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Abstract
Atypical teratoid/rhabdoid tumors  (AT/RTs) of infancy are highly malignant central nervous system 
neoplasms that are most commonly seen during the first 2  years of life with limited therapeutic 
options. To date, only two cases have been described in the lateral ventricle. A 4‑year‑old boy 
presented with a 4‑month history of increased intracranial pressure. Cerebral magnetic resonance 
imaging  (MRI) revealed a huge intraventricular tumor, occupying the entire temporal horn and the 
body of the left lateral ventricle. The boy was operated through a left temporal transventricular 
approach with gross total removal of the lesion. The histopathological diagnosis was an AT/RT. The 
infant underwent adjuvant chemotherapy and radiation therapy. The 1‑year MRI of control showed 
a local recurrence of the tumor. Then after, Gamma Knife radiosurgery was performed because of 
the small volume and the deep location of the lesion. At the 3‑month follow‑up, the MRI showed a 
significant growth of the tumor volume, and the child was given additional adjuvant chemotherapy. 
Unfortunately, he died 9 months later. AT/RT of the lateral ventricle is a very rare tumor in children, 
associated with a poor prognosis in spite of multimodal treatment. Gamma knife surgery (GKS) was 
rarely reported as a treatment modality of AT/RT. The aim of this work is to discuss about the rarity 
of this tumor and the best treatment strategy to improve prognosis.
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Introduction
Atypical teratoid/rhabdoid tumor(AT/RT) is 
a rare, highly aggressive tumor of embryonic 
origin, comprising approximately 3% of 
pediatric brain tumors and 10% of central 
nervous system  (CNS) tumors in infants, 
with technical difficulties in total excision.[1]

Overall, these tumors are usually seen 
in the cerebellum or the cerebrum, with 
an extremely rare incidence in the lateral 
ventricle. To date, only two cases were 
reported in the pediatric population.[2,3] 
Their characteristics of fast growth, speedly 
mortal development, young age at diagnosis, 
and propensity to disseminate through the 
cerebrospinal fluid pathways all contribute 
to the poor prognosis characterizing these 
tumors.[4,5]

Herein, we report a lateral ventricle 
AT/RT in a child. The aim is to highlight 
the radiological features of this rare tumor 
and to underline the difficulties faced in its 
management and surgical decision‑making. 
Currently, there are no guidelines about the 
optimal management of AT/RT. However, 

multimodal treatment including surgery, 
chemotherapy, and radiation therapy 
is advocated. Nowadays, stereotactic 
radiosurgery  (SRS) could represent a 
safe and effective treatment option for 
AT/RT, which aims to prolong survival and 
improve the quality of life of patients.

Case Report/Case Description
A 4‑year‑old boy, with an unremarkable 
past medical history, presented at our 
department complaining of 4‑month history 
of increased intracranial pressure, without 
associated motor deficit, seizures, sensory 
loss, or fever.

On examination, the patient was fully 
conscious; pupils were equal and reactive 
to light bilaterally. The patient has had a 
normal tone and brisk deep tendon reflexes 
with no neurological deficit. Moreover, 
there was bilateral papilledema with no 
other cranial nerve involvement. Cerebral 
magnetic resonance imaging (MRI) revealed 
a huge intraventricular tumor, occupying 
the entire temporal horn and the body of the 
left lateral ventricle. This lobulated mass 
lesion  (measuring approximately 48  ×  mm 
47  mm  ×  57  mm), with heterogeneous 
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signal intensity, necrotic area, and contrast enhancement, 
was involving the inner wall of the lateral ventricle and 
extending to the mesiotemporal lobe [Figure 1].

The tumor was totally removed through a transtemporal 
transventricular approach. Intraoperatively, the lesion was 
soft, pink–gray in color, containing fleshy masses, and 
areas of hemorrhage and necrosis.

The histological study revealed sheets and clusters of 
undifferentiated small cells and rhabdoid cells, along with 
a mixture of epithelial components. There were areas 
showing typical rhabdoid cells with intracytoplasmic 
eosinophilic inclusions. Immunohistochemistry showed the 
loss of expression of nuclear integrase interactor 1  (INI1). 
Furthermore, both vimentin and epithelial membrane 
antigen (EMA) were positive [Figure 2].

The patient recovered well postoperatively without new 
neurological deficits. Cerebral MRI of control, performed 
6 months later, showed no visible remaining tumor [Figure 3]. 
In addition, chest and abdominal computed tomography scan 
was negative for tumor, as was the whole‑body bone scan, 
leaving the brain as the lone site of the disease. Spinal MRI 
was also negative for drop metastasis.

After the surgical resection, the patient received 
adjuvant radiotherapy  (36  Gy/20 fractions/4  weeks) 
to the entire neuraxis associated to local 
boost  (20  Gy/10 fractions/2  weeks) and four cycles of 
chemotherapy (cisplatin, cyclophosphamide, and vincristine). 
At the 1‑year follow‑up, the child was neurologically intact 
and meeting normal developmental milestones.

However, 1‑year follow‑up cerebral MRI showed local 
recurrence of the tumor  [Figure  4a]. Radiosurgery gamma 
knife  (GKS) was decided because of the small volume 
and the deep location of the lesion. The volumes of buds 
were, respectively, 2.1 cm3, 467 mm3, and 155 mm3; the 
treatment dose was 20  Gy at 50% isodose. Six months 
after GKS, the clinical outcome was good, and cerebral 
MRI demonstrates a significant reduction of the 
tumor [Figure 4b].

At the 9‑month follow‑up GKS, the MRI showed a 
massive growth of the tumor volume, and the child was 
referred for additional adjuvant chemotherapy  [Figure  4c]. 
Unfortunately, he died 11  months after GKS, 23  months 
after tumor relevance.

Discussion
CNS AT/RT was first defined as a distinct clinical entity in 
1987.[1] However, it was recognized as embryonal Grade IV 
neoplasm by the World Health Organization in 1993  (14) 
and distinguished from primitive neuroectodermal tumors 
by Rorke et al. in 1996.[6] Over the past few years, 
AT/RT has been increasingly recognized as an important 
tumor type in infants and children.[7]

AT/RT accounts for 1%–2% of overall pediatric CNS 
tumors[8] and constitutes as many as 20% of all embryonal 
tumors. Approximately 70% of all cases arise in infants 
younger than 1  year of age and over  90% of cases 

Figure 2: Hypercellular neoplasm with nuclear pleomorphism (hematoxylin 
and eosin) and loss of nuclear integrase interactor 1 immunostaining

Figure  1: Axial cerebral magnetic resonance imaging in T1‑weighted 
sequences with gadolinium showing a huge lesion of the left lateral 
ventricle with heterogeneous enhancement and a significant mass effect 
to the midline

Figure 3: Contrast weighted T1 cerebral magnetic resonance imaging of 
control in axial (a) and coronal (b) view showing complete resection of the 
lesion with no residual tumor
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occur before 3  years of age. In addition, CNS AT/RT is 
predominantly seen in males, with a male‑to‑female ratio 
of 2.7:1.[9,10] Most reports suggest that the majority of 
AT/RT arise in the posterior fossa, with only about 40% 
of cases located in the cerebrum.[11] Furthermore, according 
to the previous reports, the most common location of 
AT/RT was the cerebellum, comprising up to 73% of cases 
in children under the age of 3  years,[1,12,13] and the less 
common site of this tumor within the CNS is the spinal 
cord.[9] In contrast, some recent studies have demonstrated 
that supratentorial AT/RT is slightly more frequent, with a 
ratio of supratentorial to infratentorial tumors of 1.3:1.[10,14]

In the supratentorial region, AT/RTs have been reported 
either in the cerebral cortex, the suprasellar area, and 
pineal region;[13,15,16] those originating in the suprasellar 
compartment and pineal region might involve the 
ventricular system by direct extension. The pure 
intraventricular location of this tumor is very rare. To the 
best of our knowledge, only two pediatric cases of lateral 
ventricle AT/RT have been described in the literature.[2,3] 
Indeed, Donovan et al. have reported the first AT/RT of 
the velum interpositum involving the lateral ventricle[7] and 
the second one which looks strongly at our reported 
case.[3] This uncommon location is challenging because 
of difficulties in surgical access and control of tumor 
vasculature and bleeding.

Overall, patients with AT/RT present with a short clinical 
history ranging from days to weeks with a median duration 
of 0.75  months.[14] Our patient had a 4‑month history of 
intracranial hypertension which might be explained by the 
ventricular location of the lesion.

Cerebral MRI is the imaging modality of choice for the 
diagnosis. On T1‑weighted sequences, the tumor appears 
isointense containing hyperintense areas due to intratumoral 
bleeding. However, the tumor is heterogeneous on 
T2‑weighted sequences, with a combination of hypointense 
to hyperintense areas, indicating a mixture of necrosis, 
hemorrhage, and cystic changes. Biswas et al.[2] found 
cystic changes and calcification in 73.3% and 40% of 
AT/RT tumors, respectively. In addition, MR spectroscopy 
of AT/RT typically shows elevated levels of choline and 
decreased N‑acetylaspartate. In our case, the enhanced 
T1 images showed heterogeneous enhancement of the 
tumor with intratumoral necrosis. Imaging characteristics 
are helpful in determining the differential diagnosis 
of common pediatric intraventricular tumors: choroid 
plexus tumors  (papillomas and carcinomas) and 
subependymal giant cell, primitive neuroectoderm tumor 
or craniopharyngioma.

The pathogenesis of AT/RTs is not clearly understood, 
but a pluripotent cell with the ability to diverge into 
epithelial/mesenchymal cells has been suggested. 
Histologically, a subset of tumor cells demonstrated 
rhabdoid morphology with eccentric nuclei, including 

features of neuroectodermal and mesenchymal cells 
displaced by abundant eosinophilic cytoplasm with 
eccentric nuclei.[6]

Currently, the most definitive diagnosis of AT/RTs is 
made by demonstrating the inactivation or deletion of 
SMARCB1/INI and loss of expression in tumor cell nuclei, 
along with focal positivity for EMA and smooth muscle 
actin, through immunohistochemistry or fluorescence in situ 
hybridization.[17] Recent molecular studies have revealed 
that in most AT/RTs, the INI1 (hSNF5/SMARCB1) gene is 
located in chromosome band 22q11.2;[1,18] the presence of 
the characteristic loss of INI1 immunoreactivity is crucial 
to the diagnosis.[3]

To date, no specific guidelines have been established in the 
management of AT/RTs. However, a multimodal approach 
including gross surgical resection coupled with focal 
RT associated or not to concurrent combined modality 
treatment (CMT) tended to improve the global prognosis of 
these lesions. Total resection remains often difficult owing 
to the large size of the tumor, surrounding infiltration of 
the brain structures, and young age at diagnosis. Studies 

Figure 4:  Gamma Knife radiosurgery for recurrent atypical teratoid rhabdoid 
tumor. (A1-a) Postoperative imaging follow‑up at 12 months showing a local 
recurrence of the tumor and the treatment GKS. (A2-b) A 6‑month follow‑up after 
GKS showing significant reduction of the tumor. (A3-c) A 12‑month follow‑up 
magnetic resonance imaging demonstrating a new relapse of the tumor

A1-a

A2-b

A3-c
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by Biswas  et al.[2] and Lafay‑Cousin et al.[15] demonstrated 
significant improvement in the overall survival rate 
after gross total resection, as was performed in our case, 
compared with subtotal/near‑total resection.

In addition, postoperative local RT with 54  Gy in 1.8  Gy 
daily fractions to the tumor bed with 1‑cm safety margins 
is a tolerable treatment for patients with cerebral AT/RT. 
However, combined treatment including focal craniospinal 
radiation with/without concurrent CMT tended to do better 
globally in relative terms.[8,19]

Indeed, aggressive CMT regimens have been described in 
the literature with wide‑ranging agents such as methotrexate 
solely or high‑dose chemotherapy  (HDC) combining 
diverse agents such as cyclophosphamide/topotecan, 
carboplatin/thiotepa, or cyclophosphamide/carboplatin/
thiotepa.[20] Moreover, neoadjuvant CMT has been 
shown to decrease intraoperative blood loss and tumor 
size; conversely, it increases fibrosis of the tumor as 
well as collagenization of blood vessels.[21,22] Recently, 
Casaos  et al. establish that ribavirin is effective against AT/
RT by decreasing tumoral cell growth and dissemination and 
could represent a new therapeutic option for children with 
this deadly disease.[5] In addition, intrathecal chemotherapy 
can also be pursued in young children  (<3  years old) or 
those with contraindications to radiotherapy. However, it is 
not as effective as CMT/RT combination.[14]

Nowadays, GKS seems to be a safe and effective 
treatment for AT/RT, even in the pediatric population.[23,24] 
In fact, Spina et al. results[22] are encouraging in terms 
of local control, even if they did not demonstrate that 
GKS is effective in controlling the systemic disease. 
Indeed, SRS can be used in case of recurrence or small 
and deep‑seated AT/RT lesions; it can be used also as a 
salvage modality in previously irradiated tumors and may 
provide a radiobiologic advantage. Hirth et al.[12] reported a 
patient who survived 6  years after receiving a multimodal 
treatment regimen of adjuvant CMT and radiosurgery.[17] 
Nevertheless, further studies are needed to demonstrate 
the efficiency of radiosurgery in managing AT/RT in the 
multimodal approach.

The median survival for AT/RT in infants is 
6–10  months,[2,4,19] but long‑term survival is possible in 
some cases with aggressive adjuvant therapy.[2,14,15,24,25,26] 
In our case, multimodal treatment including GKS has 
allowed a longer survival (23 months). Although numerous 
researchers suggested that gross total surgical resection 
associated to radiation and/or CMT were positive factors 
for better survival,[11,27] some reports showed that upfront 
radiation therapy did not confer survival benefits, and that 
HDC was more strongly associated with survival benefits 
than conventional therapy.[28] Finally, it is worthwhile 
to note that all of the aforementioned strategies have 
demonstrated marginal success in increasing patient 
survival, but the overall prognosis of AT/RTs remains poor.

Conclusion
Despite multimodal treatment strategies, AT/RT of the 
lateral ventricle in children remains extremely malignant 
with a very high rate of morbidity and mortality, 
elucidating the poor prognosis in most cases. Given its 
rarity and dismal outcome, this enigmatic tumor should 
be kept in mind in the differential diagnosis of malignant 
brain tumors, especially in childhood.
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