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Intracranial meningioma in a pet rat: MRI findings

Ciro CococceTTA'* FRANCESCA DEL SIGNORE!, ILARIA CERASOLI’,
GIOVANNI DI GUARDO'!, MARINA BAFFONI!, GABRIELLA DI FRANCESCO?,
VERONICA CROCCHIANTI', MASSimMo ViGNOLI

"Veterinary Teaching Hospital, University of Teramo, Teramo, Italy
2Istituto Zooprofilattico Sperimentale dellAbruzzo e Molise “G. Caporale’, Teramo, Italy

*Corresponding author: cirocococ@gmail.com

Citation: Cococcetta C, Del Signore F, Cerasoli I, Di Guardo G, Baffoni M, Di Francesco G, Crocchianti V, Vignoli M (2021):
Intracranial meningioma in a pet rat: MRI findings. Vet Med-Czech 66, 406—412.

Abstract: We herein report the magnetic resonance imaging (MRI) findings in a brain meningioma in a pet

rat (Rattus norvegicus domestica). A 1.5-year-old pet rat was referred for depression, ataxia, tremors and bilat-

eral nystagmus; a brain MRI was elected suspecting an intracranial neoplasia. The study was performed with

a 0.25 T scanner. The MRI revealed a well-defined oval mass with a heterogeneous appearance, hyperintense

in T1 and T2, and with extra-axial localisation and severe brain compression, the mass appeared strongly and
diffusely contrast-enhancing. Euthanasia was elected, with the necropsy confirming the presence of a voluminous
extra-axial mass. Histologically, a well-differentiated, benign meningotheliomatous meningioma was diagnosed,

with the histochemical stains allowing one to exclude a granular cell tumour. To the best of our knowledge, this

is the first report of MRI investigations on a pet rat intracranial meningioma.
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Meningiomas represent the most commonly
reported primary brain tumour in dogs and cats
(Troxel et al. 2003; Snyder et al. 2006), arising from
the cap cells covering the arachnoid granulations,
particularly at the point where they project into the
venous sinuses (Summer et al. 1995).

Although meningioma is known in rats, most
of the information available on spontaneous cas-
es of such neoplasia comes from post-mortem in-
vestigations on laboratory rats, being related only
to a specific rat strain (Mitsumori et al. 1988).
Furthermore, while meningioma-related magnetic
resonance imaging (MRI) findings are thoroughly
described in dogs and cats (Wisner et al. 2011),
no information about MRI findings in naturally oc-
curring meningiomas is available in rats.

The aim of the present study is to describe MRI
and microscopic findings in a brain meningioma
in a pet rat (Rattus norvegicus domestica).

406

Clinical case

A 1.5-year-old pet rat was referred for weight
loss, depression and episodes of rolling. The rat had
already undergone radiographic and haematobio-
chemical examinations, which yielded inconsistent
results.

The physical examination highlighted a body con-
dition score of 2 out of 5, and dehydration of more
than 10%, assessed by skin turgor. The neurological
examination revealed ataxia, tremors and bilateral
vertical nystagmus; no alterations were observed
during the peripheral nerve examination. Based
on these findings, an intracranial mass was sus-
pected and, consequently, a brain MRI study was
performed.

The patient was anaesthetised with Isoflurane
(IsoFlo f1 250 ml isoflurane; Zoetis Italy srl, Milano,
Italy) at 4% (vaporising setting) with a fresh gas flow
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of 2 I/min inside a handcraft induction chamber;
once anaesthetised, the rat was intubated using
a 2.5 uncuffed endotracheal tube and maintained
at an end tidal isoflurane of 1% for the procedure.
The right tarsal vein of the patient was catheter-
ised (Deltaven® 26G x 19 mm; Delta Med Italy srl,
Viadana, Italy) and fluid therapy was intravenously
administered at the infusion rate of 10 ml/kg/h. The
MRI study was performed using a 0.25 T Esaote
Vetscan Grande scanner using a foot/ankle coil 4
(Esaote SpA, Genova, Italy). The scanning pro-
tocol comprised SE T1w on the sagittal (TR 560,
TE 26, gap 0, FOV 240 x 240, matrix 480 x 400) and
transverse (TR 560, TE 26, gap 0, FOV 180 x 180,
matrix 352 x 304) planes, FSE T2w on the sagittal
(TR 2 600, TE 90, gap 0, FOV 220 x 220, matrix
480 x 352) and transverse (TR 3 170, TE 90, gap 0,
FOV 210 x 200, matrix 448 x 305) planes, and
FLAIR sequences on the dorsal plane (TR 3 410,
TE 90, gap 0, FOV 150 x 120, matrix 288 x 179),
followed by a post-contrast transverse SE Tlw
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(0.3 ml/kg Magnegita-Gadopentetate dimeglumine
500 pmol/ml; Agfa HealthCare Imaging Agents
GmbH, Kéln, Germany); all the sequences were
performed at a 3 mm slice thickness.

A well-defined oval mass of 0.7 cm dorsoven-
tral x 1.1 cm rostrocaudal x 0.8 cm mediolateral
with extra-axial localisation was detected with the
MRI examination; the entire brain parenchyma ap-
peared to be severely compressed, with falx cerebri
being displaced to the right side of the brain.

The lesion appeared heterogeneous and slightly
hyperintense on the Tlw and FLAIR images and
strongly hyperintense on the T2w images (Figure 1).
No herniation or dural tail were recorded, but in the
T2w and in FLAIR, hypointense areas rostral and
to the right to the mass was detected, thus justifying
a suspected perilesional haemorrhage.

Furthermore, iso-hyperintense, heterogeneous
and amorphous material was observed in the left
tympanic bulla; thereby confirming a diagnosis
of concurrent unilateral otitis media.

Figure 1. FSE T2w sagittal (A) and transverse (B) images of the brain mass characterised by a hyperintense and het-

erogeneous aspect (solid white arrow). SE T1w Sagittal (C) and FLAIR dorsal images (D) of the brain mass; notice

the hyperintense aspect in both the sequences (solid white arrow)

In the FSE T2 W and FLAIR images, a hypointense area is evident rostral to the mass and in the FSE T2w transverse,

iso-hyperintense and amorphous material is observed in the right tympanic bulla (dotted white arrow)
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Figure 2. SE T1w transverse images before (A) and after (B) contrast; the mass is strongly and diffusely enhanced

(black arrow)

In the left tympanic bulla, amorphous and heterogeneous material is observed, without contrast enhancement (white arrow)

Following contrast administration, a strong and
diffuse enhancement was detected around the oval
mass (Figure 2). Neoplasia was suspected with the
most likely diagnosis being consistent with a men-
ingioma. Indeed, an abscess and a granuloma were
excluded due to the diffuse contrast enhancement.
The owner was duly informed and elected eutha-
nasia. Following euthanasia (Tanax®; Msd Animal
Health Srl, Segrate, Italy), a detailed post-mortem
examination was performed, with all the major
organs from the rat being promptly fixed in 10%
neutral buffered formalin for the histopathological
investigations. Once properly fixed, the entire brain
was cut into horizontal slices, which were embed-
ded in paraffin and cut into 5 micron-thick sections.
These were subsequently stained with haematoxy-
lin and eosin (H&E), with a number of brain sec-
tions being additionally stained with periodic acid
Schiff (PAS) and Perls’ haemosiderin histochemical
techniques. Macroscopically, a well-circumscribed,
large and brownish red mass was observed, with this
lesion exhibiting a uniform and moderately firm
consistency, while exerting a marked compression
on the neighbouring and underlying cerebral pa-
renchyma, more than half of which appeared to be
in close contact with the tumour mass (Figure 3).

Histologically, the lesion was composed by a dense
population of substantially homogeneous neoplas-
tic cells, conferring to the mass a “papillary-like”
morphological appearance, intermingled with
a “pseudo-lobular” pattern. These papillary-like
and pseudo-lobular areas were frequently centred
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by more or less enlarged spaces consistent with
vascular lumina, around which the neoplastic pro-
liferation was apparently growing. The tumour ele-
ments showed distinct borders and large clear nuclei
harbouring single prominent nucleoli, along with
scanty agranular cytoplasms showing no evidence
of PAS-positive granules. Few mitotic figures (less
than 1/HPF, on average) were additionally observed,
with no evidence of nuclear atypia and nucleo-
cytoplasmic polymorphism. Isolated necrotic le-

Figure 3

Figure 3. Rat (R. norvegicus) brain

Post-mortem macroscopic view of the voluminous mass
compressing the adjacent and underlying neuroparen-
chyma, more than half of which appears to be in close

contact with the tumour mass
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Figure 4. Rat (R. norvegicus) brain meningioma

(A) The neoplastic tissue architecture shows a “papillary” pattern, intermingled with a “pseudo-lobular/lobulated/solid”

lesion pattern. Blood-filled vascular lumina (white arrows) and haemorrhagic foci (black arrow) are also apparent within

the neoplasia. Haematoxylin and eosin (H&E) stain, x 100. (B) At higher magnification, the neoplasia appears to be com-

posed of papillae, cords and/or nests of well-differentiated, round-to-oval cells with large clear nuclei harbouring single

prominent nucleoli and a scanty cytoplasm. H&E stain, x 200. (C) Evidence of necrotic foci (asterisks) alongside occasional

mitotic cell figures (black arrow) is shown within the neoplastic parenchyma. H&E stain, x 200. (D) Several neurons

from the hippocampal region appear to be damaged (black arrows), thereby exhibiting a “shrunken” morphology (“dark

neurons). H&E stain, x 200

sions, coupled with recent haemorrhagic foci, could
also be found within the neoplasia, which did not
infiltrate the adjacent brain parenchyma. The lat-
ter showed, in turn, neurodegenerative changes,
especially at the level of hippocampal (gyrus den-
tatus) neurons, which frequently showed peripheral
chromatolysis and, sometimes, a “dark (shrunken)
neuron” morphology. A very scant haemosiderin pig-
ment deposition was also observed at the level of the
aforementioned haemorrhagic lesions (Figure 4).

Based on the reported MRI herein and the his-
topathological findings, a final diagnosis of a well-
differentiated, benign meningotheliomatous me-
ningioma was made.
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DISCUSSION

We have herein described the MRI findings
of a brain meningioma in a rat, a species being in-
creasingly considered as a pet. Very few articles
are available on the clinical and diagnostic features
of meningiomas in pet rats. Moreover, no previous
works have been published about the clinical and
diagnostic features of this pathology in a pet rat
and also low-field MRI scanner applications to brain
disorders in this species are rarely reported (Breton
et al. 2008).

Spontaneous brain neoplasms in this species
represent less than 1% of the tumours (Sumi et al.
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1976), with a high prevalence of meningiomas diag-
nosed post-mortem without imaging investigations
(Dagle et al. 1979). In this latter study, 1.4% of all
rat tumours were in the brain, with most of them
being astrocytomas followed by ependymomas,
meningiomas, pinealomas, reticuloses, oligoden-
drogliomas and gliomatoses. Similar findings were
reported in other studies, with astrocytomas being
diagnosed in 0.53% of females and 1.04% of males
(Chandra et al. 1992) as well as in 0.9% of Sprague-
Dawley rats affected by neoplasia (Prejean et al.
1973). In another study, a total of 8 960 Sprague-
Dawley-derived rats (strain TZRAI) were analysed,
with the histopathology revealing 90 primary brain
neoplasms, namely 55 granular cell meningiomas,
19 reticuloses, 11 neuroglial tumours, 4 pineal
tumours and 1 pleomorphic meningeal sarcoma
(Krinke et al. 1985).

Regarding the canine and feline species, menin-
giomas are quite common endocranial tumours
(Motta et al. 2012; Bentley 2015). MRI findings
include round-to-ovoid or plaque-like, usually
well-defined masses associated with the brain, typ-
ically in broad-based contact with the underlying
bone (Sumi et al. 1976; Hathcock 1996; Kraft et al.
1997; Troxel et al. 2004; Wisner and Zwingerberger
2015).

The neoplasia typically appears hypointense
to isointense on T1w images, hyperintense on T2w
and FLAIR images, thereby showing diffuse and
strong contrast enhancement in 60—70% of cases
with thickening of the meninges adjacent to the tu-
mour (dural tail sign) (Graham et al. 1998; Wisner
et al. 2011).

The herein described neoplasm shares most
of the MRI imaging findings reported for canine
and feline brain meningiomas, with special empha-
sis on the ovoid shape and the diffuse and robust
contrast enhancement, without considering the
extra-axial location (Hathcock 1996).

On the contrary, a diffuse and slight hyperin-
tense signal has been detected with the T1w se-
quences and the reason for this particular feature
may be justified by the presence of haemorrhagic
lesions detected by the histopathology, since sub-
acute haemorrhages appear typically hyperintense
in both T1w and T2w sequences (McConnell 2018).

Moreover, while hyperostosis is a well described
feature in cats affected by this kind of neoplasia
(Troxel et al. 2003), this finding was not observed
in our case.
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In dogs, intracranial meningiomas may invade
the middle ear (Owen et al. 2004), but in this case,
otitis media was simultaneously diagnosed, since
no contrast enhancement was detected, and no ab-
normalities were macroscopically observed in the
tympanic bulla.

Furthermore, as far as the histomorphological
features of the well-differentiated benign meningo-
theliomatous meningioma in the herein investigat-
ed pet rat is concerned, they appear to be entirely
consistent with those previously described in the
human and domestic animal disease “counterparts”,
according to the “WHO Classification of Tumours”
(Sturges et al. 2008). In this respect, the lesion’s
histomorphological features allowed us to clearly
differentiate it from a meningeal “granular cell
tumour” (GCT), despite the frequently reported
occurrence of the latter in rats (Mitsumori et al.
1987). Rat meningeal GCTs are composed, in fact,
by a predominant population of large pleomorphic
cells with large vesicular nuclei harbouring small
nucleoli and with abundant cytoplasms contain-
ing PAS-positive granules, intermingled with less
numerous small cells containing small dense nuclei
and scant agranular cytoplasms in rats (Mitsumori
et al. 1987).

With reference to the necrotic and haemorrhagic
foci observed within the neoplastic parenchyma,
they could have resulted from the compression
exerted by the tumour on the surrounding tissue
components or, alternatively, from blood vessel ero-
sion due to progressive neoplastic tissue expansion.
In more detail, the aforementioned haemorrhages
should be interpreted as predominantly recent le-
sions, given the scanty haemosiderin deposition
found inside and around them. The same could
also apply to neuronal damage in the neighbour-
ing hippocampal region, since no microglial cell
aggregates were apparent at that level.

The main limitation of the present study is the
relatively low definition of the MRI images, since
a low-field scanner was used in this case. While
these instruments are widely in use in veterinary
facilities because of their high versatility and their
relatively limited costs, the signal-to-noise ratio
(SNR) is low, and this aspect negatively influences
the quality and the spatial resolution of the im-
ages, especially in small sized patients (Konar and
Lang 2011).

Since these instruments are potentially applicable
to a large scale also in exotic pet medicine, this fea-
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ture needs to be fully considered and proper techni-
cal settings need to be set in order to maximise the
quality of images, taking the normal anatomy that can
be visualised with this kind of scanner into account.

While rat brain anatomy has been investigated
with high field MRI scanners (Schwarz et al. 2006),
a detailed description of what can be visualised
in this species with low field scanners is currently
missing, with reports being available only for the
mouse brain (Choquet et al. 2009).

In conclusion, to our knowledge, this is the first
report of an MRI used to diagnose a spontaneous
intracranial meningioma in a pet rat.

Further studies are needed to fully characterise
the clinical prevalence of this kind of neoplasia
in a species increasingly considered as a pet, thus
making advanced imaging studies extremely useful
to investigate endocranial disorders even in small
sized patients.
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