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Abstract. – Movement disorders are neuro-
logical conditions affecting the ability to produce
and control voluntary as well as involuntary
movements, and may be categorized into akinet-
ic/rigid and hyperkinetic disorders. The hyperki-
netic disorders are generally perceived as being
the most difficult to diagnose correctly. They are
manifested by excessive, abnormal involuntary
movements, and are referred to as dyskinesias.
The conditions are further designated paroxys-
mal dyskinesias when the abnormal movements
occur episodically, followed by a rapid return to
normality without impaired consciousness be-
tween episodes. The events can be precipitated
by sudden voluntary movements, or may occur
spontaneously at rest, or precipitated by exertion
or sleep. Most conditions are either inherited or
sporadic, and some cases are associated with
specific conditions. Although clinical scenarios
can be confusing, considerable advances in the
phenotype characterisation and genetic studies
have provided important information that allowed
simplifying the clinical definitions and diagnosis
of the paroxysmal dyskinesias. These advances
have helped understand the pathophysiology of
these disorders and their variants.
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Abbreviations

PKD = paroxysmal kinesigenic dyskinesia; PNKD =
paroxysmal non-kinesigenic dyskinesia; PED = paroxys-
mal exertion-induced dyskinesia; PHD = paroxysmal
hypnogenic dyskinesia.

Introduction

Movement disorders are a group of neurologi-
cal conditions manifested by inability to produce
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and control voluntary as well as involuntary
movements. They comprise a large group of dis-
eases with a wide range of different aetiologies
and very different clinical presentations. Conven-
tionally, movement disorders are divided into two
main categories. The first category, referred to as
dyskinesias, is hyperkinetic movement disorder
dominated by excessive, abnormal repetitive in-
voluntary movements. The second category, re-
ferred to as akinetic/rigid disorder, is hypokinetic
movement disorder manifested by paucity or
slowness of movement1. Since hyperkinetic dis-
orders are usually perceived as being more diffi-
cult to diagnose correctly, we will focus on these
disorders, with emphasis on paroxysmal dyskine-
sias that is the core of hyperkinetic disorders.
This subset represents a group of episodic abnor-
mal involuntary movements manifested by recur-
rent attacks of dystonia, chorea, athetosis, bal-
lism, or a combination of these disorders. Dysto-
nia being defined as an involuntary sustained
contraction of a group of muscles, producing
twisting/repetitive movement or abnormal pos-
tures, and chorea representing an abrupt, unsus-
tained contraction of different muscle groups,
while athetosis represents a prolonged contrac-
tion of the trunk muscle, resulting in bending and
writhing of the body, and finally ballism being an
abrupt contraction of the limb muscles, resulting
in flailing movement of the limbs.

Based upon precipitating factors that precede
or trigger the episodes of abnormal involuntary
movement, paroxysmal dyskinesias have been
classified into paroxysmal kinesigenic dyskinesia
(PKD), paroxysmal non-kinesigenic dyskinesia
(PNKD), paroxysmal exertion-induced dyskine-
sia (PED), and paroxysmal hypnogenic dyskine-
sia (PHD)2. In patients with PKD, the episodes
of hyperkinetic movements are provoked by sud-
den voluntary movement. In contrast, in those
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by sudden movements like stand up, walking,
running or startle, sudden acceleration or
change in direction of movement. Before the
attacks, most patients describe sensory aura
such as limb paresthesia or vague premonitory
sensation in the head or abdomen5,6. Dystonia
is the most common attack with unilateral, bi-
lateral, or alternating occurrence. Speech can
be affected owing to dystonic spasms of the
face or jaw. However, consciousness is pre-
served, and the attacks are not painful. Most
attacks are very brief, lasting a few seconds to
a few minutes, but recurring up to 100 times
per day. The frequency of attacks is variable,
usually peaking in puberty, with improvement
or even remission in adulthood5. Age at onset
is usually during childhood or early adulthood.
The condition5 more commonly affects males
with a male to female sex ratio of 4:1.

PNKD: The attacks in PNKD are precipitated by
caffeine, alcohol, fatigue, or emotional stress.
As in PKD, many patients report an aura-like
sensation just prior to the onset of the attack.
This may take the form of paresthesias, ten-
sion in the limbs or an undefined feeling that
patients recognize as the onset of another at-
tack. Most commonly, the attacks manifest as
episodes of dystonia, chorea, or athetosis in-
volving one limb and gradually spreading to
other limbs and face. Speed may be affected
during the attack, but consciousness is always
preserved like in PKD. However, patients with
PNKD have longer and less frequent attacks
compared with those with PKD. The attacks in
PNKD, usually last four minutes to hours,
sometimes up to a day, and occur a few times
per week or just a few times in a lifetime. In
general, the frequency varies from 1-3 per day
to two per year, and the patients may have
months of attack-free intervals. Most cases5

have no detectable abnormalities between at-
tacks, and the attacks occur more often in
males than in females in the sex ratio of 4:1.
Majority of the cases had their onset in child-
hood or early teens, and the attacks tend to di-
minish with age.

PED: The attacks in PED are typically precipitat-
ed by prolonged or sustained exercise4. Howev-
er, in some cases, muscle vibration, exposure to
cold, passive movement, electric nerve stimula-
tion can trigger attacks7. Although the attacks
can be variable, the most common presentation
is dystonia and the legs are usually more af-
fected. The usual duration is between 5 and 30
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with PNKD, the attacks may occur spontaneous-
ly at rest, while episodes are precipitated by pro-
longed exertion or sleep in patients with PED or
PHD, respectively.

Although the exact aetiology of paroxysmal
dyskinesias remains unknown, most cases are in-
herited or sporadic. Substantial progress has been
made in determining the genetic basis of these
disorders. For some forms, specific genes have
been identified and clear genotype-phenotype
correlations have been demonstrated. In certain
cases, paroxysmal dyskinesias are secondary to
specific conditions3. This review summarizes the
updates on classification, clinical presentation
and aetiology of the four main forms of paroxys-
mal dyskinesia, and presents a short preview on
other variants of paroxysmal dyskinesia.

Classification of Paroxysmal Dyskinesias
The first classification of paroxysmal dyskine-

sias proposed by Lance4 in 1977 was based on the
duration of attacks, precipitating factors, and phe-
nomenology of abnormal movements. This classi-
fication resulted into three forms, including parox-
ysmal kinesigenic choreoathetosis with movement-
induced short attacks, paroxysmal dystonic
choreoathetosis with long attacks not induced by
movement, and paroxysmal exercise-induced dysk-
inesia with intermediate duration of the attacks4.
Later in 1995, Demirkiran and Jankovic2 proposed
a new classification that was based exclusively on
the precipitating factors, arguing that the precipi-
tant was the best predictor of clinical course of
paroxysmal dyskinesias and that the attacks in
these disorders were not necessary choreic or dys-
tonic, but could also be any form of dyskinesia2.
Therefore, they broadly classified patients as hav-
ing paroxysmal kinesigenic dyskinesia (PKD) if
the disorder was induced by sudden movement or
paroxysmal nonkinesigenic dyskinesia (PNKD) if
it was not. Cases in which exercise was the precipi-
tating cause were described as paroxysmal exer-
tion-induced dyskinesia (PED), and those in which
dyskinetic episodes occurred only at night during
sleep were classified as having paroxysmal hypno-
genic dyskinesia (PHD). Depending on the aetiolo-
gy, cases under each form were also classified as
primary or secondary (Figure 1).

Clinical Feature of Paroxysmal
Dyskinesias

Figure 2 presents the most important clinical
data related to primary paroxysmal dyskinesias.
PKD: The attacks in PKD are usually triggered
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minutes and the frequency varies from one per
day to two per month. The neurological exami-
nation is always normal between attacks. The
attacks may be accompanied by migraine with-
out aura8 or a combination of alternating hemi-
plegia, epilepsy, and ataxia9. In some patients,
PED may be the presenting sign of young-on-
set idiopathic Parkinson’s disease10. The mean
onset age is in childhood11, ranging from 2 to
30 years, and the attacks occur with a male-fe-
male ratio of 2:3.
PHD: Typically, PHD manifests as attacks of
dystonia chorea, ballism during non-rapid eye
movement sleep associated with sudden awak-
ening, whistling, uttering guttural sound, and
appearing frightened2,12. The attacks may last
from 30 seconds to 50 minutes, and occur
from a few per night to a few per year13. The

onset is commonly in childhood or early adult-
hood11, and the attacks occur with a male-fe-
male ratio of 7:3.

Causes of Primary Paroxysmal
Dyskinesias

Although the cause of paroxysmal dyskinesias
remains unknown, most cases are primary, cate-
gorized as either familial or sporadic. Substantial
progress has been made in determining the ge-
netic basis of these disorders. For some forms of
paroxysmal dyskinesias, specific genes have
been identified (Figure 3).
Primary PKD: Most cases have a familial history

of autosomal dominant inheritance with in-
complete penetrance, but there are also many
apparently sporadic cases. Several studies pre-
formed independently using whole sequencing

Figure 1. Classification of paroxysmal dyskinesias. PKC, paroxysmal kinesigenic choreoathetosis; PDC, paroxysmal dyston-
ic choreoathetosis; PKD, paroxysmal kinesigenic dyskinesia; PNKD, paroxysmal non-kinesigenic dyskinesia; PED, paroxys-
mal exertion-induced dyskinesia; PHD, paroxysmal hypnogenic dyskinesia;
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have identified heterozygous mutations in
PRRT2 gene as the cause of PKD14-17. Subse-
quent to this discovery, an increasing number
of reports confirmed that PRRT2 mutations are

the major cause of PKD18-23. Most of these mu-
tations are truncating and are predicted to re-
sult in haploinsufficiency. The PRRT2 gene is
located within locus 16p11.2-q12.1, and PKD

Figure 2. Clinical data of the primary paroxysmal dyskinesias. PKD, paroxysmal kinesigenic dyskinesia; PNKD, paroxysmal
non-kinesigenic dyskinesia; PED, paroxysmal exertion-induced dyskinesia; PHD, paroxysmal hypnogenic dyskinesia.

Figure 3. Genetic data of the primary paroxysmal dyskinesias. PKD, paroxysmal kinesigenic dyskinesia; PNKD, paroxysmal
non-kinesigenic dyskinesia; PED, paroxysmal exertion-induced dyskinesia; PHD, paroxysmal hypnogenic dyskinesia



associated with mutations in this gene is usual-
ly an autosomal dominant disorder. However,
variable penetrance and de novo mutations in
the PRRT2 have been reported22-25. Moreover,
other PRRT2-negative families with PKD
were found to have a gene mutation linked to
chromosome 16q13-q22.1, or no mutation on
chromosome 1626-28. Remarkably, patients with
PRRT2 mutations were found to have younger
age of onset and higher frequency of attacks
than PRRT2-negative patients6,29. Moreover,
mutation analysis has revealed an association
of PRRT2 mutations with migraine, hemi-
plegic migraine, episodic ataxia, febrile
seizure, sporadic infantile convulsion and
paroxysmal torticollis, alone or in various
combinations30. Furthermore, homozygosity of
PRRT2 mutations was reported in 2 families
with more severe clinical features including
intellectual disability, episodic ataxia, and in-
fantile seizures31.
Primary PNKD: Most cases of PNKD are fa-
milial with an autosomal dominant inheritance
and a high but incomplete penetrance32. All the
typical familial cases of PNKD were found to
link to chromosome 2q3533. Subsequently, the
causative gene was identified and a missense
mutation in the myofibrillogenesis regulator
(MR1) was detected34. Mutation analysis of
this gene has revealed that patients with MR1
mutations had onset of attacks in infancy or
early childhood, precipitation of attacks by
caffeine, and alcohol. In contrast, patients with
PNKD who did not carry a MR1 mutation
were more variable in their age of onset, pro-
voking factors, and paroxysmal feature35. In a
family with many members having developed
PNKD with spastic paraparesis, mutation was
detected in SLC2A1 gene on chromosome-1
encoding glucose transporter (GLUT1)36,
while mutation in the calcium-sensitive potas-
sium channel (KCNMA1) gene on chromo-
some 10q22 was found in a family with PNKD
with epilepsy37. Another gene candidate was
mapped on chromosome 2q31 in a family with
PNKD affecting the hands and feet symmetri-
cally38.
Primary PED: Although sporadic cases have
been described7,11, PED is usually inherited in
an autosomal dominant fashion. Mutations in
the SLC2A1 gene on chromosome 1p35-
p31.3, encoding for GLUT1 were detected in
several families and sporadic patients with
PED39-41. The classical phenotype associated

with these mutations includes epilepsy, hemi-
plegic migraine, developmental delay, infantile
seizures, altering hemiplegia, and hypoglycor-
rhachia40,42. Moreover, heterogeneity of
SLC2A1 mutation was causatively associated
with progressive spastic paraplegia in patients
with PED, but not in patients with hereditary
spastic paraplegia without paroxysmal dyski-
nesia36.
Primary PHD: Most cases are sporadic, and
some cases are familial with an autosomal
dominant inheritance and mutations in gene
coding for nicotinic acetylcholine receptor.
These mutations are associated with nocturnal
frontal lobe epileptic, and the mutated genes
include CHRNA4 gene on chromosome
20q13.2-q13.3, CHRNB2 gene on chromo-
some 1q21, and loci on chromosomes 15q24
and 8p2143,44.

Causes of Secondary Paroxysmal
Dyskinesias

A variety of neurologic and a wide spectrum
of systemic diseases as well as certain drugs can
produce symptoms resembling paroxysmal dysk-
inesias (Figure 4).
Secondary PKD: The most common cause of

secondary PKD is multiple sclerosis45. The at-
tacks may be kinesigenic but are most consis-
tently precipitated by hyperventilation and can
be extremely painful. Attacks typically are
unilateral with or without the face. Each attack
lasts from a few seconds to a few minutes, and
multiple attacks can occur during the day. The
attacks tend to subside spontaneously over
many weeks. The lesions reported in multiple
sclerosis-related PKD cases included the con-
tralateral thalamus, lentiform nuclei, globus
pallidus, internal capsule, mesencephalic pe-
duncle and cervical cord46-48. Other causal as-
sociations are cerebral palsy, metabolic disor-
ders, head injury, cerebrovascular disease,
strock, hypoparathyroidism, hypoglycaemia,
perinatal hypoxic encephalopathy, and dia-
betes mellitus.

Secondary PNKD: Similar to PKD, the most fre-
quent cause of secondary PNKD is multiple
sclerosis. However, the attacks are very brief
and often painful being, thus, typical of tonic
spasms of multiple sclerosis and not the long-
duration attacks of classical PNKD. These at-
tacks consist of dystonic posturing of the arm
and/or the leg on side of the body, and some-
times the face. They can be precipitated by
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voluntary movement, tactile stimulation or hy-
perventilation, and preceded by a sensory aura
in either the affected or the contralateral limbs.
In addition of multiple sclerosis, there have
been numerous other reported causes includ-
ing encephalitis, head trauma, hypoparathy-
roidism, thyrotoxicosis, basal calcification,
and a case with AIDS. Overall, most disorders
causing PKD have also been associated with
PNKD, and in some reports it is unclear
whether the patient had PKD, PNKD, or both.

Secondary PED: Causes of secondary PED have
been reported only occasionally and in those
cases they appear to be secondary to trauma2,49.

Secondary PHD: Since the first description of
PHD, no secondary case has been document-
ed. All reported cases of PHD are primary.

Other Variants of Paroxysmal Dyskinesia
In addition of the four main subtypes already de-

scribed, there are other variants of paroxysmal dis-
orders that do not fit into any of the descriptions.
Paroxysmal torticollis in infancy: This variant is

a self-limiting disorder in infants characterized
by attacks of head tilt or turn to alternating

side, lasting for minutes to 2 weeks. The at-
tacks remit by the age of 2 years.

Transient paroxysmal dystonia in infancy: This
variant is another self-limiting disease of chil-
dren younger than 2 years, manifesting as attacks
of dystonia in the neck and limbs, and opistho-
tonus of a few minutes duration. The attacks are
triggered by certain movements or position and
thus may present an infantile variant of PKD.

Benign paroxysmal tonic upgaze: This variant
manifests as sudden sustained upward devia-
tion of the eyes in early childhood with onset
around 9 months. This may be associated with
mild ataxia with down-beating nystagmus on
attempted down gaze and apparently preserved
horizontal eye movement.

Paroxysmal ataxias: These variants are rare ge-
netic disorders caused by the mutations in the
genes encoding membrane ion-channel pro-
teins inherited in autosomal dominant fashion.
They manifest as brief recurrent attacks of
ataxia, sometimes associated with other ictal
symptoms, and typically normal interictal neu-
rologic examination except for myokymia,
nystagmus, or mild ataxia in some type of

Figure 4. Cause of secondary paroxysmal dyskinesias.



ataxias. The onset in most ataxia types is
childhood or early adulthood.

Familial paroxysmal dyskinesia with facial
myokymia (FDFM): This variant is a rare au-
tosomal dominant disease characterized by
childhood onset of choreiform movements in
the limbs associated with periorbital and
myokymia. The attacks are precipitated by anx-
iety. A high prevalence of heart disease in adult
patients with FDFM has been reported. Muta-
tions in the gene of adenylyl cyclase 5 were
identified in familial and sporadic cases50.

Paroxysmal tongue: This variant is characterized
by a delay onset of episodic, rhythmic, invol-
untary movement of the tongue following head
or neck trauma. Focal tongue contractions are
usually slow, about 3 per second, and episodes
last approximately 10 seconds, persisting for
2-4 months. In some other cases, episodic lin-
gual dystonia has also been sometimes related
to brain stem ischemia or anoxic encephalopa-
thy as well as a primary disorder.

Conclusions

Movement disorders with predominant paroxys-
mal dyskinetic feature occur in a wide variety of
genetic and acquired conditions. Although the re-
sulting clinical scenarios can be confusing and dif-
ficult to interpret by physicians, there have been
major advances in the understanding of the genet-
ics of these disorders, leading to better clinical def-
initions based on genotype-phenotype correlation
in the familial idiopathic forms. However, sec-
ondary cases are notable for their variability in age
of onset as well as the presence of both kinesigenic
and nonkinesigenic symptoms in some patients.
Therefore, awareness of the variable phenomenolo-
gy and the spectrum of causes associated with sec-
ondary paroxysmal dyskinesias will allow for more
timely diagnosis and early intervention.

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) SCHLAGGAR BL, MINK JW. Movement disorders in
children. Pediatr Rev 2003; 24: 39-51.

2) DEMIRKIRAN M, JANKOVIC J. Paroxysmal dyskinesias:
Clinical features and classification. Ann Neurol
1995; 38: 571-579.

2458

S.-S. Hao, Y.-H. Feng, G.-B. Zhang, A.-P. Wang, F. Wang, P. Wang

3) BLAKELEY J, JANKOVIC J. Secondary paroxysmal
dyskinesias. Mov Disord 2002; 17: 726-734.

4) LANCE JW. Familial paroxysmal dystonic choreoa-
thetosis and its differentiation from related syn-
dromes. Ann Neurol 1977; 2: 285-293.

5) BRUNO MK, HALLETT M, GWINN-HARDY K, SORENSEN B,
CONSIDINE E, TUCKER S, LYNCH DR, MATHEWS KD,
SWOBODA KJ, HARRIS J, SOONG BW, ASHIZAWA T,
JANKOVIC J, RENNER D, FU YH, PTACEK LJ. Clinical
evaluation of idiopathic paroxysmal kinesigenic
dyskinesia: new diagnostic criteria. Neurology
2004; 63: 2280-2287.

6) TAN LC, METHAWASIN K, TENG EW, NG AR, SEAH SH,
AU WL, LIU JJ, FOO JN, ZHAO Y, TAN EK. Clinico-ge-
netic comparisons of paroxysmal kinesigenic
dyskinesia patients with and without PRRT2 mu-
tations. Eur J Neurol 2014; 21: 674-678.

7) PLANT GT, WILLIAMS AC, EARL CJ, MARSDEN CD. Fa-
milial paroxysmal dystonia induced by exercise. J
Neurol Neurosurg Psychiatry 1984; 47: 275-279.

8) MUNCHAU A, VALENTE EM, SHAHIDI GA, EUNSON LH,
HANNA MG, QUINN NP, SCHAPIRA AH, WOOD NW,
BHATIA KP. A new family with paroxysmal exercise
induced dystonia and migraine: a clinical and ge-
netic study. J Neurol Neurosurg Psychiatry 2000;
68: 609-614.

9) NEVILLE BG, BESAG FM, MARSDEN CD. Exercise in-
duced steroid dependent dystonia, ataxia, and al-
ternating hemiplegia associated with epilepsy. J
Neurol Neurosurg Psychiatry 1998; 65: 241-244.

10) BOZI M, BHATIA KP. Paroxysmal exercise-induced dys-
tonia as a presenting feature of young-onset Parkin-
son‘s disease. Mov Disord 2003; 18: 1545-1547.

11) BHATIA KP, SOLAND VL, BHATT MH, QUINN NP, MARS-
DEN CD. Paroxysmal exercise-induced dystonia:
eight new sporadic cases and a review of the lit-
erature. Mov Disord 1997; 12: 1007-1012.

12) PROVINI F, PLAZZI G, LUGARESI E. From nocturnal parox-
ysmal dystonia to nocturnal frontal lobe epilepsy.
Clin Neurophysiol 2000; 111 Suppl 2: S2-8.

13) LUGARESI E, CIRIGNOTTA F. Hypnogenic paroxysmal
dystonia: epileptic seizure or a new syndrome?
Sleep 1981; 4: 129-138.

14) CHEN WJ, LIN Y, XIONG ZQ, WEI W, NI W, TAN GH,
GUO SL, HE J, CHEN YF, ZHANG QJ, LI HF, LIN Y,
MURONG SX, XU J, WANG N, WU ZY. Exome se-
quencing identifies truncating mutations in
PRRT2 that cause paroxysmal kinesigenic dyski-
nesia. Nat Genet 2011; 43: 1252-1255.

15) WANG JL, CAO L, LI XH, HU ZM, LI JD, ZHANG JG,
LIANG Y, SAN A, LI N, CHEN SQ, GUO JF, JIANG H,
SHEN L, ZHENG L, MAO X, YAN WQ, ZHOU Y, SHI YT,
AI SX, DAI MZ, ZHANG P, XIA K, CHEN SD, TANG BS.
Identification of PRRT2 as the causative gene of
paroxysmal kinesigenic dyskinesias. Brain 2011;
134: 3493-3501.

16) RUSSELL JF, STECKLEY JL, COPPOLA G, HAHN AF,
HOWARD MA, KORNBERG Z, HUANG A, MIRSATTARI SM,
MERRIMAN B, KLEIN E, CHOI M, LEE HY, KIRK A, NEL-
SON-WILLIAMS C, GIBSON G, BARABAN SC, LIFTON RP,



2459

Neuropathophysiology of paroxysmal, systemic, and other related movement disorders

GESCHWIND DH, FU YH, PTACEK LJ. Familial cortical
myoclonus with a mutation in NOL3. Ann Neurol
2012; 72: 175-183.

17) LI J, ZHU X, WANG X, SUN W, FENG B, DU T, SUN B,
NIU F, WEI H, WU X, DONG L, LI L, CAI X, WANG Y,
LIU Y. Targeted genomic sequencing identifies
PRRT2 mutations as a cause of paroxysmal kine-
sigenic choreoathetosis. J Med Genet 2012; 49:
76-78.

18) HERON SE, GRINTON BE, KIVITY S, AFAWI Z, ZUBERI SM,
HUGHES JN, PRIDMORE C, HODGSON BL, IONA X,
SADLEIR LG, PELEKANOS J, HERLENIUS E, GOLDBERG-
STERN H, BASSAN H, HAAN E, KORCZYN AD, GARDNER

AE, CORBETT MA, GECZ J, THOMAS PQ, MULLEY JC,
BERKOVIC SF, SCHEFFER IE, DIBBENS LM. PRRT2 muta-
tions cause benign familial infantile epilepsy and
infantile convulsions with choreoathetosis syn-
drome. Am J Hum Genet 2012; 90: 152-160.

19) LIU Q, QI Z, WAN XH, LI JY, SHI L, LU Q, ZHOU XQ,
QIAO L, WU LW, LIU XQ, YANG W, LIU Y, CUI LY,
ZHANG X. Mutations in PRRT2 result in paroxys-
mal dyskinesias with marked variability in clinical
expression. J Med Genet 2012; 49: 79-82.

20) ONO S, YOSHIURA K, KINOSHITA A, KIKUCHI T, NAKANE Y,
KATO N, SADAMATSU M, KONISHI T, NAGAMITSU S, MAT-
SUURA M, YASUDA A, KOMINE M, KANAI K, INOUE T, OS-
AMURA T, SAITO K, HIROSE S, KOIDE H, TOMITA H, OZA-
WA H, NIIKAWA N, KUROTAKI N. Mutations in PRRT2
responsible for paroxysmal kinesigenic dyskine-
sias also cause benign familial infantile convul-
sions. J Hum Genet 2012; 57: 338-341.

21) MENERET A, GRABLI D, DEPIENNE C, GAUDEBOUT C, PI-
CARD F, DURR A, LAGROUA I, BOUTEILLER D, MIGNOT C,
DOUMMAR D, ANHEIM M, TRANCHANT C, BURBAUD P, JE-
DYNAK CP, GRAS D, STESCHENKO D, DEVOS D, BILLETTE

DE VILLEMEUR T, VIDAILHET M, BRICE A, ROZE E.
PRRT2 mutations: a major cause of paroxysmal
kinesigenic dyskinesia in the european popula-
tion. Neurology 2012; 79: 170-174.

22) VAN VLIET R, BREEDVELD G, DE RIJK-VAN ANDEL J, BRIL-
STRA E, VERBEEK N, VERSCHUUREN-BEMELMANS C, BOON

M, SAMIJN J, DIDERICH K, VAN DE LAAR I, OOSTRA B,
BONIFATI V, MAAT-KIEVIT A. PRRT2 phenotypes and
penetrance of paroxysmal kinesigenic dyskinesia
and infantile convulsions. Neurology 2012; 79:
777-784.

23) FRIEDMAN J, OLVERA J, SILHAVY JL, GABRIEL SB, GLEE-
SON JG. Mild paroxysmal kinesigenic dyskinesia
caused by PRRT2 missense mutation with re-
duced penetrance. Neurology 2012; 79: 946-948.

24) GUERRINI R, MINK JW. Paroxysmal disorders associ-
ated with PRRT2 mutations shake up expecta-
tions on ion channel genes. Neurology 2012; 79:
2086-2088.

25) SHI CH, SUN SL, WANG JL, LIU AQ, MIAO W, AVINASH

C, MAO X, TANG BS, XU YM. PRRT2 gene muta-
tions in familial and sporadic paroxysmal kinesi-
genic dyskinesia cases. Mov Disord 2013; 28:
1313-1314.

26) TOMITA H, NAGAMITSU S, WAKUI K, FUKUSHIMA Y, YAMA-
DA K, SADAMATSU M, MASUI A, KONISHI T, MATSUISHI T,

AIHARA M, SHIMIZU K, HASHIMOTO K, MINETA M, MAT-
SUSHIMA M, TSUJITA T, SAITO M, TANAKA H, TSUJI S, TAK-
AGI T, NAKAMURA Y, NANKO S, KATO N, NAKANE Y, NI-
IKAWA N. Paroxysmal kinesigenic choreoathetosis
locus maps to chromosome 16p11.2-q12.1. Am J
Hum Genet 1999; 65: 1688-1697.

27) VALENTE EM, SPACEY SD, WALI GM, BHATIA KP, DIXON

PH, WOOD NW, DAVIS MB. A second paroxysmal
kinesigenic choreoathetosis locus (EKD2) map-
ping on 16q13-q22.1 indicates a family of genes
which give rise to paroxysmal disorders on hu-
man chromosome 16. Brain 2000; 123(Pt 10):
2040-2045.

28) SPACEY SD, VALENTE EM, WALI GM, WARNER TT, JARMAN

PR, SCHAPIRA AH, DIXON PH, DAVIS MB, BHATIA KP,
WOOD NW. Genetic and clinical heterogeneity in
paroxysmal kinesigenic dyskinesia: Evidence for a
third ekd gene. Mov Disord 2002; 17: 717-725.

29) MAO CY, SHI CH, SONG B, WU J, JI Y, QIN J, LI YS,
WANG JJ, SHANG DD, SUN SL, XU YM. Genotype-
phenotype correlation in a cohort of paroxysmal
kinesigenic dyskinesia cases. J Neurol Sci 2014;
340: 91-93.

30) BECKER F, SCHUBERT J, STRIANO P, ANTTONEN AK,
LIUKKONEN E, GAILY E, GERLOFF C, MULLER S,
HEUSSINGER N, KELLINGHAUS C, ROBBIANO A, POLVI A,
ZITTEL S, VON OERTZEN TJ, ROSTASY K, SCHOLS L,
WARNER T, MUNCHAU A, LEHESJOKI AE, ZARA F, LERCHE

H, WEBER YG. PRRT2-related disorders: further
PKD and ICCA cases and review of the literature.
J Neurol 2013; 260: 1234-1244.

31) LABATE A, TARANTINO P, VIRI M, MUMOLI L, GAGLIARDI

M, ROMEO A, ZARA F, ANNESI G, GAMBARDELLA A. Ho-
mozygous c.649dupC mutation in PRRT2 wors-
ens the BFIS/PKD phenotype with mental retar-
dation, episodic ataxia, and absences. Epilepsia
2012; 53: e196-199.

32) ZORZI G, CONTI C, ERBA A, GRANATA T, ANGELINI L,
NARDOCCI N. Paroxysmal dyskinesias in childhood.
Pediatr Neurol 2003; 28: 168-172.

33) FINK JK, RAINER S, WILKOWSKI J, JONES SM, KUME A,
HEDERA P, ALBIN R, MATHAY J, GIRBACH L, VARVIL T, OT-
TERUD B, LEPPERT M. Paroxysmal dystonic choreoa-
thetosis: tight linkage to chromosome 2q. Am J
Hum Genet 1996; 59: 140-145.

34) RAINIER S, THOMAS D, TOKARZ D, MING L, BUI M, PLEIN

E, ZHAO X, LEMONS R, ALBIN R, DELANEY C, ALVARADO

D, FINK JK. Myofibrillogenesis regulator 1 gene
mutations cause paroxysmal dystonic choreoa-
thetosis. Arch Neurol 2004; 61: 1025-1029.

35) KERTESZ A. Paroxysmal kinesigenic choreoatheto-
sis. An entity within the paroxysmal choreoatheto-
sis syndrome. Description of 10 cases, including
1 autopsied. Neurology 1967; 17: 680-690.

36) WEBER YG, KAMM C, SULS A, KEMPFLE J, KOTSCHET K,
SCHULE R, WUTTKE TV, MALJEVIC S, LIEBRICH J, GASSER

T, LUDOLPH AC, VAN PAESSCHEN W, SCHOLS L, DE

JONGHE P, AUBURGER G, LERCHE H. Paroxysmal
choreoathetosis/spasticity (DYT9) is caused by a
GLUT1 defect. Neurology 2011; 77: 959-964.

37) DU W, BAUTISTA JF, YANG H, DIEZ-SAMPEDRO A, YOU

SA, WANG L, KOTAGAL P, LUDERS HO, SHI J, CUI J,



2460

S.-S. Hao, Y.-H. Feng, G.-B. Zhang, A.-P. Wang, F. Wang, P. Wang

RICHERSON GB, WANG QK. Calcium-sensitive potas-
sium channelopathy in human epilepsy and
paroxysmal movement disorder. Nat Genet 2005;
37: 733-738.

38) SPACEY SD, ADAMS PJ, LAM PC, MATEREK LA, STOESSL

AJ, SNUTCH TP, HSIUNG GY. Genetic heterogeneity in
paroxysmal nonkinesigenic dyskinesia. Neurology
2006; 66: 1588-1590.

39) SULS A, DEDEKEN P, GOFFIN K, VAN ESCH H, DUPONT P,
CASSIMAN D, KEMPFLE J, WUTTKE TV, WEBER Y, LERCHE H,
AFAWI Z, VANDENBERGHE W, KORCZYN AD, BERKOVIC SF,
EKSTEIN D, KIVITY S, RYVLIN P, CLAES LR, DEPREZ L, MALJE-
VIC S, VARGAS A, VAN DYCK T, GOOSSENS D, DEL-FAVERO

J, VAN LAERE K, DE JONGHE P, VAN PAESSCHEN W. Parox-
ysmal exercise-induced dyskinesia and epilepsy is
due to mutations in SLC2A1, encoding the glucose
transporter GLUT1. Brain 2008; 131: 1831-1844.

40) WEBER YG, STORCH A, WUTTKE TV, BROCKMANN K,
KEMPFLE J, MALJEVIC S, MARGARI L, KAMM C, SCHNEIDER

SA, HUBER SM, PEKRUN A, ROEBLING R, SEEBOHM G,
KOKA S, LANG C, KRAFT E, BLAZEVIC D, SALVO-VARGAS

A, FAULER M, MOTTAGHY FM, MUNCHAU A, EDWARDS

MJ, PRESICCI A, MARGARI F, GASSER T, LANG F, BHATIA

KP, LEHMANN-HORN F, LERCHE H. GLUT1 mutations
are a cause of paroxysmal exertion-induced dysk-
inesias and induce hemolytic anemia by a cation
leak. J Clin Invest 2008; 118: 2157-2168.

41) SCHNEIDER SA, PAISAN-RUIZ C, GARCIA-GOROSTIAGA I,
QUINN NP, WEBER YG, LERCHE H, HARDY J, BHATIA KP.
GLUT1 gene mutations cause sporadic paroxys-
mal exercise-induced dyskinesias. Mov Disord
2009; 24: 1684-1688.

42) LEEN WG, WEVERS RA, KAMSTEEG EJ, SCHEFFER H, VER-
BEEK MM, WILLEMSEN MA. Cerebrospinal fluid
analysis in the workup of GLUT1 deficiency syn-
drome: a systematic review. JAMA Neurol 2013;
70: 1440-1444.

43) STEINLEIN OK, MULLEY JC, PROPPING P, WALLACE RH,
PHILLIPS HA, SUTHERLAND GR, SCHEFFER IE, BERKOVIC

SF. A missense mutation in the neuronal nicotinic
acetylcholine receptor alpha 4 subunit is associat-
ed with autosomal dominant nocturnal frontal
lobe epilepsy. Nat Genet 1995; 11: 201-203.

44) DE FUSCO M, BECCHETTI A, PATRIGNANI A, ANNESI G,
GAMBARDELLA A, QUATTRONE A, BALLABIO A, WANKE E,
CASARI G. The nicotinic receptor beta 2 subunit is
mutant in nocturnal frontal lobe epilepsy. Nat
Genet 2000; 26: 275-276.

45) BLAKELEY J, JANKOVIC J. Secondary causes of parox-
ysmal dyskinesia. Adv Neurol 2002; 89: 401-420.

46) DE SEZE J, STOJKOVIC T, DESTEE M, DESTEE A, VERMER-
SCH P. Paroxysmal kinesigenic choreoathetosis as
a presenting symptom of multiple sclerosis. J
Neurol 2000; 247: 478-480.

47) UNCINI A, DI MUZIO A, THOMAS A, LUGARESI A, GAMBI

D. Hand dystonia secondary to cervical demyeli-
nating lesion. Acta Neurol Scand 1994; 90: 51-55.

48) ZITTEL S, BESTER M, GERLOFF C, MUNCHAU A, LEYPOLDT

F. Symptomatic paroxysmal kinesigenic choreoa-
thetosis as primary manifestation of multiple scle-
rosis. J Neurol 2012; 259: 557-558.

49) LIM EC, WONG YS. Post-traumatic paroxysmal ex-
ercise-induced dystonia: case report and review
of the literature. Parkinsonism Relat Disord 2003;
9: 371-373.

50) CHEN YZ, FRIEDMAN JR, CHEN DH, CHAN GC, BLOSS

CS, HISAMA FM, TOPOL SE, CARSON AR, PHAM PH,
BONKOWSKI ES, SCOTT ER, LEE JK, ZHANG G, OLIVEIRA

G, XU J, SCOTT-VAN ZEELAND AA, CHEN Q, LEVY S,
TOPOL EJ, STORM D, SWANSON PD, BIRD TD, SCHORK

NJ, RASKIND WH, TORKAMANI A. Gain-of-function
ADCY5 mutations in familial dyskinesia with facial
myokymia. Ann Neurol 2014; 75: 542-549.


