
POSTER PRESENTATION Open Access

Non-invasive vagus nerve stimulation for the
treatment of cluster headache: a case series
AD Nesbitt1*, JCA Marin1, E Tomkins2, MH Ruttledge2, PJ Goadsby1

From The European Headache and Migraine Trust International Congress
London, UK. 20-23 September 2012

Introduction
Cluster headache is a highly disabling primary headache
syndrome. A need exists for a novel, safe and practical
approach to add to the current therapeutic armamentarium.
We assessed the usefulness of a new non-invasive,

portable vagus nerve stimulation (VNS) device, the
GammaCore, which has been developed for the treat-
ment of headache.

Methods
Patients attending headache centres in the UK and Ireland
were offered non-invasive VNS treatment in an unbiased
fashion. Case notes were reviewed, and patients ques-
tioned during routine follow up about their experience
with the device and the impact they perceived it had.

Results
Of patients given the device 14 of 17 (9 male; 7 chronic, all
medically intractable, 7 episodic; median age 46, range 13-
84) had sufficient data available during a median device
use period of 13 weeks (range 2-26) to include in analysis.
Thirteen felt there was an overall improvement in their
condition since using the device, stating a mean estimated
subjective improvement of 60% (SD 30) from baseline.
One patient’s condition remained the same. Seven were
able to reduce significantly or stop their previous abortive
treatment, five had reduced it and two required the same
amount as previously. Five were very satisfied, eight satis-
fied and one equivocally satisfied after using the device.
All 14 would recommend the treatment to others.
Ad hoc analysis suggests that treatment can both

abort and significantly improve attacks, as well as having
secondary effects of reducing attack frequency when
used prophylactically.

Conclusions
This is the first evaluation of an entirely new treatment
modality for cluster headache. We have developed a
paradigm that appears to be well-tolerated and effective
in both the acute and preventive treatment of episodic
and chronic cluster headache.
These preliminary findings suggest a formal clinical

trial is warranted to further establish the efficacy of this
treatment.
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•  Neurostimulation, particularly vagus nerve stimulation 
(VNS), is a promising area of scientific and therapeutic 
interest for the treatment of primary headache 
 
•  Preclinical data support a mechanistic rationale for a 
therapeutic response based on VNS 
 
•  VNS historically has been limited due to the invasive 
nature and cost of administration 
 
•  A novel non-invasive VNS (nVNS) device has recently 
been developed. Initial pilot data suggest efficacy in 
acute migraine and cluster headache.  The adverse 
effects associated with these studies were primarily mild 
and transient 
 
•  Neurostimulation remains experimental, but promising, 
and non-invasive modalities should be a priority 
 
• nVNS (gammaCore) is currently under evaluation for 
primary headache in four randomized controlled studies 
in the U.S. and EU 

Neuromodulation and the Treatment of Primary Headache 
Rapoport A.M., MD1; Majdanska, J., ME2; Simon B.J., PhD2 
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gammaCore 
A novel technology was developed by electroCore, with a proprietary 
electrode configuration and signal that allows for VNS to be 
delivered to the cervical branch of the vagus nerve via nVNS.   
 
The gammaCore therapy does not involve implantation of a foreign 
body, and the delivery device is neither in direct physical contact with 
the vagus nerve, nor does it provide stimulation that is uncontrollable 
by the patient. Unlike implanted devices, the patient controls the 
application of the gammaCore stimulation and its intensity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: gammaCore device 

Neuromodulation 

• Therapeutic alteration of nervous system activity by means of a 
device 

• commonly employed neuromodulation devices have required 
invasive procedures 

• morbidity associated with procedure 

• cost of device 

             ! limit the potential for frequent use 

Vagus Nerve Stimulation (VNS) 

• The vagus nerve has long been known to play an important role in the 
autonomic nervous system 

Figure 1: 
Schematic representation  
of the brain regions 
innervated directly or  
indirectly by the vagus nerve. 

VNS has been shown to increase levels of norepinephrine (NE), 
serotonin and GABA.4 It has been hypothesized that the relief of 
headache pain resulting from  non-invasive VNS (nVNS) is due to this 
inhibition.  

 

Effect of nVNS in Animal Model of Recurrent Headaches5 

Methods: 
• Rats were transitioned to express chronic migraine-like symptoms by 
using an infusion of pro-inflammatory cytokines delivered to the dura of 
the brain 
• Resulted in a quantifiable intolerance for pressure applied to the 
forehead (allodynia) 
• 120 seconds of gammaCore  nVNS  
• Experimental device was re-sized and placed using an Elizabethan 
collar with 2 metal electrodes connected to an amplifier to supply the 
calibrated stimulus 
• Pain tolerance threshold measured using pressure sensory testing 

Results: 
Rats treated with nVNS showed a significant increase in tolerance for 
the pressure (suggesting a rise in trigeminal pain threshold) that 
persisted at least 3.5 hours, returning to the prior transitioned pain 
tolerance level by 24 hours  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Effects of nVNS with gammaCore on trigeminal pain thresholds 
 
To explore possible mechanisms driving these results, the effect of 
nVNS within the Trigeminal Nucleus Caudalis (TNC) was studied.  

• TNC plays major role in migraine pathogenesis 
• glutamate is implicated in activation and corresponding 
perception of pain 

Transitioned and naïve animals were subjected to injections of glyceryl 
trinitrate (GTN) 

• causes an intensification of sensitivity of transitioned rats 
• minor changes in sensitivity in naïve rats  
• GTN causes an eightfold increase in levels of glutamate in the 
TNC in rat model   
• Naïve rats typically experience less than a twofold increase from 
GTN injections 

Transitioned animals were stimulated with nVNS for 1 minute prior to the 
GTN administration. The anticipated increase in glutamate levels was 
significantly suppressed for at least 3.5 hours (Fig. 4).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Effects of nVNS on GTN induced increases in glutamate in the TNC 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

 

Cluster Headache EU Study12 

The first open label study of gammaCore usage among cluster 
headache suffers was conducted at The Royal Free Clinic in 
London, with participation of Beaumont Hospital in Dublin, 
Ireland. 
 
Treated patients- n= 14; (9 male, 7 chronic, all medically 
intractable)  
Median device usage-13 weeks to be included in the analysis.  
  
–13/14 (93%) reported improvement in overall condition 
 – 60% mean estimated subjective improvement from baseline.   
One patient�s condition remained unchanged 
– 12/14 (86%) were able to reduce or cease(7 significantly) 
taking prior abortive medication(s) 
2 patients did not attempt, or find a reduction in medication 
usage possible during the period of their usage of nVNS.  
  
All 14 subjects (100%) reported that they would recommend the 
therapy to others, with 5 being �very satisfied� and 8 reporting 
they were �satisfied�. 
 
 
 
 
 
 
 
 
  
  

Clinical evidence that stimulation of the vagus nerve provides relief from pain associated with headache has been shown in published accounts of 
implanted vagus nerve stimulators marketed for treatment of treatment-resistant epilepsy and depression. 
 
• Young male became migraine free still having seizures after VNS implant 6 

• Case series (n = 6) of patients with VNS implant 7 

- Two patients of four with (chronic) migraine had good effects with reduced frequency of headache 
- One of two with chronic cluster headache helped 

• Case series (n = 4) of patients with migraine as part of seizure cohort 8 

- Three of four reported some relief 
• Case series (n = 10) patients with migraine from seizure cohort 9 

- Eight of ten had 50% or better reduction in migraine frequency 
• Case series (n = 4) chronic migraine and depression 10 

- VNS helpful 

 

The use of the gammaCore therapy has been studied in a number of clinical trials, and continues to be the subject of several randomized clinical 
studies, primarily in the United States and Europe.   

Acute Migraine US Study11 

In the first study of nVNS in acute migraine, conducted in the U.S., under an FDA approved IDE pilot study, 30 subjects were instructed to treat up 
to 4 migraine headaches each over a 6-week period. The subjects were expected to treat migraines once their pain levels had reached 
�moderate� or �severe� (0-no pain, 1-mild pain, 2-moderate pain, 3-severe pain), but not to wait beyond 20 minutes after the onset of the pain 
phase.  A treatment consisted of a single 90-second stimulation dose and a second dose delivered 15 minutes thereafter. 
 
Treated patients- n = 27; attacks- n = 84 
 
First migraine treated (Figure 5) 
moderate/severe baseline: 
– 4/19 (21%) pain free at 2 hr 
– 8/19 (42%) pain relief 
 mild pain at baseline: 
– 5/8 (63%) pain free at 2 hr 
  
All treated migraines (Figure 6) 
moderate/severe baseline: 
– 12/55 (22%) pain free at 2 hr 
– 23/55 (42%) pain relief 
mild pain at baseline 
– 10/26 (38%) pain free at 2 hr 
 
 Multilevel Modelling (Goldstein- MLwiN 2.25) 
– All pain free binary outcome/logit link function 
– No site or patient effect 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Afferent fibers from the vagus nerve enter the 
brain and synapse onto the nucleus tractus 
solitarius (NTS) in the brain stem1, making 
connections with many structures in the brain 
including the locus coeruleus (LC), the 
periaqueductal gray (PAG) and the raphe nucleus 
(RN).2 These structures are known to control the 
release of key inhibitory neurotransmitters. 
Projections are also made to the  trigeminal 
nucleus caudalis (TNC).3 
 
 

 
Adverse events were recorded in 12 of 28 patients. 
All were mild or moderate.  
Most common (n- patients) 
– Neck twitching (3) 
– Raspy voice (1) 
– Neck redness (1) 

Non-invasive VNS  

Figure 7: 

Figure 5: 

Figure 6: 
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Introduction
Hemicrania Continua is an indomethacin sensitive chronic
primary headache syndrome consisting of constant unilat-
eral pain with severe cranial autonomic exacerbations.
Long-term indomethacin use can be associated with side
effects, resulting in discontinuation of the drug in some
patients. Current neuromodulation approaches to treat-
ment, including occipital nerve stimulation (ONS), all
require surgical implantation. A novel alternative treat-
ment for this disorder is therefore needed.
We assessed the usefulness of a new non-invasive,

portable vagus nerve stimulation (VNS) device, the
GammaCore, in two patients who were unable to take
indomethacin. Both had previously responded to ONS
with the Bion implant[1], but had subsequently had it
explanted.

Results
Patient 1 (male, 61) had been using the device both pro-
phylactically and acutely for 24 weeks at last follow up,
with an overall improvement in his baseline condition,
estimating a 30% improvement in background pain and
20% improvement in painful autonomic exacerbations.
Acutely the device was able to abort exacerbations within
15 minutes most of the time, and it significantly improved
the pain for the remainder of attacks. He felt satisfied with
the device, although did not feel it was as helpful as the
Bion implant.
Patient 2 (female, 56) had been using the device follow-

ing an exclusively prophylactic regimen for 32 weeks at
last follow up, with an overall improvement in her baseline

condition, estimating a 75% improvement in both back-
ground pain and painful autonomic exacerbations. She felt
very satisfied with the device and felt it to be superior to
the Bion implant.
Both would recommend non-invasive VNS to other

patients.

Conclusions
This is the first evaluation of an entirely new treatment
modality for hemicrania continua, which may offer a
non-invasive neurostimulation alternative in selected
patients.
Further work is needed to establish this efficacy in a

larger series of patients.
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Results 
After multiple inflammatory 

stimulations of the dura, there is a 

unique physiological state generated 

in the rats that is stable, and long 

outlasts the last stimulation. This 

state is characterized by sensory and 

physiological hyperresponsiveness 

of the trigeminal neurovascular 

system that signicantly differs from 

the relatively short lasting and 

smaller magnitude changes induced 

by a single acute stimulation of the 

dura. 

Figure 6 : Morning von Frey Threshold  

Following Repeated Infusions 

 
 
 
 
 
 
 

 
Figures 7-8: nVNS Increases von Frey Pain Thresholds 

 

In rats that have low periorbital von Frey threholds induced by repeated infusions of inflammatory 

mediators on the dura, there is 4-5 fold increase in the baseline threholds following 2min of nVNS. 

This effect lasted for 3.5hr.  nVNS had no effect on von Frey threholds in naive rats. Collar 

placement alone without nVNS stimulation has no effect on periorbital von Frey thresholds. 

 

 

 

 

 

 

 

 

 

 

 

Figures 9-10: Following repeated IS infusion on the dura, rats are hyperresponsive to nitric oxide 

donors such as glyceryl trinitrate (GTN). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: In rats that have received repeated infusions of inflammatory mediators on the dura, 

there is greater than a 7 fold increase in extracellular glutamate in the trigeminal nucleus caudalis 

(TNC) following the i.p. injection of the nitric oxide donor glyceryl trinitrate (0.1mg/kg). In rats that 

were received infusions on the dura, but also received nVNS stimulation for 2 min at the same 

time as the GTN injection, there was only a 2.5 fold increase in extracellular glutamate in the TNC. 

This is similar to the response to GTN measured in the control naïve rats that were not sensitized 

to trigeminal pain. (ANOVA,* p<0.01) 
 

Conclusions 
- Vagal Nerve Stimulation modulates trigeminal pain. 

- nVNS reverses allodynia induced by repeated stimulation of dural 

nociceptors. 

- nVNS prevents the increase in extracellular glutamate in the trigeminal 

nucelus caudalis following nitric oxide treatment. 

- Future studies will determine if the mechanism of action of nVNS in 

the treatment of trigeminal pain is due to changes in levels of serotonin 

and/or norepinephrine in the trigeminal nucleus caudalis. 
Funding 
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Methods Cont.  
 

- nVNS in Rats 
 The ventral portion of the rat’s neck was 

shaved. The nVNS device was placed using an 

Elizabethan collar with 2 metal electrodes 

secured with glue and velcro. These electrodes 

were connected to a Crown XLS 150 amplifier 

 to supply the calibrated stimulus across the 

electrodes on the collar. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Electrode placement 

 

 In order to ease the application of the collar, 

rats were anesthetized for less and 5min in 3% 

isoflurane.   

The rats received 2 minutes of nVNS. Control 

rats received the collar placement, but the 

stimulator was not turned on. The collar was 

removed ~1-2 minutes after the stimulator was 

turned off. 

 

Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 4-5: nVNS with the novel device did not 

significantly change blood pressure or heart rate. 

 
 

Introduction  
 

Vagus nerve stimulation (VNS), via an 

implantable device, has been approved 

and marketed for treatment 

of epilepsy and treatment-resistant 

depression.1 Early use of the device on 

epilepsy patients with comorbid 

migraine demonstrated positive effects 

on headache and migraine pain.2 

Recently, a non-invasive technology 

(nVNS) for stimulating the cervical vagus 

nerve was developed and is 

being used clinically for treating various 

headache disorders. Although the 

mechanism of action is not yet 

known, several studies have shown that 

VNS causes modulation of various 

neurotransmitters in brain centers 

involved in headache pain during a 

migraine attack.3 

 

Objectives 
The effects of nVNS on pain sensitivity 

and neurotransmitter release from the 

trigeminal nucleus caudalis was studied 

in an established rat model of migraine. 
 

Methods  
In order to study the effects of nVNS on 

trigeminal nociception, a recurrent 

headache rat model was used. The 

model uses repeated inflammatory dural 

stimulation to mimic the repeated 

activation of dural afferents believed to 

occur in patients with recurrent migraine 

headache. In addition, heart rate and 

blood pressure were monitored using a 

catheter in the femoral artery in the rat. 

 

- Recurrent Dural Stimulation 
 

The rat dura was repeatedly stimulated 3 

times per week with IS (Inflammatory 

Soup: Bradykinin, Prostaglandin E2, 5-HT, 

Histamine) to simulate episodic 

activation of dural nociceptors in 

recurrent headache. Rats were fitted 

with a cannula for IS infusions.  

 

Von Frey testing was done in a plastic 

tube restraint in the periorbital region of 

the rat above the rostral part of the eye. 

Threshold was noted when rats quickly 

retracted their head away from the 

bending von Frey monofilament or 

performed a long brush of its face with 

the ipsilateral paw.  
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Von Frey 

 testing and rat dura 

 

 

 

References 
1. Monteith T, Goadsby P. 2011. Acute Migraine Therapy: New Drugs and New 

Approaches. Current Treatment Options in Neurology 13:1-14. 

2 .Beekwilder JP, Beems T. Overview of the clinical applications of vagus nerve 

stimulation. Clin Neurophysiol. 2010 Apr;27(2):130-8. 

3. Groves, Duncan A.; Brown, Verity J. 2005. "Vagal nerve stimulation: A 

review of its applications and potential mechanisms that mediate its clinical 

eects". Neuroscience & Biobehavioral Reviews 29 (3): 493 

 

 


	Introduction
	Results
	Conclusions
	Conflict of interest
	References

