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Abstract The majority of meningiomas are slow-growing benign tumors that can potentially be
highly vascularized; however, acute hemorrhagic onset is rare. Herein, we describe two
patients who presented with disturbance of consciousness and severe hemiplegia due
to spontaneous hemorrhage from a falx atypical meningioma. A 49-year-old female
presenting with a sudden disturbance of consciousness and severe left hemiplegia was
found to have a falx meningioma and acute hemorrhage. Emergent resection achieved
neurological relief and tumor control. A 60-year-old female with aphasia and severe
right hemiplegia also had falx meningioma and hematoma, and successfully treated by
emergent resection. Tumor was diagnosed as atypical meningioma in both cases. Both
patients achievedmid-term tumor control for 4 and 7 years. Both patients were treated
successfully with emergent surgical resection, and neurological relief and mid-term
tumor control (7 and 4 years, respectively) were achieved. Given this success,
immediate surgical resection with hematoma evacuation should be considered an
acceptable therapeutic option for acute hemorrhagic atypical meningioma.
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Introduction

Meningiomas are benign brain tumors that typically grow
slowly and, therefore, do not usually require emergency
therapeutic intervention.1 Thus, adequate radiological fol-
low-up and therapeutic intervention at the appropriate time
are necessary, and a thorough therapeutic strategy is crucial
before surgical intervention.2 However, in rare cases, me-
ningiomas can present with acute hemorrhage, with a
reported incidence of 0.5 to 2.4%, which results in the need
for emergency intervention.1,3–6 The pathophysiology and
clinical course of spontaneous hemorrhage from meningio-
mas are still not fully elucidated owing to its rarity; therefore,
there is no definitive evidence-based consensus, and treat-
ment interventions for hemorrhagic meningiomas need to
be tailored to individual cases.

Here, we describe two patients who presented with acute
hemorrhage from an atypical falx meningioma that was
successfully treated with emergency surgical resection,
achieving mid-term tumor control.

Case Presentation

Case 1
A 49-year-old woman presented with a sudden disturbance
of consciousness and left hemiplegia, with a Glasgow Coma
Scale (GCS) score of 14. Plain computed tomography (CT) of
the head revealed an acute hemorrhage along the falx
cerebri, with a maximum diameter of 40mm (►Fig. 1A).
T2-weighted magnetic resonance imaging (MRI) demon-

strated a tumor attached to the falx cerebri in the hemor-
rhage (►Fig. 1B,C). Furthermore, the hematoma compressed
the right frontal lobe, causing cerebral edema. Digital sub-
traction angiography revealed a tumor feeding from the right
superficial temporal artery (►Fig. 1D). No other abnormal
findings, such as cerebral venous occlusion, were identified.
The patient did not have any abnormal laboratory data (such
as coagulation dysfunctions) or a history of trauma or
radiation exposure. Based on these findings, we diagnosed
hemorrhage from the tumor, probably a falx meningioma,
and planned an emergency surgical resection via an inter-
hemispheric approach on the admission day, aiming to
achieve immediate neurological relief.

After the induction of general anesthesia, the patient was
placed in the supine position and fixed with a Mayfield 3-
point head holder. Motor-and somatosensory-evoked poten-
tials were monitored throughout the surgery.

After craniotomy, the hematoma was first removed. The
tumor was indeed attached to the falx cerebri, and it was
completely resected along with the attached dura (Simpson
grade I; ►Fig. 1E,F). There was no tumor involvement of the
superior sagittal sinus. Microscopically, spindle-shaped tu-
mor cells with high cellularity and proliferation in a fascicu-
lar or storiform arrangement and psammoma bodies were
observed. Tumor necrosis and hemorrhage were also ob-
served. The mitotic count was 3 per 10 high-power fields
(HPFs). The tumor was diagnosed as an atypical meningioma
(►Fig. 1G). The Ki-67 index was 10%. Pathological diagnosis
was based on the 2016 World Health Organization (WHO)
classification.7 The postoperative course was uneventful,

Fig. 1 Pre- and postoperative findings of case 1. (A) Preoperative computed tomography revealed an acute hemorrhage with a maximum
diameter of 40mm (asterisk) along the falx cerebri. (B,C) Axial (B) and coronal (C) T2-weighted magnetic resonance imaging revealed a tumor
attached to the falx cerebri (arrow) and the acute hemorrhage (asterisk) forcefully compressing the right frontal lobe, causing cerebral edema
(arrowhead). (D) Digital subtraction angiography revealed that the tumor received a blood supply from the right superficial temporal artery
(arrow). (E,F) Postoperative gadolinium-enhanced T1-weighted magnetic resonance imaging revealed the adequate hematoma evacuation and
complete resection of the tumor and the attached falx cerebri (a: axial, b: coronal). (G) Microscopical evaluation revealed spindle-shaped tumor
cells with high cellularity, proliferating in a fascicular arrangement. Tumor necrosis and hemorrhage were also observed (right bottom). Bar: 100
μm. (H) T1-weighted magnetic resonance imaging, 46 months after surgery, revealed no recurrence of the tumor.
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with significant improvement of the patient’s left hemiple-
gia. At discharge, her cognitive function was evaluated using
the Mini Mental State Examination and confirmed to be well
maintained (a full score [30/30]). Upon follow-up at 4 years
post-surgery, the patient showed no signs of tumor recur-
rence or neurological dysfunction (►Fig. 1H).

Case 2
A 60-year-old woman who presented with aphasia and right
hemiplegia, with a GCS score of 8, was emergently trans-
ported to our hospital within 1 day of symptom onset. Plain
CT revealed acute hemorrhage along the falx cerebri, with a
maximum diameter of 52mm (►Fig. 2A). T2-weighted MRI
demonstrated that the tumor was attached to the falx cerebri
within the hemorrhage (►Fig. 2B,C). In addition, the hema-
toma compressed the left frontal lobe, causing cerebral
edema. Vascular malformations were not evident on MR
angiography (►Fig. 2D). The patient also did not have any
abnormal laboratory data (such as coagulation dysfunctions)
or a history of trauma or radiation exposure. We performed
emergency surgical resection via an interhemispheric ap-
proach using the same procedure on the admission day as in
case 1. After craniotomy, the hematoma was first removed.
The tumor was indeed attached to the falx cerebri, and it was
completely resected along with the attached dura (Simpson
grade I; ►Fig. 2E,F). There was no tumor involvement of the
superior sagittal sinus.

Microscopically, spindle-shaped tumor cells with high
cellularity and proliferation in a fascicular arrangement
were observed. Tumor necrosis and hemorrhage were also

observed. The mitotic count was 4 per 10 HPFs. The tumor
was diagnosed as an atypical meningioma (►Fig. 2G). The Ki-
67 index was 10%. Pathological diagnosis was based on the
2007 WHO classification.7 The right hemiplegia improved
after surgery and rehabilitation; on discharge, the patient
couldwalk with the support of a cane. Although higher brain
dysfunction was observed, the patient was able to return to
society. Upon follow-up at 7 years post-surgery, the patient
had no signs of tumor recurrence or neurological worsening
(►Fig. 2H).

Written informed consent was obtained from the patients
for publication of this case report and any accompanying
images.

Discussion

Here, we report two cases of spontaneous hemorrhage from
a falx atypical meningioma presenting with disturbance of
consciousness and hemiplegia. Emergency surgical resection
contributed to rapid neurological relief and mid-term tumor
control.

Since acute hemorrhage from atypical meningioma is
remarkably rare, the available information regarding this
condition is limited (►Table 1).4,8,9 Kuzeyli et al10 reported
that meningiomas have a relatively substantial hemorrhage
rate, with 1.6% radiological macroscopic hemorrhages and
7.1% microscopic hemorrhages. Conversely, meningiomas
that present with acute hemorrhage and neurological dys-
function are rare, and the reported hemorrhagic incidence is
0.5 to 2.4%.1,3,5 Regarding the associated risks, the clinical

Fig. 2 Pre- and postoperative findings of case 2. (A) Preoperative computed tomography revealed an acute hemorrhage with a maximum
diameter of 52mm (asterisk) along the falx cerebri. (B,C) Axial (B) and coronal (C) T2-weighted magnetic resonance (MR) imaging revealed that
the tumor was attached to the falx cerebri (arrow) and that the acute hemorrhage (asterisk) was strongly compressing the left frontal lobe,
causing cerebral edema (arrowhead). (D) No vascular malformations were evident upon MR angiography. (E,F) Postoperative T2-weighted MR
imaging revealed adequate hematoma evacuation and complete resection of the tumor and the attached falx cerebri (a: axial, b: coronal). (G)
Microscopic evaluation revealed spindle-shaped tumor cells, proliferating in a fascicular arrangement. Tumor necrosis and hemorrhage were also
observed (right). The inset shows a mitotic figure. Bar: 200 μm. (H) T2-weighted MR imaging, 85 months after surgery, revealed no recurrence of
the tumor.
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features of patients aged more than 70 years or less than
30 years, the presence of hypertension, anticoagulation
therapy, head trauma, serotonin-modulating therapy, and
high-dose estrogen replacement have been reported.6,11

Intraventricularly, convexity, parasagittal, and falx cerebri
tumors, and those that are malignant, fibrous, mesotheliom-
atous, or angioblastic are most likely to cause tumor-related
hemorrhage.11,12 The associated morbidity rates are high,
reportedly accounting for 36% of the overall major morbidity
rate.11 Mortality rates are also high, reportedly reaching up
to 21.1%, but falling to 9.5% with surgical intervention.11

Many clinicians believe that early intervention should be
undertaken in patients with lateral ventricular meningioma,
even if it is small or the patient is asymptomatic.12However,
the appropriate timing for surgical intervention remains
controversial. Furthermore, the mid- to long-term outcomes
of these patients remain unknown.

In both our cases, the tumor location (in the falx cerebri)
and pathological features (atypical meningioma with a Ki-
67 index of 10%) were relevant risks. Previously reported
risk factors, such as patients aged more than 70 years or less
than 30 years, the presence of hypertension, anticoagula-
tion therapy, head trauma, serotonin-modulating therapy,
and high-dose estrogen replacement were not applicable in
either of our cases.6,11 The mechanism of bleeding related to
meningioma is unclear; however, compensatory enlarge-
ment and weakening of blood vessels supplying or draining
from the tumor have been proposed as such.4,11 Emergency
surgical intervention might have contributed to preventing
morbidity and mortality in our case, and meticulous hema-
toma evacuation and tumor removal (Simpson grade I,
similar to that achieved with planned surgery) might
have contributed to the prevention of recurrent hemor-
rhage13 and mid-term tumor control of the atypical menin-
giomas. When treating hemorrhagic meningiomas,
consideration of the possibility of malignant meningioma
may also be essential.14 Regarding higher brain dysfunction,
cognitive decline is generally observed in a high percentage
of patients after intracerebral hemorrhage.15 In case 1,
however, no cognitive decline occurred, owing to the
prompt timing of surgical intervention and meticulous
tumor removal. In case 2, the patient had collapsed by

the time she was discovered, and approximately a day may
have passed between the hemorrhage and arrival at our
hospital. In contrast to case 1, failure to promptly decom-
press the hemorrhage after onset may have led to the
sequelae of higher brain dysfunction.

Conclusion

We describe two patients who presented with acute hemor-
rhagic onset from an atypical falx meningioma that was
successfully treated with emergency surgical resection. Giv-
en that adequate neurological relief and mid-term tumor
control were achieved, immediate surgical resection with
hematoma evacuation may be considered an acceptable
therapeutic option for acute hemorrhagic meningioma.
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