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ABSTRACT

Introduction: Occipital nerve stimulation
(ONS) is used to treat therapy-resistant chronic
migraine. Clinical use has resulted in a wide
intraindividual and interindividual variation of
clinical efficacy. The aim of this study was to
analyze a potential relationship between
sociodemographic variables, headache parame-
ters, perceived sensory quality, perceived sen-
sory location, as well as clinical efficacy.
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Methods: Thirty-two subjects (21.9% male,
mean age 45.77 years) suffering from chronic
migraine refractory to other treatment and
therefore treated with ONS were included in
this study. We used a computer-based imaging
method for mapping the ONS-induced per-
ceived sensory location, the perceived spatial
sensory field size, as well as the perceived sen-
sory quality in a long-term course over
21 months in weekly time intervals. Addition-
ally, the effect of ONS on the migraine head-
ache was documented weekly by the
participants using a verbal rating scale. Over the
observation period, a total of 808 individual
weekly data sets were recorded and a potential
relationship between ONS-induced perceptions
and headache parameters could be analyzed.

Results: We found that 48.9% of stimulation
intervals were reported as effective by patients.
Women displayed a significantly higher
responder rate than men. The reported effec-
tiveness did not differ depending on age, the
average number of migraine days per month,
the MIDAS score, or the duration of the
migraine disorder prior to ONS treatment.
Implantation with trial period led to signifi-
cantly lower responder rates than without the
trial period. The most frequently perceived
sensory quality of “tingling” was found signifi-
cantly more frequently in non-responders than
in responders. Responders displayed signifi-
cantly lower pleasantness scores for their
reported perceptions than non-responders.
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Sensations that were spatially perceived above
the line connecting the external acoustic meati
with the external occipital protuberance (MOP
line) led to patients reporting a positive clinical
effect significantly more frequently than sensa-
tions spatially perceived below the MOP line.
Spatially small fields of sensory perception were
correlated with a higher responder rate than
those covering broader areas.

Conclusions: The ONS-induced sensory loca-
tion, the size of the spatial sensory field, as well
as the sensory quality are significantly corre-
lated with the reported clinical effectiveness.
The results suggest that besides surgical tech-
nique, the individual and continuous pro-
gramming of the stimulation parameters is
clinically relevant in increasing the therapeutic
effectiveness.

Keywords: Field of perception; Migraine;
Neuromodulation; Occipital nerve stimulation;
Programming; Supra-threshold sensory
perception; Trial phase; Quality of perception

Key Summary Points

Why carry out this study?

Occipital nerve stimulation (ONS) is used
to treat therapy-resistant chronic
migraine.

Clinical use has resulted in a wide
intraindividual and interindividual
variation of clinical efficacy.

The aim of this study was to analyze a
potential relationship between
sociodemographic variables, headache
parameters, perceived sensory quality,
perceived sensory location, as well as
clinical efficacy.

What was learned from the study?

The ONS-induced sensory location, the
size of the spatial sensory field, as well as
the sensory quality are significantly
correlated with the reported clinical
effectiveness.

The results suggest that, besides surgical
technique, the individual and continuous
programming of the stimulation
parameters is clinically relevant in
increasing the therapeutic effectiveness.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12859901.

INTRODUCTION

Occipital nerve stimulation (ONS) is used to treat
therapy-resistant chronic migraine, cluster head-
ache, and other severe pain disorders [1-26].
Electrical impulses are generated by an
implantable pulse generator (IPG), which is
implanted usually in the lower back, abdomen, or
chest. The electrical impulses are transmitted via
subcutaneously implanted electrodes to the
cutaneous innervation area of the occipital nerve.
Occipital nerve stimulation induces sensory
experiences (i.e., prickling, tingling, pinching) in
the area, where the leads are surgically placed. Itis
assumed that ONS activates antinociceptive
mechanisms that prevent the development of
chronic pain [27-30]. However, no standardized
surgery, lead localization, or programming has yet
to be established. There is a wide intraindividual
and interindividual variation of clinical efficacy.
What this is caused by is largely unknown. Dif-
ferent surgical lead placements and different
programming parameters are used. The relation-
ship between lead placement, the electrical stim-
ulation parameters, the perceived location of the
ONS-induced supra-threshold sensations, the
perceived spatial sensory field size, and the per-
ceived sensory qualities with the reported clinical
effectiveness are also largely unknown. For the
analysis of this relationship, we used a computer-
based imaging method [31] for mapping the ONS-
induced perceived sensory location, the perceived
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spatial sensory field size, as well as the perceived
sensory quality in a long-term course over
21 months in weekly time intervals. The aim of
this study was to evaluate a potential relationship
between supra-threshold-induced sensory per-
ceptions and clinical effectiveness of ONS.

METHODS

Compliance with Ethics Guidelines

The ethics committee of the Medical Associa-
tion of Schleswig-Holstein approved the study
(FF11/2012). All subjects gave their informed
written consent prior to participation. The
study was performed in agreement with the
Declaration of Helsinki.

Subjects

Thirty-two subjects treated with ONS (25 female
and seven male, mean age 45.77 £+ 11.26 years,
age range, 22-67 years) were recruited prospec-
tively at the Kiel Migraine and Headache Center.
The subjects were all suffering from chronic
migraine and were refractory to all other approved
therapy options, which is why ONS was thera-
peutically indicated. Diagnosis and determina-
tion of indication was carried out by a minimum
of two neurologists specialized in the field of
headache therapy. Patients had a mean history of
chronic migraine for 30.35 + 8.05 years (range,
10-46 years) and a mean history of 21 headache
days/month (including both tension type head-
ache and migraine days) before ONS implantation
(range, 15-30days/month). The MIDAS Score
[32] before ONS implantation was evaluated for
each patient to assess migraine disability. All
subjects underwent implantation of the ONS
device Eonmini™ (St. Jude Medical Inc., USA) at
the University Hospital Schleswig-Holstein (17 at
campus Kiel, 15 at campus Liibeck). The mean
follow-up time was 11.5 + 6.69 months, range,
1-20.6 months. Only one patient was followed up
for 1 month only, all other patients had a mini-
mum follow-up of 4 months). The mean number
of migraine and tension type headache days per
month was continuously evaluated for each

patient. During the whole observation period of
21 months, 808 individual weekly data sets of the
relationship between the perceived stimulus
location, electrical stimulation parameters,
induced sensory qualities, and the individual
clinical effect were recorded. On an individual
basis, 24.28 £+ 20.29 (range, 6-69) weekly data
sets were collected.

Surgical Technique

The peripheral nerve stimulation systems used
for occipital nerve stimulation for the treatment
of chronic, intractable migraine consisted of an
implantable pulse generator (IPG), which pro-
duces therapeutic electrical stimulation pulses.
Two leads deliver the therapeutic stimulation
pulses to the target location, each using eight
electrode poles with 4 mm of distance in
between. An external handheld device was used
to adjust the intensity for each electrode pole
for the stimulation. The leads were percuta-
neously implanted through a needle under
general anesthesia. Once the lead was posi-
tioned in the desired location, it was anchored
to the surrounding tissue to provide stability
and avoid migration. Surgical implantation was
carried out by two neurosurgical centers by two
neurosurgeons. One center performed a trial
period of 3 days after implantation to evaluate
electrode positioning during this period. The
other center implanted electrodes and IPG in
one setting without a trial period. In this pro-
cedure, a pocket was created in the desired
location in which the permanent IPG was
stored. The IPG was implanted at the same
anatomical location in both centers. Once the
pocket was created, a subcutaneous path was
created using a tunneling tool to allow the lead
to be connected to the IPG. Once the lead was
connected to the IPG and the system tested, the
pocket was sutured and bandaged. After the
permanent IPG was implanted, an external
handheld device was used for programming.
These devices were used by the clinician to
select the stimulation parameters and by the
patient to adjust the therapy levels to his/her
individual comfort level. In this regard, no
standardized requirements existed regarding
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individual electrical programming parameters
(frequency, current strength, pulse width, and
number and orientation of the electrode pole).
Data collected were stored in the Relief register.
Details about implantation and stimulation are
described by Ashkan et al. [18].

Data Collection

After implantation, all subjects used a com-
puter-based method for mapping spatial, cog-
nitive and affective sensory effects of ONS (for
details see [31]). This method enables continu-
ous tracking of the ONS-induced perceived
sensory location, the perceived spatial sensory
field size, the perceived sensory quality and the
rating of clinical effectiveness in the long term.
Patients documented and rated location,
intensity, quality and pleasantness of sensa-
tions, as well as headache days per month (see
Fig. 1). Patients could additionally evaluate the
general effectiveness of ONS therapy on a verbal
rating scale. Thereby the categories “very good
effect”, “good effect”, “moderate effect”, “poor
effect”, “very poor effect”, and “no effect” were
available for selection. The rated intervals were
classified as responder intervals, when the
effectiveness was classified with “very good
effect” up to “moderate effect”. Non-responder
intervals were defined as intervals with “poor
effect” up to “no effect”.

Statistics

Data were descriptively analyzed using IBM
SPSS Statistics 24. Group comparisons of quan-
titative variables were carried out using the
ttest. Relationships between categorical vari-
ables were analyzed using the Chi-square test
and the Fisher-Yates test. The level of signifi-
cance was set as p < 0.05.

RESULTS

Rating of Effectiveness by the Patients

Of the weekly stimulation intervals, 48.9% were
classified as having had a “very good effect” up

to “moderate effect” (so-called responders),
51.1% with “poor effect”, “very poor effect” or
“no effect” (so-called non-responders; Table 1).
The responder rate in women was 52% and in
men 33% (p < 0.0001; Table 2). The rating of
effectiveness of ONS did not differ significantly
depending on age at time of ONS implantation,
the average number of migraine days per
month, the MIDAS score, or the number of
years suffering from migraine prior to the
treatment (Table 3).

Implantation with Trial Period vs.
without Trial Period

When electrodes and IPG were implanted in
one surgical session without trial period, a
responder rate of 55% could be observed. If after
electrode implantation, a 3-day trial period was
carried out before the IPG was permanently
implanted, we found a significantly lower
responder rate of 40% (p < 0.0001, Table 4).

Perceived Sensory Qualities

The most frequently perceived sensory quality
of “tingling” was significantly more frequent in
non-responders than in responders (p < 0.0001,
Table 5). Perceived sensory qualities that
patients reported to be slightly uncomfort-
able like humming, vibrating, pulsating,
pinching, or knocking were more frequent in
responders than in non-responders. Other than
sensory quality, patients were also asked for
sensory pleasantness (visual rating scale
1 = “very pleasant” to 5 “very unpleasant”). In
general, responders showed significantly higher
pleasantness-scores than  non-responders
(pleasantness score of responders 3.01 £+ 0.81;
non-responders 2.23 + 1.01; p < 0.0001).

Perceived Sensory Location and Spatial
Sensory Field Size

To analyze the relationship between the spatial
localization of sensations induced by ONS and
the rating of effectiveness by the patients, we
divided the occipital region into standardized
areas (Fig.1). For analysis, we drew a line
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Fig. 1 Map of the back of the head with the line connecting the external acoustic meati and the external occipital

protuberance (MOP line) highlighted in green. Above the MOP line are areas R1 to R4, below areas RS to R8

Table 1 Evaluation of clinical effectiveness of ONS treatment by the patients

Effectiveness rating Number of intervals (z = 808) Proportion (%)
“Very good effect” 96 11.88
“Good effect” 113 13.99
“Moderate effect” 186 23.02
“Poor effect” 207 25.62
“Very poor effect’ 157 19.43
“No effect” 49 6.06

The time intervals refer to the cumulated weekly time intervals during the treatment course
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Table 2 Rating of effectiveness of ONS treatment in by gender

Responder Non-responder Total Chi” (1) ?
Female 343 308 651 Chi*(1) = 19.38 < 0.0001
Male 52 105 157
Total 395 413 808

The time intervals refer to the cumulated weekly time intervals during the treatment course. Responder = interval rated as
“very good effect” to “moderate effect”. Non-responder = interval rated as “poor effect” to “no effect”

Table 3 Rating of effectiveness of ONS treatment as a function of
patient age at time of ONS implantation, the average number of

migraine days per month, the MIDAS score, and the years of migraine

disorder prior to ONS treatment (77 number, SD standard deviation,
t t test, df degrees of freedom, p represents the value of probability)

Effectiveness n Average SD t af p
Age at time of ONS implantation (years) Responder 375 4847 10946  0.625 773 0531
Non-responder 400 314 21.68
Average number of migraine days per month ~ Responder 314 21.68 5876 1725 663  0.085
Non-responder 351  22.53 6.735
MIDAS score at treatment start Responder 369 12455 65200 1542 764 0.123
Non-responder 397  131.70 63.068
Years of migraine prior to ONS treatment Responder 305 3030 12129 0473 643 0.636
Non-responder 340  29.80 14.409
Table 4 Effect of ONS implantation with trial period versus without trial period
Responder Non-responder Total Chi* (1) ?
Without trial period 257 209 466 17.29 < 0.0001
With trial period 138 204 342
Total 306 281 808

between the external acoustic meatus and the
external occipital protuberance (MOP line) and
analyzed the effect of induced sensations in the
areas both below and above this line (the MOP
line highlighted in green is shown in Fig. 1).
The area above the MOP line was divided into
areas R1 to R4 and the area below the MOP line
as divided into areas R5 to R8.

Sensations that were spatially perceived
above the MOP line led to patients reporting a
positive clinical effect significantly more

frequently than sensations spatially perceived
below the MOP line (Table 6). The side of
stimulus perception (right versus left) did not
have a significant influence on the reporting of
effectiveness. A spatially small fields of sensory
perception with a small number of stimulated
single quadrants above the MOP line was asso-
ciated with a higher probability of clinical
effectiveness than multiple single quadrants
covering a broader field of perception
(p < 0.0001, Fig. 2 and examples in Fig. 3).
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Table 5 Perceived sensory qualities in relation to the reported clinical effectiveness of ONS
Responder Non-responder Chi” (6) ?

Knocking 4 3 37.88 < 0.0001
Tingling 247 334

Pulsating 3 4

Throbbing 15 6

Humming 15 12

Vibrating 36 13

Pinching 75 41

Total 395 413

Table 6 Number of the areas stimulated above and below the MOP line out of R1 to R8 in relation to the reported clinical
effectiveness (7 number, SD standard deviation, # # test, df degrees of freedom, p represents the value of probability)

Area with perceived sensation Effectiveness n Average SD t df ?
R1 Responder 395 0.12 0.541 — 871 806 < 0.0001
Non-responder 413 0.73 1.299 — 8.85 556 < 0.0001
R2 Responder 395 0.09 0.523 — 9.60 806 < 0.0001
Non-responder 413 0.78 1.347 — 9.76 538 < 0.0001
R3 Responder 395 1.68 1.919 — 11.53 806 < 0.0001
Non-responder 413 391 3.364 — 11.66 660 < 0.0001
R4 Responder 395 1.46 1.670 — 12.14 806 < 0.0001
Non-responder 413 3.77 3.413 — 12.32 604 < 0.0001
R5 Responder 395 1.29 1.383 0.95 806 0.34
Non-responder 413 1.20 1.452 0.95 805 0.34
R6 Responder 395 1.27 1.461 0.93 806 0.35
Non-responder 413 1.17 1.570 0.93 805 0.35
R7 Responder 395 0.06 0.386 0.92 806 0.35
Non-responder 413 0.03 0.277 0.02 711 0.36
R8 Responder 395 0.05 0.367 1.29 806 0.20
Non-responder 413 0.02 0.183 1.27 573 0.20
DISCUSSION perceived sensory quality, perceived sensory

In this study, we examined, to our knowledge,
for the first time a possible relationship in
supra-threshold sensory perception between

location, perceived spatial field size, and indi-
vidual clinical effect in the treatment of chronic
migraine with occipital nerve stimulation in the
long term. It remains unclear whether occipital
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Fig. 2 Number of stimulated single quadrants above the MOP line as a function of rating of clinical effectiveness
(categories: 0-10 fields = “few”, 11-19 fields = “moderate”, 20-29 fields = “many”)

nerve stimulation is also clinically effective in
sub-threshold sensory perception. Evidence for
the latter comes from an open pilot study with
bilateral burst pattern ONS [19]. Of the weekly
stimulation intervals analyzed in this study,
48.9% were rated as very good, good, or mod-
erate regarding the effectiveness of ONS. Nei-
ther age, the average number of migraine days
per month, the MIDAS score, or the duration of
the migraine disorder prior to ONS treatment
showed a relationship with the reported effec-
tiveness of the therapy. Patients in whom the
electrodes and the IPG was fully implanted in
one session without a subsequent trial period
showed a significantly higher responder rate
than patients, in which a trial period took place.
This provides arguments against the necessity of
a trial period. We are not aware of studies that
directly compared an implantation with or
without a trial period. Our data indicate that
direct implantation can lead to more effective
results. It must remain open at present whether
altered scar formation or contact conditions are
responsible or whether other reasons exist.

The most frequently reported sensation was
that of “tingling”. This sensation is however a
significant predictor for a lower effectiveness
and should therefore be avoided in program-
ming of stimulation parameters. More aversive
sensory qualities that are slightly uncomfort-
able, like humming, vibrating, pulsating,

pinching, or knocking are more frequent in
responders than in non-responders. We recom-
mend to individually select electrical parame-
ters during programming that induce such
sensations to more likely achieve a higher clin-
ical effectiveness using ONS. It can be specu-
lated that through a low sustained nociceptive
stimulation, the antinociceptive system is acti-
vated, leading to a desensitization [1, 9, 22,
30, 33, 34].

A horizontal or vertical electrode position
relative to the course of the occipital nerve as
well as the height of the location is done dif-
ferently by different centers. Sensations that
were perceived in location above the line con-
necting the external acoustic meati and the
external occipital protuberance (MOP line) sig-
nificantly more frequently led to patients
reporting a positive clinical effect. This implies
that electrodes should be placed above the MOP
line for ONS to achieve a higher clinical effec-
tiveness. Not just the location seems to be of
importance here. The two electrodes have eight
active poles each that can be individually pro-
grammed. Induced sensations covering broader
areas in the innervation areas of the C2 and C3
dermatomes led to a lesser clinical effect
according to our data. Sensations that are
induced in a spatially concentrated field in the
area of the external occipital protuberance on
the other hand increase the probability of
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Fig. 3 a, b Exemplary spatial distribution of induced sensations leading to effective ONS treatment rating by the patient. ¢,
d Exemplary spatial distribution of induced sensations leading to ineffective ONS treatment rating by the patient

clinical effectiveness (see examples in Fig. 3). A
narrow “Y”-shaped electrode positioning close
to the midline therefore appears to be more
favorable than a wide laterally spaced-out “T”-
shaped one. Additionally, the individual active
electrode poles should be programmed in such a
way that a sensory perception in a spatially
small perceptive field close to the midline and
above the occipital protuberance over the main
branches of the occipital nerve results. We

assume that a corresponding “Y”-shaped elec-
trode positioning and programming determines
this sensory perception. Because the exact
electrode positioning was not documented for
all patients, we can make this statement only
for the induced sensory pattern.

When programming the IPG for occipital
nerve stimulation, electric current, frequency,
phase width and number, as well as orientation
of electrode poles can be specified. No standard
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has yet been established on how these parame-
ters should be programmed. Our data indicate
that induced sensations can change over time
using the same set of stimulation parameters.
This may on the one hand be based on neuronal
adaptation and habituation processes. On the
other hand, several other local factors may
modulate the sensory effects, such as local
impedances, relation of the electrode to the
fascia, and possible unintended direct contact
of the electrode to nerve structures. Also, local
scarring and small electrode movements may be
of relevance. For these reasons, an individual
and continuous (re-)programming of the
impulse generator in the long term is generally
necessary. A generic electrical impulse pattern is
thereby not feasible because this leads to com-
pletely different sensory perception patterns
due to the aforementioned reasons.

This study was not designed to confirm the
efficacy of ONS in chronic migraine. Neuro-
modulation may be beneficial in a subgroup of
patients with intractable chronic migraine. The
aim was to analyze a potential relationship
between electrical and sensory parameters in
the supra-threshold sensory perception range
with clinical effectiveness. Awareness of this
relationship could improve the efficacy of ONS
for the treatment of chronic migraine and may
in part explain the different intraindividual and
interindividual outcomes in previous clinical
studies of ONS in the treatment of migraine
(1, 3, 4, 7-11, 13, 14, 17-26, 28, 34-36].

CONCLUSIONS

The ONS-induced sensory location, the size of
the spatial sensory field, as well as the sensory
quality are significantly correlated with the
reported clinical effectiveness. The results sug-
gest that besides surgical technique, the indi-
vidual and continuous programming of the
stimulation parameters is important in increas-
ing the therapeutic effectiveness. Further stud-
ies are necessary to uncover the physiological,
psychophysical, and perceptional-psychological
mechanisms.
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