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DIAGNOSTICS

The Rate of Magnetic Resonance Imaging
in Patients With Spinal Cord Stimulation
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Study Design. Analysis of use of magnetic resonance imaging
(MRI) in the chronic back and leg pain spinal cord stimulation
(SCS)-implanted population was conducted using a propensity-
matched cohort population.

Objective. To project the percentage of patients with SCS expected
to need at least T MRI within 5 years of implant.

Summary of Background Data. Patients experiencing pain,
including those who underwent implantation with SCS systems,
are likely to have comorbidities and ongoing pain issues that may
require diagnostic imaging. MRI is the most common diagnostic
imaging modality for evaluating patients with new or worsening low
back pain. However, patients with SCS are typically excluded from
receiving MRI because of the safety risks related to the interactions
of MR fields and implantable devices.

Methods. To provide an accurate estimate of the need for MRI
in the SCS-implanted population, Truven Health MarketScan
Commercial Claims and Medicare Supplemental databases were
used to perform analysis of SCS-implanted patients propensity score
matched to a nonimplanted population-based cohort. Four years
of paid and adjudicated claims data were used to determine the
magnetic resonance (MR) images received, which was exponentially
projected to estimate MRI within 5 and 10 years of implant.
Results. Approximately 82% to 84% of SCS-implanted patients
are expected to need at least 1 MRI within 5 years of implant.
Furthermore, 59% to 74% of patients will require nonspine MRI
within 10 years.
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Conclusion. There is a high need for MRI in this chronic back and
leg pain SCS population, with a significant portion being completed
on locations outside of the spine. This analysis highlights a need for
MRI-conditional SCS devices that grant access of patients with SCS
to this imaging modality.

Key words: spinal cord simulation, SCS, neuromodulation,
magnetic resonance imaging (MRI), chronic pain, back pain, chronic
back and leg pain, diagnostic imaging, radiology, spine.
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ver the past quarter century, the use of diagnostic

imaging has substantially increased globally with the

fastest growth being outside the United States and
in emerging markets (Figure 1A, B)."! Sixty million computed
tomographic (CT) and 20 million nuclear medicine examina-
tions were completed in the United States in 2005, compared
with 3 million CT and 7 million nuclear medicine examina-
tions in 1980.2 Concerns regarding the risks of ionizing radia-
tion have accompanied this rise. Protracted exposure to ioniz-
ing radiation, which world and United States agencies classify
as a carcinogen, increases the risk for developing cancer.?
This issue may be mitigated by employing the imaging modal-
ity with the lowest radiation dose but optimal examination
for the disease state.®’

Magnetic resonance imaging (MRI) is now the preferred
mode of diagnostic imaging for many disease states, both in
terms of guidelines and clinical practice.”” Use of MRI in the
diagnosis of acute stroke is expanding, partially replacing CT
in the acute phase to stratify stroke patients.''> For breast
cancer, there is no optimal alternative to MRI in some situa-
tions. As an example of evolving techniques, breast MRI uti-
lization has increased between 300% and 1600% from 2000
to 2011 in the United States.'>!*

For purposes of diagnostics and to gauge progression,
imaging is often used in patients with chronic pain. Chronic
pain impacts approximately 100 million Americans, greater
than the number impacted by cancer, heart disease, and dia-
betes combined." Globally, chronic pain is a significant pub-
lic health issue, with high prevalence in both developed and
developing countries and increasing prevalence with age.'®
The Institute of Medicine estimates that the annual global
cost of chronic pain is $560 to $635 billion."
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Figure 1. A, Magnetic resonance imaging growth (2008-2011). B,
Magnetic resonance imaging average annual growth rate (2008-2011).
MR indicates magnetic resonance.

Patients with chronic spinal pain have an amplified need for
MRI as they often experience comorbid conditions. A recent
study estimated that 87.1% of individuals with chronic spi-
nal pain have at least 1 other comorbid condition.!” Disease
states such as arthritis, migraine, stroke, epilepsy, cancer, and
vision problems are all significantly associated with chronic
spinal pain, and many of these conditions (migraine, stroke,
epilepsy) are optimally evaluated with MRL.”'” Consequently,
access to magnetic resonance (MR) technology is particularly
relevant for patients experiencing chronic pain for these rea-
sons as well as the ongoing progression of their underlying
chronic pain pathology.

Chronic pain of various etiologies including post-spine
surgery syndrome, complex regional pain syndrome (CRPS),
and lumbar radiculopathy is often treated by spinal cord
stimulation (SCS), a clinically and cost-effective treatment
for chronic back and leg pain (CBLP).'"* SCS is a therapy
for chronic pain whereby electrical stimulation is typically
delivered to the dorsal columns of the spinal cord via epi-
dural placement of leads containing an array of percutane-
ous or paddle-type electrodes. Although the mechanisms of
SCS are not completely elucidated, trunk and extremity pain
is replaced with painless paresthesia. The efficacy of SCS has
been demonstrated via randomized studies in disease states
such as failed back surgery syndrome, chronic lumbar radicu-
lopathy, and CRPS."*-2!

Historically, neurostimulation systems were contraindi-
cated for MRI. The next step in the evolution of these devices
was conditionally safe labeling by the Food and Drug Admin-
istration under specific controlled situations for head imaging.
These restrictions stem from concerns of potential adverse
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interactions between implanted devices and MRI, along with
the increased likelihood that a patient will be recommended
for MRIL.?? Several risks exist for MRI of neurostimulator
patients, including patients’ injury or discomfort, technical
complications, and device damage. MRI exposure can affect
the operation of the neurostimulator, including changes to the
parameter settings, telemetry failure, and power on resets.?*-%*
Furthermore, induced currents (from the magnetic field of the
MRI) have the potential to cause tissue heating, tissue stimu-
lation, or device malfunction/failure.?*2*

Although head-only MR image labeling provides impor-
tant options for device patients requiring MRI of the brain,
only about a quarter of all MR images obtained in the United
States are of the head and the neck.?” There are centers that
perform MRI of carefully selected patients when the benefits
outweigh the risks. However, these are typically performed
with strict protocols, extensive precautions, and by those with
significant expertise in MRI; few, if any, authors advocate
routine standardized scanning of patients with active implant-
able medical devices.?52830-32

To provide an accurate estimate of MRI utilization in the
SCS-implanted population, insurance claims databases were
used to perform analysis of propensity-matched population
cohort to the SCS-implanted patients. Using 4 years of paid
and adjudicated claims, exponential projection estimates
were used to approximate the number of patients with SCS
who received at least 1 MRI within 5 and 10 years of implant.

MATERIALS AND METHODS

Data Source

Data from Truven Health MarketScan Research Databases,
which contain individual-level, de-identified, health care
claims information from employers, health plans, hospi-
tals, Medicare Supplemental and Medicaid programs, were
used.®* Often used for research, these databases are Health
Insurance Portability and Accountability Act compliant.
A protocol describing the study objectives, criteria for
patient selection, data elements of interest, and statistical
methods was submitted to the New England Institutional
Review Board and deemed exempt from review (exemption
#14-234).

Patient Selection and Identification

Patient-level data were extracted from the MarketScan Com-
mercial and Medicare databases for the years 2008-2011
(Figure 2). Patients with a record of an International Clas-
sification of Diseases, Ninth Revision (ICD-9) diagno-
sis code for the following diseases were included: CBLP,
including failed back surgery syndrome, radiculopathy, or
CRPS (see Supplemental Digital Content Table A, available
at http://links.lww.com/BRS/A968). Patients with claims for a
cardiac implant that would be contraindicated for MRI were
excluded from this analysis. Patients were then divided into
2 groups: those with and without SCS implant (see Supple-
mental Digital Content Table A, available at http:/links.
Iww.com/BRS/A968). Continuous enrollment was required
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Patients in MarketScan
Commercial and Medicare
(2008-2011)
N=94,145,711

Patients with a diagnosis of
CBLP
N=5,751,174

Patients excluded because of a
record of cardiac implant
N=117,366

Patients with SCS implant
N=13,995

Patients without SCS implant
N=5,619,813

SCS indicated patients
(after matching and 4 years of
continuous enrollment)
N=3,325

Figure 2. Patient flow (inclusion/exclusion). CBLP indicates chronic
back and leg pain; SCS, spinal cord stimulation.

for 12 months before and after the date of the SCS implant.
For the SCS-indicated cohort, additional inclusion crite-
ria consisted of 4 years of continuous health plan coverage

(2008-2011).

Statistical Analysis
All data were imported and maintained in SAS data files. Tab-
ulation of summary statistics, graphical presentations, and

data analyses were performed using SAS Software, Version
9.2 (SAS Institute Inc., Cary, NC).

Propensity Matching

The SCS-indicated patients were matched 1:1 using a com-
bination of direct (age and sex) and propensity score match-
ing (comorbid conditions) to SCS-implanted patients. The
goal of propensity matching is to remove biases in cohort
estimates that would otherwise be present due to differences
between the cohorts. Adjusting for a patient’s propensity
score, or conditional probability of assignment to a particu-
lar treatment given a set of observed characteristics, has been
shown to remove bias because of these characteristics. In this
study, all covariates were obtained from the MarketScan
databases and were clinically relevant to the outcomes of
interest. A SAS macro from the Mayo Clinic (gmatch) was
used to generate the match. Gmatch employs a greedy algo-
rithm to choose a fixed number of controls for each patient
in a treatment cohort (e.g., 1:1 or 2:1), whereby each patient
is matched to his or her nearest neighbor with respect to all
factors simultaneously, using various distance measures and
calipers.’*

Spine

Propensity scores were calculated from a logistic regression
model as the probability that a patient had an SCS implant
given the patient’s characteristics. These characteristics were
the covariates in the logistic regression model and included
age (within 3 yr), sex (direct match), and probability score on
the basis of comorbidities. Assessment of bias reduction was
conducted by evaluating the differences in the distributions of
patient characteristics among the cohorts before versus after
matching.

Predicting MRI Utilization

After matching, the survival probability to first MR image
was estimated in the SCS-indicated cohort during a 4-year
period (2008-2011). Using these data, a linear best-fit model
was used to project the data out to 5 years. Then, the data
were fitted with exponential functions to project a range of
best-fit scenarios, as measured by the coefficient of determina-
tion, out to 10 years.

RESULTS

There were 5,751,174 patients with a diagnosis code from
an inpatient or outpatient claim in 2008-2011 designating
CBLP, including failed back surgery syndrome, radiculopa-
thy, or CRPS. Of those patients, 117,366 were excluded
because they had a claim for a cardiac implant and, there-
fore, were contraindicated (Figure 2). There were 13,995
patients with an inpatient or outpatient claim with a pro-
cedure code for SCS (SCS-implanted), and there were
5,619,813 patients who did not (SCS-indicated). Significant
differences between the 2 cohorts were resolved upon match-
ing. After matching, there were a total of 3325 SCS-indicated
patients tracked for more than 4 years: 60% of patients were
female, the majority were 50 years of age or older, and 71%
had commercial insurance (Table 1). Frequently occurring
comorbid conditions included lumbar disc disease (66%),
osteoarthritis (62%), hypertension (52%), depressive dis-
orders (39%), hyperlipidemia (38%), and diabetes (20%)
(see Supplemental Digital Content Table B, available at
http://links.lww.com/BRS/A969).

For the SCS-indicated cohort, the rate of patients receiving
MRI was identified after 1 year (52%), 2 years (64%), 3 years
(72%), and 4 years (78%). Using a linear projection, the esti-
mated need for MRI within 5 years is 89%. Using a more
robust exponential projection, MRI within 5 years is 82% to
84%. Approximately 89% to 98% of SCS-implanted patients
are expected to need at least 1 MRI within 10 years of implant
(Figure 3). When limited to nonspine MR images, approxi-
mately 59% to 74% of SCS-implanted patients are expected
to need at least 1 nonspine MRI within 10 years of implant
(Figure 4).

For SCS-implanted patients, a total of 2021 (61%) patients
receiving an MRI within 12 months prior to implant were
identified (Table 2). These 2021 patients obtained a total of
3719 MR images in the 12 months prior to implant with an
average of 1.84 per patient, with 76% being MR images of
the spine (Table 2).

E533

www.spinejournal.com



N'OSH DIAGNOSTICS

The Rate of Magnetic Resonance Imaging in Patients With Spinal Cord Stimulation ® Desai et al

Patient Demographics

Total SCS-Implanted SCS-Indicated
Category N Percent N Percent N Percent
Total patients 6650 100 3325 100 3325 100
Age group, yr
<18 16 0 8 0 8 0
18-29 106 2 53 2 53 2
30-39 578 9 290 9 288 9
40-49 1355 20 677 20 678 20
50-59 1905 29 952 29 953 29
60-69 1335 20 669 20 666 20
70-79 959 14 478 14 481 14
80+ 396 6 198 6 198 6
Sex
Female 3994 60 1997 60 1997 60
Male 2656 40 1328 40 1328 40
Insurance coverage
Commercial 4724 71 2350 71 2374 71
Medicare 1926 29 975 29 951 29
Insurance product type
Preferred Provider Organization 3657 55 1832 55 1825 55
Comprehensive 1112 17 574 17 538 16
Health Maintenance Organization 952 14 428 13 524 16
Point of Service 559 8 256 8 303 9
Missing 169 3 93 3 76 2
Consumer-Driven Health Plans 121 2 81 2 40 1
Exclusive Provider Organization 40 1 34 1 6 0
Point of Service with Capitation 15 0 7 0 8 0
High Deductible Health Plan 25 0 20 1 5 0
Region
South 2997 45 1683 51 1314 40
North Central 1818 27 875 26 943 28
West 1060 16 520 16 540 16
Northeast 734 11 238 7 496 15
Unknown 41 1 9 0 32 1

SCS indicates spinal cord stimulation.

DISCUSSION

MRI is often the diagnostic imaging modality of choice in
a myriad of medical conditions. This is particularly true for
spine and pain-related pathologies, where utilization is high.
It is quite clear that the need for MRI is high within the CBLP
population, with 82% to 84% of patients projected to need
E534
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MRI within 5 years of SCS implant. This underscores the per-
sistence and evolution of this disease state.

Pain physicians and spine surgeons may need to look
beyond their focus on the spine and consider the impact
of any clinical decision upon the patient’s future access to
medical treatments, often at the hands of other physician
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Figure 3. Proportion of patients having any magnetic resonance imag-
ing over 5- and 10-year time horizon.

specialties. Increasingly, the use of MRI is not limited to
disease of the spine. This study makes it clear that there is
a need for nonspine MRI in this patient subset. Approxi-
mately 59% to 74% of patients with CBLP will need at least
one nonspine MRI within 10 years of implant. If one was
to assume that with the use of implantable therapies, CBLP
was effectively treated, this would not eliminate the ongo-
ing workup and treatment of other disease states. These
data correspond with general imaging trends: an industry
analysis of MR images obtained in the United States in
2013 showed that 76% of all MR procedures are outside
of the lumbar and thoracic spine.? MRI of the brain and
extremities accounted for 20% and 22 %, respectively, of all
MRIs performed in the United States.”” Recent trends and
the growing sophistication of this imaging modality under-
score the broadening indication for MRI, with an increas-
ing use in areas such as the breast and stroke.!** Also of
note is the use of MRI immediately prior to SCS implant.
Clinically, this might correspond to the workup of patients
in preparation for SCS implant but is also often associated
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Figure 4. Proportion of patients having nonspine magnetic resonance
imaging over 5- and 10-year time horizon.
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with a baseline acquisition of imaging data in preparation
for patients’ transition to a state where therapy will preclude
access to MRI Interestingly, this group averaged 1.84 in
the year prior to implant, with the majority of images being
those of the spine.

Although MRI is not the appropriate diagnostic modality
for all patients or disease states, it will continue to be inte-
gral and sometimes irreplaceable to patients’ care. CT, CT
enhanced with myelography, plain radiographs, and ultra-
sonography are available options and might be preferable
in certain conditions. However, MRI is unquestionably the
optimal option in a growing array of disease states, includ-
ing spinal disorders, disease states of the large peripheral
joints (shoulders, knees), stroke, multiple sclerosis, malig-
nant breast cancer, and malignancy.” One must consider the
experience of a patient with an implantable device now fac-
ing new medical issues or an evolution of existing diagnoses.
One option for these patients is to undergo explantation of
their devices, thereby facing additional surgical risks and
costs to the health care system. It has been suggested that
explantation rates might more closely estimate the need for
MRI, this tantamount to suggesting that cancer rates are
better estimated by cancer surgery rates. Clinically speak-
ing, when faced with the need for further diagnostic imag-
ing for patients, each provider likely evaluates his or her
patient to determine his or her pathway, reserving explanta-
tion as a last resort. Alternatively, and more likely, patients
undergo suboptimal imaging modalities for their condition.
CT is a useful tool in certain disease states, but it is not
ideal in complicated low back and leg pain, where MRI is
the preferred imaging modality.>* Thus, in some cases, not
only is the alternative, such as CT, providing less diagnostic
information, but it is also exposing patients to a large radia-
tion dose. CT doses of radiation are much higher than con-
ventional radiography, with the effective dose for CT 100
to 1000X higher than for a corresponding radiography.*
Additional examples include the reliance on arthroscopy to
diagnose intra-articular joint pathology after trauma to the
knee rather than on MRI. Finally, many patients are either

Twelve Months Pre-Spinal Cord
Stimulation Implant Frequency of Type

of Magnetic Resonance Images

Total patients 3325
Total patients with MR images 2021 |61
Total MR images 3719

Spine 2812 |76

Nonspine 907 |24
Average MR images for patients with MR images 1.84
MR indicates magnetic resonance.
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not offered implantable therapies because of continued
concerns regarding the ongoing need for diagnostic MRI or
patients who underwent implantation are receiving MRIs
contrary to labeling.

When relating the importance of MRI to the comorbid
conditions reported for the patients with SCS in this anal-
ysis, it is of note that for several of these key conditions
such as lumbar disc disease, osteoarthritis, and a variety of
neurological disorders, the American College of Radiology
appropriateness criteria rate MRI as most appropriate.” In
some cases, there is no equivalent imaging test with a simi-
lar rating.”

Despite the potential for adverse outcomes and Food
and Drug Administration warnings, a few centers have
performed MRI of SCS-implanted patients to prospec-
tively assess safety or retrospectively report on individual
cases.22527:2837 Gix reports in the peer-reviewed literature
report on 54 patients who underwent implantation with SCS
systems and received MRI, with 19 adverse events.?3-2%27:2837
There were 10 reports of device function compromise
(18.5%), 3 of which required explant and/or replacement.
There were 6 reports of device heating (11.1%) as assessed
by patients’ report or cutaneous temp measurement over
implantable pulse generator pocket. Three patients reported
painful dysesthesias during the scan (5.6%). Only 2 stud-
ies conducted follow-up assessment after the MRI, 1 with
3-month duration and the other with 12-month duration.
These heating and/or pain events suggest the possibility of
initial asymptomatic tissue damage that might make one
more vulnerable to future injury. These off-label MR images
of patients with SCS describe considerable safety risks, yet
the potential for much more damaging thermal injury from
MRI with an active implantable device is possible (J. Welter
et al, unpublished data, 2014).%

Given the safety hazards of off-label MR images, the
growing utilization of MRI, and the evolving pain and
comorbidities in the chronic pain patient population, there
is a clear need for MR-compatible devices to treat chronic
pain conditions. This analysis shows that 82% to 84%
of patients with SCS are expected to need an MRI within
5 years of implant.

Important strengths of this analysis include specific
utilization information that is both recent and based on
a large group of patients from all regions of the United
States. In addition, the analysis uses 4 years of paid and
adjudicated claims data to determine actual MR images
completed and has, therefore, met payer medical necessity
criteria. Limitations of this research are that data were
sourced from large claims databases designed for billing
purposes and not research. For example, this SCS popula-
tion is more concentrated in the south region, which may
be a product of the MarketScan database being a conve-
nience sample. In addition, claims are only reflective of
what was coded, with the assumption that the coding is
accurate and complete. Finally, these findings are gener-
alizable only to other United States commercially insured
and Medicare populations.
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> Key Points

O Eighty-two percent to eighty-four percent of
SCS-implanted patients will need at least 1 MRI
within 5 years of implant. This is based on expo-
nential projection estimate using SCS-implanted
patients and a propensity-matched cohort.

U Fifty-nine percent to seventy-four percent of
patients will need nonspine MRI within 10 years.

U This analysis highlights a need for MRI-conditional
SCS devices that grant access of patients with
SCS to this imaging modality.

Supplemental digital content is available for this article. Direct
URL citations appearing in the printed text are provided in the
HTML and PDF version of this article on the journal’s Web
site (www.spinejournal.com).
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