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Introduction and background

Individuals suffering from migraine headache, or migraineurs as
they are often referred to, and the clinicians treating them are
well-informed of the excruciating and debilitating nature of such
episodes. However, the theoretical definition of migraine, i.e. a
primary, recurrent and mostly unilateral headache characterised by
throbbing pain,' also seems to describe the presentation of often
non-migraine headaches, thus somewhat failing to encompass
the actual incapacitating nature of the condition. Importantly,
migraine is diagnosed according to criteria stipulated by the
International Headache Society (IHS)' 1) if patients experience 5
or more attacks of unilateral, pulsating, moderate to severe pain
that last 4-72 hours, 2) if such attacks are associated with nausea
and/or photo- and phonophobia, and 3) if they are aggravated
by, or prevent patients from engaging in normal routine physical
activity.! Interestingly, migraine is regarded as episodic or acute
if it occurs less than 15 times per month, while chronic migraine
is defined as more than 15 episodes per month continuing for
more than 3 consecutive months.2 Considering that a single
attack can last up to 72 hours," and that clinicians often design
therapeutic intervention based on accurate diagnoses, this
classification seems somewhat counterintuitive. Indeed, patients
will often regard a single migraine attack as one too many,
with 15 migraine episodes per month essentially equating to
permanent incapacity.>*

Migraine is one of the leading causes of disability worldwide—
the first neurological disorder and the only headache disorder
included in this list> and occurs in up to 18% of the general
population.t The condition also demonstrates a male to female
ratio of 1:3, while up to 37% of women between the ages of
25 and 55 will suffer from migraine at least once during this
time.” The fact that migraine pain originates as a neurological
dysfunction and demonstrates some pathophysiological
overlap with epilepsy,® necessitates a unique approach to its
management, which should be done in a manner appropriate for
its phenomenology. This is an argument that we will constantly

put forward and highlight throughout this review.

Migraine as a state of brain dysfunction and neuronal
hypersensitivity

Briefly, migraine results from aberrant activity in the
trigeminovascular system in the meninges and can be divided
into four phases that often, but not always, transpire in sequence.’

The premonitory phase - starting as early as 3 days before
the actual pain' - involves the sensitization of meningeal
nociceptors and results from a complex interplay between
homeostatic changes and hypothalamic hyperresponsiveness.®
During this phase, patients can already present with fatigue,
food cravings, mood swings, yawning, myalgia, photophobia,
nausea and rhinorrhoea.'” These symptoms tend to point to
altered autonomic nervous system functioning and it is believed
that changes in sympathetic and parasympathetic outflow
during states of increased physiological or psychological
stress may contribute to triggering peripheral pro-nociceptive
signalling in the trigeminovascular neurons.’? That said, the
subsequent cortical interpretation of such nociceptive signals
originating from sensitised trigeminal neurons is modulated
by the hypothalamic release of inhibitory or excitatory
neurotransmitters.® If this balance shifts towards being more
excitatory, it will induce tonic firing of the trigeminovascular
neurons resulting in pain transmission, with the opposite
being true if the transmitters released are predominantly
inhibitory.”® As the balance between excitatory and inhibitory
neurotransmitter release is dependent on the brain state at
the time of trigeminal sensitization, this phenomenon may
explain why identical migraine triggers will not always result in
headache. In summary, nociceptive trigeminovascular pathways
are already sensitised during the premonitory phase following
changes in the homeostatic balance, which paves the way for the
propagation of nociceptive signalling.’

Second, nearly one third of migraineurs will experience sensory
and neurological symptoms collectively referred to as migraine
aura.”* While most patients who experience aura symptoms
only report visual disturbances, transient motor and speech
impairment as well as cognitive disability can also be present.'s
Importantly, migraine aura is associated with a phenomenon
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broadly referred to as cortical spreading depression (CSD)
that describes a slowly propagating wave of depolarization in
neuronal cells that originates in the visual cortex and results
in cortical inhibition for up to 30 minutes. Moreover, as the
depolarizing wave proceeds, it is associated by sudden and
massive changes in glutamate release as well as Na* and Ca?*
flux across neuronal membranes that is accompanied first
by hyperemia—or excessive blood supply—followed by a
prolonged phase of oligemia.'® This is clinically important as
central perfusion rates of < 20ml/100g/min is associated with
ischemic neuronal cell death, which may pose a significant risk in
patients already predisposed to ischemic stroke."” In the case of
stroke however, the onset of negative symptoms, e.g. numbness,
often transpires suddenly as opposed to the slow progression of
positive, e.g. visual disturbances, and then negative symptoms
observed in migraine.’® Recently, it has been proposed that
migraine with aura is founded in a distinct pathophysiological
construct based on the differences in response of migraine with
and without aura to oral sumatriptan intervention.' Further,
female patients presenting with aura migraine present with a
twofold increased risk for ischemic stroke compared to non-aura
migraineurs, pointing to a unique association between migraine
with aura and aberrant vascular responses.” Nevertheless, as
migraine episodes will also occur in the majority of patientsin the
absence of an aura, the presence of an aura is neither necessary
nor sufficient to trigger headache. While the pathophysiological
role of aura in migraine episodes is still being investigated,
clinicians must be attentive of the associated risks that this
phenotype of migraine might possibly predict.'s'”

The third phase of a migraine episode involves a severe and
throbbing headache that results from activation of prior sensitised
Briefly, the
pathway relays painful stimuli from the meninges to the
cortex. Nociceptive neurons from the peripheral trigeminal
ganglion converge with sensory neurons from surrounding
skin and pericranial muscle, which then relays pain impulses
via an already sensitised trigeminovascular system to the
periorbital, occipital and cervical neck regions, accounting
for descriptions of pain around the eyes and the back of the
head and neck, respectively.?® Activation of the prior sensitised
trigeminovascular pathway begins when peripheral nociceptors
that innervate the dura mater are stimulated by—at the specific
time—contextually relevant triggers, e.g. bright light, dietary
constituents, water deprivation, and loud noise, among others.?!
Such stimulation of peripheral nociceptors elicits the release
of vasoactive peptides, e.g. calcitonin gene-related peptide
(CGRP) and pituitary adenylate cyclase-activating polypeptide
(PACAP) and other signalling molecules, e.g. nitric oxide (NO)
and glutamate, which in turn sets in motion excessive pain
signalling via the trigeminovascular neuronal pathway.’ At this
stage of the migraine episode it is believed that nociceptive
propagation is bolstered and extended by the release of CGRP
and inflammatory mediators released from mast cells. Subsequent
to this, sensitization and activation of central trigeminovascular
neurons transpire over 30-60 minutes post peripheral nerve
activation, reaching a maximum intensity after 2 hours. Central

trigeminovascular neurons. trigeminovascular

trigeminovascular activation is associated with severe cephalic
muscle tenderness and sensitivity to touch.?

Last, as the brain homeostasis gradually returns to normal,
resolution and pain relief is often accompanied by asthenia,
i.e. loss of energy, somnolence, and concentration difficulty.?
Importantly, a symptomatic resolution phase is more
characteristic of aura migraine than of non-aura migraine, and

normally demonstrates a positive correlation with pain severity.?
Four phases, multiple inputs

Considering the four phases of migraine alluded to above, viz.
sensitization and premonition, CSD and aura, headache, and
resolution, the question can be raised as to which neurobiological
factors may play a role in the initiation and propagation of
nociceptive stimuli, as these may be current or future targets for
therapeutic intervention. The answer to this question is complex
and as such, only a brief overview will be provided.

During the last few decades, several significant advances have
been made in our understanding of migraine. Historically,
migraine was thought to be the result of dilating extracranial
arteries and intracranial blood vessels that subsequently
activated perivascular stretch receptors.?* In this regard for
example, the 5HT,; , receptor agonists, i.e. ‘triptans’ have been
developed as vasoconstrictors for the treatment of migraine.
Today, however, we know that the triptans also act by means
of their 5HT,, and recently discovered 5HT . receptor targets to
modulate trigeminovascular neurons, while also reducing the
release of CGRP.% In this section we will provide a brief overview
of the major targets of investigation in current migraine research.

Neuropeptides

Since the discovery of CGRP% and PACAP?” our understanding of
the initiation and propagation of migraine pain has significantly
broadened. In fact, the identification of these molecules, for
the first time, sheds light on how triggers of migraine ultimately
sensitise the trigeminal nociceptive pathway. This is important
and valuable as we now have a better understanding of migraine
as state of altered brain activity and nociceptive signalling, rather
than being a condition of rapid vascular change.

Upon presentation with, or experience of a specific contextually
relevant trigger, e.g. alcohol, caffeine, elevated oestrogen
concentration, inflammation, or excessive stress, biological
targets such as the transient receptor potential cation channel
subfamilies A (TRPA1) and V (TRPV1) located in peripheral
nociceptors are believed to be activated.?’ Subsequently,
CGRP is released to facilitate the propagation and intensity
transmission. In fact,
CGRP is not only a potent vasodilator with proposed anti-

of trigeminovascular nociceptive
inflammatory action,?*?° it is also located in the afferents that
innervate meningeal blood vessels. Moreover, CGRP has been
shown to bolster glutamatergic neurotransmission and has
been demonstrated to trigger migraine episodes in pain-free
migraineurs, but not in healthy volunteers.®® This is significant
as excessive glutamatergic signalling is associated with CSD,
which is believed to underlie aura migraine.® In addition, CGRP
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also facilitates substance P release which may contribute to
the hyperemia characteristic of the aura phase in migraine
and intensifies signal transmission in the trigeminal ganglion,
thereby contributing to the peripheral sensitization of trigeminal
neurons.’!

The other neuropeptide that needs mentioning here is PACAP
which, although demonstrating fluctuating levels both within
and between migraineurs,3 has been demonstrated to modulate
circadian rhythm, a physiological system closely related to
migraine in some individuals.?* Indeed, it has been shown that
inhibiting PACAP signalling via its PAC, receptor has marked
therapeutic potential in the treatment of migraine.?”

Currently, investigations into the role neuropeptides play in
processes of pain and central nervous system functioning are
at the forefront of research. As relatively little is known about
these molecules, the pathophysiological roles of neuropeptides,
such as CGRP, PACAP and several others, e.g. orexins, oxytocin
and neuropeptide Y, are continuously being studied as possible
targets of intervention in the treatment of both migraine and
other relevant conditions.

Neurotransmitters

Although a number of neurotransmitters, including noradrenalin
and dopamine, have been implicated in the pathophysiology of
migraine, emphasis will be placed on serotonin as this is the only
neurotransmitter currently targeted by therapeutic intervention
strategies. While glutamate also plays a major role in the
pathophysiology of CSD and migraine, the effects of glutamate
modulators, e.g. ketamine, are still being investigated.3* However,
ketamine has been used as an abortive agent especially in
migraine with aura.?® As indicated in Table 2, the anticonvulsants
used as preventive treatment may also decrease glutamate
neurotransmission.3¢

Since the development of the ‘triptan’ class of drugs, the
involvement of serotonin in migraine has been believed to be
restricted to its effect on extracranial and cranial vasoactive
responses.’’ Lately, however, the serotonergic system, originating
in the raphe nuclei and innervating inter alia the basal ganglia,
thalamus, cortex and the trigeminal ganglion, has been found to
be intricately involved in the neural modulation of nociceptive
signalling, independent of its actions on blood vessel responses.
Initially migraine was proposed to be a condition characterised
by low serotonergic activity with sudden increases during an
episode. This hypothesis was based on findings that 5HT,,
receptor antagonists, e.g. pizotifen and methysergide, are
valuable prophylactics, while 5HT,;,, agonists, which function
via auto-receptor induced reductions in serotonin release, are
useful during the acute pain phase of migraine.383°

Currently, though, our understanding of the role of serotonin
in migraine involves a broader perspective in that it is now
known that serotonin, depending on its concentration and the
location of its specific receptors, is involved in the modulation
of nociceptive pathways following trigeminal sensitization and
that it can both inhibit or facilitate pain.“® In the central nervous
system, serotonin mainly has an analgesic role as it inhibits
nociceptive signal propagation from the peripheral to the

central nociceptors.’” Therefore, low levels of central serotonin
may disinhibit such nociceptive signals, resulting in excessive
pain signalling. Serotonin also plays a significant and unique role
in trigeminally sensitised migraineurs vs. non-sensitised controls
in that low serotonin levels contribute to the hypersensitization
often observed in the premonitory and aura phases of migraine
episodes. Subsequently, sudden increases in serotonin release
during the acute pain phase, contribute not to analgesia, but to
pain via binding on its proalgesic 5HT,, receptors.*!

In terms of the response of migraine pain to 5HT,;,, agonists,
e.g. sumatriptan, several mechanisms have been proposed.
First, 5HT,; receptor stimulation results in extracranial, but not
intracranial vasoconstriction, leading some to believe that the
drug is incapable of crossing the blood-brain barrier; however,
sumatriptan induces more central nervous system adverse
effects compared to placebo intervention, which somewhat
undermines this argument.’” Whether vasoconstriction in fact
plays any role in its analgesic effects remains highly debatable.
A more plausible explanation for the therapeutic benefit of
5HT,;, agonists in migraine is its modulation of nociceptive
signalling via its actions on 5HT,y, receptors, independent of
its actions on vasoactive processes. In fact, sumatriptan, but
not aspirin, has been shown to suppress signalling between the
trigeminal ganglion and the cortex which abrogates the cortical
interpretation of pain, while selective 5HT,; receptor agonists,
e.g. lasmidiptan, that exert these effects in the absence of any
vasoactive action, are currently being developed.?”

Migraine treatment: From bench to evidence-based
bedside

Migraine is treated with respect to acute and prophylactic
intervention, while successful treatment of an acute migraine
attack is defined by the following criteria:*?

« The patient must be pain-free after 2 hours;

« The headache must improve from moderate to severe to mild
or none in 2 hours;

« Efficacy must be consistent in two out of every three attacks;
and

+ Headache should not be recurrent and no further drug intake
within 24 hours after successful treatment should be necessary.

Drugs for acute episodes (Table 1) can be divided in non-
specific treatments paracetamol, non-steroidal
anti-inflammatory drugs (including aspirin), opioids, and
combinations of analgesics. These (except the opioids) usually
constitute the first-line options for the treatment of mild to
moderate migraine attacks. The second class of drugs indicated
for acute intervention is the migraine-specific drugs (ergotamine
tartrate and the triptans); these have historically been used only
in ‘severe’ attacks, but given the intense and excruciating nature
of most migraine episodes, these compounds enjoy significant
favor among clinicians.®* With regard to the latter, triptans are
preferred as first choice drugs and although ergotamine is very
effective and demonstrates low relapse rates, its poor tolerability

such as

and relative risk of overuse headache (see Fact Box 1) rendered it
to be preferred in a small group of migraineurs only, presenting
with infrequent headaches of a long duration and complying
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with dosing restrictions.** All in all, a stratified care approach,
where drugs are selected according to the degree of disability, is
preferred to a step care approach, where treatment is initialised
with safe and low-cost drugs.*

Thegeneralprinciplesforthe prophylacticorpreventivetreatment
of migraine have been summarised in Table 2. Drugs from
diverse pharmacological classes are effective, although current
evidence and clinical experience favor the beta-adrenoceptor
antagonists, valproic acid, topiramate, and amitriptyline as first-
line drugs. In fact, evidence that supports the use of other drugs,
e.g. the calcium channel blockers, i.e. verapamil and flunarizine,
is not as robust.3 Although multiple mechanisms of action may
be involved in the prevention of migraine, it is suggested that
all of the indicated prophylactics either inhibit cortical excitation
or restore nociceptive dysmodulation. The anticonvulsants (and

Table 1: Treatment indicated for acute intervention in migraine episodes

calcium channel blockers) reduce neuronal hyperexcitability
in which glutamate dysfunction may play an important role.®®
Further, as alluded to earlier, descending nociceptive inhibition
may be restored by drugs with actions on serotonergic 5HT,,,
receptors.

While most studies and clinical trials do not differentiate
between the management of episodic migraine with aura (classic
migraine) and migraine without aura (common migraine), there
are indications that the efficacy of drugs may vary according to
the presence of an aura, although this is an inadequately studied
topic.® In addition to the differential effects of sumatriptan in
migraineurs presenting with and without aura (see Section 2),"®
it has also been found that in classic migraine, lamotrigine, daily
aspirin and flunarizine may generally be effective prophylactic
agents, and magnesium, furosemide and ketamine effective
acute interventions.®

Acute treatment

General Principles:*
- Administer at the onset of migraine (within 15 min of pain onset);*’
- Alarge single dose tends to work better than repetitive small doses;

-+ Pretreatment with an antiemetic (metoclopramide, chlorpromazine, prochlorperazine) 15-30 min before oral/non-oral migraine treatments is

indicated if nausea and vomiting are severe;

« Metoclopramide also reverses migraine-induced gastric stasis and enhances absorption of oral medications;
+ Overuse of all acute migraine therapies can cause medication overuse headache (see Fact Box 1); limit use of acute therapies to 2 or 3 days/week

or to a maximum of 10 days/month;*

- Emergency treatment of migraine currently utilises dopamine receptor antagonists, ketorolac, dexamethasone and IV fluid supplementation;
« The use of opioids is not recommended and has decreased*® (see paragraph 4.2)

Active ingredient and trade
name where applicable

Dosage interval (if repeated) and
maximum daily dose

Pharmacokinetics

Mechanism of action and general
comments

Analgesics and Non-steroidal anti-inflammatory drugs

Paracetamol 1g every 4 hours, max: 4g*° Tax 0.5 - 1 hour MOA: Inhibits PG synthesis and inhibit
Panado’ and others Elimination t,, 2 hours®' neurogenically mediated inflammation in
Aspirin 975-1000 mg every 4 -6 hours, T, 1-2hours the trigeminovascular system;

Disprin®, Ecotrin, Dr. du Toit’s pain
expeller, Myoprin and others

max 5.4 g (varies depending on
indication)*3

Ibuprofen
Brufen®, Nurofen® and others

400 mg every 4 hours, max T,
2400 mg>*

Diclofenac

Voltaren®, Diclofenac Biotech,
Mylan Diclofenac and others
Diclofenac powder
Cataflam® and Catafast’

50 mg 3 - 4 times per day, max T,
150 mg
50 mg single dose>" %5

Naproxen 500 mg orally/ rectally max
Synflex"” Aleve‘, Nafasol® and (although not clinically useful
others as monotherapy)*® 500 =550 mg

twice a day, max 1375 mg

Elimination t,, salicylate active
metabolite 5 - 6 hours®’!

1-2hours
Elimination t,, 2 hours *'

max

< 1 hour

max

Elimination t,, 2 hours

First-line treatment for mild to moderate
and even some severe attacks;*

A combination of aspirin/ paracetamol/
caffeine is effective with a high speed of
onset;32

All NSAIDs may be effective in treating
migraine with/without aura and the
failure of one does not exclude the use of
another.

Y2

T __ 2hours
Elimination t,, 14 hours

Y2

Ergot alkaloids: Ergotamine tartrate tablets

Ergotamine tartrate 1 mg /
Caffeine 100 mg Cafergot®

Ergotamine tartrate 2 mg /
caffeine hydrate 100 mg /
Cyclizine hydrochloride 50mg
Migril®

Oral, 2 mg at onset, may repeat

twice in 30 min intervals, up to 6
mg in 24 hours. Total dose in any
7 days should not exceed 10 mg

Elimination t,, 2 hours, duration
of action much longer. Caffeine
increases absorption and

increases plasma peak levels 4

+ MOA: Agonist on a, DA and 5-HT,;,,
receptors; causes vasoconstriction
of intracranial vessels and blocks the
trigeminovascular pathway centrally;*

- Contraindicated in vascular diseases,
sepsis, uncontrolled hypertension,
hepatic/ renal dysfunction, porphyria,
pregnancy;*

« Nausea and vomiting in + 10% patients,
weakness, numbness and tingling
of extremities, angina pain, brady/
tachycardia, ergotism;*

» Ergotamine and triptans should not be
used within 24 hours of each other;*

» Metabolized by CYP450, concomitant
use with CYP450 inhibitors may cause
ergotism*
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5-HT,;, agonists

Sumatriptan

Imigran® 50 and 100 mg
tablets, injection 6 mg/ 0.5 ml
in a prefilled syringe and nasal
spray 20 mg/0.1 mlin a unit-
dose device.

Migrex’, Triptam®
50 and 100 mg tablets

Naratriptan
Naramig®
2.5 mg tablets

Eletriptan
Relpax*
40 and 80 mg tablets

Rizatriptan

Maxalt®

5and 10 mg tablets;

10mg wafers

Zolmitriptan

Zomig®

2.5 mg tablets and dispersible
tablets

Table 2 - Migraine prophylaxis

Oral: initially 50 - 100 mg, dose
may be repeated after 2 - 4 hours
if symptoms recur, max 300 mg /
24 hours

Sc: 6 mg, may be repeated after
at least 1 hour, max 12 mg /

24 hours

Intranasal 20 mg, may be
repeated after 2 hours, max

40 mg / 24 hours

May be repeated once after

4 hours if needed. Max 5 mg/
24 hours

Hepatic and renal impairment:
max 2.5 mg/ 24 hours

Max: 160 mg / 24 hours

Max 30mg / 24 hours

Max 15 mg / 24 hours

Elimination t,, 2 hours

Onset of action 10 min (s.c.), and
30 min (oral)

Extensively metabolised in liver.

Slower onset of action, longer

t,, (6 hours)®; less headache
recurrence; may be used for

a few days continuously for
menstrual migraine, beginning 2
days ahead of menstrual period®'

Eletriptan is contraindicated with
CYP450 3A4 inhibitors>®

Elimination t,, 3 hours®?
2.5 mg three times per day for
menstrual migraine prophylaxis

MOA Selective 5HT,, , receptor
agonists. Normalization of dilated
intracranial arteries, inhibition of
vasoactive peptide release, and
inhibition of transmission through
second-order neurons ascending to the
thalamus;*

First-line therapy for mild to severe
migraine and when rescue therapy
with nonspecific medications are
ineffective;

All triptans may be readministered
within 2 hours as needed if recurrence
of headache occur with a maximum of
two doses daily;

Although different formulations of

a specific triptan may be used in the
same 24-hour period, only one triptan
may be used during this time frame;
Triptans should not be used for more
than 3 days of any given week due to
the risk of overuse headache;”
Sumatriptan, rizatriptan and
zolmitriptan should not be given within
2 weeks of MAOI therapy;
Concomitant SSRIs may cause
serotonin syndrome, although the

risk is very low and reconsideration

of this FDA warning in 2006 is
recommended;>®

Side effects: paresthesia, fatigue,
dizziness, flushing, warm sensations,
and somnolence. “Triptan sensations,”
e.g. tightness, heaviness, or pain in the
chest, neck, or throat are reported by
25% of patients;>

Contraindicated in a history of ischemic
heart disease and cerebrovascular
disease. Patients at risk for
unrecognized coronary artery disease
should use triptans with caution;>
Triptans have traditionally been
contraindicated in hemiplegic migraine
and migraine with brain stem aura;
however, this prohibition is being
reconsidered as it is evidently safe to
use in these conditions

Preventive (prophylactic therapy)

General principles:*

- Consider if frequent attacks require acute medication more than twice per week, the duration of an attack is longer than 24 hours, in case of
medication failure or overuse and in uncommon migraine variants with the risk for permanent neurologic injury;

- Administer daily to reduce the frequency, severity, and duration of attacks and to increase response to acute therapy;

+ May be given as intermittent therapy when headaches recur in a predictable pattern (e.g. exercise-induced/menstrual migraine);

+ Drug selection is primarily based on the side effect profiles and comorbid conditions; response is unpredictable and a 2-3 month trial is
necessary to achieve benefit, while maximal benefit is typically observed following 6 months of treatment;*

- Start with low doses, titrate until therapeutic effect or side-effects become intolerable;

- Overuse of acute headache treatments will interfere with the effects of preventive treatment;*°

- Continue prophylaxis for at least 6-12 months after headache frequency and severity have diminished, gradually taper or discontinue;

+ Propranolol, timolol, divalproex sodium, topiramate, as well as Botulinum toxin serotype A (BoNT-A) and CGRP-antagonists are the only FDA
approved prophylactic agents,®*¢* while numerous other drugs from diverse pharmacological classes have also been used successfully (see
below).

Active ingredient and trade

. General comments
name where applicable

Dosage interval Mechanism of action

Beta adrenergic blockers

Propranolol

Inderal® and others

(Also timolol, metoprolol,
atenolol and nadolol)

Restore descending
nociceptive inhibition3®

Reduce the frequency of migraine attacks by

padadl 50% in > 50% of patients
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Anticonvulsants
Side-effects include nausea, tremor,
Valproic acid 300 mg/d, titrate slowly Reduce neuronal somnolence, weight gain, hair loss,

Convulex®, Epilim® and others

Topiramate
Topamax®, Epimate®, Epitoz®,
Topirol® and others

upwards to 600-900 mg/d

50-200 mg/d

hyperexcitability

AMPA/ kainate glutamate
antagonist, blocks neuronal
excitability

hepatotoxicity;
Baseline liver function tests are required.

50% of patients respond;*®

Side-effects include paresthesia, dizziness,
fatigue, anorexia, somnolence, memory
impairment

Antidepressants

Amitriyptyline
Trepiline® and others

Venlafaxine (Efexor®, Efegen®,
Venlor® and others

Flunarizine
Sibelium® and others

Pizotifen

Sandomigran®

Clonidine
Dixarit®, Menograin®

10-25 mg at night, seldom >
75-100 mg necessary

75-150 mg/d°®

5-10 mg at night¢’

0.5-3 mg/d, max single dose
3 mg, max daily dose 4.5 mg

25 microgram bd, increase up

to total of 150 micrograms/d in

divided doses

Effects are independent

of antidepressant activity,
probably related to down
regulation of central 5-HT,,
receptors, increased synaptic
noradrenaline and enhanced
opioid receptor actions

Calcium channel blocker
reduces neuronal
hyperexcitability; also
dopamine, serotonin
and histamine receptor
antagonist®®

Histamine and serotonin
receptor antagonist; weak
anticholinergic

Alpha 2 adrenoceptor agonist

Anticholinergic effects may limit use
especially elderly, increased appetite and
weight gain, cardiovascular effects;
Good tolerability, nausea, palpitations®

If no improvement after 2 months,
discontinue use; Should be interrupted

after 6 months and only reinstated if patient
relapses;’

Side-effects include weight gain, fatigue and
mood changes®®

Drowsiness and weight gain®®

Withdraw gradually to prevent rebound
hypertension; Evidence of lack of efficacy in
migraine prophylaxis”

Fact Box 1 - Medication overuse headache

Medication overuse headache (MOH; also known as analgesic rebound headache)
All drugs used to treat headaches, even aspirin and paracetamol, can also cause headache when overused,*’ often resulting in the worsening and/or
changing of severity and symptoms previously experienced’’ or in chronicity of headaches.” This poses a significant problem when considering that 3% of
the population suffer from chronic headache,” resulting in a MOH prevalence of more than 1% in the general population.*”" Furthermore, patients who
suffer from migraine are likely to develop MOH when using analgesics for other types of pain — an observation that is uncommon in patients free from
migraine.”* The exact mechanisms responsible for MOH are still unclear, but various factors have been implicated including, but not limited to, changes
in receptor expression and sensitivity (e.g. 5-HT,,,, receptors with the use of triptans), behavioural mechanisms (e.g. prophylactic use of analgesics),
dependencies due to the psychotropic side-effects (e.g. opioids) or withdrawal symptoms (e.g. caffeine) and physical dependencies (e.g. opioids and ergot
alkaloids).*75
MOH may result from the use of a single therapeutic agent or the concomitant use of several drugs or combination preparations and is described by the
International Headache Society as headaches occurring on 15 or more days of a month in patients with pre-existing headache disorders who overuse one
or more drugs that are used in the acute and/or symptomatic treatment of headache." Indeed, almost half of patients suffering from headache on 15 or
more days during a single month (diagnosed as daily chronic headache; DCH ) meet these criteria and physicians are encouraged to diagnose patients
accordingly in addition to the pre-existing headache diagnosis.”> The most common treatment for MOH is withdrawal’' and the majority of patients
improve after discontinuation while more serious cases may present with symptoms observed in drug addiction and should be referred and/or treated
accordingly.’>”! With the exception of opioids, barbiturates and benzodiazepines, most drugs that lead to MOH can and should preferably be discontinued
immediately.”"”* During discontinuation, patients may suffer from a variety of symptoms, including headache, nausea, tachycardia and anxiety for up to
four weeks, although these symptoms more frequently last for an average of 3 to 4 days.”> While therapeutic protocols and guidelines for MOH do not exist,
successful treatment is likely in outpatients who are well-instructed, motivated and treated symptomatically, e.g. with anti-emetics, B-blockers, hydration.”
Mono-analgesics (naproxen 500 mg two to three times daily) may also be included while the use of corticosteroids, specifically prednisone (100 mg daily
for three days), has been demonstrated to be effective in relieving withdrawal headache during detoxification.”’ Patients remain at the greatest risk for

relapse during the first year (41%) after withdrawal, where after this risk significantly decreases.”

Novel drugs for migraine prophylaxis (FDA-approved, but
not registered in SA for the indication)

Botulinum toxin type A (BoNT-A; Botox®; Onabotulinumtoxin A)

Botulinum toxin type A (BoNT-A) is an FDA-approved treatment
(2010) for the prevention of chronic migraine in adults older
than 18 years.’® It has been demonstrated to be effective and
safe by data from Phase Ill of the Research Evaluating Migraine
Prophylaxis Therapy-program (PREEMPT).53 Treatment response,
however, varies greatly among patients’” and therefore
patient selection is crucial; this in turn depends on the site and

frequency of pain, among others.®® Longer term treatments
seem to increase its efficacy,® and while current guidelines
recommend a cessation of treatment following 2 cycles in
patients not responding to a single cycle of treatment, such
early cessation may not be justified. It appears as though its
benefit increases with additional treatment cycles, with 5 cycles
of treatment sometimes being necessary to reach optimal
effect.”” In responders, one BoNT-A treatment can be effective
for approximately 3 months. BoNT-A not only inhibits the release
of acetylcholine from presynaptic nerve endings, but may also
modify the release of transmitters involved in pain transmission,
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e.g. substance P8 and CGRP”° thereby preventing activation of
central pain networks. Furthermore, BoNT-A is well tolerated and
injection-related side effects are usually mild and transient with
little or no systemic side effects.®

CGRP antagonists

As alluded to earlier, CGRP is a vasoactive peptide released from
activated trigeminal nerves which facilitates pain transmission
from cerebral vesselsto the central nervous system.8' Inrealization
of the role CGRP plays in the pathophysiology of migraine, a
range of monoclonal antibodies have recently been developed,
including erenumab (Aimovig®; 2018), fremanezumab (AJOVY";
2018), and galcanezumab (Emgality’; 2018). While erenumab
targets the CGRP receptor, fremanezumab, galcanezumab
and eptinezumab (still under regulatory review) bind and
inactivate the CGRP molecule itself. The short-term side-effects
of these drugs have been minimal and were mostly restricted
to injection site reactions.* However, fremanezumab, but not
erenumab, may carry a risk for more severe hypersensitivity
reactions, while general concern is expressed for possible long-
term cardiovascular sequelae. These antibodies are usually
self-administered once a month as a single subcutaneous
injection. As may be expected, they are relatively expensive
(approximately USS$ 575/month) and patients would have to fail
on treatment with at least two to three oral preventive drugs to
become eligible for such treatment. While currently available
preventive drugs offer relatively limited efficacy and are not free
from side effects, CGRP monoclonal antibodies may offer hope
to many migraine sufferers that remain unresponsive to current
interventions.

Emergency treatment of migraine

When failing on customary acute migraine treatment (Table 1),
patients may present to the emergency room during which time
parenteral treatment is usually preferred. Recommendations for
emergency treatment were compiled by the American Headache
Society” following a systematic review of clinical trials and a
meta-analysis that included the following:

+ Antidopaminergic drugs (metoclopramide,
prochlorpromazine, haloperidol, and droperidol are commonly
used) do not only relieve nausea, vomiting and gastroparesis
associated with acute migraine, but are also analgesic, albeit
for reasons still unknown. Akathisia (restlessness) and dystonic
reactions may occur in as much as a third of patients receiving
intravenous dopamine antagonists and to prevent this,
intravenous diphenhydramine is often added; however, this

practice is not supported by all clinicians.

+ Subcutaneous sumatriptan is also effective although side
effects include flushing, chest pain, and an occasional
worsening of headache symptoms. Further, a higher incidence
of headache recurrence within 24 hours is also noted. In
general, antidopaminergic agents are usually better tolerated
than sumatriptan.

+ Nonsteroidal antiinflammatory drugs, e.g. ketorolac and
naproxen, alone or in combination with the antidopaminergics
or sumatriptan may be of benefit.

+ Antihistamines (monotherapy), ketamine, magnesium and
propofol have not been found particularly effective.

« Dexamethasone (10 mg IVI) can be added to counter the
recurrence of headaches—which patients often experience
within 24 hours of visiting the emergency department—but
be mindful of giving steroids to patients with diabetes.

+ Slow administration of parental drugs is necessary and may
prevent some of the commonly reported adverse effects.

« While opioids were previously the mainstay of abortive
treatment of acute migraine episodes, it is now recommended
that they best be avoided due to the lack of evidence regarding
their efficacy and possible long-term sequelae.®? In this regard,
the decline in use of the emergency room opioids has also
decreased the recurrence rate of acute episodes that would
otherwise have necessitated more visits to an emergency care
setting.*

Conclusion

Migraine is a severe, debilitating and highly disabling condition
thatisfounded in an altered state of brain function that resultsina
hypersensitive interpretation of sensory stimuli and exacerbated
trigeminovascular nociceptive pain transmission. The condition
is variably characterised by four phases, i.e. a premonitory phase,
CSD and aura, acute headache and finally, resolution. Further,
aura migraine may be associated with significant comorbidities
related to epilepsy, ischemic stroke and cardiovascular pathology
and should be regarded not only as a risk factor, but as a unique
neurobiological disturbance.
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