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BACKGROUND Chordomas, which are rare malignant neoplasms arising from notochordal remnants, often cause gradually progressive clinical
symptoms. Intradural cranial chordomas (ICCs) are extremely rare and generally have a favorable prognosis. However, the authors reported the case
of a primary ICC originating in the pineal gland presenting with recurrent thalamic hemorrhage and displaying an aggressive postoperative clinical
course.

OBSERVATIONS A 41-year-old man arrived at the emergency department with morning headaches and recurrent syncope that had lasted several
months. Computed tomography and magnetic resonance imaging (MRI) revealed a pineal gland mass causing obstructive hydrocephalus and a
subacute hematoma in the right thalamus. Three weeks after an endoscopic third ventriculostomy was performed, recurrent hemorrhage was observed
in the right thalamus. The tumor was promptly removed surgically. The yellowish-white tumor did not exhibit abundant bleeding. No evidence of
intratumoral hemorrhage around the hematoma pocket was found. Histopathological examination revealed the characteristics of a chordoma with
minimal vascularity. MRI performed 10 weeks postoperatively for worsening headaches revealed abnormal enhancement of multiple cranial nerves,
suggesting leptomeningeal seeding (LMS) of the tumor.

LESSONS Despite radiotherapy and intrathecal chemotherapy, the patient’s neurological status worsened; he died 2 years postoperatively. A pineal
ICC may cause recurrent thalamic hemorrhage and potentially fatal LMS, even in the early postoperative period.

https://thejns.org/doi/abs/10.3171/CASE21110
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Chordomas are rare malignant neoplasms that arise from noto-
chordal remnants along the axial skeleton1 and usually present with
gradually progressive clinical symptoms secondary to growth and
bone destruction.2 Approximately 50% of all chordomas occur in
the sacrococcygeal area, 30% occur in the skull base, and 20%
occur in the mobile spine.3 Intradural cranial chordomas (ICCs) are
extremely rare and mostly located in the prepontine and parasellar
areas.4 On the other hand, the prognosis of ICCs is generally better
than those of typical chordomas because their sharply circum-
scribed margins allow total excision.5,6 However, we report a rare
case of a primary ICC originating in the pineal gland, presenting
with recurrent thalamic hemorrhage and displaying an aggressive
postoperative clinical course.

Illustrative Case
Clinical Presentation

A 41-year-old man presented at the emergency department with
morning headaches and recurrent syncope that had lasted several
months. A computed tomography (CT) scan revealed a mass-like
lesion with eggshell-like high density of the pineal gland extending
to the right thalamus as a low-density lesion and resulting in
obstructive hydrocephalus (Fig. 1A). Magnetic resonance imaging
(MRI) revealed a tumor of the pineal gland, which appeared iso/
hypointense on T1-weighted imaging (WI) and hyperintense on T2-
WI with heterogeneous contrast enhancement. The lesion in the
right thalamus was identified as a subacute hematoma. A hypoin-
tense rim was also seen along the pineal tumor margin, especially
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along the anterior and right sides on T2-WI (Fig. 1B–D). Positron
emission tomography (PET) with 2-deoxy-2-[fluorine-18]fluoro-D-glu-
cose revealed a hypermetabolic lesion of the pineal gland. On the
other hand, the right thalamic lesion was identified as a metabolic
defect (Fig. 1E). Cerebrospinal fluid testing did not reveal any
abnormal findings. Based on these findings, the initial diagnosis
was a pineal parenchymal tumor with a rare tumor bleed.

Surgical Procedure
Initially, endoscopic third ventriculostomy (ETV) was performed to

resolve the obstructive hydrocephalus. Subsequently, resection of the
tumor was planned, and the patient was discharged. Three weeks after
the ETV, the patient presented at the emergency department again
with a sudden headache. A CT scan revealed a newly developed
hematoma at the site of the previous hematoma in the right thalamus
(Fig. 2A). Prompt surgery to remove the tumor was planned because
the tumor seemed to be the cause of the recurrent bleeding. MRI was
performed to aid in intraoperative navigation. Serial T2-WI revealed
narrowing of the right internal cerebral vein (ICV) and an acute phase
hematoma in the right thalamus (Fig. 2B and C).

The surgery was performed via an occipital transtentorial approach.
The tumor was yellowish white, and bleeding from the tumor was not
abundant. However, it was hard and tough and densely adhered to
both ICVs, especially on the right side. Thus, it could not be easily
removed either with a tumor forceps or with an ultrasonic aspirator. On
the right side of the tumor, the hematoma pocket in the right thalamus
was identified and evacuated. However, there was no evidence of

bleeding in the tumor itself around the hematoma pocket. A subtotal
resection was performed, leaving the anterosuperior part of the tumor
intact to save the bilateral ICVs (Fig. 3A).

Histopathological Findings
The gross histopathology revealed chords, sheets, and individual

cells with bubbly cytoplasm (physaliphorous cells) arranged in

FIG. 1. CT scan reveals a mass-like lesion with eggshell-like high density of the pineal gland extending to the
right thalamus as a low-density lesion (A). MRI shows a tumor of the pineal gland that appears iso/
hypointense on T1-WI (B) and hyperintense on T2-WI (C) with heterogeneous contrast enhancement (D).
The lesion in the right thalamus was identified as a subacute hematoma. E: PET with 2-deoxy-2-[fluorine-18]-
fluoro-D-glucose shows a hypermetabolic lesion of the pineal gland (arrow); the right thalamic lesion was
identified as a metabolic defect.

FIG. 2. A: CT scan shows a newly developed hematoma at the site of
the previous hematoma in the right thalamus. B and C: MRI was per-
formed for intraoperative navigation; serial T2-WI shows narrowing of
the lumen of the right ICV (yellow arrows) compared to that of the left
ICV (red arrows) and an acute phase hematoma in the right thalamus.
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lobules set within a myxochondroid background. Increased cellularity
and moderate nuclear polymorphism were also seen. Mitotic activity
and necrosis were not definitively identified. The diagnosis of chor-
doma or chondrosarcoma was initially considered. Immunohistochem-
istry revealed that the tumor cells were reactive for both S100 and
cytokeratin (Fig. 4). The final histopathological diagnosis was a chor-
doma with minimal vascularity and no definite evidence of intratu-
moral hemorrhage.

Postoperative Course
Proton beam radiotherapy was planned for treatment of the resid-

ual tumor, and the patient was discharged in the absence of any defi-
nite neurological abnormalities. Thereafter, the patient repeatedly
visited the outpatient clinic or the emergency department for a pro-
gressively worsening headache 6 weeks after the tumor resection. A
follow-up MRI performed 10 weeks after the surgery revealed interval
growth of the residual tumor (Fig. 3B) and abnormal enhancement of
the cranial nerves, including the bilateral third nerves, trigeminal
nerves, and facial nerves, suggesting leptomeningeal seeding (LMS)
of the tumor (Fig. 3C and D).

Whole-brain radiotherapy with a dose of 3,000 cGy was applied
in 10 fractionations with an additional boost of 2,000 cGy of radio-
therapy to the primary site. Next, the administration of intrathecal
methotrexate was commenced. After two trials of intrathecal metho-
trexate, whole-spine radiotherapy with a total dose of 4,000 cGy
was applied in 20 fractionations for the thoracolumbar area. A total
of 31 trials of intrathecal methotrexate was performed in 2 years,
and these procedures induced necrotizing leukoencephalopathy.

Despite the abovementioned treatments, including ventriculoperito-
neal shunting for controlling intracranial pressure, the patient’s neu-
rological status worsened, and he died 2 years after the tumor
resection.

Discussion
Observations
Pineal Chordoma and Recurrent Bleeding

The key finding in this case was that a pineal ICC may cause
recurrent thalamic hemorrhage and potentially fatal LMS, even in
the early postoperative period. ICCs are rare, and to date, only
approximately 60 cases have been reported.4 Moreover, ICCs of
the pineal gland are extremely rare. Only one case of a chordoma
of the pineal gland confirmed by autopsy has been reported, which
was initially diagnosed as a germinoma.7 Before initiation of involu-
tion at approximately the 6th or 7th week of embryonic life, the
notochord extends from the most caudal end of the vertebral col-
umn and terminates in what will develop into the dorsum sellae of
the skull base.1 Thus, the finding of a chordoma of the pineal gland
is unexpected. Rests of notochordal cells have been found in the
prepontine extradural space posterior to the clivus,8 which is consis-
tent with the spatial distribution of chordomas.1 Further research is
necessary to identify how far these notochordal vestiges can be
found in the brain.

The symptoms of intracranial chordoma vary with the location of
the lesion and its proximity to critical structures9 and gradually pro-
gress because of tumor growth and bone destruction. However,
although rare, cases of bleeding from a chordoma abruptly exacer-
bating neurological status have been reported.10–12 The cause of
tumor hemorrhage in such cases remains to be elucidated. Intratu-
moral hemorrhage in chordomas may result from the rupture of
thin-walled vessels, hemorrhagic necrosis due to rapid tumor
growth, or destruction of the dural vessels by tumor invasion.10,12

However, we could not identify any evidence of tumor bleeding dur-
ing surgery in this case, and there was no histopathological evi-
dence of intratumoral bleeding. Failure of the venous drainage of
the right thalamus could reasonably be assumed to have been the

FIG. 3. A subtotal resection was performed, leaving the anterosuperior
part of the tumor intact to save the bilateral ICVs (A). Follow-up MRI
performed 10 weeks after the surgery reveals interval growth of the
residual tumor (B) and abnormal enhancement of the cranial nerves,
including the bilateral third nerves (arrow in C) and trigeminal nerves
(arrow in D), suggesting LMS of the tumor (C and D).

FIG. 4. Hematoxylin and eosin staining (original magnification�200)
shows chords, sheets, and individual cells with bubbly cytoplasm
(physaliphorous cells) arranged in lobules set within a myxochondroid
background (A). Immunohistochemistry reveals that the tumor cells are
reactive for both S100 (B) and cytokeratin (C). The final histopatho-
logical diagnosis is a chordoma.
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cause of recurrent bleeding in this case considering the narrowing
or collapse of the right ICV by the firm and hard tumor.

Lessons
LMS of ICCs

In previous case reports and small case series, ICCs were generally
considered to have a more favorable prognosis and a different biological
behavior relative to those of typical skull base chordomas.2,13 However,
recent data suggest that the overall prognosis of ICCs may be compara-
ble to those of typical chordomas, although gross-total resection may be
more feasible for true intradural chordomas.2 Moreover, ICCs present an
additional problem: chordomas with intradural extension are at risk of
LMS along the subarachnoid space.1 In fact, there have been reports of
LMS or drop metastases of chordomas after surgery, as in the case
reported in this paper.4,14–21 The proximity of the lesions to the cerebro-
spinal fluid space and/or ventricular system and intraventricular exposure
during surgery may increase the risk of LMS.4 Although LMS usually
develops as an end-stage event several years after surgery,15,20 it can
occur in the early postoperative period, even within a week of surgery.14

In the present case, the headache that had ceased after surgery recurred
within 6 weeks of the tumor resection. The follow-up MRI performed 10
weeks after surgery to identify the cause of the unresolved headaches
confirmed LMS. In situations in which there is no clear evidence of
whether radiotherapy will be effective in preventing LMS, as in this case,
it is difficult to be sure if LMS could have been prevented had the adju-
vant treatment commenced earlier. Therefore, it is important to bear in
mind that LMS can occur even in the early postoperative period, and
careful and timely follow-ups and optimal scheduling of the adjuvant treat-
ment are necessary, especially in patients who exhibit postoperative neu-
rological symptoms or unresolved headaches.

Conclusions
ICCs are rare tumors that generally have a favorable prognosis.

However, recurrent thalamic bleeding from a pineal ICC may occur
as the result of the failure of venous drainage, and potentially fatal
LMS can occur even in the early postoperative period. Therefore,
careful and timely follow-ups and optimal scheduling of the adjuvant
treatment are necessary, especially in patients who exhibit postop-
erative neurological symptoms or unresolved headaches.
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