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A 22 year old comes to the office with increasing headache. She
had headaches as a child, for which she would have to leave school
because she was vomiting. These decreased as she got older and were
mainly before the onset of her period. Now, for the past 5 months, the
headaches have been occurring 3-4 days/week. She become tired and
yawny the day before, and with severe headaches, she has dizziness and
difficulty focusing her eyes. The day after she is mentally foggy.

The Primary Headache
ICHD 3 (2013)
• Migraine
• 1.1 Migraine without aura
• 1.2 Migraine with aura
• 1.3 Chronic migraine

80%
20-30%
2.5%

• Tension Type Headache
• Trigeminal Autonomic Neuralgias
• Cluster, Paroxysmal Hemicrania, SUNCT, Hemicrania continua
• Other primary Headache disorders
• Cough, exercise, sexual ,stabbing, Hypnic, New daily persistent

Migraine without aura
A. At least 5 attacks
B. Lasting 4-72 hours
C. At least two of:
A. Unilateral
B. Pulsating
C. Moderate or severe pain intensity
D. Aggravated by physical activity
D. During headache at least one of:
A. Nausea and/or vomiting
B. Photophobia , phonophobia
E. Symptoms not attributed to another disorder

Epidemiology
• Lifetime prevalence of headache: 66%
Migraine: 18% women, 6% men
• 28 million in US with migraines
• Highest prevalence is mid life => decreased work
• $13 billion cost each year- ER, lost income, etc
• 40% of migraine patients would benefit from preventative meds
Only 13% receive effective preventative treatment

• Studies note most “ sinus headaches” are migraines
•2/3 of migraines are managed by primary care!

The anatomy of Migraine

A 49 year old woman presents to your headache clinic for
evaluation of new episodes of right arm numbness and speech
difficulty. Over the years she has had episodes of visual change with a
shimmery dot that enlarges into a crescent with flashing edges to one
side of her vision, after 30 minutes, she will have a severe pounding
headache with nausea. These occur about 1-2 times/year, she takes
advil and lies down in a dark room. Over the past few months she has
had six episodes of right arm tingling beginning in her hand and
radiating over 20 minutes up her arm, into the right side of her mouth,
followed by difficulty getting the correct word out. This lasts about
45-60 minutes then she has a pounding left side headache. She has had
irregular and infrequent periods in the past year and none for over 8
months. You follow her daughter for cyclical vomiting and abdominal
migraines.

Migraine with Aura 1.2.1
• A. At least two attacks
• B. Aura with at least one of following reversible aura
• Visual symptoms- positive and/or negative
• Sensory
• Speech and/or language
• Brainstem aura
• C. At least two of the following four:
at least one aura >5 min or >2 or more aura in succession
aura lasts 6-60 minutes
At least one aura symptom is unilateral
The aura is followed within 60 minutes by a headache

Migraine Aura
• Visual aura is most common - > 90 % aura
• Most often there are positive features – sparkly,
shimmery, Zig/zags convex, scintillating arcs
• Can leave scotoma ( visual voids) after it is gone
• Sensory aura are second in frequency
• Pins /needles with slow spread – unilateral, tongue, arm
• Speech symptoms are least common-aphasia
• Motor aura – then classifies at hemiplegic – BUT
• Many people perceive numbness as weakness

Cortical Spreading Depression

Pathophysiology of Migraine
Cortical spreading depression
• 20-30% migraine pts have aura, 25% some visual distortions
• This spreading depression measured on CBF, PET studies
• Begins occipital and spreads anteriorly - 3-6 mm/minute
• During aura there is increase in blood flow, so not vasospasm
• CSD due to depolarization of neurons and glial cell from extracellular
potassium efflux
• Related to activation of trigeminal nerve afferents- neurometabolic

Are Birth Control Pills (OCPs) safe in Migraine patients?
• OCPs are safe in migraine without aura

• Avoid in smokers with vascular risk factors, older than 35

• Aura occurs in high estrogen states
• Risk of stroke is increased in migraine with aura
• Most studies done with prior high dose OCPs, vascular risk factors

• Risk of ischemic stroke: increase with OCPs
> 50 mcg: 3.3

20 mcg: 1.6

• Risk of MI, DVT : 1.6 fold increase in OCP uses,
Risk increased with higher dose estrogen
• Risk did not vary according to generation of progesterone

Continuous Hormone Contraception ( CHC) for menstrual
related migraine without aura
Anne Calhoun, MD, University of North Carolina, AHS June 2017

• To eliminate MRM reduce the menstrual drop in estrogen to < 10 ug EE
• Use continuous CHCs that inhibit ovulation ( drop the placebo week)

• Low dose or extended cycle OC with extra estrogen in menstrual week
• CHCs with Declines < 10 ug EE
Lybrel, amethyst - no decline, continuous active pills
Lo-Seasonique - 10 ug decline in week 13
LoLoestrin 1/10 - 2 day pill free interval/month with 10 ug EE decline

A 36 year old patient is referred to your office for daily headaches.
She had severe headaches with vomiting as a child, took Tylenol and laid
down in a dark room. For the past 10 years she has had headaches 2-4
times/week, which have been daily for the past year. They are bifrontal,
aching and headaches are severe 2-3 days /week with nausea,vomiting.
What type of headache disorder is this?
What question do you want to ask?

Chronic Migraine
A. Headache for >15 days/month* for > 3 months And:
B. On >8 days/month for > 3 months :
•

Migraine without aura

•

Migraine with aura

•

Patient feels it’s a migraine and triptan/ergot relieves

Chronic Migraine
• 2.5% of population, 40% revert to episodic within one year
• Comorbidities: depression: 50% anxiety: 30%
• Risk factors: medication overuse, obesity, sleep disorders, excessive
caffeine, low socioeconomic status, history of head or neck injury
• Under use of appropriate abortive meds ie nsaids and triptans can result
in chronification of migraines

Medication Overuse Headache
ICHD 3
• Headaches > 15 days/month in a patient with primary headaches
• Regular overuse for > 3 months of one or more abortive meds
• NSAIDS ( anti inflammatory) : > 10-15 days/month
• Triptans/ergots - > 10 days/month
• Opiates /combination meds ( Excedrin), fioricet > 5 days/
month

• Headaches due to withdrawal of medicine overnight
Will not improve until overuse is stopped

What we Avoid and WhyOpiates and Fioricet
• “Any use of barbiturates and opiates was associated with increased risk

of transformed migraine after adjusting for covariates.”
– Bigal et al Headache 2008
• “Do not use compounds containing butalbital or opiates (or place
extreme limits on them), out of concern for progression to chronic
migraine.”
–Taylor and Kaniecki 2011

Treatment of Migraine Headaches - Acute
• Triptans ( Level A)
• Fast acting: imitrex injectable, zomig nasal spray
• Slow onset, longer duration: Amerge, Frova
• Treximet – Sumatriptan + Naprosyn
• NSAIDs
Naprosyn, Diclofenac, Ibuprofen ( Level A)
• DHE 45
• Migranal nasal spray( Level A)
• Stratified care – Patient chooses based on headache severity
Does not wait to take triptan if NSAID does not work
NSAIDS with less rebound and can prevent chronification

Treatment of Migraine
Preventative Treatment - When to consider
• Headaches are too frequent, more than 1-2/week, lasting days
• Interfering with daily life – very severe ( HIT 6 or MIDAS)
• Inadequate pain control with abortive medications which leads to
medication overuse and migraine chronification
• Contraindication to triptan/ergot – i.e. CAD
• START LOW and GO SLOW, treat at least 2-3 months

Migraine Preventative Treatment
Antihypertensives:
Atenolol, Metoprolol, Timolol, ? Verapamil
Antiepileptics:
Topiramate, Valproate – both level A, Valproate (Liver, PCOS, weight gain)
Antidepressants:
amitriptyline, nortriptyline, venlafaxine, Cymbalta, Prozac

Wellbutrin,

Zoloft, straterra can worsen
CGRP monoclonal antibodies: erenumab, frenezumab, galcanezumab, eptinezumab
Migraine vitamins: riboflavin 400 mg, magnesium 400 mg, coQ 10 400 mg

Migraine Preventative Treatment
• Lifestyle– hydration, regular meals, sleep, exercise, limit caffeine
• Psychology: CBT, relaxation, biofeedback ( Level A)
• Botox, Topamax, CGRP MABs – chronic migraines
• Occipital nerve blocks and trigger point injections
• Sleep referral for persistent sleep issues
• Psychiatry for anxiety, depression

Treatment of Migraine
Co Morbid Conditions
• Psychiatric- Anxiety, insomnia, depression bipolar, PTSD - Up to 50%
• Raynaud’s
• Fibromyalgia
• GI – IBS
• Neurologic: epilepsy, tremor, vertigo, restless legs
• Recurrent sinusitis- + imaging
• Other: Asthma, allergies
• Cardiovascular-hypertension, CAD, PFO

What’s new in Migraine management – Monoclonal Ab to CGRP!

• CGRP was identified in neural tissue in 1980s
• It is a very potent cerebral artery ( not vein) vasodilator
• Increased CGRP ( not substance P) can be measured in the
jugular vein during a migraine
• Iv CGRP can induce a migraine in migraineurs
• And cluster headaches in cluster headache patients.
• 5- HT 1b,1d agonists, ( triptans) block CGRP release,
presynaptically

CGRP – Where is it?

CGRP Blocking Drugs
The gepants
§ Six Small molecule CGRP Receptor antagonists
5 clinically studied and all demonstrated efficacy in migraine
• Telegepant – six positive phase III trials for acute treatment
in preventative trial had LFT elevation, FDA did not approve
• Trials stopped in 3 others
• Ubrogepant + Atogepant in phase III trial
• Similar efficacy to triptans, Broader safety profile
• Could these be used together with triptans?

Four CGRP Monoclonal antibodies
• Episodic and chronic migraine prevention, cluster HA
• 3 humanized directed against CGRP
• 1 fully human MAB targeting CGRP receptor

Monoclonal antibodies ( MABs) to CGRP
• Cannot cross BBB since very large
• Trigeminal ganglia and dura are outside BBB!
• Minimal CNS toxicity

• Extracellular action => very specific for target
• Poor GI bioavailability -Oral forms are not available
• Not eliminated by liver, kidneys-> reticuloendothelial
• Minimal drug <=> drug interactions
• A bit expensive - $600/month – appearing on formularies
need prior authorization letter
• Drug companies giving copay cards for now

Anti-CGRP monoclonal antibodies for
Migraine prevention
Table 1: An+-CGRP monoclonal an+bodies currently in phase III trials
Name

Company

Target

AMG-334
erenumab

Novartis- CGRP
70 mg sc q month
Amgen receptor

ALD403
eptinezumab

Alder

CGRP

Administra+on

1 gm iv q 6 months

Expected phase III results

FDA approved – 5/18

Phase 3

LY2951742
Eli Lilly
galcanezumab

CGRP

120 mg sc every 4 weeks
After 240 mg mg load dose

FDA approved 9/18

TEVa-48125
Teva
fremanezumab

CGRP

225 mgmg sc every month
Or 675 mg every 3 months

FDA approved 9/18

Anti-CGRP monoclonal antibodies for Migraine prevention
• Headache free days 2.8 more/month than placebo
• 62 % had more than 50% reduction in migraine days
• 16% headache free for one month
• Some work within one week of injection
• Minimal side effects – mainly injection site
• Insurance coverage evolving, 0-$5 copay cards via Teva, Amgen, Lilly

AAN guidelines for quality improvement in migraine +cluster headaches
Neurology 2015;84:2015 Ross, S et al
1.Overutilization of neuroimaging
2. Underuse of Preventative therapies
3. Inappropriate acute treatment
4. Undertreatment of comorbidities
medication overuse
anxiety, depression, sleeping disorders

28 year old man comes to the ER at 2 am. He has been waking up
at night for the past 2 weeks with severe, left periorbital headaches. He is
pacing around the room and clearly in pain.

Cluster Headache
Severe unilateral, orbital pain lasting 15 – 180 min
At least one of following:
1. ipsilateral conjunctival injection/lacrimation
2. ipsilateral nasal congestion/rhinorrhea
3. ipsilateral eyelid edema
4. ipsilateral forehead/facial sweating or flushing
5. Ipsilateral miosis and/or ptosis
6. sense of fullness in the ipsilateral ear
+/- restlessness or agitation
D. Attacks - 0ccur 1 every other day to 8/day, mostly night time

Trigeminal Autonomic Cephalgias

A.
B.
C.
D.

All types are more common in males
Are usually associated with nausea/vomiting
Are always episodic
Are characterized by severe, side locked periorbital pain

Cluster Headaches - Epidemiology
• Prevalence: 0.1 - .2 %
• Age: 20-40 years
• M/F: 3-4/1
• 17 fold increase in first degree relatives
• Physical features; Leonine facies, heavy facial features,
peau d ’orange, hazel eye, taller than average
• V1 distribution - Can be misdiagnosed with Trigeminal
neuralgia but this is most often V2/V3
• Headaches mainly at night, clocklike regularity

Activation in posterior hypothalamic gray matter during attack

Why to MRI all new onset side locked headaches!
• Tumors:
• Pituitary tumor- up to 10% have TACs
• Sphenoid/para sellar meningioma
• Clival epidermoid tumor
• Nasopharyngeal carcinoma
• Inflammatory - Temporal arteritis
• Vascular:
• carotid/vertebral artery dissection
• AVMs- frontal lob, callosum, MCA territory
• Infectious
• Sphenoid sinusitis
• Zoster opthalmicus

Cluster Headaches- Treatment
Acute
Oxygen – 12 – 15 ml, 100% O2 via a rebreather mask
Imitrex injections – 4 mg – can give 3/day, 6 mg- 2/day, DHE injections
Zomig nasal spray
Indocin as back up
Daily preventative
Prednisone – 12 day course
Verapamil 120 mg bid up to 680 daily, monitor EKG, HR
Melatonin 10 mg at night
Lithium, Topamax for chronic
gamma core vagal nerve stimulator - better for episodic

Other Trigeminal Autonomic Cephalgias
• Classified according to length
• Cluster: 15 – 180 minutes, usually nocturnal
• Paroxysmal Hemicrania: 2-30 minutes
• Hemicrania continua – continuous side locked pain
• SUNCT – 1 – 600 seconds
• These are side locked, rarely shift
* Paroxysmal hemicrania and Hemicrania continua respond to Indocin

Trigeminal Autonomic Cephalagia
Attackssssssss
• Sudden onset
• Severe
• Side locked
• Stereotypical
• Soggy Face
• Suicidal headache
• Some respond to Indocin

A 38 year old woman with a history of migraines, just
delivered a healthy full term baby. Her migraines resolved during
pregnancy, but now 3 months post partum they have returned 1-2
days each week and are severe with nausea and vomiting. She is
breast feeding. Her exam is normal. She wants to know what
medication she can take for headaches?

Eletriptan ( relpax) – has minimal penetration in breast milk
need to do prior auth for this
Sumatripan ( Imitrex) – is approved during nursing
Amitriptyline approved during nursing as preventative

Secondary Headaches
When to image and why

28 year old , woman with history of menstrual related migraines,
has had a daily, holocranial headache for the past 5 weeks for which she
has been taking daily ibuprofen. She presents to the ER with a 4 day
history of binocular, horizontal diplopia. She reports headaches are
worse with coughing, diplopia and when she bends over her vision grays
for seconds. Exam notes a right CN VI palsy.

Intracranial Hypertension - MRI

Pressure Issues
High

Low

Intracranial Hypertension
F> M, obesity is a risk factor
Diagnostic criteria:
Papilledema
Normal neurologic exam except CN VI
MRI with and without normal as well as MRA/MRV of CTA/CTV
Normal CSF studies: opening pressure:
adults: > 250 mm , children> 280 mm
sedation and Valsalva will increase opening pressure,

Intracranial Hypertension
Cerebral Venous Thrombosis
Superior Vena Cava Syndrome
Antibiotics: tetracyclines, fluoroquinolones, nalidixic acid
Vitamin A and retinoids – include isotretinoin, transretinoic acid
Hormones: hGH, Thyroxine in children, Leuprorelin
Anabolic steroids, withdrawal from chronic steroids
Lithium
Hypercapnia, sleep apnea/Pickwickian
Anemia, renal failure
Turner Syndrome, Down syndrome

Intracranial Hypertension
Diagnosis
MRI:

LP

Empty Sella
Flattening of posterior part of globe ( ? Elevated disc)
Distention of the optic nerve sheath, tortuous
Narrowing of the transverse sinuses
Opening pressure > 250 cm ( 280 cm in children)

Ophthalmology:
Fundus photo, visual acuity, Visual fields, OCT
Sleep study: Obstructive sleep apnea

Intracranial Hypertension
Treatment
• Weight Loss < 6%
• Diamox – slow: 250 mg bid for 3 days then 500 mg bid up to 2 gm
If cannot tolerate Diamox: Lasix, thiazide, Topamax
• < 10% have permanent vision loss
• If vision worsens or does not improve: optic nerve sheath fenestration
or temporary LP drain, VP shunt rarely needed
• The Intracranial Treatment Trial- lowering csf pressure did not improve
headaches in many – need to treat underlying headache disorder

A 52 year old woman, on vacation and has been
playing tennis everyday. Tall and thin she has always
been very athletic and is very flexible. On her last day
of vacation she gets out of bed and has a severe,
holocranial headache. This is associated with muffled
hearing and when she looks down at her plate she has
severe pain shooting down her neck. When she lies
down the symptoms completely resolve. She stayed in
bed for the rest of her vacation but comes to ER now.

Intracranial Hypotension
MRI brain:
Pachymeningeal enhancement
Secondary Chiari
Puffy Pituitary
Enlarged transverse sinuses
Brainstem sag
Subdural fluid collections
CT myelogram – c spine, t spine, L spine
Heavily weighted T2 spine, intrathecal Gd mr myelography
Treatment: Large volume epidural blood patch, Trendelenburg, can target

A 46 year old with depression, anxiety and migraine calls your office
on Friday at 3:30 pm to report she just had the sudden onset of the worst
headache of her life. It reached 10/10 in 30 seconds and lasted for 2
hours. She takes Wellbutrin and paroxetine for her anxiety. In the ER the
prior week she was given tramadol. Because her migraines had been daily
for the past 3 weeks, she was taking daily Maxalt, so she could get through
the day. She was also taking dhe 45 nasal spray in the past week. CT
head and labs were normal in the ER. Urine tox screen was + for
marijuana.

Thunderclap Headache
Differential Diagnosis
•
•
•
•
•
•
•
•
•

Subarachnoid Hemorrhage
Intracerebral hemorrhage
Pituitary apoplexy
Retro clival hematoma
Sphenoid sinusitis
PRES
Orgasmic headache
Primary Exertion Headache
Aqueduct stenosis

Arterial Dissection
Cerebral Venous Thrombosis
Intracranial Hypotension
Colloid cyst of III Ventricle
Meningitis
RCVS
Primary cough headache
Acute Hypertensive crisis
Cardiac cephalgia

• Primary thunderclap headache Pheochromocytoma

Thunderclap Headache (TCH)
• Subarachnoid hemorrhage
• 10-43% have sentinel thunderclap like headache
• 12% have worst headache of life with SAH
• Cerebral venous thrombosis
• 2-13% have a TCH at onset
• Arterial dissection
• TCH in up to 20%, ipsilateral to the dissection
• Spontaneous intracranial hypotension
• 14% with TCH
• Meningitis - 2.7% with TCH
• RCVS – 85% present with thunderclap

Reversible Cerebral Vasoconstriction Syndrome
Calabrese LH, Dodick DW et al – Ann Intern Med 2007
• RCVS is a group of disorders
• Primary
• Secondary – most common
• Thunderclap headache is hallmark and can recur
• With and without neurologic signs/symptoms
• Reversible vasoconstriction
• Unclear pathophysiology

Secondary RCVS
• Pregnancy and post partum
• Drugs: phenylpropanoloamine, ephedrine, pseudoephedrine,
ergotamine, methergine, bromocriptine, SSRIs, lisuride,
Sumatriptan, isometheptine, cocaine, ecstasy, amphetamines,
cannabis, LSD, tacrolimus, cytoxan, erythropoietin
• Blood products: iv Ig, red blood cell transfusions
• Metabolic: hypercalcemia, porphyria, carcinoid tumors, unruptured
aneurysms, head trauma, neurosurgery, endarterectomy, spinal
subdural hematoma

Prospective Series of RCVS –
Ducros A et al, Brain 2006
• Prospective study of rcvs patients no precipitating factor
• 5 women were postpartum - 1 had bromocriptine
• 37 patients used vasoactive substances
• Cannabis:
20
• SSRIs:
13
• OTC decongestants
8
• Cocaine
3
• Interferon
2
• Nicotine patch
1
• Cannabis more in men and SSRI more in women

Conclusions
• Migraine headaches are disabling and often undertreated
• Overuse or under use of abortive medications => chronic migraines
• Do not forget to address co morbid conditions- anxiety, sleep
• Educate the patient and discuss lifestyle management
• Many new drugs for migraine and cluster headaches

Thank you

Neuromodulation for migraine and Cluster
FDA approved:
• Transcutaneous supraorbital neurostimulation for prevention
of migraine (Cefaly)
• Transcranial magnetic stimulator for acute treatment of
migraine with aura (sTMS) and episodic migraine
• Non invasive Vagal N stimulator (Gamma Core)- cluster
*Much easier to get FDA approval for a device!

Not FDA approved
The Nerivio Migra Stimulator
Sphenopalatine ganglion stimulation (SPG, Pulsante)
Occipital Nerve Stimulation (ONS)

Neuromodulation- Non invasive
Supraorbital+ supratrochlear nerve stimulator
Cefaly – FDA approved!

FDA approved
acute migraine with aura
Acute and preventive migraine
Mini e Neura
Rent for $350 first 3 months
Insurance coverage pending

Neuromodulation- Non invasive

Vagus Nerve Stimulation – Gamma Core
FDA approved for acute treatment of migraine
and episodic cluster

