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A B S T R A C T

The increasing recognition of the phenotypic and genotypic heterogeneity that exists amongst the paroxysmal
movement disorders (PMDs) is challenging the way these disorders have been traditionally classified. The
present review aims to summarize how recent genetic advances have influenced our understanding of the no-
sology, pathophysiology and treatment strategies of paroxysmal movement disorders. We propose classifying
PMDs using a system that would combine both phenotype and genotype information to allow these disorders to
be better categorized and studied. In the era of next generation sequencing, the use of a standardized algorithm
and employment of selective genetic screening will lead to greater diagnostic certainty and targeted therapeutics
for the patients.

1. Introduction

The paroxysmal movement disorders (PMDs) are a group of neu-
rological disorders characterized by intermittent attacks of involuntary
movements. These disorders have been traditionally subdivided into
two main categories, namely the paroxysmal dyskinesias (PxDs) and the
episodic ataxias (EAs), according to their dominant phenomenology
with the PxDs defined by the occurrence of episodic attacks of dyski-
nesia [1] and the EAs defined by transient episodes of ataxia which
manifest clinically as incoordination and truncal instability. The ae-
tiology of PMD is diverse, with both primary and secondary causes
recognized [2]. The primary PMDs may show a familial inheritance or
occur sporadically; with the inherited forms typically showing an au-
tosomal dominant inheritance pattern with onset mostly in childhood
or adolescence.

The current clinically based classification of the PMDs is limited by
the increasing recognition of the genetic and phenotypic variability that
can exist in PMDs. This review focuses on how recent genetic devel-
opments have influenced the nosology, pathophysiology and treatment
strategies of the PMDs.

2. Current nosology of PMDs

2.1. Clinical classification of PxDs

In 1996, Demirkiran and Jankovic developed the current classifi-
cation system of the paroxysmal dyskinesias that is widely adopted
today. This classifies the disorders according to the precipitants of the
attacks, rather than the phenomenology of the attacks as it was re-
cognized that the paroxysmal dyskinesias could manifest as dystonia,
chorea, athetosis or a combination of these movements [1]. Four groups
of disorders were recognized, which are namely paroxysmal kinesigenic
dyskinesia (PKD), paroxysmal nonkinesigenic dyskinesia (PNKD), par-
oxysmal exercise induced dyskinesia (PED) and paroxysmal hypnogenic
dyskinesia (PHD). PHD is no longer regarded as a disorder within the
umbrella of the paroxysmal dyskinesias and has instead been re-
classified as a familial variant of frontal lobe epilepsy. Recently, PRRT2
mutations have also been identified in 2 patients with PHD [3], sug-
gesting that the disorder may once again be included amongst the other
PxDs.

2.2. “DYT” eponyms of PxDs

With the discovery of monogenic forms of dystonia which included
the pure dystonia syndromes, dystonia-plus syndromes and also the
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PxDs, these disorders were allocated the acronym DYT according to the
chronological order in which the corresponding gene locus were dis-
covered. The paroxysmal dyskinesias have thus been assigned the
designations of DYT8, DYT9, DYT10, DYT18, DYT19, DYT20 [4].
However, this assignment of PxDs to the DYT loci has become proble-
matic with advances in genetics leading to the discovery of the causa-
tive gene, rather than just the gene locus. For example, paroxysmal
kinesigenic dyskinesia was first designated as DYT10 and was mapped
to chromosome 16p, but subsequently the c.649dupC mutation in the
PRRT2 gene was also found in the family used to define DYT19 that was
also mapped to chromosome 16p [5]. It remains uncertain whether
DYT10 and DTY19 are genetically distinct disorders or variants of the
same condition. Furthermore, as it is now recognized that the as PxDs
can clinically manifest with varying combinations of dystonia, chorea
and athetosis, dystonia may not be necessarily present hence deigning
the designation of DYT even more confusing for this disorder.

2.3. Classification of episodic ataxias (EAs)

Currently eight Episodic Ataxia syndromes are recognized based on
their genetic loci, with the majority of cases comprising of either EA1 or
EA2, which are caused by mutations in KCNA1 and CACNA1A respec-
tively. The clinical features of the different EA subtypes have con-
siderable overlap, with only EA1 and EA2 recognized to have a distinct
clinical phenotype.

EA1 is characterized by episodic ataxia and interictal peri-orbital or
limb myokymia that may either be evident clinically or only detectable
on electromyography [6]. EA2 is the most common subtype within the
family of episodic ataxias, and is characterized by recurrent episodes of
ataxia and dysarthria that may last for hours associated with interictal
nystagmus [7]. Other EA subtypes are uncommon and have only been
reported in one or two families, some with causative genes identified
including mutations in CACNB4, SLC1A3 and UBR4 [8].

3. Genotypic spectrum

3.1. PKD

In 1999, the chromosomal critical region of PKD was mapped to
16p11.2-q12.1 [9], and proline-rich transmembrane protein 2(PRRT2)
gene was identified as the causative gene for PKD in 2011 [10,11], by
utilizing the technique of combining classic linkage analysis with
whole-exome sequencing. PRRT2 mutations have been identified as the
cause of PKD in 27–65% of patients with PKD, with a reported pene-
trance of 80–90% in familial cases, and 30–35% in sporadic cases [12].

PRRT2 mutations have also since been identified as the cause of
infantile convulsions and choreoathetosis (ICCA) and benign familial
infantile epilepsy (BFIE) [13], which suggest that ICCA, BFIE and PKD
may lie on the same disease continuum linked by shared molecular/
genetic pathology.

The phenotypic pleiotropy of PRRT2-associated disease was com-
prehensively explored in a review of 1444 published cases of subjects
bearing mutations in the PRRT2 gene: 41.7% were diagnosed with
BFIE, 38.7% with PKD, 14.3% with ICCA with the remaining 76 pa-
tients (5%) diagnosed with other disorders including PNKD and PNKD
like disorders, PED, epileptic disorders including Dravet syndrome and
West syndrome and different headache disorders including hemiplegic
migraine and also non-syndromic intellectual disability [5]. Since then,
more than 97 different pathogenic PRRT2 mutations have been iden-
tified to date, with the c.649dupC frameshift mutation accounting for
than 80.5% of cases for PKD in the earlier mentioned meta-analyses [5].
Biallelic PPRT2 mutations have been reported in 5 patients who had a
more severe disease phenotype including multiple types of paroxysmal
movement disorders in the same individual, long duration episodes of
ataxia, cognitive disability and cerebellar atrophy [14].

However, not all cases of PKD have been attributable to mutations

in the PRRT2 gene with up to 27–65% of PKD cases shown not to
harbour PRRT2 mutations, suggesting that additional yet unidentified
pathogenic genes remain to be discovered, or that there is significant
phenotypic overlap with the other paroxysmal disorders. A pathogenic
heterozygous missense mutation in the sodium channel, voltage gated,
type VIII alpha gene (SCN8A) was first identified in 3 families with
benign familial infantile seizures (BFIS) and infantile convulsions and
paroxysmal choreoathetosis (ICCA); which refers to the combination of
BFIS and PKD [15]. In a subsequent study in a large cohort of 163
PRRT2-negative PKD patients where whole exome sequencing was
performed, 3 individuals with PKD were also shown to have a novel,
likely pathogenic mutations in the same SCN8A gene identified from
the earlier BFIS and ICCA families [16]. This same study also identified
2 other novel pathogenic mutations in the potassium calcium-activated
channel subfamily M alpha 1 (KCNMA1) and solute carrier family 2
member 1 (SLC2A1). Other potentially pathogenic genes were also
identified in the same study, including the paroxysmal non kinesigenic
dyskinesia protein (PNKD), potassium voltage-gated channel subfamily
A member 1 (KCNA1) and Dishevelled, Egl-10 and Pleckstrin domain
containing 5 (DPEDC5), with mutations in the KCNA1 gene also iden-
tified in 2 further PKD families [17]. Other potentially pathogenic genes
identified that can cause PKD include SLC20A2 which can be associated
with brain calcification [18] and CHRNA4 which was identified in a
family with both PKD and genetic epilepsy with febrile seizures [19].

3.2. PED

Mutations in the solute carrier family 2, member 1 (SLC2A1) gene
were first identified in a family with both PED and epilepsy [20]. The
SLC2A1 gene encodes for the glucose transporter type 1 (GLUT1), a
membrane protein that mediates glucose transport across the blood-
brain barrier. Heterozygous mutations in the SLC2A1 gene causes the
GLUT1-deficiency syndrome, which has a complex phenotype char-
acterized by a variable combination of mental retardation, acquired
microcephaly, seizures, epilepsy, paroxysmal movement disorders and
complex motor disorder. The GLUT-1 deficiency syndrome is a con-
sequence of a cerebral energy deficit, with the clinical severity ranging
from individuals with only mild motor disability, including PED, to
others with significant neurological disability [21]. PED is regarded as a
non-classical variant of the GLUT 1 deficiency syndrome [22]. In GLUT-
1 deficiency syndrome, the type of mutation was shown to be linked to
both the degree of mental retardation and also predicted the occurrence
of complex movement disorders [23]: mild mental retardation tended
to occur in subjects with a missense mutation whereas movement dis-
orders were more commonly observed in subjects with more complex
nonsense, frameshift, splice site, translation initiation mutations or
multiple exon deletions. While SLC2A1 mutation have been mostly
reported in PED, they have also been described in other PXMDs, in-
cluding PNKD and EAs [2].

Two other potentially treatable disorders that also result in defi-
ciency brain energy metabolism: Pyruvate dehydrogenase complex-E2
(PDC-E2) deficiency and mitochondrial short-chain enoyl-CoA hy-
dratase deficiency (ECHS1), have also been reported to present with
isolated PED [24,25], thus broadening the genotypic spectrum of PED.
More unusually, isolated PED has been reported to be the presenting
symptom in carriers of mutations in the parkin RBR E3 ubiquitin pro-
tein ligase 2 gene (PRKN or PARK2) [2] and GTP cyclohydrolase 1 gene
(GCH1) [26], which cause early-onset Parkinsonism and Dopa-re-
sponsive Dystonia respectively.

3.3. PNKD

Mutations in the myofibrillogenesis regulator 1 (MR-1) gene, later
renamed as the PNKD gene, was first identified in 2004 to cause PNKD
[27]. This is the main pathogenenic gene mediating the pure, isolated
forms of PNKD. Compared to the other paroxysmal disorders, PNKD
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mutation carriers tend to have a much younger age of onset beginning
early in infancy or childhood, with attacks typically triggered by coffee
and alcohol and comprising of both chorea and dystonia [12]. In pa-
tients carrying the PNKD mutation, the phenotype is very homogenous
and they have a normal interictal examination. To date, 3 different
pathogenic PNKD mutations have been identified in unrelated families
of different ethnicities [2].

As part of a more complex phenotype, PNKD has also been reported
in individuals with mutations in several genes including PRRT2,
SLC2A1, ATPase Na+/K+ transporting subunit alpha 3 gene
(ATP1A3), adenylate cyclase 5 gene (ADCY5) and KCNMA1. [2].

3.4. EA1

Potassium voltage-gated channel, shaker-related subfamily, member
1 gene (KCNA1) is the only gene found to be associated with EA1 so far
[28]. However, individuals with typical EA1 symptoms have been re-
ported not to carry KCNA1 variations, suggesting that there are other
unidentified genes may underlie the disorder.

Following the original descriptions of EA1, the phenotypic spectrum
of the disorder has widened considerably. Affected individuals may
exhibit additional symptoms during the attacks, such as vertigo, blurred
vision, diplopia, nausea, headache, diaphoresis, dysarthria and diffi-
culty in breathing. Other features such as delayed motor development,
cognitive disability, epilepsy, choreoathetosis, neuromyotonia and
progressive cerebellar ataxia can also be present, with epilepsy being
over-represented in EA1 patients [6,29].

No clear genotype-phenotype correlations have been identified in
EA1: affected identical twins carrying the same EA1 mutation can show
marked variability in the severity of the attacks and associated features,
suggesting that non-genetic factors influence the phenotypic expression
of EA1 [30]. In individuals with typical EA1 symptoms but do not carry
the KCNA1mutation, a male preponderance, longer attack duration and
tendency to develop progressive disease was observed compared to
individuals carrying the KCNA1 mutation [6].

3.5. EA2

EA2 is the most commonly occurring episodic ataxia, and is caused
by heterozygous mutations in calcium channel, voltage-dependent, P/Q
type, alpha 1A subunit gene (CACNA1A). EA2 has an autosomal
dominant inheritance with a penetrance estimated to be between 80
and 90%. Other associated clinical features include migraine, epilepsy,
dystonia, fluctuating weakness and cognitive disability. Migraine is
reported in up to 50% of cases and may be hemiplegic [8]. The inter-
ictal phenotype can be highly variable, ranging from individuals with a
normal clinical examination to those with a progressive cerebellar
syndrome [31].

3.6. Other EAs

Mutations in the calcium channel, voltage-dependent, beta 4 sub-
unit (CACNB4) gene [32], solute carrier family 1, member 3 (SLC1A3)
gene [33,34] and ubiquitin protein ligase E3 component n-recognin
4(UBR4) gene [35] have been reported to cause EA5, EA6 and EA8
respectively. However, these findings have only been reported in one or
two families to date. Other reported causes of EAs include mutations in
sodium voltage-gated channel alpha subunit 2 (SCN2A) gene, fibroblast
growth factor 14 (FGF14) gene, PRRT2, SLC2A1 and ATP1A3 [8,12].

The mitochondrial pyruvate dehydrogenase complex (PDC) consists
of multiple copies of three subunits: pyruvate dehydrogenase (E1)
which is encoded by the pyruvate dehydrogenase E1 alpha 1 unit
(PDHA1) gene, dihydrolipoamide transacetylase (E2) which is encoded
by the dihydrolipoamide S-acetyltransferase (DLAT) gene and dihy-
drolipoamide hydrogenase (E3). The associated E3-binding protein is
encoded by the pyruvate complex component X (PDHX) gene. PxD,

including episodic ataxia, PED and PNKD have been reported in pa-
tients with mutations of either DLAT or PDHX [26].

With the advent of next-generation sequencing (NGS), increased
accessibility to genetic testing may uncover novel monogenic forms of
PMDs.

4. Nosology challenge

It remains a considerable challenge for the clinician to diagnose,
and correctly classify the different paroxysmal movement disorders
according to the clinical characteristics of the disorder. The paroxysmal
nature of the disorder requires the clinician to make a clinical diagnosis
based on descriptions or videos provided by the patient, as these events
are rarely captured in the clinical setting. In a single attack, multiple
hyperkinetic movement disorders or can be observed in the individual,
often with considerable overlap. Positive genetic findings are difficult
to interpret when the clinical diagnosis of the disorder remains un-
certain. Further verification will be necessary to confirm whether all
existing reported mutations of PMD-associated genes are pathogenic, as
some reported mutations could represent non-pathogenic variants, and
are not disease causing.

Although genetic and phenotypic pleiotropy is present in the par-
oxysmal movement disorders, the current system of classification based
on the clinical features of the attacks is still helpful to guide initial
limited genetic screening. This is as each clinically recognized category
of the paroxysmal movement disorder tends to be more commonly as-
sociated with specific genetic mutations Table 1.

In 2014, Erro et al. reviewed 500 genetically proven cases of the
primary paroxysmal dyskinesias (PKD, PED and PNKD) and proposed
that these disorders should be classified according to a two axis system.
Axis 1 classification was based on the clinical characteristics and trig-
gers of the paroxysmal dyskinesias. Axis 2 classification was based on
the presence or absence of any of the four causative genes for parox-
ysmal movement disorders (PRRT2, MR-1, KCNMA1 and SLC2A1) that
were recognized then. A suggested algorithm was proposed to guide
genetic testing based on the four recognized genes [36]. However, this
proposed classification system did not actually integrate genotypic and
phenotypic information to guide the classification of the paroxysmal
disorders. Since the publication of this proposed classification scheme,
further genetic causes of the different paroxysmal movement disorders
have been identified.

One potential classification system for the paroxysmal movement
disorders, similar to what has been proposed for dystonia, is to combine
both phenotype and the genotype features to allow the disorders to be
further subdivided based on genetic findings [37]. The main clinical
categories of PKD, PED, PNKD and EA can be retained, and combined
with the genetic findings. The earlier classifications of DYT and EA
based on the presumed genetic locus should be abandoned. For ex-
ample, PKD associated with the PRRT2 and SCN8A mutations should be
named as PKD-PRRT2 and PKD-SCN8A respectively. PED should be
subclassified as PED-SCL2A1 PED-DLAT, PED-ECHS1, PED-PRKN2,
PED-CGH1 according to the mutation found, and likewise PNKD can be
subclassified into PNKD-ATP1A3 and PNKD-ADCY5. This proposed
classification scheme incorporating both the clinical and molecular
diagnosis would allow better subtyping in this field and facilitate
identification of similarities and the differences in the various disorders.
With the expected future discovery of new pathogenic mutations, on-
going confirmation and verification of existing genetic mutations, this
classification system will need to be updated to reflect the evolving
landscape and updated as new information is obtained.

5. Pathophysiology

The exact pathophysiological mechanisms underlying the PMDs
remains to be fully understood. Prior to recent genetic discoveries,
PMDs were hypothesized to be channelopathies as mutations in genes
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encoding for ion channels were found to be frequently associated with
other episodic neurological disorders including epilepsy, migraine and
also paroxysmal dyskinesias. The recent discovery of mutations in genes
encoding for ion channels such as SCN8A, KCNMA1 and ATP1A3 in
patients with paroxysmal movement disorders, lends further credence
to the channelopathy hypothesis. In the case of the episodic ataxias,
mutations have been identified in the genes encoding membrane ion
channels or transmembrane transporters which play a role in excitatory
neurotransmission. Furthermore, some PxMDs exhibit exquisite sensi-
tivity to anti-epileptics, which act by modulating ion channels [38].
However, none of the three major PxDs-associated genes (PRRT2, MR1
and SLC2A1) encode ion channels, which casts some doubt on the
channelopathy hypothesis as the sole pathological explanation for the
PMDs [39].

As listed out in Table 2, the PMDs can mostly be grouped into three
categories according to their presumed pathogenic mechanisms derived
from their associated genetic mutations: neurotransmission synapto-
pathies (PRRT2, PNKD, SLC16A2, ADCY5), brain energy transporto-
pathies (SLC2A1, DLAT, PDHA1, PDHX, SLC1A3), and channelopathies
(SCN8A, KCNMA1, ATP1A3, KCNA1, CACNA1A, CACNB4, SCN2A).
This suggests that alterations in synaptic neurotransmission, brain en-
ergy metabolism and ion channel function can all be involved in the
pathogenesis of PMDs. Potentially, the PMDs can be classified according
to their underlying pathophysiology, such as PMD-channelopathies,
PMD – neurotransmission synaptopathies and PxD-glucose transporto-
pathies.

Recent genetic functional studies have emphasized the role of the
cerebellum, in the pathophysiology of PKD where ion channel muta-
tions or synaptic protein mutations act by inducing Purkinje cell firing
abnormalities, which was shown to lead to cerebellar dysfunction and
generation of the PMD phenotype in mice [40,41]. Using a CACNA1A
knock-in-mouse with delayed Purkinje cell expression, Mark et al. was

able to show that the delayed expression of abnormal P/Q type calcium
channel in the Purkinje cells in adult mice was able to induce the same
neurological phenotype as CACNA1A knock-out mice, thus highlighting
the key role of the Purkinje cells in the pathophysiology of PKD. Xiong
et al. studied PRRT2-loss-of-function mutant mice and showed that
optogenetic stimulation of the cerebellar granule cells was able to result
in transient increase followed by suppression of Purkinje cell firing and
expression of PKD-like behaviours in mice.

6. Treatment

The treatments for paroxysmal movement disorders have largely
been unchanged with the exception of the recent development of novel
therapies. Deep genetic phenotyping of the disorder in the future may
allow for better disease definition and may influence treatment choice.

6.1. PKD

The PKDs are characterized by their exquisite sensitivity to anti-
epileptics, in particular, phenytoin and carbamazepine which are anti-
epileptics that modulate the voltage-gated sodium channels [42]. An
enhanced treatment response to low dose carbamazepine (50mg/day)
has also been reported in PRRT2 mutation carriers [43]. This char-
acteristic has been suggested as a clinical feature that could distinguish
between PRRT2 and non-PRRT2 mutation carriers in PKD. However, in
patients with a homozygous or compound heterozygous PRRT2 muta-
tions, treatment resistance to anti-epileptics has been reported [14,44].
Other interventions that have been explored for the treatment of PKD
include low-dose lamotrigine, which was shown to result in attack re-
mission in more than 90% of cases [45] and thalamotomy was also
shown to be effective in one family [46].

Table 1
Clinical criteria/typical characteristics and causative genes of PMDs. All criteria require exclusion of secondary or psychogenic causes of paroxysmal movement
disorders, and no loss of consciousness during attacks. Bold font is the main causative gene.

Paroxysmal dyskinesias: Attacks of dystonia and/or chorea
PKD • Age at onset between 1 and 20 years, if no family history of PKD

• Identified kinesigenic trigger for the attacks

• Short duration of attacks (< 1min)

• Good response to antiepileptics

PRRT-2
ADCY5/SCN8A/DEPDC5
SLC16A2/KCNMA1/KCNA1

PED • Onset of attack from childhood to adulthood

• Triggered by exercise (at least minutes of exercise)

• Duration of attacks between 5 and 30min

• Response to treatment varies

SLC2A1
GCH1//PARKIN/ADCY5/PRRT2/ATP1A3/PARK2
PDHA1/PDHX/DLAT

PNKD • Onset in infancy or early childhood

• No clear triggering factor, but coffee, alcohol and stress are precipitating factors

• Duration of attacks: from 10min to 4 h

• No clear response to antiepileptics other than benzodiazepines

MR-1(PNKD)
PRRT2/ADCY5/SLC2A1/ATP1A3/KCNMA1/BCKD
complex

Episodic Ataxias: Attacks of cerebellar ataxia
EA1 • Triggered by sudden movement or emotional and physical stress

• Onset in early childhood, between 2 and 15 years old

• Short duration of attacks: seconds to minutes

• Interictal myokymia

KCNA1
PRRT-2

EA2 • Triggered by alcohol, caffeine, fatigue, stress and exercise

• Onset age between 5 and 20 years old

• Duration of attacks varies: minutes to days

• Interictal nystagmus

CACNA1A

EA3-EA8 • Other EA subtypes have only been reported in one or two families.

• The presence of vertigo and tinnitus and the absence of interictal nystagmus and shorter episodes
distinguish EA3 from EA1 and EA2.

• EA4 characterized by brief ataxia, vertigo, gaze-evoked nystagmus (GEN), and defective smooth pursuit.
does not respond to acetazolamide.

• The clinical features of EA5 were similar to those of EA2. Its onset is later than that of EA2.

• Clinical phenotypes of EA6 were different from each other.

• Clinical features of EA7 were similar to those of EA2, except without interictal findings.

• The attacks of EA8 characterized by unsteadiness, general weakness, and slurred speech, response to
clonazepam, instead of acetazolamide.

CACNB4(EA5)
SLC1A3(EA6)
UBR4(EA8)
SCN2A/PRRT2/SLC2A1
FGF14/PDHA1/PDHX/ATP1A3/BCKD complex
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6.2. PED

Unlike PKD, medical treatment of PED with anti-epileptics has been
largely ineffective and avoidance of triggers such as prolonged exercise
remains the cornerstone of therapy. Treatable causes of PED such as
young-onset Parkinson's Disease [47] and inherited mutations of the
GTP-cyclohydrolase 1 (GCH-1) [48] should be identified as these dis-
orders are responsive to levodopa therapy. Other scattered case reports
have reported partial success or success with acetazolamide [49], le-
vodopa, trihexyphenidyl, benzodiazepine and also pallidotomy [1,42].
The ketogenic diet has been shown to reduce attack frequency in PED in
GLUT1 mutation [50], SLC2A1 mutation and Pyruvate dehydrogenase
complex-E2-deficiency (PDC-E2) carriers [51,52]. The modified Atkins
diet has also been shown to reduce attack frequency and severity in four
patients with GLUT-1 deficiency syndrome [53]. More recently, Tri-
heptanoin, an odd-chain triglyceride which acts by replenishing meta-
bolic intermediates in the Krebs cycle, has been shown to be able to
reduce 90% of the attacks in PED with the added benefits of being
better tolerated than the Atkins diet [54]. Recently, one patient with
PED attributable to ECHS1 gene mutation was reported to have re-
ductions in attack severity and frequency following treatment with a
mitochondrial cocktail [55].

6.3. PNKD

The PNKD attacks differ from PKD in that they do not exhibit a good
treatment response to conventional anticonvulsants, but may respond
to benzodiazepines. Oxcarbazepine has been recently reported to be
effective treatment for PNKD attacks [56]. Avoidance of triggers such as
caffeine, alcohol and stress remains the cornerstone of the management
of the disorder, particularly when symptoms are mild. A variety of other
drugs such as haloperidol, anticholinergics, gabapentin, levetiracetam,
nitric oxide synthetase inhibitors, adenosine agonists/antagonists,
acetazolamide, piracetam and levodopa have all been tried, but gen-
erally have only shown partial treatment success [57–59]. It remains
uncertain whether genotype in PNKD could influence medication effi-
cacy, and further genotypic stratification of the disorder is necessary.

6.4. EAs

The attacks of EA1 are responsive to both acetazolamide and AEDs,
in particular carbamazepine and valproate. EA2 can show a dramatic
response to acetazolamide, however the side effect profile of acet-
azolamide can limit the use of this drug in clinical practice.
Alternatively, 4-aminopyridine (4-AP), a nonselective potassium
channel has been demonstrated to reduce attack frequency and improve
quality of life [12]. In the tottering mouse, the animal model of EA2, 4-
AP and 3,4- diaminopyridine have been demonstrated to prevent at-
tacks [60]. Patients with EA3, EA5 and EA6 have been reported to re-
spond to acetazolamide. Interestingly, unlike the other episodic ataxias,
acetazolamide is not effective in EA8 patients and the attacks instead
respond to clonazepam [35].

7. Diagnostic work-up

To evaluate paroxysmal movement disorders, the most important
step in the diagnostic process is to obtain a detailed clinical history.
This would include: the phenomenology of the attacks and interictal
symptoms, triggering factors, duration of attacks, family history, pre-
vious history of intracranial injury and current level of neurological
function. Videotapes, when possible, would allow for proper char-
acterization of the attacks. The neurological examination should be
performed where feasible both during the attack and also interictal
periods.

Neuroimaging and blood tests (including a blood glucose level,
serum calcium and thyroid function tests) are useful investigations toTa
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rule out secondary causes of PMD. The electroencephalogram (EEG) can
be useful to detect previously unrecognized epileptic activity and
electromyography (EMG) can be employed to identify myokymia.

Careful consent should be undertaken prior to genetic testing. As
phenotype-genotype correlations are not well defined in the PMDs, pre-
test and post-test counselling will be necessary. Although genetic
testing is now readily available commercially, problems with Direct to
Consumer (DTC) genetic testing remain [61]. The choice of gene se-
quencing method is dependent on costs and the yield of testing. If
clinical findings do not point towards a particular candidate gene, use
of a gene panel or exome sequencing may be preferable as sequential
testing for multiple genes is usually more expensive [62]. If necessary,
multiplex ligation-dependent probe amplification (MLPA) can be ap-
plied to allow the detection of longer deletions, duplications, intronic
variants. A suggested diagnostic algorithm is presented in Fig. 1.

8. Limitations and challenges

There is currently no widely accepted classification system of PMD
that can effectively combine genotype and phenotype features to re-
place the existing classical nosology of the PMDs. Causative genetic
mutations have yet to be identified in a proportion of patients pre-
senting with PMDs, which would limit the application of any proposed
classification since this needs to be constantly modified as new in-
formation arise. The high costs of genetic testing remain a challenge in
the clinical care of these patients.

9. Conclusions

Recent advances in the genetics of the PMDs are shedding further
light in our understanding of the pathophysiological and treatment
approaches of these disorders. Although the current clinical classifica-
tion of the different PMDs still has utility, revisions of the existing
classification system is necessary to allow more detailed and accurate
subtyping of the different disorders. Standardized workflow and selec-
tive genetic screening will lead to greater diagnostic certainty and may
allow for targeted therapy in the future.
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