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NEEDS ASSESSMENT

Migraine affects 10-12% of the US population * and is among the most disabling disorders worldwide °.
Yet biomedical research, graduate and postgraduate education on migraine are in their infancy >*.
Therefore, it would be of significant public health value to (a) enhance headache research and education
through seminars and forums that are designed to share information on current clinical and translational
research in migraine; (b) create new hypotheses on disease mechanisms and therapeutic targets that can
be tested pre-clinically; and (c) develop networks of investigators who collaborate on migraine research
designed to ultimately improve the care of the migraine sufferer.
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INTENDED AUDIENCE

This Research Summit is intended for established headache researchers, young physician researchers
and physician investigators who apply for National Institutes of Health (NIH) career development awards
for post doctorates (e.g., K awards) and MD/PhD scientists.

METHOD OF PARTICIPATION

This course will consist of formal lectures (complete with AV enhancements) presented by practitioners,
from several disciplines, who are involved in headache research and treatment. An interactive question
and answer period will follow at the end of each session. Each attendee will receive a syllabus of course
materials. Upon adjournment of the course, the attendee will complete an evaluation form which provides
the participant an opportunity to review the program content and method of delivery, and to identify future
educational needs and possible bias in the presentations. CME credits will be forwarded to the attendees
after receipt of completed evaluations.

OBJECTIVES
The goals of this course are to:
To create a scholarly medium for exchange on recent advances in migraine research

To promote collaborative translational research in migraine
To support young investigators in their quest for novel hypotheses into migraine research

820 N. Orleans, Suite 217, Chicago, IL 60610-3132 Toll Free (888) NHF-5552 Fax (312) 640-9049 www.headaches.org
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1. How well were the objectives of this activity me  t?

Objectives
As a result of this course, participants will be Not at Somewhat | Mostly Fully
able to: all met met met met

Determine the role of translational research in
deciphering migraine mechanisms.

Understand the value of neuroimaging modalities
in understanding the pathophysiology of
migraine.

Develop a clear picture of the progressive nature
of migraine, mechanisms of progression, and
effective approaches to preventing it.

Enhance their knowledge of methods
of headache clinical research

2. How would you rate other aspects of this activit  y? 1 is lowest with 4 being the highest.

Element

1 2

3

4

The activity will encourage me to make changes to my
practice (research, clinical or both).

The activity was relevant to my practice (research,
clinical or both).

The presentations provided me with new ideas how to
improve patient care and/or headache clinical research
methods.

The presentations were useful and | can share the
information with colleagues (research, clinical or both) to
improve patient care and/or migraine clinical research
methods.




3. How would you rate the speaker(s) for this activ

ity?

Speaker

Poor Fair

Good

Excellent

Michael A. Moskowitz, MD

Rima M. Dafer, MD, MPH

Andrew Charles, MD

Fred Michael Cutrer, MD

Sheena Aurora, MD

Kathy L. Gardner, MD

Andrew Russo, PhD

Rami Burstein, PhD

Andrew H. Ahn, MD, PhD

Richard B. Lipton, MD

Ann . Scher, PhD

K. Michael Welch, MB, ChB, FRCP

Frederick G. Freitag, DO

Nabih M. Ramadan, MD, MBA, FAAN, FAHS

Messoud Ashina, MD, PhD, Dr Med Sci

Marielle Kabbouche, MD

Dawn Marcus, MD

4. Would you recommend this activity to your collea
Yes No

5. Other suggestions about the activity and areas f

gues?

or improvement?

6. Suggestions for future topics and/or speakers?




7. Funding for this conference may have come fromc  ommercial sponsors. Do you think you
were adequately informed of commercial sponsorship or faculty conflict of interest?

Yes No

If no, how could this be improved?

8. Do you think the presentations were biased towar  ds certain commercial products or
services?

Yes No

If yes, how could this be improved?

9. How did you hear about this program?
Mail NHF Web site E-Mail

Printed Announcement in Journal Other

10. What other professional meetings do you attend?

To help improve our activities at Rosalind Franklin University of Medicine and Science, random post-
survey forms will be emailed within 3 to 4 months and your cooperation is appreciated in participating in
these surveys.
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education program:
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Printed name:
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Telephone:

E-mail address:

Specialty:

Affiliation:
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REGISTRATION 1:00pm to 5:00 pm
RECEPTION 6:00pm to 6:30pm
DINNER 6:30pm to 7:30pm
Welcome and Introduction 7:30pm to 7:35pm

Seymour Diamond, MD

Key Note Address 7:35pm to 8:35pm
Translational Research and Migraine
Michael A. Moskowitz, MD
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Welcome and Introduction 7:50am to 8:00am

Seymour Diamond, MD
Nabih Ramadan, MD, MBA, FAAN, FAHS

Neuroimaging of Headache 8:00am to 10:00am
K. Michael Welch, MB, ChB, FRCP, Chair

White Matter Lesions
Rima M. Dafer, MD, MPH

Preclinical Imaging of CSD, Relevance to Migraine
Andrew Charles, MD

Imaging Aura with fMRI, PET and SPECT Scans
Fred Michael Cutrer, MD
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Sheena Aurora, MD

REFRESHMENT BREAK 10:00am to 10:15am

Mechanisms and Neurogenetics of Migraine

i 10:15am to 12:15pm
Kathy L. Gardner MD, Chair

Familial Hemiplegic Migraine
Kathy L. Gardner, MD

Preclinical Physiological Models
Andrew Russo, PhD

Models of Sensitization
Rami Burstein, PhD

Preclinical Behavior Models
Andrew H. Ahn, MD, PhD

LUNCH 12:15pm to 1:15pm
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Richard B. Lipton, MD, Chair

Natural Course of lliness

Richard B. Lipton, MD
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Mechanisms of Progression
K. Michael Welch, MB, ChB, FRCP

Therapeutic Approaches to Progression
Frederick G. Freitag, DO
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REFRESHMENT BREAK
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Surgical and Device Trials
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Future Headache Therapeutics: Beyond Traditional Cl
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Messoud Ashina, MD, PhD, Dr Med Sci

Pediatric Clinical Trials
Marielle Kabbouche, MD
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Dawn Marcus, MD

inical
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Affiliate Member of the Faculty
Harvard-MIT Division of
Health Science & Technology
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Boston, MA
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Translational Research in Migraine

Michael A. Moskowitz
Massachusetts General Hospital
Harvard Medical School

I can think of few neurological conditions that offer the rich opportunity to explore translational
mechanisms and translational approaches to problem solving than migraine headache.
Beginning with the discovery of the trigeminovascular system nearly three decades ago, the
field of migraine has been inspired by clinical questions answered only by bi-directional
approaches that involve bedside and laboratory investigation. Some questions addressed in the
lab have been quite mundane (e.g., the hemicranial distribution of pain), whereas others posed
more difficult challenges (e.g., the relation between the headache and aura, the relation
between cortical spreading depression and the aura, the mechanism of action of ergot
alkaloids/triptans and migraine prevention drugs, the triggers for pain and even the triggers for
migraine attacks). Some of the above and many more still remain unsolved (e.g., how and why
does an attack begin). Solutions to some of these problems have been forthcoming from the
disciplines of molecular biology, genetics, functional imaging and pharmacology to name a few,
and have been driven by the arrival of new technology. This must be encouraged and continue
on an even larger scale. Animal models have served us well so far, playing a seminal role by
providing a framework to think and experiment despite obvious differences in terms of scale and
complexity between the human and rodent brain. Fortunately for mankind, the trigeminovascular
system and its neurotransmitters and receptors as well as cortical spreading depression are not
unique to human brain and deserve continued study towards identifying triggering mechanisms
and the impact of genes, hormones, drugs and other modulators.

As a look to the past and to the future, this presentation will address the importance of cerebral
blood vessels to migraine attacks. Harold Woolf and others posited an enduring relation
between blood vessels and migraine. Although the evidence for Woolf’s point of view is sparse,
the notion proposed by Woolf has not yet been sufficiently disputed by either clinical or
experimental data. Some have rejected a role for blood vessels, whereas others have become
fixated on migraine as a brain disorder. The evidence for this emphasis is mounting, but hardly
bullet proof. We all know that there are exceptions, and with exceptions comes the opportunity
to place into context blood vessels and existing concepts of migraine pathophysiology. If we've
learned anything over this past century, it is that migraine is a heterogeneous disorder with
numerous twists and turns that continue to confound doctors and patients alike.



White Matter Lesions

Rima M. Dafer, MD, MPH
Associate Professor
Department of Neurology
Loyola University

Chicago, IL
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Migraine and White Matter Hyperintensities

Rima M. Dafer, MD, MPH
Loyola University Chicago
Stritch School of Medicine

Migraine is a common paroxysmal benign neurovascular disorder affecting 28 million people in
the United States. Migraine with aura is associated with higher prevalence of white matter
hyperintensities (WMHSs) and increased risk of ischemic stroke, especially in women younger
than 45 years of age.

White matter hyperintesities (WMHSs) are silent scattered hyperintense signals located in the
periventicular areas or deep white matter, detected with fluid attenuation inversion recovery
(FLAIR) and T,-weighted MRI sequences. Neuropathologically, WMHs are characterized by
gliosis, axonal loss and ischemic demyelination, resulting in microvascular damage.
Pathogenesis of WMHSs includes acute ischemia due to disruption of blood flow in a perforating
artery vs. chronic ischemia in the periventricular and deep white matter regions, both of which
are internal watershed regions with lowest perfusion. WMHs, when confluent, appear to be
caused by cerebral small vessel disease, an increasingly common disorder with age and an
important cause of cognitive decline and vascular dementia *, with characteristic diffuse
arteriopathy and hyaline deposition >. CBF studies using MRI and PET techniques showed
hypoperfusion in white matter but not in grey matter, in areas of radiological WMHSs and to a
lesser extent in normal appearing white matter **. Conditions associated with diffuse
arteriopathy increase the susceptibility of white matter lesions to chronic ischemic changes.

Migraine and WMHSs

Migraine is associated with higher prevalence of WMHSs, a risk greatly increased in migraine
with aura (MA) ***. In a meta-analysis by Swartz, the odd ratio (OR) of WMH in migraineurs was
3.9 2, The CAMERA study demonstrated an increased risk of Infratentorial WMHSs in migraine
compared to control, predominantly in the cerebellar hemispheres (OR 7.1, 95 % CI 0.9 to 55)
1314 The adjusted ratio was higher in patients with MA (OR 13.7, 95% ClI, 1.7 to 112). The risk
was further increased in patients receiving vasoconstrictive migraine treatment, mainly
ergotamine . While the lifetime risk of WMHs in migraine is unclear, the load of such
hyperintensities is believed to be exponential to the duration and frequency of migraine attacks
1315 suggesting that migraine is a progressive brain disorder *°.

Mechanism of WMHS in migraineurs

Mechanism of WMHSs in migraine remains unclear. Migraine, in particular MA is an independent
risk for ischemic stroke. Migraine is associated endothelial dysfunction, decreased cerebral and
peripheral vascular resistance, hypercoagulability, inflammation, higher prevalence of patent
foramen ovale (PFO) and right to left shunt, vascular risk factors and genetic predisposition for
arterial disease.

Cortical spreading depression (CSD) and endothelial dysfunction

The aura of migraine occurs as consequence of cortical spreading depression (CSD) of Leao.
During CSD, there is intense propagating depolarization of neurons and glia, followed by
prolonged neuronal depression. CSD is accompanied by significant microvascular changes,
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with brief cortical hyperperfusion followed by prolonged delayed hypoperfusion, decreased
cerebral blood flow (CBF) and tissue hypoxia. During CSD, there is insufficient oxygen supply,
with tissue adjacent to arteries and capillaries consuming O, at expenses of more distant tissue.
A shift of NADH/NAD ratio toward NAD follows in the perivascular tissue with prime access O,,
with increase in micro-watershed areas '

CSD activates matrix metalloproteinase (MMP-9), thereby altering blood brain barrier (BBB),
and thus contributing to the generation of migraine symptoms. Such permeability alteration
leading to cerebral perfusion changes during migraine attack, may explain the mechanism of
deep and periventricular white matter changes commonly described in migraine with aura *®. In
addition, CSD-related MMP activation leads to immune cell invasion of neural tissue, disruption
of endothelial lining, reduction of endothelium dependent relaxation, increased platelet
aggregability, and release of oxygen free radicals, nitric oxide, and proteases ** *°.

There is mountable evidence to suggest that endothelial dysfunction occurs in migraine.
Endothelial dysfunction during migraine may lead to chronic hypoperfusion, impaired
autoregulation, increased BBB permeability, followed by leakage of plasma component into
vessel wall and surrounding brain parenchyma.

Migraine and hypercoagulability

Migraine is thought to be associated with a hypercoagulable state. Increased platelet
aggregability has been observed during migraine ** %!, with elevated von Willebrand factor
(VWEF) ictally and interictally 2 %,

Migraine and inflammation

Increased markers of vascular inflammation have been implicated as a potential etiology for
WMHs. Migraine is associated with reduced number of endothelial progenitor cells (EPCs)
which play a role in neoangiogenesis after ischemia **. Reduced number of EPC is inversely
linked to burden of atherosclerotic risk ?*. Calcitonin gene related peptide (CGRP), a key
mediator of neurogenic inflammation in the trigeminovascular pathway during a migraine attack
has been demonstrated to drive TNF-a, IL-1b, and IL-6 secretion by mononuclear cells®.
Consequently IL-6 reduces EPC numbers ?°, thereby reducing endothelial repair capacity in
migraine.

Cardiac shunts and risk of WMHs

A higher prevalence of right to left cardiac shunts, mostly due to pPatent foramen ovale (PFO)
has been described in migraine especially MA compared to control. PFO, a risk potential factor
for ischemic stroke, is two to three times more common in MA than in controls 2”?°, It has been
suggested that paradoxical microemboli and vasoactive chemicals may bypass lung filtration
and reach the brain through the right to left shunt, leading to neuronal depolarization and
spreading depression, and triggering a migraine aura. Recent studies did not show an
association between the likelihood of WMH load and the presence or the grade of right to left
shunt ** %' Migraine and vascular risk factors

Migraine is associated with a higher risk of atherosclerotic cardiac disease and an increased 10-
year predicted risk of coronary artery disease based on the Framingham risk score 3* %,
Migraine has been linked to a number of conditions associated with atherosclerosis. In a recent
population-based study in the Netherlands, MA patients were more likely to have unfavorable
cholesterol profile (OR 1.64, 95% CI 0.5 to 0.7) and high blood pressure (OR 1.76, 95% CI 1.04
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to 3.0) compared to non-migraineurs *2. The Atherosclerosis Risk in the Community study
(ARIC) showed a higher risk of retinopathy in migraineurs compared to those without headache
(OR 1.38) **. In the Women Health Study, the association between active migraine with aura
and ischemic stroke was apparent in young women with lowest Framingham risk score group
(Hazard Ratio 3.99: 1.8 to 9.08) *, in contrast, to a higher hazard ratio of 3.34 for myocardial
infarction in older women with highest Framingham risk score *. Whether migraine and WMHs
are related to the presence of vascular risk factors is yet to be determined.

Genes and migraine

Genetic role has been implicated with the increased risk of WMHSs in migraineurs. Cerebral
autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL)
is an inherited small vessel disorder caused by mutation in the Notch3 gene *. Itis
characterized by recurrent ischemic strokes, migraine attacks, cognitive dysfunction, subcortical
dementia and premature death. Pathologically, the vasculopathy is characterized by
degeneration of vascular smooth muscle cell and deposition of granular osmiophilic material
within the basement membrane and, with accumulation of Notch3 protein at the cell membrane.
MRI of patients with CADASIL shows significant periventricular WMHs *’. A decreased CBF
especially in the normal appearing white matter may occur before the appearance of overt
hyperintensities®. CADASIL is associated with vascular dysfunction, with impaired cerebral
vasoreactivity and impaired autoregulation, suggestive of a decreased relaxation or increased
resistant of cerebral vessel .

WMHs are also common in other syndromes associated with small vessel arteriopathy,
including mitochondrial encephalopathy lactic acidosis, stroke-like episode (MELAS) “° and
autosomal dominant vascular retinopathy, migraine and Raynaud’s phenomenon .

The methylene tetrahydrofolate reductase (MTHFR) C677T gene pleomorphism has been
linked to MA and hyperhomcysteinemia, the latter a known risk for vascular disease and
endothelial dysfunction *>“. It was suggested that migraine may act as a mediator in MTHFTR
ischemic stroke pathway **. In the Woman Health Study, carriers of MTHFR C677T mutation
were less likely to have MA. However, coexistence of MA with the genotype increased the
overall cardiovascular risk (RR 3.66, 95% CI 1.69 to 7.90), in particular the ischemic stroke risk
by four folds (RR 4.19, 95% CI 1.38 to 12.74) **. MTHFR C677T gene pleomorphism was not
associated with higher risk for MRI abnormalities “.

Other genetic variations in migraine include the roles of homocysteine, angiotensin gene, and
endothelial nitric oxide (eNOS). Hyperhomcysteinemia suppresses Na-K ATPase activity in
parietal, prefrontal and cingulate in rats, suggesting possible mechanism of stroke in migraine
. While the genetic variation in the angiotensin AGT gene has been associated with cerebral
ischemia and lacunar stroke, its role as risk factor for migraine is controversial *" %%
Endothelial NO release plays an important role in maintaining normal CBF and mediating
dynamic autoregulation. The eNOS 894GG genotype is associated with endothelial dysfunction
and is a risk factor for lacunar stroke °*** . There is conflicting data on the association between
eNOS and the risk for MA °2 3,

Elevated levels of circulating markers such as ICAM-1 and thrombomodulin have been found in
patients with symptomatic small vessel disease and have been related to the progression of
WMHSs on MRI ***°, The transient increase in ICAM-1 and TNF-alpha in the internal jugular
blood of migraine without aura patients when assessed ictally may be induced by sensory
neuropeptides released from activated trigeminal endings *. This association supports a role of
endothelial cell activation in disease pathogenesis *°.
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In summary, MA is associated with increased prevalence of WMHSs, the significance of which is
not well understood. Various mechanisms have been implicated in the development of WMHs in
MA including endothelial dysfunction, inflammation, platelet aggregability, hypercoagulability
state, comorbidities and associated cardiovascular risk factors and genetic predisposition.

There is no evidence to suggest that presence of WMHSs increases the risk of stroke in

migraine. Extensive hypercoagulability work up in migraine with WMHS may prove unnecessary.
It is unclear whether migraine prophylaxis lowers the incidence of WMHs or whether migraine
subjects with WMHs may benefit from stroke prevention strategies with antiplatelets or statins.
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Waves of cortical activity similar to cortical spreading depression (CSD) have been
demonstrated by functional imaging studies in patients with migraine. There is growing evidence
that CSD in rodents is a valid model for the study of mechanisms that may underlie migraine.
First, diverse medications that are used for migraine prevention have been found to inhibit CSD.
Second, transgenic mice expressing known and potential human migraine genes show a
reduced threshold for CSD and altered patterns of CSD propagation. Third, the threshold for
induction of CSD is reduced in female mice, a finding that is consistent with the increased
prevalence of migraine in women. CSD can be visualized through the intact skull of living
rodents using optical imaging techniques. These imaging techniques reveal complex, multi-
phasic changes in the activity of brain parenchyma and in the content and caliber of blood
vessels. Dissecting these changes may reveal distinct targets for migraine therapy. The main
disadvantage of this approach is the relatively low throughput resulting from the technical issues
involved in the preparation. Modifications in the technique are presently being made to address
this issue. Advantages of this approach include the simultaneous investigation of multiple
cellular and vascular mechanisms over wide fields, the ability to directly investigate the
physiological consequences of human migraine genes, the potential for direct comparison with
functional imaging of migraine mechanisms in humans and the ability to identify and
characterize completely novel therapeutic interventions for patients with migraine.
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Introduction

In about 15% of migraineurs, headache is preceded by one or more focal neurological symptoms,
collectively known as the aura. Aura symptoms, the majority of which are localizable to the cerebral
cortex, can include: transient visual disturbances, marching unilateral paresthesias and numbness or
weakness in an extremity or the face, language disturbance and vertigo. Investigations of the aura
have been particularly difficult because of its episodic nature and short duration (typically under 1
hour) make routine scheduling impossible. The slowly expanding quality of the visual and sensory aura
symptoms has led to speculation the phenomenon of cortical spreading depression might underlie the
migraine aura. Cortical spreading depression is a wave of hyperexcitation followed by suppression
which moves across areas of contiguous cortex at a slow rate of about 2 to 5 mm per minute after
mechanical or chemical perturbation in experimental animals (Leao 1944). In the 1940s, K. S. Lashley
(1941) plotted the progression of his own visual auras and estimated the rate of progression of the
migrainous phenomenon across his striate cortex to be about 3 mm per minute.

Over the last two decades, newer imaging techniques have begun to provide non-invasive
methods of studying metabolic as well as hemodynamic parameters in the brains of migraineurs
during the migraine aura. This lecture briefly reviews the application of several functional
techniques to the study of the aura. Imaging of the aura itself is quite difficult as it is a relatively
brief phenomenon and occurs in most cases without warning. In a few instances, auras or aura-
like phenomena have been captured fortuitously when the subject experienced the aura while
being studied with an imaging technique for unrelated reasons. In other cases, subjects whose
auras could be induced by physiological stimuli have been studied.

The preparation time required to employ functional imaging techniques has limited the
opportunities available to study the spontaneous aura and the number of published cases is
limited. Because of their historical importance, Olesen’s studies using ***Xenon blood flow
techniques have been included. The numbers of studies using SPECT and PET during the aura
are limited. Functional MRI techniques have been most often employed to study the acute aura
because of their fast imaging acquisition capabilities and short preparation time requirements.

Xenon Blood flow studies
Some important early clues to the pathophysiology of migraine came from Xenon blood flow studies in

the 1980s. Olesen and colleagues and others, used intraarterial 133Xe blood flow techniques to
investigate the hemodynamic changes that occurred during aura-like symptoms induced during carotid
angiography (Olesen 1981, Lauritzen 1983, Skyhoj Olsen 1987). In general, these investigations
reported reductions in cerebral blood flow in posterior regions of the brain; although areas of
hypoperfusion in frontal cortex have also been observed both with (Lauritzen 1983) and without
(Friberg et al. 1987) simultaneous reductions in posterior parietal and occipital blood flow. Blood flow
changes remained relatively static for the subsequent 30 minutes to 1 hour. After 1 hour, blood flow
appeared to be either normal or focally decreased (Lauritzen et al. 1984, Olsen et al. 1990) although
the number of available measurements obtained after one hour was limited. Some investigators noted
an anterior spread of oligemia at a rate of about 2-3 mm per minute (Lauritzen 1983) across
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neurovascular boundaries, although the accuracy of this rate has been questioned because of the
convoluted nature of the human cerebral cortex.

Some have observed that the severity and duration of aura symptoms may be related to the severity
and duration of blood flow alterations (Andersen et al., 1988). It has also been suggested that
observed decreases in blood flow are sufficient to cause the neurologic symptoms of migraine aura.
However, occasional symptomatic patients with no disturbance in cerebral blood flow have been
observed in several series (Andersen, 1988, Lauritzen et al. 1983, Lauritzen et al. 1984). Furthermore,
the estimated reductions in blood flow range from 17% (Lauritzen et al. 1984) to 35% (Olesen 1981);
well above the ischemic threshold (i.e. >75%). However, there has been speculation that reported
values may be underestimated due to the artifact of Compton's scatter (Skyhoj Olsen et al. 1987).

Both the intraarterial and inhalational ***Xenon techniques have also been used to examine
blood flow during both induced headaches and spontaneous migraine headaches. The results
of these studies are varied and likely to be strongly influenced by the time of measurement.

SPECT

Single photon emission tomography (SPECT) utilizes the injection of technitium Tc 99m hexamethyl
propylenamine oxime (Tc 99m HMPAO) or other tracers to semiquantitatively assess regional cerebral
blood flow, and has also been used to investigate cerebral hemodynamics in migraineurs both during
attacks and interictally. There are numerous case studies (La Spina et al, 1997; Seto, H. et al 1994)
and small series (Soriani et al 1997; Trucco et al. 1994; Spina et al. 1992, Friberg et al 1989) using
this technique. In most reported cases of migraine with aura, ictal studies reveal areas of cerebral
hypoperfusion, which usually but not always, correspond with the topography of the reported
symptoms (Soriani et al 1997; Friberg 1989). Between attacks, some series have shown normal flow in
the majority of subjects (Soriani 1997; Friberg 1989, Wessley et al 1989) while others report persistent
areas of hypoperfusion (Spina et al 1992).

PET
Woods and co-workers reported a single case in which a common migraineur was fortuitously
caught at the onset of a spontaneous, stereotypical attack while undergoing a series of blood

flow measurements with PET and 150-labeled water. A bilateral spreading hypoperfusion
starting in visual associative cortex (Broadmann areas 18 and 19) was observed within a few
minutes after the beginning of a bilateral occipital throbbing headache. The hypoperfusion
progressed anteriorly with time across vascular and anatomical boundaries (Woods et al.,
1994). The patient reported difficulty in focusing on the visual target during a part of the study
and this has been interpreted to be an atypical visual aura. However, it is difficult to interpret the
relationship between these blood flow changes and typical migraine aura or SD because they
were noted to occur during an atypical visual disturbance without the classical spreading
scintillating scotoma.

Another PET series published by Andersson and co-workers in 1997, included attacks provoked
by red wine in migraineurs both with and without aura. In a total of 10 headaches studied,
including both migraine with and without aura, they observed a 23% decrease in the blood flow
and 22.5% decrease in metabolism in primary visual cortex. No significant increases in rCBF
were detected either during the aura or the headache phase (Andersson et al 1997).

In a relatively recent study of migraine visual aura induced with glyceryl trinitrate, activation was
observed in the primary visual cortex of the occipital lobe (Affridi et al., 2005). Although the
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subject was unable to identify laterality in his visual symptoms which were followed by a left
sided headache, the area of activation was in the right occipital cortex.

Functional Magnetic Resonance Imaging (fMRI)

Two features of fMRI that make it particularly attractive for studying brief and transient
phenomena like migraine are the fast acquisition times for most techniques and lack of
necessity for generation of isotopes. In addition, fMRI encompasses multiple techniques which
assess various hemodynamic and metabolic parameters. Since the acquisition times for many
of these techniques is relatively fast, fMRI promises to allow the evaluation of both
hemodynamic and metabolic parameters within a single attack. Three fMRI techniques are
currently being used to investigate typical acute migraine attacks; these include diffusion
weighted imaging, perfusion weighted imaging and studies using the BOLD effect. Magnetic
resonance spectroscopy has been utilized to investigate migraine both interictally and during
prolonged attacks.

Diffusion Weighted Imaging (DWI)

Through the application of a pair of diffusion-sensitizing magnetic field gradients to dephase and
rephase the protons in water, diffusion weight imaging detects any net translational movement
of water with extreme sensitivity. DWI is a sensitive technique to detect cell swelling secondary
to any condition that causes an impairment of Na'K* ATPase activity such as ischemia (Warach
et al 1995), seizures (Wang et al. 1996) or SD (Gardener Medwin 1994; Hasegawa 1995). In
animal models, spreading depression has been shown to induce spreading waves of reduced
apparent diffusion coefficient (ADC) of water, moving at a rate of 3mm/minute. The decreased
cortical ADC regions returned to normal levels after 30 seconds of decline (Gardener Medwin
1994; Hasegawa 1995). In patients suffering from spontaneous, acute visual migraine auras
and in post-aural scans of these same patients quantitative maps of ADC were symmetric and
normal (Cutrer et al 1998).

Perfusion Weighted Imaging (PWI)

Perfusion weighted imaging provides estimates of hemodynamic changes based on dynamic
T2-weighted spin-echo, echo-planar imaging during the injection of a high susceptibility
paramagnetic contrast medium such as gadodiamide. Three parameters can be obtained:
relative cerebral blood flow (rCBF), relative cerebral blood volume (rCBV) and mean transit time
(MTT) based on the signal loss caused by the first pass of a bolus injection of a paramagnetic
contrast agent through the brain parenchyma. The signal loss in each voxel is related to the
degree of contrast medium in the voxel. The signal intensity versus time curves are converted
into concentration versus time curves, the area under the curve is used to create the rCBV
maps. Contrast agent arrival time, time to peak change and transit time can be calculated on a
voxel by voxel basis and can be used to infer information on rCBF (Sorensen and Rosen 1996).
PWI is particularly sensitive to changes occurring at the microvascular level (capillary/arteriolar),
and is minimally invasive and has higher spatial resolution than radionuclide-based techniques.
We have reported PWI findings during five spontaneous migraine visual auras in four patients.
Alterations in rCBF (decrease 16-53%), in rCBV (decrease 6-33%) and MTT (increase 10-54%)
were observed in the gray matter of occipital cortex contralateral to the affected visual hemifield
(Cutrer et al 1998). Subsequent additional cases studied (now eight auras in seven patients)
have yielded consistent findings. No changes in frontal cortex, thalamus, temporal cortex or
brainstem were observed.
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Blood Oxygenation Level-Dependent Imaging (BOLD)

The Blood Oxygenation Level-Dependent (BOLD) technique is based on changes in
deoxyhemoglobin content and its corresponding MRI signal changes. During cerebral activation
there is an increase in rCBF approximately twice the increase seen for rCBV (Sorensen and
Rosen 1996). Under most activation paradigms there is a mismatch between oxygen delivery,
governed by rCBF (increased) and oxygen utilization (slight increase); whereas during ischemia
the oxygen extraction is significantly increased. This technique can supply interesting
information in relating to neuronal activation, spreading depression and ischemia. Cao and
colleagues (1999) have reported 6 cases (5 MwA and 1 MwoA) of visually triggered headache
where activated and then suppressed BOLD effect propagated into contiguous occipital cortex
at a rate from 3 to 6 mm/min. This study confirms a propagating neurovascular event in the
occipital cortex not only in MwA but also in MwoA which is suggestive of spreading depression.
In five of the six cases, the onset of headache or visual change was preceded by suppression of
the initial activation. This neuronal suppression, accompanied by baseline contrast intensity,
increases the indicated vasodilation and tissue hyper-oxygenation (Cao et al., 1999).

As a part of a subsequent case series, BOLD imaging was performed during exercise-induced
visual auras (Hadjikhani et al., 2001) in a single subject. During clinical visual aura symptoms, a
loss of cortical activation to visual stimuli was observed in the occipital lobe contralateral to the
visual field in which the scotoma occurred. Cortical activation within the affected occipital lobe
returned to normal, with resolution of the clinical symptoms. In these studies, BOLD imaging
was initiated after exercise but prior to the onset of symptoms, was continued for the full
duration of visual symptoms and was extended into the headache phase following resolution of
the visual symptoms. When the patient reported the beginning of the aura, loss of cortical
activation to visual stimulation was observed first in an area of visual association cortex known
as V3a and not, as it had been expected, in the primary visual cortex. The area of cortex which
was unresponsive to visual stimulation then expanded into neighboring occipital cortex at a rate
of 3.5 mm per minute to encompass large portions of the ipsilateral primary visual and
association cortices. The area of BOLD signal change within striate cortex corresponded to the
retinototopic visual disturbance. At the end of the aura, perfusion defects were present in the
same areas that had exhibited abnormal BOLD activation. The BOLD fMRI findings shared
several characteristics with those that have been observed in CSD (James et al., 1999),
suggesting that a human analogue of CSD might be the source of migraine visual aura.
Findings in two cases of spontaneous migraine visual aura were similar to those during later
time points in the inducible patient.

In a later series of patients, who experienced migraine attacks (with and without aura) triggered
by visual stimuli, 75% were found to have increases in BOLD within the red nucleus and
substantia nigra prior to changes seen in occipital cortex, suggesting the involvement of these
brain areas in both migraine with and without aura (Cao et al., 2002). The findings from patients
experiencing prolonged aura are inconsistent (Jager et al., 2005; Smith et al., 2002; Gekeler et
al., 2002, Relja et al., 2004).

Summary

Although the most striking impression that emerges upon review of these studies is the
frequency of apparently conflicting data, certain features of migraine attacks seem to be
consistently present across techniques.
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1. Migraine visual aura is associated with transient decreases in rCBF that are most often
posterior in origin. These findings have been documented with Xenon blood flow, SPECT, PET
(if the transient difficulty in focusing can be considered an aura) and fMRI perfusion studies.

2. These blood flow changes show an apparent anterior migration with time. These findings
have been documented with Xenon blood flow, SPECT, PET (if the transient difficulty in
focusing can be considered an aura) and BOLD imaging and suggested fMRI perfusion studies.
3. The magnitude of those decremental blood flow changes seems to be consistently smaller
than that associated with ischemic injury using Xenon blood flow and fMRI perfusion weighted
imaging.

The continued development of functional imaging technologies holds great promise for further
advances in our understanding of the biological basis of the migraine aura.
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Novel Techniques (e.g., Tensor Imaging)

Sheena Aurora, MD
Swedish Headache and Pain Center
Seattle, WA

There have been remarkable strides in the last decade in unraveling the mystery of primary
headache disorders like migraine and cluster. The vascular theory has been superseded by the
neurovascular phenomena which seems to be the permissive triggering factor in migraine. This
has been achieved through new imaging modalities such as PET (positron imaging tomography)
and fMRI (functional magnetic resonance imaging) and recently tensor imaging. Prior to these
imaging techniques, it was impossible to study the primary headache disorders since these had
no structural basis. There is now an increasing body of evidence for the brain to be involved
primarily in migraine and the vessel dilatation as an epiphenomenon. Hyperexcitability seems to
be the basis of predisposition to migraine. Neurophysiological models thus, are able to discern
differences in migraine and non-migraine brain and may also serve as putative markers for
future research.
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Familial Hemiplegic Migraine

Kathy Gardner MD
Veteran’'s Administration Pittsburgh Healthcare System
University of Pittsburgh

Mutations in at least five genes have now been linked to the hemiplegic migraine
phenotype, including the FHM1 calcium channel CACNA1A and the FHM2 sodium potassium
ATPase ATP1A2 wherein hemiplegic attacks are the predominant clinical presentation. Among
three other genes, nonhemiplegic features may be more or less prominent (SLC1A3/ EAAT1,
SLC4A4) with degree of variability (FHM3/ SCN1A) possibly evoking modifier gene effects.
Thus far all five genes share some function in modulating selective ion flow(s) across cell
membranes as a channel, transporter, or co-transporter. Other episodic phenotypes seen with
the hemiplegic linked genes include epilepsies, ataxias, and uncommonly coma/cerebral edema
or paroxysmal dystonias, consistent with the central importance of perturbations in ion gradients
and flow across cell membranes that lead to such disease states and susceptibilities.

Invertebrate modeling helped identify a feedback loop for the FHM1 calcium channel/
UNC-2 via regulation of tryptophan hydroxylase gene expression (serotonin). An insulin receptor
pathway co-modulates tryptophan hydroxylase gene expression (serotonin) in the same
invertebrate model. Each new hemiplegic gene that is identified contributes an important piece
to the puzzle of understanding the consequences of mutations on downstream signaling
pathways relevant to specific clinical features, including hemiplegic migraine aura. Some
components of the migraine signaling pathways will be shared among the growing number of
hemiplegic genes as we identify presumably multiple parallel pathways for each gene.
Understanding the components, structure, and overlap of these pathways is the first step in
understanding how they might be controlled, thereby leading to interventions (drugs) that
compensate or divert signaling away from pathways that lead to migraine.
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Preclinical Physiological Models

Andrew F. Russo, PhD
Professor and Director Biosciences Program Department Molecular Physiology and Biophysics
University of lowa

The neuropeptide calcitonin gene-related peptide (CGRP) plays a key role in migraine. Injection
of CGRP into a small population of migraineurs has been reported to be sufficient to induce
headache and CGRP receptor antagonists are currently in clinical trials as antimigraine drugs.
However, a major challenge for studying migraine is the lack of animal models. We have
generated a double transgenic mouse that is sensitized to CGRP as a result of elevated
expression of human receptor activity modifying protein 1 (hRRAMP1) in the nervous system. The
expression of NRAMP1 is dependent on nestin promoter-driven expression of cre recombinase.
RAMPL1 is a requisite subunit of the G protein-coupled CGRP receptor and is required for
receptor trafficking to the cell surface and subsequent binding of CGRP. The nestin/hRAMP1
transgenic mice show increased CGRP-induced neurogenic inflammation in the facial area.
While headache per se cannot be measured in a mouse, we reasoned that we could measure
associated symptoms of migraine. One of the most common non-headache symptoms of
migraine is photophobia. We used a light-dark exploratory assay to show that the nestin/lhRAMP1
transgenic mice have greater light aversive behavior than littermate controls. This aversion was
greatly enhanced by intracerebroventricular administration of CGRP. The behavior is apparently
not simply due to increased anxiety as measured by two independent anxiolytic assays. The
CGRP-induced light aversion was prevented by co-administration of the CGRP receptor
antagonist BIBN4096BS. Interestingly, the CGRP-induced light aversion was not prevented by
peripheral injection of the antimigraine drug sumatriptan. Intrathecal injection of CGRP also
induced mechanical allodynia, which is another commonly associated symptom of migraine.
These findings suggest that a genetically based sensitivity to CGRP may contribute to migraine
susceptibility.
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The Thalamus Role in Extended Allodynia During Migr aine

Rami Burstein, PhD
Boston, MA

Clinical studies from our lab have shown that the throbbing headache of migraine is commonly
associated with cephalic allodynia confined ipsilaterally to the referred pain area around the eye
and, in many cases, also extracephalic allodynia that extends to the arms and legs. Whereas
cephalic allodynia develops 20-60 min after onset of migraine, extracephalic allodynia does not
start until 2 or 3 hours later, suggesting they are mediated by a different neuronal mechanism.
This lecture will focus on the neural substrate of extracephalic allodynia and photophobia during
migraine. Using single-unit recording techniques in our rat model of intracranial pain we studied
dura-sensitive thalamic neurons receiving convergent sensory input from cephalic (VPM and PO
units) and extracephalic (only PO units) skin and found that following a brief exposure of the
dura to inflammatory soup (IS) (1) cutaneous receptive fields expanded: from one side of the
head to the other for VPM units, and from the limbs to the other body areas for PO units, (2)
ongoing activity increased in some cases and changed from occasional burst to prolonged
bursts in other cases, (3) quantitative mechanical and thermal stimulation of cephalic and
extracephalic skin sites evoked neuronal responses that were larger in magnitude and longer in
duration, and (4) response threshold decreased as innocuous skin brushing, heating and
cooling evoked neuronal and cardiovascular responses that were similar to the responses
evoked by noxious stimuli prior to the application of IS. These findings suggest that the
development of sensitization in thalamic neurons that process sensory information from the dura
plus cephalic and extracephalic skin can mediate the spread of cutaneous allodynia from the
referred pain area to the other parts of the head and body.
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Preclinical Behavior Models

Andrew H. Ahn, MD, PhD

The behaviors associated with headache are important clinical features of primary headache
disorders, but their correlates in animal behavioral models are only sparsely documented.
These models have employed nerve injury, dural stimulation or nitroglycerin to model aspects of
the headache condition. In order to obtain greater insight into the behavioral features of episodic
head pain in mice, we evaluated an experimental model of cranial pain using formalin, a well-
known nociceptive stimulus. Dilute formalin injected subcutaneously into the forehead produced
stereotypical, localized and dose-dependent grooming behaviors, developed in intensity over
10-20 min, and resolved by 45 min after injection. Pre-injection with high dose morphine
reduced grooming behaviors, but not at lower doses. Formalin also induced cellular markers of
neuronal activation in brain areas associated with pain, such as the expression of Fos within the
dorsal horn of the upper cervical spinal cord, trigeminal nucleus caudalis and external
parabrachial nuclei, as well as the phosphorylation of the extracellular related kinase (pERK) in
the “pain-responsive” region of the central nucleus of the amygdala. We also found that this
stimulus could produce a conditioned place aversion (CPA), showing that the stimulus can
produce a negative, aversive association in the animal. Interestingly, cranial formalin conditions
place aversion that can be blocked by both high and lower doses of morphine. Thus, the CFT
models episodic cranial pain with directed grooming behaviors, activates nociceptive and
aversive responses that can be experimentally measured independently of each other. This
model is potentially useful in that it measures the aversive aspects of pain independently of the
painful stimulus, which has not yet been explored in migraine research.
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Prognosis of Migraine

Richard B. Lipton, MD
Albert Einstein College of Medicine
and the Montefiore Headache Center

Migraine is a chronic disorder with episodic attacks with a highly variable long-term prognosis.
Prognosis varies both from person to person and among studies, depending in part on
population characteristics. Migraine outcomes include remission, persistence and progression.
In the population, over the course of one year about 10% of migraine sufferers remit complete
and 3% have a partial remission. About 80% of migraine sufferers have a persistent course.
Finally, a subgroup has a progressive course characterized by either a major increase in
frequency (in about 5%) or the new onset of chronic migraine in 2.5%. Prognosis is associated
with demographic factors, headache characteristics (including frequency, disability and
allodynia), patterns of treatment as well as comorbidities. Long-term studies support the
concept that remission increases with age. ldentifying predictors of migraine prognosis is of
scientific and clinical interest. Herein we review the prognosis of migraine using data from
recent longitudinal population-based studies.
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Predictors of Progression

Ann |. Scher, PhD

While most people who suffer from headaches experience attacks once or twice a month, some
individuals (about 4% of the adult and elderly population and about 2% of children or
adolescents) experience attacks on a daily or near daily basis. The term “Chronic Daily
Headache” has been used by convention to describe headaches of any type occurring on 15 or
more days per month.

In studies of sub-specialty patients, CDH most often manifests as “transformed migraine” or
“chronic migraine”, perhaps leading to the impression that CDH is a migraine-related
phenomenon. As about half of CDH sufferers consult physicians, and far fewer consult
headache specialists, it is important to study CDH in population-based samples. There have
been more than one dozen such studies in recent years, leading to increased understanding of
the population “at-risk” of developing this disorder. Risk factors (or markers for increased risk)
include obesity, major life changes, head injury, snoring and non-headache pain among others.
The role of medication overuse is controversial, but recent epidemiologic data suggest that
some pain medications are more strongly associated than others with incident or prevalent
CDH.

The purpose of this talk is to synthesize the epidemiologic evidence related to risk factors for
CDH. The difficulty of measuring the potential influence of medication overuse on the initiation
or maintenance of CDH in observational or experimental studies will also be discussed. Chronic
daily headache is a common neurological disorder. More epidemiologic research is needed to
further refine the CDH phenotype, which will lead to greater understanding of the natural history
of this disorder. It is hoped that more empirically defined case definitions for the very frequent
headache disorders will lead to increased understanding of CDH, its associated comorbidities,
and the development of therapeutic and prevention strategies.
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Migraine as a Progressive Disease

K. Michael Welch, MB, ChB, FRCP

Progression of migraine as characterized by worsening of symptoms and migraine-induced
damage to brain tissue or its vasculature will be reviewed. A small but potentially problematic
group of migraine patients are at risk for progression. The evidence will be presented as follows:
Clinical

— Shift in phenotype from episodic to chronic headache

— Neuropsychological testing reveals multifocal dysfunction
Epidemiological

— Cross sectional prevalence studies

— Longitudinal outcomes studies of headache

— Impact of migraine on progression of co-morbid conditions
Co-morbid diseases — epilepsy and stroke
Mechanisms and markers of progression

— Brain and vascular imaging (morphological change in nociceptive structures,

white matter lesions, infarcts and diffuse grey matter loss)

— Markers of inflammation
Future studies should elucidate risk factors and markers that prospectively identify patients at
risk for progression and consequently may require aggressive acute and preventive therapeutic
management.
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Therapeutic Approaches to Progression

Frederick G. Freitag, DO
Co-Director
Diamond Headache Clinic, Chicago
Clinical Associate Professor
Rosalind Franklin University of Medicine and Science, North Chicago

The nature of the progression of migraine, whether towards its evolution from episodic
headache to chronic, or remitting from the chronic stage, is a process that is seen in headache
specialty centers commonly but for which there is little evidence-based information.
Therapeutics of migraine is often extrapolated based on clinically based beliefs.

Epidemiologic data suggests that one of the factors leading to migraine progression centers on
the frequency of migraines at a given point in time. As the frequency of migraine increases from
an attack or two per month of migraine there is a progressively greater likelihood of the attack
frequency accelerating to more than 15 days per month of headache, the agreed upon
breakpoint between episodic and chronic headache. This would suggest that the failure to treat
migraine adequately and appropriately might underlie this progression. With still only about half
of all migraine patients receiving migraine specific abortive agents and only a fraction of patients
expertly determined to be candidates for preventive treatment, it would seem to be natural that
this apparent failure to provide quality care is a factor in disease evolution. Another factor, not
wholly disconnected from this, involves the overuse of medications to treat the individual attacks
of migraine. Rebound headache as it was termed for decades, or not more appropriately
medication overuse headache, has been a common thread in the vast majority of patients seen
in tertiary headache centers with chronic headache. We know however that there are patients
who either develop chronic headache or maintain chronic headache in the absence of
medication overuse. This raises the question then, is medication overuse the cause or the effect
of chronic headache? The answer is “yes.” Developing evidence suggests that there are
amounts of use and durations of use that are associated with the evolution to chronic headache.
These amounts and durations of treatment appear to be different for differing agents used in
acute treatment so that the impetus to chronic headache through acute treatment of migraine
differs based on the use of migraine specific agents in the form of the triptans versus
combination analgesics versus opioid class analgesics. However not all patients with chronic
headache use acute medications excessively and others despite “detoxification” from these
therapies continue to experience chronic headache.

Does treatment of migraine prevent progression? Does the use of migraine specific acute
treatments alter the course of the disease? Does the use of daily preventive treatment prevent
patients from evolution from episodic to chronic migraine? Certainly, it would seem plausible
that by shortening the duration of migraine episodes and reducing their recurrence that the
accompanying biological changes of migraine would be inhibited and perhaps the system would
be at reduced risk for a subsequent headache. If headache recurrence after apparent
successful treatment of migraine is an indicator, then it would seem that for at least the triptan
class of medications that early intervention and relief of the migraine would inhibit the likelihood
of another attack, at least in close approximation based on the reduced recurrence rates seen in
this scenario compared to waiting for migraine to be of at least moderate severity. However, will
it truly reduce the chances of the next migraine at distance in time from the treated attack,
perhaps, however it may be dependent on the pharmacology of the agent as well.
Unfortunately, the data is lacking and even from a clinical perspective this is challenging to



51

recognize. One could surmise however, that the acute therapies of migraine may be targeting
the wrong biologic substrates to play a role in prevention of migraine since their frequent and
prolonged use may be associated with producing medication overuse headache.

What of the preventive therapies then in modulating the course of migraine from episodic to
chronic? Certainly as a clinician who believes that he is contributing to the greater good of the
patient preserving them from the certain ruin of chronic migraine, | use preventive medications
in those deemed to be on the “slippery slope” and it is truly easier to recall the successes than
the failures in achieving this noble goal. Controlled trial clinical evidence for this ability to block
evolution from episodic to chronic is to say the best scant.

If we can’t answer this question then can we answer the query regarding the use of therapeutics
in chronic headache having the ability to reverse the process? This is a challenge to address for
the acute medications as seen previously at merely retarding the next migraine let alone in the
scenario of chronic migraine where patients are at risk or are overusing their acute medications.
European studies have suggested that merely eliminating overuse of acute treatment without
preventive measures improves the course of the iliness. Whether the patients reported from
European studies are different from those that many US clinician experience or whether
expectations differ, it is not what typically occurs amongst many patients. Not only are they
“detoxed” but also they have an entirely new regimen of preventive care established for their
chronic migraine. The majority of these patients “recover” from their chronic migraines, at least
for a time, but is it because of elimination of the overuse or the preventive medications, that
remains a quandary from the evidence-based view. Even preventive trials in chronic headache
do not truly answer the question. While they show resolution in progress, the trials end and the
fate of the patient is lost to follow-up too often. Does the patient even continue to receive the
treatment found beneficial in clinical trials in the day to day clinical setting? Are the results
maintained or is it seen amongst some patients clinically that there is a propensity for the results
to return to baseline over time? Even the nature of the clinical trials in chronic migraine may fail
to address the issue. In many diseases, such as hypertension or diabetes mellitus, stepped
therapy, using several drugs from differing classes to manage refractive patients is
commonplace. In chronic migraine, a potentially refractive form of migraine should no less
require a co-pharmaceutical approach to optimal management. This is the norm for the patients
seen in many headache centers, | am sure, but one that until now, has not been examined in a
controlled clinical trial.

The role of non-pharmacologic therapies has not been addressed as entities to themselves.
Multidisciplinary programs for headache management utilizing an array of techniques as a
therapeutic milieu have been most commonly studied in the form of outcome studies of inpatient
hospitalization for treatment refractive cases. Even with less of aggressive treatment, a
percentage of patients will relapse to a more refractive state. The majority however improve. Do
they have resolution of their chronic migraine? Yes, in many cases but purely on hearsay. On a
different scope however, the utilization of healthcare resources the data suggests, even a
moderate impact on headache frequency, may produce significant economic savings.

Evidence based data remains sorely lacking to address this challenging area of understanding
of migraine disease evolution and remission of chronicity. Clinical experience suggests that
optimizing a patient’s acute and preventive medical care does influence to a degree, along with
addressing the other myriad of factors involved in disease evolution, this progression. Similarly,
comprehensive headache treatment appears to improve the lives of many with chronic migraine
in terms of improved quality of life, reduced disability burden, healthcare expenditures and even
the underlying process of migraine.



Surgical and Device Trials

Nabih M. Ramadan, MD, MBA, FAAN, FAHS
Director of Strategy
Diamond Headache Clinic

Chicago, IL

52



53

SURGICAL AND DEVICE TRIALS FOR PRIMARY HEADACHES

Nabih M Ramadan, MD, MBA, FAAN, FAHS
Diamond Headache Clinic, Chicago, IL

BACKGROUND: The history of surgical approaches and therapeutic devices in the management
of migraine is rich but scientific evidence supporting the role of such modalities remains poor.

OBJECTIVE: To review the evidence for the role of surgery and therapeutic devices in migraine
treatment.

METHODS: Comprehensive literature review of the PubMed database using the following MeSH
word combinations: “device AND migraine”; “device AND tension headache”; “device AND
cluster headache”; “surgery AND migraine”; “surgery AND tension headache”; “surgery AND
cluster headache”. Initial search results were truncated to only include publications in the
English language. Reference lists from the reviewed publications were screened for additional
studies. Finally, relevant chapters from the recent edition of Headaches (Olesen, Goadsby,
Ramadan, Tfelt-Hansen, Welch, eds.) were reviewed in search for additional publications on the
subjects. Articles relating to complementary and alternative methods (CAM; e.g., laser
acupuncture) were excluded. Also, studies of botulinum toxin were not considered.

REsuULTS: Closure of patent foramen ovale, peripheral nerve stimulation (PNS- occipital nerve,
vagal nerve, trigeminal nerve), NTI (nociceptive trigeminal inhibition), and single pulse
transcranial magnetic stimulation (STMS) were the most commonly studied intervention for
migraine. While a few studies provided level | scientific evidence (e.g., randomized controlled
trial such as MIST), the overwhelming majority of publications on surgical and therapeutic
device approaches for migraine therapeutics are case series, retrospective studies, and poorly
controlled trials. In the case of cluster headache, studies have been reported on peripheral
neuro-stimulative and —ablative procedures (e.g., trigeminal or cranial parasympathetic
rhizotomies, radiosurgery), microvascular decompressions, and deep nerve stimulation (DBS);
none provided level | scientific evidence. Finally, greater occipital nerve block, NTI and other
oral prostheses, and neurostimulation were reported surgical and device modalities for chronic
tension-type treatment. Similar to migraine and cluster headache, level | evidence for any such
therapeutic approach was lacking.

ConNcLusIoNs: Evidence for the role of surgery or therapeutic devices in primary headache
prevention is lacking. A road map for novel clinical trials methodologies utilizing such
approaches is needed and will be proposed during the presentation.



Future Headache Therapeutics: Beyond Traditional CI  inical Trials

Messoud Ashina, MD, PhD, Dr Med Sci
Asst. Professor
Danish Headache Center & Department of Neurology
Glostrup Hospital
Faculty of Health Sciences
University of Copenhagen

Copenhagen, Denmark

54



55

Future Headache Therapeutics: Beyond Traditional Cl inical Trials

Messoud Ashina, MD, PhD, Dr Med Sci

Fast tracking of new drugs for migraine has faced the major challenge of poorly-predictive
preclinical models. Indeed, novel, migraine-specific preventive drugs have not been developed
in decades. Furthermore, the acute therapy armamentarium remains suboptimal, with no new
chemical entities since the triptans. On the other hand, human experimental studies are
surfacing as a powerful tool in targeted migraine therapy. To this end, human studies have
identified three novel targets: inhibitors of cortical spreading depression, antagonists of
calcitonin gene-related receptors and chemicals that prevent the production of nitric oxide. Two
of these novel mechanisms are in phase 3 clinical development and one is in phase 2. These
encouraging observations, which are based on 20 years of research in human models, have led
us to develop a research paradigm for the identification of novel migraine drug targets, which
combines human provocation studies and preclinical models.
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Pediatric Clinical Trials

Andrew D. Hershey, MD, PhD, FAHS
Professor of Neurology and Pediatrics
University of Cincinnati, College of Medicine
Director, Headache Center
Associate Director, Research for Division of Neurology
Cincinnati Children’s Hospital Medical Center

Objectives: To discuss the general results of migraine trials in pediatrics for acute, preventative
and biobehavioral therapy. To discuss the limitations of these studies and the consequences of
study design and placebo effect and methods to overcome these limitations.

Pediatric and adolescent headaches are common with migraines resulting in a significant impact
to the child through lost time and functioning at school as well as home and social activities. In
addition, this impact can affect the entire family with parents having to miss work due to their
child’s migraines as well as frustration in seeing their child suffer from ineffective treatment. The
lack of approved medications for the treatment of childhood migraines and the limitations of
existing study further complicates the effectiveness, adherence and outcome of childhood
migraine and may have consequences with long-term disease progression.

Current studies have begun to demonstrate effectiveness on a large scale for acute medications
and prophylactic medications, while smaller studies have also demonstrated the effectiveness of
biobehavioral intervention. Major limitations of these studies relate to study design where adult
headache criteria and adult treatment study design may not be applicable to childhood
headache due to the evolution of headache characteristics across the developmental ages of
children that may have an effect on treatment response, while the effect of a higher placebo rate
makes the interpretation of these results have a lower degree of generalizability.

New study designs have begun to be investigated to overcome these limitations with some
initial evidence of efficacy for children. These concepts as well as other potential study designs
will be discussed.



The Placebo Response

Dawn Marcus, MD
Professor
Department of Anesthesiology
University of Pittsburgh
Pittsburgh, PA

58



59



60



61



62



63



64

6" Headache Research Summit

Notes:

820 N. Orleans, Suite 217, Chicago, IL 60610-3132 Toll Free (888) NHF-5552 Fax (312) 640-9049 www.headaches.org



65

6" Headache Research Summit

Notes:

820 N. Orleans, Suite 217, Chicago, IL 60610-3132 Toll Free (888) NHF-5552 Fax (312) 640-9049 www.headaches.org



National Headache Foundation
wishes to thank and recognize the
following sponsors of the

6" Headache Research Summit

Platinum Level

Silver Level

Bronze Level



