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Abstract
Remote cerebellar hemorrhages (RCHs) are rare complications of intracranial or spinal interventions. We describe a patient with an RCH that occurred after a frontal lobectomy for an intracranial tumor. A 41-year-old female patient with a headache and partial seizures underwent a right
frontal lobectomy upon detection of a right frontal mass. An RCH (zebra sign) was detected on a
control cranial computed tomography (CT), which was performed upon detection of frontal lobe
syndrome and mild ataxia in the patient postoperatively. Although the mechanism underlying the
occurrence of RCHs after intracranial procedures is not clear, they have been attributed to an imbalance between intravascular pressure and cerebrospinal fluid (CSF) due to rapid drainage of the
fluid, causing bleeding in the cerebellar parenchyma. Generally, bilateral superior cerebellar injury produces parallel flat hyperdense areas known as the zebra sign on CT. The prognosis of a
cerebellar hemorrhage is generally good, and it can be treated with a conservative approach. Controlled drainage of CSF during surgery and selecting an appropriate surgical position perioperatively will reduce the risk of RCHs.
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1. Introduction
Intracranial hemorrhages in different intracranial regions after intracranial procedures are extremely rare and
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usually fatal. The incidence of hemorrhages after intracranial surgery is 0.2% - 4.9% [1]-[7]. They have been
blamed on the patient’s head position during surgery, attacks of hypertension during the operation, and sudden
discharge of cerebrospinal fluid (CSF) [1]. The so-called zebra sign is usually seen after supratentorial vascular
interventions or temporal lobe resections. It is also common after routine computed tomography (CT) [1] [7][16].
We describe a patient who underwent surgery for an intracranial tumor and developed a remote cerebellar
hemorrhage (RCH) in the postoperative period.

2. Case
A 41-year-old female patient was admitted to our outpatient clinic due to partial seizures, which had started 3
months earlier. The seizures had abrupt onset and termination, and they usually occurred at night, causing the
patient to shout out. They also caused oral paralysis, tonic contractions in the upper limbs, and headaches, which
had begun 8 months earlier and gradually increased. The patient’s medical history was unremarkable, and a
neurological examination was normal. Laboratory tests were normal, except for the presence of hypercholesterolemia. Scalp electroencephalography (EEG) was performed as anamnesis obtained from the family suggested
that she was prone to epileptic seizures. The scalp EEG revealed sharp waves, indicating frontal lobe epilepsy.
The patient was hospitalized due to the presence of a mass lesion in the right frontal region observed on cranial
magnetic resonance imaging (MRI) and CT of the brain obtained for investigating the etiology of the new onset
epileptic focus (Figure 1 and Figure 2). The patient underwent a right frontal lobectomy, with craniectomy.
Frontal lobe syndrome and mild ataxia appeared after the operation. A cerebellar hemorrhage was observed on a
control cranial CT (Figure 3 and Figure 4). A control CT obtained in postoperative week one showed that the
hemorrhage in the posterior fossa had regressed. No pathologies were observed on a control CT obtained one
month later. Although frontal lobe syndrome was present in a neurological examination, a cerebellar examination was normal. Pathology examination results revealed a malignant glial mass, and the patient was transferred
to an oncology clinic.

Figure 1. T2-weighted axial MRI image showing a lesion in the right frontal lobe.
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Figure 2. The right frontal mass on T1-weighted
axial MRI sections.

Figure 3. The axial CT sections (zebra sign) showing the RCH after the surgery.

Figure 4. The axial CT sections (zebra sign) showing
the RCH after the surgery.
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3. Discussion

After craniotomy, bleeding in the surgical field and nearby areas are common complications. However, RCHs
are quite rare. RCHs are usually seen in patients aged between 30 and 60 years and are quite rare in children
[16]. Chadduck et al. [5] described the first case of a cerebellar hemorrhage after spinal surgery, and Yoshida et
al. [15] presented the first case of cerebral bleeding after supratentorial craniectomy.
RCHs are seen in 0.6% of cases following supratentorial interventions and 0.15% - 4.9% of cases following
temporal lobectomy surgeries [7] [10]-[14]. RCHs are mostly asymptomatic and determined on radiological
imaging, which is usually done in the postoperative period [1]-[3] [7]. However, as in our case, cerebellar signs
can be seen after surgery in some patients. RCHs may lead to increased intracranial pressure, as the passage to
the fourth ventricle is impaired when they occur close to the midline. In such cases, interventions with external
ventricular drainage systems should be used to reduce the pressure caused by increased supratentorial CSF (16).
The patient’s clinical condition in the present case did not require the use of an external ventricular drainage
system.
The exact mechanism of RCH is not known, but several possibilities have been proposed. Antiagregan and
aspirin use are possible risk factors, in addition to age, gender, transient hypertensive episodes, coagulation disorders, arterial malformations, and sinus thrombosis. However, Marquardt et al. [6] [7] showed that other than
sex, the aforementioned predisposing factors were not associated with cerebellar hemorrhages. Other mechanisms implicated in RCHs are the drainage of CSF via the lamina terminalis during aneurysm surgery and the total discharge of CSF in patients following ventricular drainage. The amount of CSF loss that causes cerebellar
bleeding has not been specified in the literature [1] [4] [7] [8]. The most commonly accepted opinion is that an
ample amount of CSF loss after a craniotomy increases the risk of a hemorrhage [13]. In addition, no studies
have compared the operative field and RCHs. We cannot fully explain the cause of the RCH in our case. However, excessive CSF discharge may be to blame.
Most theories relating to the cause of RCHs link them to venous systemic pathology. Chadduck reported that
an imbalance between intravascular pressure and CSF could lead to a cerebellar parenchymal hemorrhage. Many
authors have attributed the sagging of the cerebellum following spinal surgery to CSF discharge and to injury
that occurred during the surgery [1] [5] [7]. Park et al. suggested that it mostly originated from the venous system, particularly the superior vermian vein, and concluded that RCHs were the result of excessive CSF discharge [17].
Bleeding usually extends to the tentorium and the neck of the vermis, at the top of the cerebellum. Characteristically, it is caused by bilateral injury of the superior cerebellar vein. RCHs mostly occur in the tentorium wall
of cerebellar parenchyma and in the dentate nucleus region [17]. On CT, they show up as parallel flat hyperdense areas known as the zebra sign [7] [8]. Our case had only the zebra sign. In the series reported by Brisman
et al. [9], bleeding was more frequent with the patient in a sitting position. In contrast, Kalfas et al. [10] reported
that the surgical position had little effect on RCHs.
The treatment of patients with a RCH should be planned according to the severity of the cerebellar hemorrhage and the types of complications present. A cerebellar hemorrhage often has a good prognosis. Small cerebellar hemorrhages can be treated with a conservative approach and followed up with radiological methods. In
10% - 15% of patients, severe bleeding occurs and causes mortality. In such cases, the evacuation of the hematoma, external drainage to prevent the development of hydrocephalus due to compression of the fourth ventricle,
and brain stem compression may be required [1] [7].
In conclusion, a conservative approach is appropriate for a clinically stable patient with an RCH if obstructive
hydrocephaly is not present. CSF pressure should be reduced with an external ventricular drainage system if
there is pressure on the fourth ventricle and obstructive hydrocephaly and clinical deterioration are present. The
hematoma should be evacuated with craniectomy if the brain is directly under pressure [16].

4. Conclusion
Although RCHs are well-defined hemorrhages, their underlying mechanisms are not clear, with no one predisposing factor know to be responsible. In common with most current opinions, we believe that they are the result
of stress that develops in the veins after the drainage of CSF. We consider that slow discharge of CSF during
surgery and the selection of an appropriate surgical position in the perioperative period can reduce the risk of
RCHs.
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