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a b s t r a c t 

Atypical teratoid rhabdoid tumor (AT/RT) is a highly malignant central nervous system em- 

bryonal tumor, which typically affects the posterior fossa of young children. Primary diffuse 

leptomeningeal AT/RT, affecting the leptomeninges without any intraparenchymal mass in 

the brain and spinal cord, is an extremely rare form of AT/RT. Only 5 such cases have been re- 

ported previously, none of which underwent Fluorine-18-Fluorodeoxyglucose Positron Emis- 

sion Tomography (FDG-PET). We herein report a case of primary leptomeningeal AT/RT in 

an adolescent patient who underwent computed tomography, magnetic resonance imag- 

ing and FDG-PET. The computed tomography and magnetic resonance imaging indicated 

diffusely thickened leptomeninges without any intraparenchymal masses in the head and 

spine. Furthermore, there were multiple nodules on the thickened leptomeninges. On FDG- 

PET, the thickened leptomeninges and nodules demonstrated a lower standardized uptake 

value than that of the normal cerebral cortex. Biopsy and histopathological studies con- 

firmed the diagnosis of AT/RT. Despite its rare occurrence, it is important to recognize pri- 

mary diffuse leptomeningeal AT/RT for correct diagnosis and management of patients. 
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Introduction 

Atypical teratoid rhabdoid tumor (AT/RT) is a highly malig-
nant central nervous system (CNS) embryonal tumor, classi-
fied as grade IV in the fourth edition of the WHO classification
for CNS tumors [1] . A loss of switch/sucrose non-fermentable
(SWI/SNF) -related matrix-associated actin-dependent regula-
tor of chromatin subfamily B member 1 (SMARCB1) expression
follows the loss of nuclear Integrase Interactor 1 (INI1) activity,
resulting in AT/RT occurrence [2] . Characteristic histological
findings include varying proportions of rhabdoid cells, which
are negative for INI1 immunohistochemical staining [2] . It typ-
ically affects children younger than 3 years old [3] , and rarely
occurs in adolescents and adults, of which only 75 cases have
been reported previously [4] . 

Common sites for typical AT/RT include the cerebellar
hemispheres, brainstem and cerebellopontine angle, whereas
the sellar region and cerebral hemispheres are common for
the AT/RT in adults [ 4 ,5 ]. Leptomeningeal dissemination is
common in typical AT/RT, initially confirmed in one third of
AT/RT patients [6] . However, it is extremely rare for AT/RT to
primarily affect the leptomeninges. This is termed as primary
diffuse leptomeningeal AT/RT . There have been only 5 previ-
ously reported cases of primary diffuse leptomeningeal AT/RT
[ 2 ,3 ,7 ,8 ]. 

We herein present a case of primary diffuse lep-
tomeningeal AT/RT in an adolescent patient with the imaging
findings of computed tomography (CT), magnetic resonance
imaging (MRI) and Fluorine-18-Fluorodeoxyglucose Positron
Emission Tomography (FDG-PET). 
Fig. 1 – (A) The non-contrast enhanced CT demonstrates an iso- 
frontal lobe (black arrow). (B, C) The right frontal lobe demonstra
hyperintensity on T2WI and slight hypointensity on T1WI (black
indicating hemosiderin deposition on T2 ∗WI (black arrow). (E, F)
restricted diffusion, indicating mixed cellularity (black arrow). (G
thickened leptomeninges with multiple contrast-enhanced nodu
is also on the thickened leptomeninges, protruding into the brai
is also in the right auditory canal and the left sphenoid ridge (w
demonstrates a diffusely and irregularly thickened leptomeninge
Case presentation 

A 16-year-old female with no significant medical or family his-
tory presented with dizziness, frequent vomiting, and weight
loss. After right hearing loss and blurred vision appeared 4
months after the onset of symptoms, she was referred to our
hospital for a thorough examination. The neurological exam-
ination revealed a right-dominant, resting horizontal nystag-
mus, right facial nerve palsy, and right hearing loss. She also
complained of a headache with head motion. Neck stiffness
was not apparent. 

The non-contrast enhanced cerebral CT showed an iso- or
slightly hypodense nodule in the right frontal cortex, which
contained a highly attenuated focal region, suggesting the
presence of hemorrhage or calcification ( Fig. 1 A). The size of
the nodule was 7 × 5 mm. On the cerebral MRI ( Figs. 1 B-
H), contrast enhanced T1 weighted imaging (T1WI) demon-
strated thickened leptomeninges with strong enhancement in
the bilateral cerebral and cerebellar hemispheres. The nod-
ule in the right frontal lobe was in the leptomeninges, pro-
truding into the brain parenchyma. In addition, there were
multiple contrast-enhanced nodules in the thickened lep-
tomeninges, including in the right internal auditory canal.
The nodule protruding into the right frontal lobe demon-
strated heterogeneous hyperintensity on T2 weighted imag-
ing (T2WI), hypointensity on T1WI, and dense hypointensity
on T2 ∗ weighted imaging (T2 ∗WI), due to hemosiderin depo-
sition. Diffusion-weighted imaging (DWI) showed heteroge-
neously restricted diffusion with a mean apparent diffusion
coefficient (ADC) value of 0.9 × 10 −3 mm 

2 /sec, indicating high
or slightly hypodense area within the cortex of the right 
tes heterogeneous signal changes with iso- and slight 
 arrow). (D) There is hypointensity within the lesion, 
 DWI and the ADC map demonstrate heterogeneously 

, H) Contrast-enhanced T1WI demonstrates the diffusely 

les (black arrowheads). The nodule in the right frontal lobe 
n parenchyma (black arrow). The contrast-enhanced nodule 
hite arrows). (I) Contrast-enhanced Spinal MRI 
s (white arrowheads). 
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Fig. 2 – (A, B) The fusion images of FDG-PET and the head 

CT demonstrate a slightly lower FDG uptake compared to 

that of normal cerebral cortex, with a mean SUV of 3.51 
(white arrow). There are other lower FDG uptakes, due to 

thickened leptomeninges (white arrowheads). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

are needed to elucidate the mechanism. 
cellularity within the nodule. The adjacent cortex was hyper-
trophic and showed slight hypointensity on T1WI and slight
hyperintensity on T2WI. The spinal MRI also demonstrated
diffuse meningeal thickness with a slight irregularity in the
spinal cord ( Fig. 1 I). There were no intraparenchymal abnor-
malities in the brain or spinal cord. 

On FDG-PET, the mean standardized uptake value (SUV)
of the nodule protruding into the right frontal lobe was 3.51,
which was lower than that of normal cortex ( Fig. 2 ). There were
no findings suspicious for malignancy in the other sites. 

We initially considered the possibility of infectious menin-
gitis due to fungus or mycobacterium tuberculosis, lym-
phoproliferative diseases, including sarcoidosis or malignant
lymphoma, autoimmune diseases, diffuse leptomeningeal
glioneuronal tumor or metastatic tumor as a differential diag-
nosis. No evidence of infectious or autoimmune disease was
found by a detailed blood test. Seven days after the patient’s
arrival, we performed a biopsy on the nodule protruding into
the right frontal lobe by a partial craniectomy. Histological ex-
Fig. 3 – (A) Hematoxylin/Eosin (original magnification × 400) dem
eosinophilic cytoplasm and prominent nucleoli (black arrows). (B
demonstrated a diffuse loss of nuclear INI1 expression in tumor 
amination revealed marked leptomeningeal plaque-like infil-
tration by rhabdoid cells containing eosinophilic cytoplasm
and prominent nucleoli. Immunohistochemical staining re-
vealed a loss of INI1 expression in the nuclei, resulting in a
diagnosis of AT/RT ( Fig. 3 ). In addition, most tumor cells were
strongly positive for vimentin, α-smooth muscle actin ( αSMA),
and epithelial membrane antigen (EMA). A small number of
tumor cells expressed neurofilament protein. Glial fibrillary
acidic protein (GFAP), NeuN, and synaptophysin showed no
immunoreactivity. 

Remission induction therapy was started including
Methotrexate, Vincristine, Cyclophosphamide, and Etoposide.
However, on the sixth day after the start of treatment, the pa-
tient had status epilepticus and treatment was discontinued. 

Discussion 

Primary diffuse leptomeningeal AT/RT affects the lep-
tomeninges without an obvious intraparenchymal primary
lesion. There have been only 5 reported cases, based on
the literature search using the term of “primary diffuse
leptomeningeal atypical teratoid/rhabdoid tumor” in PubMed
without any language settings. The common imaging findings
of the previously reported 5 primary diffuse leptomeningeal
AT/RT cases was a smoothly thickened leptomeninges
[ 2 ,3 ,7 ,8 ]. However, in the present case, there was not only
thickened leptomeninges, but also multiple nodules on it.
Thus, to the best of our knowledge, this is the first case
of diffuse primary leptomeningeal AT/RT with multiple
nodular lesions. Furthermore, the nodule protruding into
the right frontal lobe, on which the biopsy was performed,
demonstrated CT and MRI findings similar to those of com-
mon AT/RT. The heterogeneously mixed density and signal
changes on CT and MRI, reflected solid components with high
cellularity, cystic degenerations, hemorrhages and calcifica-
tions [ 6 9 ,10 ]. It is unclear whether the nodular lesions were
derived from the thickened leptomeninges or a progressed
form of primary diffuse leptomeningeal AT/RT. More cases
onstrates that the tumor consisted of rhabdoid cells with 

) Immunostaining (original magnification × 400) 
cells, indicating a diagnosis of AT/RT. 
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In addition on FDG-PET, the nodule protruding into the
right frontal lobe demonstrated lower FDG uptake than that
of the adjacent normal cerebral cortex with the mean SUV of
3.51. To the best of our knowledge, this is also the first case of
primary diffuse leptomeningeal AT/RT, with FDG-PET imaging
findings. There has been only 1 previously reported AT/RT case
with FDG-PET, where the AT/RT formed a large intraparenchy-
mal mass in the right frontal lobe, and demonstrated much
higher FDG uptake than that of the normal cerebral cortex
[11] . Although, the lower SUV in our case might be underes-
timated due to only a thickened leptomeninges with multiple
nodules. Therefore, we cannot determine whether or not the
lower FDG uptake in primary diffuse leptomeningeal case is
typical findings. 

AT/RT is rare in adolescents and adults, and the com-
mon locations are the sellar region and cerebral hemispheres
[ 4 ,5 ,12 ,13 ]. It is interesting that the ages of primary diffuse lep-
tomeningeal AT/RT patients, including the present case, were
2, 1, 2, 17, 15 and 16 years old, a half of which are adoles-
cent patients [ 7 ,8 ,3 ,2 ]. The median age is 8.5 years old, which
is higher than that of typical AT/RT [1] . Therefore, the lep-
tomeninges could be a characteristic site of occurrence for
AT/RT in adolescents, in addition to the sellar region and cere-
bral hemispheres. As a patient ages, a greater variety of CNS
diseases are considered as a differential diagnosis, when we
find a thickened leptomeninges. Thus, recognition of this rare
AT/RT type is clinically important to avoid misdiagnosis and
guide the appropriate clinical management. 

Conclusion 

Here, we present a case of primary diffuse leptomeningeal
AT/RT in an adolescent patient. MRI demonstrated not only
a thickened leptomeninges, as previously reported, but also
multiple nodular lesions. A nodule protruding into the right
frontal lobe demonstrated CT and MRI findings similar to
those of typical intraparenchymal AT/RT, but with a lower SUV
than that of the adjacent cerebral cortex on FDG-PET. Despite
its rare entity, it is important to recognize primary diffuse lep-
tomeningeal AT/RT to avoid misdiagnosis and guide the ap-
propriate clinical management. 

Patient consent 

Informed consent was obtained from the patient featured in
this case report. 
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