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Sellar Atypical Teratoid/Rhabdoid Tumor Presenting with Subarachnoid and
Intraventricular Hemorrhage
Karam Asmaro1, Muzamil Arshad1, Lara Massie1, Brent Griffith2, Ian Lee1
-BACKGROUND: Atypical teratoid/rhabdoid tumors
(ATRT) are uncommon malignancies of the central nervous
system and are often difficult to distinguish radiographi-
cally and pathologically from other common tumors. We
present the first case of sellar ATRT presenting with
subarachnoid hemorrhage (SAH) and intraventricular
hemorrhage (IVH).

-CASE DESCRIPTION: A 62-year-old woman, who had
presented with symptoms of headache, diabetes insipidus,
hypothyroidism, and seizures, was found to have a sellar
tumor with hemorrhagic transformation. Surgical resection
was performed. The pathological examination findings
were consistent with ATRT. Despite early surgical
intervention, she later died before starting craniospinal
radiotherapy and chemotherapy.

-CONCLUSION: To the best of our knowledge, although
known to present with intratumoral hemorrhage, to date, no
cases of sellar ATRT have presented with SAH or IVH have
been reported. Considering our finding that ATRT can pre-
sent with SAH and IVH, establishing the correct diagnosis
using radiographic imaging, gender, pathological findings,
and molecular markers is paramount for speedy treatment
and management.
INTRODUCTION
typical teratoid/rhabdoid tumors (ATRT) of the central
nervous system (CNS) are commonly occurring aggressive
Atumors in children aged <3 years.1 However, in adults,
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the lifetime risk has been estimated at <1/1,000,000.2 On
microscopy, the tumors will appear to have features derived
from both the ectoderm and the mesoderm cell layers. ATRT is
diagnosed by identifying the molecular inactivation of either
INI1/SMARCB1 or BRG1/SMARCA4 chromatin remodeling complex
genes.3

Unlike childhood ATRT, for which the evidence has been
conflicting regarding the most common CNS sites,4 midline
structures such as the pineal and pituitary glands have tended to
be the common sites of adult ATRT.5 Furthermore, although
adult ATRT involving the cerebral hemispheres or the
cerebellum has been reported in both sexes, to date, sellar
ATRT has only been reported in women. Additionally, although
intratumoral hemorrhage is a known imaging feature seen in
both adult and pediatric ATRT, to the best of our knowledge,
subarachnoid hemorrhage (SAH) and/or intraventricular
hemorrhage (IVH) at presentation have not been previously
reported.6,7

In childhood ATRT, the median age at diagnosis has been
1.2e3.3 years, with a slightly increased prevalence in boys.5 In
children aged <6 months of age, ATRT has been the most
common malignant CNS tumor.8 The median survival has been
estimated to be w1 year, although the range has varied from 9
months to 10.6 years.9,10 An estimated 20% of cases will have
disseminated disease at the diagnosis.11 Thus, the diagnostic
workup should include cerebrospinal fluid analysis, magnetic
resonance imaging of the brain and spine, and renal
ultrasonography to assess for renal rhabdoid tumors.12,13 On his-
tological examination, ATRT will consist of a mixture of
neuroectodermal and rhabdoid cells which, using histological
findings alone, will make it difficult to distinguish from medul-
loblastoma, 1 of the main tumors that should be included in the
differential diagnosis.4

Although the prognosis is bleak, treatment should include
surgery and chemoradiotherapy. Unlike childhood ATRT, the
IVH: Intraventricular hemorrhage
SAH: Subarachnoid hemorrhage
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number of cases in adults has been much smaller. The prognosis
for patients with adult ATRT is more optimistic, with the
increased survival in adults and older children (age, >3 years)
hypothesized to be related to the use of multimodal therapy.14

Adult ATRT can be further divided into sellar and nonsellar
ATRT. Sellar ATRT is a much smaller subset of adult ATRT,
with 17 cases reported (Table 1). To date, sellar ATRT has only
been reported in females.
The presence of SAH and IVH has been reported in patients

with pituitary apoplexy and is caused by pituitary adenoma
or even a Rathke cleft cyst.29 More rarely, craniopharyngiomas,
metastatic cancers, and undifferentiated sarcomas have
been reported to cause SAH and IVH in a limited number
of cases.30 Finally, to the best of our knowledge, no other
cases of ATRT presenting with SAH and IVH have been
reported.
Table 1. Previous Cases of Reported Sellar Atypical Teratoid/Rhabdo

Investigator Age (years) Sex Treatm

Kuge et al.,15 2000 32 F Resec

Raisanen et al.,16 2005 20 F Resection, chem

Raisanen et al.,16 2005 31 F Resectio

Arita et al.,17 2008 56 F Resectio

Las et al.,18 2010 46 F NR

Schneiderhan et al.,19 2011 57 F Resec

Schneiderhan et al.19 2011 61 F Resec

Moretti et al.,20 2013 60 F Resectio

Park et al.,21 2014 42 F Resection, chem

Shitara et al.,22 2014 44 F Partial resection

Biswas et al.,23 2015 48 F Resec

Nobusawa et al.,24 2016 69 F Resection, chem

Almalki et al.,25 2017 36 F Resection, chem

Barresi et al.,26 2017 59 F Incomplete re

Nakata et al.,27 2017 21 F Resection, chem

Nakata et al.,27 2017 26 F Resection, chem

Nishikawa et al.,28 2018 42 F Resection, chem

Present patient 62 F Resec

F, female; RT, radiotherapy.
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CASE DESCRIPTION

A 62-year-old, right-handed white woman with no significant
medical history had presented to an outside hospital with com-
plaints of frontal headache, nausea, and double vision. The
headaches had been progressive in severity over several months
and were no longer amenable to over-the-counter sinus medica-
tions. Additional medical history provided by her husband
included the presence of polydipsia for the previous 2 months,
with her water intake increasing from 3e4 bottles/day to 15e20
bottles/day with associated polyuria, with frequent urination every
hour. She also reported sudden hearing loss on the right side that
had been present for 1 week before presentation.
The initial imaging study demonstrated a hyperdense sellar

mass with suprasellar extension, which, at first, was concerning
for a craniopharyngioma or pituitary macroadenoma (Figure 1). In
addition, a small amount of IVH was noted (Figure 1). The
id Tumor

ent Outcome

tion Spinal dissemination

otherapy, RT Local recurrence; alive 28 months after resection

n, RT Brain stem dissemination; died 9 months after resection

n, RT Brainstem þ spinal cord dissemination; died 23 months
after diagnosis

NR

tion Recurrence, treated by chemotherapy and RT; alive 6
months after resection

tion Recurrence, treated by second resection; died 3 months
after second resection

n, RT Lung metastasis; died 30 months after resection

otherapy, RT Alive at 2 years

, steroids, RT Dissemination to cerebellum, spinal cord and lung; died 17
months after resection

tion Recurrence, followed by second resection, chemotherapy,
and RT; leptomeningeal disease; died 6 weeks after
resection

otherapy, RT Alive at 2 years

otherapy, RT Alive at 3 years

section, RT Died 2 months after resection

otherapy, RT NR

otherapy, RT NR

otherapy, RT Hydrocephalus; died 11 months after resection

tion Rapid deterioration and hydrocephalus; died <2 months
after resection
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laboratory test results revealed the presence of diabetes insipidus
and hypothyroidism, and she, subsequently, started desmopressin
and levothyroxine. Several days after her admission, her clinical
condition worsened, she developed a seizure and a sixth nerve
palsy and was transferred to our hospital for escalation of care.
On arrival, she was found to have left lateral gaze palsy and

sensorineural hearing loss on the right side but was otherwise
intact. The formal ophthalmological examination revealed
Figure 1. (A, C, and D) Nonecontrast-enhanced
computed tomography scan of the head showing a
hyperdense sellar and suprasellar mass (solid arrows).
(B) A small amount of intraventricular hemorrhage was

WORLD NEUROSURGERY 123: e31-e38, MARCH 2019
significantly decreased acuity in the left eye with relative afferent
pupillary defect and a partial abducens nerve palsy. The left eye
showed evidence of lagophthalmos. Formal Humphrey visual
fields showed severely affected fields in the left eye and significant
field loss inferiorly more than superiorly and more temporally than
nasally in the right eye. The nerve margins were blurred in both
eyes, and optical coherence tomography demonstrated mildly
supranormal peak inferiorly in the right eye.
noted within the occipital horn of the right lateral
ventricle (dotted arrow). (D) In addition, a blood-fluid
level is evident in the sellar component (arrowhead).

www.journals.elsevier.com/world-neurosurgery e33
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At that time, magnetic resonance imaging was repeated, again
demonstrating a sellar and suprasellar mass (Figure 2). It was
difficult to discern whether these represented a single lesion
with 2 components or 2 separate lesions. Contrast-enhanced
magnetic resonance images demonstrated some leptomeningeal
enhancement. The sellar component of the lesion demonstrated a
small internal blood fluid level. The mass resulted in compression
of the optic chiasm, with significant edema within the optic
chiasm and optic tracts. The radiographic differential diagnosis
was narrowed down to metastasis, lymphoma, or, possibly, ger-
minoma, given the presumed multiplicity. Atypical pituitary
macroadenoma and craniopharyngioma were also considered.
Computed tomography (CT) angiography was obtained given the
evidence of SAH and IVH; however, the results were negative,
attributing those findings to hemorrhage from the tumor.
A plan was coordinated with the endoscopic otolaryngology

team for transsphenoidal resection. However, the patient became
acutely decompensated on hospital day 4. She was confused and
had experienced another seizure, despite having been on antiep-
ileptic therapy. An immediate head CT scan showed interval
rupture of the suprasellar component, with moderate amounts of
Figure 2. Magnetic resonance imaging studies of the brain and sella.
Coronal and sagittal T1-weighted sequences (A, D) before and (B, E) after
the administration of intravenous contrast demonstrating a T1-weighted
isointense and heterogeneously enhancing sellar mass (short white arrow)
with either a separate lesion or a second suprasellar component (long

e34 www.SCIENCEDIRECT.com WORLD NE
hemorrhage within the interpeduncular cistern and extension into
the lateral, third, and fourth ventricle with mass effect and edema
involving the cerebral peduncle and midbrain (Figure 3).
Obstructive hydrocephalus was also present, with diffuse
dilatation of the bilateral lateral and third ventricles. She was
taken to the operating room emergently for resection of the
mass using a transcranial right subfrontal approach and external
ventricular drain placement (Figure 4). The pathological
examination revealed a malignant epithelioid neoplasm
consistent with sellar atypical teratoid/rhabdoid tumor
(SMARCB1/INI1-deficient suprasellar tumor; Figure 5).
The patient was eventually discharged to rehabilitation but

presented again with a progressively worsening mental status. A CT
scan of the head revealed hydrocephalus, and a ventriculoper-
itoneal shunt was placed. Despite aggressive interventions, the
patient died <2 months after the initial diagnosis.
DISCUSSION

To the best of our knowledge, we report the first case of a sellar
ATRT presenting with SAH and IVH. Consistent with the reported
white arrow). Note the mass effect on the optic chiasm (dotted arrow) and
blood-fluid level in the sellar lesion (black arrowhead). Axial (C) T2-weighted
and (F) fluid-attenuated inversion recovery sequences showing marked
edema along the optic tracts (arrows) with evidence for intraventricular
hemorrhage (dotted arrow) and subarachnoid hemorrhage (circle).
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Figure 3. (A, B) Nonecontrast-enhanced computed
tomography scan of the head again demonstrating the
mass but with interval rupture and hemorrhage. (C, D)

The hemorrhage appears to extend into the
interpeduncular cisterns and third ventricle with early
signs of obstructive hydrocephalus.
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data, our case of sellar ATRT was in a woman. However, owing to
the rapid progression, we were unable to provide craniospinal
radiotherapy or chemotherapy. The protocols for adult ATRT have
recently been developed and are similar to the treatment protocols
used for childhood ATRT.
Although the prognosis for childhood ATRT is bleak, treat-

ment should include surgery and chemoradiotherapy. Surgical
resection provides an opportunity to place a ventriculoperitoneal
shunt and a reservoir for delivery of chemotherapy. The extent of
surgical resection on survival has not produced consistent
results4 and requires further investigation. Adjuvant
chemotherapy is a critical component of ATRT management,
WORLD NEUROSURGERY 123: e31-e38, MARCH 2019
and 2 protocols have served as guides to treatment in the
reported data: Children’s Cancer Group 9921 and Intergroup
Rhabdomyosarcoma III regimen 36. Children’s Cancer Group
9921 uses a 4-drug combination, with a 42% overall response
rate.31 Intergroup Rhabdomyosarcoma III regimen 36, originally
developed for rhabdomyosarcoma, consists of 7
chemotherapeutic agents plus 3 intrathecal drugs.32 More
details on the various combinations of chemotherapy agents,
based on these protocols, have been previously reported.4

Finally, radiotherapy has also been used to control both
primary ATRT and disseminated disease, although the use of
radiotherapy has been limited in children aged <3 years.
www.journals.elsevier.com/world-neurosurgery e35
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Figure 4. (AeC) Postoperative computed tomography scan of the head
demonstrating interval debulking of the suprasellar component of the
hemorrhagic lesion with a small amount of residual soft tissue within the
sella (arrow). Postoperative changes, including frontal craniotomy and

intraventricular air (dotted arrow), are noted. (DeF) Postoperative magnetic
resonance imaging studies of the brain also showing a small residual sellar
component (arrow) with debulking of the suprasellar component (circles)
and residual intraventricular hemorrhage (dotted arrows).
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Details on the dose range, fractionation schemes, and other
factors have been previously reported.4 This intense multimodal
treatment has been reported to increase overall survival in
children aged >3 years.14,33

Recently, a multimodal treatment protocol, the Medical
University of Vienna ATRT protocol, has been proposed. The
protocol consists of 37 weeks of chemotherapy, including
vincristine, methotrexate, ifosfamide, cisplatin, etoposide, cyclo-
phosphamide, doxorubicin, thiotepa, and carboplatin. Some of
these agents can also be delivered intrathecally. Chemotherapy
was followed by 3-dimensional conformal radiotherapy during
weeks 37e43, with 1.8 Gy/fraction to a total of 54 Gy.34

As previously stated, sellar ATRT has only been reported in fe-
males. Unlike other female cancers, such as breast and endometrial
e36 www.SCIENCEDIRECT.com WORLD NE
cancer, the age at diagnosis has not been skewed toward older pa-
tients, suggesting that sellar ATRT might not be related to the
lifetime exposure to hormones.27 Sellar ATRT is not the only cancer,
in a nonsexual organ, that has demonstrated a female
preponderance. Nakata et al.27 noted that a similar pattern can be
observed in mucinous cystic neoplasms of the pancreas and
retroperitoneal and mesenteric mixed epithelial stromal tumors of
the kidney, which have also demonstrated a female
preponderance and occur in nonesex-related organs. Although
the number of cases reported was small, Nakata et al.27 reported
that sellar ATRT demonstrates a vascular pattern different from
that of nonsellar ATRT and have suggested that sellar ATRT
might represent a distinct genetic and histopathological variant of
adult ATRT with a different demographic profile.
UROSURGERY, https://doi.org/10.1016/j.wneu.2018.10.198
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Figure 5. (A) Microscopic image showing a malignant
neoplasm arranged in sheets and nests in collagenous
stroma and associated with pools of extravasated
blood. The neoplastic cells were round to oval with
eosinophilic to clear cytoplasm and large nuclei with
vesicular chromatin, prominent eosinophilic nucleoli,

and irregular nuclear contours. The neoplastic cells had
the following immunophenotype: positive cytokeratin,
positive epithelial membrane antigen, positive smooth
muscle actin, and positive CD34 (images not shown).
(B) Of note, no nuclear expression was found of INI1
(SMARCB1) in the tumor cells.
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CONCLUSION

According to previous research, the histopathological pattern of
sellar ATRT, in particular, their vascularity, appears to be
different from ATRT found in different locations, suggesting a
different and distinct variant. To date, a small number of cases
of sellar ATRT have been reported; however, all were found in
females. We present the first case of a patient with sellar
WORLD NEUROSURGERY 123: e31-e38, MARCH 2019
ATRT presenting with SAH and IVH. We suggest that for
female patients with a sellar mass and hemorrhage, ATRT
should be included in the differential diagnosis, with
aggressive diagnosis and treatment warranted. The diagnosis of
ATRT has been typically delayed by the rarity and difficulty in
achieving the appropriate diagnosis, especially in the adult
population.
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