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Frontal Cystic Meningioma Removed by a Partial Transfrontal Craniotomy in a Cat

Kihoon Kim

ABSTRACT

Background: Meningiomas are the most frequently reported intracranial tumors in cats. It is known to arise 
at the point of arachnoid cells project into the dural venous sinuses. Cats with intracranial meningiomas are 
treated by surgical management as the tumors are commonly delineated from normal brain tissue and are not 
likely to adhere to the cerebral parenchyma. Although meningioma is the most common intracranial tumor in 
cats, the incidence of cystic meningioma is low. The objective of the current study is to report a case of frontal 
meningioma with peritumoral cystic structure removed by a partial transfrontal craniotomy. 
Case: A 10-year-old castrated British shorthair cat was referred to the Baeksan Feline Medical Center with a 
recent onset of seizures. On the physical examination, the patient was bright and alert. Neurological examinations 
were unremarkable at the time of presentation. Hematologic examinations were within normal limits. Thoracic 
and abdominal radiography, and abdominal ultrasonography revealed unremarkable findings. Magnetic reso-
nance imaging revealed an extra-axial mass cranial to the frontal lobe. On the sagittal plane, a cystic structure 
was identified in the frontal area on post-contrast T1W images. No contrast enhancement of the cystic wall 
was identified after intravenous injection of contrast medium on T1W. On the transverse plane of T2W images, 
midline shift to the left due to peritumoral edema was observed. The mass was removed via partial transfrontal 
craniotomy. Postoperative radiography was performed to ensure appropriate placement of the mesh. The patient 
recovered uneventfully after anesthesia. After the surgery, the patient was closely monitored in an intensive care 
unit between 24 and 48 h. Based on the histologic findings, the final diagnosis was a fibroblastic meningioma. 
Nineteen months after the surgery, there was no seizure activity identified by the owner. 
Discussion: Depending on the location of the cyst, meningiomas can be classified into 4 types according to the 
human literature. In types 1 and 2, the whole cyst is located within the tumor, resulting in contrast enhancement 
of the cystic wall. In types 3 and 4, the cysts are located outside the tumor, and no contrast enhancement of the 
cystic wall is observed. In type 3, the cyst lies adjacent to the brain parenchyma rather than adjacent to the tumor 
and the meningioma is related to a cerebrospinal fluid cyst bordered by the arachnoid. It is important to classify 
the type of cystic meningioma prior to surgery in order to decide whether to remove the cystic wall. In type 2, 
the cystic wall is infiltrated by tumor cells, while the cystic wall of type 3 meningioma is composed of gliotic 
tissue without any tumor cells. Therefore, in type 2, the meningiomas with cystic walls should be removed for 
the prevention of recurrence, while in type 3 meningioma, the tumor can be managed by cyst decompression and 
excision of the solid component. Based on the Nauta classification, the cystic meningioma reported here was 
considered to be type 3. Therefore, the surgical procedure aimed to remove the solid component of the mass, 
leaving the cystic wall attached to the normal brain. As the solid part of the meningioma was located beneath 
the internal plate of the left frontal bone, the partial transfrontal craniotomy was sufficient to expose and remove 
the entire mass. To the author’s knowledge, this is first case report describing a patient with frontal meningioma 
with a peritumoral cyst removed by a partial transfrontal craniotomy based on the Nauta classification.
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INTRODUCTION

Meningiomas are the most common intracra-
nial tumors in cats with no breed predisposition [1,11], 
having an occurrence of 2.2% according to a previous 
study [10]. The tumor may be single or multiple and 
seems to have a slow growth [12] . It is known that 
meningiomas arising at the point of arachnoid cells 
project into the dural venous sinuses [5,9]. In cats, the 
supratentorial meninges, the tela choroidea of the third 
ventricle, and the cerebellar meninges are the most 
common locations of meningioma [7]. Although me-
ningioma is the most frequently reported intracranial 
tumor in cats, cystic meningioma is rarely reported. 

Intracranial meningiomas in humans are re-
moved surgically, and recurring tumors are treated 
with radiotherapy or subsequent surgical removal 
[7]. In contrast, cats with intracranial meningiomas 
are treated by surgical management as the tumors are 
commonly delineated from normal brain tissue and are 
not likely to infiltrate the cerebral parenchyma [1,7]. 
Herein, this report describes the frontal meningioma 
with peritumoral cyst in a cat removed successfully by 
a partial transfrontal craniotomy.

CASE

A 10-year-old castrated British shorthair cat 
was referred to the Baeksan Feline Medical Center for 
a recent onset of seizure. On the physical examination, 
the patient was bright, alert, and adequately hydrated. 
Neurological examinations were unremarkable at the 
time of presentation. Hematologic examinations, such 
as complete blood count, serum biochemical profile, 
electrolyte analysis, and FeLV/FIV, were normal. 
Thoracic and abdominal radiography, and abdominal 
ultrasonography revealed unremarkable findings. 

For further neurologic examination, magnetic 
resonance imaging1 (1.5T MRI) was performed and T-1 
weighted (T1W) and T-2 weighted images (T2W) were 
acquired. MRI revealed an extra-axial mass cranial to 
the frontal lobe. On the sagittal plane, a cystic structure 
was identified in the frontal area on post-contrast T1W 
images (Figure 1A) and hyperintense on T2W images 
(Figure 1B); compression of the cerebellum to the cau-
dodorsal side due to the tentorial herniation was also 
identified (Figure 1C). On the dorsal plane, the dural 
tail sign extended along the cerebral meninges (Figure 
1D), and no contrast enhancement of the cystic wall 
(Figure 1E) was observed after intravenous injection 

of contrast medium2 [Magnevist® - 0.2 mL/kg, i.v.] on 
T1W. On the transverse plane of T2W images, midline 
shift to the left due to peritumoral edema was observed, 
and the mass was identified (Figure 1F). 

Before surgery, the patient received butorpha-
nol3 [Butopahn® - 0.5 mg/kg, i.v.] and cefotaxime4 
[30 mg/kg, i.v.] prior to induction with alfaxalone5 
[Alfaxan® -  4 mg/kg, i.v.]. Mannitol6 [D-Mannitol® 
- 0.5 g/kg, slow i.v.) was also administered at the time 
of induction for reduction of the intracranial pressure. 
General anesthesia was maintained with isoflurane7 
[Isoflurane®] with oxygen after intubation; 0.9% nor-
mal saline6 [constant rate infusion of 5 mL/kg/h], furo-
semide8 [Lasix® - 2 mg/kg, i.v.], and dexamethasone9 
[2 mg/kg, i.v.] were administered intraoperatively.

The patient was positioned in sternal recum-
bency, with its head slightly elevated. A skin incision 
was made along the dorsal midline of the frontal bone 
(Figure 2A). Craniotomy on the right frontal bone 
was performed with a nitrogen-powered drill10 with 
a round carbide burr. The craniotomy site was then ex-
tended using rongeur forceps. As the mass was located 
in the frontal region, a partial transfrontal craniotomy 
was applied to achieve additional exposure of the mass 
(Figure 2B). After drainage of the cystic fluid with a 
24G syringe, the entire mass was removed by gentle 
dissection from the surrounding frontal lobe. To cover 
the skull defect, a titanium wire mesh and screws10 
were applied (Figure 2C). Postoperative radiography 
was performed to ensure appropriate placement of the 
mesh (Figure 2D). The patient recovered uneventfully 
after anesthesia. After the surgery, the patient was 
closely monitored in an intensive care unit between 24 
and 48 h. For pain management, fentanyl11 [Fentanyl 
citrate inj.® was constantly administrated i.v. to the 
patient at a rate of 3 μg/kg/h during the first 24 h], and 
a fentanyl patch12 [Durogesic® - 12 µg/h] was then ap-
plied to the left abdomen. Postoperative complications 
including epistaxis and knuckling of the left forelimb 
were observed, which were resolved in 3 and 5 days, 
respectively. The patient was discharged on day 7 
and revealed normal gait at day 14, when the sutures 
were removed. Follow-up assessment was performed 
via telephone reports from the owner 19 months after 
surgery and the owner reported the patient was normal 
without any neurological sign.

The removed mass was stationary and firm 
(Figure 3A), and was routinely processed and stained 
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with hematoxylin and eosin for histological evaluation. 
It was composed of interlacing bundles and streams 
of spindle cells within a typically thick, collagenous 
stroma. Neoplastic cells had mild anisocytosis and 
anisokaryosis, as well as one mitotic figure counted 
in 10 high-powered fields. Vascular invasion was not 
identified. These findings were all consistent with 
spindle cell neoplasm, which is most likely fibroblastic 
subtype of meningioma (Figure 3B).

DISCUSSION

Depending on the location of the cyst, menin-
giomas can be classified into 4 groups according to 
the human literature [8] . In types 1 and 2, the whole 
cyst is located within the tumor, resulting in contrast 
enhancement of the cystic wall. In type 1, the cyst is 
centrally located within the tumor, while in type 2, 
some part of the cyst is identifiable on the wall of the 
tumors, and the remaining part of the cyst wall consists 
of the tumor cells. In types 3 and 4, the cysts are located 
outside the tumor, and no contrast enhancement of the 
cystic wall is observed. In type 3, the cyst lies adjacent 
to the brain parenchyma rather than adjacent to the 
tumor and the meningioma is related to a cerebrospinal 

fluid cyst bordered by the arachnoid. It is important to 
classify the type of cystic meningioma before surgery 
to decide whether to remove the cystic wall [13]. In 
type 2, the cystic wall is infiltrated by tumor cells, whi-
le the cystic wall of type 3 meningioma is composed 
of gliotic tissue without any tumor cells. Therefore, 
in type 2, the meningiomas with cystic walls should 
be removed for the prevention of recurrence, while in 
type 3 meningioma, the tumor can be managed by cyst 
decompression and excision of the solid component. 
However, according to Ferrante et al. [2], types 2 and 
3 are not always enhanced by contrast medium, indi-
cating that the Nauta classification is not sufficient to 
differentiate between the two types.

In contrast, there are several hypotheses regar-
ding the correlation between the mechanism of fluid 
formation and the type of cystic meningioma [13]. 
In types 1 and 2, the cystic fluid originates from the 
secretion of functional tumor cells, whereas, in type 3, 
the fluid originates from the evolution of peritumoral 
edema into a peritumoral cyst. In this mechanism, 
the cerebrospinal fluid accumulates near the tumor 
by decreased resorption. Considering the peritumoral 
edematous changes adjacent to the cystic structure, in 

Figure 1. Magnetic resonance imaging scans showing a frontal mass with cystic structure. A- Frontal hypointense mass on a post-contrast T1-weighted 
(T1W) image. B- Frontal hyperintense mass on a T2-weighted (T2W) image. C- Compression of the cerebellum to the caudodorsal side due to the 
tentorial herniation. D- Dural tail sign (arrow) extending from the cerebral meninges on a dorsal post-contrast T1W image. E- No contrast enhancement 
of the cystic wall was observed after insertion of contrast medium on a T1W image. F- Deviation of midline shift to the left by peritumoral cyst and the 
mass identified on the transverse plane of a T2W image. 
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the case reported here, it is evident that the cystic me-
ningioma belongs to type 3. Based on the Nauta et al. 
[8] classification and peritumoral edematous changes, 
the cystic meningioma reported here was considered 
to be type 3. 

Several approaches for the removal of menin-
gioma by craniotomy in companion animals have been 
previously reported [3,4,11]. The surgical approach is 
determined depending on the location of the menin-
gioma. A rostrotentorial craniectomy is a commonly 
utilized technique to expose the majority of the mass 
in cats [4]. For frontal meningioma in cats, additional 
exposure techniques, such as the partial transfrontal 
approach, can be combined with rostrotentorial cra-
niectomy. In this case, a tentative diagnosis of type 3 
cystic meningioma was made before surgery, and the 

surgical procedure aimed to remove the solid compo-
nent of the mass and leave the cystic wall attached to 
the normal brain. As the solid part of the meningioma 
was located beneath the internal plate of the left frontal 
bone, the partial transfrontal craniotomy which is less 
invasive compared to rostrotentorial craniectomy was 
sufficient to expose and remove the mass.

Although meningiomas are frequently reported 
in cats previously, there is only one case report des-
cribing pericystic meningioma in cat. To the author’s 
knowledge, this is first case report describing a patient 
with frontal meningioma with a peritumoral cyst remo-
ved by partial transfrontal craniotomy. Although the 
Nauta classification based on human meningioma was 
used for the determination of the surgical plan without 
considering the cystic wall component, the patient was 

Figure 2. Surgical procedure and postoperative radiography. A- The subcutaneous tissues and frontal muscles were reflected laterally on each side of 
the incision. B- The cystic structure was exposed after removal of the internal plate of the frontal bone. C- Titanium wire mesh covering skull defect. 
D- Postoperative radiographic image.
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reported as normal via telephone interview with the 
owner 19 months after surgery. However, more cases 
of feline cystic meningioma are required to establish 
the classification in cats. 
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Figure 3. A- Gross appearance of the mass. B- The dominant component of the tumor was the bundles of spindle-shaped cells, which were arranged in 
a collagenous stroma [HE; ×400].
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