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BACKGROUND Neck pain is often chronic and disabling. Cervical facet joint injections and epidural steroid injections are frequently used to manage chronic
neck pain and cervicogenic headaches. While minimal side effects are commonly associated with these treatments, severe complications are exceedingly rare.

OBSERVATIONS The authors report 4 cases of iatrogenic neurological injury after radiofrequency ablation (RFA) and epidural steroid injections. One
patient experienced left shoulder, scapular, and arm pain with left arm and hand weakness that developed immediately after RFA for chronic neck pain.
Electromyography/nerve conduction velocity (EMG/NCV) studies confirmed denervation changes in the left C8–T1 distribution. Three patients
complained of numbness and weakness of the hands immediately after an interlaminar cervical epidural block. One of these patients underwent EMG/
NCV that confirmed denervation changes occurring in the left C8–T1 distribution.

LESSONS Spine surgeons and pain management specialists should be aware of neurological injuries that may occur after cervical RFA and epidural
steroid injections, especially after a multilevel cervical procedure and with severe cervical spinal stenosis. EMG/NCV studies plays an important role in
detecting and localizing neurological injury and in differentiating from conditions that mimic cervical root injuries, including brachial plexus trauma due to
positioning and Parsonage-Turner syndrome.
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Approximately 10%–20% of adults experience neck pain at any giv-
en time that is associated with a high frequency of recurrence.1,2 In
addition, 20%–70% of adults report having neck pain that interferes
with their daily activities during their lifetimes.1,2 Cervical facet joint in-
jections, such as intra-articular facet joint injections, medial branch
blocks, or medial branch radiofrequency ablation (RFA)/radiofrequency
neurotomy (RFN), are minimally invasive procedures used to manage
chronic neck pain and cervicogenic headaches.1,3–8 In cervical RFA,
the articular limbs of the dorsal ramus medial branches are ablated,
which eliminates the afferent nociceptive input from the adjacent facet
joint.9 Most patients who undergo RFN are pain free at 6 months,
while one-third of patients are pain free at 1 year.4,8,10,11 Pain often re-
curs due to axonal regeneration, necessitating repeat RFN.9,12

While major complications are extraordinarily rare after cervical fac-
et joint injections, minor and temporary side effects are more frequent
and are related to needle placement, temperature, or drug administra-
tion.1,3,4,7,12–15 Complications may include infection (epidural abscess
or bacterial meningitis), dural puncture, spinal cord or neural trauma, or
cerebral infarction secondary to vascular injury to the vertebral ar-
tery.1,7,9 In Manchikanti and colleagues' study of 3370 cervical facet
joint nerve blocks, the most frequent side effect was local bleeding
with no major complications.16 Other side effects included intravascular
penetration in the cervical region in 20%, as well as temporary numb-
ness, dysesthesia, pruritus, and ataxia.3,7,8,12,14,17

Despite the approximately 9 million cervical epidural steroid in-
jections performed annually in the United States, they are not ap-
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proved by the US Food and Drug Administration, and no random-
ized controlled trials have documented their safety and efficacy.18

A host of severe complications are associated with cervical epi-
dural steroid injections, including epidural hematomas, infection
(abscess/meningitis), and neurological deficits due to intramedul-
lary (quadriparesis/quadriplegia) and intravascular injections (ver-
tebral artery injections leading to spinal cord, brainstem, and
cerebellar strokes).18–20 Cerebrovascular accidents may follow
cervical epidural steroid injections due to particulate steroid matter
in the methylprednisolone injection solution that embolized to the
distal arterial branches.18,21

We present 4 exceedingly rare cases of patients who experi-
enced a neurological injury after RFA and epidural steroid injec-
tions. The method of injury, differential diagnoses, treatment, and
prognosis are discussed. The narrowest anteroposterior (AP) diam-
eter of cervical spinal stenosis was also determined for cases 2–4.

Illustrative Cases
Case 1
History and Radiological Imaging

A 63-year-old man (body mass index [BMI] 28.48 kg/m2) under-
went RFA from C2 to C5 on the right for neck pain. The patient
stated that he woke up during the procedure and tried to raise his
head. Additional sedative was given, and the procedure continued.
On awakening from anesthesia, he noted sharp left shoulder and
scapular pain radiating down the posterior aspect of the left upper
arm to the elbow as well as a tingling sensation radiating down the
entire left arm to all fingers. The patient reported left arm and hand
weakness. He denied any balance difficulties, gait instability, saddle
anesthesia, or bladder/bowel incontinence or retention. The patient
was administered methylprednisolone 4 mg (Medrol dose pack,
Zoetis) and gabapentin 300 mg 2 tablets per day. His past medical
history included hyperlipidemia, continuous positive airway pressure
dependence, cigarette smoking, and a transient ischemic attack 4
years earlier that affected his speech. His past surgical history re-
corded an anterior cervical vertebrectomy of C5 and C6 followed by
cage placement from C4 to C7.

Cervical magnetic resonance imaging (MRI) without gadolinium per-
formed 4 days after the RFA revealed no acute changes. The anterior
cervical spine fusion from C4 to C7 was observed with chronic right-
sided myelomalacia at the superior C5 vertebral body level. Moderate
spinal canal stenosis and moderate neural foraminal stenosis at C3–4
as well as severe neural foraminal stenosis at C4–5 on the left and at
C6–7 bilaterally were noted.

Physical Examination
Decreased range of motion of the neck with tenderness to pal-

pation of the left shoulder was detected. Marked weakness of the
left abductor pollicis brevis (APB), left flexor pollicis longus (FPL),
first dorsal interosseous (FDI), abductor digit minimi (ADM), and ex-
tensor pollicis longus was noted. There was decreased sensation to
pinprick over the left thumb and index finger.

Electromyography/Nerve Conduction Velocity of the Arms
Electromyography (EMG) performed 6 weeks after the onset of

symptoms demonstrated fibrillations and positive sharp waves in
the left APB, FDI, and ADM. The patient was able to recruit only a
few motor units in these muscles. The extensor indicis (EI), the
FPL, and, to a lesser extent, the triceps also showed a decrease in

motor units with only 1–2 motor units. These findings confirmed
denervation changes in the left C8–T1 radicular distribution.

Follow-Up
The patient’s left arm pain persisted after the RFA. He under-

went a second RFA from C2 to C5 on the left 8 months later. The
patient continued to experience neck and left arm pain and left arm
weakness 7 months later. He was taking gabapentin 300 mg 6 tab-
lets daily and meloxicam 15 mg daily. He was unable to work or ex-
ercise. A cervical myelogram and post-myelographic computed
tomography (CT) scan demonstrated a large calcified ligament/
osteophyte complex with a Charcot joint at the T1 spinous process.

Case 2
History and Radiological Imaging

A 71-year-old woman (BMI 24.46 kg/m2) underwent a midline in-
terlaminar epidural steroid injection at C7–T1 for neck and arm
pain. A 20-gauge 3.5-inch Touhy needle was advanced until loss of
resistance with a fluid-filled pulsator syringe was noted. Omnipaque
240 (2 ml; GE Healthcare) was injected at C7–T1, which showed a
linear filling pattern in the midline posteriorly, suggesting intramedul-
lary contrast injection. The patient complained of immediate cervical
discomfort. The needle was removed and then reinserted at C7–T1
in the midline and advanced until loss of resistance was noted. Two
milliliters of contrast agent was injected, which showed epidural
spread. Two milliliters of preservative-free saline and 40 mg of
Depo Medrol (Pfizer) were then administered into the epidural
space.

Immediately after the procedure, the patient complained of in-
creased neck and left shoulder pain as well as weakness of left
hand grip. She described allodynia when hot or cold water was
applied to her left arm. Blisters developed on the dorsal aspect of
her left hand within 2 hours of the injection (Fig. 1). The patient

FIG. 1. Photograph of the dorsum of the left hand taken 2 hours after
the injection, demonstrating severe ulceration (arrows) as well as
excoriation over the dorsum of the thumb and proximal radial aspect of
the hand.
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was prescribed a Medrol dose pack. Her past medical history was
significant for hypertension, fibromyalgia, hyperthyroidism, myocar-
dial infarction, and coronary artery disease. She had undergone an-
terior cervical discectomy and fusion (ACDF) of C6–7 30 years
earlier.

Cervical MRI with and without gadolinium contrast performed 1
day after the epidural steroid injection revealed increased T2 signal
within the cervical spinal cord, extending from C3 into the thoracic
spine (Fig. 2). There was also hemosiderin deposition in the cer-
vical spinal cord from C4 to C7. The diameter from the posterior as-
pect of the vertebral body to the inner aspect of the laminar arch at
C5–6 was 8 mm (12–16 mm).

Physical Examination
Profound weakness of the left FDI, ADM, APB, FPL, flexor

digitorum profundus, and EI was detected (Fig. 3). There was de-
creased pinprick sensation of all digits and the forearm on the left.
The triceps and biceps deep tendon reflexes were symmetrical.

EMG/Nerve Conduction Velocity of the Arms
EMG performed 6 months after the onset of symptoms showed fi-

brillations and positive waves in the left FDI with no motor units. The
APB demonstrated fibrillations with a single motor unit. The EI, FPL,
and flexor carpi ulnaris revealed a significant decrease in motor units.
These findings confirmed denervation changes in the left C8–T1 dis-
tribution. The normal sensory potentials in the ulnar nerve distribution
suggested a preganglionic injury at the C8–T1 root level. No reinner-
vation changes were noted in the left intrinsic hand muscles.

Case 3
History and Radiological Imaging

A 62-year-old woman (BMI 33.67 kg/m2) underwent an interlami-
nar epidural steroid injection at C7–T1 for neck pain. A Tuohy nee-
dle was advanced to the interlaminar space and into the epidural
space under fluoroscopic guidance. The position was verified with a
loss-of-resistance technique to air. After confirming the location of
the needle, aspiration was negative for blood and cerebrospinal flu-
id (CSF), and 0.5 ml of Omnipaque NDC 0407-1412-30 (GE Health-
care) was injected. After observing the appropriate epidurogram

with lateral and posteroanterior views, 1 ml of a 3-ml solution recon-
stituted from 10 mg of dexamethasone was injected. The patient im-
mediately elevated both shoulders and hyperextended the head. The
injection was promptly aborted, and within a few minutes, an additional
0.5 ml of contrast was injected. While aspiration was negative, a radio-
graph revealed contrast spread posterior to the dura.

The patient immediately noted bilateral hand numbness and tingling
with decreased right grip strength as well as onset of pain of the left
posterior shoulder and abdominal “hardness.” Her blood pressure was
elevated, and her pulse and oxygen saturation were normal. Fentanyl
and labetalol were administered. As the patient’s symptoms did not re-
spond to treatment, she was hospitalized for 3 days.

A head CT demonstrated pneumocephalus with multifocal lo-
cules of gas in the subdural space at the tentorium and the middle
cranial fossa bilaterally. Cervical MRI with and without gadolinium
revealed intramedullary signal from C3 to T7 with gas manifesting
as low T1 and T2 signal with surrounding focal fluid in the cord at
C5 (Fig. 4). There was increased signal extending above this level
of gas by approximately 1 cm to the C4–5 level. Numerous bubbles
of gas were identified within the subarachnoid space. The diameter
from the posterior aspect of the vertebral body to the inner aspect
of the laminar arch at C6–7 was 6 mm (12–16 mm).

Physical Examination
The patient’s strength was 2/5 in the distal upper extremities bi-

laterally and 4/5 proximally. Her sensation to light touch was intact,
and her deep tendon reflexes were 21 and symmetric.

Follow-Up
Within 8 days of the cervical epidural injection, the numbness of

the upper extremities had resolved; however, she continued to ex-
perience right hand weakness.

Case 4
History and Radiological Imaging

A 63-year-old woman (BMI 43.38 kg/m2) underwent an interlami-
nar epidural steroid injection at C6–7 for neck pain. A 20-gauge
3.5-inch Tuohy needle was used. The epidural space was identified
using the loss-of-resistance technique to air. Aspirations were nega-
tive for blood or CSF. As soon as there was loss of resistance, the
patient moved, at which time paresthesias were noted in the arms
and trunk. The needle was immediately removed, and no steroid,
saline, or contrast was injected.

FIG. 2. A: Sagittal T2 MRI (short tau inversion recovery) showing
intramedullary blood (arrows) and edema. B: Axial view showing a
dark area of blood (arrow) and surrounding edema at C5–6.

FIG. 3. A: Photograph demonstrating weakness in left hand grip with
intact flexion of the distal interphalangeal joint. B: Photograph
demonstrating marked atrophy of the FDI muscle (arrowheads) with
failure of complete extension of the dorsal interphalangeal joint
(arrow).
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After the procedure, the patient was “agitated” and unable to fol-
low any commands. She complained of neck pain, numbness of
the right side of the body (trunk, abdomen, arm, and leg), and
weakness of the right arm and leg. She was given gabapentin 200
mg twice per day. She had a history of hypertension, and she had
undergone an ACDF at C4–5.

Cervical MRI with and without gadolinium contrast demonstrated
two focal areas of abnormal signal within the spinal cord at C3
(8.0 mm in length and 4.0 mm in AP and transverse dimensions)
and C4 (8.0 mm in length and 5.0 mm in AP and transverse dimen-
sions) with decreased signal on T1 and T2 sequences (Fig. 5).
These findings suggested acute blood in the spinal cord, and
the T2 MRI sequence showed minimal surrounding edema. The
diameter from the posterior aspect of the vertebral body to the inner
aspect of the laminar arch at C4–5 was 6.2 mm (12–16 mm).

Physical Examination
The patient experienced tingling of the right upper extremity, with

dysesthesia extending from the right C6 to the T10–11 dermatome.
Fine touch in the right arm, leg, and trunk was intact. The patient
had 4/5 strength in the deltoid, triceps, and brachioradialis as well
as diminished right hand grip. The following deep tendon reflexes
were absent: right triceps, biceps, and brachioradialis; left biceps

and brachioradialis; and Achilles bilaterally. The patellar deep ten-
don reflexes were 2/4 bilaterally, and the left triceps deep tendon
reflex was 1/4.

Follow-Up
The patient underwent a 3-week course of physical therapy. Three

months after the cervical epidural injection, she had persistent numb-
ness and tingling of the right middle, index, and little fingers. Her right
arm remained weaker than her left arm. Her right thoracic area numb-
ness had improved. Cervical MRI 3 months after the cervical epidural in-
jection revealed no residual hemorrhage or edema.

Discussion
Neurological complications associated with RFA have rarely

been reported in the literature. A single case of L5 root injury, ky-
phosis/dropped head syndrome after multilevel cervical lesioning,
transient tetraplegia, hoarseness, spinal accessory nerve injury, and
Horner’s syndrome has been documented.9,17,22–26 Ahmed and col-
leagues presented a patient who underwent multilevel cervical radio-
frequency facet neurotomies for chronic headaches.17 Immediately
after the procedure, the patient’s chin assumed a flexed position on
his chest, and he was unable to extend, rotate, or laterally flex his
neck. EMG performed 8 months later revealed active denervation of

FIG. 4. A: Sagittal T2-weighted MRI scan demonstrating air in the spinal cord at C5–6 (arrow) and spinal
cord edema caudal to that area. Three dark areas in the inferior aspect of the MRI scan represent air in the
subdural space. Axial views of the MRI (B) and CT (C) scans showing intramedullary air (arrows).

FIG. 5. A: Sagittal T2 MRI (gradient echo [GRE]) scan showing blood (arrows) within the spinal cord at C3–4, C4–5, and C6–7. B: Sagittal T2 with fat
suppression shows air and hemorrhage (arrows) with extensive intramedullary edema. C: Axial T2 (GRE) MRI scan demonstrating hemorrhage and gas
bubble (arrow) at C3–4. Sagittal (T2; D) and axial (GRE; E) MRI scans show resolution of hemorrhage, air, and edema 3 months after the injection;
however, underlying cervical spinal stenosis is evident.
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the cervical paraspinous musculature with no evidence of motor neu-
ron function. Despite narcotic medications, gabapentin, and intra-
thecal baclofen, the patient continued to experience severe neck
pain. He underwent a three-level anterior cervical discectomy with
placement of intervertebral allograft followed by a C4 laminectomy
and C3–4 and C4–5 bilateral foraminotomies with a posterior cervical
fusion from C3 to C6. The neck pain persisted postoperatively, but
the chin-on-chest deformity was corrected. These authors proposed
that the kyphotic deformity was attributable to denervation of the dor-
sal primary rami at multiple cervical levels secondary to RFN.17 They
suggested minimizing the number of cervical levels treated simultan-
eously and to confirm radiographically that the lesioning needle was
accurately placed.

Stoker and colleagues reported a patient who underwent bilat-
eral RFA of the C2–4 medial articular branch and third occipital
nerve for neck pain and headaches.9 The patient experienced neck
pain, cervical extensor weakness, and occipital hyperesthesia im-
mediately following the procedure. Within 5 months, she demon-
strated a chin-on-chest dropped head deformity and an inability to
extend the neck. The patient underwent a laminectomy from C4
to C7 and an instrumented posterior instrumented fusion from C2
to T2. Six months postoperatively, the cervical alignment had im-
proved, and the neck pain had resolved. These authors suggested
that the etiology of the cervical extensor muscle denervation was
caused by RFA of multiple dorsal rami motor components.9 They
also cautioned against performing multilevel cervical RFA. Similar-
ly, McDonald and colleagues advised against single-stage bilateral
or multilevel cervical RFA because excessive denervation may
promote neuromuscular instability and secondary deformity.11

Persistent or recurrent neck pain commonly follows cervical
spine surgery. Approximately 15%–40% of patients experience dis-
abling neck pain caused by perineural and epidural scarring with
nerve root adhesions and muscle spasm.6 In Klessinger’s study of
242 patients who underwent cervical spine surgery, 31% had per-
sistent neck pain due to zygapophysial joint pain postoperatively.6

These authors reported that more patients experienced neck pain
after a two-level operation than during a single-level operation.
Their findings suggest that the extent of previous surgery and
number of levels treated are major risk factors for postoperative
neck pain. Because the patients in our series (cases 1, 2, and 4)
had undergone extensive spine surgery, it is not unexpected that
neck pain occurred, necessitating RFA and cervical epidural
injections.

The differential diagnosis of the cause of cervical nerve root injury
after RFA includes a brachial plexus injury due to shoulder and neck
positioning. Intraoperatively, the patient’s shoulders are retracted
downward when in the prone position. This maneuver allows visual-
ization of the lower vertebral levels on lateral cervical spine radiog-
raphy performed for correct localization. If the shoulders are forcefully
pulled down, the superior trunk of the brachial plexus may be
stretched and injured, resulting in similar symptoms as those in a cer-
vical root injury. Parsonage-Turner syndrome (idiopathic brachial plex-
opathy or neuralgic amyotrophy) is a rare condition composed of
numerous symptoms such as shoulder pain, motor weakness, dyses-
thesias, and numbness of the upper extremity.27 Although the eti-
ology is unknown, this disorder may occur postoperatively and may
be postinfectious, posttraumatic, or postvaccination. Sensory and mo-
tor components may occur in Parsonage-Turner syndrome and may

mimic cervical nerve root injury. EMG/nerve conduction velocity (NCV)
studies are valuable in differentiating between these conditions.

Observations
Case 1 is the first in the literature to describe a cervical nerve

root injury after RFA. While the RFA was performed from C2 to C5
on the right, the patient’s symptoms after the procedure were on
the left. We speculate that the trajectory of the ablation may have
changed when the patient awoke, tried to move his head, and was
quickly sedated. The multilevel RFA presumably increased the risk
of complications. Case 2 combined several mechanisms that led to
the patient’s symptoms after cervical epidural spinal injections. It is
likely that the injection of contrast into the dorsal column of the spi-
nal cord as well as the C8–T1 nerve roots may have caused the
numbness and the muscle weakness. The rash on the left hand
may have been caused by autonomic dysfunction at C8–T1. In
case 3, the patient’s symptoms arose after cervical epidural spinal
injections with the needle being inadvertently placed into the dorsal
column of the spinal cord at C5. This resulted in the cephalad mi-
gration of gas observed on the head CT as well as the numbness,
tingling, and weakness of the hands bilaterally by affecting the
C8–T1 nerve roots. In case 4, the symptoms presented after a cer-
vical epidural injection. It is most likely that the needle hit the spinal
cord, causing injury and hemorrhage within the spinal cord. A
unique aspect of the present case series was the determination
that preexisting cervical spinal stenosis has an increased risk of
neurological complications after epidural injections for pain control.

Lessons
Spine surgeons and pain management specialists should be

cognizant of neurological injuries that may occur after RFA and cer-
vical epidural injections, especially with a multilevel (>2 levels) cer-
vical procedure and severe cervical spinal stenosis. EMG/NCV play
an important role in precise localization of cervical root lesions and
in differentiating between conditions that mimic cervical nerve root
injuries, such as brachial plexus injuries due to shoulder and neck
positioning as well as Parsonage-Turner syndrome.
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