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Abstract
OBJECTIVE—The purpose of our study was to accurately describe facility characteristics among
community-based screening and diagnostic mammography practices in the United States.

MATERIALS AND METHODS—A survey was developed and applied to community-based
facilities providing screening mammography in three geographically distinct locations in the states
of Washington, Colorado, and New Hampshire. The facility survey was conducted between
December 2001 and September 2002. Characteristics surveyed included facility type, services
offered, charges for screening and diagnostic mammography, information systems, and
interpretation methods, including the frequency of double interpretation.

RESULTS—Among 45 responding facilities, services offered included screening mammography
at all facilities, diagnostic mammography at 34 facilities (76%), breast sonography at 30 (67%),
breast MRI at seven (16%), and nuclear medicine breast scanning at seven (16%). Most facilities
surveyed were radiology practices in nonhospital settings. Eight facilities (18%) reported
performing clinical breast examinations routinely along with screening mammography. Only five
screening sites (11%) used computer-aided detection (CAD) and only two (5%) used digital
mammography. Nearly two thirds of facilities interpreted screening mammography examinations
on-site, whereas 91% of facilities interpreted diagnostic examinations on-site. Only three facilities
(7%) interpreted screening examinations on line as they were performed. Approximately half of
facilities reported using some type of double interpretation, although the methods of double
interpretation and the fraction of cases double-interpreted varied widely across facilities. On
average, approximately 15% of screening examinations and 10% of diagnostic examinations were
reported as being double-interpreted.

CONCLUSION—Comparison of this survey’s results with those collected a decade earlier
indicates dramatic changes in the practice of mammography, including a clear distinction between
screening and diagnostic mammography, batch interpretation of screening mammograms, and
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improved quality assurance and medical audit tools. Diffusion of new technologies such as CAD
and digital mammography was not widespread. The methods of double-interpretation and the
fraction of cases double-interpreted varied widely across study sites.

In the past 15 years, most European and other developed countries have implemented
population-based, nationally or regionally organized breast screening programs [1]. The
United States is one of the few developed nations without an organized population-based
screening program. With passage of the Mammography Quality Standards Act of 1992 [2],
the U.S. Congress required the Department of Health and Human Services to establish a
pilot program to monitor the performance of mammography in the United States. In 1994,
the National Cancer Institute began the National Breast Cancer Surveillance Consortium
(NBCSC) [3]. Today, the NBCSC is an affiliation of seven data collection and monitoring
systems that have collected data on more than 1,640,000 women undergoing mammography.
Three of the seven NBCSC groups participated in the collection of data for this survey of
mammography facilities.

Only a handful of studies have surveyed multiple U.S. facilities performing mammography
to obtain a picture of the practice of mammography in the United States. One survey,
conducted in 1992 of a 10% random sample of U.S. mammography facilities, revealed that
40% of facilities did not distinguish screening from diagnostic mammography, only 20% of
facilities used batch interpretation of screening mammography, only 13% of facilities
operated at high volume, and the average cost of screening mammography was $89 (range,
$10–225) [4]. The authors concluded that screening mammography in the United States did
not appear to be organized for high volume or low cost [4].

Double interpretation of screening mammograms is known to increase sensitivity to breast
cancer, while incurring a higher recall rate and additional costs [5–8]. Although double
interpretation of mammograms is common in organized screening programs in other
countries [9], its rate of use in the United States has not, to our knowledge, previously been
evaluated.

As part of a project exploring the practice of mammography in the United States, a survey
was conducted of 45 community-based screening centers in three geographically distinct
locations of the United States. This article reports the results of survey responses concerning
mammography practice setting, services offered, charges for screening and diagnostic
mammography, interpretation methods, and audit systems.

Materials and Methods
Study Population

Data for this project were acquired from a survey of community-based, multicenter facilities
in three geographically distinct breast cancer surveillance programs: Group Health
Cooperative Breast Cancer Surveillance System [10, 11], a nonprofit health plan in the
Pacific Northwest that includes more than 100,000 women 40 years old and older; the New
Hampshire Mammography Network [12–14], which provides mammography to more than
85% of the women in the state of New Hampshire; and the Colorado Mammography
Advocacy Program, which provides mammography to approximately half of the women in
the six-county metropolitan area of Denver [15]. These three breast cancer screening
programs are members of the federally funded NBCSC [3]. Eligible facilities included those
performing screening mammography within the three national consortium programs
between December 2001 and September 2002. The current study was approved by the
institutional review boards of the University of Washington School of Medicine, the Group
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Health Cooperative of Puget Sound, Dartmouth College, Northwestern University, and the
Colorado Mammography Advocacy Program.

Mammography Facility Survey
A facility survey was developed by a panel of experts in breast imaging, medical physics,
economics, biostatistics, and epidemiology. The criteria, construct, and content validity of
the survey were established through expert opinion. The survey was pilot-tested in
community settings among mammography facilities not taking part in the study. The survey
included basic questions on breast imaging and clinical care services, charges for screening
and diagnostic mammography, interpretation methods, and patient databases (survey
available on request). The survey did not request data on revenues collected for
mammography services.

Surveys were mailed or hand-delivered to a designated contact person at each facility.
Nonresponding facilities were followed up with telephone calls or facility visits to ensure
survey completion. If necessary, data were obtained from multiple individuals at a facility.
Therefore, the respondent was noted for each survey question in the following categories:
lead technologist, other technologist, radiologist, radiology department or facility business
manager, and breast cancer screening surveillance research office.

Two individuals at each of the three breast cancer consortium groups independently entered
survey data into a relational database with programmed data checks. The site coordinator
resolved any discrepancies between the two data entries. All survey data were sent
encrypted via FTP (file transfer protocol) to the central analytic center at Group Health
Cooperative. Charge data were not available for the six health plan facilities in Washington
State.

Other Data
Facilities responding to the survey were identified as having low, medium, or high
mammography volume (Table 1) on the basis of previous definitions, to obtain comparable
data to those reported a decade earlier [4]. Facilities responding to the survey were identified
as being “urban” or “rural” by the zip code in which they were located, defined by the Rural
Urban Commuting Area Code (RUCA) classification system [16, 17]. The zip codes of all
certified mammography facilities in the United States in 2002 were obtained from the U.S.
Food and Drug Administration (FDA). These facilities were classified as urban or rural
using the same classification system. This allowed comparison of the urban–rural
distribution of surveyed facilities with that of FDA-approved mammography facilities in
operation at the time of the survey. Data on total mammography volume (screening plus
diagnostic examinations) for each facility in 2001 were obtained directly from the three
NBCSC facilities.

Results
Forty-five of 53 eligible facilities responded to our survey, for a response rate of 85%. Most
surveys were completed by the lead technologist at each facility. Among the 45 responding
facilities, 10 (22%) were associated with an academic medical center. Seventeen (38%) were
hospital-based nonacademic centers and 24 (53%) were non-hospital-based clinics or office-
based practices. One facility was an off-site office owned by a hospital and another was
owned by a combination of a hospital and radiologists.

A broad range of breast imaging services were provided (Table 1), including diagnostic
mammography (at 76% of screening facilities), breast sonography (67%), breast MRI
(16%), breast nuclear medicine scanning (scintimammography or PET of the breast, 16%),
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digital mammography (5%), and computer-assisted diagnosis (11%). Breast interventional
procedures included cyst aspiration (at 53% of screening facilities), needle localization
(51%), core biopsy (40%), fine-needle aspiration (27%), and vacuum-assisted biopsy (24%).
Most facilities (71%) performed at medium medical volume, defined as between five and 15
examinations per mammography unit (machine) per day. No significant differences were
noted in volume among facilities by association with academic medical center or financial
profit status (data not shown). Eight facilities (18%) reported performing clinical breast
examinations routinely along with screening mammography.

Total facility charges (technical plus professional) were compared with 2002 total Medicare
reimbursement rates of $69.23 for screening mammography (Fig. 1) and $89.14 for
diagnostic mammography (Fig. 2). All facilities charged more than Medicare rates for both
screening and diagnostic mammography. The median total charge for screening
mammography was $141 (range, $75–233.50; n = 39) or 2.0 times the typical Medicare
reimbursement. The median total charge for diagnostic mammography was $153.35 (range,
$96–264.40; n = 28) or 1.7 times the typical Medicare reimbursement.

Only small average differences in charges were found between facilities on the basis of
affiliation with hospitals, affiliation with academic medical centers, and financial profit
status for both screening and diagnostic mammography (Table 2). On average, academic
centers charged 6% more for screening mammography and 13% more for diagnostic
mammography than nonacademic centers (data not shown). Facilities located in hospitals,
on average, charged 4% more for screening mammography and 13% more for diagnostic
mammography than facilities not located in hospitals. On average, nonprofit centers charged
8% more for screening mammography and 2% more for diagnostic mammography than for-
profit centers.

Among facilities offering both screening and diagnostic mammography, we assessed
availability of same-day evaluation of screening mammograms with abnormal findings (data
not shown): not available (38%), available for some but fewer than 25% of screening
mammograms (26%), available for 25–75% of screening mammograms (12%), and
available for more than 75% of abnormal screening mammograms (24%).

Table 3 presents survey results on interpretation systems. It indicates that 62% of facilities
interpreted screening mammography examinations on-site, and 91% of facilities offering
diagnostic mammography interpreted those examinations on-site. Among screening
facilities, only three (7%) interpreted 80% or more of screening studies on line as they were
performed. Thirty-eight facilities (84%) used batch interpretation of screening
mammograms. Table 3 also shows that 59% of facilities performing diagnostic examinations
interpreted those examinations while women waited for the results.

In response to survey choices about double interpretation of screening examinations, five
facilities (11% of screening facilities) reported double interpretation of all screening
mammograms, 14 sites reported double interpretation of a “random subset” of screening
mammograms, three sites did not specify the subset being double interpreted, and one site
reported double interpretation when requested by one patient (Table 3). For sites responding
that they double-interpreted a subset of screening mammograms, responses to the fraction of
cases double-interpreted ranged from 2% (two sites) to 30% (three sites), with a median
fraction of screening cases double-interpreted of 6.5%. Of the nine sites that reported double
interpretation of a subset of screening mammograms and provided a fraction of screening
mammograms that were double-interpreted, a mean of 13.4% of screening cases were
double-interpreted, weighing each site equally. Therefore, among sites that reported double
interpretation of some subset of screening mammograms, we estimate that between 6.5%
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and 13.4% of screening cases were double-interpreted. Because 11% of screening facilities
double-interpreted all examinations, 40% of facilities double-interpreted an average of
between 6.5% and 13.4% of examinations, and the remaining 49% of facilities

Among the 34 sites performing diagnostic mammography, two facilities (6%) reported
double interpretation of all diagnostic mammograms and 17 facilities (50%) reported double
interpretation a subset of diagnostic mammograms. Among this last category, the specific
fraction of diagnostic mammograms double-interpreted ranged from 1% (two sites) to 80%
(one site). The median fraction of diagnostic cases double-interpreted was 5% and the mean
fraction double-interpreted was 12%, weighing each site equally. Because 6% of facilities
performing diagnostic mammography double-interpreted all examinations, 50% of facilities
double-interpreted between 5% and 12% of examinations, and the remaining 44% of
facilities double-interpreted no examinations, we estimate that between 8.5% and 12% of
diagnostic mammography examinations were double-interpreted, weighing each site equally
for number of examinations performed.

Among the 23 facilities performing double interpretation of screening mammograms, the
methods used to obtain final results were variable (Fig. 3). Double interpretation was un-
blinded (i.e., the second radiologist knew the interpretation of the first) at 65% of facilities,
and all interpretations were recorded at 70%. At 9% of facilities performing double
interpretation, the final interpretation was reached by consensus between the two
interpreting radiologists. At 48% of facilities performing double interpretation, the opinion
of the second radiologist was final. At two facilities (9%), a third radiologist made the
decision blinded to the two prior conflicting interpretations. At one facility (4%), a third
radiologist made the final decision taking into account the two prior conflicting
interpretations, and at one facility (4%), the highest Breast Imaging Reporting and Data
System (BI-RADS) [18] interpretation was considered final.

All but one surveyed facility reported providing feedback at least annually to interpreting
radiologists (Table 4). Three facilities failed to report the frequency of feedback to
radiologists; the remainder reported providing feedback between one and four times per
year. More than 80% of facilities generated audit reports that included the number of
screening examinations, the number of diagnostic examinations, and the number of cancers
diagnosed by each radiologist.

Facilities responding to the survey matched U.S. mammography facilities in terms of
geographic distribution, with 27% of study facilities located in zip codes identified as rural
and 73% identified as urban, compared with 30% of all U.S. mammography facilities
located in zip codes identified as rural and 70% in zip codes identified as urban [16, 17].

Discussion
The 1992 survey of mammography facilities by Houn and Brown [4] provides a useful
touchstone for assessing changes in mammography practice during the past decade. In the
prior survey, only 60% of facilities providing mammography services in the United States
distinguished between screening and diagnostic mammography [4]. In our survey conducted
a decade later, all facilities distinguished between these two services. In 1992, 20% of
surveyed facilities used batch interpretation of screening mammograms [4]; a decade later,
we found that 84% of facilities were using batch interpretation of screening mammograms.
This striking change to batch interpretation of screening mammograms reflects the fact that
batch interpretation is more time-efficient and cost-effective than interpreting screening
examinations while patients wait for results.
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The 1992 survey of mammography facilities found that 13.5% performed at high volume,
45.7% at medium volume, and 40.8% at low volume [4]. In 2002, 14.3% of facilities were
performing mammography at high volume, 71.4% at medium volume, and 14.3% at low
volume. This reflects a change over the past decade of 26% more facilities operating at
medium volume and 26% fewer facilities operating at low volume, without a significant
change in high-volume facilities.

During the past decade, the proportion of facilities having a computer-based medical audit
system has nearly doubled, from 39% to 71%. In 1992, Medicare reimbursement for
screening mammography was $55, whereas the mean total charge for screening
mammography among facilities surveyed was $89 [4]. Applying a 3% per year inflation rate
between 1992 and 2002, the 1992 Medicare charge would have increased to $74 and the
mean facility charge would have been $119 in 2002. In 2002, Medicare actually reimbursed
$69.23 for screening mammography, whereas the mean total charge for screening
mammography among facilities surveyed in 2002 was $145.29, slightly greater than twice
the Medicare reimbursement. This increase in the difference between charges and
reimbursement rates over the past decade is due to the increased difference between costs
and reimbursement rates during this same period. These cost data reflect the continuing
problems that facilities and radiologists face in providing mammography services [19].

Newer technical innovations such as computer-aided detection (CAD) systems and digital
mammography became available for clinical use in mammography relatively recently: CAD
was first approved for use with screening mammography by the U.S. FDA in 1998; digital
mammography was first approved in 2000. Our survey showed that in 2002, only five
screening sites (11%) were using CAD and only two screening sites (5%) were using digital
mammography, indicating that the diffusion of these new breast imaging technologies is not
occurring rapidly.

Half (51%) of screening facilities surveyed reported that radiologists performed some type
of double interpretation of screening mammograms, with 11% of screening facilities
performing double interpretation of all screening mammograms. Sites performing double
interpretation of a subset of screening mammograms reported doing so in 2–30% of cases,
with the average fraction of cases double-interpreted being between 6.5% (median) and
13.4% (mean).

More than half of responding diagnostic mammography facilities reported using some type
of double interpretation for diagnostic mammograms, with two sites (6% of diagnostic sites)
reporting double interpretation of all diagnostic mammograms. Among the 17 sites reporting
double interpretation of diagnostic mammograms, the fraction of cases double-interpreted
ranged from 1% to 80%, with an average fraction of diagnostic cases double-interpreted
being between 5% (median) and 12% (mean). To our knowledge, these rates for screening
and diagnostic mammography are the first reported rates of double interpretation in the
United States. Note the wide range of rates of double interpretation and the lack of
standardization in methods of double interpretation reported by surveyed facilities (Fig. 3).

Strengths of this study are that the facilities surveyed constitute a varied cross-section, both
geographically and demographically, of facilities providing screening mammography
services. One NBCSC group is a large health plan, another serves approximately 90% of
women in a primarily rural state, and the third serves approximately half of the women in a
large metropolitan area. Another strength is that data are relatively recent, having been
collected between late 2001 and mid 2002.

A potential weakness of this study is that the surveyed facilities were not a random sample
of all facilities in the United States but an inclusive sample of facilities participating in the
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NBCSC in three distinct locations. Therefore, the facilities surveyed may not be
representative of U.S. mammography facilities. Because of their participation in the
NBCSC, surveyed sites may have more feedback about their performance and higher levels
of quality assurance than typical mammography facilities.

In conclusion, facilities providing screening mammography services in the United States
have changed dramatically during the past decade. Most facilities providing screening
services are non-hospital-based multiservice radiology practices. Most provide on-site, batch
interpretation of screening mammograms. Few surveyed sites use new technical innovations
such as digital mammography (5%) or CAD (11%). Approximately 15% of screening
mammography examinations and 10% of diagnostic mammography examinations were
double-interpreted, with wide site-to-site variations in the rates and methods of double
interpretation.
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Fig. 1.
Graph shows total charges (technical and interpretation charges) for screening
mammography (individual points) compared with the Medicare reimbursement rate for
screening mammography (solid line).
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Fig. 2.
Graph shows total charges (technical and interpretation charges) for diagnostic
mammography (individual points) compared with Medicare reimbursement rate for
diagnostic mammography (solid line).
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Fig. 3.
Pie chart shows double-interpretation methods for screening mammograms at 23 U.S.
facilities. BI-RADS = Breast Imaging Reporting and Data System [18].
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TABLE 1

Available Breast Services Among 45 Mammography Facilities

Services No. of Facilities % of Total Facilities

Imaging technique (n = 45)

 Screening mammography 45 100

 Diagnostic mammography 34 76

 Breast sonography 30 67

 Ductography 16 36

 Breast MRI 7 16

 Breast nuclear medicine scanning 7 16

 Digital mammography 2 5

 Computer-aided detection 5 11

 Other 7 16

Interventional procedures (n = 45)

 Cyst aspiration 24 53

 Needle localization 23 51

 Core biopsy 18 40

 Fine-needle aspiration 12 27

 Vacuum-assisted biopsy 11 24

Annual mammography volume (n = 42)a

 Low 6 14

 Medium 30 71

 High 6 14

Note.—Low volume = < five examinations per mammography unit per day, Medium = 5–14 examinations, High = ≥15 examinations [4].

a
Annual volume included total screening and diagnostic mammography examinations performed in 2001. Data were available for only 42

facilities.
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TABLE 3

Mammography Interpretation System

Mammography

Screening Mammography (Total
Facilities = 45)

Diagnostic Mammography (Total
Facilities = 34)

No. % No. %

Interpretation

 Interpreted on-sitea 28 62 31 91

 Interpreted on line as they were performedb 3 7 — —

 Interpreted while woman waited (always) 0 0 20 59

 Interpreted while woman waited (sometimes) 6 13 9 27

 Used batch interpretationc 38 84 — —

 Second radiologist knew interpretation of first 15 65 — —

 All interpretations recorded for multiple interpretations 16 70 — —

Double interpretation summary

 No double interpretation 21 47 15 44

 Double interpretation 23 51 19 56

  All 5 11 2 6

  Random subset 14 31 17 50

Note.—Dash (—) indicates that no diagnostic facility responded positively in these categories.

a
100% of mammograms interpreted at the facility.

b
≥ 80% of screening studies interpreted on line as they are performed.

c
≥ 10 mammograms interpreted at a time.
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TABLE 4

Radiologist Audit Reporting System

Reporting Description No. of Facilities (n = 45) % of Total Facilities

Times per year audit data reported back to radiologist

 0 1 2

 1 18 40

 2 14 31

 4 6 13

 Report given but number of times unknown 3 7

Audit report contained

 No. of screening mammograms interpreted 35 85

 No. of diagnostic mammograms interpreted 35 85

 No. of sonograms obtained 15 37

 No. of cancers diagnosed 38 93

 Recall rate 20 49

Review of radiologist information

 Radiologist-only meeting 18 44

 Department meeting 2 5

 Each radiologist alone 16 39

 Department or facility manager meeting alone 4 10

 Other 12 29

Computer-based radiologist information system

 No 11 24

 Yes 32 71
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