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ABSTRACT
Background: ATP1A3 mutations are associated with a diverse set of distinct neurological 
syndromes and intermediate phenotypes that may include extra-neural features. Overall, 
genotype-phenotype correlations are weak. There are no consensus treatments.

Case report: Video and clinical documentation is provided for a patient with a novel ATP1A3 
mutation (GRCh38:19:41982028:C:A;NM_152296.5:c.1072G>T;p.Gly358Cys). This highly 
deleterious variant (Combined Annotation Dependent Depletion [CADD] score-28.8, Rare 
Exome Variant Ensemble Learner [REVEL] score –0.992) is not present in gnomAD v.4.1.0. 
Clinical manifestations include recurrent stereotypical episodes of paroxysmal dyskinesias 
that include jaw-opening dystonia superimposed on a baseline of developmental delay 
with static cognitive impairment, mild ataxia, and hypotonia. Paroxysmal episodes are 
triggered by emotional excitement, heat, cold, exercise, chocolate, and menses. The 
paroxysmal events typically last 5 min. Oxcarbazepine and clonazepam have reduced the 
frequency of paroxysmal episodes.

Discussion: ATP1A3 mutations are associated with protean manifestations that may 
include paroxysmal non-epileptic events such as ataxia, dystonia, and paresis. Accordingly, 
ATP1A3 mutation screening, most commonly as a multi-gene panel, and assessment of 
variant deleteriousness and population frequency should be completed in individuals with 
non-classical phenotypes. Benzodiazepines and drugs that target voltage gaited sodium 
channels (e.g., oxcarbazepine) may be effective therapeutic options.

Highlights: ATP1A3 mutations should be considered in patients with paroxysmal non-
epileptic neurological events which may show clinical overlap with paroxysmal non-
kinesigenic dyskinesias.
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INTRODUCTION

ATP1A3 encodes ATPase Na+/K+ transporting subunit alpha 
3 (ATP1A3) [1]. ATP1A3 is a component of the membrane 
protein Na+/K+ -ATPase, a member of the P-type cation 
transport ATPase family. ATP1A3 is expressed throughout 
the brain with particularly high levels in the striatum and 
cerebellar Purkinje cells [2]. Autosomal dominant mutations 
in ATP1A3 have been associated with a broad array of 
well-characterized phenotypes including Dystonia-12 
(also known as Rapid-onset Dystonia Parkinsonism [RDP], 
MIM 128235), Cerebellar ataxia-Areflexia-Pes Cavus, Optic 
Atrophy-Sensorineural Hearing Loss [CAPOS] syndrome 
(MIM601338), developmental and epileptic encephalopathy 
99 (MIM 619606), and alternating hemiplegia of childhood 
2 (AHC2, MIM 614820). ATP1A3 mutations have also been 
linked to additional “intermediate” phenotypes and clinical 
signs in isolation or combination including ataxia, dystonia, 
relapsing encephalopathy, developmental delay with 
static cognitive impairment, hypotonia, epileptic seizures, 
ventricular dysrhythmias, and paroxysmal dyskinesias. 
Video documentation of ATP1A3-associated paroxysmal 
dystonia [3, 4] has been limited.

CASE REPORT

A 36-year-old right-handed female was first seen in our 
movement disorders clinic at 32 years of age. She currently 
lives in a facility for adults with neurological disabilities. She 
was born full-term. She exhibited mild developmental delay. 
She had a single well-documented generalized seizure at 6 
years of age. She was enrolled in special education classes 
throughout school and received an Alternate Diploma for 
students with Significant Cognitive Disability.

At 7 years of age, she began to manifest a paroxysmal 
movement disorder, mainly dystonic, initially occurring 
several times per week but occasionally several times 
per day. Video-electroencephalography showed that the 
paroxysmal events were not epileptic. The involuntary 
movements mainly affect the arms and face. Balance 
is impaired at the onset of each episode, possibly due to 
ataxia and mild lower extremity dystonia, and she quickly 
lies down to avoid hard falls. The episodes are moderately 
stereotypical and mainly dystonic in nature but also include 
a choreiform component in the arms and trunk. Severe jaw-
opening dystonia is a consistent feature of each paroxysmal 
episode. Episodes are typically triggered by exercise, 
fatigue, emotional excitement, heat, cold, chocolate, and 
her premenstrual period. One episode occurred during 
teeth cleaning by a dental hygienist. Episodes typically last 
around 5 minutes and infrequently less than 3 minutes. 

Occasional episodes have been sustained for longer than 5 
minutes but none for more than 15 minutes. Consciousness 
is preserved during these paroxysmal episodes.

Findings on clinical examination include global cognitive 
impairment (memory, calculations, attention, and praxis), 
hypotonia, gait and appendicular ataxia, mild chorea, 
dysarthria, mild emotional lability, and genu valgum 
(Video 1). There are no other overt extra-neural features. 
Brain magnetic resonance imaging at 32 years of age 
showed mild cerebellar atrophy. Genetic testing identified 
deleterious variants in ATP1A3, TSC1, KPNA7, DOCK7, and 
DIAPH1 (Table 1, Invitae [San Franciso, CA, USA] Epilepsy 
and Dystonia Panels). There is no family history of epilepsy, 
dystonia, Parkinsonism, or other neurological disorders. 
The patient’s father was deceased at the time of genetic 
testing and her mother is neurologically normal and did 
not undergo genetic testing. Presumably, the patient’s 
pathogenic variant in ATP1A3 is de novo.

The patient has been treated with numerous medications 
including carbidopa/levodopa, primidone, levetiracetam, 
and trihexyphenidyl over the course of twenty years with no 
clear reduction in the severity or frequency of paroxysmal 
events. Quetiapine (100 mg PO qhs) has been used to 
treat impulsive behavior, emotional lability, and insomnia 
with moderate benefit. A combination of oxcarbazepine 
(600 mg PO BID) and clonazepam (1.75 mg total daily in 
divided dosages) has been most effective with reductions 
in the frequency of paroxysmal episodes to 2 to 3 times per 
month (Video 2).

Video 1 Interictal Clinical Features. Clinical examination shows 
dysarthria, appendicular and gait ataxia, chorea, dystonia, and 
genu valgum.

https://vimeo.com/1037401821
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DISCUSSION

My patient highlights the importance of recognizing 
“intermediate” phenotypes, and the broad clinical 
manifestations associated with ATP1A3 mutations. In 
the appropriate context, clinicians should screen patients 
with developmental delay, epilepsy, ataxia, dystonia, 
and paroxysmal motor signs (positive and negative) 
for mutations in ATP1A3. While my patient did harbor a 
highly deleterious variant in ATP1A3, we cannot entirely 
exclude the possibility that the identified TSC1 variant 
(NM_000368.5:c.424A>G) may have contributed to some 
of her neurological manifestations. TSC1 is causally 
associated with tuberous sclerosis-1 (TSC1). TSC1 is an 

autosomal dominant condition associated with protean 
neural and extra-neural manifestations including learning 
disability, seizures, infantile spasms, hamartomatous 
lesions of the brain, facial angiofibroma, café-au-lait spots, 
subungual fibromata, hypothyroidism, and neoplasias. Our 
patient had none of the cutaneous manifestations of TSC1 
and the p.Met142Val variant is present in four subjects 
included in the gnomAD v4.1.0 database.

All reported patients with CAPOS syndrome harbor an 
ATP1A3:p.Glu818Lys mutation. Other ATP1A3 genotype-
phenotype associations are much weaker. ATP1A3 variants 
linked to RDP, AHC2 and intermediate phenotypes are 
broadly distributed across the encoded protein but 
concentrated in 6 areas of constraint [5]. There is no 
information on additional genetic (cis or trans) and/or 
environmental factors that drive specific phenotypes. 
The mutation seen in our patient (p.Gly358Cys) is located 
within a region that has been associated with ataxia, 
intermediate phenotypes, RDP, and AHC [5]. ClinVar reports 
several missense variants at the ATP1A3 Gly358 residue: 
p.Gly358Val, p.Gly358Ala, p.Gly358Asp, p.Gly358Ser, 
p.Gly358Arg, p.Gly358Cys. Gly358 is found at the interface 
of the large M5 transmembrane span and the cytoplasmic 
P domain of the ATP1A3 protein. The P domain is transiently 
phosphorylated during enzyme turnover [6]. The Gly358Val 
mutation was reported in a child with severe intractable 
neonatal epilepsy resulting in death at 16 months of age 
[6]. There is no single hot spot for mutations associated 
with paroxysmal dystonia which has been reported with 
the following mutations: p.Leu815Arg, p.Thr613Met, 
p.Gly960Arg, p.Asp801Asn, and p.Asn786Ser [3, 4].

Female patients with ATP1A3 mutations are more likely to 
show atypical presentations [7]. Up to one third of patients 
with ATP1A3 mutations exhibit paroxysmal non-epileptic 
events [5, 7]. Other reports of paroxysmal dystonia indicate 
that arm posturing with flexion at the elbow and wrist, as 
seen in my patient, may be a characteristic feature of many 

Table 1 Genetic Variants.

GENE VARIANT VCF DESCRIPTION PROTEIN ZYGOSITY gnomAD 
V4.1.0
FREQUENCY

CADD
SCORE

REVEL
SCORE

CLASSIFI​
CATION

ATP1A3 NM_152296.5: 
c.1072G>T

GRCh38:19:41982028:C:A p.Gly358Cys heterozygous Not reported 28.8 0.992 Pathogenic

TSC1 NM_000368.5:
c.424A>G

GRCh38:9:132923432:T:C p.Met142Val heterozygous 4/1,614,016 25.1 0.779 VUS

KPNA7 NM_001145715.3:
c.461A>T

GRCh38:7:99195162:T:A p.Glu154Val heterozygous 1826/1,551,440 22.4 0.238 Benign

DOCK7 NM_001271999.1:
c.2605G>A

GRCh38:1:62552893:C:T p.Gly869Ser heterozygous 1177/1,604,212 20.2 0.158 Benign

DIAPH1 NM_005219.4: 
c.724C>G

GRCh38:5:141580844:G:C p.Leu242Val heterozygous 11/1,614,044 22.9 0.401 Benign

Video 2 Paroxysms. Two examples of the patient’s paroxysmal 
movement disorder with jaw-opening dystonia, along with 
appendicular and truncal dystonia, and chorea. Patient 
immediately lies down at the onset of each episode to avoid falling, 
possibly due to axial ataxia and mild lower extremity dystonia.

https://vimeo.com/1037401873
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paroxysmal dystonic events [3, 4]. We are not aware that 
previously published cases manifested jaw-opening dystonia.

There are no standard treatments for seizures and other 
paroxysmal events in patients with ATP1A3 mutations. 
Seizures may be treated with levetiracetam, topiramate, 
carbamazepine, valproic acid or phenobarbital [8]. Some 
patients with paroxysmal dystonia and other paroxysmal 
events show improvement with flunarizine and/or 
topiramate [3] Occasional patients may benefit from 
levodopa [4, 9]. However, levodopa-induced dyskinesias 
has also been reported in this patient population [9]. My 
patient experienced significantly fewer paroxysmal events 
with a benzodiazepine (clonazepam) and oxcarbazepine.

Identification and elimination or reduction of triggers in 
patients with ATP1A3-associated disorders is an essential 
element of clinical management. Patients and their family 
members and caretakers should be educated in this 
regard. My patient’s triggers including heat, cold, exercise 
and fatigue are shared with other paroxysmal movement 
disorders. She reported that her paroxysmal episodes could 
also be triggered by chocolate and were more frequent 
prior to menstruation. Similar to my patient, episodes 
of paroxysmal generalized dystonia were triggered by 
premenstrual periods in a patient with a different ATP1A3 
mutation (p.Gly867Asp) [10]. Chocolate is a known trigger 
in some patients with AHC2 [11].

This report expands upon the mutational and clinical 
spectrum of ATP1A3-associated neurological disorders. 
Paroxysmal dystonia with characteristic flexion at the arm 
and wrist is one diagnostic clue. Most patients with epileptic 
and non-epileptic paroxysmal negative (paresis, ataxia) 
and positive (dystonia, chorea) motor manifestations show 
more or more baseline neuropsychiatric manifestations 
including cognitive deficits, ataxia, dystonia, and hypotonia. 
A wide variety of pharmacological treatments ranging 
from levodopa to anticonvulsants and benzodiazepines 
have yielded mix results and granular pharmacogenomics 
studies are needed to define best treatment options for 
patients with specific ATP1A3 mutations.
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