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Utilization of Radiology
Services in the United States:
Levels and Trends in
Modalities, Regions, and
Populations1

PURPOSE: To assess the most recent available data for levels and trends in
utilization of radiology procedures across populations, modalities, and geographic
areas.

MATERIALS AND METHODS: Aggregated claims data from Medicare enrollees
for all radiology procedures and from the Medical Expenditure Panel Survey (MEPS),
a nationally representative survey of almost 25 000 Americans, for some radiology
procedures, were used to calculate population-based utilization for the relevant age
groups. Limited private insurer data also were obtained. All radiology utilization was
measured and reported, irrespective of provider specialty. Average levels and per-
centiles of utilization were measured according to modality, and average annual
rates of increase in utilization were compared across modalities, data sources, and
regions. Rates of increase in utilization according to modality and state were
compared for correlation with state characteristics and initial utilization levels.

RESULTS: In 2001, 4176 diagnostic and 274 therapeutic radiology procedures
were performed per 1000 Medicare non–managed care enrollees. Nearly one-half of
diagnostic procedures (n � 2057) involved radiography. The other half involved
computed tomography (CT) (n � 391), magnetic resonance (MR) imaging (n �
114), ultrasonography (US) (n � 921), interventional radiology (n � 215), mam-
mography (n � 221), and nuclear medicine (n � 249). On average, between 1998
and 2001, utilization per Medicare enrollee increased 16% per year for MR imaging
and 7%–15% per year for CT, US, interventional radiology, and nuclear medicine,
while that for radiography increased 1% per year. The proportion of diagnostic
radiology procedures performed in ambulatory settings increased from 62% in 1992
to 68% in 2001. There was wide variation across states in utilization by Medicare
enrollees. State totals for diagnostic radiology were 3038 in the 10th percentile and
4573 in the 90th percentile. In 1999, MEPS reported average utilization in ambu-
latory settings as follows: 64 MR imaging, 102 US, 73 mammographic, 326 radio-
graphic, and 43 radiation therapy procedures per 1000 persons (all ages) in the U.S.
population.

CONCLUSION: Utilization of high-technology modalities increased rapidly, while
that of radiography was relatively stagnant. Variation in utilization among states and
census regions was substantial.
© RSNA, 2005

Information about utilization of radiology services is useful to practices, payers, and policy
makers for planning growth, helping to ensure that necessary services are available for
patients, making financial decisions, and negotiating contracts. Data about utilization are
available from the early 1990s (1). Since then, managed care has evolved substantially,
with the focus shifting away from tightly managed health maintenance organizations
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(HMOs) to loosely organized preferred
provider organizations. During the same
period, there have been several advances
in high-technology radiology and its
adoption. Thus, the purpose of our study
was to assess the most recent available
data for levels and trends in utilization of
radiology procedures across populations,
modalities, and geographic areas.

MATERIALS AND METHODS

Medicare Information

For patients enrolled in Medicare, we
used the Medicare Physician/Supplier
Procedure Summary Files for 1995, 1998,
and 2001, which contain information
about claims for all patients who have
Medicare Supplemental Medical Insur-
ance (or coverage under Part B) but are
not in managed care plans. The Physi-
cian/Supplier Procedure Summary File
data are publicly available for purchase
from the Centers for Medicare and Med-
icaid Services. The files contain summa-
rized counts of procedures and associated
costs (Medicare-allowed dollars) and do
not contain any information that is iden-
tifiable at the patient level or claim level.

The Medicare files contain data about
100–130 million diagnostic radiology
procedures that pertain to approximately
30 million enrollees for each year re-
ported. Utilization levels were measured
for each Current Procedural Terminology
(CPT) code (2), state, and place of service
(eg, inpatient hospital, emergency room).
We (M.B., J.H.S.) applied a list used by the
American College of Radiology to group
CPT codes into modalities. The analysis in-
cludes the 70000 series of CPT codes, as
well as the 90000 series for echocardio-
graphic procedures, and includes proce-
dures performed by all providers. With re-
gard to interventional procedures for
which a combination of surgery codes and
radiology supervision and intervention
codes was used, we (M.B., J.H.S.) counted
claims only for supervision and interven-
tion codes that were in the 70000s and did
not count each surgery code indepen-
dently, to avoid counting each procedure
more than once.

The data were grouped according to
modality, place of service, and state. (The
District of Columbia and the counties of
Maryland and Virginia that are included
in the Washington metropolitan area all
share the same geographic identifier;
hence, numbers of claims for the District
of Columbia, Maryland, and Virginia do
not strictly correspond to the state geo-
graphic borders.) We (M.B., J.H.S.) in-

cluded data only for the 50 states and the
District of Columbia; data about proce-
dures performed in Puerto Rico and the
Virgin Islands were excluded. Our num-
bers for ambulatory radiology services in-
clude all nonhospital procedures, emer-
gency room procedures, and hospital
outpatient procedures. The overall total
includes ambulatory care plus hospital
inpatient care.

The number of enrollees eligible for
services included in the Physician/Sup-
plier Procedure Summary File for each
year was obtained from the Centers for
Medicare and Medicaid Services (for-
merly the Health Care Financing Admin-
istration) Web site (3) and was calculated
as the number of Supplemental Medical
Insurance enrollees minus the number of
Medicare managed care enrollees as mea-
sured in July of each year (4). These are
publicly available data that include total
counts of Medicare beneficiaries enrolled
in Part A, Part B, and managed care by
county only; there are no patient identi-
fiers.

For comparison of trends between
1992 and 2001, we (M.B., J.H.S.) used the
data stratified according to modality that
are reported in Burkhardt and Sunshine
(1) for procedures performed in an ambu-
latory setting and for total procedures.

Medical Expenditure Panel Survey
Data

The Medical Expenditure Panel Survey
(MEPS), a nationally representative sur-
vey conducted by the federal govern-
ment’s Agency for Healthcare Research
and Quality, was used as a source of data
about selected radiology procedures (mag-
netic resonance [MR] imaging, ultrasonog-
raphy [US], mammography, radiography,
and radiation therapy) performed in 1996
and 1999. The MEPS data are public-use
data available for download from the Inter-
net, and beneficiaries are not identifiable.
(For more information, readers may visit
the MEPS Web site at www.meps.ahrq.gov.)

The MEPS is a complex sample survey
that contains responses from 22 601 per-
sons in 1996 and 24 618 persons in 1999,
including both elderly and nonelderly re-
spondents, and with responses weighted
to make results representative of the na-
tional population. The number of events
(ie, visits to a physician’s office, emer-
gency room, or outpatient hospital de-
partment) that involved radiology was
relatively small for some types of events.
(In 1996 and 1999, the numbers of radi-
ation therapy events were approximately
600 and 1000, those of MR imaging

events were approximately 800 and
1500, and those of radiography events
were approximately 6700 and 7700.) The
weights in the sample allowed us (M.B.,
J.H.S.) to calculate nationally representa-
tive average utilization per person.

Data from the MEPS are based on re-
sponses from persons living in the 50
states and the District of Columbia, and
data about medical events are for ambu-
latory care only, including that provided
in physicians’ offices, hospital outpatient
departments, and emergency rooms. Re-
spondents are told to maintain event
logs, and attempts are made to verify
these logs with the reported medical pro-
viders.

MEPS data include demographic infor-
mation about the respondents, informa-
tion about the medical event, statistical
weights for each person and each survey
design–specific sampling cluster, and
stratum identifiers to enable calculation
of nationally representative statistics. To
protect confidentiality, information about
the respondent’s state of residence is not
available; MEPS data do, however, indicate
the census region (Northeast, Midwest,
South, or West) in which the respondent
resides.

Private Insurers

We (M.B., J.H.S.) also obtained limited
information about utilization by com-
mercially insured patients, primarily non-
elderly, from two sources. A medical imag-
ing management company (MedSolutions,
Franklin, Tenn) provided data from a num-
ber of private insurers across the country
for utilization of computed tomography
(CT), MR imaging, and nuclear medicine
for 2000 and for trends since 1996. These
outpatient data came from several man-
aged care firms and represent a total of 127
million member-months over a 5-year pe-
riod (1996–2000) (Poenitske A, personal
communication, September 4, 2001).
While these data are not nationally repre-
sentative, they provide a useful indication
of the managed care experience of some
private payers.

The other source of information about
utilization by commercially insured pa-
tients was an HMO in the northeastern
United States. We (M.B., J.H.S.) obtained
data about utilization of CT, MR imag-
ing, and US per 1000 enrollees in this
HMO for 1993–1998 (Moskowitz H, per-
sonal communication, 2001), during which
time enrollment in the HMO ranged
from approximately 100 000 to more
than 160 000 (5).

The information cited for each private
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payer was given to us in aggregate (as
procedure counts per beneficiary, for
each modality, for each region). There
were no patient identifiers. All the data
that we received are presented in this ar-
ticle in the same form in which we re-
ceived them; therefore, the data we ob-
tained are available to everyone who has
access to this publication.

Statistical Analyses

All statistical calculations and analyses
were performed by the two authors. We
used the Medicare data for 2001 to calcu-
late national average utilization per 1000
non–managed care enrollees according
to modality. To demonstrate the level of
variability across states, several percentile
measures of state-level utilization were
calculated for each modality.

We calculated mean utilization per
1000 persons from the MEPS while tak-
ing into account the sample design, in-
cluding clustering and stratification, and
applying appropriate weights to calculate
average utilization and standard errors.

Mammography is performed almost
entirely in women, and the appropriate
measure for utilization of mammography
therefore is the number of procedures per
1000 women; however, state-level counts
of Medicare enrollees according to sex at
birth are not available. (The only counts
available include enrollees of both birth
sexes.) Therefore, we reported utilization
of mammography as we did that of all
other modalities, as number of proce-
dures per 1000 persons among MEPS re-
spondents and Medicare enrollees, with
men and women combined. Approxi-
mately 60% of all Medicare enrollees (6)
and 50% of persons younger than 65
years (7,8) are women.

The private payer data were simply tab-
ulated in the form in which we received
them, with no further statistical analysis.
We measured the compound average an-
nual rate of increase in Medicare-re-
ported utilization per 1000 enrollees for
1992–1995, 1995–1998, 1998–2001, and
1992–2001. Rates were calculated by us-
ing numbers reported in Burkhardt and
Sunshine (1) for 1992 and numbers that
we calculated for 1995, 1998, and 2001.
We calculated compound annual rates of
increase in utilization per 1000 persons
for MEPS between 1996 and 1999, and
we tabulated rates based on the managed
care data across years for which annual
rates of increase were available. With re-
gard to the single HMO, we used the uti-
lization level for each year for which we
had these data to calculate compound

average annual rates of increase in utili-
zation.

We also measured procedures per-
formed in an ambulatory setting as a pro-
portion of all diagnostic radiology proce-
dures reported in Medicare data for 1992
and 2001. We compared levels and
trends in utilization between Medicare
data and MEPS data for persons aged 65
years or older.

Data from the MEPS and data from
MedSolutions with regard to privately in-
sured persons were separable according
to region, and Medicare data were
grouped according to state within the
four U.S. census regions. (The regions in
the MEPS data are consistent with the
census regions. The regions in MedSolu-
tions data, however, do not strictly cor-
respond to the census regions: Texas and
Oklahoma are included in the West in
MedSolutions data but in the South in
the census data.) We compared utiliza-
tion by MEPS respondents younger than
65 years to that by MedSolutions custom-
ers, and that by MEPS respondents aged
65 years or older to that by Medicare
patients according to census region. In
some instances, data for these compari-
sons were not available for identical
years, and we compared data with a dis-
placement of 1 year.

To analyze variations in utilization
across states, we sorted states into quar-
tiles of utilization per 1000 persons and
mapped these state quartiles. In addition,
we calculated correlation coefficients for
comparisons between, on one hand, the
number of procedures per 1000 Medicare
enrollees in each state in 2001 and, on
the other hand, the numbers of Medicare
providers in that state, radiologists in
that state, Medicare providers per person
in the state population, radiologists per
person in the state population, and per-
sons in the state population. We also per-
formed linear regression analyses by
using state-level utilization per 1000
Medicare enrollees as the dependent vari-
able and by using combinations of the
other state-level variables as independent
variables. We then performed a stepwise
regression analysis to determine which of
the state-level statistics were most predic-
tive of the variation across states in radi-
ology utilization per 1000 Medicare en-
rollees. The state population data for
2001 were obtained from the Web site of
the U.S. Census Bureau (www.census.gov),
data about Medicare providers (counts
according to state in September 2002)
came from the Web site of the Centers for
Medicare and Medicaid Services (www
.cms.hhs.gov), and the numbers of radiol-

ogists in each state were obtained from
the American Medical Association (9).

With regard to Medicare utilization
levels and rates of increase across modal-
ities and states, we calculated correlation
coefficients for the 1995 level with the
1995–1998 rates of increase and coeffi-
cients for the 1998 level with the 1998–
2001 rates of increase.

Finally, we calculated coefficients of
variation for utilization per 1000 Medi-
care enrollees in 1995, 1998, and 2001
across states and for each modality.

RESULTS

Utilization Levels

In 2001 (the most recent year for
which data were available), non–man-
aged care Medicare enrollees used, on av-
erage, 2859 diagnostic and 266 therapeu-
tic radiology procedures per 1000 persons
in ambulatory settings (ie, excluding hos-
pital inpatient services) and 4176 diag-
nostic and 274 therapeutic radiology
procedures per 1000 persons across all
service settings (Table 1). Close to one-
half of all diagnostic procedures involved
general radiography, which was by far
the most frequently used modality. US
was the second most frequently used mo-
dality. We also calculated the 10th, 25th,
50th (median), 75th, and 90th percen-
tiles of state-level utilization for each mo-
dality. For most modalities, utilization in
the states in the 25th and 75th percen-
tiles was within 15%–20% of the median,
and that in the states in the 10th and
90th percentiles was within 25%–30% of
the median (Table 1). Differences across
percentiles were smaller for all diagnostic
radiology combined than for individual
modalities.

When states were sorted according to
utilization of diagnostic radiology per
1000 Medicare enrollees, nine of the 10
states with the largest populations were
in the upper two quartiles (Figure). Most
of the states with utilization in the lowest
quartile were geographic neighbors lo-
cated in one of two census regions—
Washington, Oregon, Idaho, Montana,
Wyoming, Utah, Colorado, and New
Mexico, in the West; and Maine, New
Hampshire, and Vermont, in the North-
east.

The correlation between the number of
procedures per 1000 Medicare enrollees
in 2001 and the total number of Medi-
care providers in the state (Pearson cor-
relation coefficient � 0.47, adjusted R2 �
0.20) was positive and statistically signif-
icant. In addition, correlations between
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the number of procedures per 1000 Medi-
care enrollees in 2001 and the total num-
ber of radiologists in the state (Pearson
correlation coefficient � 0.42, adjusted
R2 � 0.16) and between the number of
procedures per 1000 Medicare enrollees
in 2001 and the total state population
(Pearson correlation coefficient � 0.41,
adjusted R2 � 0.15) were positive and
statistically significant. Correlations of
radiology utilization per 1000 Medicare
enrollees with the number of radiologists
per person in the state population and
the number of Medicare providers per
person in the state population were
weaker and generally not significant. Re-
gression analyses performed by using the
number of procedures per 1000 Medicare
enrollees in 2001 as the dependent vari-
able and combinations of the other state-
specific variables as independent vari-
ables resulted in values for the adjusted
coefficient of determination (R2) that
were approximately 0.20 or lower. The
two variables that proved most predictive
of variations in state-level Medicare radi-
ology utilization per 1000 enrollees were
the total number of Medicare providers

in the state and the number of radiolo-
gists per state population, and only the
correlation with the number of Medicare
providers was statistically significant (P �
.01).

According to data from the 1999 MEPS,
utilization of MR imaging and mammog-
raphy per 1000 persons 65 years or older
was, on average, about three times that
per 1000 persons younger than 65 years
(Table 2). Among those aged 65 years or
older, utilization of radiography (in
MEPS data, counted as “x-rays”) was two
and a half times, and utilization of US
was nearly one and a half times, the level
among those younger than 65 years. As
the standard errors in Table 2 show, the
uncertainty of utilization reported in
MEPS among those aged 65 years and
older is large because MEPS is a sample
survey in which each respondent, on av-
erage, represents more than 11 000 per-
sons. For radiation therapy, standard er-
rors were particularly large because fewer
than 1% of respondents underwent radi-
ation therapy.

Utilization data obtained from private
insurers about commercially insured

managed care populations demonstrate
that individual health plans may experi-
ence utilization rates that differ substan-
tially from national averages in nation-
ally representative data (Table 3).

Trends

We calculated the average compound
annual rate of increase in utilization of
procedures per 1000 Medicare enrollees
between 1992 and 1995, 1995 and 1998,
and 1998 and 2001 (Table 4). The 1992
data are from Burkhardt and Sunshine
(1). In ambulatory settings, utilization of
high-technology modalities such as MR
imaging, interventional radiology, and
nuclear medicine increased by more than
10% per year on average, and that of CT
and US increased by approximately 8%
annually, between 1992 and 2001 (Table
4). In contrast, utilization of radiogra-
phy, which accounts for the largest per-
centage of procedures overall, increased
by only 1% annually. Utilization of
screening mammography (which is not
separated from diagnostic mammogra-
phy in Table 4) increased relatively rap-

TABLE 1
Utilization of Radiology Procedures per 1000 Medicare Enrollees in 2001

Modality

No. of Procedures per 1000 Enrollees

National
Average

10th
Percentile

State

25th
Percentile

State

50th
Percentile

State

75th
Percentile

State

90th
Percentile

State

Ambulatory Settings*

CT 247 207 212 239 264 284
MR imaging 94 69 78 93 102 113
US 622 418 468 541 630 696
Interventional 117 86 94 105 127 143

Angiography 31 20 23 28 35 39
Other imaging 52 32 40 48 59 69
Repair 34 26 29 33 36 40

Mammography 220 194 201 225 245 256
Nuclear medicine 193 116 139 174 215 247
Radiography 1359 1118 1203 1323 1418 1562
Other diagnostic 7 3 4 6 8 10
All diagnostic 2859 2274 2518 2743 2898 3180
Therapeutic 266 160 191 234 275 342

All Service Settings

CT 391 297 315 365 412 450
MR imaging 114 84 98 113 122 136
US 921 586 691 811 936 1040
Interventional 215 153 170 196 230 260

Angiography 57 38 42 51 61 76
Other imaging 99 62 78 90 113 125
Repair 59 40 48 57 60 71

Mammography 221 195 201 227 246 257
Nuclear medicine 249 142 182 224 279 323
Radiography 2057 1551 1750 2000 2151 2317
Other diagnostic 9 3 6 8 10 12
All diagnostic 4176 3038 3482 4064 4362 4573
Therapeutic 274 166 195 234 282 353

* Includes hospital outpatient, emergency room, and nonhospital care (excludes inpatient care).
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idly in both ambulatory and nonambu-
latory settings, at about 16.5% annually
between 1995 and 2001.

The number of procedures per 1000 en-
rollees that were performed in ambulatory
settings increased at least marginally in
all modalities. Overall, the proportion
of all diagnostic radiology procedures
that were performed in ambulatory set-
tings increased from 62% in 1992 to
68% in 2001.

In the state-level analysis, we found
that a high utilization per 1000 Medi-
care enrollees in any year was strongly
correlated with a low compound aver-
age annual rate of increase in utiliza-
tion per 1000 enrollees in the ensuing
years. There was a statistically signifi-
cant and strongly negative correlation
between the number of procedures per
1000 enrollees in 1998 and the average

annual rate of increase in utilization of
procedures per 1000 enrollees in the
ensuing 3-year period from 1998 to
2001 (Pearson correlation coefficient �
�0.951) and between the number of
procedures per 1000 enrollees in 1995
and the annual rate of increase in utili-
zation of procedures per 1000 enrollees
in the ensuing 6-year period from 1995
to 2001 (Pearson correlation coeffi-
cient � �0.947). In almost all modali-
ties, the variability in utilization across
states decreased during 1998–2001 and
1995–1998.

The average rate of increase in radiog-
raphy and MR imaging utilization for
those aged 65 years and older among
MEPS respondents in 1996–1999 is simi-
lar to the corresponding average annual
rate of increase among Medicare enroll-
ees for the overlapping period of 1995–

1998 (Table 5). We found a decrease in
reported utilization of US in MEPS data,
in contrast to a fairly rapid increase in
utilization reported in Medicare data.
While the average rate of increase in
mammography utilization appears to dif-
fer between the two sources, the 95%
confidence intervals for the MEPS aver-
ages are so large that the differences are
not statistically significant. Similarly, al-
though the average rates of increase in
utilization differ between MEPS respon-
dents who are 65 years old or older and
those who are younger than 65 years, the
differences are not statistically significant
because of the large standard errors in the
MEPS estimates.

Rates of increase in managed care uti-
lization reported by the two private
payer sources were much higher than
those found for the national popula-

Map shows states according to radiology utilization quartiles based on number of procedures per 1000 Medicare enrollees.
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tion younger than 65 years in the MEPS
(Table 6).

Regional Utilization

Regional variations were found across
modalities and data sources (Table 7).
The Northeast has the highest utilization
of diagnostic radiology among Medicare
enrollees. With regard to individual mo-
dalities, the region leads in utilization of
CT, MR imaging, US, and mammogra-
phy. It has the lowest utilization of non-
angiographic interventional radiology
procedures.

Among MedSolutions enrollees, utili-
zation was highest in the Northeast for
all modalities for which we had data.
MEPS utilization levels did not differ sig-
nificantly between regions (P � .05).

DISCUSSION

Implications of Study Findings

Utilization of screening mammogra-
phy in the Medicare-insured population
increased relatively rapidly between 1998
and 2001, probably because of increased
awareness and newly instituted Medicare
reimbursement, but also possibly in part
reflecting an earlier misclassification of
screening mammography as diagnostic
mammography.

The Medicare data indicate that the to-
tal number of radiology procedures per
1000 enrollees increased at a compound
annual average rate of almost 5% be-
tween 1998 and 2001. Population aging
is responsible for an approximately 0.5%
increase annually (10), but, on the other
hand, relative value units per procedure
are increasing approximately 1.5% annu-
ally (11), which means that utilization in
relative value units per age-standardized
Medicare enrollee is increasing by ap-
proximately 6% annually. This is a rapid
increase, and it implies almost a doubling
of per capita utilization every decade. This
increase in utilization, which is some-
times attributed to technologic progress,
is a measure of the increasing power of
radiology to help patients.

While the benefits to patients seem
clear, increased utilization entails a major
problem for radiologists. If we add to the
approximately 6% annual increase in uti-
lization per age-standardized person an
approximately 0.5% increase to account
for overall population aging and an ap-
proximately 1% annual increase to ac-
commodate the increasing numbers in
the U.S. population, we must conclude
that the total radiology workload is in-
creasing by approximately 8% annually.

In contrast, the number of radiologists in
practice is estimated to increase by ap-
proximately 1.5% annually (12). It seems
that radiologists must either continue to
manage a rapidly increasing work load
(11)—possibly through adoption of tech-
nologic advances such as three-dimen-
sional “fly-through” viewing of cross-
sectional images and computer-aided de-
tection—or see a greater portion of the
radiology work load devolve to other spe-
cialties, as is already happening with nu-
clear cardiology (13). Indeed, it is most
likely that both trends will continue to
develop quite rapidly.

States with a large total population and
large numbers of radiologists and Medi-
care providers have higher radiology uti-
lization per 1000 Medicare enrollees.
Strangely, there generally are no similar
correlations between utilization per 1000
Medicare enrollees and resources per cap-
ita (for example, physicians per 100 000
persons in the state population or per
1000 Medicare enrollees), although such
correlations would be more expected. We
do not know the reason for this odd pat-
tern, but geographic differences in utili-
zation have been widely noted (14). Also,
while we have found some correlations,
the results of regression analysis show
that these variables, even in combina-
tion, do not explain more than 20% of
the geographic variation in utilization.
The correlations do not explain the un-
derlying mechanism that drives utiliza-
tion.

With regard to utilization according to
modality, there are negative correlations
between the rate of increase for a modal-
ity and the age of that modality (ie, how
long the technology has been available).
Increase in the utilization of radiogra-
phy, by far the longest-available modal-
ity, has essentially stopped, a fact that
suggests that utilization of modalities
eventually plateaus. At the other ex-
treme, MR imaging is the newest modal-
ity and the one for which utilization is
increasing most rapidly, which indicates
that modalities grow (as a percentage of
radiology utilization) especially rapidly
in their early stages. For most modalities,
we found that the variability in Medicare
utilization across states has decreased
over time, which is consistent with the
notion of a plateau in utilization. We no-
ticed a similar plateau for all modalities
combined, as well: States with high utili-
zation in the early 1990s experienced low
rates of increase in utilization for the rest
of the decade. We do not have enough
information to identify the mechanisms
that cause these correlations. Presum-
ably, states and modalities with high uti-
lization in 1992 were those in which
equipment penetration and, possibly,
provider influx occurred earlier than else-
where, and once these were in place,
there was not as much room for rapid
increase in utilization. Conversely, states
with low initial utilization experienced
a more rapid increase in utilization
through the 1990s, since it was relatively

TABLE 2
Ambulatory Utilization of Imaging and Radiation Oncology Procedures
according to MEPS 1999 Data

Modality Used and
Patient Age (y)

Procedures per 1000 Persons

National Average Standard Error
95% Confidence

Interval

MR Imaging
All ages 64 4.3 56, 73
�65 52 4.3 44, 61
�65 151 18.7 115, 188

US
All ages 102 6.1 90, 114
�65 98 6.7 85, 111
�65 137 15.8 107, 168

Mammography
All ages 73 2.7 67, 78
�65 59 2.7 53, 64
�65 182 10.8 161, 203

Radiography
All ages 326 10.9 304, 347
�65 272 9.5 254, 291
�65 711 49.4 614, 808

Radiation therapy
All ages 43 8.2 27, 59
�65 24 6.1 12, 36
�65 175 47.7 82, 269
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easy to expand equipment use and phy-
sician employment.

The share of ambulatory settings

among Medicare-reported diagnostic ra-
diology procedures increased from 62%
in 1992 to 68% in 2001, in keeping with

the general health care trend away from
the hospital inpatient setting. In part,
this trend is due to new techniques, such

TABLE 3
Ambulatory Utilization of Imaging Procedures according to Managed Care Data

A: MedSolutions Data*

Modality Procedures per 1000 Enrollees in Year 2000

CT 56
MR imaging 41
Nuclear medicine 39
All diagnostic 769

B: Data from HMO in Northeastern United States

Modality

Procedures per 1000 Enrollees in Year

1993 1994 1995 1997 1998

CT 39 40 43 81 113
MR imaging 19 17 22 46 62
US, excluding echocardiography 101 95 100 140 175

* Data were compiled from several major HMOs across the country.

TABLE 4
Radiology Utilization Trends among Medicare Enrollees in 1992–2001

Modality

Procedures per 1000 Enrollees

1992* 1995

1992–1995
Compound
Annual Rate
of Increase

(%)† 1998

1995–1998
Compound
Annual Rate
of Increase

(%)† 2001

1998–2001
Compound
Annual Rate
of Increase

(%)†

1992–2001
Compound
Annual Rate
of Increase

(%)†

Ambulatory Settings‡

CT 121 133 3.3 178 10.1 247 11.7 8.3
MR imaging 35 40 4.7 59 13.9 94 16.6 11.6
US 323 395 6.9 490 7.5 622 8.3 7.6
Interventional 34 54 16.7 74 11.1 117 16.4 14.7

Angiography 0 16 0 22 11.5 31 12.7 0
Other imaging 0 20 0 27 9.9 52 24.6 0
Repair 0 18 0 26 12.1 34 10.1 0

Mammography 140 142 0.6 198 11.5 220 3.7 5.1
Nuclear medicine 80 76 �1.5 118 15.4 193 17.9 10.3
Radiography 1239 1215 �0.6 1277 1.7 1359 2.1 1.0
Other diagnostic ND 3 ND 3 8.1 7 27.1 ND
All diagnostic 1972 2059 1.5 2397 5.2 2859 6.1 4.2
Therapeutic 256 247 �1.2 235 �1.6 266 4.2 0.4

All Service Settings

CT 218 231 1.9 294 8.4 391 10.0 6.7
MR imaging 44 50 4.4 73 13.5 114 16.1 11.2
US 494 616 7.6 748 6.7 921 7.2 7.2
Interventional 118 127 2.5 155 6.8 215 11.6 6.9

Angiography 0 35 0 43 7.0 57 9.7 0
Other imaging 0 62 0 69 3.6 99 12.7 0
Repair 0 30 0 42 12.6 59 11.6 0

Mammography 143 144 0.2 199 11.4 221 3.6 4.9
Nuclear medicine 131 119 �3.1 165 11.4 249 14.7 7.4
Radiography 2037 1942 �1.6 1990 0.8 2057 1.1 0.1
Other diagnostic ND 3 ND 4 6.5 9 27.4 ND
All diagnostic 3185 3232 0.5 3628 3.9 4176 4.8 3.1
Therapeutic 269 257 �1.5 243 �1.8 274 4.0 0.2

Note.—ND � no data.
* From reference 1.
† The numbers for utilization are rounded. The rates of increase were calculated by using actual (unrounded) values. Therefore, calculations of rates

of increase based on table values will not exactly match reported rates of increase.
‡ Includes hospital outpatient, emergency room, and nonhospital care (excludes inpatient procedures).
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as laparoscopic surgery, that permit speed-
ier patient discharge or movement of pro-
cedures to outpatient settings. In addition,
pressures from the payment system—for
example, the incentive incorporated in
Medicare reimbursement according to di-
agnosis-related groups to discharge pa-
tients as rapidly as feasible—are almost cer-
tainly also partly responsible.

Comparing Medicare results in this
study to earlier results from 1992 that
were reported in Burkhardt and Sunshine
(1), we found that the average annual
rate of increase was lower between 1992
and 1995 for all modalities except inter-
ventional radiology than it was through
the rest of the 1990s. It is interesting that
although all the Medicare enrollees in
the study were in the fee-for-service cat-
egory, the trends in utilization parallel
the intensification and easing of man-
aged care constraints: The period of
1992–1995 was one of increasingly re-
strictive managed care, and the years af-
ter 1995 saw an easing of managed care
restrictions (15).

The Medicare data for utilization of
mammography indicate a rate of increase
of 7.4% per year between 1995 and 2001,
but use of screening mammography in-
creased much faster, at about 16.5% per
year in 1995–2001 (the most recent years
for which we have data about screening
mammography as a category distinct from
diagnostic mammography). Breen et al
(16) analyzed the National Health Inter-
view Survey data for screening mammog-
raphy, and their numbers translate into an
average annual rate of increase of about
5.6% for women aged 65 years or older
between 1992 and 1998, which is closer to
the 5.9% increase in utilization per year in
1992–1998 for all mammography (screen-
ing and diagnostic) reported in Medicare
data. Since utilization of Medicare-reported
screening mammography increased signif-
icantly faster than did that of diagnostic
mammography, the rates reported by
Breen et al are substantially different from
the ones we found for women aged 65
years and older. It is possible that self-re-
ported definitions are not always accurate
and may understate rates of increase, but it
is also possible that with Medicare having
instituted coverage for screening mam-
mography, providers have changed prac-
tice styles to substitute screening mam-
mography for what earlier would have
been classified as diagnostic mammogra-
phy.

It was reported in an issue brief from
the Center for Studying Health System
Change (15) that with managed care los-
ing its hold in the past few years, and

with loosening of restrictions by employ-
ers and insurers, health care utilization
and costs have increased rapidly overall.
In this study, not only did we find an
increase in the utilization of radiology by
Medicare enrollees, but our limited man-
aged care data also indicate a much more
rapid increase in utilization than that in-
dicated by the Medicare data. The find-
ings by the Center for Studying Health
System Change suggest that our man-
aged care data, despite limitations, may
reflect some of this upsurge.

Limitations of the Data

The individual information resources we
used differ substantially from each other. It
is understandable that data from an indi-
vidual payer such as the single HMO might
differ from national averages. Moreover, it
is likely that the managed care organiza-
tions that contacted us with their data did
so because they experienced unusually
high rates of increase in utilization. There-
fore, these data might well not be nation-
ally representative.

TABLE 5
MEPS Ambulatory Radiology Utilization Trends, 1996–1999

Modality Used and
Patient Age (y)

Procedures per 1000
Persons in U.S. Population

Compound Annual
Rate of Increase (%)1996 1999

MR imaging
All ages 43 64 14.1
�65 37 52 12.5
�65 90 151 19.0

US
All ages 109 102 �2.0
�65 102 98 �1.4
�65 158 137 �4.5

Mammography
All ages 64 73 4.5
�65 54 59 2.7
�65 137 182 9.8

Radiography
All ages 346 326 �2.0
�65 294 272 �2.5
�65 720 711 �0.4

Radiation therapy
All ages 36 43 6.9
�65 12 24 26.4
�65 178 175 �0.5

Note.—Ambulatory radiology services include office, hospital outpatient, and emergency room
services.

TABLE 6
Private Managed Care Ambulatory Radiology Utilization Trends

A: MedSolutions Data

Modality

Compound Average Annual Rate of Increase (%)

1996–1997 1997–1998 1998–1999 1999–2000

CT 18.9 19.4 20.5 27.4
MR imaging 17.2 14.3 13.2 22.7
Nuclear medicine 19.2 17.0 17.2 28.2
All diagnostic 10.0 8.0 7.1 10.4

B: Data from HMO in Northeastern United States

Modality

Compound Average Annual Rate of Increase (%)

1993–1994 1994–1995 1995–1997 1997–1998

CT 1.0 8.8 37.3 38.5
MR imaging �8.1 27.6 45.9 33.3
US, excluding echocardiography �6.0 6.0 18.2 24.9

Note.—Data are calculations based on number of procedures per 1000 enrollees.
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Even data from relatively large nation-
ally representative surveys such as the
MEPS are not particularly congruent with
corresponding data for the same popula-
tion from administrative databases such
as that of the Medicare administration.
The differences in reported levels of uti-
lization between MEPS and Medicare
could simply be definitional. In the
Medicare data, we identified procedures
by their CPT codes, and we used an
American College of Radiology list to
identify the modalities to which each
CPT code pertains. In surveys such as the
MEPS, the modalities are self-defined and
may cover more or fewer services than
those we identified in the Medicare data.
As we had expected, because national uti-

lization did not match across sources, we
did not find agreement in absolute levels
of regional utilization reported across
sources.

Conclusion

Overall, the data show that utilization
of high-technology modalities such as
MR imaging and interventional radiol-
ogy increased rapidly through the 1990s,
while utilization of radiography stayed at
about the same level. As noted, however,
there are substantial differences in utili-
zation among census regions and states.
Presumably, smaller geographic areas
may show even larger differences. Thus,
national, regional, and state data are in-

formative but should not be taken as
rigid norms for a practice or for a locality.
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TABLE 7
Ambulatory Radiology Utilization per 1000 Persons according to Region

A: MedSolutions Data for Year 2000*

Modality Northeast Midwest Southeast West

CT 61 59 50 37
MR imaging 46 39 37 37
Nuclear medicine 44 43 31 20
All diagnostic 808 790 684 704

B: MEPS Data for Year 1999†

Modality and
Patient Age (y) Northeast Midwest Southeast West

MR imaging
�65 46 53 55 53
�65 150 138 147 175

US
�65 100 85 98 110
�65 141 106 173 104

Mammography
�65 61 70 54 52
�65 181 214 173 160

Radiography
�65 227 285 299 256
�65 685 628 849 579

C: Medicare Data for Year 2001‡

Modality Northeast Midwest Southeast West

CT 243 207 217 187
MR imaging 82 64 79 78
US 637 476 534 543
Interventional 84 89 107 81

Angiography 23 23 29 19
Other imaging 32 38 48 35
Repair 30 28 30 27

Mammography 224 218 207 202
Nuclear medicine 169 152 170 113
Radiography 1287 1209 1310 1144
Other diagnostic 5 3 5 7
All diagnostic 2732 2418 2629 2355

* Geographic delineation of regions in MedSolutions data does not correspond exactly to that in
U.S. census data: Texas and Oklahoma are included in the West in MedSolutions data and in the
South in U.S. census data.

† Delineation of regions is that used in U.S. census data.
‡ Delineation of regions is that used in U.S. census data. Enrollees are predominantly 65 years old

or older.
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