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OBJECTIVE. High-quality screening mammography has been shown to substantially re-
duce mortality from breast cancer. Recall rate is a principal performance metric for screen-
ing mammography because it directly relates to the rate of false-positive examinations. This
study aims to compare the recall rate derived using two sources—the claims-based Hospital
Compare (HC) dataset from the Centers for Medicare & Medicaid Services versus the Na-
tional Mammography Database (NMD) from the American College of Radiology—to under-
stand the implications in pay-for-performance and quality improvement activities.

MATERIALS AND METHODS. This study retrospectively compared the recall rate
reported by NMD facilities with that reported in the HC dataset. Site matching was per-
formed by facility name and zip code, followed by manual verification. Scatterplots, corre-
lations, a paired ¢ test, and Bland-Altman analysis were performed to assess association be-
tween the two measures.

RESULTS. During the period from October 1 to December 1, 2016, 92 facilities were un-
ambiguously matched using 2014-2015 records in both datasets. The recall rates were posi-
tively correlated (r = 0.428, p < 0.001), but the mean HC recall rate (8.5% + 2.86% [SD]) was
significantly (p < 0.001) lower than the mean NMD recall rate (10.6% + 3.90%).

CONCLUSION. The NMD and HC are two commonly used datasets for measuring
screening mammography recall rate. Although recall rates are correlated at the individual
facility level, there are important differences that have implications for quality improvement

and pay-for-performance.

creening mammography has been

shown to reduce mortality from

breast cancer substantially [1, 2].

To improve patient outcomes
from mammography, the Mammography
Quality Standards Act (MQSA) of 1992 set
the minimum national standards for mam-
mography, including an annual medical audit
for each mammographic facility and each ra-
diologist [3]. The medical audit is recognized
as one of the best quality assurance tools;
however, MQSA does not specify which
quality metrics are optimal [4—6]. The Amer-
ican College of Radiology (ACR) has created
a method for a medical audit intended for use
by practicing radiologists within BI-RADS
[7]. In screening mammography, the recall
rate—that is, the frequency with which a radi-
ologist interprets findings of a screening
mammography examination as positive—is a
central quality metric, because recall is the
operational definition of an abnormal inter-
pretation. A recall rate that is too low may be

associated with decreased sensitivity and ad-
ditional false-negative results, whereas a re-
call rate that is too high results in increased
false-positive results and lower specificity [2,
8, 9], increased medical costs [10, 11], and pa-
tient anxiety [12] and may also contribute to
overtreatment. In an attempt to address this
issue, the Agency for Healthcare Research
and Quality [2] has recommended a target re-
call rate of 10% and the ACR has recom-
mended a target recall rate range of 5-12%
for screening mammography [8] because evi-
dence shows that there is little to no gain in
the cancer detection rate and an increase in
false-positive examinations when the recall
rate is greater than 12% [7, 13, 14].

Recall rate in clinical practice is generally
higher than that in research settings. For ex-
ample, 8.4% of patients enrolled in the Digi-
tal Mammographic Imaging Screening Trial
were called back for additional imaging [15].
The American Cancer Society 2007 guide-
lines comparing breast screening MRI with
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mammography reported 3.9-54% recall in
the mammography arm [16]. These recall rates
are lower than the mean recall rate of 11.6%
(95% CI, 11.5-11.6%) reported by the Breast
Cancer Surveillance Consortium (BCSC)
[17]. Additionally, only 59% of BCSC radiolo-
gists reportedly performed within the ACR-
recommended acceptable range of 5-12%
[17], and the recall rate is rising [17]. Recall
rates based on a 20-year period of screening
mammography were approximately 2—3 times
higher in the United States than in the United
Kingdom [18]. Further, the current recall rates
prevailing in the United States are much high-
er than those in randomized trials showing a
mortality benefit, so the relative benefits and
harms of the currently prevailing recall rates
are not clear [19]. Efforts to improve mammo-
graphic screening in the United States target
lowering the recall rate while maintaining the
cancer detection rate.

Health care payment reform rewarding val-
ue over volume has gained significant mo-
mentum recently. In 2006, mammography re-
call rate was adopted as an imaging efficiency
performance measure by the Centers for
Medicare & Medicaid Services (CMS) in cal-
culating some hospital payments [20]. Ideally,
performance-based reimbursement measures
should be reliably measurable, impact patient
outcome, be under the control of the incentiv-
ized group, and be limited in number [21].

Established in 2008 by the ACR, the Na-
tional Mammography Database (NMD) was
designed as a quality improvement tool to
enable mammographic facilities and radiolo-
gists to compare their performance against
peers locally, regionally, and nationally. The
NMD is the largest mammography database
in the United States, and several of its mea-
sures have been approved for use as Qual-
ified Clinical Data Registry measures for
the CMS Physician Quality Reporting Sys-
tem since 2014 and for the Quality Payment
Program for the 2017 program year. In con-
trast to the ACR, CMS defines the recall rate
as outpatients who underwent a follow-up
mammography, ultrasound, or MRI exami-
nation within the first 45 days after a screen-
ing mammography examination [22]. CMS
publically reports this claims-based met-
ric for mammography on the Hospital Com-
pare (HC) website and updates it annually.
These metrics are then used to calculate hos-
pital ratings, which are used by consumers
and payers to select among hospitals for care
and network priority. In addition, these met-
rics are used by clinicians and hospital ad-
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ministrators to improve quality. For these
reasons, the accuracy and external validity
of these CMS metrics are of great interest in
constructing value-based payment systems.

The purpose of this study was to com-
pare site-specific recall rates calculated by
the NMD using the ACR method with those
of the HC dataset using the CMS claims-
based method.

Materials and Methods

Site matching between the CMS HC dataset for
June 2015 and the active NMD facility roster for
calendar year 2015 was performed manually by
staff at the ACR, first by an electronic match of the
exact facility name and zip code, next by an elec-
tronic match of the exact telephone number and
zip code with manual verification of the facility
name and other facility characteristics, and final-
ly with zip code comparisons and matches based
on investigation of facility websites to identify
matching facilities. The matching process (includ-
ing website search and validation) was conducted
between October and December 2016.

This study involved analysis of existing data
without patient identifiers or intervention and thus
is HIPAA compliant and exempt by the institu-
tional review board.

American College of Radiology National
Mammography Database

The NMD contains clinical practice data for
more than 12 million screening mammography
examinations as of December 1, 2016 [23]. During
calendar year 2015, there were 240 NMD facilities
in 37 states with data on recall rate. The NMD col-
lects mammography data as part of routine clini-
cal practice, including self-reported demographic
information, clinical findings, and mammogra-

phy interpretation and biopsy results [24]. As de-
scribed in the medical audit section of the 5th edi-
tion of BI-RADS [7], the recall rate is defined as
the percentage of screening mammography exam-
inations that are assessed as BI-RADS category 0,
3,4, or 5, which implies that they require addition-
al imaging evaluation within 12 months (category
0 or 3 assessment) or imaging-guided biopsy (cat-
egory 4 or 5 assessment).

Centers for Medicare & Medicaid Services
Hospital Compare Dataset

CMS publically reports recall rates, which
CMS refers to as the “mammography follow-up
rate,” on the HC website [22]. The HC website
includes quality-of-care information about more
than 4818 Medicare-certified hospitals in the
United States, 3270 of which had data to calculate
the mammography follow-up rate at the time of
our study [22]. The mammography follow-up rate
is updated annually in July. The data at the time
of our study covered the period from July 1, 2014,
through June 30, 2015. As stated on the HC web-
site, the mammography follow-up rates include all
outpatients who underwent a follow-up mammog-
raphy, ultrasound, or MRI examination within 45
days of screening mammography [22]. During the
study period from July 1, 2014, through June 30,
2015, approximately 3.45 million mammography
examinations were estimated to have been per-
formed in the HC dataset on the basis of annu-
al counts for screening examinations in Medicare
Part B in the outpatient setting of 3,378,143 claims
in 2014 and 3,534,055 claims in 2015 [25].

Statistical Analysis

Ninety-two matched sites were ranked by recall
rates and assigned to deciles. Decile ranking was
performed, and mismatches were analyzed. Scat-

25.0
o
_20.0-
g
[]
T
T 15.0
®
[4]
(]
[
=]
2100
. =
Fig. 1—Scatterplot
shows Hospital
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rate. Equation for line 0 5.0 10.0 15.0 20.0
is asfollows: y=5.72 + HC Recall Rate (%)
0.58x. f2=0.183.
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terplots and Spearman and Pearson correlation co-
efficients were used to assess for correlation be-
tween two measures. A paired ¢ test was used to
compare differences between the mean recall rates
of the two measures. Bland-Altman analysis was
performed to assess the level of agreement between
these two measurement methods. Limits of agree-
ment, defined as 2 SDs around the mean differ-
ence, were computed. For each pair of recall rates,
means were computed and plotted against their
difference. The mean difference, 1-SD limit lines,
and 2-SD limit lines were constructed around the
difference. The percentages of pairs that fell with-
in these values were computed. The test of inde-
pendent proportions was used to compare whether
differences existed between NMD and HC dataset
recall rates when recall rate standards were set at
10.00%, 12.00%, and 5.00-12.00%.

Results

During the study period, 92 U.S. mam-
mographic facilities were unambiguous-
ly matched between the HC dataset and the
NMD facility roster. The facility recall rates,
site recall rates by decile (p =0.513, p <001),
and rank (p = 0.503, p < 001) between the
two datasets were positively correlated (r =
0.428, p < 0.001). The HC mean recall rate
(8.5% + 2.86%; interquartile range [IQR],
3.3%; median, 8.4%) was significantly low-
er than the NMD mean recall rate (10.6% =
3.90%; IQR, 4.8%; median, 10.8%; t,, = 5.64;
p <0.001) (Fig. 1).

Bland-Altman analysis of the NMD and
HC recall rates shows that the NMD dataset
had a mean recall rate 2.18% higher than the
HC dataset. Agreement was strong for re-
call rates between approximately 6.50% and
10.00% as noted by the clustering of cas-
es around the mean and within 1 SD (5.90)
and -1 SD (-1.53) in this range (Fig. 2).
Among the 92 sites, 13 sites had mean recall
rates = 1 SD below the mean for the NMD
measure, which was similar to 14 sites for the
HC measure. However, only five of these sites
were the same. Only one site with a recall rate
lower than the HC dataset mean would have
been considered to have a recall rate higher
than the NMD dataset mean. Two sites within
1 SD of the mean in the NMD dataset would
have been considered higher than the mean
in the HC dataset. Therefore, there are small
differences between the NMD and HC mea-
sures at the individual site level.

Decile ranking analysis between the two
datasets showed that only 25.0% (23/92) of
the sites were matched in the same decile
(Table 1). Because an exact match for de-
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Fig. 2—Bland-Altman plot shows high correlation between National Mammography Database (NMD) and
Hospital Compare (HC) datasets: x-axis represents mean of NMD and HC recall rates for each site, and y-axis
represents absolute difference between NMD recall rate and HC recall rate in percentage for each site.

TABLE I: Distribution of Facilities in American College of Radiology (ACR)

National Mammography Database (NMD) Dataset and Contrast for
Medicare and Medicaid Services Medicare Hospital Compare (HC)
Dataset by Recall Rates (RRs) Based on Various Guidelines

Guideline No. (%) of Facilities (n=92)

Decile ranking

NMD RR decile < HC RR decile 36(39.1)

NMD RR decile = HC RR decile 23(25.0)

NMD RR decile > HC RR decile 33(35.9)
Target RR range of 5-12%?

Both NMD RR and HC RR within range 47(51.1)

Both NMD RR and HC RR outside range 8(8.7)

NMD RR within range and HC RR outside range 9(9.8)

NMD RR outside range and HC RR within range 28(30.4)
RR cutoff of 12%

NMD RR > 12 and HC RR< 12% 25(27.2)

Both NMD RR and HC RR > 12% 6(6.5)

NMD RR<12and HCRR > 12% 2(2.2)

Both NMD and HC RR< 12% 59(64.1)
RR cutoff of 5%

NMD RR<HCRR 4(4.3)

NMD RR=HC RR 1(1.1)

NMD RR > HC RR 8(8.7)

Both NMD RR and HC RR > 5% 79(85.9)
Target RR of < 10%"

Both NMD RR and HC RR < 10% 33(35.9)

Both NMD RR and HC RR > 10% 21(25.8)

NMD RR< 10% and HC RR > 10% 4(4.3)

NMD RR > 10% and HC RR < 10% 34(37.0)

aRecommended according to ACR guideline [8] and Agency for Healthcare Research and Quality guideline [2].
PRecommended according to Agency for Health Care Policy and Research guideline [13].
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cile ranking was quite stringent, an addi-
tional analysis that expanded the definition
of a match for decile rank to include ranking
within 1 decile was performed. In this anal-
ysis, approximately half (52%) of the sites
were considered matched in decile ranking
between the two datasets, with 22% of sites
considered better performers in the NMD
dataset and 26% of sites considered better
performers in the HC dataset.

Comparison With American College of
Radiology Standard

We first compared these 92 sites against the
established ACR standard for a minimally ac-
ceptable recall rate range of 5-12% for indi-
vidual radiologists [8]. Approximately half of
the sites (51.1%) were rated as acceptable (re-
call rate, 5-12%) in both datasets, and a mi-
nority of sites (8.7%) were rated as unaccept-
able on both datasets (Table 1). Among the
sites with discrepant ratings between the two
datasets, 9.8% of the sites were rated as accept-
able only on the NMD and 30.4% of sites were
rated as acceptable only on the HC (Table 1).

When analyzing the sites with excessive-
ly high recall rates separately from the sites
with excessively low recall rates, we found
that the majority of sites (64.1%) were rat-
ed acceptable with recall rates of < 12% on
both datasets and that only 6.5% of sites were
rated to have unacceptably high recall rates
of > 12% on both datasets (Table 1). If we rat-
ed sites using only the NMD dataset, 27.2%
of the sites had an unacceptably high recall
rate of > 12%; however, if ratings were solely
based on the HC dataset, a much smaller pro-
portion of sites (2.2%) were deemed to have
an unacceptably high recall rate of > 12%.
Only 1.1% of sites showed unacceptably low
recall rates of < 5% on both datasets, with the
majority (85.9%) showing acceptable recall
rates of > 5% on both. Similarly small pro-
portions of sites showed recall rates < 5% on
either dataset (4.3% on NMD vs 8.7% on HC).

Comparison With the Guidelines of the Agency
for Health Care Policy and Research

We also compared the site-level recall
rates against the previously prevailing indi-
vidual radiologist goal of < 10% established
by the 1994 Agency for Health Care Policy
and Research guidelines [13]. On the basis
of this guideline, approximately one-third
of the sites (35.9%) were rated as accept-
able on both datasets and 22.8% were rated
as unacceptable on both (Table 1). Moreover,
significantly more sites would qualify as ac-
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TABLE 2: Facilities in the American College of Radiology National Mammography
Database (NMD) Dataset and Centers for Medicare & Medicaid
Services Hospital Compare (HC) Dataset That Exceed Recall Rate
(RR) Cutoffs or RR Range Recommended by Various Guidelines

No. (%) of Facilities (n=92)
RR Cutoff or Range NMD Dataset HC Dataset PR
>12.00% 31(33.7) 8(8.7) 0.056
>10.00% 55(59.8) 25(27.2) 0.003
<5.00% 5(5.4) 9(9.8) 0.279
<5.00% or>12.00% 36(39.1) 17(18.5) 0.654

aTest of independent proportions.

ceptable using the HC dataset alone (37.0%)
than using the NMD dataset alone (4.3%).

Table 2 shows the proportion of sites that
exceed the recommended range and cutoffs
for recall rates according to various guide-
lines using the NMD and HC measures. Us-
ing 10% as the acceptable cutoff for the re-
call rate, the NMD identified a significantly
higher proportion of sites with an inappro-
priately high recall rate of > 10.00% (59.8%)
than the HC (27.2%) (p = 0.003). This dif-
ference persisted when the acceptable cutoff
was set at 12.00%, but the difference was not
statistically significant (Table 2). When the
acceptable range of 5.00-12.00% was used,
the NMD again identified a higher propor-
tion of sites with suboptimal performance
than the HC rates, but the difference was not
statistically significant (Table 2).

Discussion

Payment reform in health care reward-
ing value over volume has gained momen-
tum recently [26-28]. Pay-for-performance
is important for at least three reasons. First,
financial incentives are thought to improve
quality by rewarding high quality and pe-
nalizing poor quality. However, if incentives
are misaligned, they may promote poor care.
Second, characteristics of the health care
environment, including time pressure, lack
of control over workflow, role conflict, and
high-stakes outcomes combined with emo-
tional intensity of clinical work put clinicians
at high risk for burnout [29]. One way to ad-
dress clinician burnout is to ensure that those
achieving high-level performance are re-
warded appropriately [30]. Third, public per-
ceptions of the health care system depend on
a consensus that care is evidence-based and
that the results of health care policy are high-
ly correlated with system improvement. For
these reasons, it is important to understand
the metrics used to calculate payments and

ensure the metrics are correlated with high
performance. Our study retrospectively com-
pared the recall rate calculated by the NMD
using the ACR method with that of the HC
dataset using the CMS claims-based method.

Our results showed a high correlation be-
tween the NMD and HC measurements at the
population level, suggesting that these two
methods are measuring the same phenome-
non in the population. However, the intend-
ed purpose of these metrics is the evaluation
and improvement of individual site perfor-
mance. This improvement may occur either
directly through local quality improvement
activities or indirectly through payment or
reputational incentives. Because sites might
use data that contribute to hospital star rat-
ings to establish priorities for resource al-
location in quality improvement activities,
mismatches between data reported for these
purposes and actual performance may pro-
duce misalignment of incentives or misallo-
cation of resources [31].

Overall, the HC mean recall rate (8.5% =
2.86%) is 2.1% less than the NMD mean re-
call rate (10.6% = 3.90%). Four factors may
contribute to this difference. First, HC data
describe the Medicare population, so it is
likely that the HC population is significant-
ly older than the NMD population (mean age,
56.5 years) [24]. Older women are more like-
ly to have had prior mammographic exami-
nations for comparison and lower breast den-
sity, which are associated with less recall [23,
32]. Second, the NMD recall rate definition
includes any screening examinations with as-
sessment category 0, 3, 4, or 5 and captures
any patient needing additional imaging eval-
uation regardless of whether the patients re-
turned for the diagnostic examinations. The
HC mammography follow-up rate, however,
captures only patients who underwent a fol-
low-up examination within 45 days of the
screening mammography examination and
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misses patients who present for follow-up
outside the 45-day window, switch insurance
plans, or are just lost to follow-up. This effect
is likely accentuated in underserved popula-
tions with difficult access to health care. The
true percentage of patients who undergo a
follow-up diagnostic examination as recom-
mended by the screening mammography ex-
amination is somewhere between the NMD
and HC recall rates. These characteristics
likely explain the differences between the two
different methods of calculating recall rate.

Our results showed significant differenc-
es in the assignment of quality-related labels
to individual sites, depending on which data-
set was used in the rating, although the rel-
ative ranking of sites was substantially pre-
served. This finding leads to the question of
which method is more appropriate for qual-
ity improvement or accountability programs.
If the program is oriented primarily to qual-
ity improvement, the NMD dataset is more
sensitive and able to accurately capture more
diagnostic events related to the screening re-
call because of its longer follow-up for out-
come measures related to recall rate; NMD
also provides a longitudinal performance
trend and periodic updates to help individu-
al sites improve. Following this reasoning, if
a site meets the recommended screening re-
call rate on the NMD dataset, it is very likely
that the site would be rated as an acceptable
performer on the more lenient, less sensitive
HC dataset. A greater proportion of the sites
had excessively high recall rates > 12.00% in
the NMD dataset (33.7%) than the HC data-
set (8.7%) (p = 0.056), and this is where im-
provement in screening performance is a pri-
ority. Although professional, reputational,
and legal pressures to detect cancer help lim-
it low recall rates, high recall rates may be
affected by financial incentives and reputa-
tional effects of public disclosure.

Recall rate is frequently used to assess
radiologist performance in screening mam-
mography, because it does not require cor-
relation with final pathologic diagnosis and
patient outcome. The disadvantage is that re-
call rate can be easily confounded by mul-
tiple factors because it is a complex function
that depends on the patient population, ra-
diologist, and systemic factors. Factors that
increase the number of breast cancers in a
population—including patient age, breast
density, use of hormone replacement thera-
py, interval since last mammography exami-
nation, family history, and previous benign
breast biopsy result—can influence the recall

AJR:211, July 2018

Recall Rates for Screening Mammography

rate [2, 33]. Radiologist factors shown to in-
fluence recall rate include sex, breast fellow-
ship training, years of experience, and affili-
ation with an academic center [34]. Systemic
factors shown to affect recall rate include an-
nual mammography volume, batch reading,
double reading, and computer-aided detec-
tion [33]. For these reasons, recall rate needs
to be interpreted in combination with other
performance measures, including cancer de-
tection rate and positive predictive values
for biopsy, to ensure the goals of screening
mammography—early cancer detection and
decreased mortality—are achieved [34]. This
is another potential advantage for the more
comprehensive registry method.

If the data are to be used for the purposes of
payment and if there is concern about access
to screening mammography, then the HC data
may be more useful than the NMD data be-
cause the HC data are more lenient and partic-
ipation is mandatory. HC data capture infor-
mation from more than 4000 hospitals in the
United States, whereas the NMD had more
than 300 actively contributing facilities as of
July 2017. If NMD metrics were mandatory
for payment purposes, more facilities would
participate and its benchmarks would become
even more representative and useful over time.
Because NMD identified a greater proportion
of sites as suboptimal performers by recall
rate, the potential for quality improvement
through incentives would be greater.

In our analyses, the NMD data are more
sensitive in detecting sites whose performance
in mammography recall rate might be im-
proved to conform to the established guide-
lines. The U.S. guidelines are much less strin-
gent than those in other developed nations such
as the United Kingdom. The upper bounds of
the ACR guidelines are double or triple those
that prevailed in randomized trials that justify
mammography, and the lower bound exceeds
recall rates in some of the trials. Recall rates
in mammography arms of comparative effec-
tiveness studies of mammography [15, 16, 19]
and recall rates of other modalities such as
MRI [16] are substantially lower than those
prevailing in nationally representative datasets.
In fact, the upper bound of the ACR minimal-
ly acceptable recall range is half as high as or
50% higher than the recall rates in these com-
parative effectiveness studies [17, 18].

The main limitation of this study is that
recall rate is only a single measure in eval-
uating the performance of screening mam-
mography, and it does not necessarily cor-
relate directly with patient outcome. There

are many other contributory factors, such
as prevalence, incidence, and cancer detec-
tion rate of breast cancer. The two datasets
also contained populations of different ages
as described previously. We did not evaluate
variations in recall rates by region, physician,
and other variables at each screening facility.
Last, the data reflect only a small percentage
of mammography examinations performed
in the United States.

Conclusion

Screening mammography recall rates cal-
culated by CMS HC claims-based data cor-
relate well with the ACR NMD registry data
at the population level and at the individu-
al practice level. Different patterns of quali-
ty-related labels are observed depending on
which methods were used to calculate recall
rate. The NMD method is more sensitive
for detecting outliers and has a significantly
higher mean recall rate than the HC meth-
od. This difference may be useful in design-
ing incentive programs to reduce recall rate,
which needs to be interpreted in combina-
tion with other performance measures, in-
cluding cancer detection rate and positive
predictive values for biopsy, to ensure the
goals of screening mammography—early
cancer detection and decreased mortality—
are achieved.
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