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Abstract
PURPOSE—To evaluate the current (2001–2002) capacity of community-based mammography
facilities to deliver screening and diagnostic services in the United States.

MATERIALS AND METHODS—Institutional review board approvals and patient consent were
obtained. A mailed survey was sent to 53 eligible mammography facilities in three states
(Washington, New Hampshire, and Colorado). Survey questions assessed equipment and staffing
availability, as well as appointment waiting times for screening and diagnostic mammography
services. Criterion-related content and construct validity were obtained first by means of a national
advisory committee of academic, scientific, and clinical colleagues in mammography that
reviewed literature on existing surveys and second by pilot testing a series of draft surveys among
community mammography facilities not inclusive of the study facilities. The final survey results
were independently double entered into a relational database with programmed data checks. The
data were sent encrypted by means of file transfer protocol to a central analytical center at Group
Health Cooperative. A two-sided P value with α = .05 was considered to show statistical
significance in all analyses.

RESULTS—Forty-five of 53 eligible mammography facilities (85%) returned the survey.
Shortages of radiologists relative to the mammographic volume were found in 44% of
mammography facilities overall, with shortages of radiologists higher in not-for-profit versus for-
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profit facilities (60% vs 28% reported). Shortages of Mammography Quality Standards Act–
qualified technologists were reported by 20% of facilities, with 46% reporting some level of
difficulty in maintaining qualified technologists. Waiting times for diagnostic mammography
ranged from less than 1 week to 4 weeks, with 85% performed within 1 week. Waiting times for
screening mammography ranged from less than 1 week to 8 weeks, with 59% performed between
1 week and 4 weeks. Waiting times for both diagnostic and screening services were two to three
times higher in high-volume compared with low-volume facilities.

CONCLUSION—Survey results show shortages of radiologists and certified mammography
technologists.

In 2002, the U.S. General Accounting Office, the investigative branch of Congress,
published a report on the capacity of mammography facilities to deliver screening and
diagnostic services in the United States. This report demonstrated an increase in the U.S.
population of women over 40 years of age who are eligible for screening and an increased
utilization of screening mammography (1), but in the report it was stated that “adequate
capacity to deliver mammography services exist.” Recent media reports, however, indicate
that mammography facilities are closing because of several issues, including inadequate
radiologist and technologist staffing (2,3). Additional concerns about medical malpractice
litigation and low financial compensation may also be affecting the career choices of
radiologists. Because the General Accounting Office analyzed capacity measures by using
data from 1998 to 2000, the report may not be representative of the current capacity to
provide mammography services.

Information regarding human resources for the field of radiology is usually anecdotal, is not
mammographyspecific, and comes from academic or hospital-based settings rather than
those that are community based. In addition, reports to address mammography capacity have
tended to originate from industrialized countries other than the United States, such as the
United Kingdom, Canada, and Australia (2–5). Here in the United States, there are few
scientific data documenting either the extent to which human resource shortages in
mammography exist or what effect these shortages may have on the delivery of breast
cancer screening and diagnostic services.

Thus the purpose of our study was to evaluate the current (2001–2002) capacity of
community-based mammography facilities to deliver screening and diagnostic services in
the United States.

MATERIALS AND METHODS
Study Population

This multicenter study utilized a unique collaboration among three geographically and
clinically distinct breast cancer surveillance programs composed of both community- and
academic-based, as well as for-profit and not-for-profit, facilities: the Colorado
Mammography Advocacy Program, which includes approximately 50% of the women in the
six-county metropolitan area of Denver, Colorado; the New Hampshire Mammography
Network (6), which includes over 85% of the women in the state; and a not-for-profit health
plan in the Pacific Northwest, Group Health Cooperative Breast Cancer Surveillance
System, which serves more than 100 000 women aged 40 years and older (7,8). These three
mammography registries, which are part of the federally funded Breast Cancer Surveillance
Consortium (9), differ not only in geographic location but also in how health care is
delivered. Thus, they represent a broad spectrum of mammography facilities in the United
States. All facilities in the three mammography registries that performed screening
mammography from December 2001 to September 2002 were eligible for study. All
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research activities were approved by the appropriate institutional review boards, and
informed consent was obtained.

Survey Development and Administration
The mammography facility survey was developed to delineate existing breast imaging
services (screening and diagnostic), as well as the capacity to deliver these services at each
participating facility. More specifically, survey questions were used to ascertain radiologist
and Mammography Quality Standards Act (MQSA)-certified technologist–staffing levels,
the volume of screening and diagnostic mammography examinations performed annually,
and the length of appointment waiting times in weeks for screening and diagnostic
mammography. Criterion-related content and construct validity were addressed by using two
approaches. First, a national advisory committee of academic, scientific, and clinical
colleagues in the fields of mammography, physics, and economics was convened to review
the literature on existing surveys and to identify survey questions most relevant for use.
Second, a series of draft surveys were sequentially pilot tested among community
mammography facilities from regions close to but not inclusive of the study facilities. Pilot
testing involved cognitive interviews either during or shortly following completion of each
draft until all variables were assessed as accurately collected.

The final nine-page survey took approximately 15 minutes to complete, and all data
collection activities were conducted at each of the three mammography registries. The
surveys were mailed to a designated contact person at each facility, and then follow-up was
conducted by using one or more of the following: second survey mailing, telephone follow-
up, and/or site visits to the facilities by members of the project staff to ensure completion of
data collection (E.B., S.P.T., S.H.T.). Because we recognized that different study questions
might need to be completed by different facility members, respondents to each survey
question were noted by using the following categories: lead technologist, other technologist,
radiologist, radiology department or facility business manager, and mammography registry
project office staff member (information known from frequent inter actions with facilities).
Each site independently double entered data into a relational database with programmed data
checks, and site coordinators resolved any data entry discrepancies. After data were checked
and cleaned, they were sent encrypted by means of file transfer protocol to a central
analytical center at Group Health Cooperative.

Data and Statistical Analysis
We used descriptive statistics to characterize technologist- and radiologist-related variables,
including the total number of open positions for radiologists and technologists, changes in
numbers of radiologists who perform mammography, and level of difficulty the facility was
experiencing with personnel shortages. We used a similar approach to characterize the
number of weeks patients have had to wait for screening and diagnostic mammography
examinations as ascertained from the facility schedule appointments. We also analyzed
technologist staffing in relation to the volume of mammography examinations performed at
each site to more accurately represent the service challenges experienced at facilities.
Because we could find no publications in which technologists’ times required to complete
screening and diagnostic mammography were compared, estimates of mammography
staffing volume for this study were based on the Medicare reimbursement formula for
mammography (10). This formula included an assumption that the staffing needed to obtain
a diagnostic mammogram was equivalent to that needed for two screening mammograms. A
two-sided P value with α = .05 was considered to show a statistically significant difference
in all analyses.
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Participating facilities were further identified as urban or rural according to the zip code in
which they were located, as defined in the Rural Urban Commuting Area Code classification
system (11). The zip codes of all certified mammography facilities in the United States in
the year 2002 were obtained from the Food and Drug Administration. These facilities were
also classified as urban or rural by using the same system to allow comparison of the urban-
rural distribution of surveyed facilities with that of all Food and Drug Administration–
approved mammography facilities, which allowed us to assess the representativeness of our
data to other geographic regions in the United States. Analyses were performed by using
statistical software (SAS 8.0; SAS Institute, Cary, NC).

RESULTS
Forty-five (85%) of 53 eligible facilities responded to our survey. The lead mammography
technologist at each facility gathered the majority of survey information (75%). All
participating facilities provided screening mammography, while only nine (20%) provided
screening mammography alone, with no other diagnostic services. Other services provided
at the multi-service facilities included diagnostic mammography (76% of screening
facilities, or 34 facilities), breast ultrasonography (67%, or 30 facilities), breast magnetic
resonance imaging (16%, or seven facilities), breast nuclear medicine scanning (16%, or
seven facilities), digital mammography (11%, or five facilities), and computer-assisted
diagnosis (11%, or five facilities). Breast interventional procedures provided at facilities
included cyst aspiration (53%, or 24 facilities), needle localization (51%, or 23 facilities),
core biopsy (40%, or 18 facilities), fine needle aspiration (27%, or 12 facilities), and
vacuum-assisted biopsy (24%, or 11 facilities). Clinical breast examination was provided
routinely for women undergoing screening mammography at eight facilities (18%).

Shortages
Twenty (44%) of 45 facilities reported radiologist staffing shortages (Fig 1). Compared with
for-profit facilities (seven of 25 [28%]), a significant proportion of not-for-profit facilities
(12 of 20 [60%]) reported being short staffed of radiolo gists (P = .01). More community-
based facilities (16 of 35 [46%]) reported radiologist shortages compared with academic
facilities (three of 10 [30%]); however, this difference was not statistically significant (P = .
11). Data on radiologist staffing were supplied by 32 lead technologists, one business
manager, six other technologists, and five radiologists. At one facility, both the lead
mammography technologist and a radiologist responded to this question.

Nine facilities (20%) reported having unfilled technologist positions. Of note is that almost
half of all facilities, 21 (47%) of 45, reported some level of difficulty maintaining adequate
MQSA-qualified technologists (Fig 2). More for-profit facilities (14 of 25) and academic
medical center–affiliated facilities (seven of 10) reported difficulty maintaining certified
technologists compared with not-forprofit (seven of 20) and nonacademic facilities (14 of
35) (for profit vs not for profit, 56% vs 35%, P = .23; academic vs nonacademic, 70% vs
40%, P = .15). These findings were based on responses from the lead technologist at 41
participating facilities and from other technologists at the other four facilities. Survey results
indicated that facilities with higher volume had more MQSA-certified technologists.
However, findings of examination of full-time equivalent (FTE) technologist staffing per
1000 mammo-grams (diagnostic mammograms were counted as two mammograms to
account for time differences between diagnostic and screening mammography) showed that
facilities with lower mean technolo gist FTEs reported more difficulty maintaining MQSA-
certified technologists than facilities with higher mean FTEs per 1000 mammograms (P > .
05) (Table 1).
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Appointment Waiting Times
The reported waiting time between facility contact by patients and scheduled appointments
for diagnostic mammography was shorter than for screening mammography (Table 2). A
majority of facilities (28 of 33 [85%]) reported that they were able to schedule diagnostic
mammography within 1 week of the request. In contrast, only 13 (30%) of 44 facilities
reported being able to schedule screening mammography within 1 week of contact. In fact,
nearly half (21 of 44 [47%]) of the facilities had a waiting time of 2 or more weeks for
screening mammography.

No statistical differences or indications of possible trends were noted in appointment waiting
times between academic and nonacademic facilities or according to facility profit status (for
profit vs not for profit). More specifically, the mean interval between facility contact and
scheduled appointments for screening mammography was slightly shorter at academic
facilities than at nonacademic facilities (11.6 vs 14.0 days), although this difference was not
significant (P = .52). However, nonacademic facilities reported slightly shorter mean
waiting times for diagnostic mammography compared with academic facilities (3.7 vs 6.8
days; P = .40). In the analysis of facilities according to profit status, for-profit facilities had
shorter mean waiting times than not-forprofit facilities for both screening mammography
(12.5 vs 14.7 days, P = .49) and diagnostic mammography (3.4 vs 4.9 days, P = .28),
although these differences were also not significant.

Results of an examination of scheduling times according to annual volume of screening or
diagnostic mammography examinations showed that sites performing more mammography
examinations had significantly longer appointment waiting times (Table 3). Last, on the
basis of the Rural Urban Community Area Code classification system, 12 (27%) of 45 study
facilities were located within zip codes identified as rural and 33 (73%) were located within
zip codes identified as urban. In comparison, 30% (2811 of 9359) of all U.S. mammography
facilities are classified as within rural zip codes and 70% (6548 of 9359) are classified as
within urban zip codes.

DISCUSSION
Our study findings highlight three critical issues in mammography screening today. First, at
the same time that the demand for mammography in the United States was increasing, based
at least in part on the revised U.S. Preventive Services Guidelines, we were also
experiencing critical staffing shortages of both radiologists and MQSA-certified
technologists. Nearly half of mammography facilities surveyed reported shortages of both
radiologists and mammography technologists. Second, a similar percentage of facilities
reported waiting times between contact and scheduled appointments of more than 2 weeks
for screening mammography. Third, not unexpectedly, our results indicated a possible trend
toward increasing waiting times for both screening and diagnostic mammography at sites
with a larger mammographic volume. We suggest that this last finding is the result of
limited personnel and, perhaps, available equipment. We will discuss each of these primary
findings in turn.

The radiologist shortage is an important concern because delays in the interpretation of
mammograms could result. Why is this shortage occurring? A survey of radiology residents
regarding their attitudes toward breast imaging reveals that the majority want to spend less
than 25% of their time in breast imaging (12). The high levels of malpractice litigation in
breast imaging and the lower financial incentives may be possible reasons for this radiology
practice preference. Another possible disincentive could be the MQSA requirements, which
include both increased continuing education in mammography and the burden of tracking
biopsy yield at each facility for which they interpret mammograms. Although the shortage
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of radiologists is decreasing (5.38 average vacancies per academic program in 2001 vs 3.91
in 2003) (13), challenges with staffing of radiologists performing mammogram
interpretation were noted in our study, with more notfor-profit facilities reporting having
shortages compared with for-profit facilities.

The shortage of certified mammography technologists is a concern because, again, delays in
diagnosis could be associated with this shortage. Results of a recent survey by the American
Hospital Association (14) showed an 18% job va cancy rate for radiologic technologists in
2001, and 63% of hospitals reported recruitment of technologists to be more difficult than in
the previous year. Data from the American Registry of Radiologic Technologists (15) also
indicated inadequate mammography service staffing for tracking records from 1996 to 2000
and showed a substantial decline in number of examinees for mammography certification.
Our study, which focused on community-based facilities rather than just hospital-based
facilities and used more recent data (2001–2002), yields results that are consistent with these
reports. Thus, worrisome trends appear to be continuing. Furthermore, our results highlight
the challenges of ensuring mammography services in the community: Sites reporting lower
technologist FTEs per 1000 mammograms also report having difficulty maintaining MQSA-
certified technologists (although this was not statistically significant). This finding suggests
that the volume of mammography services at these sites may not be compatible to available
technologist FTE.

What might be causing this apparent trend in shortages of radiologic technologists overall
and mammography technologists specifically? Many health profession disciplines that
employ women, such as nursing, are experiencing dramatic decreases of women entering
these fields. Expanded career options for women, especially those that are associated with
higher incomes, have been the proposed cause. Another possibility for the shortages of
mammography technologists specifically may be MQSA. Perhaps MQSA's strict
certification requirements for technologists, many of which are educational, occur on
weekends and often are not tied to better pay and therefore have also become a disincentive
for radiologic technologists to obtain certification in mammography.

Unlike the results of the majority of published studies, our results represent findings
primarily at community-based facilities in three regions: Colorado, New Hampshire, and
Washington. The locales of study facilities (rural vs urban) were representative of the
general U.S. mammography facilities. Another strength is the timeliness of the data. With
the rapidly changing status of mammography practices, these results are more representative
of the current capacity for mammography services than are data used from the General
Accounting Office report.

Deficiencies in human resources to provide mammography services have important clinical
implications. First, as mentioned, early detection of breast cancer could be hampered if the
supply of mammography technologists and radiologists cannot meet the demand established
by the promotional efforts of the past 25 years and national objectives such as Healthy
People 2010 (16). Second, the effect of staffing shortages on the accuracy of mammography
screening ought to be more specifically studied. If the need for mammography is increasing
and staffing of qualified interpreters is decreasing, more mammograms may be interpreted
by an increasingly stressed discipline of mammographic interpreters, which would result in a
decline in interpretative acumen.

There are some weaknesses to our study. Results from our study represent self-reported data
by lead technologists, radiologists, facility business managers, or project staff at each
mammography registry office. Self-reporting may not be as accurate and the variability in
respondents may result in a lower level of precision. To minimize these problems, every
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effort was made to collect data from the most knowledgeable representative at each facility.
Therefore, we believe there is only a small chance that our data were affected by these
limitations.

In conclusion, while demand and patient expectations for mammography are increasing, the
availability of radiologists and certified mammography technologists is decreasing. Waiting
times between facility contact and scheduling of mammography examinations are often 1–2
months long, which could delay breast cancer detection. To ensure the continuation of
quality mammography services for women in the United States, in addition to recruiting and
maintaining qualified technologists, mammography reimbursement, tort reform, and other
disincentives for mammography practice must be addressed so that facilities providing these
services in the community can remain clinically and financially viable.
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Figure 1.
Graph of responses by mammography facilities to the following: “We are currently
experiencing a shortage of radiologists” (n = 45). Almost 50% of facilities are experiencing
shortages for mammography image interpretation.
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Figure 2.
Graph of reported difficulty by mammography facilities in maintaining adequate numbers of
MQSA-certified technologists. Almost 50% of facilities have a problem maintaining
MQSA-certified technologists.
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TABLE 1

Level of Difficulty Maintaining Adequate Numbers of MQSA-certified Technologists

Technologist FTEs per 1000 Mammograms

Level of Difficulty Number Mean*

No difficulty 22 1.32

Any difficulty 20 0.72

*
Mean FTE = number of FTEs × 1000/number of screening mammograms + (2 × number of diagnostic mammograms). Results were not

statistically significant.
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TABLE 2

Reported Waiting Times for Scheduled Mammography Examinations

Waiting Time (wk) Screening Mammography (n = 44) Diagnostic Mammography (n = 33)

<1 13 (30) 28 (85)

1–2 10 (23) 4 (12)

2–4 16 (36) 1 (3)

4–8 5 (11) 0 (0)

Note.—Data are numbers of facilities, and numbers in parentheses are percentages.
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TABLE 3

Mean Waiting Times according to Volume of Mammograms Obtained

Screening Mammography Diagnostic Mammography

Volume of Mammograms No. of Facilities Mean Waiting Time (d)* No. of Facilities Mean Waiting Time (d)†

≤2000 14 9.8 9 1.9

2001–4500 13 11.0 10 4.4

>4500 14 21.8 12 6.0

*
P = .0016.

†
P = .0983.
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