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Background: \We present a case demonstrating the utility of spinal cord stimulation (SCS) in the treatment of neuropathi-
cally mediated pain due to cervical spinal cord syringomyelia formation after inadvertent spinal cord injection
during interlaminar cervical epidural steroid injection (ICESI). A review of the current literature on the use
of cervical SCS for neuropathic pain that is nonradicular is summarized.

Case Report: A 52-year-old woman had a series of ICESIs for cervicalgia complicated by an intraparenchymal injection
that resulted in syrinx formation. She subsequently developed severe, permanent right upper extremity
spasticity and chronic neuropathic pain. After failure of various conservative, interventional, and surgical
treatments, an SCS trial was performed.

Conclusions: SCS may be a viable option for the treatment of neuropathic pain secondary to syringomyelia due to iat-
rogenic parenchymal injury.
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BACKGROUND

Interlaminar cervical epidural steroid injections (ICESI)
are a relatively common procedure for the treatment
of cervicalgia, cervical radicular pain, complex regional
pain syndrome, and postlaminectomy cervical pain (1-
5). Comprehensive review of the literature estimates
that the complication rate of these procedures ranges
between 0% and 16.8% (1,6). Complications associated
with ICESIs may include headaches, vasovagal episodes,
worsening neck pain, epidural hematoma or abscess,
subdural block, intrathecal injection, dural puncture,
spinal cord injury, and even death (6-8). A closed claims
analysis of chronic pain procedures at the cervical spine
revealed that 22% of all claims stemmed from cervical
spine procedures and 31% of these resulted from direct
needle trauma to the spine (2). Intramedullary cavitary
lesions caused by needle insertion and delivery of injec-
tate is exceedingly rare. Khan and Pioro (9) presented
a report of cervical spinal cord syrinx formation as a
result of cervical epidural injection which led to right
hemiparesis and hemibody sensory loss below the neck.

Syringomyelia can cause dysesthesia, which is dis-
abling and refractory to various available treatments,
both conservative and invasive. Therapeutic modalities
that have been described include neuropathic agents,
nonsteroidal anti-inflammatory medications, opioids,
regional sympathetic blocks, stellate ganglionectomy,
and surgical collapse of the syrinx (10-11). Campos et al
(12) successfully treated a patient with syringomyelia-
associated neuropathic pain refractory to medications
with spinal cord stimulation (SCS). In the current case
report we present a patient who developed a syrinx
in the cervical spinal cord after needle puncture injury
during an ICESI, with resulting neuropathic pain below
the level of injury. Surgical implantation of a paddle lead
SCS device yielded significant pain reduction, demon-
strating the benefit of neuromodulation in mitigating
neuropathic pain related to traumatic syringomyelia.
A summary of the current literature reporting the
use of cervical SCS for the treatment of nonradicular
neuropathic pain syndromes of the upper extremity is
reviewed.

CASE REPORT

The patient is a 52-year-old woman with a past
medical history significant for irritable bowel syndrome,
chronic bronchitis secondary to tobacco use, and chronic
low back and neck pain. In her forties, her cervicalgia
began to worsen with associated right arm pain, which
led her to receive a series of cervical epidural steroid
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injections. Unfortunately, during an ICESI performed
in 2010 at an outside hospital, the epidural needle
was inserted into the cervical spinal cord and the in-
jectate was administered directly into the cord. It was
a right bias, C7-T1 interlaminar space injection under
multiplanar fluoroscopy. The injectate consisted of
one mL of preservative-free normal saline and 2 mL of
methylprednisolone, 40 mg/mL, and it was administered
after the contrast medium flow was consistent with
an epidural spread. This intraparenchymal injection
resulted in transient bilateral lower extremity paralysis,
permanent right upper extremity hand spasticity, and
severe chest, lower back, upper and lower extremity
pain, right worse than left. She was not sedated and
distinctly recalled experiencing severe neuropathic
pain, described as “lightning bolts,” involving several
anatomic locations which originated from the neck radi-
ating to the arms and hands or from the groin extending
cephalad towards the trunk or caudal towards the feet.
She experienced neither urinary nor bowel incontinence.

Shortly after her ICESI and the appropriate work-up,
she underwent surgery for cervical decompression with
fusion, which did not alleviate her significant pain. After
her surgery she received repeat ICESIs in an attempt to
decrease her debilitating neck and bilateral radiating
upper extremity pain. Despite physical therapy and
trial of multiple antineuropathic agents, opioids, and
muscle relaxants, her pain was unremitting. She also
had low back surgery to address her low back and lower
extremity pain, which was partially effective. Eventually,
approximately 4 years after the event, she was referred
to the neurosurgery department of our institution for
possible further surgical intervention. Given that her
magnetic resonance imaging (MRI) (Fig. 1) of the cervi-
cal spinal canal did not demonstrate evidence of any
compressive lesion, it was determined that a trial of SCS
would be a reasonable treatment option. She was then
referred to our pain management center for an SCS trial.

During history intake, the patient’s primary complaint
was right upper extremity burning pain in a C7 derma-
tomal pattern. She also reported severe nondermatomal
pain in many areas of her torso and her extremities,
right greater than the left. Her musculoskeletal and
neurological exam was notable for a right claw hand,
4 out of 5 strength in right thumb abduction, but
otherwise 5 out of 5 strength in other upper and lower
extremity myotomes. Her right biceps and triceps deep
tendon reflexes were hyperreflexic, but her left upper
and bilateral lower extremity reflexes were normal. Her
Babinski reflex was negative bilaterally. Her sensation
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to light touch and pinprick were intact bilaterally in
the upper and lower extremities. She had severe wast-
ing of the thenar eminence on the right hand as well
as severe spasticity of the intrinsic muscles (Fig. 2). The
patient was on transdermal fentanyl at 75 mcg per hour
every 72 hours, oxycodone sustained release 180 mg per
day in 3 divided doses, and oxycodone 30 mg per day
divided into 6 doses. Psychological evaluation revealed
mild depression but no findings that would preclude a
good outcome from SCS.

Under minimal sedation and using multiplanar fluo-
roscopy and the loss-of-resistance technique, a single
8-contact percutaneous lead (Abbott, Abbott Park,
IL) was placed after the T2-3 interspace was accessed.
The lead was advanced to the superior endplate of C7
(Fig. 3A). The history of prior cervical decompression
and fusion precluded further advancement. Once the
patient reported satisfactory paresthesia coverage
and perceived pain relief intraoperatively, even with
suboptimal lead placement, the lead was secured with
medical adhesives to the skin. During the trial, the
patient experienced very good paresthesia coverage
and significant pain reduction (50% pain intensity
reduction) along with increased functional mobility of
her upper extremity and improved quality of life. Four
months after her SCS trial, she underwent permanent
placement of a Penta (Abbott, Abbott Park, IL) paddle
lead at the C7 level (Fig. 3b). The paddle type, though
preferable if MRI-compatible, was selected based on its
ability to give long-term coverage as well as surgeon
preference and experience. At the 2-year follow-up
following permanent implantation, she continued to
report significant pain reduction of 40% in her right
upper extremity, which was further aided with concur-
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rent use of pregabalin 600 mg day, oxycodone 60 mg
per day in 3 divided doses, and 90 mg of duloxetine. The
patient was weaned off of all long-acting opioids. Her
examination remained stable as depicted earlier in Fig.
2. Following the improvement in her right upper extrem-
ity, the patient for unclear reasons had diminished pain
complaints in the other regions of her body. The patient

Fig. 1. Magnetic resonance imaging of cervical spine Short-
Tl Inversion Recovery sequence demonstrating central
cervical cord hyperintensity associated with syringomyelia
(arrows). Also demonstrated is a posterior laminectomy
defect (arrow heads).

Fig. 2. Anterior (A), medial (B), and posterior (C) views of the right hand demonstrating intrinsic hand muscle spasticity

and muscle wasting secondary to cervical cord lesion.
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Fig. 3. (A) Fluoroscopic image of percutaneous trial of cervical spinal cord stimulator 8-contact Abbot lead. The su-
perior lead contact at C7 is placed inferior to the laminectomy defect. (B) Abbot’s Penta™ 5-Column Paddle Lead,
cephalad contact at C7.

felt paresthesias in her right upper extremity only and
preferred this mode of stimulation over burst.

DISCUSSION

Cervical syrinx formation as a complication of ICESI is
an exceedingly rare phenomenon with scant representa-
tion in the literature (9). The anatomy of the cervical
spine is unique and different from that of the lumbar
spine. Though the cervical epidural space at C7-T1 is the
widest at this segment, the narrow distance between
the ligamentum flavum and the spinal cord renders
epidural injections in the cervical spine more precarious
(2,6,9,13,14). Multiplanar contrast medium-enhanced
fluoroscopy used during ICESI may significantly mitigate
the risk for complications (6).

Morelli et al (15) demonstrated that needle tract for-
mation due to inadvertent spinal cord puncture can be
associated with relatively little cord edema and manifest
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with significant, transient neurologic symptoms. In the
case of syringomyelia, segmental dysesthesias associ-
ated with causalgia, hyperesthesia, and trophic changes
may be observed (10). In patients with syringomyelia, it
has been observed that the involvement of the dorsal
column medial-lemniscus pathway increases the likeli-
hood of experiencing neuropathic pain (10,16). The
dorsal horn and posterior column lesions in patients
with syrinxes produce symptomatology patterns that
are consistent with the hypothesis of deafferentation
pain (10,17-19).

In this case, the patient very quickly experienced
myelopathic changes and significant neuropathic pain
of central origin after an iatrogenic syrinx formation.
Despite surgical decompression, physical therapy, and
medication treatment, her pain remained rather de-
bilitating. Milhorat et al (10), as well as Prat et al (20),
demonstrated that in patients with surgical collapse
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of the syrinx, relief of dysesthesia occurred in 59% of
patients, but 41% did not report improvement and in
fact may have had worsening of their pain. Given the
poor response to traditional treatment methods for
controlling syrinx-related neuropathic pain, the use
of SCS may be considered. Campos et al (12) success-
fully used SCS to treat neuropathic pain in a patient
with atraumatic syringomyelia. They reported that the
patient experienced significant reduction in the upper
extremity neuropathic pain she was experiencing in
addition to improved function and quality of life.

While there is a large body of evidence supporting the
use of thoracic SCS in the treatment of lower extremity
neuropathic pain, this is not the case for cervical SCS
when one excludes cervical radiculopathy (Table 1).
Most studies range from case reports to retrospective or
prospective single center analyses. The unique anatomic
characteristics of the cervical spine make a cervical SCS
placement technically more difficult, carrying more
inherent risks of neurological injury. These factors can
lead to potential undertreatment of patients with upper
extremity neuropathic pain.

Most case reports point to the feasibility that SCS
may prove to be of high value in the treatment of re-
fractory upper extremity neuropathic pain syndromes.
For example, Chien et al (21) presented the case of a
42-year-old woman with a traumatic left upper ex-
tremity brachial plexus avulsion injury after a motor
vehicle accident and treatment of deafferentation pain
complicated by complex regional pain syndrome type Il.
Previous unsuccessful interventions included repeated
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stellate ganglion blocks, transcutaneous electrical nerve
stimulation, and neuropathic and opioid medications.
During the 7-day trial of a cervical SCS, the patient
experienced immediate improvement of pain symptoms
with the pain score decreasing from 9 out of 10 to 2 to
3 out of 10 on the Numeric Rating Scale (NRS-11). The
left trial lead was placed at the C2-5 levels and the right
lead at C4-7. Subsequently, a permanent dual cervical
lead Octrode® SCS system connected to a 16-channel
rechargeable implantable pulse generator (Saint Jude,
Plano, TX) was permanently implanted. At the 10-month
follow-up, her pain level remained stable at 2 out of
10 on the NRS-11 at rest and with activity, including
aggressive physical therapy; her ability to perform daily
activities had dramatically improved.

Another case of treating deafferentiation neuropathic
pain after brachial plexus avulsion with the use of cervi-
cal SCS is reported by Abdel-Aziz et al (22). Their patient,
a 25-year-old man, reported a 50% pain reduction with
the placement of a trial stimulator at the C3-6 levels
and continued to have the same coverage and same
reduction in pain levels after the surgical placement of
the paddle stimulator at the C3-5 levels.

McLean et al (23) published a case report of a cervical
SCS for the treatment of acute on chronic neuropathic
pain occurring after dorsal decompression of C5 to C7
with instrumented stabilization from C4 to T2. More
specifically, a 61-year-old man with a history of multiple
cervical spinal cord surgeries complained of severe, dif-
fuse, and progressive pain affecting the lower neck and
arms bilaterally, left worse than right, on postoperative

Table 1. Summary of the current literature on cervical spinal cord stimulation for the treatment of nonradicular neuropathic pain.

Author Year | Type Results/Endpoints
McLean et al 2018 | Case report Cervical SCS treating acute on chronic postoperative upper extremity neuropathic pain.
Levine et al 2016 | Retrospective single- | Cervical spinal cord and dorsal nerve root stimulation of 35 patients with neuropathic
center study upper limb pain.
Abdel-Aziz etal | 2014 | Case report Treatment of deafferentiation neuropathic pain after brachial plexus avulsion with the use
of cervical SCS.
Chien et al 2014 | Case report Cervical SCS successfully treating deafferentation pain from brachial plexus avulsion
injury complicated by CRPS.
Chivukula etal | 2014 | Retrospective single- | Efficacy and outcomes of cervical and cervicomedullary spinal cord stimulation for
center study chronic pain in 121 patients.
Campos et al 2013 | Case report SCS for the treatment of neuropathic pain secondary to syringomyelia.
Kapural et al 2008 | Case report Cervical SCS for the treatment of lower extremity neuropathic pain.
Forouzanfar et al | 2004 | Prospective single- Comparison of the efficacy of cervical and lumbar SCS in 36 patients with CRPS type L.
center study

Abbreviations: CRPS, complex regional pain syndrome; SCS, spinal cord stimulation.
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day one after the above-mentioned operation. The pain
had a distribution pattern different from the previous
neuropathic pain. His symptoms were so severe that
they could only be controlled with ketamine infusion.
The patient underwent a reexploration with a trial
lead SCS placement. Intraoperatively, there was no
evidence of medullary compression or hemorrhage. An
A16-electrode SCS paddle lead (Specify 298, Medtronic
Inc., Minneapolis, MN) was placed epidurally from C3
to C6. After a successful trial, a permanent implantable
pulse generator was placed. At the follow-up visit, 12
months later, assessment of the patient’s pain showed
a pain intensity of 3 out of 10 on the NRS-11, compared
to 9 out of 10 on postoperative day one.

An interesting case report by Kapural et al (24) de-
scribes a cervical SCS for the treatment of lower extrem-
ity neuropathic pain, refractory to multiple medications
and epidural injections. Due to the patient’s scoliosis
and history of multiple lumbar spine surgeries, it was
decided to place the leads in the lower cervical and
upper thoracic regions to possibly capture the lower
extremities. Two 8-contact leads with 4-mm spacing
were guided through the patient’s epidural space from
the entry point at T4 to the C5 lead tip position, at which
a test stimulation was performed. Although the patient
complained of significant but tolerable upper extrem-
ity paresthesias, his lower extremity pain relief was so
profound that he opted for the permanent implant with
satisfactory results.

Forouzanfar et al (25), in a prospective study, com-
pared the efficacy of cervical and lumbar SCS in 36
patients with complex regional pain syndrome (CRPS)
type I. Using the 7-point Global Perceived Effect (GPE)
scale, at least 42% of the cervical SCS patients and 47%
of the lumbar SCS patients reported significant improve-
ment. There were no differences between the cervical
and lumbar groups regarding outcome measures.

Levine et al (26) reported their single-center experi-
ence with cervical spinal cord and dorsal nerve root
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stimulation (DNRS) for neuropathic upper limb pain.
They proceeded with permanent implantation in 23 out
of 35 patients based on a Visual Analog Scale (VAS) pain
score decrease of more than 50% during trial stimula-
tion. Both the SCS and DNRS groups had significant
improvements in average VAS pain scores at 12 months
compared with baseline, and the majority of patients
in both groups obtained > 50% pain relief. The pain
relief was accompanied by opioid use reduction and
improvement in the Short Form-36 quality-of-life scores.

The largest series of patients treated with cervical
SCS, to our knowledge, is reported by Chivukula et
al (27) as a single-center experience with cervical and
cervicomedullary junction spinal cord stimulation in 121
patients. Of the 121 patients identified who underwent
at least trial SCS, 100 underwent permanent lead im-
plantation. Indications for cervical SCS were of broad
etiology and most of them were cases of neuropathic
pain, including: 8 cases of brachial plexus lesions, 33
cases of complex regional pain syndrome, 4 cases of
degenerative disc disease, 23 cases of failed neck surgery
syndrome, 6 cases of chronic radiculopathy, and 1 case
of post-herpetic neuralgia. For the cervicomedullary
junction SCS, indications included 10 cases of trigeminal
deafferentiation pain, 4 cases of trigeminal neuropathic
pain, 4 cases of PHN, and 7 cases of occipital neuralgia.
The SCS were placed by one surgeon and the mean pain
reduction averaged 56.6% at a mean follow-up of 4.2
years, showing very promising outcomes.

CONCLUSION

This case summary of cervical SCS for syringomyelia-
related neuropathic pain highlights a few cogent points.
A traumatically induced case of syringomyelia can
produce a centrally mediated refractory neuropathic
pain state in addition to neurological deficits. SCS is a
potential treatment option, although further studies
are needed to elucidate its effectiveness.
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