
Background: Chronic migraine (CM) and medication  overuse headache (MOH) are disabling 
conditions that may be only partially managed with conservative treatments. Occipital nerve 
stimulation (ONS) is an innovative treatment for headache disorders. 

Objectives: To investigate the safety and efficacy of ONS for CM and MOH patients and to 
evaluate changes in disability, quality of life, and drug intake in implanted patients.

Study Design: Prospective, randomized cross-over study.

Methods: Eligible patients who responded to a stimulation trial underwent device implantation 
and were randomized to “Stimulation On” and “Stimulation Off” arms. Patients crossed over 
after one month, or when their headaches worsened. Stimulation was then switched On for all 
patients. Disability as measured by the Migraine Disability Assessment (MIDAS), quality of life 
(SF-36), and drug intake (patient’s diary) were assessed over a one-year follow-up.

Results: Thirty-four patients (76% women, 34% men, mean age: 46 ± 11 years) were 
enrolled; 30 were randomized and 29 completed the study. Headache intensity and frequency 
were significantly lower in the On arm than in the Off arm (P < 0.05) and decreased from 
the baseline to each follow-up visit in all patients with Stimulation On (median MIDAS A and 
B scores: baseline = 70 and 8; one-year follow-up = 14 and 5, P < 0.001). Quality of life 
significantly improved (P < 0.05) during the study. Triptans and nonsteroidal anti-inflammatory 
drug use fell dramatically from the baseline (20 and 25.5 doses/month) to each follow-up visit 
(3 and 2 doses/month at one year, P < 0.001). A total of 5 adverse events occurred: 2 infections 
and 3 lead migrations.

Limitations: Single-centre study, relatively small number of patients, absence of a control 
group. 

Conclusions: According to the results obtained, ONS appears to be a safe and effective 
treatment for  carefully selected CM and MOH patients.

Key words: Occipital nerve stimulation, chronic migraine, headache attacks, quality of life, 
cross-over
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chronic migraine (CM) is characterized by migraine 
episodes ≥ 15 days/month for ≥ 3 months; it affects 1.4% 
to 2.2% of the general population (3). In patients with 
CM, pain usually interferes with work performance, 
social relationships, and everyday activities, seriously 

Chronic daily headache (CDH) refers to a group 
of very disabling painful headache disorders 
and has an estimated prevalence of 3% to 

5% worldwide (1). According to the International 
Classification of Headache Disorders (ICHD-II) (2), 
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affecting quality of life (QoL) (4). Medication overuse 
headache (MOH) is associated with drug use for ≥ 15 
days/month (2) and affects approximately 1% to 2% of 
the general population (5). 

A controversial issue is the role of medication over-
use in the classification of CM. Though it is clear that 
CM and medication overuse are connected and relative-
ly common in these patients, making a single diagnosis 
in patients with daily or near-daily migraine attacks and 
drug intake is problematic. The current approach con-
sists of first diagnosing CM and then ascertaining fulfil-
ment of the criteria for MOH (6). 

In patients with CM, a prophylactic therapy should 
be administered (7) and attacks managed with non-
specific medications (analgesics and nonsteroidal anti-
inflammatory drugs [NSAIDs]) or specific medications 
(ergot-related compounds and triptans), alone or in 
combination with other treatments (8,9). 

In patients with MOH, treatment is even more com-
plex (10), as the overused drugs need to be gradually 
withdrawn before an effective therapy can be deter-
mined (11,12).  

When conservative therapies fail, occipital nerve 
stimulation (ONS) may provide an alternative approach 
to managing migraine episodes. First introduced by 
Weiner and Reed (13) for the treatment of patients with 
occipital neuralgia, ONS was later described as an effec-
tive therapy for different types of chronic headaches 
(14). Despite the good outcomes reported in literature, 
ONS is still considered an experimental therapy because 
of limited evidence in published works (15). Recently, 
the ONSTIM feasibility study (16) provided the first en-
couraging results of ONS in a randomized trial. The aim 
of our study was to investigate the safety and efficacy 
of ONS in a selected population. In addition, we evalu-
ated changes in QoL, disability and drug intake.

Methods

Patient selection
Outpatients from the Pain Unit and the Headache 

Center at Sacro Cuore Don Calabria Hospital, Negrar, It-
aly were evaluated in accordance with common clinical 
practice. Patients received a diary to record headache 
days/month and drugs taken to manage the attacks. A 
month later, patients were enrolled in the study if they 
had a diagnosis of CM or MOH and fulfilled the follow-
ing inclusion criteria: 
•	 	refractoriness	to	at	least	2	prophylactic	treatments	

or intolerable side effects due to these treatments 

•	 	no	ongoing	prophylactic	treatments	at	the	begin-
ning or during the study

•	 	age	≥	18	years
•	 	ability	and	willingness	to	participate	in	the	study
•	 	written	informed	consent	signed.	

Patients were excluded if they met the following 
exclusion criteria:
•	 	previous	surgical	procedure	in	the	occipital	area
•	 	destructive	 ganglionectomy,	 local	 drug	 injection,	

nerve-blocks in the last 90 days
•	 	participation	 in	 other	 clinical	 trials	 in	 the	 last	 3	

months
•	 	confirmed	 pregnancy	 or	 desire	 to	 get	 pregnant	

during the study period
•	 	significant	 psychological	 problems	 and/or	 serious	

drug habituation
•	 	frequent	need	for	MRI	or	diathermy.

In addition, MOH patients underwent a period 
of at least 2 months of drug withdrawal before the 
ONS trial. For these patients the baseline assessment 
was performed at the end of this period in order to 
avoid interference with the assessment of stimulation 
outcomes.

Once patients had been enrolled, they underwent 
Migraine Disability Assessment (MIDAS) (17,18) and 
SF-36 (19) questionnaires to assess headache-related 
disability and QoL. Headache intensity was also mea-
sured by means of the Numeric Rating Scale (NRS-11). 
Enrolled patients were asked to fill in their “headache 
diary” over the entire study period and were put on the 
waiting list for the ONS trial.

Study Design
A temporary ONS system was first implanted. If the 

number or severity of attacks decreased by 50% within 
15-30 days, patients received an internal neurostimula-
tor (INS) and were randomized (1:1) as follows:
•	 	Arm	A:	INS	On
•	 	Arm	B:	INS	Off.

After randomization, the severity of attacks was as-
sessed by means of the NRS-11.

Patients	randomized	to	Arm	B	could	switch	stimu-
lation on if their headache attacks increased in severity 
or frequency by 30% or more. Follow-up examinations 
were carried out according to a regular schedule.

After 4 weeks, patients crossed over from Arm A 
to	Arm	B	and	from	Arm	B	to	Arm	A,	except	for	those	
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Arm	B	patients	who	had	already	 switched	stimulation	
on. Once again, the severity of attacks was assessed 
by means of the NRS-11. This situation was also main-
tained for a month, unless the health conditions of pa-

tients worsened (severity or frequency of headaches 
increased by 30% or more). Follow-up examinations 
were scheduled one, 3, 6, and 12 months after the INS 
implantation. The study design is summarized in Fig. 1.

Fig. 1. Study flow chart.
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Surgical Technique

Trial test or temporary implant
A percutaneous quadripolar lead (Medtronic Inc., 

Minneapolis, MN) was implanted under local anesthetic 
and mild sedation with the aid of an image intensifier. 
The lead was fixed to the fascia and then connected to 
a temporary extension in a pocket under the skin. The 
same technique was used to place the second lead to 
stimulate the contralateral nerves.

Permanent Implant
Under local anesthesia and mild sedation, a sub-

clavicular or laterodorsal incision was made to form a 
pocket to house the INS, Synergy Versitrel (Medtronic 
Inc., Minneapolis, MN). The leads were connected to 
definitive extensions. To create strain-relief loops, in or-
der to prevent lead migration, extensions were placed 
in the neck area forming circular coils, then were ante-
riorly tunneled and later connected to the INS. 

All surgical procedures were performed by the 
same surgeon.

Stimulation Parameters
Parameter settings were variables in order to im-

prove the effectiveness of stimulation in accordance to 
patients’ specific needs. A bipolar configuration (one 
anode and one cathode) was usually used.  The stimu-
lation frequency was 50 Hz, the pulse width ranged 
between 330 µs and 450 µs while the stimulation am-
plitude could be modified to a maximum value of 10.5 
V.

Follow-up Visits
At follow-up visits, headache diaries were examined 

and drug use recorded. MIDAS and SF-36 questionnaires 
were administered. If necessary, the stimulation param-
eters	were	adjusted	in	order	to	optimize	the	perception	
of paresthesia. Patients were, however, provided with 
remote controls to modify the stimulation amplitude, 
except in the period when stimulation was off.

Adverse Events
The safety of ONS was assessed by recording the 

number and the type of adverse events which occurred 
during the study period. For each event, the severity 
and the remedial action taken were recorded. 

Sample Size and Statistical Analysis
A total of 34 patients were enrolled. This sample 

size was calculated by means of the program STATA 
9.0 (StataCorp LP, College Station, TX): .sampsi 0.1 0.6, 
p(0.8), assuming the following hypotheses :
1. During the trial, 10% of patients with stimulation 

On would report worsening of headache symptoms
2. During the trial, 60% of patients with stimulation 

Off would report worsening of headache symptoms
3. Type I error, α = 5%
4. Power, p = 80%.

The data collected were analyzed in order to assess 
the baseline characteristics of patients in the 2 arms 
and changes from the baseline to follow-up examina-
tions. Continuous data are presented as mean ± stan-
dard deviation (or median with interquartile range, if 
not a Gaussian distribution) and categorical variables 
as absolute and relative frequency. Differences be-
tween groups were evaluated by means of Student’s 
t test or nonparametric Mann-Whitney U test for con-
tinuous variables and Cramer’s V test or Fisher’s exact 
test for categorical variables. A general linear model 
for repeated measures was used to compare the re-
sults of NRS-11 and questionnaires administered over 
time. Statistical comparisons between groups were 
carried out by one-way analysis of variance (ANOVA). 
All 2-tailed P values < 0.05 were considered statistically 
significant.

Results

Characteristics of the Population.
A total of 34 patients (76% women, 34% men) 

with a mean age of 46 ± 11 years (range 26 – 66 years) 
were enrolled.

All patients met the criteria for CM and 85% also 
for MOH. Familial recurrence was found in 71% of cas-
es, and the mean age of CM onset was 16 ± 9 years 
(range 4 – 44 years). At the baseline, patients reported 
an average frequency of 5.8 ± 1.6 days per week, with 
migraine episodes of medium (9%), high (59%) or very 
high (32%) intensity. The median value of headache se-
verity was 8 (1st-3rd quartile: 7-8). Pain was classified 
as throbbing (65%), heavy (23%), dull (6%), burning 
(3%), or sharp (3%). Migraine attacks worsened with 
movement in 82% of cases and were accompanied by 
neurovegetative crises, such as nausea (79%), vomiting 
(65%), phonophobia (77%), photophobia (74%), and 
osmophobia	 (62%).	 	 Before	 enrollment,	 all	 patients	
had experienced the failure of at least 2 prophylactic 
therapies.
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Phases of the Study
All patients underwent the stimulation trial. Af-

ter the test, one patient withdrew informed consent 
and another suffered an infection; both dropped 
out of the study. Thirty-two patients were assessed 
at an average time of 45 ± 23 days (range: 12 – 122 
days) after lead implantation: 9% reported a reduc-
tion ≥ 50% in the number of attacks, 22% a reduc-
tion ≥ 50% in the severity of attacks, 66% a reduc-
tion ≥ 50% in both the number and severity; only 3% 
(one patient) did not achieve a reduction ≥ 50% in 
the number or severity of attacks. This patient was 
considered nonresponsive to the ONS treatment and, 
following explantation, exited the study. All 31 pa-
tients who successfully responded to the trial under-
went permanent implantation. The INS was placed in 
a laterodorsal (71%) or subclavicular (29%) subcuta-
neous pocket. Thirty patients were randomized 1:1, 
and one withdrew informed consent. Patients in Arm 
B,	with	stimulation	switched	Off,	activated	the	gen-
erator after an average of 4.9 ± 3.8 days (range 1-12 
days), because of ≥ 30% worsening in the number 
(33%), severity (13%) or both number and severity 
(54%) of attacks.  After cross-over, stimulation was 
switched	Off	 in	 Arm	A	 and	 switched	On	 in	 Arm	 B.	

Patients in Arm A required stimulation On after a 
mean of 4.4 ± 2.8 days (range 2-10 days), owing to ≥ 
30% worsening in the number (20%), severity (20%) 
or both number and severity (60%) of attacks. There 
was no significant difference in the period of stimu-
lation Off between the 2 groups. 

In order to compare the number of attacks be-
tween	Arm	A	and	Arm	B,	the	number	of	days	per	week	
and the proportion of days with attacks (ratio) were ex-
tracted from headache diaries. Headache severity was 
also assessed in the 2 arms. Results of the comparison 
are shown in Table 1. 

After every patient in Arm A had turned the INS 
on, all 30 patients had received the stimulation. One 
patient developed an infection after 3 months and 
withdrew from the study. Consequently, a total num-
ber of 29 patients completed the one-year follow-up.

MIDAS Questionnaire
The	 MIDAS	 total	 score	 and	 questions	 A	 and	 B	

scores improved during follow-up visits (Table 2). Sig-
nificant changes were recorded between the median 
scores at the baseline and each follow-up visit, while 
changes between different follow-up visits were not 
always significant. 

Table 1. Median (1st -3rd quartile) number of  days per week, Ratio and severity of  migraine attacks in arms A and B (Test U- 
Mann –Whitney)

Headache Attacks Number of  days/ week Ratio Severity (0-10)

INS ON – ARM A 2.1 (1.2 – 3.3) 0.3 (0.2 - 0.5) 5 (5 - 6)

INS OFF – ARM B 6.3 (3.6 - 7) 0.9 (0.5 - 1) 7.5 (7 - 8)

P - value < 0.001 < 0.001 < 0.001

 Number of  days/ week Ratio Severity (0-10)

INS OFF – ARM A 6 (4.2 - 6.3) 0.86 (0.6 - 0.9) 8 (7.5 - 9)

INS ON – ARM B 2.3 (1.5 - 2.8) 0.32 (0.2 - 0.4) 6 (4 - 8)

P - value < 0.001 < 0.001 < 0.05

Table 2. Median (1st -3rd quartile) Midas total score, Midas question A and Midas question B scores at the baseline and at FU 
visits (N=29, Friedman test)

 MIDAS TOTAL SCORE MIDAS - A MIDAS - B

Baseline 79 (30-135) 70 (50-88) 8 (7-8)

1-month FU 27.5 (0- 52) 25 (17-40) 6 (5-7)

3-month FU 19 (0-44) 20 (12-35) 6 (5-6)

6-month FU 10 (0-27) 19 (12-28) 6 (4-7)

12-month FU 10 (0-20) 14 (8-16) 5 (4-6)

P- value < 0∙001 < 0∙001 < 0∙001
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SF-36 Questionnaire
All the SF-36 domains improved during follow-up 

examinations (Fig. 2), while no significant changes were 
found among the various follow-up visits. 

Drug Intake
During the study period, 13 (45%) of the 29 pa-

tients who completed the trial took triptans, 7 (24%) 
took NSAIDs and 9 (31%) patients took both triptans 
and NSAIDs. The median monthly dose of triptans and 
NSAIDs significantly decreased. Triptans doses/month 
went from 20 at baseline to 3 at the one-year follow-
up while NSAIDs doses/month went from 25.5 at base-
line to 2 at the one-year follow up (P < 0.001). Figure 3 
shows the drug intake of the population assessed.

Adverse Events.
A total number of 5 adverse events were record-

ed: 2 severe implantation site infections (one after the 
trial test and one prior to the 6-month follow-up visit) 

and 3 lead dislocations (2 classified as severe and one 
as mild). The patients with infections exited the study 
and received the required medical treatment. In the 
patients with lead migration, the electrodes were re-
positioned and no further complications occurred. No 
adverse events led to long-term complications or nerve 
damage.

discussion

ONS is an innovative and promising treatment for 
intractable chronic headaches and facial pain. Encour-
aging preliminary results have been reported for the 
management of occipital neuralgia (20-23), chronic 
migraine (24-26), transformed migraine (27), chronic 
cluster headache (28-31), and hemicrania continua (32). 

The mechanism of action is not completely under-
stood. The stimulation of C2-C3 nerves may reduce the 
activity of nociceptive fibers (33), providing pain relief 
according to the theory of “gate control” introduced 
by Melzack and Wall (34). It also seems that the excit-

Fig. 2.  SF-36 mean scores at the baseline and at FU visits. PF=Physical Functioning, RP: Role Physical, BP: Bodily Pain, GH: 
General Health, VT: Vitality, SF: Social Functioning, RE: Role Emotional, MH: Mental Health, PCS: Physical Component 
Summary, MCS: Mental Component Summary (Generalized linear model for repeated measure, P<0.05, N=29). The MCS and 
PCS increased from a mean of  35.9 ± 8.2 and 42.9 ± 5.8 at the baseline to 43.3 ± 5.8 and 45.4 ± 4.8 at the 12-month FU visit, 
respectively (P <0.05).
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ability of peripheral fibers may be altered by the elec-
trical stimulation, thereby relieving pain (35,36). Fur-
thermore, a positron emission tomography (PET) study 
in patients with CM has shown that ONS may have a 
central effect involving thalamic structures, resulting in 
pain alleviation (24).

Nevertheless, this therapy remains experimental, 
owing to the lack of robust studies providing strong 
clinical evidence (16,37). In this context, we conducted 
the first randomized cross-over trial involving a care-
fully selected cohort of patients.

All our patients suffered from intractable CM. The 
criteria for MOH was met by 85%, while the remaining 
15% took triptans at very high dosages (mean monthly 
intake: 13.5 ± 0.6 doses), revealing that drug overuse 
needs to be managed in these patients, too. 

In the patients enrolled, CM had begun very early 
(16 ± 9 years) showing a long history of severely dis-
abling headache pain. ONS was well accepted by all the 
patients enrolled, since it is a minimally invasive, revers-
ible technique. 

The safety of ONS was evaluated in terms of ad-
verse events. Infections occurred in about 6% (2 pa-
tients) of the population. This value is in good agree-

ment with the data reported in a review by Jasper and 
Hayek (15), in which 7 cases of infection were recorded 
in 150 patients (4.7%), while it is lower than the values 
recorded in the ONSTIM study (16), in which infections 
occurred in the INS pocket in 4% and in the implant 
site in 14% of cases. The patient who suffered infection 
after the permanent implantation in our study asked to 
continue ONS treatment once recovery was complete.

The literature shows that lead migration is the 
most frequent adverse event during ONS; in the papers 
reviewed by Jasper and Hayek (15), this complication 
arose in 26% of patients (30 of 115) and in the ONSTIM 
trial in 24% (12 of 51). In our population, lead migra-
tion was recorded in 10% (3 patients) with an INS. This 
lower rate may be attributed to the surgical technique 
used, which is specifically intended to reduce the strain 
on leads. Furthermore, these events declined in the lat-
er phases of the study, as the learning curve improved.

The efficacy of ONS was assessed by compar-
ing headache frequency and intensity between the 2 
groups (stimulation On and Off) before and after cross-
over, and by evaluating changes from one follow-up 
visit to another when all patients had stimulation On 
(after cross-over), up to the one-year follow-up visit. 

Fig. 3. Median monthly dose of  triptans (N=22) and NSAIDs (N=16) during the study period.
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When stimulation was On, whether after randomiza-
tion or after cross-over, the frequency and intensity of 
migraine episodes were significantly lower than when 
stimulation was Off. 

In this preliminary study, the trial test was adminis-
tered in order to avoid the implantation of an INS with-
out indications on the possible effects of the stimula-
tion for the enrolled patients. In addition, the period 
of stimulation Off had not been previously established, 
because, from a deontological point of view, leaving 
patients free to interrupt the stimulation Off period 
was considered the most suitable choice for those who 
responded positively to the stimulation trial. Hence, 
when patients are aware of paresthesia, the placebo 
effect cannot be discounted during the first phase of 
the study (comparison between the Stimulation On and 
the Stimulation Off groups). However, concerning the 
29 patients with the stimulation On who completed the 
one-year follow-up, analysis showed a statistically sig-
nificant change in all parameters from the baseline to 
each follow-up visit, but not among different follow-
up visits. This reveals that ONS provided a dramatic 
improvement, which was maintained throughout the 
study period. 

The MIDAS score fell from a median value of 
79 (grade IV: severe disability) at the baseline to 10 
(grade II: mild disability) at the one-year follow-up vis-
it (P < 0.001); this shows an improvement in patients’ 
productivity.

MIDAS question A scores decreased from a median 
value of 70 at the baseline to 14 at the one-year fol-
low-up visit (P < 0.001), indicating a dramatic reduction 
in the frequency of attacks. Furthermore, this median 
value shows that in our population the criterion for CM 

(migraine episodes on ≥ 15 days/month for ≥ 3 months) 
had	not	yet	been	fulfilled.	MIDAS	question	B	scores	de-
creased from a median value of 8 at the baseline to 5 
at the one-year follow-up visit (P < 0.001), indicating 
a significant reduction in patients’ impairment due to 
headache. 

The efficacy of ONS also resulted from the marked 
reduction in drug intake (P < 0.001), which fell from 
almost daily use to occasional use; this positively affect-
ed patients’ QoL by reducing severe drug-related side 
effects.

Study Limitations
This study has some limitations. It is a single-center 

study with a relatively small number of patients. In ad-
dition, a control group over the one-year study period 
was not provided. 

conclusions

According to the results of our study, ONS appears 
to be a safe and effective treatment for well-selected 
patients with CM or MOH. Indeed, only a small number 
of therapy-related adverse events occurred, and these 
were solved without long-term complications for the 
patients. The therapy is easy to implement and to man-
age, and optimizing the surgical procedure may help to 
prevent adverse events. The severity and frequency of 
headache pain were significantly lower in all patients 
when stimulation was On than when it was Off, and 
improved from the baseline to the one-year follow-up 
visit. In addition, QoL and disability scores dramatical-
ly improved, while drug intake fell markedly. Further 
analyses on larger populations in multicenter trials may 
strengthen these promising findings. 
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