
CO
NF

ER
EN

CE
  R

EP
OR

T
PE

ER
-RE

VI
EW

ED

M E D I C A L  P U B L I S H E R S

Editor Prof. Hans-Peter Hartung, Heinrich-Heine-University Düsseldorf, Germany

IHC 2021
IHC 2021 is a joint congress of International Headache Society (IHS) and European Headache Foundation (EHF)

8–12 SEPTEMBER 2021

SARS-CoV-2 vaccination 
induced headaches
Headaches after SARS-CoV-2 
vacci nation show a broad symp-
tom complex, suggesting a specific 
pheno type, with the BioNTech/
Pfizer vaccine displaying the mild-
est headache symptoms. 

Rimegepant causes long-
term improvement  
Rimegepant reduces monthly 
migraine days by 30% and 50%, as 
determined by a post-hoc analy-
sis from an open-label phase 2/3 
safety study. 

Occipital nerve stimulation 
for chronic cluster headache  
ICON study: Occipital nerve stimu-
lation reduces attack frequency in 
patients with medically intractable 
chronic cluster headache, without 
significant safety concerns.

PA G Eread more on 3 read more on PA G E 14 PA G Eread more on 18

Medicom International Conference Series in Neurology

Virtual Meeting



M E D I C A L  P U B L I S H E R S

Head Office
Medicom Medical Publishers
Faas Eliaslaan 5
3742 AR  Baarn
The Netherlands

Postal address
Medicom Medical Publishers
PO Box  90
3740 AB  Baarn
The Netherlands

Telephone  +31 85 4012 560    
E-mail publishers@medicom-publishers.com

Contents
COLOPHON
Editor Prof. Hans-Peter Hartung
 Heinrich-Heine-University Düsseldorf, Germany;  
 Brain and Mind Center, University of Sydney, 
 Australia; 
 Medical University of Vienna, Austria; 
 Palacky University Olomouc, Czech Republic 

Advisory Board Prof. Dagny Holle-Lee
 University of Essen, Germany

 Prof. Henrik W. Schytz
 Rigshospitalet, Denmark

Publishing Director Paul Willers
Medical Science Officer Dr Rachel Giles
Medical Project Manager Anne van Ham
Editorial Manager  Lisa Colson
Editorial Coordinators Deirdre Boucherie 
 Rune Bruls 
 Dr Joery Goossens
Medical Writer Daniel Dresden
Production Manager Desiree Heijl
Graphic Design  MOOZ grafisch ontwerp
Graphics Wim Kempink
Cover Photo Shutterstock, canadastock
ISSN 2468-8762 21:17

All rights reserved.
No part of this publication may be reproduced, distributed, or transmitted 
in any form or by any means, including photocopying, recording, or other 
electronic or mechanical methods, without the prior written permission of 
the publisher, except in the case of brief quotations embodied in critical 
reviews and certain other noncommercial uses permitted by copyright law.

Copyright ©2021 Medicom Medische Uitgeverij BV

Disclaimer:
Our independent peer-reviewed Medicom Conference Reports are made 
possible by sponsoring. The ideas and opinions expressed in this journal or 
other associated publications do not necessarily reflect those of Medicom 
Medical Publishers. Although great care has been taken in compiling 
the content of this publication, Medicom is not responsible or liable in 
any way for the currency of the information, for any errors, omissions or 
inaccuracies in the original articles, or for any consequences arising from 
the content.  Products mentioned in this report may not be covered by 
marketing authorisation in some countries. Product information, applicable 
in your country, should be reviewed before prescribing. The mention of any 
product, service, or therapy in this publication should not be construed as 
an endorsement of the products mentioned. It is the responsibility of the 
treating physician or other health care provider, relying on independent 
experience and knowledge of the patient, to determine drug dosages 
and the best treatment for the patient. Readers are advised to check 
the appropriate medical literature and the product information currently 
provided by the manufacturer of each drug to be administered to verify 
the dosage, method, and duration of administration, or contraindications. 
Readers are also encouraged to contact the manufacturer with questions 
about the features or limitations of any products. Medicom assumes no 
responsibility for any injury or damage to persons or property arising out of 
or related to any use of the material contained in this publication or to any 
errors or omissions.

Letter from the Editor

 3 COVID-19
 3 Telemedicine beneficial for headache care during the pandemic
 3 Comparison of headaches after SARS-CoV-2 vaccination
 4 Grey matter cortical changes in patients with persistent 

headache after COVID-19 
 5 Increased risk of cerebral venous thrombosis in COVID-19 

 5 Patient Perception and Symptoms
 5 Predictors of health-related quality of life in cluster headache
 6 Dry eye disease is more prevalent in migraine 
 7 Voice change and throat swelling are cranial autonomic 

symptoms in primary headache 
 7 Association between physical inactivity and headache disorders 
 8 Increased suicidal attempts and risks of ideation in medication-

overuse headache 

 9 Cardioembolic Comorbidities
 9 AI-enabled ECG algorithm predicts atrial fibrillation risk in 

migraine
 9 Migraine may not be a risk factor for stroke

 10 Imaging
 10 Functional brainstem somatotopy of the trigeminal nerve during 

nociception
 11 Morphological changes in cluster headache between attacks
 11 Interictal pontine metabolism in migraine patients without aura

 12 Genome-Wide Association Studies 
 12 Largest genome-wide association study of migraine to date
 13 Robust evidence that cluster headache has a genetic basis
 
14  Pharmacological Treatment
 14 Insights in drug-drug interactions facilitate rational polypharmacy
 14 Rimegepant confers long-term improvements in MMDs
 15 First real-world effectiveness data of erenumab is promising
 16 Galcanezumab effective in patients with episodic or chronic 

cluster headache 
 17 Central effects and affected somatosensory processing with 

galcanezumab in migraine
 17 Long-term safety and tolerability of atogepant in migraine

 18 Non-Pharmacological Treatment
 18 Occipital nerve stimulation effective and safe in chronic cluster 

headache

Stay up-to-date 
Follow us on Twitter



Prof.  Hans-Peter Hartung

Biography
Prof. Hartung is currently Professor of Neurology 
at Heinrich-Heine-University Düsseldorf, Honorary 
Professor at Brain and Mind Center, University of 
Sydney, Visiting Professor at Medical University 
Vienna and Palacky University Olomouc. He was 
chairman of the Department of Neurology, 
Heinrich-Heine-University Düsseldorf from 
2001-2020, director of the Center for Neurology 
and Neuropsychiatry from 2012-2020 and director 
of the Department of Conservative Medicine from 
2012-2019. 
Prof. Hartung’s clinical and translational research 
interests are in the field of basic and clinical 
neuroimmunology and in particular multiple 
sclerosis and immune neuropathies, development 
of new immunological, neuroprotective and neural 
repair promoting strategies. He has (co-)authored 
more than 950 articles in peer-reviewed journals 
and 100 book chapters. He has been involved as 
member of the Steering Committee in numerous 
international multicentre therapeutic phase 2 and 
3 trials in multiple sclerosis, Guillain-Barré 
Syndrome and CIDP. 
He was President of ECTRIMS and has served/ 
serves amongst others on the executive boards of 
the European Charcot Foundation, the European 
Neurological Society, and the International 
Multiple Sclerosis Cognition Society (IMSCOGS). 
He is/was also member of the Editorial Board of a 
number of international journals. Prof. Hartung is 
a Fellow of the AAN and EAN, and has been chair/ 
member of the management group of the EAN 
scientific panels on general neurology and 
multiple sclerosis. He is Corresponding and 
Honorary Fellow of several international societies.

Conflict of Interest Statement: 
.Hans-Peter Hartung has received fees for consulting, speaking, 
and serving on steering committees from Bayer Healthcare, 
Biogen, GeNeuro, MedImmune, Merck, Novartis, Opexa, 
Receptos Celgene, Roche, Sanofi Genzyme, CSL Behring, 
Octapharma, Teva, TG Therapeutics, and Viela Bio, with 
approval by the Rector of Heinrich-Heine University.

Dear colleagues,

As most other international meetings in the COVID-19 era, 
this year`s International Headache Conference organized 
jointly by the International Headache Society and the 
European Headache Foundation taking place September 
8-12 was virtual. The initial plan to hold it as a hybrid 
congress in Berlin was not tenable.

The virtual format allowed many participants from around 
the globe to be updated on a broad range of topics related 
to pathogenesis, risk factors, phenotypic presentations, 
diagnostic measures, and new treatments for the multi-
faceted headache disorders.

This report aims to provide you with succinct summaries 
of the major findings from a multitude of presentations.
Clearly one focus was COVID-19 and its significant impact 
on the field including descriptions on headaches occurring 
in the context of SARS-CoV2 infection and vaccinations 
and management of patients by telemedicine.

Patient perception, symptoms, and quality of life; imaging; 
genome-wide association studies: pharmacological treat-
ment in particular with the monoclonal antibodies and 
nonpharmacological management are topics covered in 
this report reflecting the breadth and depth of clinical 
and scientific research presented at the congress.

I much appreciate the hard work of my colleagues Prof 
Holle-Lee and Professor Schytz and hope you will get a 
sense of the excitement that emanated from this huge 
albeit virtual gathering.

With kindest regards
Hans-Peter Hartung

Letter from the Editor
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COVID-19
“We showed the different levels of care involved in the 
real-life practice of headache medicine that utilised and 
had benefit from telemedicine. If insurance coverage for 
telemedicine were to be rolled back, patients and multiple 
levels of healthcare providers would be significantly affected,” 
concluded Dr Chiang.

1. Chiang CC, et al. Patient experience of telemedicine for headache care during the 
COVID-19 pandemic: an American Migraine Foundation survey study. AL08, IHC 
2021, 8–12 September. 

2. Chiang CC, et al. Headache. 2021;61(5):734–9.

Comparison of headaches after SARS-CoV-2 
vaccination
Headaches after vaccination against the SARS-CoV-2 virus 
show a broad symptom complex, suggesting a specific 
pheno type. The BioNTech/Pfizer vaccine displayed the 
lowest headache intensity, the shortest headache duration, 
and the longest onset latency after vaccination [1]. The 
results regarding the BioNTech/Pfizer vaccine and the 
AstraZeneca vaccine have recently been published [2,3].  

Headaches are among the most frequent side effects after 
vaccination against SARS-CoV-2. “More than half of patients 
receiving vaccines report headaches,” said Dr Carl Göbel 
(Universitätsklinikum Schleswig-Holstein, Germany). 

The incidence of headaches was 55.1% after the Pfizer/BioNTech 
vaccine (BNT162b2), 57.5% after the AstraZeneca vaccine 
(AZD1222), and 64.7% after the Moderna vaccine (mRNA-1273) 
[4–6]. “mRNA vaccines are used for the first time,” Dr Göbel 
added. “A new headache phenotype has appeared, but the 
precise phenotype has not yet been described.” The aim of 
the current study was to compare this phenotype with and 
differentiate it from other forms of primary and secondary 
headaches.
 
Dr Göbel and colleagues developed a survey that was available 
both offline and online in order to capture the clinical charac-
teristics of headache after vaccination. They distributed the 
survey to 12,000 care homes for the elderly as well as univer-
sity hospitals in Germany and the United Arab Emirates [1]. 

Across all vaccines, the mean latency was 31.9 hours after 
vaccination. The latency with BioNTech/Pfizer was 34.4 

Telemedicine beneficial for headache care 
during the pandemic
Telemedicine has facilitated care for many headache 
patients during the COVID-19 pandemic, resulting in 
high satisfaction rates and a desire to continue utilising 
telemedicine for future headache care. This was found 
in an online survey of the American Migraine Foundation, 
presented at the IHC 2021 meeting and recently 
published in Headache [1,2].

In March 2020, many healthcare institutions worldwide 
cancelled elective, non-urgent appointments and procedures 
in response to the COVID-19 pandemic. Telemedicine was 
quickly implemented and has now become essential because 
it minimises the geographic and physical barriers, preserves 
personal protective equipment, and prevents the spread of 
COVID-19. Dr Chia-Chun Chiang (Mayo Clinic, NY, USA) shared 
the results of an electronic questionnaire surveying patients’ 
experience of telemedicine use for headache care [1].

Of the >180,000 respondents, the vast majority (95.6%) had 
a previous self-reported headache diagnosis. Over half of 
participants (57.5%) reported that they had used telemedicine 
for headache care during the COVID-19 pandemic. Among 
those who did not use telemedicine, this was most commonly 
due to no need for a visit (56.1%), not knowing telemedicine 
was an option (25.2%), or the patients wanted to, but 
telemedicine was not offered by their physician (12.9%). 

Among users of telemedicine, 85.5% used it for follow up, 
and the remaining 14.5% used it for new visits. Most patients 
(92.6%) did not receive a new headache diagnosis through 
a telemedicine visit. Over half of patients (52.4%) were pre-
scribed a new treatment through a telemedicine visit. 

Concerning their experience of telemedicine for their 
headache disorder care and treatment, 62.1% rated their 
experience as very good and 20.7% as good. In addition, 
89.8% of patients indicated that they would continue to use 
telemedicine for their headache care and treatment, although 
45.0% preferred not to use it for all visits.

This study demonstrated that telemedicine has become an 
essential tool for patients and a wide variety of clinicians. 

https://headachejournal.onlinelibrary.wiley.com/doi/10.1111/head.14110
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hours, which was significantly longer than the Moderna 
vaccine (30.5 hours; P=0.008) and the AstraZeneca vaccine 
(26.7 hours; P<0.001).

Headache intensities across all vaccines were most frequently 
described as moderate or severe, although a substantial pro-
por tion of patients reported very severe headaches (see 
Figure). Headache intensity was lowest after BioNTech/Pfizer 
vaccination (3.52 on a scale of 0–5), which was significantly 
less intense than after Moderna (3.66; P<0.001) or AstraZeneca 
(3.55; P=0.03).

The headaches lasted on average 18.4 hours. Duration was 
shortest after BioNTech/Pfizer (17.7 hours) compared with 
the AstraZeneca vaccine (19.2 hours; not significant) and the 
Moderna vaccine (20.8 hours; P=0.04). 

Figure: Headache intensities of all vaccines, frequency distribution [1]

n=10,759

Very weak 1.3%

Weak 8.9%

Moderate 38.8%

Severe 36.7

Very severe 14.3%

All vaccinees: Headache intensity: frequency distribution (%)

0 5 10 15 20 25 30 35 40

According to Dr Göbel, this data has an important clinical 
implication for differentiating between post-vaccine headaches 
and headaches due to a cerebral venous thrombosis as a 
complication of vaccination. “Headaches due to the latter 
usually did not start until day 5 days after vaccination, while 
the post-vaccination headaches usually disappeared by day 5.”

1. Göbel C, et al. Comparison of quantitative headache parameters of headache 
after vaccination against COVID-19 (Coronavirus SARS-CoV-2) with AZD1222, 
BNT162b2, mRNA-1273 and BBIBP-CorV vaccines. AL012, IHC 2021, 8–12 
September.

2. Göbel CH, et al. Brain Commun. 2021;3(3):fcab169.
3. Göbel CH, et al. Pain Ther. 2021:1–22.
4. European Medicines Agency (2021). COVID-19 vaccine AstraZeneca. Assessment 

report. Procedure No. EMEA/H/C/005675/0000, EMA/94907/2021:1-181. 
5. FDA Briefing Document. Pfizer-BioNTech COVID-19 Vaccine. Vaccines and related 

biological products advisory committee meeting December 10, 2020. 
6. European Medicines Agency (2021). COVID-19 vaccine Moderna. Assessment 

report. Procedure No. EMEA/H/C/005791/0000, EMA/15689/2021 Corr.1:1–169.

Grey matter cortical changes in patients with 
persistent headache after COVID-19 
An exploratory case-control study from Spain showed 
that persistent headache after COVID-19 infection is 
related to grey matter cortical changes, defined by 
higher grey matter volume and surface area values, 
mainly localised in frontal regions [1]. 

Headache is among the most frequent neurological 
symptoms of COVID-19 [2]. Half a year after infection, 10% 
of COVID-19 patients complained of persistent headache [3]. 

An exploratory case-control study from Spain included 10 
patients with persistent headache after COVID-19 (median 
age: 54.0 years; 9 women) and 10 age- and sex-matched 
healthy controls (median age: 54.5 years; 9 women) [1]. In 
patients with persistent headache, mean surface area and 
grey matter volume values were higher compared with 
healthy controls in the following regions: bilateral medial 
orbitofrontal cortex, left rostral middle frontal gyrus, right 
superior frontal gyrus (all comparisons P=0.009), and pars 
opercularis (P=0.036). The patients also had significantly 
higher grey matter volume in the right caudal anterior 
cingulate gyrus and surface area values in 5 temporal, frontal, 
and parietal regions (all P<0.05). However, no changes in 
cortical curvature thickness were found. 

Currently, no other neuroimaging studies have directly assessed 
the relationship between COVID-19 and headache. Nonetheless, 
in line with the current study, another study demonstrated 
an increased grey matter volume in COVID-19 patients [4]. 
“Interestingly, COVID-19 patients showed an opposite trend in 
grey matter cortical changes to other neurological diseases, 
including migraine,” Dr Álvaro Planchuelo-Gómez (Universidad 
de Valladolid, Spain) pointed out [1].

Possible hypotheses to explain these results are the presence 
of microglial activation or astrogliosis, as reported in previous 
neuropathological studies, the presence of neuroinflammation, 
and the compensation of impaired connectivity [4–6].

1. Planchuelo-Gómez Á, et al. Gray matter cortical changes in patients with persistent 
headache after COVID-19 infection: an exploratory study. AL011, IHC 2021, 8–12 
September. 

2. Ellul MA, et al. Lancet Neurol. 2020;19:767–83. 
3. Logue JK, et al. JAMA Netw Open. 2021;4:e210830.
4. Lu Y, et al. EClinicalMedicine. 2020;25:100484. 
5. Thakur KT, et al. Brain. 2021 Apr 15:awab148.
6. Matschke J, et al. Lancet Neurol. 2020;19:919–29.

https://doi.org/10.1093/braincomms/fcab169
https://doi.org/10.1007/s40122-021-00296-3
https://www.ema.europa.eu/en/documents/assessment-report/vaxzevria-previously-covid-19-vaccine-astrazeneca-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/vaxzevria-previously-covid-19-vaccine-astrazeneca-epar-public-assessment-report_en.pdf
https://www.fda.gov/media/144245/download
https://www.fda.gov/media/144245/download
https://www.ema.europa.eu/en/documents/assessment-report/spikevax-previously-covid-19-vaccine-moderna-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/spikevax-previously-covid-19-vaccine-moderna-epar-public-assessment-report_en.pdf
https://doi.org/10.1016/s1474-4422(20)30221-0
https://doi.org/10.1001/jamanetworkopen.2021.0830
https://doi.org/10.1016/j.eclinm.2020.100484
https://doi.org/10.1093/brain/awab148
https://doi.org/10.1016/s1474-4422(20)30308-2
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Increased risk of cerebral venous thrombosis 
in COVID-19 
Patients with COVID-19 are at high risk for cerebral 
venous thrombosis (CVT), therefore, this compli cation 
should be suspected in COVID-19 patients presenting with 
headache or seizures. Mortality among patients with CVT 
was high, but the functional neurological outcome was 
good among survivors. This was found in an international 
observational study [1].

An increased propensity for systemic hypercoagulability 
and thromboembolism has been reported among COVID-19 
patients [2]. In one study, thrombotic complications were 
reported in approximately one-third of critically ill COVID-19 
patients. “Although the majority had pulmonary embolism, 
ischaemic stroke was also observed in these patients,” said Dr 
Sajid Hameed (Aga Khan University, Pakistan). Furthermore, 
an increased incidence of cerebrovascular diseases (1–6%) 
has been reported among patients with COVID-19 [3]. In 
April 2020, the first case of CVT in a COVID-19 patient was 
published [4]. At the time of the present study, evidence on 
CVT among COVID-19 patients was limited [1].

To this end, the current multinational, prospective, obser va-
tional study was performed in 4 countries: Pakistan, Egypt, 
Singapore, and the United Arab Emirates. All data was 
obtained retrospectively from COVID-19 registries and hospital 
medical records. The study included 20 adult patients with 
symptomatic CVT and a recent SARS-CoV-2 infection. “At the 
time of this study, this was the largest study of CVT in patients 
with COVID-19,” Dr Hameed explained. Non-COVID-19 CVT 
occurs mainly in young women. However, in COVID-19, men 

are more frequently affected (70%) and patients have a slightly 
older age (mean age 42.4 years).

Headache (85%) and seizures (65%) were the most common 
neurological features. Headache lasted 3–7 days in 76% of the 
cases. Seizures were of generalised onset in 10 cases (77%) 
and of focal onset in 3 cases (23%). CVT was the presenting 
feature in 13 (65%) COVID-19 cases; 7 (35%) patients devel-
oped CVT while being treated for COVID-19. “Interestingly, 9 
(45%) cases did not have respiratory symptoms at the time 
of diagnosis of CVT,” Dr Hameed added. In 5 (25%) patients, 
CVT was the sole presentation of COVID-19, with no signs of 
respiratory symptoms nor fever.

Of the analysed patients, 15 (75%) were discharged with 
an improving condition, 4 (20%) patients died, and 1 (5%) 
patient was referred to another hospital for rehabilitation. “All 
4 patients who died had a low Glasgow Coma Score (GCS; 
8–10) at admission, hence a poor prognosis,” Dr Hameed 
said, “whereas the discharged cases had an average modified 
Rankin Scale score of 1.3, which is excellent.”

Dr Hameed speculated that the current number of CVT cases in 
COVID-19 patients may be an under estimation and that COVID-19 
testing should be included as standard workup among all patients 
with CVT, including those without throat or respiratory symp-
toms. Conversely, all COVID-19-positive patients with headache 
and neuro logical symptoms should be evaluated for CVT.

1. Shaikh SH, et al. Cerebral venous thrombosis (CVT) associated with COVID-19 
infection; A multi-center study. AL09, IHC 2021, 8–12 September. 

2. Klok FA, et al. Thromb Res. 2020;191:145–7. 
3. Aggarwal G, et al. Int J Stroke. 2020;15(4):385–9.
4. Hughes C, et al. Eur J Case Rep Intern Med. 2020;7:001691.

Patient Perception and Symptoms
Predictors of health-related quality of life in 
cluster headache
Patients with cluster headache have a poorer health-
related quality of life (HRQoL) during active periods 
compared with healthy controls and migraine patients. 
The HRQoL of cluster headache patients might be 
associated with daily headache frequency, duration of 

active periods, depression, and anxiety, and is improved 
in recurrent attacks compared with the first onset. This 
was found in a registry-based study from South Korea [1].

Previous studies have shown that the HRQoL of patients 
with cluster headache is impaired. Although the severity of 
the cluster headache attacks might predict considerable 

https://doi.org/10.1016/j.thromres.2020.04.013
https://doi.org/10.1177/1747493020921664
https://doi.org/10.12890/2020_001691
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functional and social disabilities during the active period 
of patients with cluster headache, little is known about the 
predictors associated with their HRQoL and overall impact 
on physical and social functioning. 

The Korean Cluster Headache Registry is a prospective, obser-
vational study that included patients with cluster headache 
from 16 headache clinics in South Korea, enrolled from Sep-
tember 2016 to February 2021. This study aimed to evaluate 
the impact of cluster headache on physical and social func-
tioning and to identify factors affecting HRQoL in patients with 
cluster headache during their active periods. The questionnaire 
consisted of questions about patients’ HRQoL using European 
Quality 5-Dimen sions 5-Levels (EQ-5D-3L). Dr Soo-Kyoung Kim 
(Gyeongsang National University, South Korea) shared the results. 

Included were 425 patients with cluster headache during 
an active period, as well as age- and sex-matched contrast 
groups, consisting of patients with migraine and healthy 
controls. The cluster headache patients had lower median 
scores of EQ-5D-3L than healthy controls and migraine 
patients (0.88, 0.99, and 0.99, respectively; P<0.001). In total, 
58 (13.6%) patients with cluster headache had a moderate-
to-severe impairment of their HRQoL. The HRQoL scores in 
cluster headache patients were associated with: 
• current smoking status;
• severity, frequency, and duration of pain; and 
• scores on several questionnaires: Generalized Anxiety 

Disorder (GAD)-7, Patient Health Questionnaire (PHQ)-9, 
Headache Impact Test (HIT)-6, and the 12-item Allodynia 
Symptom Checklist (ASC-12) scores. 

Multivariate logistic regression analyses revealed that HRQoL 
in cluster headache patients was negatively correlated with 
the daily frequency of headache, duration of active periods, 
GAD-7, and PHQ-9 scores. 

1. Kim S-K, et al. Predictors of health-related quality of life in patients with cluster 
headache during the active periods using the time trade-off method. AL067, IHC 
2021, 8–12 September. 

Dry eye disease is more prevalent in migraine 
A case-control study from India demonstrated that (severe) 
dry eye disease (DED) is more prevalent in patients with 
migraine compared with people without migraine [1]. 
Headache severity was significantly associated with dry 
eye disease. Also, severe dry eye disease was significantly 
associated with increased frequency and severity of 
headache in patients with migraine.

Migraine headaches and dry eye disease are important 
health concerns, both being highly prevalent, debilitating, and 
known to decrease quality of life [2]. Hence, their association 
warrants further exploration.

The relation between migraine and dry eye disease is 
bidirectional and has been tested both ways, Dr Bithi 
Chowdhury (Hindu Rao Hospital and MDMC Medical College, 
India) mentioned. A previous Korean population-based study 
found dry eye disease to be significantly more prevalent in 
patients with migraine compared with controls (14.4% vs 
8.2%; P=0.0001). Moreover, the presence of migraine was 
found to increase the odds of a dry eye diagnosis 1.6-fold and 
the odds of dry eye symptoms 1.3-fold [3]. Similarly, more 
patients with migraine tend to have a dry eye diagnosis than 
without migraine [4], in patients with migraine visual function 
and overall quality of life is correlated with dry eye symptoms 
[5], and the presence of a dry eye diagnosis increases the 
odds of a migraine diagnosis [6].

The current cross-sectional, observational, hospital-based 
study from India included 60 consecutive preventive-drug-
naïve patients with migraine and 60 controls (i.e., patients 
presenting with refractive error without any migraine), aged 
18–65 years [1]. Patients with comorbidities that can cause 
dry eye disease were excluded. Severe dry eye disease was 
diagnosed using the ODISSEY algorithm. Only the severely 
affected eye was used for comparison.

The mean tear break-up time (11.65 vs 14.30 seconds) and 
fluorescein scores (1.125 vs 0.692) were significantly worse in 
patients with migraine compared with controls (P=0.010). The 
prevalence of dry eye disease was found to be significantly 
higher in patients with migraine compared with controls 
(46.7% vs 18.3%; P<0.001). Moreover, severe dry eye disease 
was found to be significantly more prevalent in patients with 
migraine versus controls (16.7% vs 1.6%, P<0.001; see Figure). 

Figure: Prevalence of (severe) dry eye disease [1]   
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Among patients with migraine, only mean pain severity was 
significantly associated with the presence of dry eye disease. 
Patients with migraine with severe dry eye disease had a higher 
frequency and severity of headache attacks. Together, these 
results suggest an association between dry eye and migraine. 

1. Chowdhury B, et al. Dry eye disease in migraine: A case control study. AL05, IHC 
2021, 8–12 September. 

2. McDonald M, et al. Ocul Surf. 2016;14(2):144–67. 
3. Ozudogru S, et al. Headache. 2019;59(10):1714–21.
4. Yang S, et al. Curr Eye Res. 2017;42(6):837–41.
5. Ismail OM, et al. JAMA Ophthalmol. 2019;137(5):532–6.
6. Wang TJ, et al. Acta Ophthalmol. 2012;90(7):663–8.

Voice change and throat swelling are cranial 
autonomic symptoms in primary headache 
Throat swelling and/or voice change may be co-associated 
cranial autonomic symptoms in primary headache 
disorders. However, the sample size in the current study 
was too small to make any definitive conclusions [1]. 
There did seem to be a co-association with aural fullness 
present for both symptoms, suggesting that these 
symptoms may be parasympathetically-mediated. 

Cranial autonomic symptoms are well-recognised mani fe-
stations of trigeminal autonomic cephalalgias [2]. However, 
these symptoms are also increasingly reported in migraine, 
where they can occur on the same site of pain. Their presence 
and laterality should not deter from a migraine diagnosis. 

Dr Nazia Karsan (King’s College London, UK) and colleagues 
examined whether symptoms of voice change and/or throat 
swelling could be parasympathetically-mediated cranial auto-
nomic symptoms associated with the primary headache 
disorders. They searched clinic letters of patients seen between 
2016 and May 2021, containing the word ‘voice’ or ‘throat’. 

The 64 cases mentioning voice change and/or throat swelling 
as cranial autonomic symptoms were included for analysis. 
“Not surprisingly, the majority (72%) of subjects were women,” 
Dr Karsan said. Median age was 49 years. Half of the patients 
had chronic migraine. 

Most patients (89%) described pain in the trigeminal distribution. 
Thereof, 25% involved all three divisions and 67% included the 
V3 dermatome. Throat swelling was reported by 54 patients, 
voice change by 17 patients, and both symptoms by 7 patients. 

A median of 6 cranial autonomic symptoms per patient were 
reported, most commonly lacrimation, facial swelling, and 

rhinorrhoea. “We then looked for associations between voice 
change, throat swelling, and any of the other symptoms,” 
Dr Karsan continued. “There was a significant association 
between the co-reporting of throat swelling (P=0.013) and 
voice change (P=0.02) with aural fullness.”

“We know from the literature,” Dr Karsan continued, “that 
capsaicin injection into V1 produces pain in that area and an 
accompanying dilatation of a selective intracranial portion of 
the internal carotid artery. It is thought that cranial autonomic 
symptoms are mediated via V1 and via the internal carotid 
artery.” However, injection into V3 produces pain without accom-
panying vascular dilatation, suggesting that vessel dilatation 
is not needed for pain and that trigeminal innervation of the 
neurovasculature is somatotopically organised [3]. Another 
study showed persistence of cluster headache with associated 
cranial autonomic symptoms in a patient with trigeminal root 
selection on the side of pain, suggesting again that vessel 
dilatation is not needed for pain nor for the manifestation of 
cranial autonomic symptoms [4]. “We therefore suggest that 
V2, V3, and V1 are all involved in mediating cranial autonomic 
symptoms without vascular dilatation and that the presence 
and manifestations of these symptoms may be somatotopically 
organised as well. This is the reason why voice change and 
throat swelling were co-associated with aural fullness, as both 
include the V3 dermatome,” concluded Dr Karsan.

1. Karsan N, et al. Voice change and/or throat swelling as cranial autonomic 
symptoms in the primary headache disorders. AL072, IHC 2021, 8–12 September.

2. Headache Classification Committee of the International Headache Society (IHS). 
2018;38(1):1-211.

3. May A, et al. J Cereb Blood Flow Metab. 2001;21(10):1171–6.

Association between physical inactivity and 
headache disorders 
In a cross-sectional analysis of the ELSA-Brasil cohort, 
consisting of more than 15,000 civil servants, physical 
inactivity was associated with headache disorders [1]. 
Distinct associations were found regarding sex, physical 
activity domain and intensity, headache subtype, and 
attack frequency.

Previous studies have shown that physical inactivity is asso-
ciated with a higher prevalence of primary headache disorders, 
particularly migraine. However, hetero geneous associations 
regarding sex, headache subtype, physical activity intensity, and 
headache attack frequency have been reported. In addition, no 
validated questionnaires on physical activity nor standardised 
definitions of physical activity have been used. Most studies 

https://doi.org/10.1016/j.jtos.2015.11.002
https://doi.org/10.1111/head.13662
https://doi.org/10.1080/02713683.2016.1262876
https://doi.org/10.1001/jamaophthalmol.2019.0170
https://doi.org/10.1111/j.1755-3768.2010.01993.x
https://journals.sagepub.com/doi/10.1177/0333102417738202
https://journals.sagepub.com/doi/10.1177/0333102417738202
https://doi.org/10.1097/00004647-200110000-00005
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investigated physical activity levels in leisure time and none in 
commuting time. The current cross-sectional analysis of the 
ELSA-Brasil cohort aimed to implement all guidelines.

Almost all 15,000 participants (54.4% women) provided data 
on physical activity levels and headache. Dr Arão Oliveira 
(University of São Paulo, Brazil) presented the data. The 1-year 
crude headache prevalence was 70.4%, with migraine present 
in 8.4% of respondents. Overall, participants with headache 
disorders were younger and had higher socioeconomic status. 

People with (probable) migraine had a lower cardiovascular 
risk profile, were more physically inactive compared with 
the ‘no headache’ group, and had a higher attack frequency 
compared with persons with other headache disorders, such 
as tension-type headache (TTH). People with TTH showed 
less physical activity in the commuting time. 

In the adjusted models, physical inactivity in leisure time was 
associated with a higher prevalence of definite migraine (OR 
1.32) and probable migraine (OR 1.33) in the whole cohort. 
Sex differences were observed, with OR 1.20 for definite and 
OR 1.29 for probable migraine in women, whereas in men, 
it was only associated with probable migraine (OR 1.40). 
Physical inactivity in the commuting time also showed a sex 
difference: in men, it was associated with probable TTH (OR 
1.33); in women, it was inversely associated with definite 
migraine (OR 0.79) and probable migraine (OR 0.80). 

By evaluating the intensity of physical activity, the researchers 
found that vigorous inactivity in leisure time was associated 
both with definite migraine (OR 1.36) and probable migraine 
(OR 1.37). There was a strong linear trend for the association 
between physical inactivity and headache attack frequency 
(P-value for trend <0.001). These findings have implications 
on tailoring the prescriptions of physical activity in people with 
headache disorders. 

1. Oliveira AB, et al. Physical inactivity and headache disorders in the ELSA-Brasil 
cohort: A cross-sectional analysis. AL017, IHC 2021, 8–12 September. 

Increased suicidal attempts and risks of 
ideation in medication-overuse headache 
Medication-overuse headache (MOH) is associated with 
an increased risk of suicidal ideation and increased 
prior suicide attempts in patients with chronic migraine. 
This was found in a cross-sectional study from Taiwan 
presented at the IHC 2021 and recently published in The 
Journal of Headache and Pain [1,2]. So, paying special 

attention to the risks of suicide is imperative in the 
management of patients with MOH. 

MOH is a secondary headache disorder resulting from excessive 
use of acute medications for a prolonged period of time. 
Behaviours of substance dependence are common among 
patients with MOH [3]. “More than two-thirds of patients with 
MOH can fulfil the criteria for substance dependence,” Dr Yen-
Feng Wang (Taipei Veterans General Hospital, Taiwan) added. 
“Besides, substance use disorders and chronic pain disorders, 
including migraine, are associated with increased suicidal risks 
[4].” However, the potential risks of suicide in MOH are unknown. 

In this prospective, cross-sectional study, 603 patients with 
chronic migraine (485 women; mean age 42) were recruited, 
including 320 patients with MOH (257 women) [1]. Patients with 
MOH were significantly younger at migraine onset (20.7 vs 23.0 
years; P=0.004). Despite comparable headache frequencies in 
patients with or without MOH (23.3 vs 22.4; P=0.098), patients 
with MOH had higher monthly analgesic use (19.4 vs 4.5 days 
per month; P<0.001). In contrast, the presence of disease-related 
disability symptoms such as anxiety, depression, and sleep 
quality was comparable between patients with or without MOH.  

Among patients with chronic migraine, patients with MOH were 
more likely to have suicidal ideation and prior suicide attempt 
(see Figure). “However, it is important to exclude the possibility 
of potential confounders,” Dr Wang added. After controlling 
for demographics, headache profile, disabilities, symptoms of 
anxiety and depression, and sleep quality, the OR for suicidal 
ideation was 1.75 (P=0.004) and the OR for prior suicide attempt 
was 1.88 (P=0.024).

Figure: Proportion of individuals with suicidal ideation and prior suicide 
attempt in patients with or without MOH [1]
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1. Wang YF, et al. Association between suicidal risks and medication-overuse headache 
in chronic migraine: a cross-sectional study. AL015, IHC 2021, 8–12 September. 

2. Wang YF, et al. J Headache Pain. 2021;22(1):36.
3. Radat F, et al. Headache. 2008;48(7):1026–36.
4. Yuodelis-Flores C, Ries RK. Am J Addict. 2015;24(2):98–104.
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https://doi.org/10.1111/j.1526-4610.2007.00999.x
https://onlinelibrary.wiley.com/doi/10.1111/ajad.12185
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AI-enabled ECG algorithm predicts atrial 
fibrillation risk in migraine
For patients without a confirmed diagnosis of atrial fibril
lation (AF), the probability of AF, as predicted by an artificial 
intelligence (AI)enabled ECG algorithm, is significantly 
higher in patients with migraine with aura than in those 
without aura, even after adjusting for age and sex [1]. 

Migraine with aura is associated with an approximately 
2-fold increased risk of ischaemic stroke [2-4]. “However, 
the mechanism behind this relationship is largely unknown,” 
said Dr Nikita Chhabra (Mayo Clinic, NY, USA). Migraine with 
aura is associated with an increased risk of cardioembolic 
stroke when compared with migraine without aura, but not 
with risk of lacunar or non-lacunar thrombotic stroke [5]. 
Interestingly, higher incidence of AF has been demonstrated 
in patients with migraine with aura than in those without aura 
in longitudinal cohort studies [6]. 

These findings may imply that AF-associated cardioembolism 
plays a key role in the interaction between migraine and stroke. 
However, investigating this hypothesis has many challenges. 
Firstly, AF is difficult to detect given its paroxysmal nature. 
Furthermore, long-term cardiac monitoring is expensive, time-
consuming, low-yield, and often not justified in patients with few 
vascular risk factors [7]. Prior to developing clinical AF, structural 
changes occur in the atria that predispose patients to future risk 
of atrial arrhythmias [8]. These changes might be reflected on 
ECGs, but could be too subtle to be detected by human eyes.

The cardiology team at Mayo Clinic developed a new way 
of predicting subclinical AF: an AI-enabled ECG algorithm 
that can predict the probability of paroxysmal AF based on a 
single sinus rhythm ECG [9]. In ECGs that were interpreted as 
normal sinus rhythm by cardiologists, this algorithm was able 
to identify and predict the probability of paroxysmal AF with a 
sensitivity of 79.0% and a specificity of 79.4%. This is relevant 
because few patients with migraine have undergone long-
term cardiac monitoring, but many have had routine ECGs at 
some point during their treatment course for migraine or other 
medical conditions. The AI-enabled ECG algorithm could be 
a powerful tool that is readily available to help elucidate the 
association between migraine, AF, and stroke. 

After excluding patients with a previous confirmed AF 
diagnosis, 676 migraine patients with aura and 1,124 
patients without aura were analysed in the current study [1]. 
The migraine with aura group was significantly older than the 
migraine without aura group (50.2 vs 46.6 years; P<0.001). 
After adjustment for age and sex, patients with aura were 
found to have a higher mean probability of AF than those 
without aura (7.6% vs 5.9%; P=0.003). Interestingly, the 
difference of AF probability between migraine patients with 
and without aura was significant in men (P=0.043), but not 
in women (P=0.079). Since autonomic dysfunction has a role 
in the pathophysiology of both migraine and AF, it begs the 
possibility that migraine with aura development is attributable 
to cardioembolic stroke arising from AF.

These results are consistent with results observed from long itu-
dinal cohorts and support the theory that AF-mediated cardio-
embolism plays a key role in the association between migraine 
and stroke, especially in patients with migraine with aura.

1. Chhabra N, et al. An AI-enabled ECG Algorithm Predicts Higher Subclinical Atrial 
Fibrillation Risk in Patients with Migraine with Aura Compared to Migraine without 
Aura. AL02, IHC 2021, 8–12 September. 

2. Øie LR, et al. J Neurol Neurosurg Psychiatry. 2020;91(6):593–604.
3. Spector JT, et al. Am J Med. 2010;123(7):612–24.
4. Etminan M, et al. BMJ. 2005;330(7482):63.
5. Androulakis XM, et al. Neurology. 2016;87(24):2527–32.
6. Sen S, et al. Neurology. 2018;91(24):e2202–10.
7. Seet RCS, et al. Circulation. 2011;124(4):477–86.
8. Kottkamp H. Eur Heart J. 2013;34(35):2731–8.
9. Attia ZI, et al. Lancet. 2019;394(10201):861–7.

Migraine may not be a risk factor for stroke
The idea of migraine being a risk factor for stroke 
should be reconsidered, especially for the middle-aged 
and elderly population. In this study, no association 
was found with any type of stroke or ischaemic stroke 
specifically [1]. Moreover, no sex differences were found 
in the concerning population-based cohort study, nor 
differences between migraine with versus without aura, 
active versus non-active migraine. 

Migraine and stroke are neurovascular disorders causing 
a significant burden on both patients and the economy. A 
potential causal link between migraine and stroke has been 
suggested, but several knowledge gaps remain. 

Cardioembolic Comorbidities

https://doi.org/10.1136/jnnp-2018-318254
https://doi.org/10.1016/j.amjmed.2009.12.021
https://doi.org/10.1136/bmj.38302.504063.8f
https://doi.org/10.1212/wnl.0000000000003428
https://doi.org/10.1212/wnl.0000000000006650
https://doi.org/10.1161/circulationaha.111.029801
https://doi.org/10.1093/eurheartj/eht194
https://doi.org/10.1016/s0140-6736(19)31721-0
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The current study is based on an ongoing prospective 
population-based cohort study, called the Rotterdam Study, 
which investigates the determinants and occurrence of 
cardiovascular, neurological, ophthalmological, psychiatric, 
and endocrine diseases [1]. “In different cohorts, we 
assessed the baseline migraine between 2006 and 2011 and 
followed those participants for the occurrence of stroke,” Mr 
Cevdet Acarsoy (Erasmus Medical Centre, the Netherlands) 
explained. 

Prevalent migraine was determined at baseline in an interview 
with a qualified physician and verified from medical records. 
Then, participants were continuously monitored for incident 
strokes by means of linking study databases with files from 
general practitioners or nursing home records. Additionally, 
imaging reports were obtained from hospital reports, to 
ascertain stroke subtypes as ischaemic, haemorrhagic, or 
unspecified. 

Included were 6,925 participants (mean age 65.7, 57.8% 
women) who did not suffer from a previous stroke. At baseline, 
1,030 (14.9%) participants met the criteria for migraine, of 
whom 402 had active migraine and 210 had migraine with 
aura. 

After a median follow-up of 6.4 years, 195 participants 
suffered a stroke. Follow-up was complete for 95.3% of 

potential person-years. “Although we found a trend for an 
association between migraine and stroke (HR 1.40), this 
association was not statistically significant (P=0.83; see 
Figure),” Mr Acarsoy said. 

Figure: Kaplan-Meier survival curves for the probability of stroke-free 
survival in individuals with or without migraine [1]
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When repeating the analysis for the different subtypes of 
migraine, results remained consistent:
• active versus non-active, HR 1.59; and 
• aura present versus absent, HR 1.45. 
Moreover, concerning stroke subtypes, the investigators found 
no significant association with ischaemic stroke (HR 1.45).

1. Acarsoy C, et al. Migraine is not Associated with Incident Stroke: The Rotterdam 
Study. AL016, IHC 2021, 8–12 September.

Imaging
Functional brainstem somatotopy of the 
trigeminal nerve during nociception
Results from a German functional imaging study in 
humans support the theory of a somatotopic arrangement 
next to the rostrocaudal axis within the brainstem with an 
onion-shaped pattern for stimulus sites on the face [1].

The trigeminal nerve plays a crucial role in the pathogenesis 
of primary headache disorders, such as migraine and 
cluster headache. The peripheral aspect of the trigeminal 
nerve distributes in 3 branches that innervate U-shaped 
dermatomes in the face. These branches enter the brainstem 
in somatotopic order: fibres from the ophthalmic branch (V1) 

enter the brainstem ventrally, fibres from the mandibular 
branch (V3) enter dorsally, and fibres from the maxillary 
branch (V2) enter between V1 and V2. 

Besides these peripheral dermatomes, animal studies 
suggest an alternative dermatome in the central presentation 
of the spinal trigeminal nucleus [2]. Here, there is a so-called 
‘onion-shaped pattern’ with fibres of the perioral regions 
represented more rostrally and those of the periauricular 
regions more caudally. Dr Lisa-Marie Sturm (University Clinic 
Hamburg Eppendorf, Germany) and colleagues investigated 
the somatotopic organisation of the trigeminal nerve within 
the brainstem in humans (NTC03999060) [1]. 

https://clinicaltrials.gov/ct2/show/NCT03999060
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A 3-Tesla functional MRI study was conducted in 26 healthy 
volunteers. In total, 4 areas on the left hemiface were targeted 
using nociceptive electrical stimulation. Stimulated areas were 
chosen based on their representation within the brainstem, 
aimed to ensure adequate spatial resolution between the areas 
in the spinal trigeminal nucleus. A distinct blood-oxygen-level-
dependent (BOLD) signal was found in the spinal trigeminal 
nucleus for each stimulus site on the face.

“There is a certain somatotopy of trigeminal afferent fibres in 
the spinal trigeminal nucleus,” Dr Sturm concluded. “The current 
assumption for an onion-ring model for nociceptive input of the 
trigeminal nerve is presumably also present in humans.”

1. Sturm ML. Trigeminal nerve: functional brainstem somatotopy during nociception. 
AL061, IHC 2021, 8–12 September. 

2. Pfaller K, Arvidsson J. J Comp Neurol. 1988;268(1):91–108.

Morphological changes in cluster headache 
between attacks
Patients with cluster headache during an attack (in-
bout) or between attacks (out-bout) had distinct cortical 
morphological changes. Both groups showed reduced 
grey matter volume in regions within the pain-processing 
network. These findings were obtained from voxel and 
surface-based analyses from Taiwan [1].

Chronic pain and headache can alter brain morphology. 
Previous structural imaging studies in cluster headache 
used either volume- or surface-based morphometry to 
evaluate related morphological changes [2]. Studies often 
focused on comparing control subjects with patients with 
cluster headache that were either in the in-bout period of an 
attack or in the out-bout period of an attack [3]. Combining 
volume- and surface-based morphometry to evaluate cluster 
headache both during and between attacks may provide 
further insights into the pathophysiology of cluster headache. 

To this end, the current study analysed 94 cluster headache 
patients (47 in-bout and 47 out-bout) and 47 age- and sex-
matched healthy controls. Dr Kuan-Lin Lai (Taipei Veterans 
General Hospital, Taiwan) shared the results. 

Age at onset and disease duration were comparable between 
in-bout and out-bout patients (P=0.059 and P=0.199, respec-
tively) [1]. Total intracranial volume did not differ between 
groups (P=0.344). Volume-based morphometry showed a 
reduction of grey matter volume in multiple areas, confined to 

the pain matrix, in patients with cluster headache compared 
with healthy controls (P<0.05). 

When grouping all patients with cluster headache, increased 
grey matter volume at bilateral putamen was observed. This 
was also found in in-bout patients, but not out-bout patients. 
Similarly, surface-based morphometry showed reduced cortical 
thickness in anterior and middle cingulate, and bilateral insula 
cortices in all patients as a group and in in-bout patients, but 
not in out-bout patients. Additionally, the cortical thickness at 
the right insula negatively correlated with disease duration in 
patients during attacks. These findings are in line with previous 
studies [2,3]. Out-bout patients presented with reduced cortical 
thickness over bilateral insular and cingulate cortices and 
increased volume in bilateral putamen, suggesting that some 
of the morphological alterations may be a consequence of the 
perception of pain. 

Combining structural and functional image analyses allowed 
researchers to show distinct morphological changes in patients 
with cluster headache during versus between attacks. These 
changes may be related to trait- and state-dependent effects.

1. Lai KL, et al. Cortical morphological changes in cluster headache between bouts: 
voxel- and surface-based analyses. AL06, IHC 2021, 8–12 September. 

2. Arkink EB, et al. Cephalalgia. 2017;37(3):208–13.
3. Seifert CL, et al. Headache. 2012;52(9):1362–8.
4. Maleki N, et al. Mol Pain. 2011;7:71.

Interictal pontine metabolism in migraine 
patients without aura
Migraine is not associated with altered interictal pontine 
glutamate levels. Interestingly, interictal total creatine 
levels were increased in the pons. This novel finding from 
a Danish imaging study suggests that disequilibrium in 
the pontine energy metabolism could be an important 
feature of migraine pathophysiology [1]. 

The major excitatory neurotransmitter glutamate is involved in 
the trigeminovascular pain pathway. In the pons, glutamatergic 
mechanisms are involved in regulating inhibitory descending 
pain modulation and serotoninergic neuro transmission, as well 
as modulating the sensory transmission of the trigeminovascular 
system. Abnormal glutamate levels in the pons may be an 
important pathophysiological feature of migraine, aiding to 
attack initiation.

“How to measure glutamate levels in the pons? This is 
technically challenging,” Dr Samaira Younis (Danish Headache 

https://doi.org/10.1002/cne.902680110
https://doi.org/10.1177/0333102416640513
https://doi.org/10.1111/j.1526-4610.2012.02217.x
https://doi.org/10.1186/1744-8069-7-71


12 CONFERENCE REPORT - IHC 202112

Centre, Denmark) mentioned. “In recent years, however, the 
application of proton magnetic resonance spectroscopy 
(MRS) has allowed non-invasive measurements of glutamate 
in various brain structures.” Using this technique to investigate 
glutamate at different levels of the trigeminovascular 
system, previous studies have demonstrated alterations 
during the interictal state of migraine [2,3]. One study recently 
investigated glutamate levels in the pons during attacks and 
detected no change [4].

The current study investigated whether glutamate levels 
in the pontine are altered outside attack cycles [1]. To this 
end, 34 patients with migraine without aura were scanned 
when outside an attack cycle using a proton MRS protocol 
optimised for the pons at 3T (3T 1H-MRS).  

Measurements were taken on 2 separate days to increase 
accuracy and they were compared to similar repeated 
measurements from 16 healthy controls. Results demon-
strated that interictal pontine glutamate levels of migraine 
patients were not different from those of healthy controls 

(P=0.098; see Figure). “Interestingly, we found that total 
creatine levels were markedly increased in patients compared 
with healthy controls (P=0.009; see Figure).” No correlation 
was found of glutamate or total creatine levels with migraine 
attack frequency, days since the last attack, disease duration, 
or usual pain intensity of attacks.

Figure: Glutamate and total creatine levels in migraine patients and 
healthy controls [1]
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1. Younis S, et al. Interictal pontine metabolism in migraine without aura patients: a 
3 tesla proton magnetic resonance spectroscopy study. AL066, IHC 2021, 8–12 
September. 

2. Aguila ME, et al. NMR Biomed. 2015;28(7):890–7. 
3. Arngrim N, et al. Brain. 2016;139(Pt 3):723–37.
4. Younis S, et al. J Cereb Blood Flow Metab. 2021;41(3):604–16.

Genome-Wide Association Studies 
Largest genome-wide association study of 
migraine to date
Performing a meta-analysis with over 100,000 migraine 
cases, researchers from Finland identified 123 risk loci 
for migraine, of which 86 were new. Among the new risk 
loci were genes that are targeted by recently developed 
migraine therapeutics (monoclonal antibodies, gepants, 
and ditans) [1].

Based on family and twin studies, the heritability of migraine 
has been estimated to be ~42% [2]. Previous genome-wide 
asso ciation studies (GWAS) have reported approximately 48 
risk loci. The largest study was published in 2016, identifying 
38 risk loci for migraine when comparing almost 60,000 
cases with over 300,000 controls [3]. That study showed 
enrichment in genes highly expressed in vascular and smooth 
muscle tissue.

Researchers from Finland conducted the largest GWAS of 
migraine to date and further evaluated shared and distinct 
genetic components in the 2 main migraine subtypes: with 
and without aura [1]. Included were 102,084 migraine cases 
and ~771,000 controls. Ms Heidi M. Hautakangas (Institute 
for Molecular Medicine, Finland) shared the results. 

The researchers identified 123 risk loci, of which 86 were 
newly identified. When stratifying the risk loci by subtypes, 
they indicated: 
• 3 risk variants that appeared specific for migraine with 

aura (in HMOX2, CACNA1A, and MPPED2);
• 2 risk variants that appeared specific for migraine without 

aura (near SPINK2 and near FECH); and 
• 9 risk variants that increased susceptibility for migraine 

regardless of subtype. 
Two of the newly identified risk loci were related to targets 

https://doi.org/10.1002/nbm.3321
https://doi.org/10.1093/brain/awv359
https://doi.org/10.1177/0271678x20906902
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of new migraine treatments, namely calcitonin gene-related 
peptide (CALCA/CALCB) and serotonin 1F receptor (HTR1F). 
 
Furthermore, the researchers reported enrichment of 
migraine signal in 5 cell types from the central nervous 
system, 3 cardiovascular cell types, and in single-cell types 
of the digestive system, musculoskeletal/connective tissue, 
and ovary. In addition, they identified risk alleles that appeared 
specific for migraine with or without aura, and risk alleles that 
were shared by both subtypes.

The observed genomic annotations among migraine-asso-
ciated variants support the hypothesis that neuro vascular 
mecha nisms underlie the pathophysiology of migraine. Current-
ly, the Finnish researchers prepare for colocalisation analyses 
as well as fine-mapping of the risk loci to narrow down potential 
causal variants and genes driving the association signals.

1. Hautakangas HM, et al. Genome-wide analysis of 102,084 migraine cases identifies 
123 risk loci and subtype-specific risk alleles. AL04, IHC 2021, 8–12 September. 

2. Polderman TJ, et al. Nat Genet. 2015;47(7):702–9.
3. Gormley P, et al. Nat Genet. 2016;48(8):856–66.

Robust evidence that cluster headache has a 
genetic basis
A combined analysis of 2 genome-wide association 
studies (GWAS) identified 4 risk loci for cluster headache. 
The discovery of these risk loci provides robust evidence 
that the disease has a genetic basis [1]. 

In the pathophysiology of cluster headache, the hypotha-
lamus, calcitonin gene-related peptide (CGRP), and possibly 
neuroinflammation are involved. “Evidence on its molecular 
basis is still limited,” said Dr Bendik S. Winsvold (Oslo 
University Hospital, Norway). Investigating cluster headache 
is challenging due to its low prevalence (1–1.5 per 1,000 
persons, compared with 140 per 1,000 for migraine). Evidence 
of a possible genetic basis of cluster headache is premature. 
“Twin studies are not suitable due to the low prevalence of 
cluster headache, but a clear familial aggregation has been 
shown previously,” explained Dr Winsvold [2]. Most genetic 
studies in cluster headache have evaluated individual 
candidate genes. Currently, only 1 GWAS for cluster headache 
has been performed, which suggested variants involvement 
of genes encoding neprilysin and the PACAP receptor [3].

Dr Winsvold presented data from 2 independent studies, both 
recently published in the Annals of Neurology [4,5]. These studies 
were the basis of the International Consortium for Cluster 
Headache Genetics (CCG, www.clusterheadachegenetics.org). 
Therein, 2 parallel GWAS of cluster headache were conducted 
based on: 
• 984 cluster headache cases and 3,257 controls from the 

Netherlands and Norway; and
• 1,443 cluster headache cases and 6,748 controls from 

Sweden and the United Kingdom [1]. 

“The 2 studies are strikingly concordant,” Dr Winsvold found. “In 
fact, they identified the same 4 genetic risk loci (P<5 x 10-8)”: 
• on chromosome 1 near the gene DUSP10;
• on chromosome 2 near MERTK;
• on chromosome 2 near SATB2; and 
• on chromosome 6 near FHL5. 
Based on both studies, a meta-analysis was conducted, 
which found 3 additional loci: 
• on chromosome 7 near ASZ1; 
• on chromosome 10 near PLC1; and 
• on chromosome 19 near KIR3DX1.

This concordance implies that these are true causal genetic 
risk factors for cluster headache, according to Dr Winsvold. The 
effect sizes were larger than what is usually observed in GWAS 
in complex disorders. “Usually, odds ratios are 1.1 or 1.2, here 
they are ~1.5 (range 1.30–1.61). This could suggest that cluster 
headache is genetically driven by a handful of high-impact 
variants,” explained Dr Winsvold.

The main purpose of GWAS is to understand the patho-
physiology. “These first studies are not adequately powered 
for this purpose,” Dr Winsvold acknowledged, “but we still 
gained some preliminary insight. For example, one of the loci 
(FHL5) is a well-known risk locus for migraine. This suggests 
that cluster headache and migraine have a partly shared and 
a partly distinct genetic and molecular basis.”

1. Winsvold BS, et al. International Consortium for Cluster Headache Genetics: 
two initiatives report first genome-wide association hits. AL070, IHC 2021, 8–12 
September. 

2. O'Connor E, et al. J Headache Pain. 2020;21(1):37.
3. Bacchelli E, et al. J Headache Pain. 2016;17(1):114.
4. Harder AVE, et al. Ann Neurol. 2021;90(2):203–16.
5. O'Connor E, et al. Ann Neurol. 2021;90:193–202.
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Insights in drug-drug interactions facilitate 
rational polypharmacy
An analysis of 2 American databases may help providers 
to use more rational polypharmacy. The chance of 
interaction increased as the number of combinations of 
abortives and preventives increased [1].

“Rational polypharmacy is common in the headache practice,” 
said Dr Victor Kaytser (Robert Wood Johnson Medical School, 
TX, USA). Migraine patients are often prescribed abortive and 
preventive medicines, as well as transition therapies. The 
current study aimed to estimate the probability of having an 
interaction of different medications.

Dr Kaytser and colleagues first listed commonly used abortive 
and preventive medicines, based on 2 papers: the American 
Headache Society Position Statement on integrating new 
migraine treatments into clinical practice and a paper on 
migraine care in the era of COVID-19 [2,3]. In total, 38 abortive 
medicines, including bridge medications, and 23 preventives, 
including valproic acid and amitriptyline, were included [1]. 
Neuromodulators were excluded. All possible combinations 
of ≤3 abortives and 3 preventives were obtained. To screen 
for interactions, the list was entered into the DrugBank and 
FDA Adverse Event Reporting System (FAERS) application 
programming interface. If ≥1 interaction of any type was 
listed for a combination of drugs, then that combination was 
considered as interacting. 

The chance of an interaction increased as the number of combi-
nations of abortives and preventives increased. Venlafaxine and 
candesartan were among the most interacting in the preventive 
drug groups. Venlafaxine and amitriptyline were among the 
most interacting in the abortive versus preventive groups. The 
calcitonin gene-related peptide (CGRP)-based therapies and 
botulin toxin appeared to be the least interacting preventive 
drugs. The least interacting abortives were triptans.

Dr Kaytser concluded that FAERS may provide a useful 
and relevant tool for making risk-benefit decisions when 
choosing a headache regimen. A limitation of this study 
was that the significance or severity of an interaction was 
uncertain. Furthermore, newer drugs were found to have 

fewer interactions, but that could be explained by the fact 
that they have been studied less. In the FAERS method, one 
report is sufficient to indicate a contraindication, but this is a 
conservative approach. Finally, rarely used drugs appeared 
safer in FAERS, but this is likely due to underreporting. 

1. Kaytser V, et al. Estimating the Probability of Reported Versus Theoretical Drug-
Drug Interactions in Headaches Medicine. AL01, IHC 2021, 8–12 September. 

2. American Headache Society. Headache. 2019;59(1):1-18.
3. Szperka CL, et al. Headache. 2020;60(5):833–42.

Rimegepant confers long-term improvements 
in MMDs
Rimegepant is a small-molecule calcitonin gene-related 
peptide (CGRP)-receptor antagonist, approved for both 
the acute and preventive treatment of migraine [1]. 
Acute treatment with this drug conferred long-term 
improvements in median time to 30% and 50% reduction 
in monthly migraine days (MMDs). This was found in a 
post hoc analysis of an open-label safety study [2]. 

The proportion of patients achieving a 30% or 50% reduction in 
MMDs relative to baseline is considered clinically meaningful 
and is therefore recommended as a primary or key secondary 
trial endpoint per the most recent guidelines [3,4]. 

BHV3000-201 (NCT03266588) was a 52-week, open-label, 
phase 2/3, multicentre, long-term safety study investigating 
rimegepant for the acute treatment of migraine [2]. Among 
>1,000 participants with ≥6 MMDs at baseline were included 
in the current post hoc analysis, mean age was 43.2 years 
and 91.1% were women. The mean disease duration was 
22.5 years, 40.6% of patients had a history of migraine with 
aura, and mean MMDs at baseline was 10.9 days. 

Treatment with 75 mg rimegepant resulted in a median time 
to ≥30% reduction in MMDs of 12 weeks and a median time 
to ≥50% reduction of 32 weeks (see Figure). MMD reduction 
was observed over time regardless of baseline migraine 
frequency, including low-frequency (baseline MMDs 8.7 
days), moderate-frequency (baseline MMDs 11.5 days), and 
high-frequency (baseline MMDs 14.8 days) cluster groups. 
Higher baseline MMDs were associated with a longer time to 
achieve ≥30% or ≥50% MMD reduction.

Pharmacological Treatment
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Figure: Kaplan-Meier plots of time to 30% or 50% reduction in MMDs from 
baseline in the 6–14 MMD group treated with rimegepant [2]
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In addition, the mean number of tablets per migraine type and 
the mean number of tablets over time were assessed. “After 
an initial period of 4–8 weeks, we observed a stabilisation 
of the utilisation across the 3 MMD clusters,” said Mr Evan 
Popoff (Broadstreet Health Economics & Outcomes Research, 
Canada). All ratios were consistently <1, implying that patients 
did not treat every migraine attack with rimegepant. These 
ratios became 0.7–0.9 during follow up across clusters. 
Furthermore, the absolute tablet count remained relatively 
constant given the corresponding trend towards fewer MMDs.

In conclusion, long-term acute treatment of migraine with 
rimegepant on an as-needed basis was associated with clinically 
relevant reductions in MMDs without evidence of medication-
related increases in headache frequency. These findings 
are consistent with the preventive benefits of rimegepant 
demonstrated in a recent placebo-controlled study [1]. 

1. Croop R, et al. Lancet. 2021;397(10268):51–60.
2. Popoff E, et al. Acute treatment with rimegepant 75 mg confers long term 

improvements in median time to 30% and 50% reductions in monthly migraine 
days – post hoc results from an open label safety study (BHV3000-201). AL074, 
IHC 2021, 8–12 September. 

3. Tassorelli C, et al. Cephalalgia. 2018;38(5):815–32.
4. Ailani J, et al. Headache. 2021;61(7):1021–39.

First real-world effectiveness data of 
erenumab is promising
SQUARE was the first study that prospectively collected 
real-world data on erenumab treatment under routine 
medical care in Switzerland [1]. In both sexes with either 
episodic or chronic migraine and in patients with different 
prior prophylactic treatment failures (PPTFs), erenumab 
significantly improved quality of life and migrainerelated 
disability and decreased the need for acute migraine therapy.

In 2018, erenumab received marketing authorisation in 
Switzerland for the prevention of migraine in adults. Real-world 

data evaluating the effect of erenumab in a setting of routine 
medical care in Switzerland is limited. The observational 
SQUARE study (CAMG334ACH01) aimed to address this data 
gap.

SQUARE is a prospective, non-interventional study evaluating 
erenumab in a post-marketing setting in Switzerland [1]. 
Patients with prior treatment with erenumab or any calcitonin 
gene-related peptide (CGRP)-based therapy or recent use of 
investigational drugs were excluded. Patients were observed 
over a period of 24 months. Prof. Andreas R. Gantenbein 
(Zurzach Care, Switzerland) shared results on the real-world 
effectiveness of erenumab at month 6 compared to baseline. 

A total of 172 adult patients were enrolled from 19 centres, 
both migraine care specialist centres and general neurologist 
centres. Most participants were women (84.9%). At baseline, 
patients had an average of 16.6 monthly migraine days 
(MMDs) and 11.6 monthly acute migraine-specific medication 
(AMSM) days. Almost 54% of patients fulfilled the criteria for 
episodic migraine versus 46% for chronic migraine. 

Erenumab significantly reduced the Headache Impact Test 
(HIT)-6 score from baseline to month 3 and month 6 (both 
P<0.001) in both men and women and in patients with either 
episodic or chronic migraine (see Figure). 

Figure: Effect of erenumab on HIT-6 score by sex or by migraine type [1]
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Erenumab also significantly reduced the HIT-6 score in all 
groups with PPTFs from baseline to month 3 and month 6 (all 
P≤0.001). These results suggest improved quality of life. In line 
with these results, erenumab significantly reduced modified 
(monthly) migraine disability assessment test (mMIDAS) 
during this treatment period in both sexes (both P<0.001), 
indicating improvement in migraine-related disability. 
Comparable results were found for Impact of Migraine on 
Partners and Adolescent Children (IMPAC), which shows a 
decreased impact on spouses and children of patients.

No difference was observed in treatment satisfaction 
between sexes, as measured by the Treatment Satisfaction 
Questionnaire for Medication (TSQM)-9. There was a significant 
difference between the episodic and chronic migraine groups 
in TSQM-9 scores for effectiveness (P=0.011), but not for 
convenience or global satisfaction. PPTF had no significant 
impact on any TSQM-9 score.

Erenumab significantly reduced mean MMDs from baseline 
to months 3 and 6, irrespective of sex or migraine subtype 
(all P<0.001) and in all PPTF groups from baseline to month 3 
(P=0.013) and month 6 (P=0.014). MMD response rates were 
not signifi cantly different between sexes except 100% response 
rate for month 6 (P=0.015). MMD response rates were not signifi-
cantly different between migraine types. Finally, erenumab signifi-
cantly reduced the mean AMSM days (triptans and/or ergot de-
rivates) from baseline to month 3 and month 6 (both P<0.001). 

SQUARE was the first study that prospectively collected 
real-world data on erenumab under routine medical care in 
Switzerland. In addition to meaningful clinical improvements, 
patients reported consistent treatment satisfaction with 
erenumab across sexes, migraine type, and PPTF group. 

1. Gantenbein A, et al. Real-world effectiveness data of erenumab-treated migraine 
patients in Switzerland: The SQUARE study. AL078, IHC 2021, 8–12 September. 

Galcanezumab effective in patients with 
episodic or chronic cluster headache 
In an open-label safety study, which implemented a 
dosing strategy to more closely approximate clinical 
practice, treatment with galcanezumab improved patient
reported cluster headache in most patients with episodic 
or chronic cluster headache [1]. 

Galcanezumab is a monoclonal antibody (mAb) that binds 
calcitonin gene-related peptide (CGRP) and prevents its 
biological activity without blocking the CGRP receptor. The 
phase 3b, open-label safety CGAR study (NCT02797951) 
evaluated the safety of galcanezumab within the context of 
expected medical practice in patients (n=163) with episodic 
or chronic cluster headache. Dr Charly Gaul (Headache Clinic 
Königstein, Germany) presented a post hoc efficacy analysis 
from this study. 

Using the Patient Global Impression of Improvement (PGI-I), 
81% of patients reported improvement of their cluster 
headache condition as very much better, much better, or 
a little better at 1 month after starting galcanezumab; this 
was 91% at 6 months and 93% at 12 months (see Figure). 
Similarly, the mean PGI-I score was 2.4 at 1 month after 
starting galcanezumab, 2.0 at 6 months, and 1.8 at 12 
months. Mean change in PGI-I was associated with the mean 
change in European Quality 5-Dimensions 5-Levels (EQ-5D-
5L) scores by the first month after starting galcanezumab.

These data indicate an overall improvement in health status 
in patients with cluster headache in response to open-label 
galcanezumab treatment.

1. Gaul C, et al. Efficacy Results from an Open-Label Safety Study of Galcanezumab 
in Patients with Episodic or Chronic Cluster Headache. AL076, IHC 2021, 8–12 
September. 

Figure: Patientsreported improvement of cluster headache using the PGII after treatment with galcanezumab [1]
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Central effects and affected somatosensory 
processing with galcanezumab in migraine
Galcanezumab alters central pain processing areas, such 
as the hypothalamus and cerebellum, in patients with 
migraine. In responders compared with non-responders 
to galcanezumab, specific decreases in activity in the 
hypo thalamus were observed in a functional imaging 
study [1]. Furthermore, galcanezumab increased pain 
thresholds specifically in the trigeminal dermatome (V1), 
both in responders and non-responders with short-lasting 
modulatory effects [2].

Monoclonal antibodies (mAb) targeting calcitonin gene-
related peptides (CGRP), such as CGRP-receptor antagonist 
erenumab and CGRP-ligand blocker galcanezumab, are a 
novel treatment class for migraine prevention. A previous (f)
MRI study showed that erenumab had not only peripheral but 
additional central effects in patients with migraine. Moreover, 
anti-CGRP mAbs may modulate peripheral pain processing 
and differences in sensory thresholds may discriminate 
clinical responses [3].

Central effects of galcanezumab
Dr Hauke Basedau (University Medical Centre Hamburg-
Eppendorf, Germany) hypothesised that galcanezumab would 
alter trigeminal central pain processing; that responders to 
galcanezumab would show modulation of specific central 
areas (specifically in the hypothalamus) in contrast to non-
responders; and that the efficacy can be predicted as early as 
day 1, i.e. before administration. 

Dr Basedau and colleagues conducted an fMRI study that 
included 26 patients with migraine using an established 
trigeminal nociceptive paradigm with gaseous ammonia. The 
current study assessed the patients before and 2–3 weeks 
after the administration of galcanezumab. Results indicated 
that galcanezumab reduced hypothalamic activation, which 
was more prominent in responders versus non-responders. 
“We concluded that there is a central effect associated with 
the administration of galcanezumab,” said Dr Basedau.

Furthermore, results indicated that the activity of the spinal 
trigeminal nucleus followed by trigemino-nociceptive 
stimulation before treatment covaried with the response 
to galcanezumab. The functional connectivity between 
the spinal trigeminal nucleus and the hypothalamus was 
found to decrease after galcanezumab administration. The 
more the spinal trigeminal nucleus was activated due to 

painful stimulation before galcanezumab administration, the 
higher the likelihood of responding to galcanezumab. “Quite 
interesting is that this is approximately the same hypothalamic 
area that we have already found as the corpus delicti for an 
increase in headache base, or at least being an area of interest 
in migraine-associated headache,” concluded Dr Basedau.

Effect on somatosensory processing 
In a second analysis, the 26 patients also underwent quantitative 
sensory tests before and 2–3 weeks after galcane  zumab 
administration [2]. Dr Kuan-Po Peng (University Medical Centre 
Hamburg-Eppendorf, Germany) shared the results of this study.

After the administration of galcanezumab, the heat pain thres hold 
and mechanical pain threshold increased signifi cantly (P<0.05), 
but exclusively in the V1 dermatome and not on the forearm. 
Changes between the before and after measurements did not 
differ regarding clinical response. A clinical responder was defined 
as having a ≥30% reduction in headache frequency after 3 months 
of treatment. Baseline heat pain threshold predicted a clinical 
response and inversely correlated with the baseline headache 
frequency, suggesting that clinical response may be associated 
with individual susceptibility and disease activity.

1. Basedau H, et al. Galcanezumab has central effects in the migraine brain. AL069, 
IHC 2021, 8–12 September. 

2. Peng K-P, et al. Galcanezumab changes somatosensory perception exclusively in 
the face, whereas heat pain threshold before treatment predicts efficacy. AL062, 
IHC 2021, 8–12 September. 

3. Ziegeler C, et al. Neurology. 2020;95(20):e2794–802.

Long-term safety and tolerability of atogepant 
in migraine
Results from an open-label extension study of the ADVANCE 
trial were consistent with the established safety profile of 
atogepant [1]. No new safety signals, hepatic safety issues, 
nor deaths were reported in this trial. These results support 
the long-term safety and tolerability of atogepant once daily.

Atogepant is an oral small-molecule calcitonin gene-related 
peptide (CGRP)-receptor antagonist under investigation 
for the preventive treatment of migraine. Daily atogepant 
administration was shown to be safe and effective in the 
preventive treatment of episodic migraine in 2 placebo-
controlled, double-blind, randomised clinical trials: a phase 
2b/3 study (NCT02848326) and the phase 3 ADVANCE trial 
(NCT03777059) [2,3].

The current open-label extension study (NCT03939312) investi-
gated the long-term safety and tolerability of 60 mg atoge pant 

https://doi.org/10.1212/wnl.0000000000010740
https://clinicaltrials.gov/ct2/show/NCT02848326
https://www.clinicaltrials.gov/ct2/show/NCT03777059
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over 40 weeks in participants who completed the pivotal 
12-week ADVANCE trial [1]. The safety population included 
685 patients who took ≥1 dose study drug, of whom 74.6% 
completed the 40-week treatment period. Prof. Laszlo Mechtler 
(DENT Neurologic Institute, NY, USA) presented the data. 

Mean age of participants was 41.8 years, 88.2% were 
women, 84.4% were white, and mean BMI was 30.6 kg/m2. 
Concerning the diagnosis, 16.5% had migraine with aura, 
43.9% had migraine without aura, and 39.6% had both.

After a treatment duration of mean 233.6 days, a treatment-
emergent adverse event (AE) was reported in 62.5% of parti-
cipants, of which 8.8% was considered treatment-related by 
the investigator. Serious AEs occurred in 3.4% of participants, 
of which none were considered treatment-related. 

1. Mechtler L, et al. Evaluation of the Long-Term Safety and Tolerability of Oral 
Atogepant 60 mg Once Daily for Preventive Treatment of Migraine: A Phase 3, 40-
Week, Multicenter Extension to the Advance Trial. AL077, IHC 2021, 8–12 September. 

2. Goadsby PJ, et al. Lancet Neurol. 2020;19(9):727–37.
3. Schwedt TJ, et al. Cephalalgia, Sep 14, 2021. DOI: 10.1177/03331024211042385. 

Non-Pharmacological Treatment
Occipital nerve stimulation effective and safe 
in chronic cluster headache
Occipital nerve stimulation resulted in a rapid and 
persistent reduction of attack frequency in patients 
with medically intractable chronic cluster headache. In 
addition, the phase 3 ICON study demonstrated that this 
intervention was safe [1]. The results have recently been 
published in The Lancet Neurology [2].

In occipital nerve stimulation, electrodes are placed 
subcutaneously on the back of the head in the dermatomes 
of the occipital nerves. Multiple open-label studies have 
shown promising results in patients with medically intrac-
table chronic cluster headache [3–5]. Dr Poldi Wilbrink 
(Zuyderland Medical Centre, the Netherlands) and colleagues 
investigated whether occipital nerve stimulation could serve 
as an effective treatment for this patient population.

The randomised, double-blind, multicentre, phase 3 ICON 
study (NCT01151631) evaluated occipital nerve stimulation 
in patients with medically intractable chronic cluster 
headache [1]. After a baseline period of 12 weeks, patients 
were randomly divided into a high-intensity (100%) or low-
intensity (30%) stimulation group. In the subsequent 24 
weeks, patients received individually optimised open-label 
occipital nerve stimulation. Of 150 patients enrolled, data 
from 131 patients was included in this study. 

The mean weekly attack frequency in the total population 
was decreased from 7.58 at baseline to 5.96 in weeks 1–4, 

5.57 in weeks 21–24, and 5.14 in weeks 45–48. No difference 
was found in attack frequency between the high- and low-
intensity groups. 

In the group receiving 100% occipital nerve stimulation, 129 
adverse events (AEs) were registered versus 95 AEs in the 
group receiving 30% occipital nerve stimulation. “Most AEs 
were hardware-related,” Dr Wilbrink added. “For example, 
empty batteries or dislocation of the electrodes.”

A major point of discussion is that, despite an improvement 
in time, no difference in attack frequency between treatment 
arms receiving low or high stimulation was found. “This could 
be a placebo response,” Dr Wilbrink postulated. “However, we 
deem this unlikely, since this group of patients is severely 
affected, highly disabled, has long-term unremitting attacks, 
and no effect of multiple previous treatments.” No change 
during the baseline period of 12 weeks was found, which was 
followed by an abrupt, pronounced, and long-term sustained 
improvement for all outcomes. Future research should focus 
on optimising stimulation protocols and disentangling the 
underlying mechanism of action.
 
1. Wilbrink P, et al. Safety and efficacy of occipital nerve stimulation for attack 

prevention in medically intractable chronic cluster headache (ICON): a randomised, 
double-blind, multicentre, phase 3, electrical dose-controlled trial. AL073, IHC 2021, 
8-12 September. 

2. Wilbrink LA, et al. Lancet Neurol. 2021;20(7):515–25.
3. Magis D, et al. Lancet Neurol. 2007;6(4):314–21. 
4. Burns B, et al. Lancet. 2007;369(9567):1099–106. 
5. Fontaine D, et al. Cephalalgia. 2011;31(10):1101–5. 
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