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CERVICAL SPINAL CORD NEOPLASM IN A PATIENT WITH AN IMPLANTED
CERVICAL SPINAL CORD STIMULATOR: THE CONTROVERSIAL ROLE OF
MAGNETIC RESONANCE IMAGING

Rinoo V. Shah MD, Harold K. Smith, MD, Joanne Chung, MD, Amr Hegazi MD, and Gabor B. Racz, MD

Objective: To discuss the diagnostic
relevance and safety concerns of perform-
ing magnetic resonance imaging (MRI) in the
presence of an implanted spinal cord stimu-
lator (SCS).

Case Report: A 39-year old man with
CRPS | and major depression fell and frac-
tured his humerus. A cervical SCS had been
placed several years earlier. After the fall,
he developed progressive lower extremi-
ty weakness. Eventually, he became wheel-
chair dependent and required assistance
with transfers. These symptoms were attrib-
uted to CRPS and deconditioning. He was ad-
mitted to an inpatient rehabilitation unit for

functional restoration. At presentation, he
reported developing neck and upper thorac-
ic pain, which started several months before
the fall—a pain that was distinct from his to-
tal body pain. A contrast-enhanced CT scan
of the neck was normal, except for the spi-
nal cord stimulator induced artifact. Our pain
service was consulted. After performing a
neurological exam, cervical myelopathy was
suspected. An MRI of the spine demonstrat-
ed a mass compressing the cervical spinal
cord. The patient tolerated the MRI, despite
the presence of a neurostimulator. The mass
was identified as an extramedullary, intradu-
ral schwannoma and was completely excised

during surgery. The patient made a profound
neurological recovery.

Conclusion: The diagnostic value of
MRI may outweigh the potential dangers of
using this imaging modality when a patient
with a neurostimulation device presents with
a new-onset neurological deficit. Thorough
informed consent and close physician moni-
toring of these patients during the MRl is im-
perative.

Keywords: Spinal cord stimulation;
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Magnetic resonance imaging (MRI)
studies should not be performed in pa-
tients with an implanted spinal cord stim-
ulator, according to the two largest man-
ufacturers of these neurostimulation de-
vices: Medtronic® (1) and Advanced Neu-
romodulation Systems® (2). Due to these
warnings, many imaging centers will not
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perform MRIs on patients with implanted
neurostimulation devices.

However, certain emergent clini-
cal scenarios require MR imaging for di-
agnosis—MRIs have a high sensitivity in
detecting soft tissue abnormalities of the
spine, such as infection (3), spinal cord
trauma (4-7), bleeding (8), and neoplasm
(9). In fact, MR imaging is the gold stan-
dard for the diagnosis of soft tissue spinal
tumors, particularly if there is a neurolog-
ical deficit (9).

Neoplasms should be routinely con-
sidered in the differential diagnosis of spi-
nal pain and neurological impairment,
but they may be overlooked in pain clin-
ics: the prevalence of spinal tumors in pri-
mary care and multidisciplinary spine
clinics is less than 1% (10). Apprehension
about performing MRIs in the presence
of neurostimulation devices and reduced
clinical vigilance may lead to failure or de-
lay in diagnosing spinal tumors in this pa-
tient population.

We present the first case of a neo-
plasm that developed within the area of the
spinal cord undergoing neurostimulation -
a case in which MR imaging was essential
for diagnosis and treatment planning.

Caske DESCRIPTION

A 39 year-old male fractured his left
humerus after falling from a wheelchair.
His past medical history was notable for
CRPS I and major depression. CRPS I de-
veloped in his left lower extremity 5 years
earlier and then spread to the remain-
ing limbs. Pain management consisted of
physical therapy, analgesics, psychological
counseling, and neuromodulation: cervi-
cal and thoracic spinal cord stimulators
(SCS) and an intrathecal infusion pump.

His total body pain, and particular-
ly the neck pain, worsened after the fall.
He began feeling weak and numb in his
lower extremities and trunk within a few
days. One month post-injury, he was only
able to stand and pivot. Two months post-
injury, he became wheelchair bound and
required assistance with transfers. He be-
came more depressed, despite increases in
his antidepressant regimen. Due to the
progression of these symptoms and lim-
itations in self-care, the patient’s primary
care physician arranged a transfer to our
hospital’s inpatient rehabilitation facility.
The goal was to restore function.

On admission to the rehabilitation
service, a CT scan of the neck with and
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without contrast was obtained. The stim-
ulator leads were in the cervical epidural
space, but they had migrated ventro-lat-
erally from the dorsal midline. The leads
produced a significant amount of scat-
ter in the spinal canal and this obscured
image interpretation. Both the interpret-
ing radiologist and our co-author (JC)
did not identify any pathology on the CT
scan, even with contrast enhancement.
Our pain service was consulted to
provide ongoing analgesic recommenda-
tions. The patient again reported an in-
crease in neck and upper thoracic pain,
but distinctly felt this pain developed sev-
eral months before the fall. In fact, during
this time period, analgesics were escalated
and his cervical spinal cord stimulator was
reprogrammed several times. The patient
stopped using his cervical stimulator, due
to lack of relief. This pain prevented him
from lying supine for any length of time.
The patient was visibly anxious and
distressed. Both lower extremities were
swollen. The left arm was in a sling. Both
arms demonstrated areas of hyperesthesia

and allodynia. There was mild neck stiff-
ness but Lhermitte’s sign was absent. Both
light touch and pinprick were reduced be-
low the T5 dermatome; pinprick was spe-
cifically absent over the thighs and legs.
There was virtually no motor strength
in both lower extremities. The upper ex-
tremities demonstrated mild weakness
distally, in the hands. The toes had an ex-
tensor response to Babinski testing. There
was sustained ankle clonus, bilaterally.
Lower extremity tone was significantly in-
creased. Hoffmann’s sign was absent and
upper extremity reflexes were within nor-
mal limits. The physical examination was
consistent with a cervical or upper tho-
racic myelopathy. Laboratory studies were
normal with the exception of an elevated
C-reactive protein.

We decided to obtain an MRI of the
entire spine, with and without contrast,
on an emergent basis. The patient and
his wife were counseled at length about
the risks of obtaining an MRI including
electrode heating, nerve damage, paraly-
sis, lead migration, equipment failure, and

Fig. 1. Mid-sagittal, TI1-weighted,
F'SE image of the cervical spine: het-
erogeneous, isotense lesion in the spi-
nal canal, extending from the C4 to
the T1 level(*); low signal lesion in
the C4 vertebral body (white arrow);
spinal cord stimulator leads with both
high and low signal entering upper
thoracic epidural space (black ar-
row).

Iig. 2. Mid-sagittal T2-weighted
F'SE of the cervical spine: hyperin-
tense lesion in the spinal canal, ex-
tending from the C4 to the T1 level;
the upper portion of lesion is hetero-
geneous (*) and lower portion is ho-
mogeneous (**); high signal lesion
in the C4 vertebral body (white ar-
row); leads with both high and low

signal entering the upper thoracic

epidural space (black arrow).

pain. We explained that a physician would
be in the MRI suite with the patient at all
times and would repeatedly query the pa-
tient about his ability to tolerate the study.
The patient agreed to the MRI and signed
a witnessed informed consent.

The internal programmable gener-
ator (IPG) only permitted bipolar lead
combinations. The voltage was set to zero
and the IPG was turned off. Our top pri-
ority was to obtain an image of the entire
spine in the limited time available: the pa-
tient was uncomfortable lying in the su-
pine position. To maintain constant ver-
bal contact with the patient, the study
could not be performed with intravenous
sedation or general anesthesia. We re-
quested contrast enhancement but the pa-
tient could not tolerate lying supine and
this was not given.

The cervical spine MRI was per-
formed with a sagittal T1-weighted fast
spin echo (FSE), sagittal T2-weighted
FSE, axial T2-weighted FSE, and axial
T1-weighted spin echo images. The MRI
demonstrated a large, lobular, relatively
well circumscribed mass extending from
C4-5 to T2 that was compressing and dis-
placing the cord ventrally and rightwards
(Figures 1-4). The greatest degree of spi-
nal cord compression was located close to
C7-T1, which may have accounted for the
relative neurological sparing of the upper
extremities.

The lesion was isointense on T1-
weighted images (Fig. 1), hyperintense on
T2-weighted images (Figs. 2-4), cystic in
composition and appeared benign. The
images were consistent with an extramed-
ullary, intradural mass.

" 2
JAx, I117.@

Fig. 3. Axial T2-weighted F'SE im-
age at the level of the midportion of
the C7 vertebral body: hyperintense
lesion (*) severely compressing the
spinal cord (**) and displacing it

ventrolaterally to the right.
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Fig. 4. Axial T2-weighted F'SE im-
age at the level of the T1-2 interverte-
bral disc: percutaneously placed spi-
nal cord stimulation leads with low
signal intensity and surrounded by
hyperintense artifact; the leads do
not distort the image (white arrows);
again note the lesion (*) displacing
the spinal cord (**) ventrolaterally
to the right.

Cervical stimulator leads could be
identified entering the epidural space at
T1-T2 (Figs. 1, 2, and 4). These leads did
not cause significant artifact, but were of
alow signal intensity that was surrounded
by a higher signal intensity (Figs. 1, 2 and
4). In the posterior C4 vertebral body, the
signal intensity was abnormal. This non-
specific finding was of low signal on T1
images (Figure 1) and a less pronounced,
but higher signal on T2 images (Fig. 2).

The patient was placed immediately
on an intravenous steroid protocol. The
next day he underwent a C4-T1 laminec-
tomy and excision of an intradural and
extramedullary mass. The mass severe-
ly compressed the cord to the right. The
mass was soft, lobulated, grayish in color,
and measured 3.5 x 2.5 x 1 cubic centime-
ters (Fig. 5). The mass showed a pattern
characteristic of a schwannoma. The mass
was well encapsulated with dense Antoni
A and looser Antoni B areas. There was no
evidence of infection at the time of sur-
gery. Additionally, both the pre and post-
operative CT scans failed to show any evi-
dence of osteolysis or osteomyelitis.

The neurosurgeon did not see the
leads in the operative field. This may have
been because they migrated ventrolateral-
ly and the surgical approach was posterior
by laminectomy. Additionally, the tumor
was encapsulated and there was no evi-
dence of infection, so the SCS electrode
and lead were not removed.

The neurological exam 24 hours fol-
lowing surgery significantly improved.
The patient’s sensation to light touch and

Fig. 5. Gross specimen of excised
intradural extramedullary, cervical
schwannoma

pinprick in all lower extremity and trun-
cal dermatomes improved. Lower extrem-
ity myotomal strength improved to 4 to
4+/5. The lower extremities were less hy-
perreflexic. Clonus decreased to 10 beats
on each foot. At follow-up one year lat-
er, the patient demonstrated a profound
recovery. He could walk without assis-
tance about 300 feet and was actively
participating in pool therapy. His motor
exam was completely normal. His sensory
exam only demonstrated mild patchy sen-
sory loss on the right upper thigh. The
left foot still had 9-10 beats of clonus, but
none on the right. Rectal tone and urinary
continence were preserved throughout his
clinical course.

Post-operatively, the patient’s pain
in the upper thoracic spine abated, but
the total body pain persisted, which
was controlled with the intrathecal
pump and oral analgesics. Note should
be made that the SynchroMed pump
(Medtronic  Neurological, Minneapo-
lis, Minnesota) can be safely scanned by
MRI; the pump was not a concern dur-
ing the scanning (see Medtronic website:
www.medtronic.com).

There is a possibility that the
schwannoma may have contributed to the
total body pain, in which case we would
have to reclassify the etiology of his pain
as a central pain syndrome emanating
from spinal cord injury. However, the
development of the CRPS predated any
suspicion of a tumor and developed fol-
lowing a musculoskeletal injury almost 5
years earlier. The increase in upper tho-
racic pain, in retrospect, was the only
harbinger of the tumor, in terms of pain
symptomatology. Also, the total body pain
did not significantly improve after tumor
removal.

DiscussionN

Despite controversy, MRIs are rou-
tinely performed on patients with SCS
devices (11, 12). Safety guidelines have
been developed for deep brain stimula-
tion (DBS) devices, based on in vitro and
in vivo safety studies (12, 13). Despite
similarities in lead design between DBS
and SCS systems, the DBS guidelines can-
not be applied to SCS systems: published
neurostimulation safety guidelines must
only apply to leads, lead/battery combina-
tions, and MR imaging protocols that are
tested (12, 13).

Several mechanisms impact the safe-
ty of performing an MRI in the presence
of a neurostimulation device. The static
magnetic field can affect the extension ca-
ble or the IPG, but not the electrode con-
tacts—these platinum and iridium con-
tacts are not ferromagnetic (12). MR im-
age acquisition depends on the delivery of
a pulsed radiofrequency field (RF) that
generates voltage. Voltage induces cur-
rent in the extension wires and the leads;
some of this current passes through the
electrode contact points into surrounding
tissues (14). This current can depolarize
neural tissue and generate heat secondary
to friction losses (12).

Adverse events associated with MR
imaging include lead movement, lead dis-
lodgement, and neural tissue activation
(14), but excessive heating induced by RF
field effects on the stimulator leads during
imaging is the most worrisome. Irrevers-
ible neural tissue damage occurs if tem-
peratures exceed 45°C (14). Factors asso-
ciated with DBS electrode heating include
electrode configuration, wire impedance
and breakage, the type of radiofrequency
coil, and the MRI-specific absorption rate
(SAR) (13, 14). For instance, a 1.5 Tesla
MRI and body RF transmit coil can lead
to an in-vitro temperature increase that
varies from 2.5-25.3°C, when testing DBS
leads (13).

The SAR is a measure of the amount
of radiofrequency energy absorbed by
the body and is measured in Watts/kg.
For MRIs, the Food and Drug Adminis-
tration suggests that the SAR should not
exceed 4 Watts/kg over 15 minutes aver-
aged for the whole body, 3 Watts/kg over
10 minutes averaged for the head, 8 Watts/
kg over 5 minutes per gram of tissue for
the head and torso, or 12 Watts/kg over
5 minutes per gram of tissue for the ex-
tremities (15).

Pain Physician Vol. 7, No. 2, 2004
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There is a linear correlation between
the temperature increase around the DBS
electrode and the SAR. If the upper SAR
limit is set to 2.4 Watts/kg for the head
and 0.9 Watts/kg averaged for the whole
body, then a temperature increase of
2.0°C occurs with DBS leads and this in-
crease is clinically tolerated (14). The re-
lationship between the SAR and tempera-
ture increases in SCS systems has not been
studied and a linear relationship should
not be assumed (13). The SAR values dur-
ing the MR study on our patient were not
recorded by the MR technologist, but SAR
limits had already been programmed into
MR sequences used.

Tronnier et al (12) rigorously evalu-
ated the in vitro and in vivo safety of MR
imaging on patients with neurostimula-
tion devices. Their findings were: (1) an
MRI that is performed on an area that is
removed from the neurostimulation de-
vice is safe; (2) MR imaging can be per-
formed on deep brain leads connected to
an IPG, whether the latter structure is on
or off; (3) an MRI is possible with percu-
taneous spinal cord stimulation leads; (4)
further investigations using larger plate
electrodes must be performed; (5) the
tested IPGs, ITREL II® and III®, caused
no discomfort or injury due to mechani-
cal forces, heat, or induced current, when
coupled to DBS leads; (6) the tested IPGs
experienced no changes in parameter set-
tings, but were automatically switched on
or off.

Overall, these recommendations (12)
are for IPGs that allow only single channel
programming and both mono- or bipolar
settings: ITREL II and III. Only one pa-
tient in Tronnier et al’s (12) group had a
percutaneously placed spinal cord stim-
ulation lead (Pisces QuadPlus®) and this
was connected to an untested IPG: Syner-
gy™. A Synergy™ IPG permits single or
dual channel programming and only bi-
polar settings. Our patient had two Quad-
Plus® leads and a Synergy™ IPG. In Tron-
nier et al’s (12) group, four patients had
plate electrodes. These electrodes are im-
planted via a laminotomy into the spinal
epidural space. Two out of these four pa-
tients experienced brief, but significant
dysesthesias.

The findings and recommendations
of Tronnier et al (12) are only valid for the
neurostimulation devices tested, 0.2 or 1.5
Tesla MRIs, the specific MR sequences
used, and the specific lead/IPG combina-
tions. Newer IPGs, low impedance exten-
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sions, peripheral nerve electrode arrays,
and neurostimulation devices produced
by other manufacturers have not been
tested. Thus, the author’s (12) recommen-
dations, for all practical purposes cannot
be generalized to the majority of spinal
cord system implants in use today.

Tronnier et al (12) advise that a phy-
sician be present during the MRI. This
physician should be familiar with the
neurostimulation device. If the patient
complains of any uncomfortable sensa-
tion, the study should be stopped. We ad-
hered to this protocol: the IPG was turned
off, voltage was set to zero, settings were
bipolar, and a physician was present next
to the patient during the MRI. The patient
was repeatedly queried about his symp-
toms and he described none. Tronnier
et al’s (12) study also demonstrated that
the induced voltage differences between
electrode contacts are reduced if the elec-
trode remains connected to the IPG, rath-
er than disconnected. This is why we did
not surgically remove the IPG prior to the
MR study.

Several other case reports have dem-
onstrated (11, 16, 17) that an MRI can be
safely performed in patients with SCS de-
vices. Kirakopoulos et al (11) safely per-
formed functional MRI studies of the
brain using a conventional 1.5-Tesla mag-
netic resonance system on three patients
undergoing a trial with percutaneously
placed spinal cord stimulation electrodes
at the T11-12 level. Long trial leads were
used and the leads were taped separate-
ly from one another to prevent electri-
cal arcing. Parisod et al (16) obtained an
MRI of the brain and cervical spine on a
patient with an implanted cervical spinal
cord stimulator with a 2 x 4 electrode ar-
ray. The IPG was turned off. The patient
had no adverse sequelae. The device man-
ufacturer and type of implant (percutane-
ous versus laminotomy) was not specified
and there was no comment as to wheth-
er the patient was accompanied by a phy-
sician during the study. Liem et al (17)
performed an MRI on three patients with
spinal cord stimulators and all tolerated
the procedure safely. In spite of these re-
ports, practitioners may rely on imaging
modalities that are less sensitive than an
MRI in patients with neurostimulation
devices, due to concerns of causing iatro-
genic injury.

Arguably, one could have considered
performing a CT-myelogram in our pa-
tient. CT-myelography may be preferred

to MRI during the pre-operative eval-
uation of myelopathy in some circum-
stances. Both imaging modalities provide
unique and complementary information
in cervical spondylotic myelopathy (18).
However, there were several concerns. The
absence of significant cervical spondylosis
on the initial CT scan, the presence of SCS
lead-induced artifact on the CT scan, the
younger age of the patient, and the risks
of performing a lateral C1-2 puncture for
contrast instillation argued against using
a CT-myelogram as the initial study. Fur-
thermore, MRI is the preferred method
for evaluating myelopathy secondary to
intrinsic cord pathology. MRIs have su-
perior soft tissue contrast definition, ca-
pable of defining spinal cord edema, hem-
orrhage, and atrophy (18). MRIs are non-
invasive and intravenous contrast instilla-
tion can demonstrate cord enhancement
in the patient with myelopathy (18). MRI
has become the preferred screening meth-
od for the evaluation of cervical spine my-
elopathy. CT-myelography may be con-
sidered and provide valuable additional
information if the MRI is ambiguous or
technically suboptimal (18).

The MRI demonstrated a mass caus-
ing significant extrinsic cord compres-
sion. The electrodes did not alter the im-
age quality. In retrospect, intravenous
contrast would have been helpful, but
we were concerned about finishing the
study—the patient was uncomfortable ly-
ing on the MR table. After seeing the mass
in the cervical spine on the first few im-
ages, we thought it would be more pru-
dent to use the limited time to obtain im-
ages of the entire spine. In the presence of
a spinal tumor, imaging the entire spine is
prudent due to the risk of seeding (19). If
there were any doubts about the diagno-
sis, a CT-myelogram could have been ob-
tained. However, our neurosurgical col-
leagues considered the diagnostic infor-
mation on the MRI to be sufficient to
proceed with surgery.

The MR sequences used on our pa-
tient, with the exception of not admin-
istering intravenous contrast, were con-
sistent with those that are recommended
for the evaluation of spinal tumors: sag-
ittal T1-weighted spin-echo, sagittal T2-
weighted fast spin-echo, and correspond-
ing axial images through the area of inter-
est (19).

Intradural spinal tumors are one-
tenth as common as intracranial tumors
and fortunately, most are benign (20).
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Spinal extramedullary, intradural tumors
account for 2/3 of all intraspinal neo-
plasms (20, 21). The mean duration of
symptoms prior to diagnosis is approxi-
mately thirty months. At the cervical lev-
el, only 33% of these patients present with
pain and 43% present with motor weak-
ness (20).

Schwannomas are typically intradu-
ral-extramedullary and solitary, unless
they occur in the presence of neurofibro-
matosis-2 (19). Schwannomas or nerve
sheath tumors are uncommon (21) and
are even more uncommon in the cervical
spine. Schwannomas typically afflict both
sexes with an equal predilection and the
average age at presentation ranges from
39-43 years old. On an MRI, Schwanno-
mas are fairly isointense on T1-weighted
images and usually bright on T2-weighted
images. The Schwannoma in our patient
met all these criteria. If contrast had been
used, the tumor likely would have en-
hanced on T1-weighted images (19).

A complete excision of the schwanno-
ma can usually be achieved and this corre-
lates with good post-operative outcomes
(21). The degree of pre-operative neuro-
logical dysfunction and length of clinical
history adversely affect outcome. Despite
the length of our patient’s clinical histo-
ry and poor functional status, he did well
with complete excision (21).

A multilevel, posterior approach, de-
compressive laminectomy and single stage
tumor removal is the most common pro-
cedure (20). Complete excision is success-
ful in the majority of patients and is advo-
cated. This posterior approach was used
in our patient. The tumor was intradu-
ral and extramedullary and easily excised.
With other presentations, different surgi-
cal strategies may have to be performed
depending on the tumor location and ex-
tension: anterior and lateral approaches,
staged procedures, and stabilization. Re-
ported surgical mortality and morbidity
rates are 0% and less than 15%, respec-
tively (20). Pain improves in over 90% of
patients and in the cervical region, neuro-
logical recovery approaches 60% (20).

Pathologically, schwannomas origi-
nate from Schwann cells, which produce
myelin (19). These tumors often originate
from nerve roots, particularly the posteri-
orly located sensory roots. These tumors
are well encapsulated and push, rath-
er than invade, the nerve root (19). His-
tologically, they are composed of dense
bundles of spindle cells (Antoni A fi-

bers), which are not present in meningio-
mas (19). Less compact (Antoni B fibers)
spindle cells and cystic degeneration are
also common. Meningiomas and neurofi-
bromas do not have cystic characteristics
(19). Our patient’s tumor histology was
characteristic of a schwannoma.

Apart from the cervical location of
his tumor, our patient represents the ‘clas-
sic’ patient with an intradural, extramed-
ullary schwannoma, including a delay in
diagnosis, symptom complex, age, imag-
ing findings, surgical outcome, and post-
operative functional outcomes.

CoNCLUSION

Spinal cord stimulation systems have
not received an MRI-safe designation by
the Food and Drug Administration (22).
The greatest hazard is the risk of heating
and permanently destroying vital neural
tissue, due to RF field effects on the stim-
ulator leads. Under certain emergent cir-
cumstances, an MRI is essential for diag-
nosis and for planning therapy. If an MRI
is imperative, a physician familiar with
the neurostimulation device should mon-
itor the patient closely, the internal pro-
grammable generator should be set to off,
the electrode contacts should be in a bi-
polar mode, the MR specific absorption
rate should be tightly controlled, and a
thorough informed consent should be
obtained.
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