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ABSTRACT – Cri-du-chat syndrome (CdCs) is caused by deletion in the
short arm of chromosome 5, occurring in 1:15,000 to 1:50,000 live births.
Recent genotype-phenotype correlation studies show the importance of
5p15.2 for facial dysmorphism and intellectual disability, and 5p15.3 for
cat-like cry. Numerous reports have shown the relative rarity of epilepsy
in this syndrome. We identified two cases with epilepsy in CdCs, and
described their electroclinical and cytogenetic features. The first case was
a 25-year-old female who had axial tonic seizures with flexion of the neck
and shoulders. Interictal EEG was characterized by generalized spike-and-
slow-wave complexes. Her ictal EEG started with diffuse electrodecremental
pattern, followed by alpha-range activities. High-resolution banding analy-
sis of chromosomes revealed a terminal deletion of 5p14.1. The second case
was a 30-year-old female who had startle epilepsy with falling. Interictal EEG
demonstrated generalized spike and slow waves. High-resolution banding
analysis revealed a terminal deletion of 5p13.3 with additional chromosomal
material of unknown origin. Based on the cases presented here, as well as

nship between epilepsy and CdCs is
ough CdCs patients rarely suffer from
ary in type.

ilepsy, chromosomal disorder, cyto-
es, startle epilepsy

of life. In addition to this cat-
like cry, there are various features
of CdCs: a round face, separated
eyes, epicanthic folds, small jaw, and
developmental delay, including dif-
those previously reported, the relatio
discussed. The data suggests that alth
epileptic seizures, the seizures may v

Key words: cri-du-chat syndrome, ep
genetic analysis, electroclinical featur

Cri-du-chat syndrome (CdCs), also
referred to as 5p deletion syn-
drome, is a syndrome caused by
total or partial deletion in the short
arm of chromosome 5. Its rate of
pileptic Disord, Vol. 17, No. 4, December 2015 485
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occurrence is estimated at 1:15,000
to 1:50,000 newborns (Rodriguez-
Caballero et al., 2010). The syndrome
is named after its characteristic
feature of a high-pitched cat-like
cry, although this symptom usu-
ally diminishes in the first years

ficulties in mobility, dexterity, and
verbal communication.
Recently, genotype-phenotype cor-
relation studies in CdCs have been
performed. The deletion of 5p15.2
plays an important role in facial
dysmorphism, neonatal hypotonia,
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ntellectual disability, and growth retardation, while
he deletion of 5p15.3 plays a role in the cat-like cry and
peech delay. Two genes, semaphorin F (SEMAF) and
-catenin (CTNND2), believed to play a role in cerebral
evelopment (Cerruti Mainardi, 2006), are reported to
e implicated in CdCs with intellectual disability.
owever, in contrast to other genetic syndromes with

ntellectual disability, the concomitance of epilepsy or
eizures with CdCs is reported at 0-16% and relatively
are (Niebuhr, 1978; Cornish and Pigram, 1996; Cerruti

ainardi et al., 2006; Rodriguez-Caballero et al., 2010),
nd only sporadic cases have previously been reported
Johnson et al., 2000; Kumada et al., 2005; Tsao et al.,
005).
n addition, we found only two cases of CdCs among
ver 800 epilepsy patients in our hospital who had
ndergone chromosomal analysis. Moreover, as far as
e searched, there is no reported study on electro-

linical or cytogenetic features of epilepsy in CdCs. In
rder to investigate this, we report two patients and
eview the published cases.

ase studies

he first case was a 25-year-old, ambidextrous female.
regnancy was normal and the patient was born with
birth weight of 2,680 g at 38 weeks gestation. The

aby began to crawl at 12 months and was able to
ull herself up at 18 months, but did not begin to
se words. Due to these developmental delays, she
nderwent a cytogenetic study and was diagnosed
ith CdCs. At the age of seven years, she devel-
ped her first generalized tonic-clonic seizure (GTCS),
nd antiepileptic drugs (AEDs) were administered. She
eportedly presented with multiple seizure types, such
s GTCSs, atonic seizures, and tonic seizures. At the
ime of her admission to our hospital at 25 years
f age, axial tonic seizures still occurred everyday
hile she was taking phenytoin (PHT), levetiracetam

LEV), and gabapentin (GBP). She had a small head,
round face, and widely-set eyes. During wakeful-

ess, she would typically swing her body to the right
nd left, silently, on hands and knees. She could walk
ut was unsteady. She could not understand or obey
hat was said to her. She had no pathological reflex,
uscle weakness, or dysfunction of cranial nerves,

owever, precise evaluation was difficult due to severe
ntellectual disability.
86

lood tests showed no abnormalities, and brain
RI showed only slight atrophy of the brainstem.
igh-resolution banding analysis revealed a terminal
eletion of 5p14.1 (figure 1A), and fluorescence in situ
ybridisation (FISH), using a probe directed to the
dCs locus at 5p15.2, showed this deletion (figure 1B).

T
d
7
S
s

ideo-EEG monitoring was conducted for 40 hours,
nd 27 seizures were captured which consisted of flex-
on of the neck and shoulders. An interictal EEG was
haracterized by the frequent high-amplitude gener-
lized spike and slow wave bursts (figure 1C). Ictal
EGs started with asymmetric generalized slow waves
ollowed by a diffuse electrodecremental pattern for

few seconds. Then, generalized alpha-range activi-
ies started with increasing amplitude and decreasing
requency. Finally, both the activity and the clinical
ymptom stopped at the same time (figure 1D). An
djustment of AEDs, including administration of val-
roate (VPA) and discontinuation of LEV and GBP, was
ffective, and her seizure frequency decreased from
aily to weekly.
he second case was a 30-year-old, right-handed
emale, born uneventfully with a weight of 2,740 g and
ead circumference of 30.5 cm at 40 weeks gestation.
he held up her head at five months, and began to
alk at three years of age. These delays, along with
suckling disorder, prompted chromosomal analy-

is, and CdCs was diagnosed. She had a history of
ebrile convulsions and underwent cardiac surgery
or patent ductus arteriosus at the age of two years.
he also had a small head, a round face, and widely-
et eyes, without apparent neurological abnormalities.
yperactivity was prominent, and she had no mean-

ngful utterance. She could walk, although unsteady,
ithout any help, but sometimes she rushed forward.
rain computed tomography revealed no abnormali-

ies. The score of developmental quotients (DQ) was
4 at age 20 years, indicating severe intellectual dis-
bility. High-resolution banding analysis revealed a
erminal deletion of 5p13.3 with additional chromo-
omal material of unknown origin (figure 1E), and
ISH analysis demonstrated the deletion of 5p15.2
figure 1F).
rom the age of 11 years, the patient had frequent
alls when she was surprised by unexpected tactile or
isual stimuli. Combination therapy, consisting of VPA
nd PHT, stopped the falls, while EEG continued to
how generalized spike and slow waves (figure 1G). An
ttempt to reduce AEDs in response to requests from
er parents resulted in the reappearance of seizures

hat were again well controlled by the administration
f the same AEDs.

iscussion
Epileptic Disord, Vol. 17, No. 4, December 2015

he risk of epilepsy varies among genetic disor-
ers. The group with the highest risk (greater than
5%) includes disorders such as Angelman syndrome,
turge-Weber syndrome, tuberous sclerosis, or MELAS
yndrome.
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Figure 1. Cytogenetic analysis and EEG. (A) Case 1: high-resolution banding analysis indicated a terminal deletion of 5p14.1. (B) Case
1: FISH analysis of 5q31 (Red) and 5p15.2 (Green) revealed a deletion of 5p15.2. (C) Interictal EEG of Case 1: high-amplitude generalized
spike and slow wave bursts. (D) Ictal EEG of Case 1: ictal EEG showed diffuse electrodecremental pattern after sudden asymmetric
generalized slow waves. Then, alpha-range activity appears with increasing amplitude and decreasing frequency. Clinically, flexion
of the neck and shoulders started. The onset is indicated with a white arrow. The alpha-range activity lasted about 11 seconds and
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igure 1. (Continued) suddenly stopped. At the same time, her clinic
igh-amplitude generalized spike and slow wave bursts followed. (E
eletion of 5p13.3 with additional chromosomal material of unknown
evealed a deletion of 5p15.2. (G) Interictal EEG of Case 2: generalized

able 1. Epileptological and cytogenetic features in cases r

Case Age Sex Age at
seizure
onset

Seizure type Interictal EEG

1 3y M 17m generalized
tonic-clonic
seizures

n.a

2 13y F 2y/2m febrile
seizures,
complex
partial seizures

multifocal
spikes

3 3y F 8m complex
partial seizures
(apnoea) and
myoclonic
seizures

bilateral
occipital and
diffuse spike
and waves

4 3y F 3m flexor spasms
and
generalized
tonic-clonic
seizures

hypsarrhythm

5 25y F 7y generalized
tonic-clonic
seizures,
atonic seizures
and tonic
seizures

generalized
spike and slo
wave bursts

6 30y F 11y febrile
seizures,
startle seizures
with falling

generalized
spike and slo
waves

.a: not available; y: year; m: month; M: male; F: female.
Epileptic Disord, Vol. 17, No. 4, December 2015

al symptom also diminished, indicated by a black arrow. Then,
) Case 2: high-resolution banding analysis revealed a terminal
origin. (F) Case 2: FISH analysis of 5q31 (Red) and 5p15.2 (Green)
spike and slow waves.

elated to 5p deletion.

Ictal EEG Cytogenetics Reference

n.a 46,XY(1%)/
46,XY,del(5)
(p14)(99%);
deletion
between
5p14.1 and 14.3
(FISH)

Johnson et al.,
2000

n.a 46,XX,5p- Kumada et al.,
2005

n.a 46,XX, -5,
+der(5)t(5;13)
(p14.2;q31.1)

Kumada et al.,
2005

ia electro-
decremental
pattern

mos46,XX,
der(5)del(5)
(p14)inv(5)
(p14q32)[25]/
46,XX,del(5)
(p15.2)[7];
deletion of
5p15.2 (FISH)

Tsao et al., 2005

w
asymmetric
generalized
slow waves
followed by
diffuse
electrodecre-
mental
pattern

46,XX,del(5)
(p14.1);terminal
deletion of
5p14.1;
deletion of
5p15.2 (FISH)

Case 1
(this report)

w
n.a 46,XX,add(5)

(p13.3);
deletion of
5p15.2 (FISH)

Case 2
(this report)
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igure 2. Schematic representation of cases with epilepsy ident
case reported by Johnson et al. and Case 1 had generalized t

arrhythmia. Case 2 had startle epilepsy with falls. In the case re
eletion at both ends distal to band 5p14 and pericentric inversi

rom 5p15.2.

n addition, disorders associated with specific chro-
osomal abnormalities, such as Wolf-Hirschhorn

yndrome (4p-), inversion duplication 15 syndrome
IDIC15), and ring 14 and 20 syndromes, are strongly
elated to epilepsy (Engel, 2013). Some genetic dis-
rders, on the other hand, are classified with no

ncreased risk of epilepsy, including Lesh-Nyhan syn-
rome, mucopolysaccharidoses, Williams syndrome,
ex chromosome aneuploidies, and CdCs (Bonkowsky
t al., 2008), however, 5p duplication, and not 5p
eletion, is reported to be associated with seizures

Loscalzo et al., 2008).
ccording to a survey in 1978, the prevalence of
eizures was 2.7% based on 331 patients with CdCs
Niebuhr, 1978). However, according to a report from
he Italian Register, 25 of 159 patients with CdCs
eveloped seizures, with an occurrence rate of 15.7%

Cerruti Mainardi et al., 2006). These studies showed
he higher incidence of epilepsy in CdCs relative
o the prevalence in an age-matched population
0.625% in the United States), however, CdCs is clas-
ically reported to have no associated risk of epilepsy
Bonkowsky et al., 2008; Engel, 2013).
n order to reveal electroclinical and cytogenetic fea-
ures of epilepsy in CdCs, we analysed published
ases of epilepsy in CdCs patients. After exclusion of
ases that lacked detailed information about epilepsy
including the previously mentioned cases from the
talian Register), there remained four published cases
n addition to the two current cases (table 1) (Johnson
t al., 2000; Kumada et al., 2005; Tsao et al., 2005). In the
pileptic Disord, Vol. 17, No. 4, December 2015

ix cases, electroclinical features varied so widely that
t was difficult to determine any common features.
s for chromosomal analysis, four cases had abnormal-

ties only on chromosome 5 which were described in
etail (figure 2). Schematic representation and compar-

son revealed that all the cases with epilepsy included
he deletion of 5p14. Thus, 5p14 is possibly related to

2

J
h
s

K
o
e

in this study and by Johnson et al. (2000) and Tsao et al. (2005).
-clonic seizures. Tsao et al. reported infantile spasms and hyp-
ed by Tsao et al., most of the cells examined exhibited terminal

tween 5p14 and 5q32 bands, while some had terminal deletion

pilepsy in CdCs. However, as there is a report that
amilies with interstitial deletion of 5p14 were com-
letely asymptomatic (Overhauser et al., 1986), and
ost cases of CdCs patients are free of seizures, fur-

her research is needed to identify more precisely the
ause of epilepsy associated with this disorder. �

upplementary data.
ummary didactic slides are available online on the
ww.epilepticdisorders.com website.
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TEST YOURSELF
EDUCATION

(1) What is the aetiology of cri-du-chat syndrome (CdCs)?

(2) What is the incidence rate of epilepsy in patients with CdCs?

Rodriguez-Caballero A, Torres-Lagares D, Rodriguez-
Perez A, Serrera-Figallo MA, Hernandez-Guisado JM,
Machuca-Portillo G. Cri du chat syndrome: a criti-
cal review. Med Oral Patol Oral Cir Bucal 2010; 15(3):
e473-8.

Tsao CY, Wenger GD, Bartholomew DW. Cri du chat
syndrome and complex karyotype in a patient with
infantile spasms, hypsarrhythmia, nonketotic hyperglycin-
emia, and heterotopia. Am J Med Genet A 2005; 134A(2):
198-201.
90

(3) Is there clinical heterogeneity with regards to the epil

Note: Reading the manuscript provides an answer to all q
website, www.epilepticdisorders.com, under the section
Epileptic Disord, Vol. 17, No. 4, December 2015

epsy of patients with CdCs?

uestions. Correct answers may be accessed on the
“The EpiCentre”.
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