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Chapter 15
Neuromodulation in Cervicogenic 
Headache and Occipital Neuralgia

Sylvie Raoul and Konstantin V. Slavin

15.1  �Introduction

Occipital neuralgia, also known as Arnold’s neuralgia, is a pathology that occurs in 
0.1–4.7% of patients with cephalalgia [1]. It is defined by the International Headache 
Society (IHS) [2] as paroxysmal, shooting or stabbing pain lasting from a few sec-
onds to minutes and starting in the occipital region before radiating within (and 
often beyond) the distribution of the greater occipital nerve (i.e., Arnold’s nerve, 
emanating from the C2 and C3 roots), lesser occipital nerve (emanating from the C2 
root), or third occipital nerve (from the C3 root). These attacks are sometimes trig-
gered by cold or by cervical movements. Tenderness to palpation of the emergence 
of the occipital nerve is frequently observed. The neurological examination was 
normal apart from occasional subjective anomalies (dysesthesia or hypoesthesia 
affecting a part of the scalp). Between attacks, there is occasionally a persistence of 
dull headache with variable characteristics (mimicking migraine, tension-type 
headache, cervical headache, or headache from overuse of analgesics, which are the 
main differential diagnoses). The syndrome is usually improved by infiltration of 
the nerve with local anesthetic. Cervicogenic headache (term introduced by Bovim 
et al. [3]) is precisely defined by the IHS as pain referred from the neck and per-
ceived in one or more regions of the head and/or the face compatible with a cervical 
spine origin and can be abolished by a block of the cervical spine. But many chronic 

S. Raoul (*) 
Service de Neurochirurgie, Saint-Herblain, France 
e-mail: sylvie.raoul@chu-nantes.fr 

K. V. Slavin 
1801 West Taylor Street, Chicago, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-14121-9_15&domain=pdf
https://doi.org/10.1007/978-3-030-14121-9_15
mailto:sylvie.raoul@chu-nantes.fr


200

cervicogenic headaches became occipital neuralgias without efficient treatment and 
occipital neuralgias are frequently accompanied by tenderness of the neck 
muscles.

Apart from these cases where the link between a recognized cervical lesion and 
the headache appears to be certain or probable, can occipital or occipitofrontales 
headaches be imputed to infraradiologiques lesions or functional joint disturbances 
in high cervical level? Many authors say so without proof. Bogduk and Marsland 
[4] suffer from C2 to C3 joints in seven out of ten patients with a fairly banal, 
occipital and sub-occipital, probably unilateral, irradiating to the forehead, associ-
ated with one or more suggestive facts of a cervical origin, such as a traumatic 
antecedent, aggravation of the pain by the movement of the neck, or a local sensitiv-
ity to pressure. The advanced evidence is the complete and reproducible effect of an 
anesthetic block of the C2–C3 occipital nerve.

15.2  �Anatomy and Physiopathology

Anatomy of the occipital nerves includes three nerves: the greater, the lesser 
occipital nerve and the great auricular nerve. Sometimes, a branch from C3 root 
reaches the midline occipital region. The course of the major occipital nerve is 
formed by the ramus dorsalis of the C2 nerve root. The first part runs between the 
origin of the nerve and the musculus obliquus capitis inferior underneath with the 
nerve makes its first bend in a medial direction. The second part of the nerve runs 
cranially between the musculus semispinalis capitis on the one side and the mus-
culus obliquus capitis inferior, musculus rectus capitis posterior, and the musculus 
rectus capitis anterior on the other side. When perforating the musculus semispi-
nalis capitis toward the surface, the nerve makes its second bend in a lateral direc-
tion. The third part of the nerve runs further laterally where the aponeurosis of the 
musculus trapezius is perforated and the nerve begins its subcutaneous course. 
The nerve usually divides into branches after perforating the aponeurosis (cf. 
Fig. 15.1).

There are various potential causes of irritations: vascular, neurogenic, muscular, 
and osteogenic:

	1.	 Vascular: irritation of the nerve by aberrant vertebral artery, dural arteriovenous 
fistula …

	2.	 Neurogenic: Schwanoma, C2 myelitis, multiple sclerosis
	3.	 Muscular and osteogenic: C1/C2 athrosis, atlodendal sclerosis, cervical chon-

droma, exuberant callus formation.

The nature of this neuralgia is not well understood. The etiology is variable with 
idiopathic or secondary cases: post-traumatic, compressive (C1–C2 osteoarthritis, 
inflammation within a context of rheumatoid polyarthritis or spondyloarthropathy, 
ligamento-muscular, vascular, or tumoral), postsurgical (treatment of Chiari malfor-
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mation, surgery of the cervical spine with a posterior approach, surgery of the pos-
terior fossa).

15.3  �Treatments

There are a variety of treatments for occipital neuralgia, ranging from medical treat-
ment to invasive surgery. Medical treatments include analgesics, antidepressants, 
anti-epileptics, topical agents, physiotherapy, osteopathy, and acupuncture. Local 
infiltrations of anesthetics or corticosteroids are proposed in cases refractory to 
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medical treatment. If this fails, more invasive treatments are used, such as pulsed 
radiofrequency, occipital nerve neurolysis, selective rhizotomy at C1–C3 and C2 
ganglionectomy [3–7].

A variety of surgical treatments do exist, but they remain imperfect in terms of 
pain control and may also induce side effects, such as deafferentation pain. 
Neuromodulation techniques offer a new approach for the treatment of occipital 
neuralgia. These techniques have already proved effective for migraine and cluster 
headache [8–15].

In 2011, Slavin [16] traced the history of peripheral nerve stimulation. Its use for 
the treatment of chronic pain was proposed for the first time by En 1967 by Wall and 
Sweet with the first implantations made in 1962 by Shelden. The author had shown 
that the stimulation of peripheral nerves caused a suppression of the perception of 
pain. Semi-experimental use of this technique continued for 15–20 years. At the end 
of the year 1980, peripheral nerve stimulation became a recognized surgical tech-
nique. At the end of the year 1990, Weiner and Reed proposed the use of such a 
percutaneous technique of inserting an electrode near the occipital nerves to treat 
neuralgia occipital. Weiner has shown that this percutaneous stimulation technique 
is simple and effective. This exploratory work marked the beginning of the modern 
era of peripheral nerve stimulation. Occipital nerves stimulation is proved to be 
efficient in occipital neuralgias and cervicogenic headache.

The physiopathologic mechanisms underlying the efficacy of occipital stimula-
tion are still not well known. The gate control theory of Wall and Melzack could 
play a part in the analgesic action, but is unlikely to be the sole explanation. An 
involvement of the trigemino-cervical complex most likely contributes to the anal-
gesic effect and partly explains the analgesic effect of occipital stimulation in refrac-
tory chronic headaches [17–19].

15.4  �Indications for Occipital Stimulation

15.4.1  �Evaluation of the Disease

Patients who suffer from refractory occipital neuralgias according to the IHS crite-
ria will be candidate to occipital stimulation. It is a major criterion to have homog-
enous studies, but it is not sufficient. Occipital neuralgias must be refractory to 
medical treatment (association of neuropathic medication like antiepileptic, and/or 
antidepressant, and/or antalgic treatment like paracetamol, tramadol, or morphine) 
and pain management in a pain Unit, including multidisciplinary approach, physio-
therapy, block test, radiofrequency rhizolysis, and/or corticosteroid infiltration of 
C2. An essential prerequisite to ensure an acceptable benefit/adverse effect balance 
is that the patient must have been informed, before any decision to operate, about 
the possible beneficial effects and possible complications of surgery, and must have 
realistic – and not unrealistic – expectations in relation to this type of treatment. ON 
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must be chronic (duration of the disease up to 6 months). Pain must be neuropathic 
pain associated or not with cervicogenic headache. Pain could be unilateral or bilat-
eral. A cranial and cervical spine MRI must be done to eliminate etiology of pain 
which could be relevant to a surgical treatment (tumors, aneurysms, and spine 
instability)

15.4.2  �Preoperative Clinical and Psycho-Social Evaluation

This evaluation is essential before considering any invasive procedure for the treat-
ment of pain, in order to select the best candidates for these techniques, to inform 
the patient about the potential benefits, and to limit the patient’s expectations of a 
miracle cure. This assessment needs to confirm the refractory nature of the neuro-
pathic pain, to identify the presence of painful physical comorbidities (particularly 
an association with fibromyalgia) and/or psychological comorbidities, to record the 
efficacy of previous drug and non-drug treatments, and to determine the absence of 
general contraindication to neurostimulation procedures (coagulopathy, severe car-
diac disease, chronic infections, and other comorbidities). Finally, functional sur-
gery must not be considered if the patient has a life expectancy of less than 6 months.

A thorough psychological and/or psychiatric assessment is very important prior 
to any interventional technique. Ideally, the opinion of the psychologist or psychia-
trist should be integrated into the multidisciplinary consultation meeting. In particu-
lar, it is important to evaluate patient’s expectations, fears, and beliefs in relation to 
the stimulation technique, as well as the presence of any severe or decompensate 
psychiatric co-morbidity (particularly severe depression or a psychotic illness); any 
addictive behaviors contraindicating a surgical procedure; a poor compliance and/or 
insufficient understanding of the treatment and a lack of social and/or family sup-
port; and any litigation, which should be settled, whenever possible, before any 
operative procedure and/or patients awaiting financial compensation.

15.5  �Surgical Techniques

15.5.1  �General Considerations

These stimulation techniques appear to be useful in various refractory neuropathic 
pain indications, as long as there is some preservation of sensation in the painful 
area. However, large-scale randomized controlled studies are necessary to confirm 
the maintenance of the efficacy and to validate emerging indications.

Occipital nerve stimulation (ONS, performed for the first time by Weiner and 
Reed [20]) is a simple technique that can be performed under local or general anes-
thesia. It consists of subcutaneous placement of a flat or cylindrical stimulation 
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electrode in contact with the occipital nerves via a retromastoid or midline incision. 
The electrode is then connected to a stimulator placed under the skin in the infracla-
vicular or abdominal region.

The patient is placed in a prone position and the first stage of the procedure is 
performed under mild sedation or local anesthesia to monitor the patient’s feedback 
and ensure the most optimal coverage of the painful areas by stimulation. After 
disinfection and sterile draping, a curved needle is inserted at the emergence of 
Arnold’s nerve through midline or lateral incision. Fluoroscopic and/or echography 
could be used to be sure of the position of the lead with one or more contacts cross-
ing the nerve. The electrode is sutured in place with nonabsorbable sutures using 
two plastic anchors. If the trial is successful, defined as more than 50% of pain 
reduction, the second stage (implantation of the pulse generator) is done under gen-
eral anesthesia. A subcutaneous pocket is created below the clavicula, on the flank, 
on the buttock according to the center habits. Extension cables, if needed, are tun-
neled and connecting electrode and pulse generator. Otherwise, leads are directly 
connected to the pulse generators.

Jennifer Sweet [21] proceeds to a systematic review of occipital nerve stimula-
tion in refractory occipital neuralgias. Nine series were analyzed: five retrospective 
studies, three prospective, and one unknown.

We can add our personal retrospective study performed on 60 patients with 
intractable occipital neuralgias treated with peripheral nerve stimulation (PNS) was 
performed during the period from October 2008 to October 2014. Pain evaluation, 
location, duration and cause, and previous treatment were analyzed. Evaluations 
included a visual analogue scale (VAS) before and 6 months after PNS implanta-
tion, the Medication Quantification Scale (MQS) before and 6, 12  months after 
implantation and at the last follow-up, failure of medical treatment and a multidis-
ciplinary approach to pain. External trials with transcutaneous electrical nerve stim-
ulation (TENS) were performed to evaluate if the trial is successful (patient reported 
at least 30% decrease of pain on VAS during 1 month). Sixty patients were implanted.

15.5.2  �Paddle Lead vs. Percutaneous Lead

Paddle or percutaneous leads can be inserted via a retromastoid or a midline 
approach.

Retromastoid approach could be used for unilateral or bilateral approach. Several 
authors described a retromastoid approach to lead placement: Weiner and Reed 
[20], Melvin Jr et al. [22], Slavin et al. [23], Oh et al. [24], Kapural et al. [25] and 
Johnstone and Sundaraj [26] described implantation of paddle lead via a midline 
approach. Slavin used the two approaches: lateral if unilateral lead and midline if 
bilateral occipital neuralgias with percutaneous lead.
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In our series, we use percutaneous lead and paddle lead with the two approaches 
like Slavin et al. [23].

In my opinion, paddle lead could be fixed and avoid some side effects like migration, 
but the inconvenient of paddle lead is to require dissection of surrounding tissues in 
contrast to percutaneous lead which is inserted via a needle. The needle is bent to con-
form to the occipital region as described by Weiner and Reed, but this process is imper-
fect, as the curve of the occipital region is not uniform. This is the major challenge of the 
future lead to be curve, flexible, and adapted to the occipital region (Fig. 15.2).

Fig. 15.2  X-ray views and 3D scan views of occipital electrode
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15.5.3  �Local Versus General Anesthesia

This criterion is left to the appreciation of each according to local habits. If the per-
cutaneous electrodes can be inserted under local anesthesia, it is more complicated 
for the surgical electrodes.

Weiner and Reed [20] described electrode placement under local anesthesia. The 
advantage of the local anesthesia is to be able to test the correct positioning of the 
paresthesia induced by the electrode covered the painful territory by the paresthesia. 
However, experienced physicians now perform the procedure under general anes-
thesia [23, 27, 28]. For a review, see the article of Paemeleire and Bartsch [19].

15.5.4  �Fluoroscopy Alone or Fluoroscopy Plus 
Ultrasonography

A study was published on this subject [29]. This is a retrospective study of 21 patients 
with 53 electrodes. Patients had refractory occipital neuralgia for which an indica-
tion of occipital stimulation had been retained. The aim of the study was to compare 
two groups: patients with ONS placed with fluoroscopy and patients with ONS 
placed with ultrasonography and fluoroscopy. There were no statistical differences 
between the two groups. However, it could be useful to use ultrasonography to assess 
the depth of the lead. Indeed, subcutaneous stimulation is effective only if it is well 
positioned between the dermis and the hypodermis in order to stimulate the recep-
tors of specific fibers linked to the tact; otherwise, there is a risk of stimulation of the 
muscles with contractures and unpleasant feelings. The stimulation should not be 
too superficial because there is a risk of skin erosion by the electrode (Fig. 15.3).

	1.	 Sense of hair
	2.	 Sense of touch
	3.	 Epicritic sense
	4.	 Pressure sense
	5.	 Thermic sense
	6.	 Coarse sense
	7.	 Pain
	8.	 Protopathic sense

15.6  �Results and Complications

15.6.1  �Results

ONS is an effective treatment to refractory occipital neuralgias. All the articles and 
review provide class III-level evidence. Only three articles concern prospective 
study with small numbers of patients (24 patients). There is heterogeneity in 
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evaluating the results with the use of different scales (Short-Form Mac gill question-
naire, the Visual Analog scale, the Present Pain Index, The Pain Disability Index, the 
percentage of pain decreased). Randomized prospective studies are needed to assess 
long-term results. ONS provides good results in patents with occipital neuralgia and 
cervicogenic headache (approximately 80% of patients experience improvement) 
(Weiner and Reed [20], Melvin Jr et  al. [22], Slavin et  al. [23], Oh et  al. [24], 
Johnstone and Sundaraj [26], Abhinav et al. [30], Palmisani et al. [31]), and postop-
erative or posttraumatic occipital neuralgia (Kapural et al. [25]).

Our series is the larger series in the world. Mean Vas decreased dramatically after 
ONS implantation from 8.35 preoperatively to 2.32 postoperatively. The case series 
of Abhinav is particularly impressive with patient totally pain free. The results seem 
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to be sustained in the long term. The study of Weiner and Reed had the more impor-
tant follow-up with a mean of 2 years, ranging from 1.5 to 5.5 years.

It is difficult to conclude whether the surgical electrodes provide a greater benefit 
in terms of pain reduction, but there seems to be a slight superiority of these. In our 
series, we use less current with paddle lead and we have no migration with paddle 
lead.

15.6.2  �Failed Trials

Some patients were not implanted because of failed trial: Melvin 3/14, Slavin 4/14, 
Johnstone 1/8. We don’t have this problem because we use TENS to preselect the 
patients [32].

We shaved the patient or use Arnold kit for the TENS. All patients who have 
more than 30% reduction of pain with TENS were implanted with ONS in one 
stage (lead and pulse generator at the same time). Patients with negative TENS 
had a trial with a percutaneous lead to test if there is pain reduction about 50% or 
more. If the trial is negative, patients do not receive the implanted pulse 
generator.

15.6.3  �Parameters Settings

In the literature, Oh and Whiting [33] described high-intensity parameters: 8  V, 
330 μs, 85 Hz at the beginning, which decreased at 2.5 V, 300 μs, 85 Hz with a 
cycling mode.

For Slavin et al. [23], pulse width ranged from 90 to 360 μs, the frequency ranged 
30 to 90 Hz, and the amplitude ranged from 1 to 4 V.

In the study of Rodrigo-Royo et al. [34], in four cases of cervicogenic headache, 
pulse width ranged from 210 to 450 μs, the frequency ranged 40 to 60 Hz, and the 
amplitude ranged from 0.3 to 2.7 V.

The implanted material in our series was obtained from three manufacturers 
(Medtronic, Boston Scientific, St Jude Medical) and was distributed as follows: 
three Boston Scientific, five Medtronic, 51 St Jude Medical. Seventeen patients 
received a rechargeable stimulator.

The stimulation parameters varied between patients:

–– For St Jude Medical: 4.25 mA, 50 Hz, 208 μs, the frequency varied from 30 to 
80 Hz, PW ranged from 156 to 256 μs, and current intensity varied from 1.1 to 
13.3 mA.

–– For Boston: intensity was 4.7 mA for each side, 50 Hz, 450 μs (1.2 to 17 mA).
–– For Medtronic: mean intensity was 3.4 V, 50 Hz, 210 μs (with intensity varying 

from 1.2 to 7 V and a current pulse of between 150 and 450 μs).
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The highest intensities were observed with four- or eight-lead percutaneous 
electrodes.

On average, for St Jude Medical, the parameters were 2.25 mA, 208 μs, 58 Hz if 
a single electrode was implanted (Table 15.1).

15.6.4  �Complications

Complications included lead migration, infection, allergic reaction, pain on the 
neck or on the pulse generator site. The rate of complications varied from 0 (Abhinav 
et al. [30]) to 33% (Palmisani et al. [31]).

Lead migration is due to movements of the head. In the all ten studies, migration 
of the lead occurred in 4.6% (6/131). In all cases, it was percutaneous electrodes. 
Lead dysfunction (breaking or disconnected electrode was present in the series of 
Melvin Jr et al. [22] (1/136).

An infection is found in 5.3% of cases. Depending on the series, the infection rate 
is between 0% and 29% (cf. Table 15.2). It was the most common complication for 
this procedure. The treatment can be taken locally or, most often, ablation of the stim-

Table 15.1  Summary of case series of patients with occipital neuralgias

Study
Study 
type

Implant 
number

Follow 
up 
(months)

Pain 
reduction 
% or VAS

Paddle or 
percutaneous 
lead

Middle or 
lateral 
approach Year

Abhinav 
et al. [30]

RS 4 6–18 9 to 0 Paddle Midline 2013

Palmisani 
et al. [31]

RS 3 28–31 ≥50% Percutaneous Not none 2013

Magown 
et al. [35]

PS 7 2–30 96% Paddle Midline 2009

Melvin Jr 
et al. [22]

PS 11 3 67% Percutaneous Both 2007

Johnstone 
and Sundaraj 
[26]

Not 
none

8 6–47 ≥50% Paddle Midline 2006

Slavin et al. 
[23]

RS 14 5–32 60–90% Percutaneous Both 2006

Kapural 
et al. [25]

PS 6 3 8.66–2.5 Paddle Midline 2005

Oh et al. [24] RS 10 6 ≥70% Paddle Lateral 2004
Weiner and 
Reed [20]

RS 13 18–66 ≥50% Percutaneous Lateral 1999

Raoul 
unpublished

RS 60 3–72 8.35–2.32 
(72.2%)

Paddle and 
percutaneous

Both Submitted 
to 
publication 
2017

RS retrospective study, PS prospective study
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ulator with antibiotic therapy. No consensus is formally established at present to avoid 
infections. The study of Bendel et al. [36] of 2737 SCS implant procedures identified 
all procedures complicated by infection (2.45%). Localized incisional pain and wound 
erythema were the most common presenting signs. Laboratory studies were performed 
in the majority of patients, but an imaging study was performed in less than half of 
these patients. The most common causative organism was Staphylococcus aureus and 
the IPG pocket was the most common site of an SCS-related infection. Explantation 
was ultimately performed in 52 of the 67 patients (77.6%). Non-explantation salvage 
therapy was attempted in 24 patients and was successful in resolving the infection in 
15 patients without removal of SCS hardware components.

It can be concluded from this study that utilizing an occlusive dressing over the 
incision in the postoperative period decreases the rate of infection and should 
become the standard of care. This study also demonstrated the positive impact of 
postoperative antibiotics in decreasing the rate of infection. There was no difference 
in the rate of infection between implants performed by physicians of different base 
specialties, cylinder leads vs. paddle leads, or between different prophylactic antibi-
otics. Implants performed at academic centers had a higher rate of infection when 
compared to implants performed in non-academic settings [37].

15.7  �Conclusion

The efficacy of occipital stimulation in occipital and cervicogenic neuralgias seems 
undeniable in view of the results of the literature. It’s a simple, reversible, mini-
mally invasive technique with few complications. The majority of complications are 

Table 15.2  Summary of complications in patients with occipital neuralgias

Author/year Implanted Lead type
Lead 
migration

Lead 
dysfunction Infection “Allergy” Other

Abhinav 
2013

4 Paddle 0 0 0 0 0

Palmisani 
2013

3 Percutaneous 0 0 0 0 33% 
(1/3)

Magown 
2009

7 Paddle 0 0 14% (1/7) 0 0

Melvin 
2007

11 Percutaneous 9% (1/11) 9% (1/11) 0 0 0

Johnstone 
2006

7 Paddle 0 0 29% (2/7) 0 0

Slavin 2006 10 Percutaneous 10% (1/10) 0 0 0 0
Kapural 
2005

6 Paddle 0 0 0 10% 0

Oh 2004 10 Paddle 0 0 0 0 10%
Weiner 
1999

13 Percutaneous 8% (1/13) 0 8% (1/13) 0 0

Raoul 
unpublished

60 Paddle and 
percutaneous

5% (3/60) on 
percutaneous

0 5% (3/60) 0 1.5%
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related to electrode migration and infection. It can be avoided with new design of 
cylindrical electrodes. Prospective studies are needed to assess these results.
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