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EVIDENCE-BASED REVIEW

Update of Evidence-Based Interventional Pain Medicine According to Clinical Diagnoses
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Abstract

Introduction: Cervicogenic headache (CEH) and occipital neuralgia (ON) are
headaches originating in the occiput and that radiate to the vertex. Because of
the intimate relationship between structures based in the occiput and those in the
upper cervical region, there is significant overlap between the presentation of CEH
and ON. Diagnosis starts with a headache history to assess for diagnostic criteria
formulated by the International Headache Society. Physical examination evaluates
range of motion of the neck and the presence of tender areas or pressure points.
Methods: The literature for the diagnosis and treatment of CEH and ON was
searched from 2015 through August 2022, retrieved, and summarized.

Results: Conservative treatment includes pain education and self-care, analgesic
medication, physical therapy (such as reducing secondary muscle tension and
improving posture), the use of TENS (transcutaneous electrical nerve stimulation),
or acombination of the aforementioned treatments. Injection at various anatomical
locations with local anesthetic with or without corticosteroids can provide pain
relief for a short period. Deep cervical plexus block can result in improved pain
for less than 6 months. In both CEH and ON, an occipital nerve block can provide
important diagnostic information and improve pain in some patients, with PRF
providing greater long-term pain control. Radiofrequency ablation of the cervical
facet joints can result in improvement for over 1year. Occipital nerve stimulation
(ONS) should be considered for the treatment of refractory ON.

Conclusion: The treatment of CEH preferentially consists of radiofrequency
treatment of the facet joints, while for ON, pulsed radiofrequency of the occipital
nerves is indicated. For refractory cases, ONS may be considered.

KEYWORDS

cervicogenic headache, evidence-based medicine, local injection treatment, occipital nerve
stimulation, occipital neuralgia, pharmacological treatment, pulsed radiofrequency, radiofrequency,
transcutaneous electrical nerve stimulation

structures, such as the facet joints, intervertebral discs,
muscles, fascia, ligaments, the atlantoaxial joint, and the

Cervicogenic headache (CEH) is a secondary headache
typically characterized by unilateral presentation. The
pain typically starts in the neck or at the occipital-nuchal
area and spreads to the ipsilateral oculofrontal-temporal
area where the maximal pain is frequently located. The
headache is thought to arise from cervical nociceptive

atlanto-occipital joint.! Involvement of the lower cervical
regions has been implicated as a possible cause of CEH,
though there is scant research to support this claim. The
prevalence varies depending on the population studied
(population based vs hospital based), ranging from 4.1%
to 20%.”

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in
any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2024 The Author(s). Pain Practice published by Wiley Periodicals LLC on behalf of World Institute of Pain.

Pain Practice. 2025;25:¢13405.
https://doi.org/10.1111/papr.13405

wileyonlinelibrary.com/journal/papr 1of 15


https://doi.org/10.1111/papr.13405
www.wileyonlinelibrary.com/journal/papr
https://orcid.org/0000-0002-7681-1796
mailto:
https://orcid.org/0000-0002-5389-2036
http://creativecommons.org/licenses/by-nc/4.0/
mailto:jan.vanzundert@zol.be
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fpapr.13405&domain=pdf&date_stamp=2024-09-01

20f 15 |

CERVICOGENIC HEADACHE AND OCCIPITAL NEURALGIA

Because of overlap in the affected cervical structures,
there is significant overlap between CEH and occipital
neuralgia (ON). The C2 and C3 nerve trunks give rise to
the greater occipital nerve (GON) and the lesser occipi-
tal nerve (LON), with the third occipital nerve arising as
a branch of the posterior root of C3. ON presents with
a paroxysmal stabbing or shooting pain within the der-
matomes of the three occipital nerves. The incidence of
ON is reported to be 3.2%. The incidence peaks between
60 and 69years of age, with a slight predisposition in
women (3.6 vs. 2.8). It can be idiopathic or secondary to
irritation of the nerve due to trauma (closed head injury),
compression of the cervical nerve root due to degenera-
tion of a neuroma, giant cell arthritis, or compression
due to tumors.* Frequently no cause can be identified.

Treatments for both conditions can include physio-
therapy, analgesic medications, transcutaneous electrical
nerve stimulation (TENS), and interventional treatments
such as local injection and radiofrequency treatments.

DIAGNOSIS
History

The evaluation of CEH and ON starts with a basic head-
ache pain history. This includes inciting event(s) (i.e.,
spontaneous or after an acute or repetitive traumatic
event), the duration of symptoms, frequency, location,
provocative and attenuating factors, previous treatments,
and medications. It is important to note signs indicating
a primary headache disorder, such as migraine. A pa-
tient with migraines may report nausea, vomiting, pho-
tophobia or phonophobia, and aura. These complaints
can also be present in CEH; however, these symptoms
occur less frequently and are less prominent. It is critical
to rule out any red flags that can suggest a malignant
cause or surgical emergency (myelopathy, atlantoaxial
subluxation) for the complaints.

In CEH, the pain is often unilateral, but can be bilat-
eral. It originates in the neck and radiates through the
posterior side of the head, often spreading to the ipsi-
lateral oculofrontal-temporal area. It is usually nagging
in character and nonpulsating. The pain can be unpre-
dictable in duration, ranging from a few hours to several
days. Due to convergence between the C1-C3 afferent
fibers of the dorsal roots and the postganglionic fibers
of the caudal part of the trigeminal nucleus, pain may be
referred into the orbital, frontal, and parietal regions."
Symptoms that suggest a cervical origin are limitations
in the cervical range of motion, especially rotation to the
affected side, and provocation of the complaints during
movements of the neck. Both diagnostic criteria by
Sjaastad et al. (see Table 2) and those formulated by the
International Headache Society (IHS) (see Table 1) can
be used. A diagnostic block confirms the diagnosis and
is recommended in both diagnostic algorithms.

TABLE 1 [IHCD-3 diagnostic criteria for cervicogenic
headache.®

ICHD-3 Diagnostic criteria for CEH according to IHS

A Any headache fulfilling criterion C.

B Clinical and/or imaging evidence of a disorder or lesion within
the cervical spine of soft tissues of the neck, known to be able
to cause headache.

C Evidence of causation demonstrated by at least two of the
following:

1. Headache has developed in temporal relation to the onset of
the cervical disorder or appearance of the lesion.

2. Headache has significantly improved or resolved in parallel
with improvement in or resolution of the cervical disorder or
lesion.

3. Cervical range of motion is reduced, and headache is made
significantly worse by provocative maneuvers.

4. Headache is abolished following diagnostic blockade of a
cervical structure of its nerve supply.

D No better accounted for by another ICHD-3 diagnosis.

TABLE 2 Diagnostic criteria for CEH according to Sjaastad
etal’

Diagnostic criteria for CEH according to Sjaastad et al.

1. Symptoms that indicate pain arises from the neck:

a. Provocation of the headache radiating from the neck by:
Neck movement and/or continuous backward tilting of the
head; and/or external pressure of the occipital or higher
cervical region on the symptomatic side.

b. Limited movement of the neck.

c. Ipsilateral neck, shoulder, or arm pain of mostly
nonradicular nature.

2. Positive response to diagnostic/prognostic block with a local
anesthetic.
3. Unilateral headache.

Note: The diagnosis of CEH can be made if the patient fulfills la and 2. If the
patient does not exhibit the symptoms of la, the combination of 1b, Ic, 2, and
3 is suggestive of CEH. A bilateral form of CEH exists.

ON is described by the THS as unilateral or bilateral
paroxysmal, shooting, or stabbing pain in the posterior
part of the scalp, in the distribution(s) of the greater,
lesser, and/or third occipital nerves, sometimes accom-
panied by diminished sensation or dysesthesia in the
affected area, and commonly associated with tender-
ness over the involved nerve(s).® The GON is typically
the culprit in occipital entrapment neuropathies; how-
ever, the lesser occipital nerve is also affected in between
10% and over two thirds of cases, though it represents
the sole nerve compressed in under 15% of cases. The
third occipital nerve can also be a source of neck pain.8’9
The attacks can last seconds to minutes and tend to be
side-locked. There may be involvement of the temporal,
orbital, or frontal region of the face due to convergence
with the trigeminal nucleus. The diagnostic criteria are
noted in Table 3. Besides the characteristic symptoms,
patients can also experience vision impairment/ocular
pain (67%), tinnitus (33%), dizziness (50%), nausea (50%),
and a congested nose (17%) due to connections between
cranial nerves VIII, IX, X, and cervical sympathetic
nerves.'"!!
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TABLE 3 The diagnostic criteria for ON formulated by the
International Classification Committee of the IHS.°

Diagnostic criteria for ON according to IHS

A Unilateral or bilateral pain in the distribution of the greater,
lesser, and/or third occipital nerves fulfilling criteria B-D
B Pain has at least two of the following three characteristics:
1. Recurring paroxysmal attacks lasting from a few seconds to
minutes.
2. Severe in intensity.
3. Shooting, stabbing, or sharp in quality.
C Pain is associated with both of the following:
1. Dysesthesia and/or allodynia apparent during innocuous
stimulation of the scalp and/or hair.
2. Either or both of the following:
a. Tenderness over the affected nerve branches.
b. Trigger points at the emergence of the greater occipital
nerve or in the distribution of C2.
D Pain is eased temporarily by local anesthetic block of the
affected nerve(s).
E Not better accounted for by another ICHD-3 diagnosis.

Physical examination

Physical examination in CEH is mainly focused on the
neck.'” Range of motion is tested through flexion, ex-
tension, lateral flexion, and rotation. Segmental palpa-
tion of the facet joints can help determine the levels that
are involved. Although the diagnostic value of pressure
points or tenderness remains inconclusive, they can help
identify the structures involved, which can also aid in
guiding treatment. The pressure points may include:

e The course of the greater occipital nerve (GON).

The lesser occipital nerve (LON).

The third occipital nerve (TON).

e Pressure pain along the musculus trapezius and its
insertions.

The physical examination for ON not only consists of
the examination of the neck and pressure points, but also
focuses on allodynia, hyperesthesia, and dysesthesia within
the innervated area of the suspected occipital nerve(s). If a
tender pressure point along the occipital nerve in combina-
tion with concordant sensory disturbances are appreciated,
this should alert the physician for probably ON.

Additional tests

The additive value of imaging is limited for both condi-
tions (CEH and ON). A cervical x-ray can show signs of
(degenerative) changes of the cervical spine and identify
certain red flags such as subluxation. The relationship
between radiographic (x-rays) and radiological findings
and pain is at best modest."** However, high-quality re-
producibility studies correlating radiographic and radio-
logical features with pain are lacking."” In one systematic
review comparing cervical MRI findings in patients with
nonspecific neck pain or whiplash-associated disorder

and healthy controls, the only finding based on two
studies was a slightly smaller cross-sectional area of the
rectus capitus muscle in patients with nonspecific neck
pain.16 Imaging should also be obtained before high-risk
interventional procedures. A CT scan can be obtained if
there is a high suspicion of osseous pathology. An MRI
can visualize the cervical spine, segmental spinal nerves,
and soft tissue. However, the specificity is not sufficient
to be able to identify the source of cervical pain, with
studies consistently finding age-dependent prevalence
rates of degenerative changes exceeding 50% in asympto-
matic individuals.!® The use of ultrasound is increasing,
with signs suggesting occipital nerve entrapment includ-
ing an enlarged, abnormal-appearing nerve. The normal
cross-sectional area at C1-C2 levels is 2.0+0.1 versus
4.1+2.6mm?’ in symptomatic patients following entrap-
ment. A role for ultrasound in identifying the possible
cause of cervical pain is a growing area of investigation.!”

A diagnostic block can be performed to confirm the
diagnosis; however false positive rates are common and
can be attributable to high placebo response rate and
spread to different structures.'*!%1 Both CEH and
ON may respond to an anesthetic block of the occipi-
tal nerves. Furthermore, blocking the third occipital
nerve may inadvertently block the GON if a proximal
approach is used, even with a volume as low as 0.3mL.%

DIFFERENTIAL DIAGNOSIS

In the differential diagnosis of CEH and ON, as with
other headaches, organic disorders such as a space—
occupying lesion in the posterior fossa cerebellaris and
other tumors, fractures, cervical spondylosis, osteo-
chondritis, (rheumatoid) arthritis of the cervical spinal
column, sinus thrombosis, and Arnold—Chiari malfor-
mation should be excluded. Other headache disorders
should also be considered, such as:

* Migraine without aura: Migraine without aura can be
difficult to distinguish from CEH since their presenta-
tions overlap (Tables 4 and 5).

TABLE 4 CHD-3 migraine without aura.’

Migraine without aura

A At least five attacks fulfilling criteria B-D
B Headache attacks lasting 4-72h (untreated or unsuccessfully
treated)
C Headache has at least two of the following four characteristics:
1. Unilateral location
2. Pulsating quality
3. Moderate or severe pain intensity
4. Aggravation by or causing avoidance of routine physical
activity (eg, walking or climbing stairs)
D During headache at least one of the following:
1. Nausea and/or vomiting
2. Photophobia and phonophobia
E Not better accounted for by another ICHD-3 diagnosis
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TABLE 5 CEH versus migraine without aura.

CEH

Migraine without aura

Location

Character

Unilateral or bilateral
Provocation through cervical manipulation or movement Yes
Cervical range of motion Limited
Nausea/vomiting

Photo—phonophobia

Starts posterior
Moderate, nonexcruciating, and nonthrobbing

Unilateral, without shift. Can be bilateral

Can be present, but mild

Can be present, but mild

Starts frontal
Throbbing—pulsating
Unilateral with shift
No

Full range of motion
Can be present

Can be present, but often severe

* Tension-type headache (TTH): Bilateral CEH can be
differentiated from TTH since provocation through
movement of or pressure on the cervical spinal column
is not characteristic for TTH.

e Cluster headache: Cluster headache, one of the few
chronic pain conditions that preferentially affects males,
presents with excruciating attacks that can last from
20min to 3h. It can be associated with autonomic symp-
toms such as conjunctival injection, lacrimation, nasal
congestion and/or rhinorrhea, eyelid edema, forehead
and facial sweating, and miosis and/or ptosis. Patients
report restlessness or agitation during an attack.

* Hemicrania continua: Hemicrania continua is a uni-
lateral chronic daily headache that can fluctuate
during the day. A hallmark of this headache is its re-
sponse to indomethacin.

e Chronic paroxysmal hemicranias: Chronic paroxysmal
hemicrania is characterized by a high frequency of se-
vere unilateral headache attacks with a short duration
(10-30min). It also responds very well to indomethacin.

* Medication overuse headache (MOH): This should be
considered if there are >15days a month with headache
and medication overuse for more than 3months.

e Postherpetic neuralgia involving the C2 nerve root:
History and examination of the scalp usually provides
sufficient information for diagnosis, though rare pre-
sentations without rash (zoster sine herpete) can pose
challenges.

The different headache disorders can be present si-
multaneous. Treatment should ideally be directed at
each individual disorders, though there is considerable
overlap between treatments.

Although there is overlap between the two conditions,
CEH is a nociceptive referred pain condition, whereas
ON is considered neuropathic.

TREATMENT
Conservative treatment
Conservative treatment is the first option before interven-

tions are considered in both CEH and ON. Conservative
treatment includes pain education and other forms of

self-care, medication, physical therapy (such as reducing
secondary muscle tension and improving posture), the use
of TENS, or a combination of the aforementioned treat-
ments. On presentation, in a pain clinic, neurology, or
neurosurgery department, most patients will have already
tried various conservative treatments. Medication use
should be sought out in detail, since patients can be over-
using medications (which can worsen headaches), using
the medication incorrectly, or may not have tried an ef-
fective medication due to fear of complications. Although
medication overuse headache is usually linked to migraine,
it may exacerbate other headache disorders. Opioids have
little or no place in the treatment of a benign chronic
headache disorder. Discontinuation of opioids should be
strongly encouraged, with a weaning plan as necessary to
avoid withdrawal and facilitate compliance.

TENS

TENS is an example of a noninvasive commonly used
nerve stimulation technique. Farina et al. demonstrated
in a nonrandomized study that TENS is an effective
treatment method for CEH.?! A randomized study in
patients with CEH showed a significant improvement
in headache symptoms after 3months of TENS therapy
compared with the placebo group.?

Interventional treatment CEH

When conservative treatment failed to provide satis-
factory outcome, interventional pain treatments can
be considered. A systematic review on interventional
treatment strategies for the management of CEH in-
cluded 23 studies on the following treatments: occipital
nerve blocks (GON and LON blocks), intra-articular
facet joint injections, lateral AA joint intra-articular
injections, deep cervical plexus blocks, cervical epi-
dural corticosteroid injections, radiofrequency treat-
ment, and cryoneurolysis.”> This review found several
limitations including that most studies evaluated were
not RCTs, contained heterogeneous inclusion criteria,
and had small sample sizes. The interventional treat-
ment options are discussed next.
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Local injection

Local injection treatments have been used on different
structures with different injectate medications, different
frequencies, and different volumes. The use of botuli-
num toxin was not shown to be effective in a Cochrane
review.>* The use of injections, with or without steroids,
in different anatomical targets seems to reduce pain, but
only for a short duration.” 2 The targeted structures for
local injections are discussed next.

Greater and lesser occipital nerve blocks
Both retrospective and prospective literature report a
decrease in pain scores after GON blocks. Blocks can be
performed based on landmarks or with ultrasound. The
type of corticosteroids used differed between studies, as
did the frequency of treatment and intervals between in-
jections. One study concomitantly performed injections
at the GON and C2/C3 facet joint with local anesthetics,
repeating the procedure three times. They reported a de-
crease in pain for 2months.*’ In a randomized controlled
trial, 25 patients were assigned to receive injections of
local anesthetics mixed with clonidine and fentanyl at
the GON and LON, with 16 patients also receiving a
facial block. The control group received an equivalent
volume of saline. The authors reported a significant de-
crease in pain scores, analgesic consumption, and the
frequency of headache after local injection of the GON
and LON compared to the placebo group. The addition
of facial nerve blocks resulted in a longer duration of ac-
tion.”® One study compared subcompartmental to classi-
cal GON injections of local anesthetic and corticosteroid
using different volumes. The authors found subcom-
partmental injections resulted in longer pain relief and
greater improvement of quality of life.”” Another study
approached the greater occipital nerve using ultrasound
at the C2 segmental level. Local anesthetic and corticos-
teroid were injected in patients with ON (86%) and CEH
(14%), with this technique resulting in a technically suc-
cessful block in 86% of the 14 patients. At 4-week follow-
up, the cohort experienced almost 50% pain relief.*’
Although ON blocks typically result in pain relief,
the effect is temporary. ON blocks have been shown in
studies to provide pain relief in a majority of patients
with migraines, TTH, and cluster headaches (per a
placebo-controlled trial),”! with studies generally find-
ing no difference between blocks performed with local
anesthetic alone versus local anesthetic with cortico-
steroid. It should be noted, however, that most studies
performed blockade at sites superior to the typical loca-
tion for greater occipital nerve entrapment at tendinous
aponeurotic attachment of the trapezius at the superior
nuchal line.** There are however significant adverse ef-
fects with the use of repeated doses of steroids.*® These
should be taken into consideration when formulating a
treatment plan. In addition, it is also challenging to con-
clude what contributes to the pain-relieving effect. Baek

et al. concluded that a SmL injection will also reach
additional structures such as the suboccipital and third
occipital nerves. Even the use of 1 mL injectate does not
guarantee a selective block, making interpretation of the
results challenging.34’35

Cervical facet joint injections

A retrospective study injecting the C1/C2 atlantoaxial
and C2/C3 facet joint with a mixture of a local anesthetic
and corticosteroid showed short-term pain relief in pa-
tients with CEH, but the authors also blocked the spinal
rami, thereby making response and prevalence rates im-
possible to calculate.*

Atlanto-occipital intra-articular injection

There is scant data evaluating atlanto-occipital joint in-
jections. In one study evaluating 24 patients with non-
traumatic suboccipital pain, tenderness overlying the
occipital-spinal junction, and limited range of motion
with lateral flexion and rotation, 20 patients experienced
at least 50% pain relief immediately after the injection,
with all continuing to report relief at 2months.”” An
earlier randomized trial found that both intra-articular
injections with local anesthetic and steroid provided sim-
ilar relief to atlanto-occipital intra-articular pulsed RF
through 6-month follow-up.38 These results are in line
with a recent consensus guideline.39

Atlantoaxial intra-articular injection

This technique was described in a study in which 32 pa-
tients with CEH clinically attributable to the atlantoax-
ial joint were treated to a lateral AA joint injection via
a posterior approach using triamcinolone. The authors
reported a reduction in pain through 3-month follow-up,
but not at 6 months.*’

Deep cervical plexus block

Goldberg et al. conducted a prospective study in 39 pa-
tients with CEH evaluating bilateral deep cervical blocks.
At 3months but not 6, the authors reported a significant
reduction in pain scores.! A single-blind randomized
study comparing fluoroscopy with ultrasound-guided
injections at the C2 and/or C3 transverse process in pa-
tients with CEH demonstrated a reduction in pain for up
to 6months, with no difference between groups. The side
effects were also comparable in both groups.42

Continuous cervical epidural block

One retrospective that included 37 patients with CEH
evaluated lidocaine, dexamethasone, and saline infu-
sions through epidural catheters placed between C6-7
and T1-2. The infusion rate was SmL/h for 3—4 weeks.
Additionally, 5Smg triamcinolone was given weekly for
3—4weeks. Based on pain relief and analgesic consump-
tion, the treatment was effective for 6months.” Another
study evaluating a single-shot cervical epidural steroid
injection showed beneficial results after 4weeks.?
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Radiofrequency ablation

Radiofrequency ablation (RFA) creates a lesion through
Wallerian degeneration that interrupts the nerve supply.
There are four prospective studies including one rand-
omized and controlled that evaluated the effect of RFA of
the cervical facet joints. The controlled trial randomized 12
patients clinically diagnosed with CEH to either a radiofre-
quency neurotomy or sham procedure. Although patients
were somewhat improved in the radiofrequency group at
3months, at 6, 12, 18, and 24 months no difference between
groups was found. % A prospective study performed in 15
patients with CEH showed that radiofrequency treatment
of the cervical facet joints resulted in improvement in pain,
the number of headache attacks per week, and a decrease in
analgesic intake up to 16.8 months after the intervention.*®
In an observational study conducted in 46 patients with
CEH, 30 responded to double C3-4 medial branch blocks
and proceeded to undergo RFA. At 12-month follow-up,
more than 70% of the patients reported significant pain re-
lief, a reduction in the number of headache-days per week,
and a decrease in analgesic use.¥ A study on patients with
CEH attributed to the C4-7 facet joints reported substantial
pain relief for up to 6months after RFA.*® One study com-
paring the effectiveness of RFA of the cervical facet joints
possibly followed by RF treatment of DRG versus infiltra-
tion of the GON found no difference in effectiveness at mul-
tiple follow-ups through 48 weeks.”' A retrospective analysis
performed in 40 patients treated for CEH and/or ON with
radiofrequency treatment of the C2 DRG and/or RFA of
the TON found that 70% of patients experienced at least
80% pain relief at a mean 22.3-week follow-up.45 A prospec-
tive study examining RFA of the TON reported a success
rate of 88% (45 of 51 nerves in 49 patients), with benefits
lasting a median 297 days.‘“’ Another case series conducted
in 11 patients with osteoarthritis of the AA joint performed
CT-guided RFA of the C2 DRG coupled with the injection
of dexamethasone and local anesthetic, reporting benefit at
a mean follow-up of 10.4 months.*’ A systematic review by
Suer et al. evaluating cervical medial branch RFA included
the studies by Stovner et al. and Haspeslagh et al., finding
variable pain relief ranging between 30% and 50% with com-
mensurate variability in duration of effect. Of note, two of
the four studies in this review reported on the treatment in
patients with whiplash-associated disorder.”> Another sys-
tematic review by Nagar et al. evaluating RFA and pulsed
radiofrequency (PRF) that included the studies by Stovner
et al., Haspeslagh et al., Gabrhelik et al., and Lord and col-
leagues, described limited evidence for RFA in CEH in the
absence of high-quality evidence.”® The largest systematic
review by Grandhi et al. reported similar conclusions.>*

Pulsed radiofrequency treatment

As opposed to RFA, pulsed radiofrequency (PRF) treat-
ment does not injure nerve architecture and is deemed to

be a safer option, especially for neuropathic pain wherein
the etiology is nerve injury. Its mechanisms of action are
hypothesized to be via creation of an electrical field,
thereby disrupting pain transmission and potentiation,
enhanced descending modulation, and alterationsin gene
expression. However, the exact mechanisms of action are
still being elucidated. Although there are some studies
evaluating the effect of PRF in patients with chronic
headache, the literature is scarce. In a randomized trial
performed in 30 patients with CEH, PRF treatment of
the GON provided greater long-term pain control than
local anesthetic and corticosteroid injection.” In another
study, PRF performed within the C1-C2 joint resulted
in >50% pain relief in roughly 50% of patients for up to
6months. At 1year, the success rate slightly decreased to
44.2%.% One retrospective study investigated the effect
of PRF treatment of the C3—C5 medial branches bilater-
ally in 57 patients with CEH who responded to two diag-
nostic blocks. The authors reported dramatic (>75%) pain
relief lasting up to 12months.”’ Another retrospective
study reported that PRF of the C2 DRG using the pos-
terior approach resulted in >50% pain relief at 6 months
in 40% of the patients.’ 8 A case—control study by Lietal.
compared outcomes in 139 patients who underwent ei-
ther PRF at the C2 DRG in combination with a cervical
epidural steroid injection versus cervical epidural steroid
injection alone. The combination group (PRF and injec-
tion) experienced lower VAS scores, frequency of pain
attacks, and a greater ability to work. The duration of ef-
fect of PRF+ESI was also twice as long as of ESI alone.”
The previously mentioned systematic reviews by Nagar
et al. and Grandhi et al. concluded that there is poor evi-
dence and very limited benefit regarding the use of PRF
in CEH>***: this recommendation is highlighted by the
poor quality of the clinical studies.

Cryoneurolysis

Cryoneurolysis is based on the application of an ice ball
induced by low temperature forming through the injec-
tion of pressurized gas, usually nitrous or carbon diox-
ide, at the end of cryoprobe. This temperature is thought
to induce Wallerian degeneration through axonotmesis,
with subsequent analgesia lasting from several weeks to
up to Smonths. With preservation of the cell body, the
nerve retains its ability to regenerate. Side effects are
generally minor and include local pain and dizziness.
A double-blind comparative effectiveness study com-
paring cryoneurolysis of the GON to steroid injections
in patients with CEH reported pain relief for the first
several weeks in both groups but no significant differ-
ences between the groups. After 6 and 7weeks, pain re-
lief started to subside. At 18 weeks, however, 74% of the
patients reported a much to moderately improved global
status. Both pain and range of motion improved in ap-
proximately half of the 51 patients.60 Flaws in this study
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include unequal randomization (31 in cryoanalgesia vs.
21 in GON block group, with differences in baseline age
and headache duration).

Surgery

Surgery is often considered a last resort; since this is an
invasive treatment it carries greater risks on its own.
Surgical neurolysis of the GON has been shown to pro-
vide significant pain relief through a mean 14.5-month
follow-up, though 92% of 50 patients in one series had a
recurrence of symptoms after 1year, with seven requir-
ing reoperation.61 Surgical decompression of the second
cervical nerve root in 35 patients provided complete pain
relief in 37% and improvement of pain scores in 519 0.5
Because of the use of electrocoagulation it has been pos-
tulated therapeutic effect and duration may be enhanced
through coagulation, similar to a radiofrequency le-
sion.®? Bing et al. described endoscopic neurotomy of the
C2-C3 medial branches in a single patient with refrac-
tory CEH.* Pain in the neck, occipital area, and on the
top of the head almost disappeared, though the temporal
and supraorbital areas remained painful.

INTERVENTIONAL TREATMENT
FOR ON

Greater occipital nerve block

Blocking the GON, with or without steroids, provides at
least a temporary effect. In a small (z=10) retrospective
study by Kuhn et al., the GON was infiltrated with cor-
ticosteroids after a positive test block with bupivacaine.
The authors found pain relief for less than 1week in 10%
of patients, 1week in 30%, 2weeks in 30%, 1 month in
10%, and more than 2.5months in 20% of patients.10
Hammond and Danta found a short-term effect (less
than 1 week) in 64% of the patients after a single infiltra-
tion with local anesthetics; 36% of the patients had an
effect lasting longer than 1 month.% Studies evaluating
botulinum toxin type A are scarce. Kapural et al. retro-
spectively described six patients suffering severe ON who
were treated with botulinum toxin type A occipital nerve
blocks and reported pain relief averaging 16.3 weeks
based on pain scores.® Taylor et al. treated six patients
suffering from ON with botulinum toxin type A injec-
tions at the GON and LON. They found that only the
sharp and shooting (neuropathic-type) pain decreased
in intensity, with the dull and aching pain remaining
the same.®” A prospective study evaluating 44 patients
with ON who were either a GON injection or a GON and
LON injection with local anesthetic and dexamethasone

found 42 of the 44 patients experienced improvement
after the procedure and at 6-month follow-up.68

PRF

Although radiofrequency treatment seems to be effective
in the treatment of ON, it is also associated with severe
complications including worsening pain from neuroma
and nerve injury, and the possibility of deafferentation
phenomena.69 Interest in PRF treatment, which does
not typically result in injury to the nerve architecture, is
therefore increasing. Navani et al. described a case report
where ON was treated with PRF. The patient showed
70% pain relief after 4months. A repeat treatment re-
sulted in another Smonths pain relief.?*’® Choi et al.
treated 10 patients who responded with short-term relief
to two blocks with PRF. The technique was landmark
based with a PRF duration of 4 min. The mean follow-up
was 7.5months. All patients experienced pain relief at 1
and 6months without complications.”" A study by Huang
et al. included 102 patients with a primary diagnosis of
ON or migraine headache with occipital nerve tender-
ness and a positive, albeit short-term, response to diag-
nostic blocks. They performed a PRF treatment based
on anatomical landmarks using stimulation to guide
therapy. A majority of patients (63%) had both the GON
and LON treated; 59.8% of the patients were treated with
two or more PRF cycles. Four patients reported tem-
porary worsening of the pain. One patient developed a
new type of pain which resolved within 3weeks. Fifty-
one percent of the patients experienced >50% pain relief
lasting at least 3months.”” Vanelderen et al. conducted
a prospective study in 19 patients who had a positive re-
sponse to a diagnostic block. After 6 months, pain had
improved substantially in 52.5% of patients.”” Cohen
et al. performed a double-blind, multicenter comparative
effectiveness study with 81 patients with ON or migraine
with occipital nerve tenderness who had responded with
short-term relief to diagnostic blocks. Half of the patients
received treatment at both the GON and LON based on
their pain pattern, tenderness to palpation, and response
to diagnostic blocks. They compared local anesthetic in-
jection and three cycles of PRF (42 patients) to local an-
esthetic and steroid injections (39 patients)+sham PRF.
Pain reduction was superior in the PRF group at all time
periods, with diminishing pain relief over time through
6-month follow-up.74

Cooled RF ablation

There is a single case report evaluating cooled RFA in
a 35-year-old female with bilateral ON who had previ-
ously failed PRF and conventional RFA. She experi-
enced 75% pain reduction without complications at an
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indeterminate follow-up period. More research is needed
regarding this treatment.”

Cryoneurolysis

Kastler et al. performed an observational study in six
patients in whom seven cryoneurolysis procedures were
done. At 1week, all patients experienced >50% pain re-
lief. At 3months, five of seven cases had more than 50%
pain relief, though in six of seven patients the pain even-
tually returned to baseline.”®

Occipital nerve stimulation

Occipital nerve stimulation (ONS) is sometimes used
for ON that is refractory to conventional medical man-
agement and minimal interventional pain treatments. It
is thought to involve modulation of peripheral and cen-
tral nociceptive inputs. It is hypothesized that ONS may
activate brain stem pain inhibitory centers as evidenced
by an increase in regional cerebral blood flow.”” The suc-
cess of ONS is primarily determined by proper patient
selection, which is discussed in detail by Slavin et al.’®
The first publication was a case series in 13 patients by
Weiner et al., which showed >75% pain relief in two third
of patients and >50% pain relief in one third at 1-6-year
follow-up.79 Kapural et al. described six patients with
chronic, refractory occipital headaches who all experi-
enced significant improvements in pain scores and func-
tional capacity after implantation of a peripheral nerve
stimulation system.4 Salmasi et al. published another case
series in three patients, two of whom underwent bilateral
ONS, after achieving significant but short-lasting benefit
from diagnostic ON block.® All patients had a second-
ary diagnosis of migraine, with one also having CEH. At
follow-up periods varying between 6 and 16 months, 2 of
3 patients achieved >50% pain relief, with both successful
outcomes adjudicated at 6 months. The Neuromodulation
Appropriateness Consensus Committee concluded that
ONS should be considered in refractory ON.3! A system-
atic review and evidence-based guideline published by the
Congress of Neurological Surgeons also suggested that
ONS is a treatment option for patients with medically re-
fractory ON based on nine studies.®?

Surgery

Considering the invasiveness and risk of complications,
surgical procedures are considered only when the pre-
vious mentioned treatments have failed, and the patient
continues to experience debilitating symptoms. Different
surgical approaches have been used to treat ON such as
intradural sectioning of the C1-C3 posterior rootlets,
gangliotomy of C2, nerve decompression, and peripheral

neurectomy.@’m’86 Complications can occur, however,
including anesthesia dolorosa, which is a dense zone of
anesthesia, extreme hypersensitivity of the scalp, dyses-
thesia, neuroma formation, and vertigo, believed to be
secondary at least in part to deafferentation.®® An alter-
native procedure is partial posterior rhizotomy, in which
the goal is to relieve pain without damaging propriocep-
tion and nonpain sensations. Dubuisson et al. conducted
a case series consisting of 14 procedures in 11 patients
with refractory ON who underwent partial posterior
neurectomy. Follow-up periods ranged from 3 months
to over Syears, with several patients experiencing pain
outside of the distribution of the occipital nerves. Seven
patients experienced complete pain relief, three patients
experienced >50% pain relief, and four patients had
>50% pain relief in the occipital area but still reported
pain in the periorbital and temporal regions. Aside from
modest sensory changes, there were no neurological defi-
cits attributable to the procedure.85 Gille et al. described
surgical neurolysis of the GON along with sectioning of
the inferior oblique muscle leading to nerve release in
10 patients who experienced good relief with blockade
of the C2 DRG. Seven patients were either satisfied or
very satisfied, with >50% reduction in pain at 3-month
follow-up, and >70% at follow-up.87 Three patients ex-
hibited anatomic anomalies during surgery.88 In a retro-
spective chart review, Ducic et al. described performing
neurolysis of either the GON, LON, and/or dorsal oc-
cipital nerve, with 80% of the patients experiencing >50%
pain relief and 43% being pain-free at a mean 33-month
follow-up.89 In this series, the authors reported that CEH
and older age were associated with negative outcome.

Complications

Cervical facet joint interventions performed using
fluoroscopic guidance rarely results in serious complica-
tions.”®%° These risks are described in chapter 7. With
repeated ON injections, both systemic side effects as
well as local side effects (e.g., skin atrophy and hypopig-
mentation, hair loss) of steroids should be considered.
Regarding PRF of the ON, no serious complications
have been described. Minor complications include tem-
porary worsening of the pain. In the study by Huang
et al. one patient experienced a new type of pain that re-
solved after 3 weeks.”?

Surgery is associated with generic and procedure-
specific complications including infection, bleeding,
neuroma formation, and anesthesia dolorosa, which
manifest as intense pain and complex regional pain
syndrome-like symptoms. RFA of the occipital nerves
may result in peripheral neuropathic pain secondary to
nerve injury (e.g., neuroma formation or proliferation
of sodium channels) or deafferentation phenomena.
Surgical neurolysis was shown to induce incisional cellu-
litis in 2 of 206 patients treated.”’
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ONS

Reported complications by Silberstein et al. are lead mi-
gration (18.7%), persistent pain or numbness at the IPG/
lead site (21.5%), infection (6.5%), skin erosion (5.6%),
and unintended stimulation effects (6.5%).91 He also
found lead migration in 24% (of 51) and infection in 14%
of patients.91 Joswig et al. reported lead migration (26%)
and infection (4.7%) in a retrospective case series of 96
patients.92

Evidence for interventional management

Table 6 summarized the evidence for interventional
management of CEH and of ON. This evidence is sum-
marized in the therapeutic algorithm (Figure 1).

The recommendations for the interventional treat-
ment of CEH and ON are illustrated in Figures 1 and 2.

Algorithm
Technique GON injection

The greater occipital nerve originates from the medial
aspect of the dorsal ramus of C2, where it branches out
to become the largest pure sensory nerve in the body.
It travels around the inferior oblique muscle, trans-
verses it, and continues between the inferior oblique
and the deep surface of semispinalis capitis. Here, it
pierces the semispinalis capitis muscle interior and
the trapezius at the aponeurosis, which are points for
entrapment. From there it forms multiple superficial
branches and innervates the posterior skull to the ver-
tex.”* Landmark-based injection of the greater occipi-
tal nerve has been described in various ways and with
various measurement points. One approach is to draw
an imaginary line between the occipital protuberance
and the mastoid process. The GON is thought to be
found at the medial one third of this line.” Another
approach describes targeting a tender area marked by
a variable caudal distance from the occipital protu-
berance (+3cm), about 1.5cm lateral from the midline
(I.5cm). These distances may vary, and many practi-
tioners use the maximal area of tenderness as a land-
mark or try to elicit radiating pain by tapping over a
painful area.”*° Careful consideration should be given
to the occipital artery that is in close proximity to the
greater occipital nerve as aspiration has low sensitivity.
An alternative to the landmark-based technique is the
use of ultrasound. This can be done at the level of C2,
where the GON can be found on top of the obliquus
capitis inferior muscle. Shim et al. compared landmark
versus ultrasound-based approaches in 45 patients,
find no difference in outcomes between groups.97

Technique LON injection

The LON arises from the ventral rami of C2 and C3 in
the cervical plexus. It travels around the spinal acces-
sory nerve and upward along the posterior border of the
sternocleidomastoid muscle before exiting through the
deep fascia at the occiput. It innervates the integument
of the scalp, the posterior third of the temporal fossa,
and the neck posterior and superior to the auricle. Based
on landmarks, it is amenable to blockade approximately
4—6cm below the occipital protuberance, 6—7cm from
the midline®® (see Figure 3).

With a landmark-based injection, the same line can
be traced out as discussed earlier. The LON is found
at approximately two third of the distance of this line,
approximately midway between GON and the mastoid
process. The same anatomical variation considerations
for the GON exist for the LON, which is why the point of
maximum tenderness can be used.

The LON can also be visualized using ultrasound,
with its location being very superficial. It is located be-
tween the trapezius muscle and the sternocleidomastoid
muscle, on top of the splenius capitis in the same view as
the GON.

The technique for cervical medial branch block is
described in chapter 7 of this series. (Pulsed) radiofre-
quency treatment of the cervical DRG is described in
chapter 2.2

Technique PRF treatment of the GON and LON

The target sites are located according to the external
landmarks as described by Vital and Becser or via ultra-
sound, and can be confirmed by palpation and symptom
elicitation (point of maximal tenderness).” Once the tar-
geted areas are identified, the skin located inferior and
medial to the sites are anesthetized with a very low vol-
ume of local anesthetic (i.e., skin wheal) so as to avoid
anesthetizing the target nerve which will be identified by
electrostimulation. A radiofrequency cannula is then in-
serted at a cephalad and lateral (approximately 15°-25°)
angle to the skin wheal so that the 10 mm active tip lands
in the groove housing the point of maximal tenderness
representing the greater occipital nerve or lesser oc-
cipital nerve, which is sometimes more superficial. The
angle is chosen so that the active tip lies near parallel
to the longitudinal trajectories of the nerves. Proximity
to the GON and LON are confirmed with 50 Hz electri-
cal stimulation, with concordant paresthesia, pressure
or pain extending cephalad up the scalp in the distri-
bution of the targeted nerve ideally achieved at <0.5V.
Subsequently, PRF treatment (45V, 20ms pulses in Is
cycle, 2Hz frequency) is performed for 2-4 min with a
maximum temperature of 42°C. Both preclinical and
clinical studies have shown better outcomes when more
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Cervicogenic headache

|

Tenderness overlying the facet joints.

l

Yes

!

Selective prognostic block

|

250 % pain reduction

!

Yes

!

Radiofrequency

FIGURE 1 Algorithm for the treatment of cervicogenic headache.”

Occipital neuralgia

|

Conservative treatment unsuccesful

|

GON and or LON block

|

No satisfactory result

|

PRF GON

|

No satisfactory result

|

Occipital nerve stimulation

FIGURE 2 Algorithm for the treatment of occipital neuralgia.

than one cycle is performed, often with slight adjust-
ment between 1205 cycles.”*'"

Technique ONS

The first stage of the procedure (the trial) is performed
under mild sedation and local anesthesia to enable

Consider PRF of cervical DRG
(C2-C3)

monitoring patient feedback and ensuring optimal
coverage of the painful areas. The patient is placed in
a prone position. After disinfection, a curved needle
is inserted at the upper lateral end of the neck and
advanced toward the midline of the craniovertebral
junction along the contour of the C1 arcus vertebralis
under fluoroscopic guidance, crossing over the ana-
tomic course of the nervus occipitalis major or minor.
When position of the needle is deemed satisfactory,
standard 4 or 8-contact electrodes are advanced
through the needle, with the tip(s) of the electrodes
situated in close proximity of the nervus occipitalis
major or minor. Correct position of the electrode
is verified by intraoperative test stimulation in the
awake patient and fluoroscopy; saved images can be
used to guide electrode position for the permanent
implant in a patient who may be anesthetized. Once
adequate coverage is achieved, the electrode is sutured
in place with nonabsorbable sutures using two plastic
anchors to minimize the possibility of displacement.
In case of a successful trial, defined as at least 50%
pain reduction, the patient undergoes the second part
of the two-stage surgical procedure after 1-3 weeks
under general anesthesia or deeper sedation. The first
incision is made along the retroauricular area in a
vertical direction. The soft tissues are dissected down
to the fascia, and a small pocket is created above the
fascia. The temporary electrode is removed, and the
standard 4 or 8-contact electrode is then positioned in
the same anatomic location as during the trial, which
can be confirmed by comparison of trial and perma-
nent implant radiographs. Once the electrode position
is optimized, the needle is removed, and the electrode
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FIGURE 3 Anatomy of the head and superior spine and landmarks for injection of the ON.

is anchored to the occipital fascia with nonabsorbable
sutures using a plastic anchor. Next, a subcutaneous
pocket is created below the clavicula on the same side
to accommodate the neurostimulator. Extension ca-
bles are advanced through a subcutaneous tunnel,
establishing a connection between the electrode and
the neurostimulator. At the end of the procedure all
incisions are closed, cleaned, and covered with sterile
dressings.'"!
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