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Background: Epilepsy associated with Prader-Willi 
syndrome (PWS) represents an early and important 
complication, often not clearly reported and described 
in the literature. Consequently, there are controversial 
data about the clinical characteristics of epilepsy and 
electroencephalographic (EEG) abnormalities found in 
these patients.

Data sources: Based on recent original publications, 
we have reviewed the different types of seizures and EEG 
findings in PWS patients, the response to antiepileptic 
treatment, and the prognosis of epilepsy.

Results: The frequency of epilepsy in PWS patients 
ranges from 4% to 26%. The types of seizure include 
generalized tonic-clonic seizures, complex partial 
seizures, atypical absence, staring spells, and myoclonic, 
tonic and hemiclonic seizures, but the most frequent 
type is focal epilepsy. Status epilepticus has never been 
reported. EEG abnormalities are not typical but variable 
in different patients. However, generalized and focal 
discharges are the most frequently reported findings. 
There is no evidence of relationship between the course of 
epilepsy and frequency, morphology and spread of EEG 
discharges. However, epilepsy in PWS patients is usually 
responsive to antiepileptic monotherapy with rapid 
seizure control and a good outcome.

Conclusions: The frequency of epilepsy is higher 
in PWS patients than in general populations and this 
complication can be a challenge for the clinicians of these 
patients. Prospective studies are needed to confirm the 
good long-term prognosis.
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Introduction

Prader-Willi syndrome (PWS) is a complex, 
multisystem disorder, affecting about one in 10 
000-15 000 births; it is clinically characterized 

by neonatal hypotonia, feeding difficulties in infancy, 
delayed psychomotor development, childhood-onset 
obesity, short stature, hypogonadism, emotional 
problems and behavioural abnormalities.[1]

Diagnostic criteria were first proposed 32 years 
ago[2] and, in 1993, clinical diagnostic criteria for PWS 
were developed through a consensus process.[3] There 
are three categories of diagnostic criteria: major, minor 
and supportive. In 2001, Gunay-Aygun et al[4] suggested 
revised clinical criteria to help identify the appropriate 
patients for DNA testing for PWS. The suggested age 
groupings are based on characteristic phases of the 
natural history of PWS. Some of the features serve to 
diagnose the syndrome in the first years of life, whereas 
others are useful during early childhood or during and 
after adolescence.

The genetic basis of PWS is as complex as its 
clinical features. It is caused by absence of expression 
of the paternally active genes in the PWS critical region 
on 15q11-q13 chromosome. In about 70% of cases, this 
is the result of deletion of this region from the paternal 
chromosome 15. In about 28%, it depends on maternal 
uniparental disomy (UPD, inheritance of 2 copies of a 
chromosome from the mother and no copies from the 
father, instead of the normal 1 copy from each parent) 
of chromosome 15, and in <2%, it is attributable to a 
mutation or a deletion in the imprinting center or other 
imprinting defect.[5] Methylation analysis and UPD 
studies for standardized analysis of parent-of-origin 
for genes in this region, together with fluorescence in 
situ hybridization (FISH) are the gold standard for the 
diagnosis of PWS.[6-8]
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Incidence of epilepsy and clinical findings
PWS is associated with an increased incidence of 
epilepsy and narcolepsy. Epilepsy is frequently reported 
in Angelman syndrome (AS, absent expression of 
the same region of the chromosome 15, but from 
the maternally inherited chromosome) and in 15q11 
isodicentric duplication syndrome, but it is less common 
and not well characterized among PWS patients.

We reviewed all published articles and case reports 
on epilepsy in PWS in order to clarify the incidence 
of epilepsy and clinical and electroencephalographic 
findings.

The first review on PWS and epilepsy was published 
in 2010.[9] It presented the case of a 2.5-year-old boy 
with PWS and a history of neonatal superior sagittal 
sinus thrombosis who had atonic seizures originated 
from the parasagittal region. The review postulated that 
microscarring from neonatal venous sinus thrombosis, 
history of febrile seizures, and PWS are predisposing 
factors to epilepsy and it emphasized the importance of 
video electroencephalography for PWS patients with 
drop episodes in order to differentiate cataplexy from 
seizures.

The reported incidence of cataplexy in PWS ranges 
from 16% to 28%[10,11] and PWS patients are often 
evaluated for seizures because of staring spells. Benson 
et al[9] reviewed the results of four different studies 
on PWS patients with epilepsy/febrile seizures:[12-15] 

1) Wang et al[12] conducted their study on 50 patients 
and found one patient with atypical absence and seven 
patients with generalized tonic-clonic seizures; 2) 
Kumada et al[13] analyzed 76 patients with PWS and 
reported on four patients with seizures, three of whom 
had multiple seizure types; 3) Fan et al[14] described 10 
of 56 patients with seizures: two complex febrile, six 
generalized tonic-clonic and febrile and one atypical 
absence. Two patients in their cohort initially presented 
febrile seizures and then developed epilepsy; and 4) 
Varela et al[15] reported a higher incidence of febrile 
seizures in PWS patients with a deletion than in those 
with UPD and suggested that the aploinsufficiency 
of seizure-related genes in the deleted region of 
the 15q11-q13 chromosome may contribute to the 
increasing risk of febrile seizures. The conclusion was 
that approximately 26% of PWS patients have seizures 
compared to 89% of AS patients.

Afterwards, four studies[16-19] evaluated the frequency 
of epilepsy in PWS patients; three studies[16,18,19] focused 
their attention on the characteristics of epilepsy, while 
Sinnema et al[17] reported only the frequency of epilepsy, 
that was about 11%. Comparison of these studies[16,18,19] 
shows that the prevalence of seizures ranges from 13% 
to 32%, and the prevalence of epilepsy ranges from 4% 
to 26%. The lower rate of epilepsy reported by Gilboa 

et al[19] was probably partially due to the high proportion 
of UPD among their patients (40, 5%), compared with 
other cohorts.[14-16,20,21]

These studies also tried to find a correlation 
between the genotype of patients and the prevalence 
of epilepsy and clinical seizure type; Vendrame et 
al[16] concluded that the incidence of seizures in PWS 
patients with deletion genotype is higher comparable 
to patients with other genotypes, without statistical 
significance; Takeshita et al[18] suggested that the 
frequency of seizures was not significantly related to 
PWS genotypes, in contrast to previous studies[12,14,15] 
that reported that the frequency of seizures was more 
significant in the deletion group than in the UPD group. 

As to seizure types, the frequency of febrile seizures 
ranges from 6.4%[19] to 12%,[18] which was in consistent 
with previous reports.[12,14,15] Since the prevalence of 
febrile seizures ranges from 3.4% to 9.3%[22] in the 
general pediatric population, the frequency of febrile 
seizures in PWS patients is higher than in the general 
population.

The majority of patients with seizures presented 
focal epilepsy,[16,18,19] in contrast to the results of some 
previous reports[12,14,15,23,24] that generalized tonic-
clonic seizures were more common. No patient had 
status epilepticus. Vendrame et al[16] reported that focal 
epilepsy was involved in complex partial seizures, 
particularly staring spells as reported previously[12,14,24] 
with a lower frequency. Since the prevalence of 
epilepsy ranges from 0.5% to 1%[25,26] in the general 
pediatric population, the frequency of epilepsy in PWS 
patients is higher than that in the general population. 
The majority of individuals have the first episodes of 
seizures before they were 2 years old.

Electroencephalographic (EEG) findings
In 2005, Wang et al[12] described EEG characteristics of 
patients with PWS. They compared the electro-clinical 
characteristics of seizures between PWS and AS 
patients in order to explore the possible mechanisms 
of epileptogenesis in these two syndromes. The most 
characteristics of EEG findings in the AS patients were: 
1) Prolonged runs of rhythmic 2-3 Hz activity (200-500 
microV) often more prominent bifrontally which are 
associated with ill-defined spikes or sharp waves; and 2) 
Spikes mixed with 3-4 Hz components (>200 microV), 
mainly posteriorly, and facilitated by eye closure.

Among the PWS patients, EEG findings were: 1) 
Persistent high-amplitude 4-6 Hz activities not related 
to drowsiness; 2) Focal paroxysmal discharges; and 
3) Polyspike and wave short bursts. EEG findings of 
the AS patients were never seen in the PWS patients. 
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According to previous studies,[27,28] a class of patients 
with PWS and AS (both <5%) has a mutation affecting 
the imprinting process, and a single gene (Ubiquitin-
protein ligase E3A, UBE3A) that displays regional 
brain-specific imprinting in humans and mice is 
implicated in AS.[29,30] In these cases, AS is associated 
with loss of maternal expression of the UBE3A gene. 
However, PWS is likely to be a contiguous-gene 
syndrome and multiple imprinted, paternally expressed 
genes have been identified.[31]

Epileptic seizures occur in around 80% of patients 
with AS,[32-34] and there is a genotype-phenotype 
correlation:[32,34] patients with single UBE3A gene 
mutation, UPD or methylation imprinting abnormalities 
present milder epilepsy than those with deletions. In 
the study of Wang et al,[12] patients with no detectable 
cytogenetic or molecular defect at the AS locus displayed 
similar AS phenotype, seizure severity and EEG 
abnormalities compared with those with such a defect.

The gene GABRB3 (gamma-aminobutyric acid, 
a receptor, beta 3) is mapped to the AS region; 
since patients with PWS have a large deletion at the 
same region, but only few have seizures or EEG 
abnormalities, and since 20%-30% AS patients with 
epilepsy have no detectable deletion of 15q11-q13, this 
deletion cannot be solely responsible for the associated 
EEG abnormalities and seizures in the AS patients. A 
study[35] found that mice deficient in maternal UBE3A 
had EEG abnormalities; it postulated that the UBE3A 
gene has a potential role for epileptogenesis and that 
the interaction between UBE3A and GABRB3, located 
nearby, can result in the severe epilepsy seen in the 
patients with AS.

Subsequent studies did not find particular EEG 
characteristics in the PWS patients; the majority of EEG 
findings showed focal or generalized spikes or spike-
wave complexes, with onset from different cerebral 
regions, and diffuse high voltage slow waves, according 
to the type of seizures. In 2009, Fan et al[14] concluded 
that differences in EEG findings and seizure severity 
between the PWS and AS patients supported that the 
interaction between the lack of the maternally expressed 
UBE3A gene and GABA receptor subunit cluster might 
contribute to the more severe epilepsy phenotype in 
AS, defined as the higher frequency of seizure, the EEG 
patterns and the poor response to treatment in the AS 
patients.

Vendrame et al[16] reported that staring spells were 
the most common seizures in their cohort, but in five 
patients there was no correlation between EEG and 
seizures. In a study[19] EEG did not show the previously 
reported findings, but found a subclinical electrographic 
seizure pattern in five individuals, not reported in other 
studies.

Neuroradiological alterations
In the past years, many researchers have tried to find 
peculiar characteristics of the central nervous system 
in patients with PWS. Miller et al[36] in 1996 described 
pituitary size in patients with PWS. They did not find 
any statistically significant difference between the 
PWS patients and both controls and children with 
isolated growth hormone deficiency; consequently, size 
determination of the pituitary by magnetic resonance 
imaging (MRI) did not help to identify PWS subjects.

In contrast, in 2006 Miller et al[37] hypothesized 
that since several of the imprinted genes in the 
15q11-q13 region are normally expressed in the brain 
and are probably necessary for neuronal growth and 
development, PWS patients have alterations in grey and 
white matters. In their study, all PWS patients had mild 
or moderate ventriculomegaly on MRI scan, especially 
in children under 2 years of age. PWS patients over 
5 years old had decreased volume brain tissue in the 
parietal-occipital lobes, causing broadening of the 
local sulci. They found Sylvian fissure polymicrogiria 
in 12 of the 20 patients with PWS, and particularly in 
8 of these patients who had deletion genotype, but no 
patient with UPD genotype presented this abnormality. 
Thirteen of the 20 patients with PWS presented lack of 
insula closure because of failure of the Sylvian fissure 
to close completely. There was no gender relationship 
in unilateral failure to close, but 5 of 7 patients with 
bilateral failure to close were females.

Iughetti et al[38] analyzed 91 patients with PWS and 
found a reduction in pituitary height in 45 patients, 
including empty sella in 4 patients, complete absence of 
posterior pituitary bright spot in 6 patients, and minor 
neuroradiological alterations such as ventriculomegaly 
and thin corpus callosum in 10 patients. Further studies 
supported their findings.[36,39]

None of these studies distinguished between 
MRI findings in both PWS patients with epilepsy and 
those without epilepsy. The table shows subsequent 
studies that described MRI findings in PWS patients 
with epilepsy.[13,14,16,18,19] MRI was performed in 37 
patients with PWS and epilepsy and findings were 
normal in 26 patients. Takeshita et al[18] performed MRI 
in 9 of 31 patients with seizures and they observed 
alterations in one patient who had diffuse atrophy after 
encephalopathy. In one patient described by Benson 
et al,[9] MRI performed at birth revealed a subdural 
hematoma along the right tentorium and a non-
occlusive thrombus in the inferior and posterior superior 
sagittal sinus extending into the right transverse sinus. 
But the MRI performed after the onset of seizures did 
not show any new abnormality.

 Vendrame et al[16] found that MRI findings were 
within normal limits in 15 children: 4 children had 
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ventriculomegaly and 1 had diffuse cortical atrophy 
and suffered from coartaction of the aorta; none of the 
children showed brain abnormalities.

 Gilboa et al[19] reported that brain abnormalities 
were present in 33% of individuals with or without 
epilepsy. Imaging studies were available for all subjects 
with PWS and epilepsy and only one was normal. 
Findings were different in all patients with epilepsy 
(Table).

In conclusion, most patients with PWS have no 
brain abnormality and there is no correlation between 
neuroradiological findings and epilepsy. Four patients 
with PWS and epilepsy showed ventriculomegaly, 
which is often reported in conditions associated with 
mental retardation[40] and that could be a marker of 
cerebral dysgenesis. Several paternally expressed 
genes found in the PWS region in mice seem to be 
necessary for normal brain development and one of 
these genes, Necdin (NDN) is upregulated during 
neuronal differentiation. One study[41] found that NDN 
deficiency would cause brain abnormalities in infants 

with PWS and that ventriculomegaly is a manifestation 
of abnormal neuronal development.

Management and outcome
At present, the treatment of PWS patients is age 
dependent and includes addressing the consequences 
of the syndrome and anticipatory guidance. It is 
recommended a team approach. Most of the studies 
focused on endocrine complications, which are the 
main features of the syndrome.[42-45]

Epilepsy and seizures are not considered criteria 
for PWS.[3] There is still no consensus for the therapy 
of epilepsy in PWS patients. No study has addressed 
the problem of the antiepileptic therapy in these 
patients. Four studies[14,16,18,19] showed that almost all 
the patients were treated with mono-therapy (44 of 46 
patients) and 41 patients controlled seizures by using 
one antiepileptic drug (Table).[14,18] The most frequently 
used drugs were old ones such as valproic acid (14 

Author Patients
  (n)

Mutation
  type

Patients
  with 
  seizures
  (n)

Patients with
  nonfebrile
  seizures
  (n)

Onset age
  of seizures
  (range)

Characteristics
  of seizures

Electroencephalographic
  findings

Imaging studiesTreatment Prognosis

Wang
  et al.[12]

  (2005)

50 36 deletions
  9 UPD

8 8 NA 7 GTC
1 AAE

High-amplitude 4-6 Hz
  activities not related to
  drowsiness, 5 
Focal discharges, 4 
Polyspike and wave short
  bursts, 1 

NA NA NA

Kumada
  et al.[13]

  (2005)

4 4 deletions 4 4 1 y 2 mon- 
  3 y 11 mon

3 GTC
3 CPS
2 myoclonic
1 tonic
1 hemiclonic

Normal, 1
Multifocal sp, diffuse
HVS, sp-w, 1 
Lf. PP sp, 1 
Rt. CC sp, 1 

Cerebral
  atrophy, 1 
Normal, 2 

NA Good, 3 
Poor, 1

Varela
  et al.[15]

  (2005)

75 51 deletions
  24 UPD

19 NA NA NA NA NA NA NA

Fan
  et al.[14]

  (2009)

56 45 deletions
  10 UPD
  1 PID

10 8 6 mon-72
  mon

6 GTC
1 CPS
1 AAE

Non-specific spikes, 1 
Sp, 4 
Normal, 3

Normal, 6 
Ventricular
 megaly and
 periventricular
 leukomalacia, 1 

V, 5 
C, 2 
D, 4 
P, 2 
O, 2 

Good, 7 
Poor, 1

Vendrame
  et al.[16]

  (2010)

92 41 deletions
  29 UPD
  or PID

30 24 2 d-11 y 10 CPS
8 staring spells
3 GTC sec
2 AAE
1 myoclonic

Normal, 10 
Generalized and focal
  discharges, 6 
Multifocal discharges, 3
Generalized discharges, 2
Bifrontal discharges, 1
Rt. temporal discharges, 1

Normal,13 
Enlarged
 ventricles, 3 
Generalized
 atrophy, 1

C, 5 
L, 5
Lt, 5 
V, 2 
Poly-
 therapy, 1 

Good, 19 
Poor, 1 

Takeshita
  et al.[18]

  (2013)

142 109
  deletions
  31 UPD
  1 PID

31 9 1 d-4 y 8 GTC
2 AAE
1 CPS

Multifocal discharges, 5
Focal discharges, 4

Normal, 4 
Diffuse 
 atrophy, 1
  

V, 6 
C, 2 
D, 2 
P, 1 

Good, all 

Gilboa
  et al.[19]

  (2013)

126 73 deletions
  51 UPD
  2 PID

17 5 1 mon-5 y 1 GTC 
1 staring 
3 focal 

Focal discharges, 4 Normal, 1 
Abnormal, 4 

V e Lt, 1 
C e Vig, 1 
Poly-
 therapy, 2 
P e T, 1 

Good, 4 
Poor, 1

Table. Clinical and electroencephalographic characteristics of epilepsy in patients with Prader-Willi syndrome 

GTC: generalised tonic-clonic; CPS: complex partial seizures; AAE: atypical absence epilepsy; sp: spikes; sp-w: spikes-waves; HVS: high voltage 
slow waves; Rt: right; Lf: left; PP: parietal; CC: central; V: valproic acid; C: carbamazepine; D: diazepam; L: levetiracetam; Lt: lamotrigine; P: 
phenobarbital; O: oxcarbamazepine; Vig: vigabatrin; NA: not available; UPD: uniparental disomy; PID: presumed imprinting disorder. 
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patients), carbamazepine (10), and diazepam (6). Among 
new antiepileptic drugs, the frequently used drugs were 
levetiracetam (5 patients) and lamotrigine (6).

Good outcome was seen in nearly all PWS patients 
with epilepsy, except in 3 patients.[14] Only one patient 
had intractable epilepsy despite polytherapy. Vendrame 
et al[16] found 22 of 23 patients obtained seizure control, 
ie, seizure control after mono-therapy in 13 patients, 
and reduction of seizure frequency without therapy in 
9, which are in agreement with the results of a previous 
study.[14] They reported intractable epilepsy in one 
patient with staring spells who generalized hypotonic 
seizures at age of 9 years despite a three-AED therapy.
Gilboa et al[19] reported one patient with a history of 
encephalitis at the age of 20 months and generalized 
atrophy at MRI. The patient with multiple seizures was 
treated with politherapy, but he still presented seizures 
at 10 years of age.

It is important to remember that in children with 
PWS who easily gain weight, therapy with valproic 
acid (used in 14 patients) can contribute to developing 
overweight with consequent dyslipidemia and 
metabolic syndrome that can be associated with long-
term vascular complications, such as hypertension and 
atherosclerosis. Moreover, an elevation in the levels 
of uric acid and homocysteine, together with oxidative 
stress, may contribute to atherosclerotic risk in patients 
under long-term therapy with valproic acid.[46]

Conclusions
Patients with PWS can suffer for epilepsy (very often 
partial epilepsy) with a high frequency of focal EEG 
abnormalities. This complication must be considered for 
the care of these patients. There is no clear correlation 
between EEG abnormalities, severity of epilepsy and 
response to antiepileptic treatment. However, the 
overall prognosis of epilepsy is favourable, with good 
response to anticonvulsants monotherapy. In fact, data 
from follow-up studies confirm that the majority of 
patients are seizure free after few years of treatment.

Funding: None.
Ethical approval: Not needed.
Competing interest: No authors received grants and other 
support. All authors had no conflicts of interest.
Contributors: All authors did data collection from the literature 
and participated in discussion; VA, SC and LD wrote the draft, 
and dAR and GS revised critically the text.

References
1	 Prader A, Labhart A, Willi H. Ein Syndrom von Adipositas, 

Kleinwuchs, Kryptorchismus und Oligophrenie nach 
myatonieartigem Zustand im Neugeborenenalter. Schweiz Med 
Wochenschr 1956;86:1260-1261.

2	 Holm VA. The diagnosis of Prader-Willi syndrome. In: Holm 
VA, Sulzbacher S, Pipes PL, eds. The Prader-Willi Syndrome. 
Baltimore, MD: University Park Press, 1981: 27-36.

3	 Holm VA, Cassidy SB, Butler MG, Hanchett JM, Greenswag 
LR, Whitman BY, et al. Prader-Willi syndrome: consensus 
diagnostic criteria. Pediatrics 1993;91:398-402.

4	 Gunay-Aygun M, Schwartz S, Heeger S, O'Riordan MA, Cassidy 
SB. The changing purpose of Prader-Willi syndrome clinical 
diagnostic criteria and proposed revised criteria. Pediatrics 
2001;108:E92.

5	 Kuwano A, Mutirangura A, Dittrich B, Buiting K, Horsthemke 
B, Saitoh S, et al. Molecular dissection of the Prader-Willi/
Angelman syndrome region (15q11-13) by YAC cloning and 
FISH analysis. Hum Mol Genet 1992;1:417-425.

6	 Delach JA, Rosengren SS, Kaplan L, Greenstein RM, Cassidy 
SB, Benn PA. Comparison of high resolution chromosome 
banding and fluorescence in situ hybridization (FISH) for the 
laboratory evaluation of Prader-Willi syndrome and Angelman 
syndrome. Am J Med Genet 1994;52:85-91.

7	 Mutirangura A, Greenberg F, Butler MG, Malcolm S, Nicholls 
RD, Chakravarti A, et al. Multiplex PCR of three dinucleotide 
repeats in the Prader-Willi/Angelman critical region (iSqi1-q13): 
molecular diagnosis and mechanism of uniparental disomy. Hum 
Mol Genet 1993;2:143-151.

8	 Glenn CC, Porter KA, Jong MTC, Nicholls RD, Driscoll DJ. 
Functional imprinting and epigenetic modification of the human 
SNRPN gene. Hum Mol Genet 1993;2:2001-2005.

9	 Benson LA, Maski KP, Kothare SV, Bourgeois BF. New onset 
epilepsy in Prader-Willi syndrome: semiology and literature 
review. Pediatr Neurol 2010;43:297-299.

10	Helbing-Zwanenburg B, Kamphuisen HA, Mourtazaev MS. 
The origin of excessive daytime sleepiness in the Prader-Willi 
syndrome. J Intellect Disabil Res 1993;37:533-541.

11	 Tobias ES, Tolmie JL, Stephenson JB. Cataplexy in the Prader-
Willy syndrome. Arch Dis Child 2002;87:170.

12	Wang PJ, Hou JW, Sue WC, Lee WT. Electroclinical 
characteristics of seizures-comparing Prader-Willi syndrome 
with Angelman syndrome. Brain Dev 2005;27:101-107.

13	Kumada T, Ito M, Miyajima T, Fujii T, Okuno T, Go T, et 
al. Multi-institutional study on the correlations between 
chromosomal abnormalities and epilepsy. Brain Dev 
2005;27:127-134.

14	Fan Z, Greenwood R, Fisher A, Pendyal S, Powell CM. 
Characteristics and frequency of seizure disorder in 56 
patients with Prader-Willi syndrome. Am J Med Genet A 
2009;149A:1581-1584.

15	Varela MC, Kok F, Setian N, Kim CA, Koiffmann CP. Impact 
of molecular mechanisms, including deletion size, on Prader-
Willi syndrome phenotype: study of 75 patients. Clin Genet 
2005;67:47-52.

16	Vendrame M, Maski KP, Chatterjee M, Heshmati  A, 
Krishnamoorthy K, Tan WH, et al. Epilepsy in Prader-Willi 
syndrome: clinical characteristics and correlation to genotype. 
Epilepsy Behav 2010;19:306-310.

17	Sinnema M, Maaskant MA, van Schrojenstein Lantman-de Valk 
HM, van Nieuwpoort IC, Drent ML, Curfs LM, et al. Physical 
health problems in adults with Prader-Willi syndrome. Am J 
Med Genet A 2011;155A:2112-2124.

18	Takeshita E, Murakami N, Sakuta R, Nagai T. Evaluating 



113

Epilepsy in Prader-Willi syndrome

R
eview

 article

World J Pediatr, Vol 10 No 2 . May 15, 2014 .  www.wjpch.com

the frequency and characteristics of seizures in 142 Japanese 
patients with Prader-Willi syndrome. Am J Med Genet A 
2013;161A:2052-2055.

19	Gilboa T, Gross-Tsur V. Epilepsy in Prader-Willi syndrome: 
experience of a national referral centre. Dev Med & Child 
Neurol 2013;55:857-861.

20	Cassidy SB, Schwartz S, Miller JL, Driscoll DJ. Prader-Willi 
syndrome. Genet Med 2012;14:10-26.

21	Buiting K. Prader-Willi syndrome and Angelman syndrome. Am 
J Med Genet C Semin Med Genet 2010;154C:365-376.

22	Sugai K. Current management of febrile seizures in Japan: an 
overview. Brain Dev 2010;32:64-70.

23	Williams MS, Rooney BL, Williams J, Josephson K, Pauli R. 
Investigation of thermoregulatory characteristics in patients with 
Prader-Willi syndrome. Am J Med Genet 1994;49:302-307.

24	Butler JV, Whittington JE, Holland AJ, Boer H, Clarke D, Webb 
T. Prevalence of, and risk factors for, physical ill-health in people 
with Prader-Willi syndrome: a population-based study. Dev Med 
Child Neurol 2002;44:248-255.

25	Guerrini R. Epilepsy in children. Lancet 2006;367:499-524.
26	Oka E, Ohtsuka Y, Yoshinaga H, Murakami N, Kobayashi K, 

Ogino T. Prevalence of childhood epilepsy and distribution 
of epileptic syndromes: A population-based survey study in 
Okayama, Japan. Epilepsia 2006;47:626-630.

27	Ohta T, Buiting K, Kokkonen H, McCandless S, Heeger S, Leisti 
H, et al. Molecular mechanism of Angelman syndrome in two 
large families involved in imprinting mutation. Am J Hum Genet 
1999;64:385-396.

28	Ohta T, Gray TA, Rogan PK, Buiting K, Gabriel JM, Saitoh S, et 
al. Imprinting-mutation mechanisms in Prader-Willi syndrome. 
Am J Hum Genet 1999;64:397-413.

29	Kishino T, Wagstaff J. Genomic organization of the UBE3A/E6-
AP gene and related pseudogenes. Genomics 1998;47:101-107.

30	Rougeulle C, Glatt H, Lalande M. The Angelman syndrome 
candidate gene, UBE3A/6E-AP, is imprinted in brain. Nat Genet 
1997;17:14-15.

31	Nicholls RD, Saitoh S, Horshthemke B. Imprinting in Prader-
Willi and Angelman syndrome. Trends Genet 1998;14:194-200.

32	Minassian BA, DeLorey TM, Olsen RW, Philippart M, Bronstein 
Y, Zhang Q, et al. Angelman syndrome: Correlations between 
epilepsy phenotypes and genotypes. Ann Neurol 1998;43:485-
493.

33	Laan LA, v Haeringen A, Brouwer OF. Angelman syndrome: a 
review of clinical and genetic aspects. Clin Neurol Neurosurg 
1999;101:161-170.

34	Buoni S, Grosso S, Pucci L, Fois A. Diagnosis of Angelman 
syndrome: clinical and EEG criteria. Brain Dev 1999;21:296-
302.

35	Miura K, Kishino T, Li E, Webber H, Dikkens P, Holmes GL, et 
al. Neurobehavioral and electroencephalographic abnormalities 
in UBE3A maternal-deficient mice. Neurobiol Dis 2002;9:149-
159.

36	Miller L, Angulo M, Price D, Taneja S. MR of the pituitary in 
patients with Prader-Willi syndrome: size determination and 
imaging findings. Pediatr Radiol 1996;26:43-47.

37	Miller JL, Couch JA, Schmalfuss I, He G, Liu Y, Driscoll 
DJ. Intracranial abnormalities detected by three dimensional 
magnetic resonance imaging in Prader-Willi syndrome. Am J 
Med Genet 2007;143:476-483.

38	Iughetti L, Bosio L, Corrias A, Gargantini L, Ragusa L, Livieri 
C, et al. Pituitary height and neuroradiological alterations in 
patients with Prader-Labhart-Willi syndrome. Eur J Pediatr 
2007;167:701-702.

39	Yamada K, Matsuzawa H, Uchlyama M, Kwee IL, Nakada 
T.  Brain development abnormali t ies in Prader-Will i 
syndrome detected by diffusion tensor imaging. Pediatrics 
2006;118:e442-e448.

40	Soto-Ares G, Joyes B, Delmaire C, Vallee L, Pruvo JP. MR 
imaging in mental retardation. J Neuroradiol 2005;32:224-238.

41	Pagliardini S, Ren J, Wevrick R, Greer JJ. Developmental 
abnormalities of neuronal structure and function in prenatal 
mice lacking the Prader-Willi syndrome gene necdin. Am J 
Pathol 2005;167:175-191.

42	McCandless SE; Committee on Genetics. Clinical report-health 
supervision for children with Prader-Willi syndrome. Pediatrics 
2011;127:195-204.

43	Cassidy SB, McCandless SM. Prader-Willi syndrome. In: 
Cassidy SB, Allanson JE, eds. Management of Genetic 
Syndromes, 3rd ed. New York: John Wiley & Sons, 2010: 625-
650.

44	Eiholzer U, Whitman BY. A comprehensive team approach to the 
management of patients with Prader-Willi syndrome. J Pediatr 
Endocrinol Metab 2004;17:1153-1175.

45	Cassidy SB, Driscoll DJ. Prader-Willi syndrome. Eur J Hum 
Genet 2009;17:3-13.

46	Belcastro V, D'Egidio C, Striano P, Verrotti A. Metabolic and 
endocrine effects of valproic acid chronic treatment. Epilepsy 
Res 2013;107:1-8.

Accepted after revision March 6, 2014


