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Periventricular Nodular Heterotopia 
and Cardiovascular Defects

Chih-Hong Lee, MD; Yau-Yau Wai1, MD; Tony Wu, MD

Background: Periventricular nodular heterotopia (PNH) is a rare congenital anomaly of the
brain presenting as nodular heterotopia along the paraventricular region. Ten
cases of PNH complicated by aortic aneurysm have been reported in the lit-
erature, and 9 of them also had symptoms of Ehlers-Danlos syndrome
(EDS). This study investigated the association of PNH and cardiovascular
anomalies in Asians.

Methods: Patients with a diagnosis of brain heterotopia on magnetic resonance imaging
at Chang Gung Memorial Hospital between 1994 and 2010 were screened
for both typical PNH and cardiovascular anomalies. The family members of
the index cases were also evaluated.

Results: One family (5 patients) and a sporadic case were found to have both typical
PNH and cardiovascular anomalies. Two of them had aortic root aneurysm,
one had aortic regurgitation, and one had minor valvular disease. Two
patients had a history of seizures, but none of them had EDS.

Conclusions:Clinical heterogeneity exists in the patients with PNH. Overlap in the symp-
toms of PNH, cardiovascular anomalies, aortic aneurysm, and EDS were
reviewed. EDS is unusual in Asians with PNH. Aortic aneurysm and other
valvular heart diseases are common cardiovascular anomalies in PNH
patients.
(Chang Gung Med J 2011;34:628-35)
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Periventricular heterotopia (PH) is a congenital
cerebral anomaly with a characteristic ectopic

cerebral cortex. It is caused by failure of neuronal
migration from the periventricular area to the devel-
oping cortex. Most familial cases have a mutation at
the Filamin A (FLNA) gene in chromosome Xq28,(1)

and some cases have mutations in the ADP-ribosyla-
tion factor guanine nucleotide–exchange factor 2

(ARFGEF2) gene located in chromosome
20q13.13.(2)

The function of filamin A protein is not yet
fully understood, but is presumed to be involved in
coagulation, angiogenesis, and cell migration.(3) A
gene knockout mouse model showed cardiac defects
involving the ventricles, atria, and outflow tracts.(4) In
the central nervous system, the filamin A protein is
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important in maintaining the surface integrity of the
ventricular zone, and its impairment may predispose
to the development of periventricular nodular hetero-
topia (PNH).(5)

There are two categories of clinical presenta-
tions of FLNA gene mutations. Gain-of-function of
filamin A protein results in the otopalatodigital
(OPD) category which has various phenotypes, and
loss-of-function leads to the non-OPD category pre-
senting as PH and/or cardiovascular anomalies.(6)

According to the morphology and distribution of
the heterotopia, PH syndrome is classified into 3
major groups (nodular, laminar, unclassified), and
further subdivided into 15 subgroups by phenotype
and genotype.(7) The nodular group (PNH) accounts
for the majority (89%) of PH cases. Common
accompanying manifestations include aortic valve
insufficiency, aortic aneurysm, thrombocytopenia, a
malrotated or shortened intestine, epilepsy, and men-
tal retardation. Other patients may have Ehlers-
Danlos syndrome (EDS),(8,9) ambiguous genitalia,
limb abnormalities, microcephaly, cerebellar
hypoplasia, frontonasal dysplasia, hydrocephalus,
and fragile-X syndrome. Only ten cases of PNH with
aortic aneurysm have been described in the literature,
and 9 of them had EDS. EDS is a rare clinical diag-
nosis in Asians. This study investigated the relation-
ship of PNH, aortic aneurysm, and EDS in Asians.

METHODS

We searched for outpatients and inpatients from
1994 to 2010 in the epilepsy department, and the
database of the 24-hour video electroencephalogra-
phy (EEG) monitoring unit at Chang Gung Memorial
Hospital (CGMH). Patients with a diagnosis of cere-
bral heterotopia were retrospectively reviewed.
Because this disease can be a hereditary disease, the
proband’s family members were also reviewed.
Magnetic resonance imaging (MRI) of the head was
evaluated by one radiologist and one neurologist.
The morphology (nodules or bands), distribution
(bilateral or unilateral, symmetric or asymmetric),
and location (periventricular or subcortical) of the
heterotopia were classified. PNH was defined as
nodules of gray matter lining the lateral ventricles.
Special attention was taken to identify associated
congenital anomalies, including holoprosencephaly,
schizencephaly, lissen-cephaly, pachygyria, and

polymicrogyria. The other common candidate condi-
tions in the differential diagnosis procedure included
tuberous sclerosis and cytomegalovirus (CMV)
infection. To exclude these conditions, patients with
heterotopic nodules not isointense to gray matter on
MRI were excluded. Subenpendymal nodules with
calcification on computed tomography or enhance-
ment were presumed due to tuberous sclerosis.
Patients with CMV infection had periventricular
white matter lesions with calcification and clinical
symptoms of encephalopathy, and they were exclud-
ed.

Transthoracic echocardiograms (TTE) and elec-
trocardiography were used to evaluate cardiovascular
function. Aortic root aneurysm was defined as a per-
manent localized dilatation of the sinuses of Valsalva
with a diameter at least 1.5 times that of normal.
Aortic regurgitation (AR) was diagnosed when
abnormal diastolic flow originating from the aortic
cusps was identified in the left ventricular outflow
tract. The existence and severity of cardiac valvular
diseases were assessed by the cardiologist perform-
ing the TTE. Patients were defined as having major
cardiovascular anomalies if an aortic aneurysm or
moderate to severe valvular disease was identified.

Patients with hyperelasticity and fragility of the
skin or hypermobility of the joints were suspected of
having EDS. The mobility of the thumb, index fin-
ger, elbow, knee, and waist was examined.
Associated findings of EDS such as flat feet, a high,
narrow palate, and easy bruising were identified.

All patients were interviewed to obtain their
clinical history, and physical and neurological exami-
nations were done. Most patients received blood tests
(complete blood count and basic biochemistry), neu-
roelectrophysiological examinations (EEG, multi-
modality evoked potential studies), and gastrointesti-
nal (GI) and renal surveys (abdominal and renal
sonography). We enrolled patients with both cerebral
heterotopia and cardiovascular anomalies.

RESULTS

We found 11 patients with a diagnosis of cere-
bral heterotopia. Five patients were excluded because
cardiovascular anomalies were not found. Three of
these 5 patients had bilateral PNH, one had left pos-
terior trigonal heteropia, and one had right subcorti-
cal heterotopia with right open-lipped schizen-
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cephaly. A large family (5 cases) and one sporadic
patient were identified with cerebral heterotopia and
cardiovascular anomalies. All of them were women,
and all had bilateral PNH without hydrocephalus,
schizencephaly, lissencephaly, or other congenital
cerebral anomalies. None of the patients had joint
hypermobility. Two members in the family of 5
patients had aortic root aneurysm, and one had mild
AR and mitral regurgitation. The sporadic patient
had severe AR. No other cardiac valvular disease
was found. Overall, 3 of these 6 PNH patients had
major cardiovascular anomalies (50%), and 2 of
them had aortic aneurysms (33%). Two of the 6 PNH
patients had epilepsy (33%). The clinical data are
summarized in the Table.

Family I
Family I was a big family which included 7

women in the second generation (Fig. 1). There were
no male siblings in the second generation. Their
mother (patient I:1) had PNH, but died of peritoneal
carcinomatosis. Four of the 7 women in the second
generation had PNH. MRIs of the head are shown in
Fig. 1. The eldest sibling (patient II:1) had an aortic
aneurysm (5.4 cm) and annuloaortic ectasia. The
echocardiography of patient II:2 disclosed mild
mitral and aortic regurgitation. Patient II:3 had gen-
eralized seizures and an aortic aneurysm. Patient II:4
died of heart disease in infancy.Family members
other than patient II:3 did not have a history of
seizures. The results of the neurological examina-
tions were grossly normal except for patient II:7 who
had mild impairment of verbal-conceptual intellectu-
al function. Physical examinations did not show joint
hypermobility, skin extensibility, facial dysmor-
phism, or digital anomalies. Laboratory examina-
tions revealed thrombocytopenia and anemia in
patient I:1. EEG, multi-modality evoke potential
studies, and renal sonography were all normal.

Sporadic case
This woman had her first generalized tonic-

clonic seizure at 24 years old. Episodes of déjà vu
were another seizure pattern. She was seizure-free
for 3 years with carbamazepine (600 mg/d) treat-
ment, and then the antiepileptic drug was tapered off.
However, seizures recurred 8 months later, and she
resumed carbamazepine treatment. Video EEG
revealed epileptiform discharges over the left fron-

totemporal area. MRI showed PNH (Fig. 1).
Her echocardiography disclosed severe AR, a

dilated left ventricle, and borderline left ventricular
systolic function. She received minimally invasive
aortic valve replacement. Her laboratory data showed
anemia and thrombocytopenia. The neurological
examination was grossly normal. The patient was the
only member in her family known to have PNH or a
cardiovascular anomaly. Her mother’s MRI of the
head was negative for PNH.

DISCUSSION

The segregation pattern of family I suggests the
inheritance of the disease was X-linked. Male sib-
lings of the second generation in family I had died
during gestation with spontaneous abortion. Male
offspring of carrier women usually die prenatally. In
fact, only 9% of sporadic male patients with PNH
have a confirmed FLNA mutation.(10) Families with
PNH in Asia had been reported,(11) but our family I
was the largest PNH family (5 patients) with associ-
ated cardiovascular defects reported in Asia.
Sporadic PNH cases with an FLNA mutation have
been reported. A large series confirmed various types
of cardiac valvular diseases caused by FLNA muta-
tion.(12) Therefore, our sporadic patient’s PNH and
severe AR were presumed to result from this muta-
tion.

Previous reports showed 72% to 90% of PNH
patients have epilepsy;(7,13) however, only one mem-
ber of family I had seizures. The mechanism of the
epileptogenesis in PNH patients is still unknown. It
is suspected to be due to an imbalance between exci-
tatory and inhibitory interneurons based on the find-
ing that the messenger ribonucleic acid expression of
γ-aminobutyric acid receptor subunits is reduced, and
the expression of glutamate receptor subunits is
increased.(14) Although cerebral heterotopia usually
leads to epilepsy, not all patients with a typical pre-
sentation of PNH and cardiovascular defects have
seizures.(15) The reasons for the low seizure frequency
in our study, may have been the small case number, a
seizure presentation which was too mild to be
noticed by the patients, or deaths of some patients
due to major cardiovascular anomalies before the
onset of seizures.

Two of our 6 patients had thrombocytopenia
(platelet counts of 96,000 and 128,000/µL). FLNA
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Table Clinical Findings in Family I with 5 Cases and the Sporadic Case

Patient I:1 Patient II:1 Patient II:2 Patient II:3 Patient II:7 Sporadic patient

Age at examination 75 51 48 45 35 24

(year)

Gender Female Female Female Female Female Female

Family history Yes Yes Yes Yes Yes No

Seizures Nil Nil Nil GTCS Nil CPS and 

secondary GTCS

MRI Bilateral PNH Bilateral PNH Bilateral PNH Bilateral PNH Bilateral PNH Bilateral PNH

Cardiovascular 

examination

Echo- Aortic aneurysm Mild AR, Aortic Severe AR

cardiography (5.4 cm) MR aneurysm

ECG Poor R progression Very frequent Normal Normal Normal Sinus

V1-V4 isolated VPCs bradycardia

Neurological Right trigemial Normal Normal Normal Mild intellectual Normal

examination neuralgia (V2) impairment

Neuroelectro-

physiological

examination

EEG Normal Normal Normal ED over left

frontotemporal

EP studies SSEP: conduction VEP: P100 Normal Normal Normal

impairment below negative

high cervical cord bilaterally

SSR/RRIV Normal Impaired SSR Normal

Systemic 

examination

Blood Hemoglobin: 7.4, Hemoglobin: 11.8

platelet: 96000 Platelet: 128000

Gastro- Peritoneal Duodenal ulcer, Gallstones 

intestinal carcinomatosis, hepatitis B

gallstones, GU virus carrier

Renal Bilateral Parenchymal Parenchymal Parenchymal

sonography renal cysts renal disease renal disease renal disease

Abbrevitions: GTCS: generalized tonic-clonic seizure; CPS: complex partial seizure; MRI: magnetic resonance imaging; PNH: periven-

tricular nodular heterotopia; AR: aortic regurgitation; MR: mitral regurgitation; ECG: electrocardiography; VPC: ventricular premature

complex; ED: epileptiform discharge; EEG: electroencephalography; EP: evoked potential; SSEP: somatosensory evoked potential; VEP:

visual evoked potential; SSR: sympathetic skin response; RRIV: R-R interval; GU: gastric ulcer.
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protein plays some role in hemostasis. It binds to tis-
sue factor and involves the extrinsic coagulation cas-
cade. Its second role in hemostasis is to couple gly-
coprotein Ibα,  a membrane receptor for von
Willebrand’s factor (vWF) in platelets, to the actin
cytoskeleton. Binding of vWF to glycoprotein Ibα

causes the earliest stage of thrombus formation.(1)

The proportion of thrombocytopenia in PNH patients
has not been reported. The thrombocytopenia in our
2 pateints might have resulted from FLNA protein
dysfunction, although the deficiency was mild. Their
coagulation was normal.

EDS was recently reported linked to PNH.(8,9)

The mechanism for this relationship may be disrup-
tion in cell adhesion.(16) EDS is caused by defects in
collagen that alter the crosslinkage and adhesion of
collagen fibrils in the extracellular matrix. The
FLNA protein also mediates cell matrix adhesions.
So, impaired cell adhesion can lead to EDS and the

neuronal migration disorder simultaneously. None of
our patients displayed the clinical symptoms of EDS,
and this might be attributed to the rare incidence of
EDS in Asians.

The complex overlap of clinical symptoms of
PNH, cardiovascular anomalies, aortic aneurysms,
and EDS, are illustrated in Fig. 2. In the non-OPD
category of FLNA mutation, PNH and cardiovascular
anomalies are the two major clinical presentations.
Almost all patients in this category have PNH, and
only 5 reported families in this category with mitral
or aortic valve disease did not present with PNH.(16)

In patients with classic bilateral PNH, 20% have
cardiovascular anomalies.(7) Aortic aneurysm is a rare
presentation in PNH patients, and only 10 cases (3
familial and 7 sporadic) have been reported.(10,17,18)

EDS was a common presentation noted in 9 of 10
reported patients.(10,18) Among these 9 patients, 5
patients had genetic identification, which revealed

Fig. 1 Pedigree of family I and their image studies. All MRI studies reveal PNH. The eldest sibling’s echocardiography (paraster-
nal long axial view) discloses an aortic aneurysm with a diameter of 5.4 cm (delineated by the two-way arrow). The MRI of the
sporadic case is also shown, and Doppler echocardiography (not shown) revealed severe AR. Abbreviations used: MRI: magnetic
resonance imaging; PNH: periventricular nodular heterotopia.

I:1

II:1 II:2 II:3 II:4 II:5 II:6 II:7

Sporadic patient

PNH and aortic aneurysm

PNH

Unaffected individuals
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mutations at the actin binding domain (ABD) of the
FLNA gene in 4 patients, and at exon 25 in another
sporadic case. The one patient without EDS symp-
toms had mutation upstream of exon 12.(17) Including
the 2 patients in family I in this study, only 3 cases of
PNH and aortic aneurysm without EDS have been
reported. The central area (α) in Fig. 2 represents
these 3 patients.

All 5 familial cases with both PNH and aortic
aneurysms mentioned above were identified to have
mutations at the ABD. Parrini et al also suggested
that ABD is a hotspot for FLNA mutations causing
PNH.(7) Further genetic study in family I might con-
firm the relationship of this phenotype (PNH and
aortic aneurysm) and genotype (ABD mutation). The
FLNA gene spans about 26 Kb and consists of 48
coding exons. The ABD is located at the N-terminus
and is composed of two calponin homology domains
(CHD1 and CHD2). The ABD is followed by 24 fil-
amin repeats. Two filamin A proteins form a Y-
shaped dimmer,(19) and bind the actin cytoskeleton
through the ABD at the N-terminus.

Gene mutations were identified in 87.5% of
familial PNH cases, but in only 19% of sporadic
cases.(10,20) We did not do FLNA gene analysis, but it
was speculated that a mutation in the FLNA gene
might be responsible for the clinical presentations of

PNH in family I.
Intestinal malrotation is a characteristic GI pre-

sentation in patients of PNH. Members of the current
family I had several GI diseases including gallstones
and gastric ulcers, and patient I:1 died of peritoneal
carcinomatosis. These GI conditions were assumed
to be a coincidence instead of a presentation of
FLNA mutation.

Given the rare incidence of both PNH and EDS,
this study was limited by the small number of the
cases enrolled. A multi-center study must be carried
out to increase the case number and limit bias.

Conclusions
There is clinical heterogeneity in patients with

PNH. The overlap of symptoms of PNH, cardiovas-
cular anomalies, aortic aneurysm, and EDS were
reviewed. EDS is unusual in Asians with PNH.
Patients with PNH should receive cardiovascular sur-
vey for aortic root aneurysm and other cardiac valvu-
lar diseases. 
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Graham DA, Scheffer IE, Dobyns WB, Hirsch BA,
Radtke RA, Berkovic SF, Huttenlocher PR, Walsh CA.
Mutations in filamin 1 prevent migration of cerebral corti-
cal neurons in human periventricular heterotopia. Neuron
1998;21:1315-25.

2. Sheen VL, Ganesh VS, Topcu M, Sebire G, Bodell A, Hill
RS, Grant PE, Shugart YY, Imitola J, Khoury SJ, Guerrini
R, Walsh CA. Mutations in ARFGEF2 implicate vesicle
trafficking in neural progenitor proliferation and migra-
tion in the human cerebral cortex. Nat Genet 2004;36:69-
76.

3. Fox JW, Walsh CA. Periventricular heterotopia and the
genetics of neuronal migration in the cerebral cortex. Am
J Hum Genet 1999;65:19-24.

4. Feng Y, Chen MH, Moskowitz IP, Mendonza AM, Vidali
L, Nakamura F, Kwiatkowski DJ, Walsh CA. Filamin A
(FLNA) is required for cell-cell contact in vascular devel-
opment and cardiac morphogenesis. Proc Natl Acad Sci
USA 2006;103:19836-41.

5. Sarkisian MR, Bartley CM, Rakic P. Trouble making the
first move: interpreting arrested neuronal migration in the
cerebral cortex. Trends Neurosci 2008;31:54-61.

6. Robertson SP. Filamin A: phenotypic diversity. Curr Opin
Genet Dev 2005;15:301-7.

7. Parrini E, Ramazzotti A, Dobyns WB, Mei D, Moro F,
Veggiotti P, Marini C, Brilstra EH, Dalla Bernardina B,
Goodwin L, Bodell A, Jones MC, Nangeroni M, Palmeri

Fig. 2 Illustration of two major presentations (PNH and car-
diovascular defects) and their association with EDS in
patients with FLNA mutations. Circle AA: aortic aneurysm;
circle CVD: cardiovascular defects; circle EDS: Ehlers-
Danlos syndrome; circle PNH: periventricular nodular hetero-
topia; area α: patients in family I; area β: our sporadic patient;
area γ: 9 patients with aortic aneurysm, EDS, and PNH in the
literature.



Chang Gung Med J Vol. 34 No. 6
November-December 2011

Chih-Hong Lee, et al
PNH and cardiovascular defects

634

S, Said E, Sander JW, Striano P, Takahashi Y, Van
Maldergem L, Leonardi G, Wright M, Walsh CA,
Guerrini R. Periventricular heterotopia: phenotypic het-
erogeneity and correlation with filamin A mutations.
Brain 2006;129:1892-906.

8. Sheen VL, Jansen A, Chen MH, Parrini E, Morgan T,
Ravenscroft R, Ganesh V, Underwood T, Wiley J,
Leventer R, Vaid RR, Ruiz DE, Hutchins GM, Menasha J,
Willner J, Geng Y, Gripp KW, Nicholson L, Berry-Kravis
E, Bodell A, Apse K, Hill RS, Dubeau F, Andermann F,
Barkovich J, Andermann E, Shugart YY, Thomas P, Viri
M, Veggiotti P, Robertson S, Guerrini R, Walsh CA.
Filamin A mutations cause periventricular heterotopias
with Ehlers-Danlos syndrome. Neurology 2005;64:254-
62.

9. Gómez-Garre P, Seijo M, Gutiérrez-Delicado E, Castro
del Río M, de la Torre C, Gómez-Abad C, Morales-
Corraliza J, Puig M, Serratosa JM. Ehlers-Danlos syn-
drome and periventricular nodular heterotopia in a
Spanish family with a single FLNA mutation. J Med
Genet 2006;43:232-7.

10. Sheen VL, Dixon PH, Fox JW, Hong SE, Kinton L,
Sisodiya SM, Duncan JS, Dubeau F, Scheffer IE,
Schachter SC, Wilner A, Henchy R, Crino P, Kamuro K,
DiMario F, Berg M, Kuzniecky R, Cole AJ, Bromfield E,
Biber M, Schomer D, Wheless J, Silver K, Mochida GH,
Berkovic SF, Andermann F, Andermann E, Dobyns WB,
Wood NW, Walsh CA. Mutations in the X-linked filamin
1 gene cause periventricular nodular heterotopia in males
as well as in females. Hum Mol Genet 2001;10:1775-83.

11. Kamuro K, Tenokuchi Y. Familial periventricular nodular
heterotopia. Brain Dev 1993;15:237-41.

12. Kyndt F, Gueffet JP, Probst V, Jaafar P, Legendre A, Le
Bouffant F, Toquet C, Roy E, McGregor L, Lynch SA,
Newbury-Ecob R, Tran V, Young I, Trochu JN, Le Marec
H, Schott JJ. Mutations in the gene encoding filamin A as
a cause for familial cardiac valvular dystrophy.
Circulation 2007;115:40-9.

13. Verrotti A, Spalice A, Ursitti F, Papetti L, Mariani R,
Castronovo A, Mastrangelo M, Iannetti P. New trends in
neuronal migration disorders. Eur J Paediatr Neurol 2010:
14:1-12.

14. Crino PB, Miyata H, Vinters HV. Neurodevelopmental
disorders as a cause of seizures: neuropathologic, genetic,
and mechanistic considerations. Brain Pathol 2002;12:
212-33.

15. de Wit MC, Kros JM, Halley DJ, de Coo IF, Verdijk R,
Jacobs BC, Mancini GM. Filamin A mutation, a common
cause for periventricular heterotopia, aneurysms and car-
diac defects. J Neurol Neurosurg Psychiatry 2009;80:426-
8.

16. Lu J, Sheen V. Periventricular heterotopia. Epilepsy
Behav 2005;7:143-9.

17. Guerrini R, Mei D, Sisodiya S, Sicca F, Harding B,
Takahashi Y, Dorn T, Yoshida A, Campistol J, Krämer G,
Moro F, Dobyns WB, Parrini E. Germline and mosaic
mutations of FLN1 in men with periventricular hetero-
topia. Neurology 2004;63:51-6.

18. Solé G, Coupry I, Rooryck C, Guérineau E, Martins F,
Devés S, Hubert C, Souakri N, Boute O, Marchal C,
Faivre L, Landré E, Debruxelles S, Dieux-Coeslier A,
Boulay C, Chassagnon S, Michel V, Routon MC, Toutain
A, Philip N, Lacombe D, Villard L, Arveiler B, Goizet C.
Bilateral periventricular nodular heterotopia in France:
frequency of mutations in FLNA, phenotypic heterogene-
ity and spectrum of mutations. J Neurol Neurosurg
Psychiatry 2009;80:1394-8.

19. Gorlin JB, Yamin R, Egan S, Stewart M, Stossel TP,
Kwiatkowski DJ, Hartwig JH. Human endothelial actin-
binding protein (ABP-280, nonmuscle filamin): a molecu-
lar leaf spring. J Cell Biol 1990;111:1089-105.

20. Moro F, Carrozzo R, Veggiotti P, Tortorella G, Toniolo D,
Volzone A, Guerrini R. Familial periventricular hetero-
topia. Missense and distal truncating mutations of the
FLN1 gene. Neurology 2002;58:916-21.



635

1

Ehlers-Danlos 
Ehlers-Danlos 

1994 2010 

( ) 

Ehlers-Danlos 

Ehlers-Danlos 
Ehlers-Danlos 

( 2011;34:628-35)

A

1

100 1 4 100 6 13
333 5

Tel: (03)3281200 3944; Fax: (03)3287226; E-mail: Tonywu@cgmh.org.tw


