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ABSTRACT

SUMMARY: Using the Medicare Physician-Supplier Procedure Summary Master File, we evaluated the evolving use of fMRI in
Medicare fee-for-service beneficiaries from 2007 through 2017. Annual use rates (per 1,000,000 enrollees) increased from 17.7 to
32.8 through 2014 and have remained static since. Radiologists have remained the dominant specialty group from 2007 to 2017
(86.4% and 88.6% of all services, respectively), and the outpatient setting has remained the dominant place of service (65.4% and
65.4%, respectively).

ABBREVIATIONS: CPT ¼ Current Procedural Terminology; MEG ¼ magnetoencephalography

First introduced in 1991 for mapping the visual cortex, fMRI
relies on detecting small changes in the blood oxygen level–

dependent MR imaging signal as a result of neuronal activity fol-
lowing specific tasks.1 Since its introduction, fMRI has been
widely used in neuroimaging research and increasingly incorpo-
rated into clinical practice. Currently, fMRI has value in the neu-
rosurgical planning of conditions such as brain tumors or
epilepsy, diagnosis and management of Alzheimer disease, and
better understanding of psychiatric conditions.2

In January 2007, three distinct Current Procedural Terminology
(CPT) codes were introduced to report fMRI services.3 Several stud-
ies have examined changing use of various radiologic modalities
and procedures across various time periods,4,5 but no similar study
has been performed to assess the nationwide adoption of fMRI.
Given the relatively new translation of fMRI into clinical practice
and the possibility that the high costs of fMRI might not be
adequately reimbursed by current payor schemes,6 such informa-
tion could potentially inform clinical practice guidelines and payer-
coverage decisions. For these reasons and focusing on Medicare
beneficiaries, we aimed to investigate the use patterns of fMRI with
regard to both specialty groups and places of service since the intro-
duction of unique CPT codes.

MATERIALS AND METHODS
The Annual Medicare Physician-Supplier Procedure Summary
Master File from 2007 through 2017 was obtained from the
Centers for Medicare & Medicaid Services. These files contain
aggregated, submitted national Part B Medicare claims for all
beneficiaries in the traditional Medicare fee-for-service program.
These data are classified by codes for procedures, places of serv-
ice, and provider specialties, along with the number of services
both billed and denied. Physician-Supplier Procedure Summary
files include no individual patient, diagnosis, or other encounter-
specific information. Thus, their use does not constitute human
subject research, and no institutional review board oversight was
required for this study.

For this study, fMRIs were identified using the following service-
specific CPT codes: 70554, 70555, and 96020 (Table 1).3 Analysis
was performed as previously described using SPSS Statistics 25.0
(IBM) and Excel 2016 (Microsoft).4,5,7 fMRI use rates were calcu-
lated per 1,000,000 Medicare enrollees per year. Provider specialties
and sites of service were grouped using relevant Medicare codes
(Table 2).

RESULTS
Between 2007 and 2014, use rates for fMRI studies performed on
Medicare fee-for-service beneficiaries increased 85% (from 17.7 to
32.8) but have since stabilized (32.8, 32.6, 32.7, and 33.3 from 2014
to 2017, respectively). In 2007, radiology was the dominant spe-
cialty group, with a rate of 15.3 (versus 2.4 for all other specialties),
which has continued to be the case since (Fig 1). The specialties
with the second and the third highest rates were neurology and
neurosurgery, respectively, with considerable year-to-year variabili-
ty. Radiology, neurology, and neurosurgery accounted for overall
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use rates of 280.4, 11.2, and 3.4, respec-
tively, during the entire time period.

Separate analysis of the CPT codes
billed by radiology showed that the
code 70554 (test selection/administra-
tion not requiring physician or psy-
chologist administration) billing rate
increased from 12.3 in 2007 to 20.7 in
2017 (Fig 1). Code 70555 (requiring
physician or psychologist administra-
tion) radiology billing also increased
from 3.0 in 2007 to 8.8 in 2017 (Fig 1).
Code 96020 must always be accompa-
nied by code 70555 during billing,
though 96020 may be billed by a sepa-
rate provider. For radiology, the rate of
billing 96020 was 0.25 in 2007 and 5.18
in 2017. From 2007 through 2017, the
rate of billing 96020 for radiology was
always lower than for code 70555.
However, the percentage of cases in
which code 70555 was billed with
96020 by radiology has increased from
2007 to 2017.

Most of the fMRI studies were per-
formed in the outpatient (office, outpa-
tient hospital, or independent clinic)
setting, accounting for 65.4% in 2007

Table 1: CPT Codes for fMRI
CPT Code Description
70554 fMRI; including test selection and administration of repetitive body

part movement and/or visual stimulation, not requiring physician
or psychologist administration

70555 fMRI; requiring physician or psychologist administration; this is to
be always reported with CPT code 96020

96020 Neurofunctional testing selection and administration during
noninvasive imaging functional brain mapping, with test
administered entirely by a physician or psychologist, with review
of test results and report

Table 2: Site of service and specialty groups studied with the corresponding codes
Site Group/Specialty

Group Sites (Code)
Outpatient Office (11), outpatient hospital (19 and 22), independent clinic (49)
Inpatient Inpatient hospital (21)
Emergency department Emergency department (23)
Other Other: independent laboratory (81), skilled nursing facility (31),

temporary lodging (16), mobile unit (15), home (12), and other
place of service (99)

Radiology Diagnostic radiology (30), interventional radiology (94), and
nuclear medicine (36)

Neurology Neurology (13)
Neurosurgery Neurosurgery (14)
Others All other identifiable groups
Unidentified Unidentified: independent diagnostic testing facility (47), single or

multispecialty clinic or group practice (70), unknown physician
specialty (99)

C
O
L
O
R

FIG 1. Functional MR imaging use in Part B Medicare beneficiaries from 2007 to 2017 by physician specialty group. Radiology (70554þ 70555)
refers to the total billing of fMRI by this specialty. Radiology (70554) refers only to the 70554 CPT code. All other specialties reflect total billing.
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and 65.4% in 2017. The second and the third most common sites
were inpatient hospital (31.1 in 2007 and 29.6 in 2017) and emer-
gency department (3.1% in 2007, and 5.0% in 2017). fMRI use
with regard to place of service is illustrated in Fig 2.

DISCUSSION
Using annual aggregate Medicare fee-for-service claims files for
all years for which unique CPT code data were currently avail-
able, we studied nationwide use of fMRI and found an increased
adoption in the first 7 years after CPT codes became available,
with a plateau in use thereafter. fMRI has consistently been per-
formed predominantly by radiologists and predominantly in the
outpatient setting, not dissimilar to patterns previously described
for nonfunctional brain CT and MR imaging.8

Preoperative planning is one of the widely accepted applica-
tions of fMRI, which is commonly used in brain tumor surgery
and in surgical resection of epileptic foci for certain patients.2 A
recent study on national trends in brain tumor management dur-
ing a relatively similar time period to our study (2004 to 2015)
reported a total of 464,856 brain and other nervous system cancers
among patients with a median age of 60 years, with an overall 56%
rate of surgical procedures performed.9 In that study, 260,317 sur-
gical procedures were performed on patients with brain cancer
during the 11-year period. Not every neurosurgical procedure for
brain cancer requires preoperative fMRI. However, given the bene-
fit of fMRI in selected patients10-12 and the difference between this
number of surgical studies performed and the 10,056 fMRI studies
billed during the similar 10-year period of our study, there may be
a gap between potential ideal and actual fMRI use rates. Moreover,
the prevalence and incidence of primary brain tumors in the
United States are thought to be rising due to a combination of an

aging population and improved diagnosis and therapies.9,13 Thus,
it may be expected that the rate of brain surgery for these tumors
will increase as well, particularly because the extent of tumor resec-
tion positively correlates with improved patient outcomes,14 and
the need for preoperative fMRI should also increase.

Despite the increase in the use rates of fMRI, it is possible that

barriers exist to furthering expansion of fMRI services and that cur-

rent levels of fMRI use among Medicare beneficiaries might not be

meeting the population-level clinical needs. Decreasing Medicare

reimbursement ($618 in 2007 to $455 in 2017 for CPT code

7055415) is potentially a factor leading to the slowing of fMRI adop-

tion. In addition, competing technologies for presurgical evaluation

of refractory focal epilepsy and functional brain mapping, such as

magnetoencephalography (MEG), have also grown.16 Increased ex-

pertise in the field of clinical MEGmight also contribute to blunting

the curve of fMRI use in recent years. However, despite the accepted

clinical value of MEG,17,18 its accessibility is still low, with only 21

clinical MEG sites in 14 states listed by the American Clinical MEG

Society.19 Future comparisons of MEG use with fMRI trends as well

as regional use of MEG and fMRI are warranted.
Another potential barrier to fMRI adoption is likely related to

the hardware, software, level of experience, and dedicated time
required for acquisition, postprocessing, and interpretation of
this study. Not surprisingly, radiologists have consistently per-
formed the major share of the fMRIs for Medicare beneficiaries,
and have experienced the largest growth since the introduction of
dedicated CPT codes. In contrast, other specialties billed a rela-
tively small number of fMRI services and showed no increases in
use with time. Considering that 3 of the 4 main applications of
fMRI concern neurology and neurosurgery (presurgical planning
in brain tumors and epilepsy, more precise study of the level of
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FIG 2. Functional MR imaging use in Part B Medicare beneficiaries from 2007 to 2017 by place of a service group.
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consciousness in altered level of consciousness, and in follow-up
of patients with traumatic brain injury and stroke), it is expected
that those specialists participated as well in the provision of fMRI
services. A secondary clinical application of fMRI is in diagnosis
and efficacy assessment of certain psychiatric disease treat-
ments.20 We identified no cases of fMRI billed by psychiatrists,
possibly reflecting the low rate at which psychiatrists perform any
imaging services.

A separate analysis of the CPT codes in this study showed that
for radiology, both the number of billings for 96020 and the per-
centage of cases of simultaneous billing of codes 70555 and 96020
have increased from 2007 to 2017. This increase suggests that
radiologists have become more comfortable across time acting as
the physician who selects and administers fMRI paradigms, in
addition to interpreting these studies. Alternatively, this may
reflect an increased awareness of correct CPT billing practices.
Regardless, despite the overall increase in radiology billing of
96020, the rate of billing of this code has always been lower than
the rate of 70555, indicating that other specialties continue to per-
form and bill fMRI in conjunction with radiologists. Another
possibility is that radiologists are performing both roles but
incorrectly billing Medicare for this service.

The clinical use of resting-state fMRI, which is performed with-
out an explicit task, has been advocated recently.21-23 Once stand-
ardized clinical protocols are established, the use of resting-state
fMRI may drive increased overall use of fMRI. The currently avail-
able fMRI CPT codes assume that a task is administered and there
is no separate CPT code for isolated resting-state fMRI at this time.
Therefore, it is not currently possible to assess the use of resting-
state fMRI using national databases, so the impact of resting-state
fMRI on overall fMRI use cannot be determined at this time.

Our study has limitations similar to those in other studies inves-
tigating the changing use of physician services. Most important, we
studied only Medicare fee-for-service enrollees. Thus, our findings
cannot necessarily be generalized to the population more broadly.
However, considering that on the basis of the Surveillance,
Epidemiology, and End Results Program data, approximately 40%
of new national cases of brain and central nervous system cancers
are associated with the older-than-65-year age group,24 our findings
are, nonetheless, quite relevant. Additionally, we were constrained
because certainMedicare provider codes did not allow identification
of specific provider specialties (these were grouped as “unidentified
specialty”). Moreover, we were not able to compare our findings on
fMRI use trends with those of other advanced imaging techniques
such as diffusion tensor imaging because there are no separate CPT
codes for them. Future studies would benefit from the inclusion of
both private and public payers as well as a larger age range of
patients, particularly because presurgical fMRI is also used in the pe-
diatric population.

In summary, fMRI use among the Medicare beneficiary popu-
lation has markedly increased between 2007 and 2014 but has
since plateaued. In this population, fMRI is primarily performed
by radiologists in the outpatient setting.
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