When the proposed final rules of the MQSA are issued,
the collection of mammography data and calculation of sur-
vey statistics required by the MQSA will most likely be drawn
from items listed in Table 1 (Public meeting of the National
Mammography Advisory Committee, May 3, 1994).

Additional raw data for collection are listed as part of the
complete raw data list in Table 2. Although not required to
calculate the essential derived data of Table 1, they do pro-
vide other important information affecting audit results. For
example, the ratio of first-time mammographic examinations
to repeat examinations performed in a given practice can
dramatically alter the rate of cancers detected overall,
because the rate of cancer detection on first-time examina-
tions is higher than that on repeat examinations [3, 19].

Additional derived data of importance can also be calculated,
as listed as part of the complete derived data in Table 3. How-
ever, cost and time constraints and lack of availability of certain
raw data may prohibit their calculation.

Calculation of the derived data in Table 1 or Table 3
requires categorizing every mammographic examination into
one of four groups according to the following definitions,
based on major audit studies in the scientific literature:

1. True-positive (TP): cancer diagnosed within 1 year after
biopsy recommendation based on mammographic examina-
tion with abnormal findings [19].

2. True-negative (TN): no known cancer detected within 1
year of mammographic examination with normal findings [19].

3. False-negative (FN): detection of cancer within 1 year of
a mammographic examination with normal findings [1, 2, 10,
19-22]. Although FN studies have been variably defined,
this definition is the most often applied (see Appendix).

4. False-positive (FP): Three separate definitions have
been used in published reports:

a. No known cancer diagnosis within 1 year of a screening
mammographic examination with abnormal findings (i.e., a
screening mammographic examination for which recall for

TABLE 3: The More Complete Mammography Audit: Derived
Data to Be Calculated

1. True-positives, false-positives (three subdefinitions: FP1,
FP2, FP3), true-negatives, false-negatives
2. Sensitivity
3. Positive predictive value (PPV)
a. Based on abnormal findings at screening examination (PPV1)
b. Based on recommendation for biopsy or surgical consul-
tation (PPV,)
c. Based on resuits of biopsy (PPV3)
4. Specificity
5. Cancer detection rate
a. Cancer detection rate for asymptomatic (screening) cases
b. Prevalent versus incident
c. Overall
d. Rates within various age groups
. Percentage of minimal cancers® found
. Percentage of node-positive cancers found
. Recall rate

o N

Note.—Bold type indicates data desired for the essential mammography audit.
2Minimal cancer: invasive cancer <1 cm, or in situ ductal cancer.
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further imaging evaluation or for which biopsy is initially rec-
ommended) (FP4) [1-3, 20, 21].

b. No known cancer diagnosis within 1 year after recommen-
dation for biopsy or surgical consultation on the basis of a mam-
mographic examination with abnormal findings (FP,) [1, 19].

c. Benign findings at biopsy within 1 year after recommenda-
tion for biopsy or surgical consultation on the basis of a mam-
mographic examination with abnormal findings (FP3) [3, 19, 20].
This definition must be distinguished from that for FP,, because
biopsy results may be unknown, or a biopsy may not always be
done even when recommended in the mammographic report.

Another way to conceptualize the relationship among these
four groups is expressed graphically in Figure 1 [23]. Women
screened for breast cancer with mammography are placed either
in the top (positive) group, if the test (i.e., the mammographic
examination) indicates a suspicion of breast cancer, or the bot-
tom (negative) group, if the test results are thought to be nomal.
Each group is then subdivided based on whether patients are
subsequently found on biopsy to have breast cancer (left-hand
columns) or not (right-hand columns). Four possible combina-
tions then exist: if both test and biopsy are positive for cancer,
this outcome is designated a TP. If both are negative for breast
cancer, or if the test is negative and there is no clinical evidence
of breast cancer in the absence of a biopsy, this outcome is des-
ignated a TN. If the test is positive and the biopsy is negative, this
outcome is designated an FP. Conversely, if the test is negative
and the biopsy positive, this outcome is designated an FN.

Given the above definitions and raw data, it is possible to
now calculate the following derived data, based on major
audit studies that have been published:

Sensitivity: Defined as the probability of detecting a cancer
when a cancer exists, or otherwise defined as the percentage of
all patients found to have breast cancer within 1 year of screen-
ing, correctly diagnosed as suggestive of breast cancer on the
basis of mammographic findings [2, 3, 8, 9, 19-21, 24-26].

Sensitivity = TP/(TP + FN)

PPV: Three separate definitions may be applied, based on
the above three definitions of FP:

1. PPV, (abnormal findings at screening): The percentage
of all screening examinations with abnormal findings (i.e.,
those for which recall for further imaging evaluation or biopsy
was initially recommended) that result in a diagnosis of can-
cer[2, 3, 21, 22, 24].

PPV, = TP/(number of screening
examinations with abnormal findings), or

TP/(TP + FP,)
BIOPSY RESULTS
& POSITIVE NEGATIVE
&8 E|  TRue-posmive FALSE-POSITIVE
z:

23 @) )
£5 I| FALsENEGATIVE | TRUE-NEGATIVE
g" ¥ (FN) ()

Fig. 1.—Graphic representation of relationship among true-positives
(TP), false-positives (FP), false-negatives (FN), and true-negatives (TN).
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2. PPV, (biopsy recommended): The percentage of all
cases recommended for biopsy or surgical consultation (as a
result of abnormal screening or diagnostic examination or
additional imaging evaluation of an abnormal screening
examination) that resulted in the diagnosis of cancer [1, 19].

PPV, = TP/number of cases recommended
for biopsy after abnormal findings on
screening or diagnostic examination, or
TP/(TP + FPy)

3. PPV; (biopsy performed): Because biopsy resuits may
be unknown or a biopsy may not always be done even when
recommended in the mammographic report, PPV, must be
distinguished from PPV3, which is defined as the percentage
of all known biopsies done (as a result of abnormal screen-
ing or diagnostic examination or additional imaging evalua-
tion of an abnormal screening examination) that resulted in
the diagnosis of cancer. PPV3 is also known as the biopsy
yield of malignancy, or the positive biopsy rate (3, 19, 22, 24].

PPV = TP/(number of biopsies), or
PPV3 = TP/(TP + FP3)

It is important to know which definition of PPV is being
used to accurately interpret and compare audit data from a
particular mammography practice with published data. For
practices that do screening mammography exclusively, only
PPV, will be of value in evaluating their data, as they will not
be performing either diagnostic examinations or the further
mammographic evaluation required of abnormal screening
examinations for recommendation for biopsy in most cases.
For practices that do both screening and diagnosis, all three
definitions of PPV have value and can be applied.

Specificity: Defined as the probability of normal mammo-
graphic findings when no cancer exists, or otherwise defined as
the percentage of all patients with no evidence of breast cancer
within 1 year of screening, correctly identified as normal at the
time of mammographic screening [1, 2, 3, 20, 21, 24, 25].

Specificity = TN/(FP + TN)

Some variation in the range of specificity will exist,
depending on the definition of FP being applied, but the vari-
ation will be small because of the relatively small number of
FPs and the very large number of TNs in most audit series.
Because the range of variation in specificity is small, its value
as a measure of mammographic interpretive quality is limited
[27). The value of specificity is further diluted by the imperfect
nature of the definition of TNs: these cases are not biopsy-
proved and may reveal cancer more than 1 year after a
mammographic examination with normal findings.

Overall cancer detection rate: Defined as the overall num-
ber of cancers detected per 1000 patients examined by
mammography [1-4, 10, 19-22, 24, 25, 27].

The cancer detection rate in asymptomatic women (see
Appendix) is of greater value in the audit, as this group more
closely represents the true screening population [1-3, 19].

If the appropriate raw data are available, detection rates for
prevalent versus incident cancers (cancers in first-time versus
follow-up mammographic examinations) [1, 3, 19, 24] and for
cancers in various age groups [3, 9, 24] should also be calcu-
lated, as these provide additional valuable information.

AJR:165, July 1995

Analyzing the Data—What Do the Numbers Tell You?

The value of calculating the derived data is in defining a
mammeographer’s performance quantitatively. Therefore, by cal-
culating in concert the essential data elements for providing a
performance overview (cancer detection rate, sensitivity [if mea-
surable], PPV, recall rate, tumor size, and node positivity), a
mammography practice will realize benefits from a basic audit.

Desirable numerical goals toward which the mammographer
should strive are listed in Table 4. These are based on a review
of all major audits reported in scientific publications, as follows:

Sensitivity: The sensitivity in most recently published mam-
mography audits is greater than 85%, using the definition given
in the above section [1—4, 10, 19-21, 28]. This range is there-
fore thought to be a desirable goal for which to strive (Table 4).

Sensitivity may vary by age group, appearing to decrease in
younger women with denser breast tissue [24]. Sensitivity is a
difficult rate to calculate, requiring knowledge of the actual
number of FN studies to be determined accurately (see pre-
ceding section). It is usually necessary to establish a direct
link with a complete tumor registry to find the actual number of
FNs [2, 10, 21, 24]. Because such a link rarely exists at this
time, calculation of sensitivity is not possible for most mam-
mography practices. Consequently, sensitivity is not consid-
ered essential to the routine audit. However, it is still useful to
approximate sensitivity based on any known FN cases [3].

PPV: This number is almost always measurable, using one
or more of the definitions just described. As shown earlier,
published definitions vary considerably, but the most often
cited is the PPV for all cases recommended for biopsy, PPV,.
A recent survey of mammography facilities showed the aver-
age PPV, nationally to be 21% [29]. However, a range of
greater than 25% and less than 40% has been found in most
recent reported series (Table 4) [3, 19, 28]. Therefore, this
range should be considered an achievable goal, although
most mammography practices currently do not meet this goal.

If a facility performs screening mammography exclusively,
then the PPV based on the number of screening examinations
with abnormal findings (PPV,) should be used instead. This
number is greater than 5% and less than 10% in most reported
series [2, 3, 21, 24, 25] and should be achievable in most prac-

TABLE 4: Analysis of Medical Audit Data—Desirable Goals

Audit Data Goal

Positive predictive value (PPV) based on abnomal findings 5-10%
at screening examination (PPV,)?

PPV when biopsy or surgical consultation recommended 25-40%
(PPV,)

Tumors found—stage 0 or 12 >50%
Tumors found—minimal® cancer® >30%
Node positivity? <25%
Cancers found/1000 cases® 2-10

Prevalent cancers found/1000 first-time examinations®  6-10
Incident cancers found/1000 follow-up examinations® 2—4

Recall rate? <10%

Sensitivity (if measurable) >85%

Specificity (if measurable) >90%
8Screening cases only.

PMinimal cancer: invasive cancer <1 cm, or in situ ductal cancer.
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tices. Facilities that do both screening and diagnostic mammao-
graphic examinations will also find calculation of PPV, of value.

If core or fine-needle aspiration biopsy is recommended,
separate PPV statistics for these cases should be maintained.

PPV will vary from one practice setting to another, because of
differences in patient age distribution, percentage of palpable can-
cers, cancer detection rate, the size and node positivity of cancers
found, and the sensitivity (if measurable) [27, 30-32]. PPV is
directly proportional to the age of the population being screened [3,
31]. The older the screened population, the higher the PPV will be,
because there are more existing cancers in an older population.

PPV will vary directly with the size of tumors found in a
screening mammography program: when most tumors being
found are large, PPV tends to be higher; finding a greater per-
centage of small tumors usually results in a lower PPV [31].

Tumor size: In most reported series, more than 50% of
tumors diagnosed by mammography are stage 0 or 1 [2, 4, 24].
More important, greater than 30% of cancers diagnosed by
mammography are minimal cancers (i.e., invasive cancer <1
cm, or in situ ductal cancer) [1, 3, 10, 19, 21, 22, 24, 28].
Because mortality from breast cancer is directly related to
tumor size [18], these percentages of small tumors found by
mammography should be considered desirable goals (Table 4).
Moreover, because these percentages depend on previously
mentioned population factors, as well as patient compliance
with screening guidelines, these numerical targets might even
be regarded as minimal goals. By reaching and exceeding
them, patients’ outcomes are affected the most.

Tumor size will vary with the percentage of screening and
diagnostic examinations in a mammography practice; symp-
tomatic patients invariably yield larger tumors than those in a
screening population [4, 24].

Node positivity: Tumor size should also be correlated with
node positivity, which in most series is less than 25% in a
screened population [1, 3, 4, 19, 21, 22, 24, 28]. Because
mortality from breast cancer is related to the prevalence and
extent of nodal metastasis, a node positivity rate of less than
25% is also a desirable goal (Table 4).

Cancers found per 1000 patients screened (cancer detection
rate): This number is quite variable, with rates of two to 10 can-
cers per 1000 women reported in most screening series [1—4,
19-22, 24, 27] (Table 4). Variability is due to differing rates of
detection in first-time screened versus already-screened patients
[i.e., prevalent versus incident cancers]: prevalent cancer rates
vary from six to 10 per 1000 women screened, and incident can-
cer rates vary from two to four per 1000 women screened [16,
19, 24] (Table 4). The cancer detection rate will also vary
between younger and older populations [3, 19, 20, 24, 33]. None-
theless, the cancer detection rate still serves as a useful measure
of the effectiveness of screening mammaography. For example, if
an audit shows that sensitivity and PPV are both within expecta-
tions, but the number of cancers found is less than two per 1000
asymptomatic patients, then the sensitivity figure should be con-
sidered suspect. The number of cancers eluding detection in
such a population is most likely too high, and the overall quality of
the mammaography program should be further evaluated [27, 32].

Recall rate: The percentage of patients undergoing screening
mammographic examinations who are recommended for further
imaging evaluation (coned compression views, magnification
views, sonography, etc.) should be assessed for two reasons.
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First, this rate can be used to calculate one of the definitions of
FP (FP4) and one of the definitions of PPV (PPV,) (see Derived
Data section), both of specific relevance to screening mammog-
raphy practices. Second, the cost-effectiveness and credibility of
mammography can be negatively affected if the recall rate is dis-
proportionately high [1]. Based on most large reported series,
the percentage of patients in the screening group who are
recalled for further imaging evaluation should be 10% or less
(Table 4) [1-3, 19, 21, 24]. Many authors have also noted that
this rate may decrease with increasing experience [1, 3].

Specificity: Specificity is usually found to be greater than 90%
[2, 21, 24] (Table 4). However, it is not even calculated in many
large studies [1, 3, 4, 19], as its calculation requires knowledge
of all TNs, a number which in turn is based on the number of
FNs. The number of FNs is usually the least accessible data in
any audit. For this reason, and for those cited previously, speci-
ficity is not considered essential to a routine audit.

Further Benefits: The Audit as a Teaching Tool

The audit has significance as a teaching tool regarding three
other specific issues. First, a group audit may be reviewed in tan-
dem with individual audits. Pooling the data of all individuals
within a group gives greater statistical power to audit results,
facilitating comparison to expected results such as those in Table
43, 19]. However, the multiple variables described earlier (prev-
alent versus incident cancers, age of a population, ratio of
screening to diagnostic mammograms, etc.) that markedly influ-
ence group audit results may render comparisons to other group
audits less valuable than an intragroup audit of individuals.

A major advantage to an individual audit is in providing a
valid objective comparison among group members. If certain
group members show considerable variance from others
when performance standards are compared, measures can
be taken to improve the performance of those at variance
and thus improve future outcomes [3, 19].

The second issue concerns the review of FNs. As mentioned
earlier, these cases may be difficult to identify if access to a
complete tumor registry is not possible [3]. However, if available
for review, all FN cases should be evaluated thoroughly to
assess cause (technical versus interpretive error) [4, 9-11].
Their real value is educational: by critically reviewing such
cases, a group can benefit all its members by improving overall
quality and, in turn, future outcomes. Group review of all interval
cancers, regardless of the interval between the last mammo-
graphic examination interpreted as normal and the detection of
cancer, can also be of value for the same reasons [9, 10].

The third issue is one that many practices are already
addressing: review and comparison of pathology reports of
breast biopsies with the corresponding mammographic examina-
tions that prompted those biopsies. Correlations between mam-
mographic and histologic findings in cases of both malignant and
benign pathology have immeasurable teaching value. Review of
cases by the mammographer and the pathologist together can
further enhance the leaming process for both individuals.

Sources for Audit Data

As stated previously, patients’ demographic information and
pertinent mammographic results and recommendations
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should be available from a well-designed and properly coded
mammography report record, especially if it is computerized
[, 17, 19, 24). Biopsy results are available from a variety of
sources [1-4, 19, 21, 22, 24]. Malignant biopsy results can be
found through a complete regional or statewide tumor registry.
If linkage to a tumor registry is anticipated, additional patient
identifiers may be needed to match mammography and regis-
try data. If such a registry does not exist or access to its data
is not possible, definitive diagnosis of cancer can be obtained
from, in order of preference, the pathology report, the referring
physician or surgeon, or the patient herself. Benign biopsy
results will not be collected by most tumor registries and must
be obtained from the alternative sources above.

The importance of attempting to obtain complete follow-up
on every patient with suspicious findings should be stressed.
Published audit results have shown that it is not possible to
obtain complete follow-up on every patient with suspicious
mammographic findings, even when linkage to a tumor regis-
try is established [2, 19]. Nonetheless, efforts to obtain this fol-
low-up information should include the methods just described.

Medicolegal Considerations

At this time, all states have statutes in place that protect
from discovery peer review records generated by a struc-
tured peer review committee in the hospital setting [4, 34].
However, virtually no statutes exist to protect from discovery
all other information generated in the hospital under the aus-
pices of organized quality review activities, or information
reported outside the peer review setting, or any quality
review information in the outpatient setting [35].

Therefore, at this time, it is more appropriate that complete
mammography audits be maintained primarily as internal audits.
Interpreting physicians should not disseminate the audit data
more widely without being aware of confidentiality legislation in
their state and the waiving of limited peer review privilege.

Model legislation does exist: Congress provided protection
to participants of quality control programs and created a quali-
fied immunity for the medical quality assurance records gener-
ated by the programs within the military health care system
(10 USC 1102) and the Department of Veteran Affairs (38
USC 5705). However, such broadly drawn protective legisla-
tion does not otherwise exist at this time. Consequently, the
issues of discoverability of audit data and the relationship to
the MQSA legislation are currently under active review by the
MQSA National Mammography Quality Assurance Advisory
Committee and the FDA (Public meeting of the National Mam-
mography Advisory Committee, May 3, 1994).

Summary

The mammography medical audit is a recognized mea-
sure of the interpretive ability of the mammographer and a
means of quantifying the success of mammography in
detecting early breast cancer. Because it is a significant
component of mammography quality assurance, some form
of the audit will most likely be included in the MQSA.

Once a data collection system with proper coding of data ele-
ments is in place, then collection, calculation, and analysis of
appropriate raw and derived data for either a basic or a more
complete audit should be done at least yearly and should answer
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the three essential questions that determine a mammographer’s
success: (1) Are the cancers that exist being found? (2) Are these
cancers being found with an acceptable number of recalls and
biopsies? (3) Are a large proportion of these cancers small and
node-negative? By answering these questions with quantitative
data, itis possible to compare the mammographer’s performance
to the range of desirable values found in other audits reported
throughout medical publications and to prior performance.

Additional audit activities such as evaluating group audit
versus individual audit statistics, reviewing FN and other
interval cancer cases, and correlating pathology reports with
the corresponding mammographic examinations are teach-
ing tools that result in improved clinical outcomes.

Legal constraints on the discoverability of mammography
data may deter implementation of optimal audit programs
and are currently being addressed by legislative efforts.

In sum, the audit process required by the MQSA and out-
lined as above offers radiologists the opportunity to add a
greater measure of quality to their mammography practices
and, more important, to the lives of the patients they serve.
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APPENDIX

Screening and diagnostic mammographic examinations: A screen-
ing examination is one performed on an asymptomatic woman to detect
early, clinically unsuspected breast cancer. There are two distinct types
of diagnostic mammographic examinations. The first is that performed
on a woman with clinical signs or symptoms that suggest breast cancer
and, for purposes of the audit, is the only one considered a diagnostic
mammographic examination. The second type is that performed on a
woman for whom further mammographic evaluation has been
requested because of an abnormal screening mammographic exami-
nation. For audit purposes, the mammographic and consequent patho-
logic findings in the latter type should be included with the data
collected and calculated for the screening population, because the eval-
uation was initiated by a screening mammographic examination. (Two
other special screening examinations, that performed in a woman with
a history of breast cancer with breast conservation and that performed
in a woman with augmented breasts, are often defined as diagnostic
but for audit purposes should be included in the screening group.)

False-negative (FN): This term has been defined many ways through-
out the literature. The 1-year definition in the text is best suited for audit
purposes because it allows valid, consistent, and timely comparisons to
be made for an individual or a group. In addition, the 1-year time frame is
matched to the preferred screening interval for the largest number of
women screened, those over age 50, and is well within the bounds of the
estimated average lead-time [18]. Further, it is the definition quantified
most completely in reported audit studies [2, 10, 19, 24]. Accordingly, it is
the definition from which a consistent range of values for sensitivity (cal-
culated from the FN numbers) has been historically established and that
can be used as a standard to evaluate mammography data.

Many other definitions of FN exist, each with merit. These include (1)
Any palpable or impalpable cancer detected subsequent to a mammo-
graphic examination interpreted as normal, regardless of the length of
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time between that mammographic examination and the moment of detec-
tion [1, 3, 21, 36]. Each cancer included under this definition should be
reviewed by the mammographer for its teaching value as a missed can-
cer, as recommended in the section on the audit as a teaching tool. How-
ever, the open-ended nature of this definition of FN renders it impractical
for audits designed to measure data over finite and relatively brief periods.
(2) Any cancer detected within 4 months (or, in some series, 6 months) of
a normal mammeographic examination [28]. This definition is considered
to be too limited in its scope and is also not matched to the ideal 1-year
screening interval that applies to most women. (3) Any palpable cancer
detected between a normal screening mammographic examination and
the expected time of the next routine screening examination [18, 22, 28].
This definition functions well as a measure of the success of mammogra-
phy within given screening intervals. However, it does not evaluate impal-
pable interval cancers and may have less instructive value.

All FN definitions are fraught with problems. One dilemma is whether
only those missed cancers that are visible in retrospective review on pre-
vious mammographic examinations should be considered FNs. This view
involves a consideration of threshold and subthreshold features of malig-
nancy [36). |deally, a blind review by one or more radiologists should be
done to provide an unbiased evaluation of such cases, but even under
these conditions, one has the unavoidable ability to see a cancer on the
prior examination when the cancer is known to exist on the present study.
Another dilemma is encountered when double reading of mammo-
graphic examinations is done and only one of the two readers correctly
identifies the cancer. A problem unique to the 1-year definition is the situ-
ation in which a woman retums for screening less than 1 year since her
last screening study and in whom a cancer is now found. The cancer is
considered an FN by this definition, but because it has been found on the
next routine screening examination, it may be viewed as a TP.

None of these problems will be universally resolved. However, for
the purposes of comparing a mammographer’s audit data from one
yearly audit period to the next, and further comparing yearly data from
one mammographer or practice to the next, both the 1-year definition
of the FN and the derived definition of sensitivity as described in the
text remain the most objective and widely used at this time.

Asymptomatic and symptomatic women: Asymptomatic women
are defined as those presenting for screening mammographic exam-
inations with no known signs or symptoms of breast cancer at the
time of their examinations. The authors include in this group women
who may not have had physical examinations prior to their mammo-
graphic examinations or in whom lesions are palpated in retrospect,
as the women in both these subgroups are part of the screening
pool at the time they present for their mammographic examination.

Symptomatic women are those who present for mammographic exam-
ination because of symptoms or signs of possible breast cancer. Included
in this group are women referred for evaluation because of abnormal
breast physical examinations by their clinicians but in whom screening
mammograms are performed because the clinicians never related infor-
mation about the abnommal physical findings to the mammographer.
Because women in this subgroup are not part of the screening pool at the
time they present for mammographic examination, they should be placed
with the symptomatic group for audit purposes. Even if this subgroup is
included in the asymptomatic category, audit statistics will not be changed
for the vast majority of facilities, as this subgroup is small compared with
all asymptomatic women screened by mammographic examination.
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