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A 44-year-old man presented with the rare complication of remote cerebellar hemorrhage (RCH) after removal of a supratentorial
glioma without the loss of a large volume of cerebrospinal fluid (CSF). He presented with severe headache, nausea, and vomiting for
a few days, then he developed neurological deterioration including progressive disturbance of consciousness and left hemiparesis.
Magnetic resonance imaging revealed a large tumor with intratumoral hemorrhage in the right frontal lobe that led to subfalcial
and transtentorial herniation. The tumor was removed en bloc without excessive loss of CSF throughout the perioperative period.
Although the level of consciousness remained unchanged from the preoperative level and no new neurological deficit was detected,
routine postoperative computed tomography showed a bilateral RCH. Careful conservative therapy was provided and follow-up
computed tomography demonstrated no further progression of hemorrhage. Compensatory acute engorgement of venous sinuses
derived from the rapid decrease in intracranial pressure that occurred due to removal of the huge tumor might have caused
cerebellar hemorrhagic venous infarction.

1. Introduction

Most postoperative intracranial hemorrhages develop around
the operative site. Hemorrhage at a remote site follow-
ing intracranial operation is a very rare complication [1].
However, cerebellar hemorrhage after supratentorial surgery,
including aneurysm clipping and temporal lobectomy, and
spinal surgery, has been increasingly reported in recent years
[2]. The underlying pathophysiology of remote cerebellar
hemorrhage (RCH) remains incompletely understood, but
some reports have suggested an associationwith loss of a large
volume of cerebrospinal fluid (CSF) [1–4]. Here, we report a
case of RCH that occurred following removal of right frontal
glioma without loss of a large volume of CSF and discuss the
pathomechanism of RCH.

2. Case Presentation

A 44-year-old man without notable previous medical history
presented with severe headache, nausea, and vomiting that

had persisted for a few days. He was admitted to a local
hospital, and computed tomography (CT) and magnetic
resonance imaging revealed a large tumor with intratumoral
hemorrhage in the right frontal lobe. For the management
of intracranial hypertension, osmotic diuretics were adminis-
trated, leading to dehydration.The third day after admission,
he was transferred to our hospital due to neurological dete-
rioration including progressive disturbance of consciousness
and left hemiparesis.

Magnetic resonance imaging performed at our hospital
showed a rapid increase in mass effect, resulting in subfalcial
and transtentorial herniation (Figure 1).The commonlymea-
sured coagulation parameters, including prothrombin time,
activated partial thromboplastin time, international normal-
ized ratio, and thrombocyte count, were within the normal
range. The patient underwent an emergency right frontal
craniotomy performed in the supine position without exces-
sive head rotation. The tumor was removed en bloc using
the navigation-guided fence-post procedure without opening
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Figure 1: Axial T2-weighted imaging (WI) (a), axial T1-WI (b), axial T1-WI with gadolinium (c), and sagittal T1-WI with gadolinium
(d) magnetic resonance images showing a huge tumor with intratumoral hemorrhage in the right frontal lobe that led to subfalcial and
transtentorial herniation.

the ventricle or cistern. Accordingly, excessive CSF leakage
did not occur during the operation. In addition, postoperative
CSF loss through closed subgaleal drain did not occur.

Postoperatively, the level of consciousness remained
unchanged from the preoperative level and no new neurolog-
ical deficits were detected. A routine postoperative CT scan
on the day after surgery revealed a bilateral cerebellar hem-
orrhage along with the cerebellar sulci facing the tentorium
(Figure 2(a)). Magnetic resonance imaging showed bilateral
anterior cerebral artery infarction due to subfalcial herniation
and right posterior cerebral artery infarction due to transten-
torial herniation that reflected the preoperative intracranial
hypertension, and no evidence of residual tumor at the sur-
gical site was found (Figures 2(c)–2(e)). The cerebellar hem-
orrhage was carefully treated conservatively with osmotic
diuretics. A follow-up CT scan demonstrated no further
progression of hemorrhage and no occurrence of obstructive
hydrocephalus due to compression of the fourth ventricle by
the associated edema (Figure 2(f)). The level of conscious-
ness recovered gradually and no neurological deterioration
occurred during the course. The histological diagnosis was

anaplastic oligoastrocytoma. Conventional radiotherapy of
60Gy concurrent with PAV combination chemotherapy of
procarbazine, nimustine hydrochloride (ACNU), and vin-
cristine was performed. The patient did not have any cere-
bellar deficits and was transferred to a rehabilitation center
for rehabilitation of paraparesis that occurred due to anterior
cerebral artery infarction.

3. Discussion

Remote cerebellar hemorrhage is an infrequent complica-
tion after supratentorial surgery, with an incidence rate of
0.08–0.6% [5, 6]. It has been reported after various neu-
rosurgical procedures, including aneurysm clipping, tem-
poral lobectomy, spinal surgery, hematoma evacuation, and
tumor removal [3, 7]. Unruptured aneurysm clipping is the
most causative surgery, followed by temporal lobectomy [2].
Tumor removal is relatively uncommon as a cause of RCH,
and, to our knowledge, there is no review article focused on
RCH following tumor removal [1].
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Figure 2: ((a), (b)) Computed tomography (a) and axial T2∗-weighted imaging (WI) magnetic resonance (b) images on postoperative day 1
showing a bilateral cerebellar hemorrhage along with the cerebellar sulci facing the tentorium. (c) Axial T1-WI with gadolinium showing no
evidence of residual tumor in the surgical site. ((d), (e)) Axial diffusion-weighted imaging (DWI) revealing bilateral anterior cerebral artery
infarction due to subfalcial herniation (d) and right posterior cerebral artery infarction due to transtentorial herniation (e) that reflected the
preoperative intracranial hypertension. (f) Follow-up computed tomography image showing no further progression of hemorrhage.

Remote cerebellar hemorrhage commonly presents as
decreased level of consciousness, cerebellar dysfunction, and
delayed awakening [3]. However, some cases are asymp-
tomatic and incidentally diagnosed on postoperative CT,
as in the present case. Although most RCH patients are
treated conservatively, some patients receive extraventricular
drainage and/or decompressive surgery [2]. The mortality
rate of RCH is reported to be 4.7–7.8%, and outcomes of most
RCH patients are good (modified Rankin Scale 0–2) [1, 2].

A total of 47 cases of RCH after removal of a supratento-
rial brain tumor have been described in the English literature,
and we report the 48th case of RCH that occurred after
removal of a supratentorial glioma. We have summarized the
type of tumor, treatment, and the outcome of all 48 reported
cases in Table 1 [1–5, 7–22]. Meningioma is the most frequent
tumor type, with 17 cases (35.4%). There were 16 gliomas
(33.3%), four craniopharyngiomas (8.3%), three metastatic
brain tumors (6.3%), and five other kinds of tumors. In most
cases, the volume of CSF lost was not described in detail.

Eighteen patients were treated conservatively without sur-
gical intervention, ten patients received extraventricular
drainage to treat complicated obstructive hydrocephalus, and
six patients underwent decompressive surgery of posterior
fossa. Although the outcome of patients with RCH following
tumor removal was almost always good, four patients (8.2%)
had a lethal outcome.

The cause and the risk factors of RCHhave been discussed
in previous studies. Several authors have pointed out preex-
isting coagulopathy, arterial hypertension, administration of
mannitol, and direct venous obstruction from intraoperative
head rotation as causative factors for RCH. Nowadays, most
authors agree that loss of a large volume of CSF is strongly
related to the occurrence of RCH [8, 10, 12, 14–16, 19, 24,
25, 27]. As a pathomechanism, the opening of cisterns and
the ventricular system causes substantial reduction of CSF
volume, resulting in downward cerebellar sagging. Stretching
of supracerebellar bridging veins due to cerebellar sagging
might cause transient occlusion [1, 15] or tearing [24, 28] of
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these veins and subsequent hemorrhage. There is growing
consensus that RCH is closely related to extensive loss of
CSF that occurs due to intraoperative opening of CSF space
or postoperative overdrainage by negative suctioning. In the
present case, however, there was neither massive intraoper-
ative loss of CSF related to the opening of the ventricle or
cistern nor postoperative overdrainage of CSF. Furthermore,
intraoperative blood pressure was controlled within the nor-
mal range, head rotation during operation was not excessive,
and the patient had no preexisting coagulopathy or history of
arterial hypertension.

There have been few reports that have discussed the
pathomechanism of RCH following tumor removal without
substantial CSF loss. Friedman et al. asserted that a com-
pensatory reduction in CSF volume occurs to ameliorate the
increased intracranial pressure that is caused by the pres-
ence of a large supratentorial mass. Therefore, in the hours
immediately after the removal of the mass, there is a relative
shortage of CSF [1]. However, if a compensatory reduction in
CSF volume that develops in the preoperative state can induce
downward cerebellar sagging, there is no apparent reason
why RCH occurrence is limited to the postoperative period.
According to the Monro-Kellie hypothesis, the sum of brain,
CSF, and intracranial blood volume is constant, such that an
increase in one should cause a decrease in one or both of the
remaining two [23]. In the present case, removal of the huge
supratentorial tumor caused a rapid decrease in intracranial
pressure, resulting in compensatory acute engorgement of
venous sinuses. Therefore, cerebellar hemorrhagic venous
infarction might have occurred due to venous congestion
in tentorial sinuses and supracerebellar bridging veins into
the sinus. Relatively well-developed supracerebellar bridging
veins and transient stretching of these veins due to rapid
release of tentorial downward displacement by removal of
the huge tumor might have contributed to the occurrence
of venous infarction in the cerebellar cortex facing the ten-
torium. Additionally, increased blood viscosity induced by
dehydration associated with preoperative osmotic diuretics,
and increased risk of venous thromboembolism by tumor
biology specific to malignant glioma, could have a significant
effect on the occurrence of hemorrhagic venous infarction
[26, 29].

In conclusion, we emphasize the importance of recog-
nizing the possibility that RCH can occur after removal of a
supratentorial tumor without loss of a large volume of CSF,
especially in cases with a huge tumor and dehydration due
to osmotic diuretics. Even if there is no loss of CSF in the
perioperative period, close postoperative observation is still
essential after removal of a supratentorial huge tumor.
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