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Learning objectives

• When to suspect a (non-polyglutamine) CACNA1A disorders

• How to treat CACNA1A related disorders
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Webinar Outline

• CACNA1A: the basics. 

• “Classical” CACNA1A disorders (FHM1, EA2, SCA6)

• The expanding spectrum of CACNA1A: an age dependent –non only motor- phenotype

• Therapy of CACNA1A disorders

• Future directions 

plus…some questions here and there

CACNA1A-related disorders: Clinical presentation and therapeutics options                                                     Elisabetta Indelicato



Question 1: What is your professional background?

a. Neurologist

b. Neuropediatrician

c. Neurology/ Neuropediatrician in training

d. Geneticist

e. Nurse

f. Physiotherapist

g. Patient or patient representative

h. Other
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CACNA1A encodes the α1A-subunit of the voltage-gate calcium channel P/Q and it is 
ubiquitary express in the CNS, but mostly expressed in the cerebellum
P/Q channel regulate the synaptic transmission by enabling the calcium influx which 
trigger neurotransmitter release.



The CACNA1A gene is located on chromosome 19. It contains 47 
exons, many of which undergo a canonical alternative splicing that
results in myriad isoforms with different functional
properties and regional expression patterns. 
CACNA1A scores among the 2% most intolerant genes of the human 
genome. Particularly the transmembrane region shows paucity of
variations
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Familial hemiplegic
migraine type 1

Episodic ataxia
type 2

Spinocerebellar
ataxia type 6• Autosomal dominant transmission

• Cerebellar dysfunction

• Peculiar paroxysmal manifestations
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FHM1
• Monogenic form of Migraine with Aura

• CACNA1A missense Mutations (Gain-of-function)

• Recurrent attacks with hemi/tetraparesis, dysphasia, 

sensory loss, visual disturbances, dizziness, confusion till 

coma, etc.. 

• Frequency: 1-2 in a lifetime to several times per month. 

• Trigger: head trauma, physical and emotional stress, 

cerebral angiography

plus
• Cerebellar signs in the interval (in up to 50% of cases)modified from Tyagi 2020, Frontiers in Molecular Science
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FHM1
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FHM1
• The aura manifestations often outlast the burden of the 

following headache and may last hours or days. 

• “Severe” Attacks may be accompanied by disorders of 

consciousness. In “malignant” mutations (e.g. S218L), trivial 

head trauma may trigger severe attacks with disorders of 

consciousness up to coma and symptomatic seizures 

(underlying brain edema). 

from Stam et al JNNP 2019
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CACNA1A
p13.13

ATP1A2
p13.13

Episodic Ataxia

Spinocerebellar ataxia

Epilepsy
Alternating hemiplegia

of childhood

Epilepsy

SCN1A
q24.3

Epilepsy

FHM1 FHM2 FHM3 FHM4?

PRRT2
q24.3

Epilepsy

Paroxysmal kinesigenic

dyskinesia

CACNA1A-related disorders: Clinical presentation and therapeutics options                                                     Elisabetta Indelicato



FHM1

Patients with mutations in CACNA1A, ATP1A2, or SCN1A had:

1. a lower age at disease onset

2. larger numbers of affected family members

3. more often attacks (a) triggered by mild head trauma, (b) with extensive motor weakness, and 

(c) with brainstem features, confusion, and brain edema

4. Mental retardation and progressive ataxia were exclusively found in patients with a mutation.
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EA2
• Most common form of episodic ataxia

• Mostly associated with truncating/frameshift mutation

• Recurrent episodes with acute onset of balance disorder, dysarthria, double vision, nausea/vomiting.
• Possible additional symptoms: paroxysmal dystonia, hemiplegia, tinnitus, headache.
• Shorter duration than in FHM1 (few minutes till hours) but more frequent (even daily).

• Triggers: stress, caffeine, alcohol, physical exertion, fever, heat, phenytoin 

plus

• Permanent cerebellar signs in the intervals in up to 50-75% of patients.
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EA2
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Innsbruck Cohort, unpublished data

40 genetically confirmed patients

• Paroxysmal manifestations were markedly more frequent in patients with EA2 (Median 108/year (IQR=24;216) versus 6,5/year (IQR=1;12) in FHM1, p=0,0003). 

• Some adult FHM1 patients (n=4) could recall a two-peak course of paroxysmal manifestations. Patients with EA2 could not recall such a two-peak course. However, in several 
cases episodic manifestations ceased during the disease course, either spontaneously or upon medical treatment. 

• The duration of paroxysmal manifestations was significantly shorter in EA2 (attack duration < 1 hour in 8/21 in EA2 patients and in 0/12 FHM1 patients, p=0,03). 

p=0.0002
p=0.01

p=0.03

p=0.002

p=0.000002

p=0.02
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Innsbruck Cohort, unpublished data
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• Patients with chronic gait ataxia were older (age at 
examination 42±21 years versus 23±18 in those without 
gait ataxia, p=0,02). 

• The average SARA score at the first examination was 8±4 
and was similar in both phenotypes. 



De novo S218L

EA2



FHM1/EA2: overlapping Manifestations

• Onset in late childhood/young adulthood

• Cooccurrence of paroxysmal vertigo/ataxia and migraine in the same family

• Chronic cerebellar signs and cerebellar atrophy in 50-75% of patients
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SCA6

• Caused by pathologically expanded CAG repeat within the C-
terminus (normal allele ≤18; pathological allele 20-33 repeats)

• Onset typically in the 6. Decade with an isolated progressive 
cerebellar ataxia (“pancerebellar syndrome”)

• Pathogenesis: no primary effect of calcium currents. Most likely 
disturbances in intracellular signal pathway.

• Interestingly, several patients may display episodic vertigo at 
disease onset, resembling the paroxysmal manifestations of EA2. 

A Poly-Q SCA
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≥20 CAG
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Discovery of a IRES (internal ribosomal entry site) within the CACNA1A gene promoting the translation of a second
gene product, a1ACT, a transcription factor involved in the cerebellar development



Question 2:  Which paroxysmal feature is typical of FHM1?

a.Vertigo

b.Speech disorders

c.Disturbances of Consciousness

d.Headache

e.Nausea and vomiting
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Beyond the “classical” phenotype
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T666M Mutation III-5 delayed motor development (learned to sit by herself at the age

of three years, recover after intensive physiotherapy, she was able to

walk at about seven years of age). She never suffered from hemiplegic

episodes, but had attacks with headache, vertigo and worsening of

ataxia.

IV-8 delayed motor development with first walking attempts at 18 

months of age. Additionally, episodes of drowsiness with walking

difficulties leading to falls and intermittent cervical dystonia Episodes

lasted in the range of 1–3 days and were followed by increased

sleepiness. General and neurological examination as well as EEG were

unremarkable.



T666M Mutation

Developmental delay (free sitting at 3 yo)
Later on recovery, but paroxysmal vertigoSlight developmental delay

(walking with 18 months)
Paroxysmal torticollis
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Genetically confirmed
T666M Mutation
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„…Apart from overt neuropsychological deficits, patients with severe or

frequent attacks appear to exert socio-phobic behavior or anxiety disorder. 

Although psychotic symptoms were denied by all our patients, anxiety and bad

performance in school, especially when the disease started early in life, 

was striking. This phenomenon was anticipated in patient III-2 who scored high 

for anxiety and depression. Moreover, socio-phobic behavior appears to

ameliorate gradually after treatment or even disappears (as observed in 

patient IV-3 after treatment initiation).“

c.3089+2T>C  Mutation



Neuropsychological disturbances and developmental delay

In children of genetically confirmed FHM1/EA2 families:
• psychomotor developmental delay
• learning disability  
• Behavioral disturbances (ADHD, Autism spectrum 

disorders)  

In adults:
• Partial compensation of earlier severe deficits
• Standardized neuropsychological tests: deficits in 

attention, memory, visuocontruction abilities
• Rarely dementia
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intermittent cervical dystonia, accompanied by pallor, 
irritability, vomiting and ataxia

ICHD-3 counts it under the episodic syndromes which can 
precede migraine

BPTI can occur isolated or in combination with a 
developmental delay à hint to an underlying CACNA1A-

Mutation.

Non epileptic paroxysmal events of the childhood

Benign paroxysmal torticollis of the infancy
(BPTI)

Greene 2021, Pediatric research



Non epileptic paroxysmal events of the childhood

Paroxysmal tonic upward Gaze
(PTU)

Intermittent tonic conjugated upward gaze with 
compensatory nodding; it can be accompanied by 

coordination disturbances. 

It is often associated to structural pathologies and can 
precede further neurological syndromes with chronic 

ataxia, epilepsy and intellectual disability. 

Lispi 2002, ILAE
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CACNA1A and Epilepsy
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Spontaneus recessive mutation at tottering locus causing ataxia, 
paroxysmal dystonia and absence epilepsy in mice



CACNA1A and Epilepsy

• Seizures and interictal epileptic discharges (IEDs) at EEG were 
recurrently observed in EA2

• Seizures were typically reported in children and  young adults 
before the onset of paroxysmal ataxia. 

• Absences and 3 Hz Spike-Wave discharges were the most 
common pattern

85 EEG recordings from 38 genetically confirmed

patients performed 1994-2019 + Review of the literature
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Detection of de novo missense 

mutations in the setting of severe 

pediatric syndromes with 

developmental delay and therapy 

resistant epilepsy (“Developmental 

and/or epileptic encephalopathies”)

CACNA1A and Epilepsy



CACNA1A and Epilepsy
1. In FHM1 seizures concomitant with severe migraine attacks accompanied by fever and coma state. 

Particularly frequent is the description of seizures following trivial head trauma in patients bearing the

S218L mutation. Epileptic seizures in the intervals are rare.

2. In EA2 families/LoF mutations epilepsy is frequently described as “independent” manifestation usually 

occurring in children before the onset of paroxysmal ataxia. Absence epilepsy and its correlating EEG 

changes (3 Hz spike-waves complexes) are the most reported manifestation. Description of 

epilepsy/seizure in adults with EA2 phenotypes are rare. In adults focal seizures as well as well-defined 

localized EEG foci have been described.

3. De novo missense CACNA1A mutations recurrently cause severe early onset epilepsy which 

phenotypically may present as classical developmental-epileptic encephalopathies such as Dravet 

Syndrome, Lennox-Gastaut-Syndrome and epilepsy of infancy with migrating focal seizures. They often 

present with early episodes of status epilepticus, especially triggered by fever. Both novel missense 

mutations and well-known CACNA1A variants have been associated with these severe phenotypes, first of 

all the S218L. In some children both severe epilepsy and episodes of flaccid hemiparesis can be noticed, a 

phenotype that overlaps with earlier reports of FHM1 families with a particularly severe disease 
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Familial hemiplegic
migraine type 1

Episodic ataxia
type 2

Spinocerebellar
ataxia type 6

DEE42

The term “developmental and epileptic encephalopathy-

42” (DEE42) (OMIM #601011) has been coined to 

describe such new disease entities.
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Quinn N, JNNP 1989

Epilepsy

psychomotor 
delaymigraine

Cerebellar 
ataxia

Paroxysmal vertigo

BPTI/PTU

CACNA1A



Expanding the phenotype with age-dependent manifestations which precede the 
typical attacks of hemiplegic migraine or episodic ataxia
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Question 3: When would you order a CACNA1A testing?

a. Recurring episodes of hemiplegic migraine

b.Absence epilepsy & chronic cerebellar signs

c. Epileptic encephalopathy

d. Recurring episodes of paroxysmal ataxia
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Diagnosis



Therapy



Acetazolamide is a carbonic anhydrase inhibitor. The inhibition of carbonic anhydrase in the 

kidney hampers the reabsorption of bicarbonate as well as of sodium and chloride, which 

goes along with excretion of water along with ions resulting in a diuretic effect. 

The consequence at a systemic level is a decrease in blood pressure, intracranial and 

intraocular pressures. Furthermore, bicarbonate excretion increases the pH of the blood as 

well as of the cerebrospinal fluid. The clinical application of acetazolamide span from the 

altitude sickness to glaucoma, intracranial hypertension to epilepsy 

A serendipitous discovery
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The beneficial effect of acetazolamide in CACNA1A disorders is believed to 

directly derive from the pH alterations elicited by the drug. Earlier studies 

applying phosphorous magnetic resonance spectroscopy in small non-

genetically confirmed cohorts revealed that pH in the cerebellum is higher 

in patients compared to controls and normalizes upon treatment.

Changes in extra- and intracellular pH influences the potassium currents as 

well as the opening of Na+ and Ca2+ channels and may thus mitigate the 

effect of an abnormal opening kinetics in the setting of CACNA1A mutations

This positive effect is not restricted to P/Q channel mutations, as ACZ 

improves the manifestations of further ion channel disorders, such as 

hypokalemic periodic paralysis.  
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Acetazolamide was primarily applied in EA2, but it has been also

proven effective in the prevention of hemiplegic migraine (Battistini et

al., 1999; Indelicato et al., 2017), as well as in the treatment of

paroxysmal dizziness that predates chronic ataxia in SCA6 (Jen et al.,

1998). Sparse reports suggested that acetazolamide may also

mitigate some chronic features. Our recommendation is a trial of

acetazolamide also in primary chronic courses, as a positive effect on

fluctuations may also contribute to disease stabilization. In our clinical

experience, acetazolamide contributed also to the stabilization of

psychopathological status in CACNA1A patients with concomitant

schizophrenia (Mechtcheriakov et al., 2003).

Usual daily dosage: 250 to 1000 mg 
(bid/tid).



Aminopyridines
Aminopyridines are potassium channel blockers which have been originally applied in the 

treatment of down-beat nystagmus (Strupp et al., 2003). The beneficial effect on nystagmus may 

derives from an increasing inhibitory firing of the Purkinje cells. An earlier report described a 

beneficial effect of 4-aminopyridines in 2 patients with EA2 who no longer responded to 

acetazolamide (Strupp et al., 2004). This observation was corroborated in an observational study 

(Strupp et al., 2004) as well as in a randomized, double-blind, placebo-controlled, crossover trial, 

comparing 4-aminopyridine and placebo (Strupp et al., 2011). 

However, 4-aminopyridine is not licensed for other indications and its availability may be limited. 

Instead, the prolonged-release form fampridine (Fampyra, Biogen) holds an approval for the 

symptomatic treatment of gait disturbances in multiple sclerosis and has been recently 

investigated in a cross-over trial versus acetazolamide and placebo in a group of patients with 

episodic ataxia with and without confirmed CACNA1A mutation (Muth et al., 2021). Fampridine was 

effective in reducing the number of attacks to 63% compared to placebo. In comparison, 

acetazolamide appeared to be likely more effective (reduction of attacks to 52%), though it was, as 

expected, far less well tolerated. 

Usual daily dosage: 10-20 mg/die



Flunarizine in a non-selective Ca2+ channel blocker which is approved also in the treatment of
common migraine and has been proven to be safe and effective in children (Peer Mohamed et al.,
2012). Experimental evidence suggests that blocking of Ca2+ and Na+ currents induced by flunarizine
raises the threshold for the cortical spreading depression phenomenon underlying migraine
(Eikermann-Haerter et al., 2012; Ye et al., 2011). Flunarizine may be particularly beneficial in the
treatment of migraine with aura and several reports confirmed its effectiveness in FHM1. Common
side effects include sedation as well as depressive mood and weight gain. Flunarizine also increases
the risk of developing a pharmacologically induced parkinsonism after long term use (Karsan et al.,
2018).

Migraine Prophylaxis

Usual daily dosage: 10 mg/die (evening)

Topiramate is an established migraine prophylaxis which bears carbon anhydrase inhibition
properties and has been reported to be effective in sparse reports in both FHM1 and EA2 (Gonzalez-
Mingot et al., 2022; Indelicato et al., 2017). In the clinical experience of ours and others (Pelzer et al.,
2013) topiramate is generally better tolerated in CACNA1A patients as in common migraineurs. Side
effects of topiramate partly overlap with those of acetazolamide, due to clear overlapping mechanisms.
Furthermore, topiramate may have central side effects such as impaired concentration, speech
disorders and cognitive disturbances which are reversible upon drug withdrawal. Topiramate and to
less extent acetazolamide also have an anorexiant effect which may be advantageous in the clinical
practice.

Usual daily dosage: 50-100 mg/die (bid)



Treatment of EA2/FHM1 spells
§ Up to date, no specific treatment is available which effectively abates ataxia or hemiplegic migraine spells.

§ One single report described abating aura manifestation upon administration of intranasal ketamine (Kaube et al., 2000). The mechanism
of action is unclear and this finding has not been replicated.

§ Two reports about Verapamil in non genetically confirmed FHM and SHM (Yu & Horowitz, 2001 & 2003)

§ In the acute treatment of severe hemiplegic attacks with brain edema, an empirical symptomatic management with corticosteroid or
hypertonic saline should be considered.

§ The treatment of the migraine related headache relies on the same therapeutics available for common migraine, with a controversial
caveat for triptans. Since triptans are powerful vasocontricting agents, their application in FHM was believed to possibly aggravate
neurological deficits and leading to migrainous strokes. Currently, the US Food and Drug Administration approved package labelling
states that triptans are contraindicated in patients with hemiplegic migraine. Some retrospective case series showed a safe profile for
triptans in the treatment of hemiplegic migraine (Artto et al., 2007; Mathew et al., 2016).
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Epilepsy
Data on therapy of CACNA1A related epilepsy are controversial and systematic analysis are lacking.

Generally, early onset severe phenotypes present with the stigmata of a therapy refractory epilepsy,

while later onset epileptic syndromes appear to be prone to a good seizure control upon classical

antiepileptic drugs (AED) (Le Roux et al., 2021; Niu et al., 2022; Verriello et al., 2021).

Acetazolamide Topiramate

• Approved AED

• Na+ channel blocker, AMPA inhibition, GABA 
enhancer, weak carbonic anhydrase inhibition

• In current series (Le Roux 2021, Zhang 2020) add on 
therapy with topiramate beneficial concerning
seizure control, better than ACZ

CACNA1A-related disorders: Clinical presentation and therapeutics options                                                     Elisabetta Indelicato 



Epilepsy

additional therapy described to be beneficial both in epilepsy and migraine (Niu et al., 

2022; Pelzer et al., 2013; Zhang et al., 2020). 

resulted in clinical improvement in 1 out of 4 patients (Le Roux et al., 2021) 

yielded no benefit in 4 implanted patients (Le Roux et al., 2021) . 

The singular description of a “dramatic” improvement of therapy resistant absence 

seizure to in one child (Du et al., 2017), was not replied up to now in further reports. 

Valproate

Vagus nerve stimulation

Ketogenic Diet

Pyridoxine
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Question 4: 25 yo, 4-5 HM attacks per year, mostly “severe” 

attacks. Overweight. Which would be your treatment strategy?
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a. No prophylaxis

b. 4-aminopyridin trial

c. Topiramate trial

d. Flunarizine trial



Compound Dosage Mechanisms of Action Application

Acetazolamide 250-1000

mg/daily

carbon anhydrase 

inhibition

First line therapy for EA2, as well as 

prevention of paroxysmal 

manifestation in FHM1

4-aminopyridine 10-15 mg/daily K+ channel blocker EA2, interictal nystagmus, episodic 

ataxia in other settings (e.g. SCA6)

Fampridine 20 mg/daily K+ channel blocker 

(prolonged release form 

of 4-AP)

as 4-AP

Flunarizine 5-10 mg/daily Ca2+ channel blocker First line migraine prophylaxis in 

FHM1

Topiramate 50-100 mg/daily Na+ channel blocker, 

AMPA inhibition, GABA 

enhancer, weak carbonic 

anhydrase inhibition

Overlap phenotypes episodic 

ataxia/hemiplegic migraine as well as 

overlap with epileptic manifestations
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Open issues and future directions

• Age dependent manifestations: separate entities or phenotypical continuum ?
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Open issues and future directions

• Therapeutic issues:

• Management of chronic manifestations (cerebellar ataxia, psychiatric manifestations)

• Effect of acetazolamide on early manifestations
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Open issues and future directions
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• Multicentric prospective studies, raising awareness, patient empowerment 

https://www.cacna1a.org/



Take home messages
• Non polyglutamine CACNA1A mutations are associated with a broader phenotype than 

previously thought

• Especially neurodevelopmental phenotypes, neuropsychiatric manifestations and epilepsy 
emerged as relevant manifestations

• Despite poor clinical evidence from randomized trials, several compounds has a clinically 
proven efficacy in preventing hemiplegic migraine or episodic ataxia attacks.

• Evidence for a specific AED treatment or acute treatment of HM/EA is lacking 



Center for Rare Movement Disorders
Department of Neurology
Medical University of Innsbruck
Austria

elisabetta.indelicato@i-med.ac.at



NEXT Webinar

‘Krabbe disease – natural history and treatment options’

by Ingeborg Krägeloh-Mann & Samuel Gröschel, 
University Hospital Tübingen, Germany

11. October 2022
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