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Abstract

Introduction We report three cases of brain malformation
presenting with a midline mass of dysplastic cortex that we
have termed “brain in brain” malformation.

Results The three cases have holoprosencephalic features,
including bilateral hemispheric continuity across the mid-
line, single ventricle, midline facial defect and missing
olfactory bulbs. All three cases have a midline conglomerate
mass of deeply infolded, cortex-lined fissures with major
arterial branches, heterotopia and large amount of white
matter. The dysplastic mass of cortex and white matter
extended into the third ventricle. The cortex and white matter
of the dysplastic lesion was continuous with the cortex and
white matter, respectively, of the cerebral hemispheres.
Conclusion The midline “brain in brain” malformations
have some similarities to subcortical heterotopia and
extracerebral glioneuronal heterotopia. However, the conti-
nuity with the cerebral hemispheres and extension into the
ventricle were not reported in subcortical or glioneuronal
heterotopia. The common involvement of the midline
cortex and extension into the third ventricle implied an
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anterior segmental prosencephalic abnormality (prosomeres
5/6). However, its pathogenesis remains to be explained.
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Background

Various classification systems have been proposed to assist
in our understanding of the multitude of brain malforma-
tions. Since the advent of magnetic resonance (MR)
imaging, these classifications have relied heavily on the
features depicted by neuroimaging. Recently, there is a
trend towards incorporating this knowledge into compre-
hensively developing classification systems, which include
knowledge on embryology, genetics and pathology. Despite
the great strides made in our understanding, some malfor-
mation do not fall into any of the currently available
classification systems, and therefore, raise new questions
about their development. We describe three cases of such a
gross malformation of the brain that does not fit into any of
the currently proposed classification scheme. All these
cases have a large conglomerate mass of abnormal
convolutions consisting of gray and white matter, thereby,
giving the appearance of “brain in brain” malformation.

Case presentation
Case 1

A 7-month-old girl presented with developmental delay
and spasticity. The head circumference was within normal
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limits. MR brain demonstrated overconvoluted cortex
lined with white matter in the midline, forming an
interhemispheric conglomeration of abnormal brain paren-
chyma that was continuous with the cortex of both
cerebral hemispheres, laterally, and bulged into a single
ventricular cavity, posteriorly. It was also continuous with
the left basal ganglia, anteriorly, and with the walls of the
anterior third ventricle, inferiorly. There was incomplete
cleavage of the thalami. The anterior interhemispheric
fissure and falx were well formed, but behind the mass,
there was a single ventricular cavity with a dorsal sac and
no normal midline structures. The right olfactory nerve
and olfactory sulcus were absent. Both hippocampi were
small. The right hemispheric cortex was grossly distorted
with loss of the normal gyral arrangement and lobar
segmentation. The left hemispheric pattern was grossly
normal. On MR angiography, the midline mass of gray
and white matter was fed by an azygos anterior cerebral
artery. Single voxel MR spectroscopy acquired from the
parenchyma of the abnormal right hemisphere demon-
strated normal N-acetyl group, choline and creatine

Fig. 1 Case 1. Seven-month
old, developmental delay, spas-
ticity. a Axial T2. The large
interhemispheric cortical dys-
plasia is continuous with both
hemispheres, and the lesion
bulges into a large dorsal cyst.
There is extensive dysplasia of
the right hemisphere as well. b
Sagittal T1. The lesion is clearly
demarcated from the frontal
cortex and extends downward to
the third ventricle, replacing its
normal features. ¢ Coronal T2.
The midline dysplastic mass is
continuous with both hemi-
spheres as well as with the left
lentiform nucleus. d Axial T1.
There is failure of cleavage of
the thalami
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spectrum. The brainstem and cerebellum were grossly
normal (Fig. 1).

Case 2

A 6-day-old neonate presented with developmental delay,
seizures and hypotonia. There was also cleft lip and palate
and a blind ending left nare. The child had panhypopitu-
itarism. MR brain showed a midline mass of dysplastic
cortex with irregular convolutions extending from one
hemisphere to the other across the anterior part of the
fissure. Multiple islands of gray matter heterotopia occupy
the white matter of the mass. The midline mass of
dysplastic cortex was continuous with the hemispheric
cortex, bilaterally. It extended down to the anterior aspect
of the third ventricle and herniated partially through a large
sphenoid defect. The basal ganglia and thalami were
displaced laterally. On each side, the mass of abnormal
cortex appeared clearly demarcated from the more normal-
looking cortex of the lateral and posterior aspect of the
hemispheres by a deep fissure. The falx was deficient,
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anteriorly, and there was failure of formation of interhemi-
spheric commissuration, anteriorly. However, more poste-
riorly, the falx was intact, and the splenium of the corpus
callosum was present. The anterior aspect of the lateral
ventricles was either markedly hypoplastic or failed to
form. Posteriorly, the body and trigones of the lateral
ventricles were present and formed a single cavity with the
posterior part of the third ventricle. Both olfactory nerves
were absent. Both hippocampi were small and the left
hippocampus was malrotated. The brainstem and cerebel-
lum were grossly normal (Fig. 2).

Case 3

A 2-day-old neonate was referred with hydrocephalus and
bilateral cleft palate, frontonasal cutaneous angioma,
hypertelorism, low implanted ears and right posterior
plagiocephaly. On MR, there was excessive infolding of a
midline mass of dysplastic cortex located between and
continuous with the cortex of both cerebral hemispheres.
The lesion displaced the deep gray matter, laterally, and the
thalami could not be distinguished from the basal ganglia.
The dysplastic mass extended into the third ventricle and

Fig. 2 Case 2. Six-day-old ne-
onate, poor development, sei-
zures, hypotonia, midline facial
defects and panhypopituitarism.
a Axial T2. The large frontal
mass of dysplastic cortex has
well defined fissures laterally
and is clearly demarcated from
the cortex posteriorly. The con-
tinuity of the cortex across the
midline is evident. b Sagittal T2.
Multiple islands of gray matter
heterotopia are seen within the
white matter of the mass. The
lesion occupies a large part of
the third ventricle and extends
more inferiorly through the
craniopharyngeal canal to form
the basal sphenoidal encephalo-
cele. ¢ Coronal T2. The midline
dysplastic cortex is continuous
with the gray and white matter
of the cerebral hemispheres.

d Axial T1. The mass obliterates
the single ventricular cavity;
there is a splenium-like structure
posteriorly

was continuous anteriorly with the third ventricular walls.
The interhemispheric fissure was recognized both anterior-
ly and posteriorly, and the fissure extended anteriorly to the
dysplastic cortical mass. The markedly enlarged lateral
ventricles were lined by a thin, malformed cerebral mantle;
the cerebral aqueduct was dilated and deformed. The
interhemispheric commissures were absent. The brainstem
and cerebellum were grossly normal and the cerebellar
tonsils were herniated inferiorly. MR performed 4 months
later after shunting demonstrated no significant change in
the brain morphology (Fig. 3).

Discussion

Rather than a longitudinal division in diencephalic and
telencephalic vesicles, modern embryology proposes that the
forebrain (prosencephalon) develops as a single structure with
ventrodorsal patterning (ventral and dorsal forebrain) and
longitudinal segmentation (prosomeres 1 to 6 from caudal to
cranial) [1, 2]. Defective regionalization of the forebrain is
thought to be due to an initial failure of the prechordal plate
to induce the overlying neuro-ectoderm to become the
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Fig. 3 Case 3. Two-day-old
neonate with hydrocephalus,
dysmorphic features and midline
facial defects. a Axial T1. The
large interhemispheric dysplastic
mass is continuous with the
cerebral hemispheres. There is
severe bilateral hydrocephalus
with thin, abnormal hemispheric
cortex, especially posteriorly.

b Sagittal T1. The large midline,
clearly demarcated convoluted
mass involves most of the third
ventricle. ¢ Coronal T1 post-
contrast. The interhemispheric
dysplastic mass does not en-
hance. d Sagittal T2 at 4 months
of age. The involvement of the
third ventricular structure is well
demonstrated

ventral forebrain, in the first 4 weeks of gestation [3—5]. This
failure of regionalization of the forebrain results in holopros-
encephaly (HPE). In fish and chick, it has been found that
the ventral forebrain is originally located caudal to the dorsal
forebrain and that the secondary rostral movement of the
ventral forebrain cells divides, and displaces laterally, the
early optic and hemispheric primordia [6]. Dorsoventral
patterning is regulated by a variety of molecules, mainly,
sonic hedgehog (Shh) and bone morphogenetic proteins
(BMP). Animals with mutations in S/ fail to induce ventral
markers and cell types, and therefore, lack ventral forebrain
development [7-9]. Shh also plays a major role in the early
expansion of the midbrain and forebrain [10] and on the
craniofacial neural crest [11] which will form the midline
facial structures, and in turn, have a trophic effect on the
forebrain [12]. BMP participates in dorsal patterning of the
forebrain [2, 13, 14]; ectopic localization of BMP in chick
embryo results in decreased expression of ventral forebrain
[15].

The three cases presented here have severe anomalies
involving the prosencephalon. Undivided forebrain was
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present in all, with failure of cleavage of the thalami in case
1. Therefore, they can be best described as variants of HPE.
Classically, HPE was classified into alobar, semilobar and
lobar HPE depending on the degree of severity [16, 17];
midline facial defects ranging from cyclopia to minimal
cleft or single incisor were associated with the most severe
cases (“face predicts the brain”). In fact, causes for poor
differentiation of the forebrain are multiple and diverse
(chromosomal, genetic but also cholesterol metabolism or
maternal diabetes), and various phenotypes can be encoun-
tered that do not really fit such a simple classification [18—
20].

Our cases all present major features of HPE: cortical
continuity across the midline for all (cases 1-3), azygos
anterior cerebral artery (case 1), single ventricular cavity
(case 1 and 2), undivided thalami (case 1), missing
olfactory bulbs (cases 1 and 2), midline facial abnormalities
(cases 2 and 3), panhypopituitarism (case 2) possibly
explained by a basal encephalocele. But they all differ
from the reported appearance of HPE by the presence of a
midline conglomeration of overconvoluted cortex located at
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the midline continuity between the hemispheres. We have
called this feature “brain in brain malformation” because of
its appearance (Figs. 1, 2, and 3). In all patients, this
cortical hyperplasia was not restricted to the hemispheres
but extended to, and involved, most of the third ventricle.

In all three cases, the midline cortical mass demonstrated
similar MR features: it was clearly demarcated by a fissure
from the adjacent, more normal-looking hemispheric cortex
(anterior medial cortex in cases 1 and 3, lateral cortex in
case 2). It extended into the third ventricle, obliterating
most of it in all three cases. Structurally, it contained both
gray and white matter. The gray matter was either cortex-
like or formed gray matter heterotopia. The cortex of the
dysplastic lesion was continuous with the cortex of both
hemispheres. The white matter also was continuous with
the hemispheric white matter on both sides. The dysplasia
was penetrated by well-defined, invaginated fissures that
were lined with a cortical ribbon and contained major
arterial branches. In case 1 and 2, the mass bulged
posteriorly into a single prosencephalic ventricle and
obliterated a significant proportion of the ventricular lumen;
in case 3, it completely obliterated the ventricular space in
the midline. This hyperplastic corticalization extended
downward to involve the anterior third ventricle; it is,
therefore, a truly prosencephalic abnormality. As it abutted
the medial aspect of the basal ganglia and thalami, it was
also strictly a midline malformation.

The “brain in brain” malformation demonstrated some
similarities with the subcortical heterotopia. However, it fits
none of the curvilinear, nodular or mixed types described
[21]. Also, subcortical heterotopia are typically associated
with expanded, not obliterated ventricles; they are within
the cerebral mantle and do not present such a clear infolded,
almost invaginated appearance. In HPE with undivided
forebrain, midline location of the dysplasia is remarkable.
Subcortical heterotopia have already been reported in HPE
[22]; they were large, located across the midline anterior to
the anterior termination of the interhemispheric fissure and
were connected to the cortex lining the anteriormost
interhemispheric fissure and to the frontal cortex [22].
However, these heterotopia were not described as masses
obliterating the ventricles and did not involve the anterior
third ventricle, as in our cases. In addition, in two of our
cases, the mass was actually located behind the well
developed anterior interhemispheric fissure.

Rare intracranial extracerebral glioneuronal heterotopia
have been reported [23-27]. They were predominantly
located in the anterior or middle cranial fossae. They were
thought to arise from the leptomeninges, and about 62% of
these develop in the base of the brain [28]. The pathogen-
esis was uncertain (for review, see [27]). Pathological
studies have demonstrated mature but disorganized brain
tissue composed of both gray and white matter [26].

Histologically, the gray matter presented features of cortical
dysplasia and disruption of the normal laminar architecture.
We do not have pathological correlation in our cases, but it
is likely that the histological features would have been
similar. MR spectroscopy acquired from the lesion in case 1
demonstrated normal spectrum; previous studies on MR
spectroscopy of cortical malformations have found normal
spectrum in gray matter heterotopia [29].

Hypothalamic hamartomas are non-evolving masses of
heterotopic gray matter resembling the hypothalamus and
developed from the tuber cinereum. They may extend
dorsally beyond the chiasm, up to the lamina terminalis
[30]. A “proliferative-type” dysplasia of the posterior cortex
has been reported in association with the hamartoma in one
case, but it was not midline, and not in continuity with the
hamartoma [30]. Solid, or less frequently, cystic hypotha-
lamic hamartomas contain no white matter; however one
case of brain-looking mass in the hypothalamus, with
mixed gray and white matter layerings, was operated in a
neonate and pathologically identified as a hamartoma
(unpublished, personal communication).

Finally, there was an autopsy report of a neonate with
HPE and hamartomatous growth of the cerebrum [31]. The
authors described fusion of the interhemispheric fissure and
partial fusion of the left frontal and temporal lobes, a wide
fissure distorting the temporal lobe, absence of the
ventricles and lack of clear distinction between the cortical
gray and white matter. Histopathology showed ectopic and
hypoplastic ependymal cells arranged as tubules or rosettes
within the temporo-occipital cortex and disorganization of
the cellular layer. This neonate also had dysplastic
gangliocytoma of the cerebellum. The description of the
macroscopic appearance of the autopsy findings has
similarities to case 1, with failure to visualize the right
lateral ventricle and abnormal fissuration of the right
hemisphere. However, there was no extension of the
abnormality to the third ventricle, and the gray matter and
white matter were not as well segregated as they were in
our cases.

The pathogenesis of subcortical heterotopia is not clear.
They are assumed to result from the arrested migration of
normal pyramidal neurons along their migration path
between the germinal matrix of the mantle and the cortical
plate. A defect of FLNI gene on Xq28 (coding for Filamin
A) has been demonstrated in some [32, 33], but not in all
cases of periventricular heterotopia, with some phenotypic
specificity [33]. In our cases, the location of the “brain in
brain” malformation associated with HPE is in the anterior
midline, even if the continuous growth of the expanding
hemispheres has displaced the frontal lobes anterior to it;
this location is intriguing. The downward extension of the
lesion to the anterior third ventricle down to the chiasm
implies “corticalization” of the basal forebrain. This
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extension is particularly surprising as the lamina terminalis,
the site of the anterior neuropore closure, is not expected to
behave as the cortical mantle. However, as the basal
forebrain has not migrated forward to separate the hemi-
spheres, the anterior neuropore might be more posterior
than expected. The anterior midline location of the
malformation encompassing both basal and dorsal forebrain
matches the topography of the most cranial prosomeres 5/6;
the “brain in brain” malformation could, therefore, repre-
sent a segmental prosencephalic cortical malformation
associated with holoprosencephaly.
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