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Pathogenic CACNAIA gene variants are associated with a spectrum of disorders includ-
ing migraine with or without hemiplegia, ataxia, epilepsy, and developmental disability. We
present a case of a pathogenic variant (c.4046G>A, p.R1349Q) in the CACNA1A gene associ-
ated with a clinical phenotype of global developmental delay, left hemiparesis, epilepsy, and

stroke-like episodes. Longitudinal neuroimaging demonstrates hemispheric encephaloma-
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lacia with mismatched perfusion and angiographic imaging, in addition to progressive cere-
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Introduction

The CACNA1A gene encodes the Cav2.1 voltage-gated calcium
channel that is expressed in the central nervous system (CNS).
In adults, pathogenic variants in this gene are associated
with a clinical spectrum of disorders including famililal or
sporadic hemiplegic migraine (FHM or HM respectively) with
or without progressive ataxia, episodic ataxia type 2 (EA2),
spinocerebellar ataxia type 6 (SCA6), and developmental and
epileptic encephalopathy type 42 (DEE42) [1-3]. Thus, recog-
nition of the clinical phenotype may be difficult and there
is also a paucity of published neuroradiological studies, es-
pecially in individuals reported with the CACNA1A R1349Q
variant.
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Children found to carry this specific CACNA1A variant have
variable presentations. These include encephalopathy with
myoclonic epilepsy, hemiplegic migraine, coma, stroke, and
eye movement disorders [1,4-8]. Associated brain MRI studies
have frequently shown cerebellar atrophy and progressive at-
rophy of white matter [1,4,6,8], but there are no characteristic
diagnostic findings.

This case report follows the disease course of a pediatric
patient with infantile onset of motor delay and nystagmus
followed by multiple episodes of intractable seizures, strokes,
and hemiplegic migraine throughout childhood. The patient
was ultimately found to carry a pathogenic variant (R1349Q)
in CACNAI1A. This case provides educational value given the
image-rich longitudinal brain findings via MRI and adds to the
emerging literature for this rare pathogenic variant.
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Fig. 1 - 10 months of age. (A) Axial T2 image of the brain
shows prominent ventricles and sulci indicating mild
volume loss. (B) Sagittal T1 image shows normal appearing
cerebellar vermis and brainstem.

Case report

A 10-month-old patient presented to the neurology clinic on
referral from his general pediatrician in consultation for hy-
potonia and global developmental delays. His neurologic his-
tory began at 4 months of age when he was noticed to have
head lag and poor tracking, normally present at 2 months of
age. At 5 months, he demonstrated tremors of his head and
of his hands when holding objects. At 6 months, he showed
nystagmus which was confirmed by an ophthalmologist at 10-
months of age. On the recommendation of an herbalist, the
patient was fed rice protein containing amino acids with re-
sultant improvement of the tremor, according to the mother.

The patient had a normal birth history, without surgeries.
Other than rice protein and flaxseed diet supplementation,
the patient received B12 and magnesium vitamin supplemen-
tation without other medication.

Metabolic/genetic workup demonstrated normal cere-
brospinal fluid (CSF) neopterin and biopterin neurotransmit-
ter profile, serum amino acids, lactate and pyruvate, very long
chain fatty acids, carnitine, acylcarnitine profile, TSH, B12 lev-
els, urine amino and organic acids, mucopolysaccharide spot
test, chromosome microarray, and electromyelography.

An outside hospital MRI performed at 6 months of age (un-
available) was reported as normal. MRI at 10 months of age
(Fig. 1) revealed mild white volume loss but was otherwise nor-
mal for age.

The patient next presented to a local emergency depart-
ment at 31 months of age with respiratory failure, status
epilepticus, and new onset left-sided hemiplegia. Brain MRI
findings revealed diffuse right sided cortical swelling with de-
creased diffusion, left hippocampal decreased diffusion, and
mild cerebellar vermian atrophy (Fig. 2). Perfusion imaging
and MR arteriography showed decreased cerebral blood flow
of the right basal ganglia with normal patency of the intracra-
nial vessels (Fig. 3). An infectious workup including CSF was
negative. Seizures were treated with levetiracetam and phys-
ical therapy was initiated for treatment of left hemiplegia. He
had developmental regression after this event as he had left
sided weakness, but could roll over and babbles. Prior to this
event, he was able to sit independently, crawl, point and use
5-10 words.

Fig. 2 - Thirty-one months of age. (A) Axial diffusion
weighted imaging (DWI) shows right basal ganglia and
right temporal cortex decreased diffusion from cytotoxic
injury (arrows). (B) The left hippocampal cortex is also
involved (arrow) which may be from ischemia or acute
seizure sequela. (C) Sagittal T1 shows interval atrophy of
the cerebellar vermis (arrow).

Fig. 3 - Thirty-one of age. (A) Cerebral blood flow map from
dynamic susceptibility contrast perfusion imaging shows
decreased perfusion of the right basal ganglia (arrow).
Maximum intensity projection (MIP) in the coronal plane of
MR arteriography shows normal caliber vessels without
stenosis of the right anterior circulation.

At 34 months, the patient had a follow-up MRI (Fig. 4) show-
ing interval atrophy of the right cerebral hemisphere gray and
white matter involving all lobes with secondary ex vacuo di-
latation of the ventricles and interval volume loss of the right
caudate and putamen. This was thought to be related to evolu-
tion of cytotoxic edema previously seen in these areas. During
this time, the patient experienced breakthrough seizures. Mi-
tochondrial DNA sequencing was performed on blood but was
negative.
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Fig. 4 - Thirty-four months of age. Axial FLAIR image
shows interval encephalomalacia and atrophy of the right
cerebral hemisphere and basal ganglia with resulting
ex-vacuo dilatation of the right lateral ventricle.

At 4 years old, the patient was still having seizures as well
as uncontrolled movements of his arms, head and neck. In ad-
dition, he reported headache. He was started on lamotrigine
which helped to reduce the frequency of seizures. Because of
the high suspicion of a metabolic etiology for the recent stroke
and seizures despite previous negative testing, he underwent
whole exome sequencing and was found to have a mutation in
the CACNA1A calcium channel gene (c. 4046 G>A, p.R1249Q).
Given this diagnosis, verapamil was started. Despite the addi-
tion of lamotrigine, the patient had poor seizure control with
2-3 grand mal seizures a day. Over the next three years, an-
ticonvulsants were increased or added without full control of
seizures.

At 7 years of age, the patient presented acutely to the hos-
pital with fever, vomiting and seizure like activity. He had de-
creased responsiveness and right sided hemiplegia. An in-
fectious workup was negative, and patient received an MRI
which showed left sided decreased diffusion in the subcorti-
cal white matter of the occipital and temporal lobes. MR ar-
teriography showed normal patency of the intracranial ves-
sels (Fig. 5). The patient was treated with IV verapamil and
corticosteroids and discharged to home after supportive treat-
ment. The patient continues taking verapamil and a combina-
tion of valproic acid, topiramate and levetiracetam for seizure
control and movement disorder. Over time, he has shown im-
provement in his right sided weakness; however, he has not
regained baseline function prior to this last event.

Discussion

This case report describes the longitudinal history of a boy
with developmental delay, refractory epilepsy, hemiplegic

Fig. 5 - Seven years of age. (A) Axial DWI shows decreased
diffusion in the left occipital lobe (arrow). (B) Axial MIP of
MRA of the head shows normal caliber vessels. (C) Sagittal
T1 image shows further atrophy of the cerebellar vermis
(arrow).

migraines, and two episodes of stroke-like events. A
pathogenic variant, R1349Q, was found in the CACNA1A
gene. To our knowledge, this is the only case that demon-
strates longitudinal neuroimaging of a pediatric patient with
this specific variant associated with epilepsy, hemiplegic
migraines, and stroke.

CACNAI1A encodes for the alpha-la subunit of a voltage-
dependent calcium channel widely expressed throughout the
central nervous system. Although the pathophysiology is not
fully understood at this time, calcium channels play an impor-
tant role in neuronal excitation and neurotransmitter release.
In addition, specific mutations of CACNAIA have been impli-
cated in cerebral vascular smooth muscle dysfunction with
vasospasm as a possible contributor [9].

CACNAI1A pathogenic variants are associated with var-
ied phenotypes as mentioned earlier. These phenotypes may
overlap in symptomatology. Expansion of CAG trinucleotide
repeats are associated with spinocerebellar ataxia type 6
whereas numerous distinct point mutations cause other phe-
notypes in the spectrum of CACNA1A-related disorders [2,10].

There are few descriptions of the R1349Q variant in the
literature. In three existing cases, pediatric patients with fa-
milial or spontaneous hemiplegic migraine have been dis-
covered to carry this variant. These patients have all pre-
sented with stroke-like events after mild to moderate head
trauma [7,11,12]. These reports stress the importance of ge-
netic testing in pediatric patients who experience stroke and
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stroke-like events as well as symptoms of ataxia and mi-
graine. They also offer limited discussion of treatment op-
tions, such as verapamil [7] or corticosteroids [10], but they
lack the extensive longitudinal neuroimaging that our case
provides.

With enough clinical suspicion, pediatric patients with
global delay, seizures, strokes, or other neurological prob-
lems will undergo brain imaging. There is currently a paucity
of literature regarding what to expect on brain imaging in
patients with this genetic mutation and phenotype. There
are reports of cerebellar atrophy on CT and MRI in patients
with CACNAIA mutations [1,6,8], and also in patients with
hemiplegic migraines that are associated with these variants
[5]. Other case studies have demonstrated progressive white-
matter atrophy with periventricular signal change on MRI in a
child with epilepsy and cognitive impairment due to this mu-
tation [4] as well as repeatedly normal MRIs in an adult patient
with a CACNA1A mutation associated with episodic ataxia
type 2 [13].

Serial MRIs of this patient identify the sequelae of cytotoxic
injury as a result of the CACNA1A variant. Gray and white mat-
ter atrophy with ex vacuo dilatation of the lateral ventricle, as
seen in this patient, has also been reported in another child
with this mutation [4]. During a stroke-like event of the right
hemisphere, there was decreased perfusion with normal MRA,
similar to what has previously been described in hemiplegic
migraine perfusion imaging [14]. The extensive longitudinal
neuroimaging in our report shows in one child the evolution
of structural changes representing this spectrum of CACNA1A-
related injury. Given these imaging findings, a specific test for
hemiplegic migraines should be considered, with mitochon-
drial disease such as mitochondrial encephalopathy lactic aci-
dosis and stroke like episodes in the differential. Whole exome
and mitochondrial DNA sequencing tests would be an efficient
method to detect and differentiate these entities to avoid a de-
lay in diagnosis.

In conclusion, we present a rare case of the pathogenic
variant R1394Q in the calcium channel CACNAIA gene with
longitudinal imaging demonstrating progressive vermian at-
rophy, and two stroke-like events with hypoperfusion despite
normal angiographic imaging. With a clinical background
of developmental delay, seizures, hemiplegic migraines and
ataxia, appropriate genetic testing should be performed to
identify the likelihood of this specific gene mutation.

This report is in accordance with the declaration of
Helsinki. No patient identifiers were included in this report.

The authors have no conflicts of interest to disclose.
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