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ABSTRACT

Objectives: Approximately one in every 1000 adults experiences cluster headache (CH). Although occipital nerve stimulation
(ONS) appears encouraging in treatment for most patients with refractory CH, some patients do not reach adequate pain relief
with ONS. A reason for failure of ONS might be anatomical variations and different surgical approaches. Therefore, an extensive
literature analysis was performed, and cadaveric experimentation was combined with our clinical experience to provide a
standardized proposal for ONS and obtain optimal management of patients with refractory CH.

Materials and Methods: Data from 36 articles published between 1998 and 2023 were analyzed to retrieve information on the
anatomical landmarks and surgical technique of ONS. For the cadaveric experimentation (N = 1), two electrodes were inserted
from the region over the foramen magnum and projected toward the lower third of the mastoid process.

Results: The existence of multiple approaches of ONS has been confirmed by the present analysis. Discrepancies have been
found in the anatomical locations and corresponding landmarks of the greater and lesser occipital nerve. The surgical approaches
differed in patient positioning, electrode placement, and imaging techniques, with an overall efficacy range of 35.7% to 90%.

Conclusions: Reports on the surgical approach of ONS remain contradictory, hence emphasizing the need for standardization.
Only if all implanting physicians perform the ONS surgery using a standardized protocol, can future data be combined and

ac

outcomes compared and analyzed.
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INTRODUCTION

Cluster headache (CH) is a primary headache disorder, affecting
people of all ages, races, income levels, and geographical areas.’
Approximately one in every 1000 adults experiences CH.>*> CH is
defined as an excruciating unilateral temporal or periorbital pain
with attacks that last between 15 minutes and 180 minutes,
sometimes accompanied by autonomic symptoms in the nose,
eyes, and face.* Some have described CH to be one of the most
painful conditions known to humans.” Because CH is reported to
cause suicidal ideation, planning, and attempt, it also is referred to
as “suicide headache.”®” Depending on the attack frequency, CH is
classified into episodic CH or chronic CH.?

The pathophysiology of CH is not fully understood,” but distur-
bances in function of the trigeminal and occipital nerve are
considered major causes of CH.® The occipital nerve branches are
connected with the trigeminovascular complex; hence, disturbed
nociceptive signaling within this complex is believed to be an
important mechanism underlying CH.? The separate occipital nerve
branches, including the greater occipital nerve (GON), lesser
occipital nerve (LON), and third occipital nerve (TON), have been
described in anatomical studies.” The GON originates from the
medial branch of the dorsal ramus of the C2 spinal nerve and
provides sensory innervation to a large portion of the posterior
scalp up to the vertex.'® The LON originates from the lateral branch
of C2 and sometimes C3 in the cervical plexus and provides
sensation to the inferior occiput, lateral scalp posterior, and

superior to the ear.'® Because the GON is the main sensory nerve to
the occipital area, it has been most frequently targeted in treat-
ment for CH."' Patients with CH can be refractory to the standard
pharmacologic approaches for neuropathic pain and thereby face
huge suffering if development and optimization of alternative
treatments are constrained.'*'?

Owing to the involvement of the occipital nerve in the patho-
physiology of refractory CH, electric stimulation of its branches has
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SURGICAL APPROACH AND LANDMARKS OF ONS

been shown to be promising.' In neurostimulation, the physician
aims to target all the occipital nerve branches simultaneously. From
an anatomical point of view, knowing the location of these sepa-
rate branches is important to achieve an optimal electrode place-
ment. However, one should notice that terminologies regarding the
separate occipital nerve branches are often used interchangeably
by physicians. The precise mechanism of neurostimulation in
patients with refractory CH remains not known; however, occipital
nerve stimulation (ONS) is believed to produce diffuse noxious
inhibitory control by reducing blood flow in the trigeminal caudal
nucleus, thereby possibly decreasing central pain sensation.'>'®
Hence, ONS has become one of the options in the treatment
spectrum of refractory CH.'? Although the results of electrical
stimulation are encouraging, several patients do not reach
adequate pain relief, which, of course, could be multifactorial. In
this review, we focus on the surgical approach that could give rise
to failure of this treatment. In general, two surgical approaches
have been described for permanent ONS implantation given the
electrodes can be inserted in either the lateral-medial or medial-
lateral direction.'””'® Complications including lead migration and
infection have been reported for ONS."®'® To reduce occurrences
of adverse effects, precise patient positioning, electrode placement,
and imaging techniques are essential. Nevertheless, information
regarding the surgical approach of ONS remains contradictory and
limited in the literature. Even though the location of the occipital
nerve branches has been extensively described and visualized in
standard textbooks, major disagreement remains on their exact
projections.” For this reason, studies providing a clear overview of
the anatomical distributions and surgical technique involved in
ONS are necessary. This article therefore aims to review and visu-
alize current information on the landmarks, surgical protocols, and
clinical efficacy of ONS. In addition, cadaveric experimentation and
our experiences gained in the last year will be combined to provide
a universally acceptable approach for ONS. The findings of this
study will improve our understanding of the anatomy of occipital
nerve branches and technical aspects to the surgical approach of
ONS.

MATERIALS AND METHODS

Study Design

In the present study, a systematic literature search was under-
taken to provide a clear overview on landmarks, surgical technique,
and clinical efficacy of ONS in patients with refractory CH. Reports
obtained from the literature search also have been summarized
using clear visualizations. In addition, cadaveric experimentation
was performed, and a proposal for a standardized protocol was
accomplished.

Literature Review

The literature search was performed with PubMed using the
keywords “occipital nerve.” All articles were originally published in
English. A total of 546 articles from 1998 to 2023 were retrieved.
Thereafter, these articles were categorized into 1) landmarks, 2)
surgical technique, 3) clinical efficacy, and 4) correlation between
clinical efficacy and electrode placement, using additional inclusion
and exclusion criteria (Table 1). Articles that did not meet the
inclusion criteria or narrative reports lacking study data were
excluded from analysis (Table 1). Each study analyzed within this
literature search was viewed by three independent persons (Erkan
Kurt, Linda Kollenburg, Saman Vinke) to ensure consensus and the

quality of the articles included. Goals of this study were to 1)
provide an overview of the described anatomical location of the
occipital nerve branches using surface landmarks, 2) provide details
on surgical techniques for ONS with emphasis on electrode
placement, imaging, and patient positioning, 3) summarize data on
the clinical efficacy of ONS, and 4) describe a detailed and stan-
dardized surgical approach for ONS.

Cadaveric Study

To allow proper cadaveric experimentation, literature regarding
the anatomy and surgical techniques of ONS was combined with
our own experience. Cadaveric dissection was used to identify the
anatomical location of the GON in relation to the electrode
placement. In the cadaver (N = 1), a single vertical incision in the
region over the foramen magnum to the superior part of the
spinous process of C2 was performed, with the cadaver placed in a
neutral prone position. Pisces Quad-Plus electrodes (388856,
Medgtronic Inc, Minneapolis, MN) were then directed toward the
lower third of the mastoid process from medial to lateral direction.
Thereafter, the GON was dissected, and x-ray imaging was per-
formed from different angles. The surgical approach, as performed
in the cadaver, has been implemented for the last year in Radboud
University Medical Center for patients with refractory CH.

RESULTS

The anatomical location of the occipital nerve branches forms a
base for the development of surgical protocols for ONS. Variations
on certain surgical aspects including patient positioning, electrode
placement, and imaging affect the clinical efficacy of ONS. In this
section, articles on anatomical and surgical aspects of ONS con-
cerning clinical efficacy are summarized.

Anatomical Localization of Occipital Nerve Branches Regarding
External Landmarks

Owing to the presence of anthropometric variations, limitations
in manual dissection methods, and fine distributions of the
occipital nerve branches, determination of its exact projections
within the posterior scalp area has been shown to be rather
complex.”® Therefore, various studies have described the use of
external landmarks to facilitate localization of the occipital nerve
branches. Nevertheless, descriptions of the location of the occipital
nerve branches appear to be variable in literature given the loca-
tion of the GON and LON from the midline was found to be 15 to
55.3 mm and 14.9 to 61 mm, respectively (Fig. 1). Reports often
tend to describe the localization of different occipital nerve
branches separately. Some studies described the GON to be
located at 1 to 2 cm from the midline and 3 cm inferior to the
external occipital protuberance (EOP),'° and 61 mm from the
midline for the LON?" (Fig. 1, Table 2). Other physicians prefer to
describe a specific region of the occipital nerve branch as a general
measure for its location. Khavanin et al mentioned that the
piercement through the sternocleidomastoid (SSC) in relation to
the mastoid was 65.5 + 5.9 mm for the GON?** and 45.2 mm for the
LON?* (Fig. 1, Table 2). In addition, the anatomical location of the
occipital nerve branches in relation to the $SC,>*">>*° aponeurosis
of trapezius,”>*>?® and superolateral area® has been reported.

Most studies reported the localization of the occipital nerve
branches respecting bony landmarks including the EOP and mas-
toid. However, some reports used vertical and horizontal lines,
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Topic literature search
Anatomical landmarks and

occipital nerve distributions

Surgical technique (imaging,
electrode placement, head
positioning, and imaging)

Clinical efficacy ONS

Correlation between electrode
placement and clinical efficacy

Table 1. Overview of Literature Searches Performed.

Search terms

"o

“occipital nerve landmarks,” “anatomy of occipital nerve,”
“occipital nerve projections,” and “occipital nerve
distributions”

"o

“occipital nerve stimulation,” “surgical technique of ONS,”
“electrical stimulation of occipital nerve,” “peripheral
nerve stimulation occipital nerve,” and “occipital nerve
stimulator implantation”

“ONS efficacy,” “efficacy occipital nerve stimulation,”
“peripheral nerve stimulation occipital nerve efficacy,”
and “efficacy of electrical stimulation of occipital
nerve”

“clinical efficacy electrodes in ONS,” “surgical technique
ONS clinical efficacy,” “electrode placement and effi-
cacy ONS," “sensitization and clinical efficacy ONS."
and “occipital nerve stimulation and perceived sen-
sory quality”

Inclusion criteria

N> 2

Occipital nerve anatomy must be described
Anatomy of occipital nerve must be described using
landmarks

Conducted between 1995 and 2023

Subjects were adults diagnosed with refractory CH/
CCH

Published between 1995 and 2023

Provides details on the surgical aspects of ONS
Neurostimulation must be applied to the occipital
nerve

Subjects were adults diagnosed with refractory CH.
Follow-up period >9 mo

N> 15

Responders are described as having >50% reduction
in attack frequency or VAS score

Subjects were diagnosed with refractory headache
disorders*

Describes several stimulatory regions on occipital/
cervical area

Total studies generated

10, 252, 22, and 51,
respectively

105, 29, 49, 45, and 22
respectively

212, 147,93, and 104,
respectively

30,79, 3,0, and 2,
respectively

Studies obtained
after exclusion

9

38

Overview of the search terms, inclusion criteria, and obtained study results for the literature search regarding the clinical efficacy, surgical ONS approach, and anatomical distribution of the occipital nerve.
This literature search was performed in PubMed.
CCH, chronic CH; VAS, visual analog scale.

*This inclusion criterium was changed from “only subjects with refractory CH” to “subjects with any type of refractory headache disorder” because otherwise, no results were obtained.
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Figure 1. Overview of the currently described landmarks and localization of the GON and LON. The circles represent the described location of the occipital nerve
according to its corresponding literature (open circle = LON, closed circle = GON). *Indicates the point at which the occipital nerve is described to pierce the
sternocleidomastoid. If a range of values was mentioned in literature the average value was calculated and depicted in the scheme above. ** **Represent the
anatomical location of the GON on the left side** and on the right side*** as defined by Shim et al. EOP, external occipital protuberance. Created with BioRender.com.

connecting these bony landmarks, to describe the location of the
occipital nerve.’®?' Results obtained in this alternative approach
showed that the GON was located at a mean distance of 3.8 cm
lateral to a vertical line through the EOP and the spinous process of
the vertebrae C2 to C7, and at 22% of the distance between the
EOP and the mastoid process. In addition, Becser et al*' and Loukas
et al?® described the GON to be located at approximately 41% of
the distance along and 5 to 28 mm from the midline at the level of
the intermastoid line, respectively (Fig. 1, Table 2). Usage of per-
centages by Loukas et al to localize the occipital nerve might have
eliminated confounding by topometric variations. Therefore, their
results on GON localization might have improved validity.
Although many reports provided detailed descriptions of the
anatomical location of the occipital nerve branches with respect to
landmarks, differences between the right and left branch are often
not described. Although a symmetrical division of the occipital
nerve branches on both sides is assumed by many, Shim et al

reported an asymmetrical division of the GON branches (23.1 £ 3.4
mm [right] and 20.5 + 2.8 mm [left] from EOP)** (Fig. 1, Table 2).
This might suggest that even if reports are consistent in the region
on the occipital nerve and the branch that is measured, localization
will remain variable because different measures might be obtained
for the left and right occipital nerve branches.

Surgical Technique of ONS

The previously described landmarks provide guidelines for the
development of the surgical technique underlying ONS. Several
steps have been described in the protocol of ONS. Firstly, a Tuohy
needle is inserted. Next, the electrodes are implanted, with the
wires connected to the electrodes and tunneled together in caudal
direction for connection to the implantable pulse generator.”’>°
The electrodes are inserted such that they cross the GON and
LON branches. Despite the recognition of ONS in the management

© 2023 The Authors. Published by Elsevier Inc. on behalf of the
International Neuromodulation Society. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 2. Summary of Outcomes Regarding Anatomical GON/LON Localization.

Study/study design Occipital

nerve
branch
described

Shim et al”” /A GON

Loukas et al’® /A GON

Wamsley et al'® / LR GON

Guvencer et al”® / A GON*
GON'
Khavanin et al** /A LON

Becser et al’' /A GON
LON

Ducic et al”® /A GON*
GON'
LON*

No. of patients/

cadavers

N =20 (pY) 22-37

N =80 (¢ 86 (58-86)
N/A N/A
N=12 N/A
N=12 N/A
N=7() N/A

N=10() N/A
N=104M6F  NA
N =125 (112 pt, 13 ¢) N/A

N=125(112pt, 13 ) N/A

N=125(112pt, 13 ) N/A

Overview of the anatomical location of the GON and LON.
A, anatomical study; AT, aponeurosis of trapezius; ¢, cadavers; GON, greater occipital nerve; LON, lesser occipital nerve; LR, literature review; OA, occipital artery; pt, patients.
*Represents the point at which the GON/LON pierces the SSC and the EOP.
flindicates the point at which the GON/LON pierces the AT.

Mean age, y Distance from

EOP (range)

23.1 £ 34 mm right
and 205 + 2.8 mm left
3.8 (1.5-7.5) cm
3 c¢m inferiorly
and 1-2 cm laterally
536 + 50 mm
15.1 £ 70 mm
452 mm (36-51 mm)
16.5 mm (5-28 mm)
61 mm (32-90 mm)
149 + 4.5 mm laterally
and 30.2 £ 5.1 mm
inferiorly
378 £ 46 mm
(24-49 mm)
3 c¢m inferiorly

Distance on/to
EOP-mastoid

line

N/A

22.0%
N/A

N/A
N/A
N/A
N/A
N/A
N/A

N/A

N/A

Distance from Distance on/to

mastoid intermastoid
line

N/A N/A

N/A 41.0%

N/A N/A

655+£59mm 115 + 39 mm
594+ 23 mm 171 £ 2.8 mm

N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A

Distance on external
occipital protuber-
ance-

mastoid line

N/A

22.0%
N/A

N/A
N/A
N/A
N/A
N/A
N/A

N/A

N/A

Distance to OA

1.5 £ 0.6 mm (right)

and 1.2 + 0.6 mm (left)
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A

N/A

N/A
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of refractory CH, physicians seem to disagree on the surgical
technique.

Patient Positioning

Before surgery, the patient must be correctly positioned. Altering
head and body positions of the patient during the ONS procedure
can greatly enhance the accessibility of the occipital nerve. Used
options for patient positioning include the supine,®’ concorde,
park-bench,”” and prone manner.?**?23 Equipment including the
Mayfield holder,** molded cushions,>* and a radiolucent frame** is
reported to be essential for optimal head fixation during ONS.
Franzini et al’® described head positioning in a slightly flexed
manner, in line with the chest. Another study stated that the neck
should be flattened during ONS using slightly inclined molded
cushions.>> However, Trentman et al*' reported that the head
should be turned maximally away from the infraclavicular region
during ONS to obtain optimal positioning.

Electrode Placement

Electrodes are placed in a transverse manner to properly cross
the nerve trunk of the LON and GON divisions. If electrodes are not
correctly inserted within the appropriate connecting tissue level,
adverse events (AEs) such as dermatomal paresthesia might
occur.® In the ONS technique, it is favorable to cover all branches
of the occipital nerve; however, it is clinically impossible to
target all branches separately. Therefore, electrode placement on
the major branches (LON and GON) and most proximally to the
occipital nerve is considered sufficient for optimal electric field
coverage. Stimulation of both occipital nerve branches can be
reached through a lateral and medial approach. Some studies
describe using the lateral approach for ONS in which the electrodes
are inserted at the level of the mastoid process and advanced
toward the midline at level of C1'7° (Fig. 2, Table 3). However,
most studies have described the medial ONS approach, in which a
midline incision is made at the level of C2 and electrodes are
inserted in a medial-to lateral direction'*'”'8213138 (Fig 2, Table 3).

Midline

Superior nuchal line EOP

GON

LON

Mastoid process C1 nerve

C2 nerve

Great auricular n.
(posterior branch)

C3 nerve

Legend
memsss Trentmanetal.  wwssss=  Sakharpe et al. Loukas et al., mmmmmm  Sakharpe et al.
(medial approach) Richter et al. and (lateral approach)
Choietal

= Plazier et al. Choi et al.2 m—— Keifer et al. s Slavin et al.

Figure 2. Overview of the currently described insertion methods for the electrodes in ONS. The arrows indicate the direction and origin of the needle insertion. The
circles indicate the anatomical structures involved in the insertion point described by the corresponding literature. *Indicates that the precise projection point of the
needle has not been accurately identified within the anatomical structure but rather described to be somewhere in that region. **Indicates that in the corresponding
literature, only the insertion point was described, and therefore, the projection of the needle could not be indicated with an arrow. Choi' described the electrode
placement for the GON' and LON” separately. Slavin et al described both the medial and lateral approach to ONS; however, only the medial approach has been
depicted in this figure. Studies that did not accurately describe placement on midline were not included in this figure. EOP, external occipital protuberance; GON,
greater occipital nerve; LON, lesser occipital nerve. Created with BioRender.com.

]
www.neuromodulationjournal.org © 2023 The Authors. Published by Elsevier Inc. on behalf of the Neuromodulation 2024; 27: 22-35
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Table 3. Summary of Outcomes Regarding Electrode Placement in ONS.

Study/study Region of electrode
design placement

No. of patients randomized/completed study Age, y

Plazier et al*’  OP Trial implantation: N = 51 (6 M, 45 F) 47 y (mean:
4662 £982y)
Permanent implantation: N = 41 (5 M, 36 F) 49y (mean:

49.02 £9.53 y)

Keifer et al*®  UC N=1 47y
Sakharpe etal'’ OP N/A N/A
uc N/A N/A
Loukas et al’®  OP N =80 (35 M, 65 F) 86 (58-86)
Richter et al*”  OP N/A N/A
Choietal®®  op* N=10(3M,7F 52 (34-70)
OP' N=103M7F 52 (34-70)
Trentman uc N/A N/A
et al’!
Slavin et al’®  OP* N=30(@8M,22F 473 (22-97)
OP° N=30(@M22F 473 (22-97)
Johnstone uc Trial implantation: N = 8 Permanent implan- 46 y (30-65)
et al'® tation: N = 7

Nguyen et al'' OP N=33(14M9F 498 + 123 (28-87)

Place of Insertion

1 ¢m underneath EOP

1 ¢cm underneath EOP

Posterior arch of C1 vertebra

Mastoid process
Midline at C1 level

2 c¢m laterally and 2 cm inferiorly to EOP

2 cm laterally and 2 c¢m inferiorly to EOP

2 c¢m infrolateral of EOP

2 cm inferiorly and 5.0 cm laterally of EOP
Midline inscision (2.5 cm retromastoid and <1 cm

at C1 level)

Midline just below occipital protuberance
Lateral within occipital area

Medial at C1 level

Superior part of occipital region

Direction of projection after insertion

Tunneled at a 45° angle
Tunneled at a 45° angle

Toward mastoid process

Midline at level of C1

Laterally from the midpoint

N/A

N/A

N/A

N/A

Toward retromastoid region (midline
to lateral)

Toward contralateral mastoid process

Medial within occipital area

To lateral along lateral nuchal line

N/A

Overview of electrode placements in ONS. UC stands for the older approach in which electrode insertion is within upper cervical region. OP stands for the newer approach in which electrode insertion is
within upper occipital region. Choi et al described the electrode placement for the GON' and LON? separately.

GON, greater occipital nerve; LON, lesser occipital nerve.

*Choi et al described the electrode placement for the GON separately.
TChoi et al described the electrode placement for the LON separately.
*Slavin et al described the medial approach to ONS separately.

SSlavin et al described the lateral approach to ONS separately.
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Variations in the medial ONS approach can be found in the level
of electrode placement along the midline. Some articles describe
electrode insertion on the midline at the level of the EOP within the
occipital area’®*>*" whereas other studies report insertion on the
midline at the level of the upper cervical region.”” Even though
several points along the midline have been described, the exact
distances of these points using the landmarks are either not
reported at all or remain contradictory (Fig. 2, Table 3). Another
aspect of electrode insertion that seems variable in the literature is
the projection of the electrode after insertion. A wide range of
electrode projections has been described, including the mastoid
process,''*® along the nuchal line (at C1 level),'® into the retro
mastoid incision,”’*' and at 45° from the EOP (Fig. 2, Table 3).*’
Even though some studies reported the electrode direction after
insertion, other studies often tend to completely neglect the
description of electrode projection.?®*°

Imaging Techniques

As previously described, the anatomical location of the occipital
nerve is quite variable among individual patients.>> Hence, several
imaging techniques that facilitate localization of neurovascular
structures have been reported and used in clinics. Nevertheless,
there is currently no universal proposal for imaging in the surgical
protocol of ONS. Several articles described fluoroscopy to be a clear
and accurate verification method to determine electrode posi-
tioning.''*%*37%% Fluoroscopy was reported to be performed in an
anteroposterior or lateral direction.”* Another report recom-
mended using a surgical technique of fluoroscopy and intra-
operative tactile orientation because it reduces radiation exposure
and provides reproducible results during ONS.** However, other
studies reported a preference for ultrasound imaging during ONS
because fluoroscopic radiation is prevented and tissue planes and
neurovascular structures can be visualized, thereby allowing accu-
rate, real-time electrode placement.??*>*’*% Shim et al even
concluded that ultrasonography offers an attractive alternative for
the use of landmarks to guide electrode placement.??

Clinical Efficacy of ONS

Many studies determined the efficacy of ONS; however, wide
ranges of success are reported. After an average follow-up period
of 22.25 + 16.2 months, an overall response ratio (ORR) of 35.7% to
90% was calculated (range was calculated with “descriptive statis-
tics” in IBM SPSS statistics 27, using the data of Table 4). After six
years, the ORR was found to be 61.1% to 66.7%°>°' (Table 4).
Efficacy is partially dependent on the occurrences of AEs. The
presence of AEs in ONS has been widely confirmed within this
literature search. Lead migration®*°%°5 and infection®*#9>0°4°6
are the most reported AEs of ONS (Table 4). Fewer studies have
mentioned excessive scar tissue formation®? or side shift with
contralateral attacks®® due to ONS.

Cadaveric Study

The literature on landmarks, efficacy, and surgical technique of
ONS has been combined with our own clinical experience to allow
proper cadaveric experimentation with visualization of the GON
and electrodes. We performed a cadaveric study in which we
simulated different approaches from the midline toward the mas-
toid process, in relation to anatomy, combined with fluoroscopy. A
single vertical incision in the region over the foramen magnum was
performed, with the cadaver placed in a neutral prone position

(Fig. 3). Pisces Quad-Plus electrodes were then directed toward the
lower third of the mastoid process (Fig. 3). Thereafter, the GON was
dissected, and x-ray imaging was performed at -20°, —10°,
0°, +10°, +20° angles. This allowed determination of the electrode
placement in relation to the GON. Results showed that the x-ray
tube should be placed at an angle of 10° because the best rep-
resentation of the actual electrode placement in relation to the
GON and mastoid process was obtained using these settings.

DISCUSSION

The technique of ONS has been described in this comprehensive
overview. The present analysis confirms the existence of a wide
variety in the use of anatomical landmarks, patient positioning,
imaging, electrode placement, and clinical efficacy. As a result, the
surgical technique of ONS is often chosen on the basis of the
surgeon’s preference.®® Furthermore, this analysis indicated the
existence of a wide clinical efficacy range for ONS. Although the
range of efficacy was narrowed as much as possible within this
analysis by defining responders clearly and including only patients
with refractory CH, success ranges remained quite wide. A possible
explanation for this is the variety of surgical approaches (eg, elec-
trode insertion, patient positioning, and surgical devices/implants)
of ONS, which has shown to be evident in the present analysis. The
lack of qualitative studies within the field of clinical efficacy of ONS
and usage of various descriptions to define responders also might
be responsible for this wide range of success. Although some
authors use reduction in number of headaches per month, others
mention alteration in average overall pain intensity as a measure to
determine the efficacy. Given anatomical landmarks are considered
an important base for the surgical technique of ONS, variations in
the anatomical location of the occipital nerve branches are likely to
have caused discrepancies in the surgical ONS technique. Consis-
tencies in the anatomical approach and surgical technique are
required so that data between physicians who perform ONS can be
combined and compared. All considered, implementation of a
universal approach for ONS can improve management for all
patients with refractory CH.

Despite limited research being performed on the optimal sur-
gical technique for ONS, Gobel et al®® found a correlation between
electrode placement and perceived sensory location to clinical
efficacy in 32 patients with refractory chronic migraine who
underwent ONS. A computer-based method was used to determine
the peripheral nerve stimulation-induced perceived sensory loca-
tion and a verbal rating scale to determine the clinical efficacy.
Results indicated that sensations spatially perceived above the
meati-occipital protuberance (MOP) line (the line connecting the
external acoustic meati and EOP) caused greater clinical efficacy
than do sensations perceived below the MOP line®® (Fig. 4). In
addition, given most of the occipital nerve-end branches are
located higher upon the occipital area, increased electric field
coverage of the occipital nerve branches is expected when stim-
ulation is applied higher upon the occipital area. These findings
support the idea that electrode stimulation higher upon the
occipital area will provide higher efficacy.

A similar surgical approach, with stimulation higher upon the
occipital area, has been implemented in the last year in our
medical center. In our proposal, the electrodes should be inserted
in the region over the foramen magnum and directed toward the
lower third of the mastoid process (Fig. 5). The head must be
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Table 4. Summary of ONS Efficacy Outcomes for Patients With Refractory CCH.

Study/ study design Headache category No. of patients randomized/ Mean age, Mean follow-up Definition of responder Percentage of AEs
completed study y (range) responders
Mueller et al*” / P, CS  CCH N=10Q2 M, 8 F) 30 12 mo (3-18) >50% reduction in number  90% Infection (10%), severe scar

of headaches/mo or
greater reduction in
average overall pain
intensity than at baseline
>50% reduction in attack

tissue formation (10%)

Leplus et al*” /P, CO  CCH N =105 (73 M, 32 F) 45 (25-72) 12 mo 68.6% Infection (6%), lead migration

438 mo frequency (12%), lead fracture (4.5%,
hardware dysfunction
(8.2%), local pain (20%
Magis et al™ / P, CS CCH Randomization N =15 (14 M, 47.6 + 3682 mo'' % >50% reduction in attack  90% Battery depletion (64%),

1F) 1.5
Completed = 14

frequency immediate or delayed
material infection (20%),
electrode migration (1/15),
side shift with contralateral

attacks (36%)

Diaz-de-Teran et al’' / R, CCH Definitive ONS = 18 412 + 87 72 mo (54-108) >50% reduction in attack 61.1%" Mild adverse side effects
co Completed = 17 frequency 41.2%
Burns et al’* / R, CS CCH N=14 44 (31-58) 17.5 mo (4-35 mo) >50% reduction in attack 42.9% Battery depletion (43%), lead/
frequency electrodes complications
(29%)
Cadalso et al”® / MA CCH N =96 (76% M, 23% F) 44 185 mo (12-36 mo) >50% reduction in attack ~ 20-92% 50%-90% AEsn

frequency

Raoul et al”* / R, LR Several forms of refractory N =60 (38 F, 22 M) 58 (22-82) 13-27 mo >50% reduction in VAS score 76%

occipital headaches
(including CCH)

Electrode displacement or
fracture (10%) and infec-
tion (10%)

Leone et al”” / OL CCH

Aibar-Durén et al*® / P, CCH
CS

Wilbrink et al'* / R, OL
100% stimulation CCH

30% stimulation CCH

N=35B0M5F)

N=17 (13 M, 4 F)

N =44 (37 M, 28 F)

N =44 (46 M, 19 F)

42 73.2 (19-128) mo

44 (31-61) 48 mo

44

+

13) 24 wk

44

+

13) 24 wk

>50% reduction in headache 66.7%
number/d

>50% reduction in attack 41.18%

frequency

>50% reduction in attack  50%
frequency

>50% reduction in attack  50%
frequency

Battery depletions (65.6%),
electrode displacement of
fracture (34.4%)

Infection (6%), implant
displacement (6%)

Lead migration (5%),
replacement IPG (3%),
replacement lead or cable
(5%), local pain (3%),
impaired wound healing
(3%)

Lead migration (5%),
replacement lead or cable
(2%), impaired wound
healing (3%)

Overview of the ONS efficacy outcomes for refractory chronic cluster headache. Adverse events were reported if the occurrence was >1 and surgical revision was required.
CO, cohort study; CCH, chronic CH; CS, case study; F, female; LR, literature review; OL, open label study; M, male; MA, meta-analysis; P, prospective; R, retrospective; VAS, visual analog scale.
*For this study, the ORR of 30% to 100% was reported instead of >50%.
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SURGICAL APPROACH AND LANDMARKS OF ONS

Figure 3. Cadaveric experimentation with electrode insertion from the foramen magnum toward the lower third of the mastoid process. *Indicates localization of

the greater occipital nerve. FM, foramen magnum; M, mastoid process.

placed in line with the thorax to prevent curvature of the occipital
region. Preferably, this line should be 180°. For a straight head-
thorax alignment, a tool (eg, an infusion bag) is necessary in
most patients and must be placed under the head and/or thorax
to achieve sufficient flexion of the head (Fig. 6). After insertion of
the electrodes, extension cables should be connected to the
electrodes and tunneled in caudal direction for connection to the
implantable pulse generator. In addition, in our proposal, the x-ray
tube should be placed at an angle of 10°, given cadaveric
experimentation showed the best representation of the actual

electrode placement in relation to the GON and the mastoid for
this angle (Fig. 6).

Using this proposal, we observed thus far similar and, in some
patients, even superior pain reduction with a lower voltage than in
the old approach in which the electrodes were inserted at the level
of C1. X-ray imaging in one of our patients who underwent revision
surgery illustrates the difference between the “new” and “old”
approach for ONS (Fig. 7). Implementation of this proposal in the
cadaver also indicated proper GON coverage by the electrodes. The
surgical proposal of the present study also is believed to hold great

Mastoid process
MOP line = =

Legend

Sensory region associated with
relative negative clinical effect

Sensory region associated with
relative positive clinical effect

—— GON Area with Average
perceived effectiveness
sensation +SD

EOP
A 0.73+1.299
B 0.7841.347
EAM
¢ 3.91+3.364
D 3.7743.413
E 1.20+1.452
F 1.570+0.93
G 0.277+0.02
H 0.18341.27

Figure 4. Association between the perceived sensory location and clinical efficacy in patients with refractory chronic migraine as studied by Gobel et al. EAM,
external acoustic meatus; EOP, external occipital protuberance; GON, greater occipital nerve; LON, lesser occipital nerve; MOP, meati-occipital protuberance line; TON,

third occipital nerve. Created with BioRender.com.

www.neuromodulationjournal.org

© 2023 The Authors. Published by Elsevier Inc. on behalf of the

Neuromodulation 2024; 27: 22-35

International Neuromodulation Society. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



http://BioRender.com
http://creativecommons.org/licenses/by-nc-nd/4.0/

w
N

KURT ET AL

Superior nuchal line

GON
EOP
GON
A LON Lead @ 213
2/3%- £ 2/3 ’ ’ S 1/3
— . = 1/3
Mastoid process B oo~ .\._‘/_ - Foramen magnum EEETE SR
LON
Electrode contact
TON
TON
C2 nerve
C3 nerve

Midline

Midline

Figure 5. Electrode insertion in the standardized surgical proposal to ONS in patients with refractory CH, as implemented in the last year at our medical center. EOP,
external occipital protuberance; GON, greater occipital nerve; LON, lesser occipital nerve; TON, third occipital nerve. Created with BioRender.com.

potential for reducing ONS-related local pain that some patients
experience as AE because the subcutaneous space is often much
smaller around the EOP than around the foramen magnum. Hence,
the insertion of electrodes in the region over the foramen magnum,
as proposed, is expected to reduce local pain as compared with
insertion from the EOP itself or higher than the EOP line.

Image intensifier

Flattened neck

Slightly inclined moulded cushions

Collimator

X-ray tube &

Although the results regarding this standardized surgical pro-
posal are encouraging, future research is required given limita-
tions were present in this study. Although the cadaveric dissection
and the ONS implantation in patients were extensively conducted
with regard to the anatomy and x-ray imaging performance, we
realize that anatomical variations still might prevent some patients

Figure 6. Position of head and thorax, and the x-ray during the ONS procedure as proposed in our protocol. Created with BioRender.com.
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"Old"

SURGICAL APPROACH AND LANDMARKS OF ONS

Figure 7. X-ray image of a patient who underwent revision surgery after lead breakage. Notice the difference in position of the leads. “Old” indicates electrode
insertion at level of C1. “New" indicates electrode insertion from the region over the foramen magnum directed toward the lower third of the mastoid process, as
implemented in the last years in our medical center. a, dorsal view; b, lateral/sagittal view. Lead is positioned more cranially than on the left side.

with refractory CH from obtaining similar results. In addition,
owing to the absence of a follow-up in the patients who under-
went our ONS approach, the efficacy of this proposal is yet to be
determined.

CONCLUSIONS

The present analysis shows that ONS is accepted as an estab-
lished treatment for refractory CH. Results also have emphasized
the importance of precision within each surgical aspect of the ONS
procedure to allow optimal efficacy. Essential technical aspects of
ONS include anatomical localization, electrode placement, imag-
ing, and positioning. Although literature on landmarks, surgical
techniques, and clinical efficacies has been reported for ONS,
results remain contradictory. Only if all implanting physicians
perform the ONS surgery in the same setting, using a standardized
protocol, can future data be combined, and outcomes compared
and analyzed. This is essential to improve the efficacy of ONS and
to optimize management for all patients with refractory CH. All
considered, there is a need for standardization. For that matter, a
standardized proposal has been presented for ONS in patients with
refractory CH. This proposal is expected to hold great potential to

optimize clinical benefit of ONS owing to increased electric field
coverage. Even though the present observations are promising,
follow-up studies are required to confirm the efficacy of the pre-
sent proposal.

Clinical Implications
1. There is a wide variety in the use of anatomical landmarks,
patient positioning, imaging, and electrode placement in the
technique of occipital neurostimulation.
2. There is a need for a standardized surgical protocol in ONS.
. Such a protocol enables comparison of data between physicians
who treat patients experiencing intractable CH with ONS.

w

Authorship Statements

Erkan Kurt and Linda Kollenburg undertook the review and
analysis of the eligible publications, data, and results of the analysis.
Erkan Kurt and Linda Kollenburg prepared the manuscript with
indispensable intellectual input from all other coauthors. The
cadaveric dissection was performed by Erkan Kurt and Wim Mull-
eners. All authors approved the final version of the manuscript.

www.neuromodulationjournal.org

© 2023 The Authors. Published by Elsevier Inc. on behalf of the

Neuromodulation 2024; 27: 22-35

International Neuromodulation Society. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



http://creativecommons.org/licenses/by-nc-nd/4.0/

143

KURT ET AL

_

20.

21.

22.

23.

. Cheema S, Matharu M. Cluster

Conflict of interest

The authors reported no conflict of interest.

How to Cite This Article

Kurt E, Kollenburg L, van Dongen R, Volkers R,
Mulleners W.,, Vinke S. 2024. The Untold Story of Occipital
Nerve Stimulation in Patients With Cluster Headache:
Surgical Technique in Relation to Clinical Efficacy.
Neuromodulation 2024; 27: 22-35.

REFERENCES

. Stovner LJ, Hagen K, Linde M, Steiner TJ. The global prevalence of headache: an

update, with analysis of the influences of methodological factors on prevalence
estimates. J Headache Pain. 2022;23:34.

. Wei DY, Yuan Ong JJ, Goadsby PJ. Cluster headache: epidemiology, pathophysi-

ology, clinical features, and diagnosis. Ann Indian Acad Neurol. 2018;21(suppl
1):S3-S8.

. Mitsikostas DD, Edvinsson L, Jensen RH, et al. Refractory chronic cluster headache:

a consensus statement on clinical definition from the European Headache
Federation. J Headache Pain. 2014;15:79.

. May A, Schwedt TJ, Magis D, Pozo-Rosich P, Evers S, Wang SJ. Cluster headache.

Nat Rev Dis Primers. 2018;4, 18006.

. Weaver-Agostoni J. Cluster headache. Am Fam Physician. 2013;88:122-128.
. Ji Lee M, Cho SJ, Wook Park J, et al. Increased suicidality in patients with cluster

headache. Cephalalgia. 2019;39:1249-1256.

. Torelli P, Manzoni GC. Behavior during cluster headache. Curr Pain Headache Rep.

2005;9:113-119.

. Eskilsson A, Ageberg E, Ericson H, Marklund N, Anderberg L. Decompression of the

greater occipital nerve improves outcome in patients with chronic headache and
neck pain—a retrospective cohort study. Acta Neurochir. 2021;163:2425-2433.

. Kwon HJ, Kim HS, O J, et al. Anatomical analysis of the distribution patterns of

occipital cutaneous nerves and the clinical implications for pain management.
J Pain Res. 2018;11:2023-2031.

. Wamsley CE, Chung M, Amirlak B. Occipital neuralgia: advances in the operative

management. Neurol India. 2021;69(suppl):5219-5227.

. Slavin KV, Isagulyan ED, Gomez C, Yin D. Occipital nerve stimulation. Neurosurg Clin

N Am. 2019;30:211-217.

. Eghtesadi M, Leroux E, Fournier-Gosselin MP, et al. Neurostimulation for refractory

cervicogenic headache: a three-year retrospective study. Neuromodulation.
2018;21:302-309.

headache: what's new? Neurol India.

2021;69(suppl):S124-5134.

. Wilbrink LA, de Coo IF, Doesborg PGG, et al. Safety and efficacy of occipital nerve

stimulation for attack prevention in medically intractable chronic cluster headache
(ICON): a randomised, double-blind, multicentre, phase 3, electrical dose-
controlled trial. Lancet Neurol. 2021;20:515-525.

. Piovesan EJ, Di Stani F, Kowacs PA, et al. Massaging over the greater occipital

nerve reduces the intensity of migraine attacks: evidence for inhibitory tri-
gemino-cervical convergence mechanisms. Arq Neuropsiquiatr. 2007;65:599—
604.

. Medina S, Bakar NA, O'Daly O, et al. Regional cerebral blood flow as predictor of

response to occipital nerve block in cluster headache. J Headache Pain. 2021;22:91.

. Sakharpe AK, Cascella M. Occipital Nerve Stimulation. StatPearls Publishing LLC;

2022.

. Johnstone CS, Sundaraj R. Occipital nerve stimulation for the treatment of occipital

neuralgia—eight case studies. Neuromodulation. 2006;9:41-47.

. Falowski S, Wang D, Sabesan A, Sharan A. Occipital nerve stimulator systems:

review of complications and surgical techniques. Neuromodulation. 2010;13:121-
125.

Loukas M, El-Sedfy A, Tubbs RS, et al. Identification of greater occipital nerve
landmarks for the treatment of occipital neuralgia. Folia Morphol. 2006;65:337-
342.

Becser N, Bovim G, Sjaastad O. Extracranial nerves in the posterior part of the head.
Anatomic variations and their possible clinical significance. Spine (Phila Pa 1976).
1998;23:1435-1441.

Shim JH, Ko SY, Bang MR, et al. Ultrasound-guided greater occipital nerve block for
patients with occipital headache and short term follow up. Korean J Anesthesiol.
2011;61:50-54.

Guvencger M, Akyer P, Sayhan S, Tetik S. The importance of the greater occipital
nerve in the occipital and the suboccipital region for nerve blockade and surgical

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

approaches-an anatomic study on cadavers. Clin Neurol Neurosurg. 2011;113:289-
294.

Khavanin N, Carl HM, Yang R, Dorafshar AH. Surgical “safe zone": rapid anatomical
identification of the lesser occipital nerve. J Reconstr Microsurg. 2019;35:341-345.
Ducic I, Moriarty M, Al-Attar A. Anatomical variations of the occipital nerves:
implications for the treatment of chronic headaches. Plast Reconstr Surg.
2009;123:859-863.

Kim HS, Shin KJ, O J, Kwon HJ, Lee M, Yang HM. Stereotactic topography of
the greater and third occipital nerves and its clinical implication. Sci Rep.
2018;8:870.

Abhinav K, Park ND, Prakash SK, Love-Jones S, Patel NK. Novel use of narrow
paddle electrodes for occipital nerve stimulation-technical note. Neuromodulation.
2013;16:607-609.

Franzini A, Messina G, Leone M, Broggi G. Occipital nerve stimulation (ONS). Sur-
gical technique and prevention of late electrode migration. Acta Neurochir.
2009;151:861-865 [discussion: 865].

Pittelkow TP, Pagani-Estevez GL, Landry B, Pingree MJ, Eldrige JS. Occipital neu-
romodulation: a surgical technique with reduced complications. Pain Phys.
2016;19:E1005-E1012.

Shin JH, Kim YC, Jang IK, Kim JH, Park SY, Lee SC. Occipital nerve stimulation in a
patient with an intractable chronic headache-a case report. Korean J Anesthesiol.
2011;60:298-301.

Trentman TL, Slavin KV, Freeman JA, Zimmerman RS. Occipital nerve stimulator
placement via a retromastoid to infraclavicular approach: a technical report.
Stereotact Funct Neurosurg. 2010;88:121-125.

Mueller O, Gaul C, Katsarava Z, Diener H, Sure U, Gasser T. Occipital nerve stim-
ulation for the treatment of chronic cluster headache-lessons learned from 18
months experience. Cent Eur Neurosurg. 2011;72:84-89.

Aibar-Duran JA, Alvarez Holzapfel MJ, Rodriguez Rodriguez R, Belvis Nieto R, Roig
Arnall C, Molet Teixido J. Occipital nerve stimulation and deep brain stimulation for
refractory cluster headache: a prospective analysis of efficacy over time.
J Neurosurg. 2020;134:393-400.

Thijs D, Menovsky T. The Mayfield skull clamp: a literature review of its compli-
cations and technical nuances for application. World Neurosurg. 2021;151:102-109.
Skaribas 1, Alé K. Ultrasound imaging and occipital nerve stimulation. Neuro-
modulation. 2010;13:126-130.

Slavin KV, Colpan ME, Munawar N, Wess C, Nersesyan H. Trigeminal and occipital
peripheral nerve stimulation for craniofacial pain: a single-institution experience
and review of the literature. Neurosurg Focus. 2006;21:E5.

Plazier M, Van Camp TV, Mevnosky T, Ost J, De Ridder D, Vanneste S. A simple
technique for surgical placement of occipital nerve stimulators without anchoring
the lead. J Neurol Surg A Cent Eur Neurosurg. 2016;77:441-446.

Keifer Jr OP, Zeising K, Tora MS, Campbell M, Bezchlibnyk YB, Boulis N. Use of a
subtemporal approach for a salvage placement of a trigeminal ganglion stimu-
lating electrode for the treatment of trigeminal neuropathic pain. World Neurosurg.
2019;122:308-310.

Richter EO, Abramova MV, Alo KM. Occipital nerve stimulation. In: Diwan S,
Staats PS, eds. Atlas of Pain Medicine Procedures. McGraw Hill; 2015.

Choi HJ, Oh IH, Choi SK, Lim YJ. Clinical outcomes of pulsed radiofrequency
neuromodulation for the treatment of occipital neuralgia. J Korean Neurosurg Soc.
2012;51:281-285.

Nguyen JP, Nizard J, Kuhn E, et al. A good preoperative response to trans-
cutaneous electrical nerve stimulation predicts a better therapeutic effect of
implanted occipital nerve stimulation in pharmacologically intractable headaches.
Neurophysiol Clin. 2016;46:69-75.

Miller S, Watkins L, Matharu M. Long-term outcomes of occipital nerve stimulation
for chronic migraine: a cohort of 53 patients. J Headache Pain. 2016;17:68.

Slotty PJ, Bara G, Vesper J. The surgical technique of occipital nerve stimulation.
Acta Neurochir. 2015;157:105-108.

Jones JH, Brown A, Moyse D, Qi W, Roy L. Survival analysis of occipital nerve
stimulator leads placed under fluoroscopic guidance with and without ultraso-
nography. Pain Phys. 2017;20:E1115-E1121.

Sterman J, Cunqueiro A, Dym RJ, et al. Implantable electronic stimulation devices
from head to sacrum: imaging features and functions. RadioGraphics.
2019;39:1056-1074.

McGreevy K, Hameed H, Erdek MA. Updated perspectives on occipital nerve
stimulator lead migration: case report and literature review. Clin J Pain.
2012;28:814-818.

Greher M, Moriggl B, Curatolo M, Kirchmair L, Eichenberger U. Sonographic visu-
alization and ultrasound-guided blockade of the greater occipital nerve: a com-
parison of two selective techniques confirmed by anatomical dissection. Br J
Anaesth. 2010;104:637-642.

Eldrige JS, Obray JB, Pingree MJ, Hoelzer BC. Occipital neuromodulation: ultra-
sound guidance for peripheral nerve stimulator implantation. Pain Pract.
2010;10:580-585.

Leplus A, Fontaine D, Donnet A, et al. Long-term efficacy of occipital nerve
stimulation for medically intractable cluster headache. Neurosurgery.
2021;88:375-383.

Magis D, Gérard P, Schoenen J. Invasive occipital nerve stimulation for refractory
chronic cluster headache: what evolution at long-term? Strengths and weaknesses
of the method. J Headache Pain. 2016;17:8.

Diaz-de-Teran J, Membrilla JA, Paz-Solis J, et al. Occipital nerve stimulation for pain
modulation in drug-resistant chronic cluster headache. Brain Sci. 2021;11:236.

www.neuromodulationjournal.org

© 2023 The Authors. Published by Elsevier Inc. on behalf of the

Neuromodulation 2024; 27: 22-35

International Neuromodulation Society. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://refhub.elsevier.com/S1094-7159(23)00753-5/sref1
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref1
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref1
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref2
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref2
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref2
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref3
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref3
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref3
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref4
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref4
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref5
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref6
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref6
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref7
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref7
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref8
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref8
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref8
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref9
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref9
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref9
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref10
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref10
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref11
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref11
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref12
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref12
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref12
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref13
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref13
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref14
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref14
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref14
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref14
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref15
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref15
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref15
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref15
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref16
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref16
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref17
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref17
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref18
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref18
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref19
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref19
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref19
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref20
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref20
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref20
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref21
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref21
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref21
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref25
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref25
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref25
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref22
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref22
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref22
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref22
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref23
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref23
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref24
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref24
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref24
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref26
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref26
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref26
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref27
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref27
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref27
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref28
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref28
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref28
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref29
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref29
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref29
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref30
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref30
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref30
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref31
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref31
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref31
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref32
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref32
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref32
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref33
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref33
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref33
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref33
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref33
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref33
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref34
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref34
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref35
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref35
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref36
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref36
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref36
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref40
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref40
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref40
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref37
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref37
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref37
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref37
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref41
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref41
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref38
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref38
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref38
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref39
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref39
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref39
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref39
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref42
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref42
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref43
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref43
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref44
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref44
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref44
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref45
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref45
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref45
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref46
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref46
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref46
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref47
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref47
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref47
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref47
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref48
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref48
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref48
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref51
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref51
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref51
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref52
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref52
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref52
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref50
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref50
http://creativecommons.org/licenses/by-nc-nd/4.0/

SURGICAL APPROACH AND LANDMARKS OF ONS

52. Burns B, Watkins L, Goadsby PJ. Treatment of intractable chronic cluster headache
by occipital nerve stimulation in 14 patients. Neurology. 2009;72:341-345.

53. Cadalso R, Daugherty J, Holmes C, Ram S, Enciso R. Efficacy of electrical stimulation
of the occipital nerve in intractable primary headache disorders: a systematic
review with meta-analyses. J Oral Facial Pain Headache. 2018;32:40-52.

54. Raoul S, Nguyen JM, Kuhn E, et al. Efficacy of occipital nerve stimulation to treat
refractory occipital headaches: a single-institution study of 60 patients. Neuro-
modulation. 2020;23:789-795.

55. Leone M, Proietti Cecchini A, Messina G, Franzini A. Long-term occipital nerve stim-
ulation for drug-resistant chronic cluster headache. Cephalalgia. 2017;37:756-763.

56. Rodrigo D, Acin P, Bermejo P. Occipital nerve stimulation for refractory chronic
migraine: results of a long-term prospective study. Pain Physician. 2017;20:E151-
E159.

57. Serra G, Marchioretto F. Occipital nerve stimulation for chronic migraine: a ran-
domized trial. Pain Phys. 2012;15:245-253.

58. Saper JR, Dodick DW, Silberstein SD, et al. Occipital nerve stimulation for the
treatment of intractable chronic migraine headache: ONSTIM feasibility study.
Cephalalgia. 2011;31:271-285.

59. Palmisani S, Al-Kaisy A, Arcioni R, et al. A six year retrospective review of occipital
nerve stimulation practice-controversies and challenges of an emerging tech-
nique for treating refractory headache syndromes. J Headache Pain. 2013;14:67.

60. Gobel CH, Gobel A, Niederberger U, et al. Occipital nerve stimulation in chronic
migraine: the relationship between perceived sensory quality, perceived sensory
location, and clinical efficacy—a prospective, observational, non-interventional
study. Pain Ther. 2020;9:615-626.

COMMENTS

The authors of this study did a remarkable job analyzing multi-
institutional experience with peripheral nerve stimulation (PNS) over
a ten-year period. The conclusions are very interesting and create

many new questions, most of which are highlighted in the section on
study limitations. Unfortunately, by grouping all PNS patients together,
the study ended up being much less convincing because the PNS
population is quite diverse in terms of pain locations, etiologies, and
chosen hardware options. Each of these categories would probably
have very different expectation of the presurgical nerve block, and
therefore, the value of nerve block for both diagnostic confirmation
and prognostication would be very different too. Nevertheless, the
study creates a foundation for many other groups—and for the
authors themselves—to analyze narrower cohorts of patients, not only
to quantify the significance of diagnostic nerve blocks but also to
create a universally accepted treatment algorithm or a protocol that
could be both practical and scientifically supported. There also may be
room to consider changing the technique of the blocks used in the
authors’ practice because, anecdotally, | continue to use diagnostic
blocks in my PNS practice and use their results in the therapeutic

decision-making process.
Konstantin Slavin, MD
Chicago, Chicago, IL, USA
*X¥

Kurt et al should be commended for their comprehensive and
clinically relevant review of occipital nerve anatomy and their proposal

for a standardized surgical technique for occipital nerve stimulation.
Chris Gilligan, MD, MBA
Boston, MA, USA

www.neuromodulationjournal.org

© 2023 The Authors. Published by Elsevier Inc. on behalf of the

Neuromodulation 2024; 27: 22-35

International Neuromodulation Society. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



http://refhub.elsevier.com/S1094-7159(23)00753-5/optqeKKBoIHcF
http://refhub.elsevier.com/S1094-7159(23)00753-5/optqeKKBoIHcF
http://refhub.elsevier.com/S1094-7159(23)00753-5/optgZI4YvoOxM
http://refhub.elsevier.com/S1094-7159(23)00753-5/optgZI4YvoOxM
http://refhub.elsevier.com/S1094-7159(23)00753-5/optgZI4YvoOxM
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref53
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref53
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref53
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref49
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref49
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref54
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref54
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref54
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref55
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref55
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref56
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref56
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref56
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref57
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref57
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref57
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref58
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref58
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref58
http://refhub.elsevier.com/S1094-7159(23)00753-5/sref58
http://creativecommons.org/licenses/by-nc-nd/4.0/

	The Untold Story of Occipital Nerve Stimulation in Patients With Cluster Headache: Surgical Technique in Relation to Clinic ...
	Introduction
	Materials and Methods
	Study Design
	Literature Review
	Cadaveric Study

	Results
	Anatomical Localization of Occipital Nerve Branches Regarding External Landmarks
	Surgical Technique of ONS
	Patient Positioning
	Electrode Placement
	Imaging Techniques

	Clinical Efficacy of ONS
	Cadaveric Study

	Discussion
	Conclusions
	Clinical Implications

	References
	Comments


