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Background: To date, there have been no 
guidelines, studies, or consensus statements 
regarding the use of advanced imaging studies 
as a preoperative screening tool prior to patients 
undergoing spinal cord stimulation (SCS). 

Objectives: The purpose of this case series is to 
highlight the importance of obtaining thoracic im-
aging studies as part of a thorough initial clinical 
assessment prior to percutaneously or surgically 
placing an SCS electrode. 

Methods: We undertook a 3-year retrospective 
review of patients undergoing evaluation for 
SCS therapy in an academic interventional pain 
management and neurosurgery practice. Patients 
with chronic neuropathic pain underwent a trial 
with percutaneous dorsal column stimulation, 
and if response to the trial was > 50% reduction 
in pain and improvement in function, the patient 
was implanted using either a percutaneous ap-
proach or placement of a paddle electrode with 
an internal pulse generator (IPG). All patients had 
advanced thoracic imaging performed (magnetic 
resonance imaging [MRI] if possible, or computed 
tomography [CT] if contraindicated) prior to per-
cutaneous trial or paddle electrode implantation. 
 
Results: In 3 years, 88 patients underwent a trial 

of SCS, of which 75 patients (85%) were referred 
for implantation of a permanent percutaneous or 

paddle stimulator with IPG. Two patients (1.2%) 
treated by trial and implant were found to have 
a thoracic lesion on surveillance imaging, which 
contraindicated SCS implantation. One patient 
had thoracic imaging prior to undergoing the 
trial and one patient had thoracic surveillance 
imaging after the trial, but before surgical paddle 
placement.

Limitations: The retrospective nature and lack of 
a control group in this case series are limitations 
of this study. 

Conclusion: This case series outlines the impor-
tance of considering advanced thoracic imaging 
studies for screening/surveillance purposes prior 
to SCS therapy. Placement of SCS electrodes 
in the thoracic epidural space without prior un-
derstanding of spinal anatomy potentially puts 
patients at unnecessary risk. In the cases pre-
sented, had patients undergone SCS trial and 
subsequent implant without screening imaging, 
thoracic lesions would have been missed, increas-
ing the likelihood of diagnostic and therapeutic 
complications. Our incidental findings of lesions on 
MRI prior to SCS trial or implant support the use 
of a screening protocol for other centers providing 
thoracic SCS therapies.
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Spinal cord stimulation (SCS) is a continuously 
evolving technology and is commonly used to treat 
chronic, intractable neuropathic pain syndromes of 
the trunk and/or limbs, which include post-laminec-
tomy syndrome, chronic regional pain syndrome, 
and others (1). As the field of neuromodulation 
continues to expand its indications and refine its 
applications, ensuring patient safety and suitability 
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for SCS implantation should remain paramount (2). 
In this case series, we seek to illustrate how the use 
of preoperative thoracic imaging as a screening tool 
can help avert surgical complications, which in turn 
will allow providers to more appropriately triage and 
select patients for SCS therapy in the future.

METHODS

This is a retrospective, observational review of 163 
consecutive patients who underwent evaluation for 
SCS over a 3-year period between July 2014 and 
July 2017 at Rhode Island Hospital. These included 
patients who were trialed and implanted by the same 
physician, as well as patients who were implanted 
after referral from an outside-hospital trialing physi-
cian. Indications for SCS included post-laminectomy 
pain syndrome, chronic regional pain syndrome, and 
other neuropathic pain syndromes. Prior to being 
considered for implantation, a stepwise multidis-
ciplinary approach including conservative medical 
management, psychological counseling, physical 
and/or occupational therapy, as well as comple-
mentary and alternative medical treatments were 
attempted. Patients found to be candidates for SCS 
subsequently underwent an outpatient trial with an 
external SCS device to determine clinical efficacy. 
A trial was considered successful if it achieved a 
benchmark of > 50% pain relief as well as objective 
improvement in baseline functioning (3) prior to either 
percutaneous or surgical paddle electrode place-
ment, which depended on the practice pattern of the 
interventional pain physician and/or neurosurgeon. 
No patients had surgical paddle placement without 
advanced thoracic imaging.

RESULTS

Case 1.  Patient is a 58-year-old male presenting 
with low back and bilateral lower extremity pain 
and paresthesias, distal more than proximal, with 
associated numbness and loss of balance, leading 
to falls. An initial trial of physical therapy (PT) failed 
and subsequent lumbar magnetic resonance imaging 
(MRI) revealed mild central and foraminal stenosis. 
After a trial of epidural steroid injections and adjuvant 
neuropathic pain medications failed, he then under-
went decompressive lumbar laminectomy surgery 
with bilateral foraminotomy.

The patient’s leg pain improved marginally for one 
month before symptoms recurred. Repeat MRI with 
contrast showed persistent L4-L5 foraminal narrow-
ing, mildly enhancing scar tissue, and persistent 
multilevel neural impingement. He then underwent 
additional surgery including repeat laminectomy at 
L4-L5, with subsequent posterior lumbar interbody 
fusion (PLIF) from L4-S1. Back and leg pain improved 
for 3 months, but despite repeat surgical intervention, 
the patient was impaired by progressive numbness 
and weakness. Additionally, he experienced episodes 
of bladder urgency, which, upon recollection, had 
been present for years. 

He was then evaluated by Urology and started on 
medication to control bladder symptoms, thought to 
be secondary to mild benign prostatic hypertrophy. 
He was reevaluated by a spine surgeon who sent him 
for pain management. The patient’s symptoms were 
unsuccessfully treated with bilateral transforaminal 
injections at L4-L5, non-opioid medication, and ad-
ditional physical therapy, and he was subsequently 
referred for consideration of a spinal cord stimulator 
trial. 

Upon evaluation, the patient was found to be an 
appropriate and motivated candidate with realistic 
expectations for SCS therapy and underwent rou-
tine medical and radiological screening, including 
limited noncontrast thoracic MRI. Initial thoracic MRI 
revealed an incidental finding of a cystic intra-axial 
lesion within the cord at T9. Follow-up contrast study 
revealed a non-enhancing, expansile, intramedullary, 
intradural, cystic, T2 bright cord lesion, with associ-
ated syrinx, and cord edema above and below the 
lesion (Fig. 1A). Computed tomography (CT) with 
myelogram showed significant narrowing at the level 
of T9 consistent with an extrinsic extramedullary 
arachnoid cyst with dilatation of the spinal cord con-
sistent with a syrinx in the arachnoid space, without 
clear septations.

The patient was subsequently referred to a neu-
rosurgeon for surgical excision of the lesion. It was 
believed that residual lower-extremity symptoms were 
related to the radiographic abnormality discovered 
on thoracic MRI. In fact, the lesion was deemed the 
likely cause of his original right leg numbness, blad-
der issues, and lack of resolution with initial surgical 
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intervention. Given progression of numbness and 
weakness, exploration at the T9 level was pursued 
to explore the cystic lesion, with potential treatment 
of the syrinx itself. 

The patient underwent thoracic laminectomy with 
fenestration of the arachnoid cyst, which had formed 
from thickened and opacified arachnoid, at the level 
of greatest spinal cord compression. The arachnoid 
tissue was widely resected and fenestration of the 
arachnoid cyst was performed to resolve the intra-
medullary cyst over time (Fig. 1B).

Following surgical management, the patient 
experienced a gradual reduction in proximal pain 
and numbness with improvement in ambulation, 
still requiring a gait aid for ambulation. The patient 
continued to describe a cramping sensation, pain, 
and leg weakness.

Follow-up thoracic MRI with contrast revealed 
a stable T2 bright signal at T8-9 with significant 
improvement in swelling status post resection of 
the arachnoid cyst closely adhered to the thoracic 
cord, with evidence of wide dorsal laminectomy at 
T8 through T11. There was no evidence of recurrent 
cyst. Follow-up MRI of the lumbar spine with and 
without contrast showed enhancing scar tissue at L4 
and L5 from previous surgical intervention, without 
neural impingement. 

Due to persistent, functionally limiting distal leg pain 
and numbness, the patient agreed to undergo a 3-day 
permanent paddle trial with the top of the electrode 
surgically placed at T8 by a neurosurgeon. During 
the trial, the patient experienced greater than 50% 
improvement in pain and significant improvement 
in function, so he elected to proceed forward with a 
permanent implant.

Fig. 1. A) Thoracic MRI demonstrating non-enhancing, expansile, intramedullary, intradural, cystic, T2 bright cord lesion 
at the level of T9, with associated syrinx, and cord edema above and below the lesion. B) Resolution of intramedullary 
cyst following wide resection of arachnoid tissue and fenestration of arachnoid cyst.
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Case 2.  The patient is a 56-year-old male presenting 
with severe low back pain  radiating into the bilateral 
lower extremities, specifically in the anterior aspect 
of the left lower extremity in an L4 distribution. There 
was no reported abdominal pain, thoracic radicular 
pain, or numbness, but there was reported bilateral 
lower extremity numbness. Lumbar MRI revealed 
L3-4 disc bulge without stenosis, L4-5 disc bulge 
with moderate left neural foraminal stenosis without 
central stenosis, and L5-S1 disc bulge with mild left 
neural foraminal stenosis without central stenosis 
(Fig. 2A). Electrodiagnostic studies revealed chronic, 
mild, left L3, L4, and bilateral S1 radiculopathy.  

The patient underwent multiple interventional 
procedures including epidural steroid injections in 
conjunction with trials of tramadol, naproxen, and 
duloxetine, all of which failed to significantly ame-
liorate symptoms. He also underwent unsuccessful 
trials of physical therapy, including both aquatic and 
land-based treatments.  

With continued complaints of back and bilateral lower 
extremity pain and numbness, the patient underwent 
an SCS trial. Standard percutaneous trial leads 
were introduced at T12-L1, and the electrodes were 

threaded to the inferior endplate of the T9 vertebral 
body (Fig. 2B and C). The patient reported greater 
than 50% pain relief after his trial as well as improve-
ment in baseline function. He continued to endorse 
right knee and left ankle pain from prior traumatic 
injuries. He elected to proceed with placement of a 
permanent SCS and was referred to neurosurgery 
for placement of a paddle electrode. 

The patient met with the neurosurgeon to discuss im-
planting a permanent paddle electrode. As part of the 
preoperative planning, a thoracic MRI was obtained, 
which revealed an intradural extramedullary mildly 
T2 hyperintense, T1 isointense mass measuring 2.7 
x 1.5 x 1.0  cm at the level of T9-T10, which resulted 
in severe central canal stenosis (Fig. 2D).  

The patient was referred to a neurosurgeon special-
izing in spinal cord tumors for surgical excision of 
the lesion. The patient underwent a thoracic lami-
nectomy, using a posterior approach for resection of 
the intradural extramedullary spinal cord tumor, and 
duraplasty. He reported resolution of the majority of 
the numbness he was experiencing throughout his 
legs, with the exception of numbness in his heels, 
within 2 days after the surgery. His previous limitations 

Fig. 2. A) Lumbar MRI demonstrating L3-4 disc bulge without stenosis, L4-5 disc bulge with moderate left neural 
foraminal stenosis without central stenosis, and L5-S1 disc bulge with mild left neural foraminal stenosis without 
central stenosis. B and C) Introduction of standard percutaneous trial leads at T12-L1, and threading of electrodes 
to the inferior endplate of the T9 vertebral body. D) Thoracic MRI revealing an intradural extramedullary mildly T2 
hyperintense, T1 isointense mass measuring 2.7 x  1.5 x  1.0 cm at the level of T9-T10.
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with ambulation have also resolved and participation 
in a walking program has been initiated.  

DISCUSSION

To date, there have been no guidelines or consensus 
statements regarding the use of advanced imaging 
studies of the neuraxis as a screening tool prior to 
patients undergoing spinal cord stimulation (2). The 
incidental anatomical lesions detected from routine 
preprocedural MRI evaluation in these cases illustrate 
the potential value of imaging prior to SCS electrode 
placement. In particular, use of thoracic MRI identified 
arachnoid cyst and meningioma, both with spinal cord 
compression, which were successfully treated with 
surgery leading to resolution of a component of the 
patient’s pain and dysfunction in Case 1 and all of the 
patient’s pain and dysfunction in Case 2.  

Several important lessons were learned from these 
cases: 1) The patients’ symptoms of pain and weak-
ness at initial evaluation for SCS, initially thought 
to be secondary to diagnoses of post-laminectomy 
syndrome and lumbar radiculopathy, were in part 
or wholly attributable to thoracic arachnoid cyst 
with spinal cord compression in the first case, and 
a meningioma with spinal cord compression in the 
second case. Furthermore, the first patient’s initial 
presentation may also have been secondary to 
thoracic lesion, obviating the need for 2 subsequent 
lumbar surgeries and related sequelae; (2) SCS trial 
was performed in Case 2 prior to thoracic imaging. 
The thoracic mass was diagnosed prior to surgical 
paddle electrode placement. This case underscored 
the importance of obtaining thoracic imaging prior 
to trial SCS placement and changed the practice 
of our entire team; (3) Had spinal cord stimulation 
therapy been undertaken without prior MRI of the 
thoracic spine, work-up and detection of the thoracic 
lesions may have been hampered by the limitation 
in imaging options, potentially delaying treatment 
and jeopardizing the patient’s overall recovery and 
functional capacity; (4) Spinal cord stimulators and 
other spinal cord stimulation procedures should 
only be pursued after very thorough assessment, 
which includes an appropriate history and physical 
exam. An astute diagnostician should be cognizant 
of symptoms and findings not fully explained by the 
working diagnosis, which in these cases may have 

increased suspicion for an incidental thoracic lesion 
on patients’ initial presentations.

Although manufacturers of spinal cord stimulator 
equipment have achieved or are hoping to achieve 
MRI-compatible systems, this is not yet universal, 
and when applicable, can be only limited/conditional 
(4,5). Although CT with myelogram could have been 
used to diagnose thoracic lesions after SCS implant 
in patients, most surgeons would agree that MRI 
would have been the imaging modality of choice 
(6). Currently, limited screening studies, such as 
T2 sagittal and axial screening of the cervical or 
thoracic spine prior to SCS therapies, are not part 
of the “standard of care” in the work-up of patients 
undergoing spinal cord stimulation. As “standard of 
care” has medico-legal implications, with deviation 
from the standard suggesting “negligence,” it may be 
prudent to consider surveillance imaging as part and 
parcel of an acute pain physician’s diagnostic work-
up of a patient prior to thoracic spinal cord stimulator 
treatment (7). These imaging studies would help to 
rule out anatomic abnormalities or lesions, which may 
impact the safety of SCS placement, including, but 
not limited to disc extrusion, spinal canal or neuro-
foraminal stenosis, tumor, or vascular malformation. 
For example, thoracic spinal stenosis may lead to 
difficulties with advancement and accurate placement 
of percutaneous electrodes (8).

Some may suggest that the value of surveillance 
imaging studies is limited by their contribution to 
escalating health care expenditures. Although initial 
acquisition costs associated with SCS are high, nu-
merous studies have shown that SCS is cost-effective 
and that these early costs are consistently offset by a 
reduction in use of health care resources, including 
drug therapy, physician visits, and hospitalizations (9). 
In the context of chronic back pain, which in and of 
itself places a tremendous economic burden on health 
care, SCS has been shown to be more cost-effective 
than both conventional medical management (CMM) 
and surgical reoperation (10). Although preoperative 
imaging may add to initial increased expenses, long-
term benefits may still be achieved, as SCS becomes 
cost-effective within the first 2 years of treatment 
and is both clinically superior and cost-saving over a 
patient’s lifetime compared to CMM (11). Finally, the 
average Medicare cost of performing SCS explanta-
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tion is estimated to be $5,102, in addition to a mean 
cost of $13,452 for the initial SCS implant procedure 
itself (excluding all equipment expenses) (12). In con-
trast, costs for pre-implant imaging were $728 for CT 
(average of 1.7 scans per patient) and $688 for MRI 
(1.1 scans per patient) (12). While radiologic screen-
ing alone cannot be directly linked to subsequent 
rates of complication requiring explant, these costs 
illustrate the extensive expenses associated with de-
vice implantation and removal. This underscores the 
value of a thorough evaluation process and supports 
the use of imaging surveillance protocols to improve 
screening for optimal patient candidates.

In addition, these cases highlight several issues: 1) If 
imaging studies at baseline presentation of pain had 
been performed as part of a more exhaustive initial 
clinical assessment, thoracic lesions would have been 
detected much earlier. Subsequently, potentially un-
necessary surgeries in the lumbar spine, as well as 
costs related to loss of productivity and health care 
expenses, could have been avoided. Ironically, in this 
case, even the cost of SCS therapy, which one may 
posit was indicated as the result of spinal intervention 
and creation of scar tissue, may have been avoided 
as well; 2) Before these cases arose, there was 
inequity in our practice, with some interventionists 
obtaining surveillance imaging while some were not. 
Interestingly, the neurosurgeon in our practice always 
reviewed advanced imaging prior to surgical paddle 
electrode placement. This discrepancy highlighted the 
need for consistency in our practice and raised the 

bar for all providers to obtain surveillance imaging; 
3) Although these cases focused on thoracic proce-
dures, the utility of advanced imaging would certainly 
apply to cervical spinal cord procedures as well. In 
fact, given the smaller diameter of the spinal canal in 
the cervical spine, any potential undetected space-
occupying lesion in that region could lead to more 
disastrous consequences if a cervical percutaneous 
or paddle lead were to be placed (13). 

CONCLUSION

Advanced imaging (including MRI or CT with 
or without myelogram, if MRI is contraindicated) 
should be considered as part of the comprehensive 
work-up for patients undergoing SCS in the thoracic 
or cervical spine. The added benefits of radiologic 
screening, including identification of critical structural 
abnormalities or conditions that can be surgically ad-
dressed prior to or instead of SCS therapy, outweigh 
the short-term costs and minimal risks. Given that 
poor patient selection is one of the most challeng-
ing aspects of SCS and is associated with poorer 
outcomes (14,15), practitioners performing spinal 
cord stimulation should consider adopting a local 
preoperative imaging protocol for reasons of best 
practice. These 2 cases underscore the age-old les-
son that interventional pain practitioners, and in reality 
any thorough physician, should pay close attention to 
an individualized patient’s clinical scenario and look 
further if the diagnosis does not explain the signs and 
symptoms at hand.
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