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Abstract

AIM: To evaluate magnetic resonance imaging (MRI) fea-
tures of different types of gray matter heterotopia.

METHODS: Between June 2005 and December 2009,
the medical records and MRI studies of patients with
gray matter heterotopia were reviewed. The MRI mor-
phologic findings of heterotopia were recorded along
with the presence and type of associated cranial malfor-
mations. Available clinical and electrophysiological data
were also recorded.

RESULTS: 20 patients were included in the study. Their
ages ranged from 9 mo to 39 years with a mean age of
15 years. All patients suffered from epileptic seizures.
According to the location of heterotopia, patients were
classified into three groups: subependymal (12), sub-
cortical (5) and band (3) heterotopia.
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CONCLUSION: MRI was useful in diagnosing and differ-
entiating between various types of gray matter heteroto-
pia. The severity of clinical manifestations of heterotopia
was related to the location and pattern of heterotopia.
Determination of heterotopia type and its extent is use-
ful for management planning and predicting prognosis.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Gray matter heterotopia is a relatively common form
of neuronal migration disorder in which collections of
cortical neurons are found in an abnormal location. It
results from an in utero arrest of radial migration of neu-
rons from the germinal matrix in the wall of the lateral
ventricle to the developing cerebral cortex between 6 and
16 weeks of gestation?. Tt is usually discovered during
the evaluation of children or young adults with epilepsy,
children with neurodevelopmental abnormalities, or as an
incidental finding".

The pathogenic mechanisms of gray matter hetero-
topia are not fully understood, but they lead to distinct
clinicoradiological syndromes. Pathological classification
of heterotopia includes nodular, laminar, and leptomen-
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ingeal, (double cortex or band heterotopia) 29 This clas-
sification is not particulatly useful from a clinical perspec-
tivel'l

Neuroradiologists, basing their ideas on magnetic
resonance imaging (MRI) appearances, have classified
heterotopia into subependymal, subcortical, and band
heterotopiap’?l)l. The three forms of heterotopia were
classified on the basis of the location and configuration
of the ectopic gray matter tissue. Subependymal hetero-
topia consists of small foci of gray matter that are locat-
ed in a subependymal location in close proximity to the
ventricular wall. Subcortical heterotopia occurs as masses
of gray matter within the deep and subcortical white
matter. Band heterotopia was described as a symmetrical
thick band of gray matter with smooth inner and outer
margins that lies between layers of white matter’ ", The
purpose of this study is to evaluate MRI features of dif-
ferent types of gray matter heterotopia.

MATERIALS AND METHODS

A consecutive series of patients with gray matter hetero-
topia during the period from June 2005 and December
2009 were studied. Medical records and MRI studies of
all patients were reviewed. MRI morphologic findings of
heterotopia were recorded along with the presence and
type of associated cranial malformations. Available clini-
cal and electrophysiological data were also recorded. All
patients presented with a history of seizures, their clinical
histories were reviewed with specific attention to the fol-
lowing; type of seizures, age at seizure onset, response to
antiepileptic medications, associated cognitive or motor
deficits; antenatal and perinatal history, developmental
milestones, school performance and family history. Full
systemic and neurologic examinations were performed
during the visits to the neurology clinic. Electroen-
cephalography (EEG) was carried out for each patient
using the international 10-20 system. Head computed
tomography (CT) scans were available for 12 patients.
Cranial MRI studies were performed using a 1.5-T scan-
ner (Symphony, Siemens Medical Systems, Erlangen,
Germany). The following series of images were acquired:
a- Sagittal, and axial T1WI: TR: 500-600 ms, TE: 14-20
ms. b- Axial and coronal T2WI: TR: 2500-4000 ms, TE:
80-120 ms. c- Axial FLAIR (Fluid-attenuated inversion
recovery): TR: 7000-9000 ms, TE: 90-140 ms, TI: 2500
ms. d- Axial and coronal inversion-recovery (IR): TR/
TI/TE (7000/400/70 ms). Advanced gradient echo se-
quence providing high contrast between white and gray
matter is used as Fast Low Angle Shot and was used in
10 cases and turbo IR images were performed for 8 pa-
tients. Intravenous Gadolinium-DTPA (0.1 mmol/kg)
T1WI in three planes was obtained for 9 patients as a
space occupying mass was suspected on plain MRI. In
all series, the thickness/gap was 5/1 mm, the matrix was
256 X 256 and the field of view was 23 cm. According to
Barkovich', we classified heterotopia into three groups;
subependymal, subcortical and band heterotopia.
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RESULTS

During the study period, we included 20 patients with an
MRI diagnosis of gray matter heterotopia. The mean age
(x SD) of these patients was 14.6 (£ 2.17) years, with a
range from 9 mo to 39 years. Fourteen patients were fe-
males and 6 were males. All patients had a history of epi-
leptic seizures. Patients were classified into three groups

(Tables 1-3).

Subependymal heterotopia

This group included 12 patients (8 females and 4 males),
aged 8 to 39 years with a mean age (+ SD) of 17.9 (£ 2.60)
years. Details of the clinical, EEG and MRI findings
of these patients are shown in Table 1. Subependymal
heterotopia (SEH) had the MRI appearance of round to
ovoid subependymal nodules, located just beneath and
abutted the ependymal lining of the lateral ventricles and
protruding slightly into its lumen resulting in an irregular
ventricular outline. The number and size of heteroto-
pia varied widely, from small nodules to a thick layer
of coalescent nodules of gray matter lining the lateral
ventricles. The nodules were isointense to the cortical
gray matter on all MRI sequences (Figure 1). Contrast-
enhanced T1WI studies were obtained in 4 patients, and
the nodules showed no enhancement. The nodules were
bilateral in 8 patients and unilateral in 4 patients. The
trigone and occipital horns of lateral ventricles were the
commonest location of subependymal nodules followed
by the body and frontal region of the lateral ventricle.
Associated brain anomalies were detected in only two
patients, one had ventricular dilation and the other had
Dandy Walker cyst.

Subcortical heterotopia

This group included 5 patients (3 females and 2 males),
aged from 1 year to 27 years with a mean age (* SD) of
11.8 (+ 4.4) years. Details of the clinical, EEG and MRI
findings of these patients with subcortical heterotopia
(SCH) are shown in Table 2. SCH appeared on MRI as
regions of gray matter signal intensity within the cerebral
hemispheric white matter. Their sizes varied from a few
centimeters to large focal lesions that appeared as a mass
with distortion of the adjacent ventricle but no enhance-
ment after contrast. Three patients were diagnosed as hav-
ing purely nodular SCH as there was no definite contigu-
ity of the heterotopia with the cerebral cortex (Figure 2).
The affected area of the cerebral hemisphere was re-
duced in size compared with the normal contralateral
hemisphere. One patient had curvilinear SCH (Figure 3)
as the heterotopic tissue had the appearance of enfolded
cortex and showed contiguity with the cortex. One pa-
tient had mixed regions of both nodular and curvilinear
SCH (Figure 4) as the gray matter nodules were seen in
deep portions within the cerebral hemispheric white mat-
ter and the curvilinear portions wete seen in the superfi-
cial portion and showed contiguity with the cortex. Three
patients had associated brain abnormalities; two patients
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Table 1 Data of 12 patients with subependymal heterotopia

Patient/sex/age Seizure type Developmental Neurological EEG findings MRI characteristics of heterotopia
(yr) milestones examination
1/F/8 Simple partial Normal Normal Focal spikes Unilateral nodule affecting frontal horn of
motor right lateral ventricle
2/F/15 Complex partial Delayed speech Mild spasticity Focal spikes Bilateral nodules affecting both trigones
3/F/22 Tonic-clonic Delayed walking  Spasticity General spike-wave Bilateral nodules affecting body of both
lateral ventricles
4/F/14 Mixed Learning disability Hyperactivity, General slow wave Bilateral nodules affecting body of right
spasticity lateral ventricle
5/M/12 Complex partial Delayed speech Spasticity Focal spikes Unilateral coalescent nodules affecting
frontal horn of left lateral ventricle
6/F/10 Simple partial Normal Normal Focal spikes Bilateral nodules affecting trigone and
motor occipital horns
7/M/39 Complex partial Delayed walking ~ Hyperactive stretch Focal spikes Bilateral nodules affecting trigone and
reflexes occipital horns
8/F/26 Simple partial Normal Ataxia Focal spikes Unilateral nodules affecting trigone of right
motor lateral ventricle, Dandy Walker cyst
9/F/18 Simple partial Normal Spasticity Focal spikes Unilateral nodules affecting body of left
motor lateral ventricle
10/M/13 Tonic-clonic Delayed speech Normal General slow wave Bilateral nodules affecting body of both
lateral ventricles
11/F/28 Clonic Learning disability Hyperactivity Slow wave Bilateral nodules affecting trigone and
occipital horns and ventricular dilatation
12/M/10 Tonic-clonic Normal Normal General spike-wave Bilateral nodules affecting trigone and

occipital horns

M: Male; F: Female; EEG: Electroencephalography; MRI: Magnetic resonance imaging.

Table 2 Data of 5 patients with subcortical heterotopia

Patient/sex/age Seizure type Developmental Neurological examination EEG findings MRI characteristics of heterotopia
(yr) milestones
1/M/27 Complex partial Delayed motor  Left hemiparesis Focal spikes,  Large, nodular mass at right fronto-parietal
slow wave lobes, extends across midline and ACC
2/F/15 Mixed Delayed walking spasticity Focal spikes,  Small, multiple nodular, right frontal and
slow waves parietal lobes
3/F/9 General tonic-  Delayed speech  Right hemipariesis Spike-wave  Small, multiple, nodular, left parietal and
clonic and motor ACC
4/F/)7 General tonic-  Delayed speech  Attention deficit, hyperactivity, General spike- Bilateral curvilinear
clonic and motor bilateral spasticity wave
5/M/1 Mixed Delayed walking Hyperactive reflexes General slow  Mixed nodular and curvilinear and
wave distorted ventricles

M: Male; F: Female; EEG: Electroencephalography; MRI: Magnetic resonance imaging; ACC: Anterior corpus callosum.

Table 3 Data of 3 patients with band heterotopia

Patient/ sex/age Seizure type Developmental  Neurological examination EEG findings MRI characteristics of heterotopia
milestones
1/F/13 yr Mixed Delayed speech, ~ Nystagmus, dysartheria, — Generalized spike-wave  Bilateral diffuse thick bands at fronto-
motor spasticity parietal lobes and pachygyria

2/F/4yr Tonic-clonic, Delayed motor Microcephaly, bilateral Generalized slow waves,  Bilateral diffuse thick bands at both
myoclonic spasticity polyphasic waves occipital lobes and pachygyria

3/F/9 mo Infantile Delayed speech,  Spasticity, hyperactive hypsarrhythmia Bilateral diffuse thick bands at both
spasms motor reflexes fronto-parietal lobes and lissencephaly

M: Male; F: Female; EEG: Electroencephalography; MRI: Magnetic resonance imaging.

had agenesis of the corpus callosum and the third had Band heterotopia
ventricular distortion. This group included 3 patients, all were females; aged
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Figure 1 Subependymal heterotopia. A, B: Axial inversion-recovery magnetic resonance (MR) images; C-E: Axial (C, D) and coronal T2 W (E) images showing
multiple bilateral subependymal gray matter heterotopic nodules protruding into and indenting the trigone of the lateral ventricles and the left occipital horn (arrows).
The nodules are isointense to cortical gray matter; F: Axial contrast-enhanced T1WI shows no enhancement of the nodules; G, H: Axial TTW and T2W MR images
revealing unilateral focal subependymal gray matter nodule (arrow) protruding into and indenting the frontal horn of the right lateral ventricle. The nodule is isointense
to the cortical gray matter. Mild ventricular dilatation is noted with absent septum pelucidum; I, J: Axial T2 WI and inversion-recovery MR image showing a unilateral,
large subependymal heterotopic gray matter mass projecting into the frontal horn of the left lateral ventricle. The mass is isointense to the cortical gray matter.

Figure 2 Subcortical nodular heterotopia. A: Contrast-enhanced axial computed tomography shows a large right fronto-parietal, non-enhancing mass exerting
mass effect on the right lateral ventricle; B-D:Non-contrast enhanced magnetic resonance imaging (B), axial T1W, (C) axial T2W and (D) coronal T2W images show-
ing a large subcortical nodular mass, isointense to the cortical gray matter. The overlying cortex is thin and the corpus callosum is agenetic.

Figure 3 Subcortical curvilinear heterotopia. A, B: Axial T2W and coronal  Figure 4 Mixed nodular and curvilinear subcortical heterotopia. A, B: Axial
T2W images showing bilateral curvilinear heterotopia within the white matter. ~ T2W and coronal T2W images showing multiple nodular and curvilinear hetero-
The heterotopic tissue is convoluted and contiguous with the overlying cortex.  topia within the white matter bilaterally. The overlying cortex shows pachygyria.
Linear and punctuate cerebrospinal fluid signal are seen within the heterotopic ~ The right cerebral hemisphere is smaller compared to the left cerebral hemi-
tissue. The cerebral cortex shows pachygyria. sphere. The corpus callosum is agenetic with distorted lateral ventricles.
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Figure 5 Band heterotopia. A, B: Axial T2W and coronal inversion-recovery images showing bilateral thick bands of heterotopia, isointense to cortical gray matter
within the white matter. Note the pachygyria and small left cerebral hemisphere; C, D: Axial T2W and inversion-recovery images showing bilateral, symmetric, continu-
ous, smooth, thick bands of gray matter (arrow) outlined by thin layers of white matter and seems like a “double cortex”. Note the very thin, smooth cerebral cortex
with absent cortical sulci (lissencephaly).

from 9 mo to 13 years with a mean age (£ SD) of 5.9 (£
3.6) years. Details of the clinical, EEG and MRI find-
ings of these patients with band heterotopia (BH) are
shown in Table 3. Band heterotopia appeared as smooth,
bilateral and symmetric ribbons of gray matter found in
the central white matter between the cerebral cortex and
the ventricular surface and separated from the cortex by
normally myelinated white matter. BH was present in
both cerebral hemispheres and had the same MRI signal
intensity as the cortical gray matter on all MRI sequences
(Figure 5). Two patients had associated pachygyria and
one patient had lissencephaly. All patients in this group
were developmentally delayed.

DISCUSSION

Malformations of cortical development are more com-

mon than was recognized in the era before MRI, as het-
erotopia on CT may be difficult to visualize"'". Hetero-
topia is the most frequently occurring anomaly affecting
cortical development. It is considered to be one of the
most common congenital disorders in familial and early
onset epilepsym’m]. MRI classification of gray matter het-
erotopia into subependymal, subcortical, and band types
has been considered useful because patients in these
three groups have different clinicoradiologic presenta-
tions and different underlying genetic disorders™™ ", This
classification of heterotopia may be useful in predicting
patient outcome. Several authors have reported that
patients in all three heterotopia groups are very likely
to develop epilepsy which is more commonly found in
females than males™'"". Tn our study, all patients had
a history of seizures and the female to male ratio was
14:6. In the current study, the three types of heterotopia
were detected by MRI; SEH was the commonest type,
followed by SCH, while BH was the least common type.
On MRI; the heterotopic tissue was isointense with gray
matter on all MR pulse sequences. The inversion recovery
sequence was considered useful for the demonstration of
heterotopic gray matter and the assessment of cortical
thickness as it provides a strong contrast between gray
and white matter. A similar frequency and MRI appear-
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ance has been reported in the literature ™.

SEH is characterized by periventricular nodules adja-
cent to the lateral ventricular walls just beneath and abut-
ting the ependyma giving the nodular ventricular wall, and
is not enhanced after intravenous contrast administration.
This allows these nodules to be distinguished from the
subependymal nodules of tuberous sclerosis that do not
follow gray matter signal, and enhance after contrast ad-
(121081 SEH may be isolated or may develop
in conjunction with other central nervous system malfor-
mations. It can be subdivided genetically into X-linked
and non-X-linked inheritance patterns. They can be sub-
divided anatomically into unilateral focal, bilateral focal
and bilateral diffuse groups. Some patients with SEH are
neurologically and developmentally normal™'*?",

In this series, patients with SEH had a relatively late
onset of seizures of different types. Simple partial seizure

ministration

was the commonest type reported. Five patients had nor-
mal development and the remaining patients had mild de-
velopmental delay. The most common EEG abnormality
was focal spikes. These findings are in agreement with
other studies'>*""""".

The present study, like many others, has demonstrated
that MRI is excellent in the detection and characteriza-
tion of SEH nodules"*"”"™*). The nodules are most
likely to be bilateral and commonly at the trigone and
occipital horns of lateral ventricles. It was reported that
SEH caused little or no distortion of the remaining brain,
whereas focal SCH caused marked distortion of the
ventricles and diminished hemisphere size. In addition,
surrounding white matter is normal in SEH, whereas
most of the hemispheres containing SCH had qualita-
tively diminished white matter’™”. In our study, only 18%
of patients with SEH had associated brain anomalies.
Mithchell ez al” reported that SEH was occasionally ac-
companied by mild ventricular dilation.

In the present study, MRI showed SCH in five pa-
tients. Three patients had purely nodular SCH, one pa-
tient had curvilinear SCH and another patient had mixed
nodular and curvilinear SCH. Barckovich ez a/”' reported
that SCH usually consists of swirling, heterogeneous,
nodular or curvilinear masses of gray matter containing
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blood vessels and cerebrospinal fluid (CSE). It is reported
that SCH extends through the white matter, from the
ventricular surface to the cerebral cortex. In the current
study, the affected area of the hemisphere was reduced in
size compared with the normal contralateral hemisphere
in three patients. Three of the five patients with SCH had
associated brain abnormalities. In the present study, as in
other studies, patients with SCH had a higher prevalence
of developmental delay and motor dysfunction compared
to the SEH group and had variable motor and intellectual
disturbances, depending on the size of the lesion and the
effect on the undetlying cortex””. There were no differ-
ences in clinical manifestations among the different types
of SCH.

Band heterotopia or double cortex syndrome usually
occurs in females and very rarely in males. MRI shows
the characteristic appearance of BH as a smoothly mar-
ginated layer of gray matter coursing parallel to the lateral
ventricle, separated from the ovetlying cortex and under-
lying ventricle by layers of white matter. Bands are nei-
ther convoluted nor contiguous with the overlying cortex.
They do not contain blood vessels or CSE. The thicker
the band of heterotopic neurons; the worse the disability
and increased prevalence of developmental delaym’o]. In
the present study, MRI showed band heterotopia in three
females. Two patients had associated pachygyria and one
had lissencephaly. All patients in this group had severe
developmental delay.

The assessment of neuronal heterotopias and their
pathophysiological significance in epilepsy ate still the
subject of debate. Many reports either classify all neu-
ronal migration disorders together, or lump them with
other cortical dysgeneses. Also, the mechanisms by which
heterotopic gray matter results in seizures are unclear and
future respective strategies will have to take into account
the multiplicity of heterotopic lesions, their localization,
and their effects on overlying cortical functional orga-
nization. In our study, the clinical, EEG, psychometric,
and neuroimaging features of 20 patients with gray mat-
ter heterotopia are described and compared with other
studies with the aim of reducing debate and emphasizing
the role of conventional and advanced MRI sequences
in differentiating between various types of gray matter
heterotopia. The severity of the clinical manifestations of
heterotopia is related to the location and pattern of het-
erotopia. Determination of the heterotopia type and its
extent is useful for management planning and predicting
prognosis.

COMMENTS

Background

Gray matter heterotopia is a relatively common form of neuronal migration dis-
orders. The pathogenic mechanisms are not fully understood, but they lead to
distinct clinicoradiological syndromes. Neuroradiologists, basing their ideas on
magnetic resonance imaging (MRI) appearances, have classified heterotopia
into subependymal, subcortical and band heterotopia.

Research frontiers

The assessment of neuronal heterotopias and their pathophysiological signifi-
cance in epilepsy are still the subject of debate. The mechanisms by which
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heterotopic gray matter results in seizures are unclear. In this study, the clinical,
electroencephalography, psychometric and neuroimaging features of 20 pa-
tients with gray matter heterotopia are described and compared with other stud-
ies with the aim of reducing debate and emphasizing the role of conventional
and advanced MRI sequences in differentiating between various types of gray
matter heterotopia.

Innovations and breakthroughs

This recent study highlighted the usefulness of MRI in differentiating between
shape, location and extent of various types of gray matter heterotopia. The au-
thors emphasized that the severity of the clinical manifestations of heterotopia
is related to the location and pattern of heterotopia.

Applications

Determination of the type, extent and location of gray matter heterotopia are
useful for management planning and predicting prognosis.

Terminology

Gray matter heterotopia is a neuronal migration disorder in which collections of
cortical neurons are found in an abnormal location. Subependymal heterotopia
consists of small foci of gray matter that are located in a subependymal loca-
tion near the ventricular wall. Subcortical heterotopia occurs as masses of gray
matter within the deep and subcortical white matter. Band heterotopia is a sym-
metrical thick band of gray matter that lies between layers of the white matter.
Peer review

This is a well-written account of MRI of brain heterotopia.
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