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ABSTRACT – Background. Paroxysmal kinesigenic dyskinesia is a neuro-
logical condition characterised by brief attacks of involuntary movements
triggered by sudden voluntary movements. Methods. We describe the clini-
cal, polygraphic, and genetic features of an Italian family with paroxysmal
kinesigenic dyskinesia. Results. Paroxysmal kinesigenic dyskinesia mani-
fested as brief choreoathetosic-dystonic attacks precipitated by sudden
movements, varying in severity and frequency, amongst the four affected
family members. The disorder follows an autosomal dominant transmis-
sion and affects female members. Mutation of SLC2A1, MR1, CACNA1A,
and ATP1A2 genes was excluded by direct sequencing. Mutation analysis of
the PRRT2 gene revealed a single nucleotide duplication, c.649dupC, result-
ing in the frameshift mutation p.Arg217Profs*8 in all affected members.
Conclusion. Paroxysmal kinesigenic dyskinesia is the most common type

d is often misdiagnosed clinically as
roxysmal kinesigenic dyskinesia asso-
ld intrafamilial clinical heterogeneity,
ideo sequences]

yskinesia, PRRT2, female prevalence

report a premonitory sensation of
of paroxysmal movement disorder an
epilepsy. We describe a family with pa
ciated with PRRT2 gene mutation, mi
and benign course. [Published with v
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(PKD) is characterised by brief
attacks of unilateral or bilateral
involuntary movements, triggered
by sudden voluntary movements or
sometimes by being startled (Bruno
et al., 2004). Attacks often occur
many times per day. Most patients

an imminent attack (Bruno et al.,
2004). Symptoms often arise in child-
hood or early adolescence with a
frequency and severity that diminish
with age. Some patients have a his-
tory of afebrile seizures. PKD occurs
in sporadic and familial cases with
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n autosomal dominant pattern of inheritance and
ariable penetrance (Bruno et al., 2004). PKD is a geneti-
ally heterogeneous disorder and several linkage
tudies have identified two regions on chromosome
6 (16p11.2-q12.1 and 16q13-q22.1) that are likely to
arbour PKD susceptibility genes (Valente et al., 2000).
ecently, Chen et al. (2011) and Wang et al. (2011) iden-

ified mutations in the PRRT2 gene in PKD families,
apping to 16p.11.2. PRRT2 encodes for the proline-

ich transmembrane protein 2, which appears to be
nvolved in the synaptic vesicle membrane docking
nd fusion pathway, interacting with SNAP25 (Lee et al.,
012).
e describe the clinical features of an Italian family
ith a benign typical form of PKD due to a PRRT2
utation.

atients and methods

ll the family members were investigated for a history
f febrile/afebrile infantile convulsions and present or
ast PKD by one of the authors (PT, MF, or LD). The

ndex patient (IV:1) underwent routine EEG, brain MRI,
nd diurnal polysomnography. Individual III:1 under-
ent brain MRI.
lood samples were collected from family members,

I:2, III:1, III:2, III:3, III:6, IV:1, and IV:3, after informed
onsent. DNA was extracted from leucocytes using
tandard techniques. The coding regions and adjacent
plice sites of SLC2A1, MR-1, ATP1A2, and CACNA1A
enes were sequenced for the proband (IV:1) in whom
o mutations were identified. The PRRT2 gene was
ubsequently analysed by direct sequencing. PCR and
equencing conditions are available upon request.

esults

our affected family members were identified in a 13-
ember Italian family, spanning three generations.

KD manifested as brief choreoathetosic-dystonic
ttacks, precipitated by sudden movements and vary-
ng in severity and frequency, amongst affected family

embers.
he disorder follows an autosomal dominant transmis-
ion (figure 1). The clinical features of patients II:2, III:2,
II:6, and IV:1 (with video) are described below.

igraine without aura was present in patient III:3
hile patient IV:4 reported a sporadic tension-type
24

eadache. No history of febrile or afebrile seizures was
eported for any family member.

ndex patient (IV:1)

his 17-year-old girl presented with frequent drops
o the ground since six years of age, triggered by

fi
y
w
w
d
o
t

udden movement or ringing of a mobile phone. The
alls were associated with a feeling that “something
locked her right leg” or of simply being tripped
ver. These “blocking episodes” recurred daily in the

ollowing years. In early adolescence, she also rarely
eported the feeling that her right arm moved to a
strange position” or her lip was dragged to the right.
rom the age of 14 years, symptoms were confined
o her right foot which would block, with a plantar
ystonic flexion of the right toes and inward rotation,
ssociated with a sudden voluntary movement. Each
pisode lasted for 5 to 30 seconds. Over the years, she

earned a compensatory strategy which involved slow-
ng down the movement of her right leg or dragging it
or a few seconds, and subsequently walking normally.
igh temperatures during the summer worsened the

linical manifestations causing a periodic increase in
ttacks. She was able to engage in sports, adopting the
compensatory strategy”. Neurological examination,
rain MRI, and EEG were normal.
uring polysomnographic recordings, the patient was

nstructed to move suddenly from sitting to standing
r from standing to walking. Recordings highlighted
transitory plantar flexion of the anterior part of

he right foot, creating a varus posture, and suddenly
assing from sitting to standing or a valgus posture

n reverse, without EEG abnormalities (figure 2 and
ideo sequence 1). Being startled did not trigger the
ttacks.

ndex patient’s mother (III:2)

his 43-year-old woman had severe PKD attacks since
he age of nine years soon after menarche, with
horeoathetoid movements affecting the entire left
emibody lasting for one or two minutes, which were

riggered by sudden movement. Neurological exami-
ation and brain MRI were normal. The frequency of
ttacks markedly diminished after her first pregnancy.
t the age of 18, she started carbamazepine treatment

200 mg/die) with a good response and attacks were
inimal. She declined being recorded by video.

ndex patient’s aunt (III:6)

his 53-year-old woman had suffered from sudden
rief attacks of choreoathetosis triggered by sudden
ovement since the age of 10, in concomitance
ith menarche. Attacks markedly subsided after her
Epileptic Disord, Vol. 15, No. 2, June 2013

rst pregnancy and completely disappeared at 33
ears of age. Migraine attacks began at the age of 23
ith monthly frequency. Sometimes, these attacks
ere preceded by an aura consisting of transitory
ysarthria and osmophobia, lasting for 5 to 10 minutes,
r tongue tingling lasting for 30 minutes. Response

o triptans was good. Migraine frequency markedly
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PRRT2 mutation in familial dyskinesia
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Figure 1. The pedigree shows an autosomal dominant pattern of transmission. The arrow indicates the proband. The symbol ˆ identifies
individuals for whom DNA was available.

decreased with hormone therapy (etonogestrel and
ethinylestradiol) and increased again following inter-
ruption of the therapy. Neurological examination was
normal.

Index patient’s grandmother (II:2)

This 85-year-old woman had PKD attacks since 12 years
of age in concomitance with menarche. Attacks disap-
peared at the age of 28 years with her first pregnancy.
Rarely, she reported mild and brief inward rotation of
her right foot after sudden movements when particu-
larly stressed. Neurological examination was negative.

Genetic study

Mutation of the SLC2A1, MR1, CACNA1A, and ATP1A2
genes was excluded by direct sequencing. Mutation
analysis of the PRRT2 gene revealed a single nucleotide

duplication, c.649dupC, resulting in the frameshift
mutation; p.Arg217Profs*8. The mutation segregated
in all affected family members available for the study
(figure 1).

Discussion

The clinical features of this family, including age at
onset, the kinesigenic nature of the movement dis-
order, and the autosomal dominant segregation, are
consistent with those of previously described PKD
families (Bruno et al., 2004).
Video-polygraphic recordings showed short (a few
seconds), characteristic attacks of the index patient,
highlighting the dystonic nature and the cause-effect
relationship of sudden movement. No episodes were
recorded at rest and no ictal or interictal EEG abnor-
malities were noted.
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igure 2. (A) Polysomnographic features showing the prevalent
alking backwards.
as: masseter; Delt: deltoideus; Flex Hand: flexor hand; Ext Hand

icep; Tib Ant: tibialis anterior; Gastroc: gastrocnemius; Ab: Al
espirogram; R: right; L: left.

he choreoathetosic-dystonic movements predomi-
antly affected the limbs, and age at onset and

requency and severity of attacks were marginally
eterogeneous among family members. The disease
ourse was benign and only one patient required phar-
acological treatment. An association with migraine,
ith or without aura, emerged in the family. Two

amily members presented with migraine, however,
enetic investigation was only possible for one of the
embers (III:6) who was shown to harbour a muta-

ion. Based on the paroxysmal nature of PKD, a good
esponse to carbamazepine and acetazolamide, and
he association with ataxia, epilepsy and migraine, PKD
s considered to be an expression of ion channel dys-
unction. Considering the concurrence of migraine,
e also analysed the CACNA1A and ATP1A2 genes, but

ound no alterations. Given the prevalence of migraine
mong the general population, we may assume that
he presence of migraine was coincidental.
ll the affected members of our family were female,
lthough there was a clear predominance of female
embers in the family. To our knowledge, previous

tudies have identified a male prevalence among
poradic cases, while a clear gender predominance
26

as not reported in familial cases (Bruno et al., 2004).
n the family presented, the onset of PKD in concomi-
ance with menarche, the decrease of attacks during
regnancy and hormonal therapy, as well as the benign
rognosis, together suggest that the course of the
isease may be influenced by hormonal status. A few
eports have documented an apparent improvement

i
2

D
N
p
i

ation on the right anterior tibialis muscle (B) Valgus posture on

nsor hand; Interc: intercostalis; Rect Fem: rectus femoris; Bicep:
ductor alux; Ext Dig: extensor digitorum; Thor Resp: thoracic

uring pregnancy and a greater chance of complete
emission among females with either PKD or PNKD
Bruno et al., 2004; Bruno et al., 2007). However, the
elationship between these disorders and hormonal
tatus has not been investigated in depth.
hen and colleagues identified PRRT2 mutation in
ight families with PKD (Chen et al., 2011). Sub-
equently, PRRT2 mutations were also disclosed in
poradic PKD (Li et al., 2012), infantile convulsions and
horeoathetosis (ICCA) syndrome, PNKD-like families,
enign familial infantile seizure (BFIS), and migraine or
emiplegic migraine with PKD, indicating the hetero-
eneity of the phenotypic spectrum (Heron et al., 2012;
iu et al., 2012; Schubert et al., 2012; Gardiner et al.,
012). How several different phenotypic expressions
ay result from the same PRRT2 mutation remains to

e determined.
n the family reported here, all affected members
arboured the heterozygous PRRT2 duplication,
.649dupC. This is the most common mutation iden-
ified so far (Chen et al., 2011; Li et al., 2012) and is
ssociated with mild intrafamilial clinical heterogene-
ty. This further supports the hypothesis that PRRT2

utations are linked to a variable phenotype, which
Epileptic Disord, Vol. 15, No. 2, June 2013

ncludes epilepsy and movement disorders (Liu et al.,
012). �
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Legends for videosequences

Video sequence 1

The patient presents with a minor PKD attack.
During a sudden passage from sitting to standing,
the index patient rotates her right foot inwards
slightly, which she indicates with her finger; she
recognizes this as one of her minor attacks.

Key words for video research on
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Syndrome: non epileptic paroxysmal disorder
Etiology: genetic disorder
Phenomenology: nonepileptic paroxysmal event
Localization: not applicable
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