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Background: Occipital neuralgia (ON) is defined as paroxysmal pain in the distribution of
the greater, lesser, and/or third occipital nerves. ON can be refractory to conservative
management and minimally invasive interventions. Neuromodulatory procedures can poten-
tially treat refractory ON and include occipital nerve stimulation and the sparsely reported
high cervical spinal cord stimulation (SCS).

Objective: To report our experience and conduct a systematic literature review of studies
evaluating the effect of high cervical SCS as a treatment modality for refractory ON.
Methods: A retrospective review of patients with refractory ON who underwent high
cervical SCS was conducted. In addition, a systematic literature review was performed
according to the PRISMA guidelines.

Results: Five patients with refractory ON were treated with high cervical (C1-C3) SCS in
our institution. Two out of five (40%) patients reported a successful trial stimulation (>50%
pain reduction) and received permanent implantation. During the follow-up, the visual
analog scale score decreased from 7.5 to 4 and from 6.5 to 5 in these patients. No
complications were reported for any of the patients. The systematic literature review,
identified two eligible studies, comprising 18 patients overall who underwent cervicomedul-
lary junction SCS. Nine out of 18 patients (50%) had a successful trial and received
permanent implantation.

Conclusion: High cervical or cervicomedullary junction SCS is associated with a 40-50%
successful trial rate in refractory ON. No major complications were noted during the follow-
up. Future studies are needed to compare the different neurosurgical options, in order to
identify the optimal treatment strategy for refractory ON.
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Introduction

Occipital neuralgia (ON) is defined by the International Headache Society as parox-
ysmal shooting, stabbing or sharp pain the distribution of the greater, lesser, and/or third
occipital nerves. The etiology of ON is considered idiopathic. However, several
etiologies including trauma, compression, infection, nerve entrapment, temporal arter-
itis, schwannoma have been implicated in the etiology of ON.> There is a significant
overlap in the presentation of ON and other primary headache disorders including
migraines, cluster headaches, hemicrania continua, and tension headaches. Therefore, a
detailed history and physical examination are key components in order to distinguish
ON from headache syndromes with similar presentations.” Importantly, a characteristic
feature of ON is that local anesthetic block of the affected nerve can temporarily
provide pain relief.> However, it is not uncommon for ON to represent a diagnosis of
exclusion.
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First-line conservative treatment of ON includes rest,
cold
Pharmacologic management of chronic ON pain consists

warm, or compress and physical therapy.®
of anti-epileptic drugs, gabapentin, pregabalin, tricyclic
antidepressants, whereas muscle relaxants and anti-inflam-
matory medications are usually reserved for the manage-
ment of acute pain. In cases of resistant ON to
pharmacologic therapy, interventions including occipital
nerve blocks with local anesthetics, corticosteroids or
Botulinum A toxin injections have been utilized.>’*
Nevertheless, these are limited by the transience of their
analgesic effect. Several neurosurgical interventions have
been used for intractable ON including ablative and neu-
romodulatory procedures. Ablative procedures, which are
irreversible, include C1-C4 dorsal cervical rhizotomy, C2
ganglionectomy, and mechanical or pulsed radiofrequency
neurectomy.” ' Neuromodulatory procedures, on the other
hand, have the advantage of being reversible and comprise
of occipital nerve stimulation and the sparsely reported
high cervical spinal cord stimulation (SCS).'*!?

The aim of this study is to report our experience and
conduct a systematic literature review of studies evaluat-
ing the effect of SCS as a treatment modality for refrac-

tory ON.

Methods

Study design and patient population

This was a retrospective study of five patients with refrac-
tory ON who underwent high cervical SCS during 2010—
2018 at Emory University Hospital, Atlanta, GA, USA.
Medical records were retrieved from the hospital’s database
after approval of the study protocol by the Institutional
Review Board. Written informed consent was obtained.
All operations and clinical examination were performed
by the senior author (NMB).

The following demographic data were collected: sex,
age, body mass index (BMI), diabetes, hypertension, and
smoking), duration of symptoms until surgery, analgesic
medication used, visual analog scale (VAS) score before
and after the procedure, duration of follow-up and
complications.

Surgical technique

At Stage I, a trial stimulation was carried out. Patients
underwent percutaneous placement of epidural spinal cord
stimulator electrodes in the high cervical region (C1-C3)
for ON for 2 weeks. The following surgical technique was

applied for all patients and utilized general anesthesia and
endotracheal intubation. Patients are placed in a prone
position with their head firmly positioned in the
Mayfield. They are then draped and prepared in a sterile
fashion. Intraoperative fluoroscopy is then used to identify
the interspinous space and the lateral aspect of pedicle of
the C3 vertebral body on the side of the patient’s symp-
toms. The skin overlying this region is then infiltrated with
lidocaine and 2% epinephrine. A stab incision is then
made with a #11 blade. A Tuohy needle and stylet are
then positioned over the incision just lateral to the pedicle,
angled superiorly and medially to target the interspinous
space. The needle is advanced under fluoroscopic guidance
until piercing the ligamentum flavum. The stylet is then
removed, and a flexible wire is advanced beyond the tip of
the Tuohy needle to confirm access to the epidural space.
The wire is then removed, and a spinal cord stimulator
electrode is then advanced under fluoroscopic guidance.
The electrode is advanced rostrally until positioned in the
high cervical region (C1-C3) just lateral to midline. Two
patients (Patient #2 and Patient #3) received leads in a
similar fashion with electrodes also covering C3-C8 for
concomitant intractable upper extremity pain. Lead posi-
tioning is then confirmed using fluoroscopy, and externa-
lized wires were anchored to the skin with Injex anchors
and sutures (Figure 1). For permanent implantation in
Stage II, patients underwent C1 and/or C2 laminectomy
for paddle lead placement. The wires were connected to a
flank or gluteal-implanted pulse generator.

Systematic review

Search strategy and selection criteria

This systematic review was performed according to the
PRISMA (Preferred Reporting Items for Systematic reviews
and Meta-Analyses) guidelines.'* Systematic searches were
conducted in PubMed and Cochrane Central. The keywords
used for PubMed were “occipital neuralgia” and “spinal cord
stimulation”. The search was conducted by two independent
investigators (PT, MT) on January 2019. Any disagreements
or discrepancies were resolved by consensus. The references
of the included studies were also manually reviewed to
identify further eligible articles.

A study was included in this systematic review if it
fulfilled three predefined criteria: 1) prospective or retro-
spective observational analyses reporting on patient with
ON who underwent high cervical SCS; 2) studies that
reported quantitative data on clinical outcomes of interest;
3) studies published up to January 2019.
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Figure | Intraoperative fluoroscopic lateral image of high cervical lead placement. Lead tip (red arrow).

Data extraction and outcomes

Two reviewers, blind to each other (PT, MT), indepen-
dently extracted the relevant data from the eligible studies.
Data extracted included the first author, title, date of pub-
lication, country of origin, patient number, demographics,
history of hypertension, diabetes mellitus, smoking status.
The primary endpoint was report of a successful stimula-
tion trial (>50% reduction in VAS score before and after
the procedure). Secondary outcomes were VAS score
reduction during the long-term follow-up for patients
who received permanent implantation of the SCS system

and complication rates.

Results

Present case series

Five consecutive patients with refractory ON were treated
at our institution. The majority of our patients were female
(n=4/5, 80%) with a mean age at presentation 42.7 years
and mean BMI was 30.5 kg/cm®. The average duration of
symptoms until surgery was 1.2 years. Patient demo-
graphics, analgesic medication used prior to the high cer-
vical SCS and VAS score before the procedure, is
summarized in Table 1. SCS was performed in these five

consecutive patients due to the following reasons. Two
patients (patients #1 and #2) received an unsuccessful
trial of occipital nerve stimulation prior to the SCS proce-
dure. Patients #2 and #3 received SCS from C2-C8 and
C1-C8, respectively, in order to address their occipital and
concomitant upper extremity pain. Percutaneous trial for
patient #2 could not involve the C1 level because the
patient had previously undergone Chiari decompression
with removal of C1 arch. Lastly, patients #4 and #5
received SCS because insurance denied to cover the
expenses for a peripheral occipital nerve stimulation trial.

Three patients (patient #1, 2, and 3) reported that trial
stimulation was unsuccessful (VAS reduction <50%).
These patients had a history of parieto-occipital menin-
gioma resection, Chiari decompression surgery and cervi-
cal spine trauma following a motor vehicle accident. Two
out of five patients (patients #4 and 5) that underwent trial
SCS for ON reported >50% reduction in their VAS score
and therefore, received permanent implantation. Patient #4
did not report any relevant history/trauma prior to the
presentation of the occipital pain, while patient #5 devel-
oped ON 3 months following microvascular decompres-
sion for trigeminal neuralgia. During the follow-up (2 and
4.5 months, respectively), the mean reported VAS score
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Table | Patient characteristics
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Abbreviations: BMI, body mass index; ON, occipital nerve; SCS, spinal cord stimulation; VAS, visual analog scale.

reduced from 7.5 to 4 in patient #4 and from 6.5 to 5 in
patient #5 with permanent high cervical SCS. No compli-
cations were reported following trial or permanent implan-
tation by any of the patients.

Systematic literature review

A Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) search flow diagram is provided
in Figure 2. The initial search yielded 15 potentially rele-
vant records after duplicates were removed. After screen-
ing of titles and abstracts, seven articles were retrieved for
full-text evaluation. Two studies met the predetermined
eligibility criteria and were included in the systematic
review.

Characteristics of the included studies

and patients

Both studies were observational retrospective cohort ana-
lyses including 18 patients overall.'*'> Important baseline
characteristics of the included studies are presented in
Table 2. These studies investigated the effect of cervical
or cervicomedullary junction SCS on various head, neck,
or extremities pain syndromes. Therefore, baseline char-
acteristics for the various subgroups of patients including
those with ON were not specifically reported.

Outcome of interest
The only available outcome for patients with ON who
underwent SCS was the rate of successful trial. The
study by Chivukula et al, reported that 7/11 patients
while the study by Tomycz et al , reported that 2/7 patients
with ON had a successful trial (pain reduction >50%).
Therefore, a 50% (9/18) rate of successful trial was esti-
mated after combining the included studies.

This rate is in line with the present case series which
reported a 40% (2/5) rate of successful trials.

Discussion
Our institutional results and those of the only two pub-
lished studies on the use of SCS for ON suggest that it has
a 40-50% successful trial rate and permanent implanta-
tion. In addition, the present case series also accompanied
by a systematic review, highlights the fact that SCS is an
underreported treatment modality for refractory ON.

This is the first study that investigates the efficacy of
high cervical (C1-C3) SCS specifically in refractory ON
cases. Of note, the studies by Chivukula et al, and Tomycz
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Figure 2 Search PRISMA flow diagram.
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Table 2 Included studies in the systematic review

screening as irrelevant
(n=8)

Total paper excluded after
full-text screening (n=5)

Secondary review papers
(n=5)

Study Country Type of study Years of enrollment Number of patients Successful trials
Chivukula 2014'3 USA Observational 19912014 I
Tomycz 201 1'% UsA Observational 1990-2009 7

et al, concluded that cervicomedullary junction SCS had
the lowest success rate for occipital pain syndromes as
compared to facial pain syndromes.'*"'> The greater and
lesser occipital nerves usually arise from the second spinal
nerve (C2 level). A mapping study of sensory responses in
humans, showed that epidural stimulation at the C1 and C2

levels can generate paresthesias in the lower face, jaw, and

occipital region.'® However, the same study highlighted
that the C1-C2 levels are difficult to cover, as only a small
percentage of different electrode arrangements located at
the high cervical levels can consistently produce
paresthesias.'® It is worth highlighting that trial stimula-
tion in the present case series was performed percuta-

neously because open placement through an occipital
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incision might exacerbate occipital pain; however, lead
placement past C1 or even C2 can sometimes be challen-
ging and this may impact trial efficacy.

Importantly, no infections, lead migrations, or any
other complications occurred in the present case series.
Even though surgery at the cervicomedullary junction or
high cervical levels can be dangerous by causing signifi-
cant neurologic morbidity, published studies showed that
no major complications occurred other than wound infec-
tions, cerebrospinal fluid leak, and lead migrations.'*'

Nevertheless, occipital nerve stimulation is a more com-
monly performed neuromodulatory treatment approach for
ON. Several case series, evaluating the efficacy and safety of
occipital nerve stimulation, have been published.'*'” Based
on our experience with occipital nerve stimulation, 83.3%
(20/24) of patients reported a successful trial and underwent
permanent implantation.'? Notably, the average VAS score
reduced from 7.4 before the trial to 2.9 during the long-term
follow-up. In addition, occipital nerve stimulation is consid-
ered a safer procedure than SCS especially given that the
latter involves the high cervical region. It should be noted,
however, that implanted stimulation systems are not always
MRI compatible which can be a limitation of neuromodula-
tory treatments. The authors believe that occipital nerve
simulation should be the first-line neuromodulatory treat-
ment approach for refractory ON to conservative manage-
ment and minimally invasive interventions. High cervical
SCS should be reserved for resistant ON cases that do not
respond to occipital nerve stimulation and other minimally
invasive therapies including nerve blocks, radiofrequency
ablation, cryoablation, etc.'®'” We have also used high cer-
vical SCS in cases of mixed occipital and upper extremity
pain, as SCS can potentially treat both. However, notably
neither of our patients treated for this reason had successful
trials.

A number of limitations should be noted for the present
study. First, this was a retrospective non-blinded study.
Second, the present case series included a small number
of patients. However, this is the first study investigating
the effect of high cervical SCS on ON. In contrast, the two
studies included in the systematic review, performed cer-
vicomedullary junction stimulation for ON.'>!'> However,
results from these studies and the present case series were
similar. Future studies would be needed to directly com-
pare the different neuromodulatory strategies and ablative
procedures to identify the optimal approach for refrac-
tory ON.

Conclusion

High cervical or cervicomedullary junction SCS is asso-
ciated with a 40-50% successful trial rate in refractory
ON. It should be reserved for cases resistant to peripheral
nerve stimulation. No major complications were noted
during the follow-up. There is a lack of studies evaluating
the outcomes of SCS for ON. Future studies are needed to
compare the different neurosurgical options, in order to
identify the optimal treatment strategy for refractory ON.
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