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Abstract
Mutations in the CACNA1A gene show a wide range of neurological phenotypes including
hemiplegic migraine, ataxia, mental retardation and epilepsy. In some cases, hemiplegic migraine attacks can be triggered by minor head trauma and culminate in encephalopathy and
cerebral oedema. A 37-year-old male without a family history of complex migraine experienced hemiplegic migraine attacks from childhood. The attacks were usually triggered by minor head trauma, and on several occasions complicated with encephalopathy and cerebral
oedema. Genetic testing of the proband and unaffected parents revealed a de novo heterozygous nucleotide missense mutation in exon 25 of the CACNA1A gene (c.4055G>A, p.R1352Q).
The R1352Q CACNA1A variant shares the phenotype with other described CACNA1A mutations and highlights the interesting association of trauma as a precipitant for hemiplegic migraine. Subjects with early-onset sporadic hemiplegic migraine triggered by minor head injury
or associated with seizures, ataxia or episodes of encephalopathy should be screened for
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mutations. These patients should also be advised to avoid activities that may result in head
trauma, and anticonvulsants should be considered as prophylactic migraine therapy.
© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Familial hemiplegic migraine (FHM) is a rare autosomal dominant variant of migraine
with an aura characterized by motor weakness. FHM is divided into three subtypes depending
on which gene is affected, and the most common mutation is located in the CACNA1A (OMIM
601011) gene on chromosome 19p13 (FHM1) [1]. Hemiplegic migraine sufferers without a
family history of hemiplegic migraine are classified as cases of sporadic hemiplegic migraine
(SHM). SHM may be caused by one of the genetic mutations that cause FHM; however, mutations are rarely found in SHM, especially in adult-onset cases [1–3]. Genetic analyses are therefore recommended only in early-onset SHM cases, especially when associated with other neurologic deficits [1, 3].
Besides hemiplegic migraine, CACNA1A mutations are associated with spinocerebellar
ataxia 6 and episodic ataxia type 2 [4, 5]. In addition, a more severe phenotype with earlyonset ataxia, development delays, seizures and episodes of hemiplegia and cerebral oedema
triggered by minor head trauma, fever or other exogenous stress has more recently been described [5, 6]. Such episodes can be severe, last for months, and lead to disability or even death.
We present a case of early-onset SHM with attacks triggered by minor head trauma and complicated by encephalopathy and cerebral oedema in which a rarely reported CACNA1A mutation was found.
Case Report

A 37-year-old male was first seen at the tertiary Headache Centre at the National Hospital
for Neurology and Neurosurgery, UK, in September 2013 due to complex hemiplegic migraine.
He was born to healthy non-consanguineous parents following an unremarkable pregnancy
and perinatal course. His brother suffered from migraine, but otherwise there was no family
history suggestive of hemiplegic migraine, neurological diseases or cerebellar syndromes. He
failed to meet developmental milestones at 6 and 12 months of age and was subsequently
diagnosed with athetoid cerebral palsy in a setting of hypotonia. During childhood, he exhibited signs of cerebellar ataxia, global development delay and mild intellectual disability. He
experienced his first generalized tonic-clonic seizure at the age of 3 years following a mild
head trauma at school, when a toddler hit his head with a toy car. This resulted in a coma and
massive cerebral oedema requiring ICU admission and treatment with mannitol. During childhood he had several similar episodes of seizure-associated encephalopathy, for which no
cause was found. None of these subsequent episodes resulted in cerebral oedema. He also experienced episodes of petit mal seizures. An EEG at the age of 13 years showed a sharp focus
on the left temporal region. Notably, a muscle biopsy showed no evidence of mitochondrial
disease.
From the age of 7 years he started suffering from headaches. The episodes usually started
with difficulty using the arm or leg followed by a facial drop on one side, blurred vision and
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slurred speech. The visual and speech symptoms lasted for approximately 90 min and were
succeeded by a severe headache lasting from 2 days to a few weeks. The hemiparesis persisted
during the headache, associated with photophobia and motion sensitivity. Initially he had 2–
3 episodes per year, but this increased to 4 annually in his teenage years. All episodes were
associated with mild head trauma or minor illness, usually viral infections.
He was at the time of referral taking Calcichew and alendronic acid for fracture of the
femur and paracetamol for his headaches. Neurological examinations revealed slurred speech,
slow tongue movements with brisk jaw jerk, hypotonia, pathologically brisk reflexes and an
extensor plantar reflex on the right. There was no ataxia or nystagmus during examination at
the headache centre.
Because of the hemiplegic attacks complicated by minor head trauma, and the episodes
of encephalopathy during childhood, a severe CACNA1A mutation was suspected and a series
of investigations including genetic testing was initiated. Neuropsychological testing revealed
verbal and non-verbal scores in the impaired ranges, with a verbal IQ of 52 and a performance
IQ of 55. MRI of the brain and cervical spine showed marked cerebellar hemispheric and vermian atrophy (Fig. 1). The neurophysiological studies were unremarkable. Even though a
CACNA1A mutation was suspected, whole genome sequencing was carried out on the patient
and both parents, as a part of the 100,000 Genomes Project (Genomics England). The patient
had not undergone genetic testing prior to the sequencing. Segregation analysis identified a
de novo missense mutation in exon 25 of CACNA1A (c.4055G>A, p.R1352Q). This mutation
was absent in his parents. His brother was not tested for the mutation. Figure 2 indicates the
location of the mutation in the protein. The mutation was located in a highly conserved region
of the protein (online Supplementary Material; for all online suppl. material, see
www.karger.com/doi/10.1159/000512275) and SIFT [7] and PolyPhen [8] scores indicated
a deleterious and damaging effect of the mutation.
The patient continues to have approximately one hemiplegic migraine attack yearly, often
triggered by episodes such as falling or hitting his head. He also has episodes of hemiplegic
migraine in the absence of minor head trauma, but has not had episodes of encephalopathy or
cerebral oedema since childhood. He keeps himself fit and active, regularly going to the gym
and golfing, and is currently functioning well in a part-time job and has attended college for
adult education and life skill classes. He is advised to strictly avoid activities that involve any
risk of trauma to the head and is using naproxen 500 mg with good effect on migraine aura
and pain.
Discussion

The CACNA1A gene encodes the pore-forming α-1A subunit of neuronal voltage-dependent P/Q-type calcium channels, which is important in mediating fast synaptic transmission at
central and peripheral nerve terminals [1, 4]. It is hypothesized that changed calcium ion influx through the channel reduces the threshold for the cortical spreading depressions leading
to motor aura and hemiplegic migraine attacks [1, 9]. The calcium channels are also present
in the cerebellum, where they maintain the highly regular, intrinsic pacemaking of Purkinje
cells, likely explaining the associated ataxia [10]. On the other hand, episodes of cerebral oedema seem to occur in some CACNA1A mutations where there is an increased risk of a cytotoxic oedematous response to minor brain injury. This is thought to be mediated through ionic
perturbations and cytotoxic release of excitatory neurotransmitters because of the
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dysfunctional calcium channels and mechanical strain-induced activation of these channels
[6, 9]. Even though the pathophysiological evidence for cerebral oedema mostly stems from
the S218L mutation, it is conceivable that the same pathophysiological mechanisms apply for
other CACNA1A mutations.
This report and similar cases of CACNA1A mutations illustrate some important points for
the clinical care of patients with severe forms of SHM. The de novo R1352Q variant presented
in this case has, to the best of our knowledge, been reported in only two other publications
[11, 12]. The phenotype presented in these reports is almost identical to that of the present
case; both cases displayed widespread and serious neurological symptoms including global
development delay, ataxia and recurring episodes of hemiplegia and/or coma triggered by
mild head injury. One of these reports points out the overlap between CACNA1A-related ataxia
and migraine [11]. Moreover, de novo pathogenic CACNA1A mutations seem to occur much
more frequently in early-onset cases of SHM [3], whereas the proportion of mutations
amongst adult-onset patients is low [1]. CACNA1A-related disorders should therefore be considered in early-onset ataxia or SHM [5, 11]. Interestingly, there is also a report of a R1350Q
variant, resulting in a nearly identical phenotype in a 7-year-old boy with mental retardation,
cerebral ataxia and recurrent episodes of coma following mild head trauma [13]. Next, there
seems to be a genetic link between epilepsy and hemiplegic migraine that is of relevance to
the R1352Q mutation. In a meta-analysis of 30 CACNA1A variants, 10 were associated with
seizures, 7 of which were located in the transmembrane domains [14]. Two of these variants
(R1346Q and R1349Q) were located in the same transmembrane domain (III S4) of the calcium channel as the R1352Q variant (Fig. 2). The R1346Q mutation has been described in 5
families, all with hemiplegic migraine and ataxia [14], whilst the R1349Q mutation has been
described in 2 case reports of SHM, both of which presented with episodes of cerebral oedema
[2, 15]. The patient presented in this case report did in fact have seizures since childhood, and
it appears that patients with mutations in the transmembrane III or IV S4/5 domains are more
susceptible to developing epilepsy [14]. Finally, one of the more extensively studied CACNA1A
mutations is the S218L variant [1, 16]. This variant also results in a phenotype with episodes
of encephalopathy and cerebral oedema following head trauma, and sometimes ataxia or intellectual disability. Altogether, these cases illustrate the usefulness of screening for mutations
in FHM-related genes in patients with early-onset SMH that is triggered by minor head trauma
or associated with ataxia, seizures or encephalopathy. The authors suggest that screening
should be focused, selecting a panel of neuronal channel genes associated with FHM and SHM.
In the case report of the R1349Q mutation, an emergency treatment protocol consisting
of combined corticosteroids and administration of a hypertonic solution was established [15].
Such a treatment regime of intracranial hypertension management and corticosteroids has
also proven to be effective in other cases [5]. The treatment regime was not attempted during
episodes of cerebral oedema in the patient we present here, but it is warranted in future episodes. In addition, there are some reports of acetazolamide reducing the frequency of hemiplegic episodes complicated by cerebral oedema [5]. Also, considering the genetic link between migraine and epilepsy, researchers recommended that clinicians prescribe antiepileptic drugs, such as topiramate, to hemiplegic migraine patients with mutations with a marked
susceptibility for epileptic seizures [14]. Topiramate would indeed have been a valid option if
the present patient had had an attack frequency justifying preventive treatment.
To conclude, we report a de novo missense CACNA1A mutation, R1352Q, in a patient suffering from SHM in the UK. This is one of the many CACNA1A variants leading to severe hemiplegic migraine complicated by cerebral oedema. As recommended in the literature, screening
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for mutations in FHM genes should be done amongst patients with early-onset SHM which is
triggered by minor head injury or associated with seizures, ataxia or episodes of encephalopathy. Moreover, clinicians should counsel patients with hemiplegic migraine triggered by minor head injury to avoid activities that may precipitate attacks, have an emergency treatment
protocol ready for episodes of cerebral oedema, and consider anticonvulsants as migraine
prophylaxis.
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Fig. 1. Sagittal T1-weighted brain MRI scan showing marked cerebellar atrophy. There were no intrinsic

cerebellar lesions, the brainstem was well preserved, and there was normal preservation of both cerebral
hemispheres.
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Fig. 2. a Pedigree and sequencing results. Males and females are indicated by squares and circles, respec-

tively. Black filled figures indicate the hemiplegic phenotype. The arrow marks the proband (3). Sequencing of the proband showed a de novo heterozygous missense R1352Q mutation seen as a decreased height
of the chromatogram between the two vertical lines. The mutation was not present in the proband’s parents (1, 2). b Schematic presentation of the protein structure of the calcium channel encoded by CACNA1A.
The black numbered circle (4) represents the novel de novo R1352Q mutation found in in the fourth segment of the third transmembrane domain. The white numbered circles show the locations of other
CACNA1A mutations described in this paper. The S218L mutation is located intracellularly in the first domain (1), and the R1346Q and R1349Q mutations (2, 3) are both located in the same segment as the
R1352Q variant.
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