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Summary
Background Occipital nerve stimulation (ONS) has shown promising results in small uncontrolled trials in patients 
with medically intractable chronic cluster headache (MICCH). We aimed to establish whether ONS could serve as an 
effective treatment for patients with MICCH. 

Methods The ONS in MICCH (ICON) study is an investigator-initiated, international, multicentre, randomised, 
double-blind, phase 3, electrical dose-controlled clinical trial. The study took place at four hospitals in the Netherlands, 
one hospital in Belgium, one in Germany, and one in Hungary. After 12 weeks’ baseline observation, patients with 
MICCH, at least four attacks per week, and history of being non-responsive to at least three standard preventive drugs, 
were randomly allocated (at a 1:1 ratio using a computer-generated permuted block) to 24 weeks of occipital nerve 
stimulation at either 100% or 30% of the individually determined range between paraesthesia threshold and near-
discomfort (double-blind study phase). Because ONS causes paraesthesia, preventing masked comparison versus placebo, 
we compared high-intensity versus low-intensity ONS, which are hypothesised to cause similar paraesthesia, but with 
different efficacy. In weeks 25–48, participants received individually optimised open-label ONS. The primary outcome was 
the weekly mean attack frequency in weeks 21–24 compared with baseline across all patients and, if a decrease was shown, 
to show a group-wise difference. The trial is closed to recruitment (ClinicalTrials.gov NCT01151631).

Findings Patients were enrolled between Oct 12, 2010, and Dec 3, 2017. We enrolled 150 patients and randomly assigned 
131 (87%) to treatment; 65 (50%) patients to 100% ONS and 66 (50%) to 30% ONS. One of the 66 patients assigned to 
30% ONS was not implanted and was therefore excluded from the intention-to-treat analysis. Because the weekly mean 
attack frequencies at baseline were skewed (median 15·75; IQR 9·44 to 24·75) we used log transformation to analyse 
the data and medians to present the results. Median weekly mean attack frequencies in the total population decreased 
from baseline to 7·38 (2·50 to 18·50; p<0·0001) in weeks 21–24, a median change of –5·21 (–11·18 to –0·19; p<0·0001) 
attacks per week. In the 100% ONS stimulation group, mean attack frequency decreased from 17·58 (9·83 to 29·33) at 
baseline to 9·50 (3·00 to 21·25) at 21–24 weeks (median change from baseline –4·08, –11·92 to –0·25), and for the 
30% ONS stimulation group, mean attack frequency decreased from 15·00 (9·25 to 22·33) to 6·75 (1·50 to 16·50; 
–6·50, –10·83 to –0·08). The difference in median weekly mean attack frequency between groups at the end of the 
masked phase in weeks 21–24 was –2·42 (95% CI –5·17 to 3·33). In the masked study phase, 129 adverse events 
occurred with 100% ONS and 95 occurred with 30% ONS. None of the adverse events was unexpected but 17 with 
100% ONS and eight with 30% ONS were labelled as serious, given they required brief hospital admission for minor 
hardware-related issues. The most common adverse events were local pain, impaired wound healing, neck stiffness, 
and hardware damage.

Interpretation In patients with MICCH, both 100% ONS intensity and 30% ONS intensity substantially reduced 
attack frequency and were safe and well tolerated. Future research should focus on optimising stimulation protocols 
and disentangling the underlying mechanism of action.

Funding The Netherlands Organisation for Scientific Research, the Dutch Ministry of Health, the NutsOhra Foundation 
from the Dutch Health Insurance Companies, and Medtronic.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction 
Cluster headache is a highly disabling brain disorder, typi­
cally characterised by frequent attacks (up to eight times 

per day lasting 15–180 min) of excruciating, unilateral 
periorbital pain and ipsilateral facial autonomic symptoms, 
with or without restlessness.1,2 Up to 20% of patients with 
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cluster headache have chronic cluster headache, with no or 
only short (<3 months) attack-free periods, in contrast to 
patients who have the episodic form.2

Attacks can be stopped with administration of sub­
cutaneous sumatriptan or 100% oxygen inhalation. How­
ever, most patients also need preventive therapy.2 Up to 
15% of patients with chronic cluster headache are refrac­
tory or intolerant to preventive medications, meaning 
that they have medically intractable chronic cluster 
headache (MICCH).3,4 MICCH is a profoundly disabling 
disorder, particularly if attacks also occur at night and 
disturb sleep. Some patients even attempt to end their life 
by suicide.5

Invasive hypothalamic stimulation has shown promis­
ing efficacy in small studies without a control group (these 
have been reviewed elsewhere),6,7 but was sometimes 
associated with fatal complications.8 Moreover, although 
effective in migraine9 and episodic cluster headache,10 the 
monoclonal antibodies to calcitonin-gene-related peptide 
or its receptor were not effective in chronic cluster head­
ache,11,12 underscoring the high unmet need for effective 
preventive treatment of this devastating disease.

Occipital nerve stimulation (ONS) is an invasive, 
non-destructive, reversible potential preventive treatment. 
Stimulation leads with electrodes are implanted subcutan­
eously bi-occipitally and connected to an implantable pulse 
generator (IPG; a battery-powered  micro-electronic device 
that delivers electronic stimulation to the nervous system) 
that has been placed subcutaneously in the abdominal or 
gluteal region.13 The treatment rationale is based on human 
and animal studies showing convergence of cervical, som­
atic trigeminal, and dural trigeminovascular afferents on 
second-order nociceptors in the brainstem.2 Small uncon­
trolled studies have shown promising results.14–22 Evidence 
from controlled studies is, however, scarce, primarily 
because ONS causes occipital paraesthesia,23 which com­
plicates the feasibility of masked placebo-controlled trials.

Therefore, we compared the effects of 100% versus 
30% of the individually accepted electrical dose of ONS in a 
randomised, double-blind study.13 Both intensities were 
hypothesised to cause similar paraesthesia, mitigating the 
risk of unmasking, while also showing differential efficacy, 
as has been described for a range of neurostimulation 
modalities.24–27

Research in context

Evidence before this study
We searched PubMed on Jan 21, 2021, with the keywords 
“chronic cluster headache”, “cluster headache”, and “occipital 
nerve stimulation”, without restrictions to language or 
publication year. Reviews were excluded. Of 72 returned items, 
we selected all peer-reviewed papers that reported cluster 
headache attack frequency or intensity at least 1 month after 
implantation. Papers on burst or extra-occipital stimulation 
protocols were excluded. In the case of neurostimulation for 
refractory headache, only data from patients with cluster 
headache were considered.

We identified 15 publications, from ten unique study populations, 
which fulfilled all selection criteria. Because of the wide 
heterogeneity of the baseline data, inclusion criteria, outcome 
measures, and follow-up time, a formal meta-analysis was not 
feasible. Instead, global results were summarised and presented 
as unbalanced means and range across studies. All studies were 
small, uncontrolled, and open-label and included in total 
274 participants. Baseline periods were short (2–4 weeks). Not all 
main outcomes were available for all participants. 
All studies showed positive outcomes. Follow-up durations were 
highly variable, both between studies and within studies between 
participants. Mean reduction in attack frequency was 50% 
(range –25 to –80). Mean proportion of participants with more 
than 50% reduction in attack frequency was 62% (range 53–100). 
Mean change in headache intensity was 19% (range –49 to 8).

Added value of this study
Occipital nerve stimulation (ONS) showed promising results in 
small, uncontrolled, open-label studies. To the best of our 
knowledge, this is the first randomised, double-blind, controlled 

study to evaluate the clinical effects of ONS in a large population 
with medically intractable chronic cluster headache (MICCH). 
Because ONS induces local paraesthesia, complicating placebo 
comparison, we compared 100% ONS with 30% ONS. Both 
stimulation protocols were associated with similarly rapid and 
long-term sustained halving of the attack frequency. Half the 
participants achieved more than 50% reduction in attack 
frequency, and the attack intensity decreased by a third. More 
than 90% of participants would recommend ONS to other 
patients with MICCH.

The abrupt, marked, and up to 2 years of sustained 
improvement in symptoms after ONS treatment following a 
highly stable, 12-week, pre-treatment baseline observation 
period in patients with an unremitting history of highly 
disabling MICCH over many years, strongly supports a 
therapeutic effect of ONS, rather than a placebo effect. 
Moreover, known drivers for placebo response were unlikely to 
have had a substantial role. Finally, our results are in line with 
those of earlier small case series.

Implications of all the available evidence
ONS, even at low intensity, is a highly effective last-resort 
preventive treatment of chronic cluster headache not 
responding to conventional preventive medication. Our data 
will be useful for a broad range of health-care providers caring 
for patients with headache and pain in general. The results 
should also stimulate further biophysical and biomedical 
research to improve understanding of the underlying 
mechanisms of ONS and neuromodulation in general, 
to improve stimulation protocols, and to improve trial designs 
for testing treatment efficacy.
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Our study aimed to expand the preventive treatment 
options for patients with MICCH, further understanding 
of the mode of action of ONS and how it can be investi­
gated in clinical trials, and further understanding of 
neurostimulation in general.

Methods 
Study design 
The ONS in MICCH (ICON) study was an investigator-
initiated, international, multicentre, randomised, double-
blind, phase 3, electrical dose-controlled clinical trial. The 
study consisted of the following study periods: a 12-week 
baseline observation period; a device implantation and 
10-day 10% ONS run-in treatment period; a 24-week 
randomised, double-blind ONS treatment period with 
stepwise increase of ONS intensity (figure 1); and a 
24-week open-label ONS treatment period. Participants 
were recruited from 12 tertiary headache clinics in the 
Netherlands, Hungary, Belgium, and Germany. After 
study completion, participants received regular outpatient 
care and an optional long-term follow-up for at least 
3 years. 

The study was designed and overseen by a steering 
committee (appendix p 11). Local ethics committees at 
each participating centre approved the study protocol, 
which was published previously.13 The most recent version 
of the protocol is accessible through clinicaltrial.gov 
(NCT01151631).

Participants 
Participants were enrolled at four hospitals in the 
Netherlands, one in Belgium, one in Germany, and one in 
Hungary. Patients with suspected MICCH were referred 
by their attending neurologist and assessed for eligibility 
by a study neurologist. Inclusion criteria were as follows: 
chronic cluster headache;28 at least four attacks per week; 
minimum age of 18 years; a brain MRI completed within 
the past 1 year without relevant findings29 (ie, lesions that 
were probably related to cluster headache; appendix pp 4–5); 
and non-response to verapamil and lithium treatment in 
the past, intolerance, or contraindication to verapamil and 
lithium, along with non-response, intolerance, or contr­
aindication to methysergide, topiramate, or gabapentin 
(a full list of inclusion criteria can be found in the 
appendix pp 4–5).3,4 Patients refrained from starting 
new cluster headache preventive treatments, including 
steroids, and did not change existing preventives from 
4 weeks before baseline until after the double-blind study 
phase. Exclusion criteria included pregnancy, presence of 
cardiac pacemaker or other neuromodulatory devices, 
pyschiatric and cognitive disorders, serious drug habitu­
ation or overuse of acute-headache medication, and 
previous destructive surgery involving the C2 or C3 
vertebrae or deep-brain stimulation (a full list of exclusion 
criteria can be found in the appendix pp 4–5). Written 
informed consent was obtained from all patients before 
entering the baseline study period. An independent data 

safety monitoring board oversaw study progress and 
patient safety.

Randomisation and masking
After a prospective baseline observation of 12 weeks, 
patients still fulfilling all inclusion criteria13 (appendix 
pp 4–5) were randomly allocated (1:1) to 100% or 30% of 
the individually accepted electrical ONS dose, with 
implantation centre as a stratification factor. Random­
isation was done as a stratified, randomly varying block 
design (each block size randomly chosen to contain four to 
eight allocations), generated by an independent statistician, 
who had no further role in the study. After implantation, 
a nurse specialised in neurostimulator programming 
received the treatment allocation and set the appropriate 
stimulation parameters at each study visit, while main­
taining masking. Medical professionals implanting the 
devices, participants, and study neurologists who were 
rating the outcome were all masked to assignment and 
were not involved in programming the neurostimulator.

Procedures
To ensure standardisation, the health professionals who 
were participating in the study and who were responsible 
for implanting the IPG received technical training from 
steering committee anaesthesiologists or neurosurgeons 
specialised in neuromodulation surgery (OPMT, GHS, 
and FJPMH). This training involved assistance during the 
first implantations at each centre. Neurosurgeons or pain 
anaesthesiologists did the surgery at each site. All had 

Figure 1: Study design and stimulation protocol in the run-in and double 
blinded periods
After randomisation, device implantation, and a 10-day run-in phase at 
10% electrical-dose ONS, participants received double-blind 100% 
electrical-dose ONS (with stepwise increases up to 100% ONS by 8 weeks) or 
30% electrical-dose ONS (with stepwise increases up to 30% by 16 weeks). 
ONS=occipital nerve stimulation. Percentage electrical doses refer to a range of 
voltages, with 0% as the intensity at which the patient started perceiving 
paraesthesia and 100% as the intensity that was 10% below the intensity the 
patient considered unpleasant. 
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experience with neuromodulation. Fluoroscopy-guided 
subcutaneous implantation of bi-occipital leads (Medtronic 
Quad Plus), connected with an extension lead to a 
subcutaneous IPG located in the abdominal or gluteal 
region was done under general anaesthesia. Further details 
are described in our protocol paper.13

After implantation, a 10-day run-in phase was carried 
out with 10% of the acceptable ONS intensity. Intensities 
were established by determining the individual accep­
tance range (0% was the intensity at which the patient 
started perceiving paraesthesia and 100% was the intensity 
that was 10% below the intensity that the patient 
considered unpleasant). The electrical dose was adjusted 
by modulating the voltage and, to minimise the risk of 
unmasking in the double-blind study period, increased 
stepwise up to 30% or 100% intensity depending on 
the allocation group (figure 1). These intensities were 
selected to optimise the expected difference in efficacy and 
at the same time to allow for a stepwise increase of the 
ONS intensity. Stimulation frequency and pulse width 
were fixed at 60 Hertz and 450 µs. In the subsequent 
open-label phase, participants received an individually 
optimised stimulation protocol, maximising pain relief 
and minimising discomfort caused by paraesthesia. 
Follow-up was done at visits every 3 months, during which 

time stimulation intensities and medication were altered, 
and the patients were questioned on treatment satis­
faction. Data, including attack frequency, use of medi­
cation, and physical and mental summary scores of the 
short-form survey 36 (SF-36; on a scale of 0–100, with 
0 being the maximum disability and 100 representing no 
disability) to evaluate health changes were collected using 
web-based diaries and transmitted to an electronic 
database for analysis.13 All data remained confidential and 
were masked to medical staff and data analysts during 
the trial.

Outcomes 
The primary outcome was the mean attack frequency 
(MAF) per week10,13,30 in the last 4 weeks of the masked 
study period (weeks 21–24 after the 10-day ONS run-in 
phase). Prespecified secondary outcomes13 reported here 
are the following: MAF for each 4-week period; weekly 
mean attack intensity (0–10 on the numeric rating scale,31 
with 0 equating no pain and 10 the worst pain possible) at 
weeks 21–24 and weeks 45–48; proportion of participants 
with more than 50% reduction in MAF at week 24 and 
week 48 compared with baseline; patient satisfaction at 
week 24 and week 48 by asking the patients whether they 
would recommend ONS to other patients with MICCH on 
a 5-point Likert scale (strongly disagree, disagree, neutral, 
agree, or strongly agree); use of acute attack medication; 
use of abortive medication; presumed treatment allocation; 
analysis to identify people most likely to be responders; 
awareness of paraesthesias; economic evaluation (ie, 
comparison between the costs and outcomes of health-
care interventions); and adverse events. Proportion of 
participants with at least 30% reduction in MAF at week 24 
and week 48 compared with baseline was assessed as a 
post-hoc outcome. 

Serious adverse events were defined according to EN 
ISO 14155-1. This definition implies that surgical inter­
ventions and hospital admissions (even for IPG replace­
ment) were always labelled as serious adverse events, 
irrespective of whether the event was truly serious (ie, 
irrespective of whether the patient was truly severely ill). 
Use of abortive medication was assessed, but patient 
reporting on the use of abortive medication proved 
unreliable, and we therefore did not report it in this study.

Additional secondary outcome measures13 that we 
did not report here and were analysed and presented 
separately were as follows: clinical characteristics of 
patients with at least 50% reduction in MAF (age, sex, 
smoking, age of onset of cluster headache, duration of 
chronic cluster headache, body-mass index, and response 
after 1 week); awareness of paraesthesia; economic evalu­
ation; and long-term effectiveness and safety. 

Statistical analyses 
For our sample-size calculations, between-individual 
MAF variance at baseline was estimated from data in the 
literature15 and our unpublished pilot study in 19 patients, 

Figure 2: Trial design
ONS=occipital nerve stimulation. 

150 participants assessed for eligibility

19 participants excluded
         5 had ≤4 weekly attacks at baseline
         4 had spontaneous decrease attack frequency
       10 other reasons 

131 randomly allocated to treatment

66 allocated to 30% ONS 65 allocated to 100% ONS

65 implanted with ONS device 65 implanted with ONS device

64 participants included in the analysis 
       at 24 weeks

1 participant discontinued 
   intervention

64 participants included in the 
       analysis at 24 weeks

1 participant lost to 
   follow-up 

53 participants included in the analysis 
      at 48 weeks

11 participants excluded
      11 lost to follow-up

53 participants included in the analysis 
      at 48 weeks

11 participants excluded
       7 lost to follow-up
       4 explanted
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who were on the waiting list for participation in the ICON 
trial, while the protocol was still under medical ethical 
review. To detect a clinically meaningful 35% difference 
in MAF reduction (50% reduction in the 100% stimulation 
group vs 15% reduction in the 30% stimulation group) at 
90% power with a two-tailed significance of 0·05, we 
needed 60 participants per group. To allow for 20% partici­
pant loss to follow-up, we aimed to include 144 patients. 
Further details concerning the sample size are described 
elsewhere.13

The primary study objective was to show a reduction in 
MAF in the last 4 weeks of double-blind treatment 
(week 21–24) compared with baseline across all patients 
and, if this objective was met, to show a difference in 
effect between 100% ONS and 30% ONS to strengthen 
the conclusion of causality.

More formally, we tested several hypotheses sequentially, 
according to the closed-testing principle,32 proceeding to 
the next test only if statistical significance with a p-value 
lower than 0·05 was reached. This hierarchical approach 
ensured that the family-wise error was controlled at 5%. 
First, we tested whether there was a reduction in MAF in 
the total study population. Then, if there was a reduction in 
the total study population, we examined whether a reduc­
tion in MAF was present in each treatment group separately 
and compared the treatment effect between the two groups.

Before unmasking, we noted that the distribution of the 
MAF was skewed. Therefore, we amended the protocol to 
use the logarithm of MAF (logMAF) in the primary statistical 
analyses. In case the MAF at 21–24 weeks was equal to 0, 
the minimum possible value of 0·25 (corresponding to 
one attack every 4 weeks) was added to allow for use of the 
logarithm. This amendment did not affect our sample 
size considerations.

The analyses included a linear regression analysis, with 
logMAF in weeks 21–24 as the dependent variable, logMAF 
during baseline as the covariate, and treatment as the 
fixed factor. When loss to follow-up occurred, the last 
observation was carried forward. Although the statistical 
analyses were done using log-transformed data, we 
present the primary data using medians (with 25th and 
75th percentiles) for better interpretability.

Linear regression was used to assess predictive factors 
of the natural logarithm of MAF in weeks 21–24. Repeated 
measures ANOVA was used to analyse SF-36 scores 
(physical and mental health summary scores) over time. 
Masking was analysed with a χ² test between expected 
and actual stimulation group. Mean attack intensities 
were analysed using Student’s t tests.

All analyses were done by intention to treat. In addition, 
to assess the effects of protocol violations, we also did a 
per-protocol analysis. Differences between groups at 
baseline were assessed by comparing means, medians, or 
percentages, depending on the type of variable. Data collec­
tion and quality checks were done with the ProMISe data 
management system of the Department of Biomedical 
Data Sciences of the Leiden University Medical Centre, 

Leiden, Netherlands. SPSS version 23.0 and R version 3.5.1 
were used for all statistical analyses.

The trial is registered at ClinicalTrials.gov (NCT01151631).

Role of the funding source 
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. 

Results 
From Oct 12, 2010, to Dec 3, 2017, 150 patients were 
enrolled and 131 randomly allocated to treatment (appendix 
p 6). The enrolment was protracted due to temporary 
reimbursement issues for devices and implantations 
(appendix p 8). After 12 weeks of baseline observation, 
131 (87%) patients still met all the inclusion criteria and 
were randomly assigned to 100% ONS (65 patients) or 
30% ONS (66 patients; figure 2). One of the participants 
who was randomly assigned to the 30% ONS group did 
not receive an implanted device because of alcohol 

Total study group (n=130) 100% ONS group (n=65) 30% ONS group (n=65)

Mean age, years 44 (13) 44 (13) 44 (13)

Women 47 (36%) 28 (43%) 19 (29%)

Men 83 (64%) 37 (57%) 46 (71%)

Smokers*† 73 (57%) 35 (55%) 38 (59%)

Alcohol consumers*‡ 53 (42%) 26 (41%) 27 (43%)

Coffee consumers*§ 104 (82%) 51 (80%) 53 (84%)

Median body-mass 
index

25·0 (22·5–29·6) 25·7 (23·4–30·0) 24·8 (22·1–29·3)

Mean age of onset of 
cluster headache, years¶ 

34 (14) 34 (14) 33 (14)

Mean duration since 
cluster headache 
diagnosis, years||

7 (6) 7 (6) 7 (5)

Median duration of 
chronic cluster headache, 
years**

4 (2–7) 4 (2–8) 4 (2–7)

Current use of acute therapy††

Sumatriptan 113 (90%) 57 (90%) 55 (87%)

Oxygen 112 (89%) 59 (92%) 54 (87%)

Current use of prophylactic drugs at start of study‡‡

Verapamil 39 (30%) 17 (27%) 22 (34%)

Lithium 15 (12%) 7 (11%) 8 (13%) 

Topiramate 14 (11%) 8 (13%) 6 (9%)

Other§§ 14 (11%) 8 (13%) 6 (9%)

Median attack frequency 
per week at baseline

15·75 (9·44–24·75) 17·58 (9·83– 29·33) 15·00 (9·25–22·33)

Mean attack intensity at 
baseline, mean (95% CI) 

7·58 (7·31 to 7·85) 7·67 (7·32 to 8·03) 7·48 (7·07 to 7·89)

Data are mean (SD), n (%), or median (IQR). ONS=occipital nerve stimulation. *Defined as present, in any amount. 
†Results available for 128 of 130 patients. ‡Results available for 127 of 130 patients. §Results available for 127 of 
130 patients. ¶Results available for 122 of 130 patients. ||Results available for 111 of 130 patients. **Results available 
for 118 of 130 patients. ††Results available for 126 of 130 patients. ‡‡Results available for 128 of 130 patients. 
§§Other drugs included amitriptyline, cannabidiol, frovatriptan, gabapentin, indomethacin, melatonin, naratriptan, 
and pizotifen. 15 of 128 patients used two or more prophylactics.

Table 1: Baseline characteristics
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intoxication on the day of the planned surgery, and 
was excluded from the intention-to-treat analysis. Base­
line characteristics did not differ between treatment 
groups (table 1). Because the dropout rate (two [1·5%] of 
131 patients) was substantially lower than anticipated, 
recruitment was halted at 131 patients, of which 122 patients 
were recruited from Dutch centres.

The 24-week follow-up data were collected and locked 
by Oct 30, 2018. One participant in each treatment 
group was lost to follow-up, and their data were analysed 

using last observation carried forward. In 20 participants, 
the stimulation intensities were set lower than pre­
specified, because they were otherwise perceived to be 
too strong. 

We present MAFs, responder rates (as defined in table 2), 
and changes from baseline (table 2 and figure 3). At 
baseline, weekly MAFs were skewed; some participants 
had a high attack frequency. For most participants, 
individual MAFs remained stable across the 12-week 
baseline observation period (figure 3A). These results were 
supported by a formal repeated-measurements analysis; 
taking logMAF as the outcome, taking the time periods as the 
only continuous predictor, and adding a random inter­
cept per patient to account for the correlation between 
measurements in the same person, the results showed no 
significant difference across the 12 baseline weeks (p=0·38; 
appendix pp 23–24).

After ONS onset, median weekly MAF in the total 
population was 7·38 (IQR 2·50 to 18·50), a median 
decrease of –5·21 (IQR 11·18 to –0·19; p<0·0001). 
The median decrease in the 100% group was –4·08 
(–11·92 to –0·25) and in the 30% ONS group was –6·50 
(–10·83 to –0·08). We observed no difference in MAF 
decrease between weeks 21 and 24 compared to baseline 
between treatment groups (–2·42; 95% CI –5·17 to 3·33). 
In weeks 1–4, median weekly MAF in the total study 
population had already reduced. Median relative change in 
MAF in the total study population in weeks 21–24 
was –42·56% (IQR –80·05 to –1·80), with a median 
change of –41·06 (–74·41 to –2·33) in the 100% ONS group 
and –46·00 (–83·58 to –0·89) in the 30% ONS group. 
Median weekly MAF did not decrease much further during 
the open-label phase. We saw no significant differences 
between study sites (appendix p 9). In the total study 
population, approximately half the participants had at least 
a 50% reduction in MAF at weeks 21–24 and weeks 45–48. 
Overall, seven participants were attack free in weeks 1–4, 
nine were attack free in weeks 21–24, and 16 were attack 
free in weeks 45–48. Per-protocol analysis of the primary 
outcome showed similar results as the intention-to-treat 
analysis (appendix pp 12–53).

We present mean attack intensities and intensity 
changes (table 2, figures 4A–B). At baseline, the weekly 
mean attack intensities were highly stable across 
12 weeks, except for a few participants. The weekly mean 
attack intensity in the total population decreased from 
baseline in weeks 1–4, weeks 21–24, and weeks 45–48. 
Results were similar in both groups (figure 4B). 

At week 24, 91% of participants with available scores 
would recommend ONS to other patients, with 74% of 
participants willing to strongly recommend ONS. 5% of 
participants would not recommend ONS and a further 
5% had a neutral opinion. At 48 weeks 97% of participants 
would recommend ONS, with 73% of participants willing 
to strongly recommend the treatment. The recommenda­
tion rates were similar in both groups. Efficacy and 
tolerability results in participants without satisfaction 

Total study population 
(n=130)

100% ONS stimulation 
(n=65)

30% ONS stimulation 
(n=65)

MAF per week at weeks 1–4, median (IQR)*

Value 9·62 (3·81 to 18·44) 10·50 (4·00 to 19·00) 8·50 (3·50 to 18·25)

Change from baseline† –4·63 (–10·56 to –0·94) NA NA

Relative change (%) 
from baseline

–36·81 (–60·62 to –7·92) NA NA

MAF per week at weeks 21–24, median (IQR)‡

Value§ 7·38 (2·50 to 18·50) 9·50 (3·00 to 21·25) 6·75 (1·50 to 16·50)

Change from baseline† –5·21 (–11·18 to –0·19) –4·08 (–11·92 to –0·25) –6·50 (–10·83 to –0·08)

Relative change (%) 
from baseline

–42·56 (–80·05 to –1·80) –41·06 (–74·41 to –2·33) –46·00 (–83·58 to –0·89)

MAF per week at weeks 45–48, median (IQR)*

Value 7·62 (1·31 to 20·75) 9·50 (1·50 to 21·50) 6·50 (1·25 to 17·50)

Change from baseline† –5·92 (–11·49 to –0·13) NA NA

Relative change (%) 
from baseline

–50·45 (–89·73 to –1·65) NA NA

≥50% responders¶, % (95% CI)*

Week 21–24 44·6 (36·3 to 53·2) 44·6 (33·2 to 56·7) 44·6 (33·2 to 56·7) 

Week 45–48 50·0 (41·5 to 58·5) NA NA

≥30% responders¶, % (95% CI)||

Week 21–24 55·4 (46·8 to 63·7) 53·8 (41·9 to 65·4) 56·9 (44·8 to 68·2)

Week 45–48 55·4 (46·8 to 63·7) NA NA

Mean attack intensity at weeks 1–4, mean (95% CI)*

Value 5·96 (5·54 to 6·38) NA NA

Change from baseline –1·62 (–2·01 to –1·23) NA NA

Relative change (%) 
from baseline

–21·02 (–25·99 to –16·05) NA NA

Mean attack intensity at weeks 21–24, mean (95% CI)*

Value 5·57 (5·07 to 6·06) –1·85 (–2·37 to –1·33) –2·18 (–2·89 to –1·46)

Change from baseline –2·01 (–2·45 to –1·58) NA NA

Relative change (%) 
from baseline

–27·19 (–32·83 to –21·55) NA NA

Mean attack intensity at weeks 45–48, mean (95% CI)*

Value 5·14 (4·62 to 5·66) NA NA

Change from baseline –2·44 (–2·94 to –1·93) NA NA

Relative change (%) 
from baseline

–31·68 (–37·99 to –25·37) NA NA

Some data at weeks 1–4 and weeks 21–24 were omitted because the comparison was not prespecified, and similarly some 
data were omitted at weeks 45–48 because, by then, all participants received individually optimised stimulation. 
MAF=mean attack frequency. NA=not analysed. ONS=occipital nerve stimulation. *Secondary analysis. †Presented as the 
median of the change of means; please note that this value does not equal the numeric change in medians from baseline 
to outcome period. ‡Primary analysis. §The inter-treatment group difference in change from baseline of the median MAF 
in weeks 21–24 was –2·42 (95% CI –5·17 to 3·33). ¶At least 50% responders are defined as participants with a reduction in 
attack frequency compared with baseline of at least 50%, and at least 30% responders are defined as having a reduction in 
attack frequency of at least 30%. ||Post-hoc analysis.

Table 2: Attack frequency, responder rate, and attack intensity during follow-up
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scores were not different from those with satisfaction 
scores, rendering selection bias unlikely.

The mean physical health summary score increased 
from 52 (95% CI 49–56) at baseline to 58 (54–63) at 
24 weeks and 62 (58–66) at 48 weeks (appendix p 2; 
p<0·0001 over time between baseline and 48 weeks in the 
total study group). The mean mental health summary 
score increased from 50 (45–55) at baseline to 58 (53–63) 
at 24 weeks, and 61 (56–65) at 48 weeks (appendix p 3; 
p<0·0001). Results were similar in both stimulation 
groups between baseline and 12 months (mean physical 
health summary score p=0·88; mean mental health 
summar score p=0·77; appendix pp 2–3).

At the end of the 24-week double-blind treatment period, 
61% of patients and 59% of neurologists correctly guessed 
treatment assignment.

59 serious adverse events occurred in 46 participants  
(table 3). Of these, 35 serious adverse events in 31 partici­
pants (given that one patient had a hardware problem 
both in the masked and open phase) were hardware-
related—ie, replacement of empty IPGs or dislocation, 
failure, or fracture of electrodes or leads. The most severe 
adverse event occurred in a patient with multiple vascular 
risk factors, who suffered a right-middle cerebral artery 
transient ischaemic attack 1 month and 15 days after 
implantation and resumption of anti-thrombotic treat­
ment. This event was considered to be unrelated to the 
procedure or the device by the investigator. No deaths 
were recorded. The number of serious adverse events was 
similar in both groups.

Discussion 
ONS was associated with a major, rapid, and sustained 
improvement of severe and long-lasting MICCH, both at 
high and low intensity. MICCH attack frequency was 
halved and attack intensity was reduced by a third. At 
24 weeks, roughly half the participants had a 50% or 
higher reduction in attack frequency and 16 (12%) of 
130 had no MICCH attacks. The beneficial effect of ONS 
started within a few weeks of treatment and was sustained 
throughout the 48-week study period. ONS was well 
tolerated, and more than 90% of participants would 
recommend the therapy to other patients.

Because the results showed no significant difference 
between treatment groups, we cannot exclude that 
improvement could be partially due to the placebo effect. 
However, such an abrupt, pronounced, and sustained 
improvement in patients so severely affected by MICCH is 
unlikely to be caused solely by the placebo effect. All 
participants were disabled by the condition and had a long 
and unremitting history of frequent severe attacks of 
cluster headache, which did not respond to multiple 
conventional treatments. During the prospective 12-week 
baseline observation period, attack frequency and intensity 
were confirmed to be high and persistent, with little 
spontaneous variation over time. The possibility that there 
is little response to placebo in people with MICHH is in 

line with the negligible sham response in deep-brain 
stimulation in MICCH33 and the 24% placebo response in 
chronic (but not medically intractable) cluster headache.12 
The placebo response in the study by Dodick and 
colleagues12 was less than half that observed in our study, 
which also included patients who were treatment resistant 
(and thus less likely to respond). Furthermore, placebo was 
administered by subcutaneous injection in a hospital, 
every month for 3 months,12 which would be expected to 
raise placebo response due to enhanced attention. In 

Figure 3: Attack frequency at baseline (A) and throughout the study period (B) 
(A) Baseline individual weekly attack frequencies on a logaritmic scale during the 12-week baseline observation 
period for the 100% ONS and 30% ONS groups. The dots represent the means of the weekly attack frequencies in 
the previous week. (B) Individual MAF throughout the entire study period per 4-week treatment periods (12 weeks 
baseline observation, 24 weeks double-blind 100% ONS or 30% ONS, and 24 weeks open-label individually 
optimised ONS) on a logaritmic scale for the 100% ONS and 30% ONS groups. Note that between randomisation 
after the 12-week baseline observation period and day 0 of the double-blind ONS treatment period, there was a 
10-day run-in phase with 10% ONS, which is not indicated in the figure because no data were collected for that 
period. The dots represent the means of the MAFs in the previous 4 weeks. Due to the logaritmic scale, the 
43% median decrease in MAF shortly after ONS onset seems visually less substantial than on a linear scale. 
MAF=mean attack frequencies. ONS=occipital nerve stimulation.
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summary, although surgical interventions can be associ­
ated with large placebo responses, attributing the marked 
and sustained improvement of symptoms in the ICON 
study to the placebo effect following only one surgical 
intervention seems unlikely. Moreover, drivers of the pla­
cebo effect34,35 do not seem to have substantially contributed. 

High expectation might strongly promote placebo 
response,34,35 but is unlikely to have a major role in the 
present study. Participants were told that half of them 
would first receive low-intensity ONS, a potentially less 
effective form of ONS with similar paraesthesia, and that 

all participants would then get an individually optimised 
and thus potentially more effective form of ONS in the 
second half of the study. However, improvement was 
robust and similar during both study periods. There were 
no new participants with a reduction of at least 50% in 
MAF during the open-label period. 

Personal attention and interaction with research staff 
and doctors are other potential reasons contributing to 
improvement.34,35 However, both personal attention and 
interaction were most intensive during the baseline 
and double-blind study periods, and patients received less 
interaction with members of research staff and doctors 
during the open-label phase because follow-up visits were 
less frequent. Despite this decline in personal attention, 
symptom improvement did not diminish.

We took measures to mitigate placebo response.36 We 
asked participants and investigators about presumed 
group assignment 24 weeks and 48 weeks after implanta­
tion. Study visits were done in accordance with the study 
protocol, with standardised questions. Furthermore, all 
study physicians were trained to standardise information 
about the benefit–risk profile and side-effects of the 
treatment.36

Regression to the mean (spontaneous remission in 
patients with fluctuating disease severity who enter a 
therapeutic study when the disease is at its worst) and 
Hawthorne effects (changes in baseline conditions due to 
participants’ awareness of being under study) are impor­
tant non-therapeutic reasons for clinical improvement.34,35 
However, during the 12-week prospective baseline period, 
attack frequency and intensity remained consistently high 
and in line with disease history. There was no sign of 
spontaneous improvement before treatment onset, render­
ing regression to the mean or Hawthorne effects unlikely. 
Improvement started only after ONS onset, similar to pain 
relief beginning after initiation of spinal cord stimulation 
in various indications.37

Finally, although placebo responses can persist for long 
periods,38 the duration of sustained improvement is 
exceeding what can reasonably be expected of a placebo 
response. At the end of the 24-week open-label extension 
phase, none of the patients who had a 50% or greater 
reduction in MAF in the double-blind phase had deteri­
orated, and some had improved even further. Long-term 
follow-up data show sustained response for up to 9 years 
(data to be published), in line with a French multicentre 
prospective data registry regarding long-term efficacy of 
ONS in 105 patients with MICCH.22  More information 
about placebo responses in MICCH might come from 
future studies that use paraesthesia-free (sub-threshold) 
burst stimulation, which has shown promising results39 
but was not available when we started our study.

We can only speculate why 30% ONS and 100% ONS 
had similar efficacy. Both intensities caused similar 
paraesthesia. These findings seem to support the clinical 
observation that ONS might be effective at or below the 
lowest intensity that induces paraesthesia. If true, this 

Figure 4: Attack intensity at baseline (A) and throughout the study period (B) 
(A) Baseline individual weekly attack intensities in the 12-week baseline observation period for the 100% ONS and 
30% ONS groups. The dots represent the means of the weekly attack intensities in the previous week. (B) Individual 
mean attack intensities per 4-week periods (12 weeks baseline observation, 24 weeks double-blind 100% ONS or 
30% ONS, and 24 weeks open-label individually optimised ONS) for the 100% ONS and 30% ONS groups for the 
entire study period. Note that between randomisation immediately after the 12-week baseline observation period 
and day 0 of the double-blind ONS treatment period, there was a 10-day run-in phase with 10% ONS, which is not 
indicated in the figure because no data were collected for that period. The dots represent the means of the mean 
attack intensities in the previous 4 weeks. ONS=occipital nerve stimulation.
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would suggest a maximum effect of ONS in inhibiting 
the trigeminocervical complex.

Future studies should shed more light on the mode and 
timing of onset of action of ONS in MICCH, in particular 
that of low-amplitude ONS. Although the effect size in our 
study was in line with those seen in earlier open-label ONS 
studies,14–22 the onset of improvement in our study was 
faster than in other studies. A post-hoc analysis revealed 
that median MAF had decreased to 8·0 (IQR 3·0–16·5) in 
the first week after the 10% ONS run-in phase. During the 
first week of the double-blind phase, half the participants 
remained on 10% ONS while the other half had only just 
increased to 40% ONS. This contradicts an important 
role for network plasticity adaptation, because this would 
require some time.17 Because we did not monitor MAF in 
the run-in phase, we cannot exclude the possibility that 
some patients had already improved at 10% stimulation.

The rapid improvement in cluster headache symptoms 
we observed after ONS treatment is similar to what 
is often seen after high oral doses of corticosteroids2 
or subcutaneous injections of corticosteroids around 
the greater occipital nerve.40,41 Non-invasive vagus nerve 
stimulation can also rapidly improve chronic cluster 
headache,30 but there are no data on its efficacy in MICCH. 
In fact in our study, early improvement seems to predict 
long-term sustained efficacy. MAF in weeks 1–4 was 
highly predictive of success at weeks 21–24 (p<0·001). 
Further analyses, using more complex predictive factors,42 
will be the subject of a future publication.

During the masked study period, a third of participants 
had a serious adverse event, a proportion that is similar to 
other ONS studies.43 Two thirds of these events consisted 
of replacing an empty IPG or a dislocated or fractured 
electrode or lead. In this context, it is important to realise 
that the hardware we used in the study was developed for 
epidural spinal cord stimulation. However, the bending 
forces in ONS are much greater, increasing the risk of 
fracture or dislocation. In the course of the study a more 
flexible electrode, that was better adjustable to the shape of 
the skull and more resistant to migration, became available. 
However, for consistency, we decided to use the improved 
electrodes only for replacements in participants who had 
completed the double-blind phase of the study. Similarly, 
when we started the study we used non-rechargeable IPGs. 
Because power consumption was unexpectedly high, IPG 
depletion sometimes occurred earlier than expected. To 
preclude protocol deviations during the double-blind 
phase, we decided to use rechargeable IPGs only for 
replacements. Importantly, most serious adverse events 
were related to hardware replacements, only requiring 
minor surgery and 1 day hospitalisation. However, accord­
ing to formal guidelines, these events still had to be labelled 
as serious adverse events.

Apart from adverse events, other study limitations 
should be considered. First, we did not show a difference 
in patient response between high and low ONS and 
must, therefore, rely on circumstantial evidence for 

efficacy. However, this evidence seems, to us, convincing. 
Second, due to reimbursement issues (appendix p 8) 
patient enrolment took longer than expected, although 
this gave us the opportunity to collect long-term follow-up 
data while the ICON study was still ongoing, which will 
be published at a later date. Third, in 20 participants in 

Masked study phase Open-label study phase

100% ONS stimulation 
(n=65)

30% ONS stimulation  
(n=65)

Total patient population 
(n=128)

Number of 
events

Patients with 
events

Number of 
events

Patients with 
events

Number of 
events

Patients with 
events

Serious adverse 
events

17 15 (23%) 8 7 (11%) 34 30 (23%)

Hardware-related serious adverse events

Total 9 8 (12%) 5 4 (6%) 21 20 (16%)

Lead migration 3 3 (5%) 3 3 (5%) 3 2 (2%)

Replacement IPG 2 2 (3%) 0 0 8 8 (6%)

Replacement lead 
or cable

4 3 (5%) 2 1 (2%) 10 10 (8%)

Serious adverse events related to biological complications

Total 5 4 (6%) 2 2 (3%) 9 8 (6%)

Impaired wound 
healing

2 2 (3%) 2 2 (3%) 2 2 (2%)

Explantation of 
device

0 0 0 0 5 5 (4%)

Local pain 3 2 (3%) 0 0 2 2 (2%)

Other types of serious adverse event

Total 3 3 (5%) 1 1 (2%) 4 4 (3%)

Chest 
palpitations

2 2 (3%) 0 0 0 0

Fever 0 0 1 1 (2%) 0 0

Transient 
ischaemic attack

1 1 (2%) 0 0 0 0

Headache 0 0 0 0 1 1 (1%)

Cardiac 
pacemaker*

0 0 0 0 2 2 (2%)

Pulmonary tract 
infection

0 0 0 0 1 1 (1%)

Non-serious 
adverse events

112 48 (74%) 87 43 (66%) 52 38 (30%)

Adverse events related to biological complications†

Total 68 38 (58%) 48 29 (45%) 15 11 (9%)

Impaired wound 
healing

13 7 (11%) 7 4 (6%) 2 2 (2%)

Stiffness of 
the neck

10 9 (14%) 10 10 (15%) 5 5 (4%)

Local pain 36 24 (37%) 27 20 (31%) 3 3 (2%)

Itching around 
scar

0 0 1 1 (2%) 0 0

Paraesthesia 6 6 (9%) 3 3 (5%) 4 4 (3%)

Other headache‡ 1 1 (2%) 0 0 1 1 (1%)

Sleeping 
problems due to 
paraesthesia

1 1 (2%) 0 0 0 0

Balance problems 
after surgery

1 1 (2%) 0 0 0 0

(Table 3 continues on next page)
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the 100% stimulation group, prespecified ONS intensities 
had to be lowered because of discomfort. However, 
per-protocol analysis did not reveal significant differences 
from the intention-to-treat analysis.

The ICON study also has many strengths. First, the base­
line period is considerably longer than usual (2–4 weeks at 
most).10,33,40,44 This extended period allowed for a more 
accurate estimation of the attack frequency at baseline and 
showed that there was no spontaneous decrease in attack 
frequency in the first 12 weeks after inclusion (but before 
treatment onset), rendering regression to the mean or 
Hawthorne effects unlikely. Other strengths of our study 
include the low dropout rate and few missing values 
strengthening the validity of the results. Finally, we 
took great care in harmonising the implantation pro­
cedures across centres to minimise surgical variability. All 
individuals who implanted the devices were trained, and 
their first study implantations were supervised by expert 
members of the steering committee.

Other forms of neuromodulation, such as deep brain 
stimulation6 and high-volume anaesthetic suboccipital 
nerve blocks,45 have also shown some efficacy in MICCH, 
but primarily in small case series. In the only randomised 
controlled study,33 double-blind deep-brain stimulation for 
1 month was not superior to sham treatment. After 
10 months of open-label treatment, however, six of 
11 patients had improved. Routine use of deep-brain stimu­
lation is hampered by severe and even fatal complications.8 
In a post-hoc analysis of a sham-controlled study on the 
acute effects of invasive sphenopalatine ganglion stimu­
lation in chronic cluster headache, repeated stimulation 

seemed to reduce attack frequency.44 Finally, add-on, non-
invasive vagal-nerve stimulation reduced attack frequency 
in cluster headache compared with standard care plus 
sham.30 The response of patients in the control group 
was low. Whether this therapy is effective in MICCH 
is unknown.

In conclusion, although the results of our study did not 
show a difference in treatment response between the differ­
ent groups, circumstantial evidence suggests that ONS is 
an effective, well tolerated, and safe last-resort therapy for 
MICCH, even at electrical doses that are lower than those 
currently recommended in the field of neurostimulation. 
Our results confirm the effects seen in small studies that 
did not include a comparator group.14–20 Placebo response 
cannot be excluded, but seems unlikely to have had a 
major role, given the marked, long-term, and sustained 
improvement in patients who, for many years, had been 
highly disabled due to frequent, unremitting attacks of 
cluster headache, despite the patients having tried multiple 
preventive drugs. The stable high attack frequency during 
the 12-week baseline period renders regression to the mean 
or Hawthorne effects unlikely. The majority of participants 
were highly satisfied and would strongly recommend ONS 
to other patients. Future biophysical and biomedical studies 
should focus on the mode of action of ONS, in particular at 
low intensity, and on improved stimulation protocols and 
trial designs to test them. 
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Masked study phase Open-label study phase

100% ONS stimulation 
(n=65)

30% ONS stimulation  
(n=65)

Total patient population 
(n=128)

Number of 
events

Patients with 
events

Number of 
events

Patients with 
events

Number of 
events

Patients with 
events

(Continued from previous page)

Hardware-related non-serious adverse events§

Total 10 9 (14%) 7 7(11%) 19 17 (13%)

Damage to the 
lead, cable, or 
electrode

10 9 (14%) 7 7(11%) 18 16 (13%)

Anchors located 
superficially

0 0 0 0 1 1 (1%)

Unknown adverse events related to treatment¶ 

Total 11 9 (14%) 7 5 (8%) 4 4 (3%)

Other adverse events, probably unrelated to treatment

Total 23 18 (28%) 25 21 (32%) 14 11 (9%)

IPG=implantable pulse generator. ONS=occipital nerve stimulation. Explantation was due to pain (n=4) or no preventive 
effect on cluster headache attacks (n=1). *Adverse event due to the placement of the cardiac pacemaker, such as 
bradycardia caused by high-dose verapamil (n=1) and treatment of pre-existent cardiac illness (n=1). †Biological 
complications like transient pain or sensitivity at IPG region, painful paraesthesia, or transient stiffness of the neck region. 
‡Other headache type, such as development of occipital neuralgia (n=1) and tension-type headache (n=1). 

§Hardware-related adverse event, such as broken contact point of one of the leads, without effect on stimulation area. 

¶Expected biological complications or device-related adverse event, which was not serious and was not further specified. 

Table 3: Adverse events
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