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Introduction
Astrocytomas are a rare neoplasm of the feline central 
nervous system, accounting for 3.5% of spinal neoplasias 
and 2.8% of intracranial neoplasias.1–3 Gemistocytic astro-
cytomas are rarely reported in cats, while anaplastic 
astrocytomas are even rarer.3–10 There have been scattered 
reports of glioblastoma (grade IV) and pilocytic astro-
cytomas (grade I), and a handful of previous reports with 
astrocytomas of unknown grade.1,11–15 There are no 
reports of surgical management and postoperative recur-
rence of intracranial feline astrocytoma. This is also the 
first report of a cerebral grade III anaplastic astrocytoma 
of the gemistocytic subtype, as gemistocytic astrocyto-
mas typically have morphologic features associated with 
a lower grade (grade II) (all grading based on the 2007 
World Health Organization [WHO] classification of 
tumors of the central nervous system).16

Case description
A 10-year-old male castrated Maine Coon weighing 
3.6 kg was presented for a 1-week history of lethargy, 

circling to the right, pawing at the right ear and head 
shaking that progressed to a generalized tonic–clonic 
seizure with opisthotonus. On presentation to an emer-
gency hospital postictally, the patient was normoglyce-
mic and normocalcemic, with compulsive circling to the 
right. No treatment was initiated, and three seizures 
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were witnessed in the next 2 days before presentation to 
a neurologist. Prior to this, the patient had been a healthy 
indoor cat with no travel history and had not been rou-
tinely vaccinated.

General physical examination and vital parameters 
were within normal limits. On neurological examination, 
the patient was quiet, but alert, and responsive to stimuli 
on the right side but not the left side of the body. The cat 
was ambulatory with compulsive tight circling to the 
right, a right head and body turn, and no overt ataxia or 
paresis. The menace response and visual tracking were 
intact in the right eye, and decreased and inconsistent  
in the left eye. Nasocortical stimulation response was 
decreased on the left. Subtle proprioceptive deficits were 
noted in the left thoracic and pelvic limbs. The rest of the 
neurological examination was normal. Based on these 
findings, a lesion was localized to the right cerebrum. 
Primary differential diagnoses at that time included neo-
plasia (eg, meningioma and lymphoma), cerebrovascular 
infarct and encephalitis (eg, feline infectious peritonitis, 
Toxoplasma gondii and Cryptococcus neoformans).

A complete blood count, serum biochemical profile 
and total thyroxine were tested, with no significant 
abnormalities found. The patient was anesthetized, and 

brain MRI revealed an ovoid right parietal mass that 
measured approximately 1.9 cm × 1.6 cm (Figure 1). It 
extended from the corpus callosum cranially to the cau-
dal colliculi caudally and from the meninges dorsolater-
ally to the medial geniculate nucleus ventromedially. 
The edges of the mass were well defined on all 
sequences. It appeared to contact the meninges with a 
thin layer of overlying parenchyma at the cranial mar-
gin. The mass appeared heterogeneously isointense to 
hypointense to gray matter on T1-weighted (T1W) 
imaging with a mildly hyperintense rim, suggestive of 
hemorrhage, high protein or fat content, or calcification 
along the periphery of the mass. Within the mass there 
was an irregular region of T1W hypointensity. 
Peripherally, there was strong contrast enhancement 
with moderate heterogeneous contrast uptake within 
the mass. On T2-weighted (T2W) imaging, the mass 
appeared heterogeneously hyperintense. A marked 
midline shift to the left was seen, effacing the right lat-
eral ventricle, with a mild obstructive hydrocephalus. 
Moderate-to-marked T2W hyperintensity was seen in 
the surrounding gray and white matter, consistent with 
perilesional edema. There was both transtentorial and 
foramen magnum herniation.

Figure 1  MRI of the brain: (a) T2-weighted (T2W) parasagittal image through the mass; (b) T1-weighted (T1W) post-contrast 
parasagittal image through the mass; (c) T1W post-contrast dorsal plane through mass; (d) T2W fluid-attenuated inversion 
recovery transverse image through largest portion of mass; (e) T1W pre-contrast transverse image; and (f) T1W post-contrast 
transverse image
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Cerebrospinal fluid was not collected owing to con-
cerns for elevated intracranial pressure characterized by 
brain herniation seen on MRI. Serum titers for Cryptococcus 
antigen and toxoplasma (IgG/IgM antibodies) were 
tested and were negative. The top differential diagnosis 
was neoplasia. While the apparent meningeal contact 
was suggestive of meningioma, given the atypical imag-
ing characteristics, an intra-axial neoplasm could not be 
ruled out. Treatment with prednisolone (1.4 mg/kg PO 
q24h) and phenobarbital (2.2 mg/kg PO q12h) was initi-
ated. Within 24 h of discharge, the patient experienced 
cluster seizures, with progressive obtundation, and 
became non-ambulatory with opisthotonus. At that time, 
the cat was presented to the UC Davis William R Pritchard 
Veterinary Medical Teaching Hospital, where examina-
tion showed the patient to be markedly obtunded with 
miotic pupils, non-ambulatory with severe tetra- 
paresis, and a whole body turn to the right. Postural  
reactions were absent in all limbs. Menace response was 
absent, and nasocortical stimulation responses and pupil-
lary light reflexes were markedly diminished bilaterally. 
A weak physiologic nystagmus was seen and, during 
handling, the patient developed bilateral facial twitching. 
Multifocal or diffuse brain disease, worse on the right, 
with secondary intracranial hypertension, was diag-
nosed. Hypertonic saline (7.2%; 5 ml/kg) was adminis-
tered along with dexamethasone sodium phosphate  
(0.1 mg/kg IV). Within 60 mins miosis resolved, menta-
tion improved and the patient became ambulatory. 
Phenobarbital was continued at 4 mg/kg (IV q12h). 
Following stabilization overnight and ongoing treatment 
over the next 5 days (IV fluids, phenobarbital 4 mg/kg 
PO q12h, dexamethasone sodium phosphate 0.1 mg/kg 
IV q24h and buprenorphine 0.01 mg/kg IV q8h), the cat 
appeared neurologically static with no further seizures. A 
craniotomy was pursued for excisional biopsy.

A routine rostrotentorial craniectomy was performed 
on the right side.17 Adherent to, but not definitively aris-
ing from, the dura was a soft, friable tan mass that 
appeared distinct from the surrounding brain. Following 
excision of the mass for cytology, histopathology and 
tumor banking, an ultrasonic aspirator (Sonopet; Stryker) 
was used in the tumor cavity to achieve total gross 
resection. A piece of porcine submucosa (Vetrix BioSIS 
ECM; Vetrix) was adhered over the skull defect. A thin 
skull cap of polymethylmethacrylate (PMMA) was 
shaped to mimic the removed bone and placed over the 
craniotomy defect prior to closure.

The patient recovered well postoperatively and was 
treated with opiate analgesia, phenobarbital and anti-
inflammatory corticosteroids. The cat was discharged 3 
days later to the owner’s care on phenobarbital (2.2 mg/
kg PO q12h) and a month’s tapering course of predniso-
lone (0.7 mg/kg PO q24h tapered in 50% decrements 
weekly). At the time of discharge, the cat had a mild 

generalized ataxia but was otherwise normal. Adjunctive 
radiation therapy was declined.

Initial cytology, as well as histology from the surgical 
biopsy, were suspicious for an aggressive meningioma 
with characteristics of both papillary (predominant) and 
rhabdoid subtypes. Immunohistochemistry for CD18 was 
negative, ruling out a histiocytic origin. Based on histo-
pathological morphology and clinical information, an 
atypical meningioma was considered to be most likely.

The cat became neurologically normal and remained 
seizure-free for 3 months. Then, following a week of 
progressive ataxia and head shaking, a generalized sei-
zure occurred. Over the following 2 weeks, declining 
mental state and circling to the right were reported, rais-
ing suspicion for tumor regrowth. Repeat MRI was 
declined. Prednisolone was restarted (0.45 mg/kg PO 
q24h) and then increased (0.9 mg/kg PO q24h) after 2 
days owing to lack of response. Despite this, the cat did 
not improve significantly, and 4 days later was eutha-
nized owing to deterioration in mentation. A full  
necropsy was performed.

On gross examination, the PMMA skull cap was ele-
vated off the skull, revealing tan, well-demarcated dis-
coloration of the dura. On sectioning, approximately 
35% of the right hemisphere (occipital, parietal, temporal 
and frontal lobes) was infiltrated by a pale tan, soft, ill-
defined, poorly demarcated mass, measuring approxi-
mately 3 × 4 × 3 cm (Figure 2). The remainder of the 
gross examination was unremarkable.

Histologically, the neuropil was invaded by an  
unencapsulated, poorly circumscribed, densely cellular 
neoplasm composed of round-to-polygonal cells with 
interspersed small caliber blood vessels. Neoplastic cells 
largely effaced the parenchyma and invaded into the lat-
eral ventricle (Figure 3). Regions of neoplastic cells were 
arranged in papillary structures, and others were large, 
solidly cellular regions. Neoplastic cells had variably dis-
tinct cell borders. Cells had small-to-moderate amounts 
of glassy eosinophilic cytoplasm, and a peripheralized, 
eccentric round-to-ovoid nucleus. Nuclei had coarse-to-
clumped chromatin with one to two variably distinct 
nucleoli. Anisocytosis and anisokaryosis were marked 
with six mitotic figures in 10 high-power fields. 
Approximately 10–20% of the tumor was necrotic with 
hypereosinophilic regions variably surrounded by pseu-
dopalisading glial cells (Figure 4a). The adjacent white 
matter was vacuolated with an increased number of 
microglial cells.

The large round/polygonal cells with glassy eosino-
philic cytoplasm and eccentric nuclei were most consistent 
with neoplastic astrocytes exhibiting a gemistocytic appear-
ance (Figure 4b). This was supported by transmission elec-
tron microscopy, which showed the mass was composed of 
sheets of large gemistocytes with eccentric nuclei and cyto-
plasm nearly entirely filled with intermediate filaments that 
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were 9–11 nm in diameter (Figure 5). Immunophenotyping 
of the tumor showed prominent, discrete nuclear immuno-
reactivity for the glial marker oligodendrocyte transcription 
factor (Figure 6a), and variable, but specific, labeling for 
glial fibrillary acidic protein (Figure 6b), most consistent 
with an infiltrative gemistocytic astrocytoma. Whilst most 
gemistocytic astrocytomas correspond to a WHO grade II 
classification, the prominent anisocytosis, anisokaryosis, 
spontaneous necrosis and elevated mitotic index warranted 
designation as a grade III, anaplastic gemistocytic 

astrocytoma. No evidence of neoplasia was seen in the spi-
nal cord. No other significant abnormalities were noted.

Discussion
Astrocytomas are a rare feline brain tumor with only 
scattered case reports in the literature.3 There are few 
reports of gemistocytic astrocytomas (six intracranial 
cases and six spinal cord cases) reported in the veteri-
nary literature (Table 1).4–6,18–21 There are fewer reports 
of anaplastic astrocytomas (Table 1). Stigen and 

Figure 2  (a) Skull with polymethylmethacrylate implant over previous surgical site. (b) Gross brain in situ. Note the 
discoloration and malacia on the right hemisphere. (c) Pale tan, poorly defined mass in the right hemisphere, seen on cross 
section (top to bottom, left [L] to right [R]). (d) Cross section of brain through the mass



Murthy et al	 5

Eggertsdottir reported one untreated case in 2001.22 In 
2017, Rissi and Miller reported two untreated cases, 
one in the hypothalamus and one in the spinal cord.7 
Kondo et al described an untreated case in a cougar.8 In 
a retrospective review of cats with intracranial neopla-
sia, Troxel et al reported 24 h postoperative survival in 
a cat with a gemistocytic astrocytoma.3 The best 
described case of a treated anaplastic astrocytoma in a 
cat was by Tamura et al,9 who described the surgical 
treatment and long-term survival of a cat with spinal 
cord anaplastic astrocytoma (grade III). Recurrence 
was seen 4 years and 11 months after the first surgery  

and a second surgery was performed.10 The patient 
later died acutely of unknown causes.10 Compared 
with the above reports, our patient survived over 3 
months (98 days) postoperatively.

Intraoperatively, total gross resection was achieved 
with the use of an ultrasonic aspirator, to take the mar-
gins into normal brain. As such, the short survival time 
likely reflects the high grade of the anaplastic astro
cytoma. The mass, at the time of necropsy, had an estimated 
volume of 36 cm3, which is nine times the median astro-
cytoma volume of 4.2 cm3 and over twice the size of the 
largest feline astrocytoma (15.6 cm3) reported by Troxel 
et al.3 Use of an intraoperative surgical microscope, endos-
copy, MRI, cellular labeling for fluorescence-guided 
resection and postoperative radiation therapy may 
improve margins and survival, but there is insufficient  
evidence to say so definitively.23–26

The lack of a broad-based meningeal attachment, con-
tour of the parenchyma around the margins of the mass, 
degree of peritumoral edema and the heterogeneity of the 
mass on MRI are not consistent with the typical imaging 
characteristics of a meningioma and argue for inclusion of 
other differentials, including glial tumors.27,28 However, the 
ovoid shape and strong contrast enhancement, along with 
the location and apparent meningeal contact, are consistent 
with the reported appearance of feline meningiomas on 
MRI.27,28 While an 82% accuracy of diagnosis of meningi-
omas has been reported on MRI, the distinction between 
intra- and extra-axial tumors can be challenging on imaging 
alone.19,27 This case serves as a reminder to include neo-
plasms such as astrocytomas on the differential diagnosis 
list as well. Additionally, different regions within a tumor 

Figure 3  Hematoxylin and eosin-stained section  
(× 0.46 magnification). The neuropil is invaded by an 
unencapsulated, poorly circumscribed, densely cellular 
neoplasm that replaces the parenchyma and invades into the 
lateral ventricle (arrow). Note the dentate gyrus for anatomical 
reference (star)

Figure 4  (a) Hematoxylin and eosin (H&E)-stained section (× 5 magnification). Approximately 10–20% of the tumor is necrotic 
(arrows) with hypereosinophilic regions variably surrounded by pseudopalisading glial cells (arrowheads). (b) H&E-stained 
section (× 40 magnification). Gemistocytic astrocytes characterized by large round/polygonal cells with glassy eosinophilic 
cytoplasm and eccentric nuclei. Marked anisocytosis and anisokaryosis
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Figure 5  (a) Ultrastructure of feline gemistocytic astrocytoma. Numerous cells display a peripheralized nucleus (arrows). 
Original magnification, × 1200. (b) The cytoplasm is expanded by abundant glial intermediate filaments (glial fibrillary acidic 
protein, asterisk). Original magnification, × 4000

Figure 6  (a) Oligodendrocyte transcription factor immunoreactivity in nuclei of the tumor. (b) Positive immunolabeling for glial 
fibrillary acidic protein within the tumor

can have different distributions of cell types, and can lead to 
discordances between biopsy and post-mortem histopa-
thology.6,29 Immunohistochemistry for multiple tumor 
types is not routinely run owing to cost constraints in veteri-
nary medicine and only selective immunohistochemistry 
was performed in this case at the time of biopsy processing. 
This case also highlights the need for immunohistochemical 
staining for multiple tumor types, which may be initially 
lower on the differential list, to aid in a definitive diagnosis.

Conclusions
We have described the first case of a cat treated surgi-
cally for a cerebral grade III anaplastic gemistocytic 
astrocytoma. The patient did well initially postopera-
tively but had recurrence within 3 months. Though such 
neoplasms appear to be rare in cats, it is important to 
keep such masses on the list of differentials. Further 
study is required to evaluate the best treatment options 
for this uncommon brain tumor.
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Table 1  Summary of previous feline gemistocytic astrocytoma and anaplastic astrocytoma reports in the veterinary 
literature

Number of 
cases

Age Treatment Survival Location

Gemistocytic astrocytomas

Troxel et al3 2 NA One surgery, other 
unknown

1 day postoperatively, 
other unknown

Cerebrum

Aikawa et al4 1 9 years Surgery and radiation 95 days 
postoperatively

Cerebrum

Aloisio et al5 1 3 years − − Spinal cord

Demierre et al6 3 11 years − − Medulla
  8 years Prednisone 1 mg/kg/day 30 days Cerebrum, spinal 

cord
  13 years Phenobarbital 7.5 mg q12h 45 days Caudate nucleus
Jakab et al18 1 7 months − − Right ventricle
Hammond et al19 2 6 years − − Spinal cord
  8 years − − Spinal cord
Marioni-Henry et al20 1 NA NA NA Spinal cord
Silva et al21 1 6 years NA 7 days Spinal cord

Anaplastic astrocytomas

Rissi and Miller7 2 11 years − − Spinal cord
  3 years − − Hypothalamus
Kondo et al8 
(cougar)

1 17 years − − Cerebrum

Tamura et al9,10 1 10 years Surgery 5 years 7 months Spinal
Stigen and 
Eggertsdottir22

1 9 years − − Spinal cord

NA = not available; (–) = no treatment/survival, patient euthanized immediately
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