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Pathophysiology of Migraine
Dysfunction of brainstem centers 

important in regulating vascular 

tone and pain sensation

Triggers

dilation of cranial blood vessels 

that are innervated by sensory 

fibers of the trigeminal nerve 

mechanically activate 

perivascular trigeminal 

sensory nerve fibers

Higher brain centers Release of vasoactive 

peptides such as substance 

P and CGRP from 

trigeminal fibers.

Exacerbate vasodilation

cause neurogenic inflammation 

(vasodilation, leakage of blood vessels, 

and degranulation of mast cells)

Positive feedback and worsening of 

headache pain and increased 

sensitivity to stimuli

Headache . 2006 June ; 46(Suppl 1): S3–S8.



Anatomical Pathophysiology

Unmyelinated (C-fibers) and thinly

myelinated (Aδ fibers) axons containing 

vasoactive neuropeptides such as 

substance P (SP) and calcitonin gene-

related peptide (CGRP)

primary afferents terminate in the

superficial layers (laminae I and II)

Pain. 2013 Dec;154 Suppl 1:S44-53.



Anatomical Pathophysiology

VPM dura-sensitive neurons →

Primary and secondary 

somatosensory (S1/S2) : 

sensory-discriminative 

components of migraine such as 

location, intensity, and quality of 

pain

Pain. 2013 Dec;154 Suppl 1:S44-53.



Anatomical Pathophysiology

Dura-sensitive

neurons in Po, LP and LD → 

motor, parietal

association, retrosplenial, 

somatosensory, auditory, visual 

and olfactory cortices : 

motor clumsiness, difficulty 

focusing, transient amnesia, 

allodynia, phonophobia,

photophobia and osmophobia

Pain. 2013 Dec;154 Suppl 1:S44-53.



CGRP and Migraine

Headache . 2006 June ; 46(Suppl 1): S3–S8.



Treatment approaches

■ Lifestyle and Trigger management

■ Acute treatments (i.e. those taken 

during attacks or exacerbations of 

chronic pain)

■ Preventive treatments (medication or 

other interventions designed to reduce 

the tendency to have attacks)

Ther Adv Chronic Dis 2015, Vol. 6(3) 115–123

Clinical Medicine 2015 Vol 15, No 4: 344–50



Acute headache treatments

Neurohospitalist. 2012 Apr; 2(2): 51–59.



Acute headache treatments
Triptans

Sumatriptan, Zolmitriptan

■ 5HT1B/1D agonists → 

directly inhibit CGRP 

release from activated 

trigeminal neurons

■ sustained ↑ in intracellular 

calcium and → ↑ in 

phosphatase activity → 

inhibit CGRP release from 

activated trigeminal neurons

Headache. 2006 June ; 46(Suppl 1): S3–S8.

Vasoconstriction

⊖ CGRP release



Acute headache treatments
Dopamine receptor antagonists

Metoclopramide, Chlorpromazine, Prochlorperazine

■ Dopamine D2 receptor antagonist

■ Hypersensitivity to dopamine in migraineurs is thought to play a 
role in premonitory migraine symptoms such as yawning, 
nausea, and vomiting

Neurohospitalist. 2012 Apr; 2(2): 51–59.



Acute headache treatments
Corticosteroids

Dexamethasone

■ anti-inflammatory effect on neurogenic inflammation

■ reduction of vasogenic edema and effects on central aminergic 
/serotonergic systems

Arq. Neuro-Psiquiatr. vol.59 no.3B São Paulo Sept. 2001



Acute headache treatments
Dihydroergotamine

Mechanism of actions

■ 5-HT1B/1D agonist

■ 5-HT1A and 5-HT2 , alpha-1 and -2 adrenergic receptors activity

■ DHE binding to the α2-adrenergic receptor blocks ATP-sensitized 
trigeminal neurons by decreasing membrane expression of the 
P2X3receptor protein → ↓ in primary nociception, hyperalgesia, 
and CGRP release.

■ DHE may also be more penetrant of the blood–brain barrier than 
triptans.

Roger K. Cady, Kathleen Farmer, in Headache and Migraine biology and management, 2015



Preventive treatment

■ Considered when

➢ headache frequency or severity increases to a point when it 

is significantly interfering with work, school or social life. 

➢ For patients with chronic migraine



Preventive treatment

Clinical Medicine 2015 Vol 15, No 4: 344–50

Headache 2012;52:930-945

+Divalproex sodium



Preventive treatment
Beta blocker

Metoprolol(beta-1 selective), Timolol, Propranolol

■ diminishes central catecholaminergic activity by inhibiting 
norepinephrine release

■ reduces neuronal activity and excitability 

■ membrane-stabilizing properties, and inhibits nitric oxide 
production

■ Propranolol is highly lipophilic which gives easy access into the 
central nervous system (CNS) and therefore has a higher 
potential for CNS side-effects such as depression

Neuropsychiatr Dis Treat. 2006 Sep; 2(3): 281–291.



Preventive treatment
Calcium channel blocker

Flunarizine

■ decreases calcium influx resulting in decreased activity of neural 
nitric oxide synthase → vasoactive neuropeptide release 
inhibition and protection against neurogenic inflammation 
elicited by trigeminal nerve activation

Neuropsychiatr Dis Treat. 2006 Sep; 2(3): 281–291.



Preventive treatment
Antiepileptics

Divalproex sodium

■ highly protein-bound fatty acid

■ increased GABA which may attenuate 

migraine-related events at different levels 

including the cortex, perivascular 

parasympathetics or trigeminal nucleus 

caudalis (TNC)

■ lowered aspartate levels and NMDA 

receptor activity resulting in attenuated 

aura related cortical activity or nociceptive 

transmission through the TNC 

■ diminished neurogenic inflammation

Neuropsychiatr Dis Treat. 2006 Sep; 2(3): 281–291.



Preventive treatment
Antiepileptics

Topiramate

■ D-fructose derivative containing a sulfamate 

functionality that readily enters the CNS 

■ phosphorylation-mediated inhibition of 

voltage gated sodium and calcium channels

■ suppression of glutamate-mediated 

neurotransmission at the alpha-amino-3-

hydroxy-5-methyl-4-isoxazolepropionate 

(AMPA)–kainate receptor subtype

■ enhanced GABA type A activity

■ calcium channel (subtypes L and N) 

blockade

Neuropsychiatr Dis Treat. 2006 Sep; 2(3): 281–291.



Preventive treatment
Antiepileptics

Valproate

■ potentiates gamma-aminobutyric 

acid (GABA)

■ decreases the activation in the 

trigeminal nucleus

Neurohospitalist. 2012 Apr; 2(2): 51–59.



Preventive treatment
Tricyclic antidepressants

Amitriptyline

■ lipid-soluble and strongly bind to plasma proteins.

■ inhibits norepinephrine and serotonin uptake 

■ Other : ability to block sodium-channels; enhance GABA-
mediated inhibition; potentiate endogenous opioids; and 
intensify descending inhibition on nociceptive pathway

■ Antimigraine effects seem to be independent of its antidepressant 
influence

Neurohospitalist. 2012 Apr; 2(2): 51–59.



Preventive treatment
Botulinum toxin type A

■ local injection

■ unlike triptans, is not a
5HT1 agonist

■ inhibit release of CGRP from 
trigeminal sensory neurons 
stimulated with potassium
chloride or capsaicin

■ Does not affect CGRP release 
from unstimulated trigeminal 
sensory neurons. 

Headache. 2006 June ; 46(Suppl 1): S3–S8.



Preventive treatment
CGRP receptor antagonists

■ non-peptide CGRP receptor antagonists olcegepant and 
telcagepant

■ CGRP receptor antagonists in the acute treatment of migraine 
likely involves repressing the function of cells located in 
peripheral tissues as well as in the CNS

■ olcegepant was clinically not further pursued, because of poor 
oral bioavailability, and telcagepant revealed some liver toxicity 
indicated by elevated transaminases when it was given daily to 
test its prophylactic use or to prevent menstrual migraine

CNS Drugs. 2010 Jul 1; 24(7): 539–548.

J Headache Pain. 2018; 19(1): 3.

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20433208
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5768576/


Preventive treatment
CGRP receptor antagonists

CNS Drugs. 2010 Jul 1; 24(7): 539–548.

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20433208


Preventive treatment
Fremanezumab

■ Humanized IgG2a monoclonal antibody that selectively and
potently binds to calcitonin gene–related peptide (CGRP) → 
Scavenging CGRP

■ Targets both α and β isoforms of the CGRP ligand (not the 
receptor)

■ Flexible dosing

■ Subcutaneous injection

■ No serious treatment-related adverse events

N Engl J Med 2017; 377:2113-2122



Preventive treatment
Fremanezumab

N Engl J Med 2017; 377:2113-2122

fremanezumab-quarterly group : single dose of 675 mg of fremanezumab at baseline (three 

injections of 225 mg per 1.5 ml) + followed at weeks 4 and 8 by placebo (one 1.5-ml injection)

fremanezumab-monthly group : 675 mg of fremanezumab at baseline (as above) +

225 mg of fremanezumab at weeks 4 and 8 (one injection of 225 mg per 1.5 ml)

Primary end point : mean change in the average 

number of headache days (days in which 

headache pain lasted ≥4 consecutive hours

Secondary end points : mean change from baseline 

in the average number of migraine days per month
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