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Glioneuronal heterotopia in the right middle cranial fossa
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A newborn boy, delivered vaginally at 40 weeks
and 2 days gestation at home under the care of a
midwife to a 28-year-old gravida 2 para 2 mother,
was noted to have bleeding from his oral cavity at
birth. Prenatal care was adequate and the preg-
nancy was uncomplicated, with no concerning find-
ings noted on 20-week ultrasound. The patient was
brought to the hospital for evaluation and was
admitted to the neonatal intensive care unit. The
pediatric otolaryngology service was consulted, and
examination revealed fullness of the right temporal
fossa with absence of a portion of the squamous
temporal bone. A mass of the right oropharynx was
noted directly posterior to the tonsil, and the soft
palate and uvula were asymmetric, resembling a
shallow cleft. Despite this, the patient was breathing
comfortably without evidence of respiratory
distress.

Magnetic resonance imaging (MRI) of the skull
base revealed a large cystic and solid extra-axial

mass in the right middle cranial fossa, displacing the
right temporal lobe and extending into the right
infratemporal fossa through a large skull base
defect, as well as cleft palate. Furthermore, the
mass protruded into the oropharynx (Figure 1A).
The adjacent brain parenchyma appeared radiologi-
cally separate from the mass. The mass had signal
intensity resembling brain parenchyma except
for faint enhancement at the center and dif-
fusion restriction in the infratemporal component
(Figure 1B-D). The vascular supply of this mass
appeared separate from the adjacent brain with
its own feeding vessel and distal perfusion
(Figure 1E-F). MRI sequences demonstrating diffu-
sion restriction suggested this lesion could represent
a malignancy. However, the lesion did not invade
adjacent structures and appeared to induce bony
erosion not by infiltration but by resorption and
remodeling (Figure 1G). Therefore, a benign diagno-
sis was favored.
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Figure 1. Head and neck imaging. Coronal T2 MRI (A) shows a mass extending from the middle cranial fossa through a skull base defect
into the right infratemporal fossa. The adjacent normal brain parenchyma is displaced but not involved by the mass, with a clear cerebro-
spinal fluid (CSF) cleft separating the two. Axial pre-contrast (B) and post-contrast (C) T1 MPRAGE images show minimal enhancement at
the center, but the majority of the mass is non-enhancing. Axial diffusion-weighted imaging (D) shows diffusion restriction in the
infratemporal mass, suggestive of hypercellularity, a feature often concerning for an aggressive tumor, though this can also be seen in
benign lesions. Sagittal T1 SPACE MRI (E) and post-contrast MRA (F) show a prominent vascular pedicle (red arrows) in the center of the
mass and the displaced right middle cerebral artery (yellow arrow). 3D renderings of the skull (G) show budging of the squamosal temporal
bone and widening of the suture rather than osseous destruction.

On day 4 of life, the patient underwent trans-
oral biopsy of the oropharyngeal portion of the
mass. On days 18 and 33 of life, the patient under-
went staged debulking of the intracranial and right
orbital components with reservoir placement and
covering of the skull base defect due to concern for
progressive intracranial mass effect. Intraopera-
tively, the mass was noted to respond to surgical
manipulation with consistency akin to normal brain
parenchyma. The patient was discharged home on
day 44 of life in good condition.

Histopathological analysis of the mass revealed
fragments of malformed, disorganized glioneuronal
tissue with calcospherites and perivascular dys-
trophic calcifications, as well as, reactive changes
including gliosis. In addition, few detached frag-
ments of unremarkable choroid plexus and foci
of pigmented ocular epithelium were notable
(Figure 2). Minuscule fragments were suggestive of
putative ependymal lining and meningeal tissue.
The final histological diagnosis was consistent with
intracranial extracerebral glioneuronal heterotopia

(IEGH) with oropharyngeal extension. Developing
brain tissue and robust reactive changes resulted in
high proliferation indices, a potential diagnostic
pitfall. The differential possibility of teratoma was
ruled out due to lack of endodermal components.

Whole exome sequencing and RNA-sequencing
of the oropharyngeal biopsy were performed by
Caris Life Sciences. Whole exome sequencing re-
vealed no pathogenic gene alterations or whole arm
chromosomal alterations. A number of variants of
uncertain significance and unclassified gene variants
with variant allele frequencies approximating 50 %
were detected, suggestive of germline alterations.
Additionally, uncharacterized fusions of
UMAD1::GLCCI1 and KANSL1::ARL17A were de-
tected through RNA-sequencing, the significances of
which are unclear but which are possibly germline?.
Karyotype analysis, performed using whole exome
sequencing, identified duplications of the centro-
meric portion of chromosome 22, as well as the dis-
tal portion of chromosome 22g. No chromosomal
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Figure 2. Histopathological analysis. Oropharyngeal biopsy (A-C): Low- (A) and high- (B) power hematoxylin and eosin-stained sections
demonstrate widespread ulceration (*) of the lining squamous epithelium (inset), hyalinized ectatic vessels, and reactive glioneuronal
tissue (arrows indicate calcospherites). Glial fibrillary acidic protein (GFAP) confirms a dominant glial component (C). Resection of the
intracranial mass (D-F) further substantiates the malformed nature of the glioneuronal tissue (D, arrows indicate calcospherites; inset
highlights the disorganized arrangement of neurons by NeuN immunostaining), as well as, pigmented ocular epithelium (arrow, E) and
unremarkable fragments of choroid plexus (F).

losses were detected. Microsatellite status was sta-
ble, genomic loss of heterozygosity was 1 %, and tu-
mor mutational burden was 2 mutations / mega-
base (MB). Overall, the genetic analyses were con-
sistent with a non-neoplastic process.

The term glioneuronal heterotopia / ectopia
encompasses microscopic, small nodular or large
mass-like ectopic neuroectodermal tissue, both
within or outside of the neuraxis®. A well-recognized
example of ectopic glioneuronal tissue is the
intranasal or extranasal “nasal glioma”?>. Intra-
parenchymal, dural / leptomeningeal, intracranial
extracerebral, and “distal” (e.g. orbit, palate, middle
ear, internal auditory canal, oral cavity, oropharynx,
and lung) locations are also possible?*5%, Mass-like
glioneuronal heterotopias are uncommon develop-
mental malformations and can be difficult to distin-
guish from primary central nervous system (CNS)
neoplasms on radiologic and pathologic evaluation.
While microscopic glioneuronal heterotopia likely
result from aberrant glial and neuronal migration®,
the pathogenesis of large mass-like glioneuronal

heterotopia is less well understood. Possible etiolo-
gies include aberrant sequestration of embryonic
tissue during development with subsequent dysreg-
ulated growth versus encephalocele with oblitera-
tion of the connecting stalk®.

IEGH most commonly occurs in the middle
cranial fossa, with fewer than 20 cases reported in
the literature and even fewer reports of extracranial
extension>*®10-23_ |jterature review of published
IEGH cases has been previously performed?3610.23,
The association of IEGH with craniofacial anomalies,
such as cleft palate, implies an origin during early
embryogenesis, likely during the 5™ to 6™ week of
gestation, possibly via evagination of a third inferior
telencephalic vesicle, in the case of middle cranial
fossa lesions?*. Patients typically present within the
first six months of life, and many are identified via
prenatal ultrasonography, although cases in older
children have been documented®*®'"2425 The rec-
ommended management for IEGH is staged
resections, beginning with the intracranial compo-
nent>?*, It is important to recognize these lesions as
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they are benign. Grossly, the lesions are often large
and cystic>*>®1° Histological examination of previous
cases has vyielded similar findings as the case
presented here; namely, disorganized neuroglial
tissue (variably mature neurons, astrocytes, and
oligodendrocytes) with scattered calcospherites,
and the presence of other CNS tissue elements
including leptomeninges, ependyma, choroid
plexus, and ocular pigmented epithelium?3&1011 |n
some cases, cortical or cerebellar architectural
patterns are evident*!%22, To our knowledge, this is
the first example of IEGH with genetic / molecular
analysis performed. In contrast to a recent case
series of nasal glioma®, this case showed no whole
arm chromosomal gains or losses. Overall, the
condition appears to have excellent prognosis after
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