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Abstract

Atypical teratoid/rhabdoid tumors (ATRT) of infancy are
highly malignant neoplasms that are most common in
the first 2 years of life. We present the case of a 3-month-
old girl who presented with the acute onset of general-
ized seizures and was found to have a large spontaneous
intraventricular hemorrhage. The blood masked an un-
derlying ATRT of the velum interpositum in the midline
of the lateral ventricles and roof of the third ventricle, the
first reported case in this location. Serial imaging studies
and two ventriculoscopic biopsies were required to es-
tablish the diagnosis of the tumor in this unique location
and in the midst of an evolving hematoma. After surgical
resection, the patient received adjuvant chemotherapy.
At 4-year follow-up, the child is neurologically intact,
meeting normal developmental milestones, and imag-
ing studies show no evidence of tumor. ATRT were pre-
viously associated with an extremely poor prognosis,
but more recent evidence with complete surgical resec-
tion and adjuvant chemotherapy shows extended sur-
vival in some cases, supporting an aggressive and com-

prehensive approach to give these patients the best
chance for a good outcome. Spontaneous brain hemor-
rhage in a full-term infant requires a diligent and persis-
tent search to rule out an underlying neoplasm.
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Introduction

Cerebral neoplasms with rhabdoid features were first
reported in 1987, and the histopathologic features were
similar to those found in the kidney and other sites out-
side the central nervous system in children [1]. As more
of these tumors were encountered, they were most com-
monly noted to have a mixed appearance with malignant
neuroepithelial or mesenchymal cells. Atypical teratoid/
rhabdoid tumors (ATRT) are difficult to distinguish
histologically from primitive neuroectodermal tumors
(PNET), but were characterized as a distinct neoplastic
entity by Rorke et al. [2] in 1996 as ATRT of infancy and
childhood. They are associated with abnormalities of
chromosome 22 in many cases, either monosomy 22 or
deletion of 22q [2-5], and are highly malignant and rap-
1dly growing tumors with great vascularity. The vast ma-
jority occur within the first 2 years of life, and several
cases of congenital ATRT have been reported [6, 7]. They
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Fig. 1. a CT scan at 6 weeks of age without intravenous contrast
shows no evidence of tumor, hemorrhage, or hydrocephalus. b CT
without contrast 6 weeks later when the patient presented with
spontaneous onset of a generalized seizure. A large acute hematoma
and hydrocephalus are present within the lateral and third ventri-
cles. ¢ Ti-weighted MRI shows acute hemorrhage, but no evidence
of underlying mass.

have a high rate of dissemination throughout the cerebro-
spinal fluid (CSF) pathways, and are associated with a
very poor prognosis. The median survival for infants is
6-10months[2,4, 8-11], but there have been rare reports
of individual cases with survival for 3 years or more [11].
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The majority of these tumors were previously reported in
the posterior fossa, typically the cerebellum and/or fourth
ventricle, but in rare cases they have also been described
in the supratentorial compartment, and they may even
occur as a primary spinal tumor [2, 12—-14]. In the supra-
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Fig. 2. Second preoperative coronal (a) and sagittal (b) MRI 4 weeks after presentation shows resolution of the
hematoma and a more distinct enhancing mass centered within the velum interpositum, extending upward into
the lateral ventricles and inferiorly into the third ventricle.

tentorial compartment they have been reported in the
cerebral cortex, pineal and suprasellar locations [2, 4, 11,
12], but the velum interpositum location has not been
previously described.

Case Description

A female infant was born at full term without complications of
the pregnancy or delivery. She was well for the first 6 weeks of life,
but then developed fever and emesis. Her pediatrician found no
neurologic deficits, but was concerned about the possibility of men-
ingitis. Computerized tomography (CT) was performed without
intravenous contrast, and showed no abnormalities (fig. 1a). Lum-
bar puncture was then performed and clear CSF obtained. The
protein, glucose, and cell count were all normal, and cultures were
negative for bacterial growth. Her symptoms resolved soon there-
after, and she was presumed to have a mild viral infection.

Just over a month later, at 11 weeks of age, the patient experi-
enced the sudden onset of generalized tonic-clonic seizures while
at home. She was transported by ambulance to our institution and
intubated in the emergency department. Her seizures stopped after
she received phenobarbital and lorazepam, but her anterior fonta-
nelle remained bulging and tense. She underwent a non-contrast
CT scan, which revealed a large intraventricular hemorrhage in the
lateral and third ventricles, with severe hydrocephalus (fig. 1b). A
right frontal ventriculostomy catheter was placed and hemorrhagic
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CSF under pressure obtained. Magnetic resonance imaging (MRI)
of the brain showed hyperintense signal within the acute blood clot
on Ti-weighted images (fig. 1c¢). The non-contrast appearance was
so bright as to make it difficult to discern any enhancement after
intravenous contrast agent was given. There were no abnormal
blood vessels noted on magnetic resonance angiogram. A CSF
cytology sample from the ventriculostomy was negative for malig-
nant cells.

The patient remained neurologically stable, but could not be
weaned from the ventriculostomy. Repeat CT scans showed some
minimal decrease in attenuation of the hematoma, but no other
changes. Ventriculoperitoneal shunt placement was then per-
formed, and ventriculoscopic examination of the lateral ventricles
was performed simultaneously because of the concern for underly-
ing neoplasm. A shaggy appearing subacute hematoma was seen,
but no abnormal vessels or tumor. Biopsy specimens from this tis-
sue in the right lateral and third ventricles showed only blood clot
and macrophages.

Repeat CT scans over the next 3 weeks showed no change in the
appearance of the hyperdense mass, but there was some increase in
its size and another small area of hemorrhage within the lateral
ventricles. MRI was repeated (fig. 2a, b) and with much of the he-
matoma resolved, a large enhancing mass was more discernible. It
was centered within the velum interpositum and extending upward
into the lateral ventricles and downward, filling nearly the entire
third ventricle. Spinal MRI was negative for drop metastases. Ven-
triculoscopic biopsy was repeated, this time within the left lateral
ventricle, and a purplish mass was seen in the roof of the third ven-
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Fig. 3. a Intraoperative ventriculoscopic photograph from the left lateral ventricle at 4 weeks post-hemorrhage,
showing diffuse subacute hemorrhage in the lateral ventricles (arrowhead) and a purplish mass extending from
the velum interpositum through the foramen of Monro (arrow). b Histologic specimen of the tumor shows a high-
ly cellular neoplasm, consisting of small to medium-sized cells with a rhabdoid appearance and numerous cyto-
plasmic inclusions (HE stain). Electron microscopy also showed pleomorphic cells with large oval and irregular
nuclei and prominent nucleoli, with conspicuous cytoplasmic filaments and occasional neurosecretory granules.
The findings are those of an ATRT.

tricle, extending through the foramen of Monro (fig. 3a). Biopsy of
the mass showed a highly cellular neoplasm with malignant fea-
tures, which initially appeared to be most consistent with PNET.

A midline frontal craniotomy was performed and the tumor was
approached through a transcallosal exposure, and it was friable and
highly vascular. The tumor vessels from the posterior medial cho-
roidal arteries in the center of the tumor proved difficult to isolate
through the tumor above them, and surgery was stopped because
of excessive bleeding and hemodynamic instability. The patient
recovered well postoperatively and experienced no new focal neu-
rologic deficits, but CT showed that only about 60% of the tumor
had been resected.

The larger amount of neoplastic tissue allowed a more detailed
histopathologic examination, which revealed a highly cellular neo-
plasm with small to medium-sized cells. There were numerous cells
with a rhabdoid appearance, abundant red cytoplasm filled with
intermediate filaments, and cytoplasmic inclusions (fig. 3b). The
tissue stained strongly with vimentin, and was negative for glial
fibrillary acidic protein and NFP. There was focal reactivity to Ker-
mix, synaptophysin and neuron-specific enolase. Electron micros-
copy showed pleomorphic cells with large oval and irregular nuclei
and prominent nucleoli. There were conspicuous cytoplasmic fila-
ments and occasional neurosecretory granules. The cells were in-
vested by basal lamina and dense basement membrane-like mate-
rial. The Armed Forces Institute of Pathology was consulted, and
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the diagnosis of ATRT made. CT scan of the chest, abdomen and
pelvis were negative for tumor, as was whole body bone scan, leav-
ing the brain as the only site of disease.

A second surgery was advised to give the patient the best chance
of survival, and a right frontal transcortical approach was chosen
to allow better access to the choroidal vessels and the third ven-
tricle. At surgery, most of the tumor was removed with much better
control of hemorrhage. The right thalamostriate vein was sacrificed
and the choroidal fissure opened to allow wider access to the pos-
terior third ventricle, where all tumor was removed. A few milli-
meters of tumor remained within the velum interpositum adherent
to the internal cerebral veins, and the risk of injury to these vessels
was deemed too high to attempt complete resection of this tiny re-
maining portion.

Results

The patient recovered well postoperatively without
new deficits, and postcontrast CT showed no visible re-
maining tumor (fig. 4a). Adjuvant chemotherapy was
then given, and three cycles were completed of cisplatin,
cyclophosphamide, vincristine, and etoposide. Comple-
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Fig. 4. a Postcontrast CT scan immediately following the second surgery, showing no visible residual tumor. At
surgery, a tiny amount of residual tumor was left because it was densely adherent to the internal cerebral veins.
b Follow-up postcontrast MRI 4 years following surgery and an intensive chemotherapy regimen, demonstrating
no recurrent tumor.

tion of the first cycle was delayed because of leukopenia,
but this resolved and she went on to complete the full
course. Follow-up MRI immediately thereafter and at se-
rial intervals showed no recurrent tumor, and no further
adjuvant therapy was given. MRI at 4 years postopera-
tively shows no evidence of tumor (fig. 4b). The child is
walking and speaking at a level appropriate for her age,
and has met all normal developmental milestones.

Discussion

The most common location of ATRT previously re-
ported was the cerebellum, comprising up to 73% of cases
in children under the age of 3 years [2, 4, 15]. However,
the largest and most recent series in the literature was
comprised of 62% supratentorial and only 38% infraten-
torial tumors [11]. Supratentorial ATRT have been de-
scribed in many locations, including the pineal and su-
prasellar regions and the cerebral cortex, but this is the
first reported case of ATRT in the velum interpositum.
This location within the lateral and third ventricles pre-
sented a unique challenge because of difficulties accessing

Rhabdoid Tumor

and controlling the tumor vasculature within the center
of the tumor. It was approached initially through a trans-
callosal exposure, but the large amount of tumor between
the corpus callosum and the tumor vasculature led to ex-
cessive bleeding before the vessels could be isolated. At
the second surgery, through a transcortical/transventricu-
lar approach, the blood supply was reduced earlier with-
out having to go through as much tumor. Repeat surgery
to remove residual tumor in children may provide a bet-
ter chance of survival, but should only be considered if
the risks of causing neurologic dysfunction have been
carefully assessed and deemed acceptable [16]. The ex-
tent of tumor resection may prove to be an important
prognostic factor for patients with ATRT [11], as it is for
children with other malignant brain tumors such as me-
dulloblastoma and ependymoma. Long-term survival
with ATRT is possible in rare cases such as this one and
others [11, 17], so aggressive surgical attempts to eradi-
cate the tumor are warranted if the tumor does not invade
the brain parenchyma.

The tumor in this case grew rapidly and hemorrhaged
within a very short time period, as evidenced by the CT
that showed no abnormalities 5 weeks prior to the hem-
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orrhage. Brain tumors in early infancy are often highly
malignant, and there is an increased risk of spontaneous
hemorrhage compared to adults that is attributed to rap-
id vascular proliferation, invasion of blood vessels by tu-
mor, and/or the fragile developing vasculature of the pa-
tients [18, 19]. Wakai et al. [19] reviewed 45 cases of
nonpituitary brain tumors that presented with spontane-
ous hemorrhage, and found a higher rate of tumor related
hemorrhage in children under the age of 14 years (5.3%)
as opposed to older patients (2.3%), and in 41% of chil-
dren the hemorrhage was fatal. Congenital tumors may
be especially prone to hemorrhage.

Conclusions
ATRT are highly malignant brain neoplasms that are

most common within the first two years of life. They can
occur almost anywhere in the spine or brain, especially in

the subarachnoid spaces. They are more common in the
supratentorial compartment than previously thought,
and can even occur in unusual locations such as the velum
interpositum, as this case demonstrates. The rapid vas-
cular proliferation and invasive nature of these and other
neonatal tumors may lead to spontancous hemorrhage,
which in rare cases may mask the underlying tumor. Dil-
igent and persistent effort should be made with serial im-
aging studies to ensure that the neoplasm is discovered
and treated as early as possible. Long term survival with
ATRT is possible in some cases with aggressive adjuvant
therapy.
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