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INTRODUCTION

Teratomas are tumors composed of tissues originating from all
three germ cell layers (Kumar et al., 2005). Primary central nervous
system (CNS) teratomas are rare, and can manifest as an intracra-
nial and/or spinal lesions (Smoker et al., 1986; Agrawal etal., 2010).
Primary CNS teratomas, similar to other germ cell tumors, usually
arise in midline structures (Schild et al., 1996; Kumar et al., 2005).
A higher prevalence of these tumors is observed in the Far East
(Jennings et al., 1985; Suh et al., 2002). These tumors occur mostly
in the first and second decade of life, although age distribution
from birth to the sixth decade of life has been reported (Ho and
Liu, 1990; Agrawal et al., 2010).

Teratomas are classified as mature, immature, or teratomas with
malignant transformation (Love et al., 2008). Mature teratomas
have fully differentiated ectodermal, mesodermal, and endoder-
mal tissues. Presence of undifferentiated tissues resembling fetal
tissues defines teratoma as immature. Malignant transformation
of teratoma include squamous cell carcinoma (Matsutani et al.,
1997), adenocarcinoma (Freilich et al., 1995), rhabdomyosarcoma
(Bjornsson et al., 1985), leiomyosarcoma (Skullerud et al., 1995),
and erythroleukemia (Heimdal et al., 1991) among others.

Clinical presentation depends on tumor location. Common
presenting symptoms are headaches, visual disturbances, and
other manifestations of raised intracranial pressure (ICP; Ropper
and Samuels, 2009). Definitive diagnosis requires histopathologi-
cal confirmation.

We are reporting a case of a young man with primary ter-
atocarcinoma disseminated to the posterior fossa and spinal
leptomeninges.

CASE

A 37-year-old man presented to another institution with gener-
alized headaches associated with nausea and vomiting. He had
no photophobia or phonophobia, double or blurred vision, limb
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weakness, or numbness. He drank an average of 6 L of water daily
and had marked polyuria.

Magnetic resonance imaging (MRI) of the brain with and
without contrast was unremarkable. Initial cerebrospinal fluid
(CSF) analysis was normal (Table 1). Three months after onset
of symptoms, he had worsening headaches along with posterior
neck pain and vomiting. He was admitted to his local hospital.
Unenhanced computed tomography (CT) showed hydrocephalus.
ICP was 28 cm of CSE. An emergent external ventricular drain
(EVD) was placed. CSF analysis from the EVD was unremarkable
(Table 1). His headaches improved and a ventriculo-peritoneal
(VP) shunt was placed the following day. A supratentorial convex-
ity dural and leptomeningeal biopsy was done, but no definitive
diagnosis was reached.

A few months later his symptoms recurred. He again had
severe, generalized headaches, recurrent vomiting, and binocu-
lar horizontal diplopia. CT head without contrast showed the
VP shunt in proper place (Figure 1). CSF showed a protein con-
tent of 1217 mg/mL. CSF glucose was undetectable. Rheumatology
consult suggested a possible autoimmune disorder, since he had
positive ANA and SS-B antibodies. However, SS-A, Jo-1 anti-
body, anti-protease 3, anti-myeloperoxidase, Smith antibody, RNP
antibody, SM/RNP antibody, Scl-70, dsDNA antibody, riboso-
mal P Protein antibody, chromatin antibody, and anti-centromere
antibody were unremarkable. CT chest/abdomen/pelvis with and
without contrast showed a right kidney simple cyst and no adrenal
masses.

Two months later, 10 months after initial presentation, he
again complained of headaches, vomiting, and horizontal binoc-
ular diplopia. MRI showed findings suggestive of communicating
hydrocephalus (Figure 2). A CSF protein content of 491 mg/mL
and a CSF glucose of 66 mg/mL were noted this time (Table 1).
He had revision of the VP shunt and another shunt was placed,
this time in the fourth ventricle. He also received dexamethasone.
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Table 1 | Temporal profile of CSF analysis.

Time June 2010 September 2010 March 2011 May 2011 June 2011
Opening pressure Not recorded 28cm CSF Not recorded Not recorded Not recorded
Color Colorless Colorless Xanthochromic Xanthochromic Xanthochromic
WBCs 2/mm3 1/mms3 11/mm?3 1/mm3 4/mm3

RBCs 102/mm? 601/mm? 31/mm? 313/mm3 3025/mm?
Glucose 75 mg/mL 61 mg/mL 0mg/mL 66 mg/mL 44 mg/mL
Protein 26 mg/mL 22 mg/mL 1217 mg/mL 491 mg/mL 1201 mg/mL
Bacterial culture No growth Not available Not available Not available Not available
Fungal culture No growth Not available Cryptococcus: negative Not available Not available
AFB culture No growth Not available Not available Not available Not available
HSV Ab Negative Not available Not available Not available Not available

FIGURE 1 | Axial CT head, 8 months after onset of symptoms, showed
aVP shunt in place.

Several days later, he was noted to have bilateral sixth and seventh
cranial nerve palsies, bilateral lower extremity weakness, unsteady
gait, and urinary retention. Repeat CSF analysis showed a CSF
protein content of 1201 mg/dL and a CSF glucose of 44 mg/dL
(Table 1).

The patient was then transferred to our institution. Upon
arrival, neurologic examination was remarkable for bilateral sixth
cranial nerve (CN VI) and lower motor neuron seventh cranial
nerve (CN VII) palsies as well as asymmetric lower extremity
paraparesis. A Foley catheter was placed. MRI of the entire neuro-
axis with and without contrast showed diffuse leptomeningeal
enhancement of the basal cisterns and posterior fossa, as well
as leptomeningeal enhancement throughout the spinal cord with
loculated fluid collection in subdural space causing distortion and
compression of the spinal cord (Figures 3 and 4).

Because his paraparesis had progressed within hours of admis-
sion, emergent neurosurgical decompression of the spinal lesion

FIGURE 2 | Axial T2 FLAIR image demonstrates mild ventriculomegaly
with periventricular signal abnormality consistent with acute
hydrocephalus.

was undertaken. Histological analysis of the surgical specimen
designated as “arachnoid and subdural material” showed por-
tions of cartilage, soft tissue with hair follicles, a cyst lined
with malignant epithelial cells consistent with a teratocarci-
noma.

CT chest/abdomen/pelvis showed a 5cm right kidney sim-
ple cyst. Serum alpha fetoprotein (AFP) and B-human chori-
onic gonadotropin (B-HCG) were normal. A PET scan was
unremarkable. Oncology and radiation therapy were consulted.

The patient developed labile blood pressure and bilateral lower
extremity deep venous thrombosis, and died within days of pul-
monary embolism despite therapeutic heparinization and inferior
vena cava (IVC) filter placement.
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At autopsy a large thrombus was found in the right pulmonary
artery. Brain examination showed the leptomeningeal involvement
by a contiguous white, “icing-like” plaque. The leptomeninges at
the base of the brain were filled by white—yellow, firm, granular,
thickened membranes causing mass-like effect at the ventral sur-
face of the midbrain, and pons. Examination of the spinal cord
at the previous surgical site showed white plaques attached to
the dura ranging in size from 0.1 to 0.2 cm. The leptomeningeal
space of the entire spinal cord was filled with dull, white, “icing-
like” membrane (Figure 5). The same white—yellow membranous

FIGURE 3 | Sagittal T1 post-contrast MRI of the cervical spine shows
diffuse leptomeningeal enhancement in the posterior fossa and
cervical spine.

FIGURE 4 | Sagittal T1 post-contrast image of thoracic spine
demonstrates loculated fluid collection in subdural space (arrows)
with mass effect on the cord.

structure encased the cauda equina with significant edema of the
lumbar spinal cord. Immuno-histochemical analysis of the surgi-
cal specimen showed that the epithelial component was positive
for pankreatin, vimentin, p63, B-HCG as well as focally for S-100
(Figure 6), and negative for TTF-1, CK7, CK20, CDX-2, AFP, and
mucin.

FIGURE 5 | (A) Gross photo of the base of the brain showing “icing-like”
leptomeningeal thickening over the midbrain, pons, and medulla (circle). (B)
Gross photo of the spinal cord with similar leptomeningeal, “icing-like”
thickening over the surface of the spinal cord.

e LA AR

FIGURE 6 | (A) Epithelial component (low power). (B) Epithelial component
(high power). (C). Epithelial component with squamous differentiation (low
power). (D) Hair follicle component (low power). (E) Mesenchymal/
cartilaginous component (low power; insert: high power). (F) p63
immunoperoxidase staining of the epithelial component (high power).
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DISCUSSION

Our patient had leptomeningeal spread of a teratocarcinoma.
Since no neoplasm was found outside of the cranium or spinal
cord, a diagnosis of primary CNS teratocarcinoma was made.
In a series of 254 teratomas from 1928 to 1982, only nine CNS
teratomas were identified (excluding those involving the sacro-
coccygeal region). Five were intracranial and four were spinal
(Tapper and Lack, 1983). Data on primary CNS teratomas at the
Nizam’s Institute of Medical Sciences in India showed a total of 14
teratomas; 6 were intracranial and 8 were spinal (Agrawal et al,,
2010).

The origin of CNS germ cell tumors, including teratomas, is as
yet unresolved. Three mechanisms have been proposed: neoplastic
transformation of normal CNS germ cells, development of ectopic
germ cell nests, or migration of germ cells to the CNS later in life
(Love et al., 2008).

Serum AFP and B-HCG are routinely obtained in patients
with suspected germ cell tumors. Marked elevation of AFP cor-
responds with histopathological presence of a yolk sac com-
ponent within the germ cell tumor. A moderate elevation
might point toward teratoma with enteric tissue component.
Increased B-HCG suggests choriocarcinoma, mixed germ cell
tumors, or germinomas (Hoffman et al., 1991; Love et al,
2008).

Marked elevation of the CSF protein content with decreased
glucose content suggests a highly metabolic process like a neo-
plasm or a disseminated infection. A CSF protein content above
1000 mg/dL, consistent with a Froin syndrome, suggests blockage
of CSF flow.

In our patient, initial radiologic studies were unremarkable
and we suspect, probably contributed to the delayed diagno-
sis at his local hospital. Teratomas commonly present as cystic
lesions, with different tissue components including fat, soft tissue,
and calcifications being radiographic hallmarks. They are usually
heterogeneous on T1weighted images, with increased signal from

fatty components and variable signal due to calcification. On T2
weighted images, soft tissue portions are isointense to hyperin-
tense. Gradient echo signal is decreased in areas of calcification,
while the soft tissue components of the teratoma enhance fol-
lowing contrast administration (Osborn et al., 2004; Love et al,,
2008).

Definite diagnosis requires immunohistopathological analysis.
A number of genetic and immuno-histochemical markers point
toward immaturity of teratomas including: Sox2 gene expression,
nestin, and vimentin (Phi et al., 2007; Sakurada et al., 2008). Our
patient’s specimen showed tissues of all three germ cell layers and
tested positive for vimentin.

Main treatment option for primary CNS teratomas consists
of surgical resection (Ventureyra, 1981; Sawamura et al., 1998).
In instances of mature teratomas, and in some cases of imma-
ture teratomas, complete resection is possible and curative. In
cases of incomplete resection of immature teratomas, as well as in
cases of teratomas with malignant transformation, radiation ther-
apy, and chemotherapy are advised (Ling et al., 1993; Phi et al,,
2005).

The prognosis of primary CNS teratomas depends on the his-
tological type. Patients with mature teratomas have a reported
survival rate >90% after 10years, following complete surgi-
cal resection of the tumor (Matsutani et al., 1997). Teratomas
with malignant transformation carry a worse prognosis, with
a reported survival rate <10% after 1year (Sawamura et al,
1998).

There is a reported case of malignant transformation of an
intracranial large epidermoid cyst with leptomeningeal carcino-
matosis (Kano et al., 2010) as well as intradural squamous cell
carcinoma of the sacrum which developed into a posterior fossa
“leptomeningeal carcinomatosis-like spread” (Fukushima et al.,
2009). However, we are unaware of a case of leptomeningeal car-
cinomatosis involving the posterior fossa and spinal cord due to a
primary CNS teratocarcinoma.
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